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, "B%*(4& 0�­ 6_47L�DFE&6[N�>�¡&476§4�N¨¬|M&6[L�L76[N!¡&6[:QmRK�LgKk��4�6H6_:?�[6_M&O�I9µ 6[:;¡&6[N�>)h�6[:nµ�6_47L76_N�¡&M&:?DFE1�
B;DFE&N&4�I;IJL�47DFEWM&N&OC6�£{=�E&:

τesc ≈ 2 · 107 9CK�E&:;6547NW¡&6_:�mRK�LgK �f4�6�>C¡�KQB?4�6�h�ACN OxK�L7K�@xIJ4�B?DFE&6_N
X!KiOCN&6_I;£ 6[L�¡&6[:;N OC6_o&M&N&¡&6_N µ�6_:?¡&6_NCD"mRK�47\Cb=F 0xU5o 6_47N&6_:�o�6[BnIJ47<W<HI?6[N>�¢N�6[:?O�47654�B;I�¡&6_:
m|Y1:?AC:?K�¡&47M�B ¡&6_:�­·6[47L�DFE&6[N�O�:A576C6_:�K�L�B�¡&6_:�t�K�¡&4�M&B�¡&6_:¢mRK�LgK �f4�6�>kB?A|¡&K�B?B ¡&4�6�­·6[4�L7DFE&6_N
K�M�B�¡�6[:^mQKiLgK �f47656[NxI�µ�6_47DFE&6_N�@�5CN�N&6[N)0�354�6[B;6[: .¢M�N&@xI5L�476[OiI�47N�M&N&B;6[:;6[:9mRK�L7K �f476|o�6[4
6�I�µVK

1015 6,¶/>fµ�K�B�¡&6_N ­ 6_47L�DFE&6[N�O&M&B?B�ACo�6[:;E�K�L�o ¡&476_B?6_:�� N&6[:;OC476^6[:?E�6[o&L�47DFE <W47N&¡&6_:;I
M&N�¡(¡�KiB^d9N&4�696[:;@1L7=�:?6_N�@�5CN&NxI?6�0
� N&6_:?OC4�6[N ACo�6[:;E�K�L7o ¡�6[: < 6[:;B?6 @=5CN&N&6_N}N&4�DFExI�¡&M&:;DFE ¬|M&6_L7L�6[N 47NzM&N&B?6_:?6_: mRK�L7K �f476
6_:?�[6_M&O�I�µ AC:;¡&6[N B?6_47N�>�¡�K5L7A�@iKiL76�¬9M�6[L7L�6[N§­·6[4�L7DFE&6_N�N&47DFExI¢�_M�OC6[Nyp&OC6_N&¡ E&ACE&6_NW�¢N�6[:n�
OC4�6[N�o�6[B?DFE�L76[M�N&47OC6_Nz@=5CN&N&6_NzM&N&¡¨­·6[47L�DFE&6[N¨o�6[4¢¡&476_B?6_Nz� N&6_:?OC4�6[NrK�M&DFEzN�47DFExIRhCAC<
X!KiOCN&6_I;£ 6[L�¡¨M�N&B?6_:?6[:PmRK�LgKk��4�6HOC6_E�K�L IJ6[N�µ 6[:;¡&6[Nr@�5CN&N�6[N)0�356_:R­ 6_47L7DFE�6[N�O�M�B?BRACo�6[:n�
E�KiL7o ¡&6[: < 6[:;B?6Z47BnI ¡�K�E&6_:>6��fI?:JK�OCK�LgK�@xI?47B?DFE�6[:W]5KiI?M&:[0¢� 4�N&6�<J5CO�L747DFE�6�¬|M&6[L�L7@yLgK�B;B?6
B;47N&¡�U5@xI?4�hC6QmRK�L7K�@xIJ47B;DFE&69d96[:;N&6>q{U�mR]|v�0 G^6_M�IJ4�OC6[N(X(A1¡&6_L7L76_N N�K�DFEZ@�5CN�N&6[NZU�mQ]
­·6[4�L7DFE&6_NZo�47Bl�[M

1020 6,¶�o-6_B?DFE&L�6[M&N�47OC6_N)0
U^L7B ACo-6_:?6w�¢N�6[:?O�476wmR:;6[N&�_6 ¡&6[: @�ACB;<>4�B?DFE&6_N G1I?:JK�E&L�M&N&O OC47L I o&47B;LgK�N&O ¡&6_:
m #)d5�n��M�I?A�I >y¡&6[: OCL76_47DFE&�_6[4�I?47O9hCA�N d�0fmR:;6[47B;6[N D"m9:?6[°C°=Fª47N>¡&6[NJ"|GfU M&N&¡ #)KiIJB;6[8&4�N
M&N�¡(d9M&�_<>4�NCD�#)dR°C°#F)47N ¡�6[:�GfA�µ ;;6_I?M&N&4�ACN�o-6_:?6[DFE�N&6_I�µlM&:?¡�6�0ª356_:���M�IJA�I L7476_O�I�o�6[4
∼ 6 · 1019 6,¶`M&N&¡z6_NxIJB;I?6[ExI§¡�M&:?DFE�¡�476�®z6_DFE&B?6_L�µl4�:?@yM&N&O!h�ACN�E&A1DFE&6_N&6[:;OC6_I?47B?DFE�6[N
. :?AiIJACN&6_N(<W4�IV¡&6[:�/ >"� d G^4�NxIJ6[:;OC:?M�N&¡&B;I?:JK�E�L7M&N&O >

γCMB �

γCMB + p −→ ∆+ −→ p + π0

γCMB + p −→ ∆+ −→ n + π+ 0 qs/10�2kv
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� B56[NxI?B;IJ6_ExIR6[47N�6H356_L�IJK tl6[B?A�N�K�N&�=>�¡&4�6P4�N(6_47N . :;A�IJACN!M&N&¡ 6_47N!M�N&OC6[L7K�¡&6_N&6[BC.¢4�ACN
o&�_µR0�]�6[M�I?:?ACNZM&N&¡ZOC6[L7K�¡&6_N&6[B8. 47ACN��_6[:;£{=iL7L�I[0
F|o-6_:?E�K�L�o ¡&6_:���M�I?A�Iª�«� N&6[:;OC476�B;I?6[4�O�I�¡�476^®r6[DFE�B?6[L µl47:;@1M�N&OCB;µ�K�E&:;B?DFE&6_47N&L�47DFE&@i6[4 IV£ p&:
¡&476_B?6Wtl6$K�@xIJ4�ACN�B;IJK�:?@ K�N�>)B;AZ¡&K�B?BR­·6[47L�DFE&6[N�<W4�IR� N&6_:?OC4�6[N�OC:3576C6[:|K�L7B

6 · 1019 6,¶
� N&6[:;OC4769hC6_:?L�476[:;6[N�o&4�B�4�E&:?6R� N&6_:?OC4�69M&NxIJ6_:?E�K�L�o(¡�6[:^GfDFExµ�6_L7L�6QL�476_O�I$0
356[: m #)d5�n��M�I?A�I @iACN&NxIJ6lo&4�B?E&6_: N&A1DFE>N&4�DFExI¢6[47N�¡&6[M�I?47O9N�KiDFE&OC6_µl4�6[B;6[N µ�6_:?¡&6_N)013|K�B
U�mRU|GfU�������8�6[:;47<W6[NxIPE�KiIQ<>6_E&:?6_:?6>� :?6[4�OCN&4�B?B?6WACo�6[:;E�K�L7o�¡&6_:§��MfIJA�Iª�«� N&6_:?OC4�6>OC6��
<>6_B?B;6[NCD � + \x~ F�>y¡&4�6^6_47N>®r6[4 IJ6_:?:?6_47DFE&6_N ¡&6_B�Gf8�6[@xIJ:;M&<WB�47N t�6_OC47A�N&6[N>ACo-6_:?E�KiL7oW¡&6[B
m #)d5�«��M�IJA�I(hC6_:?<§M�I?6[NZLgK�B;B?6_N)0�� 47N µ 6[4�I?6[:;6[B�����8�6[:;47<W6[NxI > G^4gtl6[B@>�B;476[ExI�47N B;6[4�N&6[N
� :?OC6_o&N&47B;B?6_N!¡&6_N(U^o�£{K�L7L�47< G18-6_@yI?:?M&< M&N&¡Zo-6_B;IF= IJ47OiIl¡&6[N!��M�IJA=I D"�VK�ACbCS=F 0
3|K�B U5M&OC6_:����f8�6[:?4�<>6_NxI µl4�:?¡Q<>AC<W6[NxIJK�NP4�NP¡�6[: K�:?OC6_NxIJ47N�47B?DFE�6[N . K�<W8�K^KiM�£ OC6[o&K�M�I
M&N&¡P¡&476_NyI·�_M&:·dRL7=�:?M�N&O�¡&476_B?6_: < :JKiOC6�0�� B·47BnI�o-6_:?6[4 IJB��[MH/���S�4�N&B;I?:?M&<W6[NxIJ4�6[:nI�M&N&¡H¡�6[:
U5M�£ o&K�Mrµl4�:?¡¨47N¨¡&476_B?6[< 9CKiE&:QK�o&OC6_B?DFE&L�ACB?B;6[N)0�X(4�IR¡&6_< o&47B;E&6[:;47OC6_Nz356�IJ6_@yI?AC:;£ 6_L7¡
µVKi:�N�AfDFEZ@�6_47N&6_B^¡&6_:lo-6_47¡&6_N(� :;OC6[o&N�47B?B;6HKiM&B?�_M&B?DFE&L�476@6C6[N'D"G + bx~#F 0
GfACL�L�IJ6 ¡&K�B>Gf8-6_@xIJ:?M�< ACo-6_:?E�KiL7o ¡&6[B m #)d|�«��M�IJA=I µ�6_4�I?6[:?:;6[4�DFE&6[N�>¢o�6[¡&6_M�IJ6�I ¡�476[B@>
¡�K�B;B�¬9M�6[L7L�6[N�>i¡&476�¡&476V­·6[4�L7DFE&6_N�o&47B;E&47N��_MW� K

6 ·1019 6,¶ o�6[B?DFE�L76[M�N&47OC6_N 47N&N&6_:?E�KiL7o
hCACN>~�bRXZ8-D�L�476[O�6[N§<§p�B?B?6_N)0xU5L IJ6_:?N�KiI?4�hQ@�5�N&N&6[N IJA�8-ACL�ACOC4�B?DFE&6�356_£ 6_@yI?6l47N�� :?¡�N�=�E&6
�[6_:;£{K�L�L76[N�M&N�¡(6_47N&6QGf4�OCN�KiI?M&:�o�6[4�� K

6 · 1019 6,¶ 6_:?�_6[M&OC6_N)0
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��N!U^o&o)0�/f0"S 47BnI�B?DFE&6_< KiI?47B;DFE ¡�K�:;OC6[BnIJ6[L�L�IB>�µVKiB5o�6[4�¡&6[: . :?AC8&K�OxKiI?47ACN�¡&6_:5¡&:;6[4�hC6_:n�
B?DFE&4�6[¡&6_N&6[N!­ 6_47L7DFE�6[N�K�:nIJ6_N�>

ν
>
γ
>&8�>��_M(o�6$KiDFEyI?6[N(47B;I[0

. E&A�IJA�N&6[N}o&476�IJ6[N}6[4�N&6 X�5COCL74�DFE&@�6_4�IB> K�B;I?:?ACN�AC<>4�B?DFE&6!¬|M&6[L�L76_N �_M 6_:;£ AC:;B?DFE&6_N)0�Gf4�6
B;IJK�<><W6[N¨hCACNr¡&6[: F|o-6_:�Oª=�DFE�6 ¡&6_: F|o*;;6[@xI?6�0 3547DFExIJ6�F|o*;;6[@xIJ6 B?47N�¡zp&o�6[:nµl476[O�6[N&¡
hCACN¨GyIFK�M&o1��A1¡&6[:5X!KiI?6[:?4�6_µ ACL7@i6[N�M&<WOC6_o-6_N�>-¡�476H6_47N&6_N ­·6[47L·¡&6_:?. E&A�I?ACN&6[N�Kio&B?AC:«�
o&476_:?6_NHA1¡&6[: ¡&476�tl47DFExIJM&N�O5hC6_:J=�N&¡�6[:?N�0�U5Mf£�47E&:;6[<´®r6[O^�[M&:��¢:;¡&6�@=5CN&N&6_N . E&A�IJA�N&6[N
µl476_¡&6[:;M&< 47N¨47NxIJ6_:?B;I?6[L�LgK�:;6[NzG1IFK�M�oyµ ACL�@�6[N�K�o&B?A�:?o&4�6[:;IQµ 6[:?¡�6[N)0 G^A1DFE&6[N�6[:?O�6_IJ4�B?DFE&6
. E&A�IJA�N&6[N <W4�I�6_47N&6_:�� N&6_:?OC4�65OC:3576C6[:

∼ 2 · 1014 6,¶ µ�6_DFE&B?6_L�µl47:;@�6_NZ<W4�I¢¡�6[<j6��1IJ:?K �
OxK�L7K�@xIJ47B;DFE&6[N!G^47NxI?6[:?O�:?M&N&¡�L747DFExI[0�354�6[B|o�6[¡�6[M�I?6_I >�¡�K�B?B5¡&6[: < L7M&B;B|¡&476_B?6_:;. E&A�IJA�N&6[N
K�o&OC6_B?DFExµ�=�DFExI�µl47:?¡ ;;6�µ�6_4�IJ6_:HB;476 B?4�DFEz¡&M&:;DFE�¡&6_N t^KiM&< o�6_µ 6[OC6_N M&N&¡ ;;6WE 5CE�6[:
47E&:;6|� N&6_:?OC4�6^4�B;I$0 < p&:�6[4�N$. E&A�I?ACN <W4�I �

= 1015 6,¶´47BnIV¡&6_: . :?A�8�K�OxKiI?47ACN�B?E&AC:;47�_ACNxI
�§@18�DJD��·X!bCb#Fs0
G^A1DFE&6[N�6[:?O�6_IJ4�B?DFE&6=>ªOC6[L7K�¡&6[N�69­ 6_47L7DFE�6[N µ�6_:?¡&6_N!KiM�£·¡&6[< ®r6[O �_M&:l� :?¡&69hCA�NZ4�NxIJ6[:«�
B;I?6[L7L7K�:?6_N X(K�OCN&6�I?£ 6[L�¡&6[:;N K�o�OC6[L�6[N&@xI$0ªU^M�£ ¡&6_:5� :?¡�6P4�B;I^¡&6[B;E�K�L7o(NyM&:^6_47NZ47B;A�IJ:;AC8-6_:
< L7M�B?Bl¡&476_B?6_:�­·6[4�L7DFE&6_N!KiM&B�K�L7L�6[NZt�4�DFExIJM&N&O�6[NZ�[MZ<>6_B?B?6_N)0-�¢:;B;I^K�o(� N&6[:;OC476_N(ACo�6[:«�
E�K�L�o!hCACN

1019 6,¶aB;47N&¡�¡�476Q­ 6_47L7DFE�6[N�B?DFE�N&6[L�L�OC6_N1M�O >�B;A ¡�K�B;B|¡&476 "^:;B?8&:;M&N&OCB;47N�£ AC:«�
< K IJ47A�Nz6[:;E�K�L IJ6[Nzo&L76_47o�I[0·U^L7L�6[:?¡�47N&OCBQB?6�IJ��I�o-6_4

6 · 1019eV
¡&476>U5o&B;AC:?8fIJ47A�N�¡&M&:;DFE

¡&6[N!m #)d|�«��M�IJA=I�6[4�N)0
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B

µ

µ

ν

Erde

Luftschauer
Detektor

Magnetfelder
Intergalaktische

experimente
Satelliten−

Staubwolken
Interstellare

Galaxien...
umgebende Staubwolken,
Quellregion, z.B.

Supernova,
Quelle, z.B.

Luftschauer

Untergrund 
Detektor

Atmosphäre
Luftschauer

Protonen und andere
geladene Teilchen

ν

γ

γν

γ
Aktiver Galaktischer Kern AGN

Gamma Ray Burst GRB

p,e

Detektor
Fluoreszenz

	�
�
�
���������� ��������� ��(�� � & ��� � %*(��E� $�� � "#�0(��'& �#(�(�� .�(*4@$�� � :�*H�+�9!B�"2
% �8$ &)(� *�����+�," 2*(
	
& ���92��  *�92*(#(*�+��%*(����H%� *� �#( � � �� ��� "8& � (��! *��% �C�-2��,(�� 
 (4& %*(��E:��� 1$>=@? �-29A4BDCE:

< :?6_476>]^6_M�IJ:;ACN&6[N �_6[:;£{KiL7L76_Nz<W4�IP6[4�N&6[: G5K�L�oyµ 6[:nIJB;�[6[4 I§hCA�N
885, 7 ± 0, 8

B D .�K�:?b�c�F
q :?M&E&6_N&¡&6 ]�6[M�I?:?ACN&6_Nªv�09��< #�6[NxI?:?M&< ¡�6[:�X(4�L7DFE&BnIJ:?K�6C6zµ 6[:;¡&6[N ]^6_M�IJ:;ACN&6[N�<W4�I
B;6[E&: E&ACE�6[N � N&6_:?OC4�6[N 6[:;�[6[M�O�I$0 U^o �

≥ 1018 6,¶ @�5CN&N�6[N ¡�476[B;6�¡&476�� :?¡�6(6_:?:?6_4 �
DFE&6_N D�mPX(bx~#F 0 35476_B>�_6[4�O�I >�¡&K�B?BWNyM&: 6[47N B?6_E&: @yL76[4�N&6[: ­·6[4�LV¡&6[B "^N�4�hC6_:?B;M&<>BW<W4�I
]�6[M�I?:?ACN&6_N M&NxI?6[:?B;M&DFExI µ 6[:;¡&6[N @ K�N�N)0�u�47B;E&6[: 47BnI N&A1DFE @�6_47N&6(u�6_ACo�K�DFExIJM�N&Orh�ACN
OC6_:?4�DFEyI?6_I?6[N(]^6[MfIJ:?A�N&6[N(OC6[L�M&N&OC6_N)0
]�6[M�I?:?47N�ACB|µ�6_DFE&B?6_L�µl4�:?@�6_NzNyM&:RB?DFExµ�K�DFE�<W4�I|K�N&¡&6_:?6[N¨­·6[47L�DFE&6[N¨M&N&¡�E�Kio-6_Nr6_47N&6_N
B;6[E&:R@yL76_47N&6_N�® 4�:?@yM&N&O�B �yM&6[:;B?DFE&N�4�I?I[0 Gf476§µ 6[:;¡&6[Nr¡&M&:?DFEr47NxIJ6_:?BnIJ6[L�LgK�:;6 < 6[L�¡&6[:9A1¡&6[:
X!K IJ6[:;476�µ�ACL�@�6_N N&4�DFEyI o�6[6[4�N�O�M&B;B;I M&N&¡ O�6[LgKiN&OC6[N>K�M�£�¡&47:;6[@xIJ6_<a®z6_OPh�ACN ¡&6_:V¬|M&6_L �
L�6¨�_M&< u�6[A�o�K�DFExIJ6_:[0^]^6[MfIJ:?4�N&ACB@>�¡�476¨47< d96[:;N 6_47N&6_BHF|o*;;6[@xI?B!6[:;�[6_M&O�I!µ 6[:;¡&6[N,>
@=5CN&N&6_N ACE&N&6�u 6[E&4�N&¡&6[:;M&N&O�¡&K�:JK�M�B 6[NxI?@�AC<W<>6_N)0V3^476 � NxIJ¡�6[DF@yM&N&O ¡&6_: F|B?�[4�L7L7K �
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IJ4�ACN'D�G�] FRbC/ >nGfM&8�\��=F�hCACN!KiIJ<WACB?8�E�=�:?4�B?DFE&6_N!B;Akµl4�6PB;ACLgKi:?6[N(]^6_M�IJ:;47N&A�BB>ªLg=�B;B;I5K�M&DFE
£ p&:�@�A�B?<W47B?DFE�6P]�6[M�I?:?4�N&ACB F|B?�_47L7L7KiIJ4�ACN&6_N <W4�IV6_47N&6_< <>K �f47<>K�L76_N X(4�B?DFEyM&N&OCBnµl47N&@i6[L
6[:nµVK�:nIJ6_N)0�X(4�IW]�6[M�I?:?4�N&ACB�@�5�N&N&6[N ¡&4�6 o&47B;E&6[:�M�N1o�6[@ K�N�NyI?6[N ¬9M�6[L7L�6[N ¡&6_:�@�ACB;<>4��
B?DFE&6_N G1I?:JK�E�L7M&N&O 6_NxIJ¡&6_DF@yIQµ 6[:?¡�6[N)0�� B9µl47:;¡�K�L7L�6[:?¡�47N&OCB^K�M�£Vm9:?M&N&¡�¡&6_:9OC6[:;47N&O�6[N
®z6_DFE&B?6_L�µl4�:?@yM&N&Or¡&6[:W]^6_M�IJ:;47N&A�BW6_47N 356�IJ6[@xI?47ACN&BnhCACL�M&<W6[N}h�ACN OC6[6_47OCN&6�IJ6_: m9:A5�6C6
o-6_N 5�I?47O�I[0k¶¢A�:?E&6_:?OC6_BJK�O�I?6l¬|M&6[L�L76_NP£ p&: @�ACB;<>4�B?DFE&6�]�6[M�I?:?4�N&ACB µ 6[:;¡&6[N�4�N§dRK�8&4 IJ6_L&/f0 c
o-6_E�K�N&¡�6[L�I[05#�M�h�AC:�µ�6_:?¡&6_N>­·6[4�L7DFE&6_N 6[:?@yL7=�:;IB>�¡&4�6 "^NxIJ6_:?OC:;M&N&¡&6_:?6_47OCN&4�B?B;6l£ p�:�¡&476�GfMf�
DFE&6QN�K�DFEZ@�ACB;<>4�B?DFE&6_N ]^6_M�IJ:;47N&A�B�B?47N�¡)0
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p + A → K± + X

- µ± + νµ(ν̄µ)

- e± + νe(ν̄e) + ν̄µ(νµ)
q /f0"/Cv

p + A → π± + X

- µ± + νµ(ν̄µ)

- e± + νe(ν̄e) + ν̄µ(νµ)
0 q /f0�Sxv
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­ 6_47L�DFE&6[N 4�B;IP6[47N�6 o�6[B?A�N&¡&6[:;B�N&476_¡&:?4�OC6>�¢N�6[:?O�476[B;DFExµ�6_L7L76 µl4�DFExIJ47O >·¡&K!¡&476>­ 6_47L�DFE&6[N
:?6_LgKiI?4�h�@yL76_47N&6^X!KiB?B?6_N E�K�o�6[N>@�5CN&N�6[N)0f35476^K�@xIJM�6[L7L�6[N>��47<W4�IJB B;47N&¡>47NWU5o&o�0&/f0 2�bR�[M
B?6_E&6[N)0
356[:H47Nz¡�476[B;6[:§U^:?o�6[4 IHo�6[E�KiN&¡&6[L IJ6 GfA�£¤I�µ�K�:?6�IJ:?4�OCOC6_:HM&N&¡ ¡�476W¡�K�<W4�IRhC6_:?o&M&N�¡&6[N&6_N
¶¢6[:?=�N&¡&6_:?M&N&O�6[N K�N}¡&6[:W­V®¯tV�«3�U�¬/> ¡&4�6�47N ¡&6[N dRK�8�4�IJ6_L�crM�N&¡ ~�o-6_B?DFE&:;476[o�6[N
µ�6_:?¡&6_N�> 6[:?o�:JK�DFExIJ6_N§6[4�N&6¢6[:;E&6[o&L�47DFER¶¢6[:;:?47N�OC6[:;M&N&O�¡&6[:�M&NxIJ6_:?6_N§� N&6[O�476[B;DFExµ�6_L7L76 M&N&¡
£ p&E&:;6[NZ¡�K�<W4�I�o�6[4��_M&@yp&N�£¤IJ4�OC6[NZU5N&K�L�Y1B?6_N(�_MZh�6[:;o-6_B?B?6_:;I?6[N�� :?OC6_o&N&4�B?B?6_N)0
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����� �"!$#%!$&('*),+ �.-/!10324!$5%�6!$���6�"!879),:<;=2>!1�"#?&@!1-?;6AB�6!$�@CED65F79!1G -/5%�"�6AH#FG6� �@� �"!8IJ!K-/!$L �-/AH5%!$��MONPMJ7JIQMRG6�6����:$! � G ST!U�WV,;6!158ST!1#?:<;65%�"!$SX!$�ZY
IJ!$5\[>!$]H�.�6�^� !$5`_BG6:<;6!a�W)b:<;�;6A3:<; !$�6!15?]H!K-/�"#%:<;6!$�@7c!$G -?5?�"� AH#d�.�feg),#?#%!$5 �«� ;6!$5%!$�6LbAih �IJ!1-?!$L=-/A,5?!$�^#%-/!10"0j-k�6),#dIJlmNPMJ7JI ��n\o +X!$5%�"&@!$�=-aprqO5?�tsHuwvHhHA,5k�6!15d'OD6#x-/!FhHAH�^yJ)z2>),�"�|{n �6�6!m�6!15a),:<;=-?}$�"],!$5Q~H)b;65?!b{3�W)b5$Y n #>CEAH0"]b-/!8�W),#>[a),�"Lw),0 ��ndo +T!15?�.&�!1��-cpr_ + s,�bvX�"��_B�"S6� �5?�.!$��{��W),#4),0.#�!15?#x-/!$#a)b-/&@AH#?+ ;WV,5?�.#?:<;6!979!1G -/5%�"�6A,#4�6!K-/!1L�-?�"!15%-zY���&�~H),;65c�isHsb�fSX!$]H�.�6�=-&��j-`!$5%#%-?!$��_�-/G6�6�.!$�@�W),#FMON�Mm7JIQM � 79!1G -/5%�"�6A ��ndo +T!15?�"&@!$�=-9p�M + � �H{�M + �H�bvW),&�]H!1A �]H5/)w�W#?:<;6!1��_3D �6+TA,0�Y
MJ�6� !$5?#�),0"#UST!1�F�6!$��S6�.#?;6!15?�.]H!$� n\o +X!$5%�"&@!$�=-/!1�g28�"5%��),0.#^IJ!K-/!1L�-?�"AH� #?&@!$�6�.G6& n �"#G6�6���6�.:<;=-me�)b#?#?!15JhH!15%24!$�6� !1-zY�IJ!15mL,A,&�+60.!1-%-/!^MmNPMm79IQM � �%�JI9!1-/!1L=-/AH5m0"V,G C�-9#?!1�.-�6!$&�~H),;65ku,�H�H�aG �6�f}1!$�.],-z{z�6),#?#��6�.!FIJ!1-?!$L=-/�.AH�*G6�6�f�c!1L,AH�6#x-/5%G6L=-/�"A,�Uh,AH�^7c!$G -?5?�.�6AH#&��,]H0"�.:<;��"#x-zY=Im)*S6�.#?;6!15`�6A3:<;@L,!1�"�6!8! o -?5/)b-?!$5%5?!$#x-/5%�"#?:<; !$��7c!$G -?5?�"� AH#`&��j-`MON�Mm7JIQM]H!1CEG �6�6!$��28G 5?�6!1��{,SX!$]=)b�6���"&R~H)b;65`u,�,�=�c�6!15\[a)bG��6!$#k!$�.��'OG6S6�"L�L��"0.AH&@!1-/!15�]H5?AH�,!$���:$! � G6ST! � IJ!K-/!1L�-?AH5?#Pp ��AH#/�=��v�{k�6!$5�&@�.-%-/0.!$5%24!$�.0"!��W),#^]H5?�H�b-/!�7c!$G -?5?�"� A,-/!10"!$#%L,AH+�� !$5eg!10.-8�.#%-zY
��&�CEAH0"],!$�6�6!1��28�"5?��!$�.���9SX!$5?S 0"�":<LgD6ST!15��6!$��7J),:<;=24!$�"#@hHAH��79!1G -/5%�"�6A,#@G �6���6�.!IJ!1-/),�"0.#Q�6!$58MmNPMm79I8MRG6�6����:$! � G6SX!^7c!$G -?5?�"� A,-/!10"!$#%L,AH+X!*]H!$],!$SX!$��Y

� �1¡ ¢¤£�¥a¦k¥8§�¨^©9ª�«6¬®­1¯`£�°
IJ!$5 � ;6!$5%!$�6LbAih ��n\± !1L�-8�.#%-4!$�.��5%!$0t)w-/�.hB�.#%-/�.#?:<;6!15 n`± !$L=-${3SX!$�X�6!$&�²`;6A,-?AH�6!1��{��6�"!cST!1��6!$5U���=-/!15/),L=-/�.AH�®h,AH�g5%!$0")b-/�jh3�.#%-?�"#?:<; !$�´³k!1�"0.:<;6!$�®&��j-UNµ)b-?!$5?�.!�!1�=-/#%-?!$;6!1��{��"�®�c�.:<; �-/G6� ]µ�6!1#f³�!$�.0":<;6!1�6#^SX!$#%:<;60"!1G6�6�"]b-U24!$5%�6!$�ZY\IJ!15fM9S6#%-?5/),;60j28�"�6Lb!$0F�"#x-U�W),;6!1}$G�LbAH� �#%-/),�=-z{\#%A¶�6),#?#��6�.!�²`;6A,-?AH�6!$��}1G65��c�.:<;=-/G6�6],#?SX!$#%-?�"&@&�G6�6]�� !$5�³�!$�"0.:<;6!$��SX!$��G -?}1-2>!15?�6!1�µLb�H�6�6!1��Y·��&¹¸WAH0"]H!1�6�6!1��28�.5?���6�.!$#?!15 n`± !$L=-9�WV,;6!158ST!1#?:<;65%�"!$SX!$�ZY
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PMT

ϕcθcγ

µ

%'&(&*),+,-/.(0(13254,6�7�8/9�:<;=:<>@?BADC�?B:FE�:<G5:<HI>J:�K�LNM�AD>@K�OPHIQSR�:<OUTJV
>�WX>�EDK<YZHI>@?B:<G
ϕ

W�>"R
R�:<O\[�]<K<Q^;`_D9�GaYZHI>@?B:<G

θCh b ]<:<HIOdc�W�;=e�9fEB_f>�ENRfW�;=e�9g:<HI>hRf;=:<H,RfHIOi:<>@K<HFAD>"_fGj:�K�ck:<Q :�? 	
Q AD;`_f;<;`_fMfl

Im)b# � ; !$5?!1�6L,Aih �$m �.:<;�-�!$�=-/#x-/!$;=-${U24!$�6��]H!$0"),�6!1�6!�³k!1�"0":<; !$�R#?�":<;R&@�.-´!$�.�6!$5¶qO! �#%:<;�28�.�6�6�.]HL,!1�.-
|~v|

{3�6�"!9]H5?�H�,!$5>�.#%-a),0"#4�6�"! m �.:<;�-?]H!$#%:<;=28�"�6�6�.]HL,!1�.-Q�.&on%!124!$�"0.�"]H!1��NP! ��6�.G6&�{ SX!124!$]H!1��Y
|~v| = β · c >

c

n

p^q Y.��r
���P¸WAH5?&@!$0 q Y.�U#%-?!$;=-J��CED658�6!1� [>5%!$:<;�G6�6]H#%�"�6� ! o �6!$#JNP!1�6�"G6&@#${W:*�.#%-c�6�"! m �.:<;�-?]H! �#%:<;�28�.�6�6�.]HL,!1�.-*�"&ds�),L�G6G6& p ²k!15/�H�wvFG6�6�

β
�"#x-O�W),#�sF!15?;WV,0j-/�6�.#JhHA,�¶h�G �6�´:,Y�IJ!15[>5%!$:<;�G6�6],#?�"� �6! o �@ST!K-/5/Vb],-F�"� n �"#1{=ST!1�X!1�"�6!15\eg!10"0.!$�60"V,�6]H!>h,AH� �H�H�O�6&P{,!1-�2>)��H{ q u3Ylc&�ST!1�3�6�.!$#%!$��[>!1�6�"� ]HG6�6]H!1� � ;6!15?!1�6L,AihB#%-?5/),;60.G6�6]*),G #?}$G #?!$� �6!$��{b2>!15?�6!1�@N�tHAH� !$�&@�.-�!1�"�6!µNP�"� �6!$#x-/!$� !$5?],�"! n h,AH�

160 MeV
ST!1�6�,-?�"],-$YFIJ!$5�MJS6#x-/5/)b;60.28�.�6L,!10c� !$5

� ;6!15?!1�6L,Aih � ²`;6A,-?AH�6!1� ST!15?!1:<;6�6!1-9#?�.:<;�28�.!OCEAH0"],-Op N _ � q v^u
θ v = arccos

1

β n

Y p^q Y uwr
Im)bST!1� S6�"0.�6!$��#%�"!*!$�.�6!$�P'O!$]H!10�&��j-Q�6!1&yx ± ��G6�6],#%28�"� L,!$0

ϕ
p ~H)b:{z=uwv|Y

ϕ = arccot

(

√

β2 n2 − 1 +
dn

dω

n ω β2

√

β2 n2 − 1

)

p^q Y q r
ω

SX!$#?:<; 5?!$�.S -��6�.!�¸·5%!�|�G6!1�6}��6!$5 � ;6!15?!1�6L,Aih � ²`;6A,-?AH�6!1��Y�¸dD65@N�t,AH�6!$�Z{`&��j-�!$�.�6!$5n �6!15?]H�.!`AHST!15?;W)b0"S*�6!$5�I9!1-/!1L=-/AH5%#?:<;=2>!10"0.!4hHA,�f!K-�2a)*�i�cq*!}s^{z]H!10.-/!1�OCEAH0"]H!1�6�6!\e®!$5x-/!fu
β ≈ 1

{
θ ~B� ≈ 40◦

{
ϕ ≈ 50◦

Y�IJ�"!FMJ� }z),;60=� !$5�!$&@�.-?-?�"!15%-/!1� � ;6!$5%!$�6LbAih � ²`;6A,-/A,�6!$�Lw),�6��D6SX!$58�6�.!*¸W5/),�6L � ³d),&@& ¸WAH5%&�!10\pr~H),:{zHuwv�ST!15?!1:<;6�6!1-c24!$5?� !$�5u

d2N

dxdy
=

2πα

λ2
·

(

1 −
1

β2n2

) { p^q Yr��r
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α � ���3� q�� �6!$54¸W!$�"� #%-/5%G6L=-/G65%L,AH� #%-<)b��-?!,Y3Im),#�&�!1#?#%SW),5?!8e®!$0"0.!$�60"V,�6]H!1��SW),�6���"#x-�6G65%:<;¶� �"!^³�5/)b�6#?+W)b5?!$� }��6!$# n �"#%!$#OG6� ���6�"!�_3!$�6#%�.-?�.hB�.-/Vb-J� !$5O²`;6A,-?AH&�G60j-/�.+60"�.!$5c),G C!$�.�6!$��[>!$5%!$�":<;�}128�"#%:<;6!$�
300 nm

G6� �
500 nm

SX!$#%:<;65/Vb�6L=-zYaIJ),&��j-@!$5?],�"S -@#?�.:<;!$�.�®¸k0"G6#%#mhHAH�®!1-�2>) dN
dx

≈
ub�H��²F; A,-/AH� !$���b:1&�G6�6�¶!$�.� n � !$5?],�"!1h,!$5%0"G6#x-Uh,AH�¶!1-�2>)

dE
dx

≈
�=�H��!}s��b:$&�Y��& sF!15?]H0.!$�.:<; &��j-�#%-/AB:<;W),#x-/�.#?:<;6!1� n �6!15?]H�.!1hH!15?0.G6#%-?!$��{3�6G65?:<;�'O!$5%�=2>!1:<;6#?!10.28�"5%L�G6�6]6{[>5?!1&�#%#%-?5/),;60.G6�6]�G6�6�®²d),),5?S6�.0"�6G �6]6{�G6� � sF!15?0"G #%-/!1�®� G65?:<;¶��AH�6�.#/)b-?�"AH���.#%-*�6�.!$#*}$GhH!15?�W),:<; 0tV,#%#?�"],!$��Y��mST!15?;W),0.S�!1�"�6!15®L�5%�.-/�.#?:<;6!1� n �6!15?]H�.!�h,AH�

∼
zH�H�	qO!}s � AH&�� ��6�"!15?!1���6�.!®�65%!$�*#%-?A3:<;6),#%-?�"#?:<; !$� n �6!$5%]H�"!KhH!15?0"G #%-/!bYm_B�"!´ST!K28�"5%L,!$��!$�"� !®M9S6�W),;6&@!G6&

∼ 2 · 106 !}s��b:$&�YJIJ),ST!1�^!1��-?#%-?!$;6!1�¤_B!$L�G6�6�WVb5%-/!1�"0.:<;6!$��{J�6�"!¶28�"!$� !$5?G &
� ;6!$5%!$�6LbAih � m �":<;=-m+65%A3� G6}$�.!$5?!1��Y
� �
� � ¥a°�¥Q¨�°�­1©f§�����¦k­$§��a­ �
79!1G -/5%�"�6AH#J#?�"� � �"�µIJ!1-?!$L=-/AH5%!$�´�6�.:<;�-m�6�"5%!$L=-m�W)b:<;6}$G=24!$�"#%!$��Y�_B�"!^&^D6#?#%!$��hHAH59A3� !$5�"��!$�"� !$&�IJ!1-?!$L=-/A,5>2>!1:<;6#?!10.28�.5?L,!1��G6�6� #%�":<; �.� !$�.�6!$5 ���"! e®!$:<;6#%!$0.28�.5?L�G6�6]��.� !1�"�
m !$+ -?AH�*G6&^2>),�6�6!10"�*A3� !$5 �"�O!1�"�6!15�7 �$# eg!1:<;6#?!10.28�.5?L�G6�6] n �6!$5%]H�"!F),S ]H!$SX!$��YzIJ�"!`]H! �0t),� !$�6!1� m !$+3-/AH�6!1�^#%�"�6�fD6ST!15��";65%! n �6!15?]H�.!1h,!$5?0.G6#%-?!,{i28�"!F�6�.! � ;6!$5%!$�6LbA�h � _B-/5?),;60"G �6]W{��AH�6�.#/)b-?�"AH��{�²k)H),5?+ 5?AB�6G6L=-/�.AH��{�[>5?!1&�#%#%-?5/),;60.G6�6]6{k'O!$5%��24!$:<; #?!$0j28�"5%LBG �6]6{\�6!K-/!1L�-?�"!15 �SW),51Yblc& &��j-dyc�"0jCE!`�6!$# � ; !$5?!1�6L,Aih ��n\± !$L=-/!1#F!$�"� �6!$G -?�"]H!>_3�.]H�W)b-?G65?!1�f�W)b:<;6}$G=24!$�"#%!$��{2>!15?�6!1��]H5?AH�,! sFAH0.G6&@�"�W)OAH+ -?�"#%:<; �6G65%:<;60tV,#%#?�.]H!$5aNP!$�6�.!$� SX!$� �,-/�.],-z{=�6�.!J&@�.-4²`;6A,-?A �&�G60j-/�"+ 0"�"!15?��ST!1#%-/D :<L�-J#?�.�6��YIJ�"!4�65?!1� SX!$Lw),�6�=-?!$�@79!1G -/5%�"�6AH#%AH5%-?!$��{ n 0"!1L�-?5?AH� � {,N�tHAH� � G6�6��³k),G6�6!1G -/5%�"�6A {b;6�.�=-/!$5 �0t),#%#?!1���65?!1�Xh,!$5?#%:<;6�"!1�6!$� !^_B�"]H�W)w-/G65%!$� �.� !$�.�6!$& n �"#%�weg),#?#%!$5 � ;6!15?!1�6L,Aih � IJ!K-/!1L�-?AH5$Y

νl + n −→ p + l
{
l = e

{
µ
{
τeg!1:<;6#?!10.28�.5?L=-µ!1�"� n 0"!1L�-?5?AH� �6!$G -?5?�.�6A��"& I9!1-/!1L=-/AH51{c!1�=-/#%-?!$;=- !1�"� n 0"!1L�-?5?AH�Z{Q�W),#�6�"5%!$L=-k�"�U!$�"� !4!10"!$L=-?5?AH&�),]H�6!K-/�.#?:<;6!4'*),#?Lw),�6!�D6SX!$5%]H!$;=-zYbIm),#��W),SX!$��!1&��j-?-/�.!$5x-/! m �":<;=--/5%� ± -Q�6�"!U²`;6A,-?AH&�G60j-/�.+60"�.!$5F28�"!O!$�.�6!*'OG6]H!10.24!$0"0.!,YIm),#cN�t,AH�6�6!1G -/5%�"�6A��.#%-Q�6�.!O),&�ST!1#%-?!$���6!1-?!$L=-/�.!$5%SW),5?!*7c!$G -?5?�.�6AH#?A,5%-/!b{ 24!$�"0T�6�"!m),G6#�";6� !$��!1��-?#%-?!$;6!1�6�6!$��N�t,AH�6!1���";65%! n �6!15?]H�.!�0"),�6]H#?),&�!15U),S6]H!1ST!1��G6�6�®#?AH&@�.-U!$�.�6!0t),� ]H!�_3+ G65m�"& IJ!K-/!1L�-?AH5O;6�.��-?!$5%0t),#%#?!$�ZY�IJ�.!�N�tHA,�6!$�´;W),SX!$��!1�"�6!��c!1�":<;=2>!1�.-?!�hHAH�&�!1;65?!15?!1�µ'O�"0.AH&@!1-/!15?��G6� ��24!$5%�6!$��hHAH� � ;6!$5%!$�6LbAih � m �":<;=-O'O!$],!$0"��SX!$]H0.!$�j-/!1-$YIJ�"!P�65?�j-?-?!µ7c!$G -?5?�"� AH#?AH5x-/!b{�� �"!µ³k),G6� !$G -?5?�"� AH#${�0t),#%#?!1��#?�.:<; !$5%#%-�)bS n �6!$5%]H�"!1� �"&²k!}s � [>!15?!$�.:<;Ph,AH�µ�6!1��_3�.]H�W)b-?G65?!1���6!$5 n 0"!$L=-?5?AH�6� !$G -?5?�"� AH#8G6�=-/!$5%#?:<;6!1�"�6!1��YT[>!$���"; �5?!1��e®!$:<;6#%!$0j28�"5?L�G6� ]H!$�P!$�=-/#x-/!$;=-9!$�.�6!O³k!1�"0.:<;6!$�6Lw),#%Lw),�6!*G6�6��!$�.��³k),G6A,��{6�W),#8M9G C �]H5?G �6��#?!1�"�6!15^�6�.!$�65%�"]H!1� m !1ST!1�6#?�W)bG6!$5�L�G65%}$!�&Z!1�.-U#?+6Vb-/!15��"�¶!$�.�6!$5U2>!1�.-/!15?!1��³k!1�"0 �:<;6!$� Lb)b#?Lw),�6!�}1!$5%C Vb0"0.-$Y4NP�.- ;6�H;6!15?!$5 n � !$5?],�"!µ� !$# ³k),G6�6!1G -/5%�"�6A,# #%-?!$�"]b-�),G6:<; � !$5

')(+*-,/.10 2
34(+5�.1.1276�8)9�3:8
;�<-0 27=�, 3�276�2).?>�8�.1@ A
B)C�2)5D8�.	,/=E(+5�.1.1276�8)9�3:8
;�6�2)5D8�.	,/=F27.?>�81.�@GA



ub� ���������
	���	�
���	
��������������������� ��!"�$#��

ν

p

p

ν

µ
Detektor

Neutrino aus
kosmischer

~10
8

atmosphärische µ
in der Atmosphäre
Teilchenschauer
Neutrino aus~1

Quelle

Neutrino aus
Teilchenschauer
in der Atmosphäre
atmosphärische
~100

ν

%'&(&*),+,-/.(0(1o254�� 7�c�HF:P[�] ]�HIG RfWX>�E��D:<H EfQ�RfHF:���W :<GIGj:<>hW�>"R���W :<; Y _f; Q$:<>"R�:�� G
	BK�K :
� 	�;
� H Ef>"_fGj:�HI>3:<HI>J:<O���:<WXQ,; HI>JA�R�:<Q$:�?DQ AD; l

2>V,;65%!$�6� � !$5 m !1ST!1�6#?�6),G6!$5>}$G65%D6:<L�]H!$0.!$],-?!9e®!$]^� !$#>³k),G6A,�6#4G �6� #?A,&��j-F�6�"!Qeg),;65 �#%:<;6!$�.�60"�.:<;6L,!1�.-z{B�W),#%#QST!1�"�6!J'*),#?Lw),�6!1� hHAH� !$�"�6),�6�6!15aG6�=-/!15?#?:<; !$�"� SW),5Q#?�.�6��YB³d)bG6�6!$G �-?5?�"� AH#f; AH;6!$5 n � !$5?],�"! #%�"�6�g�6G65?:<;��6�.!$#%! }124!$�>5/V,G6&@0"�.:<;¶h,AH�6!1�"�W),� �6!$5�],!1-/5%!$�6�=-?!$�'*),#%Lb)b�6!$��{·�6�.!U),G6:<; I9AHG6S60.! � [>),�6]@]H!$�W)b�6�=-924!$5%�6!$��{X!$�.�6�6!1G -/�.]@}1Gµ�.�6!$�=-/�j�W}$�.!$5%!$��Yn �"� !Ql9�=-/!15?#%:<;6!$�.�6G6�6]f�6!$5`SX!$�.�6!$�@'*),#?Lw),� !$���"#x-`!$5%#%-�),S�³k),G6�6!1G -/5%�"�6AB!$�6!15?]H�.!$��h,AH�&@!$;65%!$5%!$�f²k!}s�&��,]H0"�.:<;�Y$lc&�#%AH0":<;U;6AB:<;6!$�6!15?]H!K-/�.#?:<;6!�³k!1�"0.:<;6!$�U�6!1-?!$L=-/�.!$5%!$�U}$GUL,�H� ��6!1�P�.#%-8!1�"��IJ!1-?!$L=-/A,59&@�.-Q!1�"�6!1& sFAH0.G6&@!$��hHAH��!$�.�6!$& '*G S6�"L�L��"0.AH&�!K-/!15>�6�,-?�"]6Y
IJ�.!J&@!$�.#%-/!1� n 5?!1�"]H� �"#?#%!J�.� !$�.�6!$&�y9AB:<;6!1�6!$5%]H�"! � 79!1G -/5%�"�6A � IJ!K-/!$L=-?AH5>#x-<),&@&�!1��h,AH�N�t,AH�6!1��{��6�"!��"�´�6!15*Ma-/&@AH#?+6;6V,5?!�AHSX!$5%;W),0"S´�6!1#UIJ!1-?!$L=-/AH5%#^�6G 5?:<;g� �"!�L,A,#?&@�"#?:<; !_B-?5/),; 0"G6�6]O],!$�6!15?�"!15%-\28G 5?�6!1��Y=MJG C

108 n 5?!1�"]H� �"#?#%!8)b-/&@AH#%+6;WV,5%�"#?:<; !$5FN�t,AH�6!1� L,A,& �&@!$��!1-�2>)µ�i�H���6!K-/!$L=-?�"!$5x-/!^)b-/&@AH#?+ ;WV,5?�.#?:<;6!f79!1G -/5%�"�6A,#cG �6� ;6�B:<;6#%-?!$�6#9!$�.� n 5?!1�"] ��6�.#${6�6),#Q�6G65%:<;µ!$�.��! o -/5?)b-/!15?5%!$#%-?5?�.#?:<;6!1#m79!1G -/5%�"�6A��.�6�6G6}1�"!$5x-a28G65%�6!@p M + �=�bS v|{6#%�"!$; !M9S6S�Y q Y u3Y

���%� � ­K¥ � ¥a°�¥Q¨@°�©*¦k¥8§
M9G CE]H5?G �6�µ�6!1#m#?!1;65J],!$5?�.�6]H!1��e®!$:<;6#%!$0j28�"5?L�G6� ]H#�|�G6!15?#?:<; �6�.-%-/!$#Oh,AH��79!1G -/5%�"�6A,#J&@�.-Nµ)w-/!$5%�"!b{k24!$5?� !$��}$G65�IJ!K-/!1L�-?�"AH��hHA,��; A3:<;6!1�6!$5%]H!1-?�"#%:<;6!$��79!$G3-/5?�.�6AH#�I9!1-/!1L=-/AH5%!$�&@�.-4!$�.�6!$& sFAH0"G6&@!$��hHAH�

107 − 109 m3 SX!$�6�,-?�"],-$Y6IJ!1#aeg!1�.-?!$5?!1��#?AH0.0.-/!1��),G6#8'cAH# �-?!$�6]H5%D6�6�6!1�®�6)b-/D65%0"�.:<;6!�0"�.:<;=-/�6G65%:<;60tVb#?#?�.]H!��8!$#%#?AHG65%:$!1�®hH!15%24!$�6� !1-U2>!15?�6!1��{��W),&@�.-�6�.! � ;6!$5%!$�6LbAih3#x-/5?),;60"G �6]m�"&�AH+ -/�.#?:<;6!1�^[4!$5?!1�":<;f�6!1-?!$L=-/�.!$5%-�24!$5%�6!$��Lw),� ��Y�IJ�"!1#�#?�"� �eg),#?#%!$51{ n �.#8G6�6� m G3C�-zY



��� �����4�,����� �$��!"� #��<�%� uH�

AMANDA−II

AMANDA−B

SPASE−2

Gebiet der alten Polarstation (line of death)

Landebahn

Greenwich
Meridian

Paralleler

100 m

Südpol

Station

%'&/&/),+^-(./0 1y254 257��5_ E�: R�:�K [�L [ � c
[ 	 ck:<Q :�?DQ$AD;=K _fO � 	�R���ADG l�� K � :�9�Gj:<> RB_DK
L [����
	 :�]��fW�R�:�W�>"R RfHF:�>J:<W�: � Q}_fQ,HFAD>"l c�HF: � QF_fQ,HFAD> HjK<QS>�HFe�9�Q O _�
 K<Q}_B]<K�E�:<Q,;=:<W�l

IJ!$5k!$5%#%-/!>79!1G -/�.�6A3� !1-/!1L=-/AH5��"& n �.#�2>),5d�6),#d7c!$G -?5?�.�6A,-/!10"!1#?L,A,+^MON�Mm7JIQMfY�&ZG65%}$!$�j-28�"5%��� !$#?#%!$��79),:<; CEAH0.]H!$51{6��:$! � G6SX!,{X),��]H0"!1�":<;6!15c_B-/!10"0"!J�W),;6!*�6!15cM9&�G6�6� #?!$� � _3:1A,-?-_3D6�6+XAH0.#%-<)w-/�"A,� ),G CE],!$SW),G3-zYTIJ�"!^79G -?}$G6�6]�� !$# n �"#%!$#mG6� ���6!$5m_B-<),� �6AH5%-J�6!$# ndo +X! �5?�.&�!1��-?!$#c),& _3D6�6+XAH0 S65%�"�6],-8!1�"�6�.]H!�sFAH5QG �6�µ79),:<;=-/!1�"0"!O&@�.-a#?�":<;ZY
IJ�"!P_B-/)b-/�.AH���"#x-�!1-�2>)¶!1�"��IJ5%�.-?-?!$0Q�6!1#�~H),;65?!1#�CED65�!$�"� !��BG 5@SX!$],5?!$� }1-/! &�),;604hHAH�²k!15?#?A,�6!$��}$G6]HV,�6]H0.�":<;�{�2a),#�!1�"�6!1��#?:<;6� !$0"0.!$��MJG3CESW),G��bM9G6#?S6),G��6!$# ndo +T!15?�.&�!1��-?!$#!$5%#?:<;=2>!15%-$Y n �.� �.& n �.#4h,!$5?#%!$�6L=-?!$#9NPAB�6G60XLb)b�6� �6�.:<;�->�W),:<;=-/5?V,]H0.�":<; 5%!$+W),5%�"!15%-�2>!15 ��6!$�ZY n #8&�G6#%#QCED65Q�6�"!UIm)bG6!$58�6!1# ndo +X!$5?�.&�!1�=-/!$#8CEG6�6L=-?�"AH�6�.!$5%!$��YIJ�"! n �.#%-?�"!1CE!^),& _3D6�6+XAH0d0.�"&@�.-?�"!$5x-Q�6�.!�IJ!1-?!$L=-/A,5?�6�.&�!1�6#?�.AH�6!$�ZY�l9& !$�.�6!�]HG3-/!�M9S �



ufz ���������
	���	�
���	
��������������������� ��!"�$#��

120 m

snow layer

����

optical module (OM) 

housing
pressure

Optical
Module

silicon gel

HV divider

light diffuser ball

60 m

AMANDA as of 2000

zoomed in on one

(true scaling)

200 m

Eiffel Tower as comparison

Depth

surface
50 m

1000 m

2350 m

2000 m

1500 m

810 m

1150 m

AMANDA-A (top)

zoomed in on

AMANDA-B10 (bottom)

AMANDA-A

AMANDA-B10

main cable

PMT

%'&(&*),+,-/.(0(1 254�� 7 �5e�9�:<O _ R�:�K [�L [ � c
[ 	 ck:<Q :�?DQ$AD;=K�l�� W�O 	�;�� 
Z:<>�Cf:<;^EfGj:<HFe�9
RfHF:<>�Q�:<HI>J:
��?DH � �D: R�:�K �SH V�:<GaQ,WX; O K�l
	�8

+ �
���

#%:<;6�"5%&�G6�6]*hHAH��N�tHAH� !$��),G #4�6!154Ma-?&�A,#?+6;WVb5?!c}$G ]H),5/),�=-?�"!$5%!$��{H28�.5?���6!$54IJ!1-?!$L=-/A,5#%A�-/�"!KC 28�"!9&��H],0"�":<;�+60t)b}$�"!15%-$Y3I9�"!OIJ�.:<L,!O�6!1# n �"#?!1#aSX!1-/5?V,],->!1-�2>),#9u3{ �ULB&�Y3IJ�"!mSX!���6�b-/�"]b-/! n �.#�|�GW),0.�.-/Vb->�.#%-a),S�!$�.�6!$54³Q�"!1CE!9hHAH���H{ ��L�& ],!$]H!1ST!1��G6�6��]H5%!$�6}K-Q�6�"!Jy9�H; !�6!1#QhH!$5x2>!1�6�6!K-/!$� sFA,0"G6&@!$�6#8)bG Cd!1�"�6!1�µ'O�.0"AH&@!1-?!$5>!1�"��YqO0"!1�":<;6!15?&�),�H!$��sFAH5���G6� ��7J),:<;=-?!$�"0.!4!1�=-/#%-?!$;6!1���6G65?:<;��6),#\IJ!K-/!1L�-?�"AH� #?&@!$�6�.G6& n �.#$YIJ�.!J! ± !1L�-?�.h,!*_B-/5%!$G60"V,�6]H!9�"& n �"#4�"#%->�"& sF!15?]H0.!$�":<; }$G�),�6� !$5?!1��AH+ -?�"#?:<; �6G65?:<; 0tV,#%#?���]H!1��NP!$�6�.!$��&@�.-�uH�J& p M + �=�,)wvW5?!10t)b-?�.hU]H!$5%�"�6] {,#?�.!$;6!8³k),SX!$0"0.! q Yj�HY=I9�"!$#\28�.5?���6G65%:<;_B-/),G6S6#%:<;6�":<;=-?!$��G �6��L�0.!$�"� ! m G3C�-/S60"V,#?:<;6!1��; !$5%h,AH5?],!$5?G3CE!$��Y n �"�6!�L�G65%}$!µ_B-/5%!$G60"V,���



��� �����4�,����� �$��!"� #��<�%� u �
]H!´ST!K28�"5%L�-�!1�"�6!´lc�6]H!1�W),G6�.]HL,!1�.-��"� �6!15 m ),G CE}$!1�.-��6!15�}$G65��8!$L,A,�6#%-?5?G6L=-/�.AH� hHAH�n 5?!$�.]H�6�.#?#?!1�¤SX!$��G -?}1-/!1�(²`;6A,-?AH�6!$�Z{U� �"!��6�.!�e �.�6L,!10t),G��W�H#?G �6]��.& sF!$5%]H0"!1�":<;R}$Ge�)b#?#?!15 ��IJ!1-?!$L=-/AH5%!$�µh,!$5%#?:<;60.!$:<;=-/!15%-zYn �"� sFAH5%-?!$�.0ThHA,� n �"#Q�.#%-8�6�.!m#?!1;658]H5?A,�H!OMJS6#%AH5?+3-/�"A,�6#?0"V,�6]H!Jh,AH�P²F; A,-/AH� !$��{W�6�.!OST!1�!1-�2>)

∼
�i�H��& p e + sHsbv�0.�"!$]b-8G6�6�µ� G65?:<; �6),#J¸W!1;60"!1��h,AH��_3:<;=24!$S6#x-/A ± !$��G �6��NP���L�5?ABAH5?]=)b�6�"#%&�!1�P}1G !$5%LB0"V,5?!1�µ�.#%-zY n �.� sF!$5%]H0"!1�":<;��"#x-J�.�P³k),SX!$0"0.! q Y.�f}$G #%!$;6!1��Y n �.�6!),G6#xCED6;65?0.�":<;6! n 5?L�0"V,5?G6� ]�28�.5?�¶�"�¶'*),+�Y q Y ��],!$]H!1ST!1��Y�IJ�"!@'cAH�6}$!1�=-/5/)w-/�"A,�¶h,AH�g5?)
��6�"AH),L=-/�.h,!$� n 0"!1&�!1�=-/!$���.#%->#?!$; 5a]H!$5%�"�6]^G6�6��!$#a],�"S ->L,!$�.�6!O[>�.AH0"G &��.�6!$#%}$!$� },Y3IJG65?:<;�6�"!1#?!fqO!$]H!1ST!1�6;6!$�j-/!1���.#%-8�6�.!O�c),G6#?:<; 5/)b-?!U� !$5QAH+ -?�"#%:<;6!$�µNPAB�6G60"!O#%!$;658]H!15?�.�6]�G6�6��6G65%:<;µ�6�.!Uq*0"),#?#%+6;WV,5%!$���6AH&@�"�6�.!$5x-*p M + � �$v|YMa-/&@AH#?+ ;WV,5?�.#?:<;6!fN�t,AH�6!1�µ�6AH&@�"� �"!$5%!$� � !$���"���6!15 n 5%�6!O�W),:<;=24!$�"#%SW),5%!$� ³�!$�.0":<;6!1���

�WG6#%#JS6�.#9}1G !$�.�6!$58³Q�"!KCE!Uh,AH��� q L�&^24!���Y+&ZG6& 7J),:<;=24!$�.#JhHAH�µ79!1G -/5%�"�6AH#c&�G6#%#J�6�.!n 5?�6!U),0.#Q¸d�"0j-/!154hH!15%24!$�6� !1-J24!$5%�6!$�ZYTIJ)�MmNPMm79IQMRG �6�P��:1!��>G6SX!U),&¹_BD6�6+XAH0 ST! �-/5%�"!$SX!$�¶2>!15?�6!1��{�#?�"� �®SX!$�.�6! ndo +X!$5?�.&�!1�=-/!@#?!$� #?�.-?�.h¶),G3CQ79!1G -/5%�"�6A,#?�"],�W),0"!�)bG6#f� !$5�6�H5%�60"�.:<;6!$�¶y9!1&��.#?+6;6V,5?!bY�Im),&@�.-O#%�"�6�´#?�.!�L,AH&@+60"!1&�!1�=-<V,5m}1Gg�6!1�®�.& M9G CESW),G¶ST! ��W�6�60.�":<;6!1�µI9!1-/!1L=-/AH5%!$�µ�.&¹NP�j-?-?!$0"&@!$!15$YMJG CX�6!15\MJ&^G6�6�6#%!$����_3:$A,-%-4_B-<)w-/�"A,�^#%-?!$;6!1��#?:<;=2>!15?!1#�-?!$:<;6�6�.#?:<;6!1#aqO!$5?Vb-\G �6��eg!15?L �#%-/Vb-?-?!$��}1G65�sF!15%CED6],G6�6]6{��6�"!��W)b# n �"�60"),#?#%!$�®�6!$5fIJ!1-?!$L=-/A,5�'9A,&�+XAH�6!1��-?!$���.�6# n �"#!$5%&��H],0"�":<; !$��YIJ�"!c_�-<)b-?�"AH��28�"5%���"&¤),�=-<),5%L�-?�"#%:<;6!$� _3AH&@&�!15d-<V,],0"�":<;fhHAH�@�6!$5�lJ_@79)b-/�.AH�W),06q*GW)b5?�),�6]H!��WAH]H!1��Y6y9),5?�32a),5%!JG6� ��²k!$5%#?AH�6),0T28�.5?��),� �6!$��_3D �6+TA,0T]H!1S65/)b:<;�-aG6�6���6�.! sF!$5��#?AH5%]HG6�6]�#%�":<;6!15?]H!1#%-?!$0"0j-zY3�9SX!$54�6!$� e �.��-?!$5a#%�"�6� �65?!1�Z��:$!��>G6SX!UNP�.-/),5?SX!$�j-/!$54),G C�� !$5_B-<)w-/�"A,��{ G6&��6!$�PIJ!K-/!$L=-?AH58}$G�D6SX!$5%2>),:<;6!1��{·G6�6��),� C )b0"0"!1�6�6!O�8!$+6),5/)b-?G65?!1��),G6#?}1G��CED6;65%!$��Y���& e �"�=-/!15m#?�.�6���6�.!^³�!$&@+T!15/)b-?G65?!1�¶#%A -/�.!1C�{Z�6),#?#OLb!$�"�´¸k0"G6]H}1!$G6]�)b& ²�AH00t),� �6!$��Lw),�6��YW_3AH&@�.-Q#%�"�6��MJG3CESW),G�G6�6��eg),5%-?G6�6]��6!$5cIJ!K-/!1L�-?AH5?!1�P��G658�.& ),�=-/),5?L �-/�.#?:<;6!1��_3AH&@&@!$5a}K28�"#?:<; !$� 7cAihH!$&^ST!159G6� � NP�j-?-?!*¸·!1S65?G6),5Q&��,]H0"�.:<;�Y
�
	��
	
������������������������� �!��"#�!$%�

IJ!$5*MmNPMm79I8M ��IJ!K-/!1L�-?AH5^SX!$#x-/!1;�-f),G # z � � ²`;6A,-/A,&�G60.-?�"+60.�"!15?��{·�6�.!�&��j-m�6!15U�6),}$G]H!$; �H5?�.]H!$� n 0"!1L=-/5?A,�6�"L��"� � 5?G6:<L=CE!$#x-/!®qO0t),#%LBG ]H!$0.� &�A,��-?�"!15%- 28G 5?�6!1��YQIJ�.!�y9AB:<;��#?+W)b�6��G6�6]H#xhH!$5%#?AH5%]HG6�6] �6!15µ²`;6Ab-/AH&�G 0.-/�.+60"�.!$5@28�"5?�	),�	�6!$5 �mST!15&�·V,:<; !®]H!1�6!$5%�"!15%-G6�6� D ST!15m'*),SX!$0�}$G � !$��'OG6]H!10"��-/5/)b�6#?+XAH5%-?�"!15%-zY·IJ),#m²`;6A,-?AH&�G60j-/�.+60"�.!$5?#%�"]H�6),0T28�.5?�),�W),0.AH]f),� �6�.! �mSX!$5
�·V,:<;6!mD ST!15%-/5?),]H!1� G6�6� �6AH5%-4�6G65%:<; 2>!1�.-?!$5?! n 0"!$L=-?5?AH�6�.L·{B� �"!c�"�'*),+�Y � Y.�mSX!$#%:<;65?�.!$SX!$���"#x-z{�hH!15/),5%ST!1�.-/!K-zY l9&��6�"!J'*G ]H!$0.��),��'*),SX!$0.� �"� ³Q�.!1CE!1� hHAH�S6�"#O}1G�u q �,��&�;6�.�W),S6}1G60t),#%#?!1��{Z28G65%�6!$�®&��j-O!$�.�6!$& yc!$�.�,2a)b#?#?!15?SXAH;65%!$5 m �3:<;6!15*�"��W),# n �.#>]H!1#?:<;6&@AH0.}$!$�ZY n �"� !m'OG6]H!10T&@�.-����6�6!1�60"!1ST!1� 28�"5%� AH+ -?�"#%:<;6!$#8N�A3�6G 0"! p �*N r]H!$�6),�6�=-zY n -�2>)*u,�cS6�"#k� q NPAB�6G60.!4#%�"�6��)b��!$�.�6!$&�_B-?5?�"� ]('`�"�fMJS6#x-<V,� �6!$��h,AH���i� {B���A3� !$5cu,��NP!K-/!15?��&�AH�=-?�"!$5x-zY�&ZG65Q'*),0"�.S65/)w-/�"A,���6!1#cIJ!1-?!$L=-/AH5%#9#%�"�6��G ��-?!$5%#?:<;6�.!$�60.�":<;6!
m �":<;=-=|�G6!10"0"!1�¶),���6!$�®_B-?5?�.�6]H#O),� ]H!$S65?),:<;=-zY�IJ�.!�MJS S�Y q Y q }$!$�.],-O�6!1�®_B-<),� �6AH5%-m�6!$#
)&*,+�=F@ A 278�27.�-/.�,10�0�27.�-/243�55+76 ,/=F276�8&8�9 2;: ;F<=< A?> 2A@B<&C1C 0�DFE7A

2G&H @GAJI-=�278 8�2).K* ,ML 27=N0 81.1, 6�0$AJ+�8O9 2 8�2 H 8�@ .127=F27A 2)6G81276



u�� ���������
	���	�
���	
��������������������� ��!"�$#��

%'&(&*),+,-/.(0(1 2 4��575c _f;=K<Q$:<GIGaW�>�E R�:�K � :<; Q,H E�:<>��{e�: 8 W�]<: 	 c :<Q$:�?DQ AD;=K b ��W�O 	�; � 
Z:<>�Cf:<; 	
EfGj:<HFe�9 HjK<Q R�:<; ]<:<;=:<HIQ K ]<:�K<Q :�9�:<>"R�: [�L [ � c�[ 	 ck:<Q$:�?DQ AD; _fG K ]�G _fW :<; � MDGaHI>"R�:<; _f>�E�: 	
R�:<W�Q$:<Q W�>"R R�:<;�� H � :<GaQ,W�;<OU:<HI>�E�: � 	fEfQ Y AD;�R�:<>"l



���������4�,��# � � ��� ��� � �N� #��"���,� u,s
IJ!1-?!$L=-/A,5?#�G6�6�@#?!$�.�6!85?!10t)b-?�.hH! m ),],!Q}$G65FMJ&^G6�6�6#%!$����_3:$A,-%- ��_B-<)b-?�"AH�ZY,���@MJS6S�Y q Yr�*�"#x-�6!$58M9G CESW),G��6!$#cIJ!K-/!1L�-?AH5?#9�W),5%]H!$#x-/!$0.0.-$Y
�
	��
		� ��

����� ������� � ������� ������� �! #�

Im),#O��:1!��>G6SX!�� n\o +X!$5%�"&@!$�=-z{ �6!15*7J),:<;3CEAH0"]H!15m�6!1#OMONPMJ7JIQM ��IJ!1-?!$L=-/AH5%#${ 28�"5%��#?!1�.-�6!$5�_BD6�6+XAH0*_ ),�.#?AH�	u,�,�,� �Hu,�,�=�®),& ]H!$A,]H5/),+ ;6�"#%:<;6!$�	_3D6� +TAH0m),G CE]H!1SW),G -$Ya��� #?!$����6!$59!$�6� ]HD60.-?�"]H!1�µ¸WAH5%&¹G6&�C ),#?#x-J!1#J&�) o �"&�),0�� �H�,�@�6�.]H�.-/),0"!OA,+ -/�.#?:<;6!�NPA3� G60"!UG6�6�!$�.�hsFA,0"G6&@!$��h,AH��!1�"�6!1& 'OG6S6�.LBL��.0"AH&@!1-?!$5$YkIJ�.!�'9AH&@+TA,�6!$�=-/!1��28G65?�6!1���.& sF!$5��]H0"!1�":<;�}1GPMmNPMm79I8M 24!$�.-?!$5%!$�=-�28�":<Lb!$0.-$YXIJ�"!*),G3CE]H!$�6A,&�&@!$�6!1��_3�"],�W),0"!92>!15?�6!1�µ�6���5?!1L�-�hHA,� !$�.�6!$&�{H�.���6�.!cNPAB�6G60"!8�.��-?!$]H5%�"!15%-/!1��{ �>AH&@+6G -?!$5`hH!15/),5%ST!1�.-/!K-�G6�6� � �"]H�j-<),0.���#?�.!$5%-$Y &Z!$�j-/�"�3CEAH5?&�)b-/�.AH�6!1��24!$5?� !$��),���6�.! �OSX!$5
�·V,:<;6!U]H!1#?!$� �6!1-9G6�6�P�6�"!O5%!$#%-?0"�.:<;6!$���� CEAH5%& )b-?�"AH� !$���.&�NPAB�6G60 ]H!$#%+T!1�":<;6!15%-zY=��&¤yJ),G + -/]H!1SWV,G6� !c� !$# ndo +T!15?�"&@!$�=-?!$#`hH!15 �),5?SX!$�j-/!K-8!$�"� �>AH&@+6G -?!$5%#`tB#%-?!$& ),0"0.!m!$�.�6]H!1;6!$�6� !$����� CEAH5?&�)b-?�"AH�6!1��G6�6��#?!1�6�6!1-9!$�.�6!MJG6#%0"!1#?!z)b� CE5/),],!�),���6�"! NPAB�6G60"!b{kC ),0.0"#UST!1#%-?�"&@&^-/! _3�"]H�6)b-/G65%!$���.���6!$��Im)w-/!$��]H! �CEG6�6�6!1��28G65?�6!1��Y`IJ�.!�y9AB:<;6#%+W),�6��G6�6]´CED65f�6�"! !1�"�6}1!$0.�6!$��NPAB�6G60.! 28�"5%���6�.:<;�-^28�"!ST!1�mMON�Mm7JIQM ),� �6!$5 �mSX!$5
�·V,:<;6!´!$5%}$!1G6],-z{Q#%AH�6�6!15?� ),G Cf�"� � �"!´NPAB�6G60.!��"�=-/! �]H5?�.!$5x-/!Py9AB:<;6#?+W)b�6��G6�6]H#%Lb)b5%-/!1��YQIm)b�6G65?:<;�28�"5?���6!$5 IJG65%:<;6&�!1#?#%!$5��6!15 '*),SX!$08}$G�6!$�PNPAB�6G60.!$���6!1G -/0.�":<;�5?!1�6G6}1�"!$5x-z{ 24AH&@�.->�W),#cqO!$#/)b&^-/]H!K28�":<;=-Q�6!15Q�"�6#%]H!$#?),&^-aC )b#%-u3{ �®L�& 0t)b�6]H!$��'*),ST!10J!15?;6!1S60"�.:<;�hH!15?L�0"!1�"�6!15%- 28�.5?��Y n SX!$� #?A�Lw),�6� !1�"�6!P]H!$5%�"�6]H! �5?! sF!$5?#x-<V,5%L�G6�6] �6!15�_3�.]H�W),0.!�hH!$5x2>!1�6�6!K-�2>!15?�6!1��{k24A3� G65?:<;��6�.! m !1ST!1�6#?�W)bG6!$5�� !$5²`;6A,-/A,&�G60.-?�"+60.�"!154!15?;6�H;=-828�"5%��Y
� �#" � ­K¥ © ��°�­G��¯`£�¥8§ $ ©&%('*)1¥
IJ�"!cAH+ -?�"#%:<;6!$� NPA3� G60"!8�6!1#4MmNPMm79I8M ��IJ!K-/!1L�-?AH5?#>#?�"� � &@�.-F²`;6A,-?AH&�G60j-/�.+60"�.!$5?�^�6!$#³ tB+6#^yJ),&�),&�)b-/#%G¶�J�,s3��u �xu )bG6#?]H!1#%-/)b-?-?!1-zY�IJ�.!$#U#?�.�6� � ���"� :<;®]H5%AH�H! m �":<;=-?h,!$5%#%-<Vb5 �L,!159&@�.-O�$��I t3� A3�6!1��Y·[>!1� �6!$580"!K-/}K-/!$� n 5%24!$�j-/!$5%G6�6]@�6!$#cMON�Mm7JIQM ��IJ!K-/!$L=-?AH5?#9�"��6!$5@_3),�"#%AH� �isHs,s��Hu,�H�,�P#?�.�6� �i�
� �"�6:<; sF!15?#%�"AH�6!1��]H!1-?!$#x-/!1-�24AH5%�6!$��{d�6�"! #%+WVb-?!$5��"&��:$!��>G6ST! ��IJ!K-/!1L�-?AH5Jh,!$5%24!$� �6!1-928G65?�6!1��YTIJ�"!,+mGW),�=-/!1�6!.-@}1�"!$� },{·�6!$59[>5%G6:<;=-/!$�.0 hHAH�²`;6A,-/A,�6!$��{��6�.!8!$�"� _3�.]H�W),0W)bG6#?0.�H#?!1��{�ST!K-/5/Vb],-�ST!1�W�6!$���
���.�6:<; ²`;6Ab-/AH&�G 0.-/�.+60"�.!$5%��ST!1�²`;6A,-/A,�6!$�´&@�.-m�H�H�,�6& eg!10"0.!$�60"V,�6]H!�u q0/ Y IJ�.! �i�
� �"�6:<;¶NPAB�6G60.!�;W),SX!$�´!1�"�6!�!K-�2a)�,� / ],5?�H�H!15?! m �":<;=-/),G6#?SX!$G3-/!,YIJ�"!*³�!$:<;6� �"L��6!$5cIm)w-/!$��D6SX!$5x-/5?),]HG6�6]@28G65?� !f�.& sF!$5%0t),G Ck�6!1#9M9G CESW),G6#8hH!15?SX!$#%#?!$5x-zY[>!$�9�6!$��!$5?#x-/!1� hB�.!$5@MONPMJ7JIQM _B-/5%�"�6],#@28G65%�6!$� 'cA=) o �t),0.Lw),ST!10ahH!15%24!$�6�6!K-z{Q�6�.!_B-/5%�"�6],#dCED6� CTS6�"#d}$!$; ��;W)bST!1�@³�28�"#x-/!1����²k),�"5���'*),SX!$0�YbIJ�.!$#?!8)b�W),0"A,]H!,{w!$0.!$L=-/5%�"#?:<; !9IJ)
�-/!1�BD ST!15%-/5?),]HG6� ] 0tVb#?#%-8� �"!f_3�"],�W),0"!J�6�"#%+T!15?]H�.!$5?!1��{628�"!*!1#c�.��MJS6S�Y q Y z p S ra}1Gµ#?!1;6!$��"#x-zYQ¸dD 5 �6�"!¶_�-/5?�.�6]H# �,��S6�"#��isg28G 5?�6!1�	�6!1ST!1�	� !$� !$0"!1L=-/5?�.#?:<;6!1��'*),SX!$0.� ),G6:<;AH+ -?�"#?:<; !�¸·),#?!15?�gh,!$5?0.!$],-${k#%�"!1;6! M9S6S�Y q Y zP�"�g� !$5�N��.-?-?!,YkIJ�"!�IJ�.#?+X!$5?#%�"AH�g�"�gA,+ -/���#?:<;6!1� ¸·),#%!$5%���"#x-\#?!1;65\hB�"!103]H!15?�.�6]H!$51{w24AB�6G65?:<;��6�.!Q_3�.]H�W),0.!4�6),;6!$}1G�G6�=hH!15/V,�6� !$5%-��6�.!
�mST!15&�·V,:<; !a!$5%5?!$�.:<;6!$�ZYH¸\V,0.0.-�!1�"�6!�AH+ -?�"#?:<; !Q¸·),#?!15d),G #${,Lw),� �^�"�f�6!$��!1�=-/#?+ 5?!$:<; !$�6�6!1�



q � ���������
	���	�
���	
��������������������� ��!"�$#��

Hamamatsu
R5912−2

Photonen−
vervielfacher

Silikongel Glassphäre

Beschlag

Basis
(Spannungsteiler)

druck− und wasserfester Stecker

� ,��

HV

100 ns

t0

HV

0t

100 ns

control

100 V
+

synchro
pulses

optical digitalelectrical

� L��

%'&(&*),+,-/.(0(1'254��57 p )Br ��?DH � �D:�R�:�K [�W � ]�_fW�K :<HI>J:�K
A��"Q^HjK e�9�:<>kL A�RfWXG K CfAD>k[�L [ � c
[
p S r�� :�e�9�>�HjK e�9�:	� :<HIQ :<;=:<>�Q^YZHFe�?DGaW�>�E�:<>�

�}GaHI>@? K�� _f>"_fGjA�E�: �SW�G K 	�]<:<; Q,;`_ EfWX>�E b A��"Q,HjK e�9�:
�/]<:<; Q^;`_ EfW�>�E��}OPHIQ^Q :�� W�>"R RfH EfHIQ}_fGj: �/]<:<; Q^;`_ EfW�>�E��};=:�e�9�Q K��

NPAB�6G60.!$�P�6!$5J'U)b�W),0 D6SX!$59�6�"!*2>!1�.-?!$5?; �"�Ph,AH5?;6),�6�6!1�6!�!$0.!$L=-/5%�"#%:<;6! m !$�j-/G6� ] ),G6#%]H!��0.!$#?!1� 2>!15?�6!1��YW����_B-?5?�"� ]�� �f28G65%�6!O}$G6#?Vb-/}10"�.:<;�}$G658),�6),0"AH],!$� M9G6#?0.!$#?!O!1�"�6!J�6�"]H�j-<),0.!!10"!$L=-?5?AH�6�.#?:<;6!8M9G6#?0.!$#?!c]H!K-/!$#x-/!K-z{B�6�"!Q��G6� ),G6:<; �.��0"!$�.:<;=-`hH!$5?V,�6�6!15%-?!$5a¸WAH5%&�CED65F�6!1���:1!��>G6SX!^I9!1-/!1L=-/AH58hH!15%24!$�6�6!K-J28�.5?��Y
IJ�.!�q*0"),#?#%+6;WV,5%!$��{$�6�"!`�6�.! n 0"!$L=-?5?AH�6�.LJG6� �f�6!1�^²`;6Ab-/AH&�G 0.-/�.+60"�.!$5WhHA,5 n �.# G6�6�fIJ5?G6:<L#%:<;BD3-/}$!1��{·#?�.�6���W),#a28�":<;=-?�"]H#x-/! n 0"!1&�!1��-a�6!$#8]H!1#/),&^-?!$��IJ!K-/!$L=-?AH5?#1YX_3�"!O#%�"�6��#%+T!1}$���!10"0TCED 5aMONPMJ7JIQM ;6!$5%]H!$#x-/!10"0.-42>A,5?�6!1�PG6� ��SX!$#x-/!1;6!$�P),G6#8qO0t)b#>&@�.-a#%!$;65Q],!$5?�.�6]H!1�M9��-?!$�.0"!$� 5?),�6�.A=),L=-/�jhH!$5 n 0.!$&@!$�=-/!b{aG6& � �"!´�c),G6#?:<; 5/)b-?!¶� !$5�²`;6A,-/A,&�G60.-?�"+60.�"!15@}1G#%!$�6Lb!$��Y6����� !$��!$5%#%-?!$� �H��N�A3�6G 0"!$� Lb)b&�#%!$;65>5?!$�.�6!$#Qq*0"),#4}1G6& n �.�6#/)w-/},{B2>AB�6G65%:<;�6�.!��9),G #?:<;65?)b-/!PST!1�c��G65

∼
�=�H�¶y9}P0t),] Y\�����6!1� _3+ ;WV,5?!1� �6!15 _B-?5?�.�6]H#��¶S6�.#��i�28G65%�6!�!1�"�6!^),�6�6!15?!�qO0t),#%#?AH5x-/!UhH!$5x2>!1�6�6!K-z{ �6�.!^&@�.- 40 ' h,!$5%G6�65?!1�"�6�.],-m�.#%-${XG �6���6�"!�c),G6#%:<;65/)b-?!�),G3C

∼
�,{ u�L3yc}�),�6#x-/!1�"]H!1�µ0tVb#?#%-$YZ[4!$���6!$�´N�A3�6G 0"!$�PCED65m_�-/5?�.�6]µ�,�^S6�.#�is�L,AH�6�=-?!��6�"!�sF!$5?G �65?!1�"�6�.]HG6�6]�]H!$#%!$�6L=-O24!$5?� !$��{ �6�.!��c),G6#%:<;65/)b-?!�SX!1-/5?V,],- n%!$�6AB:<;�.&�&@!$54�6A3:<;

∼
�H�,�@yc},Y��� � �"!OqO0t)b#?#?+ ;WV,5?!1��28�.5?� !1�"� AH+3-/�"#%:<;6!$#Qq*!10T]H!KCED60"0j-z{=�W)b#>�6!1��]H0"!1�":<;6!1� [>5%!$:<;�G6�6]H#���.�6�6! o 28�.!a�W),#\q*0"),#d;W)w-z{w�W),&@�.-�!$�.��AH+ -?�"&�),0"!15kI9G65?:<;6]H),�6]O�6!15`²`;6A,-/A,�6!$��}K28�"#?:<; !$�qO0t),# G �6��²`;6A,-?AH&�G60j-/�.+60"�.!$5XAH;6�6!4[>5?!1:<;�G6�6]m&@�H]H0.�":<;O�"#x-zY�IJ!15d²`;6Ab-/AH&�G 0.-/�.+60"�.!$5·28�"5%��.�µ�W),#Oq*!10k]H!10"!1],-z{·�6�.! n 0"!1L�-?5?AH� �"L��"� #%-<)b0"0"�.!$5x-8G6�6��}$G &�_3:<; 0"G6#%#m�6�"!fAHSX!$5?!^yJV,0jC�-/!�6!15`_3+ ;WV,5?!a),G CE]H!1#?!1-?}1-`G �6���W),#\NPA3� G603h,!$5?#%:<;60"A,#?#?!1��Y�Im),�6),:<;�28�"5%���W),#k���6�6!$5%!a�6!15'OG6]H!10B),G C"zH�H�8&�SW)b5k!Kh,)bLBG �"!$5x-zYb[>!$�B!$�.�6!$5�³�!$&@+T!15/)b-?G65�h,AH� � q �

◦
�®!15?#x-<),5%5%-\�6),#`qO!$0G6� ��� o �.!$5x-F�6!$��²`;6A,-/A,&�G60.-?�"+60.�"!15k�.&�NPAB�6G60|Y,���@MJS6SZY q Y z p )Brd�"#x-`�6!15�#%:<;6!$&�)b-?�"#?:<; !M9G CESW),G�!$�.�6!$#QAH+3-/�"#%:<;6!$� NPAB�6G60"#Q� !$#cMONPMJ7JIQM ��IJ!1-?!$L=-/AH5%#J}1GP#%!$;6!1��Y



����������� #�� � �^�)���<���"���	����� �D�
�@� �,#�� � � ��� � �<� ��
@� �
�<�������$� � � q �
Nµ)w-/!$5%�t),0 n �.# _ ),0.}12>),#?#%!$5 _3D6�,2>),#%#?!$5IJ!1-?!$L=-/AH5 MONPMJ7JIQM 7 n _3³"�O� MJ79³�Mm� n _ [4MJ��'OM m

λabs

sH� �c��u,��& �,� �SzH��& �H� �Sz=��& u,��&
λstr

q �>��& �H��&
>

ub��& � ��&
〈cos θstr〉

� { �fz � { � � �3{ � � � Yrs=�
λeff

str

u,� ���=��& �BzH��&
>

ub�H��& q �H�
λeff

dl ∼
uH��& �=� �SzH��& �=� �SzH��& ����&

��� &���+,+�� 254,6�7 � �"Q^HjK e�9�: ��_f;`_fOi:<Q :<; ]<:<H
∼ ��� � >�O � 	X; Cf:<;=K e�9�HF:�R�:<>J: �P_DK�K :<; 	��

�SHjK�R�:<Q$:�?DQ AD;=:<>"l c�HF: � :<; Q :�K<HI>"R'_fW�K 	�� + �! b � + �"� b c�# H �"� b � L � � b �5ADQ �"� �
� �%$ & ¥Q©	' ¥a° ¦k­���¯`£�¥)(+* )1­-,�¦.*O°�­1©f§ '�§(% / ­G��¥Q­-0U¥8§ ��¯`£1*32�«

°�¥8§
Im),&@�.-8IJ)b-/!1�µ),�6),0 tB#?�.!$5x-QG6�6�P),G6#%#/),]H!1L�5/VbC�-?�"]H!me®!$5x-/!*ST!15?!1:<;6�6!1-c24!$5?� !$�µLb�H�6�6!1��{28�"5%�U� !$5�IJ!1-?!$L=-/A,5kLw),0.�"S65%�"!$5x-zY1Im),}1Gf&�D #?#?!1�f� �"! n �"#%!$�"],!$�6#%:<;W)bC�-/!1�^!1�"��ST!1}$AH],!$�*2>!15 ��6!$�PG6�6��hH!15?#%-/),�6�6!1��#?!1�"��Y·¸dD 5c� �"!$#%!fNP!$#%#?G6�6],!$� #%�"�6��hH!15?#?:<; �"!$� !$�6!���� #%-/5%G6&@!$�=-/!),� �6!1��'*),ST!10"��&��j-4�.� �W),# n �"#>],!$0t)b#?#?!1� 2>A,5?�6!1��Y679),:<; eg!10"0.!$�60"V,�6]H!8#?A,5%-/�.!$5x->#%�"�6��6�"!1#�u�_�-/�":<L�#x-/A54�),#%!$5 p^qwq�� � &'r {Hl s � m ),&@+T!1� p^q�� �m� &'rkG �6����Mcq � m ),#%!$5 p � q uJ�6&irST!1�aMON�Mm7JIQM p M + �=�,)wv�{�CED65���:$!��>G6ST!µ_B-/),�6�W),5%���
�a)b�6�60"! p }124!$�9_B-?�":<L�#%-?A ± m ),#%!$5
p^qwq � �6&ir�r G6�6��¸k0t),#%;6!$5k[>A=),5%�6# p q*),0"0.�"G6&�79�.-?5?�.� m�n I p �H�H�
���=u,�Q�6&'r`r�p�M + �wzbv|YbI9�"!
m ),&�+X!$� � m ),#?!15QL,�H�6� !$��hHAH���6!15"�OSX!$5
�·V,:<;6!*]H!1#?:<;W)b0.-/!K-Q2>!15?�6!1��YTq*!1&�!1#?#%!$��28�"5?�Z{28�"!@0t),� ]H!��W),# m �":<;=-fh,AH�g� !$� +mG6!10"0.!$�¶S6�"#*}$G®�6!$�®AH+ -?�"#?:<; !$��NPAB�6G60.!$�¶S65/)bG6:<;=-zYIJ�"!1#O!$5%]H�"S -J&��j-m]H5%AH�H!15OqO!$�W),G �"]HLb!$�.-J�6�"!^5?!$0")b-/�jhH!1��MJS6#x-<V,�6� !�}128�"#%:<;6!$�¶�6!1�gN�A ��6G60.!$��{H� �"!aCED65\� �"!Q#?+6Vb-/!15?!c�c!1L,AH� #%-/5%G6L=-/�.AH���6!$5F³�!$�"0.:<;6!$� #?+6G65%!$�@#?!1;65`28�":<;=-/�.]O#?�"� ��YIJ�"! AH+ -/�.#?:<;6!1� n �.]H!$� #?:<;W)bC�-?!$��L,�H� �6!$���6G65%:<;�}124!$�8²d)b5/),&@!1-?!$5�SX!$#%:<;65?�.!$SX!$��2>!15 ��6!$�Z{Z�6�.!fM9S6#?AH5%+ -/�.AH�6#%0tV,�6],!

λabs

G6�6� � �"!�_�-/5?!1G60tVb�6]H!
λstr

YT[>!$�.�6!fe®!$5x-/!�#%�"�6��-/�"! �CE!$�W)bS6;WV,�6],�"]6{6�6)@#%�":<;�{W]H!1AHL�0"�.& )b-?�"#%:<;�ST!1�6�"�6]b-z{6hb),5?�.�"!15?!$� �6!UNP!$� ]H!$�µ),� _�-<),G6S��"&n �"#a)bS6]H!$0"),]H!15%-4;W),SX!$��{3�6�"!9�"�6#%ST!1#?AH�6� !$5?!J�6�"!m_B-/5%!$G60"V,�6]H!chH!$5?V,�6�6!15?��Y IJ!$5>&��j-?-/0.!$5%!_B-/5%!$G=28�"� L,!$0
θstr

{�!1�"��Nµ),��CED65f� �"! _B-<V,5%L,!@�6!$5fMJS60.!$�6L�G6� ] ),�®�6!$�g²d),5x-/�"Lb!$0.�g�"&n �"#${ �.#%-OL�0.!$�"�ZY IJ�"!1#*!$5?0"),G6S -*!1#${ !1�"�6!�! ± !1L�-?�.h,! _B-?5?!1G60tV,� ]H!�!$�.�6}$G CED ;65?!1��{ �6!1�6�6�"!15%-),0"# u
λeff

str
=

λstr

1 − 〈cos θstr〉

Y p,q Y �wr
λeff

Lw),�6��),0"#�NP),�UCED 5`�6�"! n �=-?CE!$5%��G6�6]^],!$#?!1;6!$�@2>!15?�6!1��{3),S��6!$5F�W),# m �":<;=-��"#%A,-/5%AH+�"#x-zYWIJ!1#ce®!$�j-/!15?!$��Lw),�6��!$�.�6!O! ± !$L=-/�jhH!UMJS6#%AH5?+3-/�"A,�6#?0"V,�6]H!O)b�6]H!$],!$SX!$�P24!$5%�6!$�Ju

λeff

dl
=

1

(λstr)−1 + (λabs)−1

Y p,q Y zBr
����³d)bST!10"0"! q Yj�m#%�"�6� � �"!cAH+ -/�.#?:<;6!1� n �"]H!1�6#?:<;W)wC�-/!$��� !$5>S �"#?; !$5Q),0.#>I9!1-/!1L=-/�"A,�6#?&@!$�6���G6& hH!$5x2>!1�6�6!K-/!$�PAH+ -?�"#?:<; !$��NP!1�6�"!1��}$G6#?),&�&@!$� ]H!1C ),#%#%-$Y n #a�"#x-a}1G�#?!$; !$��{6�6),#?#Q�6�.!



q u ���������
	���	�
���	
��������������������� ��!"�$#��

M9S6#?AH5%+ -/�.AH�6#%0tV,�6],!��"� n �"#OSX!$�.�W),;6!��6A,+6+T!10.-*#%AP]H5%AH���"#x-z{Z28�.!�ST!1�\e�)b#?#?!15$Y�qO0"!1�":<;��}1!$�.-?�"]^C Vb0"0.->),G C�{ �W),#?#Q� �"!U_B-?5?!$G 0tV,�6],!mL�0"!$�.���"#x-z{ �6),�6G65%:<;�28�.5?���6�.!O�c!1L,AH� #%-/5%G6L=-/�.AH�!15?#?:<;=24!$5x-^G6� �¶� �"!@qO!$�W),G �"]HLb!$�.-J�6!$5U�8�":<;=-/G �6]��6!$5O³�!$�.0":<;6!1��hH!$5%#?:<;60.!$:<;=-/!15%-$YdIm)b#n �"#4�6!$#Q_3D6�6+XAH0"#��"#x-a�6�.:<;=-a;6AH&@AH]H!1� p e + sHsbv|YB[>�"#4!1-�2>) � q �H�U&��.#%->�6�"!J_B-/5%!$G60"V,�6]H!#%!$;654LB0.!$�.��Y���� �6�"!1#?!15>³Q�"!KCE!9#%�"�6� �6A3:<; LB0.!$�.�6! m G C�-?S60tVb#?:<;6!1� �"& n �"#FhHA,5?;W),� �6!$��{3�6�"!!15?#%-9�"��]H5%�H�H!$5%!$��³Q�"!KCE!$�µ�.��!$�"� !fL�5?�.#%-/),0"0.�"�6!O¸WAH5%& G6&@]H!12>),�6� !$0.-824!$5%�6!$��{XG6�6�P�6�"!M9G6#?S65%!$�j-/G6�6]�hHA,�µ²`;6A,-?AH�6!1�P�6�.:<;=-9&@!$; 5QST!1;6�"�6� !$5?�ZY��& 'O!15?��ST!15?!1�":<;��6!1#fMmNPMm79IQM ��I9!1-/!1L=-/AH5%#�}128�.#?:<;6!1� ���,�H� �mu,�H�,��& #?�"� �g&@!$;��5%!$5?!�; AH5?�.}$AH�=-<)b0"!�_B-/),G6S6#%:<;6�":<;=-?!$�®h,AH5?;6),�6�6!1��{ �6�"!^�6G65?:<;´24!$:<;6#%!$0"� �6! L�0"�.& )w-/�"#%:<;6!²�!$5?�.A3� !$� �"� � !$5 n 5?�6],!$#?:<; �":<;=-/!�p ²`e��a�H�bv|{QS6}K2*Ya�6G65%:<; sFG60.Lw),�W),G6#%S65?D :<;6!,{>h,!$5��G65%#/),:<;=-�28G65%�6!$�ZYFIJG65?:<;��6�.! G6�=-/!15?#%:<;6�"!1�60"�.:<;6!$��_B-/),G6S6LbAH�6}$!1�=-/5/)w-/�"A,�6!$��hb),5?�.�"!15?!$�),G :<;��6�"!8eg!15%-?!JCED65>M9S6#?A,5?+ -?�"AH�6#��`G6� ��_B-/5%!$G60"V,�6]H!9&��j-��6!$5a³Q�.!1CE!b{3#%�"!$; !mMJS6SZY q Y � YIJ!15@q*5?),+6;�}$!1�"],-��W),#����=hH!15?#?!b{4� !$��_B-/5%!$G6LbA3! -@}$�"!1�=-/!$�ZY4[4�"#�!1-�2>)��z�=�H� & ³Q�"!1CE!�.#%-9�6�"!UMJS6�6),;6&@!f�6!1#*_B-?5?!$G L,AB!.-@}$�.!$�=-/!1�¶� G65?:<; L�0.!$�"� !$582>!15?�6!1�6�6! m G C�-/S 0t),#%!$�µ}1G!15?L,!1�6�6!1��Y

� ,�� � L��

%'&(&*),+,-/.(0(1 254�� 7/[�]<K AD; �"Q,HFAD> �$_ �iWX>"R � Q,;�:<WB?BA :�� ��HF:<>�Q �$] � HIO � HjKP_fG K �5W�>@?DQ,HFAD>
R�:<; � HF: � : WX>"R � :<GIGj:<>�G �f>�E�:SR�:�K �/HFe�9�Q K 	 [ + ��� _ � l�c�HF: � Q^; WB?DQ^W�;
R�:<; � Q}_fW@]<K e�9�HFe�9�Q :<>
HjK<Q(HI>�]<:<H,R�:<> 	�;`_�� ?B:<>�R�:<WXQ,GaHFe�9 ��W :<;�?B:<>�>J:<>"l�c _DKS[�>@K<Q :<H E�:<> R�:�K � Q^;=:<WB?BA :�� ��HF:<> 	
Q :<>gAf]<:<;=9@_fG ]�CfAD> 		� � � � Oy_fW � Ef; WX>"RiCfAD> �*W � QF]�G _DK :<> HIO �SHjK�HjK<Q HI> �$] � ��W K :�9�:<>"l



�

� ��� � � � � � �U� � �����������	����� �

��� �6�.!$#?!1& 'U)b+6�.-?!$0 2>!15?�6!1� �6�"! SX!$�"� !$� IJ)b-/!1�W),G6#%0"!$#%!$# t3#x-/!1&�! p I8M +�r �6!$#MONPMJ7JIQM ��IJ!1-?!$L=-/A,5?#��WV,;6!15�SX!$#?:<; 5?�"!1ST!1��Y\IJ),ST!1�>;W)b�6�6!$0j-�!1#�#?�.:<;�G6& �6�"!@#?AH],!���W),�6�=-?!cNPG6AH����IQM +�{,�6�"!>),G CX³8I �># ! G6�6��+X!z)bLf#%!$�6#%�"�6] � MJI �># # p + MmI ��rdSW)b#?�"!15%-${G6�6�@�6�"!Q³ae �
� ��IQM +�{��6�"!Q&@�.-a�i�H�*Nµyc}J¸d0"),#?; ��MmI ���6�.!Q]H!$#?),&^-?!8e®!$0.0"!1� CEAH5?&R!$����6!$#>²`;6A,-/A,&�G60.-?�"+60.�"!15?#dCED65F!1�"�6!c]H!128�.#?#%!�&Z!$�j-FG6&(�6!1� ³k5%�"]H],!$5?}1!$�j-/+6G6� L�-4),G3CE�6�"&@&^-zY
"��1¡ � ­K¥ $ '�©f§ « ��

�

IJ�"!^),0"#JNPG6A,����IQM +(ST!1}$!$�.:<;6�6!K-/!�Im)w-/!$�6),G6#?0.!$#%!��"#x-J�6�.!^G65%#?+65%D6�6]H0.�":<;6!^Im)b-?!$�W),G # �0"!1#?!Q�6!1#�MmNPMm79IQM ��I9!1-/!1L=-/AH5%#${��6�"!>#?�":<;�&@�.-d�6!$&�MJG6#%SW),G@�6!$#�IJ!K-/!$L=-?AH5?#FD6SX!$5`�6�.!~H),;65%! &��j-/!1��-�28�.:<L,!10.-�;6)b-zYkIJ�"!�_3�"]H�6),0"!@�6!$5^!$0"!1L=-/5?�.#?:<;6!1��G6�6��AH+3-/�"#%:<;6!$��'*),�6V,0"!b{#?�.!$;6!�MJS S�Y q Y z {Z24!$5?� !$��)b�®�6!15 �OSX!$5
�·V,:<;6!b{ �"&�NPMm² � '�qO!$SWVbG6�6!,{�h,!$5?),5?SX!$�j-/!1-$YIJ!$58LbAH&�+ 0"!1-%-/!*MJG3CESW),G��6!$5 n 0"!1L=-/5?A,�6�"L��"#%-8�.��MJS6S�YW� Y.�*}$G�#?!1;6!$�ZYIJ�"!c!$0.!$L=-/5%�"#%:<;6!$� _3�"]H�6),0"!Q24!$5?� !$� �.���6!1� sF!15?#%-/V,5?Lb!$5%&�AB�6G60.!$� p _Be�MmNµ²`#�r p uwr\hHAH��6!$5�ycA3:<;6#%+W),�6��G6� ]�!$�=-?L,AH+6+X!$0j-�G6�6� hH!$5%#%-/V,5?L=-zYcIJ�.!�AH+ -?�"#?:<; !$��_3�"]H�6),0"!µ24!$5%�6!$��"� � !$�´AH+ -?�"#?:<; !$� n &�+3C V,�6]H!15?&@A3�6G 0"!$� p �O�c[>#�r p,q r828�.!$�6!15m�"�µ!$0"!1L=-/5?�.#?:<;6!@_B�"]H�W) �0"!´G6&@]H!12>),�6� !$0.-$YQMJG6#��6!1� �O�9[4#PLbAH&�&@!$� }K2>!1�f+65%AH&@+ -/!´MJG #?]=V,� ]H!®G �6��!1�"�hH!15?}$�,]H!$5x-/!$5OM9G6#?]H),�6]6YTIJ�"!�_Be�MmNµ²`#O;W),SX!$� �65%!$��+65?A,&�+ -?!^M9G6#?]=Vb�6]H!�G6� � !$�.�6!$�hH!15?}$�,]H!$5x-/!$��M9G6#?]H),�6]6YX[>!1�"�6!UMJG6#%]=V,�6],!^;W),SX!$�µG6�=-/!$5%#?:<;6�.!$�60.�":<;6!�sF!$5%#%-<Vb5?L�G6�6]H!1��{2>A,ST!1�4&@!$�.#%-U�6!$5f+65?A,&�+ -?!�M9G6#?]H),�6]µ!1�"�6!@]H5%�H�H!$5%! sF!15?#x-<V,5%LBG �6] ;W)b-$Y�Im),#�_B�"]H�W)b0�6!$#ah,!$5%}$�H]H!15%-?!$��'*),�W),0.#>L,A,&�&^->!1-�2>)@u
µ
#a#?+6Vb-/!15Q),0"#4�W),#Q�6!1#Q+65?A,&�+ -?!$��'*),�6),0"#1YIJ!$5`!15?#x-/!a+65%AH&@+ -/!4MJG6#%]=),�6]O�.#%-\&@�.-dIJ�.#?L�5?�.&��.�W)b-/A,5?!$� p ��r hH!15?S6G6� �6!$��{=� �"!>!1�"��³�!$�.0�6!$5Q³�5?�.]H]H!15?0"A,]H�"L�#%�"�6�ZY n �"��M9G6#?]=)b�6]��6!$58I9�"#?L�5%�"&@�"�W)b-?AH5?!1� �.#%-Q&@�.-4�6!$��³8I �># p �wr

'���+�A 2 81@ 9 +F0�+�81,/=�(+@ 6�6 2). 8127.
9�3:8
;�<�� 2
+�8 - 9 +�01+ 8	,/= . ,/6-3D=F27.
B���6-, =�@G0$8�@ 9O+F0�+�81, =
(+@ 6�6G27.�8�27.
9:3:8);F<���6 ,/=F@ 0M- 9 +�01+ 8	,/= . ,/6-3D=F27.
)�� .	,/6 0 +F276�84.�, 6G2;: @G.�A�� 2 E @G.13D2).
G L 2)6-,/6-6G8�6 ,�E	*�� ,/.�8�+F6�� ;���@ A 27.	,/6�8�� 9D27. 0 8�27.�� 0 81.�@G6�@ A�+F6�3D27.��?6�81,/. H 8�+N0



q � �����4�,� 	�� 	�
 �
	��F� �X�$� � �@� � � � � �

h,!$5?S G6�6�6!1��YJI9�"!$#%!´&�!1#?#?!1�	� �"! &Z!$�j-/!$�Z{Q),� �6!$� !$� ²�NP³ ²`G60"#%!¶!1�"�6!�CE!1#%-/],!$0"!1],-/!_3:<;=24!$0.0"!�+W),#%#?�"!15?!1��&@�.-^!$�"� !$5�q*!1�W),G6�.]HL,!1�.-�h,AH�
∼

���6#$YFI9�"!�³8I �>#@L,�H�6� !$� � z�6�.!$#%!$5 &Z!1�.-?+6G6�6L=-/!J#?+X!$�":<; !$5?�ZY6Im)
n%!1�6!$5a²FG 0"#>!1�"�6!J),�6#x-/!$�.]H!$� �6!mG6�6� !$�"� !m),S C )b0"0"!1����6!8¸k0t),�6Lb!Q;W)b-`!15?]H!1ST!1��#%�":<;��W),5?),G6#`�.&¤7cAH5?&�),0.C )b0"0 �*²`G60"#%!,Y n #FLw),�6��hHAH5%L,AH&@&@!$��{�W)b#?#O&�),�6:<;6&�),0�!$�"� !�¸d0t)b�6L,!^h,!$5%0"AH5%!$�´]H!$;=-${Z2>AB�6G65%:<;´!$�"� !��W),:<; CEAH0.]H!$� �6!�¸d0"),�6L,!&@�.-?]H!$}$V,;60.-�28�.5?��Y�IJ�.!$#%! [>!1]H5?!1�6}$G6� ]�),G C �g²FG 0"#?!�0"�.&��j-/�.!$5%-^MJ�W)b0 tB#?!1� &��j-@�6!$&MmNPMm79I8M ��IJ!K-/!1L�-?AH5@�"�6#%ST!1#?AH�6� !$5?!�SX!$�Q�6!15@_3G6:<;6!��W),:<;�;6AB:<;6!$� !$5?],!1-/�.#?:<;6!1� n 5 �!1�"]H�6�.#?#%!$��{d24!$�.0Q&��j-�#%-?!$�.]H!$�6� !$5@³k!1�"0":<; !$�6!1�6!$5%]H�"!�G6&@#?A´&@!$;65 m �":<;=-�),G6#%]H!$#x-/5?),;60.-28�.5?��YBIm),# m �.:<;=->28�"5%� ;WV,G3�W]H!$54]H!$#x-/5%!$G -${324A3�6G 5?:<; hB�"!10"!cLB0.!$�.�6!m²`;6A,-?AH�6!1����[>D �6�6!$0),& ²F; A,-/AH&^G60.-?�"+60.�"!$5a),�6L,A,&�&@!$��G6�6��h3�.!$0.!U#%!$+W)b5/)b-?!^²`G60.#?!U!$5?}1!$G6],!$��{X�6�"!US6�.#9)bG C�6�.!O!$5%#%-/!1� ),:<;=-cSX!$� �6!15c³8I � ��MJG #?0"!1#?!U�6�":<;=-c�6!K-/!$L=-?�"!$5x-82>!15?�6!1��YIJ!15 h,!$5%}$�H]H!15%-?!¤MJG #?]=),� ]��6!15 _�e�MONµ²`#	G6�6� �O�c[># �"#x-	&@�.- +X!z)bL #?!1�6#?�.�6]MJI �># p zBr4hH!15?S6G �6�6!$�ZY�_3�.!OG6�=-/!15?#?G :<;6!$���W)b#J_B�"]H�W)b0�G6�6��#?+X!$�.:<;6!$5%�µ�6�.!O& ) o �.& ),0.!M9&�+60.�.-?G6�6!��6!15fhH!15?#%:<;6�"!1�6!$�6!1��²`G60.#?!@!$�.�6!$#^²F; A,-/AH&^G60.-?�"+60.�"!$5%#$YZIJ�"!1#^]H!1#?:<;6�.!$;=-��"�!1�"�6!1& &Z!1�.-?CE!1�6#%-?!$5mh,AH� z
µ
#OG6& �6!$�¶³k5%�"]H],!$5?}1!$�j-/+6G6� L�-m!$�"� !$# n 5?!1�"]H�6�.#?#%!$#$Y _3AH&@�.-Lw),�6�^�"��AH+3-/�"#%:<;6!$�@N�A3�6G 0"!$��&@�.-�&@!$;65\),0"#�!$�.�6!$&�²`G60"#d2>V,;65%!$�6��!1�"�6!1# n 5?!1�"]H�6�.#?#%!$#${�6!158MmI � ��eg!15%-c�6�":<;=-c!$�.�6�6!1G -/�.]�!$�"� !$58³8I � �7&Z!1�.-8}1G6]H!$A,5?�6�6!K-924!$5%�6!$�ZYIJ�.!Q]H!$�6),G6! n 5?!$�.]H�6�.#?}$!1�.-\28�.5?���6G65%:<; !1�"�6!1� q*²�_ � m )b-?:<; p1� r\),G3CE]H!$�6A,&�&@!$��Y n 5`SX!��LbAH&�&f-`�6�"! &Z!$�.-?!$��h,AH��!$�"� !$5�q*²4_ ��l9; 5 p �Br {,�6�.!aD6SX!$5`!1�"�6!QM9��-?!$�6� !9)bG CX�6!$&(IJ),:<;�6!1#aN�Mm² ���6�"!J_ )b-?!$0.0"�.-?!$�6#%�"]H�6),0"!4!$&@+ C V,�6],-$Y=IJ!15Qq*²4_ � m )b-/:<;�28�"5%�@h,AH��),G �H!$�@]H!��-?5?�"],]H!$5x-8G6�6� #%+T!1�":<;6!15%-9ST!1��!1�"�6],!$;6!1�6�6!$�µ³k5%�"]H]H!15?#%�"]H�W)b0"!$��hB�"!15 q u ��S6�j-Qe �H5%-?!$59),S�{�6�.!O�6�"!Uq*²�_ �����3CEAH5?&�)b-/�.AH�6!1� G6�6�P!$�"� !$� n 5?!$�.]H�6�.#?}zVb;60"!15Q!$�=-/;W)b0.-/!1��YIm)b#�IONPMJI � �xu,�,�H���.#%-${�28�.!�� !$5�79),&@! ),� �6!$G -?!1-${d),G #�IJ�.#?L�5?�.&��.�W)b-/A,5?!$� p ��r*G �6�!1�"�6!1&�_3�"]H�6),0t),� �6�"!15?!$5 p sBr�)bG CE]H!$S6),G -zY n #a�6�.!$�=-4�W),}$GZ{3³�5?�.]H]H!$5%#?�.]H�W),0.!8CED 5�hB�"!15�h,!$5��#%:<;6�"!1�6!$��!$�.�6#%-?!$0"0.SW),5%!�NPG60j-/�"+ 0"�"}1�.-/Vb-/#%#?:<;=2>!10"0.!$��),G #?}$G ]H!$SX!$��YF����MONPMJ7JIQM¹28�"5%�!1�"��³�5?�.]H]H!$5%#?�.]H�W),0\h,!$5%24!$� �6!1-${`�W),#�),G3Cc),0"0.!$�g_3�"]H�6),0"!1�gSW),#%�"!15%-z{��6�.! �"�®�6!$��)b�6]H!��#%:<;60"AH#%#?!1�6!$� �UN �"�´!1�"�6!1& &Z!$�j-?CE!1�6#%-?!$5OhHAH�gu3{ �

µ
#*),G CE]H!1�6AH&@&�!1��2>!15?�6!1� p N�G60��-?�"+60.�"}$�j-<Vb-�NNrKY n 5%5?!$�.:<;6!$� #%�"! � �"!µ!1�"�6],!$#%-?!$0.0.-/! _3:<;=2>!10"0.!,{428�.5?� �6),# ³�5?�"],]H!$5%#?�"],�W),0),G #?]H!1]H!$SX!$��Y·I9�"!*]H!$],!$�=2aVb5%-/�.]H!f_3:<;=2>!10"0.!U#x-/!1;�-9SX!$��N

≥
ub�6Y���=-/!1]H5?�.!$5x-a�"���W),#>IONPMmI �x_�tB#%-?!$& �.#%-4!$�.� 2>!1�.-?!$5?!1#a³�5?�"],]H!$5%#`tB#%-?!$&�{3�W)b#>�W),:<;�0.AHLw)
�0.!$��'9AH�.�6}$�.�6!$�6}1!$� ),G C�!1�"�6!1&�_B-/5%�"�6]*#%G6:<;=-z{ � !$5�#?AH]H!1�W),�6�=-?!O_B-?5?�"� ] ��³�5?�.]H]H!$51Y n #��"#%-SX!$#%AH�6�6!15?#8CED65Q�6�"!1�6!$5%!$�6!15?]H!K-/�.#?:<;6!b{Xh,!$5%-?�"Lw),0.! n 5?!$�.]H�6�.#?#?!*LbAH�6}$�.+6�"!15%-$YIJ�.!a),G #?]H!1;6!$�6� !$��³k5%�"]H],!$5?#%�"]H�6),0"!F0t)bG CE!$�f�"���6�.!4³�5?�.]H]H!15?0"A,]H�"Lm� !$5`N�G6AH����I8M + p �z�BrK{�6�.!^�6�.!^M9G6#?0.!$#?!�� !$5m³8I �>#1{ +6MmI �>#OG6�6�´�6!$#OqU²�_ � m )w-/:<;6!1#O#%-<)b5%-/!K-zYT�����6�"!f³k5%�"] �]H!15?0.AH]H�"LP]H!$; !$���6AB:<;g24!$�j-/!$5%! ! o -?!$5%�6! ³�5?�"],]H!$5`|BG !$0"0.!$�¶!$�.��{ 28�"!@!1-�2>)µ�6�"!@³�5?�"],]H!$5�6!1#9_ ²TMm_ n�� ��IJ!1-?!$L=-/A,5?#8G6�6��³k5%�"]H],!$5aCED658�6�.! &Z!$�.- �FG6�6��MJ&@+60.�.-/G �6!$�6Lw),0.�"S65?)b-/�.AH��Y

M9� � �"!´yJ)b5?� 2>),5?!¶�6!1#PImNPMmI ��_�tB#%-?!$&@#P�.#%-�!$�.� 2>!1�.-/!15?!1#P³�5?�.]H]H!$5%#`tB#%-?!$& )b�6]H!��#%:<;60"AH#%#?!1��{T24!$0.:<;6!$#m� �":<;=-m}1G6& ³k5%�"]H]H!15?��hHAH� !1�"�6}1!$0.�6!$� N�tHAH� !$5?!1�"]H� �"#?#%!$��]H!1��G -/}K-28�.5?��Y n #O�"#%-m�W),#*_3G +T!15?�6Aihb)
�x_�t3#x-/!1& p �H� rfp�M + �=uwS v�YZIm)�79!1G -/5%�"�6AH#J),G6#U_3G +T!15?�6A �
�
9 +N0 H . +�A +F6-, 81@ . 5�6-3���5�=�8�+7I�=7+ �&+ 8�� 8 0�� 3�3�+F27.127.
�)>D@ 5D81*���@G=�2 �K+F.?>:*�@F> 27.
	���I 27. +�A 2)6G8



�����w���4�,���g��#D���F��	�� q �

���
���
���
���
���
���

���
���
���
���
���
���

Time to Digital 
Converter TDC

Analog to Digital
peak sensing

Converter pADC

Transient Waveform
Recorder TWR

4

Prompt Delayed

SWAMP

Swedish
Amplifiers

Prompt Delayed

ORB

Receiver Board 
Optical 

1

6

Diskriminatoren

speichert Zeiten
GPS Latch

speichert Zeiten
GPS Latch

D
at

en
au

sl
es

e
T

W
R

D
aq

Triggerlogik

(NIM)

SPASE

Externe Trigger

calib.

M
uo

nD
aq

TDC STOP

2km

ADC GATE

GPS Latch

TWR trigger

Fa
se

r

Veto

Supernova
System SN

String Trigger

Multiplicity

Multiplicity
Adder

Discriminator and Multiplicity ADer DMAD−2000

2 3

4

GPS

5

7

8

9

10

11

D
at

en
au

sl
es

e

wie elektrische Kanäle

el
ek

tr
is

ch
es

K
ab

el

op
tis

ch
e

%'&/&/),+^-(./0 1 � 4,6�7/c _DK _D?DQ,W�:<GIGj: [�L [ � c�[ c�[ � � M K<Q$:<O 	 LNW�AD> 	 c
[ �oW�>"R
� �
	 	 c�[ �
l
	 �P_ E � � �



q z �����4�,� 	�� 	�
 �
	��F� �X�$� � �@� � � � � �

hb),!15?!$�.]H�6�.#?#?!1���6�":<;=-�],!$��G6] n �6!$5%]H�"! ST!1#?�.-?}$!1��{\G6& ),0"#f!$�.�6}$!10"�6! ³�!$�.0":<;6!1���"& IJ!��-?!$L=-/AH5^�W),:<;6]H!K28�"!1#?!$��}1G�2>!15?�6!1��{d28G65%�6!��W),#�_3G6+X!$5?� A�hb)
��_�tB#%-?!$& ),G3CE]H!$SW)bG -zY n #G6�=-?!$5?#%G6:<;=-`�6�.!4�c),G6#%:<;65/)w-/!$�f�6!$5�!$�.�6}$!10"�6!1� �*N��6),:<;^+60.�,-/}10"�.:<;6!$�*L,A,5?5?!10"�.!$5%-?!$�UMJ���#x-/�"!1]H!$�ZY6IJ�.! n �6!$5%]H�"!m� !$5Q7c!$G -?5?�"� AH#a�"#x-a#%A�]H!$5%�"�6]6{B�W),#%#Q�W),5?),G6#a!15?}$!1G6],-?!UN�tHAH� !$���G65O!K-�2a)´��� :$& 24!$�j-*5?!1�":<;6!1��{ S6�"#J#?�"!�}1!$5xC ),0"0.!$��Y�_3AH&@�.-mLb�H�6�6!1�g�6�.!�),G6#%]H!$#x-/5?),;60��-?!$� �>;6!15?!$� L,Aih ��²`;6A,-?AH�6!$�®ST!1#%-?!$� C ),0.0"#9!$�"�µAH+ -/�.#?:<;6!1#UNPAB�6G60d!15?5%!$�":<; !$��YZe Vb;65?!1�6�!1�"�6!15�_3G6+X!$5%�6Aih,) � ndo +60"AH#%�"AH��24!$5%�6!$��),0.0"!$5%�6�"� ]H#f#%A�h3�.!$0.!�79!1G -/5%�"�6AH#^!$5?}1!$G6]b-z{\�W)b#;�G6�6� !$5%-?!�7c!$G -?5?�"� AH#9�.&¹IJ!K-/!$L=-?AH5924!$:<;6#%!$0j28�"5?Lb!$��G6� �µ#?A,&��j-8�6�"!f�9)bG6#?:<;65?)b-/!U�6!15AH+3-/�"#%:<;6!$�µNPAB�6G60.!O!$5?; �H;=-c28�.5?��G6�6�P�W),�6��28�.!$�6!15c! o +TAH� !$�=-/�.!$0"0�)bS C V,0"0j-zY
"��%� � ­K¥���� ��«���
 �
IJ�.!�³ae � ��IQM + �"#x-¶�"�R�6!$� ~H)b;65?!1� u,�H� ���xu,�H� q ;W),G6+ -?#/V,:<; 0"�":<;�hHAH�Re YUeg),] ��6!15�p e�),]H�,�,v>),G CE]H!1SW),G -�24AH5%�6!$��YdIJ�"!1#?!15�MJG C�2>),�6��{d!$�"� ! �6!1G6!�Im)b-?!$�W),G #?0"!1#?! CED65�6!1��MmNPMm79IQM ��I9!1-/!1L=-/AH5 }1G�!1�=-�28�":<L,!10"��{`28G65%�6!�ST!K-/5?�.!$SX!$��{`�6)¶�6�.!�ST!1#%-/!1;6!$� �6!NPG AH����IQM +�!1�"�6�.]H!m24!$#?!1�=-/0"�.:<;6!f7J),:<;=-/!1�"0.!*),G C�24!$�"#x-zY
����� )
	 � � ) � 0

M9G6#Q&�!1;65?!15?!1��q*5%D6�6�6!1���.#%->�6�"!*N�G6AH����I8M + �6�":<;=-8AH+3-/�"&�),0WCED65a� �"!mIJ)b-/!1�W),G6#%0"!$#%!!1�"�6!1#9I9!1-/!1L=-/AH5%#9;6AB:<;6!1�6!$5%]H!1-?�"#?:<; !$5979!$G3-/5?�.�6AH#1Ye �.!��"��'*),+6�j-/!$04�6Yj��SX!$#%:<;65?�.!$SX!$��{`Lb�H�6�6!1���6�.!�³8I �>#@�BG 5 �¶²`G60.#?!�+65%A n 5%!$�"],�6�"#),G3CE�6!$;6&@!$�ZY IJ!1#>e®!$�.-?!$5%!$� �.#%-a� �"!J_B-/5%!$G60"V,�6]H!9�"� n �.#>5?!10t)b-?�.h�]H!15?�.�6]6YB[>!$�.�6!$#�28�"5%L�-#%�":<;@�6!$]=)w-/�.h�ST!1�X� !$5�IJ!1-?!$L=-/�.AH��h,AH� ; �3:<;6#x-/!1�6!$5%]H!1-?�"#?:<; !$��79!1G -/5%�"�6A,#4)bG6#${��6�.!c!1�"�6!]H5%AH�H! NP!$� ]H!�),� m �.:<;�-^+65?AB�6G6}1�"!15?!$�Z{�h,AH���6!15�!$�.��qO5?AH�,-?!$�.0`]H!$#x-/5?!1G -�G6� ���W),&@�.-h,!$5?}1�H]H!15%-Q28�"5%��Y n #QLbAH&@&^-a}1G�!1�"�6!15a;6AH; !$� &�),;60XhHAH��²`G60.#?!1���.� �6!1�P²`;6Ab-/AH&�G 0.-/���+60.�"!15?��YTIJ�"!1#?!�Lb�H�6�6!1�¶��G65OS �"#m}1G6&�),:<;=-?!$�®²FG 0"#O),G3CE]H!$}1!$�":<; �6!1-O24!$5%�6!$��{�2>),#O�6!1��@tB�W)b&��.#?:<;6!1��[>!15?!1�":<;�� !$#�IJ!1-?!$L=-/AH5%#@h,!$5%LB0.!$�.�6!$5x-z{F�W)´�6�":<;=-@�6�"!�],!$#/)b&^-/! m �":<;=- �&@!$�6],!c!15%C ),#%#%-428�"5?�ZY n #FhH!15?#%:<;60"!1:<;�-?!$5x-8!$SX!$� C ),0.0"#F�6�.! n �6!15?]H�.!z),G��W�H#?G �6]^;6AB:<;6!1�6!$5��]H!K-/�.#?:<;6!15 n 5?!1�"]H� �"#?#%!,{=�W)*�6�.! n �6!15?]H�.!9D ST!15�� �"!9q*!1#/),&f-/&@!$�6]H!8�6!K-/!1L�-?�"!15%-/!1� m �":<;=-?#SX!$#x-/�"&@&^-a28�.5?��Yn �"�U2>!1�.-?!$5?!15\79),:<;=-/!$�.03#%�"�6�f�6�"!�+6MJI �>#$YH_3�"!�#?+X!$�.:<;6!$5%���BG 5d�6�.!aNµ) o �.& )b0t),&@+60"�j-/G6� !G6& �6!1��³�5?�"],]H!$5%}$!$�j-/+6G �6L=-zYk_3AH&@�.-U�"#x-^� �"!@MJ&@+60"�j-/G6�6!��6!15f24!$�j-/!$5%!$��²`G60.#?!@G6��ST! �Lw),�6�=-$YFIJ�"!1#@h,!$5?#%:<;60"!1:<;=-/!$5x-�!$SX!$�3C ),0"0.#@� �"! n �6!$5%]H�"!15?!1L,AH�6#x-/5%G6L=-/�"A,� ;6�B:<;6#%-?!$�6!15?]H! �-?�"#?:<; !$5O³�!$�"0.:<;6!$�ZY IJ�"!�],!$]H!1��2>V,5x-/�"],!@NP!1-?;6A3� !,{�&@�.-J�6!$5fNPG6A,����IQM +�� �"! m ),�6G6� ]!1�"�6!1#*²FG 0"#?!1#O}$G´SX!$#%-?�"&@&�!1��{·CEG6�6L=-/�.AH�6�"!15%-J�BG 5${�24!$�6�¶),0.0"!�²`;6Ab-/AH�6!1�´]H0"!1�":<;6}1!$�.-?�"]�6!1�µ²`;6Ab-/AH&�G 0.-/�.+60"�.!$5�!$5%5?!$�.:<;6!$�ZYIJ�.!P; AH;6!µ³�A,-?}$!$�j-�h,AH����� / �.#%-�!$SX!$� C )b0"0"#�!1�"� 79),:<;=-/!$�.09� !$5�N�G6AH����I8M +�{��W)g#%A
n%!1�6!$�	³d),]

106 n 5?!$�.]H�6�.#?#?!�h,!$5?0.AH5?!1��]H!1;6!$�ZY9I9�"!´³kAb-/}$!1�.-�5?!1#?G60j-/�.!$5%-P),G #P�6!15��"&IJG 5?:<;6#%:<;6�6�.-%-Ju3{ u�&@#Opr_3:<;W�=uwv��W),G6!15?�6�6!1�PM9G6#?0.!$#%!U� !$58yJ)b5?� 2>),5?!*�W)b:<;�!1�"�6!1& n 5 �!1�"]H�6�.#$Y



�����@���4�,������� �F��	�� q��

� )�� ���
	�� � � -/.(+��

n �"�6! m �H#%G6�6]��W�6� !1-�#?�.:<;��"���6!1��³ae � ��NPA3� G60"!1���6!$5�¸d�.5?&�) _B-?5?G6:<Lg���6�6Aihb)b-/�jhH!_�tB#%-?!$&�Y�_3�"!^ST!1�"�6;W)b0.-/!1����u � S6�.-J¸d0"),#?;�� MmI �>#1{Z�6�.!��6�.!�]H!$#?),&^-?!^eg!10"0.!$� CEAH5%& !$�"� !$#²`;6A,-/A,&�G60.-?�"+60.�"!15?#ZCED65��i� { ub�
µ
#k),G CE�6!1;6&�!1�^Lb�H�6�6!1��Y,����n%!$�6!1&¤N�A3�6G 0B#%�"�6� �9'*),�6V
�0"!b{w� �"!�&��j-4�z�H�mNµyc}a),S ]H!1-/),#%-?!1-d24!$5%�6!$�ZY,MJG3C·�6!$5d'U)b5%-/!�#?�.�6�^}K2>!1�W_3+X!$�.:<;6!$5%SWV,�6Lb!,{#?A��6),#?#4�BG 5>!$�.�6!c&��.�6�"&�),0"!>³kA,-?}$!1�.-4ST!1�"& l9&@#?:<;6),0.-?!$� }K28�"#%:<;6!$���6!1� SX!$�"� !$��[aVb���L,!1� !$�=-/#x-/!1;�-$Y6~,!1�6!O_B+T!1�":<;6!15?SW),� L�Lb)b�6�µ��u � n 5%!$�"],�6�"#%#?!c#?+X!$�":<; !$5?��G6�6���W),#>NPA3� G602>!1:<;6#?!10.-�),G -?AH&�)b-/�.#?:<;�{ 24!$�6��!$�.�6!�[a)b�6L¶h,AH0"0��"#x-zYkIJ�"!1#�!$�=-?#?+65%�":<;=-�!$�.�6!$5�³�A,-?}$!$�j-hHAH�µ� {r� ��� / p N + �H�,)bv|YWIJ�"!fqO!$#?),&^-?-?A,-/}1!$�j-z{6SX!$0"V,G C�-Q#%�":<; )bG Cd!K-�2a)�� {j��� / p IJ5?!$�=�wv|Y_3�"!f!$�=-/#x-/!1;�-*� G65?:<;´!$�.�6!^L�D6� #%-/0.�":<;6!^³kA,-?}$!1�.-Jh,AH���H�

µ
#J�W),:<;´!1�"�6!1& !1�"�6],!$;6!1�6�6!$�³k5%�"]H],!$5?#%�"]H�6),0�Ye �"5%�µ!$�.�µ³�5?�.]H]H!$58!1&�+ C )b�6]H!$�Z{T#x-<),5x-/!1-9�6�.!fM9G6#?0.!$#?!^�6�":<;=-9#?A,CEAH5x-z{·#?A,�6�6!$5%�´),S6;WVb���]H�"]Qh,AH�f!1�"�6!15 sF!$5?}1�H]H!15?G6�6] {i�6�"!`CED65Xn%!1�6!$#�³ae � ��NPAB�6G60=G6�=-/!15?#%:<;6�"!1�60"�.:<;^!$�.�6]H!1#%-/!10"0j-28�"5%��Y·IJ�"!1#?!�sF!$5?}1�H]H!15?G6�6]@28�"5%�P#%A ]H!K2aV,; 0.-z{W�6),#?#9�6�"!*!$5%#%-?!$��²`G60.#?!U�6!$59'*),�WV,0.!O�"�!$�.�6!$& ³ae �¹G6�6],!1C V,;65��W)b:<; q

µ
#@!1�"�=-/5%! ± !$��G6�6���6),�W),:<;��6A3:<;�!1-�2>) �

µ
#��6!$#

&Z!$�j-?CE!$� #%-/!15?#8S60.!$�"SX!$�Z{6G6& �6�.!O�W),:<; CEA,0"]H!1�6�6!$��³�5?! ± !$5c),G3CE}$G6}1!$�":<; �6!$��Ye �"5%�U�.�f!1�"�6!1&�'*),�W),0b2aV,; 5?!$� �^!$�.�6!$# n 5?!1�"]H�6�.#?#%!$#�L,!1�"�f²FG 0"#�G6�=-/!15?;W),0.Sf� !$5k_3:<;=2>!10��0"!cCE!$#%-?]H!$#x-/!10"0.-${3!15?Lb!$�6�=-8�6!15QIO_ ²�
Q�6�"!1#>G6� ���6�"!90"!$!15?!Je®!$0.0"!1� CEAH5?&�28�.5?� � �":<;=-Q),G # �]H!$0.!$#%!$��Y·IJ�.!$#%!$5
sFAH5?]=)b�6]�28�"5%�P)b0"#879G 0"0"G ��-?!$5%�65?D6:<L�G6� ] SX!$}$!1�":<;6� !1-zY
����� ��� � ����� ./0(- � ���

IJ�"!´]H!1�W),G6! &Z!1�.-�!15?;WV,0j-��W),#P_�tB#%-?!$& D6SX!$5�!1�"�6!1��q*²�_ � m )b-?:<;�{Q�W),#Pq*²�_6uDs*N np m !1�t� q v|Y�IJ�.!$#U!$�=-/#%+65?�.:<;�-^!$�.�6!$5*�6AH5%& )b0"!$�®l9; 5${ �6�.!��6G 5?:<;g!1�"��qU²�_ ��_3�"]H�6),0�{T#?�"!1;6!³d)bS�Y·�6Y.�,{X# tB�6:<;65?A,�6�"#%�"!$5x-928�.5?��YXIm)b# m )b-/:<;�28�"5%�P! o -?!$5%� ]H!1-?5?�.]H]H!$5x-cG6�6�µ#%+T!1�":<;6!15%-�W),SX!$����&�),0 q u ��S �.->e �,5%-/!15${6� �"!m�6�.! &Z!$�j-z{3!$�"� !$� n 5?!$�.]H�6�.#?}zVb;60"!15>G6�6���6�.! +mGW),0"�j-<Vb-�6!$#`qU²�_ ��_3�"]H�6),0=ST!1�"�6;6),0.-?!$��YwIJ�.!$#?!aIm)b-/!1�^24!$5?� !$���"�f!$�"� !$��¸d��¸?��]H!1#?+X!$�.:<;6!$5x-`G6�6�L,�H� �6!$�PD6ST!158�W),#�s*N n �;�>5/)b-?!f)bG6#?]H!10"!1#?!$��2>!15?�6!1��Y
_3�.]H�W),0 [>!$#%:<;65?!1�"S6G6� ] ¸·5%!�|�G6!1�6}�i²F²�_ ²FG 0"#8+65?A�_3!1L�G6�6�6! �fyc}#`tB�6:<;65%AH�6�"#%�"!15%-c�6!$�P[>!1]H�"�6���6!159_3!$L�G6�6� !�i�HNµy9} �i�@Nµy9} &Z!$�j-8³d)bL�- �i�@Nµy9}¸·!1�"�6# tB�6:<;65?A,�6�"#?)b-/�.AH�
&Z!1�.-/&�),5%L,! #?!$5%�"!10"0"!�&Z!$�.-?& )b5?L,! �fyc}#`tB�6:<;65%AH�6�"#%�"!15%-c³d)b]6{X_B-/G �6�6!,{XN��"��G -/!

��� &���+,+�� � 4^6�7 � H Ef>"_fGj: b RfHF: CfAD> R�:<; 	 � � 	�� 9�; ��W�; � MD>Je�9�;=AD>�HjK<HF:<;<W�>�E R�:�K
	 � � ��� L � 	 L3A�RfW�G Cf:<;�K�_f>"RfQ Y :<;`R�:<>"l

� 9O+F0�+�81, =�2).?>�+F0 6-, = I�.1@ �)2&0 0 @G.



q � �����4�,� 	�� 	�
 �
	��F� �X�$� � �@� � � � � �

SIS3300
TWR

DSP
SIS3100

SIS3300
TWR

SIS3300
TWR

DSP
SIS3100

SIS3300
TWR

SIS3100

FIFO

SIS3100

FIFO

SIS3100
DSP

Ethernet

Optical Fibre

SIS1100
PCI board

  Polchomper

  WaveMerger

VME−VME

Bridge

SIS3100

FIFO

VME−VME

Bridge

...

VME VME

...

...

VME VME

VME−PCI

Bridge

Feature Extraction:

extracting of PMT pulses from waveform 
Latch

GPS2VME

excternal trigger from MuonDaq

...
...

...

Remote Crate 5

Remote Crate 0

Remote Crate 3

Master Crate

%'&(&*),+,-/.(0(1 � 4 �57 �*]<:<; ]�GaHFe�?�	@]<:<;�RB_DK � �
	 	 � M K<Q$:<Oy_B] � � � �

��& ~H)b;65�u,�H�wz 28G65%�6!P!1�"�6!�e®!$�j-/!$5%!$�=-�28�":<L�0.G6�6]g� !$5�qU²�_6u�s*N n {F�W),#�#?A,]H!$�W)b�6�=-q*²�_3�H³ae � �xNPAB�6G60Up m !1�t�=��v9�.��� �"!�³ae � ��I8M + �"�=-?!$]H5%�"!$5x-zY n # ;6)b- !1�"�6!P�"�=-/!15?�6!³k),L=-/5?)b-/! h,AH� �i�H� Nµy9}�G6� ���6�"!1��-�),0"#f#`tB�6:<;65%AH�6!$5 &Z!1�.-/],!$SX!$5fCED 5^�6�.! !$�.�6}$!10"�6!1�³ae � �xNPAB�6G60.!O�"���6!1� �>5?)b-/!1#$Y����n%!$�6!1&�³ae � �
�>5?)b-/!c#%-?!$:<L=-8),0.#4Nµ),#%-?!$5%Lb)b5%-/!9!$�.�6!m_B�x_ q �i�H��s*N n �Fs*N n [>5%D6:<L,!bY���=-/!1]H5?�.!$5x->�.� �W),#aNPAB�6G60X�"#%->!$�.� �6�.]H�.-/),0"!15�_3�"]H�6),0"+65%AH}$!1#?#%AH5 p IO_ ² rK{B�6!15>�6�.!mIm)b-?!$����W)b;6&�!*)bG6#Q�6!$��!$�.�6}$!10"�6!1��³ae � ��NPA3� G60"!1��#x-/!1G6!$5x-z{W�6�.!*Im)b-/!1�µ)bG C��6!$& _B+T!1�":<;6!15�6!1#fNPA3� G60"#*),S 0"!$]b-OG6�6�®),�´�W),#fNµ),#x-/!15 �
�>5?)b-/!�24!$�j-/!$5%0"!1�.-/!K-z{T#?�"!1;6!�MJS6SZY �6Y uBY IJ�"!IO_3² #%�"�6��+65%AH]H5/)b&�&@�"!15?SW),5>G6�6� Lb�H�6�6!1� &��j-8MJ#%#?!$&^S60"!15 ��²`5%AH]H5/)b&�&@!$��]H!$#x-/!1G6!$5x-24!$5%�6!$��Y,��&(Nµ),#x-/!15 �
�>5?)b-/!>#%-/!1:<L=- n%!K2>!1�"0.#\!$�.�6!>24!$�.-?!$5%!8_3�x_ q �z�H� {,� �"!a&@�.-k�6!$5\'U)b5%-/!�.�g�6!1��³ae � �;�>5/)b-?!$#�D6SX!$5^AH+ -/�.#?:<;6! ¸·),#?!15?��hH!15?S6G �6�6!$���.#%-zYk¸dD65f�6!$��³�5/)b�6#?+XAH5%-�6!15JIJ)b-/!1��),G C`� !$��Im)w-/!$� �W),;6&@!��;�>AH&�+ G -/!15c28�.5?�µ!1�"�6!f²?�>� �}sON n [>5?D6:<Lb!�SX!$�6� �-?�"],-$YWIm),SX!$� 28�"5%��28�.!$�6!15?G6&¹!1�"�6!f_3�x_ q �i�H���"& NP),#%-?!$5 �;�>5/)b-?!Uh,!$5x2>!1�6�6!1-mG6�6�µ!1�"�6!_3�x_X�H�i�H��),0.#c_B-/!1:<LBLw),5x-/!U�"& �>AH&�+ G -/!15$Y
� ) ��� � � � .���� ����� � � � � � ) � 0

IJ�.!�¸·!$)b-/G 5?!�� ndo -?5/),:K-/�.AH�U28G 5?�6!4!$�"� ]H!1CED6; 5%-z{�G6&�� �"!�Im)b-?!$�65?)b-/!b{b�6!1ST!1�^�6!15\7cG60"0.G6���-?!$5?� 5?D6:<L�G6�6] {X24!$�j-/!$58}1Gµ5?!1�6G6}1�"!$5%!$��YW��& qO!$],!$�6#?)b-/}U}$G659NPG AH����IQM +�{·ST!1���6!$58+65%A³�5?! ± !15J��G65J24!$�6�.]H!^���3CEAH5?&�)b-/�.AH�6!1�P]H!1#?+X!$�.:<;6!$5x-m2>!15?�6!1��{Z!1�=-/;WV,0j-m�6�.!f³ae � ��IQM +�6�.!9],!$#/)b&^-/!1� eg!10"0.!$� CEAH5%&��6)b-/!1���6!1#m�i� { ub�
µ
#>0"),�6]H!1��&Z!$�j-?CE!1�6#%-?!$5?#1Y I9�"!m²`G60.#?!cCED60��0.!$��&�!1�"#x-/!$� #c��G658!1�"�6!1�P]H!15?�.�6]H!$��³�!$�"0Z�6!$#4&Z!$�j-?CE!$� #%-/!15?#1YWMJG6#c�6�"!1#?!1& q*5%G6�6��28�"5%�;W)bG6+ -/#?V,:<;60.�":<;��6�.!�[a),#%!$0.�"�6!�� !$#*²`;6A,-?AH&�G60j-/�"+ 0"�"!15?#8),G3CE]H!$�6A,&�&@!$��{X�6�.!�L,!1�"�6!^h,!$5��



�����@���4�,������� �F��	�� q s
2>!15%-?SW),5?!1� ��� CEAH5%& )w-/�"A,�6!$��!$�=-?;WV,0.-$Y n �"���6G65?:<; #?:<;6�6�j-?-?0"�":<; !$5c!$0"!1L=-/5?�.#?:<;6!15J²`G60.#8;W)b-!$�.�6!U[>5?!1�.-/!mh,AH�µu,�H� �SzH�H���6#8G6�6��AH+ -?�"#%:<;6!U²FG 0"#?!*;W)bST!1�P!1�"�6!*[>5%!$�j-/!OhHAH� q ���6#1Y

n succ n succ

precn

thend

*

*

*
*

*
* * * * * * * *

*

*
*

*

***** * * * * * * * * * * *
*

*

*

*

*

*
* * * * * * * * * * * * * * * *

Detektionsschwelle
Endschwelle

thdetBaseline brun

ein Fragment

%'&/&/)^+,-(./0 1 � 4 257 ��:<HjK �"HF:<G � 	�; RfHF: �(:�_fQ^W�;=: 	 ���wQ,;`_�e<Q^HFAD>NCfAD> � :<GIGj:<> � AD;<O��"W�G K :<>"l

IJ�"! ¸·!$)b-/G 5?!�� ndo -?5/),:K-/�.AH���"#x-��.���W),#�Im_ ²¤²`5?A,]H5/),&@& �"�=-?!$]H5%�"!$5x-�G6� ��#?G6:<;=-@�W),:<;²`G60"#%!$� �"���6!$5 e®!$0.0"!1� CEAH5?& G6� � 0"�H#%:<;�- �6�"!P5?!$#x-/0.�":<;6!1� Im)b-/!1��Y>M9S6S�Ya� Y q h,!$5?),���#?:<;W)bG60"�.:<;�-9�6�.!UM95?SX!$�j-/#%24!$�.#?!bY·e �.5?��!$�.� _3�.]H�W),0ZG6�=-/!$5%;W),0.SP!1�"�6!1#9]H!K28�"#%#?!$� _3:<;=2>!10��0"!1��24!$5x-/!1#J]H!1&�!1#?#?!1��{·2>!15?�6!1� �
prec

eg!15%-?!Uh,AH59� �"!$#%!$& ²`G6�6L=-J!$�"� ]H!$#%:<;60"AH#%#?!1��{TG &�6!$��]H!1�W),G6!1� &Z!1�.-/+ G6�6L=-8�6!$#c²`G60.#?SX!$]H�.�6�6#8}$G�!$5%&��j-?-?!$0"�ZY n #Q2>!15?�6!1� ),0.0"!924!$�j-/!15?!$�eg!15%-?!Q),G CE]H!1�6AH&@&�!1��{�S6�"#k!$�.�6!>}K2>!1�.-/!Q_3:<;=2>!10"0"!b{,�W)b;6!a�6!15`[a),#%!$0"�.�6!,{�D6SX!$5%#?:<;65%�.-%-/!$�28�"5%��Y &ZG6#/Vb-?}$0.�":<;´2>!15?�6!1���6AB:<;®24!$�.-?!$5%!��
succ

eg!15%-?! ),G3CE]H!$�6A,&�&@!$��Y��cST!15?#%:<;65?!1���-/!K-��6�"! e®!$0.0"!1� CEAH5?& �.�6�6!$5%;W),0.S��6!$5��6),:<; CEAH0.]H!$�6� !$��eg!15%-?!�!$�"��24!$�j-/!15?!$#�&�),04�6!$�_3:<;=2>!10"0.!$�=2>!15%-�28�.5?�g� !$5�²`G60.#^),�g�6�"!@!$5%#%-/!�eg!10"0"!1� CEAH5%& ),�6]H!1;WV,�6]b-zYkIJ�"!�]H!$�W)bG��!$��eg!15%-/!*CED658AH+ -?�"#%:<;6!fG �6�µ!10"!$L=-?5?�"#%:<;6!f'U)b�WV,0"!O#%�"�6���"��³k),S�Y·�6Y u@),G3CE]H!$0.�"#%-?!1-$Y n �"�#?AH0.:<;6!$5cIm)w-/!$� #/)b-?}U28�.5?��¸W5/),]H&@!$�=-Q],!$�W),� ��-$Y
'*),�W),0j- t3+ ²d),5?),&�!K-/!15 _ )b�"#?A,�P� q _ ),�.#?AH���,� _ ),�"#%AH���=� ���wz!$0.!$L=-/5%�"#?:<; MJ�6}$),;60 �6!158h,AH5/)b�6]6Y6e®!$5%-?! u,� q ��uMJ�6}$),;60 �6!15c�6),:<; C�Y6e®!$5%-?! � � �AH+ -?�"#?:<; MJ�6}$),;60 �6!158h,AH5/)b�6]6Y6e®!$5%-?! u,� q qMJ�6}$),;60 �6!15c�6),:<; C�Y6e®!$5%-?! � � �
��� &���+,+�� � 4 �57 ��_f;`_fOi:<Q :<; � 	�; RfHF:��/:�_fQ,WX;=: 	 ���wQ,;�_�e<Q,HFAD> � � ��� ]�HjK � � � � l�c�HF: ?DGj:<H 	
>J:<> � :<;<Q : � 	X;P:<Gj:�?DQ^; HjK e�9�:�� _f> �fGj: R�:�K��@_D9�;�:�K � � � � K<HI>"R RfWX;=e�9 :<HI>J:<> �S;�A�Ef;`_fO 	
OPHF:<; � :�9�Gj:<;P9�:<; CfAD;^E�:<; W � :<> Y AD;`R�:<>"l c�HF:P?BAD; ;=:�?DQ :<> � :<; Q : YZWX;`R�:<>hHIO	�@_D9�; � � ���
:<HI>�E�:�K<Q$:<GIGaQFl

n �"�6!^e®!$0.0"!1� CEAH5?& Lw),�6��&@!$; 5?!$5%!�¸W5/),],&�!1��-?!^SX!$�.�6;W),0j-/!$�Z{T�6�.!f28�.!$�6!15?G6& &�!1;65?!15?!²`G60"#%!O!$�=-/;W)b0.-/!1��L,�H�6� !$��YWI9!$58]H!$�6),G6!OMJS 0t),G C�� !$58�8AHG -/�.�6!J�.#%-Q�.��MJ�6;6),�6]�M^Yj�*}$G#?!1;6!$��Y



�=� �����4�,� 	�� 	�
 �
	��F� �X�$� � �@� � � � � �



�

� ��� � � � � � ��� ���d��� ��������� �����¤���

l9&�� �"!8_3!1�6#?�j-/�jh3�j-<Vb-dCED65\�6�.!$�6!15?!$� !$5?],!1-/�.#?:<;6! n 5?!1�"]H�6�.#?#%!Q}$G�!$5%;6�H;6!1��{H28G65?� !c�.���6!$�~H),;65%!$��u,�H�,�JG6�6�@u,�H�H�9!$�.��'9AH�6}1!$+ -dCED65\!$�.�6!$�@_BA,C�-�2a)b5?!1-?5?�.]H]H!$5d�"���6!15\³ae � ��IQM +!$5?),5?SX!$�j-/!1-8G �6���"���W),#8SX!$#x-/!$; !$�6�6!^_�tB#%-?!$&¹�.&�+60.!$&@!$�=-/�.!$5x-zYBIJ�"!1#?!1#9'*),+ �.-/!10Z!15?0tVbG��-/!15%-@}$G6!15?#x-�� �"!�),0.0"]H!1&�!1�"�6! Im)b-/!1�W),G6#%0"!1#?!��6!$#@³ae � ��IQM +�_�tB#%-?!$&@#${`SX!$#%:<;65?!1�"S -�W),�6� !$�"� !$� !15?#%-?!$��M9�6#/)b-?}JCED65��6�"!Jl9&@#?!K-/}$G �6]��6!1#8_3A,C�-�2>),5?!K-/5%�"]H]H!15?#�G6�6��]H!1;=-a�"&eg!1�.-?!$5?!1�P�6V,;6!$5c),G3Cd�6�.!OG6&@]H!$#%!1-/}K-/!^NP!1-?;6AB�6!*!$�"�ZY
$@�1¡ �)* � ��� ��«���
 � � **°�¥8§1* ' �!)K¥ � ¥>«
	�� � °�¥ '
IJ�"! Im)b-?!$�6�W)b;6&�!��6!$#^³ae � ��_�tB#%-/!1&�#^0tV,G C�-f),G3C8!$�"� !$& ;W),�6� !$0"#%D6S60.�":<;6!1��_3!$5xhH!15$YIJ�"!1#?!15JSX!$#?�j-/}K-m}124!$�k²`5?AH}1!$#%#?AH5%!$��{Z24AB�6G65?:<;µ&�!1;65?!15?!�²`5%AH}$!1#?#?!^+W),5/)b0"0"!10 G6�6� A,;6�6!
&Z!$�j-?hH!15?0.G6#%-4]H0"!1�":<;6}1!$�j-/�"]*SX!z),5%ST!1�.-?!1-�2>!15?�6!1��L,�H�6� !$��Y3��&�¸WAH0.]H!$� �6!$�@28�"5?���W),#a_�tB# �-/!1&�AH; �6!m�6!1��_3A,C�-�2>),5?!K-/5?�.]H]H!15${�28�"!m!1#a�"� � !$��~H),;65%!$��u,�,� q G6� ��u,�H�,��)b& _BD6�6+XAH0!$�.�6]H!$#%!1-?}1-828G65?� !,{·!$5%0tV,G -?!$5x-zYMJG C��6!1& _3!15%hH!15�0tV,G3C�- !$�.� ²`5?AH}1!$#?#´&@�.-P�6!$& 7J),&@!$� :<Cf:<>�QF]�W�HIG R�:<; YJIJ!$5´²`5%A �}$!1#?#�#%-/),5%-?!1-�SX!$�4#?!1�"�6!15�MJG6#xCED6;65%G6�6]�}$G !$5?#x-��6�"! '9AH�3�W]HG65?)b-/�.AH���6!15�NPAB�6G60"!�G6�6�[>5?D :<L,!$�ZY\_3A,SW),0"�´�6�.!$#%!@SX!$5%!$�j-f#%�"�6�Z{Z2>!15?�6!1��'*),0"�.S65/)w-/�"A,�6#?�W)w-/!$�µ]H!$�6A,&�&@!$��{�),G6#�6!$� !$� �6�.!c),L=-/G6!10"0"!1� qO5?G �6�60"�.�6�"!1���6!$5�!$�.�6}$!10"�6!1� '*),�WVb0"!QSX!$#%-?�"&@&^-`24!$5?� !$��Y IJ�"!1#?!#?�.�6� �6�b-/�"] {=G6& �6�"!J_3:<;=2>!10"0.!$� �6!15>³ae � �xNPAB�6G60.! p '*),+�Y��6Y uwr\5?�":<;=-?�"]^!1�"�6}1G6#%-?!$0.0"!$�ZY7J),:<;��6!15Q'*),0"�.S65/)w-/�"A,���6!1#8IJ!1-?!$L=-/A,5?#Q28�"5%� !$�.��³k5%�"]H]H!15 �FsF!1-/A^]H!$#%!1-/}K-z{ 24!$0.:<;6!$#8�6�.!³k5%�"]H],!$5?0.AH]H�.LmG6�=-/!15?S65%�":<;=-z{b#?�"!1;6!aM9S6S�Y=�BY.�HYbIJ!15F_3+X!$�":<; !$5\�6!1#Fq*²4_ � m )b-/:<; !$#${b�6!$#%#?!1��"�6� !$5?!^l9;659&��j-c�6!$5mMmNPMm79IQM �xq*²�_ ��lc;65J# tB�6:<;65?A,�6�"#%�"!$5x-O�"#x-z{W28�"5%� !$SX!$�3C ),0"0.#9]H! �0"!1!$5%-$Y=_3�.�6��),0.0"!a_3+T!1�":<;6!15\G6�6�@N�A3�6G 0"!a5%�":<;=-/�.]mL,AH�3�W]HG65%�"!$5x-z{w28�"5?�^�W),#`³�5?�"],]H!$5��}sF!1-?A�6!z)bL�-?�.hB�"!15%-8G6� �P�W)b#J_�t3#x-/!1&¹ST!1]H�"�6�=-c&@�.-a� !$58#`tB�6:<;65%AH�6!1��Im)b-?!$�6�W)b;6&�!bYIJ�"!`³�5?�.]H]H!15?#?�.]H�W),0.!k24!$5%�6!$�*hHAH& IONPMmI �x_�tB#%-?!$&�]H!1#?!1�6�6!1-${�#?�"!1;6!F'*),+�Yz� Y.�HYz_3AHSW)b0"��6�"!*³ae � �xNPAB�6G60.!���u�� n 5?!$�.]H�6�.#?#?!*]H!1#?+X!$�.:<;6!$5x-J;W)bST!1��{62>!1:<;6#?!10"� #%�"!U),G -?AH&�)b-/�.#?:<;�6�"! _3+X!$�":<; !$5?S6),�6L´G6�6��#%!$�6�6!1��!$�.��_3�"],�W),0�{Z�W),#?#^�6�"!�Im)b-?!$��}$G 5fe®!$�.-?!$5xhH!$5?),5?SX!$���



��u �������=� 	�� 	�
 �
	���� # �$���.� � ���,�
� 
5
@���

LRS 621 AL
Discriminator

in

out

M−Mult 18
~150 Hz

M−Mult 80
~ 2 Hz

1

µ − DAQ

µs

Coincidence Unit
LRS 365 AL

out

in

coinc level = 3

veto

M−Mult 24

Stringtrigger

downscaled
trigger

T
W

R
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W

R
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W

R

T
W

R

G
PS

T
W

R

Crate 0

C
on

ve
rt

er

LRS 429

in

Logic Fan out

2m

Trigger with

out

crates 1−5

Common Stop

Trigger enable
SIS3100 lemo out 2

12.0m

VLF trigger veto from GPSAMD

VETO−Logic for TWR system

Muon Trigger

located in NIM crates above DMAD

~90 Hz

~90 Hz
M−Mult 24

DMAD

2 3

4
5

SPASE

TWR Trigger
2ns

OM signal in

2004

2003

Gate =  25

NIM Logic
Dual Gate

Lecroy
222

out*start
out

30ns

located in the NIM Crate below TWRdaq

VETO DISABLE 1ns

TWR Multiplizität = 24 in 2003

TWR Multiplizität = 18 in 2004

TWR Multiplizität = 12 in 2005
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IJ�.! Im)w-/!$� +6G6�6L=-/! 24!$5%�6!$� &@�.-�!$�.�6!$5 '9AH+3CE}$!$�.0"!b{�� �"!��6�"!P]H!$�W)bG6! &Z!$�j- G �6��24!$���-?!$5?!´IJ)b-/!1�	}1G	�6!1& n%!124!$�.0"�.]H!$� NPAB�6G60J!$�=-/;WVb0.-z{a),0"#�!1�"�6}1!$0"� !$# n 5?!1�"]H�6�.# ]H!1#?+X!$���:<;6!15%-$YkIJ),ST!1�`&�G6#%#f!1�"�6!@[>!1#?AH�6� !$5?; !$�.-f�6!15U³ae � �xN�A3�6G 0"!�]H!$�6),�6�=-*2>!15?�6!1��Y n �.�³ae � �xNPAB�6G604ST!1#%-?!$;=-@),G6#�)b:<;�-@'*),�6V,0"!1��{kSX!$#%�.-?}1-�),SX!$5^�BG 5^hB�"!$5�¸\²�q*M ! �>;6�"+6#G6& �6�"!1#?!�),G6#%}$G60.!$#%!$��Y�IJ�.!$#*ST!1�6!$G3-/!1-${ �W),#%#�n%!K2>!1�"0.#O}124!$�FMmI ��'U)b�WV,0"!^}$G¶!$�"� !$&¸\²�qOM�]H!$;6�,5?!$�ZY�e®!$� �^��G6�^�.�f!1�"�6!1&��6!$5�SX!$�"� !$�f'U)b�WV,0"!F!1�"�f²FG 0"#��6!1-?!$L=-/�.!$5x-k28�.5?��{
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SIS3300
TWR

FPGA

SIS3300
TWR

FPGA

SIS3300
TWR

FPGA

SIS3300
TWR

FPGA

DSP
SIS3100

DSP
SIS3100

...

SIS3100

FIFO

SIS3100

FIFO

SIS3100

FIFO

DSP
SIS3100

optisches Kabel

LEMO / NIM

...

...

...

VME

VME

Crate 1

Crate 6

Sammeln der Daten / Separation der Doppelkanaele

Latch
GPS

Fan out

VME

VME

PCI board
SIS1100

Master Crate

Bankwechsel

externe 100 MHz
Uhr TWRs tasten kontinuierlich ab / Nur Pulse werden gespeichert

Synchroner

%'&/&/),+^-(./0 1 �54 257ic _f;=K<Q$:<GIGaW�>�E :<HI>J:�K :<H E�:<>@K<Q �f>"RfH E�:<> � ; H E E�:<;�K<M K<Q :<O K � 	X; R�:<>
� �
	�� �5A � Q,Y _f;=:<Q^; H E E�:<; l L A�RfH � ��HF:<;<Q _fWBK 	 �P_ E � � � l

2>!15?�6!1�@CED 5\ST!1�"�6!a'U)b�WV,0"!4�6�"!>Im)b-?!$��]H!$#%+T!1�":<;6!15%-${,2a)b#\C ),#%-`!1�"�6!15*sF!$5%�6AH+6+ 0"G6�6]J�6!$#Im)b-?!$�=hHAH0.G6&@!$�6#�!1�=-/#?+ 5?�":<;=-$YdIJ�.!$#f�"#%-f;W),5%� 2>),5?!1ST!1�6�"�6]b-^G6� ��Lw),�6�g� �":<;=-^h,!$5?&@�"! ��6!$�®2>!15?�6!1��Y\Im)b&��j-f� �"!@³k5?),�6#%CE!15?5?)b-/!1���"& _�tB#x-/!$& �6�.:<;�-^}$G�],5?AH��2>!15?�6!1��{k28�.5?�!$�.��&�AB�6�j�W}$�.!$5%-?!$#k²`5?AH]H5?),&@&R�.���6!1��IO_ ²´�6!$5*sON n �}sON n [>5%D6:<L,!1��ST!1�BG3-/}1-$Y=IJ�.!$#),�W),0 tB#?�"!15%-O� !$�¶y9!$),�6!$5Sn%!1�6!$#*]H!1#?+X!$�.:<;6!$5x-/!$�´³�5?! ± !15?#*ST!1�"& n �"�60.!$#?!1�´G6�6�´#?+W)b0.-/!K-�6�"!9IJAH+ +T!10"Lw),�W),0.�W)b-?!$� �.� n �.�6}$!10"Lw),�W),0.�W)b-?!$��),G C�YB��#%-a�.��!1�"�6!1& �6!$54ST!1�"�6!1� '*),�WV,0.!L,!1�"��Im)w-/!$� +6G6�6L=-�G6�=-?!$5?;6),0"S�� !$5
n%!K2>!1�"0.�"]H!1��_3:<;=24!$0.0"!,{�2>!15?�6!1���6�"!�Im)b-?!$��� �"!$#%!$#'*),�W),0.#Q�6�":<;=-c�"���W)b#JNP),#%-?!$5 �;�>5/)b-?!U24!$�j-/!15?]H!10"!$�j-/!K-zY
&ZG��6�"#%L�G -/�.!$5?!1� �"#x->24!$�j-/!$5>�6�"!9#`tB�6:<;65%AH�6!*MJG6#%0"!1#?!O�6!15QIm)b-?!$���"� ),0"0.!$��N�A3�6G 0"!$� �"��6!$�PG6�=-/!15?#?:<; �"!$� 0"�":<; !$� �>5?)b-/!1#$YXIm)��.�P� �"!$#%!$& _�tB#x-/!$& �6�.:<;=-J&@!$;658!1�"�6;6!1�.-?0"�":<;�!1�"�n 5?!$�.]H�6�.#*),G CE]H!1�6AH&@&�!1�µ28�"5%��{�#?�.�6�¶),G6:<;¶�6�"!@_B+T!1�":<;6!15mCED65O�6�"!�!1�"�6}1!$0.�6!$�¶'*),�WV,0.!}$G@!$�.�6!$&�G6�=-/!$5%#?:<;6�.!$�60.�":<;6!1��&Z!1�.-/+ G6�6L=-F]H!1CED 0"0.-$Y,I9�"!$#%!$5F;WV,� ],-`hHAH�@�6!15F�9),G #?:<;65?)b-/!�6!$5@AH+ -?�"#%:<;6!$� NPA3� G60"!�),S�Y`³�5?Ab-/}$� !$& &�D6#%#?!1��}$G 5�#x-<),S6�.0"!1��IJ)b-/!1��h,!$5?),5?SX!$�j-/G6�6]),G C��6!1& _B!$5%h,!$58),0.0"!9_3+X!$�.:<;6!$5%SWV,�6Lb!O�"� �6!1��NPAB�6G60"!1� }$G 5>]H0.!$�":<; !$��&Z!1�.-�2>!1:<;6#?!10"��YIJ�"! m �,#?G6�6]��.#%-^!$�"�g����-?!$5%5?G6+ - �x_�tB#x-/!$&�{\�W)b#��"���6!1��³ae ��}1G65 sF!$5xCED6]HG6� ]�#%-/!1;=-zY_3AHSW)b0"� !$�.�6!¶_3+X!$�":<; !$5?S6),�6L &@�.-�!1�"�6!1& CE!$#x-/}1G60"!1]H!$�6� !$�	²F5%AH}$!1�=-/#/)w-/}¶]H!1CED60.0.-��.#%-${28�"5%�	!1�"� ����-?!$5%5?G6+ -µ),G C^�6!$� s*N n ��[>G6#µ],!$]H!1ST!1��{8�6!$5�hHAH�	�6!$& ²`5%AH]H5/)b&�& �"��6!$��IO_ ²�5%!$]H�.#%-/5%�"!15%-�28�.5?��YFIm)b# IO_3²(²F5%AH]H5?),&�& #?!1�6�6!K- �W),� ��!1�"��_3�"]H�6),0a}$G &
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[a)b�6L=2>!1:<;6#?!10�D ST!15Q!$�"� !$��¸·),������� �,¸·),���7�mG - # ),��),0.0"!9³ae � ��NPA3� G60"!b{ #?A��6),#?#Q�6�.!$#%!!1�"�6!1� [a),�6L=24!$:<;6#%!$0OhHAH0.0"}1�"!$; !$��Y4Im),&@�.-�L,!1�"� 24!$�.-?!$5%!$5�IO_3²�!$�.�6!$� [>),�6L=2>!1:<;6#?!10�.�6�.-?�"�"!15?!1� Lw),�6��{ ST!KhHAH58�6�.!*_3�"],�W),0"!J�6!$#8!$5%#%-?!$�PIO_ ²��6�.!m³ae � �xNPAB�6G60.!O!$5?5%!$�.:<;6!$��{28�.5?���W),#4_3�.]H�W),0 ),G CX&@!$;65%!$5?!O�z�H�m�6#F]H!$#x-/5%!$:<L=-zY3_3AH&@�.-kCED6;65x-F!$�"��L�G65%}$! &Z!$�j-`#?+6Vb-/!15!1�"�=-/5%! ± !$�6�6!1#�_3�.]H�W),0O� �":<;=-µ}1G�!1�"�6!1& [a),�6L=24!$:<;6#%!$0�{c�W)��W),#�!$5?#x-/!�_3�"]H�6),0m�6AB:<;�.&�&@!$54]H!$#%!$�6�6!K-928�.5?��Y
7cG6�U24!$5%�6!$�f�6�"!FIJ)b-/!1��{z28�"!`�.�U� !$5k_B-<)b�6�W),5%�U³ae � ��IQM +�{�D6SX!$5 �W),#kNµ)b#%-/!15 �;�>5/)b-?!),�µ�6!$�®_3!15%hH!15OD6SX!$5%-?5/),],!$��YZIJAH5%-J2>!15?�6!1�®#%�"!,{Z),S6;WVb�6]H�"]@hHAH��� !$5*'*),�W),0.��G6&�&@!$51{�.��h,!$5%0"�"� L�-?! m �.#%-?!$��]H!$#%+T!1�":<;6!15%-zYZ_3A@#?�.�6�P� �"!O³�5?! ± !$5c�6�.5?!$L=-${628�"!*�"��!$�.�6!$&¹¸k��¸ ��{}1!$�.-?#?AH5x-/�.!$5%-a]H!$#%+T!1�":<;6!15%-9G6�6��L,�H�6� !$�P24!$�j-/!15%hH!15/),5%ST!1�.-?!1-82>!15?�6!1��Y
Im)*�W),#F]=)b�6}$! �>AH&@+6G -?!$5%#`tB#%-?!$& ��G65�),G6#F!$�.�6!$&(I9AH+6+X!$0"+ 5?AH}1!$#?#%AH5 ��_3!$5xhH!154SX!$#x-/!$;=-${Lb�H�6�6!1�®�6�.:<;=-U),0"0.!^³�5?! ± !$5O� !1-<)b�"0"0.�"!15%-9G6�=-/!$5%#?G6:<;=-U2>!15?�6!1��Y�Im),&@�.-m!$�"� &Z!1�.-%CE!$�6#x-/!$5]H!1�W),G6!15kG ��-?!$5%#?G6:<;=-\28�.5?��{i&�G #?#d!1�"��sFAH5%-?5?�.]H]H!$5 !15%CED60.0.-�#%!$�"�ZYb[4!$���6�"!1#?!1& sFAH5%-?5?�"],]H!$5;W)b�6�6!$0j- !1# #%�":<; G6& !1�"��y9�"#x-/AH],5/),&@&�&@�.-��

µ
#@S65%!$�.-?!$5 n �"�=-/!1�"0"G �6]6{`�"���W),#@�6�"!³�5?! ± !158),G6#Q),0.0"!1���*N m �.#%-?!$� CED65Q!1�"� SX!$#x-/�"&@&^-?!$# &Z!1�.-?CE!1�6#%-?!$5a!1�"�6#%AH5%-?�"!15%->24!$5%�6!$�ZYIm)b#4}1G G6�=-/!15?#%G6:<;6!$� �6! &Z!$�j-?CE!$� #%-/!15�28�.5?�@#?AU]H!12>V,;60j-z{��W),#%#4Lb!$�.�6!mIm)w-/!$� ),�W),0 tB#?�"!15%-24!$5%�6!$��{WCED658�6�.!O�6�":<;=-c),0.0"!O'*),�6V,0"!*),G #?]H!10"!$#%!$��28G65?� !$��Y

79),:<;��6!1& n �"� CED60.0"!1� 28�"5?� G6�=-/!15?#%G6:<;=-z{JA,S	�.� !1�"�6!1& �6!$5�¸W!$0.�6!$5�&@!$;65�),0.#��6�"!!15%CEAH5%�6!$5%0"�":<; !�MJ�6}$),;608),��³k5%! ± !$5%��hHA,5?;W),� �6!$���"#%-$Y`IJ�.!$#?!P_3:<;=24!$0.0"!�28G65?�6!��6G65%:<;_3�.&�G60")b-/�.AH�6!$��� !$5J_3A,C�-�2>),5?!f�"& m ),SXAH5cST!1#%-/�.&�&f-zY n #928G 5?�6!1� ST!1#%-?�"&@&^-/!UIm)b-?!$���&@!$�6],!$� �6G 5?:<;��W),#a_�tB#%-?!$& ],!$#?:<; �":<L=-8G6�6� ],!$&@!$#?#%!$��{B28�"!Kh3�.!$0 &Z!$�j->SX!$�6�b-/�"]b-428�.5?��{G6& � �"!$#%!�}1G®h,!$5/)b5?SX!$�.-?!$��YdqO0"!$�.:<;6}$!1�.-?�"] 28G65%�6! �6�.! &Z!$�.-USX!$#x-/�"&@&^-${��6�"!�}K28�"#?:<; !$�}K2>!1�6Im)b-?!$�6+6),L,!K-/!$�@),G #d�6!1&�³ae � �x_�tB#x-/!$&R0"�.!$]H!1��Yb_3AH0"),�6]H!��6�"! sF!$5?),5?SX!$�j-/G6� ]J�6!15Im)w-/!$� 24!$� �"]H!15�&Z!$�j-JSX!$� �,-/�.],-O),0.#9�6),#O¸dD60.0"!1�P�6!15*_3+X!$�.:<;6!$5%SWV,�6Lb!,{�Lw),�6���6),#O_�tB#��-?!$& 0"),G CE!$�Z{6AH;6�6!*!1�"�6!1�µIm)w-/!$� #%-<)bGP}1G�h,!$5?G 5?#/)b:<;6!$��Y�_3AH0.:<;�!1�"��Im)b-?!$�6#x-<),G�28D65?� !SX!128�.5?L,!1��{H�W)b#?#\�6!15F_3+X!$�.:<;6!$5\� !$#�_3!15%hH!15?#F0t)b�6]H#/)b&R],!1CED60.0.-�28D65?�6!>G6�6���"5%]H!$�6�32a),� ��W)b#9²`5%AH]H5/)b&�& 2>!1]H!$� _3+X!$�":<; !$5?&�),�6],!$0"#8)bS6#%-?D65?}K-zY
NP�j-fy9�"0jCE!�hHAH�g³ae � � &ZG C ),0"0.#?�W)w-/!$� � LbAH�6�=-/!�!$�"�´-/5%�"]H],!$5?#%:<;=2>!10"0"!1� CE5?!1�"!15^[>0.�":<L�)bG C�6�.!O}$G�!$5x2a),5x-/!1�6�6!$�µIm)b-?!$��]H!$�6A,&�&@!$��24!$5?� !$��YXIJ�.!^_B�"&�G60")b-/�.AH� � !$#c²`5?AH]H5?),&@&�#!15?]=),SZ{ �W),#%#a!1-�2>) zH�H�H�f�6!1-/),�"0.0"�"!15%-?!c³�5?�.]H]H!15?G6�=-/!15?#%G6:<;�G6�6]H!1�P�.�6�6!$5%;W),0.S !$�.�6!$#QM9G6# �0.!$#?!1} tBL�0"G6#4hH!$5?),5?SX!$�j-/!K-a2>!15?�6!1��L,�H� �6!$��Y6IJ�"!9MJS6S�Y6�3Y �f}$!1�"],-4�6�"!9MJ�6}$),;60Z),� n 5?!1�"] ��6�.#?#%!$� &@�.-�7 ³�5?! ± !15?� �.� �

µ
#1Y n #FhH!15?�6!1G -/0.�":<;=-z{B�W),#%#�24!$�6�.]H!$54),0.# zH�H�H� n 5?!$�.]H�6�.#?#?!}1G´),�W),0 t3#%�"!15?!$�P#?�.�6��{T24!$� ���6�"!�sFAH5%-?5?�"],]H!$5%#?:<;=2>!10"0.!�),G C�s�³k5%! ± !$5m�.�´�

µ
#9]H!$#x-/!$0.0.-28�.5?��Y

lc& � �"!$#%! sFAH5x-/5%�"]H]H!15?+6G �6L=-/!^; !$5?G & 24!$5%�6!$���W)b�6��),0.0"!*³k5%! ± !$5m�.�µ!1�"�6!1& &Z!1�.-%CE!$���
B � @ 01+70 E	*�2&0 � , 8�8�2).)9-3-,�0 0 3�,�0 2&+�6�0G27*�2)6-3D2 >�+F0 6-, = ,/5�:
A 27*�.127.12 ��5�0�0 � 6�0 2 6 2). 812
+F= 8
;
) � 5�: ,/=F=7013�,/8�276 0 +F6-3 6�@ .1A ,/=F2 9 , 8�2)6 9�L 2&+ 3D276-276"6�+7E	*�8 2
+F6 L 2&0 8�+FA$A 8�2).�� . +�0G0 2).+3D2 0 � � �?C 9��4-
9?278�2 H 81@ . 0 �)5�.A9 , 8�2)6�6-, *�A 2J6G27. >+2)6-3D278 > 5�.	3D2G9 0�@ 6 3D27.16 2&+�6 ��.12&3�5�2)6��70G276�2).1,/8�@ . A + 8 2
+F6�2).
L 2)= +F2
L5+F0 2)6 ��.12&3�5�2)6��AL5+N0A< C�C � � 2
+F6�276 �E. +�0G0 27.�, 5�0�=���0 8
;�9O+F2 0G2
> @ 6�6-276�2)6 9 , 81276 �)2
+F0 276�, =�=F2
6 @ .1*-, 6-3D276-276 	 .�2&+�0G65+70 0�2 +FA 9 2 8�2 H 8�@ .
9%@ *�6-2 +F.10 276 3D2
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DSP
SIS3100
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SIS3100

FIFO

SIS3100
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SIS3100
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Ethernet

Optisch Faser

SIS1100
PCI board

SIS3100

FIFO

VME−VME

Bruecke

VME−VME

Bruecke

...

VME VME

...

...

VME VME

VME−PCI

Bruecke

Feature Extraction:

Trennung der Pulse aus den Wellenformen 
Latch

GPS2VME

...
...

...

Crate 5

Crate 0

Crate 3

Master Crate

externe Trigger aus dem DMAD

  WaveMerger

%'&(&/)^+,-/.(0 1 �54 �57 � �
	�� ��_f;`RfY _f;�:�R�:�K���_D9�;=:�K � � ��� l

$@�x� � ' �()K¥ ' ¥8§�°�­K¥a¦�°�¥ $ ¥a°�£�©&%�¥ %�¥ � 	@©	2�° � *O¦d¥a° ¦k­ 0 0U¥a¦
IJ�"!*�.&�+60.!$&@!$�=-/�.!$5x-/!mIQM +�G ��-?!$5%#?:<;6!1�"�6!K-m#?�.:<;P#x-<),5%L hHA,& !$�.]H!$�=-/0.�":<;6!1��MJ�6#?)b-/}*!$����6!$#@5?!1�"�6!1� _3AbC�-�2a),5%!1-?5?�"],]H!$5%#${`�"���6!1& ),0"0.!�²`G60"#%!µ),G #?]H!10"!$#%!$��G6�6���.&�MJ� #?:<;60.G6#?#),�W),0 tB#?�"!15%-Q24!$5%�6!$��YIJ!$5 ),G CU_3AbC�-�2a),5%! SW),#%�"!15?!$� �6! sFAH5x-/5%�"]H]H!15�28G65?�6!µ�6G65?:<; !1�"�6!1� yJ)b5?� 2>),5?!K-/5%�"]H]H!15!$5%#?!1-?}1-$Y�IJ�.!$#JSX!$� !$G -?!1-z{T�W),#%#m�6�"!UG65%#?+65%D6�6]H0.�":<;6!^Im)b-/!1�W),G6#%0"!1#?!�SX!$�.ST!1;W),0.-?!$��28�"5?�Z{ST!1� �6!$5c),0.0"!m³ae � �xN�A3�6G 0"!*! o -/!15?�P]H!1-?5?�"],]H!$5x-a2>!15?�6!1��YTIm),SX!$��28�"5%��G6& �6!1�µ³�5?�"]
�]H!$5Q!1�"� &Z!$�j-?CE!1�6#%-?!$5ahHA,�¶�z�

µ
#8),G6#?],!$0"!1#?!1��Y·IJ�"!1#Q5?!1�6G6}$�.!$5x-8�6�"!UNP!1�6]H!U),� C )b0"0"!1�6�6!15Im)b-?!$�´�"� � !$5Oy9),5?� 2>),5%!,{Z�6) �6�":<;=-*),0.0"!U�"& ²`;6A,-?AH&�G60j-/�"+ 0"�"!15Q!$5%}$!$G ],-/!1�g²`G60.#?!�]H! �#?+X!$�.:<;6!$5x-k24!$5%�6!$��Y n �"�6!`24!$�j-/!$5%!>�8!$� G6L=-/�"A,�f!15%CEAH0.],-�),G6:<;fST!1���6�"!1#?!$&�_�tB#%-/!1& �6G65?:<;�6�"!*¸W!$)b-/G65%! n\o -?5/),:K-/�"A,���.���6!$�PIO_ ²�YIJ�"!
sFAH5x-/5?�.]H]H!15?#?:<;=24!$0.0"!,{=�.��M9S6S�Y3�3Y z^),0.#F! o -/!15?�6!15>³�5?�"],]H!$5FSX!$}$!1�":<;6� !1-z{�28�"5%���6),ST!1�#?Ai24!$�.-O28�.!^&@�H]H0.�":<;µ],!$#?!1�6L=-z{�#%A��W),#%#m�6�"!^& ) o �.& ),0.!OMJ�6}$),;60dh,AH� n 5?!1�"]H�6�.#?#%!$���"&),�6#%:<;60"�.!$�H!1�6�6!$�µ_3A,C�-�2>),5%!1-/5%�"]H],!$5QG6�=-/!15?#%G6:<;=-m2>!15?�6!1�µLb�H�6�6!1��Ye �"5%��� �"!m³�5?�.]H]H!$5%#?:<;=24!$0"0.!O}$G�L�0"!$�.��]H!$#%!1-?}1-z{WLw),� ��!1#c),G6:<;�;6�"!15>hHAH5%L,AH&@&@!$��{6�6),#?#�W),#P_�tB#%-?!$& �6AB:<; &��j-��6!$5�M9G6#?0.!$#?!¶�6!15�0.!1-?}1-/!1� _B+T!1�":<;6!15?SW),� L ST!1#?:<;WVwC�-/�"]b-P�.#%-${2aVb;65?!1�6���6�"!8}K2>!1�.-/!J[a),�6L�SX!$5%!$�j-/#�]H!1CED60.0.-��"#x-zY=³�5?�j-?-��6�"!1#>)bG C�{�#%-/A,+6+T!1� �6�.!mNPAB�6G60.!�6�"! Im)b-/!1�6�W),; &�!b{\AHS=2>A,;60a2>!1�.-?!$5?!�³�5?�.]H]H!15^!$�.�=-/5?! ± !1��Y`IJ�.!$#%!�³k5%�"]H]H!15^24!$5?� !$���"��6!$5Pq*²�_ � m )b-?:<; ),0"0.!$5?� �"�6]H#@2>!1�.-?!$5�]H!1#?+X!$�":<; !$5%-$Y8IJ�"!1#�CED6;65%- �W),}$GZ{Q�W),#?#�SX!$�m� !$5MJG6#%0"!1#?!��6!15�D6SX!$5?�6V,:<;6#%-?!$��[a),�6L®�6�"!�]H!$#%+T!1�":<;6!15%-?!$��qU²�_ � &Z!$�j-/!$�g�6�":<;=-�&@�.-^�6!$�

&Z!$�j-/!$�*�6!15�³ae � � n 5%!$�.]H�6�"#%#?!FD6SX!$5%!$�"� #%-/�.&�&@!$�ZYzIJ�.!$# 28�"5%�U�.& :<Cf:<>�QF]�WXHIG R�:<; ²F5%AH}$!1#?#



�,� �������=� 	�� 	�
 �
	���� # �$���.� � ���,�
� 
5
@���

G6�=-?!$5?#%G6:<;=-zYQ[4!$�J� �":<;=- # t3� :<;65?AH� !$� &Z!$�.-?!$��}128�"#%:<;6!$� ³ae � G6�6� q*²�_�28�"5?��!$�.�eg),5?&@#%-/),5%-��6!1#a_�t3#x-/!1&�#4!$�"� ]H!$0.!$�.-?!1-$Y=Im),#4!$�=-/#%+65?�.:<;�->!1-�2>)^!$�.�6!$5F³�A,-/}1!$�j-4h,AH� }K2>!1�_3!1L�G6�6�6!1�µ+65%A@eg),5?&@#%-/),5%-$Y6IJ�.!$#8+W),#%#?�.!$5%-c!K-�2a),#J�,� �c�i�H��&�),0 ),&�³d)b]�G6� �P�.#%-8�"��6!159q*!1#/),&^-%-/A,-?}$!1�.-Q�6!1#m_�t3#x-/!1&�#QhHA,� � {j��� / !$�=-/;W)b0.-/!1��YIJ!15�sFAH5%-?5?�.]H]H!$59�"&�~H),;65*u,�,�=� 0t),] ST!1�`!$�"� !$5*NPG 0.-/�.+60"�.}$�j-<Vb-8hHA,�¶}K2>�,0.C4³k5%! ± !$5?�¶�"�u3{ �
µ
#1Y�IJ�.!$#O!$�=-?#?+65%�":<;=-*!$�.�6!$5O³�5?�.]H]H!$5%5/)b-?!fh,AH�´!1-�2>)Pu,uH� y9}bY�IJ�.!$#O]H!K2aV,; 5?0"!1�"#x-/!1-]H!1��D6]H!$� � MJS6#x-<),� ��}$G654LB5%�.-?�"#?:<; !$��N�G60.-?�"+60.�"}$�j-<Vb-dhHAH� �z� p

∼
q �,�^y9}9³k5%�"]H],!$5?5?)b-/!{rK{SX!$�k�6!$5m� �"!�M9G6#?0.!$#?!�0"V,�6]H!15J�W)bG6!$5x-*),0"#9�W),#*¸dD 0"0"!1�µ�6!15m�WV,:<; #%-/!1�g[>),�6L·Y�IJ!15*l9���-?!$5?#%:<;6�"!1�ghHA,��}124!$�>²FG �6L=-/!$���.�g�6!15^³�5?�.]H]H!$5%#?:<;=24!$0"0.!�SX!$� !$G -?!1-z{kG6&@]H!$5%!$:<;6�6!K-��"�!1�"�6!O³�5?�.]H]H!$5%5/)b-?!,{6!1�"�6!*I9� ± !$5?!1�6}*hHAH��!1-�2>) � �@yc}*�"���6!$5 n 5?!1�"]H� �"#?5?)b-/!bY��& ~H),; 5µub�H�wz�28G65?�6!®�6!$5 sFAH5x-/5?�.]H]H!15�G6& �65?!1�O2>!1�.-/!15?!¶³k5%�"]H],!$5�!$5%]=V,�6}K-zY &ZG6&!1�"�6!1�´28G 5?�6!��6!15^_�-/5?�.�6] � ³k5%�"]H]H!15J�.��-?!$]H5%�"!15%-z{X2>!10":<;6!15*�W),:<;¶0"AHLw),0.!$�´'9A,�"�6}1�"�6!1�6}$!1�),��!$�"� !$5�'O!1-%-/!gh,AH�RNPAB�6G60.!$��#?G :<;�-$YOIJ!1# eg!1�.-/!15?!1���6!$5´_3²TMO_ n � ³k5%�"]H],!$5${c�6!15),G #?]H!10"�H#x-@28�.5?��{k2>!1�6� �"& m G C�-/#%:<;W),G6!15 IJ!K-/!1L�-?AH5�_3²TMO_ n !$�"��_3:<;6),G6!$5@�"���8�":<;��-?G6�6] � !$#JMmNPMm79IQM ��I9!1-/!1L=-/AH5%#m]H!$&@!$#%#?!1�µ28�"5%��Y·MJS6S�Y q Y q h,!$5%�6!$G -?0"�.:<;�-J�6�"! m ),]H!�6!1#O_ ²XMO_ n ��IJ!1-?!$L=-/AH5%#mSX!$}$D ]H0"�.:<;µMON�Mm7JIQMfY n �"� &ZG C ),0.0"#%-?5?�.]H]H!$51{ �6!15J�6G 5?:<; �6!1��i²F²�_g²`G60.#^�6!15�q*²4_ ��l9; 5�),G6#%]H!$0.�H#%-f28�"5%��{ 28G65?�6! !$SX!$� C ),0.0"#U�"&@+60"!1&�!1�=-/�"!15%-$Y IJ�"!³�5?�.]H]H!$5824!$5?� !$�´�"�PMJS6#%:<;6�6�.-%-U�3Y q Y u�]H!$�6),G6!$5JST!1;W),�6�6!10.-$YZIm)b&��j-J�6�.!f}1G6#/Vw-/}$0.�":<;6!1�

sFAH5x-/5%�"]H]H!15`�6�":<;=-4}$G�!$�"� !$54�9SX!$5?0"),#%-?G6�6]U�6!$5�MJG #?0"!1#?!9G6�6��eg),5%&�#x-<),5x-/#`CED6;65x-z{=28G65 ��6!*�6�.!U_3:<;=2>!10"0.!U� !$#JNPG60.-?�"+60.�"}1�.-<Vw- sFA,5%-/5%�"]H],!$5?#QG & !$�.�6#8),G C`N
=

� q !$5%;6�H;=-zY_3�.�6� �6�.! Im)w-/!$� )bG C*�6!$�	_3!15%h,!$5 -/5?),�6#xCE!$5?�.!$5x-z{�ST!1]H�"�6�=- �6!$5�²`5%AH}$!1#?#${>�6�"!µIm)b-/!1��6!15`!$�.�6}$!10"�6!1� N�A3�6G 0"!Q}$G n 5?!1�"]H� �"#?#%!$��}$G #/),&@&�!1�6}$G3C ),#?#%!$��YBIm),5?),G CE;6�.��#%-/),5%-?!1-F�6!15_3AbC�-�2a),5%!1-?5?�"],]H!$51{6�6!$58�.��� !$��CEAH0"]H!1�6�6!1�Plc�=-/!$5%Lw),+6�.-?!$0.���6V,;6!$58!15?0tVbG -/!15%-Q28�"5%��Y
� 	 � 	
��������� $�� ����
%� � � � �����A��� �5�
	��?$%� � �
� � ���

lc& �6�.! #%:<;6�6!$0.0"!isF!15/),5%ST!1�.-?G6�6] �6!15�Im)b-?!$��}1G�!$5?&@�H]H0.�":<;6!1��{��"#%-^�6!$5fhH!$5x2>!1�6�6!K-/!M90"]HAH5%�.-?;6&�G6#*�6!1#@_3A,C�-�2>),5%-?5?�"],]H!$5%#^5?!1:<;=-�!$�.� C ),:<;�]H!1;W),0.-?!$��Y n ST!1� C ),0.0"#U�"#%-^&��j-^!1����6!1& }1G65 sF!$5xCED6]HG6� ]�#%-/!1;6!$� �6!$��_3!$5xhH!15 ��²?� �6�"!��8!$:<; !$�60.!$�"#x-/G6� ]�#%-<)b5?LgSX!$],5?!$� }1-zYIJ!15c_3A,C�-�2>),5?!K-/5%�"]H]H!15a�"#x-Q�"��� �"! n 5?!1�"]H�6�.#?S6�.0"�6G �6]^�6!1# :<Cf:<>�Q}]�W�HIG R�:<; ²`5%AH}$!1#?#?!1#J�.��-?!��]H5%�"!15%-zYHe®!$� � �6�.!9IJ)b-/!1� �6!$5�!$�.�6}$!10"�6!1� ³ae � �xNPAB�6G60.!QCED65F!$�"� n 5?!$�.]H�6�.#�!1�"�6],!$0"!1#?!1�24!$5%�6!$��{b28�"5?��],0"!$�.:<;6}$!1�.-?�"]c!$�"� !Q�c!1�";6!�hHAH��³�5?�.]H]H!15%CE!$0.�6!$5%��]H!KCED60"0j-zYie V,;65%!$�6�6� !$#?#%!$�28�.5?� D6SX!$5%+65?D3C�-z{XAHS !$�.� ! o -?!$5?� !$5O³�5?�"],]H!$5 ' �"& &Z!1�.-?CE!1�6#%-?!$59�6!$# n 5%!$�"],�6�"#%#?!$#J!$�"� ]H!��]=)b�6]H!$�*�.#%-zY n �"�6!`]H!1�W),G6! n 5?L�0"V,5?G6� ]c� !$5 ! o -?!$5?� !$�^³�5?�.]H]H!15ZCEAH0"]b-��"�*M9S6#?:<;6� �.-?-k�BY q Y u3YIJ!15ay9),G6+ -%-/5?�.]H]H!154�.� �6�.!$#?!15a'cAH� �W]HG 5/)b-?�"AH�@�"#x->�6!15QN®� ��NPG60j-/�"+ 0"�"}1�.-/Vb-/#x-/5?�.]H]H!15d�6!1#ION�MmI ��_�tB#%-/!1&�#1Y��#x-d!1�"�^! o -/!$5%�6!$5k³k5%�"]H],!$5 2aVb;65?!1�6���6!$# n 5?!$�.]H�6�.#?#?!1#k!1�"�6],!$]=),� ]H!$��{i28�.5?�U�W),# n 5%!$�"],�6�"#�6�.5?!1L�-a),L�}$!1+ -/�.!$5%-aG6�6��),� � �"!O_B+T!1�":<;6!15?5?A,G -/�.�6!$� 24!$�j-/!15?]H!10"!$�j-/!K-zY _3AH0"0j-/!cL,!1�"� ! o -?!$5���6!158³k5%�"]H]H!15a�"��!1�"�6!1& n 5?!$�.]H�6�.#>hHAH5%;W),�6� !$�µ#%!$�.��{ 24!$5?� !$� �6�.!O³k5%�"]H],!$5%CE!10"�6!15Q),G6#%]H!��
G �?=70 2 �:8127.16�2 �E.�+F0 0G27. > 27.	3D276 , =�=F2 �E.�+F0 0G27. 0 +F0 6 ,/=F2 L 2 �)2
+NE	*�6�278)9 3�+�2 65+NE	*G8 +�6-6�27.1*-,/=7L 3D2).��. ��- � ,/.	3�> ,/.12 95L��
> ; 3D2&0�>:@�: 8 > , .�278�. +�0G0 2). 0 27.��7275-0/84>+2).13�276 ;



��� ��� � ��� � �
� � �"��� �����$� � � � � #���� ��� � � # �$���.� � ���,�
� 
5
@��� �3�

500 600 700 800 900 1000 1100
0

5

10

15

20

25

300 Hz

150 Hz

100 Hz

Zeit / 10 ns

M
u

lt
ip

liz
it

at:
Triggerrate

230 Hz

%'&/&/),+^-(./0 1 �54�� 7/L W�GaQ,H �"GaH ��HIQ �fQIK<Cf:<; Q$:<HIGaW�>�E :<HI>J:�K � �
	�� �S;=:<H Ef>�HjK�K :�K�l ��:�R�:�K
�5;`_ E �
Oi:<>�Q � �SW�G K :<;=9 �fGaQ':<HI> � :<HIQ � :<>@K<Q :<; CfAD> � b � µ

K�l ��K<Q':<HI> Y :<HIQ :<;=:�K �5;`_ EfOi:<>�QPHIO
K :<G ]<:<> �SL YZHI;`R�RB_DK �(:<>@K<Q$:<; R�:<O :<>�Q K �";=:�e�9�:<>"R Cf:<;<G �f>�E�:<; QFl c :<; � :<; G _fW � YZWX;`R�:
OPHIQ � W � _fGIG K�RB_fQ :<>3:<;=K<Q$:<GIGaQFl

2>!15%-?!1-zYTIJ�.!f!15?#%-?!fM9�W),0 t3#%!f!15?}1!$G6],-J!$�.�6!fNPG60.-?�"+60.�"}1�.-<Vw-/#%h,!$5x-/!$�.0"G6� ]��6!$59¸W5/),],&�!1��-?!�6!$# n 5%!$�"],�6�"#%#?!$#1{Z28�"!f#?�.!��"� M9S6S�Y��BY � }1G´#?!$; !$�´�"#x-zY�I9!$�´!$�.�6}$!10"�6!1��³k5%! ± !$5?��28�.5?��W),SX!$��!1�"�6! m V,� ]H!mhHAH�µu3{ �
µ
#8]H!$],!$SX!$��Y e �.5?���W),SX!$�Z!$�"� !*¸·5?),]H&@!$�=- ��NPG60j-/�"+ 0"�"}1�.-/Vb-N

≥
u,��!$5?5%!$�.:<;�-${628�"5%�P�W)b# n 5%!$�.]H�6�"#Q!1ST!1� C ),0.0"#Q]H!K-/5?�.]H]H!15%-zY

_3AH0.0.-/!U),G :<; �6�"!1#?!U³k5%�"]H],!$5?SX!$� �"�6]HG �6]�� �":<;=-m!15%CED60.0.-8#?!1�"��{·28�"5%�P� �"!U0"!1-?}1-?!^lc��-?!$5%#?G��:<;�G6�6] �6!1# n 5?!1�"]H� �"#?#%!$#1{T�6�.!�sFAH0"G6&@!$�=-?5?�"],]H!$5%#?G6:<;6!b{·]H!$#x-<),5x-/!1-$YT_3AH0"0j-/!*�W),# n 5?!1�"]H�6�.#!$�.�6! N�G60.-?�"+60.�"}$�j-<Vb-fhHAH� s®D6SX!$5%#?:<;65%!$�.-?!$��{F28�"5%��!1�"� _�-<),5x- �·),]´CED65@�6!$� sFAH0"G6&@!$� �-/5%�"]H]H!158]H!$#%!1-/}K-zYTIJ�"!1#?!f�65?!1�"�6�.&�!1�6#?�.AH�W),0.!U_3G6:<;6!f�W),:<; 0.AHLw),0"!1�P'cAH�"� }$�"� !$�6}1!$�µ28�.5?��"��M9S6#?:<;6� �.-?-9�BY q Y q �6!K-<),�.0"0"�.!$5x-4SX!$#%:<;65?�.!$SX!$��Y·¸dV,0"0j->�6�.!*NPG60j-/�.+60"�.}$�.-/Vb-FG6�=-/!15 � { 28�.5?�),���6�.!$#?!15 &Z!$�j-/&�),5?Lb!^�W)b#U_B-/AH+��·),]�]H!1#?!1-?}1-$Y�MJ0.0"!U³k5%! ± !$5O}128�.#?:<;6!1�®� �"!$#%!$��SX!$�.�6!$�Nµ),5%L,!$��24!$5%�6!$��SX!$�>� !$5 sFAH0.G6&@!$�=-/5%�"]H]H!15?#%G6:<;6! SX!$5%D6:<L�#?�.:<;�-?�"],-$Y`_3A,0"0.-?! )bG6:<;��6�"! �#?!@³k5%�"]H],!$5?#x-/G CE!�Lb!$�.�6!�M9�6}$!1�":<;6!1�®CED65*!1�"��hH!15%24!$5%-?SW),5%!$# n 5%!$�"],�6�"#m�W� �6!$��{ 28�.5?�´!$#hH!15%24AH5%CE!1��Y
����³d)bST!10"0"!J�3Yj�J#%�"�6���6�.!9³�5?�.]H]H!15?5/)w-/!$� �6!$54G6�=-/!$5%#?:<;6�.!$�60.�":<;6!1��³k5%�"]H]H!15?#x-/G CE!1��),G CE]H! �



�Hu �������=� 	�� 	�
 �
	���� # �$���.� � ���,�
� 
5
@���

Eventbuilder

TWR TWRTWR
M=24

Filter

/dev/null

...
M=12
M=18

Aufnahme von
Triggern in 
freien TWR
Kanaelen

TWR−DAQ auf dem Server−PC

mit M=18 

kein M=18 
aber lokale Koinzidenz 

Festplatte

Datensammler

kein M=18 

Triggersignale

Datenstrom

Multiplizitaetstrigger

keine lokale Koinzidenz 

Hardware

%'&(&*),+,-/.(0(1 �54��57Xc _f;=K<Q :<GIGaWX>�E�R�:�KZ?BADO��"Gj:<Q,Q :<> � �
	�� � M K<Q$:<O � � ��� HI>@?DGaWBK<HICf: �5A � Q �
Y _f;=:<Q,;<H E E�:<; l c�HF: : �wQ :<; >J:<> � ; H E E�:<;PY :<;`R�:<> HI> � ;�:<HF:<> � � 	�� � _f> �fGj: _fW � E�: �D:<HFe�9 �
>J:<QFl

CED6; 5%-zY n #>�.#%-4!$5%L,!$� �BS6),5${3�W),#?#4-/5?Ab-/}c�6!$54�6�"!1�65?�.]H!$5%!$� sFAH5%-?5?�"],]H!$5%5/)b-?!c�.&�~H),;65>u,�H�wz!1�"��;6�H; !$5?!15*MJ�=-/!1�"0\�6!15 n 5?!$�.]H�6�.#?#?!�],!1-/5%�"]H],!$5%-928�"5%��Y IJ�.!$#O�"#x-O�6G65%:<;®� �"! n 5%24!$�j-/!��5%G6�6]^� !$5SsFA,5%-/5%�"]H],!$5${=G �6� �6!15>�W),&@�.-Fh,!$5?S G6�6�6!1�6!$� n 5?;6�,;BG �6]��6!$5aNPG60j-/�"+ 0"�"}1�.-/Vb-/#��#%:<;�24!$0.0"!P),G CUN
=

� q }$G�ST!1]H5?D �6�6!$�ZY4��& ~H),; 5 ub�H�wz´�"#%-@!1�"��³k!1�"0Q�6!15�! o -?!$5%�6!$�³�5?�.]H]H!$5c),0.# sFA,5%-/5%�"]H],!$5ahH!15%24!$�6� !1-O24AH5?�6!1� p M9S6S�YT�3Yj�i�BrK{·�6�.!$#c!$5%LB0"V,5%-9�6�.!f!15?;6�H;=-?!qO!$#?),&^-?-?5?�.]H]H!$5%5/)b-?!,Y

~H),; 5 sFA,5%-/5%�"]H],!$5 ndo -$Y·³k5%�"]H]H!15 _B2RN
=

u,� sFAH0�Y3³k5%�"]H],!$5 q*!1#$YW³�5?�"],]H!$5 sF!$5x2>AH5xCE!$�u,�,�=� u,u q {rs@yc} � q u3{j�Uy9} � { z@y9} ��u3{ u�yc} � � �6{ �@yc} �=s {j�fyc}u,�,�wz uB��u3{ � yc} �z� � { z�y9} � { ��y9} �6�H{ ��yc} � �Hs { ��yc} u q { u�yc}
��� &��X+,+ � �54,6�7 � ; H E E�:<; ;`_fQ$:<> R�:<;��@_D9�;=: � � ��� � 	
W�> � ���  � W�>"R � � � � � 	
W�> ��� � � �fl
� � Y

=
�5A � Q,Y _f;=:<Q^; H E E�:<; �



��� ��� � ��� � �
� � �"��� �����$� � � � � #���� ��� � � # �$���.� � ���,�
� 
5
@��� � q

TWR

M=24
M=18

String

Downscale 1:N

SPASE

M=12

VETO Logik

DMAD

TWR−DAQ

TWR−DAQ

Muon−DAQ

%'&/&/),+^-(./0 1 �54��57Sc _f;=K<Q :<GIGaWX>�E R�:<; � ; H E E�:<;=:<HI>@K<Q$:<GIGaW�>�E�:<> R�:�K ��_D9�;=:�K � � ��� l L � �
HjK<Q�R�:<;�:<HI> ��H E�: � AD; Q,;<H E E�:<; l L � � W�>"R L � � K<HI>"R3: �wQ :<; >J: � ;<H E E�:<;iR�:�K��5A � Q^Y _f;=:��
Q^; H E E�:<;=K�l

� 	��
		� � $%��� �������A��� �� �� � � ������ ��� �������?���

� � � � �D) 1 1 � � .(0/- � � � � �D0 � � �D),1 1�� � ) � � � � � �
	
	 �

��& ~H),;65Ju,�H�=��ST!1#%-<)b�6� �6!15 sFAH5x-/5?�.]H]H!15Q�6!$59³ae � ��I8M +(),G #J�6!1& N�G60.-?�"+60.�"}$�j-<Vb-?# �-/5%�"]H]H!159� !$#OION�MmI�&@�.-9!$�"� !$5O_B:<;�24!$0.0"!UhHAH�¶N
=

�iu3YZI9!$#Je®!$�j-/!$5%!$�µ28G 5?�6!1�¶� �"!NPG60j-/�"+ 0"�"}1�.-/Vb-/#x-/5?�.]H]H!15O&��j-��6!1��_B:<;�24!$0.0"!1� N
=

� � G6�6��N
=

uw�6{d�6�.!�),0.#�! o -/!15 ��6! ³�5?�.]H]H!15mhH!$5x2>!1�6�6!K-�2>!15?�6!1��{k�.� n%!K2>!1�"0"#*!1�"�6!1&�CE5?!$�.!$�g'U)b�W),0`�"& ³ae � ��NPA3� G60),G CE]H!1}$!1�":<;6�6!K-zY�MJS S�Y3�3Y sO#x-/!$0.0.-F�6�.!8³k5%�"]H]H!15?!1�"�6#x-/!$0.0"G6� ]O#?:<;6!1& )b-?�"#%:<; �W),51Y�NP�j->yc�"0jCE!�6�"!1#?!15U³�5?�.]H]H!15?Lw),�WV,0.!�28�"5%�¶!1�"�6!�!15?#%-?!�³�5?�.]H]H!15?#%-?G CE!�]H!1S6�"0.�6!1-$Y���#%-f!$�.�¶³�5?�.]H]H!15?+6G60.#�"� � !$54e®!$0.0"!1� CEAH5?&(!1�"�6!1#>�6!15aSX!$�"� !$��'*),�WVb0"!,{=28�.5?� !1#>SX!$�Z� !$5aIJ)b-/!1��h,!$5?),5?SX!$�j-/G6�6]!$5%Lb)b�6�=-9G �6�P�6),# n 5%!$�.]H�6�"#Q� �"5?!1L=-J)bLB}1!$+ -?�"!15%-8G6�6��]H!1#?+X!$�":<; !$5%-$YIJ�"!�³�5?�.]H]H!$5��.��³ae � ��'*),�6V,0"!1��)bG CE}$G6}1!$�.:<;6�6!$�Z{4;W)w-�� !$��24!$�j-/!15?!$� sFAH5%-?!$�.0�{d�6),#?#&��j-m�.;65?!15Oy9�.0.CE!�!1�"� sF!$5%]H0"!1�":<;�}K28�"#?:<; !$�g� !$�´ST!1#%-?!$;6!1�6�6!$�gIQM + _�tB#%-?!$&@!$�¶&��H]
�0"�.:<;f�.#%-zY�I9�"!>NPG6AH����IQM +�28�"5?�f�6G65%:<;�!$�.�6!$�^NPG60j-/�"+ 0"�"}1�.-/Vb-/#x-/5?�.]H]H!15T&@�.-��6!15\_B:<;�24!$0.0"!N
=

ub�f]H!1-?5?�.]H]H!$5x-zYBIJ�.!m_3:<;=24!$0.0"!m�.#%-4�6AH+6+X!$0j->#%A^;6AB:<; 28�"!9�6�"!
sFAH5x-/5?�.]H]H!15?#?:<;=24!$0.0"!�6!$5k³ae � ��IQM +�YbIJ�.!$#�ST!K28�"5?L=-${b�W)b#?#d!1�"� n 5?!$�.]H�6�.#${��W),#��"�f�6!$5�³ae � ��IQM + h,AH5?;6),����6!$���.#%-z{b�6�":<;=-`� A,-�2>!1�6�6�.]H!$5\e®!$�.#?!Q�"�^�6!$5�NPG AH����IQM + ]H!1-?5?�"],]H!$5x-d24!$5?� !$�@&�G6#?#1{H�W)!$�=-�24!$�6!15`�6�"!4_3:<;=24!$0"0.!>}1G^;6AB:<;f2>),5${�AB�6!$5��6G65%:<;��6�.!�; AH;6!>³�A,-?}$!$�j-��6!$5dNPG6AH� ��IQM +MJG6#%0"!1#?!m�W)b# n 5?!$�.]H�6�.#4�6�.:<;=-Q!$5xC ),#?#x-a28G65?� !,Y ��#x-Q!$#>�"� �6!15QNPG AH����IQM +�!$5xC ),#?#x-a2>A,5 �



�b� �������=� 	�� 	�
 �
	���� # �$���.� � ���,�
� 
5
@���

TWRDAQ

VETO Logik

DMAD

M=24
M=18

String

MuonDaqDownscale 1:N

TWRTWRDaq

Ice3

freier Kanal

in einem TWR

Synch Trigger

SPASE

M=13

%'&(&*),+,-/.(0(1 � 4,6 	 7Jc _f;=K<Q$:<GIGaW�>�E R�:<; � ;<H E E�:<;=:<HI>@K<Q :<GIGaWX>�E�:<>�R�:�K �@_D9�;=:�K � � � � l ��HI> �
Q :<; R�:<O � ; H E E�:<;�� � :<Q$A YZHI;`R RB_DK � H Ef>"_fGS_fW � E�:<Q$:<HIGaQFl � K'Q^; H E E�:<; Q�RfHF: � �
	��Fc�[ � bYZHI;`RkHI> :<HI>J:<O � ;=:<HF:<> � _f>"_fG _fW � E�: �D:<HFe�9�>J:<Q(WX>"R � 	�;�:<HI>J:�E�:<Oi:<HI>@K�_fOi:�c _fQ :<>"_f>"_ �
GaM K : _f> � e�: 8 W@]<: E�:�K�_f>"RfQFl

�6!1��{W&�G6#%#Q�6�"! &Z!1�.-?�6� ± !$5%!$�6}m}K28�"#%:<;6!$�P�6!$��³k5%�"]H],!$5?#%�"]H�6),0"!1� ! o ),L=-c]H!$&@!$#%#?!1��24!$5���6!1��{B�W)^�6�.!�&Z!$�j-?h,!$5?}1�H]H!15?G6�6],!$� }K28�"#?:<; !$���6!$5 n 5%CED60.0"G6�6]U�6!15a³k5%�"]H],!$5?SX!$� �"�6]HG �6]H!$�N®�iu�G6�6��N ub�Phb),5%�t),SX!$0`G �6�®CED65�n%!$� !$# n 5?!1�"]H� �"#*G6�=-/!15?#?:<; �"!$� 0"�":<;g#?�"� ��Y�IJ�"!@MJG C �}1!$�":<; �BG �6]µ�6!15Ue®!$0.0"!1� CEAH5?&@!$�´]H!K2aVb;65?0.!$�"#x-/!K-z{ �W),#%#f� �"! &Z!$�j-/!$�´CED65 n%!$� !$# n 5%!$�"],�6�"#SX!$5%!$:<;6�6!K-924!$5%�6!$�PL,�H� �6!$��Y
� � � � �D),1 1�� � .(0(- � � � � � 0 � � � ) 1 1�� � ) � � � � � � 	
	 �

��& ~H),;65Ju,�H�fz�28G65%�6!$��� !$5 sFA,5%-/5%�"]H],!$5QG6�6�µ�6!$59! o -/!15?�6!�³�5?�.]H]H!15c� !$5J³ae � ��IQM +!15%24!$�.-?!$5x-z{�#%�"!$; !�MJS6S�Y �3Y.�z� Y�IJ!15U_B-/5%�"�6]
��³�5?�"],]H!$51{X!1�"�´y9),5?� 2>),5%!1-/5%�"]H],!$5${T�6!$5O�6),:<;0.AHLw),0"!1�®'cAH�"� }$�"� !$�6}1!$��)b�g!$�.�6!$5f'O!1-%-/!�hHAH��N�A3�6G 0"!$�®#?G6:<;=-${d�"#x-U!$�"� !$5U�6!$5f�6!$G6!1�³�5?�.]H]H!$51Y n 5^�"#x-^SX!$#%AH�6�6!15?#^CED 5fM9�W),0 tB#%!$�g28�.:<;�-?�"]6{��6�.!��6),:<;�! o A,-?�"#%:<;6!$��³�!$�.0":<;6!1�#%G6:<;6!$�ZY·IJ�"!m_3:<;=2>!10"0"!O0.�"!1],->� �"!$� 5?�"],!$5${B),0.#>�6�.!m�6!1# sFAH5%-?5?�.]H]H!$54),G6#Q� !$& ~H),;658u,�,�=�3Yn �"�P_B-?5?�.�6] ��³�5?�.]H]H!15428�"5%�µ)bG6#?]H!10"�H#x-z{ 24!$� � z�S6}12*Y � �*N �.��!1�"�6!15Q}$G6#?),&@&�!1�6;WV,���]H!1�6�6!1��'O!1-?-?!�h,AH��scS6}12*YB�H�>NPA3� G60"!1�^³�5?! ± !$5k�"�6� !$5?;6),0"S*hHAH��u3{ �
µ
#�;W),SX!$��YwIm),SX!$�#%�"�6�Nz ),G6#Js �*N �"�P�6!$�µ�"�6�6!15?!1� � 'O!1-%-/!1� G6�6� � ),G6#^�,� �*N �"���6!1��5?!$#x-/0.�":<;6!1�'O!1-%-/!1��),0"#8_B:<;�24!$0.0"!O!1�"�6]H!1#%-?!$0"0j-zY _3AH&@�.-4#?�.�6��&��j->� �"!$#%!$&�³k5%�"]H]H!15>}1G6#/Vb-?}$0.�":<;6!O�6�.!��



��� ��� � ��� � �
� � �"��� �����$� � � � � #���� ��� � � # �$���.� � ���,�
� 
5
@��� �H�

N_channel
0 20 40 60 80 100 120 140

E
re

ig
n

is
se

10

210

310

all
M=13
String

M=18
Random
SPASE ohne M=13
String ohne M=13

M=24

all
M=13
String

M=18
Random
SPASE ohne M=13
String ohne M=13

M=24

all
M=13
String

M=18
Random
SPASE ohne M=13
String ohne M=13

M=24

all
M=13
String

M=18
Random
SPASE ohne M=13
String ohne M=13

M=24

all
M=13
String

M=18
Random
SPASE ohne M=13
String ohne M=13

M=24

all
M=13
String

M=18
Random
SPASE ohne M=13
String ohne M=13

M=24

all
M=13
String

M=18
Random
SPASE ohne M=13
String ohne M=13

M=24

all
M=13
String

M=18
Random
SPASE ohne M=13
String ohne M=13

M=24

%'&/&/),+^-(./0 1 �54,6 6�7 �
�

e�9@_f>�>J:<G � :<; Q$:<HIGaW�>�E R�:<; W�>�Q :<;�K e�9�HF:�R@GaHFe�9�:<> � AD; Q,; H E E�:<;�R�:�K
�@_D9�;�:�K � � � � �^c _fQ$:<> _fW�K 	 � � �"� � � �fl

�6!$5%!$�6!15?]H!K-/�.#?:<;6! n 5%!$�.]H�6�"#%#?!�}$G�!$5x2a)b5%-/!1��Y�IJ�"! -?D65?L��.#?! m �"�6�.!��"��MJS6SZY��3Y.�,��}1!$�.],-�6�"!�}$G6#?Vb-/}10"�.:<;6!$� n 5%!$�"],�6�"#%#?! � G65?:<;��6!1��_B-/5%�"�6]
��³�5?�"],]H!$5O�.��[>!15?!$�.:<;�hHAH� ��S6�"#�uH�]H!1-?5?A ± !$� !$�P'U)b�WV,0"!1��Y
IJ!$5c_3²TMO_ n � ³k5%�"]H],!$5428G 5?�6!O)b0"#>!1�"� 24!$�j-/!$5%!$5a³�5?�.]H]H!15>;6�.�6}$G6],!1CED6],-$Y6_3²TMO_ n �"#x-a!1�"�[>AB�6!$�W)b5?5/){t�h,AH��_3}$�.��-?�"0.0t)b-?�"AH�6#%�6!1-?!$L=-/A,5?!$�Z{d�6�.!�_3:<;W),G6!15��6!$5�L,A,#?&@�"#?:<; !$� _�-/5/)b;��0"G6� ] �6!1-?!$L=-/�.!$5%!$��YXe �"5?�µ!$�"� _3:<;W),G !$5O�"�µ�c�.:<;=-/G6�6]�� !$#mMmNPMm79I8M ��IJ!K-/!1L�-?AH5?#*]H! �&�!1#?#%!$��{ ]H!1;=-f!1�"�¶_3�.]H�W),0d),�´�6�"!^³k5%�"]H]H!15?0.AH]H�"L h,AH�¶MONPMJ7JIQM^Y�IJ�.!�hB�"AH0.!1-?-?! sF!$5��-/!1�"0"G �6]^�.� MJS6SZYW�3Yj�H�m}1!$�"]b-a�6�.!$#?!J³k5%�"]H]H!15$Y _3�"!9#?�.�6���6AH&@�"�W)b��-4SX!$�ZL�0.!$�"� !$��&�),; 0"!$�Z{}128�.#?:<;6!1� q G6�6�¶� ��]H!1-?5?A ± !$�6!1�µ'*),�6V,0"!1��Y
IJ�"!��65%�.-?-?! n 5x2>!1�.-?!$5?G �6]��6!1#3sFAH5x-/5%�"]H]H!15?#�SX!$#x-/!$;=-�),G6#¶�6!$& �i²F²�_¤_3�.]H�W),0�� !$5��:$!��>G6ST!®q*²�_ lc;65$YaIJ�"!1#?!$#�_B�"]H�W)b0J�"#x-�!$�.� _�tB�6:<;65%AH�6�"#?)b-/�.AH�6#%+6G60"# �6!$5�lc;65�G6�6�28�"5%�P}1G n%!$�6!15ch,AH0"0.!$�µ_3!$L�G6� �6!^]H!1#?!1�6�6!1-$YZI9�"!$#%!$59³k5%�"]H]H!15Q�"#x-J)bG C`&@!$;65%!$5?!*e®!$�"#%!$�#?�.�6�=hHAH0.0�Y�&ZG6&�!1�"�6!1�f� �"!$�=-�!$5k),0.# &ZG3C ),0"0j-/5?�.]H]H!15XCED65��6�.!F³ae � ��I8M +�G �6�^!15?&@�H]H0"�.:<;=-!$�.�6!$��#%:<;�24!$0.0"!1� CE5?!1�"!$�¶[>0.�":<LP),G CF�6�.!�Im)b-?!$�´�"& IJ!K-/!1L�-?AH5�prNP!$#?� q v|Y�&ZG6& ),�6�6!15?!$��"#x- !15�CED65��6�"!µ_�tB�6:<;65%AH�6�"#?)b-/�.AH��}K28�"#%:<;6!$� ��:$!��>G6SX! G6�6� MmNPMm79IQM hHAH� ],5?AH�H!15[>!$� !$G -?G6�6]6YBIJ�.!c³ae � ��IQM +�#%AH0"06�.���W),#F��:$!��>G6ST! � ndo +T!15?�.&�!1��-4�"�=-?!$]H5%�"!$5x-`2>!15?�6!1��Y



�fz �������=� 	�� 	�
 �
	���� # �$���.� � ���,�
� 
5
@���

Triggerart
M24 M18 StrT SpsT CalT0 CalLa M13 Main OR RndT Fr20 VolT

F
re

q
u

en
z

1

10

210

%'&(&*),+,-/.(0(1 �54,6 � 7�c _f;^E�:�K<Q$:<GIGaQNK<HI>"R RfHF: � ;<H E E�:<; ;`_fQ :<>\R�:<; W�>�Q :<;�K e�9�HF:�R@GaHFe�9�:<>
: �wQ :<; >J:<> � ; H E E�:<; l�� L _fHI>�� HjK<Q RfHF: 	 :�K�_fOPQ^;`_fQ :�lNc :<; Ef;�� 
(Q$: [�>�Q :<HIG�GaHF:FEfQ ]<:<H
R�:<> L � � � LNW�GaQ^H �"GaH ��HIQ �fQ K<Q,; H E E�:<; �S;�:<H Ef>�HjK�K :<>"lic _f>"_�e�9 � ADG E�:<> � Q,; HI>�E �gW�>"R
� � [ � � � � ; H E E�:<;iW�>"R3OPHIQP:<HI>J:<O � � R�:<; � MD>Je�9�;�AD>�HjK�_fQ,HFAD>@K<Q,;<H E E�:<; l � HF:iK<HI>"R ��W �
EfGj:<HFe�9 � AD; Q,;<H E E�:<;
W�>"R : �wQ$:<; >J: � ; H E E�:<; R�:�K �5A � Q^Y _f;=:<Q,; H E E�:<;�K�l"L � � WX>"R L � � K<HI>"R
>�W�; : �wQ$:<; >J: � ; H E E�:<; HIO �5A � Q,Y _f;�:<Q,; H E E�:<; WX>"R Y :<;`R�:<> >�HFe�9�Q _fG K � AD; Q^; H E E�:<; E�:��
>�W�Q ��QFl �<> :<HI>J:<O �S;=:<H Ef>�HjK ? �D>�>J:<> Oi:�9�;=:<;�: � ;<H E E�:<; _D?DQ,HIC'K :<HI>"l c _fQ :<> _fW�K 	
W�>
�"� � � l

Im)bST!1�>#?A,0"0"!1�g�6�.! Im)w-/!$� �W),;6&@!$# t3#x-/!1&�!�hHA,��MONPMJ7JIQM¹G6�6����:1!��>G6SX!�#`tB�6:<;65%AH�&@�.-9�6!$5O],0"!$�.:<;6!$� l9;65%}$!$�j-O0t)bG CE!$��YZ²`5?AHS60.!$&�)b-/�.#?:<; �.#%-J�6�"! n �=-?CE!15?��G6�6]�h,AH�®�,�H� &}K28�"#?:<; !$� �6!$��ST!1�"�6!1� ndo +X!$5%�"&@!$�=-/!1��{>� �"!µ}1G D6SX!$5%S65?D6:<Lb!$� �"#x-zY47JV,;6!15?!1# ;6�"!15?}1G28�.5?�´�"�®'*),+6�.-?!$0 � SX!$#%:<;65?�.!$SX!$��YkIJ�"!PsF!15%-/!1�"0.G6�6]��6!15fM9�6}z),; 0�],!1-/5%A ± !$�6!15f'*),�6V,0"!
p MJS6S�Y=�3Y.�,��rd}$!1�"],-�),G :<;@CED65`� �"!$#%!$�@³k5%�"]H],!$5\#%!$;65`hB�"!10"! n 5?!1�"]H� �"#?#%!8&��j-\!$�.�6!$5`],!$5?�.�6] �!1��MJ�6}$),;604]H!1-?5?A ± !$�6!15�'*),�WVb0"!,Y�IJ�.!$#f0"�"!1],-f),���6!15^]H!15?�.�6]H!$��_B-<)w-/�"#x-/�.L��6�"!��6�"!1#?!$5³�5?�.]H]H!$5*;W)w-zY��9SX!$5U�W),#^~H),;65U�"�=-?!$]H5%�"!$5x-O28�"5%�g�6�.! sF!15%-?!$�"0.G6�6]�2>!1�.-?!$5U}$Gg],5?�H�H!15?!1�
&�),; 0"!$��],!1-/5%A ± !$�6!159'*),�6V,0"!O5%!$�":<; !$��Y
lc& �6�"!�ST!1�"�6!1� Im)b-?!$�6�6),;6&@!��x_�t3#x-/!1&�!PAH�60"�.�6!�A3� !$5@A54@�"�6!�}$G # tB�6:<;65?A,�6�"#%�"!$5%!$��{&�G #?#�!$�"�	²`G60"#��.�	SX!$�.�6!$�	Im)b-?!$�6�W)b;6&�!1��!15%C ),#%#%-�2>!15?�6!1��YJI9�"!$#�28�"5%� &��j-��6!$&



��� ��� � ��� � �
� � �"��� �����$� � � � � #���� ��� � � # �$���.� � ���,�
� 
5
@��� � �
�i²F²�_�_3�"]H�6),0k� !$5*q*²�_ l9;659!$5?5%!$�.:<;�-$Y Im),#O_3�"]H�6),0�-?5?�.]H]H!$5x-J� �"!^³ae � ��IQM +�{Z28�.5?��"�f!$�"� !$& CE5?!1�"!1��'*),�W),0B),G3CE]H!$�6A,&�&@!$�UG6�6��)b�^�6�.!4��:1!��>G6SX!a³�5?�"],]H!$5%0"AH]H�.LJ]H!1#?:<;6�.:<L=-zY79!1ST!1�®�6�.!$#%!$�¶�65?!1�`�6!$G6!1�3sFAH5x-/5%�"]H]H!15?� 28�.5?��2>!1�.-?!$5?; �"�´�6!$5fNPG 0.-/�.+60"�.}$�j-<Vb-?#%-/5%�"]H],!$5�6!$#\IONPMmI �x_�tB#%-?!$&@#`ST!1��G -/}K-zY=IJ�.!a_B:<;�24!$0.0"!>28G 5?�6!>CED 5d�W),#`~H),;65`ub�H�wzJ)bG CTN

=
� q!$5%;6�H;=-z{��W)g�.� sF!15?S6�.�6�6G6�6]g&��j-�� !$� �65%!$�c}$G6#?Vb-/}10"�.:<;6!$� ³�5?�.]H]H!15?��� �"!PIm)b-/!1�65/)w-/!}$G¶;6AB:<;¶28G65%�6!,Y�IJ�.!@�9)b-?!$�´�6!15U!1�"�6}1!$0.�6!$�¶³k5%�"]H],!$5m�.#%-*�"�´M9S6S�Y��3Yj��u �W),5%]H!$#x-/!$0.0.-$YIm)g�6�.!�2>!1�.-/!15?!1� ³k5%�"]H],!$5�),G6:<; n%!K2>!1�"0"#@�"��!$�.�6!$& '*),�W)b08),G CE]H!1}$!$�.:<;6�6!K- 2>!15?�6!1��{;W)b-*#%�":<;´�6�"!�IJ)b-/!1�65/)b-?!��"���6�.!$#?!1� �>5/)b-?!$#*#%-/),5?L !15?;6�,;�-$Y�eg!1�6�´}$G6&�[>!$�.#?+6�.!$0\�6�.!NPG60j-/�"+ 0"�"}1�.-/Vb-��.&�IJ!K-/!$L=-?AH5 D6SX!$5��6�.!P_3:<;=2>!10"0"!P#%-?!$�"]b-z{\S60.!$�.S -@#?�"!��6A,5%-�CED65�!$�.�6!$�]H!128�.#?#%!$� &Z!1�.-?5/),G6&�Y IJ�.!$#*SX!$�6!1G -/!K-z{��W),#?#U�6�.:<;�-U��G65U�6!$5U),G #?0"�,#?!$� �6!�³�5?�.]H]H!15?+6G60.#�"�¶�6�"!1#?!1& 'U)b�W),0F]H!$#%+T!1�":<;6!15%-U28�"5%��{ #?AH� �6!$5%��),G6:<;g),0"0.!��W),5/)bG CaCEAH0.]H!$�6� !$�®²FG 0"#?!bYIJ�"!1#?!�}$G #/Vb-?}$0"�.:<;6!$��²`G60"#%!�#?�"� ��SX!$#%AH�6�6!15?#@ST!1�"& N�G60.-?�"+60.�"}$�j-<Vb-?#%-?5?�"],]H!$5*G6�6���6!1&_B-/5%�"�6]
��³�5?�"],]H!$5c}$G´SX!$AHSW)b:<;�-?!$��Y�_B�"!�!15?;6�H; !$�´�6�"!fe�),; 5?#?:<; !$�"� 0"�":<; L,!$�j-O�W)bCED 5${Z�6),#?#!$�.� �>5?)b-/!U�6�":<;=-9�"�6� !$5?;6),0"S�!$�.�6!$# n 5?!$�.]H�6�.#?S60.A3:<L�#QhHAH�®��u�� n 5?!$�.]H�6�.#?#?!1�µ)bG6#?]H!10"!1#?!$�2>!15?�6!1��Lb)b�6��G6�6��!1�"�^eg),5%&�#x-<),5x-\),G #?]H!10"�H#x-d28�"5%��Ybl9& �6�"!1#?!a!15?;6�,;�-?!>eg),;65?#%:<;6!$�.���0"�.:<;6L,!1�.-`28�"!1�6!$5�}$G@5?!1�6G6}1�"!$5%!$��{=28G65%�6!c�6�"!9_3:<;=24!$0"0.!9� !$#>NPG60.-?�"+60.�"}1�.-<Vw-/#%-?5?�.]H]H!$5%#kG &!$�.�6!$�P²`G6�6L=-c!$5?; �H;=-zYIJ�"!meg),5%&�#x-<),5x-/5/)w-/!J28G65%�6!O�6�.:<;�-8]H),�6}*),G Ck�W),#87c�.h,!z),G��6!1#c~H),;65?!1#9u,�H�=�^]H!1#?!1�6L=-z{),0"0.!$5%�6�"�6],#J�"#x-*�6�"!1#*),G CE]H5%G6�6�´�6!1#f;6A,;6!$� &ZG=2a),:<; #?!$#f),�´28�":<;=-/�.]H!$�¶Im)w-/!$�´CED65O�6�.!MJ�W)b0 tB#?!¶}$G -/AH0.!$5?�.!$5%!$��Y8IJ�.!´³kA,-?}$!1�.-P�6!$#µ_�tB#%-?!$&@#µ;W)b-�#%�":<;�� G65?:<; � �"!´!$5%;6�H;=-/!e�)b5?&@#%-<)b5%-/5?)b-/!µ�BG 5�]H!$5%�"�6],CED ]H�"]¶hHAH�

∼
�3{.� � �gG6& �3{ �=u / ),G C

∼
�3{.�isH� / � !$5��;6�H;=-zY9IJ�.!$#�Lb)b�6��),G C^�6!$5PMONPMJ7JIQM�³ae � �xNPA,�6�.-?AH5?�.�6]�_3!$�j-/!´hH!$5%�.�W}1�"!15%-�2>!15 ��6!$��prI95?!z�H�wv�Y�M9G Ca�6�.!$#%!$5Oeg!1S6#?!1�.-?!@24!$5%�6!$��_�-<)b-?�"#%-?�"Lb!$�´G6�6�®MJ�W),0 tB#?!$�®}$G'n%!$�6!1&Im)b-?!$�6�W)b;6&�! �7& tBL�0"G6# � ]H5/)b�6#?:<;¶�W),5?],!$#%-?!$0.0.-z{X�W),&@�.-J�6�"!�_B-<),S �"0"�j-<Vb-cD6SX!$5%+65?D3C�-O2>!15 ��6!$��Lw),�6��{WG �6��-?!$:<;6� �"#?:<; !^MJG #%C V,0.0"!m#%:<;6�6!$0.0�!$5?Lw),� ��-824!$5%�6!$��YIJ�"!4h3�.!$5*sFA,5%-/5%�"]H],!$5�]H!$;6!1���"��!1�"�6! �OI n � � m AH]H�.L�#?:<;W),0j-/G6� ]6{b#%�"!1;6!aMJS S6�"0.�6G6�6]*�BY.�i�3{�6�"!¶�W),� ��{c28�.!gS6�.#?;6!15P�.���6�.!®³ae � ��³�5?�.]H]H!15?0"A,]H�"L·{aM9S6S�YJ�3Y.�,{c!1�"�6],!$#?+X!$�.#%-P28�"5?�ZYIm),&@�.-�SX!$�O�6!15�MJ�W),0 tB#?!¶ST!1#%-/�.&�&f- 2>!15?�6!1� Lw),�6��{a24!$0.:<;6!$5P'*),�W),0O� !$� ³k5%�"]H]H!15),G6#%]H!$0.�H#%-�;6)b-z{�28�"5?�g�W),#�_3�.]H�W),0��W),:<;��6!15�³�5?�"],]H!$5%0"AH]H�.L�!$SX!$� C )b0"0"#U�"��!1�"�6!1& CE5%!$���!$�	'*),�W),0m� !$5�³ae � ��IQM + ),G CE]H!1�6AH&@&�!1��YQIm)b#?#?!10"SX!®_3�"]H�6),0J]H!1;=-µ)bG6:<;�)b�	�6�.!��:$!��>G6ST! ��Im)w-/!$� �W),;6&@!={�ST!1�4�6!15^}K2>!1�>'*),�WVb0"!�ST!15?!1�.-f]H!$#x-/!$0.0.-*28G65%�6!$��YdIJ�"!1#f28�.5?��"��'*),+6�j-/!$0 � ],!$�W),G !$58ST!1#?:<;65%�"!1ST!1��Y

� 	��
	 � ����� � $�	 � � �! ?��� ��� �A���

n �"�6!15a�6!$58y9),G6+ -?]H5?D �6�6!mCED65a� �"! n �=-�28�":<L�0"G �6]��6!$5a³ae � ��IQM +R2>),5a� �"!m#%!$;65Q]HG3-/!MJG!�6�H#?G6� ]g;6AB:<;6!$� !$5?],!1-/�.#?:<;6!15 n 5%!$�"],�6�"#%#?!,YFI9�"!�³ae � ��IQM + �6�.&�&^-��6�"!�]H!1#/),&f-/!eg!10"0.!$� CEAH5%& ),G C>G6�6���.#%-U#?A,&��j-*�6�":<;=-^),G CQ!1�"�6!�&�) o �"&�),0"!�²`G60.#/),� }z),;60`h,AH� ��+65?An 5?!$�.]H�6�.#QST!1#?:<;65?V,�6L=-zY
� � ,/*-=�2)64, 5�0 3D276 � 5-6�0�������� ��� C1C
	 � 5-6-3��
�
� � ��� C�C
� �
� 	 +F6 � 	 H =F5�0�0�+�6-34278 > , � � >�815�6-3D2)6 ;



��� �������=� 	�� 	�
 �
	���� # �$���.� � ���,�
� 
5
@���

M=9
M=8

TWR Zeitfenster von 10µsec

Suche nach
lokalen Koinzidenzen

%'&(&*),+,-/.(0(1 �54,6X257 �5e�9�:<O _'R�:<; � ADGaWXOi:<>�Q,; H E E�:<;=K<W e�9�:�l �<O Ef;`_fW WX>�Q :<; Gj:FEfQ$:<> ��:��
;=:<HFe�9 YZHI;`R'R�:<;
� W�e�9@_fG E�AD;<HIQI9�OPWBK _f>�E�:<Y _f>"RfQ}l

79),:<;�����SX!1-?5?�"!1S6�W),; &�!�#%-?!$0.0.-/! #?�":<;�;6!15/),G6#1{F�W),#?#�&@�.-�� !$5�³ae � ��IQM + ),G6:<;��6�"!³�5?�.]H]H!$5%#?:<;=24!$0"0.!8�"& sF!15?]H0.!$�":<;@}$G 5>N�G6AH����I8M + �65?),#%-?�"#%:<; ]H!1#?!$� L�-�24!$5?� !$� LbAH�6�=-/!bYIJ!15cq*5%G6�6��0"�.!$],->�"���6!15Q#?!1;65Q]H!$5%�"�6],!$��³kAb-/}$!1�.-Q� !$#9_�tB#%-?!$&@#$Y·IJ�.!$#Q!$� �6!1-?!*h,AH5?!15?#x-SX!$�`!1�"�6!15^N�G60.-?�"+60.�"}$�j-<Vb-9hHAH��N
=

� � { �W)��6�.!�IJ)b-/!1�65/)b-?!�� !$#U³ae � ��_�tB#%-/!1&�#U�6�.!7c!1-/}K2>!15?L�Lw),+W),}1�.-/Vb-/!1� ),G Ck�6!15J_BD6�6+XAH0"#x-<)b-?�"AH��),��#%!$�"� !^qO5?!1�6}$!1�µS65?),:<;=-/!bY
n 5?#x-@�6�"!�Im)w-/!$� L,AH&@+65?!1#?#%�"AH�	pr�8!1C �H�wv8]=),S�_3+6�.!$0.5/),G6& CED65�!$�.�6! 24!$�.-?!$5%!P�8!$� G6L=-/���AH�P�6!$5 n �6!$5%]H�"!1#?:<;=24!$0"0.!,YZ~,!$�6AB:<; ;W)w-J!1�"�6!f),0"0.!$�.�6�"]H!O_3!$�6L�G6� ] �6!$5m_3:<;=2>!10"0.!f24!$�6�.]²�A,-/!1�6}$�"),0�{k�6!$G6! h,!$5x2>!1�6�6SW),5%! n 5%!$�"],�6�"#%#?!�}$G�0.�"!1CE!15?��{k�W) �"��� �"!$#%!$& [>!$5%!$�":<;��W)b#+XAH�"#%#?AH�=h,!$5%-?!$�.0.-/!��c),G6#%:<;6!$�g�6!$5�zH�H��SX!$��G -?}1-/!1��²`;6A,-?AH&�G60j-/�"+ 0"�"!159� �"!@yJ),G + -/G65%#/)
�:<;6!�CED 5O!$�"� !$��³�5?�"],]H!$5m�.#%-$Y�IJ�.!$#m�.#%-O�.��MJS6S�Y5z Y.��}1G´#?!$; !$��Y�IJ�.!�+XAH�"#%#?AH�=hH!15%-?!$�"0j-/!1��c),G6#%:<;�-?5?! ± !15O#?�"� ���"& [>!$5%!$�.:<;�!$�"� !$5*NPG 0.-/�.+60"�.}$�j-<Vb-c���¤N ��u,� �6!1G -/0.�":<;�}1G�!$5 �Lb!$�6�6!1��Y
IJ!15F_B-?5?�"� ] ��³�5?�.]H]H!$5��.#%-\!1�"�6!ayJ),5%� 2a)b5?! m �H#%G6�6]6{bG6&�� �"!$� !$5?!1�6!$5%]H!1-?�"#%:<;6! n 5?!$�.]H�6�.#?#?!}1G �6!1-?!$L=-/�.!$5%!$��YQI9A3:<; �.#%- �6!$#%#?!$�	_3G :<;6!�),G C*!1�"�6!µ'O!1-?-?!Ph,AH� ²`;6A,-/A,&�G60.-?�"+60.�"!15?�SX!$#%:<;65/V,� L�-mG6�6� #%AH&��j-J!1;6!$5cCED65J³�!$�.0":<;6!1��{X�6�"!f),G6#9�6!$& 'O!$5?�µ�6!$5 n 5%�6!^LbAH&@&�!1�G6� �P�6�.:<;=-cCED 5Q;6AH5?�.}$AH�=-/),0"!m³�!$�.0":<;6!1�6#?+ G65?!1��{·]H!$!1�"]H�6!K-zY
�����6�.!$#%!$& [4!$5?!1�":<;�#%!1-/}K-8�6!$5Q� !$G�!$�=-�28�":<Lb!$0j-/!�sFAH0.G6&�!1�=-/5?�.]H]H!15>),�ZY6IJ!15c_3G6:<;W),0.]HA �5%�.-/; &�G6#��"#%-4�W),5?),G C�),G #?]H!10"!$]b-z{�³k!1�"0.:<;6!$�6#%+6G65%!$���6G65%:<;��6!$��I9!1-/!1L=-/AH51{6S6}12*Y3'*),#?Lw)
��6!1�6!$5%!$�.]H�6�"#%#?!*�"& IJ!1-?!$L=-/A,59}1GP�6!K-/!1L�-?�"!15?!$�ZY



��� ��� � ��� � �
� � �"��� �����$� � � � � #���� ��� � � # �$���.� � ���,�
� 
5
@��� �,s

%'&/&/),+^-(./0 1 � 4,6 � 7�c�HF:���?DH � �D:iCf:<;`R�:<W�Q^GaHFe�9�Q�RfHF: [�; ]<:<HIQIK<Y :<HjK : R�:�K � ADGaW�Oi:<>�Q^; H E �
E�:<;=K�l [�GIGj: � ;=: V�:<; HIO ]<:<Q^;=: V�:<>"R�:<> � :<HIQ � :<>@K<Q$:<; K<HI>"R E�:<G ] O _f;=?DHF:<; QFl�c :<;'[�G E�A �
; HIQ 9�OPWBK�K<W e�9�Q HI>3:<HI>J:<O ��WwE�:<GaCfADGaW�Oi:<> OPHIQ 	�_BRfHIWBK�;�>"_�e�9 Y :<HIQ :<;=:<> � ;=: V�:<; > HI>
A��"Q^HjK e�9�:<>�L3A�RfW�Gj:<>"l c _f;^E�:�K<Q :<GIGaQ K<HI>"R ��Y :<H*Cf:<;�K e�9�HF:�R�:<>J:
[�; Q$:<> CfAD> �S;=:<H Ef>�HjK�K :<> b:<HI>J:
G _f>�E�: � :<HIGje�9�:<>@K �"WX;
:<HI>J:�K LNM�AD>@K b GaHI>@? K b YZHI;`RP:�]<:<>@K A�R�:<Q :�?DQ,HF:<;<Q YZHF:�:<HI>J:
_fW�K
�SGj:�?DQ^;=AD>J:<>3A�R�:<; � _fW�AD>J:<> :<>�QIK<Q :�9�:<>"R�: � _DK�?f_BR�: b ;=:�e�9�Q K�l

� ./0�� � ) � 0 � � ��) � �N- � � % +,1 � �D) � � � .
�

IJ!$5 sFAH0"G &�!1��-?5?�.]H]H!$5���M90"]HAH5%�.-?;6&�G6#�SW),G -9),G3C`�6!$& N�G60.-?�"+60.�"}$�j-<Vb-?#%-?5?�"],]H!$5��6!$5J_3A,C�- �2a)b5?!1-?5?�.]H]H!$5%5?AHG3-/�"� !$� )bG C�Y &ZG �WV,:<;6#x- 28�"5%� �"���6!$& hHAH5%]H!1-?5?�.]H]H!$5x-/!1� n 5?!1�"]H�6�.# !1�"�
&Z!$�j-?CE!$� #%-/!15mCED65*�6�"!ksFA,0"G6&@!$�=-/5%�"]H],!$5?#%G6:<;6!�),G #?]H!K2aV,; 0.-zYTe �"5?�´SX!$�`�6!15UNPG60j-/�"+ 0"�"}1���-<Vb-?#?G6�=-?!$5?#%G6:<;�G6�6]®!$�"� !�_3:<;=2>!10"0"! h,AH���6!$G ��²`G60.#?!1���.�6�6!15?;W),0.S�hHAH��u3{ �

µ
#�D ST!15 �#?:<;65%�.-%-/!$�Z{T#%!1-/}K-O�W),#9²`5?AH],5/),&@&¹!$�.�6!$� Nµ),5?Lb!$5J),� �6�.!$#?!f²kA,#?�.-?�"AH�P�"& &Z!1�.-%CE!$�6#x-/!$51Yl9�=-/!15?#%:<;65?!1�.-/!K-m�W)b#m_3�.]H�W),0 � �"!f_3:<;=2>!10"0.!Uh,AH� �@²`G60"#%!$� �.�6�6!$5%;W),0.S�� !$#c³k5%�"]H]H!15%CE!1���



zH� �������=� 	�� 	�
 �
	���� # �$���.� � ���,�
� 
5
@���

Zeitfenster / 10 ns
0 100 200 300 400 500 600

A
n

za
h

l

1

10

210

310

Alle Ereignisse mit M<18

Volumentrigger Ereignisse

%'&(&*),+,-/.(0(1 �54,6 �57 c�_f;�K<Q :<GIGaW�>�EkR�:<; � �f>�E�:�R�:�K � ADGaW�Oi:<>�Q,;<H E E�:<;=K<W�e�9 � :<>@K<Q$:<;=K�l c�HF:
RfW�;=e�9fE�: �DA�E�:<>J:��/HI>�HF: �D:<H EfQ RfHF: �S;^E�:�]�>�HjK�K : _fGIGj:<; �S;=:<H Ef>�HjK�K : RfHF:PWX>�Q :<;=K<W e�9�Q
Y :<;��
R�:<>"l c�HF: E�:�K<Q^; HFe�9�:<GaQ : �/HI>�HF: �D:<H EfQSRfHF: � ;=:<H Ef>�HjK�K :�RfHF:�E�:<Q^; H E E�:<; Q Y :<;�R�:<>"l
ck:<;�	�;`_���9�YZW�;`R�:�OPHIQ L 8 � �S;=:<H Ef>�HjK�K :<>3:<;=K<Q$:<GIGaQFl

#x-/!$5%#${i28�"5%�*!$�"�*}K2>!1�.-/!15kNµ),5?Lb!$5�CED65��6�"! n �6� +TAH#%�.-?�"AH�O�6!1#\_BG6:<; CE!$� #%-/!15?#k]H!$#%!1-/}K-zY�MJ0.0"!²`G60.#?!,{W� �"!m�.�6�6!$5%;W),0.S�� �"!$#%!$#9_3G6:<;3CE!$�6#x-/!$5%#J0.�"!$],!$��{B2>!15?�6!1�µ�"���6�.!�sFAH0.G6&�!1�=-/5?�.]H]H!15 �#%G6:<;6!>!1�"��SX!$}$A,]H!$��{w#?�.!$;6!�MJS S�Yb�3Y.� q YwIJ�"!�[>!1#?:<;65?V,�6L�G6�6]*),G3CW!$�.�fL�0"!1�"�6!1# &Z!1�.-%CE!$�6#x-/!$5�.#%-U�6A,-�24!$�6� �"]6{��W)�#?AH� #%-�}1G hB�"!10"!@�9)bG6#?:<;=-/5%! ± !$5f�"�¶�6�"!�MJ�6),0 tB#?!@!$�.��ST!1}$AH]H!1�®24!$5���6!1��{�S6}12*Y�}1G�hB�"!10 &Z!$�.-�}K28�"#?:<; !$� }K2>!1�XSX!$�6),:<;�SW),5%-?!$� ³�5?! ± !15?� 0.�"!1]H!$��Lw),�6�@G6�6��#?�"!#%AH&��j-Q�6�.:<;�-c}K28�"�6]H!1�6��L,AH�.�6}$�.�6!$�=-QhHA,&¹]H0"!1�":<;6!1� n 5%!$�"],�6�"#Q#x-<),&@&�!1��Y
M9S6S�Y �3Y.�i�U}$!1�"],-4�6�.! sF!$5x-/!1�"0"G �6]f� !$5 m V,�6],!9�6!1#8_3G6:<;3CE!$�6#x-/!$5%#$Y n 5?!1�"]H� �"#?#%!9&@�.-�L�0"!1����6!1��_3G :<; CE!$�6#x-/!15?� 24!$5?� !$� #%!$0.-?!$��]H!1-?5?�.]H]H!$5x-zYWI9G65?:<;6#%:<;6�6�j-?-/0.�":<; #%�"�6���6�.!^_BG6:<; CE!$� �#x-/!$5

∼
uB{ �

µ
#a0t),� ]6YBIJ�"!1#>�"#x-a�6G 5?:<;��6!1��NPG60.-?�"+60.�"}1�.-<Vw-/#/)b0"]HAH5%�.-?;6&^G6#d}$G !15?L�0tV,5%!$���.��6!1& �6),#*_3G6:<;3CE!$�6#x-/!$5*]H!1S6�"0.�6!1-c28�"5%��YTe Vb;65?!1�6���6!$5O_3G6:<;6!�24!$5%�6!$�¶�6�"!f!$�.�6}$!10"�6!1�²`G60.#?!�)bG C�u3{ �

µ
#9]H!$#x-/5%!$:<L=-zY I9!$5JM9�6#%-?�"!1]�hHA,� n 5%!$�.]H�6�"#%#?!1�PhHA,5J�6!15�sFAH0"G &�!1��-?5?�.] �]H!15?#%G6:<;6! SX!$�cL�0"!$�.�6!$� _3G6:<; CE!1�6#%-?!$5%� Lw),� � �6G65%:<; �9),G #?:<;=-/5%! ± !$5 !15?L�0tV,5x-�24!$5%�6!$�Z{�6�.!f� �":<;=-J�,5%-/0.�":<;�ST!1]H5?!1�6}1-J�"&¹I9!1-/!1L=-/AH5O)bG C�-/5%!1-/!1�µG6� � �6!$#%;W),0.S�),G6:<; �.�P� !$� n 5 �!1�"]H�6�.#?#%!$��{�� �"!�]H!1-?5?�.]H]H!$5x-m24!$5?� !$���6�.:<;=-Uh,AH5?;6),�6�6!1�g#?�.�6��Y n �.�®�6G 5?:<;6#%:<;6�6�.-%-/0.�":<;6!1#N�t,AH�6!15?!$�.]H�6�.#c�6),G6!$5x-

∼
q

µ
#$Y



��� ��� � ��� � �
� � �"��� �����$� � � � � #���� ��� � � # �$���.� � ���,�
� 
5
@��� z �

N_Sphaeren (X)
0 2 4 6 8 10 12 14 16 18

%
 d

er
 E

re
ig

n
is

se
 u

n
te

r 
M

18

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1
30m Radius

50m Radius

70m Radius

90m Radius

110m Radius

%'&/&/),+^-(./0 1 �54,6 �57*ck:<; 	�;`_���9 �D:<H EfQ
RfHF:�[�>�Q$:<HIGj:kR�:<; �S;�:<H Ef>�HjK�K : OPHIQ
:<HI>J:<;�LNWXG �
Q^H �"GaH ��HIQ �fQ ��YZHjK e�9�:<>�L

=
� � W�>"R L

=
� � b RfHF: RfW�;�e�9 R�:<> � ADGaW�Oi:<>�Q,;<H E E�:<; � l [�; Q

�}> � 9�HIQ ��E�:<Q,; H E E�:<;<Q/YZWX;`R�:<>"l ck:<; 	�_BRfHIW�K�R�:<; WX>�Q :<;=K<W e�9�Q :<> ��WwE�:<Ga> YZHI;`RkCfAD> ��� O
]�HjK � � � O CD_f; HIHF:<; QFl ��: Ef;�� 
Z:<; R�:<; 	�_BRfHIWBK�R�:�K<Q A ?DGj:<HI>J:<; YZHI;�R R�:<; � >�Q$:<;=K e�9�HF:�R
��YZHjK e�9�:<> R�:<> � :<; Q :<HIGaWX>�E�:<>"l c :<;�	�;�_���9�YZW�;`R�:�OPHIQ L 8 � �S;=:<H Ef>�HjK�K :<>3:<;=K<Q$:<GIGaQFl

MJ0.0"!c³k5%! ± !$5a�.&�&�),5%LB�.!$5x-/!$� &Z!$�j-/5/)bG6&(2>!15?�6!1�P)b� !$�.�6!$��_BG6:<;W),0.]HAH5?�j-/;6&^G6#�24!$�j-/!15 �]H!$],!$SX!$��YB��� !$�.�6!$5�!$�.�6]H!10"!$#%!$�6!1� m �"#x-/!J#%�"�6��}$G�n%!1�6!$& AH+3-/�"#%:<;6!$��NPA3� G60T� �"!$n%!1�6�"],!$�NPAB�6G60"!ah,!$5%}$!$�.:<;6�6!K-z{��6�"!Q�.��!$�.�6!$&¤'*G ]H!$0jhHAH0.G6&�!1��&��j-`�6!1&(�9)b�6�"G6#d5`G6&��W),# �*N0"�.!$]H!1��Y���#%-a��G6���.� !1�"�6!1& �*N !1�"� ³�5?! ± !15>hH!15?}1!$�":<; �6!1-${ 28�"5%� G6�=-/!15?#%G6:<;=-9A,S �"� �6!$��"& sFAH0"G6&@!$��0.�"!1]H!$�6� !$� �*N !1ST!1� C ),0.0"#a!1�"��³k5%! ± !$5Q2>),5$Y·lc&¹IJAH+6+X!$0.}zV,; 0"G6�6],!$��}$GhH!15?;6�.�6�6!$5%�µG6�=-?!$5?#%G6:<;=- n%!1�6!$#4�*N ��G658�6�.!UNPA3� G60"!O�.& sFAH0.G6&�!1��{6�6�.!O!$�.�6!*;6�H;6!15?!
�*N ��7cG6&�&@!$5`SX!$#%�.-?}$!$�ZY3IJ),ST!1�WL,AH&@&@!$�@}124!$�·MJ0.]HAH5?�j-/;6&@!$��}1G65FMJ�=24!$�6�6G �6]6Y6I9!$5n 5?#%-?!,{b�W²d),�.5?#\],!$�W),� ��-${b�.#%-\),G C·�6�.!a_3G :<;6!Q�W),:<;�'*),#%Lb)b�6!$��)bG6#?]H!15?�.:<;�-?!1- p MJS6SZY=�3Yj�z�5?!1:<;�-?#�r YZIJ!15 &T24!$�j-/!b{W���z;6�j-8]H!$�W)b�6�=-z{·#?AH0.0�0t)b�6]H!f_3+6G65%!$�P�"�6�6!15?;W)b0"S��6!$#9IJ!K-/!$L=-?AH5?#�W�6�6!1� p MJS6S�YX�BY.�z��0.�"�6L�#�r Y
&ZG6!$5%#%-�28�"5%�	�6�.!�]H!$�6),G6!®¸·G �6L=-/�"A,�6#%24!$�.#?!´hHAH�	���z;6�j-�!$5?0"V,G -?!$5%-$YQ��#%-P&��.�6�6!1#%-/!1�6#!$�.��³k5%! ± !$5��.& G ��-?!$5%#?G6:<;=-/!1� sFAH0.G6&@!$��{�28�"5%��!$�"� &�V,;60"!15^G6& n �"�6#^!$5?; �H;=-zYF_3�.�6�

� hHAH���6�"!1#?!$��'9AH�.�6}$�.�6!$� }$!$���"& n 5?!$�.]H�6�.#${\28�"5%���6�"!1#?!$#@]H!K-/5?�.]H]H!15%-zY\IJ�"!1#?!µ_3G6:<;6!�"#x-�}1G65 I9!1-/!1L=-/�"A,��hHA,��0tVb�6]H!$5%!$� _3+6G65%!$���.& IJ!K-/!$L=-?AH5 ]H!1!$�.]H�6!1-${`28�"!��"&�0.�"�6Lb!$�



z=u �������=� 	�� 	�
 �
	���� # �$���.� � ���,�
� 
5
@���

N_Sphaeren (X)
0 2 4 6 8 10 12 14 16 18

%
 d

er
 E

re
ig

n
is

se
 u

n
te

r 
M

18

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1
30m Radius

50m Radius

70m Radius

90m Radius

110m Radius

%'&(&*),+,-/.(0(1 � 4,6 � 7 ck:<; 	�;`_���9 �D:<H EfQ�RfHF:�[�>�Q :<HIGj:kR�:<; �S;=:<H Ef>�HjK�K :�OPHIQ :<HI>J:<;�L W�G �
Q,H �"GaH ��HIQ �fQ ��YZHjK e�9�:<> L

=
� � WX>"R L

=
� � b RfHF: RfW�;=e�9NR�:<> � ADGaWXOi:<>�Q,; H E E�:<; � l [�;<Q

�}> � 9�HIQ � E�:<Q,;<H E E�:<; Q YZWX;`R�:<>"l c :<;�	�;�_���9�YZW�;`R�:�OPHIQ � W � _fGIG K :<;=:<H Ef>�HjK�K :<> :<;=K<Q :<GIGaQ}l

³�!$�.0ZhHAH�PMJS6SZYX�3Y.�$�@}1GP#%!$;6!1��YXIJ!$58M9��-?!$�.0 �6!$58&@�.-8yc�"0.CE!J�6�"!1#?!$#cMJ0.]HAH5%�.-/; &�G6#>],!1- �5%�"]H]H!15%-?!$� n 5%!$�.]H�6�"#%#?!f),� )b0"0"!1� n 5%!$�"],�6�"#%#?!$�P&��j-8!$�.�6!$5JNPG60j-/�"+ 0"�"}1�.-/Vb-cN �*� ���"#x-9CED65h,!$5?#%:<;6�"!1�6!$� !J�c),�6�.!$���6!$5�_B+6;WV,5%!Q�"��MJS6SZY��3Yj� zJCED65�NPAH�=-?!��
�a)b5?0"A p N ��r n 5?!$�.]H�6�.#?#?!)b-?&�A,#?+6;WVb5?�"#%:<;6!$5cN tHAH�6!1�µG6� �P�.��M9S6S�YX�3Yj� � CED65 &ZG C ),0.0"#%�W)b-/!1� }$G�#?!1;6!$�ZY��& sF!$5%]H0"!1�":<;�}K28�"#%:<;6!$� #%�"&�G60.�"!15%-/!1� IJ)b-/!1� p MJS S�Y��3Yj� zBr�G6�6� &ZG C ),0"0.#?�W)w-/!$�
p MJS6S�Ya�3Yj� � r@#%�"�6� � !$G -?0"�":<; ! l9�=-?!$5?#%:<;6�"!1�6!´�"� � !$5��c)b-/!µ]H!1-?5?�"],]H!$5x-/!$5 n 5?!$�.]H�6�.#?#?!}1G�!$5?Lb!$�6� !$��YUIJ�.! n 5?]H!1S6�6�.#?#?!1��� !$5´_3�.&�G60")b-/�.AH�	#%�"�6��&@�.-P&@A3�6�j�W}$�.!$5x-/!gNPG6AH���IQM + N � ��Im)w-/!$� !15?#%-?!$0.0.-�2>AH5%�6!$�ZY MJ0.0"! �"� � !$5 ³ae � ��IQM + � �":<;=- !1��-?;W),0j-/!���6!1� '*),�WV,0.!	28G65%�6!$� !$�=-%CE!$5?�=-$Y�IJ�"!�_3�"&�G 0t)b-?�"AH� �6!15 ³ae � ��IQM + Im)b-?!$� &@�.-MmNPMm79I8M �x_3AbC�-�2a),5%!^�.#%-c�6AB:<;µ�6�.:<;�-9),G #?]H!15?!$�jC�-zY·IJ!15m_B:<;�24!$5%+6G6�6L=-*�6!15m_BA,C�-�2a)b5?!��!1��-�28�.:<L�0"G6�6]�0"�"!1],-�SX!$�"& ��:$!��>G ST! � ndo +T!15?�"&@!$�=-$Y n #µ��G -?}1-z{Q28�.!®�6�.!®³ae � ��IQM +e®!$0.0"!$�3CEAH5?&@!$��),0.#QIm)b-?!$�6&�)b-?!$5?�"),0�Y n �"�6!O!15?#%-?!*#%-<)bS6�"0.!�sF!$5?#%�"AH�Z{6�6�"!O� �"!*Im)b-?!$��28����6!15?#%+6�"!1]H!$0j-z{6#%AH0"0j-/!*NP�j-?-?!OS6�"# n �6�6!fu,�H�fz�}1G65�sF!$5xCED6]HG6�6]�#x-/!$; !$��Y
&ZG C )b0"0"#x-/5%�"]H]H!15?�W)w-/!$��#x-/!10"0"!1�®�6),#^G6�=h,!$5/Vb�6�6!$5x-/!�[4�"0"�¶�6!15 n 5?!1�"]H� �"#?#%!��.& IJ!1-?!$L=-/A,5�W)b5$Y [>!1�\�6�.!$#?!1�gIJ)b-/!1�®!15?]H�.S -O#?�.:<;´!$�"�´&�) o �"&�),0"!159M9�=-/!$�.0\]H!K-/5?�.]H]H!15%-/!15 n 5?!1�"]H�6�.# �#%! hHAH�

≤
�=� / Y\IJ�.!�N � ��IJ)b-/!1��!15?]=)bST!1��!1�"��!K-�2a)��6AH+ +T!10.-�#%A�;6AH;6!1# n 5%]H!$S �6�"#1Y



��� ��� � ��� � �
� � �"��� �����$� � � � � #���� ��� � � # �$���.� � ���,�
� 
5
@��� z q

N_Verbindungen (Y)
0 10 20 30 40 50 60 70 80

%
 d

er
 E

re
ig

n
is

se
 u

n
te

r 
M

18

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1
30m Radius

50m Radius

70m Radius

90m Radius

110m Radius

%'&/&/),+^-(./0 1 �54,6 � 7(ck:<; 	�;�_���9 �D:<H EfQ RfHF:�[�>�Q$:<HIGj: R�:<; RfW�;�e�9NR�:<> � ADGaW�Oi:<>�Q,;<H E E�:<;
� l [�; Q �}> ��_fHI;=K�� E�:<Q^; H E E�:<; Q$:<> �S;�:<H Ef>�HjK�K : _f>hR�:<; 	 :�K�_fOPQ � _D9�GZR�:<; �S;=:<H Ef>�HjK�K :PHIO
L W�GaQ,H �"GaH ��HIQ �fQIK�]<:<;=:<HFe�9 CfAD>gL

=
� � ]�HjKPL

=
� � ]<:<H Cf:<;�K e�9�HF:�R�:<>J:<> ��WwE�:<Ga;`_BRfHF:<>"l

��:<H�Ef;=A 
Z:<> 	�_BRfHF:<> HjK<Q R�:<; [�>�Q :<HIGZE�:<Q,;<H E E�:<; Q :<; �S;�:<H Ef>�HjK�K :'OPHIQ�K :�9�; C HF:<Gj:<> ?BA �
HI> ��H,R�:<>�Q$:<> � ;=: V�:<; >NCf:<;=K<Q �f;=?DQ ��W K :�9�:<>"l ck:<;�	�;`_���9 YZWX;`R�:�OPHIQZL 8 � �S;=:<H Ef>�HjK�K :<>
:<;=K<Q$:<GIGaQFl

IJ�"!Jl9�=-/!15?#%:<;6�"!1�6!O!$�=-/#x-/!1;6!$��{W�6)^�"���6!$��N � ��_3�"&^G60t)b-?�"AH� !$�@�BG 58_3�"],�W),0�� n 5?!$�.]H�6�.#?#?!#?�.&�G60"�.!$5x-a2>!15?�6!1��Y _B�"]H�W)b0"!$5%!$�.]H�6�"#%#?!mSX!$#x-/!1;6!$� �.&�&@!$58)bG6#8!$�"� !$& N�t,AH��{X�W),#c²`;6A �-/AH� !$�@�"&�I9!1-/!1L=-/AH5F�6!1+TAH� �"!$5x-zYH���@�6!1� &ZG C )b0"0"#%�W)b-?!$��#?�.�6��_3�"],�W),0 G �6� yc�"�=-/!15?]H5%G6�6�!$�=-/;6),0.-?!$��Y n #ULb)b�6�®#%!$�.��{ �W),#*!$�.�6!@'9AH�.�6}$�.�6!$� }�h,!$5%#?:<;6�.!$�6!1�6!$5^�9),G #?:<;=-/5%! ± !$5^� !$5NPAB�6G60"!f}$G !1�"�6!1& n 5%!$�.]H�6�"#828�"5%��Y n SX!$�3C ),0"0.#9Lw),�6�µ�"�µ!1�"�6!1& &ZG C ),0"0.# n 5%!$�.]H�6�"#c��G65!$�.�P³�!$�.0�!1�"�6!1#8³k!1�"0":<; !$�6�6G 5?:<;60"),G CE#9),G CE]H!1�6AH&@&�!1��24AH5?� !$�µ#%!$�.��{W2a),#c�6�.!f�c)b-?!f]H! �-/5%�"]H]H!15%-?!$5 n 5%!$�.]H�6�"#%#?!µ24!$�j-/!15�hH!15?L�0"!1�"�6!15%-$YQ_3AH&@�.-�&�G6#%# �6�.!µ³�5?�"],]H!$5%5/)b-?!PSX!$�9�6!$�
&ZG C ),0.0"#?�6)b-/!1��]H!$5%�"�6]H!15Q#?!1�"�P),0"#aSX!$��N � ��Im)b-?!$��Y
l9& )bG6:<;��6�.!�_3!$� #?�.-?�.hB�.-/Vb-�CED65�'*),#%Lb)b�6!$��}$G�hH!$5%ST!1#?#%!$5?�Z{>�"#x-�!$�.��24!$�j-/!15?!$5@³�5?�"]
�]H!$5f�"�®�6�"! _3G6:<;6! �.�=-/!$],5?�"!15%-U2>A,5?�6!1� p �W²k),�"5%#�rKYkIm),SX!$��28�"5%�g�6�.!�qO!$#/)b&^-/}$),;60FhHAH�]H!1CEG �6�6!$� !$�¶'9AH�.�6}$�.�6!$� }$!$��],!$}zVb;60.-$YZIJ�.!$#m!15?0"),G6S -J!$�"� !�0"AHLw),0�SX!$]H5%!$�6}K-/!�³�!$�.0":<;6!1���Lw),#?Lw),�6!�}1G �W�6�6!1��{>28�"!µ!$#��"& 5%!$:<;=-/!1�	³�!$�.09hHA,� M9S6S�Y8�BY.�z�g}$G #?!1;6!$� �"#x-zYaI9!$5³k5%�"]H],!$5928�.5?��)bG6#?]H!10"�H#x-z{·2>!1�6�´&�!1;65m)b0"#c�('9AH�.�6}$�.�6!$� }$!$��],!1CEG6�6� !$� 24!$5?� !$��Y I9�"!



z,� �������=� 	�� 	�
 �
	���� # �$���.� � ���,�
� 
5
@���

N_Verbindungen (Y)
0 10 20 30 40 50 60 70 80

%
 d

er
 E

re
ig

n
is

se
 u

n
te

r 
M

18

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1
30m Radius

50m Radius

70m Radius

90m Radius

110m Radius

%'&(&*),+,-/.(0(1 �54^6 �57*ck:<; 	�;`_���9 �D:<H EfQ�RfHF:�[�>�Q :<HIGj: R�:<; RfWX;=e�9 R�:<> � ADGaWXOi:<>�Q,; H E E�:<;
� l/[�;<Q �}> ��_fHI;=K�� E�:<Q,;<H E E�:<; Q :<> �S;=:<H Ef>�HjK�K : _f> R�:<; 	 :�K�_fOPQ � _D9�G R�:<; � ;=:<H Ef>�HjK�K : HIO
LNWXGaQ,H �"GaH ��HIQ �fQ K�]<:<;=:<HFe�9 CfAD>3L

=
� � ]�HjKkL

=
� � ]<:<H�Cf:<;=K e�9�HF:�R�:<>J:<> ��WfE�:<Ga;`_BRfHF:<>"l

ck:<;�	�;`_���9�YZW�;`R�:�OPHIQ � W � _fGIG K :<;=:<H Ef>�HjK�K :<> :<;=K<Q :<GIGaQ}l

sF!15%-/!1�"0.G6�6]µ� �"!$#%!$#�M90"]HAH5%�.-?;6&�G6#OCED65^h,!$5%#?:<;6�.!$�6!1�6!�'*G ]H!$0.5/),�6�.!$�®�"#%-^�"��M9S6S�Y\�3Y.� �G6� ��MJS6S�Y��3Yj�is �W),5%]H!$#x-/!$0.0.-$YXM9G6:<;´;6�"!15J#%�"�6���6!1G -/0.�":<;6!�l9�=-/!15?#?:<; �"!$� !@�.� �6!1� sF!$5 �-?!$�"0.G6�6]H!1��}$G�!15?L,!1�6�6!1��Y�IJ!$5 sF!15?0"),G CX#%-?�"&@&^-dD ST!15?!$�.��{H)b0"0"!15?�6�.�6]H#�0"�.!$],-${w28�.!aST!15?!1�.-/#�.���6!$5`hHA,5?;6!15?�"],!$�PsF!$5x-/!$�.0"G6� ]6{,]H5%AHS�!$�.��¸·),L=-?AH5Fum}128�.#?:<;6!1��N � ��G6� � &ZG C )b0"0"�6)b-/!1��Y[>!1�9� !$5 n �=-/#%:<;6!$�.�6G6�6]6{42>!10":<;6! n �.�6#%-?!$0"0.G6�6]H!1� SX!$�c�6!$5�IJ)b-/!1�6�W),;6&@!µ!1�"�6],!$#?!K-/}K-24!$5%�6!$��{62>),5Q�6�.!*Im)b-?!$�65?)b-/!O!1��-?#?:<;6!1�"�6!1�6��YXIJ!1#8e®!$�j-/!15?!$��24!$5%�6!$� n 5?!$�.]H�6�.#?#?!O!15?#x-),S@!$�.�6!$5 &�)b;606hHAH��CED6� CZ�6�"5%!$L=-/!1��³�5?! ± !15?� 
��6G65%:<; �6�.!cM9�W),0 t3#%!$#%A,C�-�2a)b5?!c5?!$LbAH�6#x-/5?G ��.!$5%-$YwIm),# n 5%]H!$S6� �"#d�.#%-k!$�.�6!a_B:<;�24!$0.0"! �
≥
�cCED65��6!$�^���z;6�j-dM90"]HAH5%�.-?;6&�G6# G6� �f�

≥
sCED654�6!$���6²d),�.5?#aM90"]HAH5%�.-?;6&�G6#1{BSX!$�X!$�.�6!$&�'OG6]H!10"5/)b�6�"G6#FhHA,��sH�^&�Y IJ�.!$#a!15?]H�.S -a!1�"�6!

sFAH0.G6&@!$�=-/5%�"]H]H!15?5?)b-/! h,AH��!K-�2a)®�=�®yc},{`28�"!�),G :<;��"��³k),S�Y��3Yj�µ}1G�#%!$;6!1� �"#x-�G �6�!1��-?#?+65%�":<;=-
∼

�H� / �6!15 n 5%!$�.]H�6�"#%#?!O&@�.->!$�"� !$5cNPG60j-/�.+60"�.}$�.-/Vb-�}128�.#?:<;6!1� N
=

�iu^G6�6�N
=

� � Y�����N � � n 5?!$�.]H�6�.#?#?!1��#?�.�6�g!1#
∼

z q0/ G �6���"� &ZG C ),0.0"#?�6)b-/!1�
∼

ub� / Y�IJ�.!!15?;6�H;=-?!c³�5?�.]H]H!15?}z)b;60 �.� N � ��Im)b-?!$�@G6�6���6�.!Q]H!$5%�"�6]H!15?!QM9�6}z),; 0W�"� &ZG C ),0.0"#%�W)b-/!1���"#x-z{
� � 5�=70�2 > 27.	3D276 3�+F.�2 H 8�2 �E.�2 � 2). 0 2)6-,/6�6�8
9 >+2)6�6 >�+F2�A + 8 3D27.
L 27.12&E	*-6�2 81276 	 +F6G81.�2 � �)2
+�8"2
+F6�2 0��*�@/81@ 6�0K+�6�3D2).�� 2 H @ 6�0 8�.15 H 8�+F@ 6 AJ+�8

±
	 6�0 �5L 27.12
+F6�0 8�+FA$A 8);



��������� � � ����#D�����J� �$# z=�
t1 t2 t6t4 t5t3

t1 − t2∆ = t4 − t5∆ =t t
Tiefe

∆ < 0

Myon−Veto + 1 Myon−Veto − 1

t∆ > 0t

%'&/&/),+^-(./0 1 �54 � 	 7Zc�HF: ��?DH � �D:
�D:<H EfQ�:<HI>J:��P:<Q^Q :PCfAD> �SL l � AD> 	
ADQ � � ; 	B9 �'>"_�e�9
� HFADGj:<Q,Q �^K � �fQ ��K<HI>"R�RfHF: [�>@?DWX> � QIK �D:<HIQ$:<> R�:<; � 9�ADQ$AD>J:<>PCf:<;`R�:<W�Q^GaHFe�9�QFlXc�HF:*[�>@?DW�> � Q K��
�D:<HIQ$:<> Y :<;`R�:<> CfAD>J:<HI>"_f>"R�:<;PK<W�]�Q,;`_D9�HF:<;<Q�W�>"R #{: >"_�e�9@R�:<O Af]NRfHF:�K :PEf;�� 
 :<;NA�R�:<;
?DGj:<HI>J:<; ��W�GIG5K<HI>"R b YZHI;`R'R�:<;�L MBAD> � � :<Q A � �D9�Gj:<; :<;=9 � 9�Q
A�R�:<; E�:�K :<>@?DQFl

28�"!m24!$�j-/!$5>AHST!1���"&�³k! o -c!15?0tVbG -/!15%-z{3�6G65%:<;�� �"!*_3�.&�G60")b-/�.AH��h,AH�P_3�"]H�6),0"!15?!$�.]H�6�.#?#?!1�G6�6���6!$&\sFA,5?;W),� �6!$�6#%!$�.�P5%!$�"� !$58�c),G6#?:<; !$5?!1�"]H� �"#?#%!fSX!$],5?D6�6� !1-zYn -�2a)´sH� / �6!15 n 5?!1�"]H� �"#?#%! 24!$5?� !$���6G65%:<;�ST!1�"�6!�MJ0"],AH5?�j-/;6&@!$�¶]H!1-?5?�.]H]H!$5x-z{
∼

z /��G65d�6G 5?:<;��6!1���W²d)b�"5?#�MJ0.]HAH5%�.-/; &�G6#�G6�6�
∼
� / ��G65k�6G65%:<;��6!$���Z�z;6�.-�M90"]HAH5%�.-?;6&�G6#1Y

$@�#" �)* � $ ��©f§ «���¥a°�©
Im),#aN�tHAH� �}sF!1-?A��"#x->!1�"��NP),5?Lb!$5${3�6!$54�"��n%!$�6!1# n 5?!1�"]H�6�.#4� !$5>³ae � ��IQM + �"�=-?!$]H5%�"!$5x-28�"5%��Y e V,;65%!$�6���6!1#J_BA,C�-�2a)b5?!1-?5?�.]H]H!$5%+65?A,}$!$#%#?!1#c28�.5?���W),#Q]H!1#/),&f-/! n 5?!$�.]H�6�.#aG6�=-/!15 �#?G6:<;=-$Y·IJ�"!O²k),5/)b0"0"!10"�.#?�"!15?G6� ]^�6!15QIQM + ��_3A,C�-�2>),5?!*!15?&@�H]H0"�.:<;=->&@!$;65a�c!1:<;6!$�6}1!$�j-9}1G65n 5?!$�.]H�6�.#/),�W)b0 tB#?!bY�_3AH&@�.-O�.#%-O!1#U-?!$:<;6� �"#?:<;®G6�6�´}$!1�.-?0"�":<;�G �6L�5?�.-?�"#%:<;®!1�"�6!1�´24!$�j-/!15?!$�MJ0.]HAH5?�j-/;6&^G6#aD6SX!$58�6�.!*Im)b-/!1�P0"),G CE!1��}1GP0"),#?#%!$��Y
��� � ) 	 � � ) � 0

~,!$�6!1� ³k),]f-?5?�"],]H!$5x-4� !$5�MONPMJ7JIQM�IJ!K-/!$L=-?AH5
∼ 107 n 5?!1�"]H�6�.#?#%!,{B�6�"!QC ),#x->}1G �i�H� /hHAH� N�t,AH�6!$��),G6# m G C�-?#?:<;W)bG6!$5%��AHSX!$5%;W),0.S��6!$#FIJ!K-/!1L�-?AH5?#�#%-/),&@&�!1��Y n -�2>)OCED � CZ� !$5

107 n 5%!$�"],�6�"#%#?!JLbAH&@&�!1� �6G65%:<;��6�"! n 5?�6!JG6�6� Lb�H�6�6!1���W),�6G65%:<;�),0"#479!1G -/5%�"�6A,�"�6�6G �}$�.!$5%-a�"�6!1��-?�.�W}1�"!15%-�2>!15?�6!1��Y·[>!1h,AH5Q�6�.!$#?!9CED6� C�]H!1CEG �6�6!$��#%�"�6�Z{ �"#x-a!1�"�6!m5%!$:<;6!1�6�"�=-?!$���#?�jhH!^M9�W),0 t3#%!�),0.0"!159IJ)b-/!1� �6A,-�24!$�6� �"]6YTIJ�"!U³�!$�"0.:<;6!$� #?+6G65%!$��&�D #?#?!1��5?!1L,AH�6#x-/5%G6�"!15%-G6�6��hH!15?#?:<; �"!$� !$�6!�_B:<;6�6�.-%-/!*G6�6�P'*),0"�.S65/)w-/�"A,�6!$���6G65?:<; ]H!1CED6; 5%-c2>!15?�6!1��Yn �"��Nµ)b5?L,!15${3�6!$54ST!1#?:<;65%!$�"S3-z{ A,S !$�.� n 5?!1�"]H�6�.#�h,AH� AHSX!$� �6G65?:<;�� !$��IJ!K-/!$L=-?AH5a]H�.�6]A3� !$5>h,AH��G6�=-/!$�Z{6Lw),�6� hB�"!10 �c!1:<;6!$� }$!$�j-8!$5%#?+W),5%!$��{ S6}12*Y6Lb�H�6�=-/!*!15?&@�H]H0"�.:<;6!$�Z{B�6),#?#



zwz �������=� 	�� 	�
 �
	���� # �$���.� � ���,�
� 
5
@���

-60 -50 -40 -30 -20 -10 0 10 20
0

200

400

600

800

1000

Myon-Veto-Zahl

A
n

za
h

l

%'&(&*),+,-/.(0(1 �54 � 6�7 � :<; Q$:<HIGaW�>�E R�:<;
LNMBAD> � � :<Q$A � �/_D9�G � 	�; � � 	��Fc _fQ$:<> R�:�K �@_D9�;=:�K
� � � � l@ck:<; 	�;`_���9 �D:<H EfQ >�HFe�9�Q E�:<Y ADGIGaQ$: LNM�AD>J:<;=:<H Ef>�HjK�K :�_fW�K
R�:<; [�Q^OiA K ��9 �f;=:
Af]<:<;��
9@_fG ]kR�:�K�ck:<Q$:�?DQ AD;=K b Y :�K�9@_fG ]�K<HF:
	�]<:<; YZHF:FE�:<>"R HIO\>J:FEB_fQ,HICf:<> ��:<;�:<HFe�9iK<HI>"RBl c _fQ :<>
_fWBK R�:<O�	
W�> ��;�l � �"� � c�_fQ$:<H ��; l � � �

�6�.!P],!$#?+6),5%-?! &Z!$�j- �.��]H!1�W),G6!15?!��8!$LbAH�6#%-?5?G6L=-?�"AH�6!1� �6!$5@hH!$5%S60"�.!$SX!$�6!1� n 5?!$�.]H�6�.#?#?!�.��h,!$#x-/�"!15%-a28�.5?��Y IJ!$5cNP),5?Lb!$5QLw),�6��),G :<;P¸W!1#%-/+ 0t)b-%-/!$� +60t)b-?}J!1�"�6#%+W),5?!1��YWIJ�.!OIm)b-?!$���&@!$�6],! �6!$5 ³ae � ��I8M + �"#x- G6�6LbAH&@+65?�.&��.!$5%-�!1-�2>) q z�³�!$5?5?),SBt�-/!�+65%A�~H),;65$Y>IJ�"!Im)w-/!$��#?�.�6� )bG C�_3+X!$�.:<;6!$5%SWV,�6�6!15?� ],!$#?+X!$�.:<;6!$5x-z{�&�D6#%#?!1��),SX!$5`CED65�!$�"� !cM9�W),0 t3#%!J)bG C¸W!$#x-/+60")b-?-?!$�O-/5?),�6#xCE!$5?�.!$5x- 2>!15?�6!1��YwIJ�"!�yJ)b0"S6�.!$5?G �6]Q�6!$#�SX!$�6�b-/�"]b-/!$�f_3+X!$�.:<;6!$5%ST!1�W),5xCE#�.#%-8!$�.��!$5?; !$S60.�":<;6!158�6�W),�6}1�"!$0.0"!15 sFAH5%-?!$�.0�Y
����� � � 	�.(0 1

IJ�.!c²d),5?),0"0.!$0"�.#?�.!$5?G �6]m�6!15>²`5?A,}$!$#%#?!m�.���6!$5�³ae � ��IQM +�&�),:<;=-��6�"!c[>!15?!1:<;6��G6�6]��6!1#N�t,AH���FsF!1-/A�&@�H]H0.�":<;�Y�³�5?A,-?}$�6!1& &�G6#%#Q�6!$5QM90"]HAH5%�.-?;6&�G6#4#?!$; 5Q!$�"�3C ),:<;�G6�6��#?:<;6� !$0"0#%!$�"�ZY
IJ!158MJ0"],AH5?�j-/;6&�G #aST!15?G6;=-9),G Ck�6!159lc�=-/!$5%#?G6:<;�G6� ] �6!$5 &Z!1�.-/� � ± !$5?!1�6}$!1��ST!1�W),:<;�SW),5��-?!$5m³�5?! ± !15*),��!$�.�6}$!10"�6!1� �UN ��'O!1-%-/!$�´�6!1#*IJ!1-?!$L=-/A,5?#$Y�I9�"!$#J�"#%-m�"� M9S6S�Y��3Y u,��h,!$5���6!1G -/0.�":<;=-zY n #F24!$5?� !$� ��G65��6�.!Q!$5?#x-/!1� ³�5?! ± !$5F!1�"�6!1#$�*N¹�"& &Z!$�.-%CE!$�6#x-/!15Fh,!$5x2>!1�6�6!1-$Y



��������� � � ����#D�����J� �$# z �

IJ�"!PIJ� ± !15?!$� }µ�6!15�SX!$�.�6!$� &Z!$�.-?!$��#?+6�.!$]H!10.-@�6�"!P�8�":<;=-/G6� ]g�6!1# ³�!$�"0.:<;6!$� #�28�"!1�6!$51Y'9AH&@&^-U!$�.�®³�!$�.0":<;6!1�®h,AH�gAHSX!$�Z{�24!$5%�6!$��� �"!�AHSX!$5?!1� �*N !1;6!$5f]H!1-?5?A ± !$�g),0"#*�6�.!G6�=-/!15?!$�ZYZ[>!1� ³k!1�"0.:<;6!$���6�"!U),G3CE#%-/!1�"]H!1��{W�"#x-8!$#cG6&@]H!$Lb!$;65x-zY n #c24!$5%�6!$�µ),0"0.! &Z!$�.-?�6�.C �CE!$5%!$�6}1!$�¶]H!$}$V,;60.-${�SX!$�\�6!1�6!$�¶�W),#OA,ST!15?!@NPAB�6G60\}1G6!$5%#%-U]H!K-/5?A ± !1�´24AH5%�6!$�¶�"#x-OG6�6�),0"0.! &Z!$�j-/�6� ± !15?!$� }$!$�Z{�SX!$�F�6!1�6!$�g�W),#UG6�=-/!$5%!�NPAB�6G60F}1G6!$5%#%-�],!1-/5%A ± !$�®28G 5?�6!bYkI9�"!IJ� ± !$5%!$�6}�Lw),�6�¶),0.#OMJS6#%:<;WVb-?}$G6�6]�CED65*�6�.!^e�)b;65?#%:<;6!$�.�60"�.:<;6L,!1�.-z{Z�W),#?#*!1�"�´³k!1�"0.:<;6!$�hHAH�´AHSX!$��AB�6!15mG6�=-/!1�¶� G65?:<;´�6!1�®I9!1-/!1L=-/AH5O+65%AH+W),],�"!$5x-z{X]H!$0j-/!1��YZ��#x-O�W),#*�8!$#%G60.-/)b-+TA,#?�.-?�.hX{d28�.5?��!1�"� &�V,;60.!$5�G6& !1�"�6! n �"�6; !$�.-�h,!$5?L�0.!$�"� !$5%-${F�"#%-@�6�.!�IJ� ± !$5%!$�6}��6!$]H)
�-/�jh´G6& !$�"� ! n �"� ;6!$�j-^!15?;6�H;=-$YdIJ�.!$#U28�"5?�g),��)b0"0"!1�g'O!K-?-/!1���6G65%:<;6]H!KCED6;65%-�G6�6��!1�"�
&�V,;60.!$5��6!$& !1�=-/#?+ 5?!$:<; !$�6� hH!15/V,� �6!$5x-zYa79),:<;6�6!1& �6!$5@MJ0.]HAH5?�j-/;6&^G6#�ST!1!$�6� !1- �.#%-${28�"5%� �6�.!9]H!K2>A,�6�6!$� ! &�),;60·&��j-��6!$��IJ)b-/!1� ]H!$#%+T!1�":<;6!15%-${3G6& �.� #?+6Vb-/!15?!$��M9�W),0 t3#%!$�hH!15%24!$�6�6!K-m}1GP24!$5?� !$��YIJ�"!
sF!$5x-/!1�"0"G �6]*�6!$54Im)b-?!$� �.#%-F�.��M9S6S�Y3�3Y u3�9}1G #%!$;6!1��Y ¸kD65F�6!$� q*5?),+6;�28G65?�6!c!$�.�6!Im)b-?!$���6!$58³ae � ��Im)w-/!$�PST!1��G -/}K-zYXIm),5%�"��#?AH0.0.-?!$����G65c)b-/&@AH#?+ ;WV,5?�.#?:<;6!fN�t,AH�6!15?!$�.] ��6�"#%#?!a!1�=-/;W),0j-/!1��#?!1�"��{b�6�"!�hHAH��A,ST!1���6G65?:<;�� !$��IJ!K-/!$L=-?AH5\]H�.�6]H!$�ZY,IJ�.!$#\#%+6�"!1]H!$0j-d#%�":<;�"���6!15�sF!$5x-/!$�.0"G6� ] 28�"!1�6!$51{��W) #?�.!�}$G & ]H5%�H�,-/!1��³k!1�"0\�.& �6!$]=)w-/�.h,!$�¶[>!15?!$�.:<;´0"�"!1],-zYIJ�"!fIm)b-?!$� }1!$�.]H!$� !1�"�6!1�µ0"),�6]H!f),G6#%0t),G CE!1�6�6!�sF!$5x-/!$�.0"G6� ]�;6�.�µ}1G ]H5?A,�H!$�P�6!$]=)w-/�.h,!$�
&�),;60.!$��G6�6��!1�"��),S65%G6+ -?!$#`MJS S65?!1:<;6!$��AHST!15?;W)b0"S��6!15`79G60.0�Y�eg!1�.-?!$5?! n 5%]H!$S6� �"#?#%!QhHAH�NPAH�=-/! �
�a),5%0"A ��_B-/G �6�"!1��24!$5%�6!$�P�"��'*),+6�j-/!$0Jz Y q SX!$#%+65?AB:<;6!$�ZY



z � �������=� 	�� 	�
 �
	���� # �$���.� � ���,�
� 
5
@���



�

� ��� ��� � � ����� � ���d��� ��������� �����¤��� �U� � �����

Im),#J'U)b+6�.-?!$0 SX!$#?:<; 5?!$�.S -O�6�.!�sF!$5?SX!$#%#?!15?G6�6],!$��{�� �"!U�6G65?:<;µ�6!$�´_BA,C�-�2a)b5?!1-?5?�.]H]H!$5c!$5��5?!1�":<;=-\24!$5?� !$��Y�IJ�.!$#%!8Im)b-/!1��!$5%}$�"!10"!1��ST!1#?#?!15?!Q+6;BtB#?�.Lw),0"�.#?:<;6! n 5?],!$S6�6�.#?#%!Q�"��}1G6L�D6� C �-/�.]H!$��MJ�6),0 tB#?!1��Y

� �1¡ � ¥Q¨^©f§�� ° ¦�'�­1¥a¦ , **¦k¨^¥Q­ ° %�¥a¦ 	@©	2�° � *O¦d¥a° ¦k­-0	0U¥a¦�«
�)*O°�¥8§

IJ�"! n 5?!1�"]H� �"#?5?)b-/!�� !$5�³ae � ��IQM + L,AH� ��-?!P� G65?:<;��6!$��_3A,C�-�2>),5?!K-/5%�"]H]H!15�G6& q � /!$5%;6�H;=-�2>!15?�6!1��Y`��& sF!15?]H0.!$�.:<;�}$G65@NPG AH����IQM + �"#%-��6�"!1#�!$�"� !isF!$5%�6AH+6+60.G6�6]6{khHAH�!1-�2>)��i�H�¶y9}P),G CJL��W),+6+ u,�H�¶y9},Y�IJ�.!$#%!$5�qO!128�.�6��),��� !1-/!1L=-/�"!15%-?!$� n 5?!1�"]H� �"#?#%!$�#?AH0.0.-?!@�.�g!1�"�6!1��q*!K28�"�6�g),��),�6),0 tB#?�.!$5%SW),5?!1� n 5?!1�"]H� �"#?#%!$��G &�]H!1#?!K-/}1-f2>!15?�6!1��Y\I9�"!�c!1L,AH� #%-/5%G6�"!15?SW)b5?L,!1�.-@�6!15�Im)b-/!1���.#%-��6),;6!$5�!1�"��28�.:<;�-?�"]H!15�²`G6�6L=-�CED65��6�"! Im)b-/!1����W),;6&@!,Y n 5?!1�"]H� �"#?#%!,{W�6�.!f�.�P� !$5cMJ�W),0 tB#?!UL,!$�.�6!U5?!$LbAH�6#x-/5?G �"!$5%SW),5%!$� ³�!$�.0":<;6!1�6#?+6G 5?!$�0"�.!1CE!$5%��{6S65%�"�6],!$��L,!1�"�6!�sF!$5%ST!1#?#%!$5?G �6] �6!15 n 5%]H!$S �6�"#%#?!,Y
���µM9S6S6�"0.�6G6�6] z Yj�U�"#%-8� �"!�sF!$5x-/!$�.0"G6� ]@� !$5cMJ�6}$),;60 hHAH�µ¸W5/),]H&@!$�=-?!$� ! +65?A n 5?!1�"]H�6�.#�W),5%]H!$#x-/!$0.0.-$YbI9�"!aIJ)b-/!1��#?�"� � &ZG C ),0.0"#?�6)b-/!1��),G6#k�6!$&¤~H),;65`u,�H�=�3Yb_3�.!428G65%�6!$���.� sF!$5��S6�"� �6G6�6]�&@�.-4MJS6SZYW�3Y �f�"� 'U)b+�YW�3Y uf!15?0tVbG -/!15%-zY IJ!$5Qq*!K28�"�6��),� n 5%!$�.]H�6�"#%#?!1���6G65?:<;�6!$��sFAH0"G &�!1��-?5?�.]H]H!$5>�"#%-8� !$G -?0"�":<;�}1Gµ!$5%L,!1�6�6!$�ZYZIJ�.!*]H!1-?5?�"],]H!$5x-/!$� n 5?!1�"]H� �"#?#%!O2>!15 ��6!$�´�.���6!$5m24!$�j-/!$5%!$� sF!$5?),5?SX!$�j-/G6�6]�5%!$LbAH�6#%-?5?G6�.!$5x-zY ¸dD 5m�6�"!��c!1L,AH�6#x-/5%G6L=-/�"A,�¶28�.5?��6�"!c_�-<),�6�6),5?��� MONPMJ7JIQM ���c!1L,AH� #%-/5%G6L=-/�.AH� CED65�N�t,AH�6#%+6G65?!1� SX!$��G -/}K-zYBIJ�.!$#F�"#x-F�W),#²`5?AH]H5?),&@& ~,MONµ_ # h,AH�g²�!1-?!$5^_B-/! ± !1��Y n #*�.#%-*CED65O�6�.!@M9�W),0 t3#%!�hHAH�gNPG6AH� ��IQM +n 5?!$�.]H�6�.#?#?!1��&@�.-F!1�"�6!15`&��.�6�"&�),0.!$��NPG 0.-/�.+60"�.}$�j-<Vb-�hHAH� N � ub�UAH+ -/�.&��.!$5x-zYbIJ�"!9NP�.����6!$#x-?CEAH5%�6!$5%G6�6]��6!1#�²`5?AH],5/),&@&�#U),�®�6�"! Im)b-?!$���.#%-f�W),# sFAH5%;W),�6� !$�6#%!$�"�®hHAH��&@�"� �
';9?2��-65+�8�+F@ 6 +F6��OL5L ; � ; �
B�� 5 0 8?, 6�@/81*�27.���5�@G6�8�.	,�E H >:2
,/. E	*



� � �B� 	4��� � �
�<� ���=� ��#��$���.�D�<���,�
��
 
@��� �F� �X�$� �

nfragment
0 20 40 60 80 100 120 140

A
n

za
h

l [
b

el
. E

in
h

ei
te

n
]

1

10

210

310

410

510

610
Zufallsdaten

Softwaretriggerdaten

rekonstruierbare Daten

M=18 Daten

%'&(&*),+,-/.(0(1 �54,6�75ck:<; 	�;`_���9 �D:<H EfQ RfHF:�> �J;�_ EfOi:<>�Q � � :<; Q$:<HIGaW�>�EkCfAD> � W � _fGIG K�RB_fQ :<>"l
c�HF:�K : �/_D9�GfK �"HF:FE�:<GaQJRfHF: �/_D9�G�R�:<; � ;=: V�:<; HI>':<HI>J:<O �S;=:<H Ef>�HjK YZH,R�:<; lB[�W�K�R�:<>kc _fQ :<>
YZW�;`R�:<> RfHF: � ;=:<H Ef>�HjK�K :P9�:<; CfAD;^E�:�9�Af]<:<> b RfHF:'RfHF: ��:�RfHI>�EfW�>�E�:<> � 	�;'R�:<> �5A � Q,Y _f;=:��
Q,; H E E�:<;NR�:�K ��_D9�;=:�K � � ��� :<; � 	�GIGj:<>"l � W�O � :<;^EfGj:<HFe�9 RfHF: c _fQ :<> b YZHF:'K<HF:�OPHIQ R�:<>
�SHI>@K<Q :<GIGaWX>�E�:<> R�:�K ��_D9�;=:�K � � � � �^L � � � � _fW � E�:<>JADOPOi:<> Y AD;`R�:<> Y �f;=:<>"l�c�HF:
�S;=:<H Ef>�HjK�K : b RfHF: R�:<;��5A � Q^Y _f;=:<Q,; H E E�:<; K :<Gj:�?DQ,HF:<; Q$: b YZWX;`R�:<>hHI> RfHF: � QF_f>"RB_f;`Rf;=:�?BAD> �
K<Q,; W�?DQ,HFAD>�E�:FE�:�]<:<>"l c _DK�� ;^E�:�]�>�HjK�HjK<Q _fG K�E�: �"W�>@?DQ$:<Q : �/HI>�HF: ��W K :�9�:<>"l

�6!1#%-?!$�6#@CED6� Cm� �"5?!1L=-/!$��³�5?! ± !$5%� � {`�W)´�"���6!$5@�8!$LbAH�6#%-?5?G6L=-?�"AH� � CE5%!$�.!P²k),5/)b&�!K-/!$5SX!$#x-/�"&@&^-a24!$5%�6!$�ZY
IJ�.!O_3AbC�-�2a),5%!1-?5?�"],]H!$5%�W)b-/!1� #x-<),5x-/!$��SX!$�X!$�.�6!$5>NPG60j-/�.+60"�.}$�.-/Vb-�N � ��uB{3�6A,5%-40"�"!1],-��6�"!�8!$LbAH�6#%-?5?G6�.!$5%SW),5?Lb!$�j-QST!1�d�i� / Y3Im)b-?!$��&@�.-4!$�.�6!$5aNPG60.-?�"+60.�"}1�.-<Vw-Q�z� �	N � � zf24!$5���6!1��}$G��,� / 5?!1L,AH� #%-/5%G6�"!15%-$Y=[>!$�T� z ��N � � �m�"#%-d�6�"!a�9)b-?!aSX!$� �,� / Y��mST!15?;W)b0"S^h,AH�N � � ���.#%-f�6�"!b{ CED65�N�G6AH����I8M +¹Im)w-/!$�®�6AH5%& ),0.!,{��8!$LbAH�6#%-?5?G6L=-?�"AH�6#x2a)b;65?#%:<;6!$�.���0.�":<;6Lb!$�.->hHAH�Ps=� �/�i�H� / !$5%5?!1�":<;=-zY�sFAH���6!1��sFA,0"G6&@!$�=-/5%�"]H],!$5?�6)b-/!1� L,�H� �6!$�P#?AH&@�.->�"&IJG 5?:<;6#%:<;6�6�.-%- � � / 5%!$L,A,�6#%-?5?G6�.!$5%-*24!$5%�6!$��Y�IJ�.!$#*!$5%]H�"S3-O!$�.�6!�! ± !$L=-/�jhH!�_B-/!1�"]H!15?G6� ]�6!15UIm)b-/!1�65/)w-/!�G6& u,� / Y�lc�6�¶!$�"� !@� !$G6!b{�S �"#?; !$5O�6�.:<;�-*CED65*�6�.!�MJ�W)b0 tB#?!�}$G ]=V,�6] �
)
9 +F.�2 H 812 �E.12 � 27.,0 +F6-3 � 5�=70�2 9�3�+F2J+�6�6-27.1*-,/=7L 6 @G6 	"6�0 5�A 3D276 � 2
+�8�I-5�6 H 8 =7+F270 2)6 9�,/6 3�27A 3D2).
6�+F.�8�5�2)=�=F2 (+*�27.1276 H @F6 H 2)0 27= 3D2&0 2). �)275�0 8�2)6��E2
+F=7E	*-276�0 3�+F2�� � 0 2 81.�@ � 2)6 * , 8);



�B���w� ���=!�#������^��� �,�=� � � �`!��%�}� ����� � # �$���.� � ���,�
� 
5
@��� �F� �@� � � � �

0 20 40 60 80 100 120 140 160

10

210

310

Softwaretrigger
JAMS Reco

DirectWIMP Reco

N_Fragmente

# 
T

re
ff

er

%'&/&/),+^-(./0 1 �54��57(ck:<; 	�;`_���9 �D:<H EfQ RfHF:�> �J;�_ EfOi:<>�Q � � :<; Q$:<HIGaW�>�EBlJc�HF:�K : �/_D9�G K �"HF:��
E�:<GaQ�RfHF: [�> � _D9�G R�:<; � ;�: V�:<; HI> :<HI>J:<O �S;=:<H Ef>�HjK'YZH,R�:<; l c�HF: K e�9�Y _f; �D:��/HI>�HF:�]<:��
K e�9�;=:<H,]�Q*RfHF: �S;�:<H Ef>�HjK�K : b RfHF: RfHF: ��:�RfHI>�EfW�>�E�:<> � 	X; R�:<> �5A � Q,Y _f;=:<Q^; H E E�:<;
R�:�K ��_D9�;=:�K
� � � � :<; � 	XGIGj:<>"l �<> 	
ADQ(HjK<Q RfHF: � :<; Q :<HIGaWX>�EPR�:<;�;=:�?BAD>@K<Q,; WXHF:<; Q :<> � ;=:<H Ef>�HjK�K :�OPHIQ R�:<O
�f[�L �N[�G E�AD;<HIQI9�OPWBK RB_f;^E�:�K<Q$:<GIGaQ b HI> ]�G _fW RfHF:�OPHIQ c�HI;�:�e<Q�� ��L ��l

0"�.:<;6!,{ n 5%!$�"],�6�"#%5?!$],�"AH� SX!$� n �6!15?]H�.!$� G6�=-/!15®�i�,��qO!}s�YaIJ�"!´! ± !$L=-?�.hH!´³�5?�.]H]H!$5%5/)b-?!5?!1L,AH�6#x-/5%G6�"!15?SW),5%!$5 n 5?!$�.]H�6�.#?#?!O0.�"!1],-QSX!$� !1-�2>)����b�6{ ��y9},Y
���´MJS6S�Y z3Y u �.#%-*!$SX!$�3C ),0"0.#J�6�.!@q*!1#/),&^-?}z),; 0\�6!$5O³�5?! ± !15*�"��!$�.�6!$& n 5?!$�.]H�6�.#O),G CE]H! �-/5?),]H!$�ZY6IJ�.!OIm)b-?!$��#?�.�6��),G6#Q�6!1&¹~H),; 58u,�H�wz3Y IJ�.!�sm�.!$0.}z),;60XhHAH� n 5%!$�"],�6�"#%#?!$� �R�i�#?�.�6� �6G65%:<;��6!$��_B-?5?�.�6] �<{3_ ²XMO_ n �\G6�6��_�tB�6:<;65%AH�6�.#/)b-?�"AH�6#x-/5%�"]H]H!15>;6�.�6}$G ]H!$LbAH&�&@!$�ZYIJ!$5��8!$LbAH�6#%-?5?G6L=-?�"AH�6#?),0"],AH5?�j-/;6&�G #\�"#x-F;6�"!15\!$SX!$� C )b0"0"#�~,MmN _TY=M9�@� �"!$#%!$5 sF!15%-/!1�"0.G6�6]28�"5%���6�.!�}$G h,AH5 !15?0tVbG -/!15%-/! n �"� #?:<;65?V,�6L�G6�6]gh,AH� ~,MmN _�� !$G -?0"�":<;ZYF'*!1�"�6!1#�� !$5@�"�u,�H�wzO;6�.�6}$G ]H!$LbAH&�&@!$� !$� n 5%!$�.]H�6�"#%#?!8Lw),�6��&��j-`�6�"!1#?!1&�MJ0.]HAH5?�j-/;6&^G6#`5?!1L,AH�6#x-/5%G6�"!15%-2>!15?�6!1��Y`_B+T!1}$�"!10"0`CED65U�6�"!1�6!$5%!$�6!15?]H!K-/�.#?:<;6! n 5%!$�"],�6�"#%#?!�28G 5?�6!�!$�"�¶2>!1�.-?!$5?!15��8!$LbAH���#%-?5?G6L=-/�.AH�6#?),0"]HA,5?�.-?;6&�G6#4!$�=-�28�":<Lb!$0j-z{W�6!15Q�6�"! n 5?!1�"]H� �"#?#%!m�"��� �"!$#%!$& _B!$]H&@!$�=-8SX!$#?#%!$55?!1L,AH�6#x-/5%G6�"!15?!$��#?A,0"0�{�&@�.->�6!$5Q[4!$}$!1�":<;6��G6� ] IJ�.5?!1:1-?e �xNP²kY e �.!mMJS6SZY�z Y u^}$!1�"],-${ �"#x-�6�"!1#?!15U� A3:<;´!1-�2>),#U#?:<;60.!$:<;=-/!15^)b0"#m�6!15f~,MON _ � MJ0.]HAH5?�j-/;6&^G6#$YT���6#?]H!1#/),&f-*0tV,#%#%-*�6�.!$#�6�"!�! ± !$L=-?�.hH! n 5?!$�.]H�6�.#?5/)w-/!��"& sF!15?]H0.!$�.:<;�}1G u,�H�H�´0.!$�":<;=-�),G C����Hu´y9}�#?�"� L,!$�ZY4���MJS6SZY�z Y uf�"#x->SX!$�T�W¸W5/),],&�!1��- � e®!$5x-/!$��]H5?�,�H!$5 �H�f}1G�!$5?Lb!$�6� !$��{6�6),#?#a� !$58~,MmN _ MJ0��]HAH5%�.-/; &�G6#8�6�"!U³ae � n 5%!$�.]H�6�"#%#?!U�6�":<;=-J&�!1;659}1G��i�H� / 5?!1L,AH�6#x-/5%G6�"!15?!$��Lw),� ��YZI9!$5



� u �B� 	4��� � �
�<� ���=� ��#��$���.�D�<���,�
��
 
@��� �F� �X�$� �

qO5?G6� ��0"�"!1],-f�"���6!15 �m+ -/�.&��.!$5%G6�6]��6!$#�M90"]HAH5%�.-?;6&�G6#*CED65��6�.!�NPG AH����IQM +�{\�6�.! �"��6!15mMJ�6),0 tB#?!^�BG 5m�6!$��!15?#x-/!$�´³�5?! ± !15m!$�.�6!$#O'*),�6),0"#9G6�=-/!$5%#?G6:<;=-$Y�[>!$�k³ae � ��Im)b-/!1��.#%- n%!$� !$5*³k5%! ± !$5OhH!15%24!$�6� SW),5$Y�e �"5%�´�6�"!��8!$LbAH�6#%-?5?G6L=-?�"AH�g),G C4�6!$�¶!$5%#%-/!1�g³�5?! ± !15SX!$#%:<;65/V,� L�-${d�.#%-^),G6:<;�SX!$��³ae � ��Im)b-?!$��!1�"�6!�hHAH0.0"#x-<V,�6� �"]H!@�8!$L,A,�6#%-?5?G6L=-/�.AH��&@�H] �0.�":<;�YIm)b#�¸X)b}$�.-�),G6#��6�.!$#?!15�_B-/G6� �"!��"#x-z{k�W),#?#��6!15@_B-/5%�"�6]
��³�5?�"],]H!$5^),0"#�! o -/!$5%�6!$5@³�5?�"],]H!$5CED659�6�"!^³ae � ��I8M +(L,!1�"�6!ksFA,5%-/!1�"0.!fS65%�"�6]b-z{X�W) �6�.!�}$G6#?Vb-/}10"�.:<;6!$� n 5?!1�"]H� �"#?#%!��6�.:<;�-5%!$L,A,�6#%-?5?G6�.!$5%-O24!$5%�6!$�Z{ S6}12*Y���G65O!1�"��³�!$�.0�{T28�.!��"�µMJS6S�Y �3Y.�,��}$G´#?!1;6!$��Y M9G6:<;´�6�"!_ ²XMO_ n � ³k5%�"]H]H!15 n 5?!$�.]H�6�.#?#?!�24!$5%�6!$�®�6�":<;=-U5?!1L,AH� #%-/5%G6�"!15%-$Y ���¶� !$5fNPG6AH� ��Im)f|µ#?�"� ��6�.!�_B-?5?�"� ] ��³�5?�.]H]H!$59]H!$!1�"]H� !1-z{Z�6�"!�IJ)b-/!1�6�W),;6&@!�}$G´!$5x2>!1�.-?!$5?�Z{ �W)�&��j-m!$�.�6!$5UN�G60��-?�"+60.�"}$�j-<Vb-?#?#%:<;�24!$0.0"!Jh,AH��N
=

uw�@],!z),5%ST!1�.-/!K-828�"5?�ZYW[>!$���6!158³ae � ��I8M +¤5%!$�.:<;�-c�6!15
sFAH0.G6&@!$�=-/5%�"]H]H!159SX!$�d!$�"� !$5*NPG 0.-/�.+60"�.}$�j-<Vb-?#?#?:<;=24!$0.0"!^N

=
��u�h,AH0"0.L,AH&@&�!1� ),G #${�G6&),0.0"!m5%!$LbAH�6#%-?5?G6�.!$5%SW),5?!1� n 5%!$�"],�6�"#%#?!*}$G��W�6�6!1��YIJ�.!*�9)w-/!O),��5%!$L,A,�6#%-?5?G6�.!$5?S6),5?!1� n 5?!1�"]H� �"#?#%!$��L,A,�6�=-/!*}$G65QA,+ -/�.& ),0.!$��7cG -/}1G6�6]��6!15³ae � ��Im)w-/!$�Z{3�.& sF!$5?],0"!$�.:<; }$G ³ae � ��Im)b-/!1��),G6#4�6!$& ~H),;65au,�H�,�fG6&�u,� / ]H!1#%-?!$���]H!15%-O24!$5%�6!$��Y�IJ�.!��c!1L,AH� #%-/5%G6L=-/�.AH�6#/)b0"]HAH5%�.-?;6&�!1� �6!15^N�G6AH����I8M +�&�D6#?#%!$�®),�´�6�"!�6!1G6!$�gIm)b-?!$�g� !$5U³ae � ��I8M + )b�6]H!$+6),#?#x-f24!$5%�6!$��{�AB�6!$5U!$#U&�G6#%#f�6�.!�}$G6L�D6� C�-?�"]H!��:1!��>G6SX!���_3A,C�-�2>),5?!*hH!15%24!$�6�6!K-m24!$5?� !$��Y

���%� ��§�°�¥a¦ � '�¯`£&'�§10 %�¥a¦ 
 ,�£��f§�0U­ 0U¨^¥Q­ ° %�¥ � ��© ).' «
' ¥8§�° ¦d­-0 0f¥a¦ � ª�©f§ ��¥8§�­ °�« '�§(% 
 �a­ ' ' ° � ­1§�¨^¥�)

n �"�®28�":<;=-/�.]H!$5f³k!1#%-�CED65f�6�"! ¸WG6�6L=-/�.AH�W),0.�.-<Vw-f� !$# sFAH0.G6&@!$�=-/5%�"]H]H!15?#U�"#x-��6�.! l9�=-?!$5 �#%G6:<;�G6�6] �6!15PM9S6;WV,�6],�"]HLb!$�.-�h,AH� &Z!$� �.- ��G6� ��MJ}1�"&�G3-�28�"�6Lb!$0�Yc[>!1�*�6!$5µl9�=-/!15?#?G �:<;�G6�6]´&�D #?#?!1� n`± !$L=-?!�),G CE]H5%G6�6���6!15�#?+X!$}1�"!$0.0"!1��q*!1AH&@!1-/5%�"!@�6!$#�I9!1-/!1L=-/AH5%#�),G6# �]H!1#?:<;60.AH#?#%!$� 24!$5%�6!$��YZ¸dD65c�6�"!Ulc��-?!$5%#?G6:<;�G6�6]�24!$5%�6!$�¶N � ��Im)b-?!$�µh,!$5%24!$� �6!1-$Y l9&�6!1�®],!$#/)b&^-/!1�®e �"� L,!$0.ST!15?!1�":<;¶}$G¶G6�=-/!$5%#?G6:<; !$��28�"5%�®&@�.-m}124!$��G6�=-/!$5%#?:<;6�.!$�60.�":<;6!1�Im)w-/!$� #/Vb-?}$!$� ],!z),5%ST!1�.-/!K-zY n �"��Im)b-?!$�6#?)b-/}PST!1#%-/!1;=-�),G6#@]H!$� !$5?�.!$5x-/!$� N�tHAH� !$� ),G #�6!15 Ma-?&�AH#%+6;WV,5%!,{��6�"!P&��j-@�6!$& ²`5?AH],5/),&@& � �>AH5%#?�"Lw) p �>;6�"�H�bvc!$5%}$!$G ],- 28G65%�6!$��{!1�"�6!f&�AB�6�.�6}$�"!15%-?!�sF!15?#%�"AH� � !$#m�.�µ�6!15mMJ#x-/5?A,+6;Bt3#%�"L�&�!1�"#x-/SX!$��G -/}K-/!1�¶_3�"&�G 0t)b-?�"AH�6#��24!$5%LB}1!$G6],!$# �>A,5?#?�.Lw)�pry + s �bv|Y`IJ!$5�}K2>!1�.-?!PIJ)b-/!1�6#/)b-?}P#%�"�6��7c!$G -?5?�"� AH#${\� �"!��6G65%:<;�6�.! n 5?�6!�+65%AH+W),],�"!$5%!$��G6� �¶h,AH�®G ��-?!$�¶�6G65%:<;®�6!1�¶IJ!1-?!$L=-/AH5*]H!1;6!$�ZY�_3�"!�#%�"�6�´&@�.-�6!1& ²`5?A,]H5/),&@&�79G·_B�"& pryc�"0tsfzbvZ!15?}1!$G6],-Q24AH5%�6!$��Y6[>!$�.�6!*Im)b-?!$�6#?Vb-/}1!U!15?}1!$G6],-?!O�6�"!_B-/),�6�W)b5?��MmNPMm79IQM �x_B�"&�G60")b-/�.AH�6#%L,!1-%-/!b{`�6�"!�CED65@�6�"!PNPG6A,����IQM + ),G6#%]H!$0.!$],-@�"#x-zYIJ�.!^�.�µ�6!15J³ae � ��IQM + � �":<;=-Jh,!$5%24!$� �6!1-?!$�®'U)b�WV,0"!*28G65%�6!$�´),G #J�6!1�´Im)b-/!1��!$�=- �CE!15?�=-zY>Im)gSX!$�J� !$5 CEAH0.]H!$� �6!$� lc�=-/!$5%#?G6:<;�G6� ]���G65 � �"!$� !$5?!1�6!$5%]H!1-?�"#%:<;6! n 5?!$�.]H�6�.#?#?!G6�=-?!$5?#%G6:<;=-O2>!15?�6!1��{Z#%�"�6�µ�6�"!U�"& '*),+6�j-/!10�� Y.�fST!1#?:<;65%�"!$SX!$� !$�´7J)b:<;�-?!$�.0"!^� !$5mIQM +}1G�h,!$5?�6),:<;60tVb#?#?�.]H!$�ZY¸dD 5m�6�"!fST!1�"�6!1�´Im)b-?!$�6#?Vb-/}1!@�.#%-O� �"!^M9}$�.&�G -<)bS6;WV,�6],�"]HLb!$�.-9CED65m�6!1�¶q*!1#/),&f-/�W)b-?!$���#?)b-/}U�6!$5 n 5?!1�"]H�6�.#?#%!f&@�.-8!1�"�6!15mNPG 0.-/�.+60"�.}$�j-<Vb-aN �(� ��G6�6��CED65c�6�"! n 5?!1�"]H�6�.#?#%!,{·�6�"!



�B���@���?�"� ���
�������"� � 
 ����� 	k� ��� � 
 � 
B!�� �}� ��� � �J# �F�5� �%�"�^�
��
 
@�=�
��� #����(� ���F� � � � ��	4��� � ����� � ��!�� � �fq

Azimut / 2 Grad
0 20 40 60 80 100 120 140 160 180

T
re

ff
er

0

50

100

150

200

250

300

350

400
Vol. Trigger(dcor)
M<18 (dcor)
Vol. Trigger (nu)
M<18 (nu)

%'&/&/),+^-(./0 1 � 4 257 � :<; Q :<HIGaWX>�EPR�:�K [ ��HIOPWXQ,YZHI>@?B:<G K
CfAD> � ADGaW�Oi:<>�Q^; H E E�:<;=:<;=:<H Ef>�HjK�K :<>
WX>"R'HIO � :<;^EfGj:<HFe�9NRB_ ��W _fGIGj: �S;=:<H Ef>�HjK�K :�OPHIQ :<HI>J:<;�L W�GaQ,H �"GaH ��HIQ �fQS?DGj:<HI>J:<;�L � � � l
� K HjK<Q3R�:<WXQ,GaHFe�9 :<HI>J: � ��� 	�;�_BR � HI>@?B:<G _B]<9 �f>�EfH ED?B:<HIQ ��W :<;�?B:<>�>J:<>"l � YZHjK e�9�:<>
R�8SAD;=K<Hj?f_ � W�>"R ��W � HIO �Fc _fQ$:<> ]<:�K<Q$:�9�Q�?B:<HI> � >�Q$:<;=K e�9�HF:�RBl�c�HF: [�]<9 �f>�EfH ED?B:<HIQ HjK<Q
_fW � Ef; W�>"R R�:<;�ck:<Q :�?DQ$AD;^E�:�ADOi:<Q,;<HF: ��W :<;=?DG �f;=:<>"l

hHAH& sFAH0.G6&@!$�=-/5%�"]H]H!15�),L�}$!$+3-/�"!15%-�28G65?� !$��{3�"� M9S6S�YXz Y q }1G #?!1;6!$��Y��mST!15?;W),0.S �6�.!$#%!$5NPG60j-/�"+ 0"�"}1�.-/Vb- 2>!15?�6!1� )b0"0"! n 5?!1�"]H�6�.#?#%!a�6G65%:<;@� !$�@NPG60j-/�.+60"�.}$�.-/Vb-/#x-/5%�"]H]H!15�!$5xC ),#?#x-FG6�6�#?�.�6�®CED65f�6�"!1#?!�l9�=-/!15?#%G6:<;�G6�6]´�6�":<;=-fhHAH��[4!$�6!1G -/G6� ]6Y n �"� ! sF!15%-/!1�"0.G6�6]�&��j-^)b0"0"!1�³k5%�"]H],!$5?#x-/G CE!1�P�.#%-8�.��M9�6;W),� ] � }$G�#?!1;6!$��YIJ�"! sF!$5x-/!$�.0"G6� ]H!$�	�6!$5PST!1�"�6!1��N �># #%�"�6���"�6�6!15?;W)b0"S hHAH��#x-<)b-?�"#%-?�"#%:<;6!$��¸W!1;60"!15?�]H0"!1�":<;�Y n �.��� !$G -?0"�":<; !$58#?�.�BG #/),5x-/�"],!$5�sF!$5%0t),G Ck�"#x-c}$G�!$5?Lb!$�6� !$��{T�6!$58�6G65%:<;µ�6�.!fq*!1A �&�!K-/5%�"!��6!$#fIJ!K-/!$L=-?AH5?#fST!1�6�"�6]b-f�.#%-${ #?�"!1;6!@MJS6S�Y q Y q Y�[>!1��; �H;6!$5%!$�6!15?]H!K-/�.#?:<;6!1� n 5��!$�.]H�6�"#%#?!1�µ-/5%�.-?-9�6�.!$#?!15 n\± !$L=-O�6�.:<;�-m#?A �6!1G -/0.�":<;µ),G C�{X�W) &@!$;65 m �.:<;=-m!$5%}$!1G6],-m28�.5?�G6�6��#?A,&��j-\),G :<;@� �"!424!$�j-/!15?!$�=-%CE!$5?�=-?!$��IJ!1-?!$L=-/AH5%L,!K-?-/!1� &@!$;65d³k5%! ± !$5\!15?;W),0j-/!1��YHlc&�6�"!1#?! n`± !$L=-?!J;6!15/),G6#%}$G65%!$:<;6� !$��{6�.#%-4�"�@MJS6SZY@z Y �^� !$5 +OG A,-/�.!$�=-a)bG6#aN
≤

� �^Im)w-/!$�G6�6� sFAH0.G6&@!$�=-/5%�"]H]H!15 ��Im)b-/!1� ),S ]H!$S6�.0"�6!K-zY n # !$5%]H�"S - �"�6� !$5?;6),0"S � !$5 #x-<)b-?�"#%-?�"#%:<;6!$�¸W!$;60.!$5c!$�"� !^L,A,�6#%-/),�=-/! sF!15%-/!1�"0.G6�6]@ST!1�k!K-�2a) �3{ z YXIJ�.!$#chH!$5%�6!$G3-/0"�.:<;=-z{Z�6),#?#9�6!$5 sFA �0"G6&@!$�=-?5?�"],]H!$5a� �":<;=-8hHAH& M9}$�.&�G -�28�"� L,!$0 � !$#8G6�=-/!15?#?G :<;�-?!$� n 5?!1�"]H� �"#?#%!$#c),S6;6V,�6],-$Y���(MJS6S �"0"� G6�6] z Y ���"#x-��6�.! &Z!1�6�.-�28�.�6L,!10.hH!15%-?!$�"0.G6�6] � !$5�N � ��Im)b-/!1�(�W),5%]H!$#x-/!$0.0.-$Y



� � �B� 	4��� � �
�<� ���=� ��#��$���.�D�<���,�
��
 
@��� �F� �X�$� �

Azimut / 2 Grad
0 20 40 60 80 100 120 140 160 180

Q
u

o
ti

en
t

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1
Vol. Trigger / M<18 (dcor)

Vol. Trigger / M<18 (nu)

%'&(&*),+,-/.(0(1 �54��(75[�W � RfHF: 	 :�K�_fOPQ � _D9�G _f> �S;�:<H Ef>�HjK�K :<> WX>�Q :<; :<HI>J:<;�LNWXGaQ,H �"GaH ��HIQ �fQ
CfAD> L � � � >JAD; OPHF:<; Q$: � :<; Q :<HIGaWX>�EkR�:�K [ ��HIOPW�Q^YZHI>@?B:<G K�l � K Cf:<;`R�:<W�Q^GaHFe�9�Q b RB_DK�K R�:<;
� ADGaW�Oi:<>�Q^; H E E�:<;�>�HFe�9�Q CfADO [ ��HIOPWXQ�_B]<9 �f>�EfQ}l

��& [>!$5%!$�.:<; }K28�"#%:<;6!$� !$�.�6!$& e �"�6Lb!$0µh,AH� � qO5/),�¹S6�.# �H� qO5/)b� 0"�.!$]H!1� �6�"!� �>A,5?#?�.Lw)
��Im)w-/!$�Z{3}K28�"#?:<; !$� �H��qO5/)b� G6�6��� �,��qO5/),� 0.�"!1]H!$���6�"!J79G·_3�.& ��Im)b-?!$��Y n ����6!�_3�"&^G60t)b-?�"AH� h,AH��7c!$G -?5?�"� A3�W)w-/!$�PAHSX!$5?;6),0"S�hHAH� �H� qO5/),���"#x-J� �":<;=-m#%�"�6�=hHA,0"0�{W�6)#%�"!O�6�.:<;�-Qh,AH�µN�tHAH� !$5?!1�"]H� �"#?#%!$�µ),G6#Q�6!15cMa-?&�A,#?+6;WVb5?!*}$G�G6�=-/!15?#%:<;6!$�.�6!$� #%�"�6�ZYWIJ�"!� �>A,5?#?�.Lw)
�}sF!15%-/!1�"0.G6�6]8;W)b-k�";65kNµ) o �.&�G6&�SX!$��!1-�2>) q zJq*5?),��{�G6�6�f�6�"!479GW_3�"& ��Im)w-/!$�;W)bST!1�P!1�"�PNµ) o �"&^G6& SX!$� !K-�2a)@sH�@q*5?),��Y
IJ!15 +mG6A,-?�"!$�=-�� !$5�SX!$�.�6!$� sF!15%-/!1�"0.G6�6]H!1���"#x-��"��M9S6S�Y*z Y z �6),5?]H!1#%-?!$0"0j-zY�MJG :<;�; �"!$5�.#%-cL,!1�"�6!UMJS6;6V,�6]H�.]HL,!1�.-8�6!1# sFAH0.G6&�!1�=-/5?�.]H]H!15?#>h,AH& &Z!$�6�j-�28�"�6Lb!$0��6!1#9³�!$�.0":<;6!1�6#9}1G!15?L,!1�6�6!1��{a�6�.! sF!$5x-/!1�"0"G �6]g�.#%- G ��-?!$5�[4!$5?D :<LB#%�":<;=-/�.]HG6�6]��6!15 #%-/)b-/�.#%-?�"#?:<; !$� ¸W!$; 0"!$5LbAH�6#%-/),�=-�SX!$�F!1-�2>) � { z Y�IJ�.!�M9S�24!$�.:<;�G6�6]�SX!$��� qO5/),�®S6}12*Y�SX!$� �H�Pq*5?),�g�.�®�6!1�� �>A,5?#?�.Lw)
��Im)w-/!$�Z{ #?Ai28�.!OST!1�d� �H��qO5/)b� �"���6!1��79G·_3�.& ��Im)b-?!$� �.#%-Q&@�.->�6!$5a],!$5?�.�6]H!1�_B-/)b-/�.#%-?�"L@�"���6�"!1#?!1�µ[>�.�6#Q}$G�!$5%L�0tV,5%!$��Y
IJ!15�sFAH0"G6&@!$�=-?5?�"],]H!$5a�.���6!$5c]H!$],!$�=2aVb5%-/�.]H!$�P'9A,� �W]HG65?)b-/�.AH���"#x-QCED65c),0"0.! n 5?!$�.]H�6�.#?#?!]H0.!$�.:<; !.-@}$�.!$�=-zY n #�]H�"S - L,!$�.�6!¶),G6#%]H!128�.!$#?!1�6!$���c�.:<;=-/G6�6],!$��{Q�6�.!�!$�.�6!�]H!$5%�"�6],!$5?!n 5?!1�"]H� �"#?5?)b-/!m),G C�24!$�"#%!$��Y



�B� ��� �J��� 
 �,� � ��� ����� ���@#������J� �$# �Z� 
@��� �����)�<� ���f�����=�
� �����,�.��� � ��� �@� � ��� �@����� � �

Zenitwinkel / Grad
0 20 40 60 80 100 120 140 160 180

T
re

ff
er

200

400

600

800

1000
Vol. Trigger (dcor)

M<18 (dcor)

Vol. Trigger (nu)

M<18 (nu)

%'&/&/),+^-(./0 1 �54��57 � :<>�HIQ,YZHI>@?B:<GaCf:<;<Q :<HIGaW�>�E CfAD> R�8SAD;=K<Hj?f_ ��W�>"R���W � HIO �Fc _fQ :<>"l c�HF:
R�8SAD;=K<Hj?f_ �Fc _fQ$:<> :<>"R�:<> ]<:<H :<Q^Y _ ��� 	�;`_BR b RB_ RfHF: �S>J:<;^EfHF: R�:<; _fQ^OiA K ��9 �f; HjK e�9�:<>
L MBAD>J:<>h>�HFe�9�Q�_fWBK<;=:<HFe�9�Q�]<:<HSEf;�� 
 :<;=:<> � HI>@?B:<Ga> ]�HjK ��W�O ck:<Q$:�?DQ AD; ��W E�:<G _f>�E�:<>"l
c�HF: ��W � HIO �Fc _fQ :<> :<>"R�:<> :�]<:<> � _fGIG K�]<:<H ��� 	�;`_BR b RB_ _B]�RfHF:�K :<O ��:<;=:<HFe�9'RfHF: ��:<W �
Q^; HI>JADHI>"RfW ��HF:<; Q$:<> �S;�:<H Ef>�HjK�K : >�HFe�9�QJCfAD>'_fQ,OiA K ��9 �f; HjK e�9�:<> L MBAD>J:<;=:<H Ef>�HjK�K :<> ��WkWX> �
Q$:<;=K e�9�:<H,R�:<> K<HI>"RBl c�HF: ��AD;<OPHF:<; W�>�E R�:<;�c _fQ :<>@K �fQ �D:�HjK<Q >�HFe�9�Q ��9�M�K<Hj?f_fGaHjK e�9@l

� �x� ��¥a¦ 0,)K¥Q­$¯`£ %�¥a¦ $ �^©^§ «���¥a°�© / ¦ 0U¥ ,P§�­G����¥ 2�� ¦ ª�¥a¦�«
��¯`£�­K¥ %�¥8§�¥ �)*O°�¥8§�� �O°��a¥

Im),#fN�t,AH���}sF!K-/AP#?AH0.0`),G CE]H5%G6�6��hHA,� &Z!1�.-/G ��-?!$5%#?:<;6�.!$�6!1�g!$�.�6}$!10"�6!15O³k5%! ± !$5f),�´!$�.���}$!10"�6!1� IJ!K-/!$L=-?AH5?Lb!1-?-?!$� !1�"�6!�MJS6#%:<;WVb-?}$G6�6]g!$5?],!$SX!$��{�),G6#�24!$0":<; !$5��c�.:<;�-?G6�6]®�W),#n 5?!$�.]H�6�.#c� G65?:<; � !$� I9!1-/!1L=-/AH59]H!$0"),G CE!$���"#x-zYW���PMJS6S�YT�3Y u3�f),G6#9'*),+6�.-?!$0��BYr���"#%-c�6�.!
sF!$5x-/!$�.0"G6� ]�CED65m!1�"��IJ)b-/!1� �W0"!f�6!$5J³ae � ��I8M +(�W),5%]H!$#x-/!10"0.-$Y n #m#%AH0"0j-/!U��G65O),G6# n 5��!$�.]H�6�"#%#?!1�´)b-/&@AH#?+ ;WV,5?�.#?:<;6!15ON�t,AH�6!1�¶SX!$#x-/!1;6!$��Y �OSµG6�6� 28�"!^]HG -m�6),#*N�t,AH���}sF!K-/ACEG6�6L=-/�.AH�6�.!$5%-${ZLw),�6�´��G65O&@�.-my9�"0jCE!^hHA,�gN�AH�=-/!��;�a),5?0.A �x_B�"&�G60")b-/�.AH�6!1�P]H!K-/!1#%-/!K-*2>!15 ��6!$�ZY�¸dD65*�6�"!1#?!�lc��-?!$5%#?G6:<;�G6�6] 28G 5?�6!1�®}K2>!1��G ��-?!$5%#?:<;6�.!$�60.�":<;6! N � �x_B�"&�G60")b-/�.AH�6!1�&��j- � �>A,5?#?�.Lw)�G �6� 79G·_3�.& �6G 5?:<;6]H!KCED6;65x-zY8IJ�.!¶_3�"&�G 0t)b-?�"AH�6#%#?A,C�-�2>),5%!µ�"#x- CED65��6�.!NPG6AH� ��IQM +(),G6#?],!$0"!1],-zYXIm)b&��j-8�6�"!UIm)b-?!$� � !$5c³ae � ��I8M +�!1��-?#?+65%!$:<;6!1��{Z28G65%�6!$�),0"0.!O³k5%! ± !$5c�6�"!*&@!$;65c),0.# q

µ
#Qh,AH59� !$&¹³�5?�"],]H!$58!$�.�=-/5?! ± !1�PCED658�6�.!*MJ�W),0 tB#?!U�6�":<;=-



� z �B� 	4��� � �
�<� ���=� ��#��$���.�D�<���,�
��
 
@��� �F� �X�$� �

Zenit / Grad
0 20 40 60 80 100 120 140 160 180

Q
u

o
ti

en
t

0.2

0.4

0.6

0.8

1
Vol. Trigger / M<18 (dcor)

Vol. Trigger / M<18 (nu)

%'&(&*),+,-/.(0(1 �54 �57 � AD; OPHF:<; Q$: � :<; Q$:<HIGaW�>�EiR�:�K � :<>�HIQ^YZHI>@?B:<G K�l � HF:�]<:<H*R�:<;
[ ��HIOPWXQ �
Cf:<; Q :<HIGaWX>�E b K<HI>"R'?B:<HI>J:��"V�:�?DQ$:PRfWX;=e�9 R�:<> � ADGaW�Oi:<>�Q^; H E E�:<; ��W :<;=?B:<>�>J:<>"l � K�EfH,]�Q
:<HI>J:P:�]<:<>J: � :<; Q :<HIGaWX>�E � 	�;kR�8SAD;=K<Hj?f_ � K ADYZHF: ��W � HIO �Fc _fQ$:<> ]<:<H�:<Q,Y _

∼ � ��� R�:<;
	 :�K�_fOPQ � _D9�G _f> �S;=:<H Ef>�HjK�K :<> W�>�Q$:<;=9@_fG ] :<HI>J:<;�LNWXGaQ,H �"GaH ��HIQ �fQ CfAD> L � � � l

SX!$��G -?}1-zYHIm)mCED65\�W),#�N tHAH���FsF!1-?AU��G65`� �"!a!15?#%-?!$��³�5?! ± !$5`�.��!$�.�6!$& �UN }1G65F[>!15?!$:<; ���G6�6]�h,!$5x2>!1�6�6!1-824!$5%�6!$��{W#%+6�"!10.->�6!$5Q79),:<;=-/!1�"0Z� !$58NPG AH����IQM +���G65Q& ) o �.& )b0·),:<;=-²`G60.#?!O}$G�#%+T!1�":<;6!15?��L,!$�.�6!*�8AH0"0.!,YB����� !$59NPG6AH� ��IQM +R#%�"�6���6!1#8e®!$�j-/!15?!$� �*N�!$�=- �;W)b0.-/!1��{B�6�"!m� �":<;=-aCED654�6�"!mM9�W),0 t3#%!m]H!1!$�"],�6!1-Q#%�"�6�Z{3�W)�#%�"!m}bY [9Y !$�.��;6AH;6!1#Q�c),G6#?:<; !$�;W)bST!1��{ AB�6!$5>),0"#4³k!1#%-?&�AB�6G60.!924!$�.->G6�=-/!15?;W),0.S�A3� !$5>A,ST!15?;W),0.S �6!1#Q!$�.]H!$�=-/0.�":<;6!1�isFA �0.G6&�!1�6#F�"�6#x-<),0.0"�.!$5%-k28G65?� !$��Y3IJ�"!cIJ!K-/!1L�-?AH5?Lb!1-%-/!O7c5$YW� � {=� �"!8ST!1�·�6!$5����6#%-/),0"0")b-/�.AH���"�}1G ]H!$5%�"�6],!$5F³Q�"!KCE!J#%-?!$:<Lb!$��S60"�.!$S@G6�6� #%�":<;��BG � D6SX!$5>� !$&�IJ!1-?!$L=-/A,5aST!K�W�6�6!K-z{�28�"5%�),G :<;�&��j-a),G #?]H!10"!$#%!$��G6�6��#%AH&@�.-4�"� �6!158_3�.&�G60t)w-/�"A,��SX!$5%D6:<L�#?�":<;=-?�"],-$Y6IJ�.!$#?!*'*),�6V,0"!24!$5%�6!$� �.�µ�6!159³ae � ��IQM +��6�.:<;�-J),G6#%]H!$0.!$#%!$��YX���µ�6!159CEAH0.]H!$� �6!$��MJ�W)b0 tB#?!U28G65?�6!1��6�.!$#%!f'*),�6V,0"!m!1ST!1� C ),0.0"#Q�6�.:<;�-QCED 5c� �"!*[>!15?!$:<; �BG �6] �6!1#JN tHAH���FsF!1-?AH#9SX!$��G -?}1-$Y
����MJS S�Y z Y � #?�"� ��� �"!'sF!$5x-/!1�"0"G �6]H!$���6!15�G6�6Lw),0.�"S65%�"!$5x-/!1��Im)b-?!$�6#?Vb-/}1!P�W)b5?]H!1#%-/!10"0j-zY'*),0.�"S65?)b-/�.AH��ST!1�6!$G -?!1-O; �"!$59�6�"! &Z!$�j-/Lw),0"�.S65/)w-/�"A,��{6�6�.!^�6�.! sF!$5%}$�H],!$5?G �6]H#?! ± !1L=-/!��6!15G6�=-?!$5?#%:<;6�"!1�60"�.:<;f0"),�6]H!1�U'U)bST!10"0t)bG CE}$!1�.-/!1�O),G6#%]H0"!1�":<;=-zY�I9�"! sF!$5x-/!1�"0"G �6]H!$�*D6SX!$5%0t),+ +T!1�#%�":<;�#x-<),5%L¶G �6��;W),SX!$���.;65^Nµ) o �"&�G & �"& ]H0.!$�":<; !$��[4�"��YkIJ�"! NP�j-?-/!10.24!$5x-/! SX!$�.�6!$5
sF!15%-/!1�"0.G6�6]H!1��#%�"�6��),0.0"!$5%�6�"� ]H#�G6�=-/!15?#%:<;6�"!1�60"�.:<;�{`�W)´�6�"!�� �>AH5%#?�.Lb) �}sF!$5x-/!1�"0"G �6] #?�.:<;



�B� ��� �J��� 
 �,� � ��� ����� ���@#������J� �$# �Z� 
@��� �����)�<� ���f�����=�
� �����,�.��� � ��� �@� � ��� �@����� � �

Myon-Veto-Zahl
-30 -20 -10 0 10 20 30

ar
b

. u
n

it
s

-510

-410

-310

-210

-110
dCorsika

nusim

neutrinos 00-03

%'&/&/),+^-(./0 1 �54 � 7 � :<;<Q :<HIGaW�>�E WX>@?f_fGaH,]�; HF:<; Q :<; c _fQ$:<> _fW�K R�8SAD;=K<Hj?f_ � WX>"R
��W � HIO � � HIOPW�G _fQ^HFAD>J:<> l �<O � :<;^EfGj:<HFe�9PRB_ ��W b RfHF: � :<; Q$:<HIGaW�>�E R�:<; � :<W�Q,;<HI>JA :<;=:<H Ef>�HjK�K :
R�:<; �@_D9�;=: � � � � ]�HjK � � ��� l c�HF:i]<:<H,R�:<>gL 8 � � :<;<Q :<HIGaW�>�E�:<> 	�]<:<; G _�� ��:<>gK<HFe�9 K<Q}_f;=?fl
��W�; RfHF: :�e�9�Q :<>���:<W�Q^; HI>JA :<;=:<H Ef>�HjK�K :�GaHF:FE�:<> Y :<HIQ$:<;�;=:�e�9�Q K�l [�GIGj:<;`RfHI>�EDK�K<HI>"RiK<HF:k]<:��
;=:<HIQ K�?f_fGaH,]�; HF:<; Q}l

2>!1�.-?!$5c�"�µ� !$�µ� !$]=)b-?�.h,!$��[>!15?!1�":<; )bG6#?�6!1;6�=-mG6� ��79G·_B�"& � n 5?!1�"]H�6�.#?#%!O&�!1;659�.& +XA �#?�j-/�.h,!$�P[>!$5%!$�.:<;P�6!159_3Lw),0t)�0.�"!$],!$��Y
IJ�"!�Lw),0.�"S65%�"!$5x-/!1��Im)b-/!1��#%�"�6���"��M9S6S�Y z Y �´),G CE]H!K-/5/)b]H!$��YFyc�"!15�0"�"!1]H!$���6�.!'sF!$5x-/!$���0"G6� ]H!$�®�6!$5f� �>AH5?#%�"Lw)
�9G6�6��79G·_3�.& ��Im)b-?!$�¶�6A3:<;gD6ST!15?!1�"�W),� �6!$51{�� �"! Nµ) o �"&�)�� !$5
sF!$5x-/!$�.0"G6� ]H!$�U#?�.�6�f� !$G -?0"�":<;U]H!K-/5?!1�6�=-zY���& sF!$5%]H0"!1�":<;*}$GfMJS6SZY z3Y � #?�.�6�fSX!$�.�6!ZsF!$5x-/!$���0"G6� ]H!$�f}$G^; �H;6!$5%!$��N tHAH���FsF!1-?AJeg!15%-?!$�fh,!$5%#?:<;6AHSX!$�Z{,2>A,ST!1�3�6�.!�79G·_3�.& �FsF!$5x-/!$�.0"G6� ]#?�.:<; #x-<V,5%L,!$5 h,!$5?#%:<;6AHSX!$� ;W)b-z{�)b0"# �6�.!�� �>AH5%#?�"Lw)
�FsF!$5x-/!$�.0"G6� ]6Y I9!$5 MJS C )b0"0µ� !$579G·_B�"& �}sF!$5x-/!1�"0"G �6]U),G C �6!15a5?!1:<;=-/!$��_B!$�.-?!m),S ���i�f#x-/�"&@&^-���G6� #%!$;65a],G -a&@�.-��6!1&�6!$5 79!$G3-/5?�.�6AB�W)b-/!1��D6SX!$5%!$�.��Y4M90"0.!$5?� �"�6]H#��.#%-��6�"!�sF!$5%-?!$�.0"G6�6]¶�6!15�79!1G -/5%�"�6AB�W)b-?!$��6!$G3-/0"�.:<;�2>!1�.-/!1585?!$:<;=-?#${X&��j-a!$�.�6!$&¹Nµ) o �"&�G & SX!$� ����Y
¸dD65aM9S6S�Y@z Y s^28G 5?�6!1��Lw),0.�"S65%�"!15%-/! n 5?!1�"]H�6�.#?#%!m5?!1L,AH�6#x-/5%G6�"!15%-zY IJ!$5ah,!$5%S60"�.!$SX!$�6!m³�!$�.0�6!$5 n 5?!$�.]H�6�.#?#?!b{b� !$5d5%!$LbAH�6#%-?5?G6�.!$5x-d24!$5?� !$��L,AH� ��-?!,{,V,;6�6!10.-k�6!$5(sF!$5%-?!$�.0"G6�6]c�6!15\79!1G��-/5%�"�6AB�W)b-?!$���H� �4� q YWIJ),#9Nµ) o �"&�G & 0"�.!$],-a�BG �P�.& +XAH#?�j-/�.h,!$��[>!15?!$�.:<;P� !$59_3Lw),0t)3Y



� � �B� 	4��� � �
�<� ���=� ��#��$���.�D�<���,�
��
 
@��� �F� �X�$� �

Myon-Veto-Zahl
-30 -20 -10 0 10 20 30

ar
b

. u
n

it
s

-510

-410

-310

-210

-110
dCorsika calibrated

nusim calibrated

neutrinos 00-03

%'&(&*),+,-/.(0(1 �54��57 � :<; Q :<HIGaWX>�Ek?f_fGaH,]�;<HF:<; Q :<; L 8 �Fc _fQ :<>NW�>"R HIO � :<;^EfGj:<HFe�9 RB_ ��W�RfHF:
��:<WXQ,; HI>JA :<;=:<H Ef>�HjK�K :�R�:<; �@_D9�;=: � � � � � � � ��� l c�HF: L 8 � � :<; Q :<HIGaWX>�E�:<> GaHF:FE�:<> HIOPOi:<;
>JA e�9i;=:�e�9�Q R�:<WXQ,GaHFe�9 	@]<:<;=:<HI>"_f>"R�:<; b K<HI>"Ri_B]<:<; K e�9�AD> R�:<W�Q^GaHFe�9�:<; ��W WX>�Q :<;=K e�9�:<H,R�:<>"l

��� M9S6S�Y@z Y.�z�f�"#x-a�6�.! n -@}$�.!$�6}m� !$#8N�t,AH���FsF!1-/A,#Q),� G6� Lb)b0"�"S 5?�"!15%-?!$��Im)b-/!1��]H!$}1!$�.],-zYe �.5?��!$�.� _3:<; �6�.-%->)b���6�.!8G6�6Lw),0"�.S65?�.!$5%!$��Im)b-?!$��]H!$0.!$],-${H�6!$5>�,� / �6!$54N�t,AH�6!$� ST!1�"���;W)b0.-/!1��#?AH0.0 p _3:<;6�6�j-?-8SX!$� ����r {328D65%�6!$��&@!$;65Q)b0"# q � / �6!15879!1G -/5%�"�6AB!$5%!$�"],�6�"#%#?!m)bG6:<;!15%C ),#%#%-cG6�6��2aVb5?!$��CED658�6�.!OMJ�W),0 tB#?!OhH!15?0"A,5?!$�ZY[>!1�QLw),0"�.S65?�.!$5%-?!$��G6� ��5%!$L,A,�6#%-?5?G6�.!$5%-?!$� IJ)b-/!1���.#%-@�6�"! n -@}$�.!$�6}��6!1# N�t,AH���FsF!1-/A,#�6!1G -/0.�":<;�hH!15?SX!$#%#?!$5x-z{k#?�"!1;6!�MJS6SZY/z3Y.�H�,YJsm�.#?G6!10"0\�6!1G -/0.�":<;´28�"5%�®)bG6:<;g;6�.!$5*�6�.!ksF!$5 �#%:<;6�"!1S6G6�6]U�6!$5 sF!1-?A �7&�)b;60"!1���6G65?:<;��6�"!8'*),0.�"S65?)b-/�.AH�^G �6��� �"!c�c!1L,AH� #%-/5%G6L=-/�.AH���6),:<;5%!$:<;=-/#1YZIJ!15JM9��-?!$�.0�hH!$5x2>A,5%CE!$� !$5*N�t,AH�6!1� �"#x-9� �"5?!1L=-9G &�}1G65?!1:<;6�6!$���.�P!1�"�6! &Z!1�.-/!15 �#%+W),5?� �"#FST!1�·�6!$5�MJ�W)b0 tB#?!b{=�W)^sHs3{ sHs / �6!15>�8AH;6�W)w-/!$��),G6#>N�t,AH�6!$5%!$�.]H�6�"#%#?!1��),G6#F�6!15Ma-?&�AH#%+6;WV,5%!*ST!1#%-/!1;6!$�ZYe �.5?�R),� Lw),0"�.S65?�.!$5%-?!$� Im)w-/!$�R�"� M9S6S�Y�z Yj�H��!$�"��_3:<; �6�.-%-®SX!$�@�b� / �6!15®N�tHAH� ��W)w-/!$� ),�6],!$0"!1],-z{�28D65?�6!1� L��W),+ + � � / �6!$5 #%�"&�G60.�"!15%-/!1� 79!1G -/5%�"�6AH# h,!$5%24AH5xCE!$�
p _3:<;6�6�j-?-8SX!$�
� q r YaM90"#%A�],G -�!$�.�6!´yJ),0.S6�"!15?G6� ]��6!$5�G6� Lb)b0"�"S 5?�"!15%-?!$� &�),; 0�Ya[4!$�m�6!1�5%!$L,A,�6#%-?5?G6�.!$5%-?!$��Im)b-?!$��0.�"!$]b->�6�.!�&�),; 0Z�6!15>hH!15%24AH5%CE!1�6!$� n 5?!$�.]H�6�.#?#?!9ST!1�Z!K-�2a)���� / Y
sFAH�g�6!$���W),:<;�hB�.!$0"!1��_3:<;6� �.-?-?!$��),G C8� �"! �8AH;6�6)b-/!1��]H!124AH�6�6!1�6!$��79!1G -/5%�"�6A,#^�6!15~H),; 5?!�u,�H�,� �Tu,�H� q 28D 5?�6!F�6!15d_B:<;6�6�.-%-�ST!1���,� / �6!$5 Lw),0.�"S65%�"!15%-/!1�*N�t,AH�6�W)b-?!$�f�BG 5 !1- �



�B� ��� �J��� 
 �,� � ��� ����� ���@#������J� �$# �Z� 
@��� �����)�<� ���f�����=�
� �����,�.��� � ��� �@� � ��� �@����� � s

Myon-Veto-Zahl
-30 -20 -10 0 10 20 30

ar
b

. u
n

it
s

-410

-310

-210

-110 dCorsika calib.

nusim reconst.

neutrinos 00-03

%'&/&/),+^-(./0 1 � 4��57 � :<;<Q :<HIGaW�>�ENR�:<;k;=:�?BADO K<Q,;<W�HF:<; Q$:<> ��W � HIO �Fc _fQ :<>"l � O � :<;^EfGj:<HFe�9
RB_ ��W RfHF: ?f_fGaH,]�; HF:<; Q$:<> R�8SAD;=K<Hj?f_ �Fc _fQ :<> WX>"R RfHF: � :<W�Q,;<HI>JA :<;=:<H Ef>�HjK�K :gR�:<; ��_D9�;=:
� � � � � � � ��� l

2a)U�i� / sF!15?0.G6#%-kST!1�6!$G3-/!$�ZY,IJ�.! � / 5?!1#?+X!$L=-/�jhH!Q� / l9�=-/!15?#%:<;6�"!1��}$Gf�6!$��N � ��Im)w-/!$�]H!$; !$�µ� G65?:<;µ_3:<;6�6�j-?-?!f)b�P�6�.!*Im)b-?!$���"& sF!15?0"),G C��6!$5c7c!$G -?5?�"� A=),�W),0 tB#?!mhH!15?0.AH5?!1��YIJ�"!1#?!15hsF!15?0.G6#%-�hHA,� �i� / �6!15�!1�=-/;W),0j-/!1�6!$��79!1G -/5%�"�6AH#1{^28D65%�6!	� !$G -?0"�":<;(24!1-%- �]H!$&�),:<;=-z{��.�6�6!$& � �"!R!$5?#%+W),5x-/! &Z!$�.- CED65 !$�.�6!RST!1#?#?!15?!�G �6� }1!$�.-/),G C�24!$�6� �"]H!15?!�c!1L,AH� #%-/5%G6L=-/�.AH�Rh,!$5x2>!1�6�6!1-®28�"5%��YmIJ�.!$#�28�"5%��ST!1�"& sF!$5?],0"!$�.:<;��6!$5�Lw),0.�"S65%�"!15%-/!1�79G·_B�"& �}sF!$5x-/!1�"0"G �6]*&��j->�6!15a7c!$G -?5?�"� A3�W)w-/!$�=h,!$5%-?!$�.0"G6�6]^G6�6���6!15SsF!$5x-/!1�"0"G �6]^�6!15a5?! �L,AH� #%-/5%G6�"!15%-?!$��7cG·_3�"& ��IJ)b-/!1�¶� !$G -?0"�":<;ZY�IJ�"!@79!1G -/5%�"�6AB�W)b-?!$�¶#%-/),&�&@!$�¶#?A,}$G6#?),]H!$�),G6#k�6!$��7cG·_3�.& ��Im)b-/!1��Yb_3�"!�#?�.�6�^� �"!4Im)b-/!1��{w�6�"!4),0"0.!4_3:<;6�6�j-?-/!4D6SX!$5?#x-<),� �6!$��;W)bST!1��YIJG65%:<;�ST!1#?#%!$5?! �c!1L,AH�6#x-/5%G6L=-/�"A,�6!$��AB�6!15f)b�6�6!$5%! }1!$�.-/),G C�24!$�6� �"]H!@MJ�W)b0 tB#?!1�gL,�,�6���-/!�!1�"��]H5?A,�H!$5�³�!$�.0a�6!15�79!$G3-/5?�.�6AH#��.& [>!15?!1�":<;�}128�"#%:<;6!$��!$�.�6!$&�N�tHA,���}sF!K-/A´hHAH�
� q S6�.#��U���6�.!f_3:<;6�6�j-?-/!OD ST!15?#%-?!$;6!1� G6�6���6�.!mhH!$5%0"AH5%!$�6!1�®�z� / !$5%#?!K-/}$!1��Y



�H� �B� 	4��� � �
�<� ���=� ��#��$���.�D�<���,�
��
 
@��� �F� �X�$� �

Myon-Veto-Zahl
-30 -20 -10 0 10 20 30

C
u

t 
/ S

u
rv

iv
al

0

0.2

0.4

0.6

0.8

1

dCorsika uncal.

NuSim uncal.

%'&(&*),+,-/.(0(1 �54,6 	 7 c�HF:�	�;`_�� ? �D:<H EfQ RfHF: � � ��HF:<> � b OPHIQSR�:<;�RfHF:�_fQ,OiA K ��9 �f;<HjK e�9�:<>
LNM�AD>J:<>'RfWX;=e�9 RB_DK LNM�AD> � � :<Q A�W�>�Q$:<;`Rf; 	�e�?DQ(Y :<;`R�:<>"l 	�Gj:<HFe�9 �D:<HIQ^H E EfH,]�Q*:�K _f> b YZHF:��
C HF:<G � R�:<; � :<W�Q^; HI>JA K Cf:<; GjAD;=:<> E�:�9�:<> b Y 	X;`R�: _f> :<HI>J:<;N]<:�K<Q,HIOPOPQ :<> � Q :<GIGj:NR�:<;
�5e�9�>�HIQ,QSRfWX;=e�9fE�: � 	B9�;<QFl



�B� ��� �J��� 
 �,� � ��� ����� ���@#������J� �$# �Z� 
@��� �����)�<� ���f�����=�
� �����,�.��� � ��� �@� � ��� �@����� � �

Myon-Veto-Zahl
-30 -20 -10 0 10 20 30

C
u

t 
/ S

u
rv

iv
al

0

0.2

0.4

0.6

0.8

1

dCorsika calib.

NuSim calib.

NuSim reconst.

neutrinos 00-03

%'&/&/),+^-(./0 1 �54^6 6�7(c�HF:�	�;`_�� ? �D:<H EfQSRfHF:�� � ��HF:<> � b OPHIQ R�:<;�RfHF:�_fQ^OiA K ��9 �f; HjK e�9�:<>
L MBAD>J:<> RfW�;=e�9 RB_DKSL MBAD> � � :<Q$A�WX>�Q :<;`Rf; 	 e�?DQ Y :<;`R�:<>"l 	�Gj:<HFe�9 �D:<HIQ,H E EfH,]�Q*:�K
_f> b YZHF:��
C HF:<G � R�:<; ��:<WXQ,; HI>JA K Cf:<; GjAD;=:<> E�:�9�:<> b Y 	�;�R�: _f>o:<HI>J:<;N]<:�K<Q^HIOPOPQ :<> � Q :<GIGj: R�:<;
�5e�9�>�HIQ^Q RfW�;�e�9fE�: � 	B9�; Q}l



�=u �B� 	4��� � �
�<� ���=� ��#��$���.�D�<���,�
��
 
@��� �F� �X�$� �



�

� � ��� �¤� ��� ��� � ��� �
� � � � � �U� �����������¤� � ��� ��� �
��
�� 
 ��� � ��� ��� ��� ��� � � �

Im),#cyJ)bG6+ -/}1�"!10 �6!$#8��:$!��>G6SX!���I9!1-/!1L=-/AH5%#J�"#x-8�6�"!UN�!$#?#%G6�6]�;6A3:<; !$�6!15?]H!K-/�"#%:<;6!$5979!1G��-/5%�"�6AH#��"& ²�!}s ��[4!$5?!1�":<;�Y IJ�"!�IJ!1-?!$L=-/A,5?L,!K-?-?!$� #?�"� ��� � �R& h,AH�6!1�"�W),� �6!$5 !1�=- �CE!$5%��-${d#%A �W),#%#^�6�.!$�6!15?!$� !$5?],!1-/�.#?:<;6! n 5%!$�"],�6�"#%#?!@G6�6!$�=-?�6!$:<L=-@S60"!1�"SX!$�®A3�6!15f��G65fhHAH�!$�.�6}$!10"�6!1��'O!K-?-/!1��� !1-/!1L=-/�"!15%-�24!$5%�6!$��Y*MmNPMm79I8M 28�"!1�6!$5%G6& �.#%- CED65 n �6!15?]H�.!$��"& � {j� �c�i�H��³k!}s [>!$5%!$�":<; )bG6#?]H!10"!1],-zYm_3!$�.�6!��is�'*!K-?-?!$��&@�.-PAH+ -/�.#?:<;6!1��NPA3� G��0"!1��0.�"!$],!$��),0.0"! �.�6�6!$5%;W),0.S�!1�"�6!1#@'*5%!$�.#?!$#@&@�.-���ub�´&��9),� �"G6#1Y`Im),# sFAH0"G &�!1���6!$#MONPMJ7JIQM ��IJ!1-?!$L=-/A,5?#��"#x-^#%AH&��j-U�6�":<;=-/!15^�.�6#%-?5?G6&@!$�=-/�.!$5x-zY���:$!��>G6ST!�28�"5?�gG6& �6!$�ST!1#%-?!$;6!1�6�6!$� MmNPMm79IQM ��I9!1-/!1L=-/AH5 ; !$5?G & ],!$SW),G3-z{`2>A,ST!1�c� �"! �mST!15&�·V,:<; !$�6!10"!$L �-/5%AH�6�"L��6!$5 ndo +T!15?�.&�!1��-?!*!1-�2>) �,�H��&�hHAH�6!1�"�W)b�6�6!$58!1��-%CE!$5%��-9#%-?!$;=-zY79!1G6!$5%! n 5?]H!1S6�6�"#%#?!�p ¸W!$5/�H�3{�s�),#/�=��vJ0.!$]H!1� �W),;6!b{4�6),#?# �.& n � !$5?],�"!$SX!$5%!$�.:<; G6�=-/!15 �;W),0.S�{kS }12*Yd�6),;6! � !$5�_B:<;�24!$0.0"! h,AH����:$!��>G6SX!��6�"! �>;W),�6:1!$��]H!1#%-/�.!$]H!1��#?�.�6��{�³k!1�"0��:<;6!$���WD6#?#%!Ph,AH��! o -/5/)b#?AH0"),5?!1� +mG6!10"0.!$��}$G��6!K-/!1L�-?�"!15?!$�ZY`MJG6�H!15?�6!1& 2>V,5?!�&@�.-�� !$5MJS6#%:<;W),0j-/G6�6]�MmNPMm79IQMJ#a�6�.!O_3G :<;6!m�W),:<;�! o A,-/�.#?:<;6!1��³k!1�"0":<; !$��{B�6�"!9ST!1� n �6!15?]H�.!$�hHAH�µ�,� �>�,�H�@qO!}s hH!$5%&�G -?!1-82>!15?�6!1��{·+65/)bL�-?�"#%:<;µG6�6&@�H]H0.�":<; ],!124AH5?�6!1��YNP�.- �6!$5 ³ae � ��IQM + G6�6� �6!$& _3A,C�-�2>),5?!K-/5%�"]H]H!15 �.#%-�!1# &��,]H0"�.:<;�{FMONPMJ7JIQM �"��6!$�´��:1!��>G6SX!���IJ!1-?!$L=-/AH5*}1G¶�.�=-/!$],5?�"!15?!1��YT��& ¸WAH0"]H!1�6�6!1�µ28�"5%� }$G6!15?#x-f� !$5mS6�.#?;6!15?�.]H!_B-<)w-/G6#�� !$5����=-/!1]H5/)w-/�"A,�gSX!$#?:<; 5?�"!1ST!1��{\]H!KCEAH0"]b-fh,AH���6!$��}1G6L�D6� C�-?�"]H!1��²F0"V,�6!1��G6�6�!$�.�6!$5^NP!1-?;6AB�6!,{�&��j-U�6!$5U�6�"! n �6!$5%]H�"!�hHA,� n 5?!$�.]H�6�.#?#?!1���"�¶MON�Mm7JIQM SX!$#%AH�6�6!15?#]HG -cSX!$#%-?�"&@&^-a24!$5%�6!$�PLb)b�6��YIJ�"! !$5?#x-/!1��²F0"V,�6!b{dMON�Mm7JIQM¹�.����:$!��>G6ST!�}1G��"�=-/!1]H5?�.!$5%!$��{�28G65?� !$���"& �c),;6&@!$��6�"!1#?!15kI9�"#?#%!$5x-<)b-?�"AH�*#?:<; AH�fh,AH5�[a),G6SX!$]H�.�6�*�6!$#���:1!��>G6SX!���IJ!1-?!$L=-/AH5%#\�"&�y9!15?S6#x-\ub�H� q�6�"#%L�G -/�.!$5%-$YWMJ�P�6!$59l9&@#?!K-/}$G �6]�28G65%�6!U�"���6!$��CEAH0"]H!1�6�6!1� ~H),; 5?!$�P]H!z)b5?SX!$�.-?!1-$Y·Im),#!$5?),5?SX!$�j-/!1-?!$��'9AH� }$!$+3-�C )b�6��SX!$�W� !$5F��:$!��>G6ST! ��'cAH0"0"),STA,5/)b-?�"AH� &ZG #%-/�.&�&^G6�6]OG6�6�@�"&~H),;654u,�H�H�JST!1]=),�6���6�.!QMJ5?SX!$�j-�),���6!$5�y9),5?����G �6� _BA,C�-�2a)b5?!QCED65`�6!1��!15?#%-?!$� _3:<;65%�.-?-$Y



�,� �{� � �"� � 
B� �@��� #�� ��� � 	�� 	�
���	 �^����� ��!"�$# �
�4� � � � �
������������� � ��� �Z�=�
� � �%� �

� �$¡ / ¦ ��°�¥a¦ �X§�°�¥ 0U¦ **°�­K©f§ ����¯`£ ¦d­ ° °
Im)b# &Z�.!$09�6!$5����=-/!1]H5/)w-/�"A,� �.#%-${>!$�.�6!$� ]H!1&�!1�"�6#?),&@!$� n 5?!1�"]H�6�.# ��G �6��IJ)b-/!1�6#%-?5?AH&�6!15cIJ!1-?!$L=-/AH5%!$�P��:$!��>G ST!fG6�6��MONPMJ7JIQM�}1Gµ#%:<;W) ± !$�µG �6�P� �"! n 5?!1�"]H�6�.#?#%!USX!$�.�6!$5IJ!K-/!1L�-?AH5?!1��}1G h,!$5?S �"�6�6!1��YcIm),}1G	�.#%-�!$#��6Ab-�2>!1�6�6�"] {Q!$�"� ! &Z!1�.- �x_�tB�6:<;65%AH�6�.#/)b-?�"AH�}K28�"#?:<; !$� �6!1� SX!$�"� !$��_�t3#x-/!1&�!1� ;6!$5%}$G6#x-/!10"0"!1��{��6�"!c!$�.�6!9²F5?V,}$�.#?�.AH�@h,AH� &@�"� �6!$#x-/!$� #���6#�;W)b-$Y n ST!1� C ),0"0.#��"#x-P!1#�28�":<;=-/�.]6{a�W),#%#P!1#P],!$&@!$�"� #/),&@! ³�5?�"],]H!$5�]H�.S -z{42>AHSX!$��6!15*�6�"!1�6!$5%!$�6!15?]H!K-/�"#%:<;6! I9!1-/!1L=-/AH51{��.�´�6!$& ¸·),0.0dMON�Mm7JIQMf{k³�5?�.]H]H!$5*)b�®��:1!��>G6SX!#%:<;6�":<Lb!$� Lw),�6�Z{6#?A@�W),#%#9]H!1&�!1�"�6#?),&@! n 5?!$�.]H�6�.#?#?!O&@�H]H0.�":<;�#%�"�6��YIJ�.! !15?#%-?!�_B-?G CE! �6!1#����=-/!$],5/)b-?�"AH�6#%+60t)b�6#^�.#%-��.�g�6!15�²kA,0Q_ ),�.#?AH��u,�H�=� �,u,�H�wz�G6&@]H!��#%!1-/}K-�2>A,5?�6!1��Y�_3�"! ST!1#%-/!1;=-��6),5?�.��{k�6),#?#��6�.! ³ae � ��IQM + ),G C9[a)b#?�"#^�6!$5���:1!��>G6SX!q*²�_ ��lc;65 0"V,G C�-z{`G �6� �6�"!P³k5%�"]H],!$5@�6!$5�³ae � ��I8M + �6G65%:<; !$�.�6! y9),5?� 2>),5%!���G �6�!1�"�6!U_3AbC�-�2a),5%!$0.�H#?G6� ] ),���W)b#c��:1!��>G6SX!�� ndo +X!$5%�"&@!$�=-9]H!$#%:<;6�":<L=-c2>!15?�6!1��YIJ!1# e®!$�j-/!$5%!$� 28�"5?� !$�.� _�t3� :<;65?AH� �"#/)w-/�"A,�6#?+6G 0"#${ ),G #?]H!1;6!$�6� hHAH&q*²�_3�H³ae � �xNPAB�6G60�p m !$�"�=�wv��6!$5(³ae � ��IQM +�{��"� SX!$�.�6!$� IJ)b-/!1�6�W),;6&@!$# tB#%-/! �&@!$��),G CE],!$}$!1�":<;6� !1-zYIJ�.!9��:1!��>G6SX!Oq*²�_ �x_B�"]H�W)b0"!8&�D6#%#?!$� �W),SX!$�·#%-?�H5?G6� ]H#%CE5%!$�·hHAH� � !$5���:$!��>G ST! �7&Z!$�=-?5/),0.!�,�,��& S6�"#¹}1G6& NPMJ² � ��q*!1SWV,G6� ! ],!$#?:<; �":<L=- 2>!15?�6!1��Y &ZG � �"!$#%!$& &T24!$:<L#%�"�6� &�!1;65?!15?!�qO0t),#xC ),#?!15?0"!1�.-?G6�6]H!1�¹}128�"#%:<;6!$� �6!$��q*!1SWV,G6� !$� h,!$5%0"!$]b- 24AH5%�6!$��Y��& �>AHG ��-?�"�6]
��y9A,G6#?! 2>!15?�6!1� �6�.!�q*²�_ �x_3�.]H�W),0.!,{¶hHAH� !10"!1L�-?5?�.#?:<;6!1� �"� AH+ -?���#%:<;6!R_3�"],�W),0"!	G6&@]H!12>),�6�6!10.-$Y IJ�.!$#?!�0"),G CE!1� �6G65%:<; � �"!�h,!$5?0.!$],-?!$� qO0t),#xC ),#?!15?Lw)
�SX!$0��"���W)b#�NPMm² � �xqO!$S6V,G6�6!HY^IJAH5x-�2>!15?�6!1� �6�"! _B�"]H�W)b0"!�),���W),#�q*²�_3�H³ae �q*²�_ � m )b-?:<;��xNPAB�6G60T2>!1�.-/!15?]H!10"!1�.-/!K-zYIm)b# qU²�_3�,³ae � ;W)b- &�!1;65?!15?!�¸WG6�6L=-?�"AH�6!1��Y ²`5%�"&�V,5�#%AH0"0�!$#��"� &ZG6L�G6�3C�- ),0"#q*²�_ � m )b-?:<;gCED65U�6�"!�³ae � ��I8M +¹�6�.!$�6!1��YdI9!$#^e®!$�j-/!$5%!$��;6)b-�!1#Pz lm_3[¤MJG6#%]=V,���]H!fD6SX!$5J� �"!^� �"!@�i�H� NPy9}�_�tB�6:<; 5?AH�6�.#/)b-?�"AH� ),�µ�6�.!^³ae � �
�>5?)b-/!1#m]H!$#%!$�6� !1-m28�.5?��YIJ�.!*�65?�j-?-/!U¸WG6�6L=-?�"AH���"#x-9� �"!f_�tB�6:<;65%AH�6�"#?)b-/�.AH���6!$5cST!1�"�6!1�µI9!1-/!1L=-/AH5%!$��YTIJG65%:<; �6�"!³�!$&@+T!15/)b-?G65?G ��-?!$5%#?:<;6�.!$�6!¶}128�.#?:<;6!1��_3AH&@&@!$5 G �6� e �.�=-/!$5�Lw),� � � �"!´Im),G !$5��6!15�cST!15%-/5?),]HG6� ]�hb),5%�"�.!$5?!1��YQlc& �6�"!1#�&@!$#%#?!1��}$G L,�,�6�6!$�	G6�6�	G6& !$�.�6!´L,AH� #%-<)b��-?!
&Z!1�.-/&�),5%L,!*�"��ST!1�"�6!1�µI9!1-/!1L=-/AH5%!$��}$GP&�!1#?#%!$��{·28�"5%�µ!$�.� _�t3� :<;65?AH� �"#/)w-/�"A,�6#?+6G 0"#c!$5 �}1!$G6],-${W�6!$5Q� G65?:<;��6�"!UqO0t)b#%C ),#%!$5a}1G65?D6:<L�}1G6& ��:1!��>G6SX! �>A,G6�=-/�"� ] ��ycAHG6#?!O],!$#?:<; �":<L=-G6� ���6AH5x-kh,AH��!$�.�6!$&RI��*N ��Nµ),�.�BSXA=),5%� ! �6!K-/!1L�-?�"!15%-d28�.5?��YwIJ�.!$#%!$#FNµ)b�"��STAH),5?�f�"#%-k�"��6�.!J�6A,5?&�),0"!8��:$!��>G6SX!���M9G6#?0.!$#%!U�.�=-/!$],5?�"!15%-4G6�6� 28�.5?��{�2>!1�6��!$�.� n 5?!$�.]H�6�.#4]H!K-/5%�"]H]H!15%-28�.5?��{6&@�.-Q),G6#?],!$0"!1#?!1��YIJ�.!�hB�.!$5%-?!>¸WG6� L�-?�"AH�U�"#x-d� �"!��9SX!$5%&��j-?-/0.G6�6]8�6!15k! o -?!$5%�6!$��³�5?�.]H]H!$51{i�6!$5k³ae � ��IQM +�{),� ��:$!��>G ST!bY·IJ�"!9! o -/!15?�6!1��³�5?�.]H]H!15>�6!1#c~H),;65?!1#8u,�H�fzf28G65?� !$���"� 'U)b+6�.-?!$0Z�3Y q Y ufSX!��#%:<;65?�.!$SX!$��Y8_B�"!µ24!$5%�6!$�	),0"# [a),:<L�G6+�� m �,#?G6�6]�D6SX!$5��6),#�q*²4_B�H³ae ��),� ��:1!��>G6SX!]H!1#/),� � -z{6C ),0.0"#a� �"!O³�5?�"],]H!$5a�.���"5?],!$�6�6!1�"�6!158¸WAH5?&��6�":<;=-c�6G65%:<;P�6!1� _BA,C�-�2a)b5?!1-?5?�.]H]H!$5
' 9 ,�0 9 � � - � ,M+F6�L @�,/.	3%+N0 8�3D2).+(+@ A I�5D8127. +F6$3D2)6 @�ID8 +70 E	*�276 ��@D3D5�=F276 3D2 0�� E 2%(+5�L 2
-/9 2 812 H 8�@G. 0)9
3�,�0 0 3�+F2 9 ,/8�276 0 I 2
+NE	*�27.15�6�0 5�6-3 * @ A A 5-65+ H ,/8�+F@ 6 A + 8 3D2). 	�=F2 H 8�.1@ 6�+ H ,/6 3D27. � L 2).�� �1E	*�2
H @ 6�81.�@G=�=7+�2). 8
;



� ���w� � �)�{� ��� � � � � 
B� �@��� #����)�<�����)�}��� �=�

Global Trigger
GT

Eventbuilder
EB

DOM−HUB

String Processor SP

DOM

Ice3 GPS clock

OM

DOM

DOM−HUB

String Processor SP

DOM

DOM−HUB

String Processor SP

TWR
TWR
TWR
TWR

Trigger logic
T_gap=2.2ms

TDC
T_w~34µs

pADC
T_w~2.5µs

GPS
Latch

Discriminator

T_gap=11µs
Veto logic

GPS4TWR
GPS Latch

(by Holger Leich)

Fan out

Ice3 in Temporary Counting House TCH

String 1..80

10 MHz
PPS1

Optical
Electro

Interface

AMANDA in Martin A. Pomerantz Observatory (MAPO)

InIce

String 81

Cable
Delay

Cable
Delay

IRIG−B

Softwaretrigger via TCP/IP

Optical fibres

M
uo

nD
aq

DMADD

Multiplcity Adder

M=18
M=24
Stringtrigger

SPASE

trigger signals in
free TWR channel

"OR"

µ

25
0 

H
z

300m

T
W

R
D

aq

T_w=10.24 µs

GPS 
AMANDA

Clock

GPS Latch
(by Holger Leich)

GPS2VME

GPS clock signal (3 signals PPS1, 10 MHz, Timestamp)
DMADD trigger for Ice3 and TWRDaq (M= 13 + ext trigger)

backup 
only 

String 0

String −1..−19

M=13

PPS1 pulse from IceCube GPS (distributed by GPS4TWR
to TWRDaq [Randomtrig] and IceCube DOM as Syncpulse) 
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Sync
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i_value < 1024

yes

−−> output waveform in mem − array complete waveform in wfm − array

wfm[i_value]
< Threshold

i_value < 1024
yes

no

yes

i_value := 0;

i_mem := 0;

i_value <
N_PREC

yesno

i_frag := i_frag := 0;

i_value−N_PREC;

mem[i_mem] :=

i_frag < i_value
yes

i_mem++;

i_value++;

wfm[i_value]
< Baseline−4

no

no

wfm[i_frag];

i_frag++;

wfm[i_value]
< Threshold

wfm[i_value];
i_value++;
i_mem++;
i_after++;

i_after
< N_FOLL

yes

no

no

no

i_value < 1024

yes

yes

yes

no

i_after := 0;

Fragment Header

mem[i_mem] :=
0x4000 + i_frag;

i_mem++;

no

mem[i_mem] :=
0x2000 + i_value;

i_mem++;

mem[i_mem] :=
0x8000;

i_mem++;

Waveform End

Fragment End

wfm[i_value];

i_mem++;
i_value++;

mem[i_mem] :=

mem[i_mem] :=
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