
���������
	����������� ������������������ ���!��� �"�#� $��&%��!'()�����!���

*,+.-0/214365#78149;:�-0<81
=�>?1@3BA�C�D0E89�FG<�AIHJ>?HJ7KH;10LNMODQPN14<�E�-QRS14<

TVUNW0X)Y�ZV[NWS\0[^]�_a`GYcb

d P�9;>e3&f4g8L hQi0i�h

j"kQlnmGo�prq.m
s�truwv&t�xzy6{r|~}���xzuw�z}�uwv,��v�xry�y��I�����.����tz�I�,�"�zuw�����.�O�z�I������}n�����zv�����xz����u~�����.�z�

�!�.|wu~{z���I��u~�����0�B�K��u~�.}nvKv���y�} truw�;��v^�.�z�&}����r|��.�z�I��u~���zv)���&�!�.|wuw{z� �I��u~�����r������}n�rx¡��}��.�z�&�z�I���
��}n�����zv�����xz����u~�������e� �����.}!� v�y��.uw�r|~�"tz�G�2���¡}n�.|V��uw��t���|~�.{r�.|¢��� �.��£¤uw�¡�¡¥§¦8¦¨����xz�J��}!� v©�.�z�
t¡�¤�¡��v����.�§}ª�!�.|wu~{z���I��u~���zv!�



���



���������	�
���

� ���������������������� �

 !"�#��$%��&('*)#�#+���',�����-��$ �
.0/21 3�4%564�798;:�<�=�:�< �?>6@ :A8 �2BDC /(/E/E/(/E/F/(/E/(/E/E/(/E/(/E/E/E/E/E/(/E/(/E/E/(/E/(/F/E/(/ 1
.0/G. H04�= BDC 5JIK:�< �2>6@ :A8 �?BDC 7	/(/E/E/(/E/F/(/E/(/E/E/(/E/(/E/E/E/E/E/(/E/(/E/E/(/E/(/F/E/(/ L

.0/M.0/21 NO4�:�PRQSNT4�:�PU= BDV6C 8W4 @ =�:�< �2>6@ :�8 �?B�C /(/E/(/E/E/E/E/E/(/E/(/E/E/(/E/(/F/E/(/ L
.0/M.0/G. X @ :A=;Y
PZ:A8[=;\ �?C,]�BA^ 7_4%8W7U/(/E/(/E/E/(/E/(/E/E/E/E/E/(/E/(/E/E/(/E/(/F/E/(/ `

a bc'6�d�fe
',��'hg�ij�D�-��$%�k�������k�#�-� l

m no�p�q�-$��D�srtih&('*)d��+���'0���#�-� �ju
v /21 XxwFIzyF: �?C /(/E/E/(/E/(/E/E/(/E/F/(/E/(/E/E/(/E/(/E/E/E/E/E/(/E/(/E/E/(/E/(/F/E/(/{1k|
v /G. }	wFI~yE: �2C /(/E/E/(/E/(/E/E/(/E/F/(/E/(/E/E/(/E/(/E/E/E/E/E/(/E/(/E/E/(/E/(/F/E/(/{1k|
v /ML ��w	4�<�:���: C 5�� ^ 4�=�8 ��� 4E7[�-4�4�5 B�� < �?] \�8�/E/E/(/E/(/E/E/E/E/E/(/E/(/E/E/(/E/(/F/E/(/{1��
v / v X � P�4 B�^ 7[4%8[7~/E/E/(/E/(/E/E/(/E/F/(/E/(/E/E/(/E/(/E/E/E/E/E/(/E/(/E/E/(/E/(/F/E/(/{1k`
v /G| H0<?4�� �?C6] = BD@[@ 4�=%8 �?BDC /E/(/E/E/(/E/F/(/E/(/E/E/(/E/(/E/E/E/E/E/(/E/(/E/E/(/E/(/F/E/(/{1��

u !"�d�q'*)Tg�ij�D�-��$%�k�������k�#�-���9�(%e�'6����e�����$�� �jl

� e�'0�k'6+�'*$�i�&(�-���qij�����#�-�  p�

� n��#����$��-�fg�ij�D�-��$%���A���������-���E�����������������  s 

& g�ij�D����$%�k���������������s x�k¡�i¢!£���q',�k'¤ ¥�s���R¦�!§�D'6)d��+���',�k�#�-�  sa

e &�'6)d��+���',�k�#�-���A¡qij��¨  s©

ª¬« �����®�¯ «�°�±¢² �	�

1 3�4%564�798;:�<�=�:�< �?>6@ :A8 �2BDC³��B�@ NKN @ �?] \´8µ: @_@ :��D/Z/(/E/(/E/E/E/E/E/(/E/(/E/E/(/E/(/F/E/(/ .
. H �?C,] <?4¶8 V6> 4E}¶wFI·5 � 7_8 @ �?>,V 8 �2BDC : � 8W4 @"] : �2C =�:�< �?>6@ :A8 �2BDC /¸/E/(/E/(/E/E/(/E/(/F/E/(/ |
L �RXxwFI·=�:A< �?>,@ :A8 �?BDC /�/(/E/E/(/E/F/(/E/(/E/E/(/E/(/E/E/E/E/E/(/E/(/E/E/(/E/(/F/E/(/ �
v H0<?4�� �?C6] 4 ^ 4%=%8£: C 5�¹68[8 �?C6] / /E/F/(/E/(/E/E/(/E/(/E/E/E/E/E/(/E/(/E/E/(/E/(/F/E/(/ �
| NKN � 4 @ 8[4�º B�^ 7[4%8[7 ��BD@�> �2] 8 V,> 4%7"»�8 B �s¼¾½�7[P³:�<2<D8 V6> 4�7K»#P � 5656<24k¼p: C 5 � :�7_8[4�798¿8 V,> 4%7

» >-B 8[8 B PZ¼�/À/(/E/E/(/E/(/E/E/(/E/F/(/E/(/E/E/(/E/(/E/E/E/E/E/(/E/(/E/E/(/E/(/F/E/(/ Á
� Â�:A8[=;\ �?C6] �*: @ :�P�4%8W4 @ 7 � 4 @ 7 V 7 @_V6C�CjV P > 4 @ /¸/E/(/E/E/E/E/E/(/E/(/E/E/(/E/(/F/E/(/{1�Ã
` Â�:A8[=;\ �?C6] �*: @ :�P�4%8W4 @"B�^ 7[4%8[7 ��BD@ 8W\64(Â�Ä£H�/R/E/(/E/E/E/E/E/(/E/(/E/E/(/E/(/F/E/(/{1�1

� ���



Á w �2^ 4 @ 4 C =%4 �2C � > 4%8 �O4�4 C 8 @ :A=;Y�� @[B�� 4%=%8 �2BDC 7�: C 5 � :�< � 5 \ � 8�� B 7 � 8 �?B�C 7 �?C 8W\64
X���� @ 4 � 4 @ 4 C =%4 ��@ :�P�4�/T/E/E/(/E/F/(/E/(/E/E/(/E/(/E/E/E/E/E/(/E/(/E/E/(/E/(/F/E/(/{1 v

� X �j� � =�:�<q=�:�< �2>6@ :A8[4�5
}¶wFI¶/¢/(/E/F/(/E/(/E/E/(/E/(/E/E/E/E/E/(/E/(/E/E/(/E/(/F/E/(/{1��
1kÃ ��w	4�<�:���: C 5�4 ^ 4�=%8 �2� 4(7_��4%4�5 BA� < �?] \´8�/R/E/E/(/E/(/E/E/E/E/E/(/E/(/E/E/(/E/(/F/E/(/{1k`
1D1 � ^ 4%=%8 ��� 4E7[�-4�4%5 B�� < �2] \´8 � 4 @ 7 V 7	H0<?:A8 C�V P > 4 @ �?C�� 1D/~/E/E/(/E/(/E/E/(/E/(/F/E/(/{1�Á
1�. } 8 �0� � =�:A<�8 � P�4 B�^ 7[4�8µ=�:�< �?>6@ :A8 �2BDC /�/E/(/E/E/(/E/(/E/E/E/E/E/(/E/(/E/E/(/E/(/F/E/(/{1��
1kL Äµ4 � � 7 �2BDC =;\64�=;Y B�� NT4�:�P�Q NT4�:AP
	p4 � 8 ��BD@"@_V6C |��D�´.0/T/E/E/E/(/E/(/E/E/(/E/(/F/E/(/ .A�

�2�



� � ��� ² ��� ±�� � « �³�

X"\ � 7 ]DV � 5,4 � 7OP³4�: C 8K8 B \64%<?��: C �ZP³4%P > 4 @TB�� 8[\64¸NKÄx} � ÂJH�= B <2<�: >-BD@ :�8 �?B�C � � 8W\
5*:�8;: @ 4%= BDC Q
8 @_V =%8 �?BDC : C 5 B�� �2C 4"564%8[4�=�8 BD@ =�:A< �?>,@ :A8 �?BDC /qX"\64x= BDC 8W4 C 8O564�:A<?7tP³: �?C <��(� � 8W\R�x\*:A8	����4 @ 7 BDC :�<2<2�
� P��6<?4%P³4 C 8W4�5 ��BD@ 8W\*:A8TPZ:�8[8W4 @ �2C 8[4 @ P�7 BA� � @[B =�4%5 V6@ 4%7�½67 B�� 8 �T: @ 4¸: C 5 V 7[: ] 4�/tX"\ � 7 ]DV � 564µ=�: C Q
C6B 8 BD>´� �?B�V 7[<���= Bk� 4 @ :�<?<*:A7[�-4�=%8[7 �?C 4 � 4 @ ��564�8;: � < ��BD@ 8 � B P³: �2CR@ 4�:A7 BDC 7�
¿8W\,4x¹ @ 7_8 BDC 4 � 7t7 � P³�,<2�
8W\*:�8"P��Z8[4�=;\ C � =�:A<�Y C6B �x<?4�5 ] 4¸= Bk� 4 @ 7µ=�4 @ 8;: �?C �*: @ 8W7 B�� 8[\64¸4�º0�-4 @ � P³4 C 8 >6V 8x=�4 @ 8W: �?C <�� C,B 8x:�<2<�
8W\64�7[4%= BDC 5 BDC 4 � 7F8W\6:A8(:�7���� P � @ � 8 �2C6]�C6B �F½�8W\ �?C6] 7F=;\*: C6] 4�� V � =;Y�<2��»dNTÄµ}tX � P³� @[Bk� 4%7E56:k�
: � 8W4 @ 5*:��J: C 5¢=;\*: C,] 4�7¸=�: C¢> 4�7 B P�4%8 � P�4�7 � 4 @ �J5 @ :�7_8 � =k¼¾/��£4 � 4 @ 8W\64%<?4%7[7�½��"8W\ �?C Y�8W\64�= BD@ 4 B��
8W\ � 7 ]DV � 564¸7[\ B�V <?5 @ 4%PZ: �?C
� : �?@ <2� V ��8 B 5*:A8[4¸� � 8W\ �?C 8W\64 C 4¾ºj8£P BDC 8W\,7�/
w �2^ 4 @ 4 C 8¶8 B � � =%7¸: @ 4�5 � = V 7_7[4�5¤\64 @ 4�/�� C¢BD@ 564 @ 8 B P³:�Y�4 � 8	4�:�7_� ��BD@ P�4R: C 5 :�<?7 BZ��BD@ � BDV ½���� <?<
�?C 8 @_B 5 V =�4	8[\64 ��B <?< B � �2C6] 7_4�=�8 �?B�C 7 �2C 8W\64 BD@ 564 @ � � @[B =�4%7[7x8W\64F5*:�8;: ��@[B P 8W\64 @ :k� ��BD@ PZ:A8T8 B :
P B�@ 4 V 7[4 ��V < BDC 4 ��B�@ �6\´�j7 � =�7F: C :A<2�j7[4%7�/(H B P�4 B�� 8[\64�7_8[4��67	� � <?< > 4�P³4 C 8 �?BDC 4�5�� V � =;Yj<��J7 �?C =%4
�¶�T:�7 C,B 8��-4 @ 7 BDC :�<?<�� �?C´�DB < � 4%5�½ >,V 8���� <?< �2C 5 � =�:A8[4��x\ B P 8 B = BDC 8;:A=%8 ��BD@ P BD@ 4�5,4%8;: � <?7%/ 	q:�798
>6V 8 C6B 8�<24�:�798�½�8W\64 @ 4�� 7�: C :A�6��4 C 5 � º :�8�8W\,4Z4 C 5 B�� 8W\64 ]DV � 564³� � 8W\�\ �?C 8W7R: C 5�8 @ � =;Y�7�: >�BDV 8
5*:A8W: > :�7_4E= BDC6C 4%=%8 �?BDC ½,5*:A8;: @ 4%= BDC 7_8 @_V =%8 �?BDC �_BD> 7%½64%8[=�/

� ¯ «�² ��� ����� «��¢² �E� « ���¢�

X"\64�¹ @ 7_8�½ 4�:A7 � 4%7_8³: C 5¬P B 7_8�8 @ ��� � :�< 8W\ �2C6] 8 B 5 B � 7�8W\64! #"%$&"�')(*�+x=�:�< �?>6@ :A8 �2BDC / X"\ � 7R7_\ BDV <25
> 4¢5 BDC 4-,)"/.�0213"4*�5#62(87&985&:;")+<'="�/ X"\64¢�K:��;��5 B � 8 @ 4>� V �2@ 4%7�8[\*:A8�� BDV =�: C 7 V,> P � 8 �_BD> 7�:A7
?A@CB2DC@AECFHG /JI BDV 7[\ BDV <?5�8[\64 @ 4 ��BD@ 4�\*: � 4
7 B P³4³Y C6B �x<?4�5 ] 4
: >-BDV 8�KMLANAO�PRQ 1>Sd/J�E:�7_7 V P�4 � 8 � 7
8W\64�=�:�7[4A/ Â BD@ 4 B�� 4 @ ½T��� <2<":�7_7 V P�4
8W\*:A8R� BDV Y C,B � : >�B�V 8 ?A@CB�UMD#BWV=XZY\[AG]?^F_G]XA`aV]bMcA@ABMUaVMG]X
d Fe@fV�g&U d YJhCB�UCBe?WB d EiF_G]XHXWEWF]UaVMG]X d / X"\ � 7 � 7Z:�<?< � 4 @ ���T4%<?<¶5,4�7[= @ �2> 4%5 �?C Q .]Sd/ � �2C :�<?<��D½T:�<?<
� @[B =�4%5 V6@ 4�7¸564%7[= @ �?> 4�5 �?C 8W\ � 7 ]DV � 564�\*: � 4 > 4%4 C 8W4%7_8W4%5¤: C 5 : @ 4�7_8 � <?< > 4 �2C6]�V 7_4�5 BDC 8W\,4 @ =�:A7
PZ:A=;\ �?C 4%7�½,�x\ � =;\�<?4�:A567"8 B 8W\64¸¹ C :�<q:�7[7 V P��,8 �2BDC 8W\*:A8"� BDV � BD@ Y BDC 8W\64%7[4EPZ:A\6=;\ �?C 4�7�/

jlknm oJp�qrp�s&tCu	vxw�u	vny{z}|#u~tWyn�Z�

3 � =;Y V �F8[\64t= B�C ¹ ]DV6@ :A8 �2BDC 7[= @ � �,8�K @CB d=�&� E_hZ� K �?C 8[\64t7 V,> 5 �2@ 4%=%8 B�@ � d=� B_@AEA�]?A@CB�U#� d Fe@fV�g&U d �&F�BA�AV=?f�
B�� � BDV6@O>6@ :A8 �?C 7_8;:A<?<�:�8 �?B�C 5 �?@ 4�=�8 BD@ �D/ � @[B P �x\64 @ 4 � 4 @KBDC : C � @ =�:�7OPZ:A=;\ �?C 4A½´� @ � 8[4µ8[\64 [ d ` ¹*<24
» BD@ �_BD> 7 V P�PZ: @ ��¹*<?4%7;¼ B�� 8W\,4�564%7 �?@ 4�5J�-4�5,4�7_8W:�< @_V6C » � BDV =�: CJ>6@_B �x7_4�8W\,4�wx}�� @_V6C�� � 4��T4 @
8 B � V � =;Y�<���¹ C 5���4%564�798;:�< @_V6C 7%½s8[\64%�
: @ 4¸8;: ]D] 4�5 � P�: C 5�8[\64¸�T4 > < �2C Y � 7

� UHU_gT�%�H�]g�VHVe����?A@AB � D d ��?&Xf����bWG��#�ehWB_�&�CF�bfVe�e?�V�Xf�&F�bfV=�A@aV]b O cHDHD#B_@&�Z��g#E_@W�

�t5 � 8(8W\64�7_= @ � �,8�/¤IT\64�=;Y�8[\64
5*:A8W: > :�7_4�= B�C6C 4�=�8 �2BDC 7[4%=%8 �2BDC : C 5 =;\6: C6] 4 ���xC 4�4%564�5z» >,V 8�8W\,4
564 � : V <28¶�*: @ :AP³4�8W4 @ 7	7[\ BDV <?5 > 4 B Ys½p= � /E}¶�,��4 C 5 � º�} ��BD@ 5*:A8;: > :�7[4R�6: @ :�P�4%8[4 @ 7;¼�/�y B�C6B � 8 B
8W\64³P B 5 V <24³7_4�=�8 �?B�C /¢X"\64 U&@fV]b&bAEM@�`fVM�2UWEM@ 7[\ BDV <?5 7_4�<?4%=%8 B�C <2��`�: C 5¬Á,/JX"\64 C = B P�4Z8W\,4
��4%564�798;:�<�P B 5 V <24�7 ��BD@ :�<2<-8[\64	\ B 5 B 7_= B �-4�7%½*NKNf= B�V6C 8W4 @ 7µ: C 5�IT\64 @ 4 C Y Bk� 564�8W4�=�8 BD@ 7�/ �*4�4%< ��@ 4%4
8 B :�565 BD@x@ 4�P B�� 4¸�x\*:A8W4 � 4 @ /O� :A=;\ B�� 8W\64%7[4EP B 5 V <24�7K\6:�7£. � 4 @ � � P³� BD@ 8;: C 8KP�4%8[\ B 567>


1D/�O E�U O B��CE N d F&VHV��n�#GHGH� Ua�
.0/�O E�U K BA�AV�?A�aVM�ME~��FHG]X d U K � BM@ Uf�&�

1



� � � B�V �K: C 8O8 B 7W: � 4	8[\64£=�:�< �2>6@ :�8 �?B�C 8 B 8[4�P�� BD@ : @ ��:A7[= ��� ¹*<?4%7¸»#\ �?] \6<�� @ 4%= B P�P�4 C 564%5s¼�½�8W\,4�1�798
P³4�8W\ B 5�7[\ B�V <?5�:�<��K:��j7x7[4%8 �H� L����-/sX"\64�. C 5�P³4�8W\ B 5�7[\ B�V <?5�7[4�8x8W\64 C :�P�4 B�� 8W\ � 7x:�7[= � � ¹*<24�/
} C6B 8W\64 @ P�4%8W\ B 5³:�<?< B �x7 � BDV 8 B 7[4�8": C�V �6��4 @ < � P � 8�8 B 8W\,4£� � 508W\ BA� 8W\64£4 � :�< V :A8W4%5Z�-4�564%7_8W:�<?7%/
� � � BDV 8W\ �2C Yh8[\*:A8R8W\,4��,\ B 8 B Q P V <�8 � �6< � 4 @ 8 V6> 4�7�»d3 ÂoXµ¼x'�7#0��&+ $\5 02(�\6: � 4�:¢�-4�564%7_8W:�<K� � 5,8[\
> �?]�] 4 @ 8W\*: C 8W\ � 7Z< � P � 8�½ 8W\,4 BDC 4%7Z8W\*:�8Z8 V,@[C�BDV 8³8 B > 4 Bk� 4 @ 8W\ � 7Z< � P � 8�� � <?< > 4�8;: ]�] 4�5�:A7
� K BA� ��� FMEeg&UaVMG2X »
	�Q;1D1�1D1 �?C 8W4 @[C :A<?<2�,¼¾/�X"\64%�
� � <?< > 4 �?]�C6BD@ 4%5 �?C 7 V6> 7[4>� V 4 C 8¸: C :A<2�j7[4%7�/
I BDVZB�C <2� C 4%4�5Z8 B 7_=�: C :E7[4>� V 4 C =�4�»���4%564�798;:�< @[V,C 7 C6BD@ PZ:A<?<2��\*: � 4£P BD@ 4µ8[\*: C�B�C 4£7_4>� V 4 C =�4�¼�/
IT\64�=;Y�8[\64"\ � 7_8 B�]D@ :�Pc¹*<24�/�� C � �2] /21�½A� B�V =�: C 7[4�4£:¶8 �j� � =�:�<6=�:�< �2>6@ :A8 �?BDC(��BD@ 8W\,4£NTN @ �?] \´8 : @[@ :��
» @_V6C . v `��´¼¾/

5 10 15 20 25 30 35
0

20

40

60

80

100

120

140

160

180

200

BBR Pedestals 

5 10 15 20 25 30 35
0

5

10

15

20 BBR Pedestal Width 

Run 2476

� �2]DV6@ 4R1�
 3�4�5,4�7_8W:�<q=�:�< �?>6@ :A8 �2BDCZ��BD@ NTN @ �?] \´8x: @_@ :��D/

X"\64t\ � 7_8 B�]D@ :�P�¹*<24 > :�7 � =�:A<?<2�£= B�C 8W: �?C 7�\ � 798 BD]�@ :�P·5 �?@ 4�=�8 BD@ � 4�7 C :�P�4�5������������������� � E_hAE d UCBC� d /
� C 4�:�=;\ B�� 8[\64�7_4¬5 �?@ 4�=%8 BD@ � 4�7%½E� BDV � � <?<¸¹ C 5 7 V P�PZ: @ �·\ � 798 BD]D@ :�P�7 »#�-4�5,4�7_8W:�< � :�< V 4�7¢: C 5
� � 5,8[\67 � 4 @ 7 V 7�3 ÂoX CjV P > 4 @ ¼�: C 5 7 V6> 5 �2@ 4�=�8 BD@ � 4%7 B�� \ � 798 BD]�@ :�P�7 ��B�@ �?C 5 �2� � 5 V :�< 3 ÂoX�7 �?] Q
C :�<d/¶IT\,4�=;Yo8[\64�P BDV 8�/¸I BD@_@ 4%=%8¶8[\64R:�7_= ��� ¹*<24�7 �2� � BDVJC6B 8 � =%4�7 B P³4E�T4 �?@ 5 > 4%\*: � �2BDV6@ �?C 7 B P�4
\ � 798 BD]�@ :�P�7¢» > :�5�¹68�½ C 4 ] :A8 ��� 4 � :�< V 4�7�½£4%8[=k¼�/iI BDV � @ 4 C6B � @ 4�:�50� 8 B = B P³P � 8³8W\ � 7�=�:A< �?>,@ :�Q
8 �2BDC 8 B 8W\64�5*:�8;: > :A7[4�/³X"\ � 7F=�: Ch> 4�5 BDC 4 ��@[B P �x\64 @ 4 � 4 @�B�C¤@ =�:�7%/ZX"\64 >6@ :A8WP³: �2C 7_= @ � �,8 � 7
K G]DHD V=U � EMh K BA� � K*/��t5 � 8 � 8": C 5�=;\*: C6] 4 ����C 4�4�5,4�5�/Z� B 8[4	8W\*:�8µ:�<?<�=�:�< �?>6@ :A8 �2BDC P B 5 V <?4�7K:�\6: � 4
P³4�8W\ B 5 O E�U K G]DHD V=U N d F&VHV��{�WGHGH� Ua� / �¥8"7[\ BDV <?5 > 4£7[4%8T8 B �H� L����-/6X"\,4¸:�7[= � � ¹*<?4%7O� BDV
]DB 8T� @ 4¾Q
� �?BDV 7_<2�R� � <?< > 4 @ 4�:�5 > ��8W\64£P B 5 V <24�7O: C 5�= B P³P � 8_8W4%5�8 B 8W\,4¶5*:A8W: > :�7_4¸: V 8 B P³:A8 � =�:�<2<2�D/�� � � BDV
�K: C 8x8 B : �DB � 5�: C �
8 @_BDV6> <24�½�$&025�� (���7C*�5&:&"�(87#"Z.�021�� *�(T0 .�(87#"�'="�*2' �)989�!	+ "�'�/�I BDV � @ 4E:�<?< B �T4%5�8 B
=;\*: C6] 4 C�V P³4 @ � =�:�< � :A< V 4%7 BDC <��D/�� � � B�V \6: � 4	8 B 7_4%8µ:�Y0IK:�<��¿º0=�4%�,8 �2BDC���BD@ : ] �2� 4 C�� :�< V 4�½0� @ � 8[4
Q;1D1�1D1Z: C 5 C6B 8[\ �?C,] 4%<?7[4A/J� B 8W4Z:�<?7 B :�P³4�8W\ B 5 =�:A<?<?4%5 O E�U K G]DHD#EeX&U���F_G]X d U K � B_@ Ua�&� / I BDV

.



7[\ B�V <?5�� @ � 8W4	:�= B P�P³4 C 8K7_8 @ �?C6]RBA� :�8"<?4�:�7_8F1�|�=;\6: @ :�=�8W4 @ 7�½*5,4�7[= @ �2> �?C6] � � 7[4%<2�Z8[\64¸=�:A< �?>,@ :A8 �?BDC
� BDV :�=;\ � 4 � 4�5J: C 5
�K: C 8µ8 B =;\64%=;Y �2C /
}�8 �j� � =�:�< V 7W: ] 4 B�� 8[\64F= B P�P � 8K7_= @ � �,8x� BDV <?5 > 4�


?A@AB�U_D#BWV�X K G]DHD V=U � EMh K BA� � K �M@ ������� BD@
?A@AB�U_D#BWV�X K G]DHD V=U � EMh K BA� � K �M@ ������� �M` ������� BD@
?A@AB�U_D#BWV�X K G]DHD V=U � EMh K BA� � K �M@ ������� �M` ������� �
	 � VM�]c ��� � ��X&?�V ��h��^� � G2cWEM@HhAB�XWE

� � � BDV �T: C 8(8 B 7_\*: @ 4³� B�V6@ =�:�< �2>6@ :�8 �?B�C ½��¶798 @_BDC6] <��¢7 V6]�] 4�798�� B�V Y�4%4���8[\64�564 � : V <28E5*:A8W: > :�7_4
�*: @ :�P³4�8W4 @ 7�/

jlk�j �p�w��Z�}q�� u	v{ynz}|#u~tWyn�Z�}s

� C �x\*:A8 ��B <?< B �x7�½f�K� B�@ Y�� � 8W\o5*:A8W:�:�< @ 4�:�50� @ 4�5 V =�4%5 :A8¶8[\64�< B =�:�<p8 @ :A=;Y �2C6] <24 � 4�< /µX"\ � 7¶5*:A8W:
= BDC 8W: �?C 7µ< B =�:A<q8 @ :�=;Y�7 ��@_B P :�<2<q8 @ :�=;Y �2C6] =;\*:�P > 4 @ 7�½ @ :��c5 �2] � 8[7 ��B�@ 8W\,4 B 8[\64 @ 564%8[4�=%8 BD@ 7R»dNKN¶½
X����T½AIT\64 @ 4 C Y B�� ½0Â V <�8�: @[@ :k�j7W¼�/�X"\64O5*:A8W:µ¹*<24�7�: @ 4 < B =�:A8[4�5 BDC 7 B P³4 @ =�:�7¿5 �?@ 4%=%8 BD@ � 4�7�½�P³: �?C <��
�]?C@AB � D d �ehAB�UCB � ����� �AV]b_?f� L ������� � � d E_�C� � � 8W\ �
��� 	§1D½G.F: C 5 ��������� � 7t8W\64 @[V,CZC�V P > 4 @ / �S: C
NT4�: @ 564 C � 7K8W\64 BDC 4¸�x\ B�@ 4%5 V =%4�5o8[\ � 7"\ V6] 4(:AP BDV,C 8 BA� 5*:A8W:,/
� � � BDV �T: C 8�8 B Y C6B ��P BD@ 4�: >-BDV 8E8W\ � 7 @ 4�5 V =�8 �2BDC 7_8[4���½t= BDC 8;:�=�8R\ � P :�8 ?WEHB_@HhAEeX��MXH?�V ��h�� /
H B P�4	Xx3 I·=�:�< �2>6@ :A8 �?BDC 7 �O4 @ 4�:�<27 B 5 BDC 4 > �
3�4�8W4 @ IT\ @ � 798 � : C 7[4 C »#5 @ �2� 8 � 4�< B = � 8 �D½,8 � P�4 B�^ 7[4�8W7%½
�*:�5 798;:A8 V 7;¼¾½O:A7��T4%<?<K:A7R7 B P�4
wFI =�:�< �?>6@ :A8 �2BDC 7 > � 3¿:��O4�<µHj8W:�7��%4�<d/hX"\64%7[4�=�:A< �?>,@ :A8 �?BDC 7(: @ 4
V 7[4%5 ��BD@ < B =�:�<-8 @ :�=;Y �2C6] �?C 8[\64 ��BD@ �K: @ 5�: @ P�/ I BDC 8W:�=%8K8[\64�7_4 ]DV �j7 �2� � BDV �K: C 8"8 B Y C6B �zP BD@ 4
: >-BDV 8 � 8F» gaF � @fV d UaV
��XH?�V � h�� : C 5 d UWB d�� EA����XH?�V � h�� ¼�/

 ��? ��#� � i�'���� � i�'�� �D�-���-�ki����D'*)#�#+���',�����-�

NT4 ��B�@ 4�: C � 5*:A8W: @ 4�= BDC 7_8 @[V =�8 �2BDC ½O� BDV \*: � 4o8 B PZ:�YA4�7 V6@ 4�8[\*:A8�8W\64�NT4�:�PRQSNT4�:�P = B�V6C 8W4 @ 7
: @ 4�=�:�< �2>6@ :A8[4�5 ��BD@ 8W\64�5*:A8W:�8 Bo> 4 @ 4�= BDC 798 @[V =%8W4%5�/��h4³\*: � 4�:�< @ 4�:A5,� ��4 @_��BD@ P³4%5�:��-4�564%7_8;:A<
=�:�< �?>6@ :A8 �2BDC
��BD@ 8W\64�NKN�: @_@ :��j7�/ � BD@ 564�8;: � <?7£: >�B�V 8£8[\64�NTN¶½ B�C 4�=�: C 7_8 � <?< @ 4�:�5 Q LeSd/ ��4�\6: � 4
C6B �z8 B 5 B P BD@ 4F:�5 � : C =%4�5�=�:�< �2>6@ :�8 �?B�C 7 �2C 8[\ � 7 B�@ 564 @ 


1D/ ��! K#" BWV�X
.0/lN ! K#" BWV�X
L,/x� ��! K »#564%<�:�� > 4%8 �O4�4 Co@ 4 � 4 @ 4 C =�4F8 V,> 4E: C 5 B 8[\64 @ 8 V,> 4%7;¼
v /�O �ME%$�V�XAb K Ge@&@AECF]UaV_G]X » @ 4%¹ C 4�P�4 C 8 B�� �RXxwFI"¼
|0/'& EM@_UWE �)( `H` d EMU » B�^ 7[4%8£:�< BDC6] 8[\64 > 4�:�P < �2C 4	� � 8[\�Xx3OÂ¤1E8 @ :�=;Y�7;¼

}¶<2< B�� 8[\64�7_4E=�:�< �2>6@ :�8 �?B�C 7 V 7[4	8W\,4¸7W:�P�4	P³:�=;\ �?C 4 @ �a
 :�7_= @ � �,8K8[\*:A8"� @_B =%4�7_7[4�7x8W\,4¸5*:A8;:0½0� @ � 8W4%7
\ � 798 BD]�@ :�P�7�½�¹68W7�8[\ B 7[4K: C 5�7W: � 4%7t8W\64 @ 4�7 V <28W7�8 B 8W4%P³� BD@ : @ ��:�7[= � � ¹*<?4%7�½´: C 5�:	7[= @ � �,8¿8 B = B P³P � 8
8W\64 =�:�< �2>6@ :A8 �?BDC 8 B 8W\64 5*:A8W: > :�7_4�/¿H �?C =�4 :�<?<�=�:�< �?>6@ :A8 �2BDC P B 5 V <?4�7p5,4 @ ��� 4 ��@[B P : > :�7[4 =�<?:�7[7%½�8[\64%�
:�<?<�\*: � 4 = B P³P BDC P�4%8[\ B 5,7 »O E�U O B��CE N d F&VHV ½HO E�U K G=DHD V]U N d F&V&V ½&O E�U�*#GMBMh N d F&VHV ½HO E�U K G=DHD#E�X&U ½
O EMU K BA�AV=?A�fVM�ME /M¼
� BD@ 4�:A=;\ B�� 8W\64%7[4E=�:�< �?>6@ :A8 �2BDC 7%½,:R7[= @ � �,8µ=�: C�> 4 ��B�V6C 5 �?C

L



� � ��� ��������� ���
	�	��������� � d=� BM@AEA�e?A@AB_U#� d F�@fV�g&U d �&F�BW�AV�?a�2?H?

� � 8[\�4¾º0�6< � = � 8 C :�P�4�7�/

��e�&��'*�#�·&('*)d��+���'0���#�-�

X"\ � 7R=�:�< �2>6@ :�8 �?B�C � 7�4�ºj8 @ 4�P�4�<�� � P³� BD@ 8W: C 8R7 �2C =�4 � 8 � 7��x\*:A8�� � <?<":�<2< B � V 7R8 B = B�C�� 4 @ 8�XxwFI
C�V P > 4 @ 7µ8 B³@ 4�:A<�8 � P�4Z» �?CoC 7;¼¾/£X"\ � 7¶P V 7_8 > 4(:�7¶� @ 4�= � 7[4�:�7£� B 7_7 �?> <?4 �?C�B�@ 564 @ 8 B³] 4%8	: ]DBjB 5
8 � P³4 @ 4�7 B < V 8 �?B�C / H �?C =%4�8W\,4 @ 4¤: @ 4J7[P³:�<2<£5 ��^ 4 @ 4 C =�4%7 > 4%8 �O4�4 C XxwFI P B 5 V <24�7%½ B�C 4J\*:�7�8 B
��4 @_��BD@ PU8W\ � 7µ=�:�< �?>6@ :A8 �2BDCZ��BD@ 4�:�=;\�NKNz3 ÂoXc: C 5 5 02(x:��,�6<2� > < �?C 56<2�³8W\64 C6B P �?C :A< ] : �2C /KN V 8
8W\64 ��! K " BWV�X =�:�< �2>6@ :�8 �?B�C 5 B 4�7 C � 8 C 4�4%5¤8 B�> 4R5 BDC 4 B�� 8[4 C / � C =�4�:Z�D4�: @ 7[\ BDV <?5 > 4R4 C6BDV,] \
:�7 � : @ :�7��F= BDV <?5�=;\64�=;Ys/¤N V 8 ��� � B�V @ 4�:A<?<2� �T: C 8�8 B 5 B � 8�½ > 4�7 V6@ 4Z8 B 7[4�<24�=�8�:������ :_*�985
�%*�+ 9 ,>1{*�(�9025�1��&5 ��B�@ 8[\64E5*:A8;:0½ B 8W\64 @ � � 7[4F� BDV P³:��
\*: � 4(7 B P�4 > :�5o7 V6@ � @ � 7[4�7%/2/�/��£7[4(8W\64E7[= @ � �08
�M?A�&h#F " B#V�XT� K�: C 5 K G=DHD V=U&�&h#F " B#V�XT� K�< � YA4 ��BD@ 8W\64F�-4�564%7_8W:�<?7%/

� e�&��'*�d�~&('*)#��+���',�����-�

X"\64}N ! K bABWV�X^F�BA�CV�?A@AB�U�VMG]X � 7 � P³� BD@ 8W: C 8 > 4%=�: V 7_4	� BDV �K: C 8K8 B P³:�Y�4£7 V6@ 4¶8W\*:�8T� B�V 7[4�<24�=�8
� :�< � 5h\ � 8W7R: C 5 C6B 8���4%564�798;:�<O\ � 8[7�/¤H �2C =�4�4�:�=;\¬3 ÂoX \*:�7R:�5 �2^ 4 @ 4 C 8 �?C 8W4 @[C :A<O4 C 4 @_] � ] : �?C ½
8W\64 � 564�: � 7µ8 B�C6BD@ PZ:�< � �%4	8W\64(}	wFIz7 �2]DC :�<27 > ��:³= B P³P BDC � V : C 8 � 8 �D½��x\ � =;\ � 7x8W\,4�}	wFI BA� :
P �2C � P V P �2BDC � � �?C,] �6: @ 8 � =�<24(» Â �S3 ¼�/j} C }	wFI ] : �?C � 7 P V =;\³P BD@ 4 V,C 7_8W: > <?4x8W\6: C :EXxwFI ] : �2C
5 V 4R8 B \ �2] \0Q ��B <28W: ] 4�P�4�: C¤� :�< V 4R7[\ ��� 8�/ �£� BDV <25h7[:��¢8W\*:A8F8[\ � 7F7[\ BDV <?5 > 4�5 BDC 4�4 � 4 @ � �O4�4%Y
5 V6@ �?C6] : @_V6C �-4 @ �?B 5�/KX B :�=%= V P V <�:A8[4�: @ 4�:A7 BDC : > <?4E7_8W:A8 � 7_8 � =�7%½s� BDV�C 4�4�5J8 B 7_=�: C :A8¶<24�:�798�1k|
7[4�� V 4 C =%4�7 B�� : @[V6C /¶Â�:�YA4�7 V,@ 4�� BDV 7[4%<?4%=%8F:�<2<�8 @ �?]D] 4 @ 7�»91D½�L,½ v ½ |0½ �D¼x8 B �?C =%< V 5,4(�-4 @ � �6\64 @ :�<
4 � 4 C 8W7%/�X"\64 @ 4�:A7 BDC � 7E8[\*:A8E8W\64o1�7_8�Â �S3 �-4�:�Y 7[\ BDV <?5 > 4�8W\64³\ �?] \64�798�/ � � � B�V 7[4%<?4�=�8 BDC <2�
=�4 C 8 @ :�<�4 � 4 C 8W7%½�� BDV P³:��o4 C 5 V ��� � 8W\JP V <28 � �6<?4(Â �S3��-4�:�Y�7¸\ �2] \64 @ 8W\6: C 8W\64Z1�7_8 BDC 4�/ � 4 @ 4
� 7x:�8 �j� � =�:�< V 7[: ] 4 B�� 8W\ � 7"7[= @ � �,8>


?A@AB�U_D#BWV�Xi�M? N h#F " B#V�XT� K �M@ ������� ��� ������� � � ������ � P ?H? N h#F " BWV=X ������� ��@WGHG2U
��� �

� 4 @ 4�½ ��������� � ������ @ 4 � 4 @ 7�8 B¢BDC 4 BA� 8W\64 �]?A@AB � D d �ehCB�UCB � Xa�AV]bM? / I B�V P �?] \�8E�T: C 8R8 B 7[4�8
B 8W\,4 @FB �,8 �?BDC 7%½�4�8W=A/ �*4�4�< ��@ 4�4�8 B :�565h� BDV6@EB � C�B �,8 �?BDC 7�/!� B 8W4R8[\*:A8E8W\64 @ 4³: @ 4³:�<?7 B 7[4 � 4 @ :�<
�K:��j7x8 B :�565�7[4�� V 4 C =%4(¹*<24�7"8 B 8W\,4 �2C � V 8xP B 5 V <?4A½,= � / }£�6�-4 C 5 � º�N·: C 5 Q .]S /
� C =�4 8W\64 �_B�> � 7q¹ C � 7[\64%5�½ B �-4 C 8[\64K\ � 7_8 B�]D@ :�P�¹6<?4K: C 5�=;\64%=;Y�\ � 7_8 B�]D@ :�P�7 �?C �H� � N h#F " BWV�X : C 5
�H� � N hfF " BWV�Xa� K BA� N h#F / � C 8[\64Z¹ @ 7_8 B�C 4�½�� BDV \*: � 4
7 V P³P³: @ �h\ � 7_8 BD]D@ :�P³7F� � 8[\ =�:A< �?>,@ :A8 �?BDC
� :�< V 4%7 � 4 @ 7 V 7E8 V6> 4 C�V P > 4 @ /�� C 8W\,4R7[4�= BDC 5¤5 �?@ 4�=�8 BD@ �D½�� B�V \*: � 4�\ � 7_8 BD]D@ :�P³7 ��BD@ �?C 5 �2� � 5 V :�<
8 V6> 4�7(: � 8[4 @ }	wFI ] : �?C¤C6BD@ P³:�< � ��:�8 �?B�C / � C � �?] /G.0½p� BDV =�: C 7[4%4�:�8 �0� � =�:A< 5 � 7_8 @ �2>6V 8 �2BDC /³X"\64
1�7_8¸Â �S3~�-4�:AYo7_\ BDV <25 > 4�=%4 C 8W4 @ 4%5�:A8�1D/EH BZ� : @ ½ �O4�\*: � 4 C � 8(=�:�< �2>6@ :�8W4�5o\ �?] \64 @ Â �S3~�-4�:�Y�7%/
�TY C6B � > ��4�º0�-4 @ � 4 C =%4(8[\*:A8£:�= BDV �6<24 B�� 8 V6> 4%7µ� � <?<�7_\ B �c7 B P�4¸�T4 �?@ 5�5 � 7_8 @ �?>6V 8 �?B�C /	� � � B�V � @ 4
�?C 5 BDV6> 8�½6:A7[Y�4�º0�-4 @ 8[7F»�� @ � 8[4µ8 B ?A@CB � D d �C�%��?HXf� ��bWG2� ¼�/ � � 8[\64%��5 B�C � 8TY C6B �·�x\´��8W\64�� > 4%\*: � 4
B 5,56<2��½ �?]�C6BD@ 4	8[\64�7_4E8 V6> 4�7µ: C 5�8;: ] 8[\64�P :A7 > :�5 �2C 8W\64E:�7_= � � ¹*<?4�»�Q;1D1D1�1�¼�/
	 � Y�4�8W\,4³�-4�564%7_8W:�<?7%½ V 7[4�K G]DHD V=U N h#F " BWV=XT� Kh8 B = B P³P � 8¸8[\64³=�:�< �2>6@ :�8 �?B�C :A7[= ��� ¹*<?4A/�I BDV =�: C
C6B ��� @_B =%4�4%5�� � 8W\
8W\64E� ��! K�7_8W4%��/

v



��

�

��

�

��

�

��

�

��

�

��

�

��

�

��

�

��

�

��

�

��

�

��

�

��

�

��

�

� � � ��

� � � �

� � �

� � �

���
��

�

���
��

�

���
�

�

���
�

�

���
�

�

���
���
�

�

���
���
�

�

���
���
�

�

���
���
�

�

���
���
�

�

���
���
�

�

���
���
�

�

���
���
�

�

���
���
�

�

���
���
�

�

���
���
�

�

���
���
�

�

���
���
�

�

���
���
�

�

���
���
�

�

���
��

�

���
��

�

���
��

� � � � � � � � � �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

�

��

�

��

�

��

�

��

�

��

�

��

�

��

�

��

�

��

�

��

�

��

�

��

�

��

�

��

�

��

�

Normalized ADC
1 2 3 4 5 6 7 8

N
u

m
b

er
 o

f 
co

u
n

ts
 [

u
.a

]

0

100

200

300

400

500

600

700

800

Calibrated Adc, tube 41

BBL, run 5734 to 57381st MIP peak

� �?]DV6@ 4F.A
 H �2C6] <24	8 V6> 4F}	wFI�5 � 798 @ �2>6V 8 �?BDC : � 8[4 @"] : �?C =�:�< �?>6@ :A8 �2BDC /

� ��e�&&('*)#�#+���',�����-�

X"\ � 7¶=�:�< �?>6@ :A8 �2BDC � 7	= @_V = � :�< ��BD@¶BDV6@¶� 4 @ 8[4�ºh: C 5¢7_8;: @ 8¸8 � P³4(564%8[4 @ P �2C :A8 �2BDC /r�¥8¸� � <?<�:�<?7 B = BDC Q
8 @ �?>6V 8[4E8 B 8[\64 Bk� 4 @ :�<2<�8 � P�4 B���� �2] \´8 @ 4�7 B < V 8 �?BDC 7 B 8[\ � 7µ=�:�< �?>6@ :A8 �2BDC � �H')(l,)"r:&0=0>$�/xX"\64 � 564�:
> 4%\ �?C 5 � 7�8 B :�< �?]DC :�<?< 8 V6> 4�7R8 B : @ 4 � 4 @ 4 C =%4�8 V6> 4 �2C 8 � P�4 > 4�=�: V 7[4
8[\64 @ 4o: @ 4
7 B P³4
564%<�:��j7
> 4�8 �T4%4 C 8W\64%Po/hX"\64�7_4o564%<�:��j7�: @ 4
5 V 4
8 B 4�/ ] / 5 ��^ 4 @ 4 C 8�=�: > <24
<?4 C,] 8W\�/ H �?C =�4�8W\,4�7[4
8 V6> 4%7
564%8[4�=�8 BDC : � 4 @ : ] 4o�*: @ 8 � =%<?4�7�� � 8W\�8W\64�7W:�P�4�� @[B ��4 @ 8 � 4�7�» C6B 8³= B P��6<?4�8W4�<�� 8 @_V 4 >6V 8Z: ]DBjB 5
:�7[7 V P��,8 �2BDC ¼�½08W\64 �?@ 8 � P³4¶5 � 798 @ �2>6V 8 �?BDC 7_\ BDV <25 > 4F7 � P � <�: @ /¿X"\*:A8>� 7"�x\´�
�O4(7_\ BDV <25�= BD@[@ 4�=�8 ��BD@
8W\64F564%<�:�� > 4%8 �O4�4 C 8W\,4�P�/
�£7_4�8W\64�7[= @ � �,8 �_?�!CEA�2UWB��&h#F~� K¢: C 5¢� @[B =�4%7[7	8[\64�5*:A8W: �?C 8W\64�7[:�P�4��K:���/rI B�V =�: C =;\64%=;Y�8W\,4
�*: @ :�P³4�8W4 @ 7 ��B�@ 8[\64JP B 5 V <?4 �H@&�M?�!CEA�eUCB��&h#F K BA� 	fG�hMcf�ME 8 B � BD@ Y�� @_B ��4 @ <��D/ � BDV,@ P�4%8[\ B 5,7
: @ 4 B�� � P³� BD@ 8W: C =%4�
4O E�U L EM` � ��XAU Ua� 8 B 7_4%8�8[\64 @ 4 � 4 @ 4 C =%4�8 V,> 4¬» V 7 V :�<?<���L,1 ��BD@ 8W\64 @ �?] \�8
: @[@ :��¢: C 5hL´` ��BD@ 8W\,4�<24 � 8E: @_@ :��,¼�½ O E�U � XWEM@Hb&�_� � @AE d=� GH�eh	�n�W�HGMBMU U�� »�8 �j� � =�:�<?<��¢Ã,/M`Z8 B : �DB � 5
��4%564�798;:�<t\ � 8W7W¼�½�O E�U N h#F O EA� �n�W�HGMBMU Ua� » V 7 V :A<?<2��Ã,/�1D½ � 8 � 7	8W\,4�8 B <24 @ : C =�4 B�� 8W\,4 @ 4 � 4 @ 4 C =�4�\ � 8
}	wFI 
������
	��� 	 1���Ã���1�¼�½aO E�U&�fV]U���V�XAh#G�$	�n�W�&GMB�U Ua� » 8 �0� � =�:A<?<2��. C 7£: @[BDV,C 5�8[\64EPZ:�º � P V P
B�� 8W\64F�-4�:�Y0¼�/
I BDV \ � 798 BD]D@ :�P ¹*<24�7[\ BDV <?5 C,B � = BDC 8;: �?C 5 �?@ 4�=%8 BD@ � 4�7 �H� � !CEC�2UCB��&hfF � � 8[\ :¤7 V P�P³: @ � \ � 79Q
8 BD]�@ :�P : C 5J:�7 V6> 5 �?@ 4�=�8 BD@ �
� � 8W\ �?C 5 �2� � 5 V :�< 8 V,> 4E\ � 798 BD]�@ :�P�7�/xHj4�4 � �?] / L ��BD@ :�8 �j� � =�:�<q=�:�< � Q
>6@ :�8 �?B�C /
� C =�4	8[\ � 7"=�:�< �2>6@ :A8 �?BDC � 7K= B P�P � 8[8W4%5 �?C 8[\64F5*:A8W: > :�7_4�»�� � 8[\
8W\64¸7_= @ � �,8�K G=D&D V=U�!CEC�2UCB��&hfF~� Kj¼�½
8W\64F7_<?4%� �2C6] = BD@_@ 4%=%8 �2BDC =�: C�> 4¸5 BDC 4A/

�p)�i��³�d���¬&(�s����i0���k�#�-��&('*)#��+���',�����-�

X"\64¶7_<?4�� �?C6] = BD@_@ 4�=�8 �2BDC � 7O: @ 4%¹ C 4�P�4 C 8 B�� 8[\64¶� @ 4 � �2BDV 7T=�:�< �2>6@ :�8 �?B�C /�X"\,4	� V6@ � B 7_4 � 7 @ 4�P B�� 4
8W\64Z4 C 4 @[] �·» BD@ }¶wFI"¼(564��-4 C 564 C =%4 BA� 8W\64�8 � P�4Z7 �2]DC :�<d/¢X"\ � 7R5,4��-4 C 564 C =�4 � 7(< B � ��BD@ <?: @[] 4
}	wFI >6V 8E=�: C�> 4 � 4 @ � � @[BDC,BDV6C =%4�5 ��B�@ 4 C 4 @[] � � :�< V 4�7E: @_BDV6C 5 8W\64³Â �S3�4 C 4 @_] �D½q8W\,4 @ 4 B���BD@ 4
8W\ � 7K� � <2< � B�@ 7[4 C 8W\,4E8 � P�4 @ 4%7 B < V 8 �2BDC / X"\64(7_<?4�� �?C6] = BD@_@ 4%=%8 �2BDC � @[B =�4%5 V6@ 4 � 7K8 B 4%7_8 � P³:A8W4¸8W\,4
��V6C =�8 �?B�C 8[\*:A8 564%7[= @ �?> 4�7 8W\ � 7�8 � P³4¾Q 4 C 4 @[] ��= B�@[@ 4%<�:A8 �?BDC 8[\64 > 4%7_8O: C 5�= BD@_@ 4%=%8 8W\64x4�º0�-4 @ � P�4 C 8;:�<

|



Tube number
5 10 15 20 25 30 35 40

T
D

C
 [

n
s]

∆

-8

-6

-4

-2

0

BBL: DeltaTdc Dt

Reference tube

�

�

�

�

�

� �������

TDC tube 41 - tube 37∆
-6 -4 -2 0 2 4

N
u

m
b

er
 o

f 
co

u
n

ts
 [

u
.a

]

0

50

100

150

200

250

300

350

400

Chi2 / ndf = 20.54 / 24
Prob  = 0.6658

 7.129 ±Constant = 364.5 
 0.001861 ±Mean     = -0.6034 

 0.001555 ±Sigma    =  0.12 

BBL: Delta Time  41 - 37 Chi2 / ndf = 20.54 / 24
Prob  = 0.6658

 7.129 ±Constant = 364.5 
 0.001861 ±Mean     = -0.6034 

 0.001555 ±Sigma    =  0.12 
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Chi2 / ndf = 56.19 / 33
Prob  = 0.005566

 0.04012 ±p0       = -2.147 
 0.1004 ±p1       = 3.767 
 0.06057 ±p2       = -1.324 

BBL: Slewing effect 5 - 37 Chi2 / ndf = 56.19 / 33
Prob  = 0.005566

 0.04012 ±p0       = -2.147 
 0.1004 ±p1       = 3.767 
 0.06057 ±p2       = -1.324 
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 3.224 ±Constant = 358.5 

 0.01688 ±Mean     =  18.5 
 0.01565 ±Sigma    = 2.556 

Big tube vertex

Chi2 / ndf = 920.4 / 198
 3.224 ±Constant = 358.5 

 0.01688 ±Mean     =  18.5 
 0.01565 ±Sigma    = 2.556 
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1500 Chi2 / ndf = 12.94 / 18
  13.8 ±Constant =  1507 

 0.006011 ±Mean     = 16.91 
 0.007427 ±Sigma    = 0.6784 

Chi2 / ndf = 12.94 / 18
  13.8 ±Constant =  1507 

 0.006011 ±Mean     = 16.91 
 0.007427 ±Sigma    = 0.6784 

Small tube vertex
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Chi2 / ndf = 141.3 / 58

 3.818 ±Constant = 372.6 
 0.02865 ±Mean     =    24 

 0.0304 ±Sigma    = 2.118 

Chi2 / ndf = 141.3 / 58
 3.818 ±Constant = 372.6 

 0.02865 ±Mean     =    24 
 0.0304 ±Sigma    = 2.118 
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* MRS  Track matching offsets and widths
*
*  Run    |   dAlY   Off   −   Sig  |    dY    Off   −   Sig    |  dAng  Off   −   Sig    | 

   5361      −0.0007518  0.0047228      −0.3425198  0.4682708      −0.0035288  0.0071138
   5362      −0.0045938  0.0044178       0.1465848  0.4175488      −0.0035318  0.0071358
   5367      −0.0049148  0.0038728       0.2343708  0.3731668      −0.0030768  0.0069478
   5368      −0.0046488  0.0038268       0.2441048  0.3550178      −0.0031918  0.0072388
   5378       0.0000758  0.0047798      −0.2021658  0.4538898      −0.0034148  0.0066918
   5388      −0.0054338  0.0038178       0.2440038  0.3792738      −0.0032868  0.0071508
   5398      −0.0004028  0.0036728      −0.1784618  0.3574428      −0.0027778  0.0072478
   5399      −0.0008308  0.0037018      −0.1331968  0.3720088      −0.0030858  0.0070328
   5407      −0.0005018  0.0037518      −0.1016348  0.3544528      −0.0027188  0.0065368
   5420      −0.0008928  0.0037018      −0.1545428  0.3547738      −0.0028608  0.0066108
   5432      −0.0017128  0.0037018      −0.0338298  0.3427848      −0.0027288  0.0066148
   5435      −0.0009988  0.0035128      −0.1273868  0.3338908      −0.0026558  0.0064488
   5438      −0.0008088  0.0034828      −0.1622078  0.3336248      −0.0026678  0.0066998
   5442      −0.0009858  0.0036878      −0.1460548  0.3451178      −0.0020768  0.0066998
   5446      −0.0026658  0.0037338       0.0099908  0.3500168      −0.0022758  0.0065908
   5447      −0.0026578  0.0037348      −0.0072848  0.3511558      −0.0021328  0.0065678
   5460       0.0001528  0.0037978      −0.3248938  0.3814188      −0.0024068  0.0062608
   5461      −0.0004268  0.0037238      −0.2737068  0.3885278      −0.0023018  0.0063568
   5465      −0.0046048  0.0037268       0.1241918  0.3839338      −0.0024878  0.0065288
   5485      −0.0013718  0.0046578      −0.2731968  0.4987378      −0.0030348  0.0065198
   5494       0.0008738  0.0042548      −0.3575988  0.4498748      −0.0028728  0.0061888
   5495       0.0006518  0.0042728      −0.3327958  0.4484788      −0.0031018  0.0061778
   5508       0.0011298  0.0054798      −0.5500488  0.5544158      −0.0033088  0.0060648
   5509       0.0034768  0.0053518      −0.7855648  0.5721798      −0.0032288  0.0060028
   5512       0.0050318  0.0052458      −0.9730038  0.5608928      −0.0030498  0.0060718
   5526      −0.0029428  0.0050028      −0.2740998  0.4220838      −0.0030678  0.0060608
   5527      −0.0028388  0.0049488      −0.2914578  0.4202348      −0.0033878  0.0063688
   5528      −0.0019438  0.0035708      −0.2368358  0.3417108      −0.0034358  0.0065388
   5529      −0.0028108  0.0048918      −0.2937958  0.4204938      −0.0034558  0.0062838
   5542      −0.0019108  0.0036088      −0.0545508  0.3439218      −0.0031368  0.0065938
   5544      −0.0025468  0.0048268      −0.2819648  0.4130388      −0.0027288  0.0066228
   5548      −0.0008718  0.0035408      −0.1458248  0.3324748      −0.0029138  0.0067818
   5549      −0.0008148  0.0035108      −0.1454538  0.3328708      −0.0027898  0.0065688
   5592      −0.0013638  0.0035088      −0.2084388  0.3271588      −0.0035078  0.0065238
   5593      −0.0008308  0.0034508      −0.2460078  0.3278598      −0.0037148  0.0066408
   5594      −0.0006158  0.0034078      −0.2598808  0.3288208      −0.0036208  0.0065348
   5609      −0.0044278  0.0038868       0.2480598  0.3719998      −0.0032068  0.0065458
   5610      −0.0047048  0.0039328       0.2476548  0.3753118      −0.0031288  0.0065528
   5611      −0.0050058  0.0042008       0.2485678  0.3938368      −0.0033938  0.0064608
   5617      −0.0047758  0.0038568       0.0687278  0.3781338      −0.0032968  0.0067238
   5641      −0.0087108  0.0046658       0.0326128  0.4590478      −0.0034958  0.0063828
   5642      −0.0089728  0.0039438       0.0190348  0.4424048      −0.0035568  0.0064228
   5649      −0.0082958  0.0045518      −0.0463338  0.4548158      −0.0034968  0.0064778
   5650      −0.0071918  0.0047038       0.0700438  0.4464158      −0.0033358  0.0064878
   5654      −0.0067228  0.0043118       0.1713588  0.4061638      −0.0035718  0.0065858
   5662      −0.0039888  0.0039028       0.0887018  0.3793148      −0.0035218  0.0063678
   5671      −0.0048818  0.0038968       0.2592898  0.3709808      −0.0033498  0.0065198
   5677      −0.0016638  0.0036618      −0.1609498  0.3546988      −0.0031888  0.0061568
   5678      −0.0014148  0.0036838      −0.1814278  0.3534458      −0.0031498  0.0063058
   5680      −0.0016468  0.0037558      −0.1505598  0.3628088      −0.0030258  0.0063848
   5684      −0.0017698  0.0037448      −0.1084658  0.3675268      −0.0030438  0.0061278
   5685      −0.0014038  0.0036688      −0.0878718  0.3492458      −0.0032428  0.0063708
   5692      −0.0024838  0.0038488      −0.2500178  0.3705528      −0.0030748  0.0067118
   5701      −0.0009828  0.0037898      −0.2488618  0.3508018      −0.0028358  0.0068888
   5702      −0.0010598  0.0038408      −0.2167858  0.3530968      −0.0028628  0.0069388
   5711      −0.0050488  0.0043718      −0.1089038  0.4088728      −0.0029338  0.0065398
   5713      −0.0038128  0.0041058      −0.1615248  0.3956338      −0.0030748  0.0065568
   5721      −0.0026088  0.0041138      −0.2533868  0.3933038      −0.0033648  0.0064318
   5734      −0.0009248  0.0039948      −0.5250048  0.3737848      −0.0002138  0.0061028
   5735      −0.0009978  0.0038758      −0.4646488  0.3733848      −0.0003158  0.0061048
   5736      −0.0012548  0.0038488      −0.4866078  0.3773138      −0.0003938  0.0061858
   5737      −0.0005758  0.0039288      −0.5254678  0.3661618      −0.0004198  0.0063678
   5738      −0.0007078  0.0041438      −0.7533278  0.4049278      −0.0005188  0.0061768
   5743       0.0000428  0.0040758      −0.7063118  0.3973818      −0.0004408  0.0061998
   5749      −0.0006608  0.0037458      −0.4549068  0.3703498      −0.0002598  0.0062278
   5750      −0.0003938  0.0038098      −0.4487708  0.3623358      −0.0003438  0.0063768
   5763      −0.0000678  0.0035878      −0.4587198  0.3516168      −0.0002388  0.0066048
   5764       0.0001498  0.0035838      −0.4669908  0.3394328      −0.0000468  0.0063388
   5765      −0.0000868  0.0036768      −0.4687878  0.3556338      −0.0002968  0.0066238
   5766       0.0002848  0.0036758      −0.4504798  0.3492958      −0.0000508  0.0065348
   5767       0.0002078  0.0034248      −0.4244518  0.3399888       0.0002348  0.0059178
   5772       0.0011058  0.0032858      −0.3166078  0.3191238       0.0002578  0.0057518
   5773       0.0008468  0.0032808      −0.3138248  0.3239878       0.0003158  0.0057388
   5774       0.0009198  0.0033248      −0.3134498  0.3239438       0.0003878  0.0056898
   5790       0.0008708  0.0032758      −0.3247838  0.3180678      −0.0000808  0.0056028
   5791       0.0008358  0.0033308      −0.3049388  0.3219708      −0.0000248  0.0056368
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Nent = 104724 

Mean  = -0.5939

RMS   =  8.517

X Back Track (T2) - H1 Hit∆ bDeltaX

Nent = 104724 

Mean  = -0.5939

RMS   =  8.517

TOF1, run 3994

Selection applied:
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