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Y]n~n �*gvX�{|aAeqORVvXhe�e�XqQ	cTXhg�k�p�QwXcn�}]n �
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Physics Function without Phase Modulation
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Physics Function w/o Phase Modulation: Halfring Fits
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fCBO Decay Time Constant: 1999-Style Function
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fCBO Decay Time Constant: Physics Function without Phase Modulation
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fCBO Decay Time Constant: Physics Function with Phase Modulation
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CBO Envelope: 1999-Style Function
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CBO Envelope: Physics Function without Phase Modulation
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CBO Envelope: Physics Function with Phase Modulation
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DCBO Envelope: 1999-Style Function
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DCBO Envelope: Physics Function without Phase Modulation
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DCBO Envelope: Physics Function with Phase Modulation
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Rob Envelope: Physics Function without Phase Modulation
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Rob Envelope: Physics Function with Phase Modulation

0

2

4

6

8

10

0 25 50 75 100 125 150 175 200

τRob [µs]

χ2  -
 χ

2  m
in

exp. envelope

empirical CBO envelope

exp. envelope, CBO aligned data

empirical CBO envelope, CBO aligned data

90.84

90.86

90.88

90.9

90.92

90.94

0 25 50 75 100 125 150 175 200

τRob [µs]

R
 [p

p
m

]

δR = 0.025 ppm

exp. envelope

empirical CBO envelope

��3=c>7�AJBpê�¥�Á�Ô0Í�Ï�Å¶ÐeÅ¶Ä`È�Ï�ÅÀË;Ø²Ë'ÑpÏ«Û�Ã^È.Ä~â;ÐeÐiÃIÏ�Ì�âLÒ�ÓKÔ¯ÉÖÅ Ñ,Ã�Ï�Å«Ð�Ã #Aacbed"È�ØlÆeÅ�Ï«ÄHÅ¶ÐpÍ�È�Î,ÏrË;Ø�j ÑIË;ÌpÏ«Û�Ã
Ñ�Ç�É¶É�ÍMÛ�â.Ä~ÅÀÎ`Ä[Ñ�Ç�ØlÎ,Ï�ÅÀË;ØWÅ«ØlÎIÉÖÇ�Æ;Å«ØD×�ÍlÛ�È.ÄIÃ^Ð�Ë,Æ;Ç�É=È�Ï�Å�Ë�Ølã��èÛ�Ã�Ä~â.Ä`Ï�Ã`Ð�È�Ï�ÅÀÎ8ÃIÌ~ÌCË;Ì �­jkqsZ��]Z>��êèÍ>ÍlÐ»ÅaÄ
Ë�à,Ï¸È;Å«Ø�Ã4Æ�Ñ�Ì'Ë�Ð : { ¦ #Aacbed>ª[ÑIË;Ì2Ò�ÓPÔRÕaÍMÛ�È.Ä,ÃeÈ;É Å=×�Ø�Ã4Æ Æ>È�Ï¸È È�ØlÆej�¦ #Aacbed>ª[ÑIË;Ì^Ø�Ë;Ì~Ð�È;É[Æ>È�Ï¸È�ã

¨ G�BK:C<�:4/�9[1C��1C:CB,5�/;:43a_KBIA4AJ<�A�E�7�B^:C<V:4G�BP/�1C��5�5XBI:CAJ�L/�&�E$?MG�/�1CB85X<�EM7�96/;:43=<>&W3a1p_`<>5X?l7�:CB,E
9636µ�B^36& "�¿l\è¦�;;�>ª~Á

�±j���)�� % .0/���� q � Z��]Z>��ê { ^�Z��]Z>+ { ^��euWZ��]Z>��ê2u Z��]Z>+�uWZ��<;;©r?�?M5nqsZ��6)�)�?M?M5 � ¦�;;¥>ª



;­� ��������� �B���X�7� 	 �	��
�
�
�
��3�7����� ��� � �	� 	B��� ����
 �	� 	��X�

Phase Modulation (Jim Term) Envelope
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:4G�B$E�BI:CB,_`:C<�AJ1$¦À�>ª~�@¥��b���@ê��R©��hm�/;A4BL5i36141436&�c�\ ¨ G�7�1I��:4G�BW_I/�&�_`B,969a/;:43=<>&�<�Y�:4G�B �S" /;A4<>7M&�E
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ÃIÌ�Ï�ÅÀÎJÈ;É�Ú�È;Å¶Ä�ÏiÏ�Ã`Ì�ÐXã �èÛ�Ã�É*Ë;Ú�Ã`Ä�Ï�Í�É*Ë�Ï�ÄJÛ�Ë�Ú�Ä²Ï«Û�Ã�Æ;Å ��Ã`Ì4Ã`Ø�Î~Ã²Å«Ø Ï«Û�Ã

È�à`Ä`Ë;ÉÖÇ�Ï�Ã : { ãWÊèË;Ì2Ï«Û�Å¶ÄXÄ�Ï�Ç�Æ;â²Ë;Ø�ÉÖâ�Ï«Û�ÃVÆ�ÃIÏ�ÃJÎ,Ï¸Ë;Ì~Ä2Ï«Û�È�Ï�È;Ì4Ã È �
È;Å«É*È�àIÉ=ÃVÈ>Ï����0��ÄXÚ�Ã`Ì4Ã"Ç�ÄIÃJÆ�Ü�Å�ã�Ã,ã

Ù
�
Ã8Æ�ÃIÏ�ÃJÎ,Ï¸Ë;Ì~ÄeÈ;Ì4ÃPÐeÅaÄ~Ä~Å«ØD×`ß�ã
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¨ G�BK365X?M/�_`:H<�Yt<>5i3=:C:436&�c�:4G�B��pSç3a1H36&DN�B,1C:43=c>/;:CB836& :4G�B814/�5XB^FR/,�L/�1H:4G�BK<>&�B^<�Y[:4G�B �S"k\

¨ G�Bh?lG�/�1CBR?M7�969a36&�cp/;:�N�BIA4�eB,/;AJ9=�K:43a5XB,1[Y«<�Ar:4G�BhB,/;AJ9=�eE�BI:CB,_`:C<�AJ1�361r14G�<±FH&X36&X��3=c>7�A4B@ê ;�FHG�BIA4B,/�1
:4G�BP?MG�/�1CB^?l7�969636&�c8Y«<�AH:4G�BKY�7�969�E�BI:CB,_`:C<�A�1CBI:pU�BI:�FbBIB,&$��ê[��1H/�&�E�ê;Z[��1p3a1@14G�<­FH&L36&$��3=c>7�A4BPê�m�\
8pc>/�36& FbB^gM&�E /�&W/�5�?M963=:47�E�Bp<�Y[/;U�<>7�:@Z�\]Z�Z>m[?M?M5º<�Ap/X1C��1C:CB,5�/;:43a_�BIA4A4<�A@<�Y[Z�\]Z�Z>©r?�?M5 \

��<�AK:4G�BX_`<>5KUM3a&�/;:43=<>&�<�Y �S" /�&�E �pS�:4G�BX1C��1C:CB,5�/;:43a_PBIAJA4<�A�361�Z�\]Z�)�?�?M5»Y«<�A�U�<�:4G²963a&�B,/;A
/�&�EW¿�7�/�E�A~/;:436_�/�E�E�3=:436<>&"36Y0FbB�A4<>7�&�EV<;½¼/;Y«:CBIAH:4G�B^14B,_`<>&�ELE�36c>3=:I\
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g�AJ14:b:4G�B�Y«AJ/�_`:43=<>&W<�YèA4B,143aE�7�/�9�?M369=B,7�?2G�/�1h:C<XU�B�E�BI:CBIAJ5i36&�B,E���:4G�B,&W3=:41R36&��M7�B,&�_`B�<>&Wje\r��<�A@:4G�B
g�AJ14:@1C:CBI?W:4G�BIA4BP/;A4B^E�3*½�BIA4B,&D:h?�<>1J143=UM9=B�/;?�?�AJ<>/�_JG�B,1IÁ
/�\H��A4<>5f_`<>5X?l/;AJ361C<>& <�YtB,/;AJ9=�V/�&�EW9a/;:CB^B,&�BIA4c��V1C?�B,_`:CAJ/�\
U�\@Qb��<�?�:4365�3a1436&�c"/V?M369=B,7�?²587�9=:43=?M9a3=BIAH36&²<�AJE�BIA�:C<$5�/;:4_JG�:4G�Be/±N�BIAJ/;c�B"B,&�BIA4c>3=B,1�FH36:4G�/�&ME
Fp3=:4G�<>7�:e/�&§7�?�?�BIAPB,&�BIA4c���_I7�:X/;U�<±N�B :4G�BV5�/ ,�36587�5 1436&�c>9=B`·¸?l7�961CBXB,&�BIAJc���<�Y�¥�\�����B��P\
��<�Ab?�BIA4Y«B,_`:r?M3a9=B,7�?�147�UM:CAJ/�_`:43=<>&�:4G�BHB,&�BIA4c���14?�B,_`:CA~7�5çFb<>7�96EiGM/,N�B�&�<^B,&D:CAJ3=B,1�/;U�<­N�Bp:4G�3a1
_I7�:I\

_;\ : { 5i36&�365�3a14/;:43=<>&�Á 36&D:CA4<�EM7�_`B ?M3a9=B,7�? 587�9=:436?M963=BIAJ1�� /�&�E g�: :4G�B 1C?�B,_`:CAJ7M5
R ?�����¦
	 ?��R) ?��r�>ªbY¶<�ApE�3*½�BIA4B,&�:hN;/�967�B,1@<�Y��L/�&�EW9=<�<�µ"Y¶<�A@:4G�BK9=B,/�1C: : { \

4%5�
%5�9 � 	 � EXD�> B@#c>�� 	 B G���#/#CE�J6B�O-#CLE#�� B��MG�� LMG � 	cD�@ ��G<N�B � J��
S�U�:4/�3a&�36&�c@:4G�B�Y«AJ/�_`:43=<>&8<�YM7�&�1J7�U�:CAJ/�_`:CB,EK?M369=B,7�?KY¶A4<>5k:4G�BR_`<>5X?M/;AJ3a1C<>&K<�YMB,/;AJ9=�^/�&�E896/;:CBbB,&�BIA4c��
1C?�B,_`:CAJ/X361H/�& <>96EW_`<>&�_`BI?M:*+M1CBIB^B�\´c�\�(*),�.-¸\

�èBI:^7�1�E�B,&�<�:CBX:4G�BX&�<>&�·¸?l369=B,7�?�147�U�:CAJ/�_`:CB,E²B,&�BIA4c���14?�B,_`:CA~7�5¬/;:�:4G�BX:4365XBeo@U��IR§¦«oCª~��:4G�B
_`<>&�1C:CA~7�_`:CB,E²?M369=B,7�?WB,&�BIA4c���1C?�B,_`:CAJ7�5»UD���2¦«oCªhq�	²¦«o4ª9?��R)>¦«oCªJ?��[��¦«oCªp/�&�E�:4G�Be?M3a9=B,7�?L147�U�·
:CAJ/�_`:CB,E¯B,&�BIA4c���1C?�B,_`:CAJ7�5 U����h¦«o4ª~\Z6�7�BW:C<¾96365�3=:4/;:436<>&�18<�Y�:4G�BL147�U�:CA~/�_`:43=<>&�5XBI:4G�<�E��bU�<�:4G
�i¦«o4ª�/�&�E��h¦«o4ª�/;A4B�3a5X?�BIA4Y¶B,_`:I\ ¨ G�B,3=A�:CAJ7�BX_`<>7�&D:CBIA4?M/;A4:41KFH369690U�B�_I/�969=B,E���i¦«o4ª�/�&�E���@¦«oCª~\ ¨ G�B
7�&�1J7�U�:CAJ/�_`:CB,E 1C?�B,_`:CAJ7M5
_I/�&WU�B^E�B,_`<>5X?�<>1CB,EW/�1

R¾¦«o4ª[q���h¦«o4ª6^���i¦«o4ª ¦�;­�Dª
8R:H/�9a/;:CBIA@:4365XB^o6^ % obF�BPG�/,N�B

R§¦«o6^ % o4ª[q���h¦«o6^ % o4ª6^���i¦«oF^ % o4ª[q���h¦«o4ªDB w �"!a| � ^���i¦«o4ªDB wM{#�$!a| � ¦�;;ê>ª
Wp<±F�:4G�BP9a/;:CBP1C?�B,_`:CAJ7�5»361H1J_I/�9=B,ELU�� :4G�B8E�B,_I/,�WY�/�_`:C<�A�B �"!a| � /�&�EL1J7�U�:CAJ/�_`:CB,E$Y¶AJ<>5�:4G�B8B,/;AJ9=�
1C?�B,_`:CAJ7�5WÁ

R¾¦«o4ª ?�B �"!a| � R¾¦«o6^ % o4ª[q%��i¦«o4ª ?�B w �"!a| � ��i¦«o4ªrq&��i¦«o4ª`(*) ?�B w �"!a| � - ¦�;;©>ª
°pB,&�_`B^:4G�B^?l369=B,7�?V/;:H:4G�B�B,/;A~9=�2:43a5XB�ob3a1hc>3=N�B,& U��

��i¦«oCª�q R¾¦«o4ª ?�B �"!a| � R¾¦«oF^ % oCª
)3?�B w �"!a| � ¦�;�;�ª

¨ G�B^3a&�B �i_I3=B,&�_`�"36&V:4G�B^?l369=B,7�?V147�U�:CA~/�_`:43=<>&W_I/�&WU�B�F@AJ36:C:CB,&W/�1

) ?('�¦«oCª%) ) ? �i¦«o4ª
��i¦«o4ª q�)3?

�i¦«o4ª`(*) ?�B;w �"!a| � -
R¾¦«o4ª ?�B �"!a| � R§¦«o%^ % oCª

q ( R§¦«oCª ?��i¦«oCª�- ?�B*�"!a| � ( R§¦«o6^ % o4ª ?+�i¦«oF^ % o4ª�-
R¾¦«o4ª ?�B �"!a| � R¾¦«o6^ % o4ª ¦�;;m>ª

��<�A^:4G�BXB,/;AJ9=�$14?�B,_`:CA~7�5 :4G�Be:4365XBX149636_`BW( ��+�\�� +[©�©�\<;±-­��1�FR/�1^7�1CB,E�\ ¨ G�B8:4365XBX36&D:CBIA4N;/�9�Y¶<�A�:4G�B
96/;:CBeB,&�BIA4c���1C?�B,_`:CAJ7�5»Fb/�1�N;/;AJ3=B,E$Y«<�A�:4G�B8?l7�A4?�<>1CBK<�Y�/�&�/�EME�3=:43=<>&�/�9t_`<>&�143a1C:CB,&�_`�L_~G�B,_4µ�\K��<�A
:4G�BX_JG�<>36_`BX<�Y�:4GM361�36&�:CBIAJN./�9t:4G�BXUM3a&LU�<>7�&�EM/;AJ3=B,1�©�©�\<;D� ;;ê�\�©��t+ ;D\�¥��b),��¥�\�ê���)`��+�\�©��[�;Z>��\]Z��t¥�),ê�\�©��
��ê;Z�\]Zi/�&MEL©;Z�Z�\]Zr��1hFbBIA4BK/±N./�3a96/;UM9=B�\
¨ G�BK7�?�?�BIA@?M96<�:41H36&$�t36c>7�A4BPê�+214G�<­Fk/�&$B,/;AJ9=�W/�&�E$/i96/;:CBPB,&�BIA4c��W1C?�B,_`:CAJ7�5fY¶<�AQR /�&�E��

Y«<�A�:4G�BH1J7�5�<�Y�/�969�E�BI:CB,_`:C<�AJ1b/�&�EXA~7�&e?�BIAJ3=<�E�1I\���36&�_`Bh:4G�B@?l369=B,7�?X1C?�B,_`:CAJ7�5nG�/�1r/�åIBIA4<8_`A4<>14143a&�c
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/;A4B�_~G�<>1CB,&¼147M_JG²:4G�/;: � � ¦«oCª ��qvZ�\X��3=c>7�AJBX©.�W1JG�<±FH1�:4G�B�E�361C:CAJ36UM7�:43=<>&L<�Y ��·¸N./�967�B,1�Y¶<�A^:4G�BX���
E�BI:CB,_`:C<�AJ1,�l/;c>/�36& Y«<�AH/�&LB,&�BIA4c��V_I7�:H/;:p¥�\´� ��B��P\



����� � �S��� 	�� � � ���-	 �5� � � m�¥

0

1

2

3

4

5

6

7

0.8 0.85 0.9 0.95 1 1.05 1.1 1.15 1.2

optimum λ

D
et

ec
to

rs

Energy cut: 3.4 GeV

<λ> = 1.014 +- 0.004
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¨ G�B�B,/;A~9=��·¸:C<;·�9a/;:CB¼B,&�BIA4c�� 1C:47�E�� 36&¤��B,_`:43=<>&¤©�\�ê�\6)¼G�/�Esc>36N�B,& 1C:CA4<>&�c�36&ME�36_I/;:43=<>&¯Y¶<�AW/�&
B,&�BIA4c��D·�E�BI?�B,&�E�B,&D:r?M3a9=B,7�?�147�UM:CAJ/�_`:43=<>&�B �2_I3=B,&�_`��\ ¨ <KN�BIAJ3=Y«�e:4G�361�A4B,147�9=:r¿�7�/�9636:4/;:43=N�B,9=�eFH3=:4GX:4G�B
?�A4B,14B,&�:K5�BI:4G�<�E���:4G�B�?�AJ<�_`B,E�7�A4B�E�B,14_`AJ36U�B,E²/;U�<±N�B2Fb/�1KA4BI?�B,/;:CB,E¼Y«<�AK1CBIN�BIAJ/�9�E�3*½�BIA4B,&D:^7�?�?�BIA
B,&�BIA4c���_I7�:41I\K��3=c>7�A4Be©�ê"14G�<±FH1�:4G�/;: � � �p_`A4<>141CB,1X)e/;A4<>7�&ME²¥�\�©���B��P��3¸\´B�\^:4G�B8A4B,1436E�7M/�9è?M3a9=B,7�?
Y«AJ/�_`:43=<>&�G�/�1�/VåIBIA4<;·�_`AJ<>141436&�cW/;:�:4GM/;:K_I7�:�B,&�BIA4c����0<�A^36&�<�:4G�BIA^Fb<�AJE�1I��Y«<�A�N�BIA4�²G�3=c>G�B,&�BIA4c>3=B,1
:C<�<i5P7M_JGW?l369=B,7�?V361@147�U�:CAJ/�_`:CB,E�\ ¨ GM361RFb/�1p/�961C<X:4G�B�gl&�E�36&�ce<�Yt:4G�B^B,/;AJ9a3=BIA@1C:47�E���\
��3a&�_`B2U�B,9=<­Ff¥�\�� ��B�� :4G�BVB,&�BIA4c��§1C?�B,_`:CAJ7�5 361eE�<>5�3a&�/;:CB,E¾UD�¾1436&�c>9=B"?M7�9a1CB,1I�[:4G�BV?�<>36&D:41

/;:���\�m ��B�� /�&�E¾¥�\]Z ��B��f/;A4B &�<�:e5XB,/�&�3a&�c�Y«7M9rY«<�AP<>7�Ae?M7�A4?�<>1CB,1I\$��A4<>5 :4G�B2A~/�&�c�BVU�BI:dF�BIB,&
¥�\�� ��B��ç/�&�EW¥�\�m���B���F�B^_I/�&W_`<>&M_I967�E�B�:4G�/;:h?M3a9=B,7�?V147�U�:CAJ/�_`:436<>&VF�<�A4µ�1@/;:h:4G�B^96BIN�B,9�<�Y�=�¥ �V\
!�&�Y¶<�AJ:47�&�/;:CB,9=�X&�<K/�EME�3=:43=<>&�/�9�B,&�BIA4c��XUM36&�1[/;U�<­N�B�¥�\�m ��B�� F�BIA4B�5�/�E�B���/�&�EXFbBp_I/�&�&�<�:�?�A4B,EM36_`:
:4G�BeBIN�<>967�:436<>&$<�Y�:4G�B8c�AJ/;?MG�U�BI��<>&�E�:4G�/;:�?�<>3a&�:I\ ¨ G�BIA4BIY¶<�AJB8¿�7�/�&D:43=:4/;:43=N�BX1C:4/;:CB,5XB,&D:41K_I/�&�&�<�:
U�BHc>3=N�B,&�\�"�B^14G�<>7�96E2G�<±FbBIN�BIAhU�B,/;Ah36&25i36&�E�:4GM/;:bY«<�Ab?�AJ/�_`:436_I/�9�A4B,9=BIN;/�&�_`B�:4G�B�A4B,1436EM7�/�9�?M3a9=B,7�?
Y«AJ/�_`:43=<>&�14G�<>7M96ELU�BeFbB,3=c>G�:CB,E²Fp3=:4G�:4G�BeB,&�BIA4c��²1C?�B,_`:CAJ7�5 FHG�36_~G�c>3=N�B,1�G�3=c>G�BIA�365�?�<�AJ:4/�&�_`BP:C<
:4G�B^N;/�967�B,1h/;:p9=<±FbBIAHB,&�BIAJc>3=B,1I\

8�1e/�&¾/�EME�3=:43=<>&�/�9�:CB,1C:I��/�9614<$:4G�B 9=<­F�BIAeB,&�BIAJc���_I7�: ¦�7�147�/�9a9=�¼��\]Z���B��^ªPFb/�18N;/;AJ3=B,E�\ 8p&D�
E�BI?�B,&�E�B,&M_`B^<>&W:4G�3a1H9=<­F�BIA�_I7�:p587�1C:pG�/,N�Be3=:41@<�A~3=c>36&W36&WB`½�B,_`:41�<�:4G�BIA�:4G�/�&$?M369=B,7�?è\ ¨ G�7�1h:4G�3a1
:CB,1C:Xc>3=N�B,1X/�&§36E�B,/$/;U�<>7�:e:4G�BVA4B,963a/;UM36963=:d�$<�Yp:4G�361e5XBI:4G�<�E�\�%'&�:4G�B"gMc>7�A4B"F�BW1CBIBV:4G�/;:e:4G�BIAJB
361�36&�E�BIB,E$/VE�BI?�B,&�E�B,&M_`B8/;:�:4G�B )�� 9=BIN�B,9tY«<�A^/�&�7�?�?�BIAp_I7�:�<�YR¥�\´� ��B��8��UM7�:�3=:�365X?�AJ<±N�B,1�Y¶<�A
36&�_`AJB,/�1436&�cX7�?�?�BIAh_I7�:41HFHG�BIA4B�:4G�B^_`<>&D:4/�5�36&M/;:43=<>&WU��"1J36&�c>9=B�?M7�9a1CB,1hE�B,_`A4B,/�1CB,1,\
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¨ G�Be5�BI:4G�<�E²<�Y : { 5�36&M365�3614/;:436<>&WFH3=:4G²AJB,1C?�B,_`:�:C<W/V?l369=B,7�?²5P7M9=:43=?M9636BIA ��3a1�<>&�9=�L7�14B,E�/�1^/�&
/�E�EM3=:43=<>&�/�9�_~G�B,_4µX<�Y�:4G�B@<�AJE�BIAr<�Y�5i/;c>&�3=:47�E�Bh<�Y�:4G�B@AJB,1436E�7�/�9�?M3a9=B,7�?�\�%�:41�/�_I_I7�AJ/�_`�X147�½�BIAJ1[Y«A4<>5
_`<�A4AJB,96/;:43=<>&�1bU�BI:�FbBIB,&�� /�&�E2<�:4G�BIAhB`½�B,_`:41@/�_`:436&�ce<>&":4G�B�/�1C��5�5XBI:CA4�"963=µ�B�c>/�36&"N./;AJ3a/;:43=<>&�1b/�&�E
:4G�BPG�/�9=Y¶·¸AJ36&�c8B`½�B,_`:I\
¨ G�B�A4B,147�96:41h14G�<±Fp&W36& ��3=c>7�A4B,1p©�©e:C<2©�mX147�c�c�B,1C:HA4B,1J36E�7�/�9�?M3696B,7�?V<�Y
æ ¦�?Hê���m>=�¥���+>ª �
3=Y0:4G�B�),+�+�+­·�1C:���9=B8Y«7M&�_`:43=<>& 361@7M1CB,EVY¶<�AH:4G�B^g�:I�
æ ¦�?H¥��<;3=¾���´�Dª �
3=Y0:4G�B�?MGD��143a_I1hY«7M&�_`:43=<>&VFH3=:4G�<>7�:R?MG�/�1CB^5X<�E�7�9a/;:43=<>&V361@7�1CB,E��
æ ¦*^�Z���ê>=�ê��6)±ª �
3=Y0:4G�B�Y«7M969�?MGD��143a_I1RY«7�&M_`:43=<>& 361h7�1CB,E�\

¨ G�B,1CB�N./�9a7�B,1hE�<>&�³´:@_`<>36&M_I36E�B�FH3=:4GV:4G�B�A4B,1J7�9=:41bY¶AJ<>5
:4G�B�<�:4G�BIAH14:47�E�3=B,1bUM7�:R:4G�BI�V_`<>&�g�A~5º:4G�/;:
?M3a9=B,7�? 147�U�:CA~/�_`:43=<>&W361Rc�<�<�EWFH3=:4G�36&V/;:H5�<>1C:S=e)IZ��"\

Pileup Multiplier Study, 1999 Function, 49.2 µs
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Pileup Multiplier Study, Physics Function w/o Phase Modulation, 49.2 µs
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Pileup Multiplier Study, Physics Function with Phase Modulation, 49.2 µs
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æ ),+�+�+­·�1C:���9=B8Y«7�&M_`:43=<>&�ÁrZ�\]Z>¥�?�?l5
æ ?MG���1436_I1@Y«7�&M_`:43=<>&VFH3=:4G�<>7�:b?lG�/�1CB^5X<�E�7�96/;:436<>&�Á[Z�\]Z�)�?�?M5
æ Y«7�9a9�?MG���1436_I1RY�7�&�_`:436<>&�Á[Z�\]Z>©[?�?M5
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Pt<�:CB,&D:436/�969=����143a5X?M9=B�14_I/�9636&�ce<�Y0:4G�B�/;A4:43=gM_I36/�9a9=��_`<>&�1C:CAJ7M_`:CB,EV?M369=B,7�?VE�<�B,1h&�<�:h_`<±N�BIA�/�969�?�<>1J143=UM9=B
1C��1C:CB,5�/;:43a_p?l369=B,7�?2B`½�B,_`:41RU�B,_I/�7�1CB�:4G�3a1�/;A4:436gM_I36/�9l?M369=B,7�?25�/,�"G�/,N�B^/8?MG�/�14Bp14G�36Y¶:�FH3=:4G2A4B,1C?�B,_`:
:C<²:4G�B2:CAJ7�B"?M369=B,7�?è\ ¨ GD7�1P:4G�BV/�14147�5�B,E�A4B,1J36E�7�/�9[?l369=B,7�?�5i/,��G�/±N�B /$149a3=c>G�:496��FHA4<>&�cL?lG�/�1CB
/�&�E$?M7�9a9�j�14:CA4<>&�c�BIA�:4G�/�&�B&,�?�B,_`:CB,E�\ ¨ G�361@?�A4<�UM9=B,5fFb/�1�1C:47ME�3=B,EWU��nP�/�&�&M3618(*),©;-tFHG�<iY«<>7�&�E
/"5�/ ,�365P7M5»1C��1C:CB,5�/;:43a_KBIA4AJ<�Ap<�Y�Z�\��i:4365XB,1�:4G�B814G�3=Y«:p3a&LjvU�BI:dF�BIB,&�:4G�B8?M369=B,7�?L5P7M9=:43=?M9636BIAJ1hZ
/�&�E�);\���<�AH<>7�A@:4G�A4BIB^Y�7�&�_`:436<>&�1R:4G�361h9=B,/�EM1h:C<�:4G�B�Y«<>969=<­FH36&�cX1C��1C:CB,5�/;:436_^BIA4A4<�AH_`<>&D:CAJ3=UM7�:43=<>&�1IÁ

æ ),+�+�+­·�1C:���9=B8Y«7�&M_`:43=<>&�ÁrZ����XuWZ���¥�mt?M?M5¹qsZ��]Z ;;êt?M?M5W\
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Physics Function with Phase Modulation
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Physics Function w/o Phase Modulation
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δR = 0.0013 ppm
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Physics function with phase modulation

δR = -0.0015 ppm
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Residual Slow Effects Lifetime: 1999-Style Function
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Residual Slow Effects Lifetime: Physics Function without Phase Modulation
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Physics Function without Phase Modulation
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Residual Slow Effects Lifetime: Physics Function with Phase Modulation
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1999 Function, Start Time = 49.2µs, Period 4
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Physics Function w/o Jim Term, Sum of Detectors, Period 1a
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Physics Function w/o Jim Term, Sum of Detectors, Period 1b
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Physics Function w/o Jim Term, Sum of Detectors, Period 1b
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Physics Function w/o Jim Term, Sum of Detectors, Period 2+3
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Physics Function w/o Jim Term, Sum of Detectors, Period 2+3
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Physics Function w/o Phase Modulation, Sum of Detectors, Period 4
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Physics Function w/o Phase Modulation, Halfring Fits, Period 1a
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Physics Function w/o Phase Modulation, Halfring Fits, Period 1b
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Physics Function w/o Phase Modulation, Halfring Fits, Periods 2+3
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Physics Function w/o Phase Modulation, Start Time = 49.2µs, All Runs
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Physics Function w/o Phase Modulation, Start Time = 49.2µs, All Runs

0

0.002

0.004

0 10 20

Detector

A
(D

C
B

O
)

0

2.5

5

0 10 20

Detector

Φ
(D

C
B

O
)

0.95

1

1.05

0 10 20

Detectorg
(s

lo
w

) 
at

 5
0µ

s

1

1.2

0 10 20

Detector

χ2   28.25    /    21
P1   1.021

0

0.5

1

0 10 20

Detector

F
it

 p
ro

b
ab

ili
ty



),©;Z �U� � 	�� �S��� � ��� � � 
�
 �:�H�Q��� � � 	 ��� � � � � � 	 
 � �9	B�:� 
��V� ��� � ��� � 
?� ���5�7� 	 
 �

Physics Function w/o Phase Modulation, Start Time = 49.2µs, Period 1a
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Physics Function w/o Phase Modulation, Start Time = 49.2µs, Period 1a

0

0.002

0.004

0 10 20

Detector

A
(D

C
B

O
)

0

2.5

5

0 10 20

Detector

Φ
(D

C
B

O
)

0.95

1

1.05

0 10 20

Detectorg
(s

lo
w

) 
at

 5
0µ

s

1

1.2

0 10 20

Detector

χ2   48.54    /    21
P1  0.9924

0

0.5

1

0 10 20

Detector

F
it

 p
ro

b
ab

ili
ty



),©�� �U� � 	�� �S��� � ��� � � 
�
 �:�H�Q��� � � 	 ��� � � � � � 	 
 � �9	B�:� 
��V� ��� � ��� � 
?� ���5�7� 	 
 �

Physics Function w/o Phase Modulation, Start Time = 49.2µs, Period 1b
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Physics Function w/o Phase Modulation, Start Time = 49.2µs, Period 1b
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Physics Function w/o Phase Modulation, Start Time = 49.2µs, Period 2+3
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Physics Function w/o Phase Modulation, Start Time = 49.2µs, Period 2+3
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Physics Function w/o Phase Modulation, Start Time = 49.2µs, Period 4
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Physics Function w/o Phase Modulation, Start Time = 49.2µs, Period 4
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Full Physics Function (Jim env. = CBO env.), Sum of Detectors, All Runs
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Full Physics Function (Jim env. = CBO env.), Sum of Detectors, All Runs
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Physics Function with exp. Jim Term (τ=154µs), Sum of Detectors, All Runs
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Physics Function with exp. Jim Term (τ=2000µs), Sum of Detectors, All Runs
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Physics Function with exp. Jim Term (τ=2000µs), Sum of Detectors, All Runs

0

0.1

0.2

0.3

0 50 100 150

Fit start time [µs]

A
(J

im
) 

x 
10

3

-1

0

1

2

0 50 100 150

Fit start time [µs]

Φ
(J

im
)

0

0.5

1

0 50 100 150

Fit start time [µs]A
(D

C
B

O
) 

x 
10

3

4

6

0 50 100 150

Fit start time [µs]
Φ

(D
C

B
O

)

0.01

0.011

0.012

0.013

0 50 100 150

Fit start time [µs]

A
lo

ss

1

1.1

0 50 100 150

Fit start time [µs]

χ2

0

0.5

1

0 50 100 150

Fit start time [µs]

χ2  p
ro

b
ab

ili
ty



) ;­� � ��� 	B���S��� � ��� � � 
�
R�:�H� ��� � � 	 ��� � ����� � 	 
 �Q	�� � � �<�D	���� ��� � ��� � 
?� ���5�7� 	 
 �

Full Physics Function (Jim env. = CBO env.), Sum of Detectors, Period 1a

85

90

95

100

0 50 100 150

Fit start time [µs]

R
 [p

p
m

]

87

87.1

87.2

0 50 100 150

Fit start time [µs]

N
 / 

10
6

0.4

0.4005

0 50 100 150

Fit start time [µs]

A

2.97

2.975

2.98

0 50 100 150

Fit start time [µs]

Φ

473

474

475

0 50 100 150

Fit start time [µs]

f C
B

O
 [k

H
z]

0.002

0.003

0.004

0 50 100 150

Fit start time [µs]

A
C

B
O

2

3

0 50 100 150

Fit start time [µs]

Φ
C

B
O

0

0.005

0.01

0 50 100 150

Fit start time [µs]

A
(R

o
b

)

0

2.5

5

0 50 100 150

Fit start time [µs]

Φ
(R

o
b

)

��3=c>7�A4B�),¥;Z�Á �MÏ¸È;Ì`Ï2Ï�Å«ÐiÃ¼Ä`ÎJÈ�ØkÚ[Å�Ï«Û¤Ï«Û�Ã ÍMÛ�â.Ä~ÅÀÎ`ÄXÑ�Ç�Ø�Î,Ï�ÅÀË;Ø�ÑIË;Ì�Ì�Ç�Ø�Í�ÃIÌ~ÅÀË,Æ �>È�ã �èÛ�Ã ÍMÛ�È;ÄIÃ
Ð�Ë,Æ;Ç�É=È�Ï�Å�Ë�Ø¯Ú�È.ÄWÈ.Ä~Ä~Ç�ÐiÃ4Æ¼Ï¸Ë²Û�È

�
ÃLÏ«Û�ÃVÄ`È;ÐiÃLÃIØ

�
ÃIÉ*Ë�Í�ÃLÈ;Ä"Ï«Û�ÃLÈ>ÎJÎ�ÃdÍ�Ï¸È;Ø�Î~Ã�Ò�ÓKÔ@ã �èÛ�Ã Ð8Ç�Ë;Ø

ÉÖÅ Ñ,ÃPÏ�Å¶ÐiÃPÚ�È.Ä�Ù �DÃ4Æ"Ï¸Ë�� 
Mã 
 � � ��ÄIã



� ������� ����
 � � 	��X� �H�F�
� � � 
�
 �:�H� � � � 
 � � � �B� � � 
�
 � ) ;;ê

Full Physics Function (Jim env. = CBO env.), Sum of Detectors, Period 1a

0

1

2

3

0 50 100 150

Fit start time [µs]

A
(J

im
) 

x 
10

3

0

2.5

5

0 50 100 150

Fit start time [µs]

Φ
(J

im
)

0

1

2

0 50 100 150

Fit start time [µs]A
(D

C
B

O
) 

x 
10

3

0

2

4

0 50 100 150

Fit start time [µs]
Φ

(D
C

B
O

)

0.02

0.0225

0.025

0 50 100 150

Fit start time [µs]

A
lo

ss

0.9

1

1.1

0 50 100 150

Fit start time [µs]

χ2

0

0.5

1

0 50 100 150

Fit start time [µs]

χ2  p
ro

b
ab

ili
ty



) ;;© � ��� 	B���S��� � ��� � � 
�
R�:�H� ��� � � 	 ��� � ����� � 	 
 �Q	�� � � �<�D	���� ��� � ��� � 
?� ���5�7� 	 
 �

Full Physics Function (Jim env. = CBO env.), Sum of Detectors, Period 1b

80

90

0 50 100 150

Fit start time [µs]

R
 [p

p
m

]

151.8

152

152.2

0 50 100 150

Fit start time [µs]

N
 / 

10
6

0.4024

0.4026

0.4028

0 50 100 150

Fit start time [µs]

A

2.96

2.965

2.97

0 50 100 150

Fit start time [µs]

Φ

467

468

469

470

0 50 100 150

Fit start time [µs]

f C
B

O
 [k

H
z]

0.003

0.004

0.005

0 50 100 150

Fit start time [µs]

A
C

B
O

-1

0

1

0 50 100 150

Fit start time [µs]

Φ
C

B
O

0

0.0025

0.005

0 50 100 150

Fit start time [µs]

A
(R

o
b

)

0

2.5

5

0 50 100 150

Fit start time [µs]

Φ
(R

o
b

)

��3=c>7�A4B8),¥�);Á	�MÏ¸È;Ì`Ï�Ï�Å«ÐiÃ�ÄIÎJÈ;Ø�Ú[Å«Ï«ÛVÏ«Û�ÃRÍMÛ�â.Ä~ÅÀÎ`Ä�Ñ~Ç�ØlÎ±Ï�Å�Ë�ØKÑIË;Ì�Ì~Ç�ØeÍ�ÃIÌ~ÅÀË,Æ ��à±ã �èÛ�ÃbÍMÛ�È.ÄIÃ^Ð�Ë,Æ;Ç�Õ
É=È�Ï�Å�Ë�ØWÚ�È.Ä�È;ÄJÄ~Ç�ÐiÃ4Æ�Ï¸Ë8Û�È

�
Ã�Ï«Û�ÃpÄIÈ;ÐiÃKÃ`Ø

�
Ã`É=Ë~Í�Ã^È.Ä�Ï«Û�Ã^È>ÎJÎ�ÃdÍ�Ï¸È;Ø�Î~Ã2Ò�ÓKÔ@ã��èÛ�Ã�ÐeÇ�Ë;ØWÉÖÅ Ñ,Ã�Ï�Å¶ÐiÃ

Ú�È.Ä�Ù �DÃ4Æ"Ï¸Ë�� 
Mã 
 � � ��ÄIã



� ������� ����
 � � 	��X� �H�F�
� � � 
�
 �:�H� � � � 
 � � � �B� � � 
�
 � ) ;�;

Full Physics Function (Jim env. = CBO env.), Sum of Detectors, Period 1b

0

1

2

0 50 100 150

Fit start time [µs]

A
(J

im
) 

x 
10

3

0

2.5

5

0 50 100 150

Fit start time [µs]

Φ
(J

im
)

0

1

2

0 50 100 150

Fit start time [µs]A
(D

C
B

O
) 

x 
10

3

-2.5

0

2.5

0 50 100 150

Fit start time [µs]
Φ

(D
C

B
O

)

0.01

0.0125

0.015

0 50 100 150

Fit start time [µs]

A
lo

ss

0.9

1

1.1

0 50 100 150

Fit start time [µs]

χ2

0

0.5

1

0 50 100 150

Fit start time [µs]

χ2  p
ro

b
ab

ili
ty



) ;;m � ��� 	B���S��� � ��� � � 
�
R�:�H� ��� � � 	 ��� � ����� � 	 
 �Q	�� � � �<�D	���� ��� � ��� � 
?� ���5�7� 	 
 �

Full Physics Function (Jim env. = CBO env.), Sum of Detectors, Periods 2+3

90

95

0 50 100 150

Fit start time [µs]

R
 [p

p
m

]

681.5

682

682.5

0 50 100 150

Fit start time [µs]

N
 / 

10
6

0.4018

0.4019

0 50 100 150

Fit start time [µs]

A

2.966

2.967

0 50 100 150

Fit start time [µs]

Φ

465

465.5

466

466.5

0 50 100 150

Fit start time [µs]

f C
B

O
 [k

H
z]

0.35

0.4

0.45

x 10
-2

0 50 100 150

Fit start time [µs]

A
C

B
O

5.5

6

0 50 100 150

Fit start time [µs]

Φ
C

B
O

0

0.002

0.004

0 50 100 150

Fit start time [µs]

A
(R

o
b

)

0

2.5

5

0 50 100 150

Fit start time [µs]

Φ
(R

o
b

)

��3=c>7�A4B²),¥���Á �MÏ¸È;Ì`ÏKÏ�Å«ÐiÃ"Ä`Î~È;Ø Ú[Å«Ï«Û§Ï«Û�Ã8ÍlÛ�â.Ä~ÅÀÎ`Ä�Ñ~Ç�ØlÎ±Ï�Å�Ë;Ø$Ñ`Ë�Ì"Ì�Ç�Ø²Í�ÃIÌ~ÅÀË,Æ.Ä � Þ �Dã �èÛ�ÃeÍMÛ�È;ÄIÃ
Ð�Ë,Æ;Ç�É=È�Ï�Å�Ë�ØLÚ�È.Ä�È;ÄJÄ~Ç�ÐiÃ4Æ�Ï¸ËPÛ�È

�
Ã�Ï«Û�ÃpÄ`È;ÐiÃ^ÃIØ

�
ÃIÉ*Ë�Í�Ã�È.ÄpÏ«Û�Ã�È>ÎJÎ�ÃdÍ�Ï¸È;Ø�Î~Ã�Ò�ÓPÔ@ã �èÛ�Ã�ÐeÇ�Ë�Ø"ÉÖÅ ÑIÃ

Ï�Å«Ð�ÃPÚ�È;ÄrÙ��DÃJÆVÏ¸Ë � 
Mã 
 � � ��Ä`ã



� ������� ����
 � � 	��X� �H�F�
� � � 
�
 �:�H� � � � 
 � � � �B� � � 
�
 � ) ;;+

Full Physics Function (Jim env. = CBO env.), Sum of Detectors, Periods 2+3

0

1

2

0 50 100 150

Fit start time [µs]

A
(J

im
) 

x 
10

3

-2.5

0

2.5

0 50 100 150

Fit start time [µs]

Φ
(J

im
)

0

0.2

0.4

0.6

0 50 100 150

Fit start time [µs]A
(D

C
B

O
) 

x 
10

3

0

2.5

5

0 50 100 150

Fit start time [µs]
Φ

(D
C

B
O

)

0.014

0.015

0.016

0.017

0 50 100 150

Fit start time [µs]

A
lo

ss

1

1.1

0 50 100 150

Fit start time [µs]

χ2

0

0.5

1

0 50 100 150

Fit start time [µs]

χ2  p
ro

b
ab

ili
ty



),m;Z � ��� 	B���S��� � ��� � � 
�
R�:�H� ��� � � 	 ��� � ����� � 	 
 �Q	�� � � �<�D	���� ��� � ��� � 
?� ���5�7� 	 
 �

Full Physics Function (Jim env. = CBO env.), Sum of Detectors, Period 4

85

90

95

0 50 100 150

Fit start time [µs]

R
 [p

p
m

]

280.4

280.6

0 50 100 150

Fit start time [µs]

N
 / 

10
6

0.4016

0.4018

0 50 100 150

Fit start time [µs]

A

2.966

2.968

2.97

0 50 100 150

Fit start time [µs]

Φ

466

466.5

467

467.5

0 50 100 150

Fit start time [µs]

f C
B

O
 [k

H
z]

0.003

0.004

0.005

0 50 100 150

Fit start time [µs]

A
C

B
O

5.5

6

0 50 100 150

Fit start time [µs]

Φ
C

B
O

0

0.002

0.004

0 50 100 150

Fit start time [µs]

A
(R

o
b

)

0

2.5

5

0 50 100 150

Fit start time [µs]

Φ
(R

o
b

)

��3=c>7�A4B2),¥�¥�Á �MÏ¸È�Ì�ÏRÏ�Å«Ð�Ã8Ä`ÎJÈ�Ø�Ú[Å«Ï«ÛLÏ«Û�Ã@ÍlÛ�â.Ä~ÅÀÎ`Ä�Ñ�Ç�ØlÎ,Ï�ÅÀË;ØeÑIË;ÌKÌ�Ç�ØiÍ�Ã`Ì�Å�Ë,Æ 
Mã��èÛ�ÃpÍMÛ�È.Ä,Ã8Ð�Ë,Æ;Ç�Õ
É=È�Ï�Å�Ë�ØWÚ�È.Ä�È;ÄJÄ~Ç�ÐiÃ4Æ�Ï¸Ë8Û�È

�
Ã�Ï«Û�ÃpÄIÈ;ÐiÃKÃ`Ø

�
Ã`É=Ë~Í�Ã^È.Ä�Ï«Û�Ã^È>ÎJÎ�ÃdÍ�Ï¸È;Ø�Î~Ã2Ò�ÓKÔ@ã��èÛ�Ã�ÐeÇ�Ë;ØWÉÖÅ Ñ,Ã�Ï�Å¶ÐiÃ

Ú�È.Ä�Ù �DÃ4Æ"Ï¸Ë�� 
Mã 
 � � ��ÄIã



� ������� ����
 � � 	��X� �H�F�
� � � 
�
 �:�H� � � � 
 � � � �B� � � 
�
 � ),m�)

Full Physics Function (Jim env. = CBO env.), Sum of Detectors, Period 4

0

0.5

1

1.5

0 50 100 150

Fit start time [µs]

A
(J

im
) 

x 
10

3

-2.5

0

2.5

0 50 100 150

Fit start time [µs]

Φ
(J

im
)

0

0.5

1

0 50 100 150

Fit start time [µs]A
(D

C
B

O
) 

x 
10

3

4

6

0 50 100 150

Fit start time [µs]
Φ

(D
C

B
O

)

0

0.001

0.002

0.003

0 50 100 150

Fit start time [µs]

A
lo

ss

1

1.1

0 50 100 150

Fit start time [µs]

χ2

0

0.5

1

0 50 100 150

Fit start time [µs]

χ2  p
ro

b
ab

ili
ty



),m�� � ��� 	B���S��� � ��� � � 
�
R�:�H� ��� � � 	 ��� � ����� � 	 
 �Q	�� � � �<�D	���� ��� � ��� � 
?� ���5�7� 	 
 �

� ��� �
	�����	���� ��� � �!��"��I) �6� 	 ##� � �(�l( � 
*) -$� "�/F�

Full Physics Function, Halfring Fits, All Runs

85

90

95

0 50 100 150

Fit start time [µs]

R
 [p

p
m

]

-0.1

0

0.1

0 50 100 150

Fit start time [µs]

N
 / 

10
6 +593.766

+609.996

-0.5

0

0.5

0 50 100 150

Fit start time [µs]

∆A
 x

 1
03

+0.3974

+0.4062 2.965

2.97

0 50 100 150

Fit start time [µs]
φ

465

465.5

466

466.5

0 50 100 150

Fit start time [µs]

f C
B

O
 [k

H
z]

0.004

0.006

0.008

0 50 100 150

Fit start time [µs]

A
C

B
O

0

2.5

5

0 50 100 150

Fit start time [µs]

φ C
B

O

0

0.002

0.004

0.006

0 50 100 150

Fit start time [µs]

A
R

o
b

0

2.5

5

0 50 100 150

Fit start time [µs]

φ R
o

b

��3=c>7�A4Be),¥.��Á��lÏ¸È;Ì�Ï�Ï�Å¶ÐiÃ�Ä`Î~È;ØPÑIË;Ì^Ï«Û�ÃKÏ�Ú�ËiÛ�È;É Ñ�Ì~Å«ØD×�ÄpÄ,ÃdÍ�È;ÌCÈ�Ï�ÃIÉ â²Ü¸Ì4Ã4ÆVÎIÅ«ÌCÎIÉ6Ã�Ä
�

Æ�ÃIÏ¸ã �;Õ � � �hà`ÉÖÇ�Ã
Ï�Ì�Å�È;Ø�×�É6Ã�Ä

�

Æ�ÃIÏ¸ã � �>Õ � 
�ßiÚ[Å«Ï«ÛLÏ«Û�Ã@ÍMÛ�â.Ä~ÅÀÎ`ÄrÑ�Ç�ØlÎ,Ï�ÅÀË;ØeÑ`Ë�ÌPÈ;É«É�Ì~Ç�Ø�ÄIã



� ���7��� ����
 � � 	��X� �H�F�
� � � 
�
 �:�H� � � 
3
U� � �K�3	���� � ),m�¥

Full Physics Function, Halfring Fits, All Runs

0

0.5

1

1.5

0 50 100 150

Fit start time [µs]

A
Ji

m
 x

 1
03

0

5

0 50 100 150

Fit start time [µs]

φ Ji
m

0

0.5

1

0 50 100 150

Fit start time [µs]

A
D

C
B

O
 x

 1
03

0

5

0 50 100 150

Fit start time [µs]
φ D

C
B

O

0.002

0.004

0.006

0 50 100 150

Fit start time [µs]

A
r.

s.
e.

100

120

140

0 50 100 150

Fit start time [µs]

τ r.
s.

e.

0.9

1

1.1

0 50 100 150

Fit start time [µs]

χ2

0

0.5

1

0 50 100 150

Fit start time [µs]

χ2  p
ro

b
ab

ili
ty



),m.� � ��� 	B���S��� � ��� � � 
�
R�:�H� ��� � � 	 ��� � ����� � 	 
 �Q	�� � � �<�D	���� ��� � ��� � 
?� ���5�7� 	 
 �

Full Physics Function, Halfring Fits, Period 1a

80

90

100

0 50 100 150

Fit start time [µs]

R
 [p

p
m

]

-0.1

0

0.1

0 50 100 150

Fit start time [µs]

N
 / 

10
6 +43.138

+44.012

-0.5

0

0.5

0 50 100 150

Fit start time [µs]

∆A
 x

 1
03

+0.396

+0.4053
2.97

2.975

2.98

0 50 100 150

Fit start time [µs]

φ

472

474

476

0 50 100 150

Fit start time [µs]

f C
B

O
 [k

H
z]

0.005

0.01

0 50 100 150

Fit start time [µs]

A
C

B
O

0

2

4

0 50 100 150

Fit start time [µs]

φ C
B

O

0

0.005

0.01

0.015

0 50 100 150

Fit start time [µs]

A
R

o
b

0

2.5

5

0 50 100 150

Fit start time [µs]

φ R
o

b

��3=c>7�A4Be),¥�ê�Á��lÏ¸È;Ì�Ï�Ï�Å¶ÐiÃ�Ä`Î~È;ØPÑIË;Ì^Ï«Û�ÃKÏ�Ú�ËiÛ�È;É Ñ�Ì~Å«ØD×�ÄpÄ,ÃdÍ�È;ÌCÈ�Ï�ÃIÉ â²Ü¸Ì4Ã4ÆVÎIÅ«ÌCÎIÉ6Ã�Ä
�

Æ�ÃIÏ¸ã �;Õ � � �hà`ÉÖÇ�Ã
Ï�Ì�Å�È;Ø�×�É6Ã�Ä

�

Æ�ÃIÏ¸ã � �>Õ � 
�ßiÚ[Å«Ï«ÛLÏ«Û�Ã@ÍMÛ�â.Ä~ÅÀÎ`ÄrÑ�Ç�ØlÎ,Ï�ÅÀË;ØeÑ`Ë�Ì^Ì~Ç�Ø2Í�ÃIÌ~ÅÀË,Æ �>È�ã



� ���7��� ����
 � � 	��X� �H�F�
� � � 
�
 �:�H� � � 
3
U� � �K�3	���� � ),m�ê

Full Physics Function, Halfring Fits, Period 1a

0

1

2

3

0 50 100 150

Fit start time [µs]

A
Ji

m
 x

 1
03

0

2.5

5

0 50 100 150

Fit start time [µs]

φ Ji
m

0

1

2

0 50 100 150

Fit start time [µs]

A
D

C
B

O
 x

 1
03

0

2.5

5

0 50 100 150

Fit start time [µs]
φ D

C
B

O

0

0.0025

0.005

0 50 100 150

Fit start time [µs]

A
r.

s.
e.

100

150

0 50 100 150

Fit start time [µs]

τ r.
s.

e.

0.9

1

1.1

0 50 100 150

Fit start time [µs]

χ2

0

0.5

1

0 50 100 150

Fit start time [µs]

χ2  p
ro

b
ab

ili
ty



),m�© � ��� 	B���S��� � ��� � � 
�
R�:�H� ��� � � 	 ��� � ����� � 	 
 �Q	�� � � �<�D	���� ��� � ��� � 
?� ���5�7� 	 
 �

Full Physics Function, Halfring Fits, Period 1b

80

90

0 50 100 150

Fit start time [µs]

R
 [p

p
m

]

-0.1

0

0.1

0 50 100 150

Fit start time [µs]

N
 / 

10
6 +75.126

+76.895

-0.5

0

0.5

0 50 100 150

Fit start time [µs]

∆A
 x

 1
03

+0.3985

+0.4068
2.96

2.965

2.97

0 50 100 150

Fit start time [µs]

φ

466

467

468

469

0 50 100 150

Fit start time [µs]

f C
B

O
 [k

H
z]

0.005

0.01

0 50 100 150

Fit start time [µs]

A
C

B
O

0

2.5

5

0 50 100 150

Fit start time [µs]

φ C
B

O

0

0.005

0.01

0.015

0 50 100 150

Fit start time [µs]

A
R

o
b

-2.5

0

2.5

0 50 100 150

Fit start time [µs]

φ R
o

b

��3=c>7�A4Be),¥�©�Á��lÏ¸È;Ì�Ï�Ï�Å¶ÐiÃ�Ä`Î~È;ØPÑIË;Ì^Ï«Û�ÃKÏ�Ú�ËiÛ�È;É Ñ�Ì~Å«ØD×�ÄpÄ,ÃdÍ�È;ÌCÈ�Ï�ÃIÉ â²Ü¸Ì4Ã4ÆVÎIÅ«ÌCÎIÉ6Ã�Ä
�

Æ�ÃIÏ¸ã �;Õ � � �hà`ÉÖÇ�Ã
Ï�Ì�Å�È;Ø�×�É6Ã�Ä

�

Æ�ÃIÏ¸ã � �>Õ � 
�ßiÚ[Å«Ï«ÛLÏ«Û�Ã@ÍMÛ�â.Ä~ÅÀÎ`ÄrÑ�Ç�ØlÎ,Ï�ÅÀË;ØeÑ`Ë�Ì^Ì~Ç�Ø2Í�ÃIÌ~ÅÀË,Æ ��à±ã



� ���7��� ����
 � � 	��X� �H�F�
� � � 
�
 �:�H� � � 
3
U� � �K�3	���� � ),m ;

Full Physics Function, Halfring Fits, Period 1b

0

1

2

3

0 50 100 150

Fit start time [µs]

A
Ji

m
 x

 1
03

-2.5

0

2.5

0 50 100 150

Fit start time [µs]

φ Ji
m

0

1

2

0 50 100 150

Fit start time [µs]

A
D

C
B

O
 x

 1
03

0

2

4

0 50 100 150

Fit start time [µs]
φ D

C
B

O

0

0.005

0 50 100 150

Fit start time [µs]

A
r.

s.
e.

100

200

0 50 100 150

Fit start time [µs]

τ r.
s.

e.

0.9

1

1.1

0 50 100 150

Fit start time [µs]

χ2

0

0.5

1

0 50 100 150

Fit start time [µs]

χ2  p
ro

b
ab

ili
ty



),m�m � ��� 	B���S��� � ��� � � 
�
R�:�H� ��� � � 	 ��� � ����� � 	 
 �Q	�� � � �<�D	���� ��� � ��� � 
?� ���5�7� 	 
 �

Full Physics Function, Halfring Fits, Periods 2+3
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Full Physics Function, Start Time = 49.2µs, Period 1a
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Full Physics Function, Start Time = 49.2µs, Period 1b
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Full Physics Function, Start Time = 49.2µs, Period 2+3
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Full Physics Function, Start Time = 49.2µs, Period 4
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Gain Change, Period 0, Cut at 3.2 GeV
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Gain Change, Period 0, Cut at 3.2 GeV
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Physics Func. w/o Phase Mod., Sum of Detectors, All Runs, ESC, Cut at 3.2 GeV
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Full Physics Function, Sum of Detectors, All Runs, ESC, Cut at 3.2 GeV
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Full Physics Function, Sum of Detectors, All Runs, ESC, Cut at 3.2 GeV
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Rob’s MC: Start Time = 25.2 µs
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Rob’s MC: Start Time = 25.2 µs
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