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Diffractive ° Ay with FMS and EEMC

Outline

© Diffractive ° and EM-Jet analysis

@ Diffractive 7°Ay using FMS and EEMC

© FMS-RP event selections and correlations
© EEMC-RP event selections and correlations
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Diffractive ° Ay with FMS and EEMC
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- Work presented at DIS 2019 by Chris Dilks

- Used run#15 FMS + RP data

Latif Kabir

- Work presented at DIS 2014 by Mriganka

- Used run#11 FMS data
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This Analysis

pl+p—p+7’+X
p’ +p — p + EM-jet + X = Chong
Dataset: =

Run 15(200 GeV pp trans) Roman
Run 17(500 GeV pp trans). \)‘0\0\’\ ™~ RP Pots

Take advantage of
EEMC, FMS and RP.

- Proton in RP \ Forward
- Pion/EM-jet in FMS FMS Meson
or EEMC Spectrometer
Extract Ay EEMC
Endcap
Q.h) Electromagnetic
o (not to scale) Calorimeter

*image-from C. Dilks
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Diffractive 7°Ay using FMS and EEMC
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Two Possible Channels for Single Diffractive Pion Production

pl+p—p+n0+X

gap

—x

gap
- Polarized proton breaks up. - Unpolarized proton breaks up.
- One of the decay products is - Energy conservation resolves
pion. background issue.
- Challenges: Background *cartoon by C. Dilks
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FMS-RP event selections and correlations
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FMS-RP Correlation: Triggers and Data
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Trigger Definition for FMS-sm-bs1 (480841:853-845): (sample run = 16090039)
show History
Detector bits
(detector live / detector fired)
Condition 1 or| |Condition 2 |or| |Condition 3| |or |Condition 4/| L2

o/-|o/- FMSsmall-BS1(82) ||+ N
Lase[-pmtectmn(%) - ccept

algorithm: Accept

() Trlggers: OR of FMS-small-BS, FMS-large-BS and FMS-JP triggers

@ pp2pp status is actually “0/+" in the above table — Need to consider implications of RP dead time

@ Data-stream: FMS-stream and Calibration: UCR (By Chong)
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FMS-RP Data: Primary Event Selection

x10° Event count for online event selection
= hEVtC
300— Entries s.ggglizrgzzems
: Mean 2.536
2 - RMS 1.132
50: All
- Events
200E EMS
o BS/JP
150— Trigger
100
50; + At least one RP track
07\ L L L L L L L
0 1 2 3 4 5 6 7
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Event Selection for FMS-RP Data

3 3
10 2000220
E hist E
= Ents 5.896496e+07 = ["Entries  5.896496e+07 |
1600: tan®, = P, / |pZ| Mr;:nes —zeesa 1800; ;n;;:s Sagsﬁﬁigz
1400 RMS 5.728 1600; RMS 8.071
1200 1400E
= 1200
1000 E
E 1000 tang, =p, /Ip|
800— E
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600 600F-
400 400F- R
200F- /\— 200F- / \
E. rer S AR NRREREN SRS N RR SR e S E. T T .
925 -20 -15 -10 -5 0 5 10 =30 -20 -10 0 10 20 30
RP track 6, [mrad] RP track 8, [mrad]

@ Acceptance cut using polar angles:
-1.5 <604 <5.0 mrad
1.0 <6y < 5.5 mrad
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Event Selection for FMS-RP Data: Track Quality Cut

@ 2 track points in a single branch: Global track.
@ Planes cut: At least 7 SSD planes hits

Before
RP cut =

After
RP cut =

x10° x10°
3000~ hist 1400—
E Eniries5.8964966+07 =
E Mean 1977 1200
2500 ; RMS 5.489 |
E 1000
2000F E
E 8001~
1500 =
E 600
1000 400F
500 200E
E L il L Il L Il Il E
L R — 7 4 6 8 10 %
Track n RP Track ¢frad]
X1G° RP track 1 after RP quality cuts RP track gafter RP quality cuts
500 E Bt
E s 3 E Eries 340837
£ o 60000F- Vean 01008
£ fws 05721 E s isis
40E e R3S 50000 s
E Mean 6.552 E Mean 001553
F RMS 02767 40000E- Rus_ var
300 E
E 30000F-
200 E
£ 20000~
100 10000
E L L Il L Il L Il Il E L Il
L R ] 2 4 6 8 10 %3 -2 2
RP Track n RP track @[rad]
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FMS-RP Data: After RP Cut

RP track P after RP quality cuts (both sides)

10°

10

10°

RP track P; after RP quality cuts (both sides)

trkP.
Entries 5639356
Mean 94.17
RMS 12.78

I I L
100 110 120

=)
S

70 80 90

trkPt
Entries 5639356
Mean 0.3064
RMS 0.1781

L L
130 140 150 0
RP track P [GeV/c]

I
18 2

L
16
RP track Pt [GeV/c]

Cuts Applied:
- RP Cut
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FMS-RP Data: After RP Cut

RP track momentum after RP quality cuts

RP track P, after RP quality cuts

—— WestRP

=

10

trkPeast [
Entries 3548637
Mean
RMS 13.16

trkPwest F
Entries 2090719 r
Mean 96.32
RMS 11.8

E | | |
60 70 80 90 100 110 120

trkPtEast
—— WestRP Enires 3548637
Mean 0.3079
RMS 0.1801
trkPtWest
Entries 2090719
Mean 0.304
RMS 0.1747

| E.
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Cuts Applied:
- RP track quality cuts
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Event Selection for FMS-RP Data: FMS Cut

@ 13<E,,<70GeVandZ,, <0.8
@ Highest energy photon pairs

x10° Pion invariant mass with all combinations x10° Pion invariant mass with highest energy pairs
F i C hist
250 hist 100~ [ hist |
C Entries 3.020993e+07 - Entries 5629434
C Ey > 13 Gev Mean 0.4816 C Mean  0.3757
200 Z,<0.8 RMS 0.2709 80— [(RMS _ 0.2792]
E F E, > 13 GeV
F F <08
150 60~ Zyy
100~ a0~
501 20
0:H‘\H"m‘H\HH\H‘wHH\HH\HH\HH\HH ok ! 1 1 1 1 1 1 1 I
(] 02 03 04 05 06 07 08 09 1 0 01 02 0.3 0.4 05 06 0.7 0.8 0.9 1
M, [GeVic?] M, [GeV/c?]
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Event Selection for FMS-RP Data

1 with highest energy pairs and Eyy >13, ZW <0.8

Pions from all photon pair combinations
100 TR RT o —
80
60

Y [cm]

J o Vo | T B o
lQ(iOO -80 -60

X [em]
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Additional Cuts: BBC and TOF

@ West Large
BBC ADC Sum < 110

@ West Small
BBC ADC Sum < 60

@ Veto on east RP track

Latif Kabir

West Large BBC ADC Sum

| | L | | | |
1000 2000 3000 4000 5000 6000 7000 8000
Large BBC ADC Sum

West Small BBC ADC Sum

bbcSums_west

Entries 886979
Mean 1823
RMS 2680

L | L I
5000 10000 15000 20000 25000

West Large BBC ADC Sum

sum VS BBC ADC Sum (Large)

120 180 200
&% [GeV]

West Small BBC ADC Sum

sum VS BBC ADC Sum (Small)

120 140 160 180 200
EpT [GeV]

1
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Event Selection for FMS-RP Data

7 = x10°
107 htemp 100~ tofMult
108 Entries 6833660 - Entries 940289
E Mean 8.629 C Mean 1455
10 Fh RMS 27.81 80 RMS 87
10° 60
10°E r
E 40—
10? E L
10E 20
1 | | | | 1 oL | | | !
0 200 400 600 800 1000 20 40 60 80 100 120 140
Number of RP tracks TOF Multiplicity

@ Only one RP track per event is considered (after RP quality cuts).
@ TOF multiplicity > 0

Latif Kabir Diffractive 7° Ay with FMS and EEMC December 9, 2019 17 /34



Diffractive ° Ay with FMS and EEMC

FMS-RP Data: All Cuts

RP Cut

@ Global RP track

@ Polar angle cut:
-1.5 <64 <5.0 mrad
1.0 < 0y < 5.5 mrad

@ Planes cut: At least 7 SSD planes hits
@ Multiplicity cut: 1 track in an event
@ p; cut (Not implemented yet)

FMS Cut

@ 13<E,, <70GeV
@ Z,<08
@ Highest energy photon pairs

Latif Kabir Diffractive =° Ay with FMS and EEMC

BBC and TOF

@ TOF multiplicity > 0

@ East BBC ADC Sum >0

@ West Large BBC ADC Sum < 110
@ West Small BBC ADC Sum < 60
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FMS-RP Correlations After Cuts

west West
150 E,” vsE, E o
= E P Tt o E pTI SUmE_west
& 140F- 600 Entries 14533
— E E Mean 1131
7 = E RMS 21.53
g 1308 10 500
W 120E- E
1105 400¢
100F —_— 300
E 1 =
T 200
80+ E
70E 100F-
60 L T i I i 1 107 E | | | | | L
%% 20 30 40 50 60 70 %o 80 100 120 140 160 180 200
E, [GeV] E;“fi; [GeV]

Cuts Applied:
- RP Cut
- FMS Cut
- TOF and BBC Cuts
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FMS-RP Correlations

- . East
E:’fsv‘,, Distribution (Only one pion in FMS;] 9

C SumE_wes_singPion 14000} Pt sumE_east
250~ Entries 3521 r Entries 297779

r Mean 106.9 12000— Mean 125.1
200 RMS 19.72 E RMS 14.92

F 10000
150/~ 8000f—

F 6000
100~ E

£ 4000/—

- 2000F~
E | | | I R E rant R R R B L
%0 80 100 120 140 160 180 200 %O 80 100 120 140 160 180 200
East
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@ (top left) E;‘fj:o with only one pion in FMS.
@ (top right) ng;o for East RP with similar cut on East BBC.
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FMS-RP Data: Event Counts By Cut

Event Counts By Cut
- hE‘vtCounLaII
108 r\E/l';t;Ir?S 1.692
3 At least RMS __ 0.6846
o g’ggp One RP track
107 [riooer ~65% of full Run 15
g FMS data processed
10¢ ; RP Cut FMS Cut
10° £
: e,
B uts
e frens
0 2 4 6 8 10 12
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EEMC-RP event selections and correlations
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EEMC-RP Correlation: Triggers and Data

Trigger Definition for EHTO (480301:838-845): (sample run = 16090039)

Show History

Detector bits
(detector live / detector fired)

Condition 1 or| |Condition 2| |or| (Condition 3| jor [Condition 4| L2

ellell <] &

all s/ 5 HEEIE
[a] =]

I SIE|E|E|slle

gllEle 8|8 slEll 58l s

EemcHiTwr-th0(52)
F ’; P ’7 Laser-protection(96) ’7 ’7 ’7 ’7 ’7 iccept

=

-~ unknown
=]

=

WWWWWW
L1 algorithm: Accept

@ Triggers: EHTO

@ Data-stream: Physics-stream

@ Calibration: LBNL (By Maria)
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EEMC-RP Data: Primary Event Selection

Event count for online event selection

10° EvtCountHist
E Entries 8.567589e+08
r Mean 1.591
- RMS 0.4563
- . All

10 E Events

107 | EHTO
= Triggerg
- + At least one RP track
0 1 2 3 4 5 6 7 8
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7% Reconstruction in EEMC (IU vs TSIU)

diphoton invariant mass [1u Algorithm] € Invariant Mass Using TSIU Algorithm
E 35000
14000— hMassAny E htemp
E i - Entries 805334
12000 — Entries - 262513 300001~ Mean  0.3811
E Mean  0.2687 E RMS _ 0.2033
10000{— RMS  0.2328 25000 -
8000 ; 20000 ;7
c000f 150001
40001 10000F
2000 5000
0 1 1 1 1 0
0 02 0.4 06 08 T 12 0 0.2 0.4 0.6 0.8 1 1.2
Mass , [GeV] MaSSn‘, [Ge\/]

@ Decided to use TSIU algorithm for 7% reconstruction in EEMC.
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EEMC-RP Data: Event Selection

RP Cut BBC and TOF
@ Polar angle cut: @ TOF multiplicity > 0
-1.5 < fx < 5.0 mrad @ West Large BBC ADC Sum < 110

1.0 < 0y < 5.5 mrad
@ Planes cut: At least 7 SSD planes hits
@ Global RP track
@ Multiplicity cut: 1 track in an event
@ p; cut (Not implemented yet)
EEMC Cut

°
@ Z,<08
@ Highest energy photon pairs

@ West Small BBC ADC Sum < 60
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EEMC-RP Data After Cuts

RP track n after RP quality cuts
70000F 9000 T
E 8000F- i
o 7000 )
E E Last
E 6000
5000
4000
E 3000F-
20000 E
E 2000
10000 1000F-
0: I I I | | I I I I 0 E. -
“10 -8 -6 -4 -2 0 2 4 6 8 10 =3 3
RP Track n RP track ¢ [rad]
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EEMC-RP Data After Cuts

RP track P after RP quality cuts (both sides)

RP track P; after RP quality cuts (both sides)

trkP E
Entries 882002 F
Mean 94.86 [
RMS 12.55 10t

-
v

10

| I
100 110

L
60 70 80 90

trkPt
Entries 882002
Mean 0.3053
RMS 0.1762

L L L
120 130 140 150 0.2
RP track P [GeVi/c]

L L L
0.4 0.6 0.8 1 12 1.4 16 18
RP track Pt [GeV/c]
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EEMC-RP Data After Cuts

10°

10

RP track momentum after quality cut

— West RP

Bt

ur

RP track P, after RP quality cuts

trkPeast E
Entries. 477125 =
Mean 93.72
RMS 12.98

trkPwest
Entries 404877
Mean 96.2
RMS 11.89

e Wiy i
P N B VA 107,

100

110

_ WestRP tkPiEast
Entries 477125
Mean 03069
RMS 0.1769
trkPtWest
Entries 404877
Mean 0.3035
RMS 0.1753

120 130 140 150 0
RP track P [GeVic]

14 16 18 2
RP track P, [GeV/c]
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EEMC-RP Correlations After Cuts

Ep VS ETP )% distribution from EEMC + RP
= 150; 20F- SUmME_west
& 140E E Entries 2022
o E 10 80F Mean 101.6
g 130 E lRMs  18.28]
r . E 70
120; 60;
0g || s
100?—_.——_._ a0
90 305
80 - E
==l 107 20
705 = 105~
605 1 1 ! L L ! E P RS B vl oo - SN Y S S P - S
q.O 15 20 25 30 35 40 %O 80 100 120 140 160 180 200
E, [GeV] B [GeV]

Cuts Applied:
- RP Cut
- EEMC Cut
- TOF and BBC Cuts
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EEMC-RP Correlations After Extreme Cuts

EY%!, distribution using RP & EEMC (Only one pion in EEMC)
E sumE_west
80— Entries 1793
= Mean 101.3
705 RMS 18.29
60F-
50F-
40F-
30F-
20
10E-
E P P IMe— Al n Y ey o
%0 80 100 120 140 160 180 200
Wi
Epiye [GeV]
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EEMC-RP Data: Event Counts By Cut

Event Counts By Cut

= hEvtCount_all

B Entries 6
10" [eHro At least Mean 1.747

E Trigger one RP track RMS 0.7283
e Full Run 15

g (physics-stream)

- RP Cut

<[ data processed.

100 EEMC Cut
10

E BBC &

r TOF Cuts 10 mass &
103 — Eg, Cuts

0 2 4 6 8 0 12
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Summary

@ Processed Run 15 FMS + RP and EEMC + RP data.
@ Applied event selection.
@ Looked at basic FMS-RP and EEMC-RP correlations.
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