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Theory Curves for

* GPM (Generalized Parton Model)
evaluation for the Sivers function

(quark + gluon)
https://arxiv.org/pdf/1811.02970.pdf

* Collinear twist-3 ggq contribution
from the polarized proton and

hadronization
https://arxiv.org/pdf/2002.08384.pdf

 Does not include contribution
from collinear twist-3 trigluon
correlation function
https://arxiv.org/pdf/1312.6862.pdf

* Requested from Shinsuke Yohsida
and Yuji Koike, unfortunately code
to perform calculations was lost
when former postdoc left physics
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New Calculation for ggqg Contribution for Ay,

New Curve: ggq Contrlbu.tlon pr(idlctlon from before:
0.02 : : 00 P P — ¥ +X, s =200 GeV, n|<0.35
p'+p — ¥*° + X, Vs =200 GeV, n|<0.35 - qgq Correlation Contribution PRD 91, 014013 (2015)
0.01 0.01 PHENIX

ol
SRS ek

.
N
I I B

—0.01— = Trigluon Contribution Model 1 ~0.01

22222 Trigluon Contribution Model 2

l ) T T — J 1 | — I | T — L ] Ll P Il I 1

PRI T PRI T B
5 6 7 8 9 10 11 12
P, [GeV/c]
* Updated from Daniel Pitonyak, things that changed:
* Used a more up-to-date extraction of the Sivers function from https://arxiv.org/pdf/2002.08384.pdf
* Added the soft fermion pole (SFP) term from the polarized proton

* The new ggq contribution calculation shows that the midraﬁidity direct photon Ay is
more cleanly sensitive to the trigluon correlation function than previously thought
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https://arxiv.org/pdf/2002.08384.pdf

AZ: New pr bins

PPG135 pr Bins New pr

pr Bins From Bins
[GeV] Preliminary [GeV]

[GeV]

2-3 2-3 2-3
3-4 3-4 3-4
4-5 4-5 4-5
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6—7 6—8 6—7
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* After reviewing this result, | realized | was
using wider p bins than PPG 135

* Able to use finer pr by combining data
from two fills together to calculate the
asymmetry rather than calculating the
asymmetry fill by fill

* Same method used for ©° and direct photon
asymmetries



Also Eliminated Fills with Problematic GL1P Scalers

Sum of GL1P Scalers for All Xings
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Run Number

Runs with GL1P Scalers that are ~2 orders of magnitude larger than the rest:

431831, 431833, 431834, 431835, 431836, 431837, 431839, 431840,
431844,431845, 431846, 431859, 431860, 431886, 431888

Correspond to three fills, which are eliminated from the r?, n and direct
photon analyses
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Data Cuts

« Using ERT data * Photon pair cuts
* same arm
* |Z,e] <30 cm * cluster distance greater Ic]ljar}i8| cm
. _ 1E1—E3
e Cuts for all photon clusters: Energy asymmetry a = 7 = < 0.8
* Used th i iant
+ 0.5 < Energy < 20 GeV PI§8135:e same invariant mass ranges as
* prob_photon > 0.02 Signal: 480 < M,,, < 620 MeV
e ¥? cut Background: 300 < M,,,, < 400 MeV or
* Eliminate dead and warn map clusters 700 < M,,, <800 MeV
* Edge tower cut e Cuts for the higher energy trigger
e Hot tower cut (fixed bug) photon
* ERT check
* | TOF| <5ns : .
* Highest energy photon in the event to
e Charged Track Veto Cut avoid random benefit (not used for

preliminary)
* pr = 1.5 GeV (previously pr = 1.0 GeV)
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n Asymmetry Before the Background Correction

Relative

Luminosity

Formula F

Signal invariant
mass region: -0.02
480 < M,,, < 620 MeV
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n Asymmetry Before the Background Correction

Signal invariant
mass region:

480 < M, < 620 MeV
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Background
Fraction Fits

Examples of the invariant
mass plots. Rest of the fits
are included in the back up

Fit a “Gaus+pol3”
function to
04 <M, <0.7GeV

Pink curve represents the
“pol3" which describes the
combinatorial background

Gaussian part of the fit is
not used in the background
fraction calculation directly
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x10° invmassWest2to3
- Entries 2.039717e+07
50— Mean 0.4982
- RMS 0.1807
ol 1 { ndf 71.717123
- amplitude 1.678e+05 + 3.522e+02
- mean 0.5456 + 0.0001
50— sigma 0.034 = 0.000
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Invariant Mass of Photon Pairs in West Arm 10 < p_ < 20 [GeV]
_ invmassWest10to20
__ Entries 20214
- Mean 0.5165
— RMS 0.1707
— x2 / ndf 18.51/23
- amplitude 611.2+17.3
- mean 0.5523 £ 0.0007
- sigma 0.02647 + 0.00091
= A —234.6+ 1254
= B 2820 + 268.3
- C -4833 + 348.2
= D 2405 + 703.9
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Background Fraction

Fit a “Gaus+pol3” functionto 0.4 < M,,,, < 0.7 GeV

B :

r = —— calculated using the
~ S+B

signal region:

0.480 < M,,, < 0.620 GeV

* B is calculated by integrating
the “pol3” part of the fit

* S 4+ B is calculated by
summing histogram counts

Same method as ¥ analysis

pr|GeV] | West Arm | East Arm | Both Arms
2-3 0.715 0.712 0.714
3 -4 0.606 0.601 0.604
4-5 0.554 0.552 0.553
5-06 0.52 0.519 0.519
6-7 0.501 0.497 0.499
7 -8 0.483 0.502 0.492
8- 10 0.466 0.482 0.474
10 - 2 0.452 0.487 0.469




Background Asymmetry
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Background Asymmetry
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Background Cor

Relative
Luminosity
Formula
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Background Cor
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Background Corrected n Asymmetry
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Background Corrected Beam Averaged
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sin ¢ Modulation

AK,, not corrected for background

¢, is the angle from the spin

] ) ) 4+7 From fits
up direction (y = 0 in PHENIX

+ From Integrating Over Arms

coordinates) and increases to m::z;—

the left of the polarized beam o

going direction F _]_ :: :

1 1 N"(¢ps) — RN*(¢ps O g e L T b
pen(9s) = FNTE% + Rwlgij =Avsings e

Ay sin ¢ fit plotsin BackUp  © S




Bunch Shuffling

 Randomized each bunch spin combo for every fill 10,000 times
Spin Blue
Combo | Beam
0 l l
1 l i
2 1 l
3 1 1

e Used the square root formula to avoid having to recalculate the
relative luminosity

» Shuffled asymmetries are calculated exactly the same way as the central
asymmetry value

* Divided this number by the statistical error of the square root formula for that
pr bin
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Bunch Shuffling for Peak 2 < p_< 3 GeV

Bunch Shuffling for Peak 3 < p_< 4 GeV

_ shuffled0 _ shuffled1
400— Entries 10000 = Entries 10000
- Mean 0.02637 400 Mean ~0.00659
350 — RMS 1.061 - RMS 1.014
- ¥2 / ndf 73.94/72 350 = ¥2 / ndf 715173
300— Constant 375.3+4.7 - Constant 393.5+4.8
- Mean 0.02509 + 0.01064 3001— Mean -0.006171+0.010125
250 Sigma 1.056 + 0.008 - Sigma 1.007 + 0.007
- 250—
200 — 200/
150 — 150
100— 100~
50— 503—
- ! - . X
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Bunch Shuffling for Background 2 < p_< 3 GeV Bunch Shuffling for Background 3 < p_< 4 GeV
— ~_ shuffled0 ~_shuffled1
400— Entries 10000 400 Entries 10000
Z Mean 0.002216 : Mean 0.005267
350 RMS 1.059 350 — RMS 1.036
- ¥2 / ndf 98.76 / 73 - %2/ ndf 63.23/72
300 — Constant 378.1£ 4.6 300 Constant 386.7 +4.7
- Mean  0.009198 + 0.010567 - Mean 0.00665 + 0.01032
50l Sigma 1.045 + 0.007 ss0F- Sigma 1.025 + 0.007
200[— 200
150 — 150 —
100[— 100—
50— 50—
— . — e Ii‘_
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Bunch Shuffling for Peak 4 < p_< 5 GeV Bunch Shuffling for Peak 5 < p_< 6 GeV Bunch Shuffling for Peak 6 < p_<7 GeV

shuffled2 shuffled3 shuffled4
400 = Entries 10000 | 400 Entries 10000 = Entries 10000
= Mean -0.007797 = Mean 0.0169 | 400 Mean 0.004141
- RMS 1.006 | 350 RMS 1.024 ~ RMS 1.006
350 +2 I ndf 66.74 / 71 = 2/ ndf 50.99/69 | 350F- 2/ ndf 56.93 /69
= Constant 397.2+4.8 | 559 Constant 390.7 £ 4.8 = Constant 396.5+49
800 Mean  -0.009634 * 0.010052 - Mean 0.01286 £ 0.01023 | 300 Mean  0.001345 £ 0.010068
= Sigma 0.9979 + 0.0069 | . Sigma 1.017 £ 0.007 = Sigma 1.001+ 0.007
250 = 250—
= 200 =
200 = = 200—
150 — 150 150
100— 100 100
50— 50— 50—
= o N = = . ’
0_|||||||- P b b b b by vt R A 0_|||||||| L a1 0_||||||||||||||||||||||||||||||||||| AN IR
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Bunch Shuffling for Background 4 < p_< 5 GeV Bunch Shuffling for Background 5 < p_< 6 GeV Bunch Shuffling for Background 6 < p_< 7 GeV
— ~ shuffled2 _ ~ shuffled3 450 ~ shuffled4
a001=— Entries 10000 | 400 — Entries 10000 - Entries 10000
- Mean -0.005926 - Mean -0.003509 | 4001 Mean -0.002475
250 RMS 1.033 | 350— RMS 1.048 - RMS 1.018
- 2 / ndf 85.06 / 68 = ¥2/ ndf 50.22/71 | 50l 2 / ndf 69.84 / 74
300 :_ Constant 385.2+ 4.8 | 300 :— Constant 3809+486 - Constant 3923+ 4.8
- Mean  -0.007924 + 0.010364 - Mean  0.001154 £0.010519 | g99— Mean  0.0001643 + 0.0101618
ssoF Sigma 1.027 + 0.008 | p501" Sigma 1.043 + 0.007 = Sigma 1.01+ 0.01
- = 250
il 200— =
200 - - 200
- 150{— -
150E - 150 —
100— 1001 100
50— 50— 50—
- A . C o R - p] o
O_I Ll Il o | | 1111 | 1111 | 1111 | 1111 | 1 1 . I | L1 1 O_I L1l Il 1111 | 1111 | 1111 | 1111 | 1111 | 111 I L | L1l O_I L1l L ltad 111 | 1111 | 1111 | 1111 | 1111 | 111 Lol | L1 1
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Ao Ajao,
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Bunch Shuffling for Peak 7 < p_ < 8 GeV

Bunch Shuffling for Peak 8 < p_ < 10 GeV

Bunch Shuffling for Peak 10 < p_ < 20 GeV

shuffled5 shuffled6 shuffled?
- Entries 10000 = Entries 10000 C Entries 10000
— Mean 0.01005 | 400|— Mean -0.001724 | 400 = Mean 0.009811
- RMS 1.014 = RMS 1.007 - RMS 1.028
— 2/ ndf 50.02/69 | 350 2 / ndf 71.2/67 | 390 %2 / ndf 97.57/72
E Constant 393.5+t48 - Constant 396.5+ 4.9 C Constant 3889 +4.7
E Mean  0.007802 +0.010177 | 300 Mean  -0.002892+0.010068 | SO0 Mean  0.01278 + 0.01024
c Sigma 1.009 + 0.007 - Sigma 0.9996 + 0.0072 = Sigma 1.016 + 0.007
— 250[— 2501 —
= 200 200—
— 150 150 —
— 100[— 100—
— 50— 50—
c o N - : C | o
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Ajao, Aja, Ajao,
Bunch Shuffling for Background 7 < p_ < 8 GeV Bunch Shuffling for Background 8 < p_ < 20 GeV
_ "~ shuffled5 ' shuffled6
400 Entries 10000 400 Entries 10000
- Mean 0.005869 = Mean -0.007701
250 RMS 1.017 350 RMS 1.047
- %2/ ndf 69.17 /68 - 2 / ndf 75.18 / 70
300E- Constant 392.2+48 300 Constant 379.7 + 4.7
- Mean  0.003987 +0.010185 E Mean  -0.009427 + 0.010537
250F- Sigma 1.011+0.007 250 Sigma 1.044 % 0.008
200 200—
150[— 150 —
100 100—
50— 50—
:||||.-|| T bl 0:|||||4 ||||||||||||||||||||||||||||| L
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Bunch Shuffling for Peak 2 < p_< 3 GeV

shuffled0

400— Entries 10000

— Mean 0.02637

. 350 RMS 1.061

Bunch Shuffling Summary - e

- Mean  0.02509 + 0.01064

250 Sigma 1.056 + 0.008
* The widths of the Gaussian fits are "E
consistent with 1, except for the lowest =
DTt bin 50%_

* Extra systematic error from for that bin I e B B B

Bunch Shuffling for Background 2 < p_< 3 GeV

2 T
° p— 2 400 ntries Shuffledd 10000
1056 O-Stat — \/(O-SySt) + (O-Stat) s Eﬂean 0.002216

350 BMS 1.059
2/ ndf 98.76 /73
Constant 3781+ 486

Osyst = \/(1-056)2 — 105t z:

Mean 0.009198 + 0.010567
1.045 + 0.007

Sigma

Osyse = 0.000620

0 150

Same formula as m° asymmetry

100

50
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Uncertainty on the Background Fraction

Tried fitting ranges

0.3 < Mw < 0.7 GeV and
04 < MW < 0.8 GeV

To see how much r changed
when compared to the
central fit range:

0.4 < M, < 0.7 GeV

Propagated 154y, 4¢ through
the background subtraction
formula to assign a systematic
error on the n asymmetry

pr|GeV] | r range
2-3 0.0050
3 -4 0.0058
4-5 0.0049
2-06 0.0066
6-7 0.0075
7-38 0.0066
8- 10 0.0068

0.0036




Sys. unc.
Sys. unc. | Sys. unc. (from
pT n Statistical | (rel lumi | (from bg bunch Sys unc.
(GeV/c) | Asymmetry | uncertainty | vs. sqrt) | fraction) | shuffling) | (total)
2.39 0.00244 0.00183 0.000518 | 4.58e-05 | 0.000620 | 0.000809
3.53 -0.00199 0.00159 8.36e-05 | 3.31e-05 0 8.99e-05
4.39 -0.00331 0.00248 0.000144 | 4.55e-05 0 0.000151
5.40 -0.00139 0.00421 0.000241 | 3.59e-05 0 0.000244
6.41 0.00222 0.00709 0.00112 | 6.35e-06 0 0.00112
7.42 0.0103 0.0115 0.000703 | 0.000160 0 0.000720
8.75 0.00790 0.0137 0.00124 | 0.000188 0 0.00125
11.76 0.0168 0.0219 0.00425 | 0.000370 0 0.00426

Reminder - extra systematic error from bunch shuffling:
(because of a greater than one bunch shuffling width)

2
1.056 - Ostat — \/(asyst) + (Ustat)z
Osyst = \/(1-056)2 — 1 Ostar

Nicole Lewis, University of Michigan 24
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Consistent with preliminary values

Things that changed since 0.04 —
oreliminary: 0.035 —t— Preliminary Result
* Fixed bug in hot tower cut 0.03| —t— Updated Result
* Higher energy photon p; > 1.5 GeV 0_025__
(1.0 GeV used for preliminary) B
0.02—
* Require higher energy photon to be - ‘
the highest energy photon in the event <C £0.01 S y
* Removed 3 fills 0.01— ! I
* Changed method of calculating the 0.005H
background fraction 0;-._+{. _________________________ {0 A Y AU SRR NI
* Different formula for assigning the B f %
: : —0.005—
systematic error from bunch shuffling 0.01L_ | | | | |
All consistent with ° analysis 2 4 6 8 10 12

8/5/2020 Nicole Lewis, University of Michigan 25
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Photon Pair Counts

U - spin up, D - spin down, L - left, R - right, Y - yellow beam asymmetry, B - blue beam asymmetry

Signal
480 < M, < 620 MeV

Background:
300 < M, <400 MeV

700 < M, < 800 MeV

8/5/2020

pr[GeV] ULY DLY URY DRY ULB DLB URB DRB
2-3 1944849 | 1945879 | 2741977 | 2748194 | 2743831 | 2746340 | 1943899 | 1946829
3-4 1400540 | 1402581 | 1764747 | 1764456 | 1764524 | 1764679 | 1402402 | 1400719
4-5 471452 471371 566300 566053 565022 567331 471426 471397
5-6 142937 142838 165844 165955 165869 165930 143112 142663
6-7 46754 46805 53151 53767 53562 53356 46935 46624
7-38 17674 17723 19617 19699 19811 19505 17686 17711
8- 10 10736 10743 11924 11957 11949 11932 10733 10746
10 - 20 3697 3683 3802 3787 3793 3796 3631 3749

pr|GeV] ULY DLY URY DRY ULB DLB URB DRB
2-3 2001232 | 2001647 | 2710144 | 2710917 | 2708566 | 2712495 | 2000623 | 2002256
3-4 1225706 | 1226586 | 1529674 | 1531373 | 1529071 | 1531976 | 1224677 | 1227615
4-5 369856 368856 444255 444633 444180 444708 369206 3695006
5-6 104169 103361 120831 121044 120993 120882 104026 103504
6-7 32475 32458 36914 36757 37091 36580 32531 32402
7-8 11757 11682 13055 12777 13053 12779 11797 11642
8- 10 7136 6938 7638 7596 7553 7681 7031 7043
10 - 20 2160 2260 2386 2267 2283 2370 2191 2229

Nicole Lewis, University of Michigan 28




Cross Check - Splitting the Background

Asymmetry By Invariant I\/Iass Region
- Yellow St m LottAgmmory - Yellow st

0.04— | 0.04—

_ o - Beam _, | o - Beam #+ i
Relative Luminosity e 002 $ ]
- - - o
Formula R Ty s A NP0 ) 5 S R
i ryo—m

Yellow Beam ki 4- oozl

Cross Check o0 o
—0.06:— 300 < M]/]/ < 400 I\/IeV ~0.06— 700 < M < 800 I\/IeV

1 1
2 4 8 8 10 12 14 18 18 20 2 4 6 8 10 12 14 18 18 20

P, [GeV] P, [GeV]

- 3 - 3
2— — 2— —
1 — 1= —

Aleft _ Aright

_ N u . . e ]
T(pr) = \/(O-Ieft)z + (gTight)2 _E_ _; b E

3_||||||||||||‘|||.|I,,||...I..|I|.I...||,_ _3_||||||||||||||||||||||||||||||||"|||||||
- 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18 20

b [Gev] b [GeV]




Cross Check - Splitting the Background

Asymmetry By Invariant Mass Region

0.06
B I 4*7 East Arm - Right Asymmetry B I
0.04|— B ue 0.04— B ue

|
—{— Waest Arm - Left Asymmetry — —{— Waest Arm - Left Asymmetry
| —

Relative Luminosity  ...Beam | o BEAM |

Formula S— +_l ....................................................
: +

— - H

Blue Beam Cross Check  .f *+ | ool

2
-
b

-

-0.04— -0.04—

w300 < My, <400 Mev w700 < M, <800 MeV
P, [GeV] p, [GeV]
o3 s T
2 —f 23— ]

Aleft _ A?};,ight

_ N e ; . : .
T(pr) = \/(O-Ieft)z + (gTight)2 _E_ _; _E_ . _;

11 L1 1 111 LV K7, ! a1 . bl A ! iy 7l | INErs l Iy iy | | | I_ _3_I | | L1 1 | 111 | 111 I 111 I 111 I 111 I 111 | L2100 | 111 | | I_
2 4 6 8 10 12 14 16 15 20 2 4 6 8 10 12 14 16 18 20
p,[GeV] p,1GeV]



Background
Fraction Fits

Fit a “Gaus+pol3”
function to

04 < Mw < 0.7 GeV

Pink curve represents the
“pol3" which describes the
combinatorial background

Fit function is only used
to estimate the
background contribution,
Gaussian part of the fit is
not used directly

8/5/2020

Invariant Mass of Photon Pairs in West Arm 2 <p_< 3 [GeV]

x10° invmassWest2to3
= Entries 2.039717e+07
450 — Mean 0.4982
- RMS 0.1807
400 - ¥%= [ ndf 7171723
- amplitude  1.678e+05 £ 3.522e+02
- mean 0.5456 = 0.0001
350— sigma 0.034 £ 0.000
T A 5.078e+04 = 7.832e+02
300 - B 2.046e+06 £ 2.206e+03
o G —4,065e+06 £ 3.581e+03
n D 2.098e+06 + 4.348e+03
250
200{—
150 —
a 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
0.2 8 0.9
M, [GeV]
Invariant Mass of Photon Pairs in West Arm 3 < p_ < 4 [GeV]
x10° invmassWest3to4
- Entries 1.1862928+07
C Mean 0.5015
300— RMS 0.1784
: %% [ ndf 79.28 /23
- amplitude 1.673e+05 + 2.92%9e+02
2501— mean 0.5484 + 0.0001
- sigma 0.0319 £ 0.0001
B A 3.07e+05 + 5.98+02
200 I~ B —4.068e+05 = 1.684e+03
- C 4.486e+05 £ 2.753e+03
B D —3.576e+05 £ 3.320e+03
150—
100—
T R A R T S ST AT U AN A ST N AN AT R S AR
0.2 0.3 0.4

Nicdle LewWi§, Univé¥iity of I@I?cﬁirg@g\?]'g

Invariant Mass of Photon Pairs in East Arm 2 < p_ < 3 [GeV]

x10° invmassEast2to3
o Entries 1.4944572+07
- Mean 0.4878
~ RMS 0.1808
300— 2/ ndf 55.16 1 23
L amplitude  1.23de+05 + 3.012e+02
T mean 0.5411+ 0.0001
250 — sigma 0.0335 + 0.0001
C A 1.658e+05 + 6.584e+02
R B 1.019e+06 + 1.845e+03
200— C —2.488e+06 £ 2.978e+03
L D 1.403e+06 + 3.628e+03
150—
100—
=1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
0.2 8 0.9
M, [GeV]
Invariant Mass of Photon Pairs in East Arm 3 < p_< 4 [GeV]
10° invmassEast3to4
Entries 9479673
250 Mean 0.4939
RMS 0.1771
%2 { ndf 155.9/23
amplitude 1.365e+05 + 2.641e+02
200 mean 0.5451+ 0.0001
sigma 0.0315 £ 0.0001
A 4.191e+05 + 5.307e+02
B —1.22¢4+06 = 1.500+03
150 C 1.893e+06 + 2.427e+03
D —1.172e+06 £ 2.933e+03

100

50

0.6 0.7 é}f " [Ge\?jg



Background _

Fraction Fits .

60

Fit a “Gaus+pol3”
function to

04 < Mw < 0.7 GeV

Pink curve represents the
“pol3" which describes the

40

20

0.

35000

combinatorial background s

Fit function is only used
to estimate the

background contribution,
Gaussian part of the fit is

not used directly

8/5/2020

25000

20000

15000

10000

5000

=]

Invariant Mass of Photon Pairs in West Arm 4 <p_< 5 [GeV]

invmassWest4to5
Entries 3550425
Mean 0.5052
RMS 0.1766
22 ndf 116.1/23
amplitude  6.603e+04 + 1.748e+02
mean 0.55 +0.00
sigma 0.02954 + 0.00009
A 9.607e+04 + 3.2812+02
B —1.838e+05 + 9.316e+02
c 2.929e+05 + 1.515e+03
D —2.221e+05 + 1.818e+03

_I 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
2 0.3 0.4 0.5 0.6 0.7 8 0.9
M,, [GeV]
Invariant Mass of Photon Pairs in West Arm 5 < p_ < 6 [GeV]

invmassWest5to6
__ Entries 989109
- Mean 0.5064
= RMS 0.1745
— 72 ndf 42.94 /23
- amplitude  2.192e+04 + 9.808e+01
B mean 0.5511+ 0.0001
— sigma 0.0282 = 0.0001
B A 2.063e+04 + 1.732e+02
- B _2.1d4e+04 + 4.923e+02
- c 3.238e+04 + 8.006e+02
C D —3.506e+04 + 9.579e+02

\

f\)_IIIII|III

0.3 0.4 0.5 0.6

0.7 0.8 0.9
GeV]

: M
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Invariant Mass of Photon Pairs in East Arm 4 <p_< 5 [GeV]

90000

80000

70000

60000

50000

40000

30000

20000

invmassEast4tob
Entries 2951576
Mean 0.5015
RMS 0.1756
22 ndf 102.8/23
amplitude  5.542e+04 + 1.601e+02
mean 0.5481+ 0.0001
sigma 0.02944 + 0.00009
A 1.1868+05 + 2.986e+02
B —3.652e+05 + 8.476e+02
c 6.308e+05 + 1.376e+03
D —4.193e+05 + 1.652e+03

<
R TTT

0.3

0.4

0.5

0.6

8 0.9
M, [GeV]

Invariant Mass of Photon Pairs in East Arm 5 < p_< 6 [GeV]

30000

25000

20000

15000

10000

5000

invmassEast5to6
Entries 848961
Mean 0.5044
RMS 01737
%% [ ndf 4853723
amplitude  1.869e+04 + 9.042e+01
mean 0.5485 £ 0.0001
sigma 0.02852 = 0.00015
A 2.784e+04 = 1.6042+02
B —7.695e+04 £ 4.560e+02
c 1.392e+05 £ 7.402e+02
D -9.97e+04 £ 8.87e+02

o
]

0.3

0.4

0.5

0.6




Background

Fraction FitS..;

Fit a “Gaus+pol3”
function to

04 < Mw < 0.7 GeV

Pink curve represents the
“pol3" which describes the
combinatorial background

Fit function is only used
to estimate the
background contribution,
Gaussian part of the fit is
not used directly

8/5/2020

10000
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0.

4500
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(=]

I"\)_IIIII|IIII

Invariant Mass of Photon Pairs in West Aim 6 <p_< 7 [GeV]

\

invmassWest6to7
Entries 307932
Mean 0.5079
RMS 0.173
x2 / ndf 53.38/ 23
amplitude 7513+ 56.8
mean 0.5511 £ 0.0002
sigma 0.02757 £ 0.00022
A 4424 + 96.9
B 2925+ 2756
C -5302 £ 448.2
D —2727 £+ 535.7

C 1 | | | | | | 1 | I | | | | | | 11 | | | | | 1 | 1 | | | | | | | |
2 0.3 0.4 0.5 0.6 0.7 8 0.9

M, [GeV]

Invariant Mass of Photon Pairs in West Arm 7 < p_< 8 [GeV]

_ invmassWest7t08
- Entries 110246
C Mean 0.5098
C RMS 01717
E ¥2 / ndf 54.26/23
— amplitude 2916+ 35.0
- mean 0.5515 £ 0.0003
- sigma 0.02722 = 0.00034
C A 1318+ 19.3
E B 3359+ 14.8
C C —7752+ 259
C D 3490 + 76.0

— A

0.3

0.4

0.5

0.6

0.7 0.8 0.9
M,, [GeV]
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Invariant Mass of Photon Pairs in East Arm 6 < p_< 7 [GeV]

invmassEast6to?
Entries 269911
Mean 0.506
RMS 0.1728
%2/ ndf 38.14 /23
amplitude 6558 + 52.9
mean 0.5503 + 0.0002
sigma 0.02787 + 0.00024
A 1.023e+04 + 9.040e+01
B —3.375e+04 + 2.573e+02
c 6.283e+04 = 4.183e+02
D —4.337e+04 + 5.003e+02

E \\_
: 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 L1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
2 0.3 0.4 0.5 0.6 0.7 8 0.9
M, [GeV]
Invariant Mass of Photon Pairs in East Arm 7 < p_< 8 [GeV]
invmassEast7to8
— Entries 99381
C Mean 0.5092
__ RMS 0.1713
- 2/ ndf 22.73/23
- amplitude 2556 £ 33.4
- mean 0.5512 £ 0.0004
- sigma 0.02677 + 0.00036
__ A 1890 = 55.4
C B -3412+157.8
C C 9508 + 256.9
C D -9416 £ 306.6
E _\\
oo b v v b v v b b v b v b
2 0.3 0.4 0.5 0.6 0.7

8 0.9
M,, [GeV]




Background ..
Fraction Fitse

Fit a “Gaus+pol3”
function to

04 < Mw < 0.7 GeV

Pink curve represents the
“pol3" which describes the
combinatorial background

Fit function is only used
to estimate the
background contribution,
Gaussian part of the fit is
not used directly

8/5/2020

1500
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800
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500

400

300

200

100

Invariant Mass of Photon Pairs in West Arm 8 < p. < 10 [GeV]

invmassWest8to10
= Entries 65021
B Mean 0.5139
| RMS 0.1708
B ¥2 { ndf 28.31/23
C amplitude 1889 £ 28.0
- mean 0.5521+ 0.0004
— sigma 0.02626 + 0.00040
L A —3046 = 44.8
B B 2.293e+04 + 1.271e+02
| C -4.246e+04 = 2.070e+02
B D 2.464e+04 + 2.469e+02
1 | | | | | 1 | | | | | | 1 | 1 11 1 | 1 | | | | | | 1 | | | | | |
2 0.3 0.4 0.5 0.6 0.7 8 0.9

M, [GeV]
Invariant Mass of Photon Pairs in West Arm 10 < p_ < 20 [GeV]

_ invmassWest10to20
— Entries 20214
- Mean 05165
— RMS 0.1707
- x2 / ndf 18.51/23
- amplitude 611.2+17.3
- mean 0.5523 + 0.0007
- sigma 0.02647 + 0.00091
- A -234.6 +125.4
- B 2820 + 268.3
- C -4833 + 348.2
Z_ D 2405+ 703.9

_‘\—\

na [T

0.3 0.4 0.5 0.6 0.7 8 0.9
M,, [GeV]
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Invariant Mass of Photon Pairs in East Arm 8 < P, < 10 [GeV]

invmassEast8to10
B Entries 59770
B Mean 05116
- RMS 0.1719
- 22 ndf 3554 /23
— amplitude 1618 £ 265
i mean 0.5514 = 0.0004
B sigma 0.02653 + 0.00046
= A 4883 + 43.0
B —2.250+04 + 1.23e+02
c 4.189e+04 = 2.002e+02
D —2.649e+04 + 2.388e+02

1 11 | L1 1 | | | 11 1 | | N I | | 11 1 | | L1 1 | | 11 11
2 0.3 0.4 0.5 0.6 0.7 8 0.9
M, [GeV]
Invariant Mass of Photon Pairs in East Arm 10 < p_ < 20 [GeV]

invmassEast10to20
- Entries 19623
— Mean 05177
- RMS 0.1689
- %2 / ndf 23.69/23
- amplitude 567.9 171
- mean 0.5531+ 0.0007
— sigma 0.02572 + 0.00094
- A -329.1+124.0
— B 3013+ 262.4
- C -4513 + 347.7
- D 1836 £ 693.8

na [T

0.3 0.4 0.5 0.6 0.7 8 0.9
M,, [GeV]
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Yellow Asymetry for 2 < p_< 3 GeV Blue Asymetry for 2 < p.< 3 GeV

¥2 / ndf 2.978/5 x2 ! ndf 2.523/5
B p0 0.0008295 + 0.0005953 B p0  0.0002906 + 0.000613
0.004— 0.004—
0.002— 0.002}— —
| ECTEETEEERN TECURE EEOORY EPPPPPRTPPPPI 0
-0.002— -0.002(—
-0.004— -0.004(— F tt .
B 1 1 | | | 1 | 1 | | 1 | 1 | | 1 1 1 | | 1 1 1 | | | 1 1 | | | B | | 1 1 | | 1 | 1 | | 1 1 1 | | | 1 | | 1 | 1 | | | | 1 | | | g
0 1 2 3 4 5 6 ; 0 1 2 3 4 5 6 ) 0 .
Yellow Asymetry for 3 < p_< 4 GeV Blue Asymetry for 3 < p, < 4 GeV p Sin ¢S
- %2 / ndf 3.412/5 - %2 / ndf 15.27/5
0.008— p0  —0.0009316 + 0.0007278 0.008[— p0  —0.0005237 + 0.0007748
0.006(— 0.006(—
0.004[— 0.004[—
0.002(— — 0.002(—
Ofsmezrznrememeenee et e T e T 0f-
~0.002— ~0.002—
~0.004— ~0.004{—
~0.006— ~0.006{—
~0.008[— ~0.008{—
_ .R./'%/?ﬂ)ﬂ. ceo b e by e e oy e e e Ly Nicole Lewis_llni\/nr‘Qif\Jl of Michichrn v 1 v v v Loy v oy 35
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Yellow Asymetry for 4 <p_< 5 GeV Blue Asymetry for 4 <p_< 5 GeV

0.008 ¥2 / ndf 2.027/5 0.008 %2 / ndf 2.397/5
= p0 -0.0002945 + 0.001291 = p0 -0.002037 + 0.00134
0.006— 0.006—
0.004— 0.004—
0.002— " 0.002—
0: e S UEUSUNURE S Sy —y—y-yyepeypepa RN PRy SRS fopayoy—y—y— 0: ..........................................
-0.002— -0.002f—
-0.004— -0.004f— —
-0.006— ~0.006— F ..
—0.008_' covo e v e by v by ey by oy by oy |y —0.008_' cvoe ey e by ey b ey by ey by oy | Ittlng
0 1 2 3 4 5 B 0 1 2 3 4 B
. . 0sin ¢
Yellow Asymetry for 5 < p_< 6 GeV Blue Asymetry for 5 < p, < 6 GeV p S
0.02 x* I ndf 3.275/5 0.02 x*/ ndf 8.436/5
E p0 0.0009597 + 0.00238 E po —0.001633 £ 0.002519
0.015— 0.015—
0.01— 0.01—
0.005— 0.005— —r
0= O ESRRERCty EETRN EEPTPCLT PO Lo er e RERPE SRR PR A
~0.005— ~0.005— A —
-0.01— -0.01—
~0.015— -0.015—
_ - L1 R/R/',m?nu o b e by e ey Ly Nicole %Q’ I|Ini\/mr<tih,/ af I\/Iirhignn Coe e by b Ly 36
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— %2/ ndf 5534/5 — ¥2 / ndf 6.765/5
0.03— p0 0.004603 + 0.004162 | 0.03— PO -0.0004483 + 0.004346
0.02— 0.02—

0.01— 0.01— —_
of= O e
~0.01— ool T [
-0.02— -0.02—
-0.03— -0.03
Eoovov oo e b e b e e b by oy g Eeovovo vy o by e e o oy by g
0 1 2 3 4 5 6 0 1 2 3 4 5 &
¢S ¢S
Yellow Asymetry for 7 < p.< 8 GeV Blue Asymetry for 7 < p < 8 GeV
%2/ ndf 1.454 /5 x?/ ndf 3.87/5

B 0 + B 0 +
0.04— p 0.0009894 + 0.006839 0.04— p 0.007037 £ 0.007093
0.02— 0.02—

D s e '_T']‘ ..............................
-0.02— -0.02—
-0.04— -0.04—
B L 8/5/2020 0 0 v Lo 0w b b Nicole LewguUuniven’sit\/. of Michigan, + + I v v v v Lo v v v L a1
0 1 2 3 4 5 6 s 0 1 2 3 4 5 & o

Yellow Asymetry for6 < p_< 7 GeV

Blue Asymetry for 6 < p <7 GeV

=]

o

Fitting
p0 sin ¢

37



Yellow Asymetry for 8 <p_< 10 GeV Blue Asymetry for 8 <p_< 10 GeV

- %2 / ndf 276415 - %2 / ndf 11.86/5
0.08— p0 0.001989 + 0.008756 0.08— p0  —-0.002183 + 0.009313
0.06— 0.06—
0.04— 0.04—
0.02— 0.02— L
of- IO TECTIL, G S U PY SR . Ofmmmmersnzzzccccac [ -------------------------------------------
~0.02— 1 ~0.02— l —
~0.04— ~0.04—
~0.06— ~0.06—
-0.08|— -0.08|— F |tt | n g
Cooo0vovo b oo by b b by Cooo0vovo b oo by b b by
0 1 2 3 4 5 6 0 1 2 3 4 5 6 .
" ~ p0sing
Yellow Asymetry for 10 < p_< 20 GeV Blue Asymetry for 10 < P, < 20 GeV S
| %2/ ndf 2.949/5 x2 / ndf 2.564 /5
o1— p0  -0.003878 + 0.01651 o1— p0 0.02049 + 0.0169
0.05_— 0.05_— 1
D:_._._. ........ | et e [P - gy e e T} e —— D_ ...................................................................................
~0.05— ~0.05—
—0.1_— —0.1_—
B | 8/5/2q20 | | 1 | | | | 1 | | | | 1 | | | | 1 | 1 | | 1 | 1 NICOle LeWLT Unlvﬁrsltly Qf IMIIChIgam | | 1 | | | | 1 | | | | 1 | 1 | | 1 | 1 38
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0.03

0.02

0.01

-0.01

-0.02

Asymmetry Values From Fits

Asymmetry Values From Integrating Over Arms

— 0.03—
- L 1 002 —
B B »
— 0.01— -
- e - -
: & T I—T—| | — —:_ - : 2 T ,_I_| — ——{l
‘_“""m:":ﬂ:r—' ;' "Lr'[".:i:r- """ i """""""""""""""""""""""""""" D‘—-—-—""m:l-:!i!l-;:-T"""" """"""""""""""""""""""""""""""""
— -0.01—
_III|III|III|III|III|III|III|III|III|III|III _Dnz_lllllllllllllll|III|III|III|III|III|III||II
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