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Motivation

*  Why study n electroproduction?
* 1 acts as “isospin filter”:

o Access nucleon resonances I = 72
e Current world database:

o Nt final states

* Extend measurements beyond
511(1535)

o Beam spin asymmetry for n
electroproduction has not been
studied for W in 1.6-2 GeV

region before
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Particle | J¥ | Overall | Ny | Nw | Nnq
N(1440) 1/2+ ET T KFKK | FRKK
N(1520) 3/2— * %k k sokskk | skskokk | kokskok
N(1535) | 1/2- KKKk kkokk | kokkk | okkkok
N(1650) 12~ KKKk kkokk | kokkk | okekkok
N(1675) | 5/2~ *kkk kokkk | kokokok *
N(1680) | 5/2* *k kK kokkk | skokokok *
N(1700) | 3/2- kK *k | kkk *

| N(1710) | 1/2F * kKK kkkk | kkkk | kkok
N(1720) | 3/2* KRR FoRRE | KKKk T
N(1860) | 5/2* *k * %k *
N(1875) | 3/2 *kK ok Kok %
N(1880) | 1/2* FHE Xk *
N(1895) | 1/2~ *kxk *okok K ok Kok
Kok Existence is certain.
otk Existence is very likely.
K% Evidence of existence is fair.
* Evidence of existence is poor.
Particle | J¥ | Fraction I';/T for Decay Modes

N Nn

N(1710) | 1/2* | 5-20 % 10-50 %
N(1895) | 1/27 | 2-18 % 15-45 %
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Beam Spin Asymmetry (BSA)

* Beam Spin Asymmetry: BSA —

1l o —0~

Pyoot +o0~

1 Nt — N~

Py, NT+ N~

* Sin @* Moment:

BSA ~|AS2¢] si

sin ¢* LT’
ALU¢ = /2¢(1 — ¢) ( . )

* N*=nsignal yield for (1) helicity
* P, =beam polarization (0.8517)
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Objectives and Outline

* Objective:
* Measure Beam Spin Asymmetry (BSA) and sin moment A; ;""¢" in
1 electroproduction
o Focus on the nucleon resonance region (1.6 <W <2 GeV)
* Qutline of this talk:
Discuss the dataset and event selection
Outline the kinematics and the kinematic binning procedure
Describe the signal extraction and background fitting methods

O O O O

Present the BSA and A ;"*" results across various kinematic
bins

o Illustration of how our findings compare with current theoretical
models
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Dataset

* RGK Winter 2018

* Beam energy: 6.5 GeV

* DPolarized electron beam
* Unpolarized LH, target
* Outbending electrons

* Luminosity: 10% cm2s!
* Beam current: 60 nA

* Collected events: 7.8G
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Event Selection

 Reaction channel:

o ep—e’p'n

Run 5893 After Cuts
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« 1) identified via missing mass squared 5000 .

technique

* Electron and proton in Forward 5000 1

Detector
 Cuts:
o W<2GeV
* Nucleon resonance region 2000
o 0.15 GeV2<MM?2< 0.45 GeV?

* n peak around 0.3 GeV?

4000 -

Counts

3000 A

1000 A

o Standard RGK analysis & fiducial 015 020
cuts as outline by Analysis Note

* Version: pass2

CLAS Collaboration Meeting
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Kinematic Parameters
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W = \/gz (Pyu,, +Ptl;rget)

_ pH 2
Pe’ ,scattered)

Scattering plane Reaction plane

H. Denizli et al., “Q? dependence of the S11(1535) photocoupling and evidence for a P-wave resonance in 1 electroproduction”, Physical Review C 76 (2007).
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Kinematic Binning: Stepwise Methodology

I. ILLARI

1. Start with binning over W

o Necessary for identifying nucleon resonances

2. Bin over ¢*

o Necessary for fit to beam spin asymmetry

3. Bin over Q2
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o Determine variable width of bins of Q? with the same number of events

4. Bin over cosO*
o Choose relatively wide bins as an exploration of the parameter
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Signal Extraction and Background Fit

Counts

2500

2000

1500

1000

500

Helicity = 1,

PDF  Gaus+Pol2

pol3

as “benchmark”

[_x?/NDF = 70.224 / 64 = 1.097
P0: 1.825e+02 + 1.892e+01
~P1:3.120e-01 + 0.000e+00
[TP2:3.200e-02 + 0.000e+00
[[P3:9.202e+02 + 7.335e+01

-P5: 1.506e+04 + 9.229¢+02

|_P4:-3.458e+03 + 5.528e+02

Entries 95554
Mean 0.3309
Std Dev,~0.08224

[ KINEMATIC BINS
{W e [1.735, 1.760) GeV
[, ¢"=[0.38) deg

POL2

BKG: 92145 +/- 1287
SIG: 3340 +/- 346
| TOT: 95485 +/,309

0.2 0.25
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5
0.35 0.4 0.45
MM? [GeV?]

Gaussian Signal

Counts

2500

2000

1500

1000

500

Helicity = 1, ppr  Gaus+Pol3
[ x%/NDF = 70.224 /63 = 1.115 Er;[rie‘s ‘95554
| PO: 1.8250+02 + 1.059+01 Mean 0.3309

|-P1:3.120e-01 + 0.000e+00
|-P2: 3.200e-02 + 0.000e+00
|-P3:9.202e+02 + 4.257¢+00
|-P4: -3.458e+03 + 1.505e+01
P5: 1.506e+04 + 4.553e+01
[-P6: 0.000e+00 + 4.893e-310

Std Dev,~70.08224

POL3

: KINEMATIC BINS
(W e [1.735, 1.760) GeV
[ 0" .=[0.38) deg

BKG: 92145 +/- 720
SIG: 3340 +/- 194
LTQT: 95485 +/; 555

0.2

0.25 0.35 0.4 0.45

MM [GeV?]

Polynomial Background

Total Distribution

Counts

2500

2000

1500

1000

500

Helicity = 1,

PDF
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Gaus+Pol4

[ x?/NDF = 68.723/62 = 1.108
[_P0: 1.923e+02 + 1.995e+01
P1:3.120e-01 + 0.000e+00
[ P2:3.200e-02 + 0.000e+00
[ P3:8.147e+02 + 5.573e+01
[P4:-2.593e+03 + 1.135e+03
[P5: 1.486e+04 +5.429¢+03
[P6:-1.098e+04 + 1.936e+04
[CP7: 1.907e+04 + 2.380e+04

[ KINEMATIC BINS
|W < [1.735, 1.760) GeV
[ 0" =[0,38) deg

POL4

Entries 95554
Mean 0.3309
Std Dey/0.08224

BKG: 91968 +/- 1408
SIG: 3519 +/- 359

| IOT: 95487,+/;39 |

0.2 0.25

0.35

0.4 0.45
MM [GeV?]

Use polynomial functions of various orders to fit the background shape

Systematic uncertainty due to the choice of background
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Bins

in W: BSA
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Py, Nt + N~

BSA ~ ASLi?jb* sin ¢
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PLNF+N-T
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1.660 GeV = W < 1.685 1.685 GeV = W <1710

Systematic Uncertainty
— Fit: A=-0.039:20.016, y/ndf=1.317

Systematic Uncertainty
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Bins in W: ALUSincp* WASHINGTON, DC

Binned over W and ¢ *, Integrated over Q2 and cos *

I I+ K
0.050 o N (1N
I = I
I~ I I~
19 s 10

0.025 10 = )
10 I~ 10
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0.000 1z 12 =
1 I 1
1 1 I
* I | |
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v - _+_ ] |
< oosof 1L |
1 )
1 1 \
1 1 1
—0.075 1 1 i 1
1 1 1
1 1 1
1 1 I
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: ! : ® Data
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-0.125 1 — ! L . ! !
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W [GeV]

« Data binned over W and ¢* —
BSA ~ A37%* sin ¢

« Data integrated over Q? and cosO*

* Error bars: statistical uncertainty
* Grey histograms around zero line: systematic uncertainty
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Bins in W and Q2 A 5"

0.300 = Q? < 0.521 GeV?

Binned over W, Q2 and ¢ *, Integrated over cos8 *
0.521 = Q? < 0.896 GeV?

0.896 < Q? < 1.850 GeV?
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850 < Q%2 < 5.671 GeV?
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Increasing Q% bins

* Data binned over W, ¢*, and Q?

« Data integrated over cosO*

* Error bars: statistical uncertainty

* Grey histograms around zero line: systematic uncertainty
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Bins in W, Q2, and cos©*: A s

BSA ~ ASLHI}QS* Sin @

Increasing Q2 bins
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0.300 =< Q? < 0.521 GeV?

Binned over W, Q2, cos0*, and ¢ *

0.521 = Q? < 0.896 GeV?

0.896 < Q? < 1.850 GeV?

>

1.850 = Q% <5.671 GeV?
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lllusirative Example with Theoretical Models

Data: 1.685 GeV = W < 1.710, 0.300 GeV? = Q2 < 0.521 GeV?, Integrated over cos©*
NMAID2023: W = 1.6975 GeV, Q? = 0.4105 GeV?, Integrated over various ©*
JBW: W = 1.6975 GeV, Q2 = 0.4105 GeV?, ©* = 105 deg

0.15 T
§ — len::cﬁt to Data —_—
™ gl D
. Ln. E 3 Data-f-Stat. unc. &
« Data binned over W, ¢*, and o = BWrty o
(Q? and integrated over cos©* !l oo = NY
e . ,f =t Q
* Jilich-Bonn-Washington ‘ B
0.00 —
(JBW) |z
||+ N
e EtaMAID 515 005 .\,\
Al B
” —0.10 A
<
wn
m —
-0.15 T T T T T T T
0 50 100 150 200 250 300 350

¢" [deg]

» Illustrative example of the potential for this data to constrain and improve
theoretical models

« Limitations in the models (small N1 datasets, lack of polarization observables)
prevent definitive conclusions at this stage

CLAS Collaboration Meeting 16
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Summary

« Key Findings:

: : sing*
© COHSIStenﬂy negatlve ALU Binned over W and ¢ *, Integrated over Q2 and cos6 *

values across the W range el e Tie N
. ' =S i S S
o Dip-like structure near N(1710) os| 1218 2
. . 19 [ la)
o Cusp-like behavior near N(1895) ST I R 12 )
1 I 1
1 1 1 I
* Impact SO S +L
g5 ] |
o Expands kinematic reach in n < ol T §+ + i
. I 1
electroproduction BSA O I +T ; + |
measurements I ' i
. —0.100 : : : Systematic Uncertainty
o Bridges the gap between well- i +. i T Seaestical uncertiny

2.0 2.1 2.2

studied S11(1535) and higher mass Lo 7 s
states

o Provides new data to evaluate and
constrain theoretical models

CLAS Collaboration Meeting
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Motivation
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*  Why study 1 electroproduction? Particle | J¥ | Fraction T;/T for Decay Modes
* 1) acts as “isospin filter”: _ N N7
* access nucleon resonances I = %2 N(1440) | 1/ 2_ 55-75 % <1%
N(1520) | 3/2~ | 55-65 % 0.07-0.09 %
e (Current world database: N(1535) | 1/2~ | 32-52 % 30-55 %
N final states N(1650) | 1/2- | 50-70 % 1535 %
N(1675) | 5/2~ | 38-42 % <1%
N(1 2+ 1
Particle | J” | Overall | Ny | Nm | N7 N(1(7jgg) g/z— gogo(y% 1<2 ?
N(1440) 1/2+ *kxkK ¥kkk | kkokk ( ) / - = 0 2%
N(1520) | 3/2= | #wxk | kx| bk [ orokok N(1710) 1/2+ 5-20 % 10-50 %
N(1535) | 1/2- KoKk kokskk | kokkk | kkskok N(1720) 3/2_ 8-14 % 1-5 %
N(1650) | 1/2= | x| sorrk | koo [ oo N(1875) 3/2+ 3-11 % 316 %
N(1675) | 5/2~ k% k ok kkkk | kokokok * N(1880) 1/2_ 3-31 % 1-55 %
N(1680) | 5/2* ok kok skkk | kkkk | % N(1895) 1/2+ 2-18 % 15-45 %
N(1700) | 3/2- kK sk | kx| N(1900) | 3/27 | 1-20 % 2-14 %
| N(1710) | 1/27 | *F%x | %otk | kx| Hkk E(g(l)ﬁo) i’/; 7‘12 g 2—28 Zy
N(1720) 3/2+ *kxk *kokk | dokkok ¥ (2100) | 1/ i 8-32 7 5-45 %
N(1860) | 5/2+ | ** x| s | o« | [N(2120) [ 3/27 | 5-15 % 1-5 %
N§1880§ 1§2+ Kk K » N(2220) | 9/2~ | 15-30 % N/A
N(1895) | 1/27 | *FFF | — Tables modified from PDG

I. ILLARI
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Data: Run Group K

Experiments
« EI12-16-010
o A Search for Hybrid Baryons in Hall B with
CLAS12
o Annalisa D’Angelo
« EI12-16-010

o A Nucleon Resonance Structure Studies Via
Exclusive KY Electroproduction at 6.6 GeV
and 8.8 GeV

o Daniel Carman

 E12-16-010B

o Deeply Virtual Compton Scattering with
CLAS12 at 6.6 GeV and 8.8 GeV

o Latifa Elouadrhiri

A. D’Angelo, Run Group K - Confinement and Strong QCD PASS2
Calibration Readiness Review, Apr. 2022.

Update

CLAS Collaboration Meeting
March 2024
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Data Status

4.0 PAC days

Eb =6.5 GeV

Target: LH2

Beam current: 60 nA
Trigger: e in CLAS

Luminosity: 1035 cm™?s! @ 6.5 GeV
(Full Luminosity)

Collected Events: 7.8G

Torus Current: 100% (3375 A) (negative
outbending)

Solenoid -100%
Polarized e, unpolarized LH2
Target Center: x,y = Ocm, z =-3cm
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What are we measuring? Spin Observables
Experiment Theorists
e Structure Function: +1 = longitudinal
« Beam Spin Asymmetry: L = orteos + € cos 2pnopT beam polarization
+ — No anti-)parallel
1 o) — O +ve(l+e€)/2cospporT +<he>/e(1—e)/251nq5ho’L:,
BSA p— W2 — M?
Pb ot + o~ No=segen =g
—] * Beam Spin Asymmetry:
]. N_l_ - N 1 ot —o~
_ BSA=— x —
p— P, ot+4+o- <
Py, NT + N— 1 V20— sin(éx)oty
by 2 (O'T—I-EO'L—I— \/6(1—|—€)/2COS¢hO'LT—|—€COSQ¢hO'TT)
e Sin (p* Moment: o e Sin (P* Moment:
ALY sin o* o /
BSA = cos ¢* = fos 2¢* Azlgjb - \/26(1 o 6) oL
1+ Ay~ coso* + Ay~ cos2¢* or + €0y,
~ | ASE 9" gin 2 6,1 "
LU e:[1+2<1+%)mn?§]
* = signal yield for +helicit
gnaly y v=FE, —E.

P, = beam polarization (85.17%)

A. Afanasev, 1. Akushevich, V. Burkert, and K. Joo, “QED radiative

. sections in processes of exclusive pion electroproduction”,
Update CLAS CO}Z ”bozazt(’)gz M%Liéz%gal Review D 66, 10.1103/physrevd.66.074004 (2002). 21
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Extracting n — Event Selection Criteria (e and p) |
« Cuts applied to run 5893
Before cuts applied Details of each electron cut
Particle Type | Location | Count Particle Type | Detector Cut Count | % Retained
- PCAL Fiducial Cuts | 454105 99.90%
Blectrons FDFBCD ‘;gg?gg DC Fiducial Cuts | 431126 | 94.85%
Protons - e Electrons D chi2pid 451472 99.32%
momentum 452852 99.63%
CD 136780 z-vertex 401289 88.28%
ECAL 7 contamination | 444680 97.83%
After cuts applied
Description Number | Percentage
Total final states before cuts 515269 100%
Final states after all cuts 141739 27.51%
Final states after all cuts with proton in FD 76298 53.83%
Final states after all cuts with proton in CD 65441 46.17%

Particle Type | Detector Cut Count | % Retained

* Analysis cuts: refining particle o 1PC Fii“:ial Cuts ggggg gggg?
. . . . eta 09%
identification and enhancing sample momentum | 50016 | 99.34%
. beta 136780 100.00%
purlty Protons CD momentum 136780 100.00%
 Fiducial cuts: define the operational chi2pid 187127 | 95.38%
. z-vertex 185806 94.711%
boundaries of the detectors FD+CD beta 195649 | 99.72%
momentum 195796 99.8%

Update CLAS Collaboration Meeting ”

Details of each proton cut
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PCAL
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. FX developed PCAL Fiducial Cuts for RGK Analysis Note

Algorithm 1: ECAL Fiducial cuts procedure

Result: boolean is true if position inside fiducial cuts
res < false : return value of algorithm;
¢X + PCAL X coordinate of cluster from REC::Calorimeter hipo bank;
cY « PCAL Y coordinate of cluster from REC::Calorimeter hipo bank;

S <+ sector number;

if X >pou and ¢V < s X (cX — tiepr) and Y > spignt X (¢X — trignt) then

| res < true;

else if cX < py,;, and cY < g p X (cX — 1iet) and Y > gop; X (X — rrigns) then

| res « true;
sector 1 2 3 4 5 6
Psplit 87 82 85 e 78 82
bleft 58.7356 62.8204 62.2296 53.7756 58.2888 54.5822
tright 58.7477 51.2589 59.2357 56.2415 60.8219 49.8914
sleft | 0.582053 | 0.544976 | 0.549788 | 0.56899 0.56414 0.57343
Sright | -0.591876 | -0.562926 | -0.562246 | -0.563726 | -0.568902 | -0.550729
Tleft 64.9348 64.7541 67.832 55.9324 55.9225 60.0997
Tright 65.424 54.6992 63.6628 57.8931 56.5367 56.4641
Qleft 0.745578 | 0.606081 | 0.729202 | 0.627239 | 0.503674 | 0.717899
Qright | -0.775022 | -0.633863 | -0.678901 | -0.612458 | -0.455319 | -0.692481

Table 9: ECAL fiducial cut parameters

EC Edep sampl Y vs X S1 50 < X < 100 cm

EC Edep sampl Y vs X S1 100 < X < 150 cm

— - Entries 4440679 5 —_ r Er:;i:x 6727715 5
>20f >40 "
10F 20f =
0F 0-
~105 —20
—20F —40F
T e S TS N, DEEDu :. N -
40 50 60 70 80 90 100 110, 90 100 110 120 130 140 150_ 160
X (cm) X (cm)

Update

CLAS Collaboration Meeting
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* Developed using weight

of average sampling
fraction < Etot / p >

electron average sampling fraction S1

Entries 383874 b5
Meanx 263.6

(6}
o
T T T T T TT T T[T T[T 77T

K A I D P D DO PO DO
20050 100 150 200 250 300 350 400
X (cm)
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200 200 c
o oo | of L & e e
0 E '- 0 F N -:H;.é ) %_ -h.:_ '.#:r WASHINGTON, DC
DC ~100 oo B B T —S’E'—;]_,%
=W Pl T I W I U SN T L ir S S EPTRR S T T
—-200 —100 0 100 200 —-200 -100 0 100 —-200 -—100 0 100 200
y vs. x DC h— R1 out yvs. x DC h+ R1 out
200 F 200 b .- 200 200 F ) :I_ )
(O 0 Q 0 :— :ﬂ:‘-_: ’
- - = = el I —
-200 = -200 [~ - —-200 " - -200 [~
I7ZOOI — 0 ZOOI I72IOOI = é - IZCIJOI I72IOOI - é = IZ(I)OI I72IOOI = é = IZ(I)OI
yvs. x DC h—R2in y vs. x DC h— R2 out y vs. x DC h+ R2in y vs. x DC h+ R2 out
400 400 400 400 -
200 | 200 | - 200 E__':_ 200 b T - B
~200 :: | —200 E— - A —200 E - ~200 E— o T
400 55 00 00 0% e 0 20000 09 50 Lzlog' '-nla - '2<Ij-o' 300 %400 L2lo<') ' -é - '2£|)o' 300
yvs. x DC h— R3in y vs. x DC h— R3 out yvs. x DC h+ R3in yvs. x DC h+ R3 out
h- h+ « The plots show events inside and
y S 0.556 - x — 6.878 Y S 0.610 - = — 12.720 Outside Of fldUCIal Volume
Rl |y> —0560 247482 | y> —0.604-z + 12.159 . ,
> 24.052 %> 38.02 « Left: positively charged particles
y< 0578-z-13898 |y< 0573-2-13949 | « Right: negatively charged particles
R2 | y> —0577-2+14851 | y> —0.569 - + 13.891
x> 39.705 x> 54.88 .
y< 0591.2-27459 | y< 0527 -z — 11.998 RGK Analysis Note
R3|y> -0588-2+26912 | y> —0.530-z+ 13.372
T > 77.755 T > 49.0
¢ Charged hadron & electron fiducial cuts in FD using reconstructed (x, y) point of trajectory in DC
* Rl (layer 6), R2 (layer 18), and R3 (layer 36)
«  Uses fiducial cuts algorithm developed by Stetan Diehl for RG-A analysis
Update CLAS Collaboration Meeting o4
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chi2pid

«  For electrons/positrons: “The electron “chi2pid’ .
value...is an event builder quality factor that
quantifies how closely the expected and calculated
sampling fractions are, as shown by the formula
below where oy, is the resolution of the sampling
fraction,” (Newton 2021)

2 SFmeaS(E) - SFcalc (E)

Electron chi2pid

h_electron_chi2pid
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For hadrons: “...quality factory based off of the
difference of the vertex times and the expected
timing resolution, which is dependent on the FTOF

Aty =to —

layer and comfonent.” (Newton 2021)

Proton chi2pid

tFTOF —

L
Bi(p) |

Entries

Mean

Std Dev___ 0.8886

13799 200
0.09558

-
3]
S R R LR L R R

Eh

h_proton_chi2p
Entries 13799
Mean 0.1514

Std Dev 1.47

ProjectionY of binx=[91,115] [x=1.800..2.300]

chizpid

g

I
4

+

2
L PR L

Numbar of Entries

2
TTTT

sice py of pim chpid vs P
Erwes B
Nean 0.05297
54 Do 0958
oo 15061 65
Constart 10810406 2 6.7170.01
+| Mean ~0.08128 2 00081
sgm 09003 = 90005

1. N. Baltzell, “Event Builder Status”, (CLAS Collaboration, July 2018).
2. S.Diehl, “Particle Identification and Fiducial Volumes for the First SIDIS Publications”, (CLAS Collaboration, July 2020).
3. J.

Newton, “J/{ Photoproduction Near Threshold With CLAS12”, PhD thesis (Old Dominion University, 2021).
CLAS Collaboration Meeting

X = o
500
wf
w00~
2001
Update

March 2024

Number of Entries

g
TT T

6
chi2pid

, i=n/K/p/d..
p

Bi(p) = W

ProjectionY of binx=[91,115] [x=1.800..2.300]

8
T 1T T %

m

Sce py of pm chizpd vs P |
Ermrios. S100049
Nean 0065297

Nean -0.08178 £ 000061
09309 + 0006
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PHI Distribution with 10 Quantile Bins
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180.4
110.4

_ phi_dist
= L EntLies 1816549
8 — Mean
12000 — {\HJM rrljrﬁ Std Dev
10000 —
.
6000 —
4000 —
2000 —
0_|||||1||1||||||||||||||l|||1||1||
0 50 100 150 200 250 300 350
o* [deg]

* 10 ¢* bins with equal number of events
* Binedges=0, 38, 68, 91, 115, 180, 246, 269, 294, 324, 360 degrees

CLAS Collaboration Meeting
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Monte Carlo Simulations: Signal

1.485 < W < 1.500 GeV 1.500 < W < 1.515 GeV 1.515 < W < 1.530 GeV 1.530 < W < 1.545 GeV

SIG AFTER FIT SIG AFTER FIT SIG AFTER FIT
—_ - 2500 RYSTAL BALL
% a0 00 L c -15759 £0.042 F CRYSTALBALL SIG AFTER FIT
3 3 e j o O 7
8 1600 8 2000 0012 + 0000 2 3 [ encimeso
§ F 5 009 +0.000 8 F S 2500 "= 0.302 £ 0.000
S 1400 ] 508 = 0.181 N - I
g 0! S C o = 136.747 + 0.552 2 2000 2
= a00= chi2/ndt = 2.163 = chi2indf = 0.961 3 2 [ 0o
% F % 1500 — B chi2/ndf = 1.901 8 2000/~ Men= 143 551 +326.379
§ 1000[ § C > S chi2/ndf = 2.719
& E @ C g 1500~ 3 C
L £
s0of- 1000/ i r & 1500~
600" 1000 — F
E L 1000 —
400 E 500 = C
200 - 500 — =
el E C 500
L Lot - il - T P P s |- L
016~ 018 02 - 022 i {Gev?) 016~ 018 02 022 024 028 0% L, ‘ ‘
MM? (GeV?) 0 . L, L ) ‘ ‘
016 018 02 022 024 026 028 03 03, (Go.ea\?zl 076 018 ~ 02 022 024 026 028 03 032 034 036
< 1.560 < W < 1.585 GeV
1.545 < W < 1.560 GeV . SW«<1. e 1.585 < W < 1.610 GeV
SIG AFTER FIT SIG AFTER FIT . = . 1.860 £ W <1.910 GeV
N SIG AFTER FIT
= CRYSTAL BALL 5000 — CRVsTAL BALL SIG AFTER FIT
3000 0, = 1.368 £ 0.0 H e - CRYSTAL BALL
3 = (IR =1.004 + 0027 ; | N [ a, =1.407 £0.037 = 9000[ CHV?];%IG. EAOLOLZ1
3 ' 3 5000 n,,,‘_oasswozz . E 0, =1426 £ 0.
2 2500 — : 5 )
g H 00 5 - > 8000
3 r H M } 3 7000F
P 2000 ohizingt = 2.693 ; L Chizint = 4.425 3 4000 § 000
E E - H L :
E 3 3000 — 5 L cluzlndl 6576 2 LY
E - H = - = > 6000 chl2/ndl 1. 73:4
ﬂ>) - H r 2 - ~ F
i 1500 — i r 3 8000 — i 5000~
C 2000 — ! 3 E
1000 F E 4000 —
= L 2000— E
F L 3000 —
so0fF 1000 (— F E
E - 1000 2000~
0* asaritor o= P ] [ bt L L F 1000
0.6 0.8 02 022 024 026 028 03 032 034 036 038 0.2 ) IO o: ) E ) | :
e IR EPRRE L Ly
MM (GeV?) (Gev) 02 0.25 03 04 7 25 02 0.25 03 35 04
MM? (GeV?) MM? (Gev?)

* clasl2elspectro

* Reaction channel: ep—e’p'n

« Signal only

* Background Merging included

CLAS Collaboration Meeting
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MC vs Data

14000

1.860 £ W < 1.910 GeV

12000~

SIG AFTER FIT -
| a0 =7727.448 + 66.685
9000 "y +
- E:‘fﬁ";‘;k E%Lol'z : | a1 = -39572.295 + 85.427
(g, =1.134 +0.016 10000 |a2 = 101907.855 = 174.299
8000 — g "= 0.307 +0.000 |
- o = g g: -;- : gggg ' a3 = -83998.233 = 370.623
- (o] =
7000 n': =3.497 +0.131
- n, =1.764 + 0.046
6000 '::?nz/ndf 1.733 8000
5000 f
aw00— MC 6000
00 l DATA
2000 — 4000—
1000 f i
= i Gt P ] 1 1 l 1 j 1 1 I 1 B
&5 0.2 0.25 0.3 0.35 0.4 2000—
MM? (GeV?) -
~ KINEMATIC BINS »
oW = 11860, 1910)Gev
0.15 0.2 0.25
I ILLARI CLAS Collaboration Meeting
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Dataset: Helicity 1

Mod

el Gaus+Pol3

Signal
|_sigmean = 0.312 = 0.000

[~ sigwidth = 0.032 = 0.001

Background

]

N, = 1973775

Ny, = 111114 + 3424

Ny = 1862681 + 36%

(n!;igmbkg)/Nmt =

¥2/ndf = 213.929/212 = 1.009
AIC = -58145657.334
BIC = -58145557.370

“._ Adjusted R? = 1.000

““RMSE = 9185.962
Gofp "28%.895p 5 22555

0.3

0.35 0.4 0.45
MM2 (GeV?)
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Monte Carlo Simulations: Background

1.485 < W < 1.500 GeV

BKG AFTER FIT

Events / (0.00187717 GeV )

3=
|argshape =-1.852 #0367

ARGUS.

POL2G POLIG

linear = 8254 +0886 | mpeaki =0.283 +0.002

| moutott=0315 +0002 | mpeskz= 0285 +0001 | sighH1=0013 = 0001

[ p=1060 ~0176 SigRH2=0012 - 0001 | slope =1880 +0.241

| chizindt 2417
0.16 0.18

chizindf = 5.240
0.2 0.22

chizindt = 6638
0.24

PR T T
0.26 0.28 0.3
(

MME (Gev?)

1.545 < W < 1.560 GeV

BKG AFTER FIT

— Argus
~— Pol2Gaus
- PoliGaus

Events/ (0.00259521 GeV ?)
Events / ( 0.00245079 GeV ?)

Events / (0.00204546 GeV ?)

1.500 £ W < 1.515 GeV

BKG AFTER FIT
14[— Argus. — Argus
— Pol2Gaus < 14|~ Pol2Gaus .
< PoliGaus . - Pol1Gaus l

= ARGUS POL2G POLIG

argshape =-1.731 £0218 | linear=8.561 +0.805 | mpeaki =0.204

mpeakz = 0297 +0.002

meutoff =0.332 = 0.000 sigRH1 =001

Events / (0.00221923 GeV ?)

1.515 < W < 1.530 GeV

BKG AFTER FIT

~— Pol2Gaus

= Pol1Gaus

— Argus ‘

POL2G

POLIG

20199 | linear = 16202 +0.878 | mpeaki=0.272 +0.000

ARGUS

meutoft = 0386 +0.001

4 fargshape =-2.139 +0.240

linear = 9.041 = 0.317

mpeak2 =0.354 +0.001

POLIG
mpeak1 =0.349 +0.001

sigRH1=0.014 +0.001

2/ p-1.049 20090 SigRH2=0.012 +0.001 | slope=2658 +0.082
NPT, | |, ohandiy20ss, | | phiediezme ) ), ), 8
016 018 02 022 024 026 028 03 032 034 036 038
MM? (GeV?)

« TWOPEG
.

« 2pion background
10N roun

[ ]
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Events / (0.00238594 GeV 2)

THE GEORGE
WASHINGTON
UNIVERSITY

WASHINGTON, DC

1.530 £ W< 1.545 GeV

BKG AFTER FIT

— Argus
— Pol2Gaus
- Pol1Gaus

ARGUS POL2G POLIG "

4|argshape =-1.875 +0212 | linear=16.035 +0.525 | mpeakl=0293 +0.000

= p=toss <0077 SigRH2=0015 40001 | slope=2031 +0191 | m 50 +0.000 | mpeak2=0272 +0.000 | sigRH1=0.047 =0.001 meutoff =0.367 =0.000 | mpeak2=0293 £0.000 | sigRH1=0.044 +0.001
e | ohznat»2410 ezt » 2008 i P=0912 £0069 | sigRH2=0050 0001 | slope=3471 +0.174 2l p-0ses 10078 | sigRH2=0047 10001 | slope=3652 20114
016 018 02 022 024 026 028 03 082 o L _chizndi=8751 chizng =84.428| ehizindt = 75,819 e ol (FEnsasme ) | Shpratagms, 1, ichion x4700q Ll
MM? (GeV?) 016 0.18 02 022 024 026 028 03 032 034 016 018 02 022 024 026 028 03 032 034 036
MM? (GeV?) MM? (GeV?)
1.560 £ W < 1.585 GeV 1.585<W < 1.610 GeV 1.860 < W < 1.910 GeV
BKG AFTER FIT ’ - : <
BKG AFTER FIT BKG AFTER FIT
- « 30[= s
25| Argus = :‘::s T A agus B
— Pol2Gaus g 0l2Gaus o r g 22| — Pol2Gaus !
..... PoliGaus g os| PonGas 0 e @ ol PoltGaus
20 0 R o oL g =
o - ! = | iy
- . : 8 $ 9 g 18
- & S 20 1 S 16—
g § 141
L p [ ;# a g2
| T e ] b E
1022 8 :
ARGUS POL2G POLIG ARGUS POL2G POLIG -« ArGus POL2G poL1c
5 argshape =-2432 = 0.188 | linear=8.398 +0232 | mpeaki=0356 =0.024 argshape =-2.519 %0270  linear=7.544 +0.134 | mpeaki=0.399 +0.001 s;’p;vﬁ':-ozm £3039 | linear=8.130 +0.083 | mpeaki=0.433 =0.008
‘mcutoff = 0.417 = 0.000 mpeak2 = 0.370 +0.001 sigRH1 =0.026 = 0.016 5| meutoff = 0.449 +0.000 mpeak2 = 0.404 +0.000 sigRH1 =0.018 +0.000 44 meutoff =0.449 +2.023 | mpeal 0.436 +0.000 | sigRH1=0.630 =11.719
p=1280 +0.069 sigRH2=0018 =0.001 | slope=2717 +0.142 |- p=1258 =0.101 SigRH2=0.016 +0.000 | slope =2431 +0.038 2| p=-0003 10000 SIgRH2=0213 10.174 | slope=2.563 10032
 ehizindt =208 chizindt= 1913 | cnimnat=a7er TEET cripnat =650 | cgngt=adse | | owemat=208 | [ chiznar=1az2 shnd=zary | |  omiwmorsnee |,
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Background Merging included
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Model Fitting: Exiracting n Yields
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* 1.486 GeV <W <1.610 GeV * 1.610 GeV < W <2.210 GeV
* Asymmetric missing mass?2 * Background symmetric under
distribution due to near 1) the signal
production threshold behavior « (Can use relatively simple total
* Special models developed model of Gaussian signal +
* Majority of 1] data focuses on polynomial background
LS ! i

Gaus+Pol3 after fit (Helicity = +1)

s : f e i o e

g ) 8 g § fminin i
o )

] g 8 wamam

g £ A

i } !

2, 300) 00}

@
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Near production threshold

CrystalBall+Argus after fit (Helicity = -1) CrystalBall+Pol1Gaus after fit (Helicity = -1) CrystalBall+Pol2Gaus after fit (Helicity = -1)
ool e =3 o N, = 1644 240 el =104
%m. o tAN a8 % - (A, = 530.968 : 5.824 % F_ vt AT 0002 ‘ﬁ.-:.ou.nu
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% ! o003 + 0000 ‘%‘ o =801 + 8000 %m:" * =001 « 0000 G S L L
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CrystalBall+Argus after fit (Helicity = +1) CrystalBall+Pol1Gaus after fit (Helicity = +1) CrystalBall+Pol2Gaus after fit (Helicity = +1)
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Counts

Counts

Counts

Counts

MM2 fit to ¢* bins

Helicity = 1, Model: Gaus+Pol3

2500

2000

[5NDF = 55 536 /61 = 0910
[-P0: 1.0960+02

9.9986:00

1500

1000

Helicity = : Gaus+Pol3

2000

1500

1000

500

W in [1.685, 1.710) GeV

Helicity = 1, Model: Gaus+Pol3

Helicity = 1, Model: Gaus+Pol3
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Helicity = 1, Model: Gaus+Pol3

500 —
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Comparison of pol background fits
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Systematic Uncertainty Calculation

» Use results from pol3 as “benchmark”
« Calculate Mean Absolute Error (MAE)
o Average absolute difference between predicted and observed values

o Evaluate the average absolute deviation of data points from different
fitting models (pol2, pol3, pol4) against the benchmark model (pol3)

o Focuses on the average magnitude of errors
o Less sensitive to outliers than (R)MSE (Root Mean Squared Error)

N
1
MAE = N ; ‘Ybenchmark — Ymodel,i|
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Beam Spin Asymmetry: n signal
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Beam Spin Asymmetry: Background
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Beam Spin Asymmeiry: Background
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Sin moment of the asymmetry A ,5"®": n signal
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Sin moment of the asymmetry A, ,s"®*: Background
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Bins in W and Q2; A sin®*

Binned over W, Q% and ¢ *, Integrated over cos *
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Comparison to Julich-Bonn-Washington (JBW) Model
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Comparison to EtfaMAID Model
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What about adding the cos¢p®* moments?

So far used Asing* fit to BSA

But what about:
A sin ¢
BSA =
SA(P¥) 1 + B cos ¢x
BSA (k) — A sin ¢

1 + Bcoso *x +C cos2¢p%
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Results of adding cos¢p* moments

Asing™ fit

W in [1.685, 1.710) GeV
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