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Physics Motivation

m Generalized parton distributions
(GPDs) for 3-D structure of
nucleon

» longitudinal momentum
distributions and transverse
spatial distributions of quark
and gluons.

m Efforts to explore quark

structure, but little is known
about the gluonic structure.

transverse
distance, b

X

11

quark

gluonic

<+—>
Changes with Bjorken x
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Mechanisms of Confinement

The mechanism of confinement - the phenomenon that there are
no free quarks existing in nature - has been an ongoing research

endeavor since the inception of QCD.
Candidate mechanisms

include

m formation of gluon flux tube
between quarks

Flux tube formed between two quarks (red and
blue spheres), vacuum is suppressed. [1]
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Mechanisms of Confinement

The mechanism of confinement - the phenomenon that there are
no free quarks existing in nature - has been an ongoing research

endeavor since the inception of QCD.
Candidate mechanisms

include
m formation of gluon flux tube
between quarks
m the QCD vacuum screening
against the propagation of
free quarks

Quarks (spheres) located on instanton fluctua-
tion, being probed by photon (white curve line)

[1]
@ 4/ 25



Physics Motivation
o 008000 00

Outline

Experimental Setup

Data Analysis Conclusion
000000000000 000

Physics Motivation

m Access gluonic GPDs
> ¢ (s5)
> J /1 (co)
m At JLAB 12 GeV
kinematics
> J/4 can only be
accessed at threshold
relatively large t,,in
» ¢ production can be
measured at low
t < 1 GeV? where GPD
formalism is relevant.
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Exclusive ¢ Production (ep — €'p'¢(1020) — €'p’ KT K ™)
Here the angle, @, is the angle between the lepton and hadron
plane which is defined by the electron and proton, respectively.

- -
Y ZygL
HEL ¢

¢ Decay Plane (Helicity Frame)

i L5/
. XheL
Electron Scattering Plane (Lab)

‘iLAB
Hadron Production Plane (c.m.)
02 =(e —e')? W2 =m, —Q*+2m,v
QZ
v=E, — E Xg = t=(P —P')?
€ e B 2myv ( )

® = Prrento — angle between leptonic and hadronic plane @
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[1]J. P. Santoro et al. Electroproduction of phi(1020) mesons at 1.4 < Q% <3.8 GeV'? measured with the CLAS spectrometer
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Differential Cross Section (ep — €'p'¢)

Differential cross section for ep — €'p’¢ for an unpolarized
proton with polarized electron beam can be written in the form

Conclusion
000

dio
dQ2dx gdtdd =T(@" 25, E)

{ dop dor, dorr

7 —i—edt + € o cos(2¢)

(1)
dorr
7 cos (o)

+ OV 2¢(1 — €) % sin(qb)}

l\D|'_\

+e(2e+1)

A is the helicity state of the incident electron beam (£1)
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Measuring the beam spin asymmetry is the main focus

of this work.
The beam spin asymmetry (BSA) is defined as

+ _ —
BSA = g -9 < Measurable!
ot +o~
ASI9) sin(¢p)
BSA — LU

1+ A(;f]((p)cos((b) + Ag)é(%)cos(?(b)

Effort is focused on determining ASLiZ(‘b) ~ o

m Extracting Apy provides access to parton helicity flip
(Hr, Er) and helicity non-flip GPDs (H, E)...

AT L Sm (HpE — ErpH)
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CLAS12 is uniquely designed to provide coverage over a
wide kinematic range for charged and neutral particles

©® Magnetic Fields — track reconstruction

® Cherenkov Counters —e™ vs ™ separator

® Drift Chambers — momentum for charge particles
@ TOF Scintillators — time of flight and path length
® Calorimeters — energy reconstruction

Forward Detector

50 100 150 '

Central Detector

50 100 150,

$(deg)

m 10.6 GeV Beam @ 50nA m Torus Field +100%
m Unpolarized LH2 target m Solenoid Field -100%
m Polarized Beam m NIM paper [2] @
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Focus on the data analysis for ep — €'p’¢ through
ep KTK~

m Analyze ~20% of available data
m Electron ID

m Hadron ID

Event selection ep — €'p'¢

Beam Spin Asymmetry Extraction
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Electron ID requires multiple cuts to select a clean
sample of events

Sampling fraction cut

Minimum energy deposited in calorimeter

Number of photoelectrons produced in Cherenkov counters

m Preshower calorimeter and drift chamber fiducial cuts

0.60

0.50 X
0.40
E_ [
i 0-30]
0.20F

0.10F

0.00————

0 2‘l”4‘“ISHHSHH10IH-I12
P (GeV) @12/25




Outline Physics Motivation Experimental Setup Data Analysis Conclusion References

[e] 000000 (e]e} 00000000000 [e]e]e}

Electron ID requires multiple cuts to select a clean
sample of events

Sampling fraction vs PCAL V

‘Sampling raction Edep /p

§
7LELE

2 2 30
PCAL local coordinate V (cm)

Sampling fraction vs PCAL W

°
&
T

SR U M . PO 1 [ S S B s

Sampling fraction Edep /p

25950 200 -150 100 50 0 50 100 150 200 250°'° 02

X (cm) 026/

* At the edge of the calorimeter oM
the deposited energy may not be o= m
fully contained — drop in o B
sampling fraction b "

« Apply cut in the local PCAL Vo : : o

2 25 EJ
PCAL local coordinate W (cm)

coordinates of the calorimeter. @
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Electron ID requires multiple cuts to select a clean
sample of events

AYS,

V VA GA

ircle radius
~ shower profi
*
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After selecting the electron, identify the hadrons

m Require track hits in
» Drift Chambers
> Time-of-Flight

Detector

B vs Momentum
1.1

m Identification based on a
minimizing time: At =

(tmeasured - thypothesis)

m Track assigned to the oosy L B ————
particle that best fits the
hypothesis R
m Fiducial volume drift :: p*’ Rt ’
chamber position based a | *}*
cuts M

ol I
f

0.5
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After selecting the electron, identify the hadrons

S1 Paddle 1B vertex time p = 1.500 GeV S1 Paddle 1B vertex time vs momentum
Example for Proton

1800~

)
“Jn
1600 =
2t
14001~ [
0.5—
1200 [
10001 :
800 0?

600

2 At 4//:
400~ X — _0.5—
200~ o At L
-2 —I‘.S —l| 05 B 05 1 r
At(ns) -1
*« Particle ID assigned by r
first finding the best L
hypothesis to minimize time —-1.5—
of flight. C
« Cut on y*>-3 - based on r

the ratio of the distance -2 1 2
At is from the mean to oa(p)

o
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Exclusive Event Selection
Applying exclusivity cuts helps to remove background events

Missing Energy: ep — epK K 'X Missing Mass® ep — eK KX
aso0F-
3000F
40001
3so0f- 2s00p
£ooo £
5 So00F-
Ss00f- 8
2000k 1500F-
1500F 1000F-
1000F-
s00f-
s00f-
. | | I I Ll
R s 0270405 08 T T2 T4 1878
Missing Energy (GeV) Proton Mass® (GeV )
Missing Mass® ep — epK "X Missing Mass’: ep — epK'X
4500F 4500
4000F- 4000F
3500F- aso0F
BoooE- Bonol-
= =4
5 5
Fsook- @s0of-
2000F- 2000F
1500F- 1500F
1000f- 1000
s00f- s00f-
7 | Leodii ol ! I T
04020 0204 06 08 .1 12 14 2040270 02 04 06 08 . 12 14
K™ Mass? (GeV?) K* Mass® (GeV?)

o . . . 2
All, pass, and fail for missing E, and mass®. @ 4/ 25
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Exclusive Event Selection

Exclusivity cuts significantly reduce contamination of positive
pions as kaons .

Paddle 1B vertex time vs momentum

At (ns)

0.5

=)

wF

L
X 05 1 15 2 25 3 5 4

p (GeV)

At vs p for Kaont without EB pid with all exclusivity cuts applied.
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Selection of exclusive ¢ meson electroproduction based
on fit to data.

Invariant Mass of Charged Kaons from epK'K’

1000 __InbNOUtb Number of Phi Events: 2992 + 142
- 1= 1.0198 GeV + 0.13 MeV
800 — 0=4.33+0.15 MeV
" N FWHM = 10.21 MeV
€ L
3 600|—
O -
a00]—
B T **+++ by e
200(— R
o A N
096 0098 T 102 104 106 108 11 12 114

Invariant Mass K'K™ (GeV)
K+ K~ invariant mass spectrum from the combined datasets. @
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(a) Negative ”inbending” field (b) Negative "outbending” field
(torus -1) (torus +1)

Figure: Inbending vs outbending. Proton curvature reverses between
the two configurations. (Real ¢ events!)
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Simulating Vector ¢ Meson Electroproduction

m Empirical paramterization of the
exclusive ¢ vector meson was
developed.

» dipole vs exponential
t-dependence
m Particle interactions with

detector performed using '
Geant4-MC (GEMC) 7 W

m Find agreement between model Rendering of the CLAS12
and results from Nature detector from GEMC with
» match resolution between data reconstructed tracks.

and simulation.
» similarities in final state
kinematic distributions
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Resolution Agreement
Resolutions are modified to reproduce distributions in data.

REC Data vs Sim, MM? K *., Final ¢

soo0k DATA
i GEMC
m Smear GEMC i
reconstructed p, @, ¢ of 40001
. . 2 =0.2362
particles informed by S ool ﬁj::: =0.0294
simulation. ot gome = 02020
- 'gemc = Y-
m Compare results of 20001~
calculated masses :
1000 !
between GEMC and : j ]
data. 0:.J_....LI L N L L

-04-02 0 02 04 06 08 1 12 14,
Missing Mass® K* (GeV?)

Smearing p, 6, ¢ from GEMC broadens
peak width for calculated K.
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¢ Production Model

Model is parameterized based on available data from
fixed-target experiments.

REC Data vs Sim, Q2 Final ¢ Smear

m The power-like i DATA
t-depedence (i.e. dipole soo- | GEMC
model) yielded better so0f-
agreement to data. ‘§ w3

m Tuning of model °r
parameters was o
required 2001~

» Reduce dependency 1001
on cross section at : T
production threshold VT elevy 0 ©
— insight into
production
mechanism.
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¢ Production Model

Model is parameterized based on available data from
fixed-target experiments.

REC Data vs Sim, -t, Final ¢ Smear

DATA
GEMC

600

m The power-like
t-depedence (i.e. dipole 500
model) yielded better
agreement to data.

N
S
S

@
S
S

AL AL B BB S

counts

m Tuning of model
parameters was 200
required

» Reduce dependency 10
on cross section at
production threshold

— insight into

production

mechanism.

i}

vl b b e Ly

3 4
-t (GeV?)

o
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Beam Spin Asymmetry via Sideband Subtraction

Fm';ﬁgzgg Mass Bins: > Average polarization, Pg, is 87%.
ok > N*, number of events for positive
W or negative helicity events. Qe 1-0107<K 'K <1.0287
o0 1 Nt —N- ®FinbNoutb —pos
£ I BSA= ——— _
8o <Pg>N*++N- neg
400 \
200 Trr
P L
T TR

L
0% oss 1 102

KK (GeV) Asy: Comb. Datasets, ,1.0107<K 'K <1.0287
Binning based on Figure-of-Merit of 08BN GUD BCH 1020 Gav E é¢ féeg) o
Signal to Background . Asy, :-0.057 oo
» ChizNDF22. BSA Per |M. of K 'K Slice, Remove A(1520), A(1820)
X . Chi2/NDF:22.1/
Signal Asymmetry, A, is calculated ' R TNBNoUTD:
as: > N + } 2
B = e codpese A;-0.08421
— _ 4 5+-0:
As = Am +§(Am Ap) » I i H AA0.03833
i e
Ap, : measured BSA ) y - —
Ap: background BSA next to signal
B X K g
—: background to signal ratio =150 100 0 0T
S Dyeno (@€9) R S F N &
M. of K*K™ (GeV)

Determination of the BSA using sideband subtraction technique.
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Calculate asymmetry over Q?, zp, —t, and W.
kinematics.

BSA vs Q? via Slices in .M. of KK~

0.!
E iInBNouib
04F
03
02f @P>:1:337<@P:3.090
s oif Asy:-0.0085 @ Asy:-0.1472
£3 E EITTZO.C 565 Err:0;0523
<
g 1 5 s s
~0.1F
-02F +
70.32
—04F 0 SN |
g ek
R él
Q® (GeV?)

Bins in Q?, xp, —t, and W are constructed with equal binning

size.
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Calculate asymmetry over Q?, zp, —t, and W.

kinematics.
BSA vs X, via Slices in .M. of K 'K~
0.!
E INBNoUib
04F
03
02f X::0:171 X;:0:374
s o Asy-0.0182  Asy:-0.1347
£3 E Err;0.059¢ Err:0.0502
< oE jr
o f o e vt
-02F
70.32
-04f iy
S e S S S S S

Bins in Q?, xp, —t, and W are constructed with equal binning

size.
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Calculate asymmetry over Q?, zp, —t, and W.
kinematics.

BSA vs -t via Slices in .M. of KK~

05
E InbNouib

0.4

03

02 t>:0:679 t>:1.815
s o4 Asy:-0.0569 Asy:-0.1132
~§,< 2 Err:0.0549  Err:0.0535

0

(FD), 4 Fina Sampl, 1.0107K"K <1 0287
finboutb

|
=}

TTTT[TTTT[TITT [T TITT TTTT[TTITT[TTTIT]TTTT
-

-02 ;”
-03
04 & e
osEa v e e e e
-0 4 5 6
-t (GeV)

Bins in Q?, xp, —t, and W are constructed with equal binning

size.
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Calculate asymmetry over Q?, zp, —t, and W.
kinematics.

BSA vs W via Slices in I.M. of K*K~

051
E InoNouib
0.4F
03F
02F Wsi2.291 W:2.905
s 015 Asy:-0.1277 Asy:-0:0238
£3 E Err:0;0490 Err:0.0615
< oE I
-0.1F % <oNeu
_0'25 Note: Negative Asy y near E:’
-03F .
-04f ] !
055 05 15 25 I "
W (GeV)

Bins in Q?, xp, —t, and W are constructed with equal binning

size.
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Conclusion

m Measured a non-zero beam spin
asymmetry (BSA).

» Negative BSA and adjustment
to Monte-Carlo model imply
enhancement of
scalar-pseudoscalar exchange
mechanisms at threshold.

m Pioneering in validating the

gluon contribution of transversity
GPDs to the BSA.

> recall:
A5 . I'm (HpE — EpH)
m Validated results across separate
but similar analyses.

000000000000 @00

Left - pseudo-scalar 71'0, 7 exchange mechanism.
Right - scalar, fo, exchange mechanism

0.6 T

T T
Jhy, H1 05—

Jhy, ZEUS 02 " >
JNy, ZEUS 02 ¢*e ——
Jhy, FNAL 82 +—8—

cowpassy  CLASI20

Gluonic radius of nucleon (b2 )g [fmzj

" L “
10 10?7 10! 1
X

0
104

(a)

Future work will be done at large x [3].
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Going Forward...

m test new event generator based on
scalar-pseudoscalar exchange
mechanisms,

Left - pseudo-scalar 71'0, 7 exchange mechanism.

m improve statistics with analysis of Right - scalar, fo, exchange mechanism
full dataset for BSA,

m incorporate multivariate analysis
techniques for final state
extraction,

0.6 T

T T
Jhy, H1 05—

Jhy, ZEUS 02 "
JNy, ZEUS 02 ¢*e ——
Jhy, FNAL 82 +—8—

m draft preliminary publication
paper.

cowpassy  CLASI20

Gluonic radius of nucleon (h2 )g [fmzj

" L “
4100 10 0! 1

x

0
10
(a)

Future work will be done at large x [3].
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