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Motivation

When embedded in the nucleus,
» What about proton changes?

» What remains the same?

Accessing the nuclear generalized parton distributions (GPDs) and
form factors (FFs) are a way to approach and answer these
questions.

Measuring beam-spin asymmetries (BSA) from DVCS and DVMP
processes help to uncover these intricate math. objects.

Nuclear targets offer two distinct channels:
» Coherent (Nucleus stays intact)

» Incoherent (Nucleon breaks off and traverses nuclear medium)
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Enter the CLAS EG6 Experiment

Start with the simplest dense stable nucleus: *He.

Measure the BSA for exclusive processes to get at nuclear and
modified nucleonic FFs and GPDs.

Channel Process BSA
DVCS: (e 4He, e *He ’y) Published?
Coherent
4 4 0 .
BYMP: (e He, e *He ) This talk
e 4He7 e *He n Stats. too low
DVCS : 4He (e, e p ) X Under review
Incoherent
4He (e e 71'0) X Work in prog.?
DVMP: &P prog.
4He (e, e p 1) X Work in prog.2

M. Hattawy Phys. Rev. Lett. 119, 202004 (Nov. 2017)
2Perfectly suited for future ALERT detector 2/13


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.202004

Formalism

Generally, the BSA can be expressed in terms of the squared-transition
amplitude (|M|?):
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https://arxiv.org/abs/1806.01379

Formalism
Generally, the BSA can be expressed in terms of the squared-transition

amplitude (|M|?):
(MY = (IM_|?)
(IM )+ (M)

62 2
(M) = (&) 2

Hyw = Iy

BSA =

C. R. Ji's formulation® for 0~ meson electroproduction off 017 target
(e *He — e "He 7°)

Ju = Fpse"’ P q, Py g
2 - ’
= Huv = |Fps|” €papyevarprr q° P7 A
= HV[,L

= BSA=0

?Ji et al., arXiv:1806.01379 (June 2018) 3/13


https://arxiv.org/abs/1806.01379

Experiment

CEBAF @ JLab delivers long. polarized 6 GeV electrons to CLAS
which detects the scattered electrons:

Energy : 6 GeV
Luminosity : 1034 cm?s~1
Long. Beam Polarization : 85%

CLAS

CEBAF
Large
Acceptance
Spectrometer

South LINAC

M Beam Switchyard
Separator

Stations £ /

Delivers e

Pthres > 250 MeV/c
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Experiment

The Jefferson Lab's CLAS EG6 experiment is characterized by its
helium gas target, solenoid magnet, and the addition of two
detectors:

Radial Time Projection Chamber (RTPC) Inner Calorimeter (IC)

Detects “He’ Detects v

0~ € (8°,45°)J (4°,15°)
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Measuring BSA of 7% DVMP

We measured the fully exclusive coherent reaction:
e *He — e *He 7% — e *He v v

Measure the beam-spin asymmetry (BSA):

1 ) N*(¢) — N~ ()

BoA) = (PB N () T N~ (9)

» Small cross-section — low statistics

> Relatively large background

» Clean event selection is important!
» Exclusivity Variable Cuts

» Kinematic Fitting 6/13



Measuring BSA¢of 70 DVMP

Besti

i

h_phi_T
Entries 44
Mean 288

StdDev 1302

I

i

| L
00 150 20 250

—t

H\T
|
300 350

10801

hil
Enties 546
Mean 0.1114
Std Dev_0.03204

ol hMHMMM

01 o1z 0l& o0l

» Small cross-section — low statistics
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> Relatively large background

» Clean event selection is important!

» Exclusivity Variable
» Kinematic Fitting
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Measurir

» Small cross-section — low statistics
> Relatively large background

» Clean event selection is important!
» Exclusivity Variable Cuts

M, Coherent Final State : & 10

Missing P

(e*He)

Missing P,

» Kinematic Fitting
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Kinematic Fitting in a Nutshell

Introduce and minimize £, with Lagrange multipliers i:

L= (?1/)T C771 V42 (ﬁu)T <AVEV + Bugu + E’u)

At the end of the day, there is one cut that selects your events:
The Confidence Level Cut (CLC)

confLevels

10° Entries 2000
C Mean 0.2544

Std Dev_ 0.3184
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5C-Kinematic Fit on EG6: DV7'P

e ‘He — e ‘He #°
™ =y
Einit — Ein =0
5C = { Pinit — Pin=10

M7r° - \/(E’n + EW2)2 - HBM + 3‘/2“2 =0

Confidence Level[ﬁstﬁbug n

I L I I I I I I I
01 02 03 04 05 06 07 08 09 1

CLC =5%
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Kin. Fit Applied
M, (e “He - eX 1)
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Kin. Fit Applied
M, (e “He - eX 1)
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Red : Events failing CLC

Blue : Events passing CLC
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Sequential Exclusivity Cuts Applied

COpIﬂ"la”t(XJ M, (e *He - eXT’)
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Sequential Exclusivity Cuts Applied
CopIAi‘rlarity

M, (e *He - eXT’)
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Sequential Exclusivity Cuts Applied

Coplanarity M, (e *He - eXT1’)
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Sequential Exclusivity Cuts Applied

Coplanarity M, (e “He - eXT)
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Sequential Exclusivity Cuts Applied
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Beam-Spin Asymmetry Comparison

For
e "He — e He 7° | (1)

the BSA is obtained from two different event selection methods:

Exclusivity Cuts Kinematic Fit

A VS ®(0.500 < @ < 3.500 (GeV/cy) Aga VS ©(0.500 < Q° < 3.500 (GeV/cy)

<k lExc Fit Al ‘ < ozf le. Fit Al
0af E

£l
9ldeg] oldeg]

BSA = -8.94+5.3 % BSA = -0.5+6.3 %
(800 events) (537 events)

11/13



Beam-Spin Asymmetry

Beam-spin asymmetries for events passing exclusivity cuts but
failing kin. fitting:

BSA = -8.94+5.3%

Ay VS ©(0.500 < QF < 3.500 (GeVicy)
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Summary

» The BSA of coherent 70 electroproduction off *He is
consistent with 0 (-1.084+3.22%)

» Benchmark measurement for Ji's formulation

v

Event selection plays a crucial role

v

Exclusivity cuts require some cleverness

> Intimate knowledge of the dataset and reaction needed to remove
background and to clean the dataset

v

Kin. fitting does not
> It uses both detector resolutions and conservation law constraints to
do a fantastic job in rejecting background
> Some of these events cannot be rejected by any obvious series of
cuts

Kinematic fitting should be used in more analyses!3

v

3The repo contains the library, FCKinFitter, with a wiki and working
examples to help install, set up, and use kinematic fitting in (hopefully) an
intuitive way. 13/13


https://gitlab.com/franktcao/FCKinFitter/
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