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Proton structure and GPDs

Generalized Parton Distributions

Iy (GPDs): nucleon structure in terms
p Lo of longitudinal momentum &
/?\i /’o"/ transverse position.
o @ Measured in exclusive processes
) .
. . )
! - T like Deeply Virtual Compton

Scattering (DVCS).

Factorization: splitting into
perturbative hard part +
non-perturbative soft part (GPDs).

GPDs are accessible through
Compton Form Factors (CFFs):
integrals over x - longitudinal
momentum fraction of struck quark.
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DVCS parameters

o Ey: beam energy.

e Q2 virtuality of the photon, @ = —¢% = —(k — k')2.
@ t: 4-momentum transfer to the proton, t = (p’ — p)?
@ ¢p: angle between the leptonic and hadronic planes.

These parameters determine the kinematics of the scattered particles.

v
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Measuring CFFs

Measurements outline
@ H: unpolarized target

o H: longitudinally polarized target
@ &: transversely polarized target - challenge!
o Gaseous transversely polarized target by HERMES (low luminosity).

T e [ " Alternative: DVCS measurement
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http://arxiv.org/abs/1301.1230
https://arxiv.org/abs/2007.00029

Connection to the total orbital angular momentum of the quarks through
Ji's sum rule: J9 =1 [dxx[HI(x,&, t =0) + E9(x,&, t = 0)]

Can we introduce a new observable to measure £ to higher precision?
ﬁ f/ 72, N 1t 7,/ \x
C AU AT 2L R
P rp r
i 2, NN — ¥, AR )
" /// \\\\4 ﬂ/ \,\w //T ,

E describes the process when the proton changes helicity.

Can we extract more information on CFF £ by measuring the polarization
of the recoil proton?
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Polarization

@ Code by Pierre Guichon at leading order, leading twist, using the
exact mathematical expressions.

@ The polarization P= (Px, Py, P;) is computed for the
DVCS+Bethe-Heitler process, including their interference.

@ P, (normal to the hadronic plane) is particularly sensitive to CFF £.
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Figure 1: Rotated CM frame (x’y'z’)
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Polarization ¢,-dependence
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@ P, is sensitive to £ for the Goloshokov-Kroll (GK) model.
@ P, and P, are not sensitive to £.

@ For ¢y, = m there is a large difference in P, when switching off £.
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Polarization contributions

BH-DVCS interference DVCS
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@ The total magnitude of P, comes largely from the interference with
Bethe-Heitler.

@ The sensitivity of P, to £ comes from DVCS.
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Proton polarimeter

@ Rescatter the proton with 6/,
®pol inside a carbon analyzer.

Polarized protons

@ A set of trackers before and
after the analyzer detect the

Front Tracking ~ Secondary Back Tracking incom | ng a nd Outgoi ng protonS.
Chambers target Chambers

A polarization perpendicular to the proton momentum will result in an
asymmetry in ¢po:

N(0p017 ¢pol) = NO[]- + Ap(gpol)(Py sin ¢pol — Py cos ¢pol)]

@ The P, dependence cancels out at ¢, = 7 for an unpolarized beam.
@ P, can be extracted by fitting the distribution.
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Polarimeter performance

Analyzing power

® Ap(Opor, p'): sensitivity of Efficiency
the scattering to the ® €(bpor, P/, ec): probability to have a
polarization. useful scattering in the analyzer.
@ McNaughton's Bonin et al.
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Figure of merit to characterise a polarimeter: F2 = f:ﬂ::x Ap(0)%e(6)do
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https://www.sciencedirect.com/science/article/pii/0168900285905959?via%3Dihub
https://www.bnl.gov/edm/review/files/references/bonin.nim.a288.1990.379.pdf

Experimental context

Challenges

@ DVCS has a low cross section compared to (semi-)inclusive processes.

@ We need to rescatter the recoil proton, expecting a polarimeter
efficiency of order 0.1.

@ To achieve high statistics we need a high luminosity.

Candidate facility: Hall C at Jefferson Lab, using an unpolarized electron
beam and an unpolarized liquid hydrogen target.

Example settings

@ Target length: 15 cm.
@ Beam current: 20 pA during 3 weeks of data taking.
@ This gives an integrated luminosity L = 7.2 - 107 pb™1.
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Electron and photon detection

0 i i T

. Photon detection: calorimeter
Electron detection: HMS

@ Angular acceptance: +5.3°
horizontally, £6.7° vertically.
@ Scattering angle range 10.5-80°. o 30x36 PbWO, crystals.

@ Angular acceptance: + 1.8° Position resolution: 2-3 mm.
in-plane, +4.9° out-of-plane.

@ Focusing spectrometer.

@ Sweeping magnet reduces low
@ Momentum acceptance £10%. ) energy electron background.
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https://arxiv.org/abs/1204.6413
https://wiki.jlab.org/cuawiki/images/a/a5/Horn_CALOR2014_proc.pdf

@ The protons will be created from DVCS events.

@ The event kinematics (momenta, angles) are determined by the
DVCS parameters (Ex, Q?, xg, ¢p)-

@ The polarization depends on the CFFs - model dependence.

Model Py,
GK 0.50
GKnoE 0.36
VGG 0.24
KM15  0.15

@ GK model: considerable sensitivity of P, to £. Used for optimization.
@ We aim to discriminate between: GK, GK no E, VGG and KM15.
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Optimization

Procedure

o Generate a grid in Q?, xg and t, setting ¢, = 7, Ex = 10.6 GeV.

o Compute the particle kinematics, the CFFs, the differential cross
section and polarization.

e Construct a figure of merit 7’ proportional to AP, = P,(€) — P,(0).

o F'is inspired by accuracy of polarimeter dp o F\/;NI with
0P — APy, Nj,c — differential cross section:
F'=F Vdo-AP,.
@ Refine after Geant4 simulation, taking into account detector
acceptance - larger lepton momenta preferred.

@ Require: |0x/| > 10.5°, 84,60, > 10°, AB;; > 10° (isolation).
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Optimization result

Maximizing F' gives:
Ex =10.6 GeV, Q> =1.8GeV?, xg =0.17, t = —0.45GeV?, ¢ =7

electron |K'| Oy photon || O proton |p’| Ecarb O
496 GeV/c 10.6° | 540 GeV/c -15.1° | 0.71 GeV/c 0.19GeV/c 44°

Beam (Ex)

"o 200 400 600 800
Ecorp(MeV)

calorimeter
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Fitting the polarization

E — GK with E z‘ss"“f — GK with E
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20000|

18000

16000

15500
14000 E
. 15000F
12000 E
14500
10000 E
_ N 14000

8000 E
13500

6000 E

. - N 13000
4000 E

~ 12500
2000F - - E
[T et | I Tl 1 12000
0 01 02 03 04 05 06 07

08 1 6
P, — o

I | I I I
% 2 3 4 5

Toy simulation of the polarimeter
@ We assume a 1 str polarimeter to detect the recoil proton.
@ This gives 3.6M events. Assign 0,0/, @pol-
e Knowing Ap, Py, can then be extracted (back) from ¢,
Fit results

P,(GK) = 0.475 + 0.011 (cf weighted average: 0.463)
P,(€ =0) = 0.316 £ 0.011 (cf weighted average: 0.304).
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Conclusions

@ We have explored a new way of measuring £ - by looking at the
polarization of the recoil proton in DVCS.

@ P, is highly sensitive to £ and to different models.
o Very high statistics for 1 str polarimeter, 3 weeks data-taking, 20uA.

@ Good discrimination between the baseline and null hypothesis and
between GK, VGG and KM15 in the statistical analysis.

@ A starting point for a proposal has been identified.

Plan to upload on arXiv shortly

Perspectives

@ Develop a polarimeter design.
@ Determine polarimeter dimensions.

@ Consider the background and how to reduce it.
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structure

Wigner Distributions

W ky, )

Parton Distribution Functions Form Factors

@ GPDs and TMDs can both be obtained from Wigner distributions.
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DVCS on neutron

From helicity-dependent cross-section difference:

exrp ~ t
CO™ ~ ¢y = AH + E(Fy + Fo)H — MFQE
o Dominated by #, H for a proton.
@ In neutron:

e Fy is small.
o Cancellation between u, d polarized distibutions in H.
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Polarization ¢,-dependence with a polarized beam

— he=1, GK
he=1, GKno E

—— he=-1, GK
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@ P, is sensitive to switching £ on or off for the GK model.
@ P, and P, are not sensitive to £.

@ For ¢, = m there is a large difference in P, when switching off £.
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L=®-p-L

@ 20 pA electron beam
o 1A = 6.24-10'8 electrons/s
o - ®=12-101/s

@ 0.15 m LH2 target.

@ Density:
o Density: 71 kg/m?
o Molar mass: 2.016 g / mol = 3.35-10%" kg/particle
o —p=21-10%/m?

L=40-10*/s/m?.
t =9.1-10% = 3 weeks of data-taking
L=L-t=72-10"/m?=7.2-10"pb™! (conversion factor 10~(28+12))
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Model H £ H P,
GK -1.14+541i -24-04i 0.7+ 18i| 050
GKno& |-1.1 +541i 0 0.7 +1.8i | 0.36
VGG -25+50i -1.1+16i 054 1.5i|0.24
KM15 |-29 432 1.6 0.5 + 1.5i | 0.15
Model H £ H £ P,

ANN | -1.8F13 34517 457 4 09 0.4F14 1 12jF18  _p5+65 | 38591 1 .45
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Variations

o Larger |t| — larger AP, smaller do.

o Larger Q2% — smaller APy, smaller do.

o Larger xg — smaller do.

o Large |K'| (small @?/xg) — larger acceptance.
Also require |t|/@% < 0.25.
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Distributions
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Imposing 6, = Qé?rgﬁ +20°, ¢ = qsf)"’,’rget + 30° gives these distributions,
with Q?, xg, ¢, centered near the target values (1.8, 0.17, 7).
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Distributions (2)
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Accidental background
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@ The background of accidental electrons is largest at small angles from
the beam.
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Refining the optimization

Q2. xg, t F' | N AP Fitted dp
1.6,0.12,-0.40 | 0.057 | 0.5M  0.13 0.031
1.7,0.14,-0.42 | 0.049 | 1.6M 0.15 0.017
1.7,0.15-0.42 | 0.046 | 2.6M  0.16 0.013
1.8,0.17,-0.45 | 0.039 | 3.6M  0.16 0.011

1.9,0.19,-0.47 | 0.032 | 41M 0.14 0.010

Selection: 6, & 20°, ¢ £ 30° + requirement of non-zero reconstructed
scattered lepton py.

Increasing xg, decreasing Q?/xp or increasing Gg’}’; and recomputing F’
post-simulation until it reaches the peak gives the same optimal
configuration.
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