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Physics Motivations

O Form Factors:

— Contain information on the quarks transverse spatial distributions
— They are accessible via elastic scattering

¢ Parton Distribution Functions:

— Provide the quarks longitudinal momentum distributions
— Measurable via deep inelastic scattering

¢ Generalized Parton Distributions (GPDs):

- Contain information on:
— Partons correlation
— Correlation between longitudinal momentum “
and transverse spatial position of partons =
- Accessed via exclusive processes:
— Deeply Virtual Compton Scattering (DVCS)
— Deeply Virtual Meson Production (DVMP)

From the theoretical point of view, the DVCS is considered
the easiest way to access the GPDs




DVCS Reaction

Hard part (perturbative, calculable in PQED)

Factorization

Soft part (Non-perturbative QCD,
parameterized in terms of GPDs)

t : squared momentum transfer t=(p—p'V=(g—q')
& : skewdness parameter Exx,l(2—x,)

x : longitudinal parton momentum ( X #XB) x,=0%/2p.q
Q’: photon's virtuality O=—g*=—(k—k')

— GPD(x,E,t): the probability amplitude of picking up a parton with momentum x+ &
and putting it back with a momentum x-£ without breaking the nucleon

with a momentum transfer squared t.

— DVCS amplitude can be accessed in the Beam Spin Asymmetry (BSA) because it

interfers with Bethe-Heitler (BH) process. 2




DVCS and Bethe-Heitler processes

¢ Experimentally, the DVCS is indistinguishable from Bethe-Heitler (BH) process.
Therefore, the measured photo-production cross-section (ep — epy) is:

DVCS Bethe-Heitler (BH)
12
T TN W s e The cross-section 1s dominated by BH in
i 4 most of the phase space, which 1s
calculable using the elastic form factors

D B _ O  DVCS signal is enhanced by the

interference.

On ‘He:

- - ' do o |7 |2+(*:EW---* + mppTpves) + [Thv |2
— The differential cross-section: J BH TDVCSTBH TBHTDVCS "DVCS
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— The coherent DVCS on “He (SPIN ZERO — ONE GPD IS NEEDED H4(x,&,t)):

A=
LU a1 (p) + as(P)Hpe + gg(@)(?{%m + ’H%e) Quark propagatolr 1
| o (o o) CH(2,€)=—+
Hp (1) =P /ﬂ dr[Hy(z,&,t) — Hy(—2,&,t)]CT (z,€) | r—& T+E€
l Lo

Him (&, 1) = Ha(&, &, 1) — Ha(—£, &, 1)




DVCS off nuclei

Nuclear DVCS provides access to two channels:

0 Coherent DVCS: e A—e A Y :

— Study the partonic structure of the nucleus.
— One GPD 1s needed to parametrize the structure

of the spinless nuclei (*He, "*C, 'O, ..)).

P A P:\:PA -A

0 InCoherent DVCS: e A—e NX Yy

— The nucleus breaks and the DVCS takes place
on a nucleon.
— Study the partonic structure of the bound nucleons
(4 GPDs are needed to parametrize their structure).
— Study the medium modifications of the nucleons

(EMC effect) in terms of GPDs.




Experimental Setup

E08-024 experiment, Hall B, JLab (Virginia, USA), 2009.
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- CLAS:
— Superconducting Torus magnet.
— 6 independent sectors:
— DCs track charged particles.
— CCs separate e’/m'. %
— ECs detect y, e and n [8°,45°].
— TOF Counters identify hadrons.

TOF Counters R l'. Cerenkov Counters

- RTPC: Detects low energy nuclei.
- IC: Improves vy detection acceptance [4°,14°].
- Solenoid: Shields the detectors from Moller electrons.

- Target: ‘He gas @ 6 atm, 293 K




DVCS events selection

We select events which have:

0 Coherent (InCoherent): Only one good electron, at least one photon and only one good “He(p).
O Ey>2GeV,W>2GeV/c, (Ep-Ee)/Ep <0.85 and Q*> 1 GeV=.
0 Exclusivity cuts (3 sigmas). ¢*Hey: Missing M
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Background Subtraction

O With our kinematics, the main background comes from the exclusive n’ channel
(e(*He/p)n’) in which one photon from n1° decay is detected and passed the DVCS exclusivity
cuts.

0 We use simulation to compute the contamination of i’ to the DVCS channels.
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0 Background yield ratio ~ 2-4% (8-11%) in e *Hey (e"pY) DVCS channel.




Coherent beam-spin asymmetries

- A 90° vs. (<-t>/<xg>
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Compton form factor extraction

Q:’[]((D) * H}m
(}1(@) + (}'2(@5)%}%8 T [1"3(@)(%%_% + H?%e)

Vo~1072, (V1~1, (\a~10—2,|(¥3~10~4

AL [ —

We are not sensitive to this order

ﬂU(Q) — d Sin(‘f—j) == = -— Expected to be small magnitude

a1(0) = b+ ccos() +|(Z cos(20) I H, vs. 4

(12(0) = h+f CDS( o) - o[- .................... % ______________________
_ Using the kinematical calculable factors = 202_ ______ _______________ {, __________ + ______________________

(a, b, ¢, h and f) and the fitted coherent ol ...... - r&NA ......................
ALU @ 90° vs. <-t> | T O N N

Do* sin ((I) )/ ( 1+p,*cos (q) ) ) _mi_ ______ __________ ' ______________________

L.(Re, Im)

_, Extracted the real and the imaginary "= { ..... T N
parts of the Compton form factor. S eV
- We have “significant” trends with t and xB as well.
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InCoherent beam-spin asymmetries

B e ‘He—ep vy X :

0 Probed kinematical regions: - gomexcsve |
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¢ The black points are our measured asymmetries after
the background subtraction in which:

2D bins (-t/xg/Q?) vs. O
« Fitted with p,*sin(¢)/(1+p *cos(¢))
o Statistical errors ONLY are shown
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EMC ratio (1/2)

¢ Possible explanation of the EMC effect:
Modifications of the nucleons themselves in the nuclear medium

¢ We compared our measured incoherent asymmetries (Black points) with the asymmetries
measured in CLAS DVCS experiment on the proton (Red Points).
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¢ The bound proton shows a lower asymmetry relative the free one in the different
bins in x_.
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EMC ratio (2/2)

¢ Possible explanation of the EMC effect:
Modifications of the nucleons themselves in the nuclear medium

¢ We compared our measured incoherent asymmetries (Black points) with the asymmetries
measured in CLAS DVCS experiment on the proton (Red Points).

A1y VS. ¢ n -t bins
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¢ At small -t, the bound proton shows lower asymmetry than the free one.
¢ At high -t, the two asymmetries are compatible.
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Conclusions

O The exclusive DVCS off “He was measured for the first time
with our experiment

¢ Preliminary asymmetries were extracted and compared with
theoretical predictions

¢ With our available statistics, the bound proton has shown
a different trend compared to the free one

¢ Perspectives:

— Final results soon
— Proposing a new ‘He DVCS experiment with JLab upgrade.

Thanks for your attention
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oci((p) coefficients appearing in the BSA expression

ao(¢) = 8Kza(l+e?)’(2—y)Fy sin(d)
ar(¢) = C[‘?H + C‘IBH cos(@) + CQBH cos(2¢)

as(d) = 872 (1+e)%F, [K(Qy — y* — 2) cos(o)

Y
- (2= y)(é) ((2 —za)(1—y)— (1 —z4)(2 —y)*(1 - tgi;))]
L'L'Q
aa(®) = 275 22+ (1+ P PUOPAS)

0 The Fourier coefficients of the BH amplitude for a spin-0 target can be expressed as:

9
[JJBH—[{(Q—Q)Q‘FEIQU‘FE)}{ <9 +4(1—T4)+(4I4—|—E) ! }

QQ
£ {41 0)(3+2) + 22— )} 452 -0+
48K 202] e
BH = _§(2 — y)h {21‘_4“ - ngg}a
cBH — 8]1262?233.
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