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Deeply Virtual Compton Scattering (DVCS)
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Extracting GPDs from DVCS observables
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el-DVCS-1 experiment

* Data taken from March to May 2005 (L;; ~ 3.33 x 107 nb!)
 CEBAF's polarized electron beam (E = 5.75 GeV, pol~80%) + LH, target

* Addition of an electromagnetic calorimeter (IC) to the standard setup
of CLAS to detect the DVCS/BH photon of the reaction epeepy\
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The DVCS/BH photon (mainly emitted to the forward
angles) can hardly be detected with CLAS alone
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el-DVCS-1: DVCS Beam Spin (A ) asymmetries

A\, on the proton
LU P

JLab Hall A
results
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F.X. Girod et al. (CLAS Collaboration),

Phys. Rev. Lett. 100, 162002 (2008) Previous CLAS

results

Aoy~ sing Im{F,#+ %(Fl-l-Fz)ﬁ -kF,E}d¢ V66 model: Vanderhaeghen,Guichon,Guidal

Hyon-Suk Jo

QNP 2015 - Valparaiso - Mar. 2 — Mar. 6, 2015 March 5, 2015



Kinematic coverage and observables

Q%>1, 0.1< xg <058, 21<6, <45,
—~ 2 -

p. >0.8, W>2

551 <
> > L
o) C b} L ’
O 5 O1.8F
o 7T
4.5 1.6
4 1.4~
350 1.2
3 1=
2.5F 0.8
2F- . 0.61
- 21bins in («96,>V:7
o 9bins in t 04
1= 24bins in ® 0.2
05:II|IIII|I[Il|l|l|l|||||]||||[|| O_IlllllllIIII|I[II|IIII|IIII|II
201 0.2 03 04 0.5 0.6 0.1 0.2 03 04 0.5 0.6
Xg Xg
Extraction 4 45 45
of 4-fold 4 ep -cp; 1 9 Opepy A e
cross sections dQ?dx,dtd® 2| dQ%dxzdtd® dQ2dxzdtdd

QNP 2015 - Valparaiso - Mar. 2 — Mar. 6, 2015 March 5, 2015



DVCS cross section analysis

Extraction of 4-fold cross sections of the ep—epy reaction
d*o N

ep—~epy ep—epy Nep—>epﬂ°—>ep y(7)

dQ%dxydtd®  Lum.Acc. AQ®AxpAtAB.F,, .F. .y .F,

* Particle identification (e, p, v) and selection of the ep—epy events

* Subtraction of the background coming from the ep—epn®—epy(y) reaction:
Nepﬁepv ) Nepeepnoﬁepv(v)

* Calculation of the integrated luminosity: Lum

* Calculation of the acceptance using Monte Carlo simulations: Acc

* Calculation of the bin volume correction: F,,; (bin volume = AQ?Ax,AtA®)

* Radiative corrections: F, 4

* Determination of various efficiencies: F

hadronic plane

The kinematics of the DVCS reaction
is defined by 4 independent variables :

Q?, X, tand ¢

4-dimensional bins = (Q?, g , -
dimensional bins = (Q?, x; , -1, ¢) lptonic plane

Hyon-Suk Jo QNP 2015 - Valparaiso - Mar. 2 —Mar. 6, 2015 March 5, 2015



DVCS cross section analysis

Extraction of 4-fold cross sections of the ep—epy reaction
d*o N

ep—~epy ep—epy Nep—>epﬂ°—>ep y(7)

dQ%dxydtd®  Lum.Acc. AQ®AxpAtAB.F,, .F. .y .F,

* Particle identification (e, p, v) and selection of the ep—epy events

* Subtraction of the background coming from the ep—epn®—epy(y) reaction:
Nep—epy = Nep—sepro—epi)

* Calculation of the integrated luminosity: Lum

* Calculation of the acceptance using Monte Carlo simulations: Acc

* Calculation of the bin volume correction: F,,; (bin volume = AQ?Ax,AtA®)

* Radiative corrections: F

rad

* Determination of various efficiencies: F

hadronic plane

The kinematics of the DVCS reaction
is defined by 4 independent variables :

Q?, X, tand ¢

4-dimensional bins = (Q?, g , -
dimensional bins = (Q?, x; , -1, ¢) lptonic plane
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Selection of the ep—epy events

ep—epy exclusivity cuts in the case
where the photon is detected in the IC
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DVCS cross section analysis

Extraction of 4-fold cross sections of the ep—epy reaction
d*o N

ep—~epy ep—epy Nep—>epﬂ°—>ep y(7)

dQ%dxydtd®  Lum.Acc. AQ®AxpAtAB.F,, .F. .y .F,

* Particle identification (e, p, v) and selection of the ep—epy events

« Subtraction of the background coming from the ep—epn®—epy(y) reaction:
Nep%epv ; Nep%epnoﬁepv(v)

* Calculation of the integrated luminosity: Lum

* Calculation of the acceptance using Monte Carlo simulations: Acc

* Calculation of the bin volume correction: F,,; (bin volume = AQ?Ax,AtA®)

* Radiative corrections: F

rad

* Determination of various efficiencies: F

hadronic plane

The kinematics of the DVCS reaction
is defined by 4 independent variables :

Q?, X, tand ¢

4-dimensional bins = (Q?, g , -
dimensional bins = (Q?, x; , -1, ¢) lptonic plane
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0 contamination fraction
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DVCS cross section analysis

Extraction of 4-fold cross sections of the ep—epy reaction
d*o N

ep—~epy ep—epy Nep—>epﬂ°—>ep y(7)

dQ%dxydtd®  Lum.Acc. AQ®AxpAtAB.F,, .F. .y .F,

* Particle identification (e, p, v) and selection of the ep—epy events

* Subtraction of the background coming from the ep—epn®—epy(y) reaction:
Nep—epy = Nep—sepro—epi)

* Calculation of the integrated luminosity: Lum

* Calculation of the acceptance using Monte Carlo simulations: Acc

* Calculation of the bin volume correction: F,,; (bin volume = AQ?Ax,AtA®)

* Radiative corrections: F, 4

* Determination of various efficiencies: F

hadronic plane

The kinematics of the DVCS reaction
is defined by 4 independent variables :

Q?, X, tand ¢

4-dimensional bins = (Q?, g , -
dimensional bins = (Q?, x; , -1, ¢) lptonic plane
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Comparison between data and Monte Carlo
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Acceptances : correction event by event with 72 bins in &
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Correlation between the photon polar angle 6, and @
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Unpolarized cross sections and polarized cross-section differences (1)

d*c (nb/GeV*)

-t
Q
T

-t=0.153 GeV? -t=0.262 GeV? -t=0.447 GeV?

Q%=1.63 GeV?
X5=0.185

d*o

A(d*c) (nb/GeV4
5 666 oooo0o
O A DO DN B 'G)”

o
o

2P (nb/GeV?)
dQ%dxdtde

/~ — BH
—— VGG (H only)
- KM]_OG ........

KMS : Kroll, Moutarde,

VGG : Vanderhaeghen, Guichon, Guidal

Sabatié

\_KM : Kumericki, Mueller

)

4~ 4~
1 d"O¢p—ep, do

ep—epy

0..
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o (deq)

2| dQ%dxzdtd®  dQZdxgdtd®

(hb/GeV*)

VGG, KMS, KM10a: standard GPD models, with
the GPD H dominating in the cross section
KM10: addition of a very strong GPD H

The unpolarized cross-section results are in
good agreement with the VGG, KMS, and
KM10a predictions. Disagreement with KM10
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Unpolarized cross sections and polarized cross-section differences (2)

-t=0.204 GeV? -t=0.262 GeV? -t=0.448 GeV?
Q?=2.78 GeV? d4

_ x5=0.335 - <y :ep%ep? (nb/GeV*)
< dQ2dx,dtda
810
5 — BH I
©
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VGG, KMS, KM10a: standard GPD models, with
the GPD H dominating in the cross section
KM10: addition of a very strong GPD H

The unpolarized cross-section results are in
good agreement with the VGG, KMS, and
KM10a predictions. Disagreement with KM10
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Systematic uncertainties

Averaged over all the bins, the total systematic uncertainties on
the unpolarized cross section are ~14%

The sources of systematic uncertainties include:
* Particle selection ~1.6%

* Exclusivity cuts ~3.5%

« 0 background subtraction ~1%

* Acceptance correction ~5.3%

« Beam energy and kinematic corrections ~5.7%

* Radiative corrections ~2.2%

» Efficiencies ~5%
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Extraction of Compton Form Factors (CFFs)

Re(H) = P jj)dx[H(x, E,1) = H(=x.&D]C* (x.8)
Re(E) = P de[E(x, E 1) - E(-x,E0)]|C" (x,8)
Re(H) = P ) dx[ﬁ(x, E 1)+ H(-x, §,t)]C"(x, £)

Re(E) = P ) dx[ﬁ(x, 1)+ E(-x, §,t)]C_(x, £)

Im(H)=H(EE)-H(-&,&,t)
Im(E) = E(&,&,1)-E(-§,&1)

Im(H) = H(E,E 1) - H(-£,E1)
Im(E) = E(E,£,1) - E(-E,&,1)

with C*(x,&) = xigi xig

M. Guidal : model-independent local fit, at fixed Q?, xp and t of
DVCS observables with MINUIT + MINOS

8 unknowns (the CFFs), non-linear problem, strong correlations

Bounding the domain of variation of the CFFs (5 x VGG)
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Extraction of CFFs from DVCS unpolarized and polarized cross sections

r=—bin3 r=—bin5 rr—bin7 z bin9 7—bin11——
5E 5F 5F 5 5E .
i 3 3 s 3 CF.F fits .
Im(ifp ) 2 2 2 2 2 (M. Guidal) using:
o o o ° o the results of
IR A W A v B e v B T this work
3 bin1 z—bin2 Ie 7 r bin8 7—bin10 Hall A ¢ and Ao
SE SE 5 st 5 5 CLAS A, and A
4 4 aF aF 4 aE. LU uL
3 3E 3k 3t Q_M (2006-2008)
2F 2F 2F 2F 2F
1 1 1 13 1E
(SRR LA e, SEPEEE of- [} (] OF#AR e T T e — . 4.
af T ‘ . Ak N ap A AaF VG6E pr'edlctlons
2,75 o8 1 12 14 -‘l‘}de\l’f 2505 112 14 -‘I‘(G’e\l‘i “2; 04 o 12 14 -’l‘(de*l’f “4 02 04 0n l(dé‘l’f 2, ;‘A[dé\,if
Xp
PRELIMINARY
7 bin13 7 bin15 7 bin17 7 bin19 7 bin21——  55¢
6F 6F 6F 6F 6F g C
sE sE a3 5F sE O sk
3 3 3 3 3 B,
2F 2F 2F ﬂﬁ.\h 2F 2F °, “E
1E 13 1 1f 1f E
of of] Of-{°g8----b---"Beuennn of- 0f-- g ----- ; --- o - 4
B3 -1 -1 -1 -1F C
250 202 0a 08 a8 1 12 14 aan -2, ulz u‘n u:: n; |‘ |‘2 |I4 ll;}Gle:\l‘)z 2,73 2, u; nla n; u.l |I |I2 |:l -’I%d:lﬂl’]z 35;—
§: EI §: §: bin20 3,
af afF aF aF 25
3F 3F 3F 3F E
2F Z'l..m 2F 2F . 2F
1E 13 1f 1f gﬁ‘l E
of Qf-f--r-b-coBeennns oiﬁit -- ryerr SR OF--9g8----3- - F-unnns E
-1E -1E 13 813 1-5?
25 Ty Ty B e 3
—> :
0 -1 2 05mLl | | | \ |

0.1 0.2 0.3 0.4 0.5 0.6

The t-slope becomes flatter with increasing x;:
valence quarks (higher x;) at the center of the nucleon and sea quarks (small x;) at its periphery
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Overview

* Extraction of DVCS unpolarized and polarized cross sections in
the largest kinematic domain ever explored in the valence quark
region

* Results are in good agreement with predictions from standard GPD
models (VGG, KMS, KM10aq), i.e., with a dominating GPD H, and will
provide strong constraints over a wide kinematic domain

* Paper currently under collaboration review and to be submitted to
journal in the upcoming weeks

* Extraction of Compton Form Factors by fitting simultaneously
these unpolarized and polarized cross sections gives a large set of
results in a very wide kinematic domain which provide a fomographic
image of the nucleon (size as a function of parton momemtum)

Thank you
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