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Deeply Virtual Compton Scattering and GPDs

° QZ: - (e_e9)2
hd XB — QZ/ZMV V:Ee'Eea

* x+&, x-§ longitudinal momentum fractions
t=(p-p’)
* & = Xp/(2-Xg)

4 GPDs for each quark flavor

conserve nucleon helicity

« Handbag » factorization valid Vector: H (x&1) Axial-Vector: H (x1)
in the Bjorken regime: N
high Q?, v (fixed xg), t<<Q? Tensor: E (x,§,t) Pseudoscalar: E (x,§,t)

flip nucleon helicity

Quark angular momentum (Ji’s sum rule)

30 =%— J6 = %j‘;xdx[Hq(x, £,0)+E(x,50) |

X. Ji, Phy.Rev.Lett.78,610(1997)
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Sensitivity to GPDs of DVCS spin observables

£~ X §+x} )WC/

Imzs, =7 [HI(&,£,0) —H (=&, &,1)] 'ep“”h'zod‘ggg.i N

+

Resl, =e]P | [(H9(x,&,t)—H(- xcft){

O

X= Xgl(2-Xg) k=-t/4AM?
Proton Neutron

Polarized beam, unpolarized target: |m{_7-[ j? E }
Ao, ~ sing IM{FH + X(Fy+F,)H -kF,E}do Im{}[p ;[p Ep }
ny <M n

Unpolarized beam, longitudinal target: Im{ j_Z'
Aoy ~ sindlm{F;H+x(F;+F,)(H + xg/2E) —xkF, E+...}d<|> :> { 1
Im{}[n, F., E.}

Polarized beam, longitudinal target: Re{ }
Aoy, ~ (A+Beost)Re{FHHX(FHF)(H + Xg/2E)..}dp [ > Re{}[ E,, T}
n?’ n’ n
Unpolarized beam, transverse target: |m{}[ E }
P

Aoy~ sinplm{k(F,H — F{E) + ..... }d¢ —> |m{5'1{JO }



Sensitivity to GPDs of DVCS spin observables
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e
Eax ~ 6.0 GeV
*|.x~200 mA
» Polarization 85%

* 3 X 499 MHz operation

« Simultaneous delivery to 3 halls
e Shutdown in May 2012

JLab@6 GeV and CLAS

Continuous
Electron
Beam
Accelerator
Facility

CLAS@Hall B:

* large acceptance for charged particles

* 8°<0<142°, p,>0.3 GeV/c, p,>0.1GeV/c

» good momentum and angular resolution
* Ap/p <0.5% - 1.5%, AO, A <1 mrad

» suited for multi-particle final states

« L~10%*cm2st



The egl-dvcs experiment

« Data taken from February to September 2009

« Beam energies = 4.735, 5.764, 5.892, 5.967 GeV

« Beam polarizaton ~ 85%

* CLAS+IC to detect forward photons

« Target: longitudinally polarized via DNP (5 Tesla, 1 K,
140 Ghz microwaves) NH; (~80%) and ND; (~30%) —
Luminosity ~ 5-103cm2 s

» Target polarization monitored by NMR, more precise

values via elastic asymmetry analysis Polarized

« ~75 fb'1 on NH3 (parts A, B), ~25 fb'1 on ND3 (part C) ammonia > ,§ i

The results shown here come from parts A and B /

(ongoing nDVCS analysis on part C by Daria Sokhan) é@
Carbon

C.D. Keith et al., NIM A 501 (2003) 327
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Phase space and binning

3 W, = [ T [
g: ~2 3.5;: 3.5;:
%— =15 2.5%— 2.5%—
3 1.3;— N_;E‘ -5
S 16— e
1.4; o 45
1 a5
0.8 :
0:2; 8
s s e
4D binning: . : :
« 4 bins in %’t Beam energies: Average central kinematics for parts Aand B
« 5 bins in O2 A — 5.892 GeV compatible within their standard deviations
InsinQ B — 5967 GeV The asymmetries for the two data sets will be combined

* 10 bins in ¢



Subtraction of epxn® background
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Cut widths determined
separately for:
* photon detection topology
» data and MC
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0.08 <-t<0.18 (GeVicF

Subtraction of epxn® background
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Merging of parts Aand B

Beam energies:
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—— im0 Be%) | ) 08 < -t < 0.18 (GeVIG)

Results: TSA
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Results: TSA
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by BH at low t
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Extraction of Compton Form Factors from DVCS observables

[ Re(#H) =P j;dT[H(.T, £0)— H(=x,&0]C(x, &)
Re(E) = Pj;fiT[E(.ﬁ £,t)— E(-x,&,0)] C* (x, &)
Re( ) = P j; dx|E (x,&,1) + B(—x,&.0)]c(x,8)

8CFF = Re(£)=P[ dx[E(x20)+ E(x.60]c(x0)

Im(H) = H(E,E,1)— H(-&,£,1)
Im(E) = E(&,£,1) — E(—&,£,7)
Im(H) = H(&,&,1) - H(-&,£,7)
Im(E) = E(&.2,0) - E(-£.£.1)
with C*(x, &)= — 4+

x—¢

x+&

M. Guidal: Model-independent fit, at fixed Q?, xg and t of DVCS observables
8 unknowns (the CFFs), non-linear problem, strong correlations

Bounding the domain of variation of the CFFs with model (5xVGG)

M. Guidal, Eur. Phys. J. A 37 (2008) 319



Extraction of CFF from DVCS TSA, BSA, DSA

Im{H]
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Coherent Nuclear DVCS

» Nuclear DVCS probes the partonic structure of nuclei and offers the opportunity to investigate
the role of transverse degrees of freedom in the modifications of the nuclear parton distributions,
as compared to free nucleons.

S. Scopetta, PRC 70 (2004) 015204 ; 79 (2009) 025207

L5 7 S. Liuti, K.Taneja, PRC 72 (2005) 032201 ; 034902
14 | *He (T:.Béﬁd?ﬁfve)f _ A
: N Generalized g (y &)= AL (X EL)  HL(x &) FR(t)
3 - . A 150 - ~
- : Nuclear modifications EMC Ratlo AEU (X, 6, t) FA (t) H N (X, 5’ t)
1.2 (=-0.1 GeV?)
1 et it , [ The ratio of beam-spin asymmetries (BSA) on the
S N O 4 nucleus and on the nucleon is predicted to be sensitive to
peculiar features of the EMC effect modeling.

1

X

» Because of the simple GPD structure of spin 0 nuclei, the twist-2 beam spin asymmetry allows
for a model-independent simultaneous extraction of the real and the imaginary parts of the
twist-2 Compton form factor.

o () Fa(t) Sm[FH 4]
o (@) FZ (1) + o () Fa(t) Rl H 5 |+ a3(0) g-Re[g‘[A]2 + a3(9) Sm[}[A]2

ALBG((P) =
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DVCS on “He: the CLAS egb6 experiment

* Data taken in the fall 2009

* Setup: CLAS+IC+RTPC+*He target

* Beam energy ~6.065 GeV

* Goals: coherent and incoherent DVCS
* Nuclear GPDs, EMC effect

» Calibrations (RTPC, IC) ongoing

Work by M. Hattawy, IPNO

A . Coherent
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DVCS on “He: the CLAS egb6 experiment

» Data taken in the fall 2009

* Setup: CLAS+IC+RTPC+*He target Radial
« Beam energy ~6.065 GeV Time
« Goals: coherent and incoherent DVCS PrhOJectt)lon
* Nuclear GPDs, EMC effect CITEMIDES
» Calibrations (RTPC, IC) ongoing
Imaginary Part PhD Thesis
by Y. Perrin,
Qf’[,, ’)@1}_ LPSC
g b
101’ :1‘911.
0/}( "I],]
| ’/p'. a,'
SE F . . .
. ¢ + + ’ 2 o » The imaginary part is better
&y determined than the real part.
» Within the current statistics, the real part
] Is consistent with 0.

0 2 4 6

t=-0.08 t=-0.13 Q2=1.28 Q?=1.86 x5=0.13 xg=0.17 xz=0.22



Summary and outlook

» Combining various DVCS spin observables is necessary to provide constraints for the extraction of Compton
Form Factors (—GPDs)

» The CLAS-egl-dvcs experiment combined the CLAS-DVCS setup (CLAS+IC) with a polarized
NH3 target, and allows the simultaneous measurement of BSA, TSA, DSA for DVCS

* Results for TSA and BSA for pDVCS are in good agreement with existing data, and the statistics of the TSA
with respect to previous CLAS and HERMES data has been improved by more than a factor 5

* Results for double-spin asymmetries show dominance of the constant term, and of BH
« Constraints on Im(H) and Im(H) from CFF fits, some sensitivity to other CFFs, with lower statistical precision
* The analysis note is under CLAS review — paper(s) to come in spring!

» The CLAS-eg6 experiment ran with the goal of measuring coherent and incoherent BSA for DVCS on “He;
data still under calibration

* First very preliminary data show the possibility to extract Im(#4,); no sizeable medium effects can be observed
from the comparison of the BSA for the incoherent channel and the free proton one



CLAS
pDVCS
BSAS

What we have learned from the published CLAS asymmetries

162002 (2008)
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M. Guidal, Phys. Lett. B 689, 156-162 (2010)



ep—epyX event selection

Events with exactly 1 e, 1 pand at least 1 ¥

Electron PID cuts

* Negative charge

 EC inner deposited energy > 0.06 GeV

* Etot/p > 0.12 GeV

* Vertex within 3 cm from the nominal target position
*P>0.8 GeV

* [tsc —tec| <2 ns

ecc _c2<0.15

« EC fiducial cuts

* |C frame fiducial cuts

Proton PID cuts

» Positive charge

* Vertex within 4 cm from the nominal target position
* p-dependent 3 cut

« IC frame fiducial cuts

EC photons IC photons
 Null charge * Null charge
*b>0.92 * Cluster energy > 0.15 GeV

e Etot/0.27 > 0.25 GeV
* EC fiducial cuts
* |C frame fiducial cuts

. Ey VS @y cut
* |C fiducial cuts
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Nyre fOr electrons
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Checks and systematics
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Systematics evaluated for:
* Exclusivity cuts

* Pb, Pt, PbPt
 Background subtraction
* Dilution factor

Overall systematics smaller than
statistical uncertainties (work in
progress for final values)

Various checks requested by
DPWG review committee
(example: at least/at most 1y)



Incoherent Nuclear DVCS

S. Liuti, K.Taneja, PRC 72 (2005) 032201 ; 034902
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“* Within the SLT dynamical approach, the incoherent ratio is predicted to be more

Marsefle, #pi=20=26, L8015

Importance of reaction mechanisms beyond impulse approximation has still to be

sensitive to nuclear medium effects than the coherent ratio.

investigated.



Beam Spin Asymmetry

» Because of the simple GPD structure of spin O nuclei, the twist-2 beam spin
asymmetry (BSA) allows for a model-independent simultaneous extraction of the
real and the imaginary parts of the twist-2 Compton form factor.

o () Fa(t) IM[FH 5]
a1 (9) F2 (1) + oy () FA() Re[H 5 [+ (@) Re[FH5]* + aa() SM[H L |°

AL'Ge () =

» In the region of the minimum of the helium form factor (~0.4 GeV?), the beam
spin asymmetry provides some control on the twist-3 effects.

a, (@) Sm[H |
a,(p)Re[H, | +ap)Sm[H ]

AT () =

Marseille, April 22-26, 2013



Checks and systematics
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Systematic check on exclusivity cuts: 2.5¢, 30, 3.50

Systematics evaluated for:
* Exclusivity cuts

* Pb, Pt, PbPt

» Background subtraction
* Dilution factor

Overall systematics smaller than
statistical uncertainties (work in
progress for final values)
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Checks and systematics

Systematics evaluated for:
* Exclusivity cuts

* Pb, Pt, PbPt
 Background subtraction
* Dilution factor

Overall systematics smaller than
statistical uncertainties (work in
progress for final values)

* Bin-centering corrections

« Simultaneaous fits of the 3
asymmetries with common
denominator

' *Transverse asymmetry correction

M. Diehl, S. Sapeta, Eur.Phys.J.C41:515-533,2005



