Status and Results From Recent
CLAS 6 DVCS Experiments

Carrying coals to Newcastle



1996 Introduction of GPD formalism for exclusive reactions

Lots of experimental and theoretical activity
Spate of theory articles:

Ji, Radyushkin, Mueller, Burkardt, VGG

Experimental collaborations: Hermes and Jlab

DVCS in some ways most attractive at JLab kinematics
- v perturbative.
- Sensitive to GPD H — charge distribution.

But, BH dominates cross sections.
Need polarization variables




1996 Introduction of GPD — handbag formalism for exclusive reactions

Many experiments conducted
at Jlab for v, ,m,¢ final states

Focus on DVCS.
Sensitive to GPD H — charge distribution.

But, very large Bethe-Heitler interference




Experiments Performed at CLAS 6

1. Unpolarized cross section:

Gunp O | M | > +2M s lRe(Moves)+ | M pves|?

2. Polarization measurements, either beam or target,
eliminate most of | M 5;,|?

AGpol=G,- 6_~ 2M g Im(M bvces)

3. Asymmetry measurements A & AGpol/Gunp

(AUL ’ ALU , ALL )

A, least difficult. First experiments measured A,.



Experiments do not directly measure GPDs

but Compton Form Factors

GPDs:

Form
Factors:

DVCS H, H

Different observables sensitive

to different CFFs
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Beam Spin Asymmetry

S. Stepanyan et al.,

Phys. Rev. Lett. 87, 182002 (2001)

t~0.31 GeVZ/c?
£~0.16.

Q2% ~ 1.82 GeV?/c?
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A(P) = asing + [sin2¢.

a~020 B~-0.02

\

Consistent with dominance of leading order (twist 2)
in expansion: 4 =X a,sin(nd)

First CLAS DVCS experiments

AUL

Target Spin Asymmetry

S.Chenetal.,
Phys. Rev. Lett. 97, 072002 (2006).
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CLAS 6 GeV large kinematic acceptance experiments



CLAS 6 GeV - Run 2005 -4y
FX Girod et al. Phys. Rev. Lett. 100, 162002 (2008).

Beam spin asymmetries. Integrated over all ¢
(Thesis FX Girod - 2006)
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First CLAS 6 GeV - Run 2005 A,

FX Girod et al. Phys. Rev. Lett. 100, 162002 (2008).

_a(®)sing
UL 1 4+ Beos ¢

= = = = Regge (Laget)
— = — = GPD Twist-3
GPD Twist-2

Good theory fits* show robust theory.
(but variations among models?)

*M. Guidal, M. V. Polyakov, A. V. Radyushkin, and
M. Vanderhaeghen, Phys. Rev. D 72, 054013 (2005).




Polarized beam and target - 2009

Beam, Target and Double beam/target asymmetry

Different geometry and beam conditions

A, - E. Seder et al. Phys. Rev. Lett. 114, 032001 (2015)

Full Article, Ay, Ay A —S. Pisano et al, Phys.Rev. D91 (2015)
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Compare target spin asymmetry with beam spin asymmetry

TSA Sensitive to H and H BSA Sensitive to H
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Smaller t slope in oy, than oy,

Axial charge radius is smaller than charge radius.

Agrees with axial form factor measurements involving 7° and v.
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Agreement on BH dominance — but A, data cannot constrain DVCS

_ Ky +Ap cos ¢

1+ [ cos¢

ALL

F <Q>=1.52(GeV/cY |
- <xg>=0.179 -

<Q> =197 (GeV/cy
<xg>=0.255

[ <Q> ; 241 (GeV/c)é i |

<Q>=2.6(GeV/cy
05 - ;XB> =0.255 r<Xg>= 0.345
: oE.
Uy :%MF - + ?‘i -
0.5F - "
05 | <Q>=331(GeV/ie) | g gata
. i <XB>=0.453 --- VGG
] St T KMM
S e "o GK
R - GGL
'0.5 B - BH
0 05 1 15
-t (GeV/c)?




Pisano et al

Extraction of H;y and H;y,

4F r
Jof <Q%> =152 (GeV/cy 2P <Q®> =197 (GeV/ey
37 <kg>=0.179 27 <xg>=0.255
E25F ssp [
= f C: % For all data
E F E1F . v
T S H,y falling faster than H,,.
3 05F
o] l | + :
oF oF
L 3_
250 <Q®> =241 (GeV/e) F|<Q*>=26(GeV/cy
b <x>=0255 25F |<xp>=0.345
2;7 n
E15F 5 L
lian) l:ﬁl.Sj
E L Ef
an) T 1F
0.5F 05F
e g
of J ofF i
:Hl‘”m”‘”‘”m”u I IS BT BT I SR
IF <Q> =331 (GeV/c)
0.8[ <xg>=0453 + H,,, fit to present data
E§0'6? + H,,, fit to present data
2
04F
Eéo_zi i —§— Hy,, fit to [13] and [15]
3 % H . fi 13] and [15 . .
oF e fit 0 LT and 113] F.-X. Girod et al. (CLAS Collaboration),
02F Phys. Rev. Lett. 100, 162002 (2008)

02 04 06 08 1 12
-t (GeV?)
S. Chen et al. (CLAS Collaboration),

Phys. Rev. Lett. 97, 072002 (2006).



d*c (nb/GeV?)

A(d*s) (nb/GeV?)

-t=0.153 GeV?

Absolute Cross Section 0 and AG measurements.

DVCS1 Run: March to May 2005

J.S.Jo et al. Phys. Rewv. Lett. 115, 212003 (2015). 21 binsin xg, Q3 t
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Hyy is @ measure of
density of partons at x=
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Last result: DVCS2 run 2008-2009
Theses, B. Guegan and N. Saylor

Final edits of PR article in progress
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Comparison between DVCS2 and DVCS1

Different

beam energy: 5.88 vs 5.75
target length: 1.5vs 4 cm
target position: 3 cm
solenoid/target offset

FX Girod: careful studies and extrapolate expected variations in ©

Ratio of cross section differences and errors added in quadrature
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Major issue for cross section measurements —elastic normalization




Example of analysis of Jlab DVCS data and Proton Tomography
R. Dupre, M. Guidal, S. Niccolai, M. Vanderhaeghen
Eur.Phys.J. A53 (2017) no.8, 171

arXiv: 1704.07330v1 [hep-ph]

Fitting procedures based on VGG and developed over the years in various publications.



[—Ilm(E' t) = H+(§' El t),

Data on H},,(&,t) generated by
fitting all CLAS and Hall A data.

1.For each xand (? bin fit &
dependence BY.

Hlm(gl t) = A(E)eB(E)t

2. Plot all fit pointsin A & Bvs ¢ for
all fits for all kinematics.

3. Fit all these A & B with
Where and B have following
functional form

Him(€,t) = A(8)eB®!
A(§)=a,(1-¢&)/ ¢
B(¢)=agln(1/¢)

H+ (E! f' t):Hq(X, ff t) - Hq(_x; El t)

B(®) (GeV?) \ EA®)

DD: by = b, = |
DD: b, =1, by=5
DD: by, =bs=5
DUAL




B - (b%)

(fm?)

Relate B to the number
density of quarks of quarks
with longitudinal momentum
fraction xat a given
transverse distance b

(% )%




Outlook for CLAS 12:

See F-X Girod talk in March 2017 Collaboration meeting

— 0.015
¥ =015, Q% =1.39-GeV3y/ - x5=0:15 ;- Q% = 1.39-GeV? E ’
Q >
-t=0.11 GeV? t=0.15 GeV? ®
S|\ ooV / 1\ 3 — 1 @®=3.75GeV? 8
Y 7 1\ /] =
vb [ [\ (\E_
© )
\\%.\ 1 l.e"%
L EL
X5 =015, Q%=1.39 GeV2 /| x,=0.15, Q%*=1.39 GeV?
4=0.20GeV? 4 |\ -t = 0.26 GeV? v
1 b4 \ Y
yd \i. &/
b b 4
AN i’l
i M /
' \ﬁ__r f -0.005
5 5 +
. \‘\\\\\ \‘\\\‘\\\ (. [ B R
0 0.2 04 06 038 1 12 14 16 1.8 2
10 1 P A P P ‘ r (fm)

Il Lo L L NI 1 L
50 100 150 200 250 ¢(°) 100 150 200 250 30C



Next step — publish DVCS2 data

Run experiments at 12 GeV during first run period



