DVCS Factorization

* Works great for Q2> 20 GeV?! (HERA)

e COMPASS (muons), HERMES(fixed target at HERA), Jlab
Q%< 10 GeV?

* Even if vector meson content of photon is suppressed,
what about higher order perturbative QCD effects.
* Enter Amplidute with powers [A%/Q?%]™/?

» Coefficients not known a priori. Can be large from Chiral
symmetry breaking effects.
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Higher Orer ggg Correlations, as
corrections to DVCS

b

« GPD ~ 1/Q?
* gqg Correlation
~ 1/[(22]3/2
* ggqq “Cat’s Ears” ~1/Q*
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GPDs: Correlations of Spatial,
Momentum, and Spin coords.

Vector: Hp(x.&0),E(xE0) < [ ¥ dz(P+A/2B(+z )y W(=z )| P-A/2

Axial: Hp(xE0).Er(xEn) <= [ +Z—dz_<P + A2 P(+27)y ys W=z )| P A/2)

II::)CI)gWard IImItS Hf(.X,0,0): Qf(X) Polr in G HI‘ IIIIIIIIIIIIII
H £(x,0.0)= Ag s (x)
e 2SS g = s s

First Moments: | 2 y
dx[H El¢(x.EN)=[F .F] . (-A
Elastic FFs _fl 0t ) [FiF | A7)

4 /Pressure

Second Moments: [ xdxH ¢(x,5.1)=+M; f(t)+ o
Energy-Momentum ; i
fxdef(x,g,z) = —sz(t)+§§2d1f(t) 4 Proton SI' N

tensor
X. Ji: Origin of Spin f1de[Hf (x,5,0)+ Ef(x’g’())] =2/
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What do DVCS experiments measure?

* dofep—2epy) = twist-2 (GPD) terms + X [twist-n]/Q"?
* |solate twist-2 terms = cross sections vs Q? at fixed (xg; t); or
* = Multiple beam energies at fixed (Q?, xg, t)

* GPD terms are Compton Form Factors’ .

1 2.5 i
i NS —

* Re and Im parts (accdssible via interference with B

Y
X=G

2%

Sm :CFF(E,Az): _ n[GPD(g,g,AZ) + GPD(-£.£.A%)

GPD(x,E,A%)
xx&
GPD(E',E',A%)
§'x&

Re|CFF(EA%)|= p [ dx

+ D(A?)

o 0J
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Physical Interpretation of GPDs:
- , .

&-O Probablllty densities of impact parameter b relative
to Center-of-Momentum of proton:

H(x,0,A*) < q(x,b)

H(x,0,A%) < Ag(x,b)
* x=C: H(S, EA)-H(-C.CA°), E, etc.

* 2-d Fourier-transform A, € r

* Transition amplitude from longitudinal momentum
0to 2&/(1+&) at fixed impact parameter r relative to CM of spectators.

* Not a positive definite density, but still an image.
* Directly measurable
* Expect size shrinks as & =1
» Different profiles for u, d, glue,...
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0grapny wit enerallzec
Parton Distributions (m. Burkardt Target polarization

—
* H(x,t)y" + E(x,t)cHvA, deb ) 4 Uy (x,b )l

* Proton size shrinks as x> 1. N = /\
 Spatial separation of up- (@\
and down-quarks in a

by )
transversely polarized proton I

* Spin-Flavor dependence to R

Proton size & profile.

e up and down quarks separate in
transversely polarized proton

By .
£f(x,bl)=f(2n)ze E.(x,A))
Ibélqvoripole

qX(x,bl)=hq(x,bl)+2——gq(x,bL) <%@))M

M oy

' @ | z=05
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' Exploiting the harmonic structure of DVCS with polarization

v - .
Wt | { K o
The difference of cross-sections is a key | - /

observable to extract GPDs Gi

z =
q2 (,04;
With polarized beam and unpolarized target:

Mgy, ~ sing{FH + E(F + F)H + (t/ 4M*)FE Jdg |

With unpolarized beam and Long. polarized ftargef:

oy, ~ sing i + (R + FOH + (+/AM*IFE Mo %

With unpolarized beam and Transversely polarized target:

Ay, ~ cosgsin(ps — @) {(t/4MP)FH —(t / AM?)FE +..}dg

Separations of CFFs /AH(+¢.c 1), /:I(ii,i,t), E(E Ci.
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Measuring GPDs epDepy

e HERA e |

(2001 — 2007) y 3 Bethe-
* HERMES + Heitler
(2001 — 2007) — — (BH)
e JLab 6 GeV | %‘-’\*\‘\ %‘-’\\
(2001 — 2012)
* JLab 12 GeV Y
(2014 —
* COMPASS Virtual
(2016 — | ‘ e ’ Compton !
. EIC X e e? Scattering &
(2025+7? (VCS)
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27.6 GeV e+/e- HERA beam

Access to valence and

sea

Electron and Hadron ID
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1all A Results: Scaling Tests

2=2.3 Ge VZ/ XBj=0'36l PRL97:262002 (2006)

C. Munoz Camacho, et al.,

.23 GeV? ' PRC 92, 055202 (2015)

M.Defurne, et al.,

-
I

— * Empirical extraction

== DVCS-Twist2
e | NE-TWISE2

=nre, A " Leading-twist (GPD);
= Higher-twist terms

Test Q%-independence
of GPD terms

Im[C*(F)]

s |nt.-Twist2
= nt.-Twist3

1é0 24"0 3C|JO 360
¢ [deg]




* do - - Fit (HEAE)

* Ao — Fit (H,F)
— KM15 o

BRSNS 1.75, 2.0 GeV-?

t al, “A Glimpse of Gluons”, | £=-0.18 GeV* i
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VO FIt-Scenarios
[Using V. Braun et al, PRD 89, 074022 (2014)]

z,6.t), H(z,¢,t)

Q®LO/LT + Twist-3 + , I
Kinematic Twist-4 i *k

’ LO+ N LO (gl uon q (+) q’'( +) q (+,-) q'( +)
transvers ity) + o I
Kinematic Twist-4 } - # ] %—} -




Q2=1.5,1.75, 2.0 GeV2 & Ee = 4.45, 5.55 GeV
Displayed at Q2 = 1.75 for -t = 0.030 Ge\/?

== FitLTALO
= FitHT
KM15

Identical fit (blue®) for either: Twist-3 or NLO (gluon) scenarios. :
Both fits have Kinematic Twist-4 contribution constrained from Twist-2
component of fit




EQ7-007 Global” Fit

Separations of Re,Im[DVCS'BH], | DVCS|?

.

-t = 0.030 GeV? (of three t- blns) Displayed at Q? =

- R
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DVCS in CLAS @ 6 GeV

H(e,e'yp) " CEBAF
Longitudinally Large

Acceptance

pOIariZEd N H3 Spectrometer

target.
e Add:

S Tesla Solenoid
420 PbWO, crystals :
~10x10x160 mm?
APD+preamp
readout
Orsay / Saclay / ITEP CC. Cerenkoy Counte?

SC: Scintillation Counter

/ Jlab EC: Electromagnetic Calorimeter
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e

' """f (unpolarized Téré)

o N K.S. Jo, F-X Girod, et al.,
-1=0.153 GeV? 1=0.262 GeV? -1=0.447 GeV? Phys Rev.Lett. 115
(2015) 21, 212003

N2 Q%=1.11 GeV? Q2=1.63 GeV? Q%=2.23 GeV?
Xg=0.126 X=0.185 Xg=0.335
A =5.30+0.95] _ A=4.98:0.56 _A=1.44:1.25
b,=4.25:0.98 | b=3.03+0.55 | b=1.04+3.68
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FIG. 5. (Color online) Results of the CFF fit of our data

Q%=2.78 GeV?
X5=0.335

‘A
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Model-dependent extraction of "
Re and Im parts of the H(E,Et) &
Compton form Factor

(unpolarized GPD)




Ine pressure distribution acting on
juarks in the proton

. . -.

»
World data model fit result

CLAS12 predicted error band / Z [H(:C, 6, t) B H(Z, 0, t)] dz - £2d1 (t)

Repulsion in the core
valence quarks
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Integral vanishes:
Nucleon stability
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F[<Q*> = 1.52(GeV/c)?
<xp>=0.179
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S
Hall A =
2014-2016 /
H(e,e’y)X

On to 32 {11} 10.6 GeV!

CLAS12

Hall C:NPS

NSF MRI + JLab
PbWO4 + Sweep
magnet
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