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JLAB Physics program

* Nucleon and nuclear structure
studies, spatial and momentum
tomography, form-factors ...

» Low-energy test of the Standard
Model and fundamental
symmetries, and search for Dark
Matter particles. .coctee oo

X o
5 lepton fiavor %O
K fundamental z
= quark flavor theory 3
D

e o5
\\\é o %0
© & O’0\9}/

dark matter

* Cold nuclear matter,
NN correlations,
hadronization, color
transparency...

 Exploring origin of
confinement — meson
and baryon spectroscopy,
exotics ...

Hall-B has a significant presence
in all areas of JLAB physics.
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Elastic and deep inelastic scatterings give us two orthogonal projections.

Electron scattering for Nucleon Tomography

DIS Parton Elastic Form
Distribution Factors
Functions

‘{' q,)
= /
Pip) y

No information on
the spatial location
of the constituents

No information about
the underlying
dynamics of the system

Over the past two decades, advances in theory — the development of the
formalism of Generalized Parton Distributions (GPDs) and Transverse
Momentum Distributions (TMDs) — have laid the path towards 3-D imaging of
the nucleon’s partonic structure and determination of nucleons’ fundamental
properties using deep exclusive and semi-inclusive reactions.
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GPD framework ClaS

« GPDs, accessible in hard exclusive reactions (i.e., DVCS, TCS, DVMP),
describe the internal dynamics of nucleon structure, forces inside, and its spin.

* They exhibit interesting properties, such as polynomiality, and are subject to
several constraints:

= in the forward limit (¢ » 0,t — 0) H and H GPD
reduce to quark, anti-quark, and gluon PDFs

Hq(x,O,()) = q(x)a_ q(—X)
H(x,0,0) = Ag(x),Ag(~x)
= and the first moments of quark GPDs are

related to the Dirac, Pauli, axial, and
pseudoscalar form factors

(x+5) P (x-€)p

+ +1
. | [ asH" (20 =F() [ deE" (.0 = (0
At leading-twist, there are four chiral- )
even (parton helicity-conserving) GPDs: o o o o
e [ el (xe,0)=gi(t) [ aeE'(x,&,0)=Hi(0)
H':E";H":E
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The Mellin moments of GPDs linked to the FF of the QCD energy-momentum
tensor (EMT) of the nucleon, and to the nucleon spin:

GPDs and the form factors of the QCD EMT

1 e _ =] ga ’7{#PV} a iP{NUV}PAp a ANAV _gIU/A2 ~a
@, 51T, (@)lp, s) =@ [A () =5 + BA(t) — 4 20— + D*(t) == 4+ met(t) g |u
1 1
/ dr xH(x,&,t) =A%(t) + £2D"(t) Jq =5 Z[Aq(o) + B*(0)]
-1 q
1 1 1
/ diB ﬂan(Zl?,f,t) :Ba(t)_§2Da(t) 252/ dﬂ? CB(Hq(QZ,f,O)—FEq(Cﬁ,f,O))
-1 q -1
a=4q,9 Ji, Phys. Rev. Lett 77 / Phys. Rev. D 55, 1997.

The FF D4(t), or D-term (M. Polyakov, C. Weiss, Phys. Rev. D 60, 114017),

characterizes the distribution of the shear forces, s(r), and the pressure, p(r),

inside the nucleon: .

1 1
ReH (£,1) :D(t)+?f_1dx(€_1—f+1)1m7—[(€,t)

V.Burkert et al., Reviews of Modern Physics, volume 95, 2023.
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The experimental observables, for example, asymmetries and cross sections
in DVCS/TCS, are parametrized by complex-valued CFF.
Tovesres~F (&, t)

The CFFs are expressed as convolutions of complex-valued hard-scattering
coefficient functions with the real-valued GPDs.

Im?-"(f, t) — l'TL'E[Fa(f, 6» t) _ Fa(_gr gr t)]

a

From experimental observables to GPDs

1

= + F@ FFa(-
ReF(§,6) = P de<€—x_€+x)za:[ (6,6, F FA(~x,€,0)
-1
Therefore, extracting information on GPDs from experimental observables is
not straightforward and is a two-step process: from observables to CFFs,
then to GPDs.

And, of course, we have to disentangle different flavor (a, gluon and quark)
contributions.
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CLAS12 GPD program

The subject of nuclear femtography is a central focus of the CLAS12 science
program.

Experiments, already underway, include the study of deeply virtual exclusive

reactions using a variety of unpolarized and polarized targets and up to 11

GeV longitudinally polarized electron beams.

These studies build on the successful GPD program at 6 GeV with CLAS on
DVCS and DVMP and will provide many data points on cross sections and
beam, target (L/T), and double spin asymmetries.

The whole program is encapsulated in several Hall-B run groups and has
more than 400 PAC-approved days of beam running.
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Proposal Contact Rating Days Group | Newequipment | Energy Proposal Physics Contact Rating Days Group Equipment | Energy (GeV) | Group Target | Complote
E12-06-108 Stoler 8 80 RICH (1 sector) E1206-109 Kun A ©
Forward tagger E12:06-109A Niccol (60)
E12.06-108A Caman (60) ” ookl ) o
E12:06- 119(0) Sabatie A 120 " c
£12-06-1088 Kunkel (80) Pokazad et LLib
E12:07-107 Avakian A 103 448120 N 1m :;‘”‘J S.Kuhn NDy
orvard tagger
E12:06-112 Avakian A L] ™ o EN2080070) Hafdi A 8
12061124 Mirazita (60) £12:09-000 Avakian 8¢ 103
E12-06-1128 Pisano (60) E12-06-106 Hafidi(El Fassi) B+ 6030 5
2 "
E12-06-119(a) Sabatie A 80 £1206-106A Nuclear TMDs n CLAS12 Dupre @0)
£1209-003 Gothe Be 2 E12.08117 ‘Quark propagation and hadron formation Brooks A 50 0 1 3 Nuclear
TR Eatagior T 0 E1206-113 Free Neutron structure at_large x Busliman A @ @ Radial TPC 1 F GasD; 100%
E1214-001 unctio Brook 8 55 55 Pol. targe, L 1 3 6LHI7LD
E12-11-005A Guo (120) peon rooks L uid
cr2A11 Contabrigo A 110
E1212401 Nedel Turonsk s i C12-12:008 Avaldan A 110 110 Uy it H HD
E12-12-001A study of LHCb pentquarks Stepanyan (120) peepryms P . ™ g
E12-12-007 Stoler, Weiss 8+ 50 L
Proposal | Physics Contact Rating | Days app. Group Equipment Energy (GeV) | Group Target | Completed
E1207-104 Gilfoyle A 30 Neutron detect
o e " " RICH (1 sector) E1246:010 | Asearch for ybrid Baryons in Hall B with CLAS12 DAngelo A 100 K
a a - guer
: % Forward tagger "g4 16.010A | Nucleon Resonances in exc. KY electroproducton Camman A (100) 100 et 84,68 ,f,";‘"s“;;“"; LH2 2%
EN LRI & 0 E12-16-010B | DVCS with CLAS12 16,6 and 8.8 GeV Elouadrir A (100) aco
[HAE S 60) Ef247.012 | Partonic Structure of Light Nuclel Mezani A
E12-09-0088 Pisano (60) E1217-012A | Tagged EMC measurements on Light Nuclei Dupre.
— 5 5 ALERT detector 1 L
E12:11-003 Niccolai A %0 E1247:0128 | Spectator-Tagged DVCS on Light Nucksi. Amstrong iyl
E12-11-003A Hen (0) E12-17-012C | Other Physics Opportunities with ALERT Hafidi
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‘Time-like Compton Scattering

Bethe-Heitler (BH)

AT P 4T o Re(T")+ AT ¢ Im(T )+ 1T P

—de Odid

CLAS12 measures the reaction:
ep > I"I7p'(X)
where the scattered electron escapes the

Photon polarization

e
‘ ’e!l)
; ¢ ¢
q‘l,‘ . e(]; k N k P
S S /<9
p’ Q\ boost p’ /
» I’ k’
Yp cm.
I'I" em.
3
doinT _ _ Oem l M 1 I;o cos 1 + cos? 9R T
dQ'’? dt d(cos 0) dp dns? —t Q' 7/1—7 L sin @

— 08 2¢ V2 cos § ReM~ +cos3<psm9ReM"'_+O(Q,)]
agm 1 M 1 LO

Ao G Qi L [Sm‘”
—sin2¢p V2 cos § Tm MO~ + sin 3y sin@ImM ™+~ + O(Q/)] .

1+ cos?8
sin @

ImM~~

. .. ‘g . . . - 2\/ tl-—
detection and is identified in the missing t" s [F1(t)7-[ E(FL(0) + Fy (D) F — 4M2 —F, (t)E]
momentum analysis, X = e’.
0‘5. Enmeayz'ﬂzooT* 00:_
sl .- B “F ©(782) PRELIMINARY | _
& o4gry - 3
oI = >
EOLE ' 3 ¢(1020) S
C =
= p(770) S
— %\,Eiiii J (3097
MM?(e*e™p") - (GeV) pcu(degrees)
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First experimental results on TCS Clas

P. Chatagnon, et al., CLAS Collaboration, Phys. Rev. Lett. 127, 262501 (2021).

Two observables:
» Photon helicity asymmetry, accessing the imaginary part of the CFF (similar to BSA in
DVCS) — testing the universality of GPDs:

_ _ Qe 1M 1 Lo .: (14-cos? 0) e
) U:iN—i—_N _dot —do”  TEFS Qo Lo ey M
© Py, Nt + N~ dot 4+ do— dopy
« Forward-backward asymmetry, accessing the real part of the CFF — extracting the D-
term (QCD EMT FF D9(1)): . ) 3
Qg 1 mp 1 Lo COSgb (1+cos Go)ReM__
AFB (90 (bO) — dO'(Ho, ¢0) - dO'(T(' - 007 T+ ¢0) — 4rs? —t Q’ 7'\/E L 0 Sin(GO)
’ do (0o, o) + do(m — 0o, 7™ + ¢o) dogwu (0o, po) + dopu(m — 0o, ™ + ¢o)
= 06 E,=7.29GeV; M, =1.8GeV » rE,=723GeV; M, =181GeV o  E,=8.13GeV; M, = 2.25GeV
<° E . < 0.6; Forward angular bin: - O_6;Forwarc}/angular bin:
0-5: PUblI Sh ed d ata 50 f b—l - 0 [50°,80°], ¢ <[-40°, 40°] L 0 <[50°80°], ¢ <[-40°, 407]
0.4F r C
0.3;7 _ ‘__‘__+_...‘-—fuu.u\.ﬂ.-.‘-_’:‘:‘.';'.".‘:‘.".".'.".‘;‘_", L 0_4;
o +*+ bh e v e by 0-2;
oF ——s s : R RESIEEEL
70‘1% 4 pubished esuts |:|Sy + G . r 70.2; -_:— s |E| 3:; + GGm G
—0.2; - BH == VGG Gl E -
03037702 05 04 05 06 07 08 ‘gig 0450 0 0d T os T os 07 o8 os %1 02 03 04 05 06 07 08 09
-t (GeV?) -t (GeV?) -t (GeV?)

« The currently available data for analysis is about 155fb~1 .
« The expected full data set will be 760fb~1 (grey predictions on the plots).
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.262501
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Proton DVCS: BSA

<
class
G. Christiaens, et al., CLAS Collaboration, Phys. Rev Lett. 130, 211902 (2023).

. x 10° ><101g
DVCS Bethe-Heitler “#3 " 1 8
=10 — All events HPN
[ o] 40
2 — n0 events
+ 7 — nevents
6 — After subtraction
sE 20
I, .7 4 ;
o(ep - e'p'y) = opy + opycs + Ot 3f
N:
z : - : A
ALU(¢) swnpsm¢ 1c; 0102 03 04 05 06 07 08 0 ; 2 8 4’
BH L1 0. g - . - - . 2 2
€0,unp + (Cl ,unp + Cl ,unp +- ) cosg- - Xg Mo, x (GeV) 8y (deg)

« Large phase space, total of 64 bins in Q?, xg, and t

Fzﬁ] * Exclusivity is ensured by application of cuts on 9,,,, Exss, Pr..., and Me'yX

s%,unp x Im [FIH + §(F1 + FZ)H 4M2

S:,BSA
BSA

Q7 -~ 1.6 Gev? Q' ~2.1Gev? sk Q@ = 2.0 GeV?

Q' -2.8GeV? L Q@ =58GeV:
0.5 —¢ Xg ~0.15 0.3 . Xg ~0.20 g 5 0.5 7
; o s | v X = 0.14 X = 0.26 %o = 0.44
3 ® “ o
L 4= - 4 PR Y 'R «’;‘ 8¢ -oa7cew \ t -021GeV: L t ~-0.58GeV?
2 ; P o 28 TR s

.4
0%7
. A1 %‘~ (- 3/ 105,66V # ®_dita- 105 6ev Y&
iy o I O datas10.2 Gev | © uatan10.2 Gev 3

—e— Fall 18
- —= Noreweighting

ot _+ —= With reweighting + 1 . :::'05 Gev WGG - =WVGG
0.5~ 05T e KM15 o3 Xl 0.5 0.5 = =K
0 60 120 180 240 300 360 0 60 120 180 240 300 360 B L E _._-.._.t:___._._._.___._,_._._
0 (deg) © (deg) 60 120 180 240 300 360 60 120 180 240 300 360 60 120 180 240 300 360
6 (deg) o (deg) o (deg)
 The kinematic region Over|aps with previous|y » Kinematic bins that are reachable On'y with a ~10 GeV
published CLAS data. electron beam.

» Comparisons with KM15, VGG, and GK models.
* Avreasonable description of data in the unexplored region of
phase space by VGG and GK.

+ KM15 parameters and AAN training use the
available world dataset on DVCS.

®Thomas Jefferson National Accelerator Facility
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Neutron DVCS Clcgoa

A. Hobart et al., CALS collaboration, arxiv:2406.15539 (submitted to PRL).
« The first measurement of BSA for nDVCS in a fully exclusive reaction.
ed - e'ny(p)
* An important reaction for the flavor separation of GPDs.
» BSA is most sensitive to the CFF € and provides access 1INt —-N"~

to the GPD E, one of the ingredients in Ji’'s spin sumrule. “V 7 p N+ 4 N-

. Y t 02f I
ALUOCSHI¢ %m(F1H+§(F1—|—F2)7-[— 28) [ _+_
AM |
s T T 1 ] [
<t R ] tee o< >=021GeV?  [<-t>=039 GeV?  [<-t>=0.83 GeV’
[ R . i . s “l<xp>=0.15 <x,>=0.19 <x,>=0.27
0.8 evu, to, U * Te ] [<Q”>=2.2 GeV? <Q2>|=2.5 (‘}eV2 . <Q2>|=2.8 (I}eV2 .
L + ] L o) ' ' ‘ ' ‘ ' ' ' '
! o * . - P 202 T T
06 . . | . . < |
[ ° - ** - ] * ++** . of _+_ %
04f : g ™ . ., [ +
i S e e, ] v =9 _oa[<>=031GeV?  [<t>=037GeV?  [<-t>=0.63 GeV?
A L L. JF grammemmnmem s R, “[<x,>=0.11 <x,>=0.16 <x,>=0.30
02 o a A - AT ;<QB2>.=1.7 GeV? <Q'3>|=2.3 GeV? <QBZ>I=3.3 GeV?
L .‘ e .,*"‘ °.. {1t = ] 02F t t f f T f f f f
L_.. ** B .3}-. B 0 [
% 05 1 15 2 0 02 0.4 0.6 e, —t —
MMf( ed— e'ny (X) (GeV?) Py ed— e'ny (X) (GeV) 0 ' _J_
i : 2 2 -t>=0.37 GeV? -t>=0.43 GeV? -t>=0.58 GdV?
Exclusivity cuts include 9, Px, M;:, ., and Mg, . 0 TGOV fgerice brem)
. e . <Q>=16GeV>  [<Q>=23GeV®  [<Q*>=3.8 GeV>
About 80k e'yn(p) events were identified in a wide TR T T (e RN R T e ()
kinematic phase space. o)
-~,§ P oFrcE R . ;?
(07 (2 SCIENCE Femtography-2024, ECT* August 5-9 Jefferson Lab
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https://arxiv.org/pdf/2406.15539

Neutron DVCS: BSA

Fits to the Q?, xz, and t dependencies of
A;y(90°) with the VGG model. The best
fits yielded:
Ju
Ju
Ju

0.35,]4 = 0.05,
~0.2,], = 0.15
—0.45,], = 0.2

03 02 04 06 08
-t (GeV?)

2 3 02
. . 2 2
The flavor separation of both Im# and Imé& in global Q" (GeV?) XB
fits of CFF using neural networks (K. Kumericki et al.) - Y
without CLAS12 nDVCS with CLAS12 nDVCS with CLAS12 nDVCS = CLAS12 nDVCS
H 3 u quark 06~ JLab Hall A (model dependent)
= n-DVCS :
20} B d quark ™ :
£l |
10 SN N 0.2 _
0 O CARLTGPDs T b
| @lLattice QCDSF (quenched) ;
-0.2|- OLattice QCDSF (unquenched)
| JLHPC Lattice (connected tefms)
0.4+ [
w | GPDs from : '
E Goeke et al.,, Prog. Part. Nucl. Phys. §7 (2001), 401.
= ~0.6|~ code VGG (Vanderhaeghen, Oulchor? and Guidal)
—90 -0.8}- HéRMES Preli
. p-DVCS
zg =0.15 zp =0.15 t=—0.2 GeV? B TR T TE T e TR R
0.0 0.2 0.4 0.0 0.2 0.4 0.1 0.2 i ) ) ) | ] ) f
—t [GeV? —t [GeV? §

Credit to S.Niccolai
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DVMP and transversity GPDs

A. Kim et al., CLAS collaboration, Phys. Lett. B 849 (2024) 138459.

L e ~ * Deeply virtual exclusive production of 7% has an

<>
clasy

¢ increased sensitivity to chiral-odd GPD, E; = 2H; + Er.
* The sin @ moment of BSA V2e(1 —e)% sin ¢
projects out o, /dy: BSA= -

\/ oLt orT
1+ 4/2¢(1 +e)6—0 cosp+e o cos2¢

. oLy Im[{Er)y*(H)+ (Hy)*(E)]
\%/ — - —— — )
0 (1-¢&)(Hr)| —m|<ET)| +eop

E <0’>=2.58 GeV?, <x >=0.29 E <0%>=3.02 GeV?, <x >=0.39

Published data: The black curves show the
theoretical prediction from the GPD-based
Goloskokov-Kroll model. The other curves are:

» The black dashed lines show

the effect of the GPD E;
multiplied by a factor of 0.5,

2: ;—<Q2> 4.65 GeV?, I<xB>I=o.37 5_<Q2>=4.14 GeV?, <xB>=O.;1 E—<Q2>=6.64 Gev?, <x,>=0.56
Bl o2E 1 3 3 ’> - the black dotted lines show
0.15F * 3 * 3 * the effect of the GPD
of \ o e * ...... 3 + H { 2 \ } Hymultiplied by a factor 0.5.
R s S 3 A Tl b ke bk 3 B — | » The red curve shows the
oF Eo 3 theoretical predictions from

E L I I I L 1 1 E
0O 02 04 06 08 1 12 14 16 18 0 02 04 06 08 1 12 14 16 18 0 02 04 06 08 1 12 14 16 1.8

the Regge-based JML model.

-t [GeVY] -t [GeVY] -t [GeV?]
f \’5 PP o OFFcEOF . )
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DVCS with longitudinally polarized targetsgjq S5

* The longitudinal target-spin asymmetry (Ay;) gives access to the imaginary part of a
combination of the CFF H and # . Double spin asymmetry (4,,) allows access to the

real part of Compton amplitude.

» The experiment, CLAS12 RGC, collected 70% of the expected data. Part of the data is
analyzed with preliminary results on Ay, and A;; in a new kinematic domain.

» Asymmetries for proton (NH3) and neutron (ND3) targets has been measured and will

be studied in a wide range of kinematics.

T s
sTypsing

AyL(¢) ~ ’
(.g.txinp[ gn (Clla.l:np e Clz,unp ftecL: ) COs (/} 3 RCh

2 -
Spp & Sm [FIH + &(F, + F2)<H + TBE,’>+

o8 1 ~
= §<?BF, + WQ) 5]

3 E T T T T T T T T T T T T
< 04F-<Q%> =3.09, <x, > = 0.23, <t>=-0.82 <Q®> = 4.35, <x > = 0.43, <t>=-1.13

—*— 1° subtracted

whonibi bl

o Raw

I m

ool bbb bl b dig

1 1 1 1 1
100 150 200 250 300 350
¢ [deg]

1 1 L ol 1 1. L
100 150 200 250 300 350 50
¢ [deg]

L
-0.55 50

W) <52 SCIENCE

BH T BH
Corp + Corp t (c 1 T C{LP) cos ¢

BH BH
€0,unp + (Cl.unp + C{,unp + - ) cosg---

ALL(¢) ~

Coup Cirp o e [Fl":‘ +&(Fy + Fa) <H+%8)+

XB t ~
()]

E T T T T T T
E-<Q®> =3.09, <x>=0.23, <t>=-0.82

T T T T T T
<Q@%> =4.35, <X>= 0.43, <t>=-1.13

2 clog‘ﬁ b4 b 3
3 i RS I
TIN SRS SRS ! 3
§—<02'> = 27'3, <x:> = 0.1IS, <t>I = -oAzls <Qz=> = 3.5=7, <x:> = oéa, <t>|| = -0.:;33 —
3 3
3 b b 1 ¢ T
it M

Femtography-2024, ECT* August 5-9

1 1. 1 il L P
700 150 200 250 300 350
¢ [deg] e

¢ [deg]
Credit to S.Niccolai
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Nuclear DVCS: ALERT program

 Building on the successful program of studying coherent
and incoherent DVCS using “He gaseous target with :
CLAS (EGB6), ALERT will expand measurements to larger =gz
kinematical phase space and to tagged final states.

» Other physics targets include near-threshold J/y
production, aiming to study the gluing structure of light
nuclei.

* The experiment is scheduled to run next year.

6 GeV CLAS results

m CLAS-EG6

= == Convolution-Dual
E: = E = Convolution-VGG
ok E == Off-shell model
] } ] N 4y I 1
] R e*He — e X
1, \LN\ Syl Py
l E}] l L] m CIE;S (ET;\iswork) — guti etal. |
L 15~ | @ HERM --- Guzey et al.
i T i S E Fucin?’et al,
G i 115 2| 2‘01 01=‘;1J2m(»'|z'5”4‘)l1‘0:)604})s 0‘10‘[20‘140‘16 :53
Q*[GeV’] Xy t[GeV?] §<3 °'5§
ALU OéO(QS)ZA oirx 1 1 E I 1 L 1 1
a1(p) + az(9)Ra + a3(9) (R4 +I3) @ Gev? M ey
M. Hattawy et al., Phys. Rev. Lett. 119, 202004 (2017) M. Hattawy et al., Phys. Rev. Lett. 123, 032502 (2019)
OFFICE OF
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.202004
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.032502
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DVCS with transversely polarized target Clagoz
spin (UT) and double spin (LT) asymmetry give access to S,

b >

 Combinations of harmonics of ¢ and ¢ of single target
imaginary and real parts of CFFs. K

« High sensitivity to the CFF € and allows access to the
GPD—E of the proton. Together with neutron DVCS, this
experiment will provide data for flavor separation of
GPD-E.

Asl']l;l(qbs_qb) o COS(pSTfl(CTpr) Az};l(qbs_qb) e Sln¢mm(c§1p)
CI 1-— Xg € F7 + (2 ) t Fe —e— J,=0.5,J4=0.1 — ' —
x 2 — XB 1 —e— 1,=-05,J4=-0.1 e —
L Xg m? 41m? DN _ M _

x=0.370, Q*=4.81

» The experiment is conditionally approve: £ —% asax
for 110 days of beam time. K ST V’\‘® :

. Since 2021, collaboration has adopted ~~.f i §*\+_+ i :
dynamically polarized NH3 technology e -

x=0.182, Q2=2.69 x=0.301, Q*=2.99

1F

for the target. _ o s i
« Complications with the background due . e b P
to the 5T field of the target magnet. - R e A S e S
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Proton gluonic structure

« Charmonium production near-threshold region offers
unique access to the gluonic structure of the nucleon.

——— Data (4533.0)

Events

300

Jy fit (707.2), M=3.080 GeV, 6=45.30 MeV/

250

» Model-dependent approaches have been proposed to -

relate the near-threshold photoproduction of heavy sof-
quarkonium to gluonic FF of QCD EMT and the origin of -
the proton Mass. (KA. Mamoand . Zahed, PRD (2022), Y. Guo, X. Ji, and Y. Liu, PRD 505_
(2021), D. E. Kharzeev, PRD (2021) c
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« CLAS12 has comparable statistics to GlueX and J/y-
007 and will soon release complementary results to
those already publlshed by JLAB experiments.

115
s I\ Ey in [8.20, 9.28] GeV A Ey in [9.28, 10.00] GeV M Hall C-007 (2022)
009\ 003 N\
. do/dty = 2.16+1.55 nb/GeV? L }. do/dty = 3.27+0.77 nb/GeV? GlueX (2023)
\*,‘ ms = 1.28+0.22 GeV " ms = 1.23+0.07 GeV 1o +§< CLAS12
N\ Im = 0.53+0.09 fm fm = 0.56+0.03 fm )
1071 4 e 7 107 4 \,M* " H
F»k ’; 105 |
1072 4 N 1072 = {
10.0 4 i_‘ B ,
_ 107 ‘ — . ; R S — H HH '
% 0 1 2 3 4 5 6 o 1 2 3 4 5 6 7 2 '—HH"—*
2 Ey in [10.00, 10.60] GeV . ] B
S 1004 \ 9.5 —H
°T“ $e  dojdty = 574%3.59 nb/GeV? ——e—— |
s N\ = do d 1 | R
o ms = 0.99+0.14 GeV _ | 0"
- —_ = = TRy RV o
fm = 0.69+0.10 fm —
1ot | L dt dt (1-t/m%) .
N
1072 4 854
— LM_fit ® cas12 \ / </r'm > -
10-3 { — RoOTfit
0 1 5 3 2 5 10 15 20 25 03 04 05 06 07 08
m;s (GeV) Mass Radius (fm)
—t [GeV?]

Credit to P.Chatagnon
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‘Closing the loop on virtual Compton scattering

JLAB Flagship program —
accessing GPDs through
measurements of
beam/target asymmetries
and the cross sections of
Compton processes (TCS
and DVCS)

Jefferson Lab at the
luminosity frontier is the
only place in the world
DDVCS can be measured!

uCLAS12 in Hall B and
SoLID in Hall A are the two
proposed facilities capable
of carrying out such
measurements.

First experimental measurement with

Started in 2001, PRL 87, 182002.
CLAS12 PRL 127, 262501 (2021)

Now is the flagship physics program

Hard scale is defined

Hard scale is defined by
TCS ¢ by tjme-like photons space-like photon DVCS
@ 3
i ‘\ o Qz ‘
4 ¢ v ’ 1 &£ - /
1N TE Renen =PV [ aCEoHEEY . g
.’E+£ « \I_£ -1 _25 «7\ /:\‘ o
CTET I (6, 1) = imH(€,6,1) ol
\_ l[.Lf,r.{.f,r _J A HEGED —
Ny p _ HEB@en )
P P
Access to the Re-part of p N\ o

the Compton amplitude

DDVCS
+ de H(z,&,t)
1 x— (28 — &) +ie

Both space-like and
time-like photons can

set the hard scale H(2¢ — €,6,t) + H(—(2¢ —€),&,1)

o-DDVCS is three orders of magnitude smaller than o-DVCS

)75 7.SCIENCE
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CFFs and GPDs in Virtual Compton Scattering C|Qg‘a

~ 1 _ 2«02 A 2 2
Toves~CFF 31(5. ) * m[H1 @ED-HEEDI+ efor TCS) i Q*<Q f Q*>Q
P dx(xfim)[H(x,f,t)¢H(x,f,t)] =¢ _—
TDDVCS~CFF j{(f' 6,' t) X lT[[H(Zf’ - f! E' t) - H(_Zfl + f! E' t)] + \?s DD
1 1

PIL dxGas * e 0 &) FH®.E, 0] Qo

-1

Spin asymmetries (Im, x = §)
HERMES, CLAS, Hall A, JLAB12, COMPASS

Re part of CFFs provides a direct measurement
of the D-term and access to the mechanical
properties of the proton

| 7 oFcEcr Femtography-2024, ECT* August 5-9
@.@SCENCE orapty ’
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‘Kinematical coverage at 11 GeV

ep~e'putuT &
* GRAPE event generator, 0“
BH only. =

* The whole region is
measured simultaneously.

* At 11 GeV, the interesting
region is Q'? > 2 (GeV/c?)2.
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1 test for GPDs.

Simulations from R. Paremuzyan

(o) SGiEncE
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Summary claSs

The description of the partonic structure of hadronic matter is a major thrust
of the JLAB 12 GeV.

A comprehensive program of studying GPDs using deeply virtual exclusive
processes is underway in Hall B using the CLAS12 detector and up to 11
GeV polarized electron beams.

The first results, using only a fraction of the available data, are out and
include the first-time measurement of TCS, DVCS BSA on the proton and the

neutron in new, uncharted kinematic regions, and BSA in deeply virtual =°
production.

More results, including data from polarized targets, on the nuclear DVCS and
near-threshold charmonium production will be available soon.

These data are crucially important yet limited for inferring information on
GPDs from experimental observables.

The collaboration is working on the luminosity upgrade to measure the
Double DVCS process, which allows the mapping of GPDs in the x-space.
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CLAS12 in Hall-B at JLAB

Forward Detector

Central Detector

0 (o T

EZ

Beamline Torus

Number of readout channels ~100,000
- Fa——— - T
| &
https://www.jlab.org/Hall-B/clas12-web/

FT-hodor,

Physics targets:

* LH,, LD,, LHe, LAr, D, “He
« 12C to 208Pb

* Polarized NH3, ND3

T-tracker
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