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Unpolarized
V)

GeneralizedParton DistributionsGPDs

Longitudinally Polarized
L)

For the nucleon, there are 8 GPDs at leading-twist that describe the various
combinations between nucleon/quark helicity states
At leading order QCD, chiral-even (quark helicity is conserved), quark sector: 4
GPDs for each quark flavor CHOHOA T ‘@
GPDs can be accessed through exclusive leptoproduction reactions
GPDs dependon x, 3andt=( @ ()2

A Nucleonstructure studies QCD atow energies a nonperturbativeregime
A Needstructurefunctionsto describethe nucleon

GPDs quantify correlations of transverse position and longitudinal momentum of partons in a hadron

Quark-helicity independent

Belitsky, Radyushkin, Physics Reports, 2005

Quark-helicity dependent
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” Multi-dimensionaimapping ofucleo

Longitudinal
Transverse momentum

momentum DVCS et al.

1 .
kt =Pt S kT =1
d : / 2K, 4
/' bl b.L
Impact =

parameter
e =
/dzb_]_ . ‘

xagaki’]}’l'&lat \ ki

For a multi-dimensionalmappingof - wk
the nucleon all these distributions
needto be measured

Elastic
Scattering

Nkt = F —okt=zP*

SIDIS
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t Properties of GPDs akidhytheyare i

A GPDs are wettonstrained functionsFourier transforms of netocal, nondiagonal QCD operators
A They are universal: The same GPDs parametrize different processes: DVCS, DVMP, DDVCS, TCS (PRL 127, 262501, 2021 )

Nucleontomography Quarkangularmomentum The pressure distributionnside proton
M. Burkardt PRD 62, 71503 (2000) X. Ji, Phy.Rev.Lett.78,610(1997) V. Burkert, LElouadrhirj F.XGirod, Nature 557, 39899
d’A d7A, ia, (2018)
qg(x,b,) = I(z i HED, -A) — 1
—| xdx(H(x,E,t=0)+E(x,&£,t=0))=J =—AX HAL o
A 2[l (H(x.s )+ E(xe ) 2 C A Gravitational form factor
L lAJ_b 7 - 2 A Y ™\ \ " ) b \
Ag(x,b,)= I 27)’ H(x,0,-41) o A o@hmmQe 0 (0 -, Qo
pion valence Nucleon spin:. = =31t 30 30
B ¢ Aa@e i
xP
s
longitud. ' . : 15
P u \) A The intrinsic spin of the quarks
can not explain the origin of the 0 Repuisive

¥<0l  x~03  x~08 spin of the nucleon (nucleon c —
. Spin Crisis) 3
2 l S A Intrinsic spin of the gluons g

04 ™ Confining

E l A GPDs: quantify the contribution s :

0 e of orbital angular momentum of o 62 04 08 08 10 12 14 18 18 20
R. Dupré, M. Guidal, M.Vanderhaeghen, PRD95, 011501 (2017) quarks to the nucleon Spin r(fm)
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A DVCS allows access to 4 complex GRRgd
guantities (only helicityconserved terms are
considered):

A Compton Form Factor€q{ ,t) (CFFs)

H = Zeg {i m[HI(E, &, t) — HI(—E,&,t)] + Pfjl dxH(x, €, t) |:§1x _
q

A x cannot be accessed experimentally by DVCS:
Models needed to map the x dependence

Adam HOBALLAH

Deeplyirtual Comptorscatteringof lepton

DVCS

] LT L

BH is purely electromagnetic and parametrised by FFs

Bethe-Heitler (BH)

A The DVGS8Hinterferenceterm (linearin CFFks

A Access the phase of the DVCS amplitude: isolate imagina
and real parts of CFFs.

U ExperimentallyneasuredobservablesAccess to aombinations
of CFFs

U Separation of CFRsteasurement of several observables
U Proton or Neutrondifferent sensitivity to the CFFs (GPDs)

U Flavor separation of GPDseed measurements on both nucleons

)n(X’X’t)]
E), (xx,0)]

(H.E),(x.xt) = 9 [a(H E) (.0 - (H,

(H.E)s0ex,1) = Y gla(H E) (xx.t) - (H,
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” Deeplyirtual Comptorscatteringphysicob

Different contributions from "O and "O for the different nucleons

Belitsky, Miller, Kirner, Nuc. Phys. B 629 (2002)

Polarizedbeam, unpolarized taget Observable

s, x OE%o{Oy ,(O 'Oy Wor 8) 3, offifof0}  ofOHORg)

Unpolarized beam, polarized target ‘ & O{ﬂ‘l’,-hi‘l’w} °H|’:Jjo }
D E% " " " w 7 3, P {5110 P {5,,h0 }
b x osuao{oﬂ (O 0)(ﬂ ?W) | mf} {#,{w,} 3
3, oft i ofF.}

polarized beam, longitudinal polarized target

. W
5, X & BAT(@ p Oy ,(O "O) (ﬂ ?w) 8
_ | e.g. (in experiment):
unpolarized beam, transversepolarized target
3, * AT OE% %00 7Q"Oﬂ Op 8

/9

P 0 0
D €80 0 0

3“”

Computed as a function of the angle %o
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[
% The GPD E:maissingpiecein the puzzle

Different contributions from "O and "O for the different nucleons

A GPDE,one of the leastconstrainedGPD

A DVCSwith an unpolarizeddeuterium target : ) offJiof0}  ofOFO hf,)
A Scatteringoff neutron (nDVCE GPDE

3, {31 o{#.f0}
A Determinationof Jisumrule N SR o 1,10}
A Astepcloserto beingmodelindependent N offiuin) oliih)

A Scatteringoff proton (pDVCE GPDH

A Quantify medium effects essentialfor the extraction of
BSAof ad ¥ Nae@&rén (de-convolutingmedium effect via
comparisornwith DVC®n hydrogentarget)

Model predictions(VGG) for differentvalues
of g wrguldmsomentum

A Togetaclearunderstandingf the GPDE the BSAfor nDVCS$s e jiij‘(’jj + + +
A complementaryto the TSAfor pDVCSon transverse target, 3 cty
aimingat E oot b t k . i
A dependsstronglyon the kinematicshwide coverageneeded 00:: 1 i i ! £ t + )
A is smallerthan for pDVC$hmore beamtime neededto achieve ok + + po!
reasonablestatistics S J=.3,)=3
-0.15§ + + ‘Ju:'3"]d:"1

Y N L A AN N BVETI IR
20 50 100 150 200 250 300 350
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h The CEBAF and CLAS at Jeffémsooratory
Continuos Electron Beam Accelerator Facility
CLASlZ

A Upto 12 GeV electrons |

A Two anti-parallel linacs, with | —

recirculating arcs on both ends — »
A 4 experimental halls ~
L EC & PCAL N Joclk K
Sl
= sv{,. - CVIEI\?I'DI’OF

TARGET

TARGET \- =

;m?l ..—.;;‘ :

U
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t CLAS12: DV@&h anunpolarized

A A10.6/10.4/10.2 Ge\électron beam
A With an averaggolarizationof 86%
A Scattering off aminpolarizedLiquid Deuterium targeodf 5 cmlength

A Theexclusivityof the eventisinsuredby:
A Electrondetection Cerenkov detector, drift chambers and electromagnetic calorimeter
A Photon detection sampling calorimeter or a small PbW-esorimeter close to the beamline
A Proton detection Silicon and Micromegas detector ®Rutron detection Central Neutron Detector

A For Neutron Detection:
A Machine Learning techniques are applied to improve the Identification and reduce charged particle contamination

- Forward Tagger Calorimeter

Adam HOBALLAH EuNPC2025



h CLAS12: DV@&h anunpolarizedieut
A A A A
: oo | T ]
A ThenDVC$pDVCHEfinal stateis selectedwith the following %8 R I * . ]
exclusivitycriteria: (N:nucleor) 063 s ¥ "o b+, . 'l'n )
O 4 me 1rC + e 7
A Missingmass [ Y. o=, I+ | Tee
R - R L * =n . - 11 = - -It_.-..'.
A S R 1 S b 04_ . =, S * kN *.i. - '.'."‘.:
~ ~ : - ¥¥¥ * ¥ @ : : *-‘*“m.;m.; “mﬂ*-‘ '-I-I
A S b r"bXS b 02k A ¥4¥ ** "":... _- -_':_‘ **J-.:“*-:-
A S b S b . B o..*=¥,.¥ **a- .. 1l = eyl
. D Oml----l--.-l*?::mpnu.l.. T
A Missingmomentum 0 0.5 1 1.5 2 0 0.2 0.4 0.6
MM3 ed— e'ny (X) (GeV?) Py ed— e'ny (X) (GeV)

AS R MXS b
Anua () ) rovcsmmo
ASATFSNBYOS 0S8i6SSy o2 stea 27@UEEIEENhy3 v ty
A Cone angle between measured and reconstructed ‘
photor () o _comaminaion

backgroundcontaminationis estimatedusingsimulations
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” -0 backgroundsubtraction

A Subtractiorusingsimulations of the backgrounchannel A~ %background subtraction is also performed by statistical unfolding of
A Monte Carlo simulations: contribution to the missing mass spectrum
: M. Pivk and F.R. Le Diberder, NIMA 555 1 2005
A GPDbased event generator for DVCS/piO on deuterium | 1 120

: : . Signal from simulations
A DVCS amplitudealculatedaccording to the BKM formalism| = g Y
A Fermimotion distribution evaluated according to Paris

potential

100
80|

60

fully reconstructedeN ™ ° decaysn MC

1. Estimatethe ratio ofpartiallyreconstructedeN™ °(1 photon)decayto “

2. This is done for each kinematic bin to minimize MC model dependendg 7

3. Multiply thisratio by thenumberof reconstructedeN™ °in data togetthe | ¥ YWY~ . . 304 SRS SRS TN I
numberof eN™ %(1 photon) in data 2 S - : 5 PR R

4.  Subtractthis numberfrom DVCSeconstructeddecaysn data pereach
kinematicalbin

ol Vs b L b Lo s Pl a Lo Ly w g Loy
o 0.2 04 06 08 1 12 14 16 18 2 22

The difference between the estimations of background from both methods is considered as a systematic

Adam HOBALLAH
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h CLAS121DVCSiith anunpolarizedieute

Firsttime measurement ohDVCSvith detection of the active neutron

(\/l-\ 10 = | ! ! ' I ! ! ! Py r =i
0 15 % 9F 77580 events -
ot ; O gE afterallcuts -
0f M mted T g L & 7E
—0.1F<-t>=0.21 Ge <-t>=0.39 GeV’ =083 GeV? ; 6 E
F<x>=0.15 <x>=0.19 <x>=0.27 3
2F<Q’>=22 GeV? <Q’>=2.5 GeV" <Q2>— 2.8 GeV’ ] S5
o T Y A bins 4F
3F
—0.1F<-t>=0.31 GeV <t>=037 GeV> - 1E
F<xp>=0.11 <x>=0.16 <x>=0.30 5 : — :
~0.2f<Q>= 1.7 GeV <Q>>=2.3 GeV? <Q >=33 GeV’ . 0.2 0.4 0.6 .
i = = e ] B
0.1k U bInS 1 A Compared to thereviousexperiment CLAS1@rovides:
P ~ A Thepossibilityto scan the BSA aDVC®n awide phasespace
0 15 ) A Thepossibilityto reachthe highl highc regionof the phase
— F <-t>= -{>= L -t>=
S i B T i space
0.2} <Q*>= 1.6 GeV? <Q2>— 2.3 GeV? <Q2>— 3.8GeV: 9 A Exclusiveneasurementwith the detectionof the active neutron
100200300 100 2go 300 100 200 300 A Hall A @ JLAB: ongeasureckinematicalpoint at

QT M ® 2 andR;S0£36
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@

A Observation of positive BSA for
NnDVCS
A Systematierrorsinclude

AError due to  beam
polarization

A Errordueto selectioncuts

A Error due to residual proton
contamination

A Error due to merging of data
setswith different energies

A Statistics is expected to double
with remaining schedualedbeam
time and Iimprovements with
reconstructionsoftware

Adam HOBALLAH
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5 of0y (O "O)

()'-..............-.--l PR BFET R BT - AP T T -
2 3 4 0.1 0.2 03 02 04 06 038
Q? (GeV?) Xp -t (GeV?)
VGG model predictions Ju ~ 0'315 Ja B 0.05
giving the smallest Ju= T 042015
Jy= 10 =0 J

M. Vanderhaeghen, P.A.M. Guichon, and M. Guidal, PRD 60, 094017 (1999)
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h Previouslyn DVC$®ith anunpolarize

A Previous pioneering measuremenn®/CS( JlabHall A @ 6 GeV)
A Beamenergy« Rosenbluth» separatiorof nDVCSCSusingan LD2targetandtwo differentbeamenergies
A First observation of nemeronDVCSCS

A No neutrordetection +data from: Mazouz, M. et al. Phys. Rev. Lett. 99, 242501 (2007).
- 0%, + rd's, (exp.) - ', (exp) - d's, (exp)
/ / / / W s, (i) o (i)
D(e,e'7)X — H(e,ev)X = n(e,e'y)n+ d(e.e'v)d + ... i — e L V) — dugfouno-rie)
o 1
ﬁ -
0.8
06l JLab Hall A
n-DVCS T
0.4 2 . B}
0.2 = % = L
o

e AHLT GPDs ;
| mlLattice QCDSF (quenched) !
-0.2[- dLattice QCDSF (unquenched)

| [JLHPC Lattice (connected tefms)

-0.4f-
| GPDs from: ! %: T
Goeke et al., Prog. Part. Nucl. Phys. ajﬁ' (2001), 401. 2 -@ uquark (HT) Jo &
-0.6[- code VGG (Vanderhaeghen, Guichon and Guidal) 50| @ dquark (HT) -
| 3 —&- uquark (NLO)
-0.8[- HERMES Preli & dquark (NLO)
- | p-DVCS . . ) ) )
q i p. [T B 1o 04 03 02 04 03 02 -0
-1 08 06 04 02 0 02 04 06 08 1 #0) *0) 1(GeV?) t(GeV?)
Jy Q*=1. 9 2andxg=0.36 Benalj M., Desnaulf C.Mazouz M. et al. Nat. Phys16,191¢198 (2020)
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Previously on CFF extraction and

A Use of Neural Networks (NN) to perform a moaelependent

CFF evaluations

A Input are measurements of spiotependent observables and cross

section values

A Proton and neutron data frordlab(clas6 and Hall A)

A The presence of CLAS6 neutron data allows a flavor separation
A Up and down contributions to CFF H separated
A CFF E flavors are not separated, a significant sign ambiguity

remains

Adam HOBALLAH
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proton only

— KM20
3 nnDR20

proton + neutron

N

—_— fKM20 (u)
=== fKM20 (d)
£NNDR20 (u)
£NNDR20 (d),

:N\\ N

Re&

rp = 0.36

74

01 02 03 04 05
—t [GeVY

0.1 0.2 0.3 0.4 0.5
—t [GeV?

proton only

KM20

proton—+ neutron

fKM20 (u)

== morzo | N\ === £KM20 (d)
\ £NNDR20 (u)
1 [ZZZ] £NNDR20 (d)
B RNNN
—
Gy mé
rp = 0.36

01 02 03 04 05
—t [GeVY|

M. L u iKl Kumericki et al. PhysRevLett.125.232005
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M Impact ofnDVC®ata from CLAS12

A Modeldependantextraction of Jand J,
A Use VGG model (PRD 60, 094017 (1999)) and generate

set of values for, and J,
A Look for the 1 standard deviation error ellipse: defined a JLab Hall A (Bt RO
P °L_"nDvCs
. . . . . . 0.4
A Compatible with limits set before by pioneering Hall A
measurement 02
A Compatible with Lattice QCD predictions | LT GPDe )
) —0.2[- [JLattice QCDSF (unquenched)
A Shortcomlngs | [JLHPC Lattice (connected tefms)
-0.4 |
A none Of the ConSIdered Sets Qira}]d\lj reprOduce | g:::ef:':l Prog. Part. Nucl. Phys. :17(2001] 401.
Correctly the d|Str|but|OnS —0-6_— Code VGG (Vanderhaeghen, Gulchorr and Guidal)
A VGG has problems in reproducing proton data 08 HER:‘Ig%ggeh
A Closesto-truth modeldependent representation of 08 05 04 02 0 02 04 06 08 )|
data. U

Adam HOBALLAH EuNPC2025 16




@
M Today on CFF extraction and flavor

A Global fits of CFF using neural networks
(modelindependent) without CLASI2 nDVCS || with CLAS12 nDVCS with CLAS12 nDVCS

A K.Kumerickiet al., JHEP 07, 073531 (2011); ™'

] u quark

M. Cuic K.Kumerickj et al., Phys. Rev. Lett. ;:20-

533 125, 232005 (2020)). 2 - |
10t \\\\\ i Ny [
A Data used: O i //////////////}/}/
A CLAS6 and HERME®/C®bservables ‘ . . . | |
A CLAS1pDVCBSA anthDVCBSA o0l _
A Same extraction method applied tbvCS , f= ] N
HallA data, only separation fdmH g’ | — W
—90t . i
Clear quark-flavor separation of =015 =015 t=-02GeV?
both ImH and ImE thanks to U e e e

CLAS12 nDVCS data

Adam HOBALLAH EuNPC2025 17




@
h Today on CFF extraction and flavor s

A Global fits of CFF using neural networks Results extrapolated to t=0 GeV?2
(modelindependent)

A K.Kumerickiet al., JHEP 07, 073531 (2011 40 DS CLASGHHERMESHCLASI2 pan (1)
M. Cuic K.Kumerickj et al., Phys. Rev. Lett. /| &
533 125, 232005 (2020)).
gzo- % :
A Data used: & S
A CLAS6 and HERME®VC ®bservables o 2 |
A CLAS1pDVCBSA anthDVCBSA 43_ -oovGe L wess
A Same extraction method applied tdDVCS
HallA data, only separation famH 207 \\ ' m
3 o AN LI
: v -
Clear quark-flavor separation of o _ W 72
both ImH and ImE thanks to
CLAS12 nDVCS data —40

005 010 015 020 025 01 02 03 04 05
3 —t [GeV?]
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h CLAS1DVCSiith anunpolarizedieu

A Firsttime measuremenbof incoherentpDVC®n deuteron
A Quantifymediumeffectson GPDs

A Systematie@rrorsinclude
A Errordueto beampolarization
A Errordueto selectioncuts
A Errordueto mergingof data setswith different energies

A Statisticds expectedto triple with remainingschedualedeamtime and
improvementswith reconstructionsoftware

0.4 2 [ ndf 3.471/10 0.4r x*/ ndf 2.388/10
= a 0.2367 + 0.01645 c a 0.2519 + 0.01632
0.3 b 0.2001+ 0.136 0.3 b 0.1916 + 0.1411
02+ 0.2F
0.1 Preliminary 0.1 Preliminary
- - 3 -
0.1 01
—0.2F i —02F
_03f binnumber <Q?>GeV? <um,> < —t>GeV? —03F
F 44 3.37468 0.230834 0.230575 £29 3.34394 0.248423 0.35341
Coo oo b o by s oo by v b g o by g o by gy — Covovo v Uy v by v by v v b v b vy by
04 50" 100 150 200 250 30 l 09 750 100 150 200 250 3

00 , 35
°°¢ (d%% 0 (deg
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< 04
@ E  Variation of vZ = amplitude
035 To be compared to free-proton DVCS BSA
0 3: measured by CLAS12 Phys. Rev. Lett. 130, 211902
0.25[ }:m::“{"“w
0.2
S 44 29 ——
0.15F 14
0.1F
0.05[-
obL N B R R S B
0.2 0.4 06 0.8 1 1.2
t1GeVA
0.4- ¥2/ ndf 1.487 /10
C a 0.1737 £ 0.01872
0.3 b -0.3875 + 0.1449
0.2
01— Preliminary
& O

—0.1-
—0.22—
_03f
14 331486 030929 1.04349
04750 100 150 200 250 3

00 35
¢ (deg
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CLAS122DVCS3uvith anunpolarizedieu

[0.04,0.13]

Variation of v =

Adam HOBALLAH

amplitude
To be compared to free-proton DVCS BSA measured by CLAS12

[0.13,0.16]

@ﬁ%ﬁ il

[0.16,0.2]

[02,0.41]

2 04 0.6 0.8 1

gud

0 —rr—ot—or—

g T

ok

S0z 0.4 06 08

I wien
. ._.iuu

.2 04 0.6 08 1

EuNPC2025

Yoz 04 06 08

G. Christiaens, M. Defurne, D. Sokhan V.Ziegler et al., Phys. Rev. Lett. 130, 211902

¥ 04 086 08 1

[1,1.6]' A6

[1.6,2]' A6

[2,2.9]" A6

[2.9,3.8]' A6

[3.8,7.4]' A6
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h Coming on CLAS12: Transversely pol Proposal:C1224-RGH

A NH3: Viable solution to prioritize physics3gr)
A Consolidatealynamically polarizetechnology

5T dipole
A Designedased on already successful arcepiance:
realizations :
: - + 25° vertical
A HallAG2pGep target (replica optimized
for HTCC) + 70° horizontal

A HalkCE1215-005 magnet (replica
optimized for recoil detection)

Proton Proton

n

=
ks

Target ladder details

o0

Modified CLAS12

Standard CLAS12

(2]
W

(5]

Mqmenturp (GeV),

Mqmentury (GeV),

™
- N

o N

—

o
(3}

40

® Polg? ang]go (deg‘f0
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Coming on CLAS12: Transversely |

A Unpolarized beam, transverse polarized target

A High impact expected on the extraction of the GPD E
A 1 year to get unprecedented access to elusive quark angubanenta
A Supersede the only other Aueasurement from HERMES collaboration

A Superior discrimination power between various OAM mddglotheses

A 3,

« A1(8 O Eo

% o{ WO

0P

8}

A Reduceby 2/3 the uncertainty onmaginarypart of CFFE

JmH

.....

JEZ3 CLAS+HERMES +pseTSA

N
—— CLAS+HERMES ~
29 == CLAS+HERMES+pseTSA ~~ni

| —— CLAS+HERMES
== CLAS+HERMES +pseTSA
[ CLAS+HERMES

223 CLAS+HERMES +pseTSA

0.1 02

0.3 04

=t

0.5 06 0.7 0.1

03 04 0.5 06
-t

Jmé&

X

——

72
i -l
A B

03 04

=t
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03 0.4 05 0.6

TTSA

-1

-2

0.5

704501 J

0.2

Black points: HERMES collaboration et al JHEP06(2008)066 {

Rroposal:.C1224-RGH
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—0O— PARTONSs

BEREE

—— -
= - -
—_—

¢

(]
-t =0.670 GeV?
x, =0.126
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100 200 30% (0)
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Jy= 0.0

0.10

EuNPC2025

0.15  0.20
§=ap/(2—zp)




M More on GPD E: AFTER@LHC

A Conservation of total angular momentum: affagonal TMDs vanish in absence of orbital angular momentum

3 II ‘b ’)B:) b dT:lb 0 ¥ Dinitial target light-front helicity
vyadfinal target light-front helicity
_ [initial parton light-front helicity

. . ) _ dfinal parton light-front helicity
A Some of these offliagonal TMDs appear to be experimentally sizeable

Hermes  Phys. Rev. Lett. 94 (2005) 012002
COMPASS Phys. Rev. Lett. 94 (2005) 202002
PHENIX  Phys. Rev. D 82 (2010) 112008

A The quarlSiversTMD'Q 6 E D and the quark GPD af i could be related by a chromodynamic lensing

meChanlsm M. Burkardt Phys. Rev. D 66 (2002) 114005 and Nuclear Phys. A 735 (2004)

[dzk X ek o fdztu X 3, )z £9(x, B?) f d” Al e~ ALE(x, 0, —A%)

Lensing function Proton transverse spi

A TheSiversunction could then be used to constrain the GBand hence the kinetic OAM via the Ji sum rule.

Adam HOBALLAH
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t More on DVCS at CLAS12

A nDVCSross section analysis is ongoing, analysis note is almost completed. (Li Xu)

A The second half of Run Group B will run providing extra statistics.

A The combination of all neutron and proton DVCS data will allow gilevkr separation of all CFFs in the valence region
A¢CKS WAQa adzy NMHzZ S Aa GKS dzf GAYIFGSSE FYOAGAZ2dza 3F2Ff 2
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@
Conclusions

PHYSICAL REVIEW LETTERS 133, 211903 (2024)

A The beamspin asymmetry fonDVCSs a precious tool
to constrain the GPD E and for quattvor separation

of GPDs First Measurement of Deeply Virtual Compton Scattering

on the Neutron with Detection of the Active Neutron
A CLAS12 measured the BSARDNCSvith detected A. Hobart®,' S. Niccolai,' M. Cuié, K. Kumericki P. Achenbach,’ J. S. Alvarado,' W.R. Armstrong,* H. Atac.®

i i H. Avakian,’ L. Baashen,”” N. A. Baltzell,” L. Barion,” M. Bashkanov,” M. Battaglieri,””" B. Benkel,"” F. Benmokhtar,"'
neutron fO r th € fl rst time A. Bianconi,'*"® A. S. Biselli,'* S. Boiarinov,® M. Bondi,"” W. A. Booth,® F. Bossi1,'® K.-Th. Brinkmann,'” W. J. Briscoe, '*

. ) . W. K. Brooks,"” S. Bueltmann,”® V. D. Burkert,’ T. Cao,’ R. Capobianco,” D. S. Carman,’ P. Chatagnon,™' G. Ciullo,”*
A The first ~43% of the experiment ran in 202920 at P.L. Cole,”> M. Contalbrigo,” A. D’Angelo,'®** N. Dashyan,”® R. De Vita,”* M. Defurne,'® A. Deur.” S. Diehl,'™!
Jlab C. Dilks,**® C. Djalali,”” R. Dupre,' H. Egiyan,’ A. El Alaoui,'"” L. El Fassi,”® L. Elouadrhiri,’ S. Fegan.® A. Filippi,”

C. Fogler,” K. Gates,” G. Gavalian.**' G.P. Gilfoyle,”” D. Glazier,™ R. W. Gothe,” Y. Gotra,” M. Guidal,' K. Hafidi,*
H. Hakobyan,'” M. Hattawy,” F. Hauenstein, > D. Heddle,”** M. Holtrop.”" Y. Tlieva,”*"* D. G. Treland, E. L. Tsupov,*

H. Jiang, H. S. Jo,* K. Joo,”" T. Kageya,” A. Kim,*' W. Kim,* V. Klimenko,”" A. Kripko,"” V. Kubarovsky,*"’
A A Sma” b ut Clear BSA was eXtraCted S.E. Kuhn,” L. Lanza,'"** M. Leali,'*"* S. Lee,**® P. Lenisa,”** X. Li.*® 1. J. D. MacGregor,” D. Marchand,'

) ) V. Mascagna.luq‘” M. Mayncs,zs B. Mcannorl,m Z.E. Mczia.ﬂi,4 S. Miglioraf '.12"3 R.G. Milncr.“ T. Minccwa.19

A Com panson W|th a mOdeI al |OWS to put mOdel M. Mirazita," V. Mokeev,”** C. Mufioz Camacho,' P. Nadel-Turonski,” P. Naidoo,™ K. Neupane,” G. Niculescu,*'
d d t t . t M. Osi[.vcnklo,9 P Pam:lcy.;;‘ M. Paolone,* L. k F’app.'i.lm‘l:l]o,uz R. Parcﬂuzyan,”;u]i Pasyuk: S. . Paul.“;\ﬂ Phclps,“‘;
ependent constraints o4, N. Pilleux," M. Pokhrel,2’ S. Polcher Rafael,'® J. Poudel,’ J. W. Price.* Y. Prok.”’ T. Reed,” J. Richards,”' M. Ripani,

J. Ritman,”*® P. Rossi,** A. A. Golubenko,” C. Salgado.*’ S. Schadmand,*® A. Schmidt,'® Marshall B. C. Scott,'®

A The d ata, together with the pl’OtOI’] DVCS d ata, allow tt E.M. Seroka,' Y. G. Sharabian,® E. V. Shirokov,*® U. Shrestha,”"*" N. Sparveris,” M. Spreafico,” S. Stepanyan,’

) I L Strakovsky,'® S. Strauch,”'"® J. A. Tan,”® N. Trotta,”' R. Tyson,” M. Ungaro,” S. Vallarino,” L. Venturelli,>"
qu ark-flavor se P aration oirmHandImE V. Tommaso,” H. Voskanyan,” E. Voutier,' D. P. Watts,” X. Wei,” R. Williams,® M. H. Wood,”* L. Xu,"' N. Zachariou,*
J. Zhang,” Z. W. Zhao,” and M. Zurek®

(CLAS Collaboration)
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A GPDsare powerfultool to explorethe structure of the nucleonsandnuclei
A Nucleontomography,quarkangularmomentum,distribution of forcesin the nucleon

A Exclusiveeactionscanprovideimportant information on nucleonstructure
A DVCSiathe extractionof GPDs

A CLAS$2 offers a wide kinematical reach over which the GPDsdependenceon different
kinematicalvariablescanbe scanned

A Datato add constraintson GPDsn unexploredregionsof the phasespace
A Possibilitieso measurenew observablesisingdifferent experimentalconfigurations
A Flavorseparationof GPDs

A Promisingesultsfrom incoherentDVC®n deuteron(n andp channelsfrom CLA$2 data
A FirstBSAmeasuremenfrom neutron-DVCSvith taggedneutron

A Firstmeasuremenof BSAor proton-DVCSvith deuteriumtarget

A Tobe comparedto free-proton DVCBSAmeasurecby CLAS2
G. Christiaens, M. Defurne, D. Sokhan V.Ziegler et al., Phys. Rev. Lett. 130 (21) 211902 (2023)
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strip_Nuc_Phi

h Improving the neutron selection with ML

A The tracking of the CVT is neither 100% efficient nor uniform
A In the dead regions of the Cffotonshave no associated track and thus camiieidentified as neutrons
A Protons roughly account for more tham>¥">  O2 y (i I Y A yiDVE8signal sample Quikeht approach, based on Machine Learnir
& Multi-Variate Algorithms:
A We reconstruchDVCS$rom DVCS experiment on proton requiring neutron PdBlected neutron are misidentified protons
A We use this sample to determine the characteristics of fake neutrons igieavhighlevel reconstructed variables
A Based on those characteristics we subtract the fake neutrons contaminationnfdfeS

A As a « signal » sample in the training of the ML weuge Q& events from BVCS experiment on proton
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Input variable: _strip_Nuc_CND_energy

MRLRALE RLRR RALE RER T |
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_strip_Nuc_CND_energy [MeV]

nput variable: _strip_Nuc_CTOF_energy
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{1/N} dN / 3.33 MeV

WO fiow (S,8): {0.0, 0.00% / {0.0, 0.00%

© 20 40 60 80 100 120
strip Nuc CTOF eneray [MeV]

A Using detector variables (CTOF and CND) and one
exclusivity variable( B

A Directly trained on data
A Better optimization of signal to background ratio than =

straight cuts

A Few percent irreducible contamination corrected for ir

the final BSA

Adam HOBALLAH

nput variable: _strip_Nuc_CND_size

Improving the neutron selection with

Input variable: _strip_Nuc_CND_layermult

TMVA overtraining check for classifier: BDT

Background rejection versus Signal efficiency
T T T T + - !

L % LIRS L 3 A e ot e B o s B 1
-§ E 3 3 12 [E0]'signal (test sample) | % Signal (wahing sample) ' ' ] § f
@ E 2 € = [ Background (test sample) | | = Background (training sample) - § 09
- 3 § 5 § = 10 Smirnov test: signal ility = 0.234 (0.332)  _| w F
o e 2, 5 z F B o 08F
~ E g = F q 4 F
F4 32 z 4 =l . 8 o7b
= E § S 8 1s 507
g E 7 15 s L
= 4z ° 3 s 3 & osp
iz P F 13 o5
18 1 2 of 13 :
:g 1 § r 1e 04
- E F qa F MVA Method: 1
e i i " 2 2 Je oa b AN SR R SN SUR SR S SR S E
% o2 8 4 5 % o5 1 15 2 25 3 Al : AT o
_strip_Nuc_CND_size [size] _strip_Nuc_CND_layermult [size] 0 S 0.2, nl 02 03 04 05 0' - 0'-,. 08 08 1
input variabe: (%) saneieficoney
§ » § L ot S B S L L B
el B8 1| .
5 5 3 f 15
o e L p
- 5oz o H
s o 1:
z : § Z osf 18
= ig Bt C Jg
> é 0.4 . i
I i
d3 ok 13

0 05 1 15 2 25 3 35 4

stip Nuc CTOF size [sizel Al®) [deal

ol TTUe neutrons
cFake neutrons

EuNPC2025



CLAS12DVC3uvith anunpolarizeddeuteriu

Firsttime measuremenbf incoherentpDVC®n deuteron

Dy ]

Preliminary

Preliminary

Preliminary

Entries 815907
Mean x 0.152
Mean y 2177
Std Devx 0.0531
StdDevy 0.7026

A Complementaryto previousexperimenton protontarget
A Quantifymediumeffectson GPDs

EuNPC2025
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Media Coverage of News Release Nov 2024

SE7EN.ws

|IE PRO wiw NEWSLETTERS

SCIENCE

© EurekAlert! | nvanss

PeBONIOLUNOHHbIV AETEKTOP OTKPbIBaeT HOBbIE

BO3MOXHOCTW U3y4YeHUs1 BHYTPEHHEW CTPYKTYpPbl A rea Ction that on Iy

HeﬁTpoHa quE3 nepBble MaMQPEHMﬂ rﬂYﬁOKoro measured protons HOME MEWS RELEASES MULTIMEDIA MEETINGS

BUPTYanbHOro KOMNTOHOBCKOrO pacceqaHund

detected neutrons for the
first time

NEWS RELEASE 22-NOV-2024

Accessing the lesser known nucleon

For the last 10 years, scientists have been working on a neutron An inaugural measurement of the neutron will help physicists learn about nucleon structure
detector. Finally, they tested it, and it worked like magic. and spin
Updated: Nov 24, 2024 07:40 AM EST Peer-Reviewed Publication

DOE/THOMAS JEFFERSON NATIONAL ACCELERATOR FACILITY

ﬂ Rupendra Brahambhatt

ther Sciences Protons and neutrons-known collectively as

SCiTEChDailu Biology Chemisy nucleons-are beth the building blocks of
. = matter, but one of these particles has
received a bit more attention in certain
types of nuclear physics experiments,
f Accessing the lesser known . B ) r
[ IR nucleon: New neutron Inside the Neutron: Scientists Discover
0 - measurement can help physicists Hidden Layers of Matter
— Iearn about nucleon Structure and B THGMAS SEPERSON NATIONAL AECELERATOR FACLITY - NOVIMBER 34, 3034 ) NO COMMENTS () 9 MBING BEAD
spin )
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Foreign Media Coverage of News Release

Germanic Visao inédita dos néutrons ajuda a
entender ainda mais a composicao da
materia

HAFT Pesquisa revela detalhes sobre a distribuicdo dos quarks nos néutrons

Wissenschaftler entdecken verborgene Ronnie Mancuzo | ooz ianos

Materieschichten

Nipponese LOS CIENTIFICOS DESCUBREN CAPAS OCULTAS DE MATERIA
daily geek Q =
4 Ny i . . ) .
RFEVNHEOIENTBERR Des scientifiques dévoilent la
structure interne d’'un neutron
avec une précision effarante
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