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Outline of the talk

Introduction to GPDs and motivations for their measurements

The CLASI|2 experiment at Jefferson Lab

Early results: First Timelike Compton Scattering measurement with CLASI2

Ongoing effort : near threshold ]/ photoproduction measurement on protons and neutrons

Long term perspectives with CLAS|2: Luminosity upgrade and muon detection
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Part I: Introduction to the GPDs oo

Part I: The Generalized Parton Distributions
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Part I: Introduction to the GPDs

What can we learn from GPDs?

* Tomography of the nucleon: the Fourier transform of the GPDs can be
interpreted as a probability density:

Hi(z,b,) = AL _ibJ_AJ_HQ( 0 —AQ)
L, 01 (27_‘_)26 L, U, 4

* Understanding the spin composition of the nucleon (aka the “spin puzzle™)
using the Ji’s sum rule:

L+ o o z L o a(H(a,€,0) + B(2.6,0)) = 3 5(4%(0) + B(0)

q

* Accessing Gravitational Form Factors by mimicking a spin-2 interaction:

1

1
/_1 der tH(x,&,t) = AL(t) +5It) / dr xE9(z, &,1) 52.75

—1
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Part Il: CLAS |2 at JLab oo

Part ll1: The CLASI|2 experiment at Jefferson Lab

* The Continuous Electron Beam Accelerator Facility

provides a quasi-continuous beam of polarized electron,
up to 12 GeV.

, * Build around two anti-parallel linacs, with recirculation
........... arcs on both ends.The maximum energy is reached
after 6 pass through the linacs.

Recirculation arcs

* 4 experimental halls:A,B,C and D
A. C.Small acceptance but large luminosity
B. Housing CLASI2,a large acceptance detector

CLAS12 In Hall B D. Tagged photon beam, dedicated to spectroscopy
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Part Il: CLAS |2 at JLab oo

CLASI2 in action

* Forward Detector (6 sectors)

* Torus magnet

e Central Detector .
L * Drift Chambers

e Solenoid magnet

* Central Vertex Tracker . I NZAN ’ Forw§rd Time-of-Flight

 Central Time-of-Flight WS, N * Calorimeters

 Central Neutron detector < J° & 3 * Cherenkov counters
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Part lll: TCS Measurement with CLASI2 = eeeeeese

Part lll: First Timelike Compton Scattering
measurement with CLASI|2

DVCS: ep — €'p'y TCS: vp — ete p

e (k)
-
y
€+
—t=(p—p')
12 _ k -+ k/)2
P(p) g P'(p)) P P’ (
1S , Bethe-Heitler L= [la = K = mi]lla — K)? = m]
(factorization regime, —t/Q)"* < 1) Lo = (Q"?sin?6) /4

* BH cross section only depends on electromagnetic FFs.
* At JLab, energies the BH cross section is expected to be larger than the TCS one.
We aimed at measuring the interference cross section between BH and TCS.
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Part Ill: TCS Measurement with CLAS |2 00000000

Motivations to measure TCS

Test of the universality of the GPDs

* Both DVCS and TCS amplitudes are parametrized by GPDs.

* The imaginary part of the CFF H is well known from DVCS results...
...and also accessible from TCS polarization asymmetry.

* TCS does not involve Distribution Amplitudes unlike Deeply Virtual Meson Production (DVMP)
— Direct comparison between TCS and DVCS (at leading twist).

Unique access to the real part of the CFF H

* Angular dependence of the unpolarized interference cross-section gives access
to the real part of H

* This quantity is not well constrained by existing data.

* However it is of great interest as related to the GFFs D, itself related to the
mechanical properties of the nucleon:

r?p(r) (x102 GeV fm™)

1
1 1
ReH t=73’/ dx - ImH(£, ) + At
(&, 1) I Vaveiad e (1) + A(t)
jO(T\/__t) . 0 02 04 06 08 r1.f.:'{ 1l ?.4 16 18 20
A(t) oc D(t) o f ’r p(r)=—— KIS C T O
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Part lll: TCS Measurement with CLASI2 = eeesssse

(Quasi-)Photoproduction events selection

1) CLASI2PID + Position NN PID 1
ep — (¢)yp — (X)ete p" |

Simulation

Mass® e (GeV?) Mass? e (GeV?)
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Part Ill: TCS Measurement with CLAS |2 °

The dilepton invariant mass spectrum

e Data taken in Fall 2018

S -
« 10.6 GeV beam on Liquid H, target S 10°
* Accumulated charge: 37mC or 48 fb-! Q -

3 N

= » i Next part of the talk
* Vector mesons peaks are visible in data: w (770), L%J 107 5

p (782), & (1020) and )/ (3096).
* Data/simulation are matching at the 15% level, up
to an overall normalization factor. 10
* No clear contribution of higher mass vector

meson production (p (1450),p (1700)).

—e— Simulation

1 This part of the talk
Phase-space for the TCS analysis —|_ Data i | | |
0.15 GeV? < —t < 0.8 GeV? 0.5 1 1.5 2 2.5 3
1.5 GeV < M, +.- <3 GeV M (GeV)

4 GeV < E, < 10.6 GeV
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Part Ill: TCS Measurement with CLAS |2 °

Photon polarization asymmetry results

Definition
Lg . . (1+cos? 6) Experimentally:
A _ dot —do™ X L sin ¢ sin(0) ImH A (—t E~ M: Cb) 1 NT—_N—
OU — dot+do— dopy OU y L7 ? — P, NtT4+N-—
> 0.6
<M >=18 GeV; < B, >=T7.29 GeV;
0.5 <0 >=92°
0.4
* A sizeable asymmetry is measured, above the expected 03 ”+-+—v
vanishing asymmetry predicted for BH. 0. o

* Results have been compared to 2 model predictions:

o
|IIII|IIllllllmlllll‘llllllll|IIII|IIII
)
—

;. VGG model 0E —a s N N
’ .GK oo . 0.1 +DATA [ Tot. Syst.
* The size of the asymmetry is well reproduced by both 0 +«BH .. CK
models, giving a hint for the universality of GPDs. E | | . |==VGG
_0'30.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

-t (GeV?)

Figure in First Measurement of Timelike Compton Scattering, P. Chatagnon et al. (CLAS Collaboration),
Phys. Rev. Lett. 127, 262501 (2021)
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Part Ill: TCS Measurement with CLAS |2 °

Forward/Backward asymmetry results

Observable definition

do (6o, po) — do(180° — 6, 180° + ¢g)
do (0o, ¢o) + do(180° — g, 180° + ¢g)

Lo (4cos 0o) p o 7 ——
=2 cos @p Sn(0o) ReM

> donm (00, do) + dops(180° — By, 180° + o)

AFB (007 (b()) —

* Integration over the forward angular bin :

0 € [50°,80°] and ¢ € [—40°, 40°]

* The measured asymmetry is non-zero: evidence of signal beyond pure
BH contribution
* Measured asymmetry is better reproduced by the VGG model including
the D-term
I. Confirmation of the importance of the D-term in the
parametrization of the GPD
2. One can use TCS data to constrain it
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<M >=18 GeV; < By, >=1T7.24 GeV

< 06— Forward angular bin:
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0.4
02F e
| R T N
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B I N T
O === T e o e aiaieie: i
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0.4

[P R AR R
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2
Figures in First Measurement of Timelike Compton -t (GeV)

Scattering, P. Chatagnon et al. (CLAS Collaboration), Phys. : ) "
Rev. Lett.g 127, 2625gOI (2021) ’ Jg/’eff:erson Lab CIQS“



Part Ill: TCS Measurement with CLAS |2

Short-term perspectives for TCS measurements with

CLASI2

Projections for the full proton target dataset (RG-A)

* Only a fraction of RGA was used for in the PRL article (1/3)
* New significant improvement on the tracking software have
been done since 2020 — 50% more efficiency for the 3-

particle final state

<M >=18 GeV;< E, >=17.24 GeV <M >=18 GeV;< E, >=17.24 GeV
d? 2 06_
r Forward angular bin: E
0.6 0 € [50°807, o < [-40°, 40°] < 0.5F
o T W
03F _amee -'+' """" f """""""""
0.2§‘ + ++
01 ’+ ’
0 —= " =
—0.2 |~ RGAFall2018 —4- Projected stat. =4~ BH _0'12_ —+- RGA Fall 2018 —4- Projected stat. —— BH
B [ Syst. error [ Projected syst. -0.2F [ Syst. error [] Projected syst.
_04" . |=—VGG ===VGG, noD-term =:=v GK, no D-term 035‘ L |===VGG simi GK
01 02 03 04 05 06 07 08 ~““p1 02 03 04 05 06 07 08
-4 (GeV?) -+ (GeV?)

+ Deuterium dataset available for nTCS and bound proton TCS

13/23

Analysis on longitudinally polarized proton
target dataset (RG-C)
Analysis by K. Gates, Univ. of Glasgow
Only
10%- i
missing
mass cut
101.
B 5
L2 Missing
mass and
10" Pt/P cut
Lo Presente re: 6% of the total data taken
................. ——




Part Ill: TCS Measurement with CLAS |2

Oher TCS measurements at Jefferson Lab

Transversely polarized TCS in Hall C
YP¢€e'e P

Scattering Chamber
(target cell, magnet coils,
LHe and LN Shields,

Al windows)

/

1. High intensity photon source
1.5 x 102 y/sec (CPS)

2. Target chamber: NH3, 3cm
Polarized via DNP

3. Tracking: GEM+hodoscopes,
4 symmetric quadrants

4. Calorimeters: 4 symmetric
guadrants, equivalent of 2 NPS

~ 6° to 27° aperture
Lumi request: 5.85 x 10° pb*

+ Ongoing measurement by GlueX on unpolarized proton

14/23

GPD E in a complementary way to neutron
and transversely polarized DVCS

Dependence in GPD parametrization
and J, J, (VGG model) vs @ and @,
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Part IV: JI cross-section with CLAS | 2

Part IV: Toward the measurement of the near threshold
photo-production of J/Y using CLASI 2

* Analysis initiated by J. Newton for his PhD thesis
and postdoc.

* Joseph left in December and | took over the
analysis since then.

* In the following | will show only the same dataset
as for the TCS analysis.

* [0.6 GeV beam on Liquid H, target

* Accumulated charge: 37mC or 48 fb!

CLAS12 Preliminary - ee ch.

counts

10°

102

10

15/23
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Part IV: |/ cross-section with CLAS | 2

JIY photoproduction near threshold: motivations and

results

* Probe the gluon content of the proton (under 2-gluon exchange
assumption and no open-charm contributions discussed in the next slide)

5 J/1p

J/

NNV S

0

p

p

U :

0

* The t-dependence of the cross-section allow to access gluon
Gravitational Form Factors (GFFs), mass radius of the nucleon

(under 2-gluon exchange assumption and no open-charm contributions, see back-up).

* Model-dependent limit on the branching ratio of the Pc

pentaquark. g

Figure in, Measurement of the /¢
photoproduction cross section
over the full near-threshold
kinematic region, S. Adhikari et al.
(GlueX Collaboration)
arXiv:2304.03845

fss555 GPD (Ivanov, Sznajder, Szymanowski, and Wagner) |
~ = = GPD and LQCD (Guo, Ji, and Liu)

-10-3

-10-2

-100 ."~

20
E [GeV]
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proton. Nature 615, 813-816 (2023)
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Figure in Duran, B., Meziani, ZE., Joosten, S. et al. Determining the gluonic gravitational form factors of the j




Part IV: JI cross-section with CLAS | 2 °

Projections for CLASI|2 proton data

ep — (e')yp — (e)J /¢ p' — (X)eTe P’

* Projected statistics error bars based on full dataset
available on proton target and expected improvement
for tracking.

* Lower maximum photon energy than GlueX.

* Error bars are competitive with GlueX.

* t-dependence will also be extracted.

G [nb]

1.8

1.6

1.4

1.2

0.8

0.6

0.4

0.2

0

1

:_ —a— Projected stat. error bars
T —&— GlueX (2023)
C —4— GlueX (2019) 4 +
3 | | | o
LY ﬁ i1
3 .
T
:— id * A
I‘II I|IIII|IIII|I I|III|IIII|I
8 8.5 9 9.5 10 10.5 11 11.5

E, [GeV]

Including all data taken on unpolarized proton (150 fb-') and improved tracking
efficiency (+50%)

17/23
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Part IV: JI cross-section with CLAS | 2 YYYY!

Preliminary results for CLASI|2 proton/neutron data

J/y Total Cross Section vs E,,

* Deuterium data were taken by CLASI2 in ] : L ;Z::ﬂ::g:m::jzj

2019/2020. ]| # cuasizip Targer jpoetes
* Opportunity to measure J/P production on - R

(bound) neutron and (bound) proton. = ]
* Alongside this analysis, a framework to explore the = ]

muon decay channel was developed. g j{;
* This effort is lead by R.Tyson from University of S

Glasgow. §- )

5 ]

* Preliminary results for the comparison of decay 18 %_ L

channels and target nucleon. 1 - .T S
 This measurement could have implication on 8.5 9.0 Ey[é’fv] 10.0 10.5

understanding open-charm channels contribution. Taken from R.Tyson PhD analysis, Univ. of Glasgow
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Part IV: JI cross-section with CLAS | 2 YYYYS

Tagged J/y quasi-photoproduction with CLAS| 2

ep — e J/p — el (X)

3_

i 191
40— Mean 2473

%)
2
C
2 Std Dev 0.3694
o
o

¢ 50.04 /49
35 0.1542
8475 = 1965

* Analysis conducted by M.Tenorio Pita, ODU. [t
* In this case, one electron in the Forward Tagger 25 -

My, GeV

—20 7518,
(Low lab angle <5°) and a lepton pair in 30 & someane
2= 4 X4 10.49=7.01
CLAS I 2. :._'_:' 25 X5 5553 £2.377
* Excellent cross-check of the quasi- 150 7 " \e

photoproduction approach.

* Early results show low statistics, the new data
“cooking” including better tracking efficiency
will be beneficial for this analysis.

15

10

0.51 on e
. 1"11 Ten orlo Plta ODU

IIII|IIII{IIIIITIIIIIIII'IIIIIl

Analysis by |
 Other event topologies will be explored. S R R R BT N B sy s 7w+ R 2
M(e'e’), GeV M(e*e’) [GeV]

Other potential J/y analysis using CLAS |2 data

- Awvailable data for longitudinally polarized proton target

19/23 J
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Part V: Long term perspectives

Mid term perspective with CLASI|2: Luminosity upgrade

Increasing of the CLASI|2 luminosity by a factor 2

Micro-R-well technology...

Top Copper (5 pm)
Polyimide

Cathode PCB

Pitch 140 pm

DLC layer (<0.1 pm)

- . 3 L ~ g
1 (11] o o e N\ call's 4 % Y p~10+100 MQ/C]
A1 adm!“! 5 . - | . /8 ' PCB electrod
,x'?";‘i:!'mm-g% M {4
% W » [ 7
s, YU
a = 7' U A Ny /A ) ...combined with increased efficiency of Al

o [N -

i ll_ e Y I," " tracking

I

Figures courtesy of Rafayel Paremuzyan
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Part V: Long term perspectives

Long term perspective: Double DVCS measurment

Moutarde
and Vanderhaeghen (2013)

ut

/
Guidal

ep — €

’

Im%(g’? 57 t) X H(é-,? é-? t) T H(_é.’? 53 t)
— Allow to map the full kinematic dependence of the GPDs

>
0

<]
S

Jeff;-?son Lab CIQ
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Part V: Long term perspectives (YY)

HCLASI2 (Hall B) and Solid (Hall A)

« Two main challenges for DDVCS measurement: Kinematic reach for DDVCS with pCLASI2

|. Low x-section: requires high-luminosity s " M0k GLv: DR a eItV Figures
2. Muon detection needed 6% T " 1.6 GeV2 < Q?< 24 GeVAmr|  courtesy of
£ 2.4 = Q% gV’ Rafayel
oF 025 Paremuzyan
UCLASI2 (Hall B) LOI-12-16-004 :: . Y
1037cm-2s-! (Stepanyan,Paremuzyan,B % '
( icm s') altzell,De Vita,Ungaro et * oisg
- yie aI.) 3_ 0.1
1» 0.05[
T T i P T e e a e

Projections for TCS with Solid (50 days at 107cm2s' on LH2)
- S
9: o 20 bin3 / _
C 5 00k m ¥ B 2&.5GeV?
jEM[Calorimeten 8:_ 3 2000 ;l = gt st Gew ™
GHE: a 7:_ 1800F - . oAt m L]
> B 16001 "an . N -y "
Target _ 0 :_ Pa A A A
0 6: /::::E— A R N R
=i 5_ t0of Y, 4 A
o woof A A
O £ 0 1 2 3 4 5 6
Y505 01 0.5 /027025 03 035 04 statistics in 2 bins in t, bin #3 (Q2"®

Light Gas Heavy Gas
Cherenkov Cherenkov

Material provided by M.Boer

Boer, Camsonne, Voutier, Zhao, et al. LOI submitted 2023 +)/y photoproduction + J/y electroproduction
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Summary and take-aways

* The dilepton final state allows to access fundamental properties of the nucleon (GPDs, GFFs).
* Rich experimental program at Jefferson Lab, already producing some important results

* The first extraction of Timelike Compton Scattering observables on unpolarized proton target was
done using the CLASI|2 detector. More results from CLASI2, GlueX, Hall A/C to come.

* Large effort to extract J/\ cross-section on various targets both for electron and muon final state
(GlueX, Hall C,and CLASI2).

* New experiments are proposed to extend this program to DDVCS, )/ electro-production, pu-TCS
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BACK-UP
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Positron PID
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Part Ill: TCS Measurement with CLAS |2 °

One important challenge: a clean positron identification

Pion background at large momenta

At high momenta (typically above the HTCC threshold at 4.5 GeV), both pions and leptons will emit Cherenkov light.

ep — epntm~ VS ep — epeT T yp — ete p
CLAS12 Preliminary - ee ch. M> 1.5 GeV
104% K | PID211I(231391.O), 5ca|ed1.OIOO E‘I 0
E * PID -11 (1570.0) a9
103_5 8
- 7
E_ " ove . :'°.'~’.o "*’:ﬁ °
B ¢ by ‘ 5
10 EF } +¢+ﬂfﬂ1+ﬂf ++*;+r 4
- i .
2 2
i} 1
Lovoaloaal

ST
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Part Ill: TCS Measurement with CLAS |2 e00000000000000

Al identification of the positrons

Strategy and discriminating variables

* Leptons produce electromagnetic showers and tend to
deposit energy in the first layers of the calorimeters.

* Pions are Minimum lonizing Particles in the GeV region,
they deposit small amounts of energy all along their path.

* Two main characteristics to use:

| Egcp (EC Layer)

SFEC Layer — P

2.
Zstrip(at—D)Q-ln(E)
M2 — % ZU,V,W Zstrip IH(E)

Accessing GPDs using the dilepton final state with CLAS|2 27/36 Jef’f:e;son Lab Clcgﬁa
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Part Ill: TCS Measurement with CLAS |2 °

Performances of Al identification

of the positrons

Strategy and discriminating variables

* Leptons produce electromagnetic showers and tend to
deposit energy in the first layers of the calorimeters.
* Pions are Minimum lonizing Particles in the GeV region,

they deposit small amounts of energy all along their path.

* Two main characteristics to use:

. Eg4ep(EC Layer)
. de yer
SFEC Layer - J=

2.

Zstrip(w_D)Q.ln(E)
My = %ZU,V,W

Zstrip IH(E)

Accessing GPDs using the dilepton final state with CLASI12
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Signal Eff.

0.92 f—rrersrrrmmmmeemsnesdre s ........................... e eere e eereemeeeaeeeerees o

008 A A— o

0,94 A— A— e

0.9

—— ROC from data
WM Cutat05
——— Systematic variation

— ROC from simulation

006 — — e\ R

0

0.2

04

BackGround Re;.
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TCS analysis
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Part Ill: TCS Measurement with CLAS |2 °

TCS interference cross-section formulae and CFFs

Unpolarized cross-section Formulae and notations of Berger, Diehl, Pire, Eur.Phys.).C23:675-689,2002
d4J[NT L 1+ COS2(9) ~
— ReM ™~ + ...
i02atan = T |0 e e
~ 2¢/tg —t1 —¢& -
i 1+§{1H E(Fy+ Fo)H 2 2]

Compton Form Factors (CFFs)

1 1 1
H:/_ldaZ‘H(LE,f,t) (g_m_i€_§+$—ie)

Polarized cross-section

4 4
d OINT d OINT |unpol. LO

_ 1+ cos?(0). =
= _ . A0
dQ2dtd0) dQ2dtd L L lsm(@) sin(6)

ImM — + ...

Accessing GPDs using the dilepton final state with CLASI12 30/36
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Part Ill: TCS Measurement with CLAS |2 e00000000000000

(Quasi-)Photoproduction events selection

1) CLASIZ PID + Positron NN PID. 1
ep — (e')vyp — (X)ete p'

Proton identification Lepton identification

o . Cherenkov counters + Calorimeter energy deposition

¢I ‘ «

G z E B 034

9 0.90 ?%oooo:—

g -

k= 0.80 40000:—

g @ 300002—

v -

% 0.70 zoooo;—

g P 10000;

¢ ' Go:' 5 0 15 20 26 a0 35 a0 T T s T T e T T s
: . 2 o Noye Eder (GeV)

>N 0.5 AR A I TR TG Pl I ITRNBIL DA | P .

g ’ 8.5 10 15 20 25 30 35 40 45 5.0 . . Ede

0 P (Ge Sampling Fraction = —g*
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Part Ill: TCS Measurement with CLAS |2

First observable: the photon polarization asymmetry

Definition

Measurement

A@U(_ta Eﬂ)/a Ma Qb) —

* Pirans. is the transferred polarization from the electron to the
photon, fully calculable in QED.

1 Nt

Olsen, Maximon, Phys. Rev.| 14 (1959)
B} is the polarization of the electron beam at 85%.

e The obtained distributions of Acu(—t;®) are then fitted with a
sine function.

1 N"—N—
Py NFIN-

3
Qg 1 Mp 1 Lo (1—|—cos 0) ——
sy sy O gin ¢ () Im M
dopH
S _|_o.15<-t(Gev2)<o.25 2
i <
Where NZI: = Z A]-CC Ptrans_ OZ?
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—0.4F

0.6 Agu 0.166 + 0.084
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0(%)

—0.8] Agu 0.3101+ 0.0725

.25<-

t(GeV?)<0.34
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Agul0)

-0.2F
—0.4F

—0.6] Agu 0.1768 = 0.0647
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0.2F
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o

1 L 1 1
0 50 100 150 200 250 300 ¢3(§)D

.ggf_f./egon Lab CIQ;‘?



Part Ill: TCS Measurement with CLAS |2 e00000000000000

Second observable: the Forward/Backward asymmetry

Forward/Backward correspondence: Effect on cross-sections

ks k' < (0,¢) < (180° — 6,180° + ¢)

dopm N 1+cos’ rp  dopm
dQ? dt d) sin2 6 " dQ?2 dt d9

d*ornT Ly 1+ cos?(0) rp dornT
x —cos(¢p)—— > —
dQ"?dtdQ) L sin(0) dQ)? dt dS)

Observable definition

ol 1 my 1 L 14cos? 8
do (0o, ¢o) — do(180° — 0, 180° + ¢g)  ~ %rs? —At Q 7vir L ¢ ®o { sin(Gg)O)-

A = =
r5(60, ¢o) do (8o, ¢o) + do(180° — 0o, 180° + ¢o)  dopm (0o, ¢o) + dopr (180° — 6o, 180° + ¢o)

* Concept initially explored for J/{) production
(Gryniuk,Vanderhaeghen, Phys. Rev. D, 2016)
* Exploratory studies for TCS performed alongside this work

* Predictions for TCS have been published very recently + LO radiative correction negligible
(Heller, Keil,Vanderhaeghen, Phys. Rev. D, 2021)

Accessing GPDs using the dilepton final state with CLAS|2 33/36 Jef?e'rgon Lab Clcgﬁa

o=



J/@ analysis
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Part IV: |/ cross-section with CLAS | 2 XYY YY)

JIY (quasi-)photoproduction events selection

Can we do the same as for TCS ? In principle yes...

© )CLASIZPID + Positon NN PID. —]
ep — (6’)710 — (&) /Y p' = (X)eTe '

PX = Pbeam T Pp — Pet — Pet —

In practice, it is not so simple CLAS12Preminay
E, - —e— Data raw (2253.0)
B Uy (106.2)
B [ BH TCSGen (60.1)
0? o~ I BH Grape (567.6)
TE -+ ++"'+'°““‘+"""'“" +.¢....+'°"-0:
Fo—

Data/MC ratio
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Back-up

Background removal procedure

Sample contents

Opposite charge leptons
Background final states (r* - e™)

e'pet(e” + X)+ep'nT(n™ + X)

N(ete p') =ns(eTe”) + npg(eet /nT)

Physics final state

Same charge leptons

ep— pe e (X ~e)

e"ep'(e)

e'p'n™ (7t + X) +epe” (et + X)

Rin —

Rout

S

(S + B)In

Accessing GPDs using the dilepton final state with CLASI12

N™(eep)  a*-0Be  a-opg
Nin(etemp/) a-b-opeys b-0peys
Nt (e'e~p) b% - opc b-opg

Nevt(ete~p')  a-b-0pgis - OBG+s

Ne—e—p é —1_
Ne-etpp, @

Ne—e—p Ne—e—p
Ne*e?*pfn Ne*ff*pout

—1—
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Back-up

Photon flux and accumulated charge

Jo(E ) —

N 77y

/W'IN:Y . nT “ wc . BT . E(E’Y)

Photon Flux vs Photon Energy

Number of photons
0.003

(from accumulated
charge and photon

Photon Flux

0.0025

Legend

EPA Virtual Photon Flux
Frixione Virtual Photon Flux

Real Photon Flux

flux from QED)

0.002
Number of targets

9.7<Ey<10.2 GeV

IIIIIIII"I/"""'IIII

(from the density of 0.0015
dihydrogen and

0.001

length of the target) \\
0.0005

D I 1 I 1 1 1 L | 1 1 L 1 I 1 ] 1 1 I 1

8 85 9 95 10 105

Photon Energy [GeV]
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Part IV: |/ cross-section with CLAS | 2

Motivations to measure J/{ photoproduction near
threshold: the open-charm “issue”

Open-charm “issue”

* The previous considerations rely on the application of
Vector Meson Dominance.

* Thus the contribution from open-charm meson
channels must be ruled-out/understood.

Accessing GPDs using the dilepton final state with CLASI12
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1.2;
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06}
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04/
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0000
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9500

o(y p — Jly p) [nb]

il

10 pr——"

| AL A A B S |

o GlueX (2023)
= Single channel (1C)
= Two channels (2C)

1 " 1 L L
10000

¥ T/
LLLL'HH DUO(AL)
DI(AL) DAL
AL(D™)
P P

Figure in Du, ML,, Baru, V., Guo, FK. et al. Deciphering the mechanism of near-threshold J/{ photoproduction.
Eur. Phys. J. C 80, 1053 (2020)

Tric

o(y p — Jhy p) [nb]
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E, [GeV]

BRTE

e GlueX (2023)
= Nonresonant (3C-NR)
=~ Resonant (3C-R)

9
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E, [GeV]

Figure in D. Winney, C. Fernandez-Ramirez, A. Pilloni, A. N. Hiller Blin et al. (JPAC), Dynamics in near-threshold
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J/Y photoproduction arXiv:2305.01449
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https://arxiv.org/abs/2305.01449

Part IV: JI cross-section with CLAS | 2 XYYYYYYY Y

Background subtracted data using same-charge lepton

events

* Opposite charge leptons
Background final states (7t — e™) Physics final state

dpet(e + X)+epnt(nm+X) e etp(e)

N(ete p') =ng(ete”) + npg(e'et /nt)

* Same charge leptons
ep—pee (X ~e)
ep'n (T + X)+epe(e™ + X)

* Background correction weight, combining inbending and

outbending data:
= i = Nememp| Nememp
(?’Ls—I—TLBG) Ne+e_p In N6+6_P Out
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Data/MC ratio

Data/MC ratio

CLAS12 Preliminary
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20

10 o

Total ratio 74.0 %
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Part IV: JI cross-section with CLAS | 2 XYY YYY Y

Cross-section extraction

NJ Number of J/y
oo(E,) = /¥

/INV’”T e "‘E(E'Y)l\

T T T T T T T T T T T T T
20

Reconstruction
efficiency of the |/
— from MC

Events

* Number of photons
(from accumulated
charge and photon .
flux from QED). "

* Number of targets 10
(from the density of
dihydrogen and
length of the target).

18

16

\ Branching ratio of J/y — e*e"
— 6%

Data/MC ratio
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Part IV: |/ cross-section with CLAS | 2

Deuterium target and muon final state

* Deuterium data were taken by CLASI2 in
2019/2020.

* Opportunity to measure J/ production on
(bound) neutron and (bound) proton.

* Alongside this analysis, a framework to explore the
muon decay channel was developed.

* This effort is lead by R.Tyson from University of
Glasgow.

Accessing GPDs using the dilepton final state with CLASI12

Bound proton

e+ e- Invariant Mass

Jhy Yield 2242 275

m Mean 3.063 1 0.005

12073 o 0.05402 + 0.00726

L 1st order coef 81.44 +8.41

= 2nd order coef =167 £22.9

100/— 3rd order coef 82.84 + 68.00

C offset 13.8+2.2
80—
60—
40—
20—

8.5 26 2.7 28 29 3 31 3.2 3.3 3.4 3.5

Invariant Mass [GeV]

u+ p- Invariant Mass

Taken from R.Tyson PhD analysis, Univ. of Glasgow

Jhy Yield 130.9 + 26.7
| Mean 3.082 + 0.006
o 0.04414 £ 0.00739
501 1st order coef 61.74 + 9.4
- 2nd order coef —275 + 64.0
C 3rd order coef 4243 +195.9
40— offset 6.414 + 2.563
b W py‘(
20—
10— E
[ P IS IR IR K n L
9.5 29 3 3.1 32 3.3 3.4 3.5
Invariant Mass [GeV]
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Bound neutron

e+ e- Invariant Mass

80

60

40

20

[ T T T[T T[T

Jiy Yield 151.9 £26.2
Mean 3.095 £ 0.004
o 0.02802 + 0.00511
1st order coef 183.7+99

2nd order coef -2125£616
3rd order coef —51.59 + 149.53
376+29

L T
3.3 3.4 3.5
Invariant Mass [GeV]

u+ p- Invariant Mass

Ty Yield 37.47 £ 12.00
Mean 3.082 + 0.008
16E o 0.03251+ 0.00988
E 1st order coef 2552 +7.10
~ 2nd order coef —68.22 + 35.84
14— 3rd order coef  57.09 + 124.49
r 4,061+ 1.271
12—
10f—
8
6
4=
2= ;
98 3 33 3.4 35

Invariant Mass [GeV]
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