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Outline

The Generalized Parton Distributions and motivations for their measurements

The CLASI2 experiment at Jefferson Lab
Timelike Compton Scattering measurement with CLASI2
Near threshold /@ photoproduction cross-section measurement with CLASI|2

Long term perspectives with CLASI2: Luminosity upgrade and muon detection

cord 40»
Accessing GPDs using the dilepton final state — Pierre Chatagnon — It December 2023 ‘ggf’fe son Lab CIQS‘



GPDs oo

3/20
[ ) [ ) [ ] [ )
The Generalized Parton Distributions
L GPDs
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GPDs oo 420

What can we learn from GPDs?

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

H%z,b,) = / d2AL6_"bLALHQ(a¢ 0, —A3)
3 (27_(_)2 y Yy L

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

rule: 1
1 . 1 _ 1 q q
> =l + o . Jo = Zq: > /_1d33 c(HY(z,£,0) + Ei(x,£,0)) = Zq: 5(A1(t) + B(t))
* Accessing Gravitational Form Factors, which appear in the nucleon EMT matrix elements:

1 1
f do H(xz,&,t) = Al(t) + £2D(¢) / 1 dx vE(x,&,t) = BI(t) — €2D(¢t)

—1 -

Compton Form Factors (CFFs)

1 1 1
H:/_lda?H(.’.E,f,t) (g_m_i€_§+m—ie)
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CLASI2 at JLab ee 5120

The CLASI|2 experiment at Jefferson Lab

* Jefferson Lab is located in Newport News, Virginia,

D USA

* The Continuous Electron Beam Accelerator Facility

. | provides a quasi-continuous beam of polarized electron,
........ up to 12 GeV.
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* Build around two anti-parallel linear accelerators, with
recirculation arcs on both ends. The maximum energy
is reached after 6 pass through linear accelerators.

Recirculation arcs

* 4 experimental halls: A,B,Cand D

CLAS12 in Hall B A & C: Small acceptance but large luminosity
Y/ B: CLASI2, a large acceptance experiment
D: GlueX, a tagged photon beam experiment

.ggf_f./e?son Lab CInga
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The CLASI2 detector
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Forward Detector

* Torus magnet

* Drift Chambers

* Forward Time-of-Flight
* Calorimeters

* Cherenkov counters

Central Detector
Solenoid magnet
Central Vertex Tracker
Central Time-of-Flight
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Forward Tagger
* Calorimeter

* Hodoscope

* Tracker

Beam

« 85% longitudinally polarized e
* Max. luminosity: 103> s-'em-2

* Energy:6.5/7.5/~10.6 GeV

Target
* Proton
e Deuterium
* Longitudinally pol. H/D
Jeff/e-?son Lab

©
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Timelike Compton Scattering
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DVCS: ep — e'p'y TCS: vp = ete p’

et (k') Kinematic variable
_ e
v(q) V() e (k)
\y 8
T + é‘n g Y — g 6+
GPD
- —t = (p — p’)2
P(p) ¢ P'(p) )z P’ 2 _ N2
TCS Bethe-Heitler (k+ k)

L . L ={[(q—k)?—mi]l(q - k')
(factorization regime, —t/Q"? < 1) ! Ly = (0" ;iHQQH) s
* BH cross section only depends on Electromagnetic Form Factors.
* At ]Lab 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.

Jeff;-?son Lab
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TCS measurement with CLAS|2 eeeeoecoe

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:

1
ReH (&, 1) 73’/ d:c( —:c_§+:c) Im#H (&, t) + A(?)

r2p(r) (x1072 GeV fm™')

I 0 1 1 A A A A v |
Q 3 jO ( 4/ — ) 0 02 04 06 08 1.0 12 14 16 18 20
r (fm)
O< D ( ) d r p(,r) Figure in Burkert, V.D., Elouadrhiri, L. & Girod, F.X. The pressure
distribution inside the proton. Nature 557, 396-399 (2018)
. . : : Jefterson Lab
Accessing GPDs using the dilepton final state — Pierre Chatagnon — It December 2023 —

‘

8/20



GPDs ee  CIAS|2 at J[Lab ee  TCS measurement with CLASI2 eeeeeeee [/ photoproduction with CLAS|2 ee  Long term perspectives e®® 9120

(Quasi-)Photoproduction events selection

1) CLAS12 PID + Positron NN PID l

ep — ()yp — (X)eTe p'

3) £ <0.05
X
— Q? < 0.1 GeV?

PX = Pbeam + Pp — Pet — Det+ — Ppr —> 2) | M%| < 0.4GeV? —

Simulation Data

3
Mass? e (GeV?)
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TCS measurement with CLASI2 ° 10/20

Dilepton invariant mass spectrum

Dataset
* Data taken in Fall 2018 > -
* 10.6 GeV beam on Liquid H, target G 10°E
* Accumulated charge: 37mC or 48 fb"! 0 -
3 -
= i Next part of the talk
* Vector mesons peaks are visible in data: w(770), o 102 &
LLI C

p(782), $(1020) and J/y(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 —I— Data | | | i
0.15 GeV? < —t < 0.8 GeV? 0.5 1 15 2 2.5 3
1.5 GeV < M, +.- < 3 GeV M (GeV)

4 GeV < E, < 10.6 GeV

.ggf_f./egon Lab CIq;‘ﬁ
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TCS measurement with CLAS |2 °

Photon polarization asymmetry results

11720

Observable definition

2
P R %lsin qb—(l:iio(sg)e)lmﬂ

AQU ~ dot4do— X dogy

* A sizeable asymmetry is measured, above the expected
vanishing asymmetry predicted for BH.
* Results have been compared to 2 model predictions:
. VGG model
2. GK model
* The size of the asymmetry is well reproduced by both
models, giving a hint for the universality of GPDs.

Accessing GPDs using the dilepton final state — Pierre Chatagnon — It December 2023

Experimentally:

+_ —_
Acu(—t, By, M; ¢) = & 2=

~ P, Nt+N-
> 0.6p
= < M >=18GeV;< B, >=T7.29 GeV;
0'55_ < >=92°
0.4F
0 N
0.2F" +
0.1=
0F —a— " "
0.1 -+ DATA []Tot. Syst.
~0.2F —+ BH ... GK
_0 SEI 1 T B T B --'VGG
0.1 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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TCS measurement with CLAS |2 °

Forward-Backward asymmetry results
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Observable definition

do (8o, ¢o) — do(180° — by, 180° + ¢y)
do (0o, do) + do(180° — by, 180° + ¢)

Lg (1+cos® o) p o 7 ——
72 oS ¢ Sn(00) ReM

> dopm (00, do) + dopm (180° — 0o, 180° + o)

AFB (907 ¢0) —

* 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
|. Confirmation of the importance of the D-term in the
parametrization of the GPD
2. One can use TCS data to constrain it

Accessing GPDs using the dilepton final state — Pierre Chatagnon — It December 2023
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0
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__Forward angular bin:
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\

-------
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- DATA [] Tot. Syst.

Figures in First Measurement of Timelike Compton
Scattering, P. Chatagnon et al. (CLAS Collaboration), Phys.
Rev. Lett. 127,262501 (2021)

=+ BH == GK, no D-term
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TCS measurement with CLAS|2 eeeeoccee
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[ J [ J
Short term perspectives with CLASI|2
Projections for the full proton target dataset Analysis on longitudinally polarized proton
target dataset (GPDs H and H)
* Only a ~1/3 of the proton dataset was used for the |t publication .
N N : : Analysis by K. Gates, U. of Glasgow
* New significant improvement on the tracking software have been
done since 2020 ~ Only
— 50% more efficiency for the 3-particle final state 10% T ‘QP\T missing
<M >=18GeV;< E, >=17.24 GeV <M >=18GeV;< E, >=T7.24 GeV 101" ??se\' mass cut
£ F in: 3 0% non 0
< oer Tl oo w401 | 0.5¢ 0 i ) 3 A 5
0'4§ O P T LAY QI(GBV)
oo '{ | ) Missin
=T b 10 pRY ;
| T T W mass and
OE_ " e 2 " . \“
- | o 10 \ 2 Pt/P cut
-0.2- |4-RGAFall2018 —- Projected stat.  —— BH "E [ RGAFall 2018 —4- Projected stat. ——BH ?R
L [ Syst. error [ Projected syst. 0.2 ] Syst. error [ Projected syst.
_0.4] ., |=— VGG === VGG, noD-term ==+ GK, no D-term -0 -:EI L |===vGG e GK 100 ﬂ_‘
01 02 03 04 05 06 07 08 ) ~01 02 03 04 05 06 07 08 o 4y A ?';""‘ i £
- (GeV?) t(GeV?) /
Q (GeV)

+ Deuterium dataset available for TCS on neutron and TCS on bound proton

.gg_ﬁ/e?son Lab Clcg"a

Accessing GPDs using the dilepton final state — Pierre Chatagnon — It December 2023



TCS measurement with CLASI2 ° 14120

Other TCS measurements at Jefferson Lab

Transversely polarized TCS in Hall C Dependence in GPD parametrization

and J , J, (VGG model) vs @ and @,

YP - e"e P’
— 0.25¢
=) - w— H ONly
1. Highi . h < 0.2 « o HeHt
, . High intensity photon source - HeE Ju=23,Jd=.1
Scattering Chamber 0.15 .’ o
(target cell,gmagnet coils, . 1.5 x 10* y/sec (CPS) = S :‘Ej“':‘m's o amimis s
LHe and LN Shields, R _ 0.1 . H’EJ::'::j‘;” e o0t
bl Ny 2. Target chamber: NH3, 3cm 0.05F, - = HoE Jus-5,Jd=1 Baaete
R & Polarized via DNP 0: 8,
3. Tracking: GEM+hodoscopes, ‘0‘05;_ T
4 symmetric quadrants 0.1 e " ; o
y - 0(:51; ., CeE .+ (shown: first bin in @,
7 . 4. Calorimeters: 4 symmetric o 3 R = target spin "in plane”
CPS beam quadrants, equivalent of 2 NPS —0.2¢ reference kinematics bin #4)
e ] Bl | s T YT [ e T R O Y T [N (Y (O O U [ (L TS Lot [T T ) YO P | ('
— . . 0255050 100 150 200 250 300 350
- ~ 6° to 27° aperture
Lumi request: 5.85 x 10° pb? "1s.  (deg.)

* Access to the GPD E
* Complementary way to neutron and

Material provided by M. Boer (V. Tech) transversely polarized DVCS

+ Ongoing measurement by GlueX on unpolarized proton

.g/cef_férjson Lab CIQé‘?
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Near threshold J/y photoproduction
Figure in, Measurement of
* Probe the gluon content of the proton 20k GlueX @ JLab g.__.,_.;ﬁ-sl the 1y photoproduciion
F = e Sl . .
(under 2-gluon exchange assumption and no open-charm contributions) = F g - near-threshold kinematic
:_3_- - @ - region, S. Adhikari et al.
~ L el (GlueX Collaboration) Phys.
Y J/ g I/ + #gé e Rev. C 108, 025201 (2023)
() a 1l " -7
- = -
® Ok ﬁ?‘ P—ér%
C s e
10_1 - % 7 = GL%
P P E ,’ —5— SLAC
) f - . ~/— Cornell
( / = \) B ff -------- GPD (Ivanov, Sznajder, Szymanowski, and Wagner)
> B ,f = = = GPD and LQCD (Guo, Ji, and Liu)
. -2 L I I | I
« The t-dependence of the cross-section allow to access gluon O 10 -0
Gravitational Form Factors (GFFs), mass radius of the nucleon E,[GeV]
* Model-dependent limit on the branching ratio of the Pc a . s Figure in Duran, B, Meziani,
pentaquark. - Efzi_gg; weingthe apprasch rom e, 1 ZE, Joosten, S. etal.
Y 04l attice Determlnlnlg i:che glfuonlc f
A ~10-2 gravitational form factors o
& Ha" C @ jLab ° the proton. Nature 615, 813—
<o < 816 (2023)
< ‘ a’-10- > |
0.2 =
oi e R . 100 l‘,.,,
00 05 1.0 1.5 20 25 3.0 3.5 4.0 45 0 05 1.0 15 2.0 25 3.0 3.5 4.0 45
k2 (GeV?) K2 (GeV?)
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Projections for CLASI|2 proton target dataset

ep — (e")yp — (e')J/v p' — (X)eTe P’

* Preliminary statistical error bars based on full dataset
available on proton target (128 fb™!).
* Smaller range of photon energy than GlueX.
 Statistics are slightly less than GlueX...
... but very different systematics.
* The t-dependent cross-section is also extracted.

Other measurements

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

* Measurements of )/ production on (bound) neutron
and (bound) proton.
* Muon decay channel also measured.

Analysis lead by R.Tyson (JLab)
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1.8
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:_ —a— Projected stat. error bars J
- —&— GlueX (2023)
[ —&— GlueX (2019) U +
- “la
— + +
s ++++++.}+h+++
= A A
— Including all data taken on
- A + unpolarized proton (128 fb-')
— - A with improved tracking efficiency
— AA
1 | A 1 | | 1 | 1 I | | 1 | | 1 | | 1 I | 1 1 | I 1 | 11 | 1 1 | | I
8 8.5 9 9.5 10 10.5 11 11.5
E, [GeV]
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Long term perspectives eo e
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First perspective with CLAS|2: Luminosity upgrade

e Exclusive reaction have typically a low cross-section.

* Each additional detected track/particle comes with a detection efficiency “penalty”.
* These measurement require large luminosity, which is mostly limited by DC occupancies in CLASI2.

A potential solution: the CLAS |2 luminosity upgrade

. s v\ » 7 3
Figures courtesy of R. =3 L\

Paremuzyan (JLab) P te o ; AN

\

@ |- W

00
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MRwell-based detector in front of DC region |...

Top Copper (5 pm
piCanpsrisian) Cathode PCB

Polyimide

Pitch 140 ym
DLC layer (<0.1 ym)
p~10+100 MQ/O

S _—i=

... combined with increased efficiency of Al tracking,
already in place for the current data-processing
Goal: doubling the current luminosity !

.J./ef_fe-rsjon Lab Clc;‘ﬁ
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Long term perspective: Double DVCS measurement

I %/ /-
ep — e'Y'p' = e'puTuTp
Capturing the complete kinematic dependence of GPDs

Guidal, Moutarde
and Vanderhaeghen (2013)

fH(f’,g,t) - f_ll déE‘H(SL‘,f,t) (5"_;;_7;,5 o g’-|-i:—fi,e)

Im%(glj é-) t) X H(glﬁ g? t) _ H(_gli g? t)

—> Allow to completely map the kinematic dependence of the GPDs X - 0.5

Im(30)

J fg?son Lab Clcg"a
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M-CLASI|2 at Jefferson Lab

Two main challenges for DDVCS measurement:
|. Low x-section: requires high-luminosity
2. Muon detection needed

A potential solution: u-CLASI12 Kinematic reach for DDVCS with p-CLASI12

w 0.

h_xi_xxGPD2
3 Enties 1006862

HCLASI2 (Hall B)

0.35:—0_8 GeV2 < Q2< I Ddeany 01199

* Luminosity increase :
032_|6Ge 02 %:vyo.ossu

by a factor 100.

* Shielding to reduce
DC occupancy and
pion background.

* Additional calorimeter
for electron ID.

* New tracking system
around the target.

0.25

0.2

0.15

0.1~

0.05F

| b i ey T g D o8 e i
%.4 03 -02 -0.1 0

AP Y I T AT I PP Y Y B
% 0102 03 04 05 06 07 08 08 1
Xg

Material from JLab LOI-12-16-004 (Stepanyan, Paremuzyan, Baltzell, De
Vita,Ungaro et al.)

Figures courtesy of Rafayel Paremuzyan (JLab)

+ Measurement with the SoLID detector in Hall A

.Cj,gf_g?son Lab Clc;‘ﬁ
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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 TCS observables on unpolarized proton target was done using the
CLASI2 detector. More TCS results from CLASI2, GlueX, Hall A/C to come.

Large effort to extract )/ photoproduction cross-section on various targets both for
electron and muon final state (GlueX, Hall C, and CLASI?2).

New experiments are proposed to extend this program to DDVCS, |/ electro-production, p-TCS

.ggf_g?son Lab Clcg"a
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Positron PID
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Part lll: 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

CLAS12 Preliminary - ee ch.

104

10°

||||ITII| |||||M|_I

|||||III| T |||m1
i'.

-G

==

-
—=
&

T T T T T T T
PID 211 (231391.0), scaled 1.000

PID -11 (1570.0)

Ratio

yp — ete p
M>1.5 GeV

—
o

P (e)

= N W b~ 1O N 0 O

ST

Accessing GPDs using the dilepton final state with CLAS|2
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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:

| E4e.p (EC Layer)

SFEC Layer — P

2.
Zstrip(at—D)Q-ln(E)
M2 — % ZU,V,W Zstrip IH(E)
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Part lll: TCS Measurement with CLAS |2 °

Performances of Al identification of the positrons

Strategy and discriminating variables = [
wer s
(_CU 1 ..... ..........
=
* Leptons produce electromagnetic showers and tend to ? L
deposit energy in the first layers of the calorimeters. 088 T T L
* Pions are Minimum lonizing Particles in the GeV region, -
they deposit small amounts of energy all along their path. 090 T T A
e Two main characteristics to use: N
- or _ Buep(EC Layer) A0 SRR VOSSN AN W W
EC Layer — J= ' s s
—— ROC from data
0o ™ Cutatos | A N I
2. Z ( —D)2 1 (E) | — Systematic variation
A 12 — 1 E : strip \¥ - —— ROCfromsimulation | . . i , , i ., . .1l .
: 0 02 04 06 0.8 1
3 Uu,v,w ZStrlP IH(E) 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). =
02ade ~ dozan VAT lsm(@) sin(6)

ImM — + ...
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Part Ill: TCS Measurement with CLAS |2 e00000000000000

(Quasi-)Photoproduction events selection

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

Proton identification Lepton identification
s
b= : .
S 1.00] | Cherenkov counters + Calorimeter energy deposition
H—_I %
G ‘2; r 0 0.34
9 590 ?%oooof—
() o
.g ao.so 400005—
) 300002—
6 0'70 200002—
E 10000;
8 0.60 g -
H;\ H - R TRRne b 0 5 20 25 a0 3 0 - » 2 g (GeV?
5 0'58.5 10 15 20 25 30 35 40 45 5.0 . . Ede
0 p (Ge Sampling Fraction = —g*
()
>

Momentum from the track curvature
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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...

© 1CLASI2 PID+ Position NN PID. —]
ep — (6’)710 = () /1 p = (X)eTe p |

PX = Pbeam T Pp — Pet — Pet —

In practice, it is not so simple CLAS12Prefiminary
E, - —e— Data raw (2253.0)
B Uy (106.2)
B [ BH TCSGen (60.1)
0* -9 I BH Grape (567.6)
TE -+ ++"'+'°““‘+"""'“" +.¢....+'°"-0:
o

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
Nevt(ee=p') b% - opc b-opg

Nevt(ete=p/)  a-b-0pgrs - 0BG+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 CLAS|2

14
1.2;
1.0?
o.sé

06}

a(yp-J/yp) [nb]

04/

0.2F

0L~
8500

Gmax=1.0 GeV
-------- Gmax=1.2 GeV

0000
Ey [MeV]

PRI R
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]

107

10‘8

9 10 11
E, [GeV]

BRTE

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

9

10 11 12
E, [GeV]

Figure in D. Winney, C. Fernandez-Ramirez, A. Pilloni, A. N. Hiller Blin et al. (JPAC), Dynamics in near-threshold
33/ J/U 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

CLAS12 Preliminary

60

* Opposite charge leptons }
Background final states (n* - e*) Physics final state o
epet(e” + X)+ep'nt(n™ + X) Ay 5

N(e+e_p') = ns(e+e_) T nt(6,€+/7T+) j: ‘ﬁ ++ |

T T R
(&)
* Same charge leptons g :
o} Y0
e 0 16 1.8 2 22 24 2.6 28 3 3.2 34
Mee

ep—pee (X ~e)

CLAS12 Preliminary

ok I )
e'p'r (T + X) +epe (et + X)
* Background correction weight, combining inbending and
outbending data:
— ns — Ne_e_p Ne_e_p
(ns+npc) Nete—p [ [n Nete=p lOut
34 §

Accessing GPDs using the dilepton final state with CLASI12



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: JI cross-section with CLAS | 2 YYYY!

Preliminary results for CLAS|2 proton/neutron data

J/y Total Cross Section vs E,,
1| #  CLAS12: npoung Target, Jip—ete~
* Deuterium data were taken by CLASI2 in ]| CLAS12: Preuna Target, jip et
|| ® CLAS12: p Target, fly—e*e”
2019/2020. || @ cLas12: p Target, jiy = ptu-
* Opportunity to measure J/ production on '
(bound) neutron and (bound) proton. 2
* Alongside this analysis, a framework to explore the g - A
muon decay channel was developed. g e
* This effort is lead by R.Tyson from JLab. a2 ]
S
s |
]
* Preliminary results for the comparison of decay 18 ﬁ . o
channels and target nucleon. 1 9 - .T S
 This measurement could have implication on 8.5 = e 10.0 10.5
Y
understanding open-charm channels contribution. Taken from R. Tyson PhD analysis, Univ. of
Glasgow
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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

120

100

80

60

40

20

Bound proton

e+ e- Invariant Mass

Jhy Yield 2242 275
= Mean 3.063 £ 0.005
[ a 0.05402 + 0.00726
L 1st order coef 81.44 +8.41
= 2nd order coef =167 £22.9
— 3rd order coef 82.84 + 68.00
C offset 13.8+2.2
C y TN
5 29 3 3.1 3.2 3.3 3.4 3.5

Invariant Mass [GeV]
u+ p- Invariant Mass

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
Covovvbovmeee®t by by s ST Pl Wy L
9.5 29 3 3.1 3.2 3.3 3.4 3.5

Invariant Mass [GeV]

Bound neutron

e+ e- Invariant Mass

Jiy Yield 151.9 £26.2

Mean 3.095 £ 0.004

100 o 0.02802 + 0.00511

- 1st order coef 183.7+99

= 2nd order coef -212.5+616

r 3rd order coef —51.59 + 149.53

80— 37.6+29
60—
40—
20—

g.B 3 3.1 3.2

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
o
2= ;
98 29 3 31 32 33 3.4 35

Invariant Mass [GeV]

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 CLASI2

ep — e J/p — el (X)

* Analysis conducted by M. Tenorio Pita, ODU. 8 3: o oo
* In this case, one electron in the Forward = o5 o
Tagger (Low lab angle <5°) and a lepton pair in & e
CLASI12. T S
* Excellent cross-check of the quasi- 5] o

photoproduction approach.

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

0.51

IIII|IIII{IIIIITIIIIIIII'IIIIIl

. . CAn b norio Plta ODU
* Other event topologies will be explored. %05 1""1.5 T R 'A'z*_a‘ e 5
M(e'e), GeV M(e*e) [GeV]
Other potential J/y analysis using CLAS |2 data
- Awvailable data for longitudinally polarized proton target
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