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The outline

Physics motivations
o What will we learn measuring TCS and J/i

Timelike Compton Scattering
o Partially completed experiments
= RG-A : Unpolarized target
= RG-C : Longitudinally polarized target

J/Y photoproduction near threshold
o Partially completed experiments
= RG-A : Unpolarized target
= RG-B : Unpolarized Deuterium target

Summary

Relevant experiments

E12-12-001
E12-12-001A
E12-11-003B



https://www.jlab.org/exp_prog/proposals/12/PR12-12-001.pdf
https://www.jlab.org/exp_prog/proposals/17/E12-12-001A.pdf
https://www.jlab.org/exp_prog/proposals/18/E12-11-003B.pdf

Timelike Compton Scattering

e (k)
Experimentallyand theoreticallythe most studied reaction TGS
to access GPDs is DVCS. v(q) v(d) e~ (k)
Since early of 2000s, experimental observables are T+ &4 " ¢
reported: X-sec, Beam and Target spin asymmetries... GPD
However only DVCS is not enough for understanding GPDs. P(p) T P'(p)

Different reaction(s) are needed in order to constrain GPDs
experimentally.

Some information is not easily accessible in DVCS, but
are easier to access in TCS, e.g. Re part of CFF (H).

Timelike Compton Scatteringis an inverse to DVCS process
and allows to access GPDs as well.
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TCS scattering amplitude

/ot o) —
o(yp — p'e"e”) = ogn + orcs + OINT o
' ¢ ¢
At JLab kinematics TCS cross-section is about 2 orders smaller W o N - e
than the BH, but instead information on GPDs can be T& | ( N /<9 - 0
. . P QAQA boost p
extracted from the interference of BH and TCS amplitudes. > W k
d*c 1 + cos?d - , - 1P &
5 LU , X [cos pReM™™ —vsin pIm M| "I cm.
dQ'~ dtd€ sin &
~ ~ !
M~ =|FiH=-E&F,+ F))H—-—F,¢&
4m?>
p
Aeg (6. ) = do(0, ) — do(180° — 6, 180° + ¢) Projects out the cosine moment of the interference part of the cross section,
FB\Y» -

do(6,¢) + do(180° — 0, 180° + ¢) and hence access the Real part of the scattering amplitude.

.. A o O,H — ORH . . . .
Polarization asymmetry OU = Proportionalto the sine moment of the polarized interference part of

OLH T ORH  the cross section, and hence access the imaginary part of the
scattering amplitude.




J/1Y production near the threshold

Cross-section measurement near the threshold gives important
insight of the production mechanism

Quark energy
Access to the gluonic GPDs of the nucleon auark mass

Trace anomaly. Decomposition of the proton mass QCD anomaly
Mass radius of the proton
Access Gravitational Form factors (or EMT form factors)

J/p J/

Production on Deuterium target HXH . H&H —
D0 ’+ (*)l (+
* Comparing J/iy cross-sections on the proton and neutron can r d
shed more light on the production mechanism, if only gluon D) N e e e 2R
Ar(gu)) % =*,

exchange, cross sections should be identical. s
 Allows direct access to the J/iN by final state interactions. RESEaH liget (N ETAERR LHEER

P p n n'
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Photoproduction with electron beam

Two photon sources:

Flux for 5cm LH2 target

evel

Entries 66867

0.0014 —
Real photons + Virtual photons - EZHSGV 09672;;771
000121
Electroproduction cross-section can be expressed as: -
0.001—
do do~ L (dO'T 7 eda I - BLUE = Virtual
dt 0 dt 7 dt "t RED=Real
0.0006
Real photon flux Virtual photon flux -
0.0004 —
At small Q?, o, approachesto 0. -
0.0002
do do -
_— (F _l— F ) —fY 0_ | | | | | | | | | | | | | | | | ‘ | | | | |
Y v* _ . .
dt d i X ’ 1P?loton Energy (1((5)95‘)\!)
[ 1 4 4F E?
n(k.,) = — .| ====4+ =X |dE Real photon flux
B = X B (3 3 By Eg) P
1 o 2 2

2

min

.(u—x+fq¢m(gM)—u_xﬂdE

Virtual photon flux




Selection of events with quasi-real photoproduction

e' —> 9"‘00

The kinematics of the scattered beam electron is identified as the missing 4 momentum of
the ee*p' system with Q>~0 and M, ,,;~0

Simulation Data

1 2 3
Mass’ e (GeV?) Mass? e (GeV?)



Experiments/data sets

Run Group A (RG-A) Run Group B (RG-B)

Target:
Target: 5cm Unpolarized LD2
5cm Unpolarized LH2 ,
| Run periods
Run periods e Spring2019
* Spring 20138 « Beam energy 10.6 GeV and
* Beamenergy 10.6 GeV  Torus polarity inbendng
 DC HVs were not optimized: poor mom. resol. e Fall 2019
* Datawasnot used in the analysis « Beam energy 10.4 GeV
* Fall 2018 * Torus polarity outbending
* Beam energy 10.6 GeV e Winter 2020
* Run with inbendingand outbending torus « Beam energy 10.4 GeV
| polarities « Torus polarity inbending
>pring 2013 Run Group C (RG-C)
* Beam energy :
* Inbendingonly * June 2022 to March 2023

e Longitudinally polarized NH2 and ND2 targets
* Beam energy 10.56 GeV
* Inbending/Outbending

Note: Inbending (Outbendng) means that the torus magnetic field bends negative tracks in the forward detector
towards (away) from the beamline.




The 1st TCS measurement

dot —do~

A@U —

dot +do—

Polarization asymmetry
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The BH contributionin the asymmetry is
consistent with 0, as it is expected to be.

The polarization asymmetryis measured in 4 —t bins.

E, =17.29+1.55 GeV
M = 1.80 £+ 0.26 GeV
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0.5 Phys.Rev.Lett. 127 (2021) 26, 262501. Chatagnon et all
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Polarization transfer L is calculated as:
L=Fk[(E)+ E2)(3+2) — 2E5(1 + 4u*¢°D)] /Iy
Iy = (E? + E2)(3+2I") — 2E1 By (1 + 4u2€°T)
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The 1st TCS measurement
 do(8,¢) — do(180° — 6,180° + ¢)

Forward Backward asymmetry Afrp (97 qb) _ da(g (b) + d0(1800 — 6,180° + gb)

E, =17.23+1.61 GeV E, =8.13+1.23 GeV
M =1.81+£0.26 GeV M = 2.25+0.20 GeV
0.6 [ Forward angular bin: <E 0.6 |- Forward angular bin:
! 6 €[50°,80°], ¢ <[-40° 40°] T @ €[50°80°, ¢ <[-40° 407]
0.4 - 0.4 ——
b ﬁ*—‘— B - .
02 e WM cemenen 0.2~ I
0 l'--‘ -- - e L LLLL ke & 0 — T :E":t":w --------- et
o :_ 4+ DATA [ Tot. Syst ool -4 DATA [] Tot. Syst.
o ok | o, oo
= S et 8 . 1 T BT BT R ’ B
_04 L Heesoleon s =000 $RIVOE, No B 046102 03 04 05 06 07 08
0.1 0.2 0.3 0.4 05 0.6 OLF 0.8 t (GeVz)
-t (GeV?) Phys.Rev.Lett. 127 (2021) 26, 262501. Chatagnon et all

Clear contribution from the TCS diagram
Hints at the universality of GPDs
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Expected improvements on TCS measurements

The TCS paper used only about 1./3 of the so far collected data on the proton target
Since that, significantimprovements in the offline reconstruction
* Better detector calibrations
Using Al based techniques, charged track reconstruction in the Forward detector is significantlyimproved
Close to x2 for TCS/JPsi final state
The Spring 2019 part of the proton target data is already re-processed, and the rest of Fall 2018 (inbendingand
outbending) is expected to be completed within couple of months.
This is expected to significantlyimprove uncertainties on TCS asymmetries.

<M >=18 GeV;< Ey >=1T7.24 GeV

<M >=2.25 GeV;< B, >=8.13 GeV

<M >=18 GeV;< Ey >=17.24 GeV

© > 0.6¢
= goer\&%rgaz?]?tgag [lfzz):o’ 407 < 0'6—_goenflsaorct,i8%?]?l:blaer [b_‘l‘r(l) - 0.5;—Polarization asymmetry, not discussed in this talk
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Background subtracted data using same-charge lepton
events

CLAS12 Preliminary

.......................................
——@— Data raw (951.0
—=@— Data corr 3D (543.6)

B Jy (37.8)

I BH TCSGen (899)

I BH Grape (578.3)

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

epet(e” + X)+ep'nt (™ + X) e"etp'(e)

N(ete p') =ng(ete™) + npe(eet /at)

* Same charge leptons

ep —pe e (X ~e)

Data/MC ratio

e'p'r”(nt + X))+ €epe (et + X)

* Background correction weight, combining inbending and
outbending data:

w = ns — 1 _ \/Ne_e_p

N _ _

e" e p

(ns+nBag) Nete—yp

InNete—» lOut

Data/MC ratio

Slide from P. Chatagnon's presentation




Deuteron target and full statistics projections

J/w Total Cross Section vs E,

W CLAS12: Npoung Target, Jly—se*e”

R. Tyson analysisof RG-B data (LD2 target) is quite ¥ cuszpmmivere Ehtgsin— (&Y€ E N
advanced. | . ePpound — (€)eTe p
| 5 Preliminary ep— (et up
* Thisrepresents about 30% of RG-B data. 5 Bt |
3 ' ep—(e')eTe™p

* Extendingthe analysis to the full RG-B data, plus Al- g

assisted and denoised tracking, will significantlyimprove £

uncertainties.

# 1] R. Tyson
8.5 9.0 [9.5] 10.0 10.5
E, [GeV
RG-A data 7 |
o 1_6:— —&— Projected stat. error bars +
Analysis by P. Chatagnon s quite advanced, waitingthe pass- £ 5 g 00 |
2 datato be fully cooked before finalizing. = :
12 LH2target | Ay
"l 1 |

* Uncertainties are estimated for All RG-A data (unpolarized 085 ; . ] ) + . + 1

proton target), and 50% boost of the statistics (compared F | # IT t

to passl). “F A A
 Comparableto GlueX uncertainties. 04 M +

0.2 A Y SN P. Chatagnon
og—Agls s e e e T T e 14
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Other ongoing analysis

Tagged J/y production:

Entries 3297

h_mm_vs_invarantmass_{ 25

Missing Mass [GeV]

Mean y 2,149
StdDevx 04537 20
StdDevy 05788 i

forward tagger.

e 37201, W wn 2w The beam scattered electron is tagged by the

ep > e'J/Y p' > e'ee*(p’)

Statistics is not great; however, it serves as an

important cross-check for the quasi-real
photoproduction technique.

|1|A‘l||||||||1|||
2 25 3

M(e'e”) [GeV] - M(e'e”) [GeV]

\ﬂlﬂwﬂml‘lllllll
34 36 38 4

T oo loaa
3.5 3 32

Doble spin asymmetries in TCS using RG-C

Analysis by K. Gates .
Small fraction of run numbers on NH3 target

RG-C data

RG-C finished data takingin March of 2023

M(ee*) [GeV]
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Summary

* The first TCS asymmetries are measured in Hall-B
* Direct access to the real part of the CFF #£.
e Observation of universality of GPDs.
« Combiningall the dataon proton target, and tracking efficiency improvements will allow to
significantly reduce uncertaintieson asymmetries.

* J/Y analyseson both protonand Deuteron targets are in an advanced stage
* Reprocessing of data with improved reconstruction increased the statistics by almost twice.

Analysis of available data set started.

* We have other analysis "tagged J/1Y" and "Double Spin Asymmetries in TCS"
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