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Timelike Compton Scattering (TCS)

e vp — p'~v" with a high timelike virtuality

e Time-reversal symmetric process to DVCS (v*p — p'v)

e Gives access to the real part of Compton amplitude, and provides constraints
for modeling the GPDs
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BH-TCS interference is projected out by measuring the asymmetry arising from the exchange of e-e*.



Forward-Backward Asymmetry (Arg)
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BH-TCS interference term is projected out
FB asymmetry .. asymmetry arising from the exchange of e-et \
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Forward-Backward Asymmetry (Arg)
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Non-zero asymmetries are expected due to the interference b/w BH and TCS.
— confirmed by CLAS measurements in 2021.
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Hall D Apparatus at JLab
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e Other polarized observables are useful to extract GPD info.
(cf. M. Boér et al., PoS(DI1S2015)028, Future work)
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e 2T-Solenoid, LH> target
e Hermetic Detector: 1°<Bi1ab<120°, all Piap
e Tracking by FDC (Biab<11°) and CDC (Biab>11°): op/p ~ 1-5%
e Calorimetry by FCAL (Biab<11°) and BCAL (Biab>11°): oe/E ~ 6%/JE + 2%



Exclusive reaction yp—e-etp

E.=9.0, M(e"e")=2.0
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One of the leptons
goes into the BCAL region.

Lt | L

i

R uu RSARAREEINRNIRRRRIEMRERIHRRERARIRERERRIRTISES
- PR PN - :

AN

20 40 60 80 100 120 140 160
(&
Hlab (deg)

e | arge acceptance .. we can access (0, ¢) dependence of the FB asymmetry
e e/1t separation by p/E (Momentum over energy deposition in the calorimeters)



Experimental Acceptance
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GlueX can access (0, ¢)-dependence.
At these BH singularity regions (dosn=0), TCS information cannot be extracted. Instead,
Arg at these regions can be used for a cross-check of the acceptance calculations.
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dogu(0, ¢) and (0, ¢)-dependence of Ars is accessible.



e/mt separation by p/E

—_
N W

1t background region

/E in BCAL or FCAL, lepton
o o —
0 O 4

p
o ©
o ~

O
=3
o

06 07 08 0.9 1 11 1.2 13 14
p/E in FCAL, lepton 1

2000 [

1000 |

BCAL, 40°<06<60°

05 075 1 125

1000 |

2000 |

o/E in BCAL
FCAL, 40°<B6<60°

o/E in FCAL

T subtracted

- 6815.5:360.2

I 7347.1:283.2

r[ BG sample s Created by antl electron cut (<p/E>+3 50 < p/E < <p/E>+4 50)

[ts scale is a fitting parametér.

p/E in BCAL
1T subtracted

p/E in FCAL



e-et Invariant mass spectrum
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e Kinematic fitting (constrained mostly by the recoil proton)
* BH region (1.2-2.5 GeV) is used to obtain FB asymmetry
e J/U region can be used for a cross-check (J/p FB asym. = 0)



Acceptance correction by MC simulation
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Acceptance correction is carried out by using MC samples.
To check the validity of this correction, following items are checked:

1. FB asymmetry for J/P should be zero consistent for any (0, ¢).
2. Acceptance is corrected by 1t sample (assuming Ars for yp—TU1t-p is zero).
3. FB asymmetry for BH singularity regions should be zero consistent.



Cross-check 1. FB-asymmetry for J/
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0 for J/YP since J/P doesn’t care about
the charge exchange of daughter particles (ete-).

] - 9 Ars(8, ) =
3 No ¢t cut *‘ «
— 82< E, <11.44 GeV y
- | + Pib bt +V
:_ t i1 +++H t H+ HHJf t 'y +++ ++++H’r++ H fy ++ } ++ ++ + ++++++++++ b ++ e ++ ++
- ] | ] | | ] | | | | ] | ] | | | | ] | | 18 +|-|- ] h—‘l‘ ‘H'+I ] | I+ +
9 2.6 2.7 2.8 2.9 3 IV?(; - (Ge\C/S)Z
> 40°<B<60° 60°<0<80°
S o6 0.6
D l
& 04f 0.4 GLUEXWW
g 0.2F 0.2 | Preliminary
N i i
© 0-0_"'%""" """ {) """ T{)‘ 0-0_"'{’ """ %‘ """ % """ %
m Q i
L 021 l -0.2
-0.4F 0.4 F
R R T VR T R - - T R IRV R
¢ (deg) ¢ (d

0.6¢
0.4}
0.2
0.0F--F
-0.2

-0.4

80°<6<90°

-0.6 450100 -50

i — ; y -
Jr+
++ ++'|' 'H+++



Cross-check 2. Correction with it events (w/o MC)

Assuming pion Ars=0, efficiencies can be corrected using pion events.
yield_ 4 __(0,¢) yield 4 __ (180°—60,180"+¢)

A (H ¢) _ dO'(H, ¢) Bl dO-(lSOO —_ 0, 1800+ ¢) ~ yieldw__ﬂ_ (9,¢) yieldﬂ___ﬂ__ (1800_9,18OO—|—¢)
FB\Y> dO'(e, ¢) =5 dO'(lSOO _ 0, 1800 -+ ¢) S yielde__e_ (9,¢) yielde__e_ (1800—9,1800+¢)

yield 4 __ (0,9) yield 4+ _ (180°—0,180°+¢)

- 40°<6<60° 60°<6<80° 80°<6<90°
= 0.6 _ 0.67 0.6
GE) i 1.2<M(e'e’) <2.5 GeV I
E 0.4 0.4 - ) 0.4 -
> I I
% 0.2F i 213 0.2 + i 0 % 0.2 %
E 0.0F i ? 0.0F T 0.0F % +
_0_2:— i CI) -0.2 — é é '0-2:_ + +
- - —O— eff. calculated using MC -
- LUEX . I
0.4 G X -0.4F -0.4-
- Prelimin ary - —O— eff. corrected by nnt -
o Y>] NI IR PR P ST PR T 06l T PR FEET PR P 06l Loy bl Loy

150 400 50 O 50 100 150 50700 2500 50 100 150" 4505002500 -50 100150
¢ (deg) ¢ (deg) ¢ (deg)
Overall, the results are consistent with MC-based efficiency calculations.



Cross-check 3. Ars at BH singularity regions
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At BH singularity regions, Ars IS reasonably zero-consistent.



Comparison with CLAS results

dO’(Q, ¢) o dO’(ﬂ' o 6)7 ¢ T 7T) N dO-INT(Ha ¢)

Arg(0, ¢) = 10(0.0) 1 do(r — 0.6+ 1) dopn(6.0) At 50°<08<80°, -40°<hp<40° (CLAS region)
- 1.5<M<3.0GeV/c? 2.0<M< 3.0 GeV/c?
BT _
E 0.6_— 0.6_—
-
>
) 04 0.4—
Q0] B — &
an I | I
LL 0.2— o 0.2—
O_ """""""""""""""""""""""""""""""""""""""""""""" O__ """"""" ."" """ ""';)’""' """""""""""""""""""""""
ool GLUEXW —— GlueX ool —— GlueX
- Preliminary — CLAS I . — CLAS
B T S S Iy -} T 04530305 04 " oe 66 o7 bE
-t (GeV?) -t (GeV?)

GlueX shows consistent results with CLAS at their (50°<6<80°, -40°<$<40°) region.



(6, ¢)-dependence of the FB asymmetry
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At small 0, p-dependence of Ars(0,) cannot be explained by the simple cos® shape w/o constant term.

Theory papers predict ~cos® shape w/o constant term at TCS region (45°<6<135°).



Theoretical predictign Berger et al., Eur. Phys. J. C 23, 675 (2002)

E, =9 GeV, Q° = 4 GeV?, t =-0.2 GeV?
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Kinematic factor “L” strongly depends on ¢, but canceled out by taking the ratio.
— Ars ~ cos¢ at the leading order



Theoretical predicti()n Berger et al., Eur. Phys. J. C 23, 675 (2002)
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| comes from the interference b/w 2 BH diagrams.
* L in dosH Is reasonable
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Summary and prospects m

* Timelike Compton scattering can be accessible with GlueX detector
* Thanks to the large acceptance, (0, ¢)-dependence of FB asymmetry can be
accessed.
* Following items were checked:
e Zero-consistent asymmetries for J/P
* Acceptance correction by 1t gives consistent results
e Zero-consistent asymmetries at BH singularity regions
e Consistent results with CLAS at 50°<6<80°, -40°<$<40°
e To understand (0, ¢)-dependence, theoretical supports are essential.

 Marie Boér suggested linearly polarized observables are also useful to extract GPD
information. (cf. M. Boér et al., PoS(DIS2015)028, Future work)






Comparison with CLAS results
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Acceptance correction by MC simulation
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Acceptance correction is carried out by using MC samples.
To check the validity of this correction, following items are checked:

1. FB asymmetry for J/P should be zero consistent for any (0, ¢).
2. Acceptance is corrected by 1t sample (assuming Ars for yp—TUmt-p is zero).
3. FB asymmetry for BH singularity regions should be zero consistent.



