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Physics motivation TCS, the GPD inverse problem,
DDVCS

TCS with CLAS12 analysis, first results, ongoing Target | | FVT | | wECal
analyses

MCLAS12 detector, rates, muon ID, backgrounds

Projections DDVCS and TCS

Beyond e* detection at large angles: a concept
wCLASI12: CLAS12 with a Pb shield, PbWQ, calorimeter, vertex and recoil trackers

Summary
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Timelike Compton Scattering (TCS) q, q,

TCS BH
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Decay-lepton angles 0, ¢ in the £+£~ rest frame

* yp — Y*p — £*¢p: timelike mirror of
DVCS, same CFFs

* Interferes with Bethe—Heitler (BH
dominates o)

Ayt photon circular-polarization asymmetry
right- vs left-handed y (from the polarized e~ beam); o« sin ¢ - Im H
DVCS < TCS: universality test of GPDs

Agg: forward—-backward asymmetry of the decay leptons
£~ at (0, @) vs (180°—0, 180°+¢); BH symmetric — « cos ¢ - Re H — D-term
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Extracting GPDs: an inverse problem

We measure Compton form factors: GPDs convoluted with a hard kernel (x integrated out)

- DVCS

F={H,EH,E F={HE H,E)}

e 1 1 ~ /1 1 1 2 1oq : Brig ar_.

FEE, )_/dxF(x,g,t) <£_$_i€ o) =P 4 (g_ﬁ“w);eqF (,6,t) 4+ W;%[F (& &) FFI=E &, t)]
* Re F: principal-value integral over x; Im F: GPD only at x = &

& 10 Phs. Rev. D 103, 114012 * Inverse problem: CFFs — GPDs is not unique
S - * Shadow GPDs: class of functions with null CFFs and null
;f T i e v,_,______* forward limit; can be added to any solution without changing
z - DVCS/TCS data
-

_10 -

0.0 0.2 0.4 0.6 0.8 1.0
X

Solid: GPD model; dashed, dotted: + two shadow GPDs — same CFFs. V.
Bertone et al., PRD 103, 114019 (2021)
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DDVCS: GPDs away from x = ¢

; ¢=—¢ Qz?Qc;fft/z N &li' %
" 2 26 -¢) , Q2 — Q7 +1/2 DD\mSJk—*_*_*7/
@ (@7 G
H E, H E _*7/
/ DDV \ For DVCS/TCS & = + &' 7 : o

FE(E ) =7’/dw (gix T §’ix) Y P& t)—im Yy [FIE &) F FU=¢ ¢ )]
q q

* Im part — GPD at x = €': tuning Q? and Q> moves & at fixed £ —» maps —{ <x <&
* Sensitive to what shadow GPDs hide

+ Proposed as early as 2003 [1, 2], but never measured: 6 = 1073 opycs

[1] M. Guidal, M. Vanderhaeghen, Phys. Rev. Lett. 90, 012001 (2003); [2] A.V. Belitsky, D. Miiller, Phys. Rev. Lett. 90, 022001 (2003)
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DDVCS: observable and challenges:

Observable: beam-spin asymmetry
A; (@), lepton decay angles
integrated

o Im[F,H(E', E, t) + ...] sin ¢

ep — €'y'p — e'p'yt — e’ pTuTp’

do” — dopm + d°opys + Aoyes + oy, + MdPaves + A g, )

dQ2dtdx gdpdQ)'?

AULU X IIn[Fl?{(&,e 59 t) + ‘E’(Fl + F’Z)?:[(E,'-‘Ss f) - 41\12 F28(£,1 ‘Sr t)]

Observable of interest A;; = do® —d? In space like and timelike regions
LU= 45 +do?

Ay

Tiny cross section

Oppves ~ 10_3 Opvcs — need £ > 1037 CI’l’l_ZS_1

Detect p*u—, not e*e™

avoids identical-electron antisymmetrization;
muons survive a thick shield

Sign change of A, ;

spacelike (Q? > Q'?) — timelike (Q? < Q'?): test
of factorization
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DDVCS: possibility to measure Acos ¢¢

- 1 3w/4 2 27 do—
AP = — do d dpy 2
N Je E/o ¢/O PSP 10 de

3m/4 27 27 do—
K= [ o [ [
/4 0 0 d§dy dop

After subtracting BH;-BH,, it projects the VCS-BH, term:

! / t ~
Cl\(JCS-BH2 X Re{é_FlH - €4M2 FZS + g(F1+F2)H}

A.V. Belitsky, D. Miiller, PRD 68, 116005 (2003), Egs. (170)~(171), in the notation of slide 5 [(g,
M, Ay — €, €, 0)]; 0,, @,: decay-lepton angles in the u*p~ rest frame

107° ---- Total

S 00 , e ves R Pseudo-data, J. S. Alvarado (IJCLab): d3%yy
g ! vs @,; total (black), VCS-BH, (blue), BH,;-BH,
3 (red); dashed: theory, solid: fits, 10% errors

0.01}— 10% error
bars

0 _M

| | | | | | |

0 50 100 150 200 250 300 &?D
¢, (deg)

e~ beam only: the cos ¢, moment gives access to Re H
Challenge: the BH,-BH, interference also modulates in ¢,,
with a similar size (red)

It is calculable, but subtracting it requires very good control

of systematics due to acceptance simulations; otherwise
fake modulations will be introduced.

Challenging: not included in the proposal
We keep it in mind and will look for a way to extract it
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TCS analysis with CLAS12

* ep — e*e p'(e'): quasi-real photoproduction with the
electron beam
e, e*, p’ detected in the Forward Detector; e’ at small
angle, undetected

* Timelike photon: y* =e* + e~

* e*/n* separation: with AI/ML using ECAL shower
— profiles

Q? vs My? of the missing
electron: quasi-real photons at

Q2= 0

eX)=e+p—e —et —p
M2 =0,P/P<0.05 - Q?=2E,E.(1 —cosB,)<0.15 GeV?

2
10504 —0.3 -0.2 -0.1 1 02 03 04
M [GeV?]
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First TCS measurement with CLAS12

Ey =7.2941.55 GeV
M = 1.80 +0.26 GeV

> 06
0.5 - arXiv:2108.11746 Chatagnon et all
0.4 F |
03 [ .__....-—-+——1F—"""" """""""""""
02 £ | .
0.1 T
0F " » " .
0.1 4-DATA [ Tot. Syst.
—0.2 -+ BH ~o GK
& | | | -- VGG
-0.3 T TR
01 02 03 04 05 06 07 08
-t (GeV?)

Photon-polarization asymmetry Agy vs —t

P. Chatagnon et al. (CLAS), Phys. Rev. Lett. 127, 262501 (2021)

E, =7.23+1.61 GeV E, =813+1.23 GeV
7 _ [
Al == 181 :}: 026 Ge\/ M = 2.25 i 0.20 GeV arXiv:2108.11746 Chatagnon et all
[ @
< L Forward angular bin: - [ F d lar bin:
i 0 <[50°,807, ¢ < [-40°, 40] < 067150807, ¢ ¢ [-40, 407
04 0.4
02} 02 E - N
r — r il o
o s TR T R SR
[ OF oM
F -4 DATA [] Tot. Syst. E
-0.2 : T o st - DATA [ Tot. Syst.
ol . . , . |=—VGG --VGG, no D-term L == BH - GK, noD-term
%01 02 03 04 05 06 07 08 —0alL ! L ., |= VGG --' VGG, noD-term
-+t (GeV?) 01 02 03 04 05 06 07 08

-t (GeV?)

Forward-backward asymmetry Agg, two mass bins

* 2921 events, 1.5 < M., < 3 GeV, four —t bins (RG-A, 10.6 GeV)
* Aoy # 0 (BH alone gives 0): TCS signal, consistent with GPD models

* Agp favors VGG with D-term; errors still too large to exclude no D-
term

« Statistics-limited
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Ongoing TCS analyses: RG-A and RG-K

TCS studies using RGK RG-A (K. Gopal USC)
, . * > 2X the published data calibrated; Al-

* Focus on RGK Sp24 8.477 GeV run period (outbending ; ; : . K

configuration) Y Dilepton '{L‘;a”a”t assisted tracking

ol mass, M, .+ 5
> RGK Sp24 largest existing CLAS12 dataset, 8.477 GeV data set \1'\ ° =~ half Of the approved RG_A beam time
accessing higher M,,, - .
u . still to come

- Current kinematic region of interest: M, > 1.1 GeVZ,

0.15GeV? > — 1 < 0.80 GeV?, E,/E,,, > 0.35 1 " |

» RGK Sp24 8.477 GeV TCS dataset ~23000 events before QADB, ] fru\/Lﬂij L
fiducial, etc. cuts “JJJ L Quasireal photon
* CAA proposal written with reviews underway ]Ll energy, I, RG-K (M KCIT, MIT)
- /f H'R * Spring 2024, 8.477 GeV, outbending:
e . higher M, reach
Angular Acceptance, COM [NSEEEIR"" | .. w i ]%Ul * = 23 k candidates before QA/fiducial

6 versus COM ¢p — © ’ : cOCA A :
different distribution for ¥ Ml\ Negated cuts; C PTOPOSEII under review
outbending configuration [ ' 0w l% Manglelstam

variable t, —t
’ b Lu.l.hqﬂj"'.rr\l
0 . 1

0 50 100 150 200 250 300 350 oL oz 03 04 05 o8 o1 o8 oo
a0 —t(GeV)

Slide courtesy of M. Kerr (MIT)
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UCLAS12: the measurement

For DDVCS and J/¢

For DDVCS, TCS and J/y

. For DDVCS, TCS and J/y

For TCS

c ep—eutupatL =107 cm 2! (x100 CLASI12)

« DDVCS: detect e'u*p~; p’ from missing momentum

* TCS: p*u~ + recoil p' (40°-70°); e’ undetected

* J/{y near threshold in the same data (see P. Chatagnon’s talk)
* One single-MIP trigger for all channels

Why %100 is hard today
Raw Data Ground truth Denoised

ol @ ¢ ¥

S _”figunogﬁzo é ______________ %,% I T
513: nn,,:f...... ag ¢

g e

] R TR A [P St S

=12 %‘; ______ ¥ 1 O

S8} DR SO 518 ——

CLAS12 DC hits, two events at nominal luminosity; EPJ Web Conf. 295,

09038 (2024)

* Detectors will not survive

* Dirift-chamber occupancies become intolerable (=100%)

* Al denoising helps, but cannot absorb X100

* Electron trigger — MHz rates

Absorb the EM background, let the muons through

Physics Program with High Luminosity Facilities, 5-9 Oct 2026, Jefferson Lab
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UCLAS12 detector configuration

Removed: HTCC, FT, SVT/MVT, CTOF, CND,
BAND, LTCC

Kept: DC, FTOF, PCal/ECal — muon spectrometer

Moller cone
thick lead cone (steel jacket) up to 7°

wECal
1320 PbWOQq4 crystals, 7°-30°, APD readout

Pb shield
60 cm, 7°-35°, 2n: absorbs EM background

FVT
6 triple-GEM stations at ~ 40 cm: vertexing

Recoil detector
6-layer uARWELL + 540-tile hodoscope, 40°-70°
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Rates and trigger at full luminosity

DC

Max. occupancy =6/ 4/ 11 %
(Regions 1/2/3); CLAS12 has
run near 10%

wECal

1320 PbWOyq crystals, APD
readout; < 2 MHz per crystal
(HPS: = 1.5 MHz)

Hodoscope

540 scintillator tiles, 2X2 and
4x4 cm?; < 200 kHz per tile

FVT

6 GEM layers at 40 cm, VMM 3
readout; < 1 MHz/cm?2 max.,
< 500 kHz/cm? average

Recoil tracker

6 cylindrical uRWELL layers,
R = 8-23.5 cm, 40°-70°;

< 250 kHz/cm?

Trigger

Single MIP: = 21 kHz;
Current CLAS12 DAQ handles
30 KHz

More details on each detector: backup slides 25-28

y (cm)

125 :\3 12 A ~ Region 3
8 8 = :l - 2
6 § © ° ;’(\ egion

4 O o | \\‘_A
2 5 g S‘ Region 1

25 50 75 100 25 50 75 100
Wire Wire

DC occupancy at 1037 cm=2s~1, 60 cm Pb shield

. 405 o ]
20 € £ 10°4 Total
308 507
0- F N _ Photons |
2035 T
10X 5.5
—20- S F10°; Charged
-20 O 20 0O 5 10 15 20 25

X (cm) r (cm)

Particle flux at the FVT plane (40 cm from the target)
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Muon identification and exclusivity

mt survives as MIPT % mt survives as MIP~ %

1 - 1
0.6
04 0.9
2
0 0841 m
T T 0 T T

m” survives as MIP~ % M~ survives as MIP* %

1 1
0.4
0.9 1
0.2
0.8 1
T T 0 T T
0 4 8 12 0 4 8 12

p (GeV) p (GeV)

« MIP signature in PCal, EC,, and EC_,,..
* < 1% of msurvive as MIP (> 99% suppression)

0.2

0.1

0.2

0.1

35000F

Uncorrected, FVT not used

Mom. corrected, FVT not used

30000

Mom. corrected, FVT used

25000

20000

15000~

10000

5000

A B R B R R (=t sl LIS -
B I S S R TV 501 2 3 4
P (1) [GeV]

u~ momentum loss in the shield; red:
correction function

5 6
M2 [GeV?]

Mx2: uncorrected (black), p-corrected (red),
with FVT (blue)

* plose upto = 1 GeV in the
shield — momentum
correction

* FVT restores vertex & angles
very close to true values

* Exclusivity: 0.4 < |[M,?| <1.5
GeV?

Physics Program with High Luminosity Facilities, 5-9 Oct 2026, Jefferson Lab
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Physics backgrounds are small

16000} | | -
: | | ——epeuu'p
14000} I I
12000 : I —ep~>euut(X)
I >M +
10000} : : My > Mp+M,
s0c0f- | |
0 : } 5.5% contribution
6000 | | from quasi-elastic
5 | |
4000~ | |
. I
2000} :
Lo Loyl
%o 1 3 4

5 6
M2 [GeV?]

Mx2: exclusive (blue) vs quasi-elastic (red)

5.5 %

quasi-elastic ep — ep"u~X (GRAPE),
after exclusivity cut

L 4 Tot contribution is 4.6 %
16000(— .
E 1
14000
[ BH
120001 Coincidence w/ el + quasi-elast
10000/~
8000}
6000
4000
2000~
o:'r"l-‘—r L “::T'V’T'*r’r’r*rﬂcw ety b L
-1 0 1 2 3 4

5 6
Mz [GeV?]

Mjx2: BH (blue) vs accidental coincidences (orange)

4.6 %

accidentals: p*u=(e'X) from GRAPE
mixed with inclusive e’ from IncEG
(inclusive generator)

Rate [Hz/0.10 GeV]

=1% =n*n faking p*p—:
with M > 1.2 GeV

C S
All pairs
5 Both pions: P > 2 GeV
10 E 2 MIP tracks
F MIP tracks and e
1 04 Pass Missing mass cut
102é'; = L
10& Tot. Rate = 391432.1831 Hz -
1‘; Tot. Rate = 0.3123 Hz ‘
£ | Tot. Rate = 0.0052 Hz
107 Tot. Rate = 0.0010 Hz
102
10%E
10—4 i il ) H-[H l_rl |_|
O 05 1 15 2 2 5 3 3 5 4

Invariant mass [GeV]

1.2 B CLAS12 events — 1
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Projections: running conditions

200 days 10/ 11 GeV 1.5 pA

production running cm~2s~! luminosity (X100 e~ beam, P, > 85% on a5 cm LH, target
CLAS12)

Approved by PAC53 (C1, A rating): 200 production + 45 commissioning/calibration days

Simulation chain

GRAPE nGEMC Reconstruction Asymmetries

elastic + quasi-elastic p*pu~ GEANT4 model of pnCLAS12 CLAS12 COATJAVA + From models; uncertainties

(BH) events — —> | momentum correction —p With the expected statistics
from GRAPE

Physics Program with High Luminosity Facilities, 5-9 Oct 2026, Jefferson Lab 16



DDVCS projections: A, vs —t

DDVCS + BH events (> 0.5 M) in (€', &) Q" = 2.7 GeV2, Q% = 0.6 GeV?, 5 = 0.036
0
= { I -0.05 -
i PAENY ol
I ‘ + "-J_'_-‘;{ ! 015
5 \ [\ — -
< ¢ l/ | <3_0_2 -
rd — VGG

O3 e TS 200 380 300 3% 0351
¢. degrees L
_ - _ 1 1 PEFEEETS BPEPECErE PSS BTSN SRR SRS S
One —t bin: pseudo-data, sin  fit 0.4 bl I S TR
t, GeV

A; %% vs —t, 1000 pseudo-experiments per bin
Dashed: TCS limit & = —& (blue), DVCS limit &' =  (red)

Grey bin (§ = 0.1, & = —0.06): precision separates VGG and GK in the —t dependence of Ay
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DDVCS projections: shadow GPDs

DDVCS + BH events (> 0.5 M) in (€', §)

—— uCLAS12

- S | l 3 i ) [ I 11 1 1 I | B DR | 1 I 11 1 1 I 11 1 1 I |5 . | I 11
:"' - 50 100 150 200 250 300 3?8
P @, (deg)
-0. 0
&' £=0.36, & = —0.082, —f = 0.82 GeV2; GK19 vs GK19 + NLO shadow
GPD (BDMMS21)

Dashed: TCS limit & = —& (blue), DVCS limit &' =  (red)

Orange bin: A;°* to 13.6% (stat.) distinguishes a GPD with and without a shadow GPD
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DDVCS projections: Timelike

DDVCS + BH events (> 0.5 M) in (€', §)

0.2

vs Spacelike

Bin(0, 0)
Bin(0, 1)
Bin(1, 0)

2 3 5

4
Q?%,Gev?

Dashed: TCS limit & = —& (blue), DVCS limit &' =  (red)

Ay flips sign: = —0.2...—0.3 (timelike, Q”? > Q?) —

Q"2 vs Q2 of the two bins

+0.12 (spacelike, Q"> < Q?)

Timelike

| Bin (0,0)

A3 = —0.2 + 0.027

50 100 150 200 250 300 350
¢,degrees

Spacelike ] Bin (1,0)

ALy

A =40.12 4+ 0.048

1 1 | Y
50 100 150 200 250 300 350
¢,degrees

B Bin (0,1)

A9 = —0.29 + 0.022

L ' 1 et " Ll
50 100 150 200 250 300 350
¢,degrees

g Bin (1,1)

A?Y = 40.13 +0.036

5 100 150 200 250 300 380
¢,degrees
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TCS with yCLAS12

<M>=1.36 GeV, <Ey>=6.8 GeV <M>=1.64 GeV, <Ey>=7.84 GeV <M>=1.9 GeV, <Ey>=9.2 GeV

0.5
—— GK model ¢ CLAS12(2021)
—— VGG model $ WuCLAS12
0.4 —— MMS model
. 03 ﬁ'
<? umaulmiﬂﬂii = canansEass 99 969994 sssssunuss83 98¢
0.2
0.1
0.6
0.4
o ssesesseenEENR SR80 99 s e oi.%lnni!:!!i ..o.c.-:x-n!!!!iii
0.0
-0.2

00 05 10 15 20 00 05 10 15 20 00 05 10 15 20
-t (GeV?)
Expected stat. errors: Agy (top), Agg (bottom) in three M bins; red: CLAS12 (2021)

EPJ A 62, 157 (2026), Figs. 34b and 37

60
50
40
30
20

0, [deg]

—_
(=]

IIIlIIIIIIIIlllllllllllllllllllllll

(@)

uCLAS12 simulation

02 04 06 038

Proton 6 vs p; red: recoil-detector acceptance (40°—70°)

1.1M x103

TCS events, M, > vs. first CLAS12
1.2 GeV TCS result
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Extending e* detection: a concept

» Today e* identified only in the Forward

LAS12* Sili ixel track L le calori
CLAS Silicon pixel tracker & Large angle calorimetry Detector (6 < 35°)

5 - Youri Sharabian L
Pixel size : 100 x 100 pm T isterinwir S « Idea: Si pixel tracker (100 x 100 um?) +
e.m. calorimeter prototype. large_angle EM calorimetry (W—

- Backward angle calorimeter serves both u-
channel physics & 2-y physics

powder/SciF1 prototype, Y. Sharabian)

* Leptons at large angles — larger
acceptance

A £ iCh——

Figure 3: Active volume casing. Perforated area of LxH = 47x2.626”

il . | Conceptual design only

‘ &= : : :
e tLrgf' ‘lLLL P —— No GEAN T4 simulation of this
- configuration yet

Jefferson Lab

> ‘ Offi
Z Sci

ENERGY

V. Burkert, Hall B round table (2026), slide 12

Physics Program with High Luminosity Facilities, 5-9 Oct 2026, Jefferson Lab



TCS with e* in the CD: first look

Current FD Dilepton Angular Acceptance

TCS with e detection :
extended to CD region

¢ Current CLAS12 has electron/positron
detection capabilities in FD region so

cannot detect e™ with polar angles

6 > 35°, restricting dilepton studies to
FD kinematics

* Possible EMCal expansion of CD as part

Y = x2-3

increase of TCS statistics (FD + CD vs
FD only)

* GRAPE BH ete~ at 8.477 GeV

of high luminosity upgrades

Combined coverage

« e~ e" BH events simulated using
GRAPE' event generator with 8.477 GeV
electron beam to investigate gains from
CD upgrades

Loy An9ular Acceptance from Dileptan Pair across FD & CO coverage
- u

Events both
electron and

positron in
FD region

» FD e™ identified with reconstructed hit

banks, CD e identified with generated
MC values

* Expanded angular acceptance
particularly useful for TCS forward
backward asymmetry studies

*T. Abe, Comput. Phys. Commun. 136, 1—2 (2001), 10.1016/S0010-4655(00)00246-0

Preliminary study, slide courtesy of M. Kerr (MIT)

* FD + CD: almost full CM (6, o)
coverage, key for Apg

Events with
at least one
of electron

and positron
in CD region

Generator level: CD leptons at MC values, no
detector simulation yet

Physics Program with High Luminosity Facilities, 5-9 Oct 2026, Jefferson Lab
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Summary

CLASI12 published the first TCS asymmetries; Full RG-A and RG-K analyses

ongoing, still statistics-limited New ideas are very
nCLAS12 at 1037 cm—2s~! (PAC53, A rating): DDVCS, GPDs away from x = welcome!

*E. Fll‘St, DDVCS measurements can be done with CLAS12 and SoLID (see UCLAS12 and CLAS12 upgrades are
Z. Zhao’s talk) open to new measurements

7.7 M TCS events: precision Aoy, Apg — Re H, D-term
High-statistics J/{ near threshold in the same data (see P. Chatagnon’s talk)

Large-angle e* detection: a concept to boost TCS acceptance, at a very early
stage

Physics Program with High Luminosity Facilities, 5-9 Oct 2026, Jefferson Lab
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Backup
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Occupancies in the drift chambers

* Thick Méller cone with the lead shield and the wECal massively suppress the EM background
from the target

* Occupancies = 3/ 4/ 9% on average, <6 /4 / 11 % maximum (Regions 1/2/3)
* Comparable with current CLAS12 occupancies: close to 10% reached with nuclear targets
* Work continues on shielding and background mitigation for better tracking

125 R12- Region 3
10~ T 104 5™ e
6 © © 64~ Region 2
2 & = (2)‘ Region 1
25 50 75 100 25 50 75 100
Wire Wire
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Forward Vertex Tracker (FVT)

* Muons undergo large energy loss and multiple scattering in the shield

* With the DC alone, the vertex (position and angle) reconstruction is poor

* FVT goal: precise reconstruction of the vertex parameters

* 6-layer GEM assembly, 40 cm from the target; VMM3 readout

* Max. rate < 1 MHz/cm? (very forward); average < 500 kHz/cm? per module

VTS &

£ ¢ 10° 4 _ Total
_ 30 E._ ) 107
= F NV Photons
= 205 L 106
” 0% %]

5 105 4
2 F 10 ] Charged
O 5 10 15 20 25

r (cm)
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wECal: the electromagnetic calorimeter

Implementation in GEANT4

1320 PbWO, modules, 20 cm long

1.3 x 1.3 cm?: small angles (7°—12°)

1.5 x 1.5 cm?: large angles (12°-30°)

APD readout

First ring: < 2 MHz per crystal

HPS used APD readout with comparable rates in the hottest
crystals: manageable with pulse fitting

1512 107 |

10 ' Total: 4.0E+07Hz HPS fADC scalers iIl: 39.70 MHz
L

Eﬁ!’ng---wt------(ﬂ-------

3"'..----.----&.5

. 18.923 MHz

_y (em)
Flux (Hz/cm?)

20.778 MHz

=1.5 MHz

1A/KM01R 222118
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Recoll detector: tracker and hodoscope

= Mlmw‘m‘ Recoil tracker (RT)

* 6 concentric cylindrical uPRWELL layers: R = 8§ cm
(1*Y to 23.5 cm (6')

* Each layer: three identical sectors
* Coverage: 40°-70°
* Total rate < 250 kHz/cm?

Scintillation hodoscope (SH)

* 540 truncated-pyramid tiles in rings around the
beam line

¢ 2X2 cm? tiles (40°-50°), 4x4 cm? tiles (50°-70°)
* Forward charged rate < 50 kHz/cm? — < 200 kHz
per tile

Rg (cm)

5107 - Total

5 Photons
5 108 | Charged
(18

I

|
\H
| \‘I,I

1
l
l

IJIII Il
I |1I I}'] III J‘]
A

|

LR )
I

{01 ¥ ,ll

Il ¥Nl

10 12 14 16 18 20 22 24 26 28
z (cm)
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TCS with e* in the CD: kinematic reach

* Similar M., and —t reach; somewhat

TCS with e™ detection extended to CD region larger &

Dilepton Invariant Mass — Mandelstam —t _ , f=22-71 — ® ~ X2_3 more events acrOSS the
= - distributions

[ Current Acceptance
3 Expanded Acceptance panded Acceplance

Events with at least

one of electron and * Current TCS projections count FD
positron in CD
acceptance only

Events with both
electron and
positron in FD 2

125 150 175 2.00 2.25 250 2.75 3.00 0.2 0.3 04 05 0.6 0.7 08 0.00 0.05 0.10 015 0.20 025 030 0.35 0.40
Mee (GeV) —t (Gev?) £

« Expansion of e* detection to CD region results in significantly expanded angular acceptance, slightly
expanded & region (access to larger £); similar kinematic access for M,, and —1¢

* Including events in CD region also greatly increases statistical yield (note that current estimates only
account for FD detector acceptance)

* Increase in statistics very beneficial to all TCS analysis, angular acceptance extension helpful
particularly for forward backward asymmetry studies

Preliminary study, slide courtesy of M. Kerr (MIT)
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Beam time and cost estimate

Beam time request (11 GeV, 5 cm target)

e ——al L

Commissioning

Calibration 7.5 A empty 10
Calibration <1pA LH, 20
Production, P, > 85% 7.5 pA LH, 200
Total 245

Cost of new components (no labor)

wECal: 1320 PbWO, + APD + FEB
FVT: 36 GEM modules

Recoil uRWELL tracker

Tracker readout (VMM3, 63k ch.)
Scintillator hodoscope

Shield, Moller cone, carts

Total (+30% contingency advised)

~ 4.0 M$

0.72 M$

0.27 M$
0.44-0.77 M$

0.07 M$

0.28 M$

=~ 5.8 M$

Physics Program with High Luminosity Facilities, 5-9 Oct 2026, Jefferson Lab
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Systematic uncertainties

3% 3%

Beam polarization

Background asymmetry <6% <6% — —
Radiative effects <5% <5% 5 % <5%
Normalization / acceptance — — <10 % <10 %
Accumulated charge — — — 1.5 %
Total <85% <85% <11.2% <11.3%

Physics Program with High Luminosity Facilities, 5-9 Oct 2026, Jefferson Lab 3 1



DVCS vs DDVCS cross sections

IS C & r
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