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* Factorization in Bjorken limit
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<==m Hard scattering process (Perturbative calculation)

----------------- 4= pPQCD factorization theorem

== goft process (non Perturbative calculation)

3 \_/
Q\Q

ey | BB B B lt)
Handbag Diagram 1 e 22>

DVCS Bethe-Heitler (BH)

6(eN—=eNy) = L I i — ‘T‘ (TDVCS + TBH)2 — ‘TBH‘Q + ‘Tgvcs‘z +7
7 N\,

m(Tpves) W(GPD(g £4)£GPD(-¢,6,t) ) Re(Tpves) P/ du (I i g +- Jlr 5) GPD(z,6.1)




neutron?

* Using the Approximate isospin symmetry of
QCD we obtain the simplest way to perform a -
flavor decomposition of the u and d quark

JLab Hall A
n-DVCS

GPDs:
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-DVCS seperation

* Exclusive events are obtained with % 'E - Dleey)X raw data
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Data Taken in 2023

. Kinematic Q2
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Data that will be taken in 2024
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DVCS NPS/HallC/JLab 2023-2024

* High xbj --> high |t| -->
better separation

* Different beam
energies that will
further give a better

extraction of the b
different CFFs from goo
the DVCS cross [
sections o= |
. AT
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* To reduce systematic
uncertainties, LH2 and
LD2 run periods are
interleaved frequently
(every few hours)

e Sharp drop of the
deuteron form
factors as
|t| increases




* The photon will be
collected by the
NPS lead tungsten
calorimeter

* The scattered
electron will be
detected in the
HMS

* The recoil particle
off the LD2 target
will be identified by
missing mass
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electronics

* Flash Analog to Digital Converter (FADC)
* VXS Trigger Processor (VTP)

Shared Perimeter (1 row)

FADC Digitized Pulses - Compatible mezzanine

\ FADC Channel . ;
FADC Trigaers connector exists that
Digitized Pulses \ RE#“W 99 allow use of
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Data Stream

Data is stored in an 8 us buffer memory
and always streamed (8GB/s) every
4 ns to the VTP
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detected in the FADC
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Gain applied ==>> Energy in MeV (13 bit)
streamed to the VTP




lusters reconstruction

VTP BASIC STEPS:

1) If the seed Energy is above the threshold value (70 MeV)

2) If the seed energy is a local maximum with respect to the 8 neighbors 3x3 . '
within the value of the time window (+- 20 ns from the seed) ‘

3) The Cluster Energy is calculated by summing up all the energies from
the 9 blocks

4) Information stored:
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* Single photon cluster trigger (S.P.T):

1) The first Basic Steps by the VTP

X7

2) The Cluster Energy Is Above The S.P.T (1400 MeV) ‘

==>> We have a DVCS cluster in hand

3) Readout threshold energy (500 MeV) is applied:
- We use the 7x7 Clustering around the seed block

- The VTP sends the readout channels masks in the 7x7 to the FADC
in order to read out the raw wavefoms of these channels




* 7x7 readout patterns for
separate and overlapping
cluster events

* A significant reduce in
terms of the data stored
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m Pre-Trigger
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. NPS/HMS Coincidence

Target HMS hodo CH spliter h3i4 pre-trigger coincidence module
TOF ~B85 ns ~565 ns delay ~60 ns delay {total time of sig.
cabling arrival = 4110 ns)
Target NPS Cal. NPS DAQ NPS-cluster trig coincidence module
TOF ~20 n3 ~310 ns delay ~3187 ne delay ~538 ns delay  to CH patch ftﬁtgl time of sig.
cabling cabling arrival ~4080 ns)

h3/4 pre-trigger

T A: 565ns oomvV 1 A Trigger
; -122ns  @: -2.00mV {  source

i

NPS-cluster trig

- 100 ns -

.................

.' 047.20%

50 ns —

source Coul?clng

dits to B.Michaels, J.Poudel, B.Raydo, C. Ghosh, Y. Zhang



Iminary Physics Plots

e Correlation between the Exclusive Pi0 missing mass squared and invariant mass
on the LD2 target
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 Determination of the shower
centroid coordinates with the
center of gravity method

missing mass {Ge".fz}
P
on

-l"""rclu.l; el
E.:h - E Ei
i
1.58
D Wik e
it & -
EJ,. 0.5
— o & _!- -
Wi—de{U,W{}—Flﬂ(E‘f)} iah ke
Nh F h L |-.| - I-J#I‘
E?.‘I‘I 0.115 0.12 1 35 0.14 0.145 0.15

0.125 0.
. invariant mass (Ge\)




s plots

* Missing mass squared corrected by the « Subtraction of Pi0 and accidentals
correlation between the missing mass

squared and the invariant mass
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Measurements of the cross section over a wider kinematic domain
reaction off quasi-free neutrons

Essential measurements for probing the flavor separation of GPDs

The Neutral Particle Spectrometer and the 12 GeV kinematics will
significantly improve previous results on the n-DVCS experiments

A measurement of the exclusive 110 electroproduction cross section
off the neutron will also be measured

Further Analysis will be conducted in the coming months to obtain the
expected resolution
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Spin Crisis

Spin of all
Quarks

?2??

o =

1 1
\ Orbital momentum of
\ the quarks and gluons
Quarks contribution Gluons contribution
(u,d,s)



nd GPDs

General formalism for a quantum system

+o0 :
ipz, | * Wigner
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For the case of relativistic quarks and gluons Dirac
1 dq Matrix
Wi(r, k) = < pIWE(r, k)|p >
{0) = 337 [ e <PV R
o \Wﬁ(n k) = /d“‘ze“”ﬂ?“‘(r — 2/2)TP(r + 2/2)
In the infinite momentum reference frame —
PT ) _ =
FE(P x,A) = . /dz_e”‘u” <P |W(—z/2)TY(2/2)|p > |+=2, -0
(s
_ ~ A,
F2, (,6,0) = HO(, £ 007 U ) + B0, € DU ()™ U () o
; . : . A+ <mmmem  Particle with S = 1/2
F3+75($3 5: t) - HQ(ZEJ 5: t) U(pf)h)ﬁ_’)ﬁU(p) + Eq(ma 5: t U(pf),ny

WU(I))



DVCS Bethe-Heitler (BH)
|
o(eN—eNy) = - -

e W O

V2

But using a polarized electron beam: Asymmetry appears in ®

- = 2 The cross-section difference
d’G —d’6 = ZIm(TFHJ )+[|T r —|T | :| accesses the Imaginary part of DVCS
bl and therefore GPDs at x=¢

% ~
Purely real and Small at
fully calculable Jlab enegies

The total cross-section accesses

2 \‘ 2
dSJ ] |TBH| a L ZTBH _ Re(TDVaS') S P'Dmgl the real part of DVCS and therefore

an integral of GPDs over x

Kroll, Guichon, Diehl, Pire ...
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/ “Fixed Gate Width” Pulse Integrator

o

Threshaold crossing
(Time Reported for Readout)

Integral
(Reported for Readout)
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| Pedestal Subtract
w

T\

ADC -> MeV Conversion Factor
0 to 8191 MeV, 13bit

Energy
(Reported for Trigger)

1) NSB (Number of Samples Befora)
2) NSA (Number of Samples After)

4) Pedestal
5) Gain

i

Reports to VTP:

» 13bit energy (in MeV)

* 4ns timing

« Channel number

» 32ns double pulse
resolution
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