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Physics motivation ]

The Spin Crisis

.......

i N
proton The spin of all
@ (neutron) — Quarks and Gluons
@ <10%cm 1
nucleus ) 2
atom ~10"2cm ~10"3 cm
~108%cm
\ e
( Spin decomposition of the nucleon J
- 1 1 7~ =
? = ? AX + AG + LQ + Lg The puzzle:
Experiments in the 1980s-90s
/ j J l found that quark spins contribute
- e s g T only ~30% to the proton spin.
N Quark spin Gluon spin Quark orbital Gluon orbital
( AE) ( A G) angular momentum angular momentum
) ¥ L : 2
Contribution from the Contribution from the ) ( Q). ) ( G)- Where IS the rest
intrinsic spins of intrinsic spins of Orbital motion of Orbital motion of e 2
quarks (u, d, s, ...) gluons quarks gluons
0 k. L J S8
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3D Structure with GPDs Sere

e

e (k) e (k') e (k) e (k)
v* (9) 7* (q)
14 + *
p(p) p(p') p(p) X (W)
Measures: Measures:
Ge(Q*) — charge Fi(z,Q%), F:(zp,Q?% Depends on:
Gu(Q?) — magnetization (pdfs in Bjorken limit) il
~ = z,¢¢ Q) - H,E, H,E,...
Limits: Limits:
it = 2
| &= =0 g 4 Q° > 00, v —> o0 (xpfixed) | i
Fopil), =50 GPDs u2n|fy both worlds2 Bl
(Elastic limit) [ H(z, &, t,Q%), E(=,§,t, Q°), ... ] ; (DIS limit)

=p» GPDs provide simultaneous access to the

4.3D Structure with GPDs f(x, k)
\>|(

transverse position of quarks and their e
longitudinal momentum, which allows us to k

determine the orbital angular momentum of quarks.

\l )
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@ Physics motivation ]

From DVCS to GPDs: The Golden Channel \

ooooo

T —————
2. From Measured Observables to CFFs

1. DVCS: The Golden Channel
e (k) e (k) Interference Cross section
DVCS Bethe—Heitler (BH) 3 "
v* (q) IT|* = (Tpves + Tgr)
. S 2 2
¥ AP) ~+ = |Tgu|* + |Toves|® + I
p (P) p (P’)
I : DVCS—BH interference
[ ep —epy ]
- S N
M. Benali et al., Nature Physics (2020).
3. Extracting GPDs from DVCS Cross Sections Lo
Proton DVCS (on proton) Neutron DVCS (on deuteron) S T & # M _
[ ep —>epy J Le D — e D'yj (D: deuteron) Extract GPDs % o-uquark (HT) + ______ T m M
H. E ﬁ E( t) { &5 -e-d quark (HT) 17 &
Measure experimentally Measure experimentally * e Al z, &, ‘ :sgﬂzx Em 8; %
the cross section the cross section for each quark flavor l J l l J l
P10 03 02 04 03 0z 0
t(GeV?) t (GeV?) )

The DVCS measurements on proton and deuteron provide access to
the GPDs H, E, H, E(x, &, t) for each quark flavor.
This is the golden channel to unveil the 3D structure of the nucleon!
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Why NeutronDVCS?

e Using the Approximate isospin symmetry of 1
QCD we obtain the simplest way to perform a 08
flavor decomposition of the u and d quark osl JLab Hall A
GPDs: n-DVCS
4 1 04
1 4
H? = _H* + —_H?| |H® = ZH" + -H%| o
9 9 9 9 -
B | T
i if:nLiIeGggS I%(?quenched) [:40]
e The unpolarized “n-DVCS” cross sections at -0.2 CLattice QCDSF (unquenched) [41]
. . . [JLHPC Lattice (connected terms) [42]
low t have a direct relevance in the i :
determination of the quark angular momentum | GPDs from: ]
y: 4 Goeke et al., Prog. Part. Nucl. Phys. 47(2001), 401.
via Ji’s sum rule: “0.6 [~ Code VGG (vanderhacghen, Guichon and Guidal)
1 1 0.8 HE:RMES Preli
: . p-DVCS
Ji =~ dz [ HY(z, €, =0) 4+ E¥(x =) ¥ gl
2 3 (B (2,4, ) G IR {08 06 04 02 0 02 04 06 08

Jy
Mazouz et al. Physical review letters, 99(2007), 24250

X. Ji, X. Xiong, and F. Yuan, Phys. Rev. Lett. 109, 152005 (2012).

.
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@ NPS experimental setup }

Hall C Experimental Layout (Top View)

W L Sweeper Magnet

_ E i In front of the NPS

i s == 1| detector to deflect
e E < 300 MeV

. -l charged particles

J

Scattered
electron (e’) is
detected by

the HMS

’

Experimental setup: DVCS experiment

detected by

§i| Photon (y)is
the NPS

|

5

e 1080 Lead Tungstate
crystals

e 1080 Hamamatsu PMTs




@ NPS experimental setup] e e ke
.

. o NPS detector ®

N
J

e 1080 PbWO, crystal blocks prowde
high energy resolution, fast response
time, and radiation hardness.

e
NS

e Temperature controlled frame
ensures stable detector performance
and precise energy measurements.

e Hamamatsu 4125 PMTs on the back
of each crystal for efficient light
collection and signal readout.

e HYV divider and signal amplifier
designed for high background
environment.

e LED system for curing and calibration
with HV, LV, and LED signals distributed
to all crystals via the distribution board.

(st o T o e e ey =




- DVCS Kinematics -

(- - o ae- oo Biere)
@ E NPS experimental setup] :;E;E
-

~
© The neutron is obtained by subtracting the hydrogen data from the deuterium data.
Within the impulse approximation:
[ D(e,ePnrps  Fb(eyeky)p: — n(e;eypn=idie esy)ad ]
>
( =\
10
Better kinematic separation between e E
n(e,e’y)n and d(e, e’y)d channels. S 9F
e The d(e, e’y)d contribution becomes = 85_
negligible at very high |z]. 7B
© Different beam energies that will further give 6;_
a better extraction of the different CFFs 5
from the DVCS cross sections. 45 2
© To reduce systematic uncertainties, LH2 3;_‘ _ _ . /
and LD2 run periods are interleaved = = : %
frequently (every few hours). 2F e Vs / : /
15_ / .10.56 /
=) Total: 32 kinematics collected in 2023-2024 ] E % 4//‘/‘// 2
8.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
%8y
-
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@ Data acquisition

e VXS Trigger Processor (VTP)

Shared Perimeter (L1 row)
FADC Digitized Pulses

-
-
-

FADC Channel
Readout Masks

NPS Data Acquisition and electronics

¢ Flash Analog to Digital Converter (FADC)

© 00 0 o o\
*s0°o00000

........

f@)

Compatible mezzanine

~

|
1
FADC I -
: i ' = : connector
Calorimeter Array Digitized Pulses B Triggers
35 = FADC ) ) " * /——/ R Enables use of commercially
7| 120 channets [ VTP i available ECL/TTL/NIM/ADC/DAC
. J \ —=" d l
s o - - L1A mownes
- —» 340 Chanribis F—> VTP —:—) (to front-end:
- \ s MR | ! FADC, VTP, etc.)
e —— > 5 ~ 1
Y —a| FADC L .| vip |tp| V1495 [—p| TS [ —— m High Throughput
: 3 : : 3 : e 20 Gbps optical links
> FADC : e 160 Gbps VXS backplane
o 240 Channets | > | VTP ! .
s . % S : L1A trigger latency
. 2452? . T v Ve t— g
0 — \ —b 3 ’ L} Low Latency
G |t Taa J
0 X 29 ® e LlAlatency ~ 1 ps
VXS Crate 20 Gbps optical links L
f | =,
160 Gbps over VXS backplane
e [ ——— Data Flow — = = =9 Control / Configuration ———p Trigger / Timing ]
NG .




Data acquisition : : : :
Data Stream

Data is stored in an 8 us buffer memory
and always streamed (8GB/s) every #
u ~1 ns to the VTP

( B i P N\
300
Each event ? Block #333
nnll (block) = 250
is analyzed E 200 4 .
s J ~ 1 &)
v $ 150 o
= 3 e
FADC computes: 5 1004 °
==} 1 L ]
23l Integral 5 ] .
= * DC subtraction 50 S
* Gain 0- . .\~
¢ Energy (13 bit) sl . 2 | : | . : ‘
N - 0 60 120 180 _ 240 300
+ Time (4ns) 5

r

N
i, e SO M || T
1 s
1 PEDESTAL + Threshold thie FADC s

& J

' o On-board Processing Buffer Memory n VTP
oe —
Datai Fow/(GIGB/E) | =0 (FADC) | N (8 ps) | n “ (Trigger Processor)
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@ @ Detector performance J sesecee
—= Energy Resolution «——
Energy Resolut
- Energy Spectrum in the NPS Relative Energy Resolution vs. E,
1.8
20000 _ = e CCAL prototype
18000 E— Hats 1.7 g_ —————— PrimEx
6000 9 £ | Fit ] = Z'lt:,s
= ~ | 15FE °
14000 o -
= S 1.4
2 | 12000F = | e, $
§ 10000} w| 13 ;_i'}m{, ................................. UL (s
W | 8000f B B
6000} - AE
4000}~ =
2000 0.9F
QZJJI;i.éL -1 —05(1) 0I5111I52 0'8._4.'5‘ éSl5 é II6!5|II l
[ Measured Energy - Predicted Energy (GeV) | | Wi osnsssan e s, & (GY)
a y
@ e The predicted energy in the HMS is known to a high precision
@ e A Crystal ball fit function was used to get the relative energy resolution
@ e A relative energy resolution between 1.2% and 1.3% was obtained in the 4.5-7.3 GeV energy range
19 ’
% y




- »~..oooo)
@ @ Detector performance J

e Time Resolution o

N €
® These are the intrinsic time :' ‘:
resolution results B {
T N : : :
J i 5: :,\\_\ Ao Elastic setting 1 E
% L& O I * ";.\‘ v Elastic setting 2 !
® The resolution obeys the i e e Fit !
X, |
H . | .

following power law: i = Ko !
- ™ |
E —0.845 : - l*-.‘ |
o®) = o2 n) [ 2|1 \ .
t( ) ( ) (1 GeV) : i ‘i\.‘ i
J E - o !
X g '
= |4 X x :
B 0 “ '
® An intrinsic timing resolution better : - » :

| -
than 200 ps for energies above 500 MeV : R R T MR L e :
1 107 107" 1Energy (GeV) {
N e e s T ’I

Particle Spectrometer. Nucl. Instrum. Meth. A, 1086:171323, 2026

m W. Hamdi et al. Intrinsic energy and time resolution of the Jefferson Lab Hall C Neutral
8
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@ @ Preliminary physics plots J

—= Preliminary DVCS physics plots «——

( MZ = (k+p— K — g,)?

....n
coess

LH2

(NN = nucleon)

7 N 3 R
1200 : 2400
[ | — Raw M} 2200 — Raw M7
1000 | = Accidentals 2000 —— Accidentals
L | — 7° contamination contribution 1800 ~— 7t contamination contribution
ﬂ 800 .—_. — Final Ml%l spectrum [ s " 1600 PR—
c 5 R T e e
S : $ 1200
i T ) EREEES. SR D 1200 E-oorormrnnrn
E W 1000
" (1|1 | IR I 800
i (1) {1 )0 SO S 1 L RN cinmm oneecs | SN (e - i N )
(1|1 Y| U S || (5 .. “HRNSRRN T | ..o Y N — 200E ...t L Vb B ek | LR | S
B 200 | ;
o o el N 0 : R .
0 0.5 1 1.5 2 2.5 3 0.5 A 15 2 g 8
Mp M} (GeV?) Mp M} (GeV?)
A N Y
7= ~
o Black curve: raw missing mass spectrum.
o Blue curve: accidental background contribution.
o Red curve: final missing mass spectrum.
© Green curve: 7° contamination contribution.
© M3 after subtraction (Red) clearly shows the exclusive DVCS peak near M3 = M z
\ ,
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Preliminary physics plotsj

N

en — en 7° N

———= Preliminary physics plots «——

c o 000000

©c0000 006
000000
000000

.......

~ 4
mm2_LH2_corrected 2 2500 o
2 3500 i | Entries 37656 5 —LH2 '
3000( o, PR S R S S — .| StdDev__ 0.6684 —— LD2-LH2 x4 § § §
L LD2-LH2 x : : : : 2000 T St o - 1 O ......................... ...................... ....................... ........................
2500 __ ............................................................................................................................. :
2000 :_ 1500 —weeeeeemeoemmee e LG o e A
1500 --------------- J, ~
- 1000 {—
1000 :_ ............ st :
- it 500
500 __ ................................... b T L A M o L |
- . _
0 oy 1 | 1 zl 1 1 1 1 | 1 1 1 1 l Il 1 1 1 I 1 Il 1 1 -
0 0.5 Mp 1.5 2.5 0
Mx? (GeV?) 0
N # A

0

o The physics en — eny and en — en7n"” peaks are clear and well defined,

which is promising for the precise extraction of en — en 7 cross sections.




¢ Summary -

The NPS is a key detector for NPS physics: it provides excellent energy resolution,
fine spatial segmentation, and sub-nanosecond timing capability, enabling precise
reconstruction and clean identification of final-state particles.

We achieved an energy resolution between 1.2% and 1.3% in the 4.5-7.3 GeV range,

and an intrinsic time resolution better than 200 ps for energies above 500 MeV.

Preliminary deeply virtual Compton scattering (en— eny) and neutral pion
electroproduction (en— enmt®) plots show clear and well-defined peaks, demonstrating
the high quality of the NPS performance.

Cross section analysis of en— eny (DVCS) and en— enX will be performed for

32 different kinematics.

o0000°

C...o)




8 A special thanks to my great team of graduate students
and to everyone who brought this experiment to life!
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EEl) Data analysis 1

Goal: Determine the
and efficiently

® NPS detector at 9.5 m from the target
to Minimize the background

-----------------------------------------------------------

e A reference shape is determined for
each block:
+ Highest amplitude

+ In coincidence (+/- 5 samples)
+ No double pulses in the background

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

e Spline interpolation modeling the
reference shape pulse with a
continuous fit function

« Waveform Analysis ¢

E 1__ * Data
E’ . — Spline fit
'g 0 8:— ¥ MF samples
'T;z :

0.6
< I

0.4F-

L 1 1 1 l l 1 1 1 I 1 1 1 [ | 1 1

1 | 1
40 60 80 100

T_(:_T Time (4 ns)
Pulse region

P
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@ By Data analysis 1

Ao o

® Matched filter scheme to determine the
number of pulses and the approximate
time and amplitude

® The fit function:
Npulses

F(t) =B+ Z A; f(t—t)

o b

Baseline Amplitude Time of pulse #i
(4*ns) relatively
to the ref wf time

® Fit of the production data waveforms
and retrieval of the time and amplitude

e Fit of the waveforms e

@l Matched Filter Output | )
i ]
i -:‘;‘?8 —— MF transform :
! S |- Threshold i
E 2‘7 |V Detected peaks E
: Sl :
i 2 F !
: S5 |
| E |
H 4 |
1 - )
i 3F- |
! E :
; 2F i
| - |
i 1= i
i T, '
! ot ! M ! | 1 .
| 0 20 40 60 8 . 100 1
' Time (4ns) ]
y /
Pl Fit to Production D ata | \
] o C ]
: E12F !
i =~ F ]
i 10 i
1 C |
1 : ]
' 8[— H
1 k [
' C 1
i 6 H
i r i
i 41— H
i E H
i 21 i
' [ ]
1 ]
| 0 ’
i ot !
' E . | | 1 1 1 1
' 0 20 40 60 80 __ 100 '
i Time (4 ns) i
1 '
‘ ;

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




@ Data analysis )

~
®
e Clustering Scheme o
Clustering Scheme 7 5x5 Clustering Window 5
Steps: 5X5
@ Keep only the blocks that have a pulse in the coincidence region. st
@ Search for the seed block. Energy
@ Apply the 5x5 clustering. deposition
@ Calculate the cluster energy and the impact position. I Higher
energy
E= ZEi = ZCiAi W) Seed block
: i (highest energy)
C; : calibration coefficient for channel i P R g
A; : signal amplitude in channel i :' Threshold‘:
@ Calculate the particle 4-vector. TR
@ 0.5 GeV as a cluster threshold. % >

Mazouz, M. L.Ghedira, and E.Voutier. “Determination of shower central position in laterally segmented lead-fluoride

electromagnetic calorimeters.” Journal of Instrumentation 11.07 (2016).

Lo




@ Data analysis ]

—— e Time Resolution

® The main goal is to determine the intrinsic
time resolution of a single calorimeter block
using the NPS elastic calibration data

® Chose multiple energy-deposition intervals
in the NPS crystals with similar statistics.

® Computed the time difference between
pulses in every pair of blocks belonging to
the same cluster and the same energy
interval

® Applied a Gaussian fit to the histograms to
get the values of sigma

[

P

Event

o e e

350

300

250

200

150

100

50

llllll'lllllllllllll‘lllllllllllll'l

el

FITOPE e

..,.I.J.I.L,LL..l.l....I“..ll.ul

-10

-8

-6

-4

2 0 2 4 6 8 10
At (ns)

- -’
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@ Data analysis j

NPS elastic calibration runs are
conducted to calibrate the energy
deposited in crystals

The scattered electron and the
proton will be respectively detected
by the NPS and the HMS

Specific kinematics were taken
during the elastic calibration runs

» Elastic scattering -

Magnet turned off

Electron beam 2 _—

10cm LH2
target

gt -2 +5

e’ 1

(Scattered electron)

Number HMS
of Momentum
settings (GeV/c)

Scattered
electron energy

(GeV)

2 6.40 2.62 35.96 4.52 -4.53 18.31 - 21.16
2 8.48 3.58 -4.07 | 27.61-30.76 5.24 -5.70 19.84 - 22.96
7.27 -7.35

5 10.54 4.05-4.31 | 29.67 - 29.86

12.11 -18.16




[@ Data analysis ]

54 R
° °
 NPS Energy Calibration e
® Using the conservation of energy for a j event: E: = E;, + m — E? J
» J b . _
- ) - Yo
Predicted energy of = b Energy of the proton in
the scattered electron [ Beam energy ] [ Proton mass J the HMS
£
e- ® The measured electron energy in the NPS: [ E;ec = Z C; A J
Calibration coefficient Amplitude of the pulse of a
of a block i block i for an event j in the NPS
J
< {6:}) e We define the following minimization procedure: |
N N
ox? ' k
E; = C; A} -2 E; = CiA; | A =0
S ( 2 > = o (& o ) 4
= Z[ZA;‘.A;]@=ZEJ-A§ -p MC = E - C=M1'E
\ : J J 2
| E} e By inverting the )/ matrix we get the calibration coefficients (; of each block
J
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Physics results J

00 °

Steps to select DVCS events ——

7t° Calibration
Calibrate the 7t@ peak by minimizing the difference between calculated
and reconstructed energies and extract the correction factors.

Event selection
Apply strict geometrical and kinematic cuts on both HMS (electron)
and NPS (photon) to retain clean, exclusive events from the target.

Accidentals subtraction

Estimate and subtract random coincidences by analyzing time
sidebands around the prompt peak to isolate the true (physical) yield.

° Contamination subtraction

Determine and subtract remaining neutral pion background using
asymmetries between target cells and missing mass analysis in the NPS.




— P10 Contamination subtraction -

) Background Source)

€© Dominant background to DVCS: exclusive production of neutral
pions (% — ).

@) Origin of Contamination)

© In asymmetric 7° decays, one photon is detected in the NPS

calorimeter.
© Such events can mimic DVCS reactions and contaminate the
missing-mass distributions.

) Subtraction Method)

Select a high-py m° sample from the data.
Require both photons to be at the calorimeter edges.

Apply: (i) photon energies above trigger threshold.

©

©

© (ii) reconstructed two-photon invariant mass within a tight window
around M 0.

©

Simulate the decay in the pion rest frame 10,000 times with:
e cosf € [—1,1]
- ¢ € [0,2m]
© Boost photons to the lab frame using measured 7° momentum.

Generates a large ensemble of possible 7° decays accounting for

acceptance, detector thresholds, and energy smearing.

© This background contribution is subtracted from the measured yield
to isolate the true DVCS signal.

Pion center-of-mass Laboratory frame

Symmetric
o decay
Direction of the boost
Direction of the boost ‘
Asymmetric |
/0gec decay




—— Accidentals subtraction -—

Accidental coincidences arise from
uncorrelated particles randomly
arriving within the coincidence window.

Estimated by shifting the analysis
time window to regions on both sides
of the prompt peak (outside the
physical coincidence region).

The resulting distribution represents
the accidental background.

Accidental background is subtracted
from the measured coincidence yield
to obtain the true (physical) yield.

This procedure removes random
backgrounds and isolates genuine
physics interactions.

B IPPG
=100
S F — Data
o F -~ Fit
1045—
10°
3 —l 1 I L 1 1 I 1 1 l 1 L 1 l 1 1 1 1
| -15 -10 -5 5 10 15
| Time (ns)




— 70 Calibration

[ B =ciai(i) | — [ BEG) =<Citi(h) = <B;() | —» [ Ci=aC: |

Deposited energy Corrected Energy Correction factor

@ Identification of e N — eN7° reaction: j

[ 3L M et <2800, Mg'c? < Mlz)ea.k e 012\,1§ J — 2 main cuts applied

With [ Wicnn, = \/(QZ S qi)zj -------------------------- » Missing mass squared resolution

e Calculate the expected 70 energy: j

—p Corrected
calibration
coefficient

(Mf, —k+p—¥F —q—a)’ =(k+p— k)2 + M2 — 2 (ko — Ko+ MN)EE™ +2|@| +/(BS™) — M2 cosd

2a

2 — S 2y T, 20 2
Solution: [E;.m. _bE b~ 4a61 With b=d(ko — Ko + My) [M7 — (k— K +p)* — MZ],

a=4(k’0 —klo + 1‘/[‘\/)2 —4[5'2 COSze.

c=4|g? [(ko—klo+sz)2—(k—k'+p)2—ﬂ/ff].

( Mazouz, M. Energy calibration of laterally segmented electromagnetic calorimeters
based on neutral pion detection, Nucl. Sci. Tech. 28, 155 (2017)




t° Calibration -

[ Minimization: J

e The following minimization between the calculated energy and the reconstructed one:

N o
X2 S E :(Ec_al = Er_eC(j))2 With N,o — Number of Pi0 events
J J
st

E7°(5) = Z C;FE;(j)Ai(j) ——» Reconstructed energy

2

e We get the following linear set of equations:

7 =1

N o N o
E [ E Ej(j)Ai(j)Ek(j)Ak(j):l Cr = E B )55 ) A (F)
j=1

* The correction factors are obtained by inverting the following matrix:

N o

ze = > Myl Y Ej(5)Ai(G) E;°(5)Ai(5)
i j=1

Mazouz, M. Energy calibration of laterally segmented electromagnetic calorimeters
based on neutral pion detection, Nucl. Sci. Tech. 28, 155 (2017)




——~ Event selection

1 By Mean -0.2751

’JJ_H’ StdDev  3.311
1

) HMS Selection (Electron)) / 77777777777 — 7777777777777777 -

© Detect scattered electrons over a limited solid angle 4000
with well-defined optical characteristics. '

rrr[yrrrryrrrrrrrrprrro 1717
T
L —
o

3000
© Apply fiducial cuts on reconstructed variables within
its acceptance. 2000 rr I
HMS Cuts (Applied to Reconstructed Quantities) 1000f/();J
e |¢| < 0.08 rad, || < 0.04 rad, |6p/pPo| < 8%, 3 SPEVEUES SRS P AV AP S|

e |z] <4 cm \ 7777777777777777777777777777777777777777777777777777777 /

@ NPS Side - Additional Selection )  ff o
© Select events originating within the physical target volume. m; o Hﬂﬁ% ﬂ“g :
© Ensure interactions occur inside the cryogenic target. m; HJJ i H
© Impose additional selection criteria on NPS observables. 400; ! Lll
© Remove background and out-of-window events. ‘ miﬁjj
© Retain only clean, well-reconstructed exclusive events. k L S




@ @\ Physics results}

Invariant Mass Comparison: LH, vs. LD,

» 1600 hist_minv_final_LH2
§ C N LH2 Entries 48206
" 1400 __ LD2 Mean 0.1349
1200 ~ ; : Std: Dev 0.005568
1000 |-
800
600
400
200
oy _... = —--n.:-' - ‘ ‘ I i T Py e
011 0115 012 0125 013 0135 014 0.145 015 M0'15?G ?/.)16
nvariant Mass (Ge
. .
( )
0 » Comparison of the y7y invariant mass distributions
for LH, and LD, runs.
 Both distributions show a peak centered around the 7°
mass and have similar width.
J

Resolution check and Luminosity calculation—

 ——
4 3
Fermi smearing was applied to the LH, data to account for
nucleon Fermi motion present in LD,.
LH, (at rest) LD, (with Fermi motion)
_‘ P Fermi smearing:
4 deuteron X
Pim— p'=p+ Pr
— P
o Integrated luminosity over the beam time: r QX Nypt
int =
Atar
where p is the target density, A,,, the atomic mass (g/mol),
N4 = 6.022 x 1022 mol—! Avogadro’s number, and
= 1.30 x 1023 C the electron charge.
o Integrated luminosities (in nb~!) for LH, and LD, runs:
Target Run 1 ’ Run 2 ‘ Run 3 Run 4 Run 5 | Total
LH, 0.13707 0.07273 1.48073 3.05612 1.54972 6.29637
L LD, 0.11311 0.06318 1.44761 2.33842 1.20453 5.16685 J
o The integrated luminosities for hydrogen and deuterium |  : beam current (A)
are of the same order of magnitude. 14 : target length (cm)
LH2 Q : total beam charge (C)
int =1.20 P : target density (g/cm3)
L!_,Dz St A,,, : atomic mass (g/mol)
int
& -7

=\




Fermi smearing

I LH2 not smeared —» [Mf( = (P}‘)2 =(qg+ P — q")? ’ How to smear it?

e For the DVCS off the deuteron reaction:
Deuteron mass Nucleon mass

¥*+2D - ~v+n' +p’ Pp = (Mp,0)

(q+P =g +PL+p; | W (Va4 P2 PL)+ (VM2 + B2, -, ) + (Ma—2/a% + PE.0)

e We can rewrite the previous equation as follows:

Fermi momentum distribution

{q+Pn S P, SR ra) =g TR e P J
14000

With Paaq = (Md = 2\/ M2 3 P%" 6) 12000

e The missing mass of the deuteron can ' 10000
be then written as follows: '

[M§ = (B B P, 0 ]

'
Events

With P = (M, 0)

e Then we smear the LH2 data as follows: ‘

h_pnorm -

Std Dev_ 0.07079

Entries 267721
Mean 0.08055

M 2 ’ 2 i B
— —_ H Ll 1 Ll Ll PR O e e b
‘ = (q P ﬁ ] L %005 oi 015 o0z 025 03 03

0.4

0.45 0.5
Piomi (GeV/C)

fermi

A =
@ Smearing term




ADC

-

frw Gate Width” Pulse Integrator

¥

Integral
(Reported for Readout)

2) NSA (Number of Samples After)

1) NSB (Number of Samples Before)

ECAL
Channel

:
+* [ ] |
& :
5
e
o
&| 3

§ . Threshold crossing

(Time Reported for Readout)
“Fixed Gate Width” Pulse Integrator l
[ /

i =
Ll
&
S
2
E Threshold crossing

(Time Reported for Trigger)

2
3
g
\_

Pedestal Subtract
v

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

X

| Energy Discriminator

v
Energy
(Reported for Trigger)

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

4) Pedestal
5) Gain

Reports to VTP:

« 13bit energy (in MeV)
* 4nstiming

* Channel number

* 32ns double pulse

resolution




. NPS/HMS Coincidence

Target HMS hodo CH spliter h3/4 pre-trigger coincidence module
TOF ~85 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 ns ~310 ns delay ~3187 ns delay ~538 ns delay  to CH patch (total time of sig.
cabling cabling arrival ~4080 ns)

h3/4 pre-trigger

A Trigger
Source

—~—— 40 ns —

o

NPS-cluster trig

T TR N e 100 ns

v -

, Vs : : : : '
[ch1 1.00V © 'Ch2—100V ©-M40.0ns'A Ch3 J-44.0m
{EE 1oomveQ - - £ . : : :

| : : : 1 347.20%

50 ns

source Cougcllng

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