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Deeply Virtual Compton Scattering (DVCS) "’ Ctab N

Irene Jollot Curie
t de Physiqu

'?%g

» DVCS (ep — e’p’y) is the simplest probe to investigate GPDs

See Alan’s slides for more details

» Experimentally, GPDs are accessed by DVCS via Compton form factors (CFFs)
» DVCS and Bethe-Heitler process cannot be separated experimentally

Hard process DVCS Bethe-Heitler (BH) process
» perturbatively calculable [ |
factorization ,
ep—>epy = + +
Soft process
* parametrized by GPDs }

> o(ep — e'p'y) o« |Tgy|? + ‘|Tm:cs|2, + ‘I(BH . DVCS)’

Tgy: Amplitude of Bethe-Heitler process
o . Lo Toves: DVCS amplitude
pure QED bi-linear linear combination I interf i
process combination of CFFs of CFFs and FFs - Interrerence term
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Disentangle DVCS and interference term by kinematical dependence ‘bcu’b NRA%%
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DVCS experimental setup in Hall C "DCLab NP: ,

ratoire de Phys
(o ysique

Target chamber

* Unpolarized targets in 10 cm AL cell
(S::tet::;:inisn this experiment) * Liquid H, (LH2): proton DVCS
* Liquid D, (LD2): neutron DVCS

Run period: Sep. 2023 — May 2024

from CEBAF

Polarized electron beam

T CAD views of the cryogenic and solid target ladders
Jefferson Lab Hall C Standard Equipment Manual
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https://hallcweb.jlab.org/safety-docs/current/Standard-Equipment-Manual.pdf

DVCS experimental setup in Hall C WCub fo; S

Laboratoire de Physique
des 2 Infinis =
=

High Momentum Spectrometer (HMS)
* Tracking of scattered electrons

Super HMS .

(not used in this experiment) ¢ Trlgger on events

* Particle identification

Run period: Sep. 2023 — May 2024

S\

Preshower & Shower counters ]

from CEBAF

Heavy gas Cherenkov ]

Drift Chambers ]

le

- 27 m >

Slit Box

Figure 3.20: High Momentum Spectrometer (HMS) side view.
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DVCS experimental setup in Hall C WCu NPJJ_

/\
Laboratoire de Physique =
des 2 Infinis =

=

Run period: Sep. 2023 — May 2024 Neutral Particle Spectrometer (NPS)

* Detect emitted photon with high resolution
(oot e thissrpariiod * Array of 1080 PbWO, crystals
* Newly installed on a platform attached to

Super HMS

from CEBAF

prpet
potps

s pgric
Can LN T

Sweep magnet
* Between target chamber and NPS

* 0.3 T-m of magnetic field

* Reduce the low energy background electrons

Distribution boards for Photomultipliers (PMTs) t Front view of 30x36
signal and high voltages and HV divider base NPS crystal array
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No proton detection? Look at the missing mass! "’c“’b NR%%

t de Physiqu

> Missing mass square of recoil proton: M2 = (k, + P, —k; — q,)* for DVCS event extraction
» Energy resolution of photons is a key role for better resolution and background separation

» NPS data to be analyzed and calibrated as refined as possible

DVCS signal extraction with Missing-mass method

— == Raw distribution rl_,—rrru-‘
[~ = Background events Mi cute P

* To remove SIDIS background
* Lowest M2: ep — e’p’yn® ~ 1.15 GeV?

= M,?2 after background
subtraction
= M,? from simulation

4000

3000

2000

JLab E00-110
(NOT this experiment)

1000

ll[llllll{llll[ll[lll
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Waveform fit analysis

"’Ctab NE Ré%%

de Physiqu

» More accurate amplitudes and timing of signal pulses are required

» Waveforms were readout for this purpose (each channel and each event!)

» Reference shapes from elastic data are used to fit and extract new amplitudes and times

> Measured energy resolution is improved (expectation from simulation: ~2%/vVE @ 1% ~1.2%)

Waveform fit using the reference shape

NPS energy resolution at 7.3 GeV

(mV)
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Energy calibration with m® — yy in the NPS W) Ce NRi%ﬁ

Labo ato ed Physique

» Measured energy of a particle in the NPS: El5ier = X; CiA; _Ore hamnel i hees
. crysta
* j: channels in the cluster | ~Pho§orr;ultislier
* HV divider base
* A: amplitude measured in the channel [mV] board
e C: calibration coefficient, convert amplitude to energy [GeV/mV]
» Calibration by optimizing the width of ¥ peak
Novenis Novorzs m, =M_=0.1349766 GeV Cluster forms in the NPS when a particle is detected
F = z—; (m? — mg)z +|2\ Z m —mo ;\nIL;ZI(ig:;glr':zlet?pll\lﬂg\; . KYX invariant mass aftern“cal'ibr'ation
— - (Nuclear Instruments and Methods in Physics 2 14 __+_ m:;zr::.:,l:;i:n
resolution term constraint <mz?>=my>  Research A 566 (2006) 366-374) ° —— Fit (Gauss+pol1)

N, = 42891+ 218

_ M, = 134.98 + 0.03 MeV
10~ o, = 4.86 +0.02 MeV
Mo = 0.135 GeV

= A
B3 011 o012 013 014 015 0.16 0.7
My, [GeV]

2025/06/13 Hao Huang @ HUGS2025 9/15


https://www.sciencedirect.com/science/article/pii/S0168900206013556

Preliminary results of extracted DVCS events

‘b CLab

Irene Jollot Curie

NS

dPhyq
I

» Clear peak of missing mass square after:

* Waveform fit analysis and energy calibration for NPS

e Subtraction of accidental events (e’ and y from different events)

* Subtracted n® - y+y contamination

Events

(=]

2025/06/13

1000}

Missing mass square from data with different target

—— Raw Mx*

Accidentals

¥ contamination

Mx® after subtraction

@ 2400

=

2 2200

w
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Baw Mx®
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Biggest challenge during the experiment %) Cu Nﬂ‘

Laboratoire de Physique
des 2 Infinis

«l)

» Radiation damage to the LV regulators on the PMT base pre-amps
» LV regulators were bypassed and re-installed

December 2023 Sample Pulse Integral 0

5 35 o . .
.ég; No major problems with the bases
3% till the end of experiment
gz
s Aprll 2024 Sample Pulse Integral
26 [1e608 007 906 s o 803 80z ot ison resraa wer e us T s ez s e e o7 ras resnerszre b O N ________
25 o 35 [
24 0 34
23 g3
22 = 32
21 = 31
20 2%
13 b (B 28 i s s i i oo

.....

.....

.....

CaNWOARO~N 0

Blocks closed to death Dead blocks

. Divider base boards were
bypassed removed for bypassing

CahNWOEo~N®

Column Number
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Lots of work, lots of fun! WCu N—%\%

Laboratoire de Physique
des 2 Infinis

Installing bypassed modules==

. e TR
g 4 R R
,{'/»’/’ ) ud ;A‘T\\\ : :

T Assembling bypassed PMT modules . '

Modules ready to go =»
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Analysis status % NP

t dPhyq —
=

Data production

» Beam and HMS calibration were done at the end of 2024

» Waveform analysis is ongoing

» Energy calibration for the NPS is upcoming

Simulation (for acceptance and bin migration correction)

» Package of “Event generator + Geant4 (NPS) + Single-arm MC (HMS)” is ready

NPS cluster (real data) NPS cluster (simulation) Vertex z reconstructed using HMS variable
T 40 T R EEEEEESS 600 g 40 TR S IS 30 2 oof°
> Coo0 > Cod 3 F —e— Production data

5 30_— I 1 5 30_— I g BO__ —S|mu|a1|on
2 F 1 500 £ F | 25 8 L
2 C 1 = C | = C
© 20 1 O 20 1 £ 70F
co Eo e k
Co 400 8 20 Z . F
10 :t 10 i 60:
ol F | 50F
Eon Eo 40F
—tof—}Hi —10F | C
S 200 E | 10 sof
-2+ —20F | E
oo Coo 20F
o ; 100 E c
—30:— I y —30:— I 10F
C | L | o
_apbo ot o Brodroortorrb _apbi e r et oy hrrdroat ok &

400730 20 40 0 10 20 30 40 ° 40030 20 10 0 10 20 30 40 ° OO e a0 2 4 6 8

Cluster X [cm] Cluster X [cm]

Vertex z [cm]
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Summary YCu NE=

t de Physiqu

”@%@

» DVCS reaction provides the cleanest way for accessing GPDs

» The DVCS experiment in Hall C during 2023 and 2024 provides sufficient kinematical
difference to separate the DVCS and interference terms

» High energy resolution for DVCS photon reconstruction
* Achieved by the newly installed NPS calorimeter

* Refined offline analysis and energy calibration also play a crucial role

» Analysis is on-going and physics results will come up soon

More information and details
* Backup slides of this presentation
* Proceeding of JRIC2024 conference, p71-75: https://hal.science/hal-05110108
» 2024 NPS collaboration meeting: https://indico.jlab.org/event/866/
» 2025 NPS collaboration meeting: https://indico.jlab.org/event/946/
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https://hal.science/hal-05110108
https://indico.jlab.org/event/866/
https://indico.jlab.org/event/946/

wCLab N LA
Iréne Joliot-Curie —

=
Laboratoire de Physique

des 2 Infinis

@

Backups
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Installation of the NPS "'C“'b NPJJ_

Labo ato ed Physique —
=

» Installation and cabling
* Began in mid-May 2023 and finished in 2 months
 Signal, High voltage and low voltage cables, cooling system

> Test and troubleshootmg using cosmic data till the beginning of the experlment

CABLES FROM PATCH PANEL TO DETECTOR HUT
(50 FT LONG)

1 In the detector hut

N | CABLES FROM DETECTOR
TO PATCH PANEL
(80 FT LONG)

« The patch panel
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Temperature control system

» Heat generate by PMTs and electronics Fan for heat exchange

» Light yield in PbWO, crystals are sensitive
to their temperature (-2% / 'C at 20°C)

» Keep the temperature as stable as possible

» 56 sensors on the back and front of crystals

"’Ctab NE RJ%%

t de Physiqu

Copper sink

for temperature monitoring o |l
o 217 L NPS temperature (crystal zone, back-1) = : e
AN ' ‘
¢ | L
3 21.6 _ o . 2 ] !
y |
IE 21.5
21af o : 4 =
- varied within £0.1 deg. in 24 hours
20-24-IEI4-24 I 202-4-IU4-24 I 2024-IU4-24 I 202-4-IU4-24 .
01:00:00.00 07:00:00.00 13:00:00.00 19:00:00.00 Time Water pipes to chi"ers Fan for heat exchange
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NPS Streaming Data Acquisition

¥c NP

Laboratoire de Physique
des 2 Infinis

«l)

| flash Analog-to-digital converter (FADC)
2. Hits information are sent to

1. Waveform samples are digitalized by JLab developed 3. VTP performs 3x3 clustering and trigger

* Based on seed energy threshold and timing of hits

e.g. for seed threshold of 2 and hit At=+/-8ns, the following hit pattern evolving in time will report 1 cluster:

[ st VXS trigger processor (VTP) for triggers 202 |1 ) 2|2
| passe 3 3 3 3
3 - Trigger Energy |1 1
“E The e ) Shared Perimeter (1 row) T=0ns Tedns | T=sms T=12ns T=0ns, E=19, N=6, X, Y
o s A e —— —— FADC Digitized Pulses T
Time (4 ns) | . . N
FADC ;g;’dcoﬁ“a":ks 4. Readout waveforms, amplitudes, timing, ...
Dlguzedpulses \ * Cluster energy above single photon trigger threshold
Calorimeter Array i ol / T”ggers . . . .
o FADC | | y1p K- S * Coincidence with HMS signal
35 L : - 1 g
] ”““e':] * Only readout waveforms of 7x7 channels for further
l .| FADC S vTp = N analysis to reduce the event size on the disk
J ’i 240 Channels - »a -
‘L ..;I zdﬁg?nncels S VTP :: [ 15 L1A (to front-end: FADC, VTP, etc)
Y = : s _._._._._._._._._._..::[
1 s FADC S| VTP : > 1 {2 ]2
l :L_ 240Chanr_m|5_ e A L1A trigger latency estimated around 1ps
::1 s T e ::[ N\ Clustering of all views happens in 3 3
! llel in about 64
> FADC > VTP — ~ > . ::::t :ft::d:rayi:lsn transporting
[ j| 240Channels | . information across the serial links VTP 3x3 dl
0 — v 'I.'j'.' """"" \ - L1A latency doesn't include additional X3 cluster

VXS Crate 20Gbps optical
1 ESOGbps over VXS backplane

FADC Integrated Pulses
(channel#, charge, time)

0 X 29

delays due to TS->Tl cable
delays/latency settings

Readout waveforms of 7x7 channels
| | | | | |

2025/06/13
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Reconstruction of events

%CuL.o Nﬂ‘

Iréne Jollot Curie
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babzolr:t%?:;e de Physique —
z,
£ g - ! 1]
8 o AL Liar = E , X@',j,k‘,l,m rfp L fp pr J fp rtar (13)
oY ..
% & i,9.k,l,m
X, T & 5
CE € rec __ - ot )k m
&'5“6 Ytar — E : Y;,j,k,l,m ‘I'fp T fp yfp Y fp Liar (lb)
foil p i,j,k,0,m
Ytar = E Y,J k.l,m 1'fp I‘ J_'p L/fp Tj fp T Lar (10)
éL ,J,k,l,ﬂl
(?‘
° \ _ o " k m
Otar = § : DZ,Jak‘Jam "Ly Yip Y fp Trar (ld)
"L - -
@Tv(\ X 1,7k, lm
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8,
.
o
=
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©
a
=
[T}
e
o
=
xvvert
Figure 2: Detailed drawing of event coordinates. The subscript “v” denotes the rec y }.}Caﬂl ( ( ) / 3 ( ) )
vertex coordinate system while “tar” stands for target. The “vert” point marks the VCI‘L J tar —I_ 2y COS 9 —I_ ytar S 9

vertex projection of the interaction vertex onto the target coordinate system. On

the other hand, the “rec”

point is the reconstructed point as given by Equation 1.

The vertex projection must be calculated from the reconstructed point.

Z

v

sin(#) — y{,. cos(d)
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NPS calibration with cosmic rays ®Ce NP

t de Physiqu

'313%%

»Check the performance after installation, troubleshooting, etc.

» Pre-calibration before calibrating with elastic data
* Gain matching for similar amplitudes in each block

° Amp = a X Hvﬁ Amplitudes before & after calibration
1 2 r
new Amp.\; S T
« new HV = old HV X ( PyB 2601
old Amp. © I
—_— - — Before calibration
* B - 5 77 50:_ —— After calibration
* New amplitudes are set to 10 mV na
E 6.5 Log(amplitude)=-32.2+ 5.77*Log(HV) B
3 30
% 5.5%—

(4]
\ll\l

-
n
T

o
TTTTTT

From Julie’s analysis

P R R R 6 8 10 12 14 16 18 20 22 24

62 63 64 65 6.6 6.7 ;
Log(HV) (Log(V)) Pulse amplitude [mV]

w
L)
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Energy calibration for NPS using elastic events "’Ctab NR%%

e Physiqu
|n|s

» Measured energy of a particle in the NPS: El5ier = X; CiA; /Onsbbvl\c;ékmthtelwps
crysta
° j: I Photomultiplier
j: blocks. in the cluster | EEE  Photomultplie
 A:amplitude measured in the block [mV] board
* C: calibration coefficient, convert amplitude to energy [GeV/mV]

» The amplitude is controlled by the HVs: A; = a X HIG.B

a, B: constant from gain curve of PMTs

Cluster forms in the NPS when a particle is detected

» For better trigger of the DVCS photons, a uniform gain in each PMT block is required
* Appropriate high voltage (HV) setting is required!
* Cisthe key variable for calculate the new HVs

» Elastic collisions (e + p — e’ + p’) were used for this calibratione

e Scattered electron (e’): detected in the NPS

* Recoiled proton (p’): measured in the HMS
(for precise prediction of scattered electron energy)
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Calibration coefficients and new HV setting

Laboratoire de Physique
des 2 Infinis

®Ce NG

| Electron energy |(Predicted and measured)

» Linear equations of 1080 crystals are used for the minimization:

x10°
e According to energy conservation, the energy F; of scattered electron in event i is: Y
S . F —+$— E.. from proton in HMS
E‘i = Eb -} pr — Ef) 16:_ -------- Gaussian fit
14 mean = 7.364 + 0.002 GeV
where FJ, is the beam energy, Mp is the mass of target proton, Ef) is the energy of proton detected in the HMS . o = 0.169 + 0.002 GeV
I 12| —4— E, fromNPS |
e By comparing E; with 3;C; A’ : Gaussian it !
10~ mean = 7.482 + 0.002 GeV i
o ()} is the calibration coefficient of block j in the caloremeter S o-02:0002cev i
o A;- is the amplitude (deposited energy) if block 7 in event % sE
we can build x* = Z;(E; — Z;C Al) 4
o The calibration coefficient Cj can be calculated by minimizing the XQ: 2
[ calibration coefficients | : 00- 1 2 3 4 5 6 7 8 9 10
0 i New HV settings E, [GeV]
) S7501-
g 0
§° « High voltage (HV) of PMTs are adjusted to
“ 650 | | have 600 mV of amplitudes for DVCS photon
' . | (coefficients after calibration ~ 0.013)
10 L
5 ssof * Based on the gain curve and their calibration
%oz o o6 08 1 o200 q0 500500000 coefficients
PMT number PMT number
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Effects of temperature on elastic calibration

®Ce NG

Laboratoire de Physique
des 2 Infinis

@ ))

henps_intlk_cz_t_back_25 = hcnps_intlk_cz_t_back_26

Thermal sensor at middle column (back 25-32)

October 1 - 2, 2023 (14:00:00 - 12:00:00)

- henps_intlk_cz_t_back_30

henps_intlk_cz_t_back_27 = hcnps_intlk_cz_t_back_28 henps_intlk_cz_t_back_29

henps_intlk_cz_t_back_31 = hcnps_intlk_cz_t_back_32

HVON (1549 1550
NPS angle:

1551 1552 1553 1554] [1555 1556 1557 1558 1559 1560] HV OFF

15.98

14.89

17.18

17.18 15.98 14.89

Data from EPICS

Reversed values due to

the reversed wire connection
(Fixed by Josh closed to the
end of the experiment)

2025/06/13
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Laboratoi dPh
des If' ysique

Results of calibration associated with temperature Y NP:
Calibrtio fﬁcins -

9

. » Higher temperature in the calorimeter
5 reduces the light yield of the crystals

» First 6 runs
* Taken right after turning on the HVs

Row number

* Non-uniform calibration coefficients due to the non-
steady temperature in the calorimeter

. > Last 6 runs

last 6 runs Calibration coefficients ' * More uniform calibration coefficients after the
e e e N temperature got more steady

Row number

> Conclusion

* Data for calibration and production should be taken
after the temperature is steady

0 5 - 10 15 20 = 25
Column number
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¥ calibration ®)Cu NE P %ﬁ

Laboratoire de Physique
des 2 Infinis

((

» This minimization method is used to constrain the mean of ° invariant mass and
reduce its width based on:

Nevents , b Nevents m,=M_ = 0.1349766 GeV
F = E (m3 —mg)*[+H2A E —mg) | m; reconstructed M,
i=1 ; A: Lagrange multiplier
resolution term embody the constraint <mi2> = mo2 (Nuclear Instruments and Methods in Physics Research A 566 (2006) 366—374)

» Iterations are required till the mean and width of ¥ are converged

E. >1GeV&&E ,>1GeV 2 VS. iteration G_, vs. iteration
@ ? "
< 140 o 2.8 H H 0 H
e [ . —— . . . . .
S ¢ Simulation | _—_ F:t(zaussmom S Simulation .| S Simulation Simulation of 1° — yy using Geanjc4 . .
S (NDF - 951 S 7 Mee= 01349766 GeVIE™ | & 5 75 * Very good performance of the calibration scripts
sE N = 22391 £ 151 = e F * Mean and width are converged in few iterations
L M, = 134.96 = 0.02 MeV - o7k
C G =256 £0.01 MeV 136~ F
- —— before calibration IR R Jmmn e e C
T 134 2651
3 1321 28E |
L N 255 _+—+_+_+_+__+__+_
oL 130 :
- SR 251
: =
1:— - 2.45F
126} -
L TIII]llllI|IIIIlllllIII]lllIIIIIII]IlIlIII]lIlIIII 2.4TIIIlllllI||IllllllllII]lllIIlllllllllllllllllllll
§1T°0I15°0:12 0.125 013 0.135 0.14 0,145 0.15 1 0 1 2 3 4 5 6 7 8 1 0 1 2 3 4 5 6 7 8
M,, [GeV] Iteration Iteration
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https://www.sciencedirect.com/science/article/pii/S0168900206013556

Results of calibration as a function of run number "’CL""’ NRQ%%

> Calibrated for the first month of data
after we came back from the Xmas break x107

Coefficients vs. run number

] o 2 16 —— coefficients from n° calibration
» Gain changed due to the radiation damages ¢ [ ... HVs updated after elastic calibration
to the Crystals 2 155 Maintanence day
2 IRETRTTY Refurbishment with bypassed bases (col. 20-23),
: : : -
> An elastlp calibration was don-e c T boam off for 2 days
after taking 7 days of production data S 151
» Decrease of coefficients after updating HVs L ., ;
and long time of beam OFF 4O gt At of
A AL
» Using ~100k rt¥ events for each calibration 14 _ Y P N
(few runs of data) FRH S
13.5 $
13IIIIIIIIEIIIIIIIIIIIIIIIIIIIIIIIIIIIIEIIIIIX103

3.8 3.9 4 41 42 43 44 45
Run numbers
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If we didn’t update HVs ®Ce NP

t de Physiqu

» Restore to the old coefficients with

HVnew

k
Cold - Cnew X (HVold

»Radiation damages of the crystal were
saturated and increased steady after some point

» Cure of the crystals might be meaningless if the

damages come back too fast

2025/06/13

), b=5.9

Coefficients vs. run number

1072
185
g T —4— coefficients from =° calibration
5115} -------- HVs updated after elastic calibration
"qo_J E Maintanence day
..g 17 F e Refurbishment with bypassed bases (col. 20-23),
§ 16.5 :_ beam off for 2 days
= ~
16 :
155 ]
< w"p r M
- : wo s o ®
145 not? iy '
14

13.5E
13|||IIIIIEIIIIIIIIIIIIIIIIIIIIIIIIIIIIH:IIIII

3.8 3.9 4 41 42 43 44 45
Run numbers

Hao Huang @ HUGS2025
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Comparison between different blocks Y NEZS

de Physiqu
I

» Average of coefficients at the Coefficients vs. days

edge and in the middle of NPS 5107
o . % - —4— Block 572 (c2, r19), closed to beamline
» Coefficients of blocks closed to the beamline S 21—+ Block 583 (13, 19), in the middle of calo.
were increased more than the others as we expected | —# Block 57 (c13,119) far fiom beamiine BEAV
19~
Block number 572 583 597 18E
u after maintenance day
Coefficients (right after elastic calibration) [MeV/mV] 13.8860 13.5846 13.8736 17 -
Coefficients (two weeks after elastic calibration) [MeV/mV] = 15.3157 14.2997 14.4826 16 E_
Increased coefficients [MeV/mV] :%235:;) ?5721 ?;) &6;928) 15 E_ . Y ———
270 . (o] . (] - . +_._,_._—.— ——
. —y——————N—
¢ e umm BEAM e —o—
- ==
13
: 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I
12 2 4 6 8 10 12 14

Days after elastic calibration

2025/06/13 Hao Huang @ HUGS2025 29/15



Strategy of DVCS event simulation ®)C NE F %

Labo ato e e Physique

Deposited energy in NPS crystals

O e . @ ®

E DVCS event NPS Geant4 Outpl_Jt E HMS Reconstruction of sim.ulgted data
| generator — simulation — Heler fll'es i_’ simulation wes=p 1. DVCS photon and missing mass
i (NPS & HMS input) | 2. Exclude dead blocks
Generate events and NPS simulation (original setup by Ho San KO) Reconstruction
> Done by the NPS Geant4 package » Output reconstructed variables
» Generated variables _ _ * NPS Cluster information
. [Vertex position Input for HMS simulation R D\Z/CS real photons
* |Initial electrons (before vertex) HMS simulation (credit: D. Gaskell, Y. Zhang) SR A
* |Scattered electrons » HMS single arm Monte-Carlo
* DVCS real photons » Input variables
« Q% %t @ * Generated vertices & scattered electrons
> Reconstructed variables * HMS angle & central momenta
* |nitial electrons (beam electrons) » Output variables

e HMS focal plane variables
for vertex reconstruction
* Reconstructed scattered electrons

* Deposited energy in NPS crystals (by Geant4)
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Event generator workflow "'Ctb N&%

t de Physiqu

1. Generate the vertex position

: . v
(uniformly along z with beam offset and raster) E !
o . @ Vertex v, generation
2. Apply the external radiation correction
t oy
before vertex (E — E &) ® *%
3. Generate Q% and XB uniformly (®)| @ and xs; generation Test: By < pe™”
(within [Q2.., Q2,..,] and [xg™", x;M3]) @E.
4. Apply the internal radiative corrections before verte %o o B of Test: p.<0
(E ext - E ) Y @ 2Mxpj
\Y \'
5. Calculate the corresponding p, and cos8, @[ tandibgeneration
of scattered electrons using Q?, x; and E,
. _ Q’ _ Q’
Pe = Ev 2MxB’COSee =1 2peEv

6. Apply the internal radiative corrections after vertex . ouimeter

7. Generated t and ¢ uniformly for the real photons %Ja
y (b E [ Or 2T[ ]; t E [tmin(QZI XB)-ZI tmin(QZI XB) ]
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Simulation packages

%CLo

Iréne Joliot-Curie
Laboratoire de Physique

des 2 Infinis

mc-single-arm  public

forked from JeffersonLab/mc-single-arm

# NPS ~ ¥ 6 Branches © 0 Tags

NPS Geant4 package
Scattering chamber
& Target

Sweeping magnet

examples

NPS

generated_events

infiles

outfiles

runout

src

util

worksim

0O .gitignore

[ README.md

] run_me_single_arm

gaskelld Use x/y beam offsets from generated event tree

HMS single arm Monte-Carlo package

Q Gotofile 2 Add file

This branch is 7 commits ahead of JeffersonLab/mc-single-arm:master .

Example root scripts for plotting SHMS FP quantities

Add generated_events directory

More changes for NPS

Merge pull request JeffersonLab#3 from MarkKJones/exam-...

File properties somehow messed up.

Use x/y beam offsets from generated event tree

Make variables double precision in tree

Make new root tree instead of modifying existing tree

Add .gitignore to main directory and modify .gitignore in ot...

Update README.md

More changes for NPS

633821c - 4 months ago

@ Watch

<> Code ~

O 85 Commits

8 years ago

5 months age

5 months age

8 years ago

8 years ago

4 months ago

10 months age
4 months age

8 years ago

11 months ago

5 months age

- Y Fork 1 -

Yy star 0 -

About

Single Arm Spectrometer Monte-Carlo
Repository

M Readme
Ar Activity

¢ Ostars

& 2 watching
¥ 1fork

Report repository

Releases

Mo releases published

Packages

Languages

® Fortran 86.3% ® C++68%
®  Makefile 2.8% ® C27%
® POV-Ray SDL 0.9% ® Forth 0.2%
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Additional clusters around x = -30 cm in simulation ®tu Nﬁf_:%%s
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S Analysis

Contamination)
etho

3 Main criteria for the 110 events selected from data:

- No edge block clusters

- Energy of the photons is above the trigger threshold
- A correct invariant mass

Symmetric decay
Drrﬂcnon of the boost <

Asymmetric decay

* Simulate the decays of each detected 110 by
randomizing the photon angles 5000 times in

the c.m. frame: cos 6 [-1, 1] Azimuthal angle
(6= decay angle) [0, 21T ]

* Divide the decays by humber of photons generated:
NO= events with no y detected
N1= events with 1 y detected
N2= events with 2 y detected

Direction of the hoost
ol

Pion rest frame Laboratory frame

Credit to W.Hamd;,
2024 NPS collaboration meeting

« Each event with N1 is subtracted from the DVCS events and before hand

multiplied by 2 factors: 5 W=al*a2 =

-al =1/5000 and a2 =5000/N2 I
e

1/N2
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Accidental event subtraction ®Cu N&%

Laboratoire de Physique
des 2 Infinis

«l)

7000
6000
5000
4000
3000
2000

1000
Frédéric Georges. Deeply virtual Compton scattering at Jefferson Lab. High

e = j ! M 1
r.frﬂj P I 1&1 &J-‘r j’wl HJJH H“-—ij h, Energy Physics - Experiment [hep-ex]. Université Paris-Saclay, 2018. English.
| = | | 5

el - L1~ (NNT : 2018SACLS391). (tel-01925350)
-10 -5 0 5 15

ASARA AR AARR R AR RN RS

S
(&)

Coincidence time (ns)
Figure 4.15: Coincidence time spectrum for kin48 4. The main coincidence time window [-3 ns, 3 ns] is
delimited by the blue lines. The accidental events subtraction windows [~ 11 ns, —5 ns| and [5 ns, 11 ns]
are located between the red lines. They are shifted by 8 ns with respect to the main coincidence time
window to account for the 4 ns time structure of the beam.
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