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Strategy of DVCS event simulation "’Ctab N

Lh t de Physique

'313%%

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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Simulation packages

%Cuo

Iréne Joliot-Curie

Laboratoire de Physique
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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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Finalized kinematic list "'Ctb NRJ%

Laboratoire de Physique

d2|f
\_/

» Corrected all the angles with the screenshots in hclog | Incredible work from Yaopeng

» Most updated version “Kin_list_2.xIsx” in https://hallcweb.jlab.org/elogs/NPS-RG1a-Analysis/61

» Update angles are labeled yellow
» SHMS angles may have a big difference: split the kinematics (e.g., x25 4 — x25 4 1, x25 4 2)
» Number of kinematics: 33 — 53

KinC name old | KinC name new |Simulation namebegin of Illﬂl end of run SHMS angle| E | HMS P |HMS angle| NPS angle |::.-110 distanc:{ HMS_pol

KinC_x25_1 z2d_q2l_p3 KinC_xz5_1_1 5903 5975 20616 6372 1.734 20.13 9.216 357 -1
KinC_x2>_1 2 6733 6740 24,7190 637 1.734 20.13 11.490 357 -1

KinC_x25_3 226 _q30_pd KinC_x2> 3 Ho70 667 26.405 8453 2.131 23.7 10,105 357 -1
KinC_xzz25_4 z26_q3l_p5 KinC_xx5_4_1 4966 bl&2 27.495 10.535 4,149 152 11.195 407 -1
KinC_x2o_ 4 2 HS40 6953 28000 10,538 4.149 152 11.700 397 -1

KinC_x36_1 x36_q30_p3 KinC_xz36_1 5977 6142 27,7795 6.37 1.956 28.34 11.495 357 -1
6724 6732 27,7790 6.37 1.956 28.24 11.490 357 -1

6770 6827 27805 6.37 1.956 28.345 11.505 357 -1

KinC_x36_2 x36_q30_pd KinC_x36_2_1 3013 3062 30.665 8457 4,042 17.015 14.365 307 -1
KinC_x36_2_2 HE74 HEE0 30665 8455 4.042 17.01 14.365 357 -1

EinC_xz36_Zp x36_q30_pd KinC_x36_2p 2973 3012 28.775 8458 4,042 17.015 12475 307 -1
3106 3113 28.769 8.456 4,042 17.01 12469 307 -1
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de Physique

Event generator workflow "'Ctb N&%

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 € [ Or 21 ]r te [ -21 tmin(QZI XB) ]
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Simulation output variables ®Ce NP

”@%@

de Physique

»TTree: MC_dvcs
»Branches (G: generated, R: reconstructed)

RIE_px (py, pz): momenta of initial beam electron

GIE_px (py, pz): momenta of initial beam electron momenta after external radiation correction
GV_x (y, z): vertex position

GSE_px (py, pz): momenta of scattered election after internal radiation correction

GQ2, GxB, Gt, Gphi: phase space variables

hms_stop_id: 0 if passed HMS simulation, > 0 when stopped in HMS

hms_stop_id == 0 to look at reconstructed variables below

RV_z: Reconstructed vertex z position
hsxfp (yfp, xpfp, ypfp): HMS focal plane variables
hsxptar (ytar, yptar), hsdelta: HMS target variables and 6p

hms_stop _id == 0 && cluster_ene > 0 to look at reconstructed NPS variables below

clust_ene, clust_x, clust_y, clust_size: cluster energy, position, size
RPh_px (py, pz): momenta of reconstructed photons

Mx2: Reconstructed missing mass square

RQ2, RxB, Rt, Rphi: phase space variables
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Beam configuration for vertex generation

» Beam offsets (-1.31 mm, 0.05 mm): based on https://logbooks.jlab.org/entry/4254868

» Raster simulation: randomly generate uniform vertex (x, y) in 2x2 mm?

2025/05/06

"D CLab

kene]ohotCune
de Physique

Beam position on target after BPM calibration in 2024

8]

——

l_
L m@

T T T T
400 =300 -200 -100

T
0

Beam positipn on target:
1.31, .05

- ¢ Raw BPM position

¢ True position

[0 MNominal position
| | |
T T T

Z (cm)

& € $Q/= B

T T T T
—400 —300 —-200 -100
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https://logbooks.jlab.org/entry/4254868

Comparison of vertex distributions "'Ctb N&%

Labor t de Physique
d2|

» Vertex distributions, simulation vs. production data (LD2) Simulation and real data
. . ) Reconstructed vs. production

» Nice results after including beam offsets and raster

» Discrepancies at the edge due to the property of raster set as 0 o
vertex 7 = Ytar +W_ vertex x + (cosOyys + V' - SNOyys)
» Dummy subtracted for vertex z distribution SinBys = ¥ tar - €OSOpus
Vertex x Vertex y Vertex z
_ x107°
= _ | S 0.1 : < gof
8 01 —e— Production data 8 i —e— Production data 8 r —e— Production data
3 — Simulation 3 — Simulation 3 20 C — Simulation
‘T T i s F
£ € 0.08 € |
5 008 e st .. . S eof
-—._.-..r1_'.-'.!|. | L0 TP » N
I r 0.06 PP 50 -
0.06 | I - o® .,
I . . aof o o .
0.04f 0.041 o I_,_r\- -
: } i : F
0.02 0.02 : lJ
[ i - 10F ]L
%5 04 03 =02 01 0 01 02 %32 015 0.1 —0.05 0 005 01 015 02 Lt R R
Vertex x [cm] Vertex y [cm] Vertex z [cm]
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Scattered electrons in event generator "'Ctb NH%

»Set up HMS angular acceptance based on > Large collimator
the geometry of large collimator in the slit box * Entrance geometry
* 166.37 cm to the center of target
|< 27 m >|  Exit geometry
— * (166.37+6.3) cm to the center of target
Slit Box * replace 4.575 with 4.759 and 11.646 with 12.114
=
‘ = - 9.15 cm R
target l i i i =0 :
= | . — i 4.575 cm i

I 11 |
HMS Carriage 2 K
4

gy N

Qz Q3 Dipole (D)
Max. Grad: 7.148 T/m Grad: 6.167 T/m 25 Degree Bend
EFL: 1.867 m FL 2,104 m Max. Field: 2.073 T
E

FL: 5.122 m

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

Figure 3.20: High Momentum Spectrometer (HMS) side view.

wo 99 1T
WS Z¢6C°€EC
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Scattered electrons (HMS acceptance) "'Ctb

de Physique

» Physical parameters based on collimator geometry
e H=1.1 x4.759 (cm): horizontal acceptance of HMS entrance
e V=1.1x12.114 (cm): vertical acceptance of HMS entrance
* z,=166.37 (cm): target center to collimator entrance
* X=-z.sinO,,,s + H cosB,,: distance from the beam line to the edge of collimator

» Calculate the angular acceptance 6, and 0, based on these parameters

A
Beam HMS /

direction collimator A
s\
Beam ®9! _______ HMS
direction collimator
Center of Facing the

the target beam direction
Top view \
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Scattered electrons (angular acceptance)

"' )Cie NE 92%%

de Physique
I f|n|

»Horizontal: [6,™", 8,M3] = [0,,,,c — 6, , O s + O,]
° ex - Tan_l(ZH/Zs) d‘Bear‘ﬂ [l[_!MSt

> Vertical: [b,™", ;"] = [ -6 , 1+ ]
¢ ¢, =Tan(V/X) '
° (I)emax = 2T[ + Ta n']-(-V/X) Center of ,.»"//

the target

»Momentum acceptance
[p™n, p™3] = [pyps X (1 —15%), Prws X (1 + 40%)]

» The limits above are used to set the range of Q% and x;
° Q i = zpemmE ext (1 — cosB mm) QZ

max

Qm ax

Top view

- zpemaxEvext (1 —_ Coseemax)

. XBmin = max{ 0.05, ZM(E%;r?cm min) b Xg"' " = min{ 2M(ES

ext

s

0.95}

4
Cd
#
#
-V

Beam )
[t S
direction ®

X

Facing the
beam direction

‘/
4

4

,

HMS
collimator

\
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Scattered electrons on the collimator plane %< NR%?ﬁ

de Physique
|

»Projection of scattered electrons to collimator plane Simulation
Generated vs. reconstructed

»Reconstructed electrons matched to the acceptance

vertex z = [-5, -4] cm vertex z = [4, 5] cm
— 25 [ T . — 25 | H .
g - _— Largg collimator g - — Largg collimator
g 20F Generated-events g 20F W..V;.u.w vents
ol - nstructed events > - Recanstructed events
15 15 3
10| 10|
5F 5F
oF OF
-5F -5F
~10F —10f
—15F —15E
-20F -20
25 1 L1 L1 11 LLL1 L1 25 1 L1 LL L1 L1l L1
—25 20 15 10 —5 0 5 10 15 20 25 —25 20 15 10 —5 0 5 10 15 20 25

se e [cm] se e [cm]
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Scattered electrons on the collimator plane %< NR%?ﬁ

de Physique
|

»Further investigation: Do electrons shift a lot after reconstruction? Simulation
) _ Generated vs. reconstructed

» Shift on collimator plane: less than 1 cm

» Shifted electrons (reconstructed) only found close to the edge of physical acceptance

Xsieve Shlft Ysieve Shlft Scattered electrions on the sieve (collimator) plane

x10° x10°
- Mean = -0.005 + 0.000 cm

Mean = 0.001 £ 0.000 cm E Electrons moved into the acceptance after reconstruction

Counts
[{e]
(e]
Counts

20 l.ari nnnl imato
Lafge-conmato

Xsieve [Cm]

Generated outside acceptance

IJ l Sigma = 0.342 £ 0.000 cm \.‘ Sigtnia = 0:300"0.:000 ¢

70F 80: ’Jr of
i ]

sof [ l
30; IJ T —10E
an i J H

K —20F
IIIIL_I;IIIIIII -

-3 -2 -1 0 1 3 -3 -2 -1 0 1 3 2§25 20 15 10 —5 0 5 10 15 20 25

XSeec Ve Xgee Ve [cm] Yseec ve Ygee Ve [Cm] Se e [Cm]

Reconstricted inside acceptance

50F
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HMS focal plane variables

» Discrepancies: no cross section in the simulation

»Working on applying a weight from DIS cross section

HMS focal plane x

HMS focal plane y

WCu.:

Iréne Jollot Curie

Laboratoire de Physique
des 2 Infinis

/\

NEZS

((I

Simulation and real data

Reconstructed vs. production

HMS focal plane X' HMS focal plane y'

x10°° <1073
5 F 5 ‘ 5 F - 5 ’ ,
8 aoF —e— Production data 3 012 ~_—*— Production data g 70 :_ —*— Production data 8 018 - —e—Production-data
B — Simulation B — Simulation B F — Simulation B — Simulation
= o Sor N 016 ,
£ °E E ol £ 60F £
] C . : o [<} - S 0.14
z . F = z Z =4
30 _ s0F
- 0.08+ N 012
C p i i 40— 0.1 .
C * .'Qb. H L H N H
- e B 30 - 0.08 —
C . [ i L L i i
. K 20 C
10 i ] 0.04
: * 0.02 - -
SEl | —— i oF 0.02}
0 l]ilIIlIll]]iIIIlIII]IIIlllIlIIIIlll]ilIIlIll]] 0- 7 0- l | 1 Ll 1 1 | 0- | = | | [
-50 —40 -30 -20 -10 O 10 20 30 40 50 =30 -20 -10 10 20 30 -0. 1—0 08—0 06—0 04—0 02 0 0 02 O 04 0 06 0. 08 O 1 -40 -30 -20 -10 0 10 20 30 40
X, [om] ¥, [em] Xip Yip
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HMS target variables

» Discrepancies: no cross section in the simulation

»Working on applying a weight from DIS cross section

HMS x'

tar

><10'3‘= : :

Normalized counts
()] [#)]
(=] o
[ T

B
(=]
LI I L L

a0f

20

o

2025/05/06

—e— Production data

— Simulation

.
X

9.1-0.08-0.06-0.04-0.02 0 0.02 0.04 0.06 0.08 0.1

ar

Normalized counts
(4]
(=]
[

tar

HMS y

%107

[=2}
(=]
TT

—e— Production data

S
o
| | I | L

30f
20

10F
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.= Simulation. ... .

Normalized counts

HMS y'
x107° y tar
L —e— Production data
60 :_ —— Simulation
50
4o}

30F
20F

b

Normalized counts

Laboratoire de Physique
des 2 Infinis

®Ce NPG

Simulation and real data

Reconstructed vs. production

HMS &p
x10°° :
70 :
B —e— Production data
60 f_ —— Simulation
50
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NPS acceptance: cluster x and y ®Ce NPG

Laboratoire de Physique
s 2 Infinis

» Cluster energy > 2 GeV to reduce background
»Sweeping magnet: 4 degrees relative to NPS

» 4 kinematics with different NPS distance to check the shadow of the magnet

= 162.938—4—.1

107.260
As-set = 107.25§

Q1,Q2,Q3 & DIPOLE
HMS Line MAGNET CENTER LINE

As-set = 62.999

DETECTOR
CENTER
SWEEPER FACE
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NPS at 3 meters (x50 0 1)

»Shadow of the magnet matched very well

» Additional clusters around x = -30 cm in simulation will be cut out
* photons went through the two wings of the magnet

NPS cluster (real data)

NPS cluster (simulation)

%Cuo

Iréne Joliot-Curie

Laboratoire de Physique
des 2 Infinis

Simulation and real data

Reconstructed vs. production

NPS cluster (Red: real data, Blue: DVCS simu.)

— 40 — 40 — 40
e “F 600 e F e O \". =
= F = F = F RN
3 % 2 30F % sof ?‘Xu‘&;
% f 500 % F g r LTS e
s T 3 [ 2 T
O 20F O 20f © 20F
10F 10F 10F
of o oF
~10F ~10F ~10F
-20F -20F —20F
-30F -30F -30F
%% 30 =20 {0 0 10 20 30 40 % 30 20 10 0 10 20 30 40 % 30 20 -10 0 10 20 30 40
Cluster X [cm] Cluster X [em] Cluster X [cm]
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NPS at 3.5 meters (x36_4)

»Shadow of the magnet matched very well

> Additional clusters around x =

= 40: TR 450 E 40: r = 40: :
S B S B S F IV ehs Y
> - ! > - | > - ; N 5 &
s OF | 400 5 OF s OF WA =
g b 2 b 2 f OSSO E
O 201 350 O 20 | O ooF : . e €
E E - } e
C C C & &
10| 10| 10F 5 M W
L L C LA SN
u I [ I B oy S '
0: i 0:— :, 0:— ) % 3 % < T
C - B ' >y
—10F | 10 | —10F 4“/\@/@@ o
- | = | = N <
- - - % i A
—20F : —20F : —20F @ & Cﬂ@ @g ....................
| | : f N el
-30F | -30F | -30f < = % ot
= | [ I N — 7;
C L ! C L ! N
% 30 =20 40 0 10 20 30 40 % 30 =20 -10 0 10 20 30 40 ° %0 30 20 -10 0 10 20 30 40
Cluster X [cm] Cluster X [cm] Cluster X [cm]
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* photons went through the two wings of the magnet

NPS cluster (real data)

NPS cluster (simulation)

-30 cm in simulation will be cut out

CLab

Irene Jollot Curie
de Physique

d2|f

NE=

Simulation and real data
Reconstructed vs. production

NPS cluster (Red: real data, Blue: DVCS simu.)




Laboratoire de Physique
des 2 Infinis

NPS at 4 meters (x25_0_1) ¥ Ca NP

»Shadow of the magnet matched very well Simulation and real data
Reconstructed vs. production

NPS cluster (real data) NPS cluster (simulation) NPS cluster (Red: real data, Blue: DVCS simu.)
3
—. 40 <100 —m— — —. 40
£ F E E I
S L S [ S [
7 30F 14 T sofF 7 30F
& F e r g r
w (2] w
3 r = 2 r
&) 20 —11.2 &) 20 &) 20 |- W SIS SRR S e il
10F 10 10F
0: 0.8 0:— 0:—
“10f 0.6 —10fF ~10F
-20F 0.4 —20 —20F
-30F 0.2 -30F -30f
_ _I 1 III__I"I"I_I T[T T T T 10 T I T O TT1 111 _ _I 1 Ill__l"l'l_l T[T T 1 T Il T I 1T T I 111 _ _I 111 11
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NPS at 6 meters (x36 6 2) ¥ Ca NP

Laboratoire de Physique
des 2 Infinis

»Shadow of the magnet matched very well Simulation and real data
Reconstructed vs. production

NPS cluster (real data) NPS cluster (simulation) NPS cluster (Red: real data, Blue: DVCS simu.)
— 40 —_ — 40
£ N E B £ N
ASH [ Q. [ 25 0O, B
> 30F 180 T aoF T 30F
& B L B 2 B
5 H700 2 =R
O 20f O 20F o0 © 20F
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10— 10— 10—
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-20 -20 —20F
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Conclusion 'chLab

JItC

NE=

”@%@

» Modification of DVCS event generator and NPS-Geant4 simulation package
» HMS MC-single arm simulation adapted to the DVCS simulation

» Compared generated and reconstructed events in the simulation
* Acceptance in the generator looked good

» Compared simulated results (reconstructed) with real data

* Discrepancies of HMS related variables due to the lack of cross section in simulation
* NPS acceptance and the shadow of magnet matched the real data

2025/05/06 Hao Huang, Yaopeng Zhang @ 2025 NPS collaboration meeting
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Future work "'Ctb N

Lb t de Physique

'?%g

» Test the distribution of HMS variables by weighting with DIS cross section

» Remove NPS dead blocks
* List of dead blocks in https://hallcweb.jlab.org/elogs/NPS-RG1a-Analysis/94
* Remove all signals/pulses of these blocks in both simulation and data
* Accumulated charge as a function of run number is required

1 Start run End run | Columns (Dead/OFF) | Blocks (Dead/Missing)

20 2286 2300 542 572 482 632 4322 452 392 602 332

21 2301 2302 542 572 432 632 422 452 352 602 332 302

22 2303 2337 542 572 482 632 432 452 392 602 332 302 662

23 2338 2343 542 572 482 632 4322 452 392 602 332 302 662 692

24 2344 2349 542 572 482 632 4322 452 392 602 332 302 662 692 842
23 2350 2376
26 2377 2405

2
2 393

» Simulation calibration and smearing for photons
* To have the same resolution as in the data
e Requires extracted DVCS peak from real data (waveform analysis + piO calibration)

o o o o 9 9 O
N N =

> A new version of simulation user manual
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https://hallcweb.jlab.org/elogs/NPS-RG1a-Analysis/94

Irene Joliot-Curie
L b t de Physique

) CLab NP

Backups
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Iréne Joliot-Curie

Additional clusters around x = -30 cm in simulation %)Cus N_Bg%%
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Laboratoire de Physique
des 2 Infinis

Q2 vs. Xg ¥ Cue NP

(1

x25 4 1 x36_4 x50 0 1
a7 a7 a7
% C Generated events % C Generated events %; C Generated events
O, B aconstructed event o3 B sconstructed O, B Reconstructed events
G 6f G 6F G 6L
5F 51 51
af af ar
3f 3p 3p
2f 2 2f
[ [ { -
1_ 3 1_ it 1_ & . W
00 0.1 02 03 04 05 06 07 08 09 1 00 0.1 0.2 03 04 05 06 0.7 08 09 A1 00 01 02 03 04 05 06 07 08 09 A1
Xg Xg Xg
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¢ study with the target z profile Y NEZS

de Physique

» ¢ distribution from DVCS simulation, no cross section, origin vs. weighted

Phi weight Reconstructed ¢ (normalized to 1) Reconstructed ¢, weighted / original
%, 0.75 g 012 - —4— Reconstructed ¢ | *g 0.6 :
= - LI 8 - —4— Reconstructed ¢, weighted by Vz profile 8 - | | | _l_
i X 05 . 4
- 01 N .
0.7 /’\\: B 1+ |4 T T+—L+*F++ |
B B 0.4_ <& | 1
- / \ /\ 0.08 - | T
B ’ : = o
0.65 #\ ’ & B 44 + 38 0.3 +
B 0.06 <4 = I u
B ST 9 :$: 0.2F
4 ¢ B % L < :$: H O+
0.04 .+. | ye % -

T A ] Bl

4
T
N
T

0.55 [ -
- J 0 = -0.1 :
0.5f I —0.02[ -0.2F
—4 -2 0 2 4 0 1 2 3 4 5 6 0 1 2 3 4 5 6
Vz [cm] ¢ [rad] ¢ [rad]
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¢ study with the target z profile Y NEZS

o tafts e Physiaue
» Different vertex range
Reconstructed ¢ (normalized to 1, -5<Vz<-4 (cm)) Reconstructed ¢ (hormalized to 1, -1<Vz<0 (cm)) Reconstructed ¢ (normalized to 1, 4<Vz<5 (cm))
= [ —4— Reconstructed ¢ = [ —— Reconstructed ¢ 2 014 [ —— Reconstructed ¢
=) - =) 3 .
8 0.14F —4— Recons tructed-¢; weighted by Yz profite 8 0.1 - —4— Reconstructed o, weighted by Vz profile 8 - —4— Reconstructed ¢, weighted by Yz profile
0.12F - 0.12f
. 0.08 ok
0.1f - A L
008: + 0.06 |-|L| |+-|L 0.08f
. B 1 s =L i 4-0- + +_+ R | | |
- - . B | Y | 1
0.06F + _+_ 4 | 0.04 + 2 +- I+.|L 0.06F qu :T:"i:+3+: +4t _ﬁt + f
- == B B
C | _+_ [ C + 0.04F -+- - =+= +
0.04 I - 041 I 1 [
- 4 T T:+—:%+++ 0.021 + '+'+ P s + H
o.oz% g - t + 0.02f ! .+.+
[ + 0 g
Of i o
-0.02f —0.021 ~0.02}
0 1 2 3 4 5 0 1 2 3 4 5 6 0 1 2 3 4 5
¢ [rad] ¢ [rad] ¢ [rad]
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¢ study with the target z profile W Cu Nﬂﬁﬁ

Laboratoire de Physique
des 2 Infinis

» Ratio with different vertex z range
Reconstructed ¢, weighted / original (-5 < Vz < -4 (cm)) Reconstructed ¢, weighted / original (-1 < Vz < 0 (cm)) Reconstructed ¢, weighted / original (4 < Vz < 5 (cm))
2 - 2 - 2 0.9
5 0.9¢ S r S [
(@] - o] B o

0.8f 0.9] 0.8}

0.7h o.8H 0.7 :

0.6 i i
N 0.7 i 0.6
4 - - T . T ™ -+ 11 E T - | T T * - -u-“-

0.5: 4 pe E 5 | 05__“_ _"_-0— - _"_'"- <+ |4 o _"_-0-
H - _0_-0-_"_ - _0_-"_-0-_“_ R 0.6 1 . N

0.4 B || &
[ - - B =
- | 04
= - - u

0.31 0.5 i
- i 0.3}

0.2 - |
N 04 N K
_IIIIIIIIIIIIIIIIIIIIIIIII | I TN Y N N U N N N N I N D N N N NN NN N A N N A N N A N O.2IIIIIIIIIIIIIIIIIIIIIIIII
0 1 2 3 4 5 6 0 1 2 3 4 5 6 0 1 2 3 4 5 6

¢ [rad] ¢ [rad] ¢ [rad]
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DVCS experimental setup in Hall C at Jefferson Lab ®Cu NP

Irene Joliot-Curie

Iéabznlrraiglnr:lrsed e Physique f.—:\
-l Sweep magnet Neutral Particle Spectrometer (NPS) calorimeter
* 0.3 T-m of magnetic field * Detect photon (y) with an array of 1080 PbWO, crystals
* Reduce the low energy background electrons

L -]

s
TN

s

e »>
from the Continuous Electron Beam
Accelerator Facility (CEBAF)

p
Target chamber

* Liquid H, (LH2) or liquid D, (LD2) J
L

s e
b ... ‘“ e

r

High Momentum Spectrometer (HMS) 1
* Detection of scattered electron (e’)

\_

1 Front view of NPS crystal array

Run period: Sep. 2023 — May 2024
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High Momentum Spectrometer

¥ Ca NP

Laboratoire de Physique
des 2 Infinis

» Provides sufficient momentum reach for the separation of interference and |DVCS|? terms

using beam energy dependance

Hodoscopes
* X-Y plane scintillators

* Time-of-Flight measurement
* Particle identification

[ Vacuum vessel

(Preshower & Shower counters

* Electromagnetic calorimeter
L- e/m separation

( Heavy gas Cherenkov
L * Particle identification

Drift Chambers

(‘ Track reconstruction
L' Momentum measurement
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HMS drift chambers and focal plane BCus NB%

Laboratoire de Physique
des 2 Infin

Cathode Middle Cathode Hut Coordinate System

Window ~_ipode Plane Wire Window +y
T—oﬂ

l Planes l Planes l

/N \

' Origin
]
track

+z axis

XV V. VV X XUU

SHMS: lJ LJ' )(
ms: YU X XVV ma  VVYX  XUU

Figure 3.24: Side view of the plane orientation for the DC1 (left) where the colored
o

planes represent the wire planes, and DC2 (right) which is identical in design to

DC1 rotated by 180° about the z-axis (vertical) forming a mirror image along the

2-axis.
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Reconstruction of events

»From the Note on HMS optics

z,
“ TN
= 6'\(’
& )
X, E &
@ée
[
&)
L
& o
[N
[ad
%
- -&r‘ ‘(3 ,
TS,
S
Q
L
jud
(1]
o
+J
=
o
B
v
§=
xvvert

Figure 2: Detailed drawing of event coordinates. The subscript “v” denotes the
vertex coordinate system while “tar” stands for target. The “vert” point marks the
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.

ar

rec
ytar

ytar

()Lar

! 1]
E , X@',j,k‘,l,m rfp L fp pr J fp rtar
i,9.k,l,m

a1 kool om
E : Y;Jakiam "L T Ytp Y tp Lrar
1,7,k l,m

Z Y,J klm Tfp ' fp 'Jf:p y' fp Ty
.7k, lm

) 19 k 17 m
Z Dijkdom - Ltp ¥ tp Yip Y tp Lrar
i,5,k,l,m

WCu.:

Iréne Jollot Curie

Laboratoire de Physique
des 2 Infinis

NB=

«l)

vert _ Yiae + 2 (cos(#) + yiar sin(6))

v sin(6)

T yiar COS (9)
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hms_stop_id ®Ce NPG

/\
Laboratoire de Physique
des 2 Infinis

(

mc-single-arm > src > = mc_single_arm.f

1012 format(1x,1614)

1015 format|(/,

ill,' stopped in the TARG APERT HOR',/

ill,' stopped in the TARG APERT VERT',/

ill,' stopped in the TARG APERT OCTAGON',/

ill,' stopped in the FIXED FRONT SLIT HOR (id=-1)',/
ill,' stopped in the FIXED FRONT SLIT VERT (id=-1)',/
i11,"' stopped in HB ENTRANCE (id=1)',/

ill,' stopped in HB MAG ENTRANCE (id=2)',/

i11,"' stopped in HB MAG EXIT (id=3)',/

i11,"' stopped in HB EXIT (id=4)',/

il11,"' stopped in the DOWN SIEVE SLIT (id=99)',/
i11,"' stopped in the COLLIMATOR HOR (id=5)',/

i11,' stopped in the COLLIMATOR VERT (id=5)',/|

ill,' stopped in the COLLIMATOR OCTAGON (id=5)',/
il11," stopped in Q1 ENTRANCE (id=6)',/

il1,"' stopped in Q1 MAG ENTRANCE (id=7)',/

ill,"' stopped in Q1 MIDPLANE (id=8)"',/

il1,"' stopped in Q1 MAG EXIT (id=9)',/

il11,' stopped in Q1 EXIT (id=1@)',/

>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
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Generate the vertices in the simulation W) Cue N

Lahmatmre de Physique
s 2 Infinis

/A
=
=

» Different versions here
Corresponds to the Colored SetVertex(®.2*fRan->Rndm( )-8.1, ©.2*fRan->Rndm()-08.1, fTargLength*fRan->Rndm()-fTargLength/2.+fTargZoff);
histograms of the vertex
distributions in previous
F)Eig;f? Double_t x_offset

Double_t y_offset

-1.31%0.1;
9.05%0.1;

@.2*fRan->Rndm( )-06.1;
@.2*fRan->Rndm( -B 1;

Double_t x_raster
Double_t y_raster

SetVertex(x_offset+x_raster, y_offset+y_raster, fTargLength*fRan->Rndm()-fTargLength/2.+fTargZoff);

TRandom3 *r = new TRandom3(©);

Double_t x_offset r->Gaus(-1.31*e.1, ©.5481%@.1);
Double_t y_offset = r->Gaus(9.85*8.1, ©.1586%8.1);

@.2*fRan->Rndm( )-08.1;
@.2*fRan->Rndm( )-0.1;

Double_t x_raster
Double_t y_raster

SetVertex(x_offset+x_raster, y_ offset+y_raster, fTarglLength*fRan->Rndm()-fTargLength/2.+fTargZoff);
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Generated vertex z distribution without HMS accept. cut "’Ctab Nﬂf\%

Laboratoire de Physique
des2 Infi

Vertex z distribution after removing HMS accept. in the generator

400
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Vertex z (dummy vs. data) ®Ce N H‘%ﬁ

de Physique

Vertex z
w F
T |
-
3
< 10
Q L
N
(—U -
g n
2 8
B 000000,
61— ..0 n....
- L J
L L
I . .
- . .
41— . hd
= Py .
- * L
- L 2
o .

-10 -8 6 4 -2 0 2 4 6 8 10
Vertex z [cm]
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Added energy loss from the entrance of target cell oASE: NRQ%%

e de Physiq
d 2 Inflnls

((

» Material of target cell : aluminum alloy (AL7050)

» Radiation length of aluminum » Added energy loss of target window

Double t TGenGeo: :AlX®( void TGenBase::ExtBrem(void)

{ {

if(fTargDens==0.) cout<<"Target not initialized !"<<endl;
return 24.01/2.7 ;

Double t t=0;
Double_t eel=0.;

} fRadCor=kTRUE;
if(fTargType!=0 && fTargType!=1 && fTargType!=2){
* Energy loss before vertex due to Bremsstrahlung: AE = EORl/bt cout<<" UNKOWN TARGET!"<<endl;
exit(1);
* E:initial energy of electron beam L(ﬁargwpe_m,
i 20
. . . .. t=(fVertex->Pz()+fTargLength/2.)/PX0() + fTargetWindowThickness/A1X0();
* t: material thickness in radiation length Jelsef
o . t=(fVertex->Pz()+fTargLength/2.)/NX0() + fTaPgetWindowThickness/Alxe.]4
* b: coefficient related to atomic number Z }

R: Random number between Oand 1 Double t toto=TMath::Power(fRan->Rndm(),1./(b()*t));

Target window thickness: 0.0132 cm (average of the 3 cells)

eel=fEbeam*(1.-toto);
feini->SetPxPyPzE(9.,0.,eel,eel);
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Geometry of NPS crystals YC.: I\IR%gﬁ

Laboratoire de Phys
d2|f yelque

» Width of crystals: 20.5 mm » Crystal wrapping
> Spaces between the crystals: ~1 mm 1. Reflective sheet (65 um, VM2000)
I _ 2. Tedlar (30 um of thickness, material: ?)
O, & i -i-‘luﬁ Beam following system
us aszs Xmm) _{vmm) __zmm_| 3 Add 30 um to the reflective sheet
S0 C02_R18 -268.81 10.64 0.15
C14 R34 -10.63 354.76 0.19 4 Mounting :Task 33
C27 R18 268.84 10.77 0.19 ‘PJ“ckab —
C14_R0O2 -10.78 -332.83 0.14 Laboratoire e Physique
T CO3_R18 | -247.34 10.61 0.28 _
T T H c14 R33| -1065| 33315 0.6 Adjustment tape
C27 R17 268.77 -10.79 0.14 Wrapping tape
C14_RO1 -11.00 -354.24 0.32 Tedlar
- CO3 R17 | -247.30|  -10.95 0.15 Adjustment tape
C15 _R17 10.82 -10.81 0.03
v C15 R18 10.73 10.85 -0.01
C14 R18 -10.73 10.78 0.02 Reflective sheet
CRRRS LR e Cl4 R17| -1082| -10.82| -0.05

Tedlar Tape

33 : Wrapping Crystal : see note about wrapping

Emmanuel — [ICLAB - Detector Dpt. — 01/26/2021 32/76 NPS mounting procedure
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