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Strategy of DVCS event simulation

2025/05/06

DVCS event 
generator

NPS Geant4 
simulation

Output
ROOT files

(NPS & HMS input)

HMS 
simulation

Reconstruction of simulated data
1. DVCS photon and missing mass

2. Exclude dead blocks

Generate events and NPS simulation (original setup by Ho San KO)
➢ Done by the NPS Geant4 package
➢ Generated variables

• Vertex position
• Initial electrons (before vertex)
• Scattered electrons
• DVCS real photons
• Q2, xB, t, φ

➢ Reconstructed variables
• Initial electrons (beam electrons)
• Deposited energy in NPS crystals (by Geant4)

Deposited energy in NPS crystals

HMS simulation (credit: D. Gaskell, Y. Zhang)

➢ HMS single arm Monte-Carlo
➢ Input variables

• Generated vertices & scattered electrons
• HMS angle & central momenta

➢ Output variables
• HMS focal plane variables 

for vertex reconstruction
• Reconstructed scattered electrons

Hao Huang, Yaopeng Zhang @ 2025 NPS collaboration meeting

Input for HMS simulation

Reconstruction
➢ Output reconstructed variables

• NPS Cluster information
• DVCS real photons
• Q2, xB, t, φ
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Simulation packages

2025/05/06 Hao Huang, Yaopeng Zhang @ 2025 NPS collaboration meeting

NPS Geant4 package

Scattering chamber 
& Target

Sweeping magnet NPS

NPS

HMS single arm Monte-Carlo package
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Finalized kinematic list
➢Corrected all the angles with the screenshots in hclog

➢Most updated version “Kin_list_2.xlsx” 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

2025/05/06 Hao Huang, Yaopeng Zhang @ 2025 NPS collaboration meeting

Incredible work from Yaopeng
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1. Generate the vertex position 
(uniformly along z with beam offset and raster)

2. Apply the external radiation correction 
before vertex (E → Ev

ext)

3. Generate Q2 and xB uniformly 
(within [Q2

min , Q
2

max] and [xB
min, xB

max])

4. Apply the internal radiative corrections before vertex
(Ev

ext → Ev)

5. Calculate the corresponding pe and cosθe 
of scattered electrons using Q2, xB and Ev

• pe = Ev −
Q2

2MxB
, cosθe = 1 −

Q2

2peEv

6. Apply the internal radiative corrections after vertex

7. Generated t and φ uniformly for the real photons
• φ ∈ [ 0, 2π ]; t ∈ [ -2, tmin(Q2, xB) ]

Event generator workflow

2025/05/06 Hao Huang, Yaopeng Zhang @ 2025 NPS collaboration meeting

HMS single-arm

Monte-Carlo

simulation
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Simulation output variables
➢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 δp

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

2025/05/06 Hao Huang, Yaopeng Zhang @ 2025 NPS collaboration meeting 6/22



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 mm2

2025/05/06 Hao Huang, Yaopeng Zhang @ 2025 NPS collaboration meeting

Beam position on target after BPM calibration in 2024
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Comparison of vertex distributions
➢Vertex distributions, simulation vs. production data (LD2)

➢Nice results after including beam offsets and raster

➢Discrepancies at the edge due to the property of raster

➢Dummy subtracted for vertex z distribution

2025/05/06 Hao Huang, Yaopeng Zhang @ 2025 NPS collaboration meeting

Simulation and real data
Reconstructed vs. production

𝑣𝑒𝑟𝑡𝑒𝑥 𝑧 =
𝑦𝑡𝑎𝑟 + 𝑦𝑜𝑓𝑓𝑠𝑒𝑡 − 𝑣𝑒𝑟𝑡𝑒𝑥 𝑥 ∙  (𝑐𝑜𝑠𝜃𝐻𝑀𝑆 + 𝑦′

𝑡𝑎𝑟 ∙ 𝑠𝑖𝑛𝜃𝐻𝑀𝑆)

𝑠𝑖𝑛𝜃𝐻𝑀𝑆 − 𝑦′
𝑡𝑎𝑟 ∙ 𝑐𝑜𝑠𝜃𝐻𝑀𝑆

set as 0
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Scattered electrons in event generator
➢Set up HMS angular acceptance based on 

the geometry of large collimator in the slit box

2025/05/06 Hao Huang, Yaopeng Zhang @ 2025 NPS collaboration meeting

➢ Large collimator 
• Entrance geometry 

• 166.37 cm to the center of target
• Exit geometry 

• (166.37+6.3) cm to the center of target
• replace 4.575 with 4.759 and 11.646 with 12.114
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Scattered electrons (HMS acceptance)
➢Physical parameters based on collimator geometry

• H = 1.1 × 4.759 (cm): horizontal acceptance of HMS entrance

• V = 1.1 × 12.114 (cm): vertical acceptance of HMS entrance

• zs = 166.37 (cm): target center to collimator entrance

• X = −zs sinθHMS + H cosθHMS: distance from the beam line to the edge of collimator

➢Calculate the angular acceptance θx and θy based on these parameters

2025/05/06 Hao Huang, Yaopeng Zhang @ 2025 NPS collaboration meeting 10/22



Scattered electrons (angular acceptance)
➢Horizontal: [θe

min, θe
max] = [θHMS – θx , θHMS + θx]

• θx = Tan-1(2H/zs)

➢Vertical: [φe
min, φe

max] = [π – θy , π + θy]

• φe
min = Tan-1(V/X)

• φe
max = 2π + Tan-1(-V/X)

➢Momentum acceptance 

• [pmin, pmax] = [pHMS × (1 – 15%), pHMS × (1 + 40%)]

➢ The limits above are used to set the range of Q2 and xB

• Q2
min = 2pe

minEv
ext (1 – cosθe

min); Q2
max = 2pe

maxEv
ext (1 – cosθe

max)

• xB
min = max{ 0.05,

Qmin
2

2M(Ev
ext−pe

min)
 }; xB

max = min{ 
Qmax

2

2M(Ev
ext−pe

max)
, 0.95 }
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Scattered electrons on the collimator plane
➢Projection of scattered electrons to collimator plane

➢Reconstructed electrons matched to the acceptance 

2025/05/06 Hao Huang, Yaopeng Zhang @ 2025 NPS collaboration meeting

Simulation
Generated vs. reconstructed
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Scattered electrons on the collimator plane
➢Further investigation: Do electrons shift a lot after reconstruction?

➢Shift on collimator plane: less than 1 cm

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

2025/05/06 Hao Huang, Yaopeng Zhang @ 2025 NPS collaboration meeting

Simulation
Generated vs. reconstructed
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HMS focal plane variables
➢Discrepancies: no cross section in the simulation

➢Working on applying a weight from DIS cross section

2025/05/06 Hao Huang, Yaopeng Zhang @ 2025 NPS collaboration meeting 14/22

Simulation and real data
Reconstructed vs. production



HMS target variables
➢Discrepancies: no cross section in the simulation

➢Working on applying a weight from DIS cross section

2025/05/06 Hao Huang, Yaopeng Zhang @ 2025 NPS collaboration meeting 15/22

Simulation and real data
Reconstructed vs. production



NPS acceptance: cluster x and y
➢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

2025/05/06 Hao Huang, Yaopeng Zhang @ 2025 NPS collaboration meeting 16/22



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

2025/05/06 Hao Huang, Yaopeng Zhang @ 2025 NPS collaboration meeting

Simulation and real data
Reconstructed vs. production
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NPS at 3.5 meters (x36_4)
➢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

2025/05/06 Hao Huang, Yaopeng Zhang @ 2025 NPS collaboration meeting

Simulation and real data
Reconstructed vs. production
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NPS at 4 meters (x25_0_1)
➢Shadow of the magnet matched very well

2025/05/06 Hao Huang, Yaopeng Zhang @ 2025 NPS collaboration meeting

Simulation and real data
Reconstructed vs. production
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NPS at 6 meters (x36_6_2)
➢Shadow of the magnet matched very well

2025/05/06 Hao Huang, Yaopeng Zhang @ 2025 NPS collaboration meeting

Simulation and real data
Reconstructed vs. production
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Conclusion
➢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 21/22



Future work
➢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

➢Simulation calibration and smearing for photons
• To have the same resolution as in the data

• Requires extracted DVCS peak from real data (waveform analysis + pi0 calibration)

➢A new version of simulation user manual 

2025/05/06 Hao Huang, Yaopeng Zhang @ 2025 NPS collaboration meeting 22/22
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2025/05/06 Hao Huang, Yaopeng Zhang @ 2025 NPS collaboration meeting

Backups
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Additional clusters around x = -30 cm in simulation

2025/05/06 Hao Huang, Yaopeng Zhang @ 2025 NPS collaboration meeting 24/22



Q2 vs. xB

2025/05/06 Hao Huang, Yaopeng Zhang @ 2025 NPS collaboration meeting 25/22

x25_4_1 x36_4 x50_0_1



φ study with the target z profile
➢φ distribution from DVCS simulation, no cross section, origin vs. weighted

2025/05/06 Hao Huang, Yaopeng Zhang @ 2025 NPS collaboration meeting 26/22



φ study with the target z profile
➢Different vertex range

2025/05/06 Hao Huang, Yaopeng Zhang @ 2025 NPS collaboration meeting 27/22



φ study with the target z profile
➢Ratio with different vertex z range

2025/05/06 Hao Huang, Yaopeng Zhang @ 2025 NPS collaboration meeting 28/22



2025/05/06 Hao Huang, Yaopeng Zhang @ 2025 NPS collaboration meeting

DVCS experimental setup in Hall C at Jefferson Lab

e p

e’

γ

Target chamber
• Liquid H2 (LH2) or liquid D2 (LD2)

Front view of NPS crystal array
High Momentum Spectrometer (HMS)
• Detection of scattered electron (e’)

Neutral Particle Spectrometer (NPS) calorimeter
• Detect photon (γ) with an array of 1080 PbWO4 crystals

Sweep magnet
• 0.3 T·m of magnetic field
• Reduce the low energy background electrons

from the Continuous Electron Beam 
Accelerator Facility (CEBAF)

Run period: Sep. 2023 – May 2024
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2025/05/06 Hao Huang, Yaopeng Zhang @ 2025 NPS collaboration meeting

➢Provides sufficient momentum reach for the separation of interference and |DVCS|2 terms 
 using beam energy dependance

High Momentum Spectrometer

Drift Chambers
• Track reconstruction
• Momentum measurement

Heavy gas Cherenkov
• Particle identification

Preshower & Shower counters
• Electromagnetic calorimeter
• e/π separation

Hodoscopes
• X-Y plane scintillators
• Time-of-Flight measurement
• Particle identification

Vacuum vessel
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HMS drift chambers and focal plane

2025/05/06 Hao Huang, Yaopeng Zhang @ 2025 NPS collaboration meeting 31/22



Reconstruction of events
➢From the Note on HMS optics

2025/05/06 Hao Huang, Yaopeng Zhang @ 2025 NPS collaboration meeting 32/22



hms_stop_id

2025/05/06 Hao Huang, Yaopeng Zhang @ 2025 NPS collaboration meeting 33/22



Generate the vertices in the simulation
➢Different versions here 

corresponds to the colored 
histograms of the vertex 
distributions in previous 
page

2025/05/06 Hao Huang, Yaopeng Zhang @ 2025 NPS collaboration meeting 34/22



Generated vertex z distribution without HMS accept. cut
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Vertex z (dummy vs. data)

2025/05/06 Hao Huang, Yaopeng Zhang @ 2025 NPS collaboration meeting 36/22



Added energy loss from the entrance of target cell
➢Material of target cell : aluminum alloy (AL7050)

➢Radiation length of aluminum

2025/05/06 Hao Huang, Yaopeng Zhang @ 2025 NPS collaboration meeting

➢Added energy loss of target window

• Energy loss before vertex due to Bremsstrahlung: ∆𝐸 = 𝐸0𝑅1/𝑏𝑡

• E0: initial energy of electron beam

• t: material thickness in radiation length

• b: coefficient related to atomic number Z

• R: Random number between 0 and 1

• Target window thickness: 0.0132 cm (average of the 3 cells)
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Geometry of NPS crystals
➢Width of crystals: 20.5 mm

➢ Spaces between the crystals:～1 mm

2025/05/06 Hao Huang, Yaopeng Zhang @ 2025 NPS collaboration meeting

➢ Crystal wrapping
1. Reflective sheet (65 μm, VM2000)

2. Tedlar (30 μm of thickness, material: ?)

➢Add 30 μm to the reflective sheet

38/22


	投影片 1: DVCS event simulation for NPS 2023-2024 experiment
	投影片 2
	投影片 3
	投影片 4
	投影片 5
	投影片 6
	投影片 7
	投影片 8
	投影片 9
	投影片 10
	投影片 11
	投影片 12
	投影片 13
	投影片 14
	投影片 15
	投影片 16
	投影片 17
	投影片 18
	投影片 19
	投影片 20
	投影片 21
	投影片 22
	投影片 23
	投影片 24
	投影片 25
	投影片 26
	投影片 27
	投影片 28
	投影片 29
	投影片 30
	投影片 31
	投影片 32
	投影片 33
	投影片 34
	投影片 35
	投影片 36
	投影片 37
	投影片 38

