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The application of triton-producing reaction cross sections data

® Tritium is one of the key isotopes in the operation of fusion facility.
® Neutron induced triton-producing reactions of Lithium are important for Tritium generation.
® Key triton-producing reaction channels:
O n+¢Li —3H +4%He +4.78 MeV, E, =0 MeV
On+7Li—n+3H+4He - 247 MeV, Ey,=2.82 MeV
® Reaction of 7Li contributes more triton-production in the fast neutron energy range, especially in the energy range above 5MeV.

® The cross sections data are important in the research and design of fusion facility.
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The processes of triton-producing reaction of “Li: ’Li(n, n’t)a

® Sequential decay
® reaction through a resonant intermediate state

® Quasi-elastic scattering: ® Direct breakup:

® interaction between neutron and cluster structure ® no intermediate state
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Measurement of triton-producing reaction cross sections of “Li

® Neutron activation analysis: energy-integrated cross sections data
® ’Li sample was irradiated by mono-energy neutron beam.
® The B-radioactivity of the sample was measured to obtain the cross sections data.
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Measurement of triton-producing reaction cross sections of “Li

® Measurement of secondary neutron double-differential cross sections
® The cross sections was obtained by fitting the secondary neutron spectra

with theoretical model.
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Measurement of triton-producing reaction cross sections of “Li

® Exclusive measurement of charged-particle at certain angle
® Only zero-degree data is available in the library.

%

2A.1 Nuclear Physics 60 (1964) 581 —587; © North-Holland Publishing Co., Amsterdam
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TRITON SPECTRUM FROM THE n+Li’ REACTION

V. VALKOVIC
Institute “Ruder Boskovié”, Zagreb, Yugoslavia
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B V. Valkovi¢, Triton spectrum from the n+Li7 reaction, Nuclear Physics, Volume 60, Issue
4, December 1964, Pages 581-587.

E {10 (MaV)

Fig. 3. Triton spectrum from the n+Li* — «+t+n reaction. The errors shown are statistical. The

dashed curve represents the contribution from the «—n final state interaction in the ground state of

He®. The dashed-doited curve represents the contribution from the «--t final state interaction in the
4.63 MeV excited state of Li’. The solid curve is the sum of these two contributions.
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Measurement of triton-producing reaction cross sections of “Li

® Measurement of reaction kinetics with nuclear emulsion
® Reconstructing neutron momentum by reaction kinetics to

realize quasi-complete measurement. §§
® The double-differential cross sections of charged-particles and ;g
neutron can be both measured. ) SR
® The intermediate state in the reaction can be reconstructed.  eon” s
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Proposal for new measurement of triton-producing reaction of ’Li

® The existing measurements were limited by the detection technique and methods.
® The requirements of 7Li(n, n’t)a reaction cross sections data in the research:
O Energy-integrate cross sections with higher precision and wider neutron energy range.
O Double-differential cross sections cover wider angular and particle energy range.
® Measurement with the latest developed neutron source and detector technique:
O The Back-n@CSNS can provide high flux neutron beam in the fast neutron energy range.
O The MTPC@CSNS can provide new technique option with better particle identification capability.
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CSNS Beam Extension Application
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Back-n white neutron source
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O Fission cross section
O Neutron capture cross section
O Charged-particle emission reaction cross section

® Neutron flux for different beamline setup at 100kW proton beam power
® Currently the proton beam power is 180kW
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Multi-purpose TPC (MTPC) @ CSNS
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® The shape of the chamber is cylinder.

® The drift distance is adjustable to meet different experimental requirements.

® The Micromegas structure is used between Mesh and Anode to amplify electron signals.
® The readout array uses a hexagonal dense stacking structure.

® There are 1519 anode pads, each with a side length of 64 mil.

® The anode area is a hexagon with a side length of 68 mm.

B Weihua Jia, You Lv, Zhiyong Zhang et al. Gap uniformity study of a resistive Micromegas for the Multi-purpose Time Projection Chamber (MTPC) at Back-n white neutron source. NIMA, 1039, 2022.
B Yang Li, Han Yi et al., Performance study of the Multi-purpose Time Projection Chamber (MTPC) using a four-component alpha source, Nuclear Instruments and Methods in Physics Research A 1060

(2024) 169045.
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Detector Structure

® The Micromegas structure is manufactured by thermal bonding method.

® The gap between the mesh and anode is 100um.

® The surface of the anode plate is plated with a 400nm-thick high-resistance germanium layer to increase stability under high voltage.
® Mesh parameters: stainless steel wire diameter 24um, thickness 25um, LPI-325

® The field cage is a stack of PCB rings to generate a uniform electric field.
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B ). Feng, Z. Zhang, J. Liu, B. Qi, A. Wang, M. Shao, Y. Zhou, A thermal bonding method for manufacturing micromegas detectors, Nucl. Instrum. Methods Phys. Res. A 989 (2021) 164958.
B ). Feng, Z. Zhang, J. Liu, M. Shao, Y. Zhou, A novel resistive anode using a germanium film for micromegas detectors, Nucl. Instrum. Methods Phys. Res. A 1031 (2022) 166595.
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Gas Supply System
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® The gas pressure range: 0 bar™~5 bar.

® The pressure can be automatically stabilized by the control system.
® The gas mixer control the components proportion of working gas

according to the gas flow.
® The detector gas flow is adjusted by the needle valve
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Readout Electronics
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® Key parameters of the electronics system:

O Total number of channels: 1536 (MTPC utilizes 1521 channels)

O Sampling frequency: 40MHz

O Sampling window width: 1024 sampling points (25.6 ps)

O ADC resolution: 12 bit

B Z Chen, C. Feng, H. Chen et al. Readout system for a prototype multi-purpose time projection chamber at CSNS Back-n. Journal of Instrumentation. 17, 2022.
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DAQ Program & Online Display
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Provide user services upward: execution, feedback
Data receiving, assembly, storage and processing

Transfer information downward with the data flow subsystem
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MTPC Detector System at CSNS
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BLUET frame for MTPC simulation

® The simulation framework includes all physical processes

O Gas parameters

O Neutron spectrum

O Event generator

O lonization process

O Electron drift and diffusion
O Electron avalanche

O Charge dispersion

O Electronics model

O signal waveform

O Hit and trigger
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BLUET frame for MTPC data analysis

® User-friendly Ul for data display and algorithm testing
® Modules: waveform display, waveform fitting & deconvolution, tracking, dE/dx display, 3D track display etc al.
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BLUET structure

® BLUET is developed based on C++, ROOT, Garfield++, Geant4 etc al.
® The BLUET frame can be customized according to application requirements.

‘modules:

BluatLab.hh
5 BluetMap.hh

BiuetProgram.hh

BlusiHough hh

BluetConfigFile.xml

DeawEwent.hh

O RunningMode config

temp env.xml
<bluet_config=
<bluet_rawdata>
<bluet_eventdata>
<bluet_rootdata=
<bluet_simdata=

O ConfigFile reading

custom:

O Modules loading

BluetModula_hh

h clipp.h

he- pugiconfighpp

Prerequisites:

O C++ compiler; Fortran compiler; ROOT 6; GSL; Geantd;
Garfield++; fmt; eigen3.

hes pugixmlhpp
5 stringhandle.hh

xmilparse.hh

BluetDrawLinkDef.hh

O =CutParameters= BlueiHough3D AR
O <RunMode> BluSP o IC Lo Diranw\Wanie, hih

O =GasParameters=

O <DetectorParameters> Factory.ih

O <ElectronicsParameters= R

O =WaveFitParameters= H GenGasFile.hh

O <ReconstructParameters> | Bluet Core: S——
O <=TrackParameters:= i - i
O <SampleParameters> O Environment config EER—
O =G4EventGeneratorParameters=

O =G4Parameters=

BluetCustom.hh

runner:




BLUET library on GitLab

® Open source library for TPC simulation and data analysis:
® https://code.ihep.ac.cn/csns-backn-tpc/bluet-v5

D + ':; (@ CSNS Back-n MTPC |/ BLUET-vS
o n &4 5
¥ main v | bluetvs / | + v History | | Findfile | | Edit v
Q Searchor go to...
Project Merge branch 'main’ of code.ihep.ac.cn: backn-tps S into main

63550244 | [

= yih@ihep.ac.cn authored 1week ago

| B BLUET-v5

# Pinned ¥, Name Last commit Last update

Issues 1
B BluetConfig rm config file 3 weeks ago

Merge requests o
B3 myBluetData add directory 10 months ago

bloom through the time & Manage >
E3 myBluetWork init the project to delete cache files 1year ago

B Plan >
& Cods 5 B3 sources Merge branch 'main’ of code.ihep.ac.cn:csns-backn-tpc/... 1week ago
&/ Build > B3 utils small update 2 weeks ago
@ secure 2 [ .ctang-format update .clang-format 2 weeks ago

@ Depl >
= SR0Y; ¥ .gitignore update .gitignore 1week ago

@ Operate >
=+ AUTHORS.md Update file AUTHORS.md 3 months ago

@ Monitor >
G Bluet.cc fix conflicts in merging 3 months ago

I Analyze >
@ Settings N & CMakelLists.txt geant4: revise nuclear reaction MonoEnergy error. 1 month ago
B LICENSE Update LICENSE 4 months ago
=+ README.md Update file README.md 2 months ago
G bluet.csh minor modifications 4 months ago
@'Help & bluet.sh fix error in cling garfieldpp 4 months ago

® More details of BLUET can be found in the following reports:
® Hongkun Chen: Measurement of the 6Li(n, t)4He Cross Section with Multi-purpose Time Projection Chamber at the Back-n White Neutron Source of CSNS
® Haizheng Chen: Multi-purpose Time Projection Chamber (MTPC) Signal Simulation Method and Experimental Verification

Han Yi May 27, 2025 23




MTPC Collaboration . ¥RAZLERS

University of Science and Technology of China

gL Y

PEKING UNIVERSITY

!}E A '%

SHENZHEN UNIVERSITY

fj&)&g ? gz DNEBFEZMAER ﬂ;Q hF e A 5t B F R

XIAN JIAOTONG UNIVERSITY ~ LIRD GHINA INSTITUTE OF ATOMIC ENERGY W78 Institute of Applied Physics and Computational Mathematics

CSNS-LNITE NEUTRON SOURCE

P FENTH ki bR BT

Multi- purpose TPC

Shanghai Institute of Applied Physics, Chinese Academy of Science

YR HEUL R ERME A GNS CE SR AN

Institute of High Energy Physics Chinese Academy of Sciences China Spallation Neutron Source

IS ccvccsns / share / Wik | Backn ( Backn detection system / MTPC
11} &4
MTPC ear | 3 > Pages @
Q Search or goto..
Last edited by yin@inep.ac.cn 2 weeks ago Sl RALFE- BT

Project
S share R TER
# Pinned ~

Issues o

Merge requests o + Back-niRRES

- CoDGiEY
2 Manage. > M T P C o FIXMIE(Y

o NTOXIE(X
& Pan v Muti-purpose TPC o GTAFEH
- LPDAE
o MTPCIEN
o BT
o RN SiRE
- AERTSERT
© RIEHEAFH(FROS)

I

Issues o
Issue boards
Milestones
| wii
<> Code >
@ suld >
O secure >
@ Deploy >
@ Operate >
@ Monitor >

1o Analyze >

@ Help




Contents

o

.
MTPC ® Measurement and research scheme

Multi- purpose TPC o

Han Yi May 27, 2025 25




MTPC setup for measurement

® The current working mode of MTPC is single-end readout mode.

® MTPC has been designed to accommodate a update to dual-end readout mode to meet the
requirement of 7Li(n, n’t)a reaction measurement.

® The dual-end readout mode provide a nearly 41t coverage to reconstruct the reaction kinetics.

dual-end readout mode Chamber
Field Cage
Cover
Cathode

neutron Anode

Electronics

Support Plate
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Setup of 7Li sample

® The sample will be evaporated on a Aluminum substrate with a thickness less than 5 um.

® The sample structure will be mounted on the center of cathode and segmented to 4 regions.

® The 7Li sample will be evaporated on the forward and backward side on different segmented region to
realize reconstruction 7Li(n, n’t)a reaction in 4m solid angle.

® The isotope abundance of Li and “Li in the sample are higher than 90% and 99.9% respectively.

Chamber
Field Cage

Cover .
6Li sample on

Cathode both sides

backward 7Li
sample

forward “Li
sample

. neutron  Anode
Electronics

Support Plate
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Chamber pressure setup

® Tritons and a-particles generated from three-body reaction have continuous energy distribution.
® The pressure of MTPC chamber should be divided into different ranges to cover the measurements
requirements of different energy particles.

Track length vs Energy for triton 10°
triton @ 0.9 bar o @ 0.9 bar 4; ) g —100
3.5
=3 —80
S sl
2 2.5E -
5 @ )
O C
g 1.5;
0.5_ o o B
\l\\l.\l.l\‘.lle.wllllull 0
40 60 80 100 120 140
Track Length (mm)
pressure 0.1 bar 0.9 bar 3.6 bar
a energy 0.5~2 MeV 2~5MeV 5~15MeV
triton energy 0.2~0.8MeV 0.8~3.5 MeV 3.5712 MeV
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Particle identification

® The identification of proton, triton, a-particle and other
particles can be realized with the PID capability of MTPC.

® Multi-parameter analysis can be applied in the process of PID:

O Track length, Track energy, dE/dx distribution
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@® KDE smoothing is utilized to get the profile of the dE/dx
distribution and the track length is reduced from the profile.
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® Primary PID can be done from the correlation between Track
length and Track energy.
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Correction of double-differential cross sections

® The emitted low-energy particles in the three-body reaction will suffer multi-scattering in the substrate and sample.
® The distortions in the energy and angular correlation should be corrected to get precise double-diffrential cross sections data.

1

08 true distribution

cos

Al substrate

’Li sample

0 1 2 3 4 5 6 7 8 9 10
Et (MeV)

multi-scattering

cos8

distorted distribution

.
9 10
Et (MeV)
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Correction of double-differential distributions

® The distortion in the energy and angular correlation can be described by the error response function.
® ():true distribution

® ’(r): measured distribution

® (o, '):errorrespinse function

® Unfolding method will be applied to get the corrected distribution

F'(r)= jf F(ro)R(ro, v — 19)dxodyo = F(1o)®R (1o, 7")
5

multi-scattering

cosf

cosf

true distribution distorted distribution

9 10 9 10
Et (MeV) Et (MeV)

unfolding

B H.Yi et al., Double-bunch unfolding methods for the Back-n white neutron source at CSNS, 2020 JINST 15 P03026.
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Reconstruction of reaction kinetics

® |dentification of the intermediate process is valuable for the research of reaction model.
® Dalitz plot is a powerful tool for resonance state reconstruction in nuclear and particle physics.
® The’li, SHe or 4H intermediate state can be identified as the events concentrated in the specific region

on the correlation between secondary particles in the C.M. frame.
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B B. Antolkovi¢, Correlation measurements of neutron-induced multiparticle reactions in nuclear emulsions, Nuclear Instruments and Methods, Volume 100, Issue 2, 15 April 1972, Pages 211-216.

May 27, 2025 32

Han Yi




Reconstruction of reaction kinetics

® There will be deviation between the measured Dalitz plot and the ideal one because of the incomplete energy
measurement of the long-range particles.
® The identification of the deviated Dalitz plot will be processed with the combination of the simulation results.
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Summary

® MTPC has the capability to measure complex reactions induced by neutrons.
® Neutron induced triton-producing reactions of 7Li is scheduled to be measured with the application of MTPC at CSNS Back-n.
® The work of dual-end readout update is ongoing and will last in the next few years.

reaction type reaction channel MTPC mode progress
6Li(n,t) single-end conducted (2023)
H(n,n) single-end conducted (2024)
Standard cross sections
235U(n,f) single-end conducted (2024)
10B(n,a) single-end plan
170(n,a) single-end conducted (2024)
Astrophysics
25Mg(n,a) single-end plan
Three-body reactions n+liDt+n+a dual-end plan (2027)
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~We are Iookmg forward more peers to
join MTPC Collaboration!

’ 74 Thank you'

yih@ihep.ac.cn
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Backup
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Detector Testing

Gap map

® X-ray test:
Electron transmission rate

Gain curve

Normalized Gain
e o4
o (-] ¥ -y

Gap uniformity o Ar/CH4 (90/10)

" | I
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® o radiation source test: = - : . o F
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Waveform Fitting Algorithm

® Electronic Transfer Function: ()= + —2 (-0

® The original signal widths of different angle tracks are inconsistent, and the actual waveform differs from the function form.
® Set n=2 for fitting. As the original waveform width w increases, the starting timing of the fitting will be delayed.
® Improve the timing accuracy through waveform inversion
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Waveform Deconvolution Algorithm

® To improve the time resolution and multi-event resolution
capabilities, deconvolution is used here to get the original

. 250
current signal. [ —e— first-stage fitting
® Starting time is determined by fitting the rising edge. E o second-stage fitting
200 ey deconvolution
Filter System B +
vis) ) Ha(s) ) i
150
O= "0 O S i
S B
Original signal Deconvolution result 100~
i 70; B
750 E E
I 60F 50
9 700k G 50- B
< < 4 ’
§ 650f g 30? o . —
g : g 20 -1000 -500 0 500 1000
600 10~ Cathode-Anode bias of vertex time (ns)
: 0
sso’uwwmuluw-\m--\u-x\ -105 | | | | |
0 5 10 15 20 25 0 5 10 15 20 25
Time (us) Time (us)
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Track Reconstruction

® Track search:

O Find the maximum value in Hough space, and the points falling in the maximum value bin are considered to belong to a straight line;

® Track length:

O Project the reconstructed track to the track direction to obtain the dE/dx distribution
O Use the KDE algorithm to smooth the dE/dx distribution
O Take the particle range from the starting point of the track to the point corresponding to Qmax/A, A=2

E
E o
>

200
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=0

X-Y Track reconstruction
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Physics model: Event generator

For nuclear reaction mode:

® Use TGenPhaseSpace (ROOT) to determine the parameters of primary particles.

® Set the initial state particles and final state particles, randomly generate the particle phase space parameters according to the uniform
distribution of the center of mass system, and the physical quantity is expressed as the Lorentz four-vector

® Input parameters to Geant4: Particle type, energy, direction and position.

® P2, E2
&

PO, EO PO =P1+P2+P3 +Pd
E0+Q =—E1+E2+E3+E4

o P4 E4
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Particle ionization process

® Geant4 is used here to get the distribution of energy deposition
> G4double edep = step->GetTotalEnergyDeposit() - step->GetNonlonizingEnergyDeposit()
® The number of ionized electrons generated by each hit = /

® The actual number of ionized electrons for each hit is obtained by approximate random sampling according to the
Poisson distribution withameanof , "= ()

’

® For electrons, diffuse sampling is performed on each electron separately to obtain the final drift position and drift
time of each electron

X4, Yh, t4
X3, y3, 13
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Electron drift and avalanche

o 3 o o oo coros E ® Garfield++ is used to simulate transport parameters.
£ anf- . ® Horizontal diffusion: =y

' - . ® Vertical diffusion: = [/ =/ 7/

35_ 200 [~ —f

2F ]

OE »’!r £ d O:..nl....l.. (AN FAETN T T, NURTY FPRVE T

-05 -04 -03 -02 -0.1 0 01 02 03 04 /CYDHS -05 -04 -03 -02 -0.1 0 01 02 03 UAX/NS‘S

T T T T
) \\ 70V o Taar

M ® According to the gas avalanche theory, the number of

R T L electrons after the avalanche at low gain: ()= ~“/
s T e ® Assume that there is no spatial diffusion after the electron
| \\_\ avalanche, and the coordinates are the same as the original
i A BN 3N electrons.
i E ‘,.-———-_.__'_-__\_~ L g . i . .
rg‘“ e ® At high gain, the single electron gain conforms to the Polya
T e distribution (to be implemented)

Figure 5.30 Evolution of the avalanche size from exponential 1o a Polya distri-
bution a1 increasing values of field (Schlumbohm, 19581 By kind permission of
Springer Science - Business Medin
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Charge dispersion in the resistive Ge-layer

® The charges generated by the avalanche are deposited on the resistive germanium layer and disperses to the surrounding area.
® The signals with small amplitude and shorter rising time are also generated on the pad near the center of the avalanche.

® The signals generated by the charge diffusion depend on the surface resistance of the resistive layer and the coupling capacitance
between the resistive layer and the pad layer.
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Electronics SlgnaI_Convqutlon o Q(t) is used as input signal -

Charge Sensitive Preamplifier E FPGA Waveform Processing: PZ-RC1-RC2

: o Pre-amplifier: () =1/ o(——+—
_________ 1 o e-amplifier: () =1/ o(—— )

/e—iF

signal

« o=, integration time; signal
rising time.

®PZ: ()= O)+1/ o(1—-2) /s

Filter System _
x(s) HE) E—) ) 1T 21

[ ) N e -1/ 1
¥(s) = H(s)x(s) RC: ()=1/,

Event track display in x-y plane.
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Simulation framework

Neutron Energy Spectrum
Gamma Energy Spectrum
Source Particle Energy Spectrum
import

<gas_pars>
BluetConfigFile.cfg

<Det_pars>
<Gas_pars>
<EveGen_pars>
<Trking_pars>
<PID_pars>

J, import <pars>

XXXPars()
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Analysis framework

BluetConfigFile.cfg
<Det_pars>

<Gas_pars>
<EveGen_pars>
<Trking_pars>
<PID_pars>

import <pars> 3| GetXXXPars()

Root Data structure
GetXXXPars()

RawData mtpcdata
> Nhit
> TimeStamp
lared in app Raw2Root > EventCount
> HitBoardID
> HitChiplD
RootData > HitChannellD
> WaveForm
BluetFactory: —
eventiree
BluetWaveMaster > BluetEvent
BluetTrackMaster >> EventlD BluetDataModel structure
| >> EventCount
EventData >> RuniD
:: (T:gligdelnfo / Hils fracks
Meshlinf > HitTypeName | > NTrHits
: H:: L > HitPos > TrPhi
. > Hitinfo > TrCosTheta
BluetlLab: >> Tracks > HitChi2 > TrSumEdep
Beam Profile > HitBoardID | > TrRawLength
i . > HitChiplD > Zmax_x
Angular distribution ARt | = T
Energy Spectrum

Cross Sections
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Cathode

L] 6 .
H(n,n) (Oct. 2024, in progress) — LiF —
] ]
] ]
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® Drift length: 70mm — —
. . . . — Ar+CH4 (75:25 —
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n
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] ]
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® ASLiF sample is placed in the center of the cathode as a — —
standard sample for detector parameter inspection — —
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Cathode

235U(n,f) (Oct. 2024, in progress) — 50 —
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Nuclear physics frontier challenges

® 170(n,a)
Existing experiments: W70, target + Si/SiC detector array

® Experimental shortcomings: SiC detector has a small receiving solid
angle

® The cross section of the key energy region is about an order of
magnitude lower than the predicted results

® The cross section measurement is expected to use TPC to solve this
problem

® Further attempt to measure the reaction of 2Mg(n,a)

170(n,a)

»Mg(n,a)
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