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Reaction and structure studies using TPC
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Neutron

@ Origin of elements?

A NEW ERA

THE 2023 LONG RANGE
PLAN FOR NUCLEAR SCIENCE

Motivation(astrophysics):
1, Direct reactions: (a,p), (p,a)

2, Fusion: intense beam(CC,C0O,00),
neutron-rich RIB

3, Weak interaction: beta decay, (d,2p),
(3He,t)

4, Fission(R): (p,p*), (p,2p)

5, Giant resonance: (p,p*), (d,d*)

6, Nuclear structure: decay, transfer,
scattering




Prototype and MATE TPC: timeline
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1024ch pMATE (prototype)

0.2

- Bragg curve 241 Am source * Active volume:
G 0.15- C4Hqo, 35 mbar ;:‘q 10cm(W) X 20cm(L) X 25cm(H)
> _
Py ' + Field cage: 3 layers of Be-Cu wires
£ 01 (®0.1mm)
N ot
&)

Double THGEMSs: thickness 0.3mm

- GEMcalibrated By « Rectangular pad: 3X6mm?2, 1024 pads
0 5 10 15 2C
Z (cm)
Entries 107625
140 P10, 1 atm RS 5o
120
@ 100
§ 80 Fe x-ray
3 FWHM: 19%

S 400 600 800 1000 1200 1400 1600 1800 2000
GEM by Q. Liu (UCAS) Channel

HA TE collaboration 5
EEEEEEEESEE——




Calibration ......
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Full scale MATE-TPC

TPC
v' 30x30x20(h) cm3

v' Double-layer segmented THGEM
v 3800 readout channels

v" GET electronics

Si array

* Three silicon walls

» Sensitive area: 100 X100 mm?
* Thickness: 600 um and 150 ym

* Angular coverage ~10%

X.B. Li et al., Nuclear Science and Techniques 35 (2024) 131
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Alpha measurement by MATE
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Low-pressure Micromegas-based TPC (MMATE)
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Micromegas provided by Zhiyong Zhang*(USTC)
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Cylindrical TPC (under design)

Drift region Readout Electronics
: l Avalanching

¢

Gas cell

B Suppress delta rays in RIB experiments
B Achieve better particle identification
B Extend the measured dynamic energy range
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Commissioning experiment: 12C+12C fusion near coulomb barrier

Elastic/inelastic

scattering chamber

Experiments s T
12C4* beam: 4.9 AMeV (HIRFL, IMP) ;2
TPC gas: C,H,, at 50, 100 mbar 3 i
Injection rate: 200-400 cps é’o.s:

Beam time: 31.2 hours
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Tracking for different channels

12C+12C->2Ne+a 12C+12C>12C+3a
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Experimental results
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12C+12C->120+3a

v' Consistent with statistical
calculations at E.,,>15 MeV

v At E.,<15 MeV, other
mechanisms are needed

12C+12C>160+8Be

v At E.,>3MeV, direct a-
fransfer reaction dominates

v’ At stellar energy(<3MeV),
8Be decay can be detected
by TPC
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Study of 11:12C+a scattering at high intense beams
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Beam rate tests and preliminary results
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Direct measurement of 12C+12C
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<
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Background suppression

2] %) J
S S o N
10r " After [ WO
' tracking LN

y T ‘W

2 4 10 2 3 4 5 6
wa Qual (MeV) _ Qual(MeV)

E...=2.7MeV /:;:
for illustra

-20 0

2
S.Wang et al., NST 36 (2025) 143 Y (cm)

17



range, angular resolution (design on simulation)
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cMATE: range, angular resolution (design on simulation)
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cMATE in solenoid (simulation)

E 1o Fitting
> in pad plane

10+

20



o MATE TPC have been constructed

a 12C+12C, 190+12C fusion measurements with beam rate ~ 100 cps

a 1"N140(a,p) (challenging at 10° cps), "C(a,a’) (fine) measurements at 10° cps
0 12C+12C direct measurement at stellar energies with beam intensity ~ 70 ppA
o To develop Cylindrical TPC working inside solenoid (under design)

o Decay measurement (in plan)
» Gating Grid has been tested, but needs improvement
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12C(p,p’) test at Peking University

“/IA TE collaboration 22




HA TE collaboration 23



Trigger efficiency: make a reliable trigger

o GEM signal (recoil region) as trigger for GET

o Gating wires will be used to tune beam region
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Cylindrical TPC
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190+12C reaction measurement at RIBLL
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B Primary target: D, gas cooled by LN, at 150mbar,

500mbar

B Second beam: 1°07* ~103 pps
o 180(d,p)'°0 reaction
o 190 purity upto 95%

o TPC(pMATE) at 50 and 100 mbar isobutane
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Segmented THGEM

« GEM area: 280x300mm?
 GEM thickness: 400 pm

 Beam region and recoil regions are
isolated

« Recoil region: light particles (gain > 1000)
« Beam region: beam particles (gain < 100)

« Gain difference in these two regions > 10

Collaboration with Shinsuke Ota-san (CNS & RCNP)
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