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o Motivation

o Development of MATE TPC
* pMATE->MATE->UMATE->Cylindrical MATE(under design)

o Experimental measurements
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Reaction and structure studies using TPC
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Prototype and MATE TPC: timeline
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1024ch pMATE (prototype)
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Calibration ......
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Full scale MATE-TPC

In collaboration with Prof. Ota (RCNP, CNS)
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Alpha measurement by MATE
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Commissioning experiment: 1°C+%2C fusion near coulomb barrier

Elastic/inelastic
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Tracking for different channels

12C+12C>12C+3a 12C+12C>16C+8Be(2a)
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Experimental results
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190+12C reaction: RIBLL beam line for 1?0 production

TOF1
CoH;o, 10pm

Degrader
Mylar, 10pm

0 1 2 3 4 5 6 7 8 9 10m

B Primary beam: 180%*, 6.17MeV/u, 260enA (HIRFL)
B Primary target: D, gas cooled by LN, at 150mbar, 500mbar
B Second beam: 1°0O7* 103-10% pps
o 180(d,p)°0 reaction
(\ O purity upto 95%
M
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Preliminary results
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Study of Z=6 subshell using 1C+a scattering
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Beam rate tests and preliminary results

opped in TPC a detected by TPC+Si
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Low-pressure Micromegas-based TPC (MMATE)
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m Becker A Patterson

® Aguilera + Spillane

m  Jiang(2018) = == =« CF(1988)
== hindrance (2007) SPP(2007)
o CC-M3Y+Rep(Upper limit) s WP(2018)

e THM(2018) Corrected_THM(2019)
ND(2020) Stella(2020)

12C: 0.38-0.63 MeV/u
Current: upto 80 ppA
Target: thick target
TPC gas: He mixture
Pressure: 90-100 mbar

4.5 5.5 6.5

Beam 12¢
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Background suppression
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Modified S* factor (unpublished)
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(p,a), (a,p/d) reaction studies with high-intense primary beam

CNOCYCLE NeNa AND MgAI CYCLES
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o Physics: ®N(p,a). 7O(p,a). 2O(p.a). ¥F(p,a). 2Na(p,a). 2’Al(p,a) are important closed
reactions in CNO, NeNa-MgAl cycles, influence isotope ratios.

o High-intense accelerators: 240kV HV at IMP and JUNA-400kV HV (CJPL)

o Experimental methods: TPC+Si or TPC (standalone) Collaboration with CIAE
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Some testing results
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Cylindrical TPC (under design)

E=——

. . . =Ny T
Drift region Readout  Electronics [ERRWENDY & -

| f Avalanching

¢

Gas cell

B Suppress deltarays in RIB experiments
B Achieve better particle identification
B Extend the measured dynamic energy range
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Trigger-less electronics developed at IMP

FEAM chip FEAT chip

Parameter Value Parameter Value

Gain 1mV/fC Gain 8mV/fC, amV/fC, 1ImV/fC, 0.1mV/fC
Dynamic range 1pC ) Dynamicrange 125fC, 1pC., 2pC, 10pC

Shaping 80ns/160ns/1us Shaping 80ns / 160ns

Counting rate 10KHz Counting rate 1MHz

Dimension 20cm X 19cm (ADC board + ASIC board)

Density 64channels / board

Sampling 40MSPS (maximum)

Resolution 10bit / 12bit

Mode Continuous (triggerless) / external trigger / fixed rate readout(1k)

Time window  25ns-102.4ps adjustable

Data readout Full pulse, baseline filter + zero suppression, energy + timing(ongoing)

Courtesy of ZhiPeng Sun (Z0.Z/4)
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Some testing results

B Setup in test: 160ns(shape), baseline noise (o < 1mV) ﬁ\([))t? in
it
B In the dynamic range 10fC-1PC(prototype), integral

non-linearity (INL) is less than 2% %
L

B Typical energy resolution is less than 2% (FWHM)

B Typical time resolution is around 1ns (10)
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angular resolution (simulation)
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cMATE: range, angular resolution (simulation)
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cMATE In solenoid (simulation)

5 10 Fitting
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o MATE TPC detectors have been constructed

0 12C+12C, 190+12C fusion measurements with beam rate ~ 100 cps

0 “N*O(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
a 180(p,a) measurement with beam intensity of ~1 mA

o To develop Cylindrical TPC working inside solenoid (under design)
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