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Single pixel IHEP-LGAD sensor

IHEP (Institute of High Energy Physics) LGAD sensor design :

* Active thickness 30-50 um — Short carrier drift time — Fast signal rise time — Ultra-fast pulse ~3 ns

* Gain layer under PN junction — Low gain 10-50 —Lower shot noise — Higher SNR — Time resolution ~30 ps

* Shallow carbon doping process —Protect the gain layer — Improve radiation hardness ~1016 neq/cm2
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LGAD is a promising domestic option for BNCT beam measurement.
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IHEP-LGAD has been deployed in the CERN ATLAS HGTD, and is under active exploration for BNCT.
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LGADs are designed for charged particles, how to detect thermal neutrons ?

» Thermal neutron convertor materials
v" Coating neutron convertor on LGAD surface, such as Lithium-6 (SLiF), Boron-10 (1°B)
v The reaction between thermal neutrons and Li-6 produces Triton and o particles. Triton or o enter the
LGAD sensitive region and generate neutron signals.
v" Alpha and Triton will deposit all energy in 50 um LGAD, and its signal is very large
v The electrons generated by gamma can only deposit a small amount of energy, and its signal is very small

N ith Li- B-1
LGAD coated with convertor SLiF eutrons react with Li-6 and 0

»* »* 1 02 MeV 840 keV
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LGAD based BNCT beam detector

Sensor parameter: IHEP-LGAD Detector module parameter

* Sensitive area: 2.6 mm x 2.6 mm e Size: 50 mm % 10 mm X 9 mm
* Sensitive thickness: 50 um

* SLiF thickness: 2 um * High voltage and signal share one SMA interface
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LGAD detector module

IHEP-LGAD sensor
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Alpha source test in the Lab Curium (Cm244) source: 5.8MeV «
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Pulse Height Spectrum (PHS)
* LGAD has a fast signal with a width of about 4 ns

* In the PHS of alpha, the pulse height of 5.8 MeV a is 176.2 mV, and the energy resolution is about 1.7% (sigma/mean)
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BNCT Equipment @ Dongguan

BNCT Equipment @ Dongguan People's Hospital

* This BNCT equipment was built by CASBNCT company

* Technology transfer from IHEP and CSNS

* Proton beam provided by 2.8 MeV RFQ linear
accelerator

* The proton beam hits the lithium target to produce
high-flux neutron beam

Neutron beam parameter

* Frequency: 200 Hz

1 Power source @ Treatment Room 1
@ RFQ Accelerator ® Treatment Room 2 * Duty ratio: 50 %
@ Power and control cabinet ® Vertical treatment room
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LGAD detector module:
* LGAD with 6LiF 2 um

LGAD

LGAD detector

| i}' B I N _— [ Neutron
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Neutron ¥
beam
The neutron beam passes through BNCT treatment room
the PMMA (polyethylene) moderator @ Dongguan People's Hospital LGAD detector modules

and hits the LGAD detector
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The properties of LGAD signals
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LGAD signals in one beam cycle The LGAD signals
* One beam cycle: 5 ms Signal width ~4 ns
* Neutron pulse width: 2.5 ms (duty ratio 50%) * Rise time ~1 ns
* These signals contain neutrons and background * Noise RMS <2 mV

* SNR of neutron signal ~50
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PHSs of LGAD with SLiF

Neutron flux measurement
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LGAD PHSs at beam ON & OFF
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Neutron flux at different water depths

O Beam ON, the LGAD PHS consists of 4 parts:
* The preliminary analysis should be triton, alpha particle, BG. y, and elastic scattering (ES) of n and Li
O Beam OFF, the LGAD PHS has only background y

O LGAD measurements align with gold wire activation, validating LGAD for BNCT flux monitoring.
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O LGAD is a new ultra fast silicon detector with strong radiation hardness
O The LGAD developed by IHEP has been used in the CERN ATLAS experiment
0 We have developed a LGAD based neutron beam detector for BNCT

O Preliminary verification of the feasibility of LGAD for neutron measurement in BNCT

Next step
* Detection efficiency calibration
* Long time stability test (BNCT and CSNS beam) : - @ =

* More BNCT beam test (fluence, profile, ect) .
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LGAD detector module
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