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Motivation

Gaseous photomultiplier (GPM) using micro-pattern gas detectors
(MPGDs) sensitive to visible to UV light are widely studied due to its
potential advantages, such as large effective area, high spatial and timing
resolution, high magnetic field resistant capability etc.

Cherenkov Semitransparent mode
light  Reverse bias Charged particle

1 cathod Mesh eeeepocccee eecee
Bi-alkali Photocathode Icathode (Vearose] primary crystal

photo fia s I\
5.0 mm Csl E St ionization / \eh_oton

0000000000000 e = RIS

Tungsten lamp

GEM
0.5 mm Micromesh(#330) 'op_ou

OOoooooooDoooo e S
0.4 mm IMeshz

Anode plane liiade ¥ Readout Pads

\ Y Y micromesh
avalanche
anode
Our alm. insulator

v
* Hole-style =»mesh-style to reduce the IBF
* Double or multi-avalanche for high gain

‘—‘*—‘g‘-“‘"g-‘T preamplification

2018-8-2 RICH2018 Conference, Jul 29 — Aug 4, 2018, Moscow




Design of the DMM

Drift region “Piedyhack” structure

Stacked two micro-meshes

Gap between the stacked meshes: 200-300um, serving as
pre-amplification (PA)

Gap between the bottom mesh and anode: 50-100um for
secondary amplification (SA)

This structure allows to achieve very high gain, and yet
significantly reduce ion back-flow.
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Thermal bonding processing for DMM
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Prototype for this study

2 cm X 2 cmactive area

Distance of two meshes: ~240um
Mesh to anode: ~120um

3mm drift region
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Performance study

« Test with x-rays (55Fe source)

=>»electron transparency versus electric field,
energy resolution, gas gain;

=» lon back-flow (IBF) fraction;

o Laser test
=»single photoelectron response

=>high gain for single p.e.
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Pre-amplification (PA)

Operating as a typical MM individually for PA and SA regions
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Sec-amplification (SA)
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Avalanche (-HV)
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Full energy peak due to the lateral angle
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PA+SA test
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Electron transparency: PA—SA

Simply estimate by: Total gain = PA gain*Trans*SA gain
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IBF test strategy

IBF fraction = (Idriﬂ'lprimary)/lanode ~ Idrift“anode

E-field

Drift cathode (-HV Drift cathode SOV;

Pre-mesh (-HV) ~ Pre-mesh (+HV)

Anode (0V) U Anode (+HV)

same AE v
-1to -3 nAlevel +0.5to +2 pA level

~ 0.1pAdark current

Measured by a Picoammeter, with a resolution of ~10 fA at =20 nA
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IBF test results
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Further suppression of IBF

The IBF of DMM seriously depends on the geometric
alignment of the double mesh
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Further suppression on IBF - I

Mesh holes interlaced (stagger aligned)
=>» IBF from SA significantly suppressed by the up-mesh
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Further suppression on IBF - test

According to MC, the IBF of the DMM depends on:
* The geometric alignment of the double mesh
* Gas mixtures, Mesh types, thickness of the gaps, etc.
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Further study ongoing
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Laser test

Schematic drawing of the laser test setup
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Detector setup and signals

Gas mixture

A typical anode signal, w/o amplifier, 50Q
Ar(80):CF, (10):C,H¢(10) ypicalanode signal, w/o amplitier, 5
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To extract single electron

A single electron spectrum fitted |

with a “"Polya” distribution
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Gas gain for single electron

55Fe source, same gas conditions
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At beam test

* Structure: 2.9opm (drift)-120pm
(PA) -120pum (SA)

* Voltages of PA and SA were fixed s
to 425V and 360V '

with the PICOSEC collaboration
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* Time resolutionreaches 180 ps (can be further improved by narrowing
the drift gap) at a IBF fraction of 0.2%
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Summary

« A new DMM detector was designed and fabricated, the good
performancesindicate its potential power for Gas-PM application

« Very low lon-backflow ratio ~ 0.0004 was obtained at a low pre-

amp & high sec-amp mode: high Ec,/Ep, ratio is helpful to suppress
the IBF

» Achieved high gain above 10° for single electron, comparable with
the normal vacuum PMTs

« Further improvements are being studied
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Outlook

* DMM based RICH detectors are under R&D for the the Super
Tau-Charm factory (STCF, left) and Circular Electron Positron
Collider (CEPC, right)

* Itisalso possible used as the readout of high rate TPC, such as
ILC, CEPC

Pumpingand C,F,,filling

i ~ 3
i Electronic 160 x 160 X 1000 MM

L=1000 mm (spherical focus length)

Charge particle
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Thank you for your attention!
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