Could MPGDs revolutionize
noble-liquid detectors?’
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Remark: three other talks on dual-phase novelties by Chepel, Roy & Tesi

* for more details:
http://arxiv.org/abs/2203.01774
https://doi.org/10.1088/1748-0221/17/08/P08002
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Talk dedicated to my friend
Francois Piuz 1937-2022

One of the leading Detector Physicists of my generation
Last project: Csl-RICH of LHC-ALICE

50 years ago...
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Noble-liquid TPCs: current status

S1- scintillation: Time stamp/threshold

DM, Neutrino Physics S2- EL/CM: charge & 2D
ot II)uaI.-phase ) Dual-phase Single-phase
electro ungﬂoesincsigce charg eC’gr‘é{aIggEdlc’)&atl on (CM) Charge collection
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Vapor Charge Multiplier 'EB/' - Epor Liquid Argon TPC
v (A l LSy LEM (THGEM)
gate | e gate Highly i |on|zmg u"‘
z=v-(t,—t) z=v-(t, 1) a el /
l Cathode . " /V hd :
Plane 4
E/’ t1781 ; t17Sl -9
— WIMP ‘\e\)t-\f:(:’””
+ cathode I'Iql'"d ¥C cathode LIqUId \(\,/ 3 I
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Photosensors Photosensors M) & (M-THGEM-like)
Energy deposited in liquid. Primary Energy deposited in liquid. Primary ;‘S::Ee 68-Kton LAr
scintillation detected by PMTs, SiPM. scintillation detected by photon Neutri hvsi
Charges extracted to gas + multiplied by detectors. Charges detected in cu r| PRY>ICS
electroluminescence or by avalanche. liguid by wires (or multilayer
XENON, LUX, PNDAX, perforated electrodes), without
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] Future 50-ton LXe — DARWIN/XLZD

: Dark-matter search
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Single-phase: from wires to microstructures - e

Wires

Microstructures

| Photo-sensor array
T

X Photo-sensor array — - SiPM, SPAD...
e hv s5.t. metal
Quartz/MgF, Modular
~50 years of  \wires \ Microstrip plates
Wires in LXe: 2 §1 Semi-transparent & more!
Derenzo PRA 1974 strips
Masuda NIM 1979
* Aprile JINST 2014 %P e-'s .
Brown JINST 2022 L-MSGC/LXe: gain 10
hv PAriicle Policarpo et al. NIMA 1995
cathode
ELth. ~400kV/cm - . LXe/LAr T
CM th. ~700kV/cm Photo-sensor array Reflective cathode

wires sagging, staggering

e MSP formed on VUV-transparent substrate, with thin Ni or Cr electrodes.
e L-MSP: MSGC, COCA COLA, VCC. ...
e Charges deposited in liquid, undergo electroluminescence (EL) & small charge multiplication (CM) @ high field near the anode strips.

* The effective light-emission region depends on the MSP type, & potentials applied to the MSP electrodes — recorded by photo-sensors.
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Why new concepts?

Dual-phase:
Current expected problems with large-area TPCs, that affect resolution & efficiency:

* liquid-gas interface instabilities - spontaneous electron emission, gas gap variations,
e electron extraction efficiency from liquid to gas,
* |imited avalanche gain in noble gases.
 Mechanical issues

Single-phase:

* No multiplication

* High threshold

* Only suits highly ionizing events

Multiplication in single-phase liquid:
=» Lower detection thresholds
=» May Pave the way to novel DM detectors .
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NOVEL DUAL-PHASE DETECTOR CONCEPTS

“local dual-phase”:
Bubble-assisted Liquid Hole Multiplier (LHM)

Discussed Particle interaction point % Syl Noble liquid
in length
hotocathod e’ GEM/THGEM
gEﬁﬁ?’icGaEM -?CS? .,;photocathode -
BUBBLE \

Noblée Liquid

Position sensitive photosensor

https://doi.org/10.1088/1748-0221/13/12/P12008

Tesi talk Dual-phase with CM in RWELL
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Bubble-less Liquid Hole Multiplier (LHM) ROQY talk
SiPM SiPM SiPM SiPM

GEM/THGEM

photocathode
https://events.camk.edu.pl/event/47/co
ntributions/377/attachments/126/281/LI
_ ///F\teraction Cathode DINE-2022%20The%20Bubble-
FEAOON00a0000000ANANAR OO OO E O Free%20Liquid%20Hole-Multiplier-v2.pdf

Floating Hole Multiplier (FHM) Chepel talk
PMT, SiPM
Floating
‘ ul GEM/THGEM

—

- photocathode 1\ photoelectrons
CSI hV ,-; https://events.camk.edu.pl/event/
u)%..e 47/contributions/379/attachment
- $/122/275/LIDINE2022_Chepel_pr
— = esentation%20.pdf
PMT, SiPM




Why single phase?
* To overcome liquid-gas interface problems in large dual-phase detectors:

* Only single-phase can be “face-to-face” and “horizontal”: sensors sensors

=» Half of HV for equal field; avoids effects of sporadic bubbles E | E

NL
e “Radial geometry” possible O sensors

* New concepts: potentially “cheaper” photo-sensors; lower detection thresholds

=» impact on the “physics”
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5\~ SINGLE-PHASE LIQUID-MPGD TPC CONCEPTS
Goal:

Devise robust noble-liquid MPGD multiplier configurations for detecting both: e & UV-photons

Tool Box:

MSGC (MSP)
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Weakness: sparks a-c limit HV

Microstrip Gas Chamber Oed 1988

MSPs: MSGC & VCC
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cathode plane -0.4 { |

Benefit: spark-less.

1.5 -15 -10 -05 0.0

Virtual Cathode Chamber Capeans 1997
{

=1

1.5

drift space

anode strips

substrate

cathode plane

The substrate separates strips from cathode plane

Field-line simulations: substrate 0.5mm; anode-strips 5um; cathode-strips 200um; drift-gap=1.9mm;

strip pitch=1mm. Potentials: V,=5KV; V_.=0; backplane: V,=0; drift: V,=-300V.
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Simulated E vs distance from anode strip: MSGC vs VCC

Martinez Lema MSGC Martinez Lema VCC
width (um)
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anode strip

2 .
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Ar (um)

10° 10 10°
Ar (um)
crossing EL threshold ~ 20um from strip surface. Avalanche threshold ~10um from surface. (thresholds: Aprile 2014)

E vs distance from strip: substrate 0.5mm; anode-strips 5-50um; cathode-strips 200um; drift-gap=1.9mm; strip pitch=1mm.
Potentials: V,=5KV; V_=0; backplane: V =0; drift: V=-300V.

MSGC & VCC: similar results for E vs Ar: @ 5-10um anode strips, for V,= 5kV* (5 kV not applicable in MSGC =» sparks)
VCC: anode strips insulated from cathode plane = V, (VCC) certainly > V, (MSGC) !!!
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MSGC - Preliminary results

Single event

Setup 150 [S1  S2
£
2100
PMT § >0
0
A 0 1 2 3 4 5
~20 mm oL Time (us)
L CYRR ————— Mesh + a source
2.2mm
;(\./gf.id .................. grid
4.2mm q)sum
0.4mm 1mm /
\a ‘ ‘ ‘ ‘

! — Microstrips plate
Back plane

cathode

msGc (vsp) SR
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‘From: Bruno Guerardi

Average of S2 spectrum vs V4

Martinez Lema, Roy, Chepel, Breskin (2022) ®
1500 o
V, =-2.7kV (limit: anode-cathode gap)
~ 1250+ Vgrid =-1.7 kV
2]
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o 750
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MSP Simulations - EL & CM onset vs distance from strip - vs V,

drift electrode V, drift electrode V, Strlp width: Sum
g E 103
ca oy - EQ__L I A ST R SO W A Ay g
bo.’éto.r.n. elec..tr.ba.e e Vs bo’.c.tor.ﬁﬂcatf;odé \ E— Yo g _________,_._._._._. ...... —-— -
\ S
7
Strip pitch 1 mm Ll
. A
anode strip 8 um Ar — MSGC 2.0 kV
Cathode strip (MSGC) 400 pm = 102 —— VCC 2.0 kV
Substrate: 0.5 mm E VCC 5'0 KV
drift gap 4.2 mm : Martinez Lema, Roy, Chepel, Breskin(
V, -2 kV anode strip 101 100 101 102
Vy -2 kV Ar (Hm)
Vc (in MSGC) OV MSGC: V,@2kV: CM starts ~4.8 um; EL ~11 pm
V, variable

VCC: V,@5kV: CM starts ~15 um; EL ~25 pm
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Single-phase with cascaded THGEM + MSP =» S1 & S2

| Photo-sensor array |

VUV s't. metal cathode
L-MSP B Quartz/l\/lgF2
- 7 Y
| : S1 lEtrans

L-THGEM | || u uu LB | AVeew

pe U | Csl photocathode
2

\Ed rift

LXe/LAr

S1

000
%\ e-'s

S1
hv

| Photo-sensorarray |
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2-stage TPC with Csl-coated L-THEM + L-MSP. here L-VCC
with S.T. Cr\Ni strips on VUV- substrate.

S2 e & S1 UV-pe collected into L-THGEM holes &
efficiently™ transferred to the L-VCC.

VUV photons emitted by EL + small avalanche near strips,
are detected through the substrate, by top photo-sensors.
Other fraction of S1 photons — are detected by bottom
photo-sensors or reflected by a mirror-cathode to the Csl.

Option: top L-THGEM surface can be reflective or coated

with a WLS (=2 Vvisible-range photo-sensors,

substrate).

* Experimental Transfer

Efficiency of e and pe-

through THGEM holes
in LXe.

Talk by ROY

ETE (%)

100+

801

60+

40+

20

O,

glass

e S1'phe

e Slie

Eqrift = 666 V/cm
AVTHGEM =1.5kV

2 4 6 13
Etransfer (kV/cm)



Effective quantum efficiency Q4 of Csl in LXe
GEM, SC-GEM, THGEM

Average expected QEeﬂ
30 | __ Photo-sensorarray |
25 LL VUVAR\ /X :‘ ‘44 s.t. metal cathode
o o
—_ o0® 00?0 L-MSP A 7 Quartz/MgF,
E o o o “ o o] [n] Q < © » - - - -A - ;& - - -
5 20 o® ’ 0® 2 . " 51 lE"a"s
» : i
& S . Qef | 1Heem I EEEEEED v
15 | e o he pe Csl photocathode
© o S1 \\
s ° - | E
E_ 10 o « THGEM 0.: e-'s drift
- o . 5 SC-GEM (t=50
= =50yt M)
le0, © SC-GEM (t=125 um) Eg—0:5kVrem . h oL
Standard GEM E, = -1kV/cm partic v LXe/LAr
G L 1 1 ! ! | ¥ v <
0 500 1000 1500 2000 2500 3000 3500 4000 - | Photo-sensorarray |

Voltage (V]
ERDAL 2021 https://jinst.sissa.it/jinst/theses/2021 JINST TH 002.jsp

Expected average QE,; in LXe across the entire surface of an electrode, as a function of voltage across the
electrode. They were computed (using COMSOL®) for different perforated electrodes; electric field values:
E,=0.5 kV/cm and E,=-1 kV/cm.
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Single-phase with single Micro Hole & Strip Plate (MHSP)

Photo-sensor array |
P ’\ ) VUV IEIrans
[y (¥ a c
L-mHsP N I D DB DD DM DM AV,
pe\\ S2 Csl photocathode
S1 |
0.: e"S Edrift
hv MHSP: Veloso, Rev Sci. Instr. 71, 2371 (2000)
particle S1 https://doi.org/10.1063/1.1150623
2 \ LXe/LAr
- Photo-sensorarray -------------------------- Current technologies =» few-um strips possible

e Asingle-phase TPC with (here) a Csl-coated L-MHSP.

* Both S2 e- & VUV photoelectrons are collected into the L-MHSP holes, drift to MHSP anode strips.
VUV photons by EL + small avalanche near strips, are detected by the top photo-sensors.

e Other fraction of S1 photons - detected by bottom photo-sensors.

15
Amos Breskin - MPGD concepts in noble liquid detectors — MPGD 2022


https://doi.org/10.1063/1.1150623
https://doi.org/10.1063/1.1150623
https://doi.org/10.1063/1.1150623
https://doi.org/10.1063/1.1150623

Single-phase with Micro-structured electrode

LXe/LAr Photo-sensor array

L-ms-theem [ (T H“ = | AVrhcem
pev} S2 Csl

s1 Eqgrife
000 e-s

— S1
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Hao Lin https://doi.orq/l1039/C3TA11889D

A single-phase TPC with a Liquid micro-structured
THGEM multiplier (L-MS-THGEM) coated with Csl.
Both S2 ionization electrons and S1 VUV
photoelectrons are collected into the holes, drift
across the THGEM electrode, towards the micro-
structured top surface.

VUV photons emitted by EL + small avalanche at
the vicinity of the “anode tips”, are detected by the
top photo-sensors.

Other fraction of S1 photons are detected by
bottom photo-sensors (or mirror)
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Can we form large-size patterned electrodes?

ARIADNE LAr TPC with optical readout. 50x50cm? glass THGEM (GTHGEM)

Novel Glass THGEMs @%.@%9..  So far, borofloat 33 glass and fused
I silica glass electrodes (the latter of
| .,aﬂg%%%oaoé higher radio purity) produced by
'0%0%0 2590 abrasive formation of sub-mm holes.
”b°6°°° 0.0_ 0O -
19026°962469,° * Electrode surfaces coated by resistive
0,0_0_0_0
O °o°°°o°gog« * Can be patterned, by laser techniques
:,g@pnononoao‘.,!

— e.g. to form COBRA-like patterns.

500 um hourglass shaped holes

& omess THORYS e Thin anode strips and other metallic
« Glass THGEMs developed at Liverpool (Patent pending GB2019563.2): L .
« Glass wafer/sheet with ITO coated electrode - holes produced using abrasive patterns curre ntly formed in ind ustry:
etching . . . . .
« Improvements to radiopurity/outgassing and gain uniformity compared to FR4 In kJet & phOtOIIthogra ph IC tECh nlq ues.
» Robust and resistant to damage by discharges (few_micron th|n Strips on relatively
* GGEMs can be made from most types of glass and large areas are possible ” ’
(towards 1m x 1m - glass dependent) large areas (up to 24”x 24”) already
o7/02/2022 « Mavrokorids | ARIADNE+ | RDSY Meeting 2 formed on a variety of substrate
D .
Lowe et al. Appl. Sci. 2021, 11(20), 9450; materials.
https://doi.org/10.3390/app11209450 See refs in https://doi.org/10.1088/1748-0221/17/08/P08002

17
Amos Breskin - MPGD concepts in noble liquid detectors — MPGD 2022


https://doi.org/10.3390/app11209450
https://doi.org/10.3390/app11209450
https://doi.org/10.3390/app11209450
https://doi.org/10.3390/app11209450
https://doi.org/10.1088/1748-0221/17/08/P08002
https://doi.org/10.1088/1748-0221/17/08/P08002
https://doi.org/10.1088/1748-0221/17/08/P08002
https://doi.org/10.1088/1748-0221/17/08/P08002
https://doi.org/10.1088/1748-0221/17/08/P08002
https://doi.org/10.1088/1748-0221/17/08/P08002
https://doi.org/10.1088/1748-0221/17/08/P08002
https://doi.org/10.1088/1748-0221/17/08/P08002
https://doi.org/10.1088/1748-0221/17/08/P08002
https://doi.org/10.1088/1748-0221/17/08/P08002
https://doi.org/10.1088/1748-0221/17/08/P08002
https://doi.org/10.1088/1748-0221/17/08/P08002
https://doi.org/10.1088/1748-0221/17/08/P08002

Could MPGDs revolutionize noble-liquid detectors?

Single-phase TPCs:

* Many open questions...

 Simulations & exp. R&D on MSPs configurations (LAr, LXe)

* R&D on nanostructures

* R&D on stability of VUV-photocathodes in noble liquids
 Technologies: radio-clean materials, production methods, modularity...

Dual-phase TPCs: e & photon multiplier & photo-sensor module
Talks by CHEPEL, ROY, TESI | Eocccmccmmcccmmc—--

Open to collaborations!
Students and postdocs welcome!

Thank you

2D 4 Some projects currently supported by RD51 Common Fund
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