CHARACTERIZATION OF A LOW-PRESSURE MICROMEGAS-LIKE GA-
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Within the family of the Micro Strip Gas Detectors (MSGD), the intrinsic characteristics of the bulk Micro-Megas (MM) device represent the most promising features for the construction of a new instrument to be oper-
ated as a TPC gas chamber in a low-pressure regime. In this study, we present the main properties of a low-pressure MM detector in which the amplification gap was slightly increased to improve the gas gain. Two con-
figurations have been deeply studied: the first one with a gap of 128 um and a second one with 192 um gap, both filled and operated with a gas mixture (Ar-Co,; 93:7) at pressures below 100 mbar. The dependence of
the gain and the energy resolution on the amplification field, gas pressure and drift field have been evaluated. The main goal of this experimental activity is the operation of a well consolidated detector technology for

studying and monitoring low energy ionizing particles in the range 1-100 keV.

TEST BENCH

Dedicated to:

-ray source);

below 100 mbar;

and support sub-systems.

. the studies of radiation/matter interaction with >Fe source (X

« detector performance characterization measurements (gain,
energy resolution, relative mesh transparency, etc.);

. detector performance in new experimental set-up for low en-
ergy (below 100 keV) ionizing particles;

. performance and long term reliability detector studies;

. filling gas mixture (Ar-Co,; 93:7) maintained at low pressure

. tests and performance characterization of read-out system

—
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Test bench installed in the INFN Pisa lab.

SUPPORT MECHANICS

o According to the MM technology literature [1], the detector performance are highly influ-
enced by the presence of oxy-
gen in the gas mixture: oxygen
contamination must be kept
below 0.1% [2];

« For our application, a dedicat-
ed frame design has been de-
veloped to operate the detec-
tor at low pressure;

e Using indium sealing the MM
leak rate is kept below 10°

mbar ‘/sec;

o Combining a low leak level
rate with a constant gas mix-
ture flux, even at low pressure, we improved a lot the detector performance.

DETECTORS CHARACTERIZATION @ NTP CONDITION

Bulk Micro-Megas with 128 um gap XY (R&D for ATLAS NSW upgrade [3])

Designed and manufactured @ Micro-Pattern Technologies Workshop - CERN in 2013

tive area: approx. 100x100 mm’
e XY strips with 250 um pitch —> 100 mm spatial resolution using uTPC techniques
e Resistive strips layer —> rate capability of 15 kHz/cm?

e  DRIFT REGION 5 mm HEIGHT

Bulk Micro-Megas with192 pum gap XY

Designed and manufactured @ Micro-Pattern Technologies Workshop - CERN in 2021
e  Bulk with increased avalanche region height / Active area: approx. 100x100 mm®
e XY strips with 400 um pitch / Active area: 100x100 mm?>

. Resistive layer

e  DRIFT REGION 20 mm HEIGHT

e  Bulk technology: mesh is trapped by pillars made of a photo-imageable cover lay / Ac-

- Fe55Spectrum L 20E 01
_ Entries 117463
700— @ MM Bulk 192um XY
- Mean 1.0446+04 #MM Bulk 128um XY +
- Std Dev 2440 1,00E+04 A
600— Underflow 0
- Overflow 0
- Integral 1.175e+05 8,00E+03
500— *2 / ndf 728.7 / 374
— Prob 4.309e-25 ,
400— Main PEAK FWHM: 25% PO 8.659 +4.272 3 G.O0E+03 4 2
- p1 -0.0004089 + 0.0002976 g
- p2 §48 + 0.1 p
300 — p3 1.104e+04 + 4.935e+00 4,00E+03 ®
~ p4 1058 £ 5.5 i 4
200 — p5 79.2+0.3 .
- p6 1.251e+04 + 1.400e+00 2,00E+03 4 A — W
- p7 1399 + 34.0 S S
100— d =
- 0,00E+00 | : . ;
0 — SRS DU O NN TN TN TOUR SOVR AU TN TN SO B DO 400 430 00 0 o0 o0
5000 10000 15000 20000 25000 30000 IV ORARODIC FLARE Y

MCA CHANNELS [ADU]

Fe55Spectrum

Entries

2000 248704 100.0% 1 I ”””””” I ””” '[ ”””””” I ””” ;T"TT
— Mean 1.313e+04 Tob
1800/ Std Dev 2659 )t } %H }
= Underflow 0 . 80,0% >
1600 — Overflow 0 £ }
1400 = Integral 2.487e+05 % g )
= 2 / ndif 250.6 / 204 B8] -
1200 Prob 0.01447 gE
F Main PEAK FWHM: 21% | P° 6.949¢-08 + 1.352e+01 Dz
1000— p1 ~9.753e-05 + 4.830e-05 g2
- p2 1828 + 5.7 g E 40.0% 4
800— p3 1.382e+04 + 4.710e+00 s ®MM Bulk 192um XY
- p4 1250 + 4.4 “ ® MM Bulk 128um XY
600 — p5 179.6 1.3 20.0%
= p6 1.549¢+04 + 6.079e+00 .
400 E p7 1304 + 6.4
200 ; 0,0% +
0 | TR I 1 P I T A SR R T S S R R SN ST ’ % %)gIFT E FIELD [V/CM]
5000 10000 15000 20000 25000 30000

MCA CHANNELS [ADU]

*Corresponding author at: INFN, Pisa, Italy.
E-mail address: federico.pilo@pi.infn.it (F. Pilo).

— Fe55Spectrum 450 Fe58Spectrum 6,00E+03
1000/ Entries 97055 = MM BULK 192um XY Entries 777 > J
- 400 — 100 MBAR Std Dev 301.8
B Mean 47.07 = DRIFT HEIGHT: 20 Underflow 0
800 — Std Dev 22.93 350:— ﬁf:gr';w 4.3?834—03 . 1020 lleaI'
B Underflow 0 3005_ fan ¥ e 06000 . '
B Overflow 12 = 2[1) —0.004959':?:0312;3 S’OOE_OJ i | 100 mbal‘
600 — Integral 9.704e+04 | 250 ba son7 <12 :
- x2 / ndf ss0.6/74 |  E e 4006 002 i A 50 mbar
400/ Prob 2.244e-37 - P Jsosx1z |
- Constant  826.6 +5.0 | 150/ — 4,00E+03 - .'
200/ MM BULK 128um XY g'_ea" 46.86 £0.12 | ;I §
100 MIBAR igma 13.91+ 0.18 = N /
— DRIFT HEIGHT: 5 MM 50— % X . ;'
07...|...|...|...|...|... ot ...hMl... | I P | I 3 00E+03 - . . .
0 20 40 60 80 100 120 140 160 0 400 600 800 1000 1200 1400 1600 1800 2000 2200 0 0 | !
SIGNAL AMPLITUDE [MV] SIGNAL AMPLITUDE [MV] } +
500/ Fe555Spectrum - Fe56Spectrum | ‘ 6
- on s - Entrics o14s 2,00E+03 - : f
u S::Dev 94.03 100/— Mean 129.3 > ~ : { ]
H Underflow 0 B Std Dev 46.39 ! .~
400 __ Overflow 4] : Underflow 0 il * ‘il
s el | B megsr o1 i
300~ ot emes - Fob " oioazay 1,00E+03 - i1 ¢
- Mean 2961+ 0.7 60— Constant 83.73+1.52 | ¥
- Sigma 67.21+0.77 B Mean 129.5 + 0.8
| | Sigma 36.98 =+ 1.25
o0 C 40— HV ON ANODIC PLANE [V]
- - 0,00E+00 A———t—i—| —
100 AR | Hm Y 20/ 200 250 300 350 400 450 500 550 600 650
- 50 MBAR B - , , - , \ L o0 it , , \ , \ LT , , i , , e , . . f ) ) i
C DRIFT HEIGHT: 20 MM L DRIFT HEIGHT: 20 M} ' ' ' ' ' ' '
C | | | | | | | N | | | | by o . 1,33E+04 1,83E+04 2,33E+04 2,83E+04 3,33E+04 3,83E+04 4,33E+04
0 11 1 1 L1 11 1 L1 1 L1 1 1 1 1 Ll L 1 1 11 i 11 1 L1 1 0 1 1 1 1 1 L 1 L1 L 1 L 1 L 1 L 1 =) =T 1 i 1 1 1 1 1
0 100 200 300 400 500 600 700 800 0 50 100 150 200 250 300 350 r - - - .
SIORAL 1 E [MV] SIGMAL I E [MV] AVALANCHE ELECTRICAL FIELD [V/CM]
Primary charge collection efficiency in gas- 120,00% The reliability of the measured performance, combined with the simple and ro-
eous detectors, can be deteriorated bust structure of the detector even with an increased length of amplification gap,
through  different charge absorption/ o make Micro-Megas (MM) an attractive choice for applications where track length
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_ _ o < » S @ of low energy particles is detected by using a low-pressure filling gas.
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