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NSW Resistive Strip Micromegas

cathode

e 2 -3 m?size with four active 240 V

volumes
- Operating Gas Ar:CO,:iC,H,, Ar:CO2:iC4Hy,
93:5:2 vol%, Ar:CO, 93:7 vol%
« 3 planar structures (cathode,
grounded mesh and segmented
anode)
* Drift region (5 mm) with
E =480 V/cm
« Amplification region (0.12 mm)
with E = 43 kV/cm
* Operating in proportionality
region, i.e. primary electrons
multiplied (gain ~ 5000 - 10000)
« Capacitive coupling between resistive strips
resistive strips and readout strips s doufzgﬁgg
* Short dead time

ov
0.12 mm
+520V
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Neutron Source: Americium - Beryllium

241Am + %Be --> 23’Np + 12C + n + 4.44 MeV y + 60 keV y

Yield: 6 * 10*n/sec per GBq
Sources:
until August 2021: 3.7 GBq
since then: 10 GBg - 6.0 * 10° neutrons/sec in 41

> 3.5* 105y (4.4 MeV)
> 3.6 * 109y (60 keV)

X104
: — =
%2.0- Thermal Neutrons 5*103
§1'5' MeV Neutrons 5 * 104
él'o' 60 keV Photons 5*10-3
> MeV Photons 5* 102
091 20 40 60 80 100 12.0 140 o

Energy [MeV] [1]

[1] taken from Cecchetto et al.; https://www.science.org/doi/abs/10.1126/science.132.3427.613
[2] Cai,H et al.; https://cds.cern.ch/record/2281463/files/ATL-COM-MUON-2017-043.pdf
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Micromegas Detector Irradiation Setup

AmBe Neutron Source

Active part of the source
(r=6 mm, [ =15 mm)
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Micromegas Detector Irradiation Setup

AmBe Neutron Source Irradiation setup

Am-Be source

Inhomogeneous Irradiation of the

Active part of the source . .
P detector = Calibration

(r=6 mm, [ =15 mm)
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Characterization of the Source Intensity Distribution
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3
From the 1/r? intensity
decrease with distance

follows for a strip of length x
at a distance a; :

FABIAN VOGEL

07.11.2023




Characterization of the Source Intensity Distribution

ATLAS Muon System Preliminary NSW Micromegas Munich AmBe Data
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From the 1/r? intensity

Strip Number

decrease with distance Simulation and
follows for a strip of length x measurement using random
at a distance a;: trigger match!

I(a) = 2 tan-t (Y
(@) = —tan ()
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2D-Source Hit Distribution

ATLAS Muon System Preliminary NSW Micromegas Munich AmBe Data )(1 03
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Simulated 2D Hit
Profile of the source.

Circles mark areas of
interest for comparison
with HL-LHC (L=7.5
1034 cm2 s'1) based on
ATLAS NSW data:

IXHL-LHC (r=50 mm)
3XHL-LHC (r=5 mm)



Long Term Current Under Irradiation

Ar:CO, 93:7 vol%

ATLAS Muon System Preliminary NSW Micromegas Munich AmBe Data
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* Wide neutron induced spread of the
current (£ 40 nA)

« Unstable behavior

* Intermediate performance tests
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Voltage [V]

Long Term Current Under Irradiation

Ar:CO, 93:7 vol%

ATLAS Muon System Preliminary NSW Micromegas Munich AmBe Data
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Wide neutron induced spread of the

current (* 40 nA)
Unstable behavior
Intermediate performance tests

07.11.2023

Current [uA]
Voltage [V]
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Ar:CO,:IC,H,,93:5:2 vol%

ATLAS Muon System Preliminary NSW Micromegas Munich AmBe Data
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special
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Narrow current spread (* 15 nA)
Completely stable behavior without trips
Switch to 10 GBq source August 2021
Periods without current - Maintenance
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Environmental Fluctuations

ATLAS Muon System Preliminary NSW Micromegas Munich AmBe Data
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« Slow temperature dependent seasonally fluctuations (red line, no fit)
» Dalily based fluctuations (red circle) result from pressure changes

I~ a (B)~ exp(~ 5)
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Pressure [mbar]

Pressure Induced Current Fluctuations

ATLAS Muon System Preliminary NSW Micromegas Munich AmBe Data
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Current [uA]

* Direct correlations between
the drawn current (Blue) and
the monitored environmental
pressure (Red)

» Correcting for the pressure

fluctuations leads to a
constant current (Green).
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Accumulated Charge

ATLAS Muon System Preliminary NSW Micromegas Munich AmBe Data

——————7———— 71— *Accumulated Charge of the
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Ar:CO,:IC,H,, 93:6:1 vol%

ATLAS Muon System Preliminary NSW Micromegas Munich AmBe Data
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Unstable Operation
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Composition containing
less isobutane:

- Not as stable

—> discharges visible
—> trips occurred!
Higher isobutane
content than 2% not
possible for safety
reasons
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Cosmic Muon Test Setup Before Irradiation

2766 1~ Hodescops - Scintillator Trigger
R hodoscope
o7t - Upper Reference « Angular acceptance:
+ 38.5° in precision
Test Chamber/ . .
Micromegas d | re Ctl 0 n
Y * Iron Absorber for low
=T Chamber energy muons
3125 +— Iron Absorber
o L Lower - Performance tests

o | rodescope based on internal tracking
T_i‘y = within the Micromegas
detector
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Cosmic Muon Test Setup End of Irradiation
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v

40 x 80 cm?
scintillato

A
4 readout layers
equipped with
APV25

~80 cm

plastic plates

Scintillator

40 x 80 cm?

—> Scintillator coincidence

- Angle of acceptance *+ 26.5°
in precision direction

- Performance tests based on
internal tracking with in the
Micromegas detector
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Internal Tracking

Layer 4
Layer 3
Layer 2

Layer 1

07.11.2023

/

A

AX
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Reference Track built from three layers
Extrapolated to layer under
investigation

Difference Ax between Hit and
Extrapolated pos. - Residual

|AX| < 5mm = efficient reconstruction
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Internal Tracking

/ » Reference Track built from three layers
Layer 4 %* « Extrapolated to layer under
/ investigation
Layer 3 * - Difference Ax between Hit and
Extrapolated pos. - Residual
Layer 2 o « |Ax| < 5mm - efficient reconstruction
Layer 1 ATLAS Muon System Preliminary NSW Micromegas Munich AmBe
2] Frr T T
S 22000 Oeors 0171 £ 0.001] =
p - Q 20000 Oy 0.595 + 0.004] —
18000F- E
16000F- -
« Residual Distribution fit with sum of ook, E
two gaussians 10000F- =
: ; 8000k —
* O, fepresents inner gaussian s000k. 3
O represents wider gaussian 4000f- ; =
2000F- 7 3
0" 553 05 0 05 1 15 2

Residual [mm]
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Ogore [MM]

Detector Resolutions

2019, Ar:CO,

ATLAS Muon System Preliminary NSW Micromegas Munich AmBe Data
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Ogore [MM]

Detector Resolutions

2019, Ar:CO,

ATLAS Muon System Preliminary NSW Micromegas Munich AmBe Data
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2021, Ar:CO,

ATLAS Muon System Preliminary NSW Micromegas Munich AmBe Data
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Detector Resolutions

2023, Ar:CO,
Ar:C0O,:IC,H,

ATLAS Muon System Preliminary NSW Micromegas Munich AmBe Data ATLAS Muon System Preliminary NSW Micromegas Munich AmBe Data ATLAS Muon System Preliminary NSW Micromegas Munich AmBe Data
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Ocore = 175 um Ocore = 175 um Ogore = 150 pm (Ar:CO.)
Ocore = 135 pm (Ar:CO.:IC,H, )
- Smaller angular acceptance
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Detector Efficiencies

2019, Ar:CO,

ATLAS Muon System Preliminary NSW Micromegas Munich AmBe Data
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Detector Efficiencies

2019, Ar:CO, 2021, Ar:CO,

ATLAS Muon System Preliminary NSW Micromegas Munich AmBe Data

Efficiency

ATLAS Muon System Preliminary NSW Micromegas Munich AmBe Data
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Efficiency

Detector Efficiencies

2019, Ar:CO,

ATLAS Muon System Preliminary NSW Micromegas Munich AmBe Data

2021, Ar:CO,

ATLAS Muon System Preliminary NSW Micromegas Munich AmBe Data
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O Layer 2 —i 0.1F

N O Layer 1
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Efficiency > 90% for
Upmp > 560 V
—> Higher pulse heights

due to lower environmental

pressure

Efficiency

2023, Ar:CO,
Ar:C0O,:IC,H,

ATLAS Muon System Preliminary NSW Micromegas Munich AmBe Data
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No decrease in efficiency observed!
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2D-Detector Efficiency End of Irradiation

2D efficiency of irradiated

ATLAS Muon System Preliminary NSW Micromegas Munich AmBe Data
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= S < Black cross denotes
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* Red circle represents
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1050 | (r=>50 mrr_l)_
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* Vertical lines with
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Summary

NSW Micromegas were studied under neutron irradiation with a 3.7 GBg and
a 10 GBg Am-Be source under Ar:CO, and Ar:CO,:IC,H,,

Calibration of the Am-Be source shows a HL-LHC equivalent current density
for an area of 80 cm?

Detector was stable over 2.5 years (1 year Ar:CO,; 20 months Ar:CO,:iC,H,,)
Regular cosmic muon measurement performance tests

Resolutions of ~150 um are achieved including all track angles

Efficiencies >90% for 510 V (Ar:C0O.:IC,H,,) and 560 V (Ar:CO.,)

Better performance using Ar:CO,:iC,H,,due to higher pulse heights and
stability

No decrease in efficiency at the strongest irradiated area has been
observed!
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Reconstructed Cluster Position

ATLAS Muon System Preliminary NSW Micromegas Munich AmBe Data

(7))
E - : : : | : | : « Reconstructed Cluster
8 3500 e S R S A Position of Layer 1 at
3000:—§ --------------- ................ ,,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,,,, .................. .................. 530V under
Ar:CO,:iC,H,,

2500 """"" """"""" ) « APV channel issues

2000 [kt A I e Achis. | visible N

« Source was positioned

1500_ ........ o ......... . . . at Y — 1063 durlng

1000F=a"- | N T T — — | irradiation o
—> No hint of deterioration

500_ ................. ,. ................. .................. ,,,,,,,,,,,,,,,,, | VISlble at that pos|t|on

| I S T T N A T N A pa gl ey L1 P
900 950 1000 1050 1100 1150 1200 1250
Y [mm]

07.11.2023 FABIAN VOGEL 28




SM2 MO03 in May 2021 under neutron irradiation with Ar:CO, at 570 V (1 week)

ATLAS Muon System Preliminary NSW Micromegas Munich AmBe Data non Irradlated Irradlated
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17:16 02:05 10:53 19:41 D4:30 13:18 D2:05 10:53 1941 04:30 13:18 17:16 02:05 10:53 19:41 04:30 13:18 17:16 02:05 10:53 19:41 04:30 13:18 1716 02:05 10:53 19:41 D4:30 13:18 1716 02:05 10:53 19:41 04:30 13:18

discharges under Ar:CO, at 570 V
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SM2 with Ar:CO,:IC,H,, (93:5:2 vol%) under neutron irradiation at 520 V (1 week)

ATLAS Muon System Preliminary NSW Micromegas Munich AmBe Data non |rrad|ated ”Tadlated
550 1 E.‘ 550 |§ 550 1 E.‘ 550 E 550 1 E 550 §
sanf 0p = sanf 08 2 540 F = sanf = s40F = sa0F =
530 f 08 5 sa0f Jo8 5 530 H 530 - 530 H 530 200 nA -
£ E £ £ E E E
520 o7 3 520 497 3 520 3 520 3 520 3 520 ]
stof 06 stof ENT s10E stof S0 s0E
so0 - 05 so0 - Jos 500 - . so0f- eXtern " 500 F- 500 F
asn |- 0.4 s ENT) 490 F- 0.4 asof- i 480 F- 480 F-
4z f 03 4z0f EILE 480 F 03 E Issue 03 480 F 480 F 0.3
aro 0.2 arof ENF 470 F 0.2 0.2 470 F 470 0.2
as0 - 3 01 as0 | 3 01 450F i =LA 3 01 480 F 450 F =LA
450 = 0 450 L L L L d . 4 P L L o E R 450 a o 450 . 450 | L L L ERE
06-26 D6-27 06-28 06-30 07-01 D7-03 06-26 06-27 06-28 06-30 07-01 07-03 06-26 D6-27 06-28 06-30 07-01 07-03 06-26 06-27 06-28 06-30 07-01 07-03 06-26 06-27 06-28 06-30 07-01 06-26 06-27 06-28 06-30 07-01 07-03
00:48 10:24 20:00 05:36 15:12 D0:48 00:48 10:24 20:00 05:36 15:12 D048 00248 10:24 20:00 05:36 15:12 00:48 D048 10:24 20:00 05:36 1512 D0:48 D0:48 10:24 20:00 05:36 1512 00:48 10:24 20:00 05:36 15:12 00:48
550 5 |E=- 550 3 |E=- 550 5 |E=- 550 5 |§ 550 5 |§ 550 5 |§
sanf EN TR saf ENTrET s EN TR saf ENTET S0 ENTE) s ENTE?
sa0fF Ey E sanf E e.aE 530 E ENY E safE ENy E sa0E ENY E 530 E 100 nA ER Y] E
520 507 3 520 073 520 507 3 520 073 520 507 3 520 07 3
stof ENT stof ENT st0F ENT stof ENT S0 ENTY st ENT
500 3 os 500 F 3 os 500 3 os 500 F 3 os 500 3 os 500 3 os
P —i 04 as0 | —i 04 a0 | a0 a90fF 490 |F
sa0 3 03 sz 3 o3 480 E 03 asof 480 F 480 F 3 03
arof 3 arof 3 02 4o b 032 arof 470 F 470 f ENT]
450 F 3 o1 50 F ENE 450 3 01 450 F 450 & 450 a 0.1
. E . DD I s T, a5 e o 50 o) 0 150 AR
06-26 DB-27 D6-28 0B-30 07-01 D7-03 06-26 0627 06-28 06-30 07-01 07-03 06-26 D6-27 06-28 0B-30 07-01 07-03 06-26 06-27 0B-28 06-30 07-01 07-03 06-26 06-27 08-28 06-30 07-01 07-03 06-26 0627 0B-28 06-30 07-01 07-03
00:48 10:24 20:00 05:36 15:12 D0:48 00:48 10:24 20:00 05:36 15:12 DO 00:48 10:24 20:00 05:36 15:12 00:48 D0:48 10:24 20:00 05:36 15:12 D0:48 D0:48 10:24 20:00 05:36 15:12 00:48 00:48 10:24 20:00 05:36 15:12 00:48
550 E |§- 550 E |§- 550 3 |§- 550 i 550 3 |§ 550 3 |§-
sanf ENTRC sanf ENTrcT 540 F = sanf = sS40 E = sa0E =
sa0f ENTE saf Jo8 5 530 F 5 sanf 5 sa0f 5 530 F 60 nA 5
1 E 1Tk E E E E
520 507 3 520 §073 520 3 520 ] 520 ] 520 S
stof ER sof 3 os s10E stof S0 S0 E
so0 - 3 05 so0 |- 3 o5 500 F soof- 500 F 500 F
as0 3 04 asnf 3 0a 490 £ as0f 490 F 490 F
sanf —i 03 aa0f —i 03 480 F ELE asnf ELE 480F ELE 480 F ELE
4o S o2 4o 32 470 F 5oz 4rof- 5oz AT0E 5oz ATOE 5oz
480 - NN 480 F- ENR] 480 F 3 01 480 F- 3 01 480 F 3 01 480 £ g 01
450 : . . . - 450 L - . . 4 o as0 - . . - = as0 : . . - - 45— - g 450 L L L L E|
08-26 06-27 06-26 06-30 07-01 D7-03 06-26 06-27 06-28 06-30 07-01 D7-03 06-26 D6-27 06-28 06-30 07-01 07-03 D6-26 06-27 06-28 06-30 0O7-01 07-03 D6-26 06-27 06-28 06-30 07-01 07-03 D6-26 06-27 06-28 06-30 07-01 07-03
00:48 10:24 20:00 05:36 15:12 00:48 00:48 10:24 20:00 05:36 15:12 0048 00:48 10:24 20:00 05:36 15:12 00:48 00:48 10:24 20:00 05:36 15:12 00:48 00:48 10:24 20:00 05:36 15:12 00:48 00:48 10:24 20:00 05:36 15:12 00:48
550 z 1 §- 550 3 151- 550 §. 550 g 550 - g 550 §
sanf ENTREY sanf ENEych 540 F = sanf 8 2 sS40 F = sa0F =
3.2 E T T T 50 nA T
sanf- ENTE sanf- ENEN 530 F ] sanf & 530 F & 530 E &
E E E E E E E E
520 307 3 520 407 3 520 3 520 ] 520 2 520 ]
stof 3 06 stof 3 08 s10E 06 stof S0E S0 E 06
500 05 500 3 05 500 E .5 500 500 F 500 F .5
as0f 3 04 as0f 3 oa 480 3 o4 asnf 3 0. 480 F 0.4 480 3 o4
aanf ENE aanf ENE asnf ENE] asnf ENE] 480 03 480 F ENE]
a0 f —z 02 a0 f —; 0z 70| —z 0.2 a0 f —z 0.2 AT0E 0.2 AT —z 02
480 F —; 0.1 480 —; 0.1 480 —; 0.1 480 F —; 0.1 480 3 01 480 £, 3 01
450 = = = 450 o - 4 L 4 o 450 < L 4 - = 450 - 450 - o 450 L 1 1 L E
06-26 D6-27 06-26 06-30 07-01 D7-03 06-26 D6-27 06-28 06-30 07-01 D7-03 06-26 D6-27 06-28 06-30 07-01 07-03 D6-26 06-27 06-28 06-30 07-01 D7-03 D6-26 06-27 06-28 06-30 07-01 07-03 D6-26 06-27 06-28 06-30 07-01 07-03
00:48 10:24 20:00 05:36 15:12 00:48 00:48 10:24 20:00 05:368 15:12 0048 00:48 10:24 20:00 05:36 15:12 00:48 00:48 10:24 20:00 05:35 15:12 00:48 00:48 10:24 20:00 05:368 15:12 00:48 00:48 10:24 20:00 05:36 15:12 00:48

no discharges at all under Ar:CO.:IC,H,,at 520 V
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sTGC cluster rate [Hz cm'z]

Hit Rate in ATLAS NSW

9000:I" | [ L L L L L
8000y ATLAS Preliminary Measured cluster rate in
7000 p+p \5=13.6 TeV, year 2022 the NSW at ATLAS using
6000$ sTGC Stl’ipS, NSW the sTGCs:

X N ] 34 5 4 * Fast radial decrease
5000 4, Luminosity 2.15-2.48 [10™" cm™= s7'] visible

1st Layer, sector A06

* Innermost strips of the
1st Layer, sector A15

NSW will experience
~24 kHz cm2 at HL-
LHC (7.5x103* cm=2s1)
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Radial distance [m]

[3]

[3] taken from https://cds.cern.ch/record/2869618/files/ATL-COM-MUON-2023-028.pdf
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