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I ATLAS New Small Wheel s e

« HL-LHC expected luminosity of 7.5x103* cm™2s~1, 7.5 times the nominal! | | |:|
— increase of the expected background rate, in particular in the forward region El

C
— decrease of muon tracking performances New Small Whee \A\D P
— old detectors in the first end-cap station not designed for these rates ] . "
— B
e

« Background hits originate mostly from low energy photons and neutrons
generated by proton collisions

borrel
muon chambers

New Small Wheel (NSW)
muon charmbers

barrel toroid mognet

« The New Small Wheels (NSW) is the new first end-cap
station of the ATLAS muon spectrometer, installed in
2021 in view of the HL-LHC upgrade

e Designed to provide an important reduction of the
trigger rate and of the fake-track reconstruction in the
1.3 < |n] < 2.7 region of ATLAS:

« 100 um spatial resolution required by design

endcap toro
maognet
¢ endcop colormerers - Efficient detector in front of the end-cap toroid is
barrel electromagnetic calorimeter ;[;l\JTnLiaSrTI]entaI to reduce the fa keS'rate beIOW
o lenoid magnet Im |tS 2
ATLAS barrel hodronic caolorimeter S b
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NSW large sector sTGC modules NSW large sector Micromegas modules
(assembled view) L1-12-13 (exploded view) LM1 - LM2

I New Small Wheel structure

« Each wheel is made of 16 sectors (8 small and 8 large), covering
the 1.3 < |n| < 2.7 end-cap region

sTGC wedge
frame

mount for
- sTGC wedge on
spacer frame (3x)

« Every sector is composed by 16 layers of 2 detector technologies:

mount for sector
on NSW spokes (3x)

« Small Thin Gap Chambers (sTGC), primarily for trigger purposes

. Micromegas (MM), primarily for tracking purposes A Ml . R L5

« Large and Small sectors overlap in -~
order to cover the holes of P /P-
acceptance between sectors L7

gl

« Redundancy and robustness against AT
inefficiencies provided by the 8 layers L
— 4/8 coincidence possible et

P

« For MM detectors, 2 layers for each Wy
quadruplet are tilted by +1.5° to
provide second coordinate
position of the track 7
— stereo layers 7

sTGC MM “P€T MM sTGC



I Micromegas detector

« Micro-pattern gaseous detector operating in proportional regime using Ar: C0,:iC4H 1o (93: 5: 2 vol%) gas mixture

. Grounded meta”ic mesh Separating dr|ft (a) single electron p / MIP creating clusters of e-ion pairs along a (d) X-ray y yielding a
. r . . . in the drift region (b) perpendicular and (c) inclined track cloud of e-ion pairs
and amplification regions: ‘
« Drift gap (5 mm) with E = 480 V/cm Drift cathode (on FR4) W \ W Y )} —240L
! ‘ : : U
« Amplification gap (128 um) with E = 40 kV/cm T l kY l I ot %:;’ oty
« Gas gain of ~10* obtained in the amplification
region

« Short dead time provided by the separation of
the two regions and the fast evacuation of
positive ions

 Resistive strip readout to protect from el A AMBMA A& A mAlE.__ A M&mE
occurring discharges Anode PCB 4520y YA

Polarity:

« Capacitive coupling between resistive and

readout strip, which sends out the induced The ternary Ar: C03: iC4H19 (93: 5: 2 vol%) gas mixture has
signal to the front-end electronics (VMM) demonstrated to provide a better high voltage stability and a

larger pulse height, useful for inclined track reconstruction,
with respect to the previous used Ar: C0O, (93: 7 vol%)
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I GIF++ facility and setup

« Irradiation and performance studies of MM detectors with irradiation from a
gamma-ray source in GIF++ facility at CERN

-
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« Radioactive source: '37Cs 662 keV Gammas ~11.6 TBq

.
=)
o
Current [cnr

« Possible to tune the irradiation intensity by selecting a set of 3 filters in
front of the source (24 combinations from Attenuation Factor=1 to AF=46k)

-
<
S

During test-beams:

« Trigger from facility's scintillators
outside the bunker

* 4 small 40x40 cm?
tracking chambers

muon beam

preparation
zone

MAD

s MM chamber | " turnstile
B Tracking chamber i i i
B9 Scintillator




I GIF++ facility and setup L

* Irradiation and performance studies of MM detectors with irradiation from a s
gamma-ray source in GIF++ facility at CERN ‘

« Radioactive source: '37Cs 662 keV Gammas ~11.6 TBq

« Possible to tune the irradiation intensity by selecting a set of 3 filters in
front of the source (24 combinations from Attenuation Factor=1 to AF=46k)

During test-beams:

« Trigger from facility’s scintillators
outside the bunker

* 4 small 40x40 cm?
tracking chambers

muon beam

preparation
zone

| MAD

|

mmm MM chamber | AT I
B Tracking chamber I \BE
BH Scintillator
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Irradiation of Micromegas detector

ATLAS Muon System Preliminary

« Long term irradiation studies started in 2021 using MM o35 ' L Sy HL-LHC o
production detectors (spares): SM1 and LM2 type - L NS@'DT;rg;tggag B _af Eizi)l/g st) -
- Different distance from the source of SM1 and LM2 03— UM . SMIMO v 1Oy HLLHC |/ 7]

chambers resulting in different accumulated charge

—— - o - - ]

Accumulated Charge [C/cm?]

0.25~ = L2R3 .

« Focusing on SM1 chamber having a larger expected - LaL3 -
irradiation in HL-LHC conditions 02F — Lars -

» Large difference of expected irradiation between the 1st - L4L3 gt [H_C__:'
' - 015 e LARB ooy ot - y HL- !

and the last strip of the PCB1: | at 520V (last) |

« Almost a factor 2 less being 43 cm further from the beam axis N N =

 Several years of HL-LHC equivalent have been
accumulated so far, with no general decrease in 0.05
performance observed!

. . . . . L. 1 1 1 1 | 1 1 | 1 1 | 1
» Test beams performed during irradiation campaign to 0 01/0721  31712/21  02/07/22 _31/12/22 __ 02/07/23

validate and track the performances of the irradiated Date
detectors

The values of the lines corresponds to the

« All results shown in the slides are evaluated after more and last strips of PCB1 expected irradiation
than 2 years of irradiation!




Performance after 2 years of irradiation

ATLAS Muon System Preliminary
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Detector performances evaluated after 2 years of irradiation: & - ° =« = =z § § & ¥ -
O 0.95— GIF++ data ]
. . . : : = . - NSW Micromega -
Perfect efficiency for several values of applied high voltage | . . mcﬁﬂ‘;ﬁog s -
« Spatial resolution < 100 um achieved on irradiated chamber 0.9F pealtfime = 200ns -
0.85— —
ATLAS Muon System Preliminary - -
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_%3 7000:— E 0.85- E
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Test beam strategy

- Precision reference tracking made with 4 40x40 cm?

Micromegas chambers ' Second:

coordinate!

 Linear fit of the track and interpolation to
the plane of the layer to analyse

181 cm

« Only PCB3 of the SM1 detector instrumented

« Collected data in vertical and inclined (29°) /BL‘YZ
configuration of the chamber wbeam I Sl
201 cm 78 cm I—r
N . Precision E 10 cm
Cluster position reconstruction methods: gL yy coordinate SM1_L3
SM1_L1

GIF scintillators

« Charge centroid method (standard):

N

Xcentroid = ST with N strips in the cluster
1=

» Cluster-time projection method for inclined tracks:

» Charge centroid corrected exploiting correlation with cluster time
+ Fitting 2D correlation plot and using the fit parameters to correct the centroid position

— 1




Spatial resolution

Spatial resolution is evaluated by a bi-Gaussian fit performed
on the residuals between the cluster position and the track
extrapolated position on the analysed layer

All alignment corrections are applied accounting for offsets and rotations

Flat spatial resolution vs HV, and below 100 pm,

Tracking Layer under Tracking
chambers analysis chambers
Fitted track ,?17"/

Reconstructed
cluster

ATLAS Muon System Preliminary

Slightly degradation at 490 V having IOWer E‘ 0.5:IIII| T T T IIIII| T T T IIIII| T T T IIIII| T T T IIIII| T T T IIIII| -
gain and less strips over threshold E. 045 _ 520V, slh=1 . =
S - 505V, slh=1 P4+ data -
. . . ®) A ’ NSW M S
Slightly degradation of resolution at larger = 04E" _+ 490V, slh=1 0 incination
background rate, but still below 140 um o o35 20V, slh=0 peaictime =200ns
at 520V, due to larger tails from Y| = .- =
background hits = . Soulf 2 -
§ ¥ gIlez E
Confirmation of good performances at high 02 BT %o =
. . . - v ]
rates and after long irradiation of the chamber! 015 ® | 5 E
0.1 K’%— ., =
0.05F i =
0:IIII| | | Illllli | | IIIIII| | | IIIIII| | | IIIIII| | | IIIIII| -

1 10 102 10° 10* 10°

1 / Gamma Intensity [arb. units]

Extrapolated
cluster
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- A 1.
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bl S . * Pgeliminary —{ 200
© - ' NSW Micromega
atial resolution inclined tracks: + - s
D os5E 4 ':-'.4.-- o — 160
o Tk ' o 140
- T : . 0F " it 120
Cluster position for inclined tracks is reconstructed using the E a 75
cluster-time projection method: OSE gl ’ . 80
C I:II \
. . /:_ . - 60
« Correlation between residuals and time of the cluster is exploited to : O " 40
narrow the residuals distribution and achieve better spatial resolution! .5 ;i s 20
: J.- 5 al »
_2 B ! [ . O
20 0 20 40 60 80 100 120 140

Reaching 150 um with no background radiation at 520 V

ATLAS Muon System Prellmlnary
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GIF++ data
NSW Micromegas
29° inclination
peak time = 200ns

. . . — 0 TTTT T T T TITI1T
Slightly worse resolution decreasing HV € 55 |
having lower gain and less strips over E  oasE e 520V, slhe
threshold, specially for inclined tracks 3 o4f ’
5 ~ 505V, slh=1
Degradation of resolution at larger % 0'35;_
background rate due to larger tails from = 03g
background hits, but still below 250 um g 0.250
Best results obtained so far for inclined 02
tracks reconstruction for ATLAS 0.15F-
Micromegas detectors!! =
0.05F-
0:IIII| | | IIIIII|
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I Rates

ATLAS Muon System Preliminary
T T | T T T | T | T | T T T | T

&— 40000 — —— . .
. . = - ]
 Rates important to un.dersta.nd their correspondence O 350001 NSW Miaroa o B
to the gamma source intensity T - —*slh=1 520V full-pch3 .
=, L 0° lpcllnatlon -
mean number of clusters QO 30000 -eslh=0 peak time = 200ns ]
rate = : , o] - ]
time window X area — - ! ]
, . . 25000 l —
« Cluster (= 1 strip) rates evaluated with vertical setup = ! n
| | | 20000 - o9 =
« The two lines corresponds to the different setting n o7 .
of the slh parameter of the VMM electronics, 15000~ 5T =
corresponding t high lh = | = u 17 © ]
P g to an higher (s 1) or lower (slh = 0) - ' 3 o ]
bias voltage at the input of the electronic channels 100001 Q ]
— I o j ]
« Larger bias voltage provide a faster restoration of 50003_ i 7 g) 3
the baseline, recovering partially hit occupancy and - ! ]
slightly larger rate detection at higher gamma intensity 03 A Ol LA

0 0.2 0.4 0.6 0.8 1
« Saturation effect visible only partially in HL-LHC conditions Gamma Intensity [arb. units]

and only limited to the PCB1
From currents measurements in ATLAS and at
« Other PCBs should not see such high rates, GIF++, the value gamma intensity~0.5 is the

causing this saturation issue equivalent to the expected irradiation of the
first strip of pcb1 during HL-LHC operations | 13




r +2 mm window
s % . Tracking Layer under Tracking
Efﬁ ciencies chambers analysis chambers

« Effect of stlh VMM parameter shows partial recovery of efficiency
at larger background rates

Fitted track

—_——

« Decrease of efficiency expected to be limited to the PCB1

Efficient
st eppi ~ -
1 strip of PCBT at ~90% efficiency ATLAS Muon System Preliminadrl;/Ster 7 Extrapolated
- T v e A ey 2y Inefficient cluster
« Factor ~4 less background rate for 2 - : —¢ 3 cluster
last strip of PCB1 2 0%F . et
— reaching already >95% efficiency b= 0.9 - NSW Micromegas
_ 0.85F RS peak time =200ns
« Other PCBs should not see such high - e .
rates and should have >95% efficiency 0.8~ L, BT =
at the expected HL-LHC conditions rates ~ ,.F /i85 15 ® =
IEEIE z
« Overall good performances of ATLAS 07 ¢ 15T E
Micromegas detectors expected in HL-LHC 4 g5F ® =
conditions, specially when redundancy of - ~+1520V, slh=1 .
the several detector layers is exploited in ~ 9®F Dehrotvibiohst E
muon reconstruction with 4/8 layer 0.55 520V, slh=0 —
coincidence 0_55,,,,| T T T T T
1 10 102 10° 10°* 10°

1 / Gamma Intensity [arb. units]



Time resolution

« Time resolution also measured on irradiated chamber to ATLAS Muon System Preliminary

determine timing performances for trigger purposes 'a' 30 _I LU T T 1T T T 17T | T T 1T | T T T | T T 1T | T T T | T T 17T | T T T | LI I_

. . . . . c - _

« Time residuals of the earliest strips in back-to-back = - GIF++ data -
clusters, fitted with double-Gaussian o ®C ooly o oo B

— weighted resolution reported 5 - 29° inclination ]

o 26— —

 First two layers of the detector used 3 N ]
o 24 =

é,\’ g= N ]

, . ) 22— _

Earliest strip time & N ]

N4 C -

cluster L1 O 20— ]

18- —

< \ . o - .

< Earliest strip time - .

S 16— _

(>° CIUSter LZ _I 111 | .| | 1 11 | | I | I - | I | I - | 1 11 | | I - | 111 I_

485 490 495 500 505 510 515 520 525 530 535

HV [V]

« Values improve with higher gain!
From 505V to 530 V we go from ~21 ns to ~17 ns of time resolution, improving reconstruction performances
and trigger time spread

« 17 ns time resolution reached on a long-term irradiated chamber, confirming no degradation of performances! 15




Summary

« ATLAS Micromegas chambers fundamental for end-cap muon reconstruction during HL-LHC operations

 Irradiation studies useful to understand detector stability and performances after long-term irradiation
and with HL-LHC expected particle rates!

« Already reached several years of HL-LHC equivalents and continuing irradiation program at GIF++
« No decrease of performance seen on irradiated chamber, with very good HV stability!

- New bias voltage of the VMM channels (slh = 1) exploited to cope with the large signals and high rates
at the larger gamma intensity provided by the GIF++ source

« Very high efficiency and nominal resolution for perpendicular tracks, maintained also with high gamma intensity
« Evaluated best results in inclined track position resolution up to 150 um at higher gain WP
« Time resolution improving with higher gain, reaching 17 ns at 530V

« Overall performances not suffering the irradiation accumulated so far, showing still nominal performances!

Thanks for your attention!
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Layer under

Cluster building parameters hambers @355 || chambers

Cuts are applied on strips and in the cluster building:

—_——

STRIPS : 7
« Charge min: 58 PDO counts (~3 fC)

Fitted track [4,7/;'/;

Reconstructed
« Charge max: no limits cluster Extrapolated
] cluster
CLUSTERS: « Alignment done with Beam only runs (source OFF)
« Charge min: 100 PDO counts (~5.2 fC) « Tracking made with the 4 BL chambers 1 providing 2nd
coordinate

Charge max: no limits

N strip min: 1 « Coincidence of single cluster on Y1 and X1 + back-to-back
' clusters on Y2-Y3

N strip max: 50
« Linear fit of the track and interpolation to the plane of the
layer to analyse

N max holes; 2

N max consecutive holes: 1 , e :
« Bi-Gaussian fit is performed on the residuals between the

cluster position and the extrapolated position on the
analysed layer




Cluster-time projection

« Cluster-time projection method for the correction of the centroid reconstructed position

« Time of the cluster from charge weighted average of the strip’s time:

¢ _ N ti-q;
cluster Zliv qi

« Correlation fitted with linear function and correction applied to the centroid position

« Elliptical shape coming from the inhomogeneous energy loss of the muon in its path inside the drift gap

— 2 = 7T T T T T - 240
= E “ 3 '{_‘-’ " AtLAS Muo
E 1 5 i [l B . System == 220
fesne) S g1 Peeliminary — 200
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Spatial resolution results 2022

« In 2022 observed good performance during intermediate test-beam during the irradiation campaign
« Up to 80 um core resolution (depending on the tuning of the alignment of the layer) using centroid method

« Values compatible with the ones measured in 2023 after several months of additional irradiation,
confirming stability of the detector performances!
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