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ATLAS Micromegas

@ Upgrade of ATLAS muon spectrometer in endcap-region (small wheels) partly with
Micromegas detectors

@ Each small wheel will feature eight layers of Micromegas (slightly overlapping)
(consisting of quadruplets)

@ Smallest modules (2m? per active layer) are built in Germany collaboration
(University Mainz, University Munich and University Wiirzburg)
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NSW Micromegas Production in Munich

LS

: . 3 L
Prototype SM2-module in test beam at H8 beam line (SPS) (aug. 2017)
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H8-Set-Up

Predicted track accuracy
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@ Z-position of SM2 between:
- —400 mm-0 mm (angle dependent)
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Determination of resolution: Comparing
prediction from telescope with hit in SM2
@ SM2 with a tracking telescope consisting and subtracting the track uncertainty

of a total of 6 Detectors, only 4 used for ° _ > 5
tracking Ores. = /T isuat — T

Track prediction accuracy between
60 pm—100 pm
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H8-Set-Up

Schematic of a the test-beam set-up
¢Trigger—5cintillators

I
Logic-Unit

Veto

A

I---l-

Bernhard Flierl (LMU Munich)

Large MM Tracking

@ Detectors equipped with
strip read-out (reference
detectors 2D)

@ All detectors read out
with APV25-chips and
FEC-cards (4 FEC cards
non-zerosupressed) ?

@ Trigger (from
scintillators) and clock
distributed via CTF-card

@ Time jitter recorded via
trigger-out of FEC-cards
with TDC

The foreseen VMM-chips were
not available at this time,
but will hopefully be tested next
week with first series production
module
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Centroid Spatial Resolution SM2

@ Centroid position reconstruction works

as expected (no amplification or drift — 600
field dependence (Ar-CO, 93:7%)) E_ { + } { - (°
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Signal Parametrization

pulse height
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@ signal-rise fitted with g(t) = : 0 =ty

+exp (Lg7)
@ extrapolate starting point:

@ straight line through: 0.1 xMax, 0.5xMax and 0.9x Max of inv. Fermi function
(Max = maximum of pulse height)
@ extrapolate to t; = t(q = pedestal)

= starting point: t; = tp — %At
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Non-perpendicular tracks

@ Usage of Time-Projection
Chamber like analysis

@ x= strip-position, t=

Extrapolated timing (o<z/Vgift) It 123616
. . L. i turee 72.69 + 4.976
@ linear fit to x-t distribution Mypc  -0.5392 +0.04184 Cathode
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@ For good results careful strip n2o A me s 20 122 s{,f; [o_f,f‘m]

selection necessary

@ Timing sensitive to charge
coupling of neighboring
read-out strips
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Influence of Strip Charge Coupling

@ Strong cross-talk between strips due
to capacitive coupling observed —

signal timing distorted 20°, Egpie =600V cm 1
1 ri -
@ Effect can be best seen in angle
2 450
c

reconstruction — 40% correction
g 400 | = 30% correction
O
|'| 15% correction
350 i ™0

1 ! R —— no correction
0 = arctan — (1) 300 If ‘\[
My TPC VDrift s IR 4 i
@ Coupling can be compensated by 200 H Jh"\lll. b
shape of signal and neighboring strips 150 I LI']'I. 1'1
1 rnl
@ After compensation strip fit is e i Ly Tl
. . . 50 I, !
repeated — timing of strips with low . d&: 4
Charge improved 1 % oo St?ecorfglruc;lgd ansgole [1

@ Best angular reconstruction at
compensation of 30 % (consistent with
simulations)
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Combination of uTPC and Centroid Method

Short intermezzo: Also useful for small detectors (especially for small angles)
Example: Small T-Chambers (resistive 10 cm? x 10 cm? Micromegas), 150 GeV pion
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How well does this work?
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uTPC-Results SM2
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Dependence of Egix on wTPC Resolution

@ Resolution increases with lower Egjf, best resolution at 300V cm™1
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Differences to small detectors

small MM NSW MM influence

amplification gap | fixed (110 um) 120pm-130pm | signal height, signal shape,
signal timing

board design single PCB 3-5 PCBs edges in active area, holes,
pulse height uniformity
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timing distribution of fastest strip signal rise time
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/-Position Reconstruction
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Alternative Position Reconstruction

30° inclination

Comparison of residuals 10°
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Conclusions

@ Timing resolution seems to be an issue of large floating mesh
Micromegas, compared to smaller (bulk) chambers

o uTPC-reconstruction strongly benefits from considering and
correcting capacitive coupling of read-out strips (also true for small
detectors)

@ Alternative approach using timing of centroid can improve
reconstruction quality
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Backup

Backup
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High Luminosity Upgrade of LHC

Small Wheel

@ LHC high luminosity upgrade

o 2021: Run 3: 2 X Lgesign
e 2026: Run 4: 5 —7 X Lyesign
@ upgrade of inner end-cap region of

Muon Spectrometer (Small Wheels)
before Run 3

25m

LAr hadronic end-cap and
\ forward calorimeters

LAr electromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiation fracker
Semiconductor fracker

Run 1 | | Run 2 | | Run3

7Tev 8TV |
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Motivation for the ATLAS NSW Upgrade Project

@ Preserve current momentum
resolution for higher luminosity:
Apr(pr =1TeV) = 15%

@ Reduce fake trigger background by
inclusion of Small Wheel in
L1-trigger

— New Small Wheel needs
trigger and high rate capable
new technology:

@ small Strip Thin Gap Chambers
(sTGC) and

@ Micromegas

Bernhard Flierl (LMU Munich)

T
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1 mrad resolution +  trigger capability needed

@ Currently: 90 % of trigger fake in end-cap
region
A track pointing to IP (good muon track)
B no hit in Small Wheel (fake)
C background event: not pointing to IP (fake)
@ Small Wheel efficiency loss (example MDTs):

L > Lesign =>¢ <90%

L > 2L gesion =—> € < 60 %
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Strip Alignment NSW

@ Two read-out panels with strips
parallel to botttom edges
(eta-layers Rightarrow high
precision in eta coordinate)

o Two layers in every Quadruplet
will have £1.5° tilted strips
— coarse information in

¢-direction
_ _utv __ u—v
°n= 2cosp and ¢ ~ 2sinp
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