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Introduction

Motivation

e development & comissioning of muon tracking detectors
e high-energy physics (ATLAS upgrade)
e medical imaging i.e. photon detectors
e neutron-physics (3He-shortage)
e investigate properties & performance of micro-pattern gaseous
detectors: Micromegas
— Application: tracking telescope for test beams: high resolution,
high efficiency, good double hit resolution, high rate capablity

Jona Bortfeldt (LMU Munich) Micromegas Telescope 25/07/2012 2 /28



Introduction

The ATLAS Experiment at LHC

LAr hadronic end-cap and
forward calorimeters

............... Pixel detector
------------- Toroid magnets LAr electromagnetic calorimeters
Muon chambers Solenoid magnet | Transition radiation tracker
Semiconductor fracker
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Introduction

HL-LHC: Why New Muon Detectors?

expected back-
ground rates
[Hz/cm?],
including safety
factor of 5

J- v. Loeben, IEEE Nucl. Sc. Symp. 2010

high-rate neutron- & ~-background:
e occupancy <> low efficiency

e degradation of spatial resolution < worse momentum resolution
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Introduction

Properties of a “good” muon detector for ATLAS

e high efficiency to muons

e good spatial resolution Ar < 50 pm
e high rate capability
e low occupancy

o little degradation of spatial resolution in high flux - and
neutron-background

e large area coverage
e cost effective

¢ reliable = no or at least little aging
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Introduction

charged particles: el.-magn.
interaction dominant in gas
detectors — excitation and
ionization

incident particle deposits
energy in gas, Bethe-Bloch —
(dE /dx)

(dE /dx)\p = 2.53keV/cm in

Ar @ NTP

dE/dx
#e—ion pairs — <T//>

W, ~ 25eV in Ar (also
accounts for excitation)
—~100 e-ion-pairs/cm

measureable but really difficult!
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Gas Amplification

A

Introduction

electron
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e in strong electric fields, e~
gain enough energy to further
ionize the gas

First Townsend coefficient in Ar:CO, ‘
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Setup

Setup
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Setup

Micromegas Setup & Functional Principle

cathode
-1000V
0.8kV/cm y
Ar:CO, 6mm
mesh
-500V
pillars — el m 128Um == 3gkv/em
anode % +/¥ + + + 3
strips
position / timing timing
250um T 150um B

e ionization in 6 mm drift region

e gas amplification in 128 ym amplification region

e 90 x 100 mm?, 360 copper strips (150 um width and 250 ym pitch)
e gas: Ar:CO; 93:7, 85:15 @ NTP
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Setup

Calibration Experiments for Track Telescope

7~ 120 GeV - 300 GeV @ H6 SPS CERN
p: < 160GeV @ H8 SPS CERN

o rates up to 4.2 x 103 /cm?s

two Ar:CO, gas mixtures 93:7 and 85:15

statistics: ~ 6M pion and ~ 14M muon tracks
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Testbeam Setup

scintillator 4 Micromegas
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Setup

4 Micromegas with 360
strips each, all strips parallel

trigger: 2x3 scintillators —
3" coordinate

readout by Gassiplex
frontends, 1500 channels in
total

gas-flux ~ 1In/h @

1013 mbar stabilized
pressure
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Setup

Testbeam Setup

scintillator
trigger

4
beam g

B

trigger unit

Micromegas
360mm

v ngy/ Q,D
~
'/

Jona Bortfeldt (LMU Munich) Micromegas Telescope 25/07/2012 12 /28



Trigger Latency
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mpv [adc channels]

Gassiplex shaper output, 160GeV Pions
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Performance & Optimization

Performance & Optimization
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Performance & Optimization

Performance & Optimization

e optimize readout electronics w.r.t. speed, pulse height, stability
e optimize particle detection efficiency

e investigate stability (discharges) in high-rate hadron and muon
beams

e determine and investigate spatial resolution

e investigate gas properties (drift velocity, diffusion <> spatial
resolution)

e optimize reconstruction algorithms
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Performance & Optimization

Pulse Height & Drift Field

pulse height [adc channels]

pulse height for pions, Ar:CO2 85:15, Micom 1 pulse height for muons, Ar:CO2 93:7, Micom 1
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Performance & Optimization

Efficiency vs Drift Field

hit efficiency for Ar:CO2 85:15, pions, Micom 1 hit efficiency for Ar:CO2 93:7, muons, Micom 1
1 1r
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Performance & Optimization

Discharges & Discharge Counting

e discharges between mesh (-HV) and anode strips (ground), induced
by large ionisation clusters (> 1000e™)

e non destructive, dead time < 20ms
e detect the mesh recharge

e pions: discharge probability ~ 10> per particle, similar for all

detectors
low pass filter
TOM R [5.6K [foM}—o HV-
mesh C~1nF 0 ' 2.6k o O supply
i , = 2nF I DS
anode B a7opF [
! —| : discharge
R I + counting
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Performance & Optimization

Discharges in Pion- and Muonbeams

Discharges per Particle (Pions)

pions: 10
o particle flux 4.2 x 103/cm?s ol |+ ticom2
e discharges dominated by incident 2 = Micom4
particles ‘\%115
— similar for all detectors g
o discharge probability ~ 1075 /particle _%m + ;
e ~ 2 discharges per SPS spill (= 105) % s i + :
—< 0.4% deadtime . '
— negligible 37 38 Easmgp oo a4
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Performance & Optimization

Discharges in Pion- and Muonbeams
pions: 10

Discharges per Particle (Pions)

o particle flux 4.2 x 103/cm?s sol | * Micom2

= Micom4

e discharges dominated by incident
particles
— similar for all detectors

15

10

discharges/particle

o discharge probability ~ 1075 /particle + }

e ~ 2 discharges per SPS spill (= 105) ° i -
—< 0.4% deadtime '
— negligible ARy

41 42

muons:
e particle flux > 4/cm?s
e discharges dominated by small detector defects, factor 6 difference
between detectors
o discharge rates 1/30min to 1/5min —< 0.04% deadtime
— completely negligible
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Spatial Resolution

Spatial Resolution
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Spatial Resolution

Track-Building

initial situation:

338 8 &

e two hits in the first two
detectors, secondary low

—_— — energetic particle

o u & 8 &8 E E

e using leading clusters gives bad
track

s 8 s &

Jona Bortfeldt
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Spatial Resolution

Track-Building

e use leading cluster in layer 1

338 8 &

e look for matching clusters in
layer 2, within the overall
. geometric acceptance

T

found 2 clusters T e if more than one is found, use
the leading cluster

o u & 8 &8 E E

s 8 s &
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Track-Building

338 8 &

o u & 8 &8 E E

no match

s 8 s &

Jona Bortfeldt

(LMU Munich)

Spatial Resolution

e build a track from the two
clusters

e look for matching hits in layer 3

e if no hits are found ...
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Spatial Resolution

Track-Building

. use the next to leading
cluster in layer 2

338 8 &

—_— — e again build a track from the
= e two clusters

e look for matching hits in layer 3

o u & 8 &8 E E

e if no hits are found and no
— further clusters in layer 2 match

no match

s 8 s &
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Spatial Resolution

Track-Building

e ... use different start cluster in
layer 1

53 B 8 &

: e look for matching clusters in
—_— the layer 2, within the overall
geometric acceptance

found 2 clusters

e if more than one is found, use
the leading cluster

o ¥ &8 5 &8 B B

s 8 s & 8

Jona Bortfeldt (LMU Munich) Micromegas Telescope 25/07/2012 21 /28



Spatial Resolution

Track-Building

e build a track from the two
clusters

53 B 8 &

—_— — e |ook for matching hits in layer 3

if one is found, build a track
from the three clusters

e look for matching hits in layer 4

o ¥ &8 5 &8 B B

R = e if one is found ...

found track!

found one cluster

found one cluster

s 8 s & 8
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Spatial Resolution

Single Detector Spatial Resolution — Track Extrapolation

csR,ref /
i Osr
resid]
0.(rat:k
— _/
gx v
7 track reference

Jona Bortfeldt (LMU Munich)

Micromegas Telescope

the method:

e extrapolate track from n—1
detectors into the nth

e determine residual between
measured hit and track

prediction
2 _ 2 2
® Otesid — Utrack,n + Osr
details:

o fit line x(z) =az+bton—1
detectors <+ minimize

2
2 __ n—1 x;—azi—b
=Y (a5t

OSR,i
— aand b

* Gwae(2)? = ((x(2) = (x(2)))°)

= Utrack(27 J5R,i)2
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Spatial Resolution

Track Resolution — NIMA 538, 372

e determine o;, and oey, i.e. the residual for the detector included in
the fit and excluded respectively

e Carnegie et al.: spatial resolution osgr = \/0in X Tex
* equal operation parameters in all detectors — otrack (OSR,i)

\ residual, micom not in fit, t0, mmO0 | resoutfitommoO | residual, all micoms in fit, t0, mmO | resinfitOmmO0
Envios Za050 enries ze950
F Voan oooess2 n aan oo00ms2s
800 P RUS 008526 r D Rus oce027
F < 1600 < e sosn
700 Foy o« Cosa wanaa
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600 Sama 005458 £ 00003 . o ouseomors
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£ O =55Um 10001 0,,=25um
400F 800,
3001 6005
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Spatial Resolution

Spatial Resolution & Drift Field, Ar:CO, 85:15

spatial resolution with pions, Ar:CO2 85:15 .
e larger resolution @ small &

80
L . Eamp=42.2kV/cm )
+ Eamp=41.4kV/cm large Earift
701 Eany=40.6kV/cm e optimum resolution 35 um Q@
— T v Eamp=39.1KV/
E l = Edriee = 0.8kV/cm
s e idea: resolution best when
S 50 J 4 charge distribution is smoothest
o I by . . . .
s I [ e < hit position is represented
S 40 1
st best
30 { T e two effects can smooth charge
i distribution:
203040608 1 12141618 2 2.2 e diffusion of electrons

Eqire [kKV/Cm] e increasing the number of

cathode .
_— electrons, entering the
i amplification region
.mesh ..
Eump
anode
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Spatial Resolution

Spatial Resolution & Drift Field, Ar:CO, 85:15

spatial resolution [um]

spatial resolution with pions, Ar:CO2 85:15
80
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transverse diffusion [um for 1 cm]

Micromegas Telescope

transverse diffusion, Ar:CO2 85:15, garfield simulation

360[
3401
320
300
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240 best value of spatial resolutiq

El

220 @E, = 0.8kvicm: 35um
200
180
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500 1000 1500 2000
Eqine ViICm

no clear dependance visible
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Spatial Resolution

Spatial Resolution & Drift Field, Ar:CO, 85:15

spatial resolution [um]

spatial resolution with pions, Ar:CO2 85:15 pulse height for pions, Ar:CO2 85:15, Micom 1
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Spatial Resolution

Spatial Resolution & Drift Field, Ar:CO, 93:7

spatial resolution with muons, Ar:CO2 93:7 .
e larger resolution @ small &

80; Fl' J+ Iarge Eqrift
i ﬂL ! e optimum resolution 35 ym @
£ i {f{
Tl & ) % Eqrite = 0.3kV/cm
§ oo % % + e resolution should also depend
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Spatial Resolution

Spatial Resolution & Drift Field, Ar:CO, 93:7

spatial resolution [um]

spatial resolution with muons, Ar:CO2 93:7 transverse diffusion, Ar:CO2 93:7, garfield simulation
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Spatial Resolution

Spatial Resolution & Drift Field, Ar:CO, 93:7

spatial resolution [um]

spatial resolution with muons, Ar:CO2 93:7
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o

i e
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Eqrire [kV/cm]
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cathode

pulse height for muons, Ar:C0O2 93:7, Micom 1
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Spatial Resolution for Pions and Muons

spatial resolution for pions and muons, Ar:CO2 85:15

Spatial Resolution

pulse height for pions and muons, Ar:CO2 85:15
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e equivalent behavior for pions & muons

e pulse height fluctuation <> temperature variation
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Spatial Resolution

Tracking Accuracy of the Telescope

track uncertainty for 500mm length track uncertainty for 1000mm length

0.1 0.1 :
L L detector resolution 35um

0.08 0.08

0.06 0.06

0.04

uncertainty [mm]
T
uncertainty [mm]

0.02 et 0.02 *e et

1000 500 0 500 1000 01000 500 0 500 1000

distance [mm)] distance [mm)]
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Summary

Summary & Outlook

e stable operation in pure hadron and muon beam over weeks,
Pspark,m 5 10_5

e but: in high background environment discharge counter-measures
needed (resistive strips, floating strips)

e optimization w.r.t. gas gain, drift field, trigger latency, readout
configuration

e spatial resolution <+ number of electrons entering amplification gap

e single detector spatial resolution ot ~ 35um
= overall tracking resolution o ~ 20um

e track merging with additional DAQ systems possible (analog trigger
tag)
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Summary

Summary & Outlook

Thank you!
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Summary

backup

Jona Bortfeldt (LMU Munich) Micromegas Telescope 25/07/2012 29 /28



Summary

backup: Single Detector Spatial Resolution Il — 3 Layer
Method

e interpolate track prediction by two
1 detectors into 3™ and compare
with measured hit in that detector

r’I
o)
%2

MM 1

2
(B0 = (Ar) + (%28n) +
2
d
(-2
MM 4 e 4 Ar; & 4 different

triplett-equations
— solvable system
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Summary

backup: Comparison of the Three Methods

spatial resolution [um]

spatial resolution pions, 85:15, Eamp=42.2kvlcm

e track extrapolation
65
= 3-Layer-Method

6l

o

v NIMA 538, 372

55
5l
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45

it
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35
3

o

25

T i | I W N | |
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o i
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2

e method | and Il equivalent

pulse height for 160GeV muons

L totcha0
10000 Entries 1428320

= Mean 116.8

- RMS 80.23
8000—
6000—
4000
2000

ot Lo b by T
0 100 200 300 400 500

pulse height [adc channels]

e method Il tends to decrease the difference of spatial resolution for
different detectors (osR ref = 44 £ 2um)
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