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Introduction

THE ATLAS EXPERIMENT AT LHC

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

LAr electromagnetic calorimeters

Toroid magnets
Muon chambers Solenoid magnet | Transition radiation tracker

Semiconductor fracker
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Introduction

SLHC: WaYy 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

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

e large area coverage
e cost effective

e reliable = no or at least little aging
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Introduction

WHAT ARE WE DOING?

o large area detector systems with good spatial resolution (ATLAS
Small Wheel Upgrade, MAMMA collaboration)

e investigate behavior of Micromegas under irradiation (stability,
spatial resolution, efficiency)

e muon track monitor/telescope (high-rate capable, good spatial
resolution Ax < 50 pm, radiation hard)

e 140 GeV muons/pions @ H8 and H6/CERN
e cosmic muons @ GIF/CERN
e cosmic muons @ Tandem accelerator/MLL Garching
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Introduction

OUTLINE
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Introduction

Principles of Gasdetectors

ToN1ZATION CHAMBER
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Micromegas

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

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

o (dE/dx)pp = 2.53keV/cm in
Ar @ NTP

(dE /dx)
W

e W)~ 25eV in Ar (also
accounts for excitation)

—~100 e-ion-pairs/cm

® #e—ion pairs —

e measureable but really difficult!
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Introduction Principles of Gasdetectors

GAS AMPLIFICATION

i

“ }'ﬂ f\ » e in strong electric fields, e~

gain enough energy to further
ionize the gas

First Townsend coefficient in Ar:CO, ‘

F % * mean free path A, =1/«
: // e first Townsend coefficient

600; // a = #e—ion Pairs/cm
40; // 4 93:7 ) N(X) ) No exp(aX)

ER T « gain factors of 3000 - 20000
n v 90:10
3007 /f—// p— sufficient

30000 35000 _ 40000 45000 50000
Eamp [Viem]
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Introduction Detector Setup

SETUP & FUNCTIONAL PRINCIPLE

cathode

-1000V

0.8kV/cm

6mm

~T28um L 200V \

% 39kV/cm s-

timing

e ionization in 5-7 mm drift region

e gas amplification in 128 ym amplification region
e 90 x 100 mm?, 360 strips (150 pm width and 250 pm pitch)
e gas: Ar:CO; 93:7, 90:10, 85:15 and 80:20 @ NTP
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General Detector Performance Flash ADC Setup

FrasHu ADC: SETUP

e 1GHz FADC — temporal

Somm_ structure of charge signals
@ e all strips or subgroups of strips

soal [ geasessr | interconnected

— internal trigger: det. trigger,
- photomultiplier 55F
e source

external trigger:

e 2 fold coinc.
e 3 fold coinc., cosmics

] o |

tr .

coinc. &

coinc.i_ ° efficiency £ = ﬁ&

ScX fgeom

signal trigger
9 99 2fold coinc. tr.

3fold coinc discr.

det. trigger

discr. | ——mm

| e—— | PreAmp
Canberra 2004
[ ]

> @ e MC simulation of cosmic tracks
£ e — correction factor fgeom

® Emip 2 98%
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General Detector Performance Flash ADC Setup

FrasH ADC: SIGNAL ANALYSIS

signalshape MICROMEGAS, typical event
max 69.38 + 0.1496

inflect.p. 548.1+0.4151

-
(=]
=

sigrise/4.4 34.45 + 0.3457
ampoffset 77.32 +0.09551

0

* f(t) = seramr +P3
o — amplitude: 3 - 250mV
e pl — timing

inverse
Fermi fit

U [0.244 mV] < charge [0.244 fC]
] a
o =]
T

-
(=3
o

. . mean1 & mean2
e p2 — rise time: 45 - 200 ns /
e p3 — offset, only small 80
variation e R TR R
_ o 0 500 1000 1500 2000 2500
e possible condition: time [ns]

meanl - mean2 > 30
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General Detector Performance Energy Resolution

ENERGY RESOLUTION @ 5.9 KEV X-RAYS

[ pulse height Micromegas, Fe55 |

L T T 1

i A ] 55Fe decays via electron capture.
1500 [ Mn K,.. Photoeffect dominant interaction —

i | |—MnK, mono-energetic lines:

r | |—MnK;,

- e 59keV (Mn
1000~ _ - (Mnka)

[ \ ] e 06.5keV (Man)

[ | i o 2.94keV (Mnk
500~ \ . (Mnkaec)

N 3 \ 4

r - 1 AE — 240

o e N ] E Fwhm = 24%

50 100
pulse height [0.244mV]
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(@ S| N TN ENISM  Efficiency for s and Neutrons

EFFICIENCY FOR GAMMAS (137Cs)

e calibrated sources with known
activity Niot
e count signals within 300s

source — Nmeas

lead e determine solid angle 2 and
correct for absorption (Al-lid
with width deff)

Ntrue = Ntot exp( A deff)

® &= meas/Ntrue

o 137Cs (E, = 662keV):
Nirve, = (1.59 + 0.04) MHz
e, =(26+02)x10°3

signal

PreAmp
Canberra 2004

—>‘discr. —>‘ scaler
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(@ S| N TN ENISM  Efficiency for s and Neutrons

EFFICIENCY FOR NEUTRONS (%*2Cf)

source

e £, upto8MeV, E, =keV...4MeV

e issue: only total rate measurable
— Nmeas(neutron) =7

e add Pb-absorber and measure total

rates Ry—1cm & Ra=5cm

y rate neutron rate

b Rlcm = flcm,nNmeas,n + flcm,’meeas,'y
R5cm = f:’)cm,nNmeasm + f:’)cm,'y Nmeas;y

Gamxn;:;?a\evsAbsorbeerdm‘C@ [ Neul;jg}RalevsAbsmberWwdmc@ ® use PSD to determine the fs
180F « XIndl 5245040714 30F .. XIndf 1459407 /12 252 .
160 PO 8.402e+04 + 4234 25F N 0 307er04 26138 ° . Cf‘
140+ 1 -0.08958+0.00431
a3 - o ; Neot.n - % = (9.1+0.3)kHz
3 100- PO * exp(p1*width) § a . - Q
= 80F A Rusenke = N Ntot,fissy v = (164 + 13) kHZ
60F 10F po * exp(p1*width) —4 0
407\\ o AR £, < 6.8x107" @95% CL
20F e eesn . o
L S R S (RS e, =(1.5+04) x 103
width [cm] width [em]
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General Detector Performance BSJeEl{NI1:3

SPARKING IN MICROMEGAS

‘ spark frequency vs E,. Fe55, Ar:CO, 80:20 ‘

0.8¢
07 e discharges from mesh onto
os anode, non-desctructive
£ e possibly triggered by
i o4 highly-ionizing particles
o [ + (AE > 400 keV)
0.2 .
¢ o411 e r.— =(1.0£0.2) x 105/pion
LTt @ flux 5 x 10*s1cm—2
0 ‘42‘ ‘ ‘44‘ ‘ ‘46‘ ‘ ‘48‘ - - ‘52 .
Eanp [kVIcm] e dead time after spark < 20 ms
micromegas fast coupling frontend board A
diodes  board = " e protection of readout
T {I} 1k=1=n > electronics absolutely necessary
/ ? T e additional resistor to avoid
I | skl mesh discharge
readout strip = £
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General Detector Performance BSJeEl{NI1:3

SPARK PHOTOGRAPHS COSMICS — SETUP

acrylic glass
lid
o o
Il 1
%ﬂ» j a: 5 e R 1 o — L L g1
i
‘ |
I 250mm
aluminum frame mesh pillars cathode

e ground readout strips via 10 k€2 resistor, switch on high voltage

e use analog single-lens reflex camera (with film!) for long-time
exposure ~ 16 h

e sparks visible as small white dots due to excitation of gas
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General Detector Performance BSJeEl{NI1:3

SPARK PHOTOS — NO IRRADIATION

sparks in Micom 5

e discharges not localized, but ~
homogeneously distributed over
active area

e more discharges at the edges of

the active area Supiport me|Sh

— highly-ionizing particles + Al-frame  anode
charge-up effects?
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General Detector Performance BSJeEl{NI1:3

SPARK PHOTOS — 7 IRRADIATION

o 137Cs (E, = 662 keV)
e increased spark rate due to
irradiation

e reaction of ~ys in Al-frame or
cathode-frame?

e further investigation needed
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Muon Tracking System

TRACKING SYSTEM: COSMICS

100mm

bus card \ l
stabilizer card O 1

T T |
routing board \
[FV]gas volume | I,
Il
[TT ]

£

s volume _|[HV]

e

Pb absorber "

readout controller
private bus.
detector trigger unit

MMz
1
s
VME @

Jona Bortfeldt (LMU Miinchen) Micromegas

2
t

4 Micromegas

strips parallel — 2-dim. track
reconstruction

modified Gassiplex based strip

readout, formerly used in
HADES

16 ch per Gassiplex; 4 Gassiplex
per frontend; 6 FEs per
detector — 1500 channels
trigger: 6 strip scintillators (3"
track coordinate) + 1
scintillator panel (600 MeV
energy cut)
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TRACKING SYSTEM: TESTBEAM SETUP

H6 beamline/CERN: 7~ with p = 120 — 300 GeV
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Muon Tracking System

TRACKING SYSTEM: DATA ANALYSIS

distance y [mm]
N
(=
o

350 ..

400

0 50 100 150 200 250 300 350
strip

e hits: center-of-gravity method,
regarding only those strips with
amplitude> 3¢ around the one
with maximum amplitude

e hit ambiguities: look for significant
hits on a 5.25 mm wide road,
defined by other detectors

e track reconstruction: linear fit
through all detectors — alignment
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Muon Tracking System Spatial Resolution

DETERMINATION OF SPATIAL RESOLUTION

e interpolate track prediction by

MM 1 /T 1 ld T two detectors into 3" and
1" compare with measured hit in

MM 2 —3

=T, d that detector

o 12 din i

. 5=r3—rzﬁ—r1( —() -
MM 3 —f————2 (89" =
1 2 2
r, (Ar)*+ (%AQ) + [( - Z—g) Ar1]

MM 4 e 4 different triplett-equations &

4 Ar; — solvable system
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Muon Tracking System Spatial Resolution

SPATIAL RESOLUTION FOR 120 GEV PIONS —

PRELIMINARY

A 6 COmbInatIOn 1 2 4 anah6_0251_deltavsinclin2_py_1
e L e 120 GeV pions, angle 90°
Mean 0.003787
5000 RvS 0.08715 e simplified assumption: spatial
X2/ ndf 494.6 /114 .
4000 00 so012 282 resolution the same for all
PL 000452000021 detectors — only one equation
3000 p2 0.04576 + 0.00020
p3 1717440 e Ar = A(S/\/m ~ 34 pm
p4 0.0012 + 0.0028
2000 p5 0.2714 + 0.0040
1000
0

-0.4 -03-02-01 0 0.1 02 03 04
residual [mm]
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Muon Tracking System Spatial Resolution

SPATIAL RESOLUTION: IRRADIATION WITH 137Cs

Hodoscope .
—— N=33.5kHz

Micromegas 1 N=42.8kHz

_ o £, =662keV

R | V=567 ki e 2 sources with Ayt ~ 5.8 MBq

“Cs g o 1.6 MHzx (2.6 x 1073) = 4.1kHz
Micromegas 3| =190 kf1z o efficiency £, = (2.6 +£0.2) x 1073
Mictomegas4 | N=611kHz e slight increase of spark rates
Mososeaps =274 fop, 5137/ fspino irrad. = 1.26 £ 0.07

e no significant degradation of spatial
trpl. A0 [im]  Bdn [om] resolution visible — Micromegas

23 (10555 (108L5) expected to be su.itable.for providing
124 (108+5) (108 +6) track reference/trigger in GIF

134 (118 + 7) (117 + 5) measurements (N 20 MHz @lab —
234 (122+7) (119+5) ~ 50 MHz QGIF)
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Muon Tracking System Spatial Resolution

SPATIAL RESOLUTION: IRRADIATION WITH 222CF

Micromegas 1 N=280Hz

Micromegas 2 | N =400 Hz . 0 Tec)
e a-source, in 3% spontaneous fission

neutron flux — E, =keV---4MeV & E, < 8MeV
252cf - .
Micromegas 3 | N =9000 Hz ° N37n = (91 + 03) kHz
Micromegas 4 N=3500HZ o En < 6.8 X 10_4 @ 95% CL
[ puse gt cosmics Wieromegas 3 | e increase of spark rates
ook o ‘ ‘ ] fsp, Cf252/f;p,no irrad. =
e 0.5min~'/0.19min"! =26 £0.2
. o= CT e spatial resolution: statistic not

sufficient for usual method, but no
degradation expected since pulse
height unchanged

number of events
N
S
=]

H
S
3

200 400 600 800 1000
charge [ADC channel]

Jona Bortfeldt (LMU Miinchen) Micromegas 26/07/2011 25/ 26



SUMMARY

e stable operation with single plane readout and fast strip readout @
g~ 98%

e energy resolution for 5.9keV X-rays: AE/E ~ 24%

e tracking system with 4 Micromegas running, readout stable in lab
and in hadron beam for ~ O(week)

e single detector spatial resolution of @ = 34 ym for 120 GeV Pions

e no degradation of spatial resolution under irradidation with 137Cs,
no degradation for 252Cf expected

Thank you!
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