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Introduction and Motivation

* tracking system for 140 GeV muons @ H8-beamline/CERN

* large area detector systems with good spatial resolution Ax = 60um
and high rate capability (O(m?))

* investigate general behavior of GEM and Micromegas

* investigate spatial resolution of GEM/Micromegas under irradiation
with y @ GIF/CERN and n @ MLL tandem accelerator Munich
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Functional Principle Micromegas/GEM
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* MICROMEsh GAS detector * triple GEM detector
e 360 strips with 150pum width e active area: 100 mm x 100 mm
and 250um pitch - active area: ¢ unsegmented anode or strips
90mm x 100mm with 150pum width and 250um
e 128um amplification gap pitch
 5-7mm drift gap * GEM spacing: 2-3mm
* Ar:CO,at NTP e drift gap: 3-4mm
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flashADC: Setup & Data Analysis
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= max 69.38 + 0.1496
R'.: r inflect.p. 548.1+ 0.4151
signal % 160__ sigrise/4.4 34.45 + 0.3457
. g’ L ampoffset 77.32 + 0.09551
. S 140_—A'°0
photomultiplier | — 1
s
' § 120l inverse
u Eermi fi
E‘% signal trigger _ bk I 1 ermi fit
< 2fold coinc. tr. =2 - P
9-@ > ~ = i
“‘lb" m_" ?rfold coinc. — discr. [ 100 mean1 & mean2
_ ' coinc. & B
det. trigger lr ~ discr. e i /
discr. »| coinc. & 80
‘ [ il | | |
COunter2 COunter'I 1 1 1 I | I I | L1 1 | 11 1 ||
0 500 1000 1500 2000 2500
#MQ #Sc time [ns]
e 12 bit 1GHz fADC with 2520ns . , rise time,
recording time timing
* trigger: coincident or single e cut: mean2-meanl>3c0
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Energy Resolution @ 5.9keV X-rays

pulse height GEM, Fe55 pulse height Micromegas, Fe55
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Micromegas: Sighal Formation

e from ionization reach
amplification gap: 10-100ns

cathode

e gas amplification: <lns

_ drift R
* total e-charge on anode, ion region ’_+H‘

cloud induces negative surface s S CEED S
charge on anode and mesh

e jons from gas amplification U ior charge ‘C”hda“r‘ézd f‘efgﬂ'r‘:'c
drift towards mesh: 150ns y

* observable charge on \

_|
— anode: q,(t) = q.(t) - q,(t) 4{ }mg

— mesh: q,,(t) = qi(t) - q,(t)
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Micromegas: Signals Calculated & Measured
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* overall behavior reproduced by calculation
* charge sensitive preamp not fast enough to resolve steep initial
rise (14% of total charge within 1ns - timing)
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Micromegas: Capacitance & Pulse Height

pulse height vs # of readout strips, an=46.5kwcm pulse height vs capacity on mesh, Eamp=48.0kwcm
AR AR R R RN REREA R 07T T T T T T T
4001 s simulation, f=217 i )
350 %} e experiment 200 :_ + _:
g 300} — g I j
-y L 1 |
g 2002— ? _f E’ B % :
%: 1 - E %: 100 s simulation, f=287
2 505 . 3 :i e experiment
% 100f = . sol N
50~ .- } ]
0:||||||||||||||||\|\|\|\||||||||||||||||_ O_quulu.uluuu\luuluuulu
0 50 100 150 200 250 300 350 0 2 4 6 8 10
# of strips C.coupling [NF]
* strong influence of the capacitances in mesh
the detector-preamp network onto T
. e —1— ez
pulse height c -+
c1
* agreement between data and <H— anode =
calculation
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Micromegas: Capacitance & Pulse Height

* signals computable with LTSpice IV HV supply
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GEM: Signal Formation

e signals caused by e-drift in
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Muon Tracking System: Setup
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4 Micromegas

2-dimensional track
reconstruction

readout: 6 Gassiplex FEs
per detector, with 64
channels each, 1500
channels in total

trigger: 6 scintillators
(379 track coordinate) + 1
scintillator (E >600MeV)

irradiation with 37Cs (y)
and 2>2Cf (y + n)



Micromegas: Efficiency to n and y & reachable flux

source * activity of source and solid angle
lead known - expected rate

signal —i « efficiency = rate,.,/rate .
¢ adding 10-50mm lead =

discrimination between y and n

PreAmp :
— — —
Canborra 2004 discr. scaler o 137Cs:

— E,=662keV,
— flux rate, = (1.59£0.04)MHz,
98 =(2.610.2) x 103

fopark = (0.24£0.01)min"

° 252cf
source .
m lead — E,upto8MeV, E, = keV ... 4MeV,
- — flux rate,=(9.1+0.3)kHz,

— flux rate, fson = (16.411.3)kHz,
é sn <6.8x10* @95% CL,

=(1.5+0.4) x 103

y rate - » neutron rate _ spark = (0.50+0.04)min""

Nd
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Muon Tracking System: Data Analysis

* hits: center-of-gravity method,
U regarding only those strips with
- amplitude > 30 around the one with
] maximum amplitude

100 - * track reconstruction: linear fit

through all detectors - alignment

-
w
o

* spatial resolution: compare
prediction by 2 detectors with
measured hit in 3™ detector:

6 =r3—rydig/dy, —ry(1-dys/dyy)
coemee 0 > NS = AS(Ary, Ar,, Ary)

s s s o 4 different triplets of 4 detectors &

4 Ar; - solveable
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Micromegas: Ar under Irradiation

+ no irradiation:

1 10515 um 10845 um _ (Ari)2= (Arint)2+ (Arms)z
2 10845 pum 10816 pum _ Arm5=0.13 um/mm . dui
3 118+7 um 11745 pm — Ar,  ~80um

4 12217 pum 11945 um

e vy-irradiation: no significant
increase

| pulse height cosmics Micromegas 3 |

5001

i - * n-irradiation: no significant
a0o] P . increase expected (since pulse
¥ . height remains unchanged)
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* Micromegas and GEM detectors have been investigated,
a muon tracking system has been set up

» efficiencies to muons of up to 99% are achieved, the FWHM energy
resolution for 5.9keV X-rays is 18% (GEM) and 24% (Micromegas)

* models for signal formation have been presented, quantitative
description of data by Micromegas

* single detector spatial resolution of Micromegas around 80um,
no degradation under y-irradiation,
no degradation under n-irradiation expected

Thank youl!

08.06.2011 Jona Bortfeldt (LMU Munich)



backup: Efficiency for Muons

efficiency vs E__ , Ar:CO,_ 93:7
amp 2
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efficiency for muons up to
99% in both detector types

stable operation O(week)

difference in efficiency <>
difference in pulse height
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