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ATLAS @ LHC

General purpose detector : study pp collisions at 14 TeV with a luminosity 1034cm2s
— aiming primarily to probe the source of the Electro-Weak Symmetry Breaking
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ATLAS upgrade for s-LHC

LHC upgrade to happen in two phases
LPhase 1 ~3 LLHC (~2014)
Lopoer ™~ 10 Ly (s-LHC >2018)
Bunch Crossing = 25 ns / possibly 50 ns (Phase 2)
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first LHC collisions = Reduce uncertainty Average single pI'ane.countlng rate (Hz/cm?) at the nominal LHC
luminosity (CERN-ATL-GEN-2005-001)
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Micromegas for ATLAS Muon upgrade

« Combine triggering and tracking functions
* Matches required performances: /
— Spatial resolution <80 um (6, < 45°) '
— Good double track resolution
— Time resolution ~ 5 ns
— Efficiency > 99% =
— Rate capability > 5 kHz/cm?
— 200 Hz/cm? due to neutrons with E>100 keV
— Stability over about 5 years at phase-1 luminosity (21000 fb-1)

Micromégas

« Potential for going to large areas ~1m x 2m with industrial proc.
— Cost effective & Robustness
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The ~% full size prototype.

A half size prototype at CERN

400 x 1300 mm? active area

“T2K” mesh

450 line/inch = 56.4 um pitch
18 um wire diameter

128 um amplification gap

Segmented

Strip pitch: 250 pm and 500 pm
Long (80 cm) and short (30 cm) strips
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Test Beam Setup @ CERN

P1 tested @ CERN H6 beam line in
November 2007, June to August 2008 &
July 2009
P2 tested during July 2009
120 GeV pion beam
Scintillator trigger
External tracking with three Si detector
modules (Bonn Univ.); independent DAQ
Three non-flammable gas mixtures with
small isobutane percentage used in 2008:
Ar:CO,:iC,H,, (88:10:2), Ar:CF,:iC,H,,
(88:10:2), Ar:CF,:iC,H,,(95:3:2)

Ar:CO, (85:15) for P2
Data acquired for 4 different strip

patterns and 5 impact angles (0 to 40
degrees) for P1 and P2
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DAQ based on ALTRO CHIP /

trigger Readout
Control Unit
gdoutB:

DAQ PC (ALICE DATE)

32 or 64 channels Tk o
o | R | x| o ' 64 channels
: - i | N-@— = B 200 ns integration time
Micro % \q .[ ] = 65 charge samples/ch
Megas S ” FE 1 100 ns/sample

Mezzanine card FEE card

15 pre-samples

Two inverted diodes for spark protection 1 ADC count ~ 1000 e-

Zero dead channels

ey -y w—pe o
g AT st e Y e

Typical ADC spectra g' Channel# 9 | %' Channel#10 | g" Channel#11 | g" Channel#12 |

= Noise subtraction (from 12 pre- ] 3 g’ g1

samples) 1 1 1

= Custer position from center of 1 1 1

gravity 1 | "‘J}m
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Software

v MMTBAnalyzer. [
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MMRun 1251 : BATRun 342
MMEvt 3 : Delay 0

Vmesh 470 : Vdrft 580 V

Pitch 250 : Width 150 microns
0 deg : Ar_88.CF4_10.iC4H10_2
Offset rx -10.05 : mmZ 0 mm

seg# | pos | ang | chsq
0| 3.84|0.00| 0.4

mclu# | cg | pk | sw|ch | pkch
0] 3.90|4.0| 3.88|411|191

URLLN AN LARLE KRN LRLN RRLRR LN

10 15. 20 25 30
< - >
8mm (32x250um)

Single track event
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Event Display

| -] | Si module1
| -] |
- - Si module3
| l ! Si module6é
str# t q MMRun 1521 : BATRun 605 str# t q
14)16.35| 6 MMEvt 15 : Delay 0 11(16.10] 9
15]16.43 | 45 Vmesh 410 : Vdrft 590 V 12| 16.35| 181
16 16.29 | 118 Pitch 500 : Width 250 microns 13]16.48| 8
17 116.29 | 191 0 deg : Ar_95.CF4_3.iC4H10_|2 21]116.19| 8
1816.27 | 37 Offset rx -7.20 : mmZ 46 mm 26|16.73| 38
19]16.40 | 11 27 116.57 [ 134
seg# | pos | ang | chsq
0| 5.63]|0.00]-0.0
1| 30.06|-0.01]199.8
2| -11.28]0.01 | 314.7
3] 12.80]0.00| 0.1
mclu# | cg | pk | sw | ch | pkch
0| 5.50|5.5| 5.50|199 | 181
1/10.00|10.0 | 10.00|8 |8
212.89|13.0|12.75| 172|134
L = 7L e e
e l,ﬂ : Micromegas
° Ll L I T - ]
micromegas 10. 15 20 25. 30
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Gain Measurements

# Ar:CO2:iC4H10 (86:10:4) M Ar:CO2 (85:15) A Ar:CF4 (90:10) ® Ar:CF4:iC4H10 (88:10:2)

8 Gas gain in the 103-10% region obtained without
10000 - o )'/"“ ".' problems.
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Gain Measurement
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Spatial Resolution (online)

» Residuals of MM cluster position and

Si tracker extrapolated track from Si
- I I Beam « Convolution of:
Sl — Intrinsic MM resolution
— Tracker resolution (extrapolation)
Gas: Ar:CF,:iC,H,, (88:10:2) — Multiple scattering ~73 um
Drift field: 200 V/cm
Strip pitch: 250 pm Strip pitch: 500 pm Strip pitch: 1000 pm
Strip width: 150 pm Strip width: 400 um Strip width: 900 um
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Spatial Resolution (offline)

Si-tracker Scintillators

Gas: Ar:CF,:iC,H,, (88:10:2) o

\Y

mesh

=470V (36.7 kV/cm)

Drift field = 220 V/cm
Perpendicular tracks

events/(0.02 mm)
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Oy = (2417) um

—Si Telescope extrapolation @ uM = ~30 um

—Multiple scattering

—Intrinsic UM resolution

Residuals of MM cluster position and extrapolated
track from Si.
Three contributions to width of distribution :

~61 um
= ~53 um

Required <80um

Oy = (36£5) um
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Resolution Data vs MC
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‘mapping”

Drift
Cathode

Pillars
~300 um diameter
2.54 mm pitch

Read-out
electrodes

PCB

= Ar:CF,:iC,H,, (88:10:2)

= Strips: 500 um pitch

"V, en =450 V (35.2 kV/cm)
= Drift field = 200 V/cm

with beam

[Prof | prof
Entries 11461
30 . Meanx  15.15
- : Size of 32 strips conr§cted Meany  12.74
- < . RMSx  3.444
25— - | tor/o ! RMSy 3,037
; ] - L s
2of .
N L ;
15— g
C Tt 17 A
- : 1 :
10— ik g
C TR T
- Lo ]
5 | |
0 B 1 1 1 1 I 1 II 1 .I I 1 | 1 i 1 I 1 1 ] 1 1 l 1 1 :I 1 I 1 1 1 1
0 5 10 15 20 25 30

Black: beam profile
Red: tracks w/o Micromegas hit

Pillars contribute to the geometrical inefficiency of the chamber at the ~1% level.
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Micromegas as pu-TPC

For non-perpendicular incidence
p e T e ——————— > position resolution degraded due to fluctuation
of charge deposition along the track

Use the Micromegas as a u-TPC
—>Measure arrival time of signals on strips and

reconstruct space points in the drift gap
Drift velocity

..,..++...

I Lyrife

vy, [em/psec]

| | 1 1 1 1 | | 1 1 1 | 1 1 1 | | | | | 1 1 1 1

||||||||||||||||||||||
£ > C

Ar88 % CF, 10 % C,H,,2 % |
Ar 88 % CO, 10 % C,H, 2

Ar95 % CF,3 % C,H,,2 %

Time resolution 1ns 2 ¢, ~5-10 um 1

N M R T T L
2 3 4 56789 2 3 4567894 2
107 10

E [V/cm]
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ATLAS @ LHC

Even with non-optimal r/o electr. 45

measuring the arrival time on each e 2= (1.05%0.01)x + (0.25%0.02)

strip it is possible to measure the gsz M/+

drift velocity or, with known drift 825

velocity, the drift distance 1; //

Local track direction can be 0_: ,/‘

advantageous for pattern recognition o | | | | | ' xl-pos(mm)‘
0 0.5 1 1.5 2 2.5 3 3.5 4

Example test-beam event

= Gas: Ar:CF,:iC,H 4 (95:3:2)
= Drift field = 360 V/cm

2008 electronics not ideal for this study = Drift velocity = 7.8 cm/us (Magboltz)
- but 2009 setup is improved for this due to the = Chamber rotation = (40+3)2
timing measurement = Reconstructed track inclination = (44+4)2

Promising/challenging = potentially solves angle problem = Interesting R&D
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Neutron Flux in ATLAS @ LHC
Em‘*

- 10°  The expected

= 02 neutron fluence
(kHz/cm?2) in the
ATLAS Hall (ATLAS
1 muon TDR, 1997)

10'

r (cm)

The energy spectrum of
the expected neutron
background radiation in
test beam the Atlas Hall (ATLAS
b muon TDR, 1997)

Ex®(E) cm?

=3
o
1

©

o 10°
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Tandem @ Demokritos

5.5 MV TN11 HV Tandem Van der Graaff accelerator
* Three neutron energy ranges can be produced
by this facility, via three different nuclear reactions:

Proton/Deuteron | Neutron Energy
Nuclear Reaction| Energy Range Range
(MeV) (MeV)
Li(p,n)"Be 1.9 to 8.4 0.1to 6.7
2H(d,n)*He 0.8 to 8.4 3.9 to 11.5"
3H(d,n)*He 0.8 to 8.4 16.4 to 25.7"

* Monoenergetic neutrons [0.1,0.5] MeV & quasimonoenergetic up to ~2.5 MeV
** Quasimonoenergetic neutrons up to ~7.5 MeV
*** Monoenergetic neutrons [16.4,22] MeV

Neutron fluences can reach ~5x10° neutrons/cm?s but for d-3H is lower an order of
magnitude compared to the d-2H reaction due to cross section energy dependence
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Test @ Demokritos
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Activation of the Micromegas Material

TimeBin for Run 2006: 10 seconds

v Fitinfo
E E_ =5.5MeV e
10° — n
8 * ¢1=156.80 £ 23.21
, EE
— 'f% Results
n t exp 1: 156.80 * 10.18min (* 1.37)
exp 2: 512.52* 2.33min (£ 0.20)
i
102 — I iy { 1
— 1 " {
: lllif:l. .!". |
| | i | | ol
B | r | R i it
10 —
— 1 1 1 L l L 1 L L I 1 L L 1 l L 1 1 L I L 1 1 L I L L 1 1 l L 1
0 50 100 150 200 250 300

Time [sec]

Ay BAL 1, =224m, E, =1.8MeV (100%), E, =2.9MeV (99%)
TAI,p)IMg 7, =9.46m, E, =0.8MeV (72%), E, =1.6MeV (29%)
E,=1.1MeV (28%), E, =1.8MeV (71%)
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Sparking Measurement

Measure sparking rate of uM

I 12 ~ F
mesh out T T
12pFT — 1nF
100Q
LeCroy 4gm LeCroy %» Spa rk outL '
Scaler Discriminatpr N :
50mV Thrs |
IMQ = 4.4nF
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Monitor of the HV Current

Tim

LAl p—bnh——bnb p—hbb——hbb p—bbbP

CFEEERERYE
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Fe>> Data

Total ADC value of mM1x per strip
Entries 96

Mean 47.64
RMS 28.06

Total ADC value of mM1x per strip

Entries 96
Mean 47.68

Total ADC value of mM1x per strip
RMS 27.95

Entries 96
Mean 45.6
RMS 28.57

Total ADC value of mM1x per strip

|__h2mix [ Total ADC value of mM1x per strip [ hamix | H|Total ADC value of mM1x per strip | homix |
Entries 96 Entries 96 Entries 96
Mean 46.64 Mean 48.57 Mean 48.89
RMS __ 28.18 RMS __ 28.83 RMS __ 29.11
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Neutron Data

Total ADC value of mM1x per strip
Entries

Mean 5

RMS 3¢

Total ADC value of mM1x per strip

Total ADC value of mM1x per strip
Entries 96
Mean 55.21
RM 28.07

| homix |
Entries 96
Mean 51.21
RMS 26.1

Total ADC value of mM1x per strip

| h2mix || Total ADC value of mM1x per strip
Entries

Mean 44

RMS 2

|___h2mix _btal ADC value of mM1x per strip
Entries 96

Mean  39.16

RMS __30.03

| homix |
Entries 96
Mean 60.52
RMS 26.04
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Future Plans

Discharges due to localized large ionization from e.g. nuclear recoils
from energetic neutron (E>100 keV) scattering is a serious concern at
the LHC (ongoing testbeam activity)

Micromegas electrodes see directly the avalanche
Discharges may damage the detector and/or result in dead time

Investigating different approaches:
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Future Plans

Resistive paste

Pads/lines — PCR

| -

Test Detectors using

this technique already
in progress

Resistive Layer

Signal formation
Similar to TGC PCB

eResistive epoxy based polymers : any decade up to 1Mohm/square
eResistive polyimide based polymer : only a few values
eDeposition by: screen printing, painting, lamination
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Summary

Lots of studies have been done with the Micromegas as an option for
the ATLAS update

Spatial resolution <80 pm (8, < 45°)
Good double track resolution
Time resolution ~ 5 ns
Efficiency > 99%

Achieved

Rate capability > 5 kHz/cm? Not there vet |
200 Hz/cm? due to neutrons with E>100 keV '

Stability over about 5 years at phase-1
luminosity (21000 fb!) p Toda
Large area detectors )
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