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EXPERIMENTAL SETUP

“Fingers” Micromegas
25 mm? Lausanne  Saclay
Beam ) ’ '
“P1 & P2”
2x100 mm?

Detectors:

e 15x15 cm? active area
e 6 mm — 75 pm
3mm - 75 pm
3 mm — 100 pgm
3 mm — 100 pm (Saclay)

Gases:
Ar-Iso 90%—-10% 95%—05%
He—Iso 90%—10% 95%—05% 85%—05%
Ne—Iso 90%-10%
Ar-Iso—CF4 90%—-05%—05%

Micromegas @ PSI — December 1999
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EFFICIENCY & DISCHARGE
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HIGH IONIZATION

Ar-Iso 90%-10%

1 10 Primary charge {IC)

He-lso 90%-10%

1 Primary charge {IC] 10

Micromegas @ PSI - December 1999 12



DISCHARGE PROBABILITY

Ar-Iso 90%-10%

Probabiiity [x"]
s‘-
™ -mr"'r"f‘r'r

10° Gain
Raether limit: ~ 108 charge carriers

He-Iso 90%-10%

»
-®
rs
-
-®

Gain 10*

Micromegas @ PSI — December 1999 13



CONCLUSION & OUTLOOK

Summary:
e satisfactory results
charge distribution, S/N, efficiency

e detailed discharge study

Ar—He—Ne, energy, beam rate, particles
e origin understood

e discharge rate too high!

Outlook:
e multi-stage “GEMicromegas”...?

Micromegas @ PSI — December 1999 15



MICRO-WIRE DETECTOR

B. Adeva et al., NIM A435 (1999) 402

3

3 un =

=0.28 pF/cm

anode strip

B.Adew, T Géuez A, Iqlesias J.C.Labbe , A Farus, H.PlS, X. Rodnguer P. alagut

Umivevsidade de &a«ﬂa‘so de Compo&-{elo\
CERN



MWD operating point

Detector capacitance

Specific capacitance 0.5 pF/cm 0.28 pF/cm
25 cm strip 13 pF 7 pF ~30 pF
Noise
Premux Noise = 1020 e- 780 c- 1700 e-
500e+40e*Cp[F1 (0.7 * MSGC noisc) | (1.7*MSGC noise
Gain
Visible gain @ full eff 900 630 1530

(0.7 * MSGC yain) | (1.7*MSGC gain
Operating gain @ full eff 1800 1260 3060 2
~ 2 times visible gain
Safe operating point 3960 2772 6732 4
~ 3 times full eff gain ~4000 ~ 3000 ~7000

02-00 LHCD inner tracker meeting - Univ. Santiago de Compostela




Dec. 99 PSI Test-beam results

Spark probability and gas mixture
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02-00 LHCb inner tracker meeting - Univ. Santiago de Compostela



Conclusions

» Itis perfectly feasible to operate MWD at LHCb
inner tracker with a spark probability < 10-8

* MWD allows safe operation in the presence of HIPs

* MWD smallest anode capacitance among all gas
options allows the lowest operating gain.

02-00 LHCb inner tracker meeting - Univ. Santiago de Compostela



RESULTS FROM PSI-99.

A.Buzulutskov, L.Shekhtman, A.Sokolov,
A.Tatarinov

BINP, Novosibirsk



Micro-groove/GEM

Vdr
Vg
Imm 2kV/cm :“
 Vgup
B
) Vgdo
~2kV/em Veg §
2mm 1

GEM
pitch - 140um
hole diameter - 80/60um

MICRO-GROOVE(wedge)

pitch - 180-200um
anode - 30um
cathode - 90-100um

10*¥10 cm



BINP Novosibirsk, LHCb Inner Tracker beam test, Dec 1999
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Gain

BINP Novosibirsk, LHCb Inner Tracker beam test,

6000

Dec 1999
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3GEM-PCB
vd
3mm Ve
b Vgup
;
b Vgdo
1.7mm ves l
55:
1. 7mm .
3
1.7mm |
PCB D

Pitch - 200um

strip width - 80um (top)
140um (bottom)
signal ratio - 1.7 (top/bottom)

10*10 cm



Efficiency (%)

BINP Novosibirsk, LHCb Inner Tracker beam test, Dec 1999
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BINP Novosibirsk, LHCb Inner Tracker beam test, Dec 1999
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Results from the
Double GEM

S.Bachmann, A.Bressan, B.Ketzer,
L.Ropelewski, F.Sauli

CERN

E.Schulte
Helsinki Institute of Physics

S.Keppler
University Karlsruhe

- inner tracker meeting 23.2.2000
TUUII 11ed)al W3llus 7€ 2 7000




Construction of the
Compass-prototype

» The construction procedure for the
large size prototype has been
optimized to allow the production of
the Double GEM detectors for the
COMPASS experiment

e 20 doubled sided modules will be
built (4 until May ‘00, 10 until
August ‘00, rest until April ‘01)

 In COMPASS the APV25 is used as
readout chip (same characteristics as
PreMux128, but with additional
deconvolution-filter and buffer)



efficiency

efficiency

Results from the small
chamber at PSI
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Conclusion from measurements
of the discharge rates:

We measured discharge rates of about
109* 1 sparks/hadron at the beginning of the
efficiency plateau in different environments
(M2 at CERN, mnl at PSI) using two different
Double GEM detectors with 2 dim. readout.

_ OK for COMPASS 2 dim readout (few sparks

per hour for 10° particles per spill)
- Probably OK for 1dim. readout at LHC-B

_ Not OK for 2 dim. readout at LHC-B
(spark rate of =0,1Hz for 10*Hz/mn?)



Conclusions:

- we propose to concentrate on
3GEM/2D-PCB 2GEM/1D-PCB)

- gas mixture need optimization
- smaller cluster
- higher discharge threshold

- noise optimization (with final
electronics, with final geometry)

- tests of tracking properties at x7
(efficiency vs gain, S/N;
spatial resolution;

- survivability at PSI with optimized
noise and gas.
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W N

Possible improvements:

. Use 1dim readout...
. Choice of gas (see next transparencies)
. Try optimization of GEM production

(e.g. second etching)

. Increase of drift gap (higher number of primaries,

more diffusion, but worse time resolution, larger
cluster widths)

. Adapt strip pitch to cluster width (to reduce

cluster noise)

Careful optimization of readout electronics for
high input capacity possible?

. Go to Triple GEM?

) ggﬂ'&'—' 3’? %5%%,-R§%3’§%§,3



The HERA—-B Inner Tracker

MSGC-GEM

— particle flux : ~ 10* mips / mm?®s

- radiation dose : ~ 1Mrad / year

Stereo layers 0°, £5°

4
angular coverage : 10 — 100 mrad B
4 chambers per plane y
Z
resolution : < 100 pum (x) X
< 1 mm (y)
Beam

50-60cm

Torsten Zeuner, 22.02.00
reuner@elfil.physik.uni—siegen.de



Jetector status of installedl MSGC- 661

(status 02/00)

out 0{ A20 iwnstalled AL ectors

e %V 20 ave skll in Frau'vnfna PMSC
e A~ Jo show HV problems ({-quen# GEYN .s,oqr‘s' h.‘(,h o{r..‘//

c.wrm}s) - neea{ fwf“nev ha:’nin
¢ ol other dekclors hove been brarmeol and wvere ofuq/ca(

(ap to max. 200hn at E-A0HHz , few short rak seans - Yortwe)

0 20 ddectors have oculthode shovls (mosllc, l.slwf//c‘mnélf)
half of Hese shorls occured duriné HY lest 6%{6:}1%//4’34

(2, shoris oln's&mnqre.al dun‘vg o’:(/od.'on)
> these chambers can be norma Iy opualeo /
e L GEM shorts (Adurin o‘awjfon, 4 dan'v;{ ksls) in aobhion

U chambus with GE# cheris have been eychar:/w(
(A GEMN short has been re moved ; Iorobmbly anothv GEM shovt

can be removed )

° S chambes aql-l.oul more (3-S) calode shoris and are
di'sconnechd.

Host of the HV problems ( CEH shorts, anthode shorfs)

appeared ““"""8 hal'niry or first hours o/ crmkan

(= Hope @ chambus reach stable o’JwJ-'on afh /rulmog

phase )

But: accumulakd run hwe up lo now is ret enffeiont
to 502‘«47 that Iw(-, bum bthaviour /s glable /



How harmful are sparks to
GEM or electronics -I-

A. The GEM foils:

During 2 weeks at PSI and 4 weeks at M2
and extensive discharge measurements

we did not loose a GEM or a segment of
a GEM.

The total GEM surface irradiate was
about 0.2m.
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“primary particles contrib ution

o LA LA R

RN

Minimal exBected ratel

Simulation done without material of beam pipe and [T
(no source of secondaries along beam line)

Estimated flux:

Mostly (99%) charged hadrons (no electrons)

Calculation gives (in maximum for inner tracker 03)

(using the safety factor 3 lCMS] ... 5 [ATLAS]):
3x1072 x 1.3 X 16x10" x3...5=

~ o 3 x 105 charged particles/cm?/s

Total charged particles flux

Material of the beam pipe and IT taken into account

Pratically all the increase is due to the electrons:

the flux consists of 10% charged hadrons and 90% electrons

Calculation gives (in maximum for inner tracker 03):

3% 107! x 1.3 % 16%x10" x 3...5=

~ 2 ... 3 x 107 charged particles/cm?®/s




GAS OFPT\ON

* AGREED OM ONE GAS TETHASLOGY
TQUCLE-GEM WITH 2D READBOUT

¥ DISTRBUTIOND OF QGSMSnt\L\ﬂé'S

LALSAONE/ DovOS\BIREL / [ ieH
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¥ STUDM GRouP GETMAG STARTED
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% DEFINE REQU\RENENTS
QATDAATIOA DOSE / TAACMING /| FAE ELECTRUANC!
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¥ REPRE SENTAMON \N TRAUMLG Qeoud™
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