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. History of Gaseous Detectors

1908: First wire Counter
used by Ruherford in the Study of natural rad10act1v1ty
E. Rutherford and H. Geiger, Proc. Royal Soc. A81 (1908) 141 y

1928: Geiger-Miiller Counter - single Electron sensitivifyyy, se san suewes

24 Brdsy w

H. Geiger and W. Miiller, Phys. Zeits. 29 (1928) 839
AN

gy

1967: Multi-wire Proportlonal chambers
G. Charpak, Proc. Int. Symp. Nuclear Electronics (Versailles 10-13 Sept 1968)

1974 Time Projection Chambers
D. R. Nygren, LBL Internal Report (Feb. 1974)
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Historic Overview MPGD

In 1988 A. Oed introduced the age of micro pattern gas detectors.
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The 2 Favorites:

- Micromegas & GEMs

1996 first publication of MM 1997 F. Sauli publishes first paper
- X i on GEMs
— A\
—

Anode strips 400V

. IIIIIIIII __I. Giomataris Pillar
]
]
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Bulk-Micromegas

Bose Materlol

Lanlhatlon of Vacrel

FosHloning of Mesh

Encopsulation of
Mesh

Development of | : : : o
Contacts end Spacers Al LR

imageable film

large area and robustness
easy implementation
low cost

industrial process

Mlcromegas
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M. Dixit et al., NIM58‘I(2007)254 257
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£ 0-2—vticromegas Tesistive readout Cover readout pads
< 0.18 2 mmix-6-mm pads . . . .
o with resistive foil
35 Ar CF4 Iso (95:3:2) .
$ 014" B=5T to broaden signal
0.12; Shape
esh 0.1F
0.08f — |  — N S
0_06; + +++"*‘ l + 4 i +++ {' - [ | ]
004t Do,
002 M. Dixit et al., NIM581
/on‘tact to onode plane B B R T ST T Ty ‘1‘16 (2007)254-257
Spacers =~ ’ f i
ontoct to Mesh dlscharge % %E :4?{(,!% : :xj J* T ‘,
Bulk Micromegas obtained by lamination  probability L ‘ 1 {
of a woven grid on an anode with a photo- 3t COMPASS § t ‘JT "
—————— —*- R —_.A' i
tracker: . T y"THT v +i $t
~10° _7 +’ +| fl
T2K Micromegas TPC: ' | i
y l '
about 12 m” detector surface S -
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GEMs

B A Jarge number of experiments have lead to a fair understanding of the
enormous parameter space in GEM-detectors.

g0 GEM RADIATION HARDNESS:
4 Triple GEM . ~
fg 10° L Ar/CO, (70/30) - dlscharge g
. _iéo 10°F 1 prObablhty g l C ; i i i i i i -
£ G=10000 at COMPASS ‘,:‘),5 S BN - L T N S .
10" § A | ! . | L .
L] tracker: [P0 STAT EETT) SRR VLTI ARTT] CUTEY ATETE PR FOTTE AT
1072 | : i 12 g 0 2.5 5 7.5 10 12.5 15 17.5 %0 225 25
ggs(glrsvcel(liarges <10 = Integrated Chorge (C/cm?)
L] 10" - 5 20 C/cm?
10 9 M. Alfonsi et al, NIMA518(2004)106 ~ 4 10" MIPS cmr?
gain
B Jow ion backflow o
There are many modifications e.g. the RETGEMs
Aachen/DESY
H . e, T High et ayer we  Fylly spark protected detector
g 0004 1 =
% **}flzf, o . .
§ 00 T geom. and elec. characteristics:
2 0002 o v 0.3-0.8 mm, pitCh 0.7-1.2 mm,
0.001 | eseurement thickness 0.5-2 mm.
oL . . . Porametisaton - Resistivity:200-800k{)/cm
0 05 1 15 2 25 3 35 4 45 5

B [T] Dielectric Kapton type: 100XCIO0E
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Advantages of MPGD

e 1on backflow can be reduced significantly
=> continuous readout 1s possible
 small pitch of gas amplification regions (1.e. holes)
=> strong reduction of ExB-effects
* no preference 1n direction (as with wires)
=> all 2 dim. readout geometries can be used
* no 10n tail => very fast signal (O(10ns))
=> good timing and double track resolution
* no induced signal, but direct e-collection
=> small transverse width
=> good double track resolution

Applications in thin tracking devices - e.g. COMPASS

photon detection — e.g. CAST, Weizmann Institute
large volume drift chambers — e.g. TPC
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‘MCOMPASS Upgrade &

] COmmon Muon and Proton Apparatus for Structure and Spectroscopy
Plans to upgrade the detector for 2008 <

B beam tracking with GEM detectors:
« GEM material budget 0.4% X,
* beam rate 2*10" s™'

g ° rate capability > 10° mm™s”

Two-stage spectrometer

discharge
prevention:

-triple GEM

, N - asymmetric
+ 3-layer PCB, 100mm APICALs| .Sgeaglﬁlzlﬁgglg
e center: 32%32 pixels, ] mm2 | GEM foils

e periphery: 2x512 strips (2D)

e
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beam test at CERN
160 GeV/c muons
intensity 4.2-107/s
up to 1.2-10° /mm°/s
190 GeV/c Tt
intensity 10%/s

up to 1.2-10* /mm?/s

g time residuals:
3 samples of rising edge
B o reconstructed from

known pulse shape

low intensity (4*10° w/s):
6.3 ns

high intensity (5*10'u/s):

7.3 ns

Amplitude (a.u.)

spatial resolution:

low intensity (4*10° w/s):

90um
high intensity (5*1
135um

0'u/s):

efficiency: 96% -98.5%

35
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s COMPASS Beam Test Results &
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2000

| Cluster Time Residual | hCTimeRes
Entrle 17625
Mean -0.3198
r RMS 8.188
L %2 I ndf 317.6/ 276
250— Ampl_Signal 244+ 2.7
r Mean_Signal  0.5033 + 0.0685
B Sigma_Signal 6.33+ 0.0
L Ampl_Nolse 12,6+ 1.6
200 — Mean_Noise -7.416 £ 0.837
B Sigma_Noise 48107
150 —
100/
50—
Tl b LY T M
-QOO 80 -60 -40 -20 0 20 40 60 80 100
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Reduction of Ion Backflow EEE8TaEs

WEIZMANN gENEaas
INSTITUTE B 788 P T
OF SCIENCE I | 3

Microhole & Strip plate Al [ed-R-MHSP

—
PC T . 10-1 | e
(?% E it important for F Eyn=0-2kViem
F-R-MHSP :> @E C Ion collection TPC and 107} _
E tE,. . photon detectors =
GEM _) o > Gas amplification m 10°} L. - .l
v T Etrans - - 10% T
MHSP @E < Gas amplification 1 S ST e
@& | ) . *— R-MHSP/GEM/MHSP
bottom Eind JlIlSt 2006 10 P 1 0004 10102 103 104
cathode Jinst 2007 08 P08004 Total gain
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WEIZMANN §
Backtlow mmfe

10"
PC | = lor 10"
fou PO IBF=2.
2 drift Gai = =
Cobra = CEAOC D C U s Foc— | IBF=3*10-¢
5 T E trans - I GGiI"I: 105
GEM ) o » C 107 GPM
ted ot 1T ,

L =E=-=0 5kV/cn
LY @ & GEM = D@D F:_rl @ : 10* E_?[d}DTorrArfCH (95/5)
ot & F i i e s e 10° 10° -105 10°
lon backflow = 0.0027% cathode o Total Gain

electron collection efficiency is only 20 %

Microchannel Plates with inclined holes in magnetic fields

= - - - . :
4 _ | o v Lorentz-angle is used to
S| : B < 75— I-cathode - Emcp = 9%kV/cm B = 15kG
: & 15| —o- I-anode [nA] - Emep = 9kV/em = > il . .
§ . E —&— I-anode [nA] - Emcg = 11kV/em lxl(g:ll(: h:leﬁ.so neutrallze lons
4_ E
§ 5
N Vip % J. Va'vra, T. Sumiyoshi,

Q ) 0ttt tao L N[IM A 553 (2005) 76-84

= Arbitrary azimuthal angle [Degrees]
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‘“ TPC with MPGDs

. god spatial resolution (O(100um))

] Large number of experiments
e lJarge number of measurements (200) .. )
. . o are designing and constructing
m ° good energy resolution with dE/dx (5%) TPCs with MPGD:
e true 3-dimensional detector (no ambiguities) '
B ° high granularity (10° voxels) GEM: FOPI, PANDA,
* low material budget (3%Xo) Crystal Barrel, ILC,
B - very homogeneous (only gas) MICE
e comparably cheap MM: T2K, ILC
. t; track images at different times .
=7 diffusion of track image DlS advantages .
N «+  *long drift times (40us)
beam e j0ns have to be neutral-
] 1zed after gas amplification

e diffusion and pad size
cndeep comsising of 1imits spatial resolution
Improve spatial resolution:

drift cylinder / outer field cage usc ‘naked’ CMO S piXel
beam pipe drift cylinder / inner field cage rea dou { Chlp as ano de
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TimePix

- Timepix chip (1Ist version) derived from MediPix-2

Available for detector tests since Nov. 2006

256 * 256 Pixel
Pixel size: 55 * 55 um?
chip dimensions: 1.4 * 1.4 cm?

Each pixel can be set to one of
these modes:
e Hit counting
e TOT = time over threshold
gives integrated charge
current running condition: * Time between hit and shutter end
checker-board pattern * Hit/no-Hit
of TOT and Time

) o " Vertex 2008, Uto, Sweden 14
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- analogue signal

s B B
a2 A A 2

TimePix working principle FEisias

e

& ~ L
——/1 k= output of analogue circuit

b shutter

shutter: activates digital readout

i H H” H H H H H H time-over-threshold: charge measurement

.......................... => 1ntegrates over all hits

| Fimepbrmode WWJWMHJWL time-mode: measures time from first hit

to end of shutter

Medipix-mode

]

H MediPix-mode: number of hits

[ 1hit-mode

1-hit mode: hit/no hit

J

—

g —_
time

Disadvantage: not multi-hit capable
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Field cage designed and produced at Aachen
drift distance: 26 cm
inner diameter: 23 cm
double layer field cage with ~200 field strips
material budget: 1 % X,

up to 30 kV => drift field of 1 kV/cm

TimePix

For now:
Ar: CO2 70:30

E . 500 V/cm

dr
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coincidence of 2 scintillators
(2 * 23 cm?, 4.5* 35 cm?)
gives external start signal

=> 40,000 tracks collected

With Pixelman sofware, Prag

256

»

»

- 1{t-d1 M short deift distance } O-electron

1 (rows number

1 # {column number) 256

1] 43.75 g7.5 131.3 175 1] 125 250 373 00 1] 25 a0 =] 100
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Cosmic Ray Results

preliminary !

diffusion of
single ¢
0 =D *x

—— measurement

—— diffusion of single e- note:n =1

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IL

-y ey ey ey ey |
0 50 100 150 200 250
drift distance [mm]

o © S 9o o o 9o o
—_— N W B W &N

transverse spatial resolution [mm]

Only selection criteria:
tracks with more than 5 hits
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Test Beam Setup Il

. 780cm ., Tiem 195cm ,22cm, . poam profie my'dlegi"; T
a ) T T L = ¥YO0. ev/c |
scintillator 1 scintillator2 £~ - E
B target 20+1+0.5 cm?® 5¢0.3°0.5 cm? =l T : 1
g - + + -
15 um Cu g 70 E .,
] S 60 [ . . .
32GeVe dipole 40 Chip position
40 -20 0 20 40 o0 i
. magnet e — y-position scintillator 2 /mm ===
B=0311T with 3 GEMs
l=6cm and TimePix

[]

* Y were created at a target

* primary €-beam was dumped

 photons converted in scintillator 1

e dipole separated e'e’

» Coincidence of scinti 1 and 2 select
single particle events

begin of this month
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Test beam Results

Very preliminary!!!

data was taken only 2 weeks ago
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3)UV exposure 4)Deposit metal

| S .

5)Pattern metal 6)Develop resist
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Al- base plane PCB Brass spacer block

Unic

wel: |0 er

IMT Neuchatel:

15 or 20 um highly
resistive aSi:H protection
layer (~10" Q-cm)
MESA+: InGrid

Color map:
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| ’ InGrid — some Event Pictures

v " .
c — Data
NIR@EF -
Ll 000 s 13.6 %
2500

. ;_ Ky escape
V 5 GeV negative zo00 - )
1500 K
hadron beam at o p £39APe
1000 —
CERN “F
: B ArC02 (70/30) o ] S0 a0 250
1 % (oolurnn nurmber) 256 o 1 1 Chanra
. : F—m
With Pixelman software, Prag 1 : R
&g R ——
3 _ 3000 11.7 %
= R 2500 - FWHM
3 R Nk soooE Kp-filtered spectrum
L i with Cr foil
A 1800
10 * ‘___' mt}ﬂi—
A% éjﬁ i o B - AT .
y 2 electrons - ol ? T T e
from 7Sr in B=0.2T )\\(,/( ssFe spectrum in Ar:CH, 90-10
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NIBEer  Gossip

ey

(Gas On Slimmed Silicon Pixel

First prototype of GOSSIP on
a PSI-46 (CMS Pixel FE chip)
1s working:

* 1.2 mm drift gap

 Grid signal used as trigger

* 30 um layer of SiProt

Some advantages: gas versus Si
M - it is light and cheap
e gas amplification, no bias current
B = low power & simple FE circuits
e gas can be exchanged:
=> no radiation damage of sensor
* no temperature requirements

* gas has a low €.: -> low capacitance "
=> fast, low-noise, and low-power preamps
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Gossip & InGnid

- Gossip and InGrid based TPC face very similar challenges:

m spark protection solved by aSi:H — layer

e aging must be tested/ under control

m ° diffusion limits max. drift length
=> test low diffusion gases (e.g. Ar:CF,)

B . enlarging surface (currently only 2 cm?)

- e development of new readout chips

]

]

* GOSSIPO-2 at NIKHEF
16*16 Pixel, 0.13um CMOS technology

low noise 0,=70e” ENC

low power consumption (2uW/channel)
1.8 ns time resolution

e TimePix-2 at CERN/NIKHEF/Bonn/...
design will start soon
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Development of micropattern gas detectors 1s a very active field.

B This is underlined by the formation of a new collaboration at
CERN: RD51. Joining the forces to cover the needs of the community:
test beams, 1rradiation facilities, electronics, industrialization,

m develop simulation tools,...

B Some very promising ideas have been made to work in the last years.

] : : : : :
Especially the readout with CMOS chips with very small pixels shows
B interesting results in a number of new applications.

New post-processing steps of readout chips are planned. e.g. pad
enlarging, through-silicon-vias, ...

) e '1 Vertex 2008, Uto, Sweden 26
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Mdern Particlg Ientiﬁcation

756
1. L 0 25 &0 75 100
b 256

1 % (calumn number)

n

1 . ¥ (oalurnn number 256 1 . b l{u:u:ulmn number’y 256
1] 375 75 112.5 150 0 25 50 75 100
1
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