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GEM Technology



Tracking in PVDIS/SOLID @ JLab12

« Rate: from 100 kHz to 600 kHz (with baffles),
GEANT3 estimation

« Spatial Resolution: ~0.2 mm (sigma)

« Total area: 23 m? total area (30 sectors x4 planes,
each sector cover 10 degree)

« Magnetic field tolerant
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Choice of the technology

System Requirements

Tracking Technology

Drift MPGD Silicon
High Rate (up to):
J (up to) NO MHz/mm? | MHz/mm?
1 MHz/cm?
Resolution: _
Achievable | 50 um 30 um
200 pm
Large Area:
: Very
2
Single chamber up to 0.5 m YES Doable Expensive
total 23 m?

Flexibility in readout geometry and

lower spark rate

l l

> GEM

New recent development in resistive uM and GEM + uM to improve spark rate

uMs
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GEM work

GEM foil: 50 um Kapton + few pum
copper on both sides with 70 um

E. Cisbani — Tracking System Based on GEM chambers
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Readout Plane

Strong electrostatic field

in the GEM holes

Recent technology: F. Sauli, Nucl. Instrum. Methods A386(1997)531

Readout independent from ionization and multiplication stages




Effectrve Gam

10*

10°

GEM / Rate capabillity
« Can operate In rather high hit rate

DGEM Gain-Rate

DOUBLE GEM + PCB

AV =500 W

CEEN-FPE-TA1-GD ]

GEM1 12/1008 |
ArgonCO, 70-20 E= 600 V2 mm
E= 1200 V2 mm
6 keV Xrays
A
AV, =350V
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Triple GEM' Beam flux (Hz/cm?®)
Poli Lener, PhD Thesis - Rome 2005
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Aging in COMPASS and LHCb

T T T T T T T T T T T 28
> 121 X-ray 8.9 keV Ar/CO, (70/30) Altunbas et al.
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T Ak {26 NIMA 515 (2003) 249
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dQ/dA [C/mm?]

Rather robust to aging.
Gas type and flux is important.
Use of not-outgassing epoxy.

Typical collected charge expected at the
level of 0.5 mC/mm2/y for at L~1038

Alfonsi et al.
Nucl. Phys. B 150 (2006) 159

y-ray 1.25 MeV

Normalized current

1
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Ar/COZ/CF (45/15/40)
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Large Size GEM
GEM double mask Vs GEM single Mask

eBase material : Polyimide 50um + 5um on both sides
ePolyimide : Apical NP from company Kaneka (Japan)
eSupplier of the copper clad material : Nippon Mining (Japan)
Original method Last few years
*Double mask *Single mask

>
<
[l
[t
o
\'
n
D
e
=
®
3
o
D
=
N
o
[
=
1
Py
o
3
D

CMS Upgrade
Prototype
(42cm x 990 cm)

sJagqureyd NI uo paseg walsAs Bupoell — Iuegstd '3

1

eLimited to 40cm x 40cm due to | sLimited to 2m x 60cm due tol
eMask precisionand | *Base material l
alignment I eEquipment |

L —_— —_— —_— —_— —_— —_— —_— —_— I

08/29/2011 Rui De Oliveira 2

] ] ] KLOE Inner Tracker
Large size available in recent years! (40 cm x 700 cm)



COMPASS T-GEM

COMPASS Triple-GEM detectors

Light all-glued construction:
0.7% X, in active area
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Honeycomb plates

GEM foils
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Spatial Resolution in COMPASS GEM: 70 um

400 pum

80 ”m 70 Resolution x

j ; ; j j
H H /
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= 5 ﬁf
m A
i : P
S IS SN S 51 I
- ; ; )
© E . P AN
i 80 um strips e
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Readout strips 20r f,.;.-“j_.":; 7 :
(bottom layer) ;a"f‘jgggff’ ¢
10 + 9 ;. /é}a:ﬁ;;j??; :::::. .? -
Insulating layer Readout strips Support %?? /iﬁﬁﬁ?’ :::::
(top layer) 0 S - B 7 W N U2 25 4 4 1. A 4 2 A s 0 drm o
-0.4 -0.2 0 2 0.4

Difference (mm)

Resolution v
Y ! ! ! T
COMPASS readout plane (33x33 cm?) and | | :
= 70k -
3, { z
results z 7
C- Altunbas et aI- 60 .................g............................. ; T 5 1 ...... o
: i %
NIMA 490 (2002) 177 - .
g=/14.3 um L
: 7%
i #‘ﬁr
30 : g?ﬁ
. . . . 42
70 um resolution achieved by strips centroid | .
9557
i )
. 10 : )
: o
= Analog readout required Lo e ggg;

-0.2

Strip Capacitance ~1 pF/cm = max length < 100 cm = ma?&ize limited by ﬁloise

Difference (mm)



Alternative 2D readout, the KLOE solution

From Bencivenni / MPGD-2011 / Kobe

[ X Residuals Unbiased B field=0T |

(2) XV readout and magwnetic fleld

Entries 19694
Constant 7153
Mean 0.01048
Sigma  0.1971

A new readout was drawn to fit the cylindrical shape of the IT anodes: a doubl™®

layer circuit with an X-V pattern realized with strips (X) and pads (V) etched oo

the same kapton layer. Pads are connected by vias to form the V-strips. 5000
L 1 P 4000
i ‘ l ‘ ‘ i =
I HHTTHY ,t mm 3000
;‘.h,.nmln‘m ! m 1] o‘ﬂ 7 20002—
3 l ) 1A -
" ’“,“3 i"gH Q“ .H i L *. o ‘ 1OODE
RORRBRRRR AR | T T e
UL 1'. “ WA Y residuals for X-V plane B =0T |
NNN ‘ 2200
£ Entries 19609
3 2000
8 1800 Constant 2041+ 19.8 GY:3?0 um
(] Mean  -0.03705 + 0.00269
; — 1e00f
igma 0.3688 + 0.0024

1400
The new readout, mounted on small planar GEMs, has been tested in magnetic 1200
field on a test beam at CERN. 1000
800
600

MPGD -2011/8/21
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Pitch limited by technology and cost

Smaller pitch used in Olympus/DESY,
on GEM chambers of 10x10 cm?2



Electronics

Main Requiremets:

} APV25 CMS Sistrip 128 50  270+38e/pF 20 both A 40 27 PD,PR . 10 2. Analog Output
100-2000 (350-1800) + 1-50 0.35 3. Time information
AFTER T2k TPC 72 19 both A 7.5 VGVS
I s-gauss (22-1.8)e/pF ° (100) 2 cmos  ° 4. Reasonable speed
Gas T:25  2000e @ 2ns 0.35 i i
| 5. High Density
MSGCROC DETNI athip 22 | S o 40pF 800 both A1 - V6,25 | ~ioe | MO

Beetle LHCb 128 25 500+50e/pF 17.5 both A/1 40 5.2 F-OR / 40

VFAT TOTEM 128 22 650+50e/pF 152 both 1 40 4.47 F-OR e 50

(cal) CMOS No optimal chip

2000 0.25 exists
NINO ALICE TPC 8 1 1900+165/me<100both 1 async 30 BR cmos M
CARIOCA LHCb MWPC 8 <@ 5000+40e/pF 250 both 1 6 B 2% 20 :
' 220pF +40e/p wk e e CMOS Several chips under

development

PASA+ ALICE 190, . BC, TC, 0.35,0.25

amRo  tpc TPC 16 ™ 570e@20pF 160 both 10 20 <40 " T T C

SVX4 ng' Sistrip 128 100-360 410+45¢/pF 60fC neg 8 (;gg) 2 75 C?\'IIZCE),S 50 I Most addressed in

soroc G spm ag A25-175 A:l/llpe; 2000 . 100ps0.025 dual . oo current activities iIs
T2K T:10 T:1/24pe pe neE. TDC pulse gain 3~ the APV25

Legend: PD = peak detection, PR = pile-up rejection, VG = variable gain, VS = variable shaping, F-OR =
fast-OR, BR = baseline restorer, BC = baseline correction, TC = tail correction, DC = data

compression, ZS = zero suppression

Sorin Martoiu / 4th RD51 meeting / CERN / 2009



MPGD Projects similar to SOLID

(MPGD = Micro Pattern Gas Detector)

 KLOE (Moderately large GEM)
« JLab/Hall A (Moderately large GEM)

« CMS Upgrade (Large GEM)

« Atlas Small Wheel Upgrade (Resistive
Micromegas)

LHC projects push technology development and consolidation of the production quality

Technology transfer to industry required for large production !
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JLab/HallA GEM Tracker for 12 GeV physics
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Some challenging experiments in Hall A

Experiments Luminosity Tracking Area Resolution
(s-cm?)* (cm?) Angular Vertex Momentum
(mrad) (mm) (%)
GMn - GEn up to 7-103/ 40x150 <1 <2 0.5%
E . and 50x200
A
Fectron Am ‘\?#?)OECJM
GEp(5) up to 40x120, <0.7 ~1 0.5%
W 8.1038 50x200 and 15
' Most q 80x300
[ .
man dlng
~ SIDIS up to 2-1037 40x120, ~ 0.5 ~1 <1%
40x150 and
- ﬂ | : 50x200 ~
Rt —— High Down to ~ 70 um
N, % Rates Large spatial resolution
il * Area I |

Maximum reusability: same trackers in different experimental configuration




© © © o

SuperBigbite Spectrometer in Hall A

Large luminosity
Moderate acceptance Hadron Calorimet

Forward angles
Gas Electron

Reconfigurable detectors | Multiplier Trackers

awoy - TT0Z Jequiaidss /0 - TT IAVd

High photon up to 250 MHz/cm2 and
electron 160 kHz/cm2 background

lectron beam

CH; Analyzers

Electronics for:
e Small silicon detector (SiD)
* Front GEM tracker
* Large backward GEM trackers
= >100k channels
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Tracker approach: 40x50 cm? Module

Use the same “basic” module for all
trackers types

— Size: 40x50 cm? active area

— 8 mm thin frame

SMD HV Resistor
— 3 X GEM foils (using single mask . e
> .————|
tech.) ot

OP VIE

— 2D strip readout (a la COMPASS) -
0.4 mm pitch =

T
i B
%I___!__

: Entra F
— X/X0 = 0.54% — -
— APV25 readout chip : . . GEM
E : jl Spacer H . GEM foil
— J iJ . GEMlel
Il Honeycomb

=
-
=
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=
-
-

AN AR

| L
: e L

Gas In/Out-Let



Tracker Chambers configuration

GEp(5) SBS
Front Tracker
Geometry
40 em L) E

1 '
E X6

T

GEM
'a |
l l\ I\\ L Third Tracker
Chamber frame ROB UV ROB XY \ ‘\l = CH2 ANALYZER

i
First Tracker = = CH2 ANALYZER

v Modules are composed to form larger :
chambers with different sizes A GEM
X(4+4) |

v’ Electronics along the borders and
behind the frame (at 90°) — cyan and - - N ROB

50 em

blue in drawing g c : e
v Carbon fiber support frame around the = T I _ | [

chamber (cyan in drawing); dedicated b 5,

to each chamber configuration E Chamber unit X/¥ ROB

- - Back Trackers Geometry

50 em



Electronics Components

GEM = FEC = MPD = DAQ

Up to 10m
twisted,
shielded

copper cable
(HDMI)

Passive backplane
(optional)

“ 3 — ’
\ - i ad
aed | TR | A 1
A el
ny { -

Main features:
» Use analog readout APV25 chips (analog and time information)
» 2 “active” components: Front-End card and VME64x custom module
» Copper cables between front-end and VME
» Optional backplane (user designed) acting as signal bus, electrical shielding, GND
distributor and mechanical support




Electronics layout of one chamber

Panoramica 7

FE cards are connected by a passive backplane (with hard rad voltage regulators);
backplane acts as a good GND connection for the cards

Front-end cards are electromagnetically shielded by backplane and external frame (with
thin conductive tape)



Assembling the first 40x50 cm2 module

Use stretching and spacers
to keep foil flat

Foil Tension: T=2kg/cm

Spacer Sector: $=170 cm2

Expected maximum pressure on

foil P~ 10 N/m2
U

Maximum foil deformation:

u~0.0074*P*S/T=6.4um

Stretching

Stretcher design
from LNF /
Bencivenni et al.

Gluing the next
frame with
spacers



Beam test @ DESY (EUDET support)
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Magnetic field / Extrapolation from KLOE Data

0 0.2 0.4 0.6 0.8 1 1.2 14
T | | | T | | T 04
£ "
c | s
S 03 1 o03s
£ i
o]
(/)]
nﬂ:) 03 — — 0.3
o
b
g _
0.25 —
.. ') | — 0.25
Limit due to i s
readout — 1 | - &
. 0.2 — _|
p | t C h : ¢ O Data from KLOE/2010 0.2
0 ———  Fit: 0.198+0.58x-0.24x>
016 — — 015
01 - _ 0.1
- Expected fringe -
0.05 — i — 0.05
- field at Jlab/SBS -
0 7\ ‘ L L L ‘ L L L ‘ L L L ‘ L L L ‘ L L L ‘ L L L ‘ L L ‘7 0
0 0.2 0.4 0.6 0.8 1 1.2 14
Magnetic Field (T)




From Hits to Track

 Tracking in high luminosity is not trivial

* Background hits shall be identified and minimized
— Time correlation with trigger

E1T

axoffm

B . —— . e

X-strip hit distribution

0

* Remove false (ghost) hits

— Amplitude correlation in 2D
readout plane (—)

— x/y and u/v planes

25 ns

50 ns




MonteCarlo + Digitazation + Tracking

Stri Cluster Hit Hitpattern | Bi
Decoder oS o = p ) ™ TreeSearch
Finding Building
| Patterns
2D Roads 2D Track Track Projection
De-Cloning Fitting Projections Matching
| Hitsin3D
3D Track 3D Track 3D Final rack
—
Fitting Candidates De-Cloning ey racks

6 GEM chambers with x/y readout
Use multisamples (signal shape)

for background filtering

Bogdan Wojtsekhowski + Ole Hansen

+ Vahe Mamyan et al.
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20 40 60 80 100 120

Background [%]

0.08
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0.06F
0.04F
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0.02F

0.01F

031

0.05f

htemp

Entries 3061871

0.05F

0.25F

o.2f

0.15F

0.1F

40000— Mean  -161.8
- RMS 137.6
35000 —
30000 —
25000 — : :
- High v + e background hits
20000 —
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15000 —
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0 -400 -300 -200 -100 0 100
Hit Time (ns)
s | o, vs background | . |0y Vs background|
10 EU.OB;‘U
:"0.072
U.OEE Y
- u.osi gt -
0.042 L S
g u.oai
b 0.022
0.012
IZO““!O“‘EO IBE!III1UI 0: II20“‘40“‘60“‘30‘II1IJI
Background [%] Background [%]
s | 04 vs background + |0, vs background
10 — .3xi0 b
= 03
g f
B oasf
-y co E
= 0.2 T ——
= 045F e
0.13
unsf
IZOIII40IIIEO IEOIII1UI 0_ II20“I‘NJIII(':}U‘IIBUIII‘10I

Background [%]

Background [%]



PAVI 11 - 07 September 2011 - Rome E. Cisbani — Tracking System Based on GEM chambers

GEM Competitors



GEM Competitor: Micromegas
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Pillar particle *°

Only two HV needed
Multiplication similar to the 3xGEM

Accurate spacing between mesh and strip plaenes
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Standard micromegas soffer of high discharge rate

Latest developments use resistive material on the electrodes to reduce the

energy of sparks



Large Area/Spark suppression/2D MicroMegas

Large Micromegas

BULK Technolo, 359 mm (neutrno La rge area C b H H f | h | H
DUPONT PC 1025 coverlay $ ombination of several recent technologies
BOPP Meshes ) Largest size produced: (malnly dGVElOpEd at CERN)

SERITEC stretching 1726 active pads 1.5m x 0.6m

——_— Limited by equipment
3 technicians involved:

Olivier Pizzirusso
Antonio Teixeira
Julien Burnens

. Resistive layers:
* Spark suppression
e Multi-dimensional readout

Bulk MicroMegas resistive anode and 2D readout

P8

| lamination

.....
...............

.......

...........

................

MMO-002 pillar | yRRtei
Gantois mesh Ean ey

Mesh support pillar ResistveStip ~ wesssssssssasssaess Mesh

0.5-5 MQ/cm "
08/29/2011 Rui De Oi%veira /V . e q- [_VYS’ILI&I
6/,-6/ : bl 2
PG J=i mpm
Reduced sparks /gy i ]
e
| Non resistive telescope 0.5 mm R-strip to ground, 1.0 mm ‘

Development for

5 390 Voltag §§ 390 Voltag
= = Voltage . = Voltage
| Yotaee B | 11/ Atlas Upgrade
150 35 35 ___J—
. 3 o We have produced :
23 X/Y read-out
30 2 310
. U/V/W read-out
29 | 290 GEM mesh detectors
270 05 200 Grounded mesh detectors Resictive stripe
250 0 250 | i 1 1 1 ¥
25107010 IOROI0 29102010 3VIONOI0 0112010 OA110I0 ti::zmm 251072010 277102010 w0010 3102010 (see Joerg WOtSChaCk talk for details)

J.Manjarres-Ramos / MPGD2011 / Kobe ne/as /20t BT s
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GEM x MicroMegas

Discharge rate reduction technologies

Micromegas + 1 GEM foil :

3Woy - TTO¢ J8quiaidss /0 - TT IAVd

- 1 mm and 2 mm transfer gap
- Diffusion of the primary electron cloud
- Gain shared between MM and GEM

-, Impinging particle
Drift electrode

Drift
space
3 mm

Eun#
=600 Vicm

RN
R

GEM Fails
Ecew
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. gap
=150 V/mm s 2 mm
‘ | Micromesh | | "a
' " EE EEEEEN l'_ -------------  § kmpllflcaﬁnn gap
Eamp: Readout 128 pm
=2 kv/mm

electrodes :

Irfu

CEA DSM Irfu Maxence Vandenbroucke — CEA Irfu Saclay - MPGD 2011 — Kobe 8

M. Vandenbroucke / MPGD2011 / Kobe




Atlas Development (3D readout)

R19 with xuv readout strips

Mesh s s s s nsnnnnnnnnns = Tested two chambers with same
readout structure (R19M and R19G) in
v strips a pion I:-)eam (H6) in July
u strips = Clean signals from all three readout
coordinates, no cross-talk
= Strips of v and x layers well matched,
= x strips parallel to R strips u strips low signal, too narrow
= u,vstrips +60 degree = Excellent spatial resolution, even with
v and u strips

3Woy - TTO¢ J8quiaidss /0 - TT IAVd

R strips

X strips
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Conclusions

. GEM Technology suitable for applications with:

. High rate
. High spatial resolution
. Large area

. Micromegas with resistive coating is becoming an
attractive option

. Sparks suppression
. 2-dimensional readout
. Relatively simple technology

. Quite a few project working on large area GEM/uM

. Our activity on the SBS front Tracker@JLabl12/Hall A is
going to be finalized for production

. Optimal readout chip does not exist; several
developments in progress



