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@ Introduction: the present CMS Endcap system
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The CMS Forward Muon RPC system is equipped with detectors up to
I nl <1.6, while

> Instrument it with a
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@V The case for GEMs at CMS

What is a GEM detector?

A GEM detector is one of the latest generation of of Rate capability : 10*Hz/mm?
gas detectors (MPGD)s. Triple GEMs have 3 GEM Spataifime resoliton: = 1IMMR = 4508
foils: Gas Mixture: Ar-CO,-CF, (non flammable mixture)
Drift (lonization), Cathode
Transfer (amplification) Ly | VL e I
. . . Electrons: | /| Drift || Adrif | Tons
Induction (induction). \ - Sl Y 1 ‘
~Fleld -
///' e = 7 d
> Combine triggering and tracking functions e & >
Nl Diffusion o= Ton trap
> Enhance and optimize the readout (n-¢) Losses.___ é
granularity by improved rate capability: S —ily —=
~40% 14 A -
lonization produced by a traversing charged / »"Indhlc‘ﬁbh T )
particle produces electron / ion pairs. B et A | -
The electrons drift in the electric field towards ‘ ’ “ W \ *| B ‘i' 1 ‘| “ ﬁ
the GEM foils while the ions recombine at the ‘ —
cathode Ir =T 6T Anode Ifm Feed_back:
) (gain x transparency) Dgritr/ Towr

« Foils developed using PCB manufacturing techniques

« Large areas ~ 1m x 2m with industrial processes (cost effective)

» Each foil (perforated with holes) is 50um kapton sheet with copper coated sides (5um).
* Typical hole dimensions : Diameter = 70um, Pitch = 140um,

« Long term (10 years) operation experience in Compass, LHCb and TOTEM
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) Motivations o

L W

CMS was designed to have a highly Redundant Muon system but we are missing
redundancy in the high-n region.

In particular the high-n region needs robust and redundant tracking capability.

Detectors with high resolution would bring additional benefits in Muon HLT,
reconstruction and identification.

Improve contribution to Muon Trigger Efficiency.

Rates [Hz/cm?] Charge [C/cm?]
CMS
REGION

LHC High Luminosity LHC | Super LHC LHC High Luminosity LHC Super LHC
(10%*cm?/s) (3 10%4cm?/s) (10%5cm?/s) | (1034cm?/s) (3 10%4cm?/s) (10%5cm?/s)
0.15 ~1

Barrel RPC 30 Few 100 ~1000 (tbc) 0.0

Endcap 30 Few 100 ~1000 (tbc) 0.05 0.15 ~ 1
RPCn<1.6

Endcap 500 - 1000 Few 1000 Few 10k (0.05-1) few C/cm? Several C/cm?
RPCn>1.6

CMS high-eta region requirements are demanding in terms of rates and integrated charge




@ Motivations

Muon transverse momentum resolution for different muon system configurations
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GEMSs, being also a tracking devices, will allow the muon pattern recognition also in partial, and

even total absence, of the CSC allowing a direct measurement of the tracking performances using
two independent muon systems.



Prototypes construction




= Producing large prototypes for CMS L;

New single-mask
technology

New Stretching
technique

Key points

Single-mask technology provides alignment of the GEM foils,
while double-mask technology cannot be used for large size
foils due to misalignments.

= Small prototypes demonstrated that single-mask
GEMs achieves excellent performance.

= Large prototypes confirmed that single-mask
technology is mature.

The usual thermal stretching is not suitable for the mass
production and large-size detectors.
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@ The new single-mask technology '4‘3

Schematic comparison of procedures for fabrication of a double
(right) and single (left) mask GEM

DOUBLE MASK SINGLE MASK

50 mm polyimide foil, copperclad _

photoresist lamination, masking,
exposure and development

metal etching

I
1
N N N polyimide etching Il B B A
Il A A A
B A A A
B A A A

metal etching

' . - - second masking to define electrodes
. . - - metal etching and cleaning

— e

Single-mask GEM achieves same performance level as double-mask GEM
Single-mask technology used for large CMS-size prototypes




@ Stretching techniques

Old thermal stretching
ven ecer frame on the GEM folls ™ Jf

New self-stretching technique

Readout 5 — The screw is pulling
PCB out the console

GEMs

: Detector Base
Drift
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The new self-stretching Technique

30x30cm? prototype

-

|
“
E
|

The new self-stretching technique has been applied to the full-size CMS
detector that will be tested next week at the beam test!
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The CMS Full-size detector prototype for CMS

= GEMs active areas: 990 mm x (220-445) mm
= Single-mask technology
» 1D read-out with 3072 channels
= HV sector: 35
=Gas mixtures:
=Ar:CO, (70:30; 90:10)
=Ar:CO,:CF, (45:15:40; 60:20:20)
= Gas flow: ~5 I/h

12th Pisa Meeting on Advanced Detectors
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@ The CMS full-size layout

35 HV sectors in total

Shielding
Openings for VFAT electronics

Readout

Frame

GEM Foil

Drift plane

HV divider

Gas grooves
9 Spacers
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CMS full-size gain measurement

100,000

T

10,000

1,000 -

100

Effective Gain

10

X-rays: 10kV, 1.6mA
Collimator: 2mm

620

660 700 740 780

Current through the HV divider (1A)

820

Calibration measured in RD51 lab with x-rays

——Ar+CO2 (70-30) / Sec 2-2

—8-Ar+CO2 (70-30) / Sec 5-2

~*~Ar+CO2 (70-30) / Sec 8-2

~~Timing GEM Ar+CO2
(70-30)

The full-size single-mask CMS prototype showed gain curve similar to the
reference standard double-mask 10x10cm? GEM.




Test beam main results




@1  CcMS-RD51 Test Beams (SPS H4 2010)

Test Beam @ RD51 SPS-H4 Setup

N~ N~

L/ |
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Timing Studies (2010)

| Standard GEM Timing Performance |

Time Resolution [ns]

30

B Gas mixture, detector gap sizes (mm)
25—

B — Ar(70):C02(30) 3/2/2/2

- T — Ar(45):coz(1 5):CF‘(40) 3/2/212
20—

B — Ar(45):coz(1 5):CF‘(40) 31/21
15—
T \\‘\‘—F
5 - A4
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| Standard GEM Timing Performance

Time Resolution [ns]

30
- Gas mixture, detector gap sizes (mm)
25—
B —e— Ar(70):CO (30) 3/2/2/2
20__ —&— Ar(45):CO (15):CF (40) 3/1/211
15—
10—
5— ke
P " S
| | | | |
0 | L1 1 1 11 2 | I | 3 | I 4 L1 1 1 5 L1 1 Il

E g [KV/Cm]

Custom made HV divider for Standard triple-GEM
Clear effect of gas mixture, and induction and drift field

Timing resolution of 4 ns reached
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Single mask performance (2010)

GEM efficiency performance

Efficiency [%)]

100

90
80
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60
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40
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0

Efficiency Plateau

Muon beam 150GeV
VFAT thr=25uypaq
VFATyspr,=4 (100ns)

Standard double-mask GEMs
Ar/CO2/CF4 (70:30) conf. 3/2/2/2

Standard double-mask GEMs
Ar/CO2/CF4 (45:15:40) conf. 3/2/2/2

Single-mask GEMs
Ar/CO2/CF4 (45:15:40) conf. 3/1/2/1

Standard double-mask GEMs ngh
Ar/CO2/CF4 (45:15:40) conf. 3/1/2/1 achievable

gain!
| | | | | | — | | | — | | — | | I | — | | I |
5000 10000 15000 20000 2500¢ 30000
Gain
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CMS full-size prototype (SPS@H4 2010)

CMS full-size residuals

SINGLE MASK

“RUN = 175

"BV = 4.50 kv |
I = 738.90 uA
- Thr = 40 V,
7 = 99.5%
Position = Pl
~Gas: Ar/cCo, (70T3

1
gell residuals

Entries 3682
Mean -0.02183
RMS 0.964
22 1 ndf 142.8/38

Constant 568 + 129
Mean 17 + 0.0040
Sigma 0.2298 + 0.003

Data-taking focused on different points
along the detector to check uniformity
Preliminary results from the first
version of large-size CMS detector
showed a very good performance.

CMS full-size efficiency

©
o

Efficiency [%]

8 6 4 2 0

4 6 8 10

CMS GEM Cluster Position-Track position (mm)
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@ CMS full-size prototype (SPS@H2 2011) '/;1

At CMS we expect B, ~0.6 T (while B,~3 T )

L CMS TB 06&07 2011 GEllnew@M1
E L
E GE11l II:3/1/2/1[128ch_1D]
‘g’ 25— ArCO02CF4(45:15:40)
£ B MuonBeaml50GeV-H2@06_11
8 B THR=40
8 r
& T
a B /MNE = 30°
:— B A E = 90°
B Simulation (no
n diffusion)
- Measurements

Magnet (T)

Prototypes inside the M1 magnet (side view)



@ CMS full-size prototype (SPS@H4 2011)

RD51 Scalable Readout System (SRS)

AXx distr. Tracker GEM & CMS full-size

E r Entries 2906
g r Mean 15.4
B 600 RMS 0.147
— 2
o [ x2 I ndf 1.5515
~ ol Prob 0.04145
8Lk Constant 668 + 16.1
S L Mean 15.39 + 0.00
> 400 — Sigma__ 0.1159 + 0.0019
e
300[—
200—
100
07 | ! P IR
14.5 15 15.5 16 16.5

delta x (mm)

Successful data taking with APV chip and Scalable Readout
System (SRS) developed by RD51 Collaboration, instead of
TURBO/VFAT system used before.

M/ beams

Strip Pitch: 0.573 mum

ClustSizeGEM3TopX
Entries 35001
M

5 ! E ean 3.423
oooo E RMS 1.133 /
ooooo - c.s. size = 3.423

ooooo

CMS GEM3 X-Hit Cluster size with 28033 good events

ClustSizeGEM3TopX

Entries 28033
Mean 2.649
RMS 0.9276

@

5]

Strip Pitch: 1.146 nun

12000 —

Cluster size = 2.649

Strip count in the cluster

CMS full-size prototype:
o, <110pm
in section with smallest pitch
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@ Ageing test

Motivations T
T Lm— Irrad. Display
> Ensure a long term operation in CMS cMS J—l—
> Understand the effects of the radiation on the materials prototype ! N
> Understand ageing origin (if any) and propose solutions — l_l i { éog —
/;; 1.2 I - - -- - _J
%‘ 1 P wwmﬁww;ﬁgﬁg ——————
E 0.8 i -
=
o5 b h—r\ ma)(\mum -— -— -—
CMS :“\'gd charge
ntegr ) “1Gairn of 2x10*
[ 50 MHz/cn? X-rays,
0.2 10-daysi=-—>20-€/cm*integrated N . =
. | 7cs 566 GBa
9 2.5 5 7.5 1Q 12.5 15 17.5 20 22.5 25 « \

Integrated charge {(C cm?®)

GEM settings:
Drift: 3kV/cm, Others: 3,5 kV/cm Induction: 5 kV/cm

Gain: 8 10 — 10*
Gas Mix: Ar/CO,/CF, (45:15:40)

The CMS full-size prototype has been installed in the CERN Gamma Irradiation Facility
The detector performance will be monitored along with environmental/gas variables
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Services, integration, installation




@m Cooling system

« The cooling system has been studied/simulated taking into account electronics
power dissipation (VFAT).

« The cooling system will ensure a chamber uniformity of 20 +/- 1°C.

Proposed cooling schema of the CMS

Soldered to the pipe VFAT full-size detector
chip Z
mm Cu strip VFAT PCB

E. Da Riva [EDMS No. 1157976 v.2]



Integration studies

A. Conde Garcia



GEM production




@ GEM Production at/outside CERN

The Goal is to setup a production line being able
to face mpst of the future requests for large GEM
productions (from 1 piece to few hundreds, size
up to 2m x 0.6m)

New Machine procurement and
installation(°1) and new building(2013)

CERN Building 107
Basis of Design

@CERN

@Korea New Flex (South Korea near Seoul) has produced 8x8cm?2
and 10x10cm? GEM; successfully tested at RD51 lab

= |nitial contact in 2008;
new visit in June 2011

= Full technology transfer
done; large size foils to try
gradually...

12th Pisa Meeting on Advanced Detectors 27



i

Characterization of Korean GEM

Gain Calibration [Ar/C0, (70:30)]

Effective Gain

10*

10°

10

10

10"

o

——&—— Single GEM (CERN) Ar/CO2 (80/20)

——e—— Single GEM (CERN) Ar/CO2 (70/30)

: Single GEM (Korea) Ar/CO2 (70/30)
| —e— Single GEM (Korea) Ar/CO2 (80/20)

Excellent results of the Korean GEMs compared
with the single mask CERN GEM detectors, in
both the gas compositions.

rl‘rrrrm] IIlIII|T| IIIIIIIT\ T TTTImT T 11T llllllﬂ'[_l_rﬂTmT

Loooobeeeadieend

Lopopgege dogggg by

100

200 300 400

5

Voltage (V)

Divider performance

P

—m=3/2/2/2

— Linéaire (3/2/2/2)

Triple GEM configuration stack




Quality Control (QC)

DRIFT READOUT

MECHANICS
ELECTRODE ELECTRODE
PRODUCTION probucTioN B ProbucTion [ PRODUCTION

GEM FOIL

Electronics
Production &

QC

CERN?
us?
India ?

ASSEMBLY SITE

Quality Control procedures:

. QC-Drift Electrode

. QC-GEM foils

. QC frames (mechanical tolerances)
. QC readout PCB

. QC Gain uniformity test

. QC leak test

Transport to
CERN

), Sec 1, Ar/ /30)
107 =]~ NS230x30, Sec2, AnCO2 (70130) L Franconi
—®—— NS230x30, Sec 3, Ar'CO2 (70/30) [l
Sec 4, AnCO2 (70/30)
C /30)

10°

Effective Gain

BEEREEGATE
gagpeages

30,
30,
30,
30,
30,
30,

10°

10

\

Installation .

102

Commissioning

5

o1
o

60!

[=]

650 700 750 800 850 900
Current (uA)




The electronics system




2l 2

The uTCA development |

Design a system that is: Possible FE ChIpS...
Flexible in terms of detector segmentation. :
Uses generic design work as much as possible. VFAT3 .
10°/3 Front-end with
GEM chamber segmentation . .
re sic —@TE]E) - - programmable shaping time.
= == 2 [p]a]=) . .
Segments / \\ ; |a]a]a) Internal calibration.
(ie Segment A3) / \ "t partitions | | Binary memory
/ \ | SEE / \ Interface directly to GBT @
[ \ \ 320Mbps.
v ti%\Ezm : :
T Designed for high rate
GBTs R f |
N = A eference plane 10kHz/cm2
/ _?'-\ (depending on segmentation)
UTCA Crate (12 slots) GEN1N GdSP:
//] / /] /] //]“ Similar to VFAT3 except has an
(@) c T _ ADC / channel instead of a
@3.2 Gbps (GLI MCGLI LIE X2 SC comparator.
/ Internal DSP allows subtraction
4 / vy LAl of background artifacts enabling
8 GOL from 1 GLIB = 10°/3 a clean signal discrimination.
RE3 and RE4 (30) 9 GLIB = 30° Centre of gravity a possibility to

A possible off detector partition: st Tl ol el

1 GLIB = one phi segment ie. 10°/3
1uTCA crate = 30° degrees in phi

12 uTCA crates = 360° (24 pTCA crates for both endcaps)
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Measurements to optimize the electronics

Capacity measurement large-size detector Inter-strip capacity

X=969,636 -4 ETA regions
-256 strips
- 35 um Copper cladding

Drift electrode
v R1 R2 R3 Re |

’ AN——AN AN

4000 100k qu 100k J_q 100k 100
b = = smm  Drift

220 220 m n n
L I i
10M
552k

GEM 1

m Transfer 1

GEM 2

m Transfer 2

GEM 3

anm Induction

Read-Out

electrode Strip pitch as a function of the detectors length
1.8 4

16 e :
14 | \
1.2 - \

1 4
0.8 -
0.6 -
0.4 -
0.2 -

0

Connected to the
aluminium bar by
SHV connector

pitch [mm]

556.5 765.5 968.5

X position




@ Conclusions EAS

Scope: instrument the vacant high-n region with detectors suitable for high rate,
capable of tracking and triggering

« Detector development:

— New industrial technologies and new cost-effective assembly techniques developed for large-size
GEM foils (large size foils production with no spacers in active area, reduced assembly time, no gluing
and no soldering required, possible to re-detector)

— High rate, rad. hard triple-GEM technology developed and demonstrated for large area detectors

« Improvements in muon tracking and triggering promising
— Substantial increase in the acceptance
— Redundancy and robustness in high-n
— Lot of interest from trigger and physics groups

+ Electronics development: underway
+ Integration and services in CMS: studied in sufficient detail
« Large participation: currently 39 institutes with 182 collaborators

12th Pisa Meeting on Advanced Detectors 33



Thanks to ...

The GEMs for CMS Collaboration:
182 collaborators, 39 institutions, ... countries
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Short Project History (2009-2010) '4‘3

Several
Meetings feasibilities TestBeam 2
Starting weekly studies At the RPSL setup we

GEL/1 meeting with wtegration studies, oo forneed further

Thevery — Stromwg support gas ﬂovs{, wmechanices, studies with small TestBeam =3

firstidea. from BT, Rps1  electronies, detector < {ngle mask  The GBL/1 is being
collaboration. performance... prototype. successfully tested!

$ 4

se‘pt Oct Nov Dec

W

Lab tests
EW Qroups Setup preparations
ed tn the Lab.

TestBeam 1 GE1/1 proto | ready!
At the RPSL setup  The comstruction D{U the

we tested timing  firct GE1/1 is finishe
performance of

small prototype.




@ Short Project History (2011)

Cownstitutional a 1 proto I
’ e1/ roto

MCCtLVbQ 0 c p
. t Desigw is ready,
unstitutional team o

, Material read Y
Leaders to constitute R ,

.outlding tt...

GEMs for CMS

v § &

TestBeam &

The €11 _new Ls
tested again in the
beawm; the campaign
ts focusing on
electronics upgrade

¢

Jaw Feb Mar  Apr May Jum Jul Aug  Sept  Oct

GEL/1 proto Ul TestBeam 4
Started worlemg The GE11_wnew has
on the second beew tested tn a
prototype. strong magwetic

fiela

New 30x30cm>
prototype self-
stretched ready

Y to be continued

TestBeam &

The GE11_wnew Ls tested
with a wew adjustable
HV divider




Estimated Particle Rates

RPC Region

RB

RE1, 2,34 N<1.6

Expected Charge in 10
years

RE 1,2,34 N>1.6

Total Expected Charge
n 10 years

Rates Hz/em> High SLHC ??

LHC (10* em?/s) Lumiwositg (10*5em/s)?
LHC

20 Few 100 Rz

20 Few 100 RHz

0.05 C/cm> 0.15 C/em> ~ C/em>

so00Hz ~ kHz Few RHZ Few 10s kHz

(0.05-1) c/em> few C/cm> Few 10s C/cm?>




&) GEM Rate Capability

Measured with an X-ray (5.9 keV) tube: Ar/CO,/CF, (60/20/20)
Gain of about 2x10*

¥

b
o
*
¥
R
¥
%

o
o

Normalized gain (a.u.)

A very good gain stability was

found up to a photon flux of
about 5x107 Hz/cm?

107
Beam flux {Hz /cm?)



9 Triple GEM Ageing test

Gain of 2x104

Total integrated charge of 13 C/cm? is expected in 10 years of
operation in LHCb

50 MHz/cm? X-rays, in 10 days a total charge of 20 C/cm? was

integrated
EPR Less than 5% change in the
= chamber behavior
_g 1
E 0.8
o
=

7.5 10Q 12.5 15 17.5 20 22.5 25

Integrated charge {C/cm?)
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@ Small Prototypes (2009-2010)

= 10x10 cm? triple-GEMs, 1D or 2D readout, 128 or 256 channels :

O Standard double-mask triple-GEM - “"Timing GEM"
O Single-mask triple-GEM
0 "Honeycomb” triple-GEM

Characterization of GEM Detectors for Application in the CMS Muon Detection System
2010 IEEE Nucl. Sci. Symp. Conf. Rec. 1416-1422; RD51 Note 2010-005; arXiv:1012.3675v1 [physics.ins-det]
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@ Double-Mask vs. Single-Mask GEMs

Base material = Polyimide 50um + 5uym copper cladding on both sides

<€ +Base material —>

eHol tterning in C

(— ole patterning in Cu 9
€= *Polyimide etch =

I I

*Bottom electro etch ==

*Second Polyimide Etch mesp

Achieved 40x40cm?

12th Pisa Meeting on Advanced Detectors 42



i

Single vs. Double-Mask GEM

| Standard GEM Efficiency |

Efficiency [%]

-
=3
o

70

10

g
IIII|IIII|IIII|IIII|IIII[IIII IIlIlIIIIlIIIIlIIII
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Gas mixture, detector gap sizes (mm)
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Single Mask GEM performance |
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[

70
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@V “Honeycomb” GEM Imaging

| Honeycomb GEM config 2 |

-
w
o

aYE
gno;—
c -
.‘9‘110:—
@ F i
8.100:— v
> E
3 90/ —
2 E
%) sog— N g
= A
60
50 -
4:ll I III! lllllIllllllILlJIJllll]JlIIlLlll
%o 60 70 80 90 100 110 120 130 140

Cluster x-position [#strip]

= Insert honeycomb spacers between GEM foils to avoid foil stretching
= Efficiency ~70%; geometrical factor due to spacers roughly
estimated at ~65%

Similar performance level observed as for standard GEMs, but local
efficiency losses due to spacers (similar effect as seen in CMS RPC)

12th Pisa Meeting on Advanced Detectors 44



9

CMS Proto | Mock-up & CMS Proto |

Avoid crowding of the GEM HV lines —
| HV input filter on an independent PCB
3 HV GEM dividers will be identical, connected and
Stacked one on top of each other using available height
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Readout PCB Proto |

0.8mm pitch
128 channels per VFAT connector

r each eta partition PCB thickness =



The HV divider is made by HV SMD Resistors and
has built-in RC Filter which cuts the intermediate
frequency from the CAEN 1527 power supply (GEM
detectors are sensible to HV power supply
fluctuaticn).

Resistors value have been chosen according to the timing
GEM performance in order to reproduce on the full-scale
prototype the excellent behavior of the optimized

timingGEM.

9 Optimized HV Divider

Hvl’ 1%

4 stage
RC
L PF

12th Pisa Meeting on Advanced Detectors

Use of ZIF sockets to
connect to GEM terminals

Drift
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SRS System (APV)

On-detector
front-end
hybrids

* APV25

* VFAT

* BEETLE

Chip-links
* HDMI
- analog (APV/Beetle)
- digital (VFAT/Beetle)
* optical (GBT. ...)

Front-end FPGA card
(SRS standard)
modular firmware:
*SRS control
*application spesif

Front-end adapter
(FE-specific)

* ADC card

* digital FE card (VFAT)
* GBT receiver

A\

Slave Maste Singl

Discharge
protection
(NUP4114)

Coax Connectors J

= mechanical

APV25 chip
= 128 channels

Chip Carriers ‘l’

g

= 192-deep analog sampling memory

cad adapter  FEC card

to SRU
(large-size system)

to DAQ (small/
medium size system)

Power regulators (MAX°556)

HDMI connector

The system was successfully
foowr adopted with the APV chip
o i during the September 2011
test beam

PLL25 rad-hard chip
clock/trigger

Extension connector for
a second APV25 Hybrid



&
m The RD51-SRS system SPARE

General purpose multi-channel readout solution for a wide range of detector
types, detector complexities, and different experimental environments.

Product of the RD51 Collaboration . . .
T on the Development of mpep ° Scalable - size and applications

Technologies

* Only point-to-point links. No busses

« Star topology

* Allows the use of different front-

| «— 1Gb Ethernet
v ends

« Can integrate different sub-
detectors DAQ in the same system

off-detector

Chip-link

/ ! \\/ (HDMI, fiber, ...)

-+ Cost effective

+ Use of cost-effective components
from high-volume markets (eg.
HDMI cables, PCle connectors,
Cat5/6 UTP cables, ...)

on-detector

( DETECTOR )

Production of SRS base components externalized.
Purchase via CERN store.
Full VFAT2 SRS system (HW & SW) may be ready for Aug-Sep. 2012.
Possible upgrade path with xTCA, optical, GBT, ...
A lot of interest from RD51 for VFAT2/VFAT3/GdSP.
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TURBO (VFAT) SPARE

The VFAT(TOTEM) is a digital on/off
chip for tracking and triggering with

an adjustable threshold for each of the

128 channels; it uses 0.25um CMOS
technology and its trigger function
provides programmable “fast OR”

information based on the region of the

sensor hit.

channels

DIGITACAND
SYNCRONOUS

i
i Synchronzation

ANALOG AND
ASYNCRONOUS

Turbo board layout
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For prototype testing we used
electronics developped by INFN
(Siena and Pisa), based on the
TOTEM VFAT chip.
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Prototypes construction (2009-2012)
REARRANGE! prototypes

= “CMS Timing GEM”: Standard double-mask; 10x10cm?; 1D readout; (3/2/2/2); 256 channels
—* “Single-Mask GEM”: Single-mask; 10x10cm?; 2D readout; (3/2/2/2); 512 channels

=  “Honeycomb GEM”: Standard double-mask; 10x10cm?; 1D readout; (3/2/2/2); 256 channels

Characterization of GEM Detectors for Application in the CMS Muon Detection System
2010 IEEE Nucl. Sci. Symp. Conf. Rec. 1416-1422; RD51 Note 2010-005

= CMS Proto lll : Single-mask; 10x10cm?; NS2; (3/1/2/1); 256 channels

= CMS Proto IV : Single-mask; 30x30cm?; NS2; (3/1/2/1); 256 channels

= Korean | : Double-mask; 7x7cm?; (3/2/2/2); 256 channels

>

Full-size prototypes

—I:- CMS Proto I: Single-mask; CMS FULL-SIZE; 1D readout; (3/2/2/2); 1024 channels

Construction of the first full-size GEM-based Prototype for the CMS High-n Muon System
2010 IEEE Nucl. Sci. Symp. Conf. Rec. 1909-1913; RD51 Note 2010-008

= CMS Proto II: Single-mask; CMS FULL-SIZE; 1D readout; (3/1/2/1); 3072 channels

= CMS Proto V, VI: Single-mask; CMS FULL-SIZE; 1D readout; NS2; (3/1/2/1) ~3072 channels
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