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The CMS Muon System

The CMS Muon System combines different

technologies :

andtriggering

- A Drift Tubes& Cathode Strip Chambersfor tracking
. A ResistivePlateChamberdor triggering
* RE4/2-3 and ME4/2 are added now during LS1

. After LHC LS1, the |d|<1.6 endcap region will be
- covered with 4 layers of CSCs and RPCs; the

|d|>1.6 region will have CSCsonly ...

Standard CMS RPC design not suitable for high

rate environment

Max Rate Barrel RPC 10 Hz/cm2

Max rate Endcap RPC
RE 1, 2, 3, 4 30dHg/em2. 6

Expected Charge in 10 years0.05 C/cm2

Max Forward Rate Hz/cm2
GE 1, 2, 3, 4 bpogfooa . 6

Expected Charge in 10 year8.051 C/cm2
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New technology needed

for | d|>1.6 region of muon
system

ASustain O(MHz/cg)
environment

ANeed for good spatial
resolution O(100um): tracking
ANeed for good time
resolution: triggering




Muon Trigger Challenges . 2
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LHC Phase-1 Schedule
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LHC Beam Evolution
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Goals of CMS Muon Upgrade: V  Restoreredundancyn muonsystemfor robust trackingandtriggering

V  Improvell andHLT muon momentumresolutionto reduceor maintain
globalmuontriggerrate up to |d|=2.4; ensuremaximumtrigger efficiency
in highPU environment

V Increaseofflinemuonidentificationcoverageo |d|=3 (calorimeterlimit)

Proposal to install doublayered tripleGEM chambers i
front of MEX2/1 and 6layered tripleGEM chambers
behind futurehadroncalorimeter

/)
a4 n 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 N
0° 84.3° 78.6° 73.1° 67.7° 62.5° 57.5° 52.8° 48.4° 44.3° 40.4° 36.8° n o

DTs
csCs
5 RB4 i— M RPCs 1.3 30
‘ B alm 7 |} W GEMs
1 « 7
Whee' 0 'Wheel 1 | ' Wheel 2 | [] 2 —l B iRPCs
= At 1 |
g ) ] Il o~
S i s lE NS
o o b o o
= = ;
affE ' Im o .
M o~ ™ A A
w w w
A ['4 o o \
(o : \
———————— uJ —
Solenoid magnet | R ‘ 1
I E | :
g o ~
4k 1 = AEE) !
V4 I 1 ~ g o []
V4 = w
/ I = O 1
I o -1
1 I I
I ‘ Steel I
T | silicon b3 s ! :
tracker I = ation 2 Station 3 Station 4 ¢
_ 40 21
0 SWWETTET = o e A 50 0.77
0 1 2 3 4 5 6 7 8 9 10 1" 12 2 (m)

June 3, 2014 Station 1 6



Trigger

Motivation
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R Trigger Motivation

Expected L1 trigger rate reduction with GE1/1
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Combining all proposed stations, expect factor
~4.5 rate reduction in 2.1<|d|<2.4 region
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a Main Achievements (2009-2014)

Detector Performance | Standard GEM Timing Performance |
Detector efficiencies above 98% ’
Time resolution of 4ns

Spatial resolution of about 29én with VFAT2 (digital) and
<11CGm APV25 (analog) readout chip

A Operation of GEMs in magnetic field

Detector Technology & Assembly ’
A Validation of singlenask technology

Ve

A Production of largearea GEM foils for GE1/1
A New selfstretching (NS2) technique for tripl&EM assembly Earn [kV/om]
Detector Integration into CMS

A Successful trial installation of dummy super chambers
\ Single Mask GEM performance

Gas mixture, detector gap sizes (mm)
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Sec 5-2

2011

2012

(GE1/1) Project History

2013/14

Generation |

The first 1mclass detector
ever built but still with

spacer ribs and only 8 sectors
total. Ref.:2010 IEEE (also
RD51Note-2010-005)

June 3, 2014

Generation Il

First large detector with
24 readout sectors (3x8)
and 3/1/2/1 gaps but still
with spacers and all
glued. Ref.2011IEEE
(alsoRD5:Note-2011-
013)

Generation IlI

The first sanspacer
detector, but with the
outer frame still glued to
the drift. Ref.:2012 IEEE

Michael Tytgat - TIPP2014

Generation IV

The current generation
that we have built two
of at CERN so far, with
four more to come

from the different

sites. No more gluing
whatsoeverRef.:

MPGD 2013, IEEE2013

>
Generation V
The upcoming detector
version that we will
install. One long and
one short version.
Optimized final
dimensions for max.
acceptance and final etz
segmentation.
Installation ofdummy
chambers
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LAYOUT

* Two 10° triple-GEM chambers to form a
“super chamber”

* 144 total chambers (36 super chambers
in one station per endcap)

 Each chamber is segmented into different
columns and n region ‘»

Final geometry to be finalized: il
- Short super chambers extend to 1.6 < [n| | ||.4"

< 2.2 (due to the steel brackets): N

* 3 columns and 8 n-partitions
with 384 strips per n-partition

* Long super chambers extend to 1.5 < |n|
g 22

* 3 columns and 8-10
nN-partitions (under studies) Hoys
with 384 strips per n-partition

June 3, 2014 Michael Tytgat - TIPP2014 11



C20E super chambers

C 2 stations: 8 rolls up tod|=2.12 & 12 rolls up tod|=2.4

C Requires R&D on chambers which will be 1.5m long and >1
wide at wide end

C Readout board similar to GE1/1

June 3, 2014 Michael Tytgat - TIPP2014 12



MEO @ High-eta

One MEO supemodule wedge will consistf 6 layers

(total width of 30cm only):

A2 x18 chambers (20E chambers)
A18432readout channel8 stripsone directionaln @

|l n order to fit in 3s0ysctme nedx:pl o
2 backto-back tripleGEM chamber with one common
drift electrode

New detectors have to operate in very high backgroynd Back fg‘;‘%‘fﬂ .
environment (expect 1100kHz/cm) and high PU: mafgports ;

& Services Pocket
R&D needed For package of 6

Thicknesses cm:

Additional 6 points (neutron background rejection)
of measurements extending in high eta

2.5 Borated Poly
1.2Pb
3.2 Single Chamber 1

2 . 3.2 Single Chamber 2
CcMS Sim‘ulation 20‘13 : Ys =14 TeV L =3000 fb! ‘ : >C- 3.2 Single Chamber 3
Gain up 10 40% in 5 ,F T e 4 5 yrymecums
. . s - ] q '
S|gnal selection s Facceptance [ Conf-3:H —» 22 > 4 - ¢ 8 3.2 Single Chamber 6
ci i = 200} [ Conf-d:H = ZZ* > 4| i = > Sliding Rail
efficiency with § “fincrease : : 5 32 F:j»bldmg ai
extension upto d=4 150 = g “=  2.5Borated Poly
C Delphes - I 3z el
for H->ZZ->4p . ] - 28.8cm
100~ - <
B ] @
50— =
B . . ] 20 degree
f10 115 120 125 130 135 140 Chambers
M, , [GeV] 4 >
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Imm

Inside of readout board

2mm

GEM foils x{

Imm

Internal frames 4\\'
Drift board

3mm

— s e e

ASinglemask& selfstretching technique
@ CERN

ANo spacerdn active volume

AActive area : 990x(22@55)mn?
AGapsizes3/1/2/1 mm

ASectors: 3 columnsx (8-10)d,
partitions

AStrip pitch: 0.61.2mm

A1D readout ofup to 3840channels
A35 HVsectors

June 3, 2014 Michael Tytgat - TIPP2014 14




—

- U

b 'Izl'fﬂm il ‘n:m\.hhﬁwy i
Strip side External side

Readout board : metalizedvias bring the signal to the other side of theard panasonic connector with
128 entries is soldered on thstrips

Drift board : HV springcontacts toconnectfoils to HV; 4 contacts per GEM (Togobottom + redundant
connectior)

HV divider

June 3, 2014 Michael Tytgat - TIPP2014 15



Current state -of-the-art: Self-stretching assembly without spacers (NS2)

Readout Tightening the

PCB horizontal screws
GEMs

tensions the GEMSs
J
Drift electrode P 000 <

& seals gas volume
Detector base pcb

only glue joint in assembly

Allows re-opening of
assembled detector
for repairs if needed

2012 @ CERN

Allows to assemble a full GE1/1 detector
in 2hours time only !

June 3, 2014 Michael Tytgat - TIPP2014 16



GE1/1 Assembly Procedure

As an example, GE1/1 assembly @ Ghent University in Dec. 2013

bnto drift b

(5) Mount read:
board

June 3, 2014 Michael Tytgat - TIPP2014 17



Many test beam campaigns at CERN SPS (2009),

Fermilab(2013)

ASpatial resolution: witbinary VFAT2 chip276um; with

analog APV chip< 104um
ATiming resolution: 4 ns achieved
AEfficiencies: ~98% achieved

June 3, 2014

Efficiency

GEMSs In Test Beam

GE1/1 Spatial Resolution GEM Residual[mm]
r Entries 13026
w01 CERN H4 SPS (201p, é”"(:;m 19;97-?:!117%
ons +17.
1200 VFATZ) Mean -0.02642 + 0.00263
Sigma 0.2761 10,0022
1000
& GE11-IV |
Thr=12 vfat units
600 lcomp=100 0=276 [
Gs Mix:AY/COR/CF4 ~piteh/ V12
W0 1 45/15/40
200

~1

1 2 3 4 &5

HV Divider Current [LA]
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¢ /
« /

0.6 ; o & Sigma3 eff: 97% = 0.0025
0.5 ;// —e— Sigmad eff: 96.7% = 0.0022 ||
) :/ — = sigmas eff: 97.8% + 0.002

0.4 E —m=—— Sigmaé eff: 96.2% + 0.002
0.3
':IllllllllIIIIIIIIIIIIIIIIIIIIIIIIIIII
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Aging Test @ CERN GIF

Gamma Irradiation Facility (GIF) |H{HHHH]] | A CMS GE1/1 detector was installed in the CERN GIF;
C| I detector performance and environmental & gas
137Cs source .
566 GBq parameters monitored:
662 keV . . .
. \ ] _ C Ensure longerm operation inside CMS
S &l C Understanceffectsof radiationon the materials
GEM B ] —‘ GAS C Understandageingrigin (if any) and propose solutions
detector system
CMS GEM Ar&?ﬁis %m - o ' {wef §
‘HH—H- HH—HH-H Zone Power gm " ldemes aat M‘N qw\ 18§
N (TR PP S iy ﬂ -
— S Y i A W ' -
| [ ] | pre | g T N}WP{;WY N L
ik . YRR TALR WY -
T mii l: a’\q"‘:d\'" \‘M \ :;: [ WM ‘ i Em
» - el - 662 keV photons o | Hys 3 i"‘" P bl n <1 R T
. g R R scira ~— 56— .'12‘;&1' BT I‘uslun'_' ¢
CMS triple-GEM detector Time [hour]

"~

CMS GEM detector
GE1/1-prototype Il
Ar/COZ2/CF4 (45:15:40)
Gain : 10*

Mormalized Gain [u.a)

¢ -
S0 UG GE1/1 detector

A WEY 'y L
b fN « o ‘ i
- —— e “ o, . ¢ .
= '
e vmE ADC + Bridge : . “a ’
[ - - . RO a -
g % i ‘ ‘ !
8| |LLLLLLLE :
i A% Protection “3 0z ot
blocs(ead) w N =T AR IA | I AP PAP AP | A | I P P L.,
i > YT e 2 3 ] ] [ T
/N / " 'if‘ Accumulated Charge [mC]

No effects seen so far (~7mC/cm ?2; ~kHz/cm ?)
To be continued at GIF++
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DAQ and Electronics

Global requirements: provide necessary input from all GEM detectors for Muon

ATriggering: pr ovi de O0Fast ORO6 trigger information wi:t
CSCTrigger Mother Board

ATracking: p rovide full granularity tracking data on receipt of a LV1A; be compatible with CMS trigger
upgrade possibilities (LV1A latency <<20QLV1A rate < 1MHz Poisson)

/- = -\ On Detector Off Detector

/ \Y— GEM_PCB

/ VFAT3/GdSP

FPGA/ /

GBTs MrCA crates
#__* Trigger
————>
= w @ Links to CSCs O AMC13

GLIB DAQ

Ser/Des

\ Optical links @ 3.2Gbps DCS

[—>

DC/DC converters &»

Power Supplies

LV

HV
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VFAT3

VFAT3: frontend ASIC with programmable shaping time; internal calibration; binary memory; interface
directly to GBT @ 320Mbps; designed for high rate (10kHZ/depending on segmentation)

AVFAT3 chosen for GEM Slice Test and GE1/1 full installation during LS2

AVFAT3 analog discriminator will use CFD or
TOT to correct time walk

AVFAT3 STT version (Separate Tracking &
Triggering)

AGEM OptoHybrid contains FPGA performing S
oconcentrator o6 and dr , : 'H__F
3.2Gbps; FPGA programming via the GBT ——

Concentrator :
small FPGA

VFAT3

Fixed Latency trigger path ] =) bl =} =]
Comparator Trig :

Unit
.
SRAM1 SRAM2 —
Preamp  Shaper L. - |, ~ Trie dat 3.2Ghps
! ) "~y Trig aata
128 channels T 11 " [encoded)
Control Logic + Data Formatter L
CBM Unit
(Calibration, Bias & — T
Monitoring) Slow Control system

L1 Trigger

June 3, 2014 Michael Tytgat - TIPP2014 21



C First GEB vl arrived at CERN in Jan. 2014; under
test now; GEB v2 design will be submitted as soon as
initial GEB tests done

C Standalone tests of Optbybrid v1 ongoing since
Oct. 2013; FPGA firmware being developped for
VFAT2 control; combined tests with GEB v1 in Feb.
2014

June 3, 2014 Michael Tytgat - TIPP2014
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