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Compact Muon Solenoid Cas

e Gaseous detectors for the
muon system

o Tracking detectors - o(100
um) spatial resolution

o Drift Tubes (DT) in
barrel

e Cathode Strips

| Chambers (CSC) in
| endcaps

o Trigger detector - o(ns)
time resolution

e Resistive Plate
Chambers (RPC) in
both region
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CALORIMETERS

ECAL Scintillating HCAL Scintillator
PbWO, Crystals brass sandwich

Cathode Strip Chambers (CSC)
Resistive Plate Chambers (RPC)

Total weight : 12,500 t
Overall diameter : 15 m

Overall length : 21.6 m
Magnetic field : 4 Tesla
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CMS forward muon system
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Sexiare & Bar

e Cathode Strip Chambers (CSC) fully cover 1.2<Inl<24; good spatial resolution in § & ¢. segments for trigger

and reconstruction

e Resistive Plate Chambers (RPC) cover Inl<l1.6; strips length along 1, have o(cm) spatial resolution in ¢
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e Original project foresaw a redundant muon system with RPC to cover Inl<2.1

e current RPC system to Inl<l1.6 (budget cuts, high-rate might have been too much)
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e good time resolution: hits used in trigger for correct BX ID and resolving ambiguities
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o redundancy’s missing in the most critical zone: high-rate and high-density radiation and lower magnetic field

o RPC system upgrade (up to Inl<2.1) required to keep up with LHC future environments
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Physics for high-eta regions

A, vs Mass, u Quark, 1 TeV (Theory)

o Upgrade foreseen by ~2020: ~3000 fb-! will be already collected by
then

o Standard Model precision measurement:

e high-n Z production for backward-forward asymmetry studies
(important for PDF)

e precise measurements of electroweak processes where barrel is 3 :
not enough (low-pr J/y, Y) ;e

o [Exotica (aka whatever new physics at 7-8 TeV mass scale):
o Heavy-resonances (with possible multi-leptons signatures) j g,e A

25 2 45 4 45 0 05 1

o New Heavy Stable Charged Particle which may need precision
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o May produce very high-pr muons (hundreds of GeV/c up to... G \\\\ A i)
who knows?) S
) s |

e Muons wide acceptance and robust triggering become even more
crucial for a “Compact Muon Solenoid”
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Multi Pattern Gaseous Detectors (MPGD) for upgrade

LA RPC Rates Hz/cm? High Luminosity LHC | (10°°cm?/s) Phase Il
e Rate capability = 10° Hz/mm? = 10 MHz/cm? LHC (10% cm?/s) SLHC
7?

o Spatial resolution ~100 um (Ogack < 45°) RB 30 s kHz (tbe)
. RE1,2, 30 Few 100 kHz (tbc)
o Good double track resolution e
! . 1.6
o Time resolution ~ 4-5 ns Expected 0.05C/cm? 0.15 C/cm? ~ C/em?
. . . Charge in
e High efficiency (typically over 98%) 10 years
RE kHz Few kHz Few 10s kHz
e Non-flammable gases (Ar, CO2) 1,2,3,4 n
> 1.6
e Can be readout along n as well Total ~ Cfem? few C/cm? Few 10s C/cm?
Expected
e improvement in rate capability from using Charge in
10 years

1 measurement in trigger

e Timing comparable to RPCs; improvements in

é :.}. e |
SNt e Figld lines
Drift / ] '
v » e spatial resolution
GEM 1 ~]
GEM 2 o sferd he” e radiation-hardness
) Tronsfer 2 L ,
Gt dction i | e Cost sustainable for going to large areas chambers
ndos DR ’-‘"f’?&—.
Readout PCB (o(l)m?)
pre-cmolf er o Already used in some HEP experiments (COMPASS,

LHCb, TOTEM)

3/112/1 GEM
6 e Activities within RD51 framework
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Including MPGD mta RPC trzgger

o RPC PAttern Comparator (PAC) £
compares muon hits (same BX)
with preloaded patterns

e at least 3 stations fired
e within projective 1] towers

® prassignment w.r.t. patterns
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® as pr precision depends on
spatial granularity along ¢,
improved spatial resolution

® sharpens turn-on curve

e contributes to rate lowering
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Trigger simulation set-up iz

e Disclaimer: only spatial resolution has been considered relevant for preliminary performance studies
on trigger and tracking

o simulation relies on “RPC-like” chambers with different spatial resolutions

o Single muon samples with 3 different resolutions referred wrt RPC strips number as are reported in
CMS Technical Design Report (TDR):

o x/-x2-x8
e Ideal (I) and realistic (R) conditions for RPC chambers:
o Lfficiency: 100%(1) or 95%(R)

e Cluster size for RPC: I(I) or 2(R) (GEM stations always cs=1)

| BASE T L S— 8
% ideal H N P 1T HinE
% | i | e Trigger turn-on curves
L i  for PAC pr> 50 GeVic
=] A i
o Reaistic [ o T . Steeper step slope as
s [ I 1 ] resolution increases
Tt = s . e Larger tails in realistic
I pTiGwc] R HpT [Bevic] o "é ‘pT ig‘ev.'c] casé
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Irigger rates e

e Rates of trigger candidates built up with 2 GEM (2-GEM cands’) no more flat at
high pr thresholds (red and green) due to better momentum assignment and no
clusters:

Qual. - matched planes

o ~3-4x rate drop for 2xTDR resolution

1-182838&4

o ~8-9x rate drop for SXI'DR resolution

0-(182)&(3]|4)

e Realistic cluster size raises up the [-GEM trigger candidateg rate (black)
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o High-prtrigger rate
benefits from MPGDs
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o Just slight decrease for
lower pT, as bending is
more enhanced
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suppression may be a ;
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Studies on tracking performance

e Single muon samples
e pr = 200, 500, 1000, 2000, 5000 GeV/c
o [n/>1.6; uniform in ¢

o RPC system with high eta chambers with point resolution
given by

o TDR, TDRx2, TDRx4, ... TDRx64, TDRxI28 strips

10
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Point resolution

TDRx2 Ist - Station |
TDRx4_1st - Station 1
TDRxS 1st - Station 1
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TDRx32 Ist - Station 1
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o Strip pitch dominates
resolution up to TDRx8

o Going further the e.m.
effects begin to be
appreciable
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Experience & GEM prototypes growing . o

o Small (10x10 cm?) size prototypes built o Full-size (1x0.6 m?) prototypes built
e ID & 2D readout EG l::oefﬂc-ency e e ID readout
e 256 or 512 channels § :: o 1024 or 3072 channels
o J3/1/2/1 & 3/2/2/2 ] :: o 3/1/2/]1 & 3/2/2/2

50
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0 5000 10000 15000 20000 25000 30000
Gain
*Double mask *Single mask
'€= *Base material —_
:—- e — —
'€= *Hole patterning in Cu == |
G N <:(_ «Polyimide etch —)]
e
*Bottom electro etch \
ottom electro etc é .2 1
.
*Second Polyimide Etch ] k4
— ) |
*Limited to 40cm x 40cm eLimited to 2m x 60cm . 3 SIPIRnE ISR IR A
*Mask precision *Base material §1°° Sl LALEE P & q
oLDI trial eEaqui ¢ e single-mask GEM |
s e %’ P e Honeycomb
o Ll |
o Ahead with new single-mask etching technology C et l S L Ay
o inter-holes spacing: 50 = 70 um (inner +outer) | .A_,,.--“_":-:-":.‘ \ A B A LR Lt e e on
e  Better performance than traditional double-mask A | too much
(5 i | e Auto-stretching
10 |
o 100% alignment of GEM foils S P T P . . .“;w.v. .“.(‘{?.,f e  new; proved promising for gain and
gm . . .
. . operational stabili
e suited for large sizes 14 14 &y
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Electronics and latest prototype ©*-
Readout: VFAT chip (designed for TOTEM) "*“_)“ -‘:_iw.': )

o [28 channels analog front-end '

e binary output for each channel for tracking [
e provides fast OR function on input channels
for trlggerlng channels .

o adjustable thresholds, gain, signal polarity,

| 4 .FASTORTrigger ’
_ output
1 Data Storage J
.and Transmission
Dignal
w

Synchronization |

integration time of analog input signals J;m;“;chm | i
o 40 MHz clock signal sampling -
sheing AT S GEMI/1 11 (3/1/2/1)
s <>

Openings for VFAT electronics

Readout \/ ,

e active area.: 990x(220-445) mm?
o 3072 channels (1D readout)

o Strip pitch = 0.8 mm

Frame
o Several gas mixtures employed (flowing at 5 l/h):
. e Ar/CO:(70/30,90/10)
Driftplane e o Ar/CO>/CFy (45/15/40, 60/20/20)
S e 15 ® Tested in June 2011 (results currently being processed...)
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o Muon beam from pions: 650 runs over

pi detector surfaces

3/2/2/2 with Ar/CO: (70/30)

in each p; a VFAT chip is

allocated reading out the chamber

behavior regions which in CMS
will be at different n coordinates
and then exposed to different
rates of radiation

HV scan 3.9 =4 .5 kV

Test beam held on June/July 2011 with
3/1/2/1 - Ar/CO2/CF4 chambers

E “m. CMS GE11 efficiency periormanoe, VFAT nolocks=d4 |
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GEM timing performance
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Conclusions Li=n

o [rigger

o Lvidence for better control of trigger rate (for candidates built-up
from 2 GEM stations)

e Tracking
o Results suggests tracking improvements for muons can be achieved
o Prototypes building

o Application of new techniques improving detector assembling and
performance

o Acquiring knowledge to build excellent performance detectors

17
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Future plans e

o DETECTOR
e Processing of June/July 2011 test beam data with latest prototypes is ongoing
e Construction test of 30x30 cm? prototype with new mechanics for get rid of thermal stretching
o study feasibility on large scale detector
e TRACKING
o Switch to GEM geometry simulations
o Study muon reconstruction rescue in case of CSC MEI1/1 off
o Studies with real physics cases:
o low-pT forward muon from b-jets
o multi-leptons signatures from high energy scale hard processes
e TRIGGER
o Simulation studies basically done

o [Future activities are going to be focused on choosing the most suited electronics for triggering

I8
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