the different systems

n 0.4
) ) 44.3° 40.4° 36.8° e°
__ 8 Lowish but ~homogenous field 1"2 Sk
£ Small Collision background (but in last station) DTs o
y "MB4 z CSCs
« 7 == M RPCs | 13 305°
wile il TR | B GEMs
A 1 ‘ B iRPCs
Q m 1-.' ;.. 4 a ﬂ"l.'lo
T | ‘ 1 Cathode Strip Chambers+
= 1S I ™A F“ : Resistive Plate Chambers n <1.6
LU -~ R = I.IJ ~ 1 I
4 N ™ 4 <! v
j {m w w |
5 = =) =i = 16 22.8°
o~ ) il o~
1 ~ s \ - 1.7 20.7°
; w lu_x w
4 AfN‘*' -l i | HICHE I 18 18.8°
= ' | ‘ 19 17.0°
w
o s == -
il X | I 20 154°
: T LA -
------ = sH=ELE - Cathode Strip Chambers
3 sHEN=HE 1 only
5 o T 1 - | ! 3
J(- EEN 25 94
I = <
> I
Steel = 30 57
1| silicon ; . I
| tracker ation2  Statien 3 Station 4 a
- = Bulk of bending power
§ S . : : =5====6==-==7===‘:====g====== (inhomogeneous Bfield)

Large background inner stations

CMS lgnacio Redondo (CIEMAT) on behalf of CMS Muon System




Phase 1 upgrades well advanced ?

e 4t endcap station (CSC+RPC)
and associated shielding
(YE4) installed in LS1

e CSC ME1/1 increased
granularity in LS1

* DT: Secondary electronics
moved to the service cavern
in LS1, trigger leg replaced by
LLTCA electronics this
shutdown

- Twinmux system
installed, under
commissioning as part of
L1 trigger upgrade

Pending

10 Gbps

# DDU+cDAQ

10 Gbps

¢ Track Finder

TwinMux commissioning

quite advanced

CMS

9 March 2016 . Redondo 2




csc TwinMux is a data
concentrator that merges,
Finder arranges and fan-out the
slow optical links from the |
DT, RPC and HO in faster

e TwinhMux

Endcap Overlap

Track Track links (10 Gbps)
Finder Finder
Global Muon Moving from a sub-detector Micro Global
Trigger centric lavout to a Muon Trigger
track-centric concept
Global Trigger 3 Muon Track Finders for 3 Micro Global
eta regi . Trigger
gions:
BarrelMTF OverlapMTF _
EndcapMTF GMT vs. EMTF ¢, best AR match
& h2MatchDREmtVsGmEPhi o
Entri 4834 .
S veanx 316 0T Cosmics
m TN e ‘ ny 3.168
| 5C |sdpevx 1703 90
.Fa? StdDevy  1.704
50

l—ls—ulu;ulmlllnl

—

Phi

0||||||||||||||||||||||||||

“" Legacy GMT "
vs. uGMT

10

1

L 1 L I '™
3 0
GMT ¢

Bt o ———

60 boards in 5 uTCA crates
2000 input legacy links
480 Mbps=>» 10 Gbps




Plenty of Challenges Ahead *

* Aging of chambers and associated electronics
=>» Gif++ accelerated irradiation tests to qualify for HL_HLC doses

* Aging of services in a radiation environment ...over decades

-~ Power Supp|y system = Muon Special needs
Sergei LUSIN talk

- Water Cooling
- Gas, eco-friendly mixtures

Larger Backgrounds in HL_LHC
= CMS FE electronics replacement

- X 10, if scaling as inst. Luminosity

. RV r (DT mini-crate upgrade; CSC consolidation)
1. Different CMS-wide DAQ conditions Benjamin Glenn BYLSMA
X 7.5 CSC inner ring LS2, DT LS3

X 3. ) n 01 02 03 04 05 06 07 08 09 10
6° 843° 786° 73.1 67.7° 625" 57.5° 52.8° 48.4° 44.3° 404
8 [

£
@

* L1A rate: 750 KHz
 L1A Latency: 12.5 psec

2. Triggering in a tracking trigger environmen« , mm

——

3. Extension in rapidity coverage

9 |\/|aI’Ch 2016 I Redondo tsr::::;; e o = S 40 210
o g 1  2 a7 a7 57 6 7 8 | 9 10 1 12520(:)“7)7‘



New detectors at |arge rapldlty = CMS MPGD + fast timing detector + multi-gap RPC

R&D with emphasis on electronics Herve MATHEZ

iIRPC

* 18 chambers/disc, each spanning 20°

RE3/2

"
RE4/2
[

1.80<n<2.40, n-segmentation: 5

RE2/2
|
P ==y

I el [ = T el |
I § 1 - N .
§ ]1 - - <l =lis13 "‘/ * Installation: LS3
amee ol TG k2L
o ,1:} ol HI 1 = MEOQO tagger
[ ' © m S b i
- Hzﬁ JL | * 6 layers of triple GEM (alternative FTM)
2 I © |
1 = ation 2 \Station 3 Station4't * 18 chambers/disc, each spanning 20°
; AN e “1‘3““11" * 2.00<n<2.80, no-part. yet

Station 1 .
* |nstallation: LS3

GE1/1 _
=»CMS GEM electronics
36 super-chambers/disc, each spanning 108 _ | Paul ASPELL

A SC has 2 triple GEM detectors
1.55 (long) 1.60 (short) < n < 2:18,
Segmentationinn: 8

Installation: LS2 (2019-2020)

~ 8 chambers, 40° slice, to be installed YETS 16-17 .
CMS * |nstallation: LS3

GE2/1
» 2 triple GEMs chambers (alt. -RWell)

* 18 super-chamber/disc, each spanning
20°

* 1.65<n<2.45,n-segmentation: 12.

9 March 2016 |. Redondo 5



= CMS MPGD + fast timing detector + multi-gap RPC

R&D with emphasis on electronics Herve MATHEZ

 Extension of forward endcaps in the 1.8<|n|<2.4 region with
RPCs: RE3/1-RE4/1

: » Improved RPC performance needed to handle ~2kHz/cm?
[
: J Complement existing ME3/1-ME4/1 stations, currently
i instrumented with CSC only
: » Improving L1 muon trigger
1
I
1 J Improve performance at HL-HLC
“““‘;-‘*=;=-‘-=‘1;-‘-“—‘"=' » Option under study includes improved time resolution below
100ps
11, SMS Phasell Simulation  PU=140, 14TeV
Present design foresees 18 chambers per station, each spanning |5 MS3/1 stub reconstruction -
20°in @, i.e. 2 x 2 x 18 = 72 chambers in total: starting point for  [£ - ]
geometry studies: 5 n partitions containing 192 strips each (pitch °‘9§ E
0.30-0.62cm, i.e. 4-6 times smaller compared to present setup) 08|~ E
0.7; piim > 10 GeV _E
> Rate capability to be improved wrt. present RPC design: study 065_ B v sone E
new, low resistivity electrode materials, detector geometries and ' - I ves/i+Resn ]
improved FE electronics 096 7 e he 2 2 22 23 a4 a5
Simulated muon 7

CMS

9 March 2016 . Redondo 6



GE2/1 7

) w Muon Bendmg Anglle —— Chllls IP‘h?sre:z‘]S[mlullaltipp rPIreIIip'u‘ir}alry
Add detector in front of CSC to measure the muon £ of | muons p, - 10 GeVic, 15<ki<2.2
bending angle in magnetic field between each station, &, | ~Mas
keep the rate under control and add redundancy: z T Mes

Large improvement from GE1/1 and GE2/1 stations

e

= b

2]
I1|\II|I\I|III]III|

—> Requirement precise Ap meas., spatial resolution

T B st Lo Loy L
0.02 0.04 0.06 008 01 012 0.14

P P el
-0.04 -0.02
A9, T) [rad]

The baseline GE2/1 station consists triple-gem with the layout will be similar to GE1/1, but
covering much larger surface

=2 CMS GEM electronics

2 | ' 1= =l gi=iy Other options considered: Paul ASPELL
1 P18 i M
. e 209 versus 109 design (which would reduce the need for
AEsansan Q& T CTT B using more than one gem foil per plane = dead area)
: l 5 i :: g g perp
| - -l IS )
: BiE o [alz 2 1 e New MicroPatternGasDetectors (MPGD) such us puWell:
I E_J = o -3 N
I S 1= O R I I i compact and easy to build (< 5mm thickness) only two
| ) | b 1 . L .
: = — : components: a single-amplification stage embedded with
| tee ] . .
I 3 } LI J ! ! the readout +a cathode plane. High spatial (100 mm) and
N = PSRt Station 2 Station 3 Station 4 | . ) .
: 5 i : good time resolution (without green house gases).
5 . 6 o €& "9 "m "W

Station 1



Very forward extension: MEO tagger

Extend muon coverage behind the new endcap calorimeter to take advantage of the pixel
tracking and calorimeter coverage extension.

T s =

N

* Tracking and triggering with p, measurement (local rec.
e Early tracking for muons (standalone muon at |n| <2.4)
* Low sensitive to neutrons

* Improve muon-ID from HGC and tracker

AN
ME 14
ME 141

Detector requirement:

e Multilayer structures

* High rate capability O(MHz/cm?)

* time resolution for triggering i

* No green house gases

e Good spatial resolution O(100 mm) for tracking
and triggering

Back flange

Guiding Rail
& Services Pocket
For package of 6

» Thicknesses cm:

Muon track

2 technologies under study:

() dire tion —

Ad

e Six layers of triple-GEMs
e Fast Timing Micropattern gas detector (FTM):

20 degree
~ Chambers

CMS a full resistive multi-gap WELL type detector ' e



= CMS MPGD + fast timing detector + multi-gap RPC
R&D with emphasis on electronics Herve MATHEZ

The Fast Timing Micropattern detector (FTM) — First
prototype

H_D Each amplification region is based on a pair of
Transversal view . polyimide foils stacked due to the electrostatic force
Drift Fra support 3-2mM) - induced by the polarization of the foils:
I I » The first foil, perforated with inverted truncated-
Coverlay™* pillars
Layer 1 | 1 —s Resictive coating + cone-shaped holes (bases 100 um and 70 um,
R-WELL 1 50 um kapton pitch 140 um), is a 50 um thick Apical
GL bot Resistive kapton KANECA, coated with diamond-like carbon
coverlaypillars (DLC) technique, to reach up to 800 MQ/o
G2top —> Resistive coating + A
Laver 2 R-WEL% 50 um kapton reSIStIVIty.
YErS Jezbor ﬁ T;;'jﬂqv‘éﬁjgﬁf:y « The second foil is 25 um thick XC Dupont
RO board Cu electrode Kapton, with a resistivity of 2 MQ/o.
FR4 support (3.2 mm)

The drift volumes are 250 zm thick, with planarity
D ensured by coverlay pillars, with diameter 400 um
and pitch of ~3.3 mm.

The active area (circular) is about 20 cm?.

The detector is composed by two independent drift-
amplification stages (Layer 1 & 2 in the picture above).

Reference:arXiv:1503.05330v1

European Patent Application 14200153.6 _ )
M. Maggi, A. Sharma, R. De Oliveira *Coverlay: acrylic-based material used as spacer and

for insulation.

18/02/2016 llaria Vai - VCI 2016 Timing resolution measured < 2ns



http://arxiv.org/abs/1503.05330

Further information

e CMS Muon talks in this conference:

e GE 1/1 TDR
~ https://cds.cern.ch/record/2021453/files/CMS-TDR-013.pdf

* Technical Proposal for the Phase Il Upgrade of CMS
~ CERN---LHCC---2015---010 https://cds.cern.ch/record/2020886

* CMS Phase Il Upgrade Scope Document

-~ CERN---LHCC---2015---019
https://cds.cern.ch/record/2055167/files/LHCC---G---165.pdf

CMS
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Different Radiation Environment: grows with eta

Dose, 3000 fb™
800 : : — Signals coming from outside 1e+07
MB4 Xa s . '|:+.'_I_-.
700 g om/L 1e+06
600 ME4/2 & s
o III- T 100000

500 : T >
= 10000 &
E, 400 ! r'.: E
o 1000

300 a

200 100

100 10

0 1
0 200 400 600 800 1000 1200 1400
CMS FLUKA geometry v.3.7.0.0 Z [cm]

Figure 1.15: Absorbed dose in the CMS cavern after an integrated luminosity of 3000fb'. R
is the transverse distance from the beamline and Z is the distance along the beamline from the

Interaction Point at Z=().
p—" |
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2015 2016 2017 2018 2019 . 2020 2021 2022 2023 2024 2025 2026

GE1/1 Production
GEL/1 Pre

production

GE11 Installation &

| Ccommissioning |

GE1/1

, : i ! GE2/1 Production | s i
: ' Disk1
GE2/1 Protot Engineering and

vping Preproduction

GE2/1 Production Disk 2

MEO MEQ Production
Engineering and Preproduction T Integration
in HBE float
RPC
RES,"“ Production
RE4/1 -
Enginaering and Prepraductio
: : Installation &
: : i Commissioning
Frototyping and Enginee :
DT demaonstrators ring DT Electronics Production
] : and
| Preprod
i uction
] ' On- ]
: ‘ chamber i
: ' electronics :
! production i
; ; Off-chamber

electronics
production

Engineeri float

On-chamber ng design
electraonics back-end
Installation

CSC Design and Protatyping

Uaiysnposd-ad
pue Bupiaauduz

CMS * |nstallation in PT5
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IRPC R&D (replaced after the talk)

Double and multigap gRPCs
constructed with gluing or mechanical
fixation procedures (Lyon & Tsinghua)

IRPC detector prototypes: Very promising results
obtained with small/large prototypes, with glass
and bakelite electrodes, and double and multi-gap
geometries

iRPC new FE electronics: Good development 40—
progress and promising test results for Hardroc2 Cwf Smallcustersize 5
) . “E’ 1.25 I *
(for double gap RPC) and Petiroc (for multi-gap RPC) b oo ]
electronics chvet Emm e R ,
oy — — 1w Multigap gRPC @ HZDR
o _ _ L i — 2  test beam, Sept 2015:
GIF Activities: First observations presented on the Tef oy v 4 v v trrT 9wl ownoise, “60ps time
Muon Phase-Il Upgrade Workshop g 5 i resofution “%  resolution
& ?g: / —60ps : : : 'ZU_E
U5,2 5I4 56 58 6.0 5?2 SI4 686 68 ’
HV (kV)
KODEL Multi-gap, GIF++ Oct 2015 Test Beam, LV-230mV_ | Multigap ba kelite RPC @

PCB including pickup

GIF++ 1.4 TBq *’Cs

strips, Petiroc and TDC T
i sepsotimn /1 ol for multi gap RPC (Lyon & ol 7 source (KODEL)
widt i . C il
o I (4 mm pitch) . TS|ngh Ua) 5 ol .//
detector. A6 o T . “Tsinghua Ig .6 P Ve {
T £ S/
0.4 Bt
/ —e— SourceOFF
// —— Att. 68.1
02 e At 2.2
Test points :

© 8800 9000 9200 9400 9600 9800 10000 10200
HV,, [V]



GE2/1: Design and technology choice

* 20° Design Option:

A

5 - g + covers 1.60<|n|<2.46 4
N

\ - need to splice 2-4 GEM foils

together to build a chamber —
untested procedure, gaps

~184 cm

- need rather large pcbs for
readout and drift boards (= 2m

/ | x 1m)

A. Conde, GEM Workshop XIl, Oct 8, 2015 \ + 72 chambers M /

vertical splice ~60cm

* 10° Design Option:
- covers 1.64<|n|<2.46; expect

impact of smaller range on w—
trigger & physics to be small csC

= m <

+ can be built from single foil

- chamber long and narrow; need — Shic
to study mechanical stability in S dinc
CAD .

- 144 chambers

CM nde, GEM Workshop XIlI, Oct 8, 2015

15



Characterization and time resolution results

Preliminary ~ Linearity of response

—— —
E 4.0~ Signal pickup from readout electrode
£ C 4 Signal pickup from drift electrode
o 390 Drift fields = 2 kV/cm
'E;' 3.0 = Amplification fields = 110 kV/cm
o oYE Gas Mixture = Ar/CO, 80/20
— r
T 25F

20

151

1.0

05

00 = | 1 1 | 1 1 1 | | 1 L 1 1 | 1 1 | | 1 1 | 1 1

0 20 40 60 80 100 120

X-Ray source current (uA)

The rates measured from the readout and the drift electrodes are
increasing proportionally with the flux. In addition the two datasets ar¢
compatible >

» The detector response is linear with the flux

» The detector is electrically transparent

The source used is a Mini-Xray Amptek with Ag cathode.

CMS

Events/2ns

Preliminary

The time resolution is estimated from the sigma of the
gaussian fit of the distribution.

The electronics chain used to readout the signals was
composed by a Cividec broadband amplifier (x100) and a
Lecroy linear amplifier (x7.5)

- -t N N W W B
o o o g o O, O
LN LN L L L N

(&2}

2%
00

Drift elecirode
Entries 106
%2/ ndf 24/4
Prob 0.66
Amp 5.9e+02 + 6.2e+01
Mean v
Sigma @
Pion Beam

Both Layers powered

Drift Fields = 8 kV/em
Amplification Fields = 120 kV/cm
Gas Mixture = Ar/CO, 70/30
Signal pickup from drift electrode

o
O T

10 20 30 40

90
Time(ns)

50 60 70 80



GEM

B
. - - | T3
magnetic || || 35
i ! =5
fieldB [ 2 ||
ol .
|l L —rads
| : e ™
<—|P ) /.l--- v [-—‘- __..——I-——""':br’
— T ' ! 141 men £
D: ros ! . i
i |l |
i ! !
soft muons arriving to| i) L | |

YE-1/1 from IP are"bent” |Lg [ 20cm o |
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GEM-CESC Bending Angle CMS Phase-2 Simulation Preliminary
et ot a b Bt tieaili stz LR nil et S

@008 " -

£
x
e
M
ha
e
F =9

= Odd ("far") chamber pairs 1.
ED.CHE:— ( ) pa
Eoona—
£oo12t

0.0 — muon pT=5-{33'WL:
0,008 —muonp_ = 20 GeVie

. i PR S Y TP TR TN N O T i h s sl
DO 0.005 0. 0.015 0.02 0.025 0.03
AS{GEM,CSC) [rad)]

wher phace (a few wier s shown \v'--n
[ cathode plane wih stips cathode
T \ ........ e
cathode

N‘r
——— — cathode woth strips

L
, valanche wires

cathode

CMS

7 trape sosdal paneh lorming 6 gas gaps
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Well pitch: 140 pm
Well diameter: 70-50 pm
Kapton thickness: 50 um




