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CMS
CMS Upgrade towards HL-LHC
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CMS Upgrades
*New tracker (4 pixel layers +3 disks)
*New trigger/DAQ:
*Track information at L1 with extended trigger latency (total of 12.5 us) =|n| <3
*Increased L1 bandwidth to 750 kHz
*Calorimeters with higher granularity
*Upgrade of Muon system
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b Present muon system

Robust trigger and efficient muon reconstruction Resistive Plate Chamber (RPC)
b s e B o e me me e s g 0<|n|<1.8
Drift Tube (DT): EG T " L fem 17 e 480 (barrel) + 576 (endcap)
« 0<|nl<1.2 | =ai TRl chambers
e 250 chambers e e Spatlgl resolutllop 0.8-1.3
* Spatial resolution 100 pm = s 0 [E—rg =2 | A cm, time resolution 1.5 ns
time resolution 2 ns =0 | [

Cathode Strip Chamber (CSC)

e 09<|n|l<24
* 540 chambers

* Spatial resolution 50-140
um, time resolution 3 ns

All currently installed Muon detectors will be kept operational at HL-LHC
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HL-LHC: Muon requirements

replaced
* while detector life expectancy (related to radiation
damage) is more than acceptable
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1. Detector electronics must be upgraded o CMSSimulation __ L=5x10%cm’s), 14TeV
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3. event reconstruction capabilities (trigger and

offline) require, particularly in forward region: R e e e e
* to enhance redundancy (increase # of e ehe—— IS
measurements with good spatial and time ,
resolution), to solve track reconstruction I -
ambiguities. : —

3 T i

4. extended acceptance =
+ to complement the wider tracking and calorimeter == ¥ e
coverage and to reduce physics backgrounds from i == L T ees g — Ny L
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lost leptons
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Electronics upgrade

DT: on-chamber readout and trigger electronics to be current Upgraded
replaced, to cope with higher rate and radiation. S
TDC Trig TDC on FPGA

Trigger logic system to be moved to the service room
easy to maintain

~8 GBT links

CuOF | CuOF JHWR .
usc usc
CSC: Selective replacement of electronics for inner ring ML_MBJF o~
chambers - high speed optical links, faster processor, A = et
de eper buffer T Pipeline  geaesrag
Present electronics New electronics
in ME234/1 in ME234/1
.'r . . 1 1 _
m” s Tcsc RPC: The Link System, connecting the on-chamber
i
."“"’ Wires \ "n"’."'“w \ 1
= ,‘»..;f =) board to the trigger processors to be replaced
// Sui]:i\ ’;ﬁ"/ \ . . .
{ LArer] B A ezz il pcres * For convenience of operation and maintenance

™B DMEB
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* To full exploit the detector timing information
(resolution ~1.5ns) thus improving the L1 trigger

OoT™MB ODMB

L

New FED capabilities.
DDU B p
Tngger DAQ | Trigger DAQ |
New 3.2 Gb/s Pipelines improved,
optical links negligible dead time ICHEP 2018 - A. COLALEO 5




Enhancement and extension of the
forward region

New forward muon detectors:

* to handle the most difficult region with high backgrounds, high readout and trigger rates
and limited muon-bending at higher pseudo-rapidity.

* toextend the u coverage by up to n=2.8
o useful for muon-tagging and triggering, allows reduction of the lost-muon background
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* Triple GEM technology in GE1/1, GE2/1
and MEO

e ME32 B

RE4/1

* Improved RPC (iRPC) in RE3/1 & RE4/1
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- improved RPC (iRPC)

GEM detectors
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The GE1/1 and GE2/1 detectors

Two additional detectors with good spatial resolution for triggering and reconstruction purpose

T D {/ IGE1/1 Gap Sizes
Based on triple-GEM technology: I 3 mm
* High spatial resolution O(100 pum) s el (| Transfer 1 tmm
b Rate Capablhty tO MHZ/sz .\ Transfer 2 2mm

EEEEEEEEEE
1\ Induction

* very resistant to aging

A

Two layers of triple-GEM (super-chamber) in front of
existing CSC chamber.

* GE1/1 consists of 72 10° triple-GEM super-
chambers wh
* Covers 1.6 < n| <2.2 and it would be installed <

already in LS2. "
* GE2/1 consists of 20° 36 triple-GEM super- i / _ihicms M EY s
PRy . - . CHAMBERS
chambers (NosEouT) =

(PER SIDE)

* Covers1.6< |n| <2.4anditwould be installed in YETS after LS2

See also M. Gruchala’s and I. Yoon’s talk in 7
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~  The MEO Detector

New station to efficiently identifying and triggering muons, low in
transverse momentum (but large in momentum) while maintaining a low
rate of background in the harsh HL-LHC conditions up to n=2.8.
Installation scheduled in LS3.

* MEQO consists of 6 layers of triple-GEMs arranged in 20° super- . F
module wedges: 216 chambers. R e

High granularity and spatial segmentation for:
* Position and bending measurement of the muon stubs for efficient matching of the offline
pixel tracks.

Multi-layered structure to:
e improve local muon track reconstruction
e discriminate muon (segment) against neutrons (uncorr hits).

Large lever arm between MEO and CSC (ME1/1) up ton~2.4
* Allows large trigger rate reduction
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CMS . :
Muon trigger improvement

: : GEM CSC
CSC-GEM tandem improves trigger-level muon 3
. - magnetic g8
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thresholds would harm physics acceptance)

Schematic view of a muon trajectory from the collision point
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RPCs for RE3/1 and RE4/1

New 72 detectors (RE3/1 and RE4/1) provide additional hits in 1.8 < || < 2.4 and remove

ambiguities at the L1 trigger. Installation already in YETS after LS2

* improved design of RPCs (iRPCs), able to handle the particle rates in the high pseudo-
rapidity region (2 KHz/cm? with safety factor 3)

» Reduced electrode and gas gap thickness (<1.4 mm vs present 2 mm)

» New generation low-noise FE electronics for high efficiency and less aging and two-ended strip
readout to improve spatial resolution.
€>90% everywhere if RPC hits in the

€ ~95% at 2 kHz/cm? rate, with cluster size < 2 strips track finder trigger algorithm
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CMS New physics search:
triggering on unconventional signals

- CMS Phase2 Simulation V514 TeV, <PU>=200
2 T_D__D_ Trigger on highly displaced muons
g [ L1Mu: no vertex constraint (displaced) :
8'E ‘1' —e— Phase-1(GSC ony): posiionsonly | 3 Adding GEM makes it possible to build trigger- level
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o Summary

P resen t d ete CtO r'sw | I I Stay CERN  European Organization for Nuclear Research CERN-LHCC-2017-012

CMS-TDR-016
Organisation européenne pour la recherche nucléaire 12 September 2017

Some electronics to be replaced to meet HL-LHC
requirements.

The high n region to be enhanced with additional
GEM and iRPC detectors.

Upgraded detector capabilities open windows for
new physics opportunities.

Installation starts in the Long Shutdown2 (2019-
2020); continues in Year-End-Techinical-Stops; and

finishes in the Long Shutdown 3 (2024-mid 2026) | TheiEhasera Uparadeof ihs
TECHNICAL DESIGN REPORT

CERN-LHCC-2017-012 / CMS-TDR-016

11/02/2018

&

CMS Muon Upgrade TDR is published

Additional info in posters:

Measurement and simulation of the background in the CMS muon detectors. Speaker: Y. Kang
Aging Studies of the triple-GEM detectors for future upgrades of the CMS muon high rate region at the HL-LHC
Speaker: F. Fallavollita
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