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N Content

> Why do we need a Muon Trigger?
> How do we design it in CMS?

> Before (run I)
> Now (run II and run III)
> What's next? (HL-LHC)

> How do we use the RPC system?
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N Introduction
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N Muons in Trigger

- Many interesting processes involve muons

~ Higgs, SM Physics, BSM (e.g. 2HDM, HSCP), ...
> Muons have a clean experimental signature

> Suitable candidate for triggering purposes!

> About % of data analyses in CMS rely on muon(s)!
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o CMS Trigger

CMS Trigger System is made of two components

40 MHz

> Level 1 Trigger (L1T)
> Rate reduced by a factor 400

L1

> Decision taken in 3.6 us
us
> Custom hardware

> Information from calorimeters and muon detectors

> High Level Trigger (HLT) 100 kHz

> Rate reduced by a factor 100

> Decision taken in hundreds of ms

> Commercial server farm GLT

sec

1 kHz

> Full detector information

|
.

_‘_

I,

Detectors

Digitizers

Front end pipelines

Readout buffers

Switching networks

Processor farms
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s CMS Trigger

This talk!
CMS Trigger System is made of two components
40 MHz Detectors
> Level 1 Trigger (L1T) Digitizers
> Rate reduced by a factor 400
L1 Front end pipeli
> Decision taken in 3.6 us ) e
us
> Custom hardware —>—§
> Information from calorimeters and muon detectors
. . 100 kHZ Readout buffers
> High Level Trigger (HLT) l
> Rate reduced by a factor 100 > Switching networks
> Decision taken in hundreds of ms ¢
> Commercial server farm GLTD Processor farms

> Full detector information sec
1 kHz E'j"
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A Level-1 Muon Trigger Architecture

Run I muon trigger architecture
Muon Trigger

» Uses Trigger Primitives (TP) from
different sub-detectors to 1dentify
tracks associated to muons and
evaluate their transverse
momentum

PACT

Legacy Trigger architecture used in o -
Run I ('"Phase-0 Trigger') ><

Y Y Y

> Trigger primitives built in a totally

factorized way e L .
> Muon Track Finders (MTF) almost | 14 d l

completely independent for the Zad

three muon sub-systems Trigger

Y

Global
Trigger
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A Level-1 Muon Trigger Architecture

Reorganization of the muon trigger architecture from sub-system based to geometry
based for run II (current trigger architecture)

> Information from different sub-systems is available together at earlier stage in the
trigger chain

> Increased redundancy

> Allows to use detectors complementarity at earlier stage to build better trigger
primitives Run IT muon trigger architecture

Barrel MTF (DT+RPC) Overlap MTF (CSC+DT+RPC)
04 05 0.6 09 10" 11
443" 404° 36.6° noe
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o 1 13 30.5°

4 1a @

1 15 2820

TwinMux* CEFE*

BMTF OMTF* EMTF

(deapus Ody pue 9SO Ajuo) 41N deapu3

* Module with RPC hit clustering and cluster selection
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=7 RPC + DT (run IT)

> RPC + DT 'SuperPrimitives'
> Makes the best out of DT spatial resolution and RPC time resolution (complementarity)
> RPC is used to assign the bunch-crossing of DT segments's without 8 fired layers
- TP efficiency increases by 1.4 %

> In case of DT chamber inefficiency in MB1 and MB2, build RPC-only segment (redundancy)
> TP efficiency increases by ~4%
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Ce

C |
o RPC in OMTF (run II)

» RPC is a key player in the complicated Overlap CMS_preliminary 2018 data_10.9 i’ (13 TeV)
region (0.8 <[n|<1.2)

> RPC system is present both in the barrel and the
endcap — provides 8 measurements in this region

- 95(80)% efficient with(without) using the RPC N T I
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> Run II Muon Trigger Performances

, CMS preliminary 2017 data (13 TeV) <PU> =28
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Phase II (HL-LHC) Muon Trigger Upgrade



. Phase II Level-1 Trigger

Key aspects of the L1Trigger Upgrade
> 100 — 750 kHz rate to HLT
> 3.6 — 12.5 us latency

> Refactored architecture

»  Merging sub-detectors information
even earlier (DT and RPC hits
available in the same boards)

> Increased bandwidth

> Availability of tracking information

TwinMux*

BMTF

RPC hits

Run|II

OMTF*

EMTF ‘

* Module with RPC hit clustering and cluster selection

DT

OBDT

o)

HL-LHC
(barrel)

RPC
Barrel

Link System

hits

Barrel Muon Trigger
Layer-1

RPC
hits

DT + RPC

super-primitives

|

1

GMT + BMTF

OMTF
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o

Z RPC Phase II Upgrade

go 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 i RPC Phase II Upgrade
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> Improved intrinsic time
resolution (thinner gaps) +
modern electronics
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= Phase II Barrel TP efficiency

CMS Phase-2 Slmulatlon Prellmlnary 3000 fb', 200 PU
B P >20 GBV I N

Ciiee L g ...... Lt ..... ! ...... ! ...... ‘ ...... ! ...... !_. oy
SEREINERNIIR R

> Barrel Muon TP Efficiency

> Shown with/without RPC+DT
combination, with/without DT ageing
and RPC failures

Efficiency

T g

0.9
> DT ageing: efficiency loss due to
integrated dose at the end of Phase II

0.8
> RPC failures: switching off chambers

(end of Phase II extrapolation of
failures based on run I and run II 0.7
experience)

] ® DT AM
S . DT HB *

A DT AM w/ RPC
DT AM w/ ageing

> Even at the end of Phase II, barrel 0.6 i O DT HB w/ ageing
T ~ DT AM w/ ageing wfRPC w/ failures

UL L

TP efficiency stays within 92-99% EEE
with the use of RPC (up to 23% H o gl
efficiency gain) 05? ......... MB1 ......... ......... MB2 ...... ........ .......... MB3 ...... .......... MB4 .....

L 1 Y Y O O
210 +1+2-2-10 +1+2-2—-10 +1+2-2—-10 +1+2

Wheel
* AM and HB refers to different DT TP algorithms, only AM has RPC included
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s Phase II Timing Performances

> Time resolution
> Barrel (left): RPC improves TP time resolution by ~15(30)% without(with) DT aging

> Endcap (right): RPC is the only muon detector providing timing with more granularity than a
bunch-crossing — iIRPC simulation does not incorporate last electronic developments

CMS Phase-2 Simulation, Preliminary 3000 fb™', 200 PU CMS Phase-2 Simulation, Preliminary 200 PU
& 0.24——_pr Am MB1 W1] e _ poos Endcap
- C c=22ns Single Muon t 0.12— e IRPG TP Single Muon
60.221| __ pT AMw/ RPC P. = 20 GeV 5 | c=11ns B - 20 GeV
2 0.2f g:;ij wageing |- r .§ R RPC TP L T
8 F c=2.5‘:sagemg _— 8 01 c=16ns
QA8 DT AM w/ ageing [ (T - — AllRPC TP
C w/ RPC w/ failures || j....i— 4 -
0.16— c=19ns - -
C 0.08—
0.14F -
0.12 i
SR 0.06—
0.1F = -
C — :
0.08: 0.04—
0.06f i
0.04F o ] 0-02—_
0.02F po _';_- B
0;——r-1:r_-r"|"r-_'r-"‘ o b b L Tl—l—l_f'*—r'i_L_n—L-‘ . el e ..M&
-0 8 6 4 -2 0 2 4 6 8 10 S e S - S S
Time of TPs associated to prompt muons [ns] Time of TPs associated to prompt muons [ns]

> RPC timing usage in Level-1 Trigger: Reduce out of time pile-up + New trigger path based
on time of flight (more details 1n next slide)
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o C in Ph |
- RPC 1 Phase II MTF's
A \\ \\
CMS Phase-2 simulation 14 TeV, <PU>=0
> 1RPC extended |n| coverage importantly increases g [ CIRT S R L L A
. . = " ¥ |
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: : 0.6~ i -
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. . . | + CSC+RPC+GEM/IRPC _|
trigger path based on time of flight °2r PR ]
0 I1.‘2‘ | ‘1.‘4‘ I ‘1F6I I ‘1‘_8I | ‘2|‘ | ‘2_‘2‘ | I2.‘4‘
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g BT T T T e 8
L © Muon produced at BX= 0 hit 8 0.9 ;_ 50000000y o »0:.:.‘ '§+ —;
et EEEERR) 5o | 5T T - :
’/'o/’/' 0.7 f_ + - —E
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S 0.4F * - E
_ 0.3F - -, =
; : ol . -
021 | ++3M e . E
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0 0.2 0.4 0.6 0.8 1
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S\ Future plans

> Yet some room for improvement!

> Reduce CSC TP fake rate with iIRPC 2D measurement

> CSC 'double 1D' measurement leads to ghost hits when two real hits occur in the
same chamber

~ Use RPC even earlier in the barrel TP building
> Instead of acting on DT built segment, use RPC time to build them

> Use RPC timing to reject out of time hits in other sub-sytems

> Improve RPC timing: Use DT 1n measurement to remove smearing coming from
unknown signal propagation along the strip

ME 4 or 3 rifig 1

DT theta super-layer

T Local y

DT Local z

RPC A

corrected: V2 strip length +y’

Readout
J\_ Vastriplength =

CSC Chamber

® CSC Segment position

iRPC 2D hit

Muon
Track 2

RPC in CMS Level-1 Muon Trigger
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N Conclusions

> Level-1 Muon Trigger 1s crucial for the CMS physics program and significantly relies
on the RPC System

> Exploits the redundancy and complementarity of the different muon sub-systems
~ Merging sub-detector information at earlier stage results in increased performance

> Even with end of Phase II detector ageing/failures the muon trigger primitive
efficiency remains well above 90% everywhere

> Phase II Upgrade brings new possibilities for RPC contribution to Level-1 Trigger

> Increased synergies with other muon sub-systems to build more robust TP
> Increased trigger efficiency in forward region thanks to iRPC
> Extended physics program thanks to the improved timing (HSCP)

- Many new ideas will be studied

> Stay tuned!
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‘Compact Muon Solenoid

Muon System (including upgrade)

n 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 09 1.0 1.1
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C
= Muon Track Finders
Y \\ T

Barrel MTF (DT+RPC) Overlap MTF (CSC+DT+RPC)
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N Barrel Architecture

> Barrel muon TP architecture

RPC
DT Barrel
OBDT Link System
XA
""""""""""""""""""""" usc
DT RPC
hits Barrel Muon Trigger | Dits
Layer-1
DT + RPC
super-primitives
GMT + BMTF OMTF
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Z Endcap Architecture

> Endcap muon TP architecture

m e e e

Anode hits Cathode hits
GEM MEO iRPC
Link Svstem Anode Hit Cathode Hit clusters | pads hits_
y Processor Processor :
| | )
I'| MEO segment iRPC
RPC P 1| builder back-end
hits UXC |
——— === - CSC TMB |
USC |m- === - MEQ iRPC
RPC endca ] lust
back o : CSC LCT | GEM segments clusters
I | concentrator
RPC . CSC MPC I
clusters | I
______ I — — =
1 |
OMTF EMTF
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= RPC contribution (Phase I)

CMS Preliminary, 13 TeV, L=274 pb™
T T I L | LI I LU I T T

T T I LU T 1T 1T 1 I T T
10°E —— E

> RPC contributes to the three Level-1
Muon Track Finders differently

> BMTF (|n| < 0.83): assign bunch crossing
of low quality DT segments + build RPC
only segments in MB1 and MB2 in case

@ DT+RPC SuperPrimitives

(> DT Trigger Segments
100 -

Number of TwinMux trigger primitives

—0—
of DT segment absence 3 3
C ——
- OMTF (0.83 < [n| < 1.24): the 8 RPC —— .,
chambers (5 in barrel, 3 in end-cap) are 10 —e— o=
used for position information e T éBX
> EMTF (|T]| > 1.24)2 RPC hits are used in Barrel MTF (DT+RPC) Overlap MTF (CSC+DT+RPC)
case of CSC segment absence Toomonon emon on m offler o om gy

(deopus Ody pue 030 Ajuo) 41N despug
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<
- Muon System Performances

‘\\A\\\\ \\ \\
> Single hit spatial resolution (¢ measurements) — depends on chamber, type of hit, etc
> DT: Order of hundreds of pm's .
Residuals RPC
> CSC: Order of hundred of pm
«10° Barrel Layer 1
g RPC. Order Of cm ..E: 60; Constant 6.48+07 £ 4.16+03
. . . . . ; 50 E_ Mean -0.06 + 0.00
> Timing information available at L1 (run II) £ Sima 054000
2 4o0p
> Bunch crossing granularity 30F-
20
- Efficiency b
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Compact Muon Solenoid

N Muon System Performances
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< Phase I Muon Trigger Performances
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o RPC Phase II Trigger Primitives

Impact of the RPC Upgrade on its Trigger Primitives (TP)
> RPC TP are clusters of hits

> TP position defined as the cluster center
> TP resolution

> Driven by the strip pitch O(cm) and cluster size

> Expect improvement both from position along th
strip and better timing

> TP purity

RPC Cluster Size - Barrel 527 fo' (13 TeV)

Probability
o o o
wW H (6]
T ‘ T T 1T ‘ TT 1T ‘

o
N
T

o
-
I

Mean
RMS

1.79 CMS
0.997 Preliminary
Data 2016

o
T T T T [ TTT

6 8 10
Cluster Size [strips]

one cluster in

current RPC
""" two single hits in
1RPC thanks to
measurement
along the strip

> Prompt muon time arrival is known,

background time arrival is uniformly distributed .
muon hitatt, —

> Can expect background reduction
thanks to better time resolution

other hit at t0+10ns —Ft

one cluster with
current time resolution

two single hits
thanks to O(ns)
resolution
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CMS,
A

>N RPC combined to other TP

)
A\ \\

Possibilities offered by a new L1T architecture

> Build DT segments already using RPC DritTubes W 43
information - s R A
TR D
L) | /—>e1 |
> Build CSC segment already using RPC

information

> Could resolve ambiguities when two muons cross Mo

Track 1

the same chamber i

® CSC Segment position

iRPC 2D hit

) . ())RPC hits

Phase I TwinMux* CPPF* Barrel Layer 1
Sends also unmatched ’7 Phase Hl
RPC clusters > proposa

BMTF OMTF* EMTF BMTF OMTF EMTF

* Module with RPC hit clustering and cluster selection
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