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El experimento CMS del LHC

Exotica  StandardModel  Supersymmetry | Higgs  Top | Heavylons

Forward and Soft GCD Detec

1058 collider data papers submitted as of 2021-08-06

CRYSTAL

HADRON CALORIMETER (HCA
Brass + Plastic scintillator ~7,000 channels

ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbBWO, crystals

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter :15.0 m Pixel (100x150 ym?) ~1 m* ~66M channels
Overalllength ~ :28.7m Microstrips (80-180 ym) ~200 m?* ~9.6M channels
Magnetic field :3.8T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000 A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 540 Cathode Strip, 576 Resistive Plate Chambers

‘ PRESHOWER
£ Silicon strips ~16 m? ~137,000 channels

‘ . FORWARD CALORIMETER
" Steel + Quartz fibres ~2,000 Channels



Luminosidad 101

La luminosidad instantanea es una medida del
numero de colisiones por unidad de drea por

unidad de tiempo (£).

La luminosidad integrada es el ndmero total de
colisiones por unidad de drea (L).

Es un pardmetro esencial para todo andlisis de
fisica en experimentos de altas energias:

seccion eficaz del
proceso a estudiar
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Luminosidad 101

Luminosidad instantdnea entregada:
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Luminosidad 101

CMS Experiment
Data recorded: Tt
Run/Event: 190401
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Luminosidad 101

¢, Coémo se determina la luminosidad ?

La tasa de un observable dado se puede convertir a una medicidén de luminosidad usando una cantidad conocida como la
seccion eficaz visible.

_ 9N
=5 =

LinStUViS Medida usando escaneos Van der Meer

\ (VAM) en donde los haces se desplazan en

la direccién transversal.

R(t)

Dadas las condiciones nominales en las que opera el LHC, la transferencia 27TE$Z RO
de la constante de calibracidon requiere un lumindmetro cuya linealidad Ovis = 4
pueda medirse con precision entre varios érdenes de magnitud tanto en NlNQf
luminosidad instantdnea como en PU.
>4, 2y — SUperposicion entre haces

La luminosidad de cada paquete se debe medir de forma individual: Ry —tasa dgronte colisiones centrales
e Online: publicaondo a CMS y al LHC ‘en tiempo real" para N1, Ny —numero de protones por
retroalimentar las condiciones de operacion. paquete (bunch intensity)
e Offline: perfil de PU, eficiencia de reconstruccién. J — frecuencia del LHC

Condiciones especiales para los haces

de operacion durante todo el periodo de toma

R(t L . : - con PU por paquete mdximo de 0.5
L = / ( ) dt Luminosidad integrada -> requiere estabilidad poquetespcon Fr)no(i/or separacion. 4
de datos Depende de la instrumentacién del LHC.




Escaneos Van der Meer

[ scan in y
Ovis =
scan in x
_
Scan 1: X-plane BCID 1783 [ 7im /20 —.—.—.—) t
z 0.1303 + 0.0004826
= /o, 0.4532 + 0.06843
E i CcMs Preliminary peak 0.003027 + 1.585e-05
10? = VdM Scan: Fill 6016 Frac 0.9922 + 0004123
:— - -0.001746 + 0.0005587
4 =
5 [ En un escaneo VAM, la separaciéon entre los haces varia en las direcciones xy y, y
il el perfil de luminosidad que resulta se ajusta para determinar el ancho de la
superposicién de los haces.
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Emittance scans: mini escaneos VdM

+  Escaneos répidos de luminosidad al inicio y fin de cada fill.
. Entre 7y 9 puntos, de 10s de duracién cada uno.

* Menos precisos que los escaneos de VIM, pero Utiles para hacer
mediciones relativas.

- Utiles para estudiar la dependencia temporal de la respuesta de los
lumindmetros.

+  SBILs distintas al inicio y final de cada fill, y variaciones en SBIL de
paquete a paquete — Utiles para estudiar y corregir efectos de
linealidad.

SBIL = Single Bunch Instantaneous Luminosity

015}

010}

0.05

0.00

Fill 6241, vs=13 TeV

CMS Preliminary 2017

A

¥ ; ) )
cﬁgo \\90 »® °

Time [HH:MM)]

\

Fill 6241, v5=13 TeV

0.10 |-

0.08

0.06

0.04

0.02

0.00

CMs Preliminary 2017

\357qu

$® ¢ P P ¢P
Time [HH:MM]

1



El Proyecto BRIL @ CMS

-
=Y
40 MHz scouting Neutron Monitors ) -
Muon Barrel (MB) L1 muons, tracks, Gas filled proportional  Tracker Endcap Pixel
L1 trigger primitives calorimeter objects chambers Detector (TEPX)
clusters & coincidences
Quter Tracker Hadron Forward

Layer 6 (OT L6)

o "y Calorimeter (HF)
track stubs ) ) hit towers & ZE;

Beam Halo Monitors (BHM)
Cherenkov Light & PMT |

e
BPTX ' ' REMUS
(z=+/-160 m) ambient dose
Timing | equivalent rate
LHC Radmons N
TID, SEU rates,
1 MeV n eq fluence Beams Conditions Monitor for

Losses (BCML1,2)
lonisation current in pCVD
diamond and sapphire sensors

Neutron Spectrometer

SiPMs & Bonners spheres TERKTISIA Bing L{BART) Fast Beam Condition

clusters & coincidences Monitor (FBCM)
hits on Si pads 12
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Luminosidad en la Corrida 2 del LHC
2015-2016

" ey pe— — CMS
Longitudinal view
DTs
Durante la Corrida 2, los principales lumindmetros fueron: 6 I n=15
e Pixel detector => pixel cluster counting (PCC) /
e HF =>occupancy (channels over threshold) _, -~ e
e PLT => coincidencias triples 4 I e
e BCMIF => corriente inducida en los sensores de diamante J///,, .
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Luminosidad en la Corrida 2 del LHC

2015-2016

Fig. 17 The luminosity
measurements from PCC,
HFOC, and RAMSES are
compared as a function of the
integrated luminosity in 2016.
Comparison among three
luminometers facilitates the
identification of periods where a
single luminometer suffers from
transient stability issues. The
ratios that are plotted in red
contain invalidated data. The
dashed line delineates the vdM
calibration (fill 4954)

Ratio of integrated luminosity

105 CMS 2016 (13 TeV)
e - RAMSES/PCC = HFOC/PCC
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Fig. 19 Linearity summary for 2015 (upper) and 2016 (lower) at /s =
13 TeV. The slopes are plotted for each detector relative to PCC. The
markers are averages of fill-by-fill slopes from fits binned in roughly
equal fractions of the total integrated luminosity through the year. The
error bars on the markers are the propagated statistical uncertainty from
fitted slope parameters in each fill, which are weighted by integrated
luminosities of each fill. The dashed lines and corresponding hatched
areas show the average from the entire data set and its uncertainty
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Luminosidad en la Corrida 2 del LHC
2015-2016

8.45

8.4

8.35

1.04
1.03

1.02

ff, PCC+PVC

1.01

~

5
<C 099
0.98

0.97

cMS | 2016 (13 TeV!
B Bunch crossing identification number ]
i ¢4 ¢ 281 ¢ 872 j
E ¢ 1783 ¢ 2063 E
- l : - 2.27 fbo!
- 1} -
E | l]l l J { ,“l 1
e p———.
— R
Scansinxandy
CMS 2016 (13 TeV
= I I I AHFOC —iRMS 3
E- ¥ PLT i+ RMS =
= HPVC —
— : s 7 B
Scan Pair

Table 4 Summary of contributions to the relative systematic uncer-
tainty in ovis (in %) at 4/s = 13 TeV in 2015 and 2016. The systematic
uncertainty is divided into groups affecting the description of the vdM
profile and the bunch population product measurement (normalization),
and the measurement of the rate in physics running conditions (integra-
tion). The fourth column indicates whether the sources of uncertainty
are correlated between the two calibrations at /s = 13 TeV

Source 2015 (%) 2016 (%) Corr
Normalization uncertainty

Bunch population

Ghost and satellite charge 0.1 0.1 Yes
Beam current normalization 0.2 0.2 Yes
Beam position monitoring

Orbit drift 0.2 0.1 No
Residual differences 0.8 0.5 Yes
Beam overlap description

Beam-beam effects 0.5 0.5 Yes
Length scale calibration 0.2 0.3 Yes
Transverse factorizability 0.5 0.5 Yes

Result consistency
Other variations in oy 0.6 0.3 No

Integration uncertainty
QOut-of-time pileup corrections

Type 1 corrections 0.3 0.3 Yes
Type 2 corrections 0.1 0.3 Yes
Detector performance

Cross-detector stability 0.6 0.5 No
Linearity 0.5 0.3 Yes
Data acquisition

CMS deadtime 0.5 <0.1 No
Total normalization uncertainty 1.3 1.0 -
Total integration uncertainty 1.0 0.7 -

Total uncertainty -




Corrida 3
2022-2024

Long shutdown 2 (LS2): 2019 - 2021
Corrida 3:inicid en julio de 2022 y el objetivo es recolectar el doble de la luminosidad integrada de la Corrida 2.

Instalacion de la nueva Barrel Pixel Layer 1

+ Muon demonstrators,

Reemplozo de los detectores PLT y BCM1F 17
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Beam Radiation, Instrumentation

and Luminosity Detectors
Technical Design Report
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El HL-LHC

Actualizaciones a:

e Cadena de aceleradores.

e Cuadrupolosy “6ptica” de los haces.

e Crab cavities.

e Sistema de proteccién del acelerador
(colimadores).
Lineas de transmisién superconductoras.

e =L —
o e 'S ”
e = - » ¥ "‘:}V

The Linac4 occeleroth Assembly of the first crab cavity.
(Image: Maximilien Brice/CERN) (Image: Julien Ordan/CERN)

LHC HL-LHC

13.6 Tev 13.6-14 Tev

13 TeV energy
Diodes Consolidation
Tey SPlice consolidation cryolimit LIU Installation HL-LHC
7Tev 8T8V button interaction inner triplet et
R2E project regions Civil Eng. P1-P5 pilot beam radiation limit installation
RN
510 7.5 x nominal Lumi
ATLAS - CMS
experiment upgrade phase 1 ATLAS - CMS
beam pipes HL upgrade
el _2xnominal Lumi, ALICE - LHCb 2 x nominal Lumi
75% nominal Lumi Upgrede

e oo Lo oo ’

[

LHC collimator.
(Image: Claudia Marcelloni/CERN)
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Mediciones de precision de luminosidad en la era del HL-LHC

e Se espera que el HL-LHC opere a una luminosidad instantdnea base de
5x1034 cm?s” con un PU promedio de 140.
o Maximo esperado: 7.5x10% cm?s”y PU promedio de 200.

e El alto PU y el ombiente extremo de radiacién esperado hace que los
detectores tengan que ser mejorados para mantener su desempefo.

e Una medicién precisa de la luminosidad es clave para el programa de fisica
del HL-LHC, yo que se ha convertido en una de las incertidumbres
dominantes de muchos andlisis.

o Mediciones de luminosidad paquete-por-paquete.
o Objetivo: incertidumbre de 1% offline (2% online).

3000 fb' (13 TeV) o CMS Projection 3000 fb' (13 TeV)
CMS Lumi.+expt.+theo.+stat. °\° ' l--:-- +ot|al Iun‘ce‘rta‘intly (Iwil‘h ‘2.5‘%|Iu:'ni.‘ UI"IC.') P
¢ = === Total uncertainty (with 2% lumi. unc.) =
Projection Lum!.+expt. only N> === Total uncertainty (with 1% lumi. unc.)
Lumi. only 3 = = Total uncertainty (excluding lumi. unc.) e
=N | e Identification & trigger
GggH (I _8 + Reconstruction =
— wumn: Momentum resolution
S 4w Unfolding i
.+ Background
| >
o il
VBF — "é'
©
b5
I —
OwH 3 i WA
C
D 2F
TR sample =
OzH —— p bR
—
F———
Oyy ———1 F P
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Clave para la precision: redundancia

En lo Fose-2 BRIL plonea utilizar varios
subsistemas de CMS, asi como un
lumindmetro independiente.

e | o experiencia durante la Fase-1 nos ha
mostrado la importaoncia de tener
multiples sistemas para medir la
luminosidad para tener redundancia y
minimizar los sesgos originados por
efectos de un mismo detector:

o Efectos de sincronizacién (OOT).
o Linealidad.
o Estabilidad operacional.

Muon Barrel (MB) 40 MHz scouting
L1 trigger primitives L1 muons, tracks, calorimeter objects

Ve

=

Hadron Forward
Calorimeter (HF)
etarings 31 & 32
hit towers & }:ET

REMUS
ambient dose
equivalent rate

Outer Tracker
Emittance scans para monitorear la eficiencia Layer 6 (OT L6)
y la linealidad de cada lumindmetro L1 track stubs

) ] Tracker Endcap Pixel
Tecnologias y métodos de conteo Detector (TEPX)

diversos, sistemdticos distintos

clusters & coincidences

C la adauisicién de d TEPX Disk 4 Ring 1 (D4R1) N '
omponentes comunes en la aoquisicion ce atos clusters & coincidences Fast Beam Condition Monitor (FBCM)

y en el andlisis para todos los subsistemas de BRIL hits on Si pads

(e.g. histogramas, BRILDAQ) 50T - Outeof-time 292




Tracker Endcap Pixel Detector (TEPX)

Descripcidn

e Seinstalard en la regidn externa del Tracker.

o 4 discos dobles cada uno conformado por S anillos, en
cada lado de CMS.

o Para asegurar hermeticidad, médulos consecutivos se
traslapan. Esto permite reconstruir dobles y triples
coincidencias, las cudles son menos sensibles a
contaminacién por ruido o por fakes.

e Debido a la baja utilizacion de recursos de la electronica,
TEPX puede usarse simulténeamente para tracking y para
luminosidad.

o 750 kHz triggers para fisica.
o 75 kHz triggers para luminosidad durante corridas de
fisica.
m Bondwidth completo durante escaneos VAM.
o Disponible durante

° no es Util para tracking.
o Operado exclusivamente por BRIL.
Bandwidth completo para luminosidad.
o Da informacién de BIB y puede utilizarse durante el
ciclo completo del LHC.

[e]

BIB - Beam Induced Background

r [mm]

00020406081.01.2 14 16 1.8 2.0 2.2 2.4 2.6 2.8 3.0
[ A
250 — | 32
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100— / /r
OF | L L 1 "
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100/ | ;
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Tracker Endcap Pixel Detector (TEPX)

Desempefo esperado

14 TeV
x 1] T T T ‘ T T T T l T T T T I 13 T T l T
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La linealidad entre los escenarios de
PU de 0 y 200 pora clusters vy
coincidencias fue evaluada usando
simulaciones.

Desviaciones dentro de 1% a lo largo de
todo el rango.

Incertidumbre estadistica para PCC:
0.095%/BX/s para PU200
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BIB se origina de dos formas: 1) interacciones beam-gas, y 2) beam-halo.

Solamente el primer paquete del tren o paquetes ‘desparejodos’ se
utilizardn para medir el BIB.
o Contaminacién importante de productos de colisiones.
o Se necesitan al menos 30 cruces vacios para disminuir la
contribucién de particulas OOT.

Los mdédulos del D4R1 tienen que ajustarse para ver el BIB un cruce antes
de los productos de las colisiones.

Se evalud la resolucidon utilizando simulaciones, dando resultados
prometedores.

Run 297434
CMS/ | event 34344093

Ve

Efficiency (%]
8 2 8 8

[
=3

=)

z=265cm

z=-265cm IPz=0cm
1
o
N | a)t=-8.84ns
| e
<
| —_—
b)t=0ns
|
o
| c)t=+8.84ns
S
(o)
p TS

d)t=+16.16 ns =- 8.84ns

T T T T T

T T T T T T T

CMS Phase-2 Simulation

PU 200

14 TeV
T T

——— Beam-induced background
-------- Optimal chip efficiency at 6 ns

L L L L L L L

L

i

10 0 10 20 30 40

50

60

Front-end clock delay setting [ns]
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Un lumindmetro independiente: FBCM
Motivacion & Disefio

e FBCM: Fast Beom Conditions Monitor

e En los Corridas 2/3, los lumindmetros independientes fueron PLT & BCMTF.

e Caracteristicas principales:

O

o O O O

Bajo el control completo de BRIL.

Independiente de los servicios centrales de CMS (DAQ, TCDS, RC, magnet status).
Medicién de luminosidad & BIB fuera de ‘stable beams'.

Puede ser un candado adicional de seguridad para CMS (Interlock Tracker HV).
Mediciones de luminosidad independientes, redundantes y complementarias.

e Estard basado en sensores de silicio con un chip rdpido en el FE (ASIC en proceso de
disefo).

e}

(¢]
(¢]

Dividido en cuatro secciones, cada una cubriendo una mitad en ambos lados del
detector.

Tamafio y ubicacién de los sensores fueron optimizados utilizando simulaciones.

Se ubicard detrds del Ultimo disco de TEPX.

m Compartird los servicios y lineas de enfriomiento con TEPX.

m En el disefio debe considerarse no poner en riesgo a TEPX.
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Un lumindmetro independiente: FBCM

Optimizacién del disefio

Consideraciones:

- FBCM utilizard el algoritmo zero-counting algorithm.
- Buena precision estadistica.

- Excelente linealidad.

TDR baseline scenario: 2.89 mm2 at r =14.5 cm.

336 sensores.
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Un lumindmetro independiente: FBCM
Desempefo esperado

Mean hits per sensor per BX

Mean hits per sensor per BX

14 TeV 14 TeVv
0.1 - - 4
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14 TeV

Incertidumbre estadistica para PU200 de
~0.2%/BX/s.

Efectos del envejecimiento tomando en
cuenta tres escenarios de luminosidad
integrada. Desviacién de un comportamiento
perfectomente lineal dentro de 0.5% para
PU200 en todos los escenarios.
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REMUS: Radiation and Environmental Unified Supervision
Uso para luminosidad

Detectors _
PMIL5531
at PS PMIL5514 [ — PMILS522

e 8+2 detectors
. Rur.1.2 PMIL5511
e 2 additional
detectors in
Run 3

PMILS512

Monitor radiation levels (ambient
dose equivalent rates)
Alarm functions PMILS501 PMILS513

. (entrée UPSS5) A PX

Long-term data logging (entrée UPXS6)
PMIL5502

(dessous)

Installed a little bit later in Run 2. Located closer to the IP. Used for luminosity cross check due to higher rates.
Close to the cavern walls. Similar dose levels among them

Located at very end of the cavern. Lower exposition

Installed below CMS structure(02), and among electronics racks (31) low and rare measurements

Requested for Run 3

Edgar F. Carrera (ecarrera@usfq.edu.ec) Ramses/Remus for Lumi May 11, 2022 3




REMUS: Radiation and Environmental Unified Supervision
Uso para luminosidad

13 TeV (2018)
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Resumen

e Laluminosidad es un pardmetro fundamental para CMS, tanto para los andlisis de fisica como para retroalimentacion
rapida al LHC.

e El proyecto BRIL es responsable de monitorear las condiciones de los haces, de medir la radiacién en la caverna del
experimento, y de la operaciéon de los detectores que miden la luminosidad.

e La Corrida 2 fue enormemente exitosa. El LHC logrd superar la luminosidad instantdnea mdxima proyectada al momento
de su disefo.
o CMS ha logrado medir la luminosidad de los primeros dos afios de dicha corrida con una precisidn nunca antes
alcanzada en un colisionador de hadrones.

e En el HL-LHC BRIL pretende alcanzar una precisién del 1% (2%) offline (online).

o Como parte de la estrategia se utilizardn subsistemas de CMS y un lumindmetro independiente.
o ELTDR resume con detalle los planes para la Fase-2 y marca el camino a seguir para las revisiones de ingenieria.
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Tracker Endcap Pixel Detector (TEPX)

Pixel Cluster Counting on FPGA

Same processing architecture for TEPX and D4R1.

Targeting real-time pixel cluster counting on FPGA -
performed per event per chip.

Histogromming:

o Cluster counts will be grouped per quarter ring.
Prototype pixel cluster been
developed.

o Two hits form a cluster if they touch horizontally,

vertically or diagonally (single corner touch).

o Position and size of clusters are not calculated.

o Charge (ToTl) information is not used.

o Verified against the CMS offline

algorithm.

counting algorithm has

reconstruction

Measured maximum event rate.
o Satisfies D4R1 rate requirements and can sequentially
process data from multiple chips for the rest of TEPX (e.g.
2 chips per instance).
o Can handle very high rates during VAM.

Adequate resource utilization such thot additional features
could be implemented.

Mean cluster count

Pixel clustering
instance

25G link from
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Chip distributor
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Tracker Endcap Pixel Detector (TEPX)
BRIL Trigger Board (BTB)

S— Technical iggers <= Trigger and data flow for the Phase-2
TEPX system (lumi centered)
TCDS Captain
tral . .
J:E:ﬁe The BTB will generate independent
int it si . . .
. LHO nch dlock & bl signale =i — luminosity triggers for the TEPX system
- : e ond distribute them via the central
.
Machine » TCDS2 system.
2 interface %) 9}
E crate & %
£ “ 5 5 It will also:
g o E 2 BRI DA e Generaote a TCDS2-like control
%} ~
H 8 8 — stream based on the LHC clock
- § . :
z o i a 2 for D4R1 as it can be used during
= = é’ the LHC ramp.
§ B 3 . e Encode beams logical signals
£ i g from the BPTX system into a
2 5 bart TEPX TEPX Raw lumi data Lomi z high-speed serial optical data
R | . . .
||| oarr ami TRG & L cook— ¥ " crateS y Yy crate g link and synchronize them with
o8
& B £ TCDS2.
-~
&
= ol g & ol ol ol e 3 Prototype BTB firmware developed and
E o O] =] (s] (=] =] (=] 0| |ojo| t t d S .t
5 g i i ested on Serenity.
& \ . (2% 24
I o0
58|z 2 5 gp z 85
=<l 3 s X 00 E fuilea]
$% =3 s 55
D4R miniDAQ ) e e g & = a3
h D4R1L1data 34



Hadron Forward Calorimeter (HF)
Overview

e One of the main luminometers in Run 2.
o No significant changes foreseen for Phase-2.

e Two algorithms, using a limited number of calorimeter towers (p rings 31 and 32) corresponding to 3.15 < || < 3.50, are used to
measure luminosity:
o HFOC uses “zero-counting” to track the fraction of bunch crossings with no energy depositions above a threshold.
o HFET measures the sum of deposited transverse energy per bunch crossing.

e Main features of HF as a luminometer: {58
Full 40 MHz readout rate. ) e —— :
Online & offline luminosity measurements. —_HCAL aging model| CMS |
Available outside stable beams. : - |
Independent of central CMS DAQ.
Independent of cooling.
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Hadron Forward Calorimeter (HF)
Expected performance
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Simulations used to evaluate linearity
in occupancy and mean transverse
energy sum, including the aging effects
of 1000 fb! integrated luminosity.

Deviations from linear behaviour within
1% across the full pileup range.

Statistical precision for PU200:

0.32%/BX/s for HFOC

36



Outer Tracker (OT)

Overview

Layout consists of 6 barrel layers and 5 endcap

disks.

o Layer 6 has 76 ladders on each half of CMS
with 12 modules each

Provides track stubs (two-hit coincidences on

closely separated sensors) at 40 MHz.

o Stub reconstruction is performed by the
front-end ASIC.

Available during stable beams.

Histogromming module needs to be added to

existing OT tracker firmware.

o Stub information is received by DTC backend
boards where the BRIL firmware module will
be installed and will tap into this data stream.

o Tladder per histogrom (152 total).

m Could be doubled if resources allow.

Error handling to be fully developed.
o Dynamically exclude failing modules from
histogramming and include recovered ones.
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Outer Tracker (OT)

Expected performance

Mean number of stubs / BX

<PU> =200, 14 TeV

19— :
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e Detector simulations, including effects from front-end electronics, were used
to evaluate the linearity of the mean number of stubs in the pileup range
between 0 and 200.

Mean number of stubs / BX

Layer 6 in the barrel shows the best linearity using the current stub

selection, with a deviation of less than 1.5% up to a pileup of 200.

Simulations show that for PU 200 the maximum total rate is 1078 stubs per
event under physics conditions. Considering a 40 MHz readout rate, this
translates into a statistical precision of 0.03% / BX / s
-> Most statistically powerful luminometer!
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40 MHz Scouting

Overview

e The scouting system captures L1 trigger objects generated by
different L1 layers using spare, high speed, optical links.
o Useful for monitoring, algorithm development, and physics
studies with high statistics.

e For Phase-ll, BRIL firmware will be installed in the Global/Local

Scouting boards to record L1 objects.

o Barrel Muon Track Finder (BMTF) -> histogroms with per
bunch info.

o BMTF was used for Run 2 luminosity measurements (orbit-
and LS-integrated rates), with excellent linearity and small
backgrounds, useful for systematic evaluations.

o Extended demonstrator in Run 3 provides access to BMTF
muon candidates or best 8 global muons, as well as
calorimeter information.

e Possibility to expand to EMTF (for BIB) and to other objects (e.g.
track counting).
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Muon Barrel (MB) System

Overview

e Hits from DT and RPC detectors will form muon track segments or trigger primitives per DT chamber ot L1.
o Valid data during squeeze, when DAQ is in configured state.
o These have already been studied in Run 2 and rates extrapolated to HL-LHC conditions.
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Sector Sector

e Trigger and readout electronics will be replaced for Phase-Il, allowing bunch crossing identification through improved timing
resolution.

e BRIL histogramming firmware will be installed in the back-end processor firmware and access primitive data in parallel to
CMS L1 trigger.
o Streamed at 40 MHz.
o Histograms: primitive counts per bunch crossing per second.
o Run 3 demonstrator (YB+2, sector 12) runs BRIL histogramming firmware.
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Muon Barrel (MB) System

Expected performance

Performance of trigger primitives as luminosity observables was done using
Run 2 data.

Dependence of total rate on the instantaneous luminosity recorded by HFOC
is found to be linear with very small deviations, all within 1%.
-> No background corrections applied to DT primitives.

To estimate the statistical precision, the total orbit integrated rate is obtained
from extrapolations and found to be 17 MHz.
-> 0.61 primitives/BX
1.2%/BX/s statistical uncertainty at PU200
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