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Experimentos de Física de 
Partículas: CERN, LHC, ATLAS



Modelo Estándar de Física de Partículas



CERN

CERN (Laboratorio Europeo de 
Física de Partículas)
• Situado en Ginebra (Suiza)
• Fundado en 1954 por 12 

estados miembros
• Esfuerzo global donde 

colaboran científicos de todo 
el mundo

LHC (Gran Colisionador de 
Hadrones)
• 27 km de longitud de 

circunferencia
• 100 m bajo tierra
• 7 detectores de partículas en 

los puntos de interacción: 
ALICE, ATLAS, CMS, LHCb, 
LHCf, MoEDAL y TOTEM



Gran Colisionador de Hadrones (LHC)

• El LHC es el mayor acelerador 
de partículas del mundo

• Acelerador superconductor de 
hadrones (protones e iones 
pesados)

• 1232 dipolos de 14.3 m de 
largo

• Campo magnético: 8.33 T
• Dipolos operan a una 

temperatura: 1.9 K (-271.3 C)
• Energía de los haces de 

protones:  6.5 TeV
(1 TeV = 22.4 x 10-7 J)

• Velocidad de los protones:
0.999999991c



Gran Colisionador de Hadrones (LHC)

• 2800 paquetes de protones / haz
• 1.1 x 1011 protones / paquete
• Tamaño del paquete: 7.5 cm x 16 𝜇m 

(pelo humano ~ 50 𝜇m)
• 40 millones de cruces de paquetes por 

segundo (colisiones de protones a una 
frecuencia de 40 MHz, cada 25 ns)

• ~33 colisiones por cada cruce de 
haces

• El protón no está simplemente 
hecho de 3 quarks (uud)

• El protón tiene 3 quarks de 
valencia (uud) más un mar de 
gluones y pares quark-
antiquark de corta vida media



Gran Colisionador de Hadrones (LHC)

6.5 TeV 6.5 TeV



Gran Colisionador de Hadrones (LHC)

Suceso (colisiones que se producen en un cruce de haces) en el que se 
han reconstruido 20 vértices a partir de las trazas en el detector interno 
de ATLAS 



Apilamiento o “pileup”

• En Run 2 (2015-2018) se llegaron a alcanzar 70 colisiones por cruce de haz
• Se analiza la colisión principal de todas las colisiones que se producen, la 

mayoría a más baja energía (apilamiento o “pileup”)
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Luminosidad

• Luminosidad instantánea depende de parámetros 
del acelerador:

𝐿 =
1
4𝜋

𝑁(𝑓*+,𝑛./012
𝜎4𝜎5

• LHC diseñado para una luminosidad de 1034 cm-2s-1

• Luminosidad récord alcanzada de 2x1034 cm-2s-1

• Luminosidad integrada:

𝐿607 = 8𝐿𝑑𝑡

• Número de sucesos para un proceso determinado:

𝑁+,+07; = 𝐿607𝜎
• 1 barn = 10-28 cm2 (unidades de área)



¿Cómo detectamos partículas?

• Detectores de propósito general para estudiar un amplio rango de física
• Geometría cilíndrica, cubriendo prácticamente todo el ángulo sólido
• Diferentes tecnologías empleadas para la detección de partículas

Longitud: 46 m
Diámetro: 26 m
Peso: 7000 toneladas
Campo magnético: 2 T (solenoide)

Longitud: 29 m
Diámetro: 15 m
Peso: 15000 toneladas
Campo magnético: 4 T (solenoide)



¿Cómo detectamos partículas?

• Principales partes:
• Detector de trazas: reconstrucción de trazas y vértices, identificación de partículas
• Calorimetría: medida de la posición y la energía de electrones, fotones y jets
• Espectrómetro de muones: medida de la posición y momento transverso de los muones
• Sistema de imánes: curva la trayectoria de las partículas cargadas para medir su 

momento
• Trigger (selección de datos en tiempo real): selecciona sucesos potencialmente 

interesantes para su almacenamiento en disco, posterior procesado y análisis



¿Cómo detectamos partículas?

• Experimentos diseñados para tener una excelente identificación y resolución de 
e/𝛾 para maximizar la sensibilidad a H → 𝛾𝛾:
• ATLAS: calorímetro de argón líquido con alta granularidad y segmentación longitudinal
• CMS: calorímetro de cristal plomado (PbWO4) con alta resolución



Experimento ATLAS



Experimento ATLAS

Toma una foto 
cada 25 ns con 
una cámara de 

100 mega píxeles

Identifica y mide 
las propiedades 
de las partículas 
que se producen 
en cada colisión



¿Cómo se detectan las partículas?
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¿Cómo se detectan las partículas?



¿Cómo se detectan las partículas?



¿Cómo se detectan las partículas?



Sistema de trigger de ATLAS



Sistemas de trigger

Trigger (selección de datos en tiempo real)
• Procesa los datos (sucesos) a alta frecuencia (40 MHz)
• Cada suceso será aceptado o rechazado
• Los sucesos rechazados se pierden para siempre
• Solo 0.0025% de los sucesos se aceptan y guardarán en disco (reduce el rate 4 órdenes 

de magnitud: 40 MHz → 1 kHz)
• Estamos interesados en procesos físicos que se producen con baja probabilidad (e.g. 

baja sección eficaz)
• No podemos guardar todos los datos, solo un porcentaje asumible por el DAQ 
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Sistemas de trigger

• El trigger es una parte crucial del experimento ya que 
selecciona que sucesos se guardan en disco y por tanto 
determina la física que se puede hacer

• Rate: es la tasa o frecuencia de aceptación de sucesos 
del trigger

• Eficiencia: es la fracción de sucesos de señal 
seleccionados por el trigger

• Dead time: tiempo muerto, se ignoran los datos de 
entrada al estar el sistema ocupado

• El trigger reduce el rate a un nivel asumible para la 
cadena de adquisición de datos

• En el LHC hay mucho fondo, no es necesario guardar 
todos los sucesos, al ser la gran mayoría de procesos 
sobradamente conocidos, estamos interesados en 
procesos con baja sección eficaz:
• ~600 Hz de W(→ 𝑙𝜈) @ 13 TeV y 2x1034 cm-2s-1

• ~0.01 Hz de ttH @ 13 TeV y 2x1034 cm-2s-1

846 A. Quadt: Top quark physics at hadron colliders

into the PDF fits in a more systematic fashion is under-
scored. On the same footing, the impact of higher order
corrections, as well as the treatment of higher twist ef-
fects in the fitting of low-Q2 data, may need some more
study before a final tabulation of the PDF uncertainties
can be achieved [120]. The PDF uncertainty on the top
quark pair production cross section is mostly driven by the
poorly known gluon density, whose luminosity in the rel-
evant kinematic range for the TEVATRON varies by up
to a factor of 2 within the 1σ PDF range. For the LHC
cross section calculations, dominated by the gluon–gluon
fusion, this uncertainty is even larger. In recent years,
with increasing precision of the measurements of the deep-
inelastic scattering cross sections at HERA [121–124], ex-
perimental and theoretical groups have focused on the
proper evaluation and propagation of uncertainties on the
parton distribution functions, starting with [125] and fol-
lowed by [120, 121, 126–135]. While the overall top pair
production rate at the TEVATRON has a large relative un-
certainty of approximately 15% (Fig. 16, right shows the
total uncertainty of the tt̄ production cross section calcu-
lations with gluon resummation [114, 116], including scale,
kinematics and PDF uncertainties, as a function of the top
quark mass), it is important to point out that the ratio of
cross sections at

√
s = 1.96 TeV and

√
s = 1.8 TeV is very

stable.
Table 3 summarises the tt̄ production cross section cal-

culation for Run I and Run II at the TEVATRON and
for the LHC. Reference [113] only considers uncertainties
from scale variations, resulting in a≈ 10% uncertainty. An-
other ≈ 6% come from PDFs and αs. Reference [116] only
considers uncertainties from scale variations, resulting in
a ≈ 4% uncertainty. Another ≈ 5% come from PDFs. Ref-
erence [114] considers uncertainties from scale variations,
PDFs and αs. At the TEVATRON, for every 1 GeV/c2 in-
crease in the top quark mass over the interval 170<mtop <
190 GeV/c2, the tt̄ cross section decreases by 0.2 pb. The
hard scattering cross sections for several processes, includ-
ing tt̄ production, are shown in Fig. 17 as a function of the
centre-of-mass energy, covering the energy range for the
TEVATRON and the LHC. In addition to having similar
event topology to the Standard Model Higgs production,
tt̄ production also has a similar cross section, many orders
of magnitude lower than the W - or Z-production or the
inclusive QCD b-production.

Table 3. Cross section, at next-to-leading order in QCD including gluon resumma-
tion corrections, for tt̄ production via the strong interaction at the TEVATRON and
the LHC for mt = 175 GeV/c2. Details on the meaning of the quoted uncertainties are
given in the text and in references [114, 116]. For the

√
s = 1.96 TeV result of refer-

ence [116], the quoted error includes the uncertainty from the PDFs according to [119]

σNLO (pb) qq̄→ tt̄ gg→ tt̄

TEVATRON(
√
s = 1.8 TeV, pp̄) 5.19±13% [114] 90% 10%

5.24± 6% [116] 90% 10%
TEVATRON(

√
s = 1.96 TeV, pp̄) 6.70±13% [114] 85% 15%

6.77± 9% [116] 85% 15%
LHC (

√
s = 14 TeV, pp) 833±15% [113] 10% 90%

Fig. 17. QCD predictions for hard scattering cross sections at
the TEVATRON and the LHC [141]. σt stands for the tt̄ pro-
duction cross section. The steps in the curves at

√
s = 4 TeV

mark the transition from pp̄ scattering at the TEVATRON to
pp scattering at the LHC

An accurate calculation of the cross section for top
quark pair production is a necessary ingredient for the
measurement of |Vtb| since tt̄ production is an import-
ant background for the electroweak single-top production.
More importantly, this cross section is sensitive to new
physics in top quark production and/or decay. A new
source of top quarks (such as gluino production, followed
by the decay g̃→ t̃t) would appear as an enhancement



Sistema de trigger y adquisición de datos de ATLAS



Primer nivel de trigger de ATLAS

Primer nivel de trigger de ATLAS

• Reduce la tasa de sucesos de 40 MHz
a 100 kHz (2.5 micro segundos)

• Tarjetas electrónicas (FPGAs) 

• Utiliza granularidad reducida de los 
calorímetros electromagnético y 
hadrónico y del espectrómetro de
muones

• Define Regiones de Interés (RoIs) que se 
envían al segundo nivel de trigger de 
ATLAS (High Level Trigger, HLT)

• Está formado por:
• Level-1 Calo (L1Calo)
• Level-1 Muon (L1Muon)
• Level-1 Topological Trigger (L1Topo)
• Central Trigger (MUCTPI y CTP)



Primer nivel de trigger de ATLAS: L1Calo

Level-1 Calo

• Utiliza información de granularidad 
reducida de todos los calorímetros de 
ATLAS para buscar electrones, fotones, 
leptones tau y jets de alta energía 
transversa, así como para calcular falta de 
energía transversa (MET) 

• El resultado se envía a L1Topo y CTP



Primer nivel de trigger de ATLAS: L1Calo
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L1Calo Upgrade
Phase-I LAr (ATLAS-TDR-022) y TDAQ L1Calo (ATLAS-TDR-023) Upgrade en LS2 

ATLAS L1CALO UPGRADE

L1CALO UPGRADE: MOTIVATION
�5

▸ Harsh LHC conditions in Run 3  
▸ L1 trigger rates are vulnerable to pileup  

▸ Higher-granularity LAr calorimeter inputs 
(SuperCells) provide improved resolution

▸ New ATCA-based Feature EXtractors (FEX)  
▸ More sophisticated algorithms  
▸ Large optical input bandwidth (11.2 Gb/s) 
▸ Improved isolation and pileup robustness 
▸ Reduced rates while keeping thresholds low 

▸ Phase-1 & legacy systems will run in parallel 
during commissioning

Run 1 & 2

Δη x ΔΦ = 0.1 x 0.1

Run 3 
SuperCells

Δη x ΔΦ
 = 0.025 x 0.1

New for Run 3 Legacy: Run 1 Legacy: Run 2

El sistema de trigger de L1Calo 
de Run 2 y el nuevo para Run 3 
se utilizaran paralelamente 
durante la fase de puesta a 
punto (“commissioning”) en el 
inicio del periodo de adquisición 
de datos este año 2022

https://cds.cern.ch/record/1602230
https://cds.cern.ch/record/1602235


Primer nivel de trigger de ATLAS: L1Calo

L1Calo$EM$clustering$

24(April(2015( G.(Pásztor:(Electron(/(photon(triggers( 5(

Run 2 (2015-2018)
Trigger Towers (Δ𝜂 x Δ𝜙 = 0.1 x 0.1)
en los calorímetros electromagnético y 
hadrónico se utiliza como input para el 
trigger de L1Calo 

Run 3 (2022-2025)
1 Trigger Tower → 10 Super Cells (1-4-4-1) 
en el calorímetro electromagnético (LAr), 
aumentando la granularidad que se utiliza 
como input para el trigger de L1Calo



Primer nivel de trigger de ATLAS: L1Calo

Mayor resolución
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ATLAS
Liquid Argon Calorimeter Phase-I Upgrade

(a)

(b)

Figure 1. An electron (with 70 GeV of transverse energy) as seen by the existing Level-1 Calorimeter trigger
electronics (a) and by the proposed upgraded trigger electronics (b).

• Long Shutdown 3 (LS3): 2022�2023. The LHC will undergo a major upgrade of its compo-
nents (e.g. low-� quadrupole triplets, crab cavities at the interaction regions).

• High-Luminosity LHC (HL-LHC): 2024� 2030 and beyond. The LHC complex will deliver
levelled instantaneous luminosity L = 5⇥1034 cm�2 s�1 (Phase-II operation) and an annual
integrated luminosity of 250 fb�1, i.e. up to 3ab�1 after 12 years of running.

1.2 ATLAS upgrade plans up to 2030 and beyond

To optimize the physics reach at each phase of the accelerator complex upgrades, ATLAS has
devised a staged program in three phases, corresponding to the three long shutdowns.

The upgrades during LS1 consist of consolidation of the existing sub-detectors including the
installation of a fourth (inner) layer for the pixel detector requiring a new, smaller radius central (Be)
beam pipe, additional chambers in the muon spectrometer to improve the geometrical coverage,
and more neutron shielding in the muon endcap toroids.

After LS2, instantaneous luminosities of L ⇠ 2.2⇥1034 cm�2 s�1 are expected with 25 ns bunch
spacing and the average number of interactions per crossing will be hµi ⇠ 60. If ATLAS is to exploit
this increase in luminosity and maintain a low-pT lepton threshold (⇠ 25 GeV) in the Level-1 trigger

2 Chapter 1: Overview of the Phase-I LAr upgrade project
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Primer nivel de trigger de ATLAS: L1Calo

Mayor reducción de fondo y
mejor eficiencia en el “turn-on”
aplicando “shower-shape cuts”
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J. Kendrick, A. Watson, P. 
Ott, K. Terashi

• Seeding: Identify local maximum in EM2 layer 
• Clustering: Direction driven by most energetic 

phi neighbour, 3x2 (2x1) in fine (coarse) layers 
• Isolation: 3 shower shape variables used  

Significant performance gain compared to Run-II 
thanks to finer eta granularity! 

25.04.2019 Philipp Ott 5

• Energy distribution along (η,ϕ) in Layer-2

Rη = 1 −
3 × 2 L2 𝐸T
7 × 3 L2 𝐸T

• Energy HCAL vs. energy ECAL (3 x 3 SC)

RHad =
Had 𝐸T

Had 𝐸T + EM 𝐸T

• Shower width in Layer-1 (5 x 3 SC)

wstot =
σ 𝐸T,𝑖 (η𝑖 − ηmax)2

σ 𝐸T,𝑖
,  ηmax → most energetic SC in Layer-1

Isolation Criteria
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Primer nivel de trigger de ATLAS: L1Muon

Level-1 Muon

• “Fast readout” para trigger:
• Resistive Plate Chambers (RPCs)

para la región central ( 𝜂 < 1.05)
• Thin Gap Chambers (TGCs)

para el endcap (1.05< 𝜂 < 2.4)

• Reconstrucción de trazas de precisión y 
alta resolución:
• Monitored Drift Tubes (MDTs)
• Cathode Strip Chambers (CSCs)

• Toroide proporciona un campo magnético 
de 0.5 T
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Primer nivel de trigger de ATLAS: L1Muon

Phase-I Upgrade en LS2 (ATLAS-TDR-020)

• New Small Wheel (NSW)
diseñada para reducir el
rate de fakes de muones
un factor 7
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Figure 1: Schematic of ATLAS showing the three wheels of the endcap muon detection system [4]. 
Each wheel records the position of passing muons and the information is used to reconstruct their tracks. 
Also, the big wheel’s data feeds into ATLAS’ level 1 trigger [5], which decides whether to record data 
from a collision. 
 
The current small wheel needs replacing because the increased number of collisions will reduce 

its efficiency and position resolution. Moreover, the new trigger system will require that tracks 

that trigger the big wheel must also correspond to tracks in the small wheel to improve its 

reliability (currently, the system has a 90 % fake trigger rate) [2].  

A schematic of the new small wheel (NSW) is shown in Figure 2. It is formed of two types of 

detectors, small strip thin gap chambers (sTGCs) and Micromegas. Both detector technologies 

are capable of triggering and tracking, however, the sTGCs are the primary triggers while the 

Micromegas are the primary trackers [2]. 

Small-Strip Thin Gap Chambers Auriane Canesse

1. Introduction

The ATLAS [1] New Small Wheels (NSW) will replace the current first station of the ATLAS
muon end-cap system [2]. They are designed to provide a ⇠7 fold increase in rejection rate for fake
muon triggers and an improved muon momentum measurement at the High-Luminosity LHC (HL-
LHC). The NSW exploit two detector technologies: the Micromegas (MM) detectors [3] optimized
for precision tracking and the small-strip Thin Gap Chambers (sTGC) [4] optimized for triggering.
One wheel is made of 16 sectors and each sector is composed of two sTGC wedges and one MM
double-wedge as shown in Figure 1. The sTGC wedges are made of three quadruplets modules,
each composed of four sTGC layers.

Small-strip Thin Gap Chambers are multiwire ionization chambers operated in quasi-saturated
mode. Each layer is made of segmented cathodes and anode wires (see Figure 2). One cathode is
divided into large pads used for triggering: a 3-out-of-4 coincidence within a quadruplet (4 layers)
is required. The other cathode is divided into strips with a 3.2 mm pitch for precision muon track
reconstruction in the [ direction. The sTGC are operated at a voltage of 2.8 kV with a 55:45 gas
mixture of CO2 and n-pentane. Track segments are reconstructed from charge clusters of typically
3 to 5 strips. The cluster centroid position is obtained from a Gaussian fit of the strip pulse height
distribution.

Figure 1: Schematic diagram showing the location
of sTGC on the NSW and within the ATLAS detector.

Figure 2: Schematic diagram of a sTGC [2].

2. Spatial resolution measurements

Cosmic rays study: The spatial resolution of a 40x60 cm2 sTGC quadruplet prototype equipped
with prototype front-end readout electronics was measured using cosmic rays. Scintillator detector
planes were used to provide a trigger signal [5]. To measure the prototype’s spatial resolution, track
segments were reconstructed using hits from 3 and from all 4 layers. Inclusive and exclusive track
fit residuals were obtained after correcting for inter-layer misalignment. The spatial resolution is
obtained from the geometric mean of the inclusive and exclusive residual distributions widths. The

2

https://cds.cern.ch/record/1552862


Primer nivel de trigger de ATLAS: L1Topo

L1Topo

• Level-1 Topological processor (L1Topo)
es un nuevo sistema que se instaló en 
2016 y se operó en 2017-2018

• Aplica cortes de selección entre los 
candidatos a electrones, muones, leptones 
tau, jets, etc. procedentes de L1Calo y 
L1Muon para reducir el rate del primer 
nivel de trigger (e.g., masas invariantes, 
Δ𝑅, etc.)



Primer nivel de trigger de ATLAS: L1Topo
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• Reducción del rate de Level-1 ~ 75% (22.9 kHz → 5.9 kHz) utilizando 
selecciones angulares para el trigger diseñado para la señal de H → 𝜏𝜏
[Eur. Phys. J. C 82 (2022) 1]

Criterios de aislamiento en L1

Δ𝑅 𝜏G, 𝜏( ≤ 2.8

https://doi.org/10.1140/epjc/s10052-021-09807-0


Primer nivel de trigger de ATLAS: Central Trigger

Central Trigger

• Muon-to-Central Trigger Processor
Interface (MUCTPI): combina los 
candidatos a muones procedentes de la 
región central (RPC) y del endcap (TGC)

• Central Trigger Processor (CTP): combina 
la información para los diferentes tipos de 
objetos y toma la decisión de aceptar / 
rechazar un suceso a Level-1
• 512 input bits (L1 thresholds tales 

como EM22VHI, EM15VHI, MU20, 
MU10, XE50, J100, J15, etc., cada 
threshold con 3 bits → multiplicidad 
de 23: 0 a 7 objetos)

• 512 output bits (L1 items como 
L1_EM22VHI, L1_2EM15VHI, 
L1_MU20, L1_2MU10, L1_4J15, etc.)



Primer nivel de trigger de ATLAS



Segundo nivel de trigger de ATLAS

High Level Trigger (HLT)

• Gran granja de ordenadores, O(45000) 
unidades de procesado en 2018 

• Se ejecutan sofisticados algoritmos de 
selección utilizando la información de 
todo el detector, bien en determinadas 
regiones de interés o bien reconstruyendo 
todo el suceso, utilizando el software de 
ATLAS (Athena)

• Reduce la tasa de sucesos de 100 kHz a
1 kHz



Segundo nivel de trigger de ATLAS



Selección de sucesos en tiempo real

• La reconstrucción de una determinada signatura en tiempo real se lleva a cabo 
en varios pasos para reducir la tasa de sucesos

• Primer nivel de trigger (Level-1 o L1):
• Segundo nivel de trigger (HLT):
• Hay 2 tipos de algoritmos:
• Feature Extraction (          ): construye objetos (e.g., trazas, clusters, etc.)
• Hypothesis (           ): aplica cortes de selección (pT, masa invariante, etc.)

• Cadena o secuencia de trigger típica:
• “Fast reconstruction”:

se utilizan algoritmos de trigger
específicos accediendo a regiones
de interés definidas en Level-1

• “Precision reconstruction”:
se utiliza toda la información del
detector y sofisticados algoritmos
de reconstrucción
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The collection of all triggers.
∼ 500 L1 triggers  and ∼ 1500 HLT triggers.
15% devoted to efficiency and performance 
measurements, background estimate 
and monitoring.
Design :
• balance between selection of 
different objects.
• triggers must be used by analysers,
allocate reasonable rate and bandwidth 
based on number of clients
• design for different beam conditions.
• Balance of inclusive (majority) and 
exclusive triggers.

Design goal : 
maximize coverage of ATLAS physics 
within the constraint
of detectors and trigger system.

Large majority
is RoI-based

triggers

To a varying
degree, they
scan full event

Example of
Trigger chain

S. Xella - Trigger and data taking in Run2 and prospects for 
ATLAS - 55th Rencontres de Moriond EW
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ATLAS DRAFT

>µPile-up <
15 20 25 30 35 40 45 50 55

Pr
oc

es
sin

g 
tim

e 
pe

r e
ve

nt
 [m

s]

0

5

10

15

20

25

30

35
ATLAS Operations Internal

 = 13 TeV, September 2018sData 

   Pixel clustering
   SCT clustering
   Spacepoint finder

(a)

>µPile-up <
15 20 25 30 35 40 45 50 55

Pr
oc

es
sin

g 
tim

e 
pe

r e
ve

nt
 [m

s]

0
20
40
60
80

100
120
140
160
180
200

ATLAS Operations Internal
 = 13 TeV, September 2018sData 

   Fast tracking
   Precision tracking
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   TRT data preparation
   TRT track extension
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(d)

Figure 15: The mean of the total processing time per event for the tracking related algoriths; (a) the data preparation
for the silicon detectors, (b) the fast, and precision tracking, (c) the TRT data preparaion and track extension, and (d)
the vertexing.

due to the early rejection in the trigger which terminates processing before running the precision tracking520

algorithm.521

The TRT data preparation and track extension are both reasonably fast and exhibit a more linear behaviour,522

since they are only executed on tracks from the precision tracking.523

Finally the vertex algorithms are seen to be very fast overall. The histogramming algorithm is in principle524

only executed once per event and, as in the previous section, is seen to have a mean time per call at high525

pile-up of around 0.3 ms, exhibiting only a slight dependence on the pile-up interaction multiplicity. In526

contrast, the o�ine vertex algorithm also runs once per event for the b-jet vertexing, but in addition is527

executed once per RoI for the other signatures. The execution time shows a small dependence on the528

interaction multiplicity, and consists mostly of the time taken by the single execution in the b-jet vertex529

tracking.530

Overall the total time spent in all the tracking related algorithms discussed here is approximately 290 ms531

per event at high pile-up multiplicities, reducing to a little more than 90 ms for the lower multiplicities.532

11th October 2020 – 19:52 24

The mean execution time for the inner detector trigger track finding algorithms, which are run after the data preparation 
stage, as a function of the mean pile-up interaction multiplicity, <μ>, throughout a physics run, taken during September 
2018 with a proton-proton centre of mass energy of 13 TeV. Shown are the execution times for both the fast, and the 
precision tracking. The inner detector trigger operates by first running a fast track finder algorithm which performs pattern 
recognition using the hit information from the ATLAS silicon detector and then runs a fast track fit. Following this, these 
tracks are passed to the precision tracking which runs the offline ambiguity solving algorithm and refits the tracks using 
the offline track finder after extending the tracks into the ATLAS transition radiation tracker.  The processing times are the 
mean over all events in the sample for each pile-up multiplicity, of the total time spent in the algorithm from all triggers and 
in all signatures, and so represents the complete time spent in the fast track finder and the precision tracking in an event.

ATLAS Trigger Operation                     
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Tipos de triggers

• Las cadenas de trigger pueden utilizar “full event building” o “partial event
building” si guardan toda la información del suceso o solo determinadas partes 
de ciertos subdetectores

• Asignación del rate:
• Triggers genéricos: sirven para múltiples análisis y por tanto se diseñan 

para tener una gran fracción de rates: O(10 Hz)
• Triggers específicos: están diseñados para un determinado análisis y un 

estado final particular: O(1 Hz) o se pueden activar a mitad del run cuando la 
luminosidad instantánea ha decrecido

• Triggers de apoyo: se les asigna O(0.5 Hz) y representan alrededor del 15%
• Se puede diseñar un trigger con un determinado rate:
• Aplicando una selección más estricta
• Requiriendo criterios de aislamiento
• Requiriendo distintos objetos en el estado final
• Utilizando prescales (un trigger con un PS=10 se ejecuta una vez cada 10 

sucesos)



Tipos de triggers

• Triggers primarios: se utilizan para análisis de física (medidas del 
Modelo Estándar o búsquedas de nueva física), ejecutados en todos 
los sucesos

• Triggers de apoyo: se utilizan para la adquisición de muestras de 
datos para estimar fondos en análisis de física y para medir 
eficiencias

• Triggers “end-of-fill”: se activan al final del “run” o “fill” cuando la 
luminosidad instántanea se ha reducido, por ejemplo para B-physics

• Triggers alternativos: se utilizan para ejecutar algoritmos de selección 
alternativos

• Triggers de reserva o backup: se ejecutan en paralelo a los triggers
primarios utilizando selecciones para reducir la tasa de sucesos

• Triggers de calibración: se utilizan para la calibración del detector 



Estrategia para seleccionar datos
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Trigger Chains

• Not all trigger chains need to run at full rate  
- Rate might be just too high 
- Often just a subsample is enough 
- Can add triggers when luminosity drops to make 

optimal use of resources  

• Prescales are used to reduce rate  
- Prescale of N (e.g. N=10): Only accept 1 out of N 

events

• Trigger chains are classified into  
- Primary/physics chains: chains for physics signals in general (unprescaled)  
- Backup chains: higher thresholds and/or tighter selections (e.g. in case of unexpected luminosity 

increase) 
- Supporting & background chains: to collect data for auxiliary measurements in physics analyses 

(e.g. data-driven background extraction, measuring trigger efficiencies), usually prescaled 
- Alternative triggers: using different selection algorithms 
- Monitoring and calibration chains: to monitor the data quality (e.g. to check the performance of 

tracking by the inner detectors) & calibration purposes for detectors



Menú de trigger del experimento ATLAS

• Menú de trigger en 2018:
• Menú de Level-1: consta de un máximo de 512 L1 items
• Menú de HLT: consta de O(1500) cadenas de trigger, de las cuales 300 son 

triggers primarios

2×1034

timetime

2×1034 Run 2
Run 3



Menú de trigger del experimento ATLAS en 2018

Trigger Typical o�ine selection

Trigger Selection L1 Peak HLT Peak

L1 [GeV] HLT [GeV] Rate [kHz] Rate [Hz]

L=2.0⇥1034 cm�2s�1

Single leptons

Single isolated µ, pT > 27 GeV 20 26 (i) 16 218
Single isolated tight e, pT > 27 GeV 22 (i) 26 (i) 31 195
Single µ, pT > 52 GeV 20 50 16 70
Single e, pT > 61 GeV 22 (i) 60 28 20
Single ⌧, pT > 170 GeV 100 160 1.4 42

Two leptons

Two µ, each pT > 15 GeV 2 ⇥ 10 2 ⇥ 14 2.2 30
Two µ, pT > 23, 9 GeV 20 22, 8 16 47
Two very loose e, each pT > 18 GeV 2 ⇥ 15 (i) 2 ⇥ 17 2.0 13
One e & one µ, pT > 8, 25 GeV 20 (µ) 7, 24 16 6
One loose e & one µ, pT > 18, 15 GeV 15, 10 17, 14 2.6 5
One e & one µ, pT > 27, 9 GeV 22 (e, i) 26, 8 21 4
Two ⌧, pT > 40, 30 GeV 20 (i), 12 (i) (+jets, topo) 35, 25 5.7 93
One ⌧ & one isolated µ, pT > 30, 15 GeV 12 (i), 10 (+jets) 25, 14 (i) 2.4 17
One ⌧ & one isolated e, pT > 30, 18 GeV 12 (i), 15 (i) (+jets) 25, 17 (i) 4.6 19

Three leptons

Three very loose e, pT > 25, 13, 13 GeV 20, 2 ⇥ 10 24, 2 ⇥ 12 1.6 0.1
Three µ, each pT > 7 GeV 3 ⇥ 6 3 ⇥ 6 0.2 7
Three µ, pT > 21, 2 ⇥ 5 GeV 20 20, 2 ⇥ 4 16 9
Two µ & one loose e, pT > 2 ⇥ 11, 13 GeV 2 ⇥ 10 (µ) 2 ⇥ 10, 12 2.2 0.5
Two loose e & one µ, pT > 2 ⇥ 13, 11 GeV 2 ⇥ 8, 10 2 ⇥ 12, 10 2.3 0.1

Signle photon One loose �, pT > 145 GeV 24 (i) 140 24 47

Two photons
Two loose �, each pT > 55 GeV 2 ⇥ 20 2 ⇥ 50 3.0 7
Two �, pT > 40, 30 GeV 2 ⇥ 20 35, 25 3.0 21
Two isolated tight �, each pT > 25 GeV 2 ⇥ 15 (i) 2 ⇥ 20 (i) 2.0 15

Single jet
Jet (R = 0.4), pT > 435 GeV 100 420 3.7 35
Jet (R = 1.0), pT > 480 GeV 111 (topo: R = 1.0) 460 2.6 42
Jet (R = 1.0), pT > 450 GeV, mjet > 45 GeV 111 (topo: R = 1.0) 420, mjet > 35 2.6 36

b�jets

One b (✏ = 60%), pT > 285 GeV 100 275 3.6 15
Two b (✏ = 60%), pT > 185, 70 GeV 100 175, 60 3.6 11
One b (✏ = 40%) & three jets, each pT > 85 GeV 4 ⇥ 15 4 ⇥ 75 1.5 14
Two b (✏ = 70%) & one jet, pT > 65, 65, 160 GeV 2 ⇥ 30, 85 2 ⇥ 55, 150 1.3 17
Two b (✏ = 60%) & two jets, each pT > 65 GeV 4 ⇥ 15, |⌘ | < 2.5 4 ⇥ 55 3.2 15

Multijets

Four jets, each pT > 125 GeV 3 ⇥ 50 4 ⇥ 115 0.5 16
Five jets, each pT > 95 GeV 4 ⇥ 15 5 ⇥ 85 4.8 10
Six jets, each pT > 80 GeV 4 ⇥ 15 6 ⇥ 70 4.8 4
Six jets, each pT > 60 GeV, |⌘ | < 2.0 4 ⇥ 15 6 ⇥ 55, |⌘ | < 2.4 4.8 15

Emiss
T Emiss

T > 200 GeV 50 110 5.1 94

B-physics

Two µ, pT > 11, 6 GeV, 0.1 < m(µ, µ) < 14 GeV 11, 6 11, 6 (di-µ) 2.9 55
Two µ, pT > 6, 6 GeV, 2.5 < m(µ, µ) < 4.0 GeV 2 ⇥ 6 (J/ , topo) 2 ⇥ 6 (J/ ) 1.4 55
Two µ, pT > 6, 6 GeV, 4.7 < m(µ, µ) < 5.9 GeV 2 ⇥ 6 (B, topo) 2 ⇥ 6 (B) 1.4 6
Two µ, pT > 6, 6 GeV, 7 < m(µ, µ) < 12 GeV 2 ⇥ 6 (⌥, topo) 2 ⇥ 6 (⌥) 1.2 12

Main Rate 86 1750
B-physics and Light States Rate 200

• Electron:
W → 𝑒𝜈, Z→ 𝑒𝑒, WW, WZ, ZZ, etc.

• Muon:
W → 𝜇𝜈, Z→ 𝜇𝜇, WW, WZ, ZZ, etc.

• Jet:
SM, búsquedas de resonancias con dos
jets en el estado final, etc.

• b-jet:
H→ bb, tt→ bWbW, etc.

• Missing ET (MET):
búsquedas de SUSY, etc.

• Tau:
H→ 𝜏𝜏, búsquedas, etc.

• Photon:
H→ 𝛾𝛾, SM 𝛾, 𝛾𝛾, 𝛾𝛾𝛾, etc.

• B-physics and LS:
J/𝜓, Υ, estados finales con muones
de bajo momento transverso, etc.

ATL-DAQ-PUB-2019-001

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-DAQ-PUB-2019-001/


Menú de trigger del experimento ATLAS en 2018

Menú de trigger diseñado para ser 
inclusivo, con triggers genéricos y 
triggers específicos para seleccionar 
una gran variedad de estados finales 
y procesos de física

Trigger Typical o�ine selection

Trigger Selection L1 Peak HLT Peak

L1 [GeV] HLT [GeV] Rate [kHz] Rate [Hz]

L=2.0⇥1034 cm�2s�1

Single leptons

Single isolated µ, pT > 27 GeV 20 26 (i) 16 218
Single isolated tight e, pT > 27 GeV 22 (i) 26 (i) 31 195
Single µ, pT > 52 GeV 20 50 16 70
Single e, pT > 61 GeV 22 (i) 60 28 20
Single ⌧, pT > 170 GeV 100 160 1.4 42

Two leptons

Two µ, each pT > 15 GeV 2 ⇥ 10 2 ⇥ 14 2.2 30
Two µ, pT > 23, 9 GeV 20 22, 8 16 47
Two very loose e, each pT > 18 GeV 2 ⇥ 15 (i) 2 ⇥ 17 2.0 13
One e & one µ, pT > 8, 25 GeV 20 (µ) 7, 24 16 6
One loose e & one µ, pT > 18, 15 GeV 15, 10 17, 14 2.6 5
One e & one µ, pT > 27, 9 GeV 22 (e, i) 26, 8 21 4
Two ⌧, pT > 40, 30 GeV 20 (i), 12 (i) (+jets, topo) 35, 25 5.7 93
One ⌧ & one isolated µ, pT > 30, 15 GeV 12 (i), 10 (+jets) 25, 14 (i) 2.4 17
One ⌧ & one isolated e, pT > 30, 18 GeV 12 (i), 15 (i) (+jets) 25, 17 (i) 4.6 19

Three leptons

Three very loose e, pT > 25, 13, 13 GeV 20, 2 ⇥ 10 24, 2 ⇥ 12 1.6 0.1
Three µ, each pT > 7 GeV 3 ⇥ 6 3 ⇥ 6 0.2 7
Three µ, pT > 21, 2 ⇥ 5 GeV 20 20, 2 ⇥ 4 16 9
Two µ & one loose e, pT > 2 ⇥ 11, 13 GeV 2 ⇥ 10 (µ) 2 ⇥ 10, 12 2.2 0.5
Two loose e & one µ, pT > 2 ⇥ 13, 11 GeV 2 ⇥ 8, 10 2 ⇥ 12, 10 2.3 0.1

Signle photon One loose �, pT > 145 GeV 24 (i) 140 24 47

Two photons
Two loose �, each pT > 55 GeV 2 ⇥ 20 2 ⇥ 50 3.0 7
Two �, pT > 40, 30 GeV 2 ⇥ 20 35, 25 3.0 21
Two isolated tight �, each pT > 25 GeV 2 ⇥ 15 (i) 2 ⇥ 20 (i) 2.0 15

Single jet
Jet (R = 0.4), pT > 435 GeV 100 420 3.7 35
Jet (R = 1.0), pT > 480 GeV 111 (topo: R = 1.0) 460 2.6 42
Jet (R = 1.0), pT > 450 GeV, mjet > 45 GeV 111 (topo: R = 1.0) 420, mjet > 35 2.6 36

b�jets

One b (✏ = 60%), pT > 285 GeV 100 275 3.6 15
Two b (✏ = 60%), pT > 185, 70 GeV 100 175, 60 3.6 11
One b (✏ = 40%) & three jets, each pT > 85 GeV 4 ⇥ 15 4 ⇥ 75 1.5 14
Two b (✏ = 70%) & one jet, pT > 65, 65, 160 GeV 2 ⇥ 30, 85 2 ⇥ 55, 150 1.3 17
Two b (✏ = 60%) & two jets, each pT > 65 GeV 4 ⇥ 15, |⌘ | < 2.5 4 ⇥ 55 3.2 15

Multijets

Four jets, each pT > 125 GeV 3 ⇥ 50 4 ⇥ 115 0.5 16
Five jets, each pT > 95 GeV 4 ⇥ 15 5 ⇥ 85 4.8 10
Six jets, each pT > 80 GeV 4 ⇥ 15 6 ⇥ 70 4.8 4
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Menú de trigger del experimento ATLAS en 2018

Menú de trigger diseñado para ser 
inclusivo, con triggers genéricos y 
triggers específicos para seleccionar 
una gran variedad de estados finales 
y procesos de física

Trigger Typical o�ine selection
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One ⌧ & one isolated e, pT > 30, 18 GeV 12 (i), 15 (i) (+jets) 25, 17 (i) 4.6 19

Three leptons

Three very loose e, pT > 25, 13, 13 GeV 20, 2 ⇥ 10 24, 2 ⇥ 12 1.6 0.1
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Two b (✏ = 60%) & two jets, each pT > 65 GeV 4 ⇥ 15, |⌘ | < 2.5 4 ⇥ 55 3.2 15

Multijets

Four jets, each pT > 125 GeV 3 ⇥ 50 4 ⇥ 115 0.5 16
Five jets, each pT > 95 GeV 4 ⇥ 15 5 ⇥ 85 4.8 10
Six jets, each pT > 80 GeV 4 ⇥ 15 6 ⇥ 70 4.8 4
Six jets, each pT > 60 GeV, |⌘ | < 2.0 4 ⇥ 15 6 ⇥ 55, |⌘ | < 2.4 4.8 15

Emiss
T Emiss
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Two µ, pT > 11, 6 GeV, 0.1 < m(µ, µ) < 14 GeV 11, 6 11, 6 (di-µ) 2.9 55
Two µ, pT > 6, 6 GeV, 2.5 < m(µ, µ) < 4.0 GeV 2 ⇥ 6 (J/ , topo) 2 ⇥ 6 (J/ ) 1.4 55
Two µ, pT > 6, 6 GeV, 4.7 < m(µ, µ) < 5.9 GeV 2 ⇥ 6 (B, topo) 2 ⇥ 6 (B) 1.4 6
Two µ, pT > 6, 6 GeV, 7 < m(µ, µ) < 12 GeV 2 ⇥ 6 (⌥, topo) 2 ⇥ 6 (⌥) 1.2 12
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Medida de la eficiencia de trigger
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• Se mide la eficiencia de selección con el método de Tag and Probe:
• Selecciona sucesos de desintegración de resonancias conocidas (Z→ 𝑙𝑙 y J/𝜓 → 𝑙𝑙) con 

requisitos de selección estrictos para un leptón (“tag” o “marcador”) dejando el segundo 
leptón sin ningún sesgo (“probe” o “sonda”)

• Solo los probes seleccionados se utilizan para las medidas (Eficiencia = Npass probes/Ntotal probes), 
después de sustraer el fondo de otros procesos

Eur. Phys. J. C 80 (2020) 47 JINST 15 (2020) P09015

https://doi.org/10.1140/epjc/s10052-019-7500-2
https://doi.org/10.1088/1748-0221/15/09/p09015


Tratamiento y análisis de 
datos



Tratamiento de datos

• Worldwide LHC Computing Grid:
• Institutos por todo el mundo con clusters de ordenadores
• Almacenamiento de datos distribuidos
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Análisis de datos

Signal 
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Data analysis 

AN EVENT’S LIFETIME 

Detector Trigger 

14 

Data preparation, 
Reconstruction & Calibration 

Anna Sfyrla, Summer Student Lectures, 2018



Análisis de datos
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Preparados, listos, ya! 
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