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CERN

Established 1954 = 70 years of CERN in 2024! RNCOURI
Science in the service for humanity, CERN convention.
https://timeline.web.cern.ch/timeline-header/89
https://cerncourier.com/p/magazine/

17 MARCH 1954
Breaking ground e g

On 17 May 1954, the first shovel of earth was dug on the Meyrin
site in Switzerland under the eyes of Geneva officials and
members of CERN staff.
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Sobota 7.10.2023

W
&[;E‘;\Tsdencc Gateway CERN
S5hod - @
Today, CERN inaugurates CERN Science Gateway, its new emblematic
centre for science education and outreach. It will be open to the public from

tomorrow, 8 October 2023.

Join us in celebration and watch the inauguration ceremony live today at
11.00 CEST: https://webcast.cern.ch/event/i1332909

CERN
2h-@
CERN launches Science Gateway

7 Today, CERN inaugurates its new emblematic centre for science education

\\T\\\,\\\\}\\f\\;\\?\\\\i . and outreach, CERN Science Gateway. The building was designed by
architect Renzo Piano and funded through external donations, with the
leading contribution coming from Stellantis.

CERN Science Gateway will be open to the public as of tomorrow, 8 October
2023.

Find out more: https://home.cern/.../cern-inaugurates-science-gateway...
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CERN

e Home to several accelerators.
e Platform to provide beams for experimental collaborations be formed.

e Accelerators — a unique expertise kept, compare to FERMILAB, KEK, DESY....
o  Synchrocyclotron (1957)
LINAC 14
Antiproton Accumulator, Decelerator, ELENA, Low Energy Antiproton/lon Ring...
Proton Synchrotron — 24 GeV (1959)
Super Proton Synchrotron (1976)
m converted to proton-antiproton collided (1981)
e Carlo Rubbia, Simon van der Meer
o W and Z discovery by the UA1 and UAZ2 collaborations (1983)
o LEP = Large Electron-Positron Collided, non-superconducting (1989).
m precision measurements of the Z and W bosons
e Detectors: ALEPH, DELPHI, OPAL, L3.
o LHC = Large Hadron Collider, uses LEP tunnel;) Superconducting (2008).
m Detectors: ATLAS, ALICE, CMS, LHCb.
Future: CLIC? Future Circular Collider? (FCCee, FCCeh, FCChh)
Muon collider?

O O O O






protons

antiprotons

ions

neutrinos to Gran Sasso
neutrons

e Fixed target areas

o North Area (French sector, high energy,
450 GeV primary, 120 GeV secondary
beams)

o East Area (Swiss, low energy PS Booster
24 GeV primary, ~1-8 GeV secondary
beams)

e Neutrino beams to Gran Sasso (IT)
e (not just) pre-accelerators for the
highest-energy LHC.

CMS

LHC

COMPASS

ALICE

3 Gran Sasso (1)
730 km

CNGS CERN neutrino to Le Gran Sasso  PSB proton synchotron booster
AD antiproton decelerator ISOLDE on line isotope mass separator
PS proton synchotron LEIR low energy ion ring







CERN Physics Programme

e https://home.cern/science/experiments
e LHC Physics

o Versatile experiments
m ATLAS, CMS
o Dedicated experiments
m LHCb (B-physics, CP violation)
m ALICE (heavy ion physics)
m LHCf - formward physics of neutral particles
m FASER - neutrinos from a collider
e Neutrino Platform
o ProtoDUNE
e Fixed Target Experiments
o COMPASS, NA-62, CLOUD, ...
e Small Experiments

o Antiproton, antihydrogen experiments, OSQAR, ...
o R&D projects like MediPix3

e Dedicated facilities — IRRAD, ISOLDE
o https://ps-irrad.web.cern.ch/ps-irrad/

e CERN-recognized Experiments
o AMS-II — non-accelerator, ISS, control room @CERN

o  Water Cherenkov Test Experiment, waiting for Hyper-Kamiokande...

10


https://home.cern/science/experiments
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LHC Periods and pp c.m.s. energies

2008 start and crash

20009: 900 GeV (SPS injection energy)
2010-2011: 7TeV,L=5/1b
2012: 8TeV,L=20/1b

2015-2018: 13 TeV,L=90/1b
2022-2025: 13.6 TeV
Design: 14 TeV

And more:

LHC pp Vs, =5.02 2015, 28 pb
LHC PbPb Vs, =5.02 2015, 0.49 nb™
LHC pPb Vs, =5.02 2016, 0.5 nb"’
LHC pPb Vs, =8.16 2016, 0.16 pb”
LHC XeXe Vs, =540 2017

o LHCpp Vs, =5.02 2017,100-200 pb”
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResultsRun3

O O O O O
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResultsRun3

Interactions
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LHC Collisions

e Usually inelastic collisions where protons break apart, producing particles.
e But also large diffractive and elastic cross-section!




LHC Collisions
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LHC Collisions
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LHC Collisions
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LHC Collisions
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ISIONS

LHC Coll
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LHC Collisions
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ISIONS

LHC Coll
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LHC Collisions

e P¥i vysokych energiich jsou kvarky v protonu témer volné a nezavislé.
e Poruchova rada kvantové chromodynamiky ma sanci konvergovat.
e Teorie: u€inny prurez produkce systému X ve srazkach partonu
e Konvoluce s partonovymi distribu¢nimi funkcemi dava
e Uginny prafez produkce X ve srazkach protond.
e PDFs z pfedchozich experimentl (srazky ep, HERA, DESY)
e Hadronizace (fenomenologicky model) L
e Rozpady Castic ,:~ \ |
e Interakce s detektorem — jeho plna simulace. AN T s
e Srovnani s daty f" g
Aoy, p,—x(s) = 2/ [fi/hl('rl/‘F) ®fj/]12('/l’lF)}(§lyF) -0y x(8, pr) d8 "Ir'f\\\‘. JRT:
i g s
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Expectations @ particle level
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LHC Physics Programme

e Presna mérfeni procesu Standardniho modelu

o hledani vzacnych procesu (ttH, WWZ, ...)

o méfeni diferencialnich ucinnych prarezu

o ovérovani presnosti dostupnych teoretickych predpovédi
o méfeni parametrd SM, naruseni CP...

o zpresnovani PDFs

o méfeni ve srazkach téZzkych iontu, efekty zhaseni, GQ plasma
e Hledani moznych novych procesu za Standardni model

o SUSY, supersymetrické Castice = __.::;‘,_j;:‘, e
o naruseni univerzality leptonu ) 1 //.-‘
o Kaluza-Klein gravitons ‘7/
o Extenze grupy symetrii SM _ ':"
o dlouhozijici ¢astice EE\‘. : ';{:"",“
]

0y —x(5) = 2/ [fi/hl('fP‘F) ®fj/hz('/VF)}(§,PlP) -doix (8, ur) d8
1]

Sthr



The LHC

25 ns: 30 long range encounters per IP

Collision rate of 40 MHz, corresponding to 25ns
o ATLAS diameter is 24m

~10™" particles in a bunch, O(2k) bunches

Parasitic
encounters

1 375m '

Pile-up: O(100) pp collisions within a bunch crossing

2k superconducting dipole magnets at 2K
bunches transverse size of O(100)mum!

RF buckets and bunches

::c'" particms. The particles are trapped in the RF voltage:
nd forth in this gives the bunch structure
RF Voltage | §nd forth in 9

/\ ANNATYAN"
NS\

AE LHC bunch spacing =25 ns = 10 buckets < 7.5 m

SRS R Al // I S s
~ ~ ~ ~
o7 mmmm— " - ~ - W s "~
£ y. 3¢  BFE bhucket >s [//e o b >
-

o e LS 74 // .~ *® \\'«-—.—w >
ShS Wi R Ll —
25ns
450 GeV 3.5 TeV
RMS bunch length 128 cm 5.8cm
RMS energy spread  0.031% 0.02% 27

J. Wenninger LNF Spring School, May 2010 25



Pile-up at the LHC

e Many pp collisions in one detector “picture”!
e Increases chances of interesting ones.
o

Additional signal in the detector.
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The LHC
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The LHC
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The LHC

Bunch Lengths [ns]

e prOtONS

antiprotons

—— ions

neutrinos to Gran Sasso
neutrons.

electrons

Gran Sasso (1)
730 km
CNGS CERN neutrino to Le Gran Sasso  PSB proton synchotron booster
AD antiproton decelerator ISOLDE an line isotope mass separator
PS proton synchotron LEIR low energy ion ring

1 PS batch 1 SPS batch
(72 bunches) (288 bunches)

SES8E&-K

Luminosity

Let us look at the different factors in this formula, and what we can do to
maximize L, and what limitations we may encounter !!

KN f

4noo, N, —=

interaction region

y - Ny
area A

0 f : the revolution frequency is given by the circumference, f=11.246 kHz.

U N : the bunch population — N=1.15x10"" protons
- Injectors (brighter beams)
- Collective interactions of the particles
- Beam encounters
U k : the number of bunches — k=2808
- Injectors (more beam)
- Collective interactions of the particles
- Interaction regions
- Beam encounters
0 ¢* : the size at the collision point - 6*,=6*,=16 um
- Injectors (brighter beams)
- More focusing — stronger quadrupoles

J. Wenninger LNF Spring School, May 2010

T T T
5000 10000 15000 20000 25000
Bucket #

i

[
3
[

T
30000 35000

Fork=1:
L=3.5x10"cm™s™
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The LHC beam dump temperature map

https://home.cern/news/news/accelerators/lhc-report-another-run-over-and-ls2-has-just-begun

LHC Pagel Fill: 7494 E: 450 Z GeV t(SB): 00:00:00 03-12-18 04:40:09

MACHINE DEVELOPMENT: BEAM DUMP

450 Z GeV I(B1): 4.24e+08 I(B2): 0.00e+00

BTVDD.689339.81 Updated: 04:37:17 BTVDD.629339.82 Updated: 04:37:17

e LS T T T T T
-200 -100 0 100 200 -200 -100 0 100 200
X

BIS status and SMP flags
Comments (03-Dec-2018 04:38:24) Link Status of Beam Permits
This was the last dump of Run2 ! Global Beam Permit

. . Setup Beam

Coing to access today, estimate 2 years
Beam Presence

Moveable Devices Allowed In

Stable Beams
AFS: 75_150ns_733Pb_733_702_468_42bpi_20inj PM Status B1 ENABLED [JEIEUTEN ¥4 ENABLED

https://iopscience.iop.org/article/10.

1088/1748-0221/16/11/P11019/pdf

Design and behaviour of the Large
Hadron

Collider external beam dumps
capable of receiving

539 MJ/dump

https://cerncourier.com/a/proton-ion
-collisions-the-final-challenge/

https://www.lhc-closer.es/taking a

closer look at |hc/0.lhc layout
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https://home.cern/news/news/accelerators/lhc-report-another-run-over-and-ls2-has-just-begun
https://iopscience.iop.org/article/10.1088/1748-0221/16/11/P11019/pdf
https://iopscience.iop.org/article/10.1088/1748-0221/16/11/P11019/pdf
https://cerncourier.com/a/proton-ion-collisions-the-final-challenge/
https://cerncourier.com/a/proton-ion-collisions-the-final-challenge/
https://www.lhc-closer.es/taking_a_closer_look_at_lhc/0.lhc_layout
https://www.lhc-closer.es/taking_a_closer_look_at_lhc/0.lhc_layout

LHC States / Status

e http://jointlab.upol.cz/kvita/LHC.html
e http://jointlab.upol.cz/kvita/outreach/
e https://op-webtools.web.cern.ch/vistar/vistars.php
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The LHC

LHC Pagel Fill: 8058 E: 495 GeV 27-07-22 22:57:53

PROTON PHYSICS: RAMP

Energy: 495 GeV LB1: 1.03e+14 LB2: 8.05e+13
Beta* IP1l: [EERCEn) Beta™ |P2: ICHURN] Beta™ [P5: ENRCGNY Beta™ |PS: QUGN
Be, e

Intensity

Comments (27-Jul-2022 22:48:58)

SPS MKE4 down for at least 1h

we will ramp like this:
last 4 injections missing in B2
987bin Bl /746bin B2

AFS: 25ns_987b_974_876_912_96bpi_17inj

BIS status and SMP flags B1 B2
Link Status of Beam Permits | true W true |
Global Beam Permit | true [l true |
Setup Beam
Beam Presence | true W true |
Moveable Devices Allowed In
Stable Beams

PM Status B1 ENABLED [dyIS)€Y4VER:Y ENABLED
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The LHC

LHC Pagel Fill: 8738 E: 6800 GeVv t(SB): 03:37:25 09-05-23 21:43:19

PROTON PHYSICS: STABLE BEAMS

Beta* IP1: Beta* IP2: Beta* IP5: . Beta* IP8:

Inst. Lumi [{ub.s)"-1] IP1: 11415.80 IP2: 74.36 IP5: 15235.71 IP8: 20.94
"BCT Intensity and Beam Energy Updated: 21:43:15fInstantaneous Luminosity Updated: 21:4

7000 = -

4 16000 T

2.5E14- L 6000 & 14000+ '

2E14- 5000 o

Q
4000 S
1.5E14- %
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3000 5
c

1E14-
2000 “

>
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7}
c
I
-
c

Luminosity /1

23:00 02:00 05:00 08:00 11:00 14:00 17:00 20:00

OEO T T T T T 0
22 00 02:00 06:00 10:00 14:00 18:00 — ATLAS — ALICE — CMS — LHCb

BIS status and SMP flags

Comments (09-May-2023 18:07:49) Link Status of Beam Permits
STABLE BEAMS 1800b XRPs IN Global Beam Permit
IP1 lev 45 pileup Setup Beam

IP5 B* lev 60 pileup Hare Brasarsd

IP2 and IP8 sep. lev
Moveable Devices Allowed In

Stable Beams

AFS: 25ns_1818b_1805_1057_1182_164bpi_14inj_hybrid_PM Status B1 SR IG:INMNPM Status B2 RN




CERN ALY
2hod - @
The Large Hadron Collider is now colliding beams with 2400 proton bunches
per beam, its target for . Have you wondered what that looks like
for the experiments at the 7

LHC Pagel Fill: 9095 E: 450 GeV t{SB): 00:06:43 01-09-23 11:51:17 Take a look at these beautiful event displays from

PROTON PHYSICS: STABLE BEAMS Ne» ' ad

the particles are so tiny that making them collide is like trying to
450 GeV - 1.16e+12 1.20e+12 fire two needles 10 kilometres apart with such precision that they meet
halfway?

Beta* IP1: 11.00 m 10.00 m Beta* IP5: 11.00 m Beta* |P8: Find out more about the third physics run, the and its experiments later
today. Stay tuned!

Inst. Lumi [{ub.s)"-1] : . : 5 : . 1P8:

Updated: 1 FATLAS / WW Q’;"”
A- J

o 14:00 17:00 20:00 23:00 02:00 05:00 08:00 11:00
14:00 18:00 22:00 02:00 3 : — ATLAS — ALICE — CMS — LHCb

BIS status and SMP flags
Comments {(01-Sep-2023 11:44:42) Link Status of Beam Permits

Global Beam Permit

Setup Beam

Beam Presence | true |
Moveable Devices Allowed In

Stable Beams [ true W true |

AFS: Single_12b_8_8_8_2018 ERSICIOCN N ENABLED  [QUBSIEIOCN:pA  ENABLED

*#k STABLE BEAMS otk




The LRC " UFO (Unidentified Falling Objects)

1. A macroparticle (dust) falls from the top of
the beam screen

2. The macroparticle is ionized due to elastic
collisions with the beam

3. The positively charged macroparticle is
subsequently repelled away from the
beam

4. During the above, there may be significant P s
losses due to inelastic collisions -> beam o —
dump and/or magnet quench!

Performance over the last 24 Hrs

L

o

N

o

) 1.6F14

o 1AE14 ~6000
O |y r2Ee] ~5000 5
§ 7 1E14 L3000 S
2 |3 s s
- Hi UFO - Quench = Cryo Fas0e §
i 4E13 1 [2588
® 2E134 - 1000
o L) T Ll L) T L} T 0

7 14:00 17:00 2000 23:00 02:00 05:00 08:00 1:00

S| =1en — @) — gy

S

V3
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The LHC

LHC Pagel Fill: 9075 E: 0 GeVv 19-07-23 17:10:22

PROTON PHYSICS: NO BEAM

Comments (17-Jul-2023 18:57:49)
Problem with IT.L8
leak in the insulation vacuum

No beam until further notice (weeks)

AFS: 25ns_2464b_2452_1842_1821_236bpi_12inj_hybrid

BIS status and SMP flags Bl B2
Link Status of Beam Permits | true |
Global Beam Permit
Setup Beam
Beam Presence
Moveable Devices Allowed In
Stable Beams

PM Status B1 ENABLED [duBS)€YHVER:Y ENABLED
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The ATLAS Experiment
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The ATLAS Experiment




The ATLAS Experlment
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The ATLAS Experiment




The ATLAS Experiment

Barrel Toroid

Muon Detectors

Inner Detector

Solenoid

Electromagnetic Calorimeters

ATLAS

Detector characteristics

Width: 44m
Diameter: 22m
Weight: 7000t

CERN AC - ATLAS V1997

Forward Calorimeters

Hadronic Calorimeters

End Cap Toroid

Shielding
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The ATLAS Experiment

ATLAS Fact Sheet [£]

*Diameter 25 m -- Length: 46 m
+ Barrel toroid length 26 m

* Overall weight 7 000 tonnes

+ ~ 100 million electronic channels
* ~ 3 000 km of cables

Muon Detectors Tl Calomemese Liguiet Atgen Calorimete

Calorimeters

Measure the energies carried by the particles

Liquid Argon (LAr) Calorimeter

+ Barrel 6.4 m long, 53 em thick, 110 000
channels.

* Works with Liquid Argon at -183° C

* LAr endcap consists of the forward
calorimeter, electromagnetic (EM) and
hadronic endcaps.

+ EM endcaps each have thickness 0.632 m
and radius 2.077 m.

* Hadronic endcaps consist of two wheels of

thickness 0.8 m and 1.0 m with radius 2.09 m.

* Forward calorimeter has thiee modules of
radius 0.455 m and thickness 0.450 m each.

Tile Calorimeter (TileCal)

+ Barrel made of 64 wedges, each 5.6 m long
and 20 tonnes.

+ Each Endcap has 64 wedges, each 2.6 m
long.

* 500 000 plastic scintillator tiles.

Identifies and measures the momenta of muons

Thin Gap Chambers

ring and 2nd coordinate measure ment
(non-bending direction) at ends of detector.
440 000 channels

Resistive Plate Chambers
Fort
in central region.

+ 380 000 channels

* Electric Field 5 000 V/imm

ggering and 2nd coordinate measurement

Monitored Drift Tubes

Measure curves of tracks.

* 1171 chambers with total 354 240 tubes
(3 em diameter, 0.85-6.5 m long).

+ Tube resolution 80 um

Cathode Strip Chambers

Measure precision coordinates at ends of
detector.

+ 70 000 channels

* Resolution 60 um
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The ATLAS Experiment — particle identification

Muon
Spectrometer

Hadronic
Calorimeter
Neu! The dashed tracks
. are invisible to
the detector

.
»
.
.
.
.
.

Electromagnetic
\Phbton

Calorimeter
Solenoid magnet \\ :

Transition
Radiation
Tracker X
Pixel/SCT
detector

».

.
v
v
.
¥
a
3
¥
i
.
¥
i
'
..
"
¥

Tracking




The ATLAS Experiment

e Alarge camera, object identification using combined techniques
electrons, photons, muons, hadronic final states = jets, tau

missing energy as a signature of the neutrino

mesons, baryons

reconstruct short-lived resonances decaying to “stable” particles

e Energy and momentum measurements of primary of parent particles
e Passage of particle through the matter!

O O O O
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Fyzikalni skupiny — ATLAS
e SM group

Top group

Higgs

Higgs and Diboson

SUSY

Exotics

B-physics

Heavy ions

Effective field theory interpretation

Dark matter




ID skupiny — ATLAS

Muon Combined Performance Group
Egamma group

JetEtmiss group

Tau ID

Tracking

Vertexing

Flavour tagging

Physics Modelling, Forward proton group
Physics Validation, fake forum

Data analysis model, software, luminosity, statistics...

Trigger, Machine learning forum...
Simulation and MC production
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ATLAS

Management
Operations

Upgrade

Physics coordination
Publication Committee
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The ATLAS Experiment

Argentina
Armenia
Australia
Austria

Colombia
Czech Republic
Denmark

Norway
Poland

P

R

Russia
Serbia
Slovakia
Slovenia
South Africa
Spain

-t XTLAS

C‘ol‘lal;([)rgtion
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ATLAS Groups

Detector operations

(@)

run control, shifts, repairs, liquids, gases, HV, LV, readout, DAQ, synchronization...

Software, data preparation, good run list
Physics modelling groups

(@)

Monte Carlo simulation, tuning

Detector simulation, geometry
Object identification, calibration, combined performace

(@)

(@)

Physics groups

(@)

jets, electrons, muons, tau ID energy scale and IDs
provide recommendations, official selection, systematics uncertainties

Higgs, Top, Standard Model, Heavy lons, Beyond-the-SM, SUSY
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Authorship

Collaboration rules

Authorship committee

Qualification task, supervisor

Detector operations fees per non-student author

~3k ATLAS authors, no distinguished corresponding nor first authors
o alphabetical
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Analysis scrutiny
e Physics group

o Physics subgroup
Editorial board
Physics Coordinators
Publication Committee
ATLAS collaboration circulation 1, 2
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pp Collisions: QCD, Electroweak interactions




A typical analysis

Physics process of interest
Dataset choice: LHC energy, pile-up settings
Detector level objects and their calibration and identification operation points

Events selection
o cut-based
o multivariate techniques — BDTs, NNs, DNNs.. (also used in object IDs)

Signal and backgrounds samples

Data-MC comparison in control and signal regions
o possibly adjusting bg. modelling in sidemands, blinding the signal region
Counting experiment, cross-section extraction, differential cross-sections,

correcting for resolution, searches for BSM processes and limits settings
o  precision physics vs. searches

Presenting measurement at a particle level at some fiducial phase-space,
publish and store results in HEP data database for the future comparison to
models to come
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Quarks, Leptons, Gauge Bosons and the BEH boson

Force
Bl e Carriers
7- i~ . foma | s Z 'Y

2 ‘ - / T
) | $ - - R o il H‘ || Z boson | photon |
a + L;E% *h.c ;:ﬂ_f_x_‘-_: o A Higgs - g

i %C %(j*ﬁ¢*‘l\( ‘ - e | W boson | gluon

+Re VO
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Quarks, Leptons, Gauge Bosons and the BEH boson
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Quarks, Leptons, Gauge Bosons and the BEH boson




A typical analysis

Udalost v detektoru obsahuje
informace z jednotlivych poddetektoru
Jsou zrekonstuovany a identifikovany
fyzikalni objekty

o kandidati na elektrony, miony, jety, gamma,

tau, chybéjici pricna energie...

V ramci event selection jsou vybirany
objekty na zaklade jejich
pozadovaného poctu a vlastnosti

o podle ocekavani toho, co by mél do
detektoru pfinaset signalni proces

Zmerene spektrum musi byt
opraveno

o kalibrace, linearita, rozliSeni, efficiency (as
function of...), data/simulation agreement

Data / MC

201

F ATLAS p+Pb, Pb+p Pre-fit, 22 bjets, l+jets

F m:&ﬂi TeV, 164.6 nb™ e Data (1034) [l Fakes (140)
E_ J2/ndi=0.64, prob. 0.94 MWy b(35) W c (31)
F ¥'/nd1=0.64, prob. 0.9 I Wiv light (14) [ 21 b (11)
F  zic(6) I 21l light (3)
Diboson (0) Single top (41)
W (753)

OO0 — -

MhO O vRO® O
T TG I T T

50 700 150 200 250 800 850 400 450 500
Mass of hadronic top quark [GeV]
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A typical analysis

e Potrebuje

O O O O

preselecteted data sample
data quality, luminosity measurement
objects calibrations, reconstruction algos
simulation samples

m to optimize the analysis

m estimate signal

m estimate, understand and model

backgrounds

20

Data / MC

E Su=8.16 TeV, 164.6 nb™

\\‘II\‘HIl\H‘II\‘HIlH\

F ATLAS p+Pb, Pb+p

Pre-fit, 22 b-jets, l+jets
e Data (1034) [l Fakes (140)
B Wb (35 W c(31)
0 Wiy light (14) [l 20 b (11)
Mz c (6) I 21 light (3)
Diboson (0) Single top (41)
W (753)

x2/ndf=0.64, prob. 0.94

o T4

0
-8
.6
4
2

1
.8
.6

4

2

OO0 — -

FASEITERRERS

U g

700 150 200 250 800 350 400 450 500
Mass of hadronic top quark [GeV] 63



Invariantni hmota




Invariantni hmota

antiproton *

ET scale: 41 GaV

Ain 0.00295
Max 40.2

Mass - Z Candidate

Events

80 90 100 110 120 130
invariant mass(GeV)
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Invariantni hmota

p,w ¢ Jh

Events/GeV
3,
ml_I'I'ITITI

o
_|—|-|'|T|T|'| lllllﬂTl |||||ITI| lllllml |IIII|T|| IIIlIml T

10* uu widths:
JIY 30 MeV
10° Y 70 MeV

CMS Preliminary

\s=7TeV, L_=40pb

lllllll 1 1 lIlIlll 1

CMS Preliminary, \'s =7 TeV
Ljp =3.1pb™
o =70 MeV/c?
mI<1

1 15 12
1*p mass (GeVic?)

1 10

w*u- mass (GeV/c?)
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Invariantni hmota

Par top-anti top _
rozpadajici se na WhWb a DZero e)fperlment at
nasledné na 4 jety, Fermilab’s Tevatron, a
L e elektron a neutrino. proton-antiproton collider.
T W - SIERA2A
[T ¥
://// w+ v
-1{",/;’ 65 ~ P
e q
rz-’“/; g
- 3 b
bElor BT . , b
== . (Ge .
380 "2 1 ,
= Ul o

>
N
Q|

phi

— Red: EM Calorimeter

ns: - -
Mean: 0.779 Blue: Hadronic Calorimeter
Rms: 3.71 -4. . 2 =
Min: 000966 rellow: Missing Energy

: 639 i i
e mE_1:47.2 (neutrino signature)
phi_L: 195 deg

67



Quarks, Leptons, Gauge Bosons and the BEH boson

Up Quark Charm Quark Top Quark
~0.002 GeV 1.25 GeV 175 GeV

’ O
Down Quark Strange Quark Bottom Quark
~ 0.005 GeV ~0.095 GeV 4.2 GeV

These are relative masses not size — they have no measurable size

Electron
0.0005 GeV

Muon
0.105 GeV

Tau
1.78 GeV

Electron Neutrino

w2 )

Muon Neutrino
~0

Tau Neutrino
~0

For reference:

Proton
0.938 GeV

Originally thought to be
massless but now not
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Top quark

Nl.l

1 t 9 t 9 i g 7
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Top quark

Events / GeV

BumpHunter
Significance
o

ttbar resonances

10°
102

10

ATLAS
{s = 13 TeV, 139 b ¢ Data
SR2b —— Background fit
Fit parameter unc.
----- 2TeV Z, X5
s — 4 TV Z 5 55

BH global p-value = 0.56
Most significant deviation
interval (5440 - 5820 GeV)
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Il I 1 I L
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A typical analysis

e https://atlas.cern/Updates/Briefing/HI-Top-Observation

> _II\Illlll‘IIII‘IIIIIIIIII|II|IIII|IIII|IIII_
S 400 ATLAS Preliminary -+ Data
P - p+Pb syn = 8.16 TeV ] i 1
S 3500 165nb” [ Single top ]
N - 111b mujets [ W+b 3
- Post-Fit m W+c

300: | W-+light 1

- u Z+b 3

2502 O Z+c

[ | Z+light

] Diboson

Il Fake lepton 7

72 Uncertainty
---- Pre-Fit Bkgd.

2 L /%WW%

100 200 300 400 500 600 700 800 900 1000
Hy [GeV]

ATLAS

EXPERIMENT
Run: 313100
Event: 168745611
2016-11-18 22:14:23

Data / Pred.
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https://atlas.cern/Updates/Briefing/HI-Top-Observation

A typical analysis

e https://atlas.cern/Updates/Briefina/HI-Top-Observation

' << nentriesNominal << ", " << nentriesNominalAlt << endl;

t nbytes = 0;
t nb_nominal = 0;
nb_nominalAlt = 0;
nb_ptcl = 0;
Long64 t nb_truth = 0;
m_ToRunOver = nentriesNominal;
if (m_isMCsignal && m_runOverAllLevels)

m_ToRunOver = nentriesTruth;
if (m_isMCsignal && m_runOverPtclOnly)
m_ToRunOver = nentriesParticle;

m_ToRunOver = 200000;

-> InitLoop();

(m_isData
cout << "Will run ove << m_ToRunOver << "

cout << "Will run over << m_ToRunOver << " entries while sumWeights is " << m_sumWeights << endl
m_h _sumWeights -> SetBinContent(1l, m sumWeights);
m_h_sumWeightsSq -> SetBinContent (1, m_sumWeightsSq);

Longb4 t jentry = 0; jentry < m_ToRunOver; jentry++)
if (jentry % verbose ==
cout << "Processing " << jentry << "/" << m_ToRunOver << endl;

nb_nominal = 0;



https://atlas.cern/Updates/Briefing/HI-Top-Observation

A typical analysis

e https://atlas.cern/Updates/Briefing/HI-Top-Observation
e https://atlas.web.cern.ch/Atlas/ GROUPS/PHYSICS/CONFNOTES/ATLAS-CO
NF-2023-063/

0 240

- ATLAS p+Pb, Pb+p Pre-fit, 22 b-jets, h+jets = ATLAS p+Pb, Pb+p Pre-fit, 22 b-jets, hjets

(2]
c { =} ~
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] = \2Indf=0.64, prob. 0.94 B Wivb (35 W c(31) W 200F y2/ndf= Wb (35 ElWc(31)
140 = n pro I Wiv light (14) [l 21 b (11) E % M L 0 Wiv light (14) [l 20 b (11)
- M 2zic ) I 2 light (3) 1801 W zice) I 21 light (3)
= E_)iboson (0) [ Single top (41) 160— Diboson (0) [ Single top (41)
100 € (753) 140E- € (753)
80— =
60—
40—
20—

0 0
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S 145 % % ‘} H l S 14E }
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https://atlas.cern/Updates/Briefing/HI-Top-Observation
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-063/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-063/

Binning choice and resolution
e TBF
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A typical analysis

https://atlas.cern/Updates/Briefing/HI-Top-Observation

ATLAS Preliminary

MCFM TuJu21
MCFM nNNPDF30
MCFM nCTEQ15HQ
MCFM EPPS21
CMS 8.16TeV p+Pb

ATLAS+CMS 8TeV pp (extrap.)
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20 40
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S LAREAREEEE SRR
ATLAS Preliminary

p+Pb \s\y

[Twrr[re
=8.16 TeV

— 165 nb e (stat)

- _ 115081 013

—-0-— Wg = "-'Y —0.30 -0.12

4029 +0.11

—-@-—i ug =068 o5 o

1012 +0.06

te4 Wi = 0.98 -0.06

4011 +0.06

(T L Wi = 1.00 5510 o0s
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A typical analysis

e https://atlas.cern/Updates/Briefing/HI-Top-Observation

ATLAS Preliminary

Pre-fit impact on p:

A

Fake lepton background e+jets 1b 241 Lle= §+Ae 0= é-Ae -0.15-0.1-0.05 0 0.05 0.1 0.15
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A more involved one — Unfolding

e Differential cross sections measurements
e Unfolding — correcting for detector resolution and efficiency
e Systematics uncertainties evaluation and propagation
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R&D and SLO UP
e ATLAS Forward Proton Detector

o L. Nozka, K. Cerny, T. Komarek, opticka a mechanicka dilna
o Cherenkov radiator design, simulation, construction
o electronics, installation, commissioning, data quality, shifts
o physics analysis
e ATLAS Inner Tracker Strip detector upgrade
o R. Prfivara
o silicon detectors simulation
o beam test data taking and analysis

ATLAS

EXPERIMENT




ATLAS and SLO UP
e ATLAS Top quark physics group

o numerous 1D and 2D differential cross-sections with involvement of a number of students, in
various roles including analysis contact editors etc.
o Last: ttbar in pPb collisions
m https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-063/
m hitps://cds.cern.ch/record/2873517

e ATLAS Soft QCD subgroup of the Standard Modle Group

o K. Cerny co-convener
o Forward physics and diffraction, ATLAS Forward Proton detector performance
o Ex member: P. Hamal, Exclusive pion production in elastic collisions

m hitps://arxiv.org/abs/2212.00664, Eur. Phys. J. C 83 (2023) 627

e ATLAS ITk and Time-of-flight R&D
o https://cds.cern.ch/record/2749821/
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1 ToRunOver = nentriesTruth

n_isHCsignal & n_run0w
n_ToRunOver = nentriesP:

m_ ToRunOver = 200900;

> Initloop();

<< m_ToRunOver <<
<< m_ToRunOver <<

_sunheights -> SetBinContent(1, m_sunie.
n_h_sunhieightsSq -> SetBinContent(1, n_sum

ALAS

<< jentry <<




