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Collider physics

| ATLAS | David Berge
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• The luminosity of a collider controls the number of produced events per unit time; the 
higher, the better!
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Collider physics

| ATLAS | David Berge

• The luminosity of a collider controls the number of produced events per unit time; the 
higher, the better!

• Needed bunch-by-bunch to correct pile-up effects on physics measurements

ATLAS bunch-by-bunch lumi,
S.Valentinetti, LHCP2018
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Luminosity measurements

• Either measure a process with predictable cross section

• e+e- scattering at lepton collider

• Elastic scattering, related to cross section via optical theorem, see Monday‘s lecture
by R.Engel

• Or measure cross section in special calibration runs

| ATLAS | David Berge

How bright are we?

•

←
measure
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measure
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Luminosity measurements
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Luminosity measurements

| ATLAS | David Berge

How bright are we?

• Calibrate the event rate seen by any(!) 
detector to the corresponding luminosity 
once, in a special LHC beam scan

• Use to determine the luminosity in any(!) 
physics fill from there on
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Luminosity from beam parameters

| ATLAS | David Berge

For Gaussian bunches:

For generic bunch densities 
r:

Problem: difficult to 
measure sx and sy (or 
rx and ry) precisely

Solution: van der
Meer separation 
scans…



Page 11

Luminosity calibration at colliders

| ATLAS | David Berge

van der Meer scans
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Luminosity calibration at colliders

| ATLAS | David Berge

van der Meer scans

Scan x and y
separately

x

y
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Luminosity calibration at colliders

| ATLAS | David Berge

Bell-shaped scan curve parametrises
the beam overlap integral, irrespective 
of the functional form of r!
Assume x and y beam shapes 
uncorrelated.±s
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Luminosity calibration at colliders
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ATLAS absolute luminosity uncertainty

| ATLAS | David Berge

Works amazingly well!

Different luminometers, all within 2%!

ATLAS, Eur. Phys. J. C (2016) 76
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ATLAS relevant cross section measurements

| ATLAS | David Berge

MBTS

K.Wozniak, ISVHECRI 2018
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ATLAS relevant cross section measurements

| ATLAS | David Berge

ALFA

K.Wozniak, ISVHECRI 2018
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Inelastic cross section at 7 and 13 TeV

| ATLAS | David Berge

Nature Commun. 2 (2011) 463 (7 TeV)
Phys. Rev. Lett. 117 (2016) 182002 (13 TeV) 
Nucl. Phys. B889 (2014) 486 (7 TeV) 
Phys. Lett. B 761 (2016) 158 (8 TeV) 

Achieving this precision is a big
success.
Luminosity uncertainty also relevant 
for searches.



Dark matter at the LHC
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p

p Underlying event

X = jets, W, Z, top, Higgs, SUSY, … 
Q2 = MX  

x1 ⋅pp

  
x2 ⋅pp

Searches for weakly interacting particles

| ATLAS | David Berge
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Task: measure transverse energy

| ATLAS | David Berge

Rely on visible to detect invisible particles
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Going after the Dark at the LHC

| ATLAS | David Berge



Page 26

ASSUMPTIONS

| ATLAS | David Berge

DM particle c:
CDM (or WDM),
Axions, 
gravitinos, or 
WIMPs
Assume: c
interacts with 
Standard Model 
particles!

SM

SM

c

c
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3 TYPES of WIMP SEARCHES at LHC

| ATLAS | David Berge

1. Invisible Higgs decays
2. SUSY
3. Mono-X
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3 TYPES of WIMP SEARCHES at LHC

| ATLAS | David Berge

1. Invisible Higgs decays

2. SUSY

3. Mono-X

More sensitive to specific models
More reliant on model assumptions

Fewer assumptions on models
“Only” assume WIMP miracle
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Invisible Higgs decays

| ATLAS | David Berge

Higgs couples to DM and mH > 2 mc

Z + dark matter 2 jets + dark matter
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Invisible Higgs: Z + DM

| ATLAS | David Berge

Higgs invisible width < 67% at 95% CL
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Invisible Higgs: 2 jets + DM

| ATLAS | David Berge

Higgs invisible width < 37% at 95% CL

arXiv:1809.06682
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Direct searches vs Higgs constraints

| ATLAS | David Berge

Assume Higgs the
only mediator

In these models, 
low-mass advantage
LHC

High-mass
advantage direct
searches
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SUSY dark matter searches

| ATLAS | David Berge

Large missing ET plus jets

SUSY dark matter produced in 
high-multiplicity decay chains
of supersymmetric heavy 
particles (e.g. gluinos).
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SUSY dark matter searches

| ATLAS | David Berge

Large missing ET plus jets

meff = missing ET + Sum jets pt
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Impact of SUSY searches

| ATLAS | David Berge
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Impact of SUSY searches

| ATLAS | David Berge

ATLAS SUSY Public Results

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
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Generic mono-X searches

| ATLAS | David Berge

Standardised searches: LHC dark matter working group, 
http://lpcc.web.cern.ch/content/lhc-dm-wg-wg-dark-matter-searches-lhc

arXiv:1507.00966

http://lpcc.web.cern.ch/content/lhc-dm-wg-wg-dark-matter-searches-lhc
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LHC Production of invisible particles

| ATLAS | David Berge

Standard Model Background

Credits C.Doglioni
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LHC Production of invisible particles
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Standar Model Background

Credits C.Doglioni
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Generic mono-X searches

| ATLAS | David Berge

Search for DM pair or mediator directly (resonance search)

SM DM

Sm Dm

Sm

Sh> .in
Sh
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Search for DM pair or mediator directly (resonance search)
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Generic mono-X searches

| ATLAS | David Berge

Search for DM pair or mediator directly (resonance search)

Credits C.Doglioni
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Complementarity with direct searches

| ATLAS | David Berge

Valid only in the context of the chosen model / parameter set

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/EXOTICS/

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/EXOTICS/
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Complementarity with indirect searches

| ATLAS | David Berge

Valid only for very specific assumptions

arXiv:1210.4491

http://arxiv.org/abs/1210.4491
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Dark matter shining in gamma rays

| ATLAS | David Berge
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Dark matter shining in gamma rays
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Dark matter in the sky

| ATLAS | David Berge

Simulated gamma rays from dark matter annihilations
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Dark matter in the sky
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Simulated gamma rays from dark matter annihilations
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Remember yesterday‘s lecture by Abelardo

| ATLAS | David Berge
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Background modelling for IACTs

| ATLAS | David Berge
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Background modelling for IACTs

| ATLAS | David Berge

Solutions: invest precious observation time to measure empty fields or MC simulations!



Page 52

Gamma-ray like proton showers

| ATLAS | David Berge
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Gamma-ray like proton showers

| ATLAS | David Berge

Christoph Maut

CORSIKA simulation of 2 TeV protons

EPOS LHC QGSJetII-04

Showers for which nearly entire

proton energy is converted into

electromagnetic energy (electrons, 

photons, p0
‘s, eta‘s, etc).
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ATLAS & LHCf to the rescue...?

| ATLAS | David Berge

See next talk!
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Summary

• Measurements of inelastic pp collisions essential for air shower physics

• LHC precision in luminosity calibration exceptional for hadron collider

• There are many unexplored areas, great terrain for eager astroparticle physicists to
make a difference!

• Many many different dark matter searches are ongoing, so far no sign of new
physics

| ATLAS | David Berge

Relevance for Astroparticle Physics


