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The Standar d Model of Partic le Physics

Matter particles (spin 1/2)

� six leptons, six quarks
� three generations

Force mediators (spin 1)

� weak, el.-mag., strong
� coupling to charges

Mathematical description

� quantum �eld theory
� local gauge invariance

Higgs boson for masses
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Problems of the Standar d Model

The Standard Model has been highly successful, but . . .

� Dark Matter, Dark Energy
� �ne-tuning problem
� gravity is missing
� Higgs not found yet!

A plethora of extensions exists

� supersymmetry
� extra dimensions
� new particles and forces

What will we �nd in this world?
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The International Linear Collider

Will be the next large project in high-energy physics

� linear e+e– collider, up to
p

s = 500 GeV

� L = 2 � 1034 / cm2 / s, polarised beams

� several run options, upgrade scenario to 1 TeV

Will thoroughly examine the Higgs and SUSY particles
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Comparison – ILC vs. LHC

Lepton collider vs. hadron collider

� well-de�ned initial state
� much lower background rates
� relaxed trigger requirements
� radiation hardness uncritical
� for precision measurements!

Linear accelerator vs. circular accelerator

� electrons emit synchrotron radiation
� accelerator rings would be extremely large
� build two linear one-shot particle guns instead
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Detector s for the ILC

The intended precision measurements at the ILC
require detectors of unprecedented performance

� vertex resolution: 2–3 times better than SLD

� tracking resolution: 10 times better than LEP

� jet energy resolution: 2 times better than LEP

� “Particle Flow” is the most promising approach

� backgrounds must be kept under control

Different detector concepts use different technologies
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The Large Detector Concept
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LDC Magnetic Field Con�guration

Solenoid �eld (4 Tesla)

� bends high-E tracks

� con�nes low-E tracks
to innermost regions

Anti-DID �eld (14 mrad)

� bends main �eld towards
hole for outgoing beam

� origins: polarimetry

� reduction of backgrounds

� impact on tracking?
Compressed view 1 : 10
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Beam-Beam Interaction

e  e   Pairs+  _ 

Beamstrahlung

The ILC has the novel problem of beamstrahlung

L =
nbN 2f rep

4� � x� y
HD � /

1
� z

�
N

� x + � y

� 2

� high luminosity is essential for measurements

� bunches have a very high electric space charge

� particles are de�ected
and can emit photons
(“beamstrahlung”)

� 108 TeV / BX are lost
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Electr on-Positr on Pairs

Beamstrahlung photons can scatter to e+e– pairs

� 105 particles per BX for ILC beam parameters
� energies in the GeV range (100 TeV / BX in total)
� strongly focused in the forward direction (small � )
� but sometimes also large polar angles (large � )

Several processes can contribute

� incoherent and coherent pair creation
� real-real, real-virtual, virtual-virtual scattering

Pairs are a major source of detector backgrounds!
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The Whole Detector – Before . . .
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The Whole Detector – After 1/10 BX
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Pairs in the Detector

Vertex detector

� direct hits from the IP (suppressed by the �eld)
� backscattering particles from the forward region

Main gaseous tracker

� conversion of backscattering photons
� tracks from the IP (rare, but mostly curlers)
� recoil tracks from neutron-proton collisions (CH4)

Calorimeters

� randomly distributed low-energy hits
� possible neutron radiation damage of SiPMs
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Other Kinds of Backgr ounds

Other sources of backgrounds

� beam halo muons

� beam-gas interaction

� synchrotron radiation from beam delivery

� particle losses in the extraction line

� beam dumps

Those can be controlled by proper design,
but pairs are unavoidable: dominant source!
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Simulation Tools – Guinea-Pig
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Guinea-Pig simulates the beam-beam interaction

Input: beam parameters

� beam energy
� particles per bunch
� bunch size at the IP
� beam emittances

Output: resulting particles

� disrupted beams
� beamstrahlung photons
� e+e– pairs and minijets
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Simulation Results – Guinea-Pig
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Simulation Tools – Mokka

Mokka is a full detector simulation for LDC / ILD

� based on Geant4
� interaction of particles with matter
� interface to Guinea-Pig
� �e xible geometry handling
� built-in physics lists of Geant4

(here: high-precision models for low-energy neutrons)

Data analysis with the common LDC software chain

� LCIO as a common persistency model
� output can be processed by Marlin
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Vertex Detector – Backgr ounds
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Vertex Detector – Hits
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Vertex Detector – Partic les
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Vertex Detector – Results

Hits on the vertex detector

� density decreases with radius, layer 1 has 400 hits / BX
� 80 % direct hits, 20 % from backscatterers
� background levels drive the VTX design
� resulting backgrounds are still manageable

Neutron �uence in the vertex detector

� extrapolation from 100 BX to 500 fb±1 total run time
� energy-dependent weighting of neutrons (NIEL model)
� �uence (108 n / cm2) is uncritical for all layers
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Forwar d Tracking Discs – Backgr ounds
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Forwar d Tracking Discs – Hits
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The Time Projection Chamber

The TPC is a gaseous tracking device

� charged particles create ionised tracks
� electrons drift towards the anode plane
� ampli�cation and sampled readout at the anode
� three-dimensional reconstruction of tracks

Occupancy: fraction of readout
units (“voxels”) containing data
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� pattern recognition?
� ef�ciency?
� resolution?
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TPC – Backgr ounds
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TPC – Partic les Per BX

Particles entering the TPC from the outside

� photons 947 � 57 bremsstrahlung, backscattering

� neutrons 142 � 20 shower products from BeamCal

� electrons 1 � 11
1 medium-energy curlers from IP

Particles created inside the TPC volume

� electrons 292 � 130 conversion, delta-rays

� photons 1 � 1 bremsstrahlung (?)

� protons 2 � 1 recoil from neutron scattering
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TPC – Spatial Distrib ution of Hits

Mokka hits in the TPC (overlay of 100 BX)
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TPC – Time Distrib ution of Hits
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TPC – Occupanc y

� highest occupancies
at small radii

� overall value stays
very well below 1 %

� outside-in tracking
always possible

� n-p scattering gives
negligible contribution

� backgrounds will be
no problem for the TPC
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HCAL Endcap – Backgr ounds
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HCAL Endcap – Radiation Damage
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Simulation results (500 fb±1)

� neutrons are critical
only at small radii

� photons are harmless

Possible solutions

� include neutron absorber

� replace innermost SiPMs
after some years

� accept increased noise

Tungsten tube is important!
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DID vs. Anti-DID Fields

Anti-DID: all particles
guided to outgoing hole

DID: low-energy particles
guided to incoming hole
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DID vs. Anti-DID Results

Vertex detector

� backscatterers guided
into the outer layers

Forward Tracking Discs

� asymmetric hot spots

TPC

� more backscattering 
 s

� more curling electrons

� twice more hits
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BeamCal Absorber – Backgr ounds
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BeamCal Absorber

Graphite absorber (low Z)
in front of the BeamCal

�� reduces backscattering
� decreases performance

Variation of thickness

� 5 cm seems reasonable

Additional absorber inside

� will not hurt the BeamCal
� better suppression of

detector backgrounds
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Uncer tainties

� Statistics from 100 BX generally suf�cient

� Guinea-Pig is reliable on the level of 10–20 %

� Modelling of neutrons is always dif�cult
! assume uncertainty factor of two

� Small geometry changes can have large effects
! easily 2–3 times more backgrounds

� Always aim for a safety factor of �v e, at least!

� Don't forget other possible background sources
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Summar y

� Electron-positron pairs from the beam-beam
interaction are an important (and unavoidable)
source of backgrounds for detectors at the ILC

� This work is the �rst comprehensive study
of beam-induced backgrounds for LDC / ILD
based on a full simulation of the detector

� Background levels are acceptable for all detector
components with the current beam parameters
and detector geometries

� Backgrounds must always be kept in mind when
further designing and optimising the detector
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Outlook

� Overlay of backgrounds and “physics events”

� 3000 simulated bunch crossings are available

� Physics studies and detector optimisation

� Quick response to emerging new questions

� “Letter of Intent” for ILD in 2009

� “Engineering Design Report” in 2012

Images on pages 4, 5, 6 from www.linearcollider.org
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