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Machine-Detector Interface at the ILC

• There is no common definition I know about for MDI
• „Everything in the machine which has an impact on the 

detector and vice versa“ comes closest
• Usually the following things are discussed under the MDI label:

• Interaction Region Design (crossing angles, magnets, etc.) 
• Detector Forward Regions
• Beam-induced Backgrounds
• Diagnostics (Luminosity, Energy, Polarisation)
• Detector Hall Design
• Engineering Issues: e.g. Push-pull

• I have no time to cover all that in detail, so what follows is my 
very personal selection, more on the detector side of MDI!
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The International Linear Collider
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The ILC Detector Concepts
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Typical Size: 15m x 15m x 15m

SiD

GLD

LDC

IRENG07  17-21 Sept 2007 4th detector concept John Hauptman 2
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Wall of 
coils
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14 mrad Crossing Angle
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LDC Interaction Region

• Vertex Detector VTX
• Intermediate Silicon tracking SIT, FTD
• Beam pipe design which minimises the amount of material in 

front of the LumiCal (Bhabha scattering)
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Beamstrahlung and Incoherent Pairs

• Beam particles are focused towards the beam axis by the 
electromagnetic forces of the oncoming bunch

• Deflection leads to the emission of photons → Beamstrahlung
• Beamstrahlung photons carry away ~2.5% of the total bunch 

energy (~9% at CLIC!) → disappear in beam pipe, but need to 
be transported safely to dump

• 2γ rections lead to the production of e+e- pairs
• O(105) pairs with O(100 TeV) total energy are produced per 

bunch crossing (BX)
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Beamstrahlung at the ILC

e  e   Pairs
+  _ 

Beamstrahlung

The ILC has the novel problem of beamstrahlung

 high luminosity is essential for measurements

 beams have to be focussed to an extremely small spot

at the IP (σx = 500nm, σy = 5nm, this is
(

1

1000

)

2 LEP)

 bunches have a very high electric space charge

 particles in the oncoming
bunch are deflected
and can emit photons
(beam-beam interaction)

 photons may scatter
and create e+e– pairs

Adrian Vogel International School of Subnuclear Physics, Erice, 2007-08-31 5
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Pairs and magnetic field

• Pairs are focused by solenoidal field in the
detector towards the forward region

• Pairs trajectories envelope depends on
magnetic field

• Design your beam pipe carefully!
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Pair background

! Simulation by CAIN

! B-dependence

(Track density: 1/cm2/BX)

3T

4T 5T

Pair background

! Simulation by CAIN

! B-dependence

(Track density: 1/cm2/BX)

3T

4T 5T

Current Beam pipe is designed for 

ILC 500 GeV Nominal + 5 Tesla

LumiCalLumiCal

R = 6 cm
5 Tesla 4 Tesla

m
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R
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Z (cm) R= 1.2 cm → 1.4 cm

T. Maruyama T. Tauchi
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LDC Forward Region
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• L*=4.05 m
• 14 mrad crossing angle

• 2 and 20 mrad exist as alternative
• Tungsten absorber around BeamCal 
• LumiCal: precision luminosity measurement via Bhabha scattering
• BeamCal: pair signal measurement, hermeticity to <5 mrad
• Calorimeters centred on outgoing beam
• LowZ absorber
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LDC 14 mrad Interaction Region in GEANT4
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LDC Detector Geometry

14 mrad crossing angle
with anti-DID field (1:10)

TPC

Support Tube
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+ Absorber   
BeamCal

Forward region design
(compressed view 1:2)

Adrian Vogel ECFA ILC Workshop, València, 2006-11-09 5
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Beamstrahlung Pairs on the BeamCal
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DID

Anti DID

LowP Nominal

Larger blind area compared to 20 mrad (30° => 40°)
C. Grah
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Pairs Induced Background
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Example Events

! 1000 particles
(≈ 1/100 BX)

! projected onto
rz plane

! neutrons shown
in white colour

Adrian Vogel ILC Physics and Detector Meeting, Rostock, 2005-06-01 14

• GEANT4 
simulations

• ~1/100 of one BX

A. Vogel
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Vertex Detector Hits
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VTX Hits – Beam Parameters
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A. Vogel

r= 1.55 cm

VTX Hits – Time Structure

! Clear separation
between direct hits and
backscattered particles

! t ≈ 23ns corresponds
to a distance of 7.0m
(3.5m in each direction)

! Most backscatterers
come from the BeamCal
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Adrian Vogel International School of Subnuclear Physics, Erice, 2007-08-31 9

Time structure
23ns equals twice the 
distance from the IP to 
the BeamCal

Direct hits dominate in the vertex detector
Backscattering is not negligible!
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Neutrons from Pairs in the VTX
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VTX Transitions – Neutrons

Statistics for neutrons are rather low . . .
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TPC Hits from Pairs

15

TPC Hits – “Salt and Pepper”

Mokka hits in the TPC (overlay of 100 BX)
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Adrian Vogel International School of Subnuclear Physics, Erice, 2007-08-31 11

100 BX overlaid
(TPC records ~150 BX at ILC per readout)

• Hits from direct pairs coming from the IP (curlers)
• Converted photons backscattered from the BeamCal

A. Vogel
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TPC Hits from Pairs
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TPC Hits – Distributions

Mokka hits in the TPC (overlay of 100 BX)
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Background from Collimators
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Beam-dump Backshine
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Neutrons from the Beam Dump

x (cm)

New FLUKA simulation (Darbha)
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W B C l
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y ( )
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17
z (cm)

Large crossing angle problem: direct line of sight between beam dump and IP
(Beamstrahlung photons go to the same main dump as spent beam)

T. Maruyama
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BeamCal for 2γ Veto
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Efficient detection of high energy
electrons is essential for search
experiments

Beamstrahlung
TeV per BX

electron from 2  process

E.g. from UC Boulder

Head-on view Side view

W. Lohmann, U. Nauenberg
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BeamCal as Beam Diagnostics Instrument
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• Analysis of pairs energy distribution leads to beam parameter determination
• GammaCal (further downstream) helps with this

C. Grah
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Push/Pull

• ILC has just one beam line (cost issue) but should have two 
experiments

• Challenge: design an push-pull system which can switch 
between the two detectors on a short timescale (~1 day)

• Lots of problems:
• Move detectors reproducably with 

sufficient precision
• Avoid time-consuming cabling
• Final focus magnet has to move 

with the detector
• Avoid time-consuming cryo oper-

ations (e.g. warm up of the coil)
• Solve sociological questions 

21
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A Platform for Push-Pull (?)
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Platform Views

H. Gerwig - 12 July - IRENG07

21 x 12 x 2.25 m reinforced concrete
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Underground Detector Hall Design
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Idea: Underground hall with only one big shaft
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General view

Secondary9 m shaft 
Main service

cavern machine & Exp B 

y

.

B 

Main 18 m shaft 

A

A. Hervé - 13 august 2007 ILC-IRENG07-0813-4347 4

Second service
cavern Exp A

A. Herve
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Underground Hall with only one big shaft
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Movements of Experiment B

2 3

1

2 3
B 

A. Hervé - 13 august 2007 ILC-IRENG07-0813-4347 11

A. Herve
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IRENG’07

• Discussion on engineering design questions around the 
interaction region and the detectors has started seriously

• ILC Interaction Region Engineering Design Workshop
(IRENG’07) at SLAC (17-21 September 2007)

• Many interesting talks on the website:
http://www-conf.slac.stanford.edu/ireng07/

26

http://www-conf.slac.stanford.edu/ireng07/
http://www-conf.slac.stanford.edu/ireng07/
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Summary
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• ILC Machine-Detector Interface is a subject of intense studies
• Detector implications have an input on the machine design and 

vice versa
• It is important to have an ongoing dialogue between detector and 

machine experts

• Emphasis shifts to realistic conditions and realistic engineering 
solutions

• Cost issues are becoming a real pressure at the ILC


