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What is MDI ?

MDI  is Machine Detector Interface.

Detector : Interaction Region

Machine : Beam Delivery System (BDS)
                from LINAC-end to  beam dump                     

collimation, energy/polarization, final focus,        
extraction (energy/polarization) and beam dump                     

luminosity, background and minimum veto-angle

experiment (physics; Higgs, Top, W/Z, SUSY, extra-D ...)



Primary Role of MDI

Major task of MDI is to compile 
requirements from the experimental 
side in order to communicate the 
accelerator physicists for designing 
the BDS.



BDS 
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4.9 Beam Delivery Section

4.9.1 Introduction

The electron and positron beams, after exiting from the main linac, before arriving at the interaction
point (IP), pass through a beam line section which is about 1.4 km long. This section, together
with the beamline downstream of the IP is called ‘beam delivery section’. The beam delivery section
consists of four parts: switch-yard, collimator, final focus system (FFS), and beam dump. Fig. 4.63
shows a schematic layout of the beam delivery section.
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Figure 4.63: Schematic plan of the beam delivery section.

In addition to making a tiny beam spot at the IP, the beam delivery section serves multiple purposes,
as follows:

• Focus the beams at the IP.

• Switch beamlines. (The beam comes from the main linac or from the bypass line and goes to
the first or to the second IP.)

• Create a finite crossing angle at the IP (7 mrad).

• Collimate the beam for eliminating the background for physics experiments.

• Protect the machine from damages due to potential failures.

• Dump the beams after collisions safely.
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Crossing angle (headon, V-0.3mrad, 2mrad, 7mrad, 20mrad, >30mrad@γγ)

2 IP’s for 2 “identical experiments”
Precise energy and polarization measurements
Backgrounds (muons and synchrotron radiations)
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L*  : Distance of QC1 from IP
Vertex R ( the innermost radius )
Minimum veto-angle  (very forward calorimeter)
Backgrounds (pairs, mini-jets, backscattered γ and n)
Instrumentations (pair monitor, feedback, Shintake monitor ...) 



BDS: Extraction Line 

Crossing angle
Choice of final quadrupoles (  L* )
Precise energy and polarization measurements
Backgrounds (disrupted beam, back-scattered n and γ. )



Summary of MDI issues
System Machine Detector

BDS

Crossing angle
2 IPs;  “identical” experiments
Collimation depth
Precise E/P measurements

Backgrounds: μ, synchrotron γ

IR L* : distance of Final-Q from IP

Min. angle: very forward cal.
Precise luminosity measurement
Backgrounds; pairs, mini-jets,     

back-scattered γ, n
Instrumentation; pair/Shintake 
monitors, feedback, Nano-BPM,  

laser-wire etc.

Extraction
Crossing angle
Choice of Final-Q (L*)
Precise E/P measurements

Backgrounds; disrupted beam, 
back-scattered γ, n

Beamstrahlung monitor



BPM-based SpectrometerBPM-based Spectrometer

Design Considerations:
• limit SR emittance growth

– 360µrad total bend ⇒ 0.5%

• available space in lattice

– no modifications necessary, yet

• 10m drift space maximum one can
consider for mechanical stabilization,
alignment

• 37m total empty space allows for BPMs
outside of chicane to constrain external
trajectories

• Tiny energy loss before IP
• non-ideal β-variation?

⇒ Constraints lead to a required
BPM resolution of ~100nm
(Resolution ⊕ Stability)

10m10m

180µrad
0.9mm

1.2MeV@25011.9MeV@500

ηx

M.Hildreth, LCWS04, 21 April 2004

E measurement TESLA-TDR



Beam

concrete shielding

SLAC End Station A Test ProgramSLAC End Station A Test Program

• BDI equipment tests in “realistic” (=dirty) environment

5 meter region to
mock up IR/forward
region with masking,
FONT,  pair detectors

Existing RF BPMs
can be used for
stability, resolution
tests

Beamline components
scavenged from SPEAR,
other SLAC surplus
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Nano-BPM at ATF extraction line 

Beam

kicker

fast feedforward

nano meter

Laser frame: Laser BPM
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x-y distribution at 2nd focus. 

Simulated by CAIN(collision) and SAD(beam line).
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x-y distribution at 2nd focus for monochromatic beams.

Horizontal laser wire can be used for 

energy distribution measurement.
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Simulated by CAIN(collision) and SAD(beam line).
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2nd FP/IP

ΔE/E measurement at the 2nd FP/IP 

K.Kubo, LCWS2004 
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disrupted beam (GLC)

disrupted beam monochromatic
beam
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BDS Simulation
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The design of the JLC beam delivery system much resembles that of NLC, because of the close
similarity of the overall machine design and parameters.17 One difference, however, exists in the
layout of the JLC and NLC beam delivery sections. It arises from the beam crossing angle at the
first IP. JLC has chosen a small angle of 7 mrad compared to 20 mrad of NLC. Fig. 4.64 shows the
geometry of a JLC beam delivery system. The aspect ratio in this diagram is highly exaggerated to
illustrate the bending of the beam lines and the beam crossing angle at the IP. Fig. 4.65 shows the
optics functions in the collimator and the final focus sections.

1434 m

4.3 m
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Dump 

Figure 4.64: Geometry of the JLC beam delivery system. The aspect ratio between the vertical and

horizontal scales is highly distorted.

4.9.2 Collimator Section

The purpose of the collimator section is to:

• Scrape off the halo particles (due to large betatron amplitudes or large energy deviations) which
would cause background events in the detector at the IP, and

• Protect the rest of the beamline against erroneous beam pulses that might be produced by the
breakdown of klystrons, accelerator structures and others.

Collimation systems are also planned for the injectors. While their designs are not yet complete, they
will be implemented after the damping rings and after the prelinacs, and are expected to remove the

17In fact, we have adopted the design of the NLC beam delivery system with only minor changes.
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about 250 elements in total

L*=3.5m



Vertex R : Synchrotron Radiations
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Figure 4.74: Spatial distributions of synchrotron radiation photons arising from (a) a nominal beam

and (b) a beam halo.
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BDS-Simulation (GEANT4) by K.Tanabe

from Halo at IP
   <E>=4.8MeV

GLC: L*=3.5m
θc=7mrad 
L/Lo=0.6

12σx 53σy

1cmΦ

2.4cmΦ
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L*  : Distance of QC1 from IP

Minimum veto-angle  (very forward calorimeter)
Backgrounds (pairs, mini-jets, backscattered ! and n)

Instrumentations (pair monitor, feedback, Shintake monitor ...) 
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Y. Sugimoto, LCWS2000

TPC CAL

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0 2 4 6 8 10

SiD, L*=3.5m

Choice of L*

L*>4.05mL*=3.5m L*>4.2m

5m

B=5T B=4T B=3T
Proposed Design for l* ! 4.05 m

Design by Achim Stahl

K.Buesser, LCWS2004

0.3m



Unified Task List of MDI issues
total 91 issues



Schedule of workshops
1 November 2004, EUROTeV Kick-off meeting at DESY

9-12 November 2004, ACFA-LC workshop, Taipei

13-15 November 2004, ILC workshop at KEK; WG4

6-8 January 2005, MDI mini-workshop at SLAC

18-22 March 2005, LCWS05 at SLAC

23-27 May? 2005, BDIR workshop at Oxford/RHUL

14-27 August 2005, ILC workshop at SNOWMASS



Join us !
Kick-off : ILC-MDI workshop at SLAC

SCOPE and GOALS:
• Evaluate "experiment impact" of the ILC design. The ILC Design impacts

the ILC Detector and Physics, beyond just the delivered luminosity. The

Machine-Detector Interface (MDI) group needs to evaluate how the ILC

design impacts the Experiment (Detector design and physics capabilities)

and how the Experimental requirements impact the ILC design.

• Give input to both the ILC Beam Delivery Group and the World-wide

Study for ILC Physics and Detectors regarding critical choices, beam tests, 

the CDR and the TDR.

• Address viability and issues for crossing angle choices:  head-on, 300-

mrad vertical, 2-mrad horizontal, 7-mrad horizontal, 20-mrad horizontal, >20 

mrad horizontal

• Form sub-groups working on individual topics, and identify available and

needed resources.

 6-8 January, 2005

http://www-conf.slac.stanford.edu/mdi/default.htm


