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BDIR - Beam Delivery Interaction Region
aka: MDI - Machine Detector Interface

Stan Hertzbach, Tom Markiewicz

IPBI - Interaction Point Beam Instrumentation
Dave Cinabro, Eric Torrence, Mike Woods

Test Beams (apologies in advance)
Gene Fisk, Jae Yu

I am not going to cover a lot of nice work done for the ITRP

Instead I am going to concentrate on pressing R&D topics

Some are in progress, some are not...

Apologies to the experts, 
this is targeted at a general audience...

 

Session Outline
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Beam Delivery and
Interaction Region
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NLC has argued for a crossing angle,
but which one?

On the table:
~0, 7, 20, 30 mRad

Complicated issue, directly impacts site design

Parasitic disruption, 

 

gg

 

 compatibility (must be 30 mRad?), 
backgrounds, safety margin,...

e+ e-

 

Which Crossing Angle?
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Need powerful, compact quadrupole

BNL Compact SC Quad

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0 2 4 6 8 10

 

Final Doublet R&D

 

Kyoto/SLAC 
Adjustable 
PM Quad



 

Eric Torrence 6/30 July 2004

 

2 x 1 meter S-band structure
4.5 MV @ 250 GeV

about 20 MW in system

Differential phase jitter < 0.05 degrees S-band
Waveguide dimension must change by less than 30 nm

LCC-0136 (Josef Frisch)

 

Crab Cavity

 

Prototype Test
Highly Desirable!
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Still just a cartoon, need to progress to real detector proposals
and real engineering designs. Goal for SiD design study?

Critical for simulating overall detector performance, hermeticity
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SiD Final Focus Design
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Seryi and Parker

Local corrections
using serpentine windings

and anti-solenoids

Good for operations

Correct y-orbit bump (e

 

-

 

e

 

-

 

, spin rotation, x-line alignment)
Remove x-y coupling in final quads

Must assess potential impact on detector:
Magnetic field distortions, real estate around quad

QD0 SD0 QF1 SF0 OC1 SQ

 

Solenoid Compensation
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FONT feedback project

QMC/Oxford/Daresbury
at NLCTA and KEK/ATF

Critical for cold, insurance for warm

FF Stabilization Mockup at SLAC

 

Final Focus Stability
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Lumi Backgrounds

Disrupted primary, BSL 

 

g

 

s, e

 

+

 

e

 

-

 

 pairs,
hadrons from BSL or 

 

gg

 

, neutrons from 
pairs, radiative Bhabhas

Non-lumi Backgrounds

Neutron backshine, synchrotron radia-
tion, muons, collimator scraping

Simulation and understanding of primary backgrounds appears OK

 

Feedback from physics and detector groups 
has been (virtually) non-existent!

 

Background overlay files integrated into simulation.
People need to start reporting on these...

 

Backgrounds
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If beam halo is 10

 

-6

 

 (calculated) no need to do anything

If beam halo is 10

 

-3

 

, and detector requires < 1 muon per 10

 

12

 

 e

 

-

 

,
need muon spoilers. Truth probably in between...

18 meter long tunnel-filling
wall of magnetized iron

170 tons/meter...

How many muons can the detector handle if
conditions are bad?

Beampipe

 

Muon Backgrounds
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Last particle lost 
500 m from IP

Hardware prototypes
designed and built

 

General FF Optics Question

 

Design based on 3rd order
Transport code, validated by FFTB data

Need to re-verify current design? 
Possible to test collimation performance with

beam delivery mock-up?

TRC Collimation Study

Last Particle

 

Collimation/Optics/Background Tests



 

Eric Torrence 13/30 July 2004

 

Interaction Point 
Beam Instrumentation
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Must understand  to 100-200 ppm

Measuring  not good enough!

Sensitive to details of collision process

Recoil Mass (GeV)

e+e- ZH®
Cold Example
(T. Barklow)
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Luminosity Spectrum
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Need coordinated effort to put the pieces together
and demonstrate precision on a real physics analysis

Root(s) (GeV)
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Collision Energy Observables
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Use known Z pole lineshape to 

directly extract 

Need precise and accurate angular
information for tracks down to ~100 mRad

% per event (  limit)

Evidence that angles arenÕt enough (Barklow)

Need complete effort on analysis, detector design,
detector R&D, systematic considerations, backgrounds, etc.

Direct impact on detector design!
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Acolinearity

Sensitive to  distribution, need forward-ish (100-400 mRad) angles
Cleaner measurement in calorimeter?

Physics studies progressing (Boogert/Miller UCL)
Need detector studies to match

Relative Energy Measurements

Possible to measure relative
changes with Bhabha energy?

What limits relative calorimeter
accuracy over ~20 GeV range?

Could have different calorimeter optimization for
small forward annulus (~200 mRad)

q0

Dq

s
s'

s DqEb q0sin¤»

s' s¤ 1
1
2
--- Dq

q0sin
-------------Ð»

dL d s'¤

Root(s) (GeV)

0

0.01

0.02

0.03

0.04

0.05

490 492 494 496 498 500 502 504

Bhabha Observables



Eric Torrence 18/30 July 2004

Fundamentally, it is the variation and uncertainty

in  which is the problem

Clever machine ideas emerging to ameliorate the problem
(flexible design can find specific solutions to specific problems)

Must be directly measured (warm or cold)

sá ñ 2 Eb
iná ñÐ

Collision Energy Variance
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With a crossing angle, the extraction line can provide
useful post-IP measurements of energy and polarization.

It must also get the beam cleanly to the dump.
Are these compatible goals?
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¥ Instrumented Mask ~ 50-100 mRad 
Critical for Hermeticity

¥ Luminosity Monitor ~ 20-50 mRad 
Outside pair backgrounds

¥ Pair Monitor ~ 5-20 mRad 
Front surface, machine diagnostics and tuning 

¥ gg Tagger ~ 5-20 mRad
Calorimeter to identify gg electrons as SUSY background
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Far-Forward Detectors
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Challenge: Separate 250 GeV
electron from 10s TeV 

pair backgrounds per crossing

1 ns time resolution
critical for warm

Several studies done on performance
for  and 

Acceptance hole is OK if you
know where it is

Rely on huge suppression of
gg background

e ~ 99.9% probably required!

T. Maruyama m÷m÷ t÷t÷

gggggggg Tagging
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Very active group in Europe (DESY/Zeuthen) for Tesla
Need comparable level of effort for SiD

Europeans want , why?
We have argued that 0.1% is already overkill...

Many Technologies Proposed

¥Diamonds 
¥Rad-hard ÒbadÓ silicon 
¥Gas Cherenkov 
¥Quartz Fiber 
¥Parallel Plate Avalanche Counter 
¥3D silicon (pair monitor) 

Speed is first critical issue for warm machine
Efficiency and tagging performance just as important

Detailed detector designs, space requirements,
detailed simulation studies and test beam validation 

required to demonstrate performance!

dL L¤ 10 4Ð~

Far-Forward Detector Comments
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Brief Word on
Test Beams
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Global Design Initiative starting soon

Many detector design issues directly effect machine design,
particularly in beam delivery

Need solid testbeam R&D inputs ASAP 

Jae Yu Timeline
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http://www.linearcollider.ca:8080/lc/vic04/abstracts/detector/testbeam/
wwlctb_working_group.doc 

34 pages, packed with information

¥R&D Topics and test beam needs by detector element
¥Detector group test beam plans and timelines 
¥Facility capabilities and availability 
¥Recommendations for coordinating world-wide activities 

Lots to do with little funding and over-subscribed facilities!

Hot off the Press
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Detail Example
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T-474: RF BPM Stability Studies for Upstream Spectrometer

Test mechanical and electrical stability at 100nm for long time scales

T-475: Sync. Radiation Detector Studies for Downstream Spect.

Test quartz fiber detector scheme for undulator SR detector

T-476: Pair Monitor Detectors

Create ÒsprayÓ beam using Be target, 
recreate pair density, test 3D and planar silicon

Proposals at the lab, awaiting response

SLAC ESA Tests
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Tests with Short Bunches (100 mm)

Qualitative tests of 
Electromagnetic Inductive pickup (EMI)

Collimator wakefield tests?

Pair Backgrounds Mock-up

Direct tests of far-forward detectors

Fixed Target ÒBeamstrahlungÓ Production

Test IP BPMs, downstream spectrometer, 
and other IP instrumentation

Spectrometer Prototype

Expected outgrowth of first-year activities

IP BPM Tests

Test feedback BPMs in presence of disrupted beams,
RF pickup, pair backgrounds

More traditional particle beams for detector R&D

Future ESA Capabilities
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Need to coordinate BDIR/BI activity world-wide
to ensure all aspects are being covered

Test beam activity needs to be efficiently
coordinated, globally and at the lab-level...

Now is the time to refine tools and detailed
simulations for use in the Global Design Initiative

Physics/simulation studies and test-beam validation
go hand-in-hand towards this goal.

Planning a one-day workshop before ACFA meeting in 
Taipei (November 8th) on IPBI-BDIR efforts 

internationally. Interested parties please attend!

Next Steps
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Technology Choice is (nearly) behind us

?
Now, the GDI boat is making preparations to set sail

Must be ready with design inputs before it is too late*
*Too late is sooner than you might think

Final Word


