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What is MDI ?

MDI is Machine Detector Interface.

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

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

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

luminosity, background and minimum veto-angle



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

Roadmap Report,2003
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IP2
30 mrad

Crossing dng le (headon, V-0.3mrad, 2mrad, 7mrad, 20mrad, >30mrad@yy)
2 IP’s for 2 “identical experiments”

Precise energy and polarization measurements
Backgrounds (muons and synchrotron radiations)
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i CDC

P L=2m

Compensation Mag.

L* : Distance of QC1 from IP

Vertex R ( the innermost radius )

Minimum veto-angle (very forward calorimeter)
Backgrounds (pairs, mini-jets, backscattered y and n)
Instrumentations (pair monitor, feedback, Shintake monitor ...)



BDS: Extraction

Dump line

Opposite beam

Beamstrahlung
865KW@E=500GeV
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Choice of final quadrupoles ( L*)
Precise energy and polarization measurements

Backgrounds (disrupted beam, back-scattered n and vy. )



Summary of MDI issues

System Machine Detector
Crossing angle
2 IPs; “identical” experiments .
BDS Cotlimahion AchiN Backgrounds: Y, synchrotron y
Precise E/P measurements
Min. angle: very forward cal.
Precise luminosity measurement
Backgrounds; pairs, mini-jets,
IR L* : distance of Final-Q from IP back-scattered Y, n
Instrumentation; pair/Shintake
monitors, feedback, Nano-BPM,
laser-wire efc.
Crossing angle Backgrounds; disrupted beam,
Extraction|Choice of Final-Q (L*) back-scattered Y, n

Precise E/P measurements

Beamstrahlung monitor




Horizontal Crossing Angle

Small angle : ® < 20+/0: > ® : Large angle
3.rmrad

timing of two crab cavities

16(50)fsec at ®=20(7)mrad easy extraction line

smaller dead cone (0) smaller back scattering

multi-bunch instability

radiation in solenoid magnet | o w
irrelevant in "cold



Extraction line (head-on) at TESLA-TDR
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R.Appleby, LCWS2004
Small angle crossing (2xlmrad)

P.Bambade, B.Mouton(Orsay), O.Napoly, J.Payet(Saclay)

(TESLA bunch-spacing — no multi-bunch kink 1nstability)
No Septum, of course

* only ~15% luminosity loss without crab-crossing (2 mrad)
e correction possible without cavities exploiting the natural

N’ 1n the local chromatic correction scheme used
6 o.=n,0p/p, n,=10mrad, 0p/p=0.1%

* no miniature SC final doublet needed
* no strong electrostatic separators needed
* both beams only 1n last QD — more freedom in optics

* negligible effects on physics
* diagnostics of spent beam should be easier




Time Structure of Beam

I 300ns ~ 100m .
—
N S P
F | Lgg = 25m
" \“a_ t=Ty/4 ‘

- > >

Out-bunch at the Center of In-bunch




Sketch of a Kicker

DC+3MHz (+9MHz) Variant

GO

L o e Double C-type
swocey  DELter shielding

| =Am beam Step at center?

Stored Energy W ~ 100[J] @0.25T
x3MHz/Q(~100?)/(4m/3cm) ~ 45kWpk /unit
(x133 units -> 6 MWpk in total)




(1) Waveform: 7= -coswn+ _ cos(on)
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(2) Waveform: /(0= -sin(wi+ _sin(201)
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Phase division=1
ex=4.65X10-8 at O
Ox=1x10"3 at O

Ox < 3x10~/

Phase division=2
0x=9.58%x108 at O
Ox=1x10"3 at O

Dark current?
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Tunnel Layout for ILC Head-on Collisions — Zero Degree Extraction
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Crossing Angle Choice

T.Tauchi, P.Bambade, 14Nov.2004

Criteria head-on | v:0.3mrad | h:2mrad | h:7mrad | h:20mrad
Septum at 50m
must must no no no
from IP
trradidilgiey 80W/0.3W no no no no
Septum
Electrostatic
must must no no no
separator
: oy | mMust:L=0% option: A4 t e
Crab cavity no:L=100% 200KV 1.3GHz L-85% option:L=40% | must:L=0%
Y, beam dumps, 2 dumps, 2 dumps, 1 dump, 1 dump, 1 dump,
Extraction line 240m free | 240m free | 240m? free | 90m? free "no” free
: SQ:48mm® | SQ:48mm® [ SQ:48mm®P |SQ:large bore| SQ: compact
Final Q (FQ) :
large bore| large bore large bore | conventional | permanent
Synchrotron Y, = 7 5L yes i
bent in ext-FQ Y Y small
Spent electrons es 3 at yes i
over-focused Y Y Y small
E/P x-S no no robably yes es es
after IP P 7Y Y 7
Physms mpags P for 2mrad 4mrad 9mrad 15-20mrad
min. veto angle beam pipe
Physics impact:
packground af WX no hot spot| no hot spot | no hot spot | no hot spot hot spot
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International  Super
Linear Collider =~ Magnt

BrookunvEN A Motivation for Making QDO

vsion Co1]1 Even More Compact.

This is the first of two coil geometries proposed for a gamma-gamma IR.

Note: Both magnets
share common cryostat.

windings with 38 mm ‘radius
clear inner aperture (10 mr x 3.8 m).

| | | | | |
40.0 50.0 60.0 70.0 80.0 90.0 100.0 110.0 120.0 130.0

X (mm)

For normal IR
outer magnet
a much
|  smaller radius.

QDO is now more compact _
and made only from cable ©€cond solution
with inner coil gone (outer With QDO inside
layers have moved inward). compensator.




Spin Precession

g—2 E(Gel)
Hspin = y 2 . Hbend = O 4 4 O 6 5 . Hbend
Change in Bend Angle Change in Spin Longitudinal
Direction Polarization Projection
1 mrad 32.5° 84.3%
275 urad 8.9° 98.8%
100 urad 3.25° 99.8%

Change in spin direction for various bend angles and the projection of the
longitudinal polarization. Electron beam energy is 250 GeV.




Spin Rotation Schemes at the ILC for Two Interaction Regions | cc.o159

and Positron Polarization with Both Helicities, SLAC-TN-05-045
IPBI TN-2005-2

by K.Moffeit, M\Woods, P.Schuler, K. Moenig and P. Bambade  Feb. 2005

A Bend Magnet Kicker magnet: Beam path length for IR1 and
Turn on between bunch trains IR2 chicanes are equal
Bl Kicker Field constant during bunch train

Turn off before next bunch train
B Solenoid ~3.5m

# Quadupole  Kicker for IR2 e- Solenoid e- Bend e Solencid

Spin Rotation System System 2 System System 1
e l IR2 IR2 Kicker for IR2
T\-Tt:—:%wa Quads . IR2  Spin Rotation System
QCUs
g Reflecior Quads .l
r IR1 IR1 -
Bend Magnet for IR1 IR1 r
Spin Rotation System

Bend Magnet for IR
Spin Rotation System

Electron Damping Ring
5 GeV

From e- polarized

source " olenoid
e-LTRS K Moffeit 27 Jan 2005



E measurement tesia-tor
BPM-based Spectrometer

............... Design Considerations:
 limit SR emittance growth
— 360urad total bend = 0.5%
« available space in lattice
— no modifications necessary, yet
« 10m drift space maximum one can
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consider for mechanical stabilization,
=1 1 I T : Q alignment
. | | | | | o 1 « 37m total empty space allows for BPMs

I /| outside of chicane to constrain external
300 BB \/ | e trajectories
« Tiny energy loss before IP
* non-ideal p-variation?
\ :0_4 => Constraints lead to a required

\ \ BPM resolution of ~100nm
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AE/E measurement at the 2nd FP/IP

Opposite beam
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K.Kubo, LCWS2004



Extraction Line Compton Polarimeter

Pair Spectrometer
Electron Detector

Input Laser light
& . =11.5 mrad in horizontal 4 cm
' I
I —

Thin
Radiator

e 1L
‘lum L)

Compton IP |
u Back Scattered

Photons

Electron beam

=
'%%\ \ % 5 am
- Pair Spectrometer
\ Compton Electron Positron Detector

Chicane Bend Magnets Detector
7 cm

* Compton IP 60 meters downstream of e*e- IP

» 2mrad bend angle from analyzing magnet
» segmented gas Cherenkov detector, similar to SLD design

» multi-Compton mode with high power pulsed laser at ~17Hz

Also considering,
e pair spectrometer for backscattered photon measurement

e alternate detector technologies (ex. quartz fiber)

LCWS 2004 Polarization Studies



M.

Hildreth, LCWS04, 21 April 2004

SLAC End Station A Test Program

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

||||||||||||||||

/\ Q1 Q2 Bl
1K —

Collimator

------------------

Nano-BPMs

ncrete shielding

Undulator /
Synchrotron stripe detector

40 meters downstream of undulator

Existing RF BPMs
can be used for
stability, resolution
tests

\

S5 meter region to
mock up IR/forward
region with masking,
FONT, pair detectors

Beamline components
scavenged from SPEAR,
other SLAC surplus



BDS Simulation

Roadmap Report,2003

about 250 elements in total

1*=3.5m

Quad

Spoiler,Absorber

1434 m




Vertex R : Synchrotron Radiations

BDS—SirrL\OulaTion (GEANT4) by K.Tanabe
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Takashi Maruyama, MDI workshop, 6 Jan.05

Sync radiations in 2mrad crossing

* No sync radiations from beam core or

From upstream QDO From QDO disrupted beam would hit QF1.
_ // +  Sync radiations from beam halo hit
i QF1.

QDO upstream QDO
<E> (MeV) 43. 5.7
# N/e- 23.5 8.6
Hit rate (%) 4.4 3.
Power (kW) 2.0, 0.78% 46

1750 |
1500 |
1250 |
1000 |

— Photons backscattered to IP
< 200 photons/BX for f,,=10-3

D-neutrons (FLUKA)
x 108 neutrons/cm?/yr for f, ;=103

750 F

0.1 1 10 100 .t

Energy (MeV) | .- halo fraction
| lly/don't know.




Number of Events

Minimum Veto Angle
Primary requirement from SUSY

TirT

Vs = 500GeV
m.. = 150GeV, ms, = 100GeV
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mSUGRA
WMAP data

Qcow h? =0.094 - 0.129
(20)

more stringent

Am=5GeV
eve’ro =5mrad



Choice of L*

SD TESLA GLD
1¥=3.5m L*>4.05m L*>4.2m




Schedule of workshops

1 November 2004, EUROTeV Kick-off meeting at DESY
9-12 November 2004, ACFA-LC workshop, Taipel

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

20-23 June 2005, BDIR workshop at Oxford/RHUL
11-14 July, 8th ACFA LC workshop at Taegue, Korea

14-27 August 2005, ILC workshop at SNOWMASS



WORKSHOP

Machine-Detector Interface
at the International Linear Collider

Home
Committees
Program
List of Registrants
Accommodations
Travel Information
Tourism Information
Visa Information
Location
ATF2 Mini-Workshop
Workshop News
Computing

International Linear Collider

at Stanford Linear Accelerator Center

SLAC
January 6-8, 2005

Scope and Goals

Evaluate "experiment impact" of the ILC design. The ILC Design impacts the ILC Detector and
Physics, beyond just the delivered luminosity and energy reach. 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, 12-25 mrad horizontal

Form international sub-groups working on individual topics, and identify available and needed
resources.

This Workshop is an important milestone: preparing for the CDR and for subsequent meetings at
LCWS (March 2005) and Snowmass (August 2005).

Latest Workshop News ...

Workshop Photos




Under the GDI/GDE
(Global Design Initiative/Effort)

Detector
/Physics ;
4 MDI [/ Machine
WWS
detector R&D patie} | € ILC-WG4
concept costing panel/ collective for BDS Design

view of
requirements
from detector

/physics

concept support
MDI panel



- Main MDI topics = session convenors

M.Hildreth,
S. Boogart, K. Kubo

e Energy and luminosity spectrum

| e Polarimetry

e Very forward region
e Backgrounds

T.0mori, K. Moffeit, K. Monig

ETorrence
W. Lohmann H. Yamamoto

e IR layout, crossing-angles P.bambade, T. Tauchi, A. Seryi

e Beam RF effects
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Layout oF Two BDSs
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A.Sugiyama, K. Biisser, T. Maruyama =



