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Crossing Angle

A crossing angle between the beams can be required :

= to avoid parasitic (collisions between bunches away from the IP) bunch

interactions.
= to provide geometry which allows to have separate quadrupoles for

incoming and outgoing beams and clean extraction.

" In a normal conducting machine, the short bunch spacing requires

crossing angle.
" In a superconducting machine, in principle it is possible to avoid a

crossing angle.

ILC : 14 mrad crossing angle provides separate channels for extraction.
Compact superconducting magnet technology solution.

CLIC : spent beam extraction (including coherent pairs) + space for
quadrupoles need 20mrad crossing angle.
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RF kick

Crab Crossing

"\

\

With crossing angle 6., the projected
horizontal beam size is

~ \/0'3 +60%0c? = 0.0,
~14mrad x 300 um =4.2um ILC
~20mrad x45um = 0.9um CLIC

Several time reduction in Luminosity
without corrections.

The loss of luminosity for ILC with 14
mrad crossing angle at nominal
parameters is 75% (90% for 20 mrad)

Use of transverse (crab) RF cavity to
tilt’ the bunch at IP to collide the
bunches head-on.

Beam Delivery System 6



Location of Crab Cavity

crab cavity new x after T —
g P P

o é- — —
drift quadrupoles
space

The crab cavity is located just before the final doublet. The momentum kick
provided by the final quadrupoles is small and bunch keeps rotating in the
same direction.

The effect of the final doublet can be expressed in terms of matrix element
R12, which determines a transverse displacement at the IP, x,, of a particle at
the IP that is on axis at the crab cavity and has a angular direction of X,

= RpXeay = RJ_ZV 0 V... Cavity voltage
: angular frequency
0. = 2Xp = 2R, T Vmaxw E: beam energy
o Ec

z
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TM110 Dipole Mode Cavity

horizontal vertical

® Electric Field
—p \

—————— PV O ® ©® 4------» Beam “““’ ONN} T T ® ------

Transverse magnetic and electric field
components of the TM110 dipole mode combine
to give the overall transverse momentum Kkick.

The net transverse momentum kick is phase
dependent.

If the beam has an offset it can be accelerated or
retarded by the longitudinal electric field and
hence delivers or extracts power from the cavity.

Cross section
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Crab Cavity

Crab cavity for the ILC

Based on FNAL 3.9 GHz CKM cavity

3.9 GHz : compact longitudinally and Y
transversely 3.9GHz cavity achieved 7.5 MV/m (FNAL)

Input coupler LOM coupler

HOM coupler SOM coupler

To minimise wakefields, the number of cells must be optimised against overall
length.

Crab cavity needs extraction of LOM (avoid unwanted energy spread), SOMs
and HOMs.
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Crab Cavity Phase Tolerances

Relative phase tolerance between the crab cavities on electron and positron side
of the IP is critical as it will cause an horizontal-offset between the beams.

Luminosity reduction factor
_AX 2
S — e 4 o f

The allowed timing error

electron bunch

positron bunch

Interaction RN

point At 24X

6.c

~
-~

Typically set for <2% luminosity loss (S5=0.98)

For ILC nominal parameters 6,=639nm, Ax=181nm, At=86 fsec

ILC phase tolerance ~80 fsec, state of the art.

CLIC phase tolerance requirements: harder by a factor?
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Beam at Crossing Angle Through Solenoid

" The beam crossing a strong solenoid
field at horizontal crossing angle
experiences a vertical deflection.

" The deflections can result in a net
offset of the beams at the IP, beam size
growth due to vertical dispersion and
emission of synchrotron radiation.

" The optical effects from the crossing
angle (vertical offset and dispersion)
vanish at the IP due to the azimuthal
symmetry of the detector solenoid. This
is due to the fact that the deflections
introduced due to solenoid’s longitudinal
field and its radial fringe field cancel
each other.

Schematic view of the two
beams colliding with a crossing
angle in the detector solenoid.
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Detector Integrated Dipole

For e+e- the orbit is anti-symmetrical 50} .
and beams still collide head-on.

If the vertical angle is undesirable -50f \
(to preserve spin rotation or the e-e
luminosity), it can be compensated
locally with ‘Detector Integrated __
Dipole’ (DID). _so} S

Y, micron
[ae]
Il
-
'
-,
Ha

Y, micron
[
I
|
I
|

Z.m

DID : Coil wound on the detector solenoid,
giving transverse field, such that the combined
field from solenoid, DID and QDO would cancel
the vertical angle at the IP.

Correction is local and effective.
But, the post IP field is doubled, giving double

crossing angles for outgoing pairs. This
increases the background in the detector.
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Synchrotron Radiation Effects in Solenoid

—~ — Ry Y -

0ssing angle would cause emission of synchrotron
pread = beam size increase in

£
|

@)

Al A~ A A~AAl Lo,

Vertical orbit caused by cross
radiation = causes growth of energy

vertical plane.
For crossing angle of 6, and solenoid field ‘B’ and length ‘L’, the increase in

the beam size is 5/
Aog ~ (BLG,)Y

The increased vertical beam size is
. 2 2 \1/2
o,=(0,,+A0xg)

2]

e.g. for SiD detector solenoid field map and 6.=20mrad
(@GSRz 0.22 nm, Oy~ 5 nm. 658

Using DID, it is possible to either
flatten the vertical orbit [to eliminate
the SR beam growth or to zero the IP
angle (for polarisation)]

B, (M

13
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Proposed Anti-DID for ILC

The DID locally compensates the effect of crossing solenoid field for the
incoming beam. But doubles the field seen by the outgoing beam (and low
energy pairs), which increases the background.

Proposed solution for intermediate crossing angle is to reverse the polarity
of DID = Anti-DID. This will effectively zero the crossing angle for the
outgoing beam and pairs. But doubles the angle for the incoming beam.

Increasing this angle will increase the beam size growth due to SR, but this
growth ~(6.)*? and is small for proposed 14mrad crossing angle for the ILC.

Fairs at 2= 3.51m
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oost DID — vertical angle compensation
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Overlap of Detector Solenoid Field and Final Quadrupole
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This causes coupling between y & x’ and y & E and can cause large increase
in the IP beam size.

This effect can be corrected using skew quadrupoles but the use of anti-
solenoids provide local compensation of the fringe field and correction works
over wide range of beam energies.

— Detactor solenoid _
— + antisolenoid

! ! ! ! ! ! ! without with compensation by

0 1 2 3 4 R g 7 compensation antisolenoid

o,/ 6,(0)=32 o,/ 6,(0)<1.01
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Beam Extraction

Beam Delivery System
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Beam Extraction after Collision

memms AL~ A~nlliatam AvAa~tAaa Aliaw rimdtAaA]l Laa~ .

1I5€ ©TE= CUIISIVIN Licdles Ulsiupleu pedlll .

= Huge energy spread and large x,y divergences (emittance) in the outgoing
electron beam.

= High power divergent beamstrahlung photon beam going in the same direction
with electrons.

Events

5
109 ———— T S T T 7 10
. Nominal, c11 ILC s iz ) CLIC
10 F 7 3 10
Low P, cl14 o
q | High L, ¢15 1 =
10 Z 10°
10° | 1 £
< 10~
10l | | |
JHL
l 10
100 -
o AL T Y S
~0.8 ~0.6 —0.4 ~0.2 0.0 -1 08 -06 -04  -02 0

dE/E op/p = (E-E)/E,

Potential high beam loss in the extraction line due to over-focusing of low
energy electrons and divergence of the photon beam.
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Beam Extraction after Collision - Design Requirements

y L..A..-.AA I..

= Safely transport the outgoing e+/e- and (beamstrahiung) pho
from IP to main dump(s)

= Minimize beam loss from strong overfocusing and dispersion of low
energy electrons = requires careful optimization of energy dependent
focusing and sufficient aperture.

= Minimize beam loss from the divergent beamstrahlung photons =
requires large aperture increasing with distance.

= Provision of downstream diagnostics to measure beam energy and
polarization = preferred for physics analysis at collision.

= Protect magnets and post-IP diagnostic devices from unavoidable beam
loss and undesirable background.

= Avoid damage to dump window and prevent water boiling in the dump
vessel from small undisrupted beam or under abnormal optical conditions
(large errors, magnet failures) = requires enlargement of beam size at the
dump window by optical means.

Beam Delivery System 18



ILC Beam Extraction

" 14mrad crossing angle configuration provides separate
beam channels for outgoing and incoming beams. The
compact superconducting design/technology can be

safely pushed to provide this. S
_ _ B Actively shielded
" Beam losses at dedicated collimators, one beam dump [ jusmoces i
for main beam and photons. Dedicated chicanes for T [—
polarimetry and energy measurements.
GAMCAL
Energy Polarimeter | Kickers

1P - i - ; Dump

Extraction line for L™ = 3.51 m.
2250, Unjx \{’F;rcjin_n 8 ‘3‘[{{1_5, i} i} . . . 24/05/07 1912 0 0.18

= ] - e [ E
= 2000. g : L 0.16 o
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1500. ] é -— 012
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Extraction Diagnostics: 14 mrad

=" Energy measurement using synchrotron radiation created in 8-bend vertical

chicane with horizontal bump magnets.
= Polarization measurement using laser to produce Compton-scattered electrons

at extraction focal point in the 4-bend chicane.
= | uminosity diagnostic using GamCal between 2 vertical bends.

Polarimeter Chicane

Energy Chicane
1 0 t BVEX1P BVEX2P BVEX3P BVEX4P
meters 2=120682m 22140682 m z=152.682m 2=172.682m .
i Gamma Calorimeter
Synchrotron Radiation
Shielding for Cerenkov Cerenkov Detector
Detector z=160 m y=12 cm 2=~175m

10 cm
/

T
Synchrotron Stripe Detector 17.4 GV,
BVEX3E Vaoum 5= 147 682 mx=0 y=15.3cm
2=55.282m Chamber
BVEX1E BVEX7E g ‘
apExq  FEX2B z=46782m COLE 2=68.782m 5
S5 z=155m 2mradlenergy —
QFEX2A QDEX3A  QFEX4A . ftﬂp}e_ -
z=8.51m 2=22.829 m 2=34.858 m B
/I P -~ Syncl‘[r@)?léadiat'rd‘ﬂi?nﬁ to
_ =~ —~""Cherenkov Detector
— -0.75 \
Zrirad-snergy
2=52.182m 2z=65.682m stripe i
Horizontal Bend
BVEX1G
z=182.682m

Magnets
Synchrotron Stripe Detector
z=147.182 x=0 y=-19.85

BVEX2G
z=192.682 m

Beam Delivery System 20



Fast Sweeping System

= System of fast (1 kHz) X-Y kickers is included to sweep bunches of each train in
one turn on 3 cm circle at the dump window.

= |t enlarges the beam area to protect from window damage and water boiling
caused by very small beam size in cases of undisrupted beam or under certain
abnormal optics conditions (large errors, magnet failures).

Undisrupted ¢ (mm) Undisrupted bunches at dump
Undisrupted nominal beam sigma (mm). 0.04 \ \ \ T \ ’)I(y_dump’ P
2.50 -Unix version 8 51/15 : : . : 24/05/07 21 31,56
z ZZS_WM YAMM 003 | "_m.“
= R . .
= 2.00 - | 0oz m‘ w‘
= 1.75 4 '.' o .
1.50 — 0.01 - N ’3“ w *
1.25 4 ; ! H
1.00 O F o S
1 ] [ ]
| ] 1
0.75 - oot L | ;
0.50 | . R
1 ; N ’
0.25 - 002 - . ’
0.0 | . ~ P
0.0 25 500 75. T100. 125.7150. 175. 200. 225. 250. 275. 300. el e
IS 003 - - -
14 mrad ILC beam extraction line 008 ‘ ‘ ‘ | ‘ | ‘
-0.04 -0.03 -0.02 -0.01 0 0.01 0.02 0.03 0.04
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Small/zero Crossing Angle Configurations

Small crossing angle/head-on designs possible with cold technology.

® Focusing and colliding easier

= No pre-IP constraints
= Crab-cavity control & tuning
= Non-axial solenoid + DID / anti-DID =» pre / post-IP trajectory bumps

® Physics & detector advantaged
= Simpler forward geometries
= Better hermeticity
= No DID / anti-DID

= Extraction more difficult
= Dispersion of low energy tails
» Challenging beam usage and transport to the dump

2mrad crossing angle and modified-head on schemes have been proposed
for the ILC.

Beam Delivery System
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Minimum Extraction Line Solutions for 2 mrad Scheme

Extracted 1
Beam > |

<Incoming
Beam

QD2A  QF3 QD2B

50 100 150 200 250 300
Distance (m)

QEX1

BHEX1

= Dipole kick from beam passing
through opposite QDO at 2 mrad
for extracted beam.

= Challenging beam optics and
magnet designs.

" Final doublet and minimum
extraction line optimised to
reduce losses near IR and beam
losses on dedicated collimators.

= Magnetic fields from extraction
line magnets need to be
absorbed in the final focus.

= Alternate ideas for measuring
energy, polarisation and collision
parameters.
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X(C)

Minimum Extraction Line Solutions for Modified Head-on Scheme

[ : ' ! i = Electrostatic separators +
i o " . dipole kick from final focus
i
0 pe=—————— =+ -t —F |+ - ——— — — H
f 0 | fe — 71 quadrupole.
= e Hanzs n . ] ]
_2o | N ® This reduces required kick
[ 950 KW T N I | from electrostatic separators.
- Dumzp |] " Dump ST—Muon
L e ™ 4 wal
—er ] = Optimisation of final focus to
I . ) accommodate the separators.
_sol L ] i
o 100 200 300 e .
DISTANCE FROM IP (METERS) = Parasitic bunch crossing

= Qver-focusing of low energy
tail particles increase beam
losses = Intermediate beam
dump.

0 @

= Alternate ideas for energy and
polarisation measurements.

Electrostatic separator
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e design relies on the separation by dipole magnets o d
beams, the beamstrahlung photons and the particles fro e- pairs with

the wrong sign charge. It is followed by a transport to the beam dump in
dedicated lines :

_Lk .........

= A short one for the wrong-sign charged particles of the coherent pairs, to
prevent the transverse beam size from increasing too much.

= A much longer one for the disrupted beam and the beamstrahlung

photons, to avoid a too small spot size for the undisrupted beam on the
beam dump window.

Coherent

Four exfraction magnets pairs dump
with collimators _

—————————— = Beamstrahlung photons
Charged particles

- .T_____i__._l__ ______________ =

- illﬂ l \l Durnp for the
Separation Four C—type disrupted beam
region  Collimators magnets  Refocusing region and the photons
Not to scale
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Interaction Region

Beam Delivery System
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14 mrad Interaction region - ILC

Compact Superconducting

Magnet Solution for the Second Cryostat Grouping
14 mr Crossing Angle , ‘ QF1 SF1!;
Interaction Region 14 mr ! ‘ 0C |
Layout _ l ff : - L
] ittt \ \
IP Sy : :
prmmmmmmemee T i \ |
The magnets ! . ) ' ‘ |
are mounted on | -Actwely Shielded | \L y |
a common girder [ unshielded - | -~ -
that is supported inside 5 : o | :
a single cryostat housing. - Passively Shielded: !

QF1. QFEX2A and

400 6-layer main QDO

coil pattern
30.0— -

EX1A il

10.0—

E
E oo
>

-10.0

200 5hield *
300 fwound in °-. -

|a single-layer 1" p_ocorve
coil pattern 5 mm radial
500 ™ space for He-II
L | L 1 | L | L
080 00 100 100 300

X (mm)

-40.0
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ILC IR Integration

Antisclenoid

FD Cryostats

Detectors
LumiCal
Vertex Detector IR Charrber
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r ILC (proposed

for CLIC as weII).

Final doublet is grouped into two cryostats, with warm space in between
which provides a break point for push-pull.

Detector cold  warm cold Crab cavity
. QF1 SF1 w7
FirstCryostat GI'OUp'lng Second Cl')'OStal GrOI.lpan L¥=351m QDO “!““ //////
Bhiuadliadico SF1/ ._—————-W "'
. ""1 | oct' sam U ———
E |
RN .| SR |
IP- E
7 - - 1'11&{ r

| 53 Il
I B QDEXI QFEX2A
|
|
|
| ‘ |
| - Actively Shielded \ :
N~
|
|

\.._-.F.'f"_s.?'_‘_"f’_'?’_?’.'_“_‘?!‘_‘_"_‘_’.; B W

6.3m

Detector moving in/out of the beamline : time required, moving mechanism,
shielding, service cryostat, detector assembly. Need to cater for different
detector concepts.
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Cancellation of the external field
with a shield coil has been
successfully demonstrated at BNL

e CO”' ntegra Ed quenCh heater - -
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IR Magnets

4.5°K heat shield +
anti-solenoid LHe
containment

B

Anti-solenoid,
the inner and
outer coils

Co-wound SDO
and OCO coils

First extraction line 2=
quad, QDEX1A (with
e active shield coil)

End of 1.9°K
He-Il containment

Service cryostat & cryo connections
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Permanent Magnet Quadrupole

Permanent Magnet Quadrupoie — considered for CLIC.
Superconducting option being explored.
Cut plane view

PM T

HF I

= 9cm —*

—— 10cm —

Integrated strength GL=28.5T (29.7T by calc.) GL = | —dz
Magnet size. $10cm dr

Bore $d1.4cm
Field gradient is about 300T/m
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Double Ring Structure — Adjustable PMQ

coming |4
beam line) -

The double ring structure

PMQ is split into inner ring and outer ring. Only the outer ring is rotated
90° around the beam axis to vary the focal strength.
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Machine Detector Interface (MDI)
and
Background Sources

Beam Delivery System
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Machine Detector Interface

Machine

Luminosity
Backgrounds
Diagnostics

Detector

Physics

Support Tube
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Background Sources

= Beam-beam background at IP
= beamstrahlung
» coherent/incoherent pairs
= hadron production
» secondary neutrons

= Machine produced background before IP
» beam tails from linac

1M

» synchrotron radiation
" muons
» beam-gas scattering

Backgrounds affect linear collider detector
performance in three major ways :

= Detector component radiation aging and
damage.

= Reconstruction of background objects
(e.g. tracks) not related to products of e+e-
collisions

= Deterioration of detector resolution (e.g.,
jets energy resolution due to extra energy
from background hits).

= Spent beam background
» backscattered particles
= neutrons (from dumps)
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Muons in BDS

Muons are generated when beam
halo is collimated at the
collimators. The rate depends on
assumption of beam halo.

Suppression of muon background
in the interaction region is one of
the most important issues for the
collider detector performance.

Profiles of the 250 GeV positron beam halo at the three primary
collimators in the ILC BDS using STRUCT code (FNAL)

A top view of the BDS tunnel with the entire beam line described in MARS15(FNAL) simulation.
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IVl 1LV, UIITUN OLlCCTI 1.9 1 Cold IIIGU ICLIL vvAll DCGIIIIU
the tunnel cross-section, to spray the muons out of
the tunnel has been proposed.

The 5m wall is located at ~300m from the IP, which
suppresses the muon background by 1/50. Provision
to extend this wall to 18m exists.

The wall also serves as radiation protection for the
collider hall when beam is present in the linac and
BDS switchyard.

> SP4 i
sSp2 SPEX No muon-spoiler Q.6m

—.—.‘-—-.-1 I L 1 1 :"I-'I 111]]1‘_11 X

10° 1t 10 1¢* 1t 10’ ot 10t 107 [mwemdsec]
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Beam Dump

Beam Delivery System
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A Generic Beam Dump Layout

bunch train with

N, particles
Wt B «— SWEEPING

" repetition time 1¥eep

A

Distribution of Beam on Absorber
intra bunch train (fast sweep)
average power (slow sweep)

Separation of
beam vacuum
and absorber

The beam to be dumped, with some bunch structure, total power and particle distribution
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Beam Dump

Options for beam dumps

= Solid dump (Graphite based) - Limited by heat extraction (not an option)
= \WWater based - Most viable, experience at SLAC for 2 MW dump design
= Gas dump > was proposed as an option for TESLA, not pursued

The main issues for the water based dump:
= Mechanical failure of dump or dump window
= Radiation damage to windows

= Management of radionuclides

= Processing of radiologically evolved hydrogen
and oxygen

2-96
8047A132

SLAC 2MW beam dumps = Containment of activated water
with water as the primary

absorbing medium (1996) Needs to be reliable, safe and robust in order to

sell it!
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Beam Dump Design - TESLA

f exhaust / chimney?
normal

air treatment
water-system

spent beam, tilted =15mrad
H

emergency/comm. beam
tilted =15mrad
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Heat Removal and Water Flow

A

 temperature Temperature rise from bunch train
I AT,

inst

Goal is to keep AT, below the
AT boiling point of the water,
pressurised to 10 atm.

Ty

v

23
300
16.0
285
50.6
900
160 Remove heat through water flow e.g. vortex
0 200 400 600 800 1000 (Fichtner scheme)

Z [cm]
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Radiation Shielding

Beam Delivery System
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Shielding the IR hall

Detector itself is well shielded
except for incoming beamlines.

A proper “pacman” can shield the
incoming beamlines and remove

the need for shielding wall.
em 1000

Z.00e+03

800

1.00e+03

-1.00e+03

-z.00e+03 cm
0 1.00e+03 Z.00e+03 3.00e+03 4.00e+03

PR T e s —————

600 |

400 |

Detectors with thick Iron yoke

Without Iron voke

dth

18MW on Cu target 9r.l at s=-8m
Pacman 1.2m iron and 2.5m concrete

-1500 -1000 -500 0 500

18 MW lost at s=-8m.

Pacman has Fe: 1.2m, Concrete:

1000 150

2.5m

Dose at pacman external wall dose at r=7m

0.65rem/hr (r=4.7m)

" 101010 10® 10 107 10° 10° 10* 10 4e® 10t 10” 100 F0 ™
LbZ

250mS3v/

h Beam Delivery System

0.23rem/hr
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may be
accessible
during run

accessible

Concept of single IR with two detectors

N

—>

during run/

N

1

The concept is evolving
and details being

detector
B

—

Platform for electronic
and services. Shielded.
Moves with detector.
Isolate vibrations.

—

Beam Delivery System
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Detector assembly

CMS detector assembled on surface
in parallel with underground work,
lowered down with rented crane.

Adopted this method for ILC, to save
2-2.5 years that allows to fit into 7
years of construction.

"f)hotos courtesy CERN colleagu"es
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Moving the detector

5000 ton Hilman roller module

Air-pads at CMS — move 2000k pieces

|s detector (compatible with on-surface
A assembly) rigid enough itself to avoid
Fem " distortions during move?

Concept of the platform to move ILC
detector.
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Alain Herve et a

Configuration of IR tunnels and halls

Beam Delivery System
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Configuration of surface buildings

. Alain Herve et a
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Layout of ILC Beam Delivery tunnels

Single IR push-pull BDS, upgradeable to
1TeV CM in the same layout, with additional N

b d orm dia. shaft
en S [128.5 vert.m) —
BOE/IR servica shaft e 8

base cavarn

(20x15x10m) -\

Muon wall
(25x7=6rm}

IR hall
16m dia. shaht
(125.5 wert.mB

~100m

" 805 lasar aguip.
sight halles {3 ea.] penetration
Eevery 100m {22 ea.)

‘" 1
IR hall
{120%25%30m)

“— Dump station
(201 0x10m]

Beamn curmp service hall
{302 0d.5rm)

Frocess water

P 0Emoada -

bore holes

e : ____i 805 personal Cross DVers

& eveary SU0m
[ 13 5x3x3Im]

Dump statian
{202 10x10m )

~2.2km
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BDS Test Facilities

Beam Delivery System
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Test facilities: ESA & ATF2

End Station A (ESA) (SLAC) :
MDI, energy spectrometer,
Collimator wakefields, etc

Elet
aaaaaaaa

Accelerator Test Facility
(ATF/ATF2) (KEK): Final
focus, advanced beam
instrumentation, beam

damage, etc.
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Beam Parameters at SLAC ESA and ILC

Parameter SLAC ESA ILC-500

Repetition Rate 10 Hz 5 Hz

Energy 28.5 GeV 250 GeV

Bunch Charge 2.0 x 1070 2.0 x 1070

Bunch Length 300 mm 300 mm

Energy Spread 0.2% 0.1% polrzed Eaciron:
Bunches per train 1(2%) 2820 <
Microbunch spacing - (20-400ns™) 337 ns

*possible, using undamped beam

Beam tests to study: WO . sy
S\‘r‘::gh A o A
= BPM energy spectrometer e
= Synch Stripe energy spectrometer !
= Collimator design, wakefields
= |P BPMs/kickers—background studies
= EMI (electro-magnetic interference) .
Enus,mm

= Bunch length diagnostics
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BDS beam tests at ESA

Wakefield box Wire Scanners FONT-T488 f BPMs

]
=

m

Wakeneld 0X '.'1.'|rascanner |

Futre 3PM test g g
] — Ll T
‘*‘I_ T rﬁ A r"1| —F hd ' '
4.\ \ PEAR gt |

AIWAKETD
o2

IBPAZ
PR

ID3

I WSS,

O
ARG
3BT O

P

flig

== TUVA\ A
_ S s T W .
Ceramlc gap BLMs || T-487: long. bunch profile \J

Dipoles + Wiggler

Upstream (not shown)

4 rf BPMs for incoming trajectory Downs.tream (not Sho“fn)
Ceramic gap w/ rf diode detectors (16GHz, 23GHz, Ceramic gap for EMI studies
and 100GHz) and 2 EMI antennas T475 Detector for Wiggler SR stripe

Beam Delivery System 95



ESA : Collimator wakefields tests

T480 Iy
“wakefield box” ,

NS

7

A T Y — i L
i L e :' * “
I I

N
Ng i

B \\

ESA beamline

Verify agreement between measured
and simulated wakefield kicks.
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Accelerator Test Facility at KEK

1% i e
IR 4 B

Lu.mr '|'|m' Mlll'l'ﬂ Iwuun !urkr I I y
North St ght

ATF Damping Ring

BT

RE q. Kouth Straight

At e A _t k '-. il _'1 2
e J i-l ‘dﬂ}'JsE |*u—¥d:i'FE‘EHI:; hgi b i |

id i i .h'rl"
Aoy R moniter \R Mamitar i i iwnr o I' i

.Mcr.rramn Livere
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ATF2 : Scaled down version of ILC Final Focus

Parameter ATF! ILC
Beam energy(GeV) 1.3 250

L* (m) 1 3.5~4.5
Emiftance : e, /e, (mrad) 5007031078 [ 110704107
fatlP: /5, (mm) 4.0/0.1 21/04
a1l ol 0.14 0.094
Energy spread:o (%) ~0.1 ~0.1
Chromaticity : W, ~ 10* ~ 107
Beamsizeat IP: 07 /o, (ymy/nm) 2.8/34 0.66/5.7
Aspect ratic: 07/ 82 115

o TRl g gl

| vk | iy o 4 i

C-FF (660m)

-a— glectron beam
i\
II I'II
% F L
. ' | |
y 3
ATF2-FF (30m)
~— electron beam |
1
b |
I 1
[
| I'.. II

f J |

p e b iy bl Ak

Though the lengths are different by a
factor of 20, the optical functions are
very similar.
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ATF2 goals

Verification of local chromaticity corrected final focus to achieve vertical beam
size of 35nm at the focal point (IP)

Stabilize the focal point at a nanometer level for long period (in order to assure
the high luminosity)

ATFZ2 : Final Focus System "?::r:‘rf:,t' Diagnostic New extraction line for reduction of dispersion
51000 J 411r9.42

A
Y

- 1

Ultra low B* | LW (um-size)
| (CLIC, proposed) |

Collimation damage

(phase-2)
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ATF2 Construction Schedule

2006
10 11

2007

2008

2009
12345678 910

ATF beam operation

Moving of Floor
X-band, Crab  refurbishment

Clearing for Partiall OHS!TUC’I
newExTline the new EXT line

1221 2 3 45 678 91011212 3 45 617 8 916 11N2

ATF beam operation ATF2 Beam Commissioning

Construction of extended area

Reconfigure the EXT area

and connect it to extended area

Beam Delivery System
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ATF collaboration & ATF2 facility

In addition to goals 1 and 2, ATF2 will

= help development tuning methods,
instrumentation (laser wires, fast
feedback, submicron resolution BPMs),

= help to learn achieving small size &
stability reliably,

= potentially able to test stability of FD
magnetic center.

ATF2 is one of central elements of BDS

arhniral Ao nhacoa \uan/ nc it \u|||
LUUI IiNnicai UGOIsll 'JIIC!OU WUIR, do il Wiii

address a large fraction of BDS technical
cost risk.

Constructed as ILC model, with in-kind
contribution from partners and host country
providing civil construction.
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Advanced beam instrumentation at ATF2

[\

[ | DAaarm Qi-Aa ~nrnif
pTdalll vILT 1IVIV L

" nano-BPM at IP to see the nm stability
= Laser-wire to tune the beam

= Cavity BPMs to measure the orbit

" Movers, active stabilization, alignment system

= [ntratrain feedback, kickers to produce ILC-like train

HIGH POWER LASER N

BEAM SPLITTER IP Beam-size monitor (BSM)

GAMMA-RAY

e cowton DETECOR | agarwire beam-size  (10KY0 UJ/KEK, SLAC, UK)
Monitor (UK group) '

GAMMASs

ELECTRON BEAM
TRAJECTORY
EBENDING
MAGNET

YT oz [} LASERBEAM
ELECTRON 717
BUNCH

Cavity BPMs with / \

2nm resolution, & d i Cavity BPMs, for use with Q
for use at the IP | magnets with 100nm

(KEK)

resolution (PAL, SLAC, KEK)
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ATF2 construction

2007/9

SRS N |

Photos from ATF2 construction, N.Toge

2007/12
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ATF2 pushed beta optics

_ Tuning difficulty
_ -
ATF2 esign
W a0 o Lo | [
ATF2 pushed roposed
—-

g - =L CLIC 500GeV

CLIC 3 TeV 35 63000

= Ultimate challenge at ATF2 will be to achieve ~20nm vertical beam size
Tuning algorithms, tuning procedures and hardware requirements are
extremely challenging.
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ATF2 construction

2008/2 o 2008/9: new EXT

Photos from ATF2 construction, N.Toge



ATF2 construction : installation of final quadrupole magnets

Photos from ATF2 construction, N.Toge 66



Concluding Remarks (1/2)

= BDS design involves optimisation of final focus, collimation, extraction,
machine detector interface, physics measurements, tuning and advanced
beam instrumentation to achieve the luminosity goal with minimum
backgrounds.

® Final focus systems need to provide very strong focusing of the beams

= correction of chromatic and geometric aberrations is principle design
challenge.

= Minimisation of detector background need efficient removal of the ‘beam
halo’

" IR layout defines collimation requirements
= survivable spoilers can have very small <1mm gaps
= wake fields and MPS issues important

= Stability tolerances are driven by nm beam sizes to achieve the luminosity
" need to worry about ground motion and vibration sources
" need mechanical stabilisation and beam-based feedback

= Beam-beam effects : enhance luminosity, increase background; provide
tools for additional beam collision diagnostic; need flat beam to increase the
luminosity and reduce the beamstrahlung.

Beam Delivery System
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Concluding Remarks (2/2)
® The crossing angle issues include IR layout, magnet choices, crab
crossing, DID or (Anti-DID). The extraction line design needs careful

transport of highly degraded beam to the beam dump.

= BDS design may need to cover operation at low energies for physics and
calibration purposes.

" The physics options need running at e-e- and y—y collider (need >25mrad
crossing angle option).

= In the immediate future, the BDS activity focus would be to test and
demonstrate the local chromaticity correction final focus scheme at ATF2.

= ATF2 will also provide valuable experimental facility for R&D and testing of
the advanced beam instrumentation required for the BDS.
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End of Part 2

Thank you for your attention.
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