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'-'IL‘ BDS: from end of linac to IP, to dumps

Beam Delivery System
(BDS)

International Linear Collider
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e Layout of Beam Delivery tunnels
"o

e Single IR push-pull BDS, ma.
upgradeable to 1TeV CM in
the same layout, with i
additional bends IR

OR-IR hall
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penatration

EEEEEEEEEEEE

BOS &4.5m dia. tunmne
Dx tatian {2,226m)

Vv

NBOS8, A.Seryi, May 26, 2008

~100m

BDS: 3



e

]|

&

ILC Beam Delivery subsystems
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,-'IE BDS functions and optics
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e Beam Delivery System tasks
o

e measure the linac beam and match it into the final focus

e remove any large amplitude particles (beam-halo) from the linac
to minimize background in the detectors

¢ measure and monitor the key physics parameters such as energy
and polarization before and after the collisions

e ensure that the extremely small beams collide optimally at the IP

e protect the beamline and detector against mis-steered beams
from the main linacs and safely extract them to beam dump

e provide possibility for two detectors to utilize single IP with
efficient and rapid switch-over
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e Parameters of ILC BDS
"o

Length (linac exit to IP distance)/side m 2226
Length of main (tune-up) extraction line m 300 (467)
Max Energy/beam (with more magnets) GeV 250 (500)
Distance from IP to first quad, L* m 3.5-(4.5)
Crossing angle at the IP mrad 14
Nominal beam size at IP, o*, x/y N 655/5.7
Nominal beam divergence at IP, 8%, x/y prad 31/14
Nominal beta-function at IP, 3%, x/y mim 21/04
Nominal bunch length, o, e 300
Nominal disruption parameters, x/y 0.162/18.5
Nominal bunch population, N 2 % 1010
Max beam power at main and tune-up dumps MW 18
Preferred entrance train to train jitter o) < 0.5
Preferred entrance bunch to bunch jitter o < 0.1
Typical nominal collimation depth, x/y 8-10/60
Vacuum pressure level, near/far from IP nTorr 1/50

NB08, A.Seryu, VMY &V, LW WU BDS: 7



ilp Factors driving design of BDS

JLT
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¢ Final Doublet chromaticity

IP
— local compensation of chromaticity -

e Beam-beam effects
— background, IR and extraction design

e SR emittance growth in BDS bends
— weak and long

e Halo collimation
— survivability of spoilers

e Beam diagnostics
— measurable size at laser wires

. 000
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.'Iﬁ Final Focus Test Beam — optics with traditional
U nhon-local chromaticity compensation
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I TeV FF with non-local chromaticity

o compensation
e Chromaticity is compensated X-Sedupoles  Y-Sedupoles  FInal
by sextupoles in dedicated 7\
sections i e
. . 500 10.15
e Geometrical aberrations are | | .

o ° 1R !’ ]
canceled by using sextupoles in 400 J |>40
pairs with M= -| | AP T\ 1005

Chromaticity arise at FD but 10.00 =
pre-compensated 1000m upstream 1 o.05
—- -0.10
Problems: 0- SN N N N NV s
e Chromaticity not locally compensated =~ ° 2% 40 600 800 1000 1200 1400 1608 2230
— Compensation of aberrations is not Traditional FF
ideal since M # -I for off energy particles (NLC FF, circa 1999)
— Large aberrations for beam tails L*=2m, TeV energy reach
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,',IE FF with local chromatic correction

Final
Mg Doublet RD

e Chromaticity is cancelled locally by two sextupoles interleaved with
FD, a bend upstream generates dispersion across FD

e 2" order dispersion produced in FD is cancelled locally provided that
half of horizontal chromaticity arrive from upstream

e Geometric aberrations of the FD sextupoles are cancelled by two

more sextupoles placed in phase with them and upstream of the
bend

e Higher order aberrations are cancelled by optimizing transport
matrices between sextupoles

P.Raimondi, A.Seryi, PRL, 86, 3779 (2001)
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(s sextup. quad
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Quad: AX' =
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Ky (x+18) = Kp(—8x—nd?)

chromaticity I
2

Kgn(6x +%)

X = 2K (=0x —

Chromatic correction in FD

Straightforward in Y plane

e qa bit tricky in X plane:

Second order
dispersion

o>

2

If we require  K¢n =K to
cancel FD chromaticity, then
half of the second order
dispersion remains.

Solution:

) “7 The Bmatching section

produces as much X
chromaticity as the FD, so the X
sextupoles run twice stronger
and cancel the second or der

dispersion as well. BDS: 12
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Traditional FFS
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IP bandwidth
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chromaticity
correction can be
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. BDS design methods & examples
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HTA Aberrations & halo generation in FF
100 - o)
e FF with non-local chr. corr. o] o0 @ o —
generate beam tails due to 50 o ©° > o 8

aberrations and it does not
preserve betatron phase of
halo particles

e FF with local chr. corr. has
much less aberrations and
it does not mix phases

H ]l © O  Traditional FF
particles sl o o adto o
100 . X (mm)
- N I N I N I N I N I N I N I N I N I N |
100 -80 -60 -40 20 O 20 40 60 80 100
Beam at FD
] Halo beam at the FD entrance.
Incoming beam M non-local chr.corr. FF | hcoming beam is ~ 100 times lar ger than
halo nominal beam
B
N local chr.corr. FF
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ar Beam halo & collimation
JLE

e Even if final focus does not generate beam halo itself, the halo may
come from upstream and need to be collimated

Vertex « Halo must be collimated upstream in
Detector —=——__, such a way that SR y & halo e* do not
SR touch VX and FD

« => VX aperture needs to be
somewhat larger than FD aperture
« Exit aperture is larger than FD or VX
aperture
 Beam convergence depend on
parameters, the halo convergence is
fixed for given geometry
=> 0,.,,/0,.. (Collimation depth)
becomes tighter with larger L* or

. — Smaller IP beam size
Final » Tighter collimation => MPS issues,
Doublet (FD) collimation wake-fields, higher muon
L* flux from collimators, etc.

ehaloz AFD /L*

v
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e

TR More on collimation issues
e Background: muons generated at collimators
— collimators has to be placed far from IP Final Doublet Vgtex
collimator Tails

.—»- —  Bam -

~km
< > | |

e Machine protection: errant bunches hitting the collimator

— damage due to shower and ionization loss is mitigated by
e using thin spoiler — thick absorber pairs
e increase of beam size at spoilers
e Extraction of the rest of errant train into emergency extraction beamline

e Wakefields: emittance growth due to beam offsets in collimators

NBOS, A.Seryi, May 26, 2008 BDS: 18



,','E Spoiler-Absorber & spoiler design

Spoiler / Absorber Scheme

Large gap

Small gap ~2mm
I =
Thin (~1R;) spoiler -

Large R Thick (=20R;) Collimator
Thin spoiler increases beam angles and size at the thick absorber already sufficiently large. Absorber is
away from the beam and contributes much less to wakefields.

Tapered low resistivity surface for wakefields

Copper

Thin hi-Z spoiler I copper
Beryllium } plate

— > Recently considered design:
0.6 Xo of Ti alloy leading taper
I (gold), graphite (blue), 1 mm thick
layer of Ti alloy

Need the spoiler thickness increase rapidly, but need that surface to increase gradually, to minimize
wakefields. The radiation length for Cu is 1.4cm and for Be is 35cm. So, Be is invisible to beam in terms

of losses. Thin one micron coating over Be provides smooth surface for wakes.
NBOS8, A.Seryi, May 26, 2008 BDS: 19



i Survivable and consumable spoilers

', Rotating "Wheel” Collimator

e In ILC with 300ns between bunches,
Machine Protection System (MPS) will let
not more than 2 errant bunches onto the
spoiler

— =>for ILC it is practical to increase the beam size
at spoilers so that spoilers survive two full charge
bunches

e For designs with short (~ns) spacing
between bunches it may be more practical
to use consumable or renewable spoilers

— E.qg. as the design considered earlier for NLC.
(This concept is now being applied to LHC
collimator system.)

N

Damaged Area

NBO8, A.Seryi, May 26, 2008 Collimators for LH ) BDS:20



;P \LC FF & Collimation
1o
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ILC e- BDS (500 GeV cm)
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'-,'E Collimation and nonlinear tail-folding

e Ameliorating incoming beam tails may
relax the required collimation depth

— Focus beam tails but not the core of the beam
=> use nonlinear elements

— Several nonlinear elements needs to be
combined to provide focusing in all directions

e Two octupoles of different sign separated  single octupole focus in planes

by drift (Octupole Doublet) provide and defocus on diagonals.
focusing in all directions for parallel beam  an octupole doublet can focus
— For this to work, the beam should have small  in all directions => analogy

ith st ing by FODO
angles, i.e. it should be parallel or diverging i S et (27 (701
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h’;‘: Tail folding in ILC FF

e Two octupole doublets give tail folding by ~ 4 times in terms of
beam size in FD

e This allows opening B-collimation gaps by ~ a factor of 4

h
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0.10—‘
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g 0.00- 20
E ]
7% -0.05
-0.10 - £ E 0
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10 4 (flat distribution, half width) and £2% energy spread,
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0.001

..'F 0.0001 F
(1L MuonsinBDS : -
e Muons are produced during 5 U
collimation % o Collimation and losses
o Magnetized muon WG"S, installed = R of beam halo, assuming
~300m from |p’ may reduce “T0.1% initial population
muon background in the 112 ofhalo | |
detectors to tolerable level even

Path length, m

for 0.1% of collimated halo

Magnetized muon wall
Q6m  Zemp Q-6
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I
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ilp r rossin
i Crab crossing

With crossing angle 0, the

X . D
t projected x-size 1s
(6x2+602622)0'5 NecGz ~4um
— —_— —> several time reduction in L
without corrections
X TM110 Dipole

mode cavity

View from top

Electric Field

RF kick

Use transverse (crab) RF
cavity to ‘tilt’ the bunch at IP
For a crab cavity the bunch centre is at the cell

NBOS8, A.Seryi, May 26, 2008 centre when E is maximum and B is zero

Magnetic field
in green



M Crossing angle 14 mrad
. h, Crab cavity

Number of cryovessels per [P 2
' ' b deSIQn Mumber of 9-cell cavities per cryovessel 2
Required bunch rotation , mrad 7

Location of crab cavities from the corresponding I[P, m | 13.4—-17.4

° BaSEd on FNAL dGSIgn Longitudinal space allocated per cryovessel, m 3.8
of 3.9GHz CKM deflecting
Cavrty EMS Beam Energy Jitter, o 0.33
o Cha”enges are damp| ng X offset at [P due to crab cavity angle (R12), m/rad 16.3

.y . Y offset at [P due to crab cavity angle (R12), m/rad 2.4
of parasitic modes, tight _

- . . Amplitude at 1 TeV CM, MV 2.64
phase stabllity, integration — _ _
Max amplitude with operational margin, MV 4.1

into IR . .
UK-FNAL-SLAC crab-cavity collaboration

el wl .

FNAL 3.9GHz transverse cavity achieved 7.5 MV/m

NBOS, A.Seryi, May 26, 2008 BDS: 27



/s Crab Cavity design

JL T

Input Coupler

Based on the FNAL CKM Cavity

HOM Coupler

LOM Coupler

SOM Coupler

NBOS8, A.Seryi, May 26, 2008
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Cine 16 bit ACD or DAC
with amplifier per beard

* Improved Ground Plans
= Scalable

* More Compact

* Batter conling

+ Easy repair ard tasting

Peter MclIntosh

NBOS8, A.Seryi, Mc

3.8 GHz cavities fabricated and tested at Niowave Aug 07.

The Cockceroft Institute

of Accelerator Science and Technology

The
u

et al

interferometer line
s length adjustment
1! circuits

switch

vector
mod.

cmimrmrmrmrmrd i m -

precision
reflector |
circuits |
1

Accelerator Science and Technology Centre
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IR coupling compensation

When detector solenoid overlaps 5
, . 1. QDO, coupling betweeny & x and y 5 -
" . ™\ &E causes large (30 — 190 times) :

1 1 1
4000.0 5000.0 B000.0 7000.

— .5""2 \increase of IP size (green=detector :
without solenoid OFF, red=0ON) | 7
compensation  Eyen though traditional use of skew 8 | &
o,/ 6,(0)=32 quads could reduce the effect, the ] Js
local compensation of the fringe field "
(with a little skew tuning) is the most 1 al ”ﬁ lenoid ||
efficient way to ensure correction over T A
wide range of beam energies EEEEEEREERER]
E
5 II\l 1 1 1 1
4| — Detector solenoid -
al — + antisolenoid 1
" 2
| QDO SDO ]
with compensation by of \>~
antisolenoid -1 . ! . ! ! ! !
0 1 2 3 4 5 & 7 &

o,/ 6,(0)<1.01
NBO8, A.Seryi, May 26, 2008 BDS: 30
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a0.0r— 6-layer main QDO
o coil pattern corsrfeee, |

Shield '
200 fwound in ‘.

S T PR sou
a single-layer ““T""" progopy,
coil pattern 5 mmn radial
o space for He-II
N | L | | L I L
0805 300 100 100 300

Intensity of colc
value of magnetic field.

X (mm)
First Cryostat Grouping Second Cryostat Grouping
e :I__ __QDFI %%%" j: "Two Coils; Differe_“* Rﬂ‘#ii
1 f/;f - & new force neufral aniisalenoid
IP: - 7 =
= 1 meter

§ L
; - Actively Shielded ||
| § N

| - Unshielded ; - ‘| - -EQ‘?EM
- Passively Shieldedé

e Interaction region uses compact self-shielding SC magnets
e Independent adjustment of in- & out-going beamlines
e Force-neutral anti-solenoid for local coupling correction

NBOS8, A.Seryi, May 26, 2008
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e
o
IR magnets

prototypes at
BNL
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,-,IE SC final double & its cryo system

QF1 Cryostat Group QDO Cryostat Grou

/ Cryogenic connection size
Space for warm kickers, is driven by the distance
vacuum valves, and from heat exchanger and
pump-out ports. the 2K heat load.

Connection point for
several 1000 A &
100 A current leads
plus mstrumentatlon
leads.

Cryogenic Iine/?
connection to the
Service Cryostat

e ——

{Interface |
.pﬂlnt tﬂr
Ihallcryo

1systemr

o PR

BNL

SC has He-ll
heat exchanger

Force Neutral Anti-Solenoid overlaps part of QDO.

Service Cryostat

NBOS, A.Seryi, May 26, 2008 BDS: 33



'-’I't: Detector Integrated Dipole

With a crossing angle, when beams cross solenoid field, vertical orbit arise
For ete- the orbit is anti-symmetrical and beam:s still collide head-on

If the vertical angle is undesirable (to preserve spin orientation or the e-e-
luminosity), it can be compensated locally with DID

Alternatively, negative polarity of DID may be useful to reduce angular
spread of beam-beam pairs (anti-DID) f---._

X, arb.un

50F

0

Y, micron

_50 =

K
t:
Y. micron

50F

0

Y, micron

I
|
T
o=
I
|
Y, micron

_50 -

-6
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."P Useof DID 7] Orbit in 5T SiD | o
,,b or Ghti-D'DE 407 | € -201 SiD IP angle

zeroed

w.DID
0 =50
-20 . _Q'QIO -IB —é "‘:l- —I2 0
~10 -8 -6 -4 -2 0 Z, m
DID field shape and scheme Zaim DID case

0.06

0.041

0.02-

B,(T)

]

-0.02

-0.04

_0.06 L L L
-10 -5 0 5 10
z(m)

F

e The negative polarity of DID is also possible (called anti-DID)

e In this case the vertical angle at the IP is somewhat increased, but the
background conditions due to low energy pairs (see below) and are improved

NBOS, A.Seryi, May 26, 2008 BDS: 35



=] ete- pairs in detector

U solenoid

e Beamstrahling photons,
particles of beams or virtual
photons interact, and create

et+e- pairs

e ete- pairs affected by the beam

(de) focusing field

e Deflection angle and P,

correlate

e Pairs are curled by the solenoid

field of detector

e Pairs trajectories define
geometry of vertex detector
and IR vacuum chamber

NBOS8, A.Seryi, May 26, 2008
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:p
1o

Anti-DID field can direct
most of pairs into
extraction line, improving
background conditions

Pairs at 2= 3.51m

01r

0.08f

0.06f

0.04r

0.02f

oF

y (m)

-0.02f

-0.04

-0.06

Into extraction aperture : 6288 /10000
Into incoming aperture : 41 /10000

Use of anti-DID to direct pairs

TF AN TR
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:1p Optics for outgoing beam
J1T
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Extraction optics need to handle the beam with ~60% energy
spread, and provides energy and polarization diagnostics
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ilP Beam dump
L

17MW power (for 1TeV CM) 4 ok
Rastering of the beam on 30cm double window

6.5m water vessel; ~Im/s flow
10atm pressure to prevent boiling
Three loop water system

Catalytic H,-O, recombiner

Filters for 7Be

Shielding 0.5m Fe & 1.5m concrete

NBOS, A.Seryi, May 26, 2008 | BDS: 39
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1o

may be 1
accessible N
during run

Concept of single IR with two detectors

——>

accessible
during run )
N

detector
™ B

[

The concept is evolving
and detalls being

L

NBOS8, A.Seryi, May 26,

2008

Platform for electronic
and services. Shielded.
Moves with detector.
Isolate vibrations.
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l:lIE Concept of detector systems connections

detector service platform |

|

! detector or mounted on detector |

l low V DC for I

| electronics : |

: 4K LHe for solenoids | high VAC

| 2K LHe for FD | lowV PS o B room Tk

: sub-detectors high | P_S : 19 I f;O”: e

| solgnoid | high | DC for electronic racks ISUPD y & return

i| antisolenoid solenoids 4K cryo-system :

| FD - 2K cryo-system [y chjjled water

high | DC for FD

| J gas system : for electronics

: gas for TPC |

I 1 fiber data I/O

| electronics 1/0 |

| fixed ' long flexible
connections | connections

move together
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ilp IR integration
1L

Final doublet magnets
are grouped into two
cryostats, with warm
space in between, to
provide break point for
push-pull

Antisolenoid
(old lp€ation)

LumiCal
Vertex Detector IP Chafmbet
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Vertical Layout for the Service smooumsuen

Superconducting
Magnet o
—

,'.,’E Cryostat to QDO Cryostat Transfer Line.

Line with 1 bar He-ll and
current leads to connect Pacman shielding is

to QDO cryostat. thinner than full detector
and separates horizontally.

Putting service
cryostat above
/15 also possible.

Instrumentation
and magnet

current leads
~_ J connection
-/ point.

Elevation e
View ( T

Pacman supported so
that shielding can be
moved out of the way
when detector is opened.

Single phase LHe
supply and low
pressure He return.

3

B.Parker, etal

NBOS8, A.Seryi, May 26, 2008

Present concept of cryo connection

2ed a combination
L0of stationary and

- removable shielding
- Inserts?

QDO0-Service Cryostat connection line
has to permit 2 m opening by door but
vertical section must not point directly
to incoming/outgoing beamlines.
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Air-pads at CMS — move 2Q08
*J{ P QO

.'IP Moving the detector g
IHL |

J.Amann
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Push-Pull studies for two detectors
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Alain Herve, CERN, et al
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ilP Shielding the IR hall
1O
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Pac Man Open

.'IP Pacman design

g

Beam Line Support Here

NBOS, ANSIone John Amann Bps. a7



1P Detector assembly |
o

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

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

'thotos courtesy CERN coIIeagu"es
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'-'IE Configuration of IR tunnels and halls

Alain Herve et al
NBoOS, A.Seryi, May 26, 2008 BDS: 49



'-,I't: Configuration of surface buildings

. Alain Herve et al

NBOS, A.Seryi, May 26, 2008




h‘ IR integration, SiD example

Dogleg cryo-line in the Pacman

Rails on the
support tube

‘6‘Qriunno, SLAC

NBOS, A.Seryi, May 26, 2008 i | BDS: 51



e IR integration plans
o

e Machine — Detector work on Interface issues and integration
design is now a major focus of efforts

e IR integration timescale

— EPACO08 & Warsaw-08
e Interface document, draft

- LCWS 2008

e Interface document, updated draft
— LOI, April 2009

e Interface document, completed

— Apr.2009 to ~May 2010
e design according to Interface doc.

- ~May 2010: LHC & start of TDP-II
e design according to Interf. doc and adjust to specific configuration of ILC

e Details of MDI related issues of detector design and IR Interface
document will be discussed in separate talks

NBOS, A.Seryi, May 26, 2008 BDS: 52
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e ATF2
JLT

e The idea of a new test facility at ATF, to prototype the
advanced final focus, for linear collider, was conceived in
zooz at Nanbeqm WorhShop X-band Section | (ATF1) ~ Final Focus (ATF2)

e |dea evolved, and now being
realized in iron and concrete

e ATF2 goals

— prototype ILC Final Focus system

— develop FF tuning methods, instrumentation (laser wires, fast feedback,
submicron resolution BPMs)

— learn achieving ~35nm size & ~nm stability reliably
— possibly test ILC Final Doublet prototype with beam

e ATF2 final goal — help to ensure collisions of nanometer beams,
i.e. luminosity of ILC

Early scheme presented by Junjl Urakawa
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TE ATF at KEK

Accelerator Test Faclility

e Lt

The ATF international collaboration include more than 200 researchers
and the ATF MOU is signhed by 20 institutions from all over the world

NBOS, A.Seryi, May 26, 2008 BDS: 55
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=] a ATF2 construction — rapid progress in 2007
Augs . ecb

T
e
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'-',"l: ATF2 construction — January 2008

8T,

The last regular quadrupole is going to the destination

~20 sets of supports, movers & quads were installed in January. R.Sugahara et al

NBOS, A.Seryi, May 26, 2008 BDS: 58



. h, Advanced beam
,' IL instrumentation at ATF2

BSM to confirm 35nm beam size

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
Intratrain feedback, Kickers to produce ILC-like train

—

IP Beam-size monitor (BSM)
GAMMARAY (Tokyo U./KEK, SLAC, UK)

compTon DETECTOR

DEFLEGTOR  SCA R Laser-wire beam-size
~.Monitor (UK group)

ELECTRON BEAM
TRAJECTORY

HIGH POWER LASER

MIRROR

BENDING

T MAGNET Laser wire at ATF
ELBEL?JEEN i ‘ LASERBEAM 'Tﬁ! “:“
v
Cavity BPMs with | K71
avity s wi
/ \ Cavity BPMs, for use with Q

2nm resolution, . | _
for use at the IP A magnets with 100nm

(KEK) | resolution (PAL, SLAC, KEK)
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","‘: ATF collaboration & ATF2 facility
ATF2 will prototype FF, =N ﬁ.j "

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

e help to learn achieving small size
& stability reliably,

e potentially able to test stability of
FD magnetic center.

ATF2 is one of central elements of BDS EDR
work, as it will address a large fraction of
: BDS technical cost risk.

&8 ¢ Constructed as ILC model, with in-kind
#i8®  contribution from partners and host
country providing civil construction

& o ATF2 commissioning will start in Autumn of
2008
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ilp ATF2 schedule
o

2008 2009

2006 2007
1.2 3 4 5 6 7 8 9101112 1 2 3 4 5 6 7 8 910

101112 1 2 3 4 5 6 7 8 910 11 12

ATF beam operation ATF beam operation ATF2 commissioning/Operation

Moving of Floor ]
X-band, Crab  refurbishment Construction of extended area

Clearingfor [ artially construct Reconfigure the EXT area
new EXT line the new EXT line and connect it to extended area

« Construction of the extended shield area for final focus system

can be done during the ATF beam operation.
» Partial construction beside the current EXT line in shutdown week

will release the work load for reconfiguration of the EXT line in

summer of 2008.
« ATF2 beam will come in October, 2008.
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'."l't: Present BDS planning strategy

e With the newly adopted by ILC GDE Technical Design Phase | and Il
plan, the scope of work in BDS has changed, and the focus is shifted
— The earlier planned work on detailed design and engineering of subsystems
will not be performed
e The work in BDS will be focused in a few critical directions, which
were chosen taking into account the following criteria:
— Critical impact on performance versus cost;
— Advanced ideas promising breakthrough in performance;
— Broad impact and synergy with other worldwide projects

e Based on those criteriq, the following three critical directions are
suggested as the focus of BDS work and R&D during TDP:

— General design work on BDS
— Work on test facilities, in particular ATF2
— Work on Interaction Region optimization

NBOS, A.Seryi, May 26, 2008 BDS: 62



'-"E General design work on Beam Delivery

The goal of BDS design work is to create a design which has

improved performance, lower cost, and good potential for
upgrades. The scope of the work will include:

Study of lower energy reach shortened BDS and its upgrade paths
Conceptual design of beam dump system

Design and key prototypes of crab cavity system

Collimation design, study crystal channeling for its shortening
Feedbacks, emittance and MDI diagnostics, beamline instrumentation
Design for the vy option of collider

Study alternative design of magnets for system cost reduction

Synergy studies with CLIC Beam Delivery

Evaluate synergies from LHC collimation and Crab Cavity systems

NBOS, A.Seryi, May 26, 2008 BDS: 63



e Test Facilities, ATF2
o

e The goal of the work at ATF2 is to make system level demonstration of Beam
Delivery System, learn to achieve small spot size reliably, develop the methods
and instruments needed to achieve the spot size and stability goal, and perform
beam tests of critical subsystems, essential for optimization of BDS design. The
scope of work will include:

Commissioning ATF2 hardware (including cavity BPMs, High Availability Power
Supplies, Interferometer Beam size monitor, etc.)

Development of algorithmic control software and feedbacks to allow achieving the
small size goals

Development of Laser Wires for emittance diagnostics

Development of Feedback and Feedforward systems for beam stability control
Development of Interferometer system for FD stability monitoring

Develop methods for low emittance preservation in the ring, extraction line and in FF
Tests of Superconducting Final doublet at second stage of ATF2

Tests of Permanent magnet Final doublet at second stage of ATF2

Tests of electron to gamma conversion for vy option at second stage of ATF2
Collimation and dump window damage tests at ATF2
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'-"'I: Interaction Region optimization

e The goal of the IR optimization work is to come up with a design
where various contradicting interface requirements are balanced
and solved. The design would need to work for two detectors
working in push-pull arrangement. One of the key efforts is design
and prototyping of final doublet, which should address tight space
constraints, the need for versatile beam orbit and aberration
correction, challenging mechanical stability, and the system level
performance. The scope of work will include:

— Preparation of the IR interface specifications with detector groups
— Design efforts of machine detector interface

— Optimization of IR hall and IR external auxiliaries

— Conceptual design of SC FD and its cryo system

— Prototyping and vibration test of long ILC-like cold mass

— Design and production of ILC-like FD for ATF2

— Study and conceptual design of IR vacuum system

— Study of machine related background
NBOS8, A.Seryi, May 26, 2008 BDS: 65



/s BDS plans
LT

Beam delivery overall design BDS design for
specific chosen

Collimation, beam dump, crab cavity ... \ configuration of ILC

BDS subsystems
studies at FACET

tests & studies of
subsystems designed
for specific
configuration

ATF2
BDS prototype
commissioning & accelerator physics study

/

IR and FD
IR Integration SC ED design for the
Final Doublet SC prototype facte ar specific ILC
Vibration & stability study ATE? configuration
FY09 FY10 FY1l FY12 FY13

TDP | TDP I
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ilp Conclusion
JLE

e Design of Beam Delivery system for ILC was produced
by international design team

e Critical subsystems (Final Doublet, Crab cavities) are
being prototyped

e Complex systems (Interaction Region, Beam dumps)
are being designed in details

e BDS System test is being prepared at the ATF2 test
facility
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