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'-,I": BDS: from end of linac to IP, to dumps

Beam Delivery System
(BDS)
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iln Layout of Beam Delivery tunnels
o

¢ Single IR push-pull BDS, e
upgradeable to 1TeV CM in -
the same layout, with —_—

additional bends \ e
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'-',l{: Beam Delivery System tasks

BDS: 4

measure the linac beam and match it into the final focus

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

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

ensure that the extremely small beams collide optimally at the IP

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

provide possibility for two detectors to utilize single IP with
efficient and rapid switch-over
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Parameters of ILC BDS
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Length (linac exit to IP distance)/side
Length of main (tune-up) extraction line
Max Energy/beam (with more magnets)
Distance from IP to first quad., L*
Crossing angle at the IP

Nominal beam size at IP, o*, x/y
Nominal beam divergence at [P, 8%, x/y
Nominal beta-function at IP, 5%, x/y
Nominal bunch length, .

Nominal disruption parameters, x/y
Nominal bunch population, N

Max beam power at main and tune-up dumps
Preferred entrance train to train jitter
Preferred entrance bunch to bunch jitter
Typical nominal collimation depth, x/y

Vacuum pressure level, near/far from IP

m
m
GeV
m
mrad
nim
perad
1

pm

MW

n'lTorr

2226
300 (467)
250 (500)
3.5-(4.5)
14
655 /5.7
31/14
21/0.4
300
0.162/18.5
2 % 1010
18
< 0.5
< 0.1
8-10/60
1/50




'-,I'I: Beam Delivery subsystems
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'-,I'I: CFS designs for earlier versions

Vancouver

Valencia
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il BDS optics for incoming beam

o
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e- Beam Delivery System [14 mr] (hybrid; 500 GeV cm)
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500GeV => 1TeV CM upgrade

example for BSY

> -0.4

ILC e- BDS (hybrid; 500 GeV cm)
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-~ added In energy upgrade
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'-'IE Version which goes to 500GeV CM only

ILC e- BDS (one IR, maximum 500 GeV cm)
! ! ! ! !
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e- Beam Delivery System [14 mr] (one IR, maximum 500 GeV cm)
Unix version 8.5 jlf J_ 14/09/06 14.42.51
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:lp Optics for outgoing beam

o

|31.'2 {rri.IE}
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Extraction optics can handle the beam with ~60% energy
spread, and provides energy and polarization diagnostics
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e Beam dump
L

o 17MW power (for 1TeV CM)
e Rastering of the beam on 30cm double window
e 6.5m water vessel; ~Im/s flow

e 10atm pressure to prevent boiling

e Three loop water system

¢ Catalytic H,-O, recombiner

e Filters for 7Be

e Shielding 0.5m Fe & 1.5m concrete
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Collimators: spoiler-absorber
pairs

In Final Doublet & IP phase

Spoilers can survive direct hit of
two bunches

Can collimate 0.1% of the

" Magnetized muon wall

beam
Muons are produced during Q.6p  2em 0.6m
collimation ,
2.25m
Muon walls reduce muon
background in the detectors 1 ]

-""‘
L]

collimator \&/ : /

p—,,
g Ny
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.llp Crab

U cavity
design

FNAL 3.9GHz 9-cell cavity in Opega3p. K.Ko, et al

old / new
HOM coupler
Z.lietal

-*.-""flu H|ﬂfﬂu.m ” b

i il -
3.9GHz cavity achieved 7.5 MV/m (FNAL)

 Based on FNAL design of 3.9GHz CKM
deflecting cavity

e |nitial design been optimized now to match
ILC requirements on damping of parasitic
modes, and to improve manufacturability

* Design & prototypes been done by UK-
FNAL-SLAC collaboration
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' ,IE Crab cavity tests & prototypes

e LLRF phase and
synchronization stability
required: ~67fsec or 0.09° for
<2% luminosity loss

e Scheduled to test system with 2
x single-cell SRF 3.9 GHz
cavities in beginning of 2008

e Then — multi cell cavity and

eventually two cavities to be
tested at ILCTA ]_: T £
T

3.9 GHz cavities fabricated and tested at Niowave Aug 07.

s o0 B LECT _ L o
| FUTURE
— CRAB CAVITY BEAMLINE
— — — — — | f 1 METER x 11 METER
2 LEVELS OF 24-
 CABLE TRaY CABLE PENETRATICHN

18 —— —
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"IE Test facilities: ESA & ATF2

Aings

ESA: machine-detector tests; e
energy spectrometer; collimator L, #%ase” "=
wake-fields, etc.
ATF2: prototype FF, develop
tuning, diagnostics, etc. St o

O 0 o oo o o
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ilp

LT
Study:
BPM energy spectrometer

Synch Stripe energy spectrometer

Collimator design, wakefields

IP BPMs/kickers—background studies

EMI (electro-magnetic interference)

Bunch length diagnostics

Wakefield box

Wire Scanners

FONT-T488

SWAKET

@
3
2

Wakeneld i) Wuescanner

= ———
'I_'I'I

| NEETTY

=

T
5 A.h

side n+s & jacks (

B Ceram|c gap BLMs

T-487: long. bunch profile

Upstream (not shown)
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4 rf BPMs for incoming trajectory
Ceramic gap w/ rf diode detectors (16GHz, 23GHz,
and 100GHz) and 2 EMI antennas

\Jﬂifeet >

Dipoles + Wiggler

Downstream (not shown)

Ceramic gap for EMI studies
T475 Detector for Wiggler SR stripe




'-,I'I: Collimator Wakefield study at ESA

e Spoilers of different
shape investigated at
ESA (N.Watson et al)

e Theory, 3d modeling
and measurements
are so far within a
factor of ~2
agreement
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'-,I'I: Energy spectrometer at ESA

=1 BPM 3,5 BPM 9-11

e BPM & SR based
e Interferometer grid for BPMs
e NMR probes in magnets

e 0.5um BPMs with n=5mm => 1e-
4 energy resolution

e Study calibrations, systematics,

stability *77" magnet of
the chicane
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Panoramic photo of AF beamlines, N.Toge
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Panorarﬁi; ‘photo of ATF qulines, N.Toge









Panoramic photo of ATF beamlines, N.Toge
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SLC e terometec

A NO:YAG - Laser
Beam

“-4 Research

Compton Scattered Triry Detéctor
oy Nux

Quadrupoles

Dipoles Final Quads

Achieved ~70nm

vertical beam size
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Compton Signal
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Electron Beam Vertical Position (um)




y AT N TR TR R R R
[ | P ,,_ 50 _ELPE 20 DOVCINEY . . . 21?_{\3{%5% ?%F:::;}agrgigg —_— -
= | 3 . sd - -4 =
Hov = . Scaled down model of ILC final | I
o] focus (local chromatic correction) /| |
_ L o2
ATF2- . ]
mOdeI =-0- —_
of ILC o
> 0-
BDS |
>0 Son 0 0B o= oo o O O o o 0.0
e final focus ) cJ:Jio.qrhois’ri,f o . ——
‘Iﬂ —— T S— i -
%‘ “ P .

ATF2 goals g
(A) Small beam size ||% =~ :
Obtain 6, ~35nm = - BlE
Maintain for long time| | L B3
(B) Stabilization of begm-center—, ~ T TETEE L
Down to <2nm by nano-BPM\. | kb ( al
Bunch-to-bunch fe FIEC-like train i ¢-s6-5 |

F Bun oME
‘ RF Bun ot I A— —_—
onn= ; o = | ] : ;
LY - | ! Fi Fi

\S-band Linac | )
: E i : (N Lot/ Transport
BDS' 30 High Energy Accelerators Research Organization (KEK) Damping Rin 0 s L w



",l": ATF collaboration & ATF2 facility
help development tuning o i :
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.

Constructed as ILC model, with in-kind
contribution from partners and host
country providing civil construction

ATF2 commiissioning will start in Autumn of
2008



. ' P 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)
GAMMA_RAY (Tokyo U./KEK, SLAC, UK)

compTon DETECTOR

W oerecron  scatrereD . Laser-wire beam-size

- =
—

HIGH POWER LASER

EEAM SPLITTER

.

~——=""_  Monitor (UK group)

e

MIRROR {
‘. = | - EBENDING E#EHCLTE%?S;?M .
o e Laser wire at ATF
it 'fi‘
’ % -

Cavity BPMs with } : i
2nm resolution, \ Cavity BPMS, for use with Q
for use at the IP l -’ ‘ magnets with 100nm

(KEK) Y | resolution (PAL, SLAC, KEK)
BDS: 32




-'l'l: ATF hall before ATF2 construction




ATF hall emptied

Photos from ATF2 construction, N.Toge
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Photos from ATF2 construction, N.Toge




ilp Prepare ATF2 shielding construction

Photos from ATF2 construction, N.Toge
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'-,I'I: Shielding construction at ATF2

Photos from ATF2 construction, N.Toge
BDS: 43



] Ia
ilp LAallf:':psg
Ho
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Integration of
FD in Annecy

e Integration of ATF2 Final
Doublet will be done in LAPP,

Annecy

e Assembled FD to be sent to KEK
in May-June 2008
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QF1

2400mm

A




ilp ATF2 schedule
o

2006 2007 2008 2009
10112/ 1 2 3 4 5 6 7 8 910112 1 2 3 4 5 6 7 8 9101112 1 2 3 4 5 6 7 8 910
ATF beam operation ATF beam operation ATF2 commissioning/Operation
Moving of Floor
X-band, Crab refurbishment Construction of extended area
Clearing for 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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ilr ATF & ATF2
11~ |

"7
J.Nelson (at SLAC) and T.S
during recent "remote participation" shift.
Top monitors show ATF control system
data. The shift focused on BBA, performed
with new BPM electronics installed at ATF  T.Smith is commissioning the cavity
by Fermilab colleagues. BPM electronics and the magnet
mover system at ATF beamline

BDS: 47



e IR integration
JL

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

FD Cryostats

LumiCal

« P8
B CharmBer Generic” detector

Vertex Detector
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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
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e
o
IR magnets

prototypes at BNL

e
‘ # winding process

!

e Engineering design & prototype will show that compact direct wound magnets
can provide independent incoming and outgoing apertures separated by mere
49mm defined by 14mrad crossing angle over the L* distance of 3.5m

e The prototype is also aimed for studies of mechanical stability of the magnets,

when integrated into cryostats, and connected to cryogenic system
BDS: 50



. I e Detector

I, assembly

o 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 T _ ~
photos courtesy CERN colleagues
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e IRENGO7 Workshop
L

ILC INTERACTION REGION ENGINEERING DESIGN WORKSHOP S I_ A C
Home RECENT NEWS

- Agenda has been
updated.

Goals

Registration

Payment
Information REGISTRATION
Agenda Registration is necessary
Organizing to participate in the
Committees workshop.
mapewmmaeems  ILC Interaction Region Engineering Registration fee is $30 and
. Design erkshnp reception fee is $20.
Yo L ER U  September 17-21, 2007 * Register
DiTr;i\tF%r?:d Stanford Linear Accelerator Center T
= Menlo Park, California
Visa Information A block of 40 rooms is

reserved until July 15,
Please join us to review and advance the design of the 2007 at the Stanford

Social Events

Contact h £ th . . ¢ ‘ . . Guest House. Please
subsystem of the Interaction Region of ILC, focusing in EEETIE T EIT R
particular on their integration, engineering design and and mention that you are
arrangements for push-pull operation. attending this workshop.

+ More Information

Graphics logo based on generic IR design made by John Amann, SLAC
BDS: 52


http://www-conf.slac.stanford.edu/ireng07/
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IRENGO7 motivations

BDS/IR service
Srm dia. shalt
[12%.5 vert.m)

IR hall

BOS/IR service shaft
hage cavern
(#0x15x10m)

Muon wall
f25x7HEMm} —.llI

Muon wall
[15xFxEm)

Sarvics bunne

Oa-17 hall
BOS ubilities
penetration

@evary 100m {22 ea.)

ump station
[20x 10 10m)

Frersonal cross overs
very Sidm
Pri. cxieim)

BDS 4.5m dia. tung
D statian {2,226m)
120x1013m)

CES EXP: ~30% of BDS cost

- GOAL: review requirements, perform value engineering
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1o

may be
accessible
during run

Concept of single IR with two detectors

Slide as of
~QOct 2006

Motivation #2:
Goal: evolve from

“Power Point engineering”

| | u

\- to real engineering design
==

accessible

during run/

BDS: 54

N

detector
™ B

[

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




ip Work in preparation for IRENGO7

« WG-A, conveners meeting, July 5
« WG-A: Overall detector design, assembly, detector moving, + WG-D, conveners meeting, July 11

shielding. « WG-A, group meeting, July 12
— Including detector design for on-surface assembly and underground « WG-B, conveners meeting, July 13
assembly procedures. Beamline pacman & detector shielding... « WG-C, group meeting, July 17

» Conveners: Alain Herve (CERN), Tom Markiewicz (SLAC), . . i
Tomoyuki Sanuki (Tohoku Univ.), Yasuhiro Sugimoto (KEK) |, wg(B: g;gﬂg mg:t:zg’ jﬂ:z 32
*  WG-B: IR magnets design and cryogenics system design. , ywg.a group meeting, July 30

— Including cryo system, IR magnet engineering design, support, . . :
integration with IR, masks, Lumi & Beamcals, IR vacuum chamber... WG-C, group meet!ng, July 31
» WG-D, group meeting, August 1

» Conveners: Brett Parker (BNL), John Weisend (SLAC/NSF),

Kiyosumi Tsuchiya (KEK) « WG-B, group meet?ng, August 2
« WG-C: Conventional construction of IR hall and external * WG-A, group meeting, August 6
systems. « WG-C, group meet!ng, August 7
~ Including lifting equipment, electronics hut, cabling plant, services, ~ * WG-A, group meeting, August 13
shafts, caverns, movable shielding; solutions to meet alignment * WG-D, group meeting, August 15
tolerances... « WG-B, group meeting, August 16
» Conveners: Vic Kuchler (FNAL), Atsushi Enomoto (KEK), « WG-A, group meeting, August 20
John Osborne (CERN) _ _ » WG-C, group meeting, August 21
« WG-D: Accelerator and particle physics requirements. « WG-A, group meeting, August 27
— Including collimation, shielding, RF, background, vibration and « WG-C, group meeting, August 28
stability and other accelerator & detector physics requirements... + Conveners and IPAC mtg, August 29

* Conveners: Deepa Angal-Kalinin (STFC), Nikolai Mokhov + WG-B, group meeting, August 30

gnl\llél)_) Mike Sullivan (SLAC), Hitoshi Yamamoto (Tohoku « WG-B, group meeting, September 13

BDS: 55






Optimization was possible due to
work of IRENGO7 participants,
conveners, CFS group and in
particular CERN’s Alain Herve, John
Osborne and their colleagues

address safety and interference — offset the shafts

BDS: 57



= I Secondary m sha
g P : Main service
' ’ b ‘ cavern machine & Exp B

Single detector
access shaft

Second service
cavern Exp A

Was considered as value

engineering exercise. Was

found in principle possible.
> Exp B However it would create

\ disadvantages for one of
2,705 experiments and severe
173 Interference between them.
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To be considered as an alternative for IR
layout during EDR:

e

Two shafts offset from the main cavern on the diagonal, to address interferences (in
safety and schedule) between loading/unloading areas and working areas

BDS: 59




ilp Optimization of surface buildings

Considering common or
Independent building for surface
assembly of two detectors. Shared
or independent rented gantry
cranes, shared shaft cover, etc.

BDS: 60



Ajr-pads at CMS — move 2Q00

.'IP Moving the detector
1L




Details of the Push-Pull

configuration and of the platform
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.'Iﬁ IRENO7 : Experimental Cavern Criteria

o
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Converging on required
coverage and capacity
of the crane: one of the
drivers of the hall size



iln Post-IRENGO7 optimizations:
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Cross-section optimized for CER#I geology zE

Alain Herve, John Osborne et al
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Post-IRENGO7 optimizations:
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Cross-section being optimized for FNAL geology, Tom Lackowski et al

The RDR 400t crane configuration is planned to be replaced by ~100t version
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Shouita thoneie Cryo, shielding &
force neutral 47~ \ QDO design

______

Platform  z-10.m

—> practical design of integr. cryo system is needed

BDS: 67



e Shielding the IR hall
JLE

Without Iran yoke

Detectors with thick Iron yoke

LDG

T
Z.00e+03
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Al
ially for the 4™ concept is

nterference of movable
m.walls with cranes)
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| IR magnets and cryo
[ |
HHU connections

QDO Cryostat Grou

QF1 Cryostat Group

Cryogenic connection size
is driven by the distance
from heat exchanger and
the 2K heat load.

Space for warm kickers,
vacuum valves, and
pump-out ports.

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

Cryogenic Iine.f:?
connection to the
Service Cryostat

- —

{Interface )
ipoint tos
I

hall cryo”}

B
e E—————

SC has He-Il e
heat exchanger |

Force Neutral Anti-Solenoid overlaps part of QDO.
Service Cryostat
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2l Vacuum, FD mowvers, L*...
J1Y

Vacuum: possibly, need a pump in
IR region. Depend on IR pressure
requirements (- backgrounds) and
detailed design of chamber, its
coating, etc.

L*: Final focus length depends
on L* =>justification is
Important

Antisolenoid
(old lo€ation)

.
.:::J_:;.:ﬁ"ih o
\J
F

e Ze FD Cryostats

= Movers: need to allocate space for FD movers (in
addition to other supporting structures). At start,

Vertex Detector IP ¢ consider space previously allocated for antisolenoid
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http://www-conf.slac.stanford.edu/ireng07/
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Thank you for attention!

BDS: 71



J SiD r<50cm, L*=3.664m, 14mrad,
,'"_, Push-Pull, OF©@9.5m, Door Closed
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I
1o
LDC

Norbert Meyners

BeamCal

Weight ~7700t

12.4m
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ilp Compact GLD ( GLDc)
"o

L* for GLDc
Component Start Length
End cap yoke 3.7m
BCAL 3.8 m (note-1) 02m
BPM 40m 02m
QDO cryostat 42m 0.264 m
QDO coil (L) 4.464 m

L* of ~4.5 m seems adequate

[ 1 Main Tracker

Bl EM Calorimeter [] Muon Detector
[1 Hadron Calorimeter [ ] Endcap Tracker
B Cryostat

T.Tauchi, Y.Sugimoto
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