Beam Delivery Systems
at ILC-TDR

T. Tauchi (KEK)
ECFA LC2013, DESY, Hamburg, Germany, 27-31 May, 2013



"o
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In TDP | & Il plan,  Focus on a few critical directions. Selection criteria:
—Critical impact on performance versus cost;

—Advanced ideas promising breakthrough in performance;
—Broad impact and synergy with other worldwide projects
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ILC BDS, Ecn =500GeV

to accommodate the upgrade to 1TeV center-of-mass energy
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Horizontal crossing
angle =14mr

beam halo of 10-° hit the collimators
a few u / 150 bunches at IP
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Table 1: ILC BDS adjustable jaw collimators 1.” |
Device Absorber (cm) Power Full gap (mm) |
material (kW) min, max .‘
SPEX 3.6, Ti 0.01 1,10 |
SP1-5 2.1,Ti 0.01 1,10 \'
AB2-5  429,Cu 1-20 0,10 |
ABE 10.5, W 0.1 0,10 | - ‘
MSK1 10.5, W 0.01 NA - =
MSK2 10.5, W 0.01 =
e i

side walls with pumping
slots (1:1 aspect ratio,
about 40% transparency)

<l | == 21mm long Ti spoiler block with
——— g — Be tapers up- and downstream
LAY, |
I H. passive survival of spoilers up to
20mm ¢ beam pipe i NS | | two full charge bunch impacts at
N C\_ﬁ 250 GeV beam energy

= \ ‘

Y’
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3.9GHz Crab Cavity

2 cavities at 13.4m from IP, 2~3m long, the phase jitter < 61fsec
5MV/m enough for a 500GeV beam and 100% redundancy for
a 250GeV beam

Operating ™ mode: f=3.90304GHz

Field distribution for the operating mode of the 3.9 GHz crab cavity
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ILC-BDS/FF Optics
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Figure 8.3. BDS optics, subsystems and vacuum chamber aperture; S is the distance
measured from the entrance.
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U pStream P()la rimeter 0P/P ~ 0.1% averaging over 2 entire trains

1800m upstream from IP with opposite helicity
Magnetic Chicane Dipole 2 |«<— 8 m—| Dipole 3
<-8.1m—> 16.1m——| P4/ F5/P6 P7|P8IP9 |« 16 1m—>l<—8.1m—>]
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Figure 2.4.3: Schematic of the upstream polarimeter chicane.

Upstream Energy Spectrometer E=45.6GeV to 500GeV

700m upstream from IP

BPMs
SE/E ~ 10 A 3x ~ 500 nm
N~ 5 mm at center needed at least
— BPM BPM ——

Figure 2.4.1: Schematic for the upstream enerqy spectrometer using BPMs.
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Downstream Polarimeter and Energy Spectrometer

55m downstream from IP 150m downstream from IP
Energy Chicane Polarimeter Chicane
3E OE/E ~ 10 1P 2P 3P 4P
1E z~55.2m 7E also measures E tails z~120.7m +dz=20m +dz=12m +dz=20m
z~46.8m z~68.8m SR-shielding for Cherenkov Det.
Cherenkov det. / z~175m
Wigglers to produce SR strips i
Horizontal Bend Synchrotron Strip Detector | W[ \
Magnets z~147.7m, y=15.3cm p

z~52.2m z~65.7m

2mrad energy stripes =  ® 2 2 _--B°Y B 1 /4---KA- el
E (O]
o ¥
-------- 2 N
Vertical chicane |I| ---------------
with £2mr energy /
collimator 1G
g VﬁCU ul:gn : +dz=10m
o 10 m chamber Synchrotron Strip Detector 2G
YV «—> z~147.7m, y=—19.9cm +dz=10m

Figure 2.4.2: Schematic of the ILC extraction line diagnostics for the energy

spectrometer and the Compton polarimeter.

WISRD:Wire Imaging Synchrotron Radiation Detector
consisting of radiation-hard 100um quartz fibers
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Test Faclility : ATF2
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Chromaticity at quadrupole and sextuple magnets

Ey:fﬁy(m -nK2)ds ~ L*/ B*=104
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Jitter position error giving 2% effect on beam size

Field strength error giving 2% effect on beam size
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Static position error giving 2% effect on beam size

Magnet tilt error giving 2% effect on beam size
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Preliminary ATF2Z@KEK meas121221 183019

M=0.28 £0.03 ICT/10%=1.02 £0,11(rms)
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Figure 5.6: Laser-Compton beam size measurement performed in May
of 1994. The measured size is 7747 nanometers.

Modulation for 174deg Mode Both assumes no modulation reduction
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Figure 5.7: Histogram of measurements made during the last 3 hours
of the May, 1994 FFTB run. Average size measured was 77 nm, with

an RMS of 7 nm.

rms of laser size = 50um -> M reduction of 10%
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IR arrangements

QDEX1"
Warm Beam Pipes

FD Cryostat
Group 2

Figure 2.7-11 in RDR

Valves for Push Pull

QFEX2 \

second quadrupole
at EXT



IP beam feedback concept

Last line of defence
against relative

beam misalignment Kicker
Measure vertical /
position of outgoing @

beam and hence
beam-beam kick

angle \Q Processor °
Use fast amplifier and e i
kicker to correct BPM

vertical position of
beam incoming to IR

FONT - Feedback On Nanosecond Timescales
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ILC IR: SID for illustration

Oriunno

P. Burrows, ATF2 Technical Review, 3-4 April, 2013, KEK

20134 58 28H ANEH



Final Doublet Region (SiD)

~ Reacting bars

Cam/support ’

Feedback kicker

BPM Oriunno
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ILC-BDS/EXT Optics

Tom s

Disrupted beta and dispersion in the extraction line. 3.5m separation from
incoming beam
o p o %%g
- Beam with energy of greater - 0.09 &
1 than 40% to the dump . 0.08
- | | | No net bending , i.e. the same - 0.07
dump for Beamstrahlung i 0.06
| photons (< 0.75mr) e
_ - 0.05
. - 0.04
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Energy Polarimeter -
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electron beam —— 3cm circle by raster kickers

in a 15¢cm radius dump window



Total loss before dump collimators: 1.4 kW
At collimators 1,2,3: 7.7 kW, 177 kW, 45 kW

100 ————————— .
[ The total primary loss on the warm
! quadrupoles and bends is a few Watts,
—~ 80 _
= -
= |
— 60 -
2. I
2
o :
¢ 40 B -
o !
O i |
aw 20 - | . ' —
N ) AR Lt

0 o0 100 130 200

Distance from IP (m)

Figure 8.5. Power loss density in the magnet region for disrupted beam at 250 GeV,
for high-luminosity operation.
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Luminosity degradation due to the collimators

ILC-TDR : collimation depth = 90x x 650y, Aexy/exiy=0.08%/4.4%

1. Collimation depth, wakefield and emittance growth

ILC-TDR’
Caep y= Oymax/ g*y/safety factor — 34.6(y), 6.6(x)@Eb=100GeV
Ay =0.0482 r-1 Cdepy 5 €075 — 4.4 O3(y), 1BX)@CLIC
Emittance growth in y = (0.4*Jitterrain*A y)2 — 0.12

Values in ILC-TDR’ (CLIC-CDR) ;

6ymax = 1 mrad, e.g. no syn.rad hit 20mm @ beam pipe for £10m around IP
safety factor = 1.6

Jittertain = 0.2 (0.2), scaled by beam size with “FONT” feedback
note: emittance growth « Jitter*2

Jitterp b = 0.1 (0.05), scaled by beam size
2. Bunch-to-bunch jitter effect on the luminosity
Ob b= Jitterp p*(1+ Ay 2)05, jitter amplification  — 0.45
Lo b - ALb b= EXP(-(0bb?2)/4) — 0.95 ~0.95

3. Energy jitter at the collimators 1% jitter — 2.2% emittance growth
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Second Cryostat Grouping
SF1/

First Cryostat Grouping

SDo/
14 mr 0Co

g_ -.
-— - 'o—— - e e
IP- "~ LLMA
1meter

Schematic layout of magnets in the IR.

no anti-solenoid

Engineering model of the detector-mounted final-
focus magnets. The QDO magnet is split into two
coils to allow for energy flexibility.
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Synchrotron radiations at QDEX1A, 6m from IP

Ecm=250GeV
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Beam dump

1.8 m-diameter cylindrical stainless-steel high-pressure (10 bar) water
vessels with a 30 cm diameter, 1 1m(30Xo) length, 1 mm-thick Ti window.
temp in K

4.28e+02

18MW/500GeV per beam
o+ Waterin z=2.8m (8.1Xo)
__w»Water Out Maximum temperature = 155°C
~73°

with the beam train passage
50°C and beam sweep radius 6¢cm

Inlet Header

Water In

The pressurisation raises the boiling
temperature of the dump water; in the
event of a failure of the sweeper, the
dump can absorb up to 250 bunches
without boiling the dump water

Electron Beam
Entry

Inlet Header  Outlet Header  End Wall
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Shielding and protection of site ground water
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Fig. 29. Power depositions in the entire dump region (average of y=-342.5 cm and +342.5 cm).
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Remarks of Wakefield effects in the BDC, ILC

In the BDS of the ILC the RW wakefield of the beam
pipe and the geometric wakefield of the transitions, coupled
with incoming (transverse) drift/jitter and/or beam pipe
misalignment, will generate emittance growth. To keep the
growth to an acceptable level, the BDS vacuum chamber
needs to be coated in copper and aligned to an accuracy of
100 pm rms, and the incoming beam jitter needs to be lim-
ited to %ay train-to-train and %Uy within a train. Then this
source of emittance growth will be kept to 1-2%.

dipole resistive wall (RW) with SS beam pipes : W = 56V/(pC-mm-km)
step of beam pipes : W=0.36V/(pC-mm), ai=1cm, az large

WAKEFIELD EFFECTS IN THE BEAM DELIVERY SYSTEM OF THE ILC, K. Bane, A. Seryi,
Proceedings of PACO7, Albuguerque, New Mexico, USA
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Conclusions

1. ATF2 is successfully operated as the FF prototype, i.e. small
beam size and nanometer stabilization, at ILC and at CLIC in future.
The local chromaticity scheme is experimentally verified at ATF2.

2. Major components have technical designs to be able to evolve
Into engineering ones.

3. Commissioning strategy should be made with and without
detectors.

4. Collaboration with CLIC-BDS should be promoted as much as
possible.
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