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ILC® next generation collider
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Time Table for China on ILC Collaboration
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ILC R&D In Relation with Chinese
Accelerator Activities
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Subjects of R&D on ILC
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Experimental Basis for the ILC Design
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Key technologies in ILC
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Researches in ILC
global design, beam dynamics

and damping ring
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Since 2005 work on ILC beam dynamics

AREEN] W E S B E Val 30, Supp. |
200672 7 HIGH ENERGY PHYSICS AND NUCLEAR PHYSICS Feb, 2006

¥ i ¥ ¥ ] *
Parameter Choice for International Linear Collider (ILC

Talk given at Snowmass
ILC GDE meeting in 2005

(Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China)

(GAO Jigt

Abstract In this paper a general procedure to determine linear collider parameters s given, As an

example, a parameter |ist is proposed for [LC with very low bunch charge. The maim aim of this paper is
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Parameters (selected) for 500 GeV Ecm

Nominal Low Q Large Y Low P Very low Q
® IHEP

N/bunch 2E10 1E10 2E10 2E10 6E9
Nb/pulse 2820 5640 2820 1330 5376
Tsep(ns) 307.7 153.8 307.7 461.5 150
|_b (MA) 10.4 10.4 10.4 6.9 6.45
g ¥ (E-8m) 4.0 3.0 8.0 38 2.72
b*x (mm) 20 12 10 10 12
b*y (mm) 0.4 0.2 0.4 0.2 0.16
sx (nm) 655 495 495 452 310
sy (nm) 5.7 3.5 8.1 3.8 3
sz (mm) 0.3 0.15 0.5 0.2 0.12
Dy 18.5 10.0 28.6 27.0 9
dB 0.022 0.018 0.024 0.057 0.03
| x—c o | 0.167 0.096 0.107 0.167 0.075
ats Gev




Parameters (selected) for 500 GeV Ecm 2
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Very Low @ Parameter Set

J. Gan proposed a “Ver Low ' pa
[40% lower than the nominsal). This demands more bunches (§000), a shorter bunch
(120 pm), g higher repetition rate (8 Hz) together with a tight focusing at the IF The

main motivation is to reduce the space-charge effect in the Damping Ring no need of
the coupling bump) and a smaller disruption (D,=9%). With this parameter set the BCD
smaller IF spot size (horizontally and wertically) and the shorter bunch is wery much

demanding. It is necessary to evalusate if these demands balance the relaxed effects of

the spagecharge and the disruption.

Smaller HNumber of Bunches with Higher Rep Rate

2. Guidueci suggested reducing the mumber of bunches by 2 (as in the low P set), ut
maintaining the lms pulse. Tuminosity is recovered by increasing the repetition rate to
10 Hz, requiring e factor of two in the demping time (possible with a factor two shorter
ring, assuming the same kicker rise time). The resulting factor two drop in linac heam (=
current reduces the pesk beam power by a factor of 2 and could potentially save half
the 10RIW llystrons: but the fill time also increases, thus reducing the efficiency and
increases the dynamic cryoload by a factor of two, Increasing the vertical emittance by
a factor of two, while reducing the horizontal emittance by the same factor was also
discussed [(Guiducci); this option incresses the beamstrahlung by a factor of four,
however, assuming that no modifications to the demagnification in the final focus are

made.
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Since 2005 work on ILC beam dynamics

2008. 3 at Sendai ILC GDE meeting ILC Damping ringOCS8 (TME
lattice) was replaced by modified FODO type lattice pushed by IHEP ILC
group since 2006
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FIG. 1. (Color) FODO damping ring layout.
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ILC Damping Ring Design
Y.P. Sun, J. Gao, Z.Y. Guo, W.S. Wan

PHYSICAL REVIEW SPECIAL TOPICS - ACCELERATORS AND BEAMS 11, 061001 (2008)

[nternational Linear Collider damping ring lattice design based on modified FODO arc cells

Y P Sun'*" 1. Gao’ Z.Y. Guo." and W. 8. Wan’

\ev Labertory of Heavy lon Physics, Ministry ﬂf Education & School of Pﬁwrr:s Feking University, Beijing 100871 China
Institute af HighEnerey-Ploysics Chinese Academy of ScienceBeifmy 100099, China

*Lawrence E'fdrfiﬂ' "n.fﬂrmnm’ Laboratory, Bfrkf.’ﬂ California 94720, USA
[Recﬂwa:l 2 October 2007, puhhsha:l 23 June 2008)

In this paper, we present a new lattice design for the International Linear Collider (ILC) pasitron
damping ring. The same lattice could be used also for the electron damping ring. This lattice is based on
modified FODO arc cells, and has a freely tunable momentum compaction factor from 2 % 10~ to 6 %

_10~*, In comparison with the baseline design which uses the theoretical minimum emittance arc cells, the
advantages of this design are: freely tunable momentum compaction factor; smaller number of quadrupole
and sextupole magnets; larger dynamic aperture; simplified layout and lower cost. The design principles
and analysis techniques used in this paper to change the momentum compaction factor by a large amount
while keeping a very low emittance and large dynamic aperture are very important for the ILC damping
ring; at the same time it could be very useful for any high bunch density storage ring.

DOL: 10.1103Phy=RevSTAB. 11.06100] PACS numbers: 20.20.db, 20.27R4, 21.10Tg



ILC main linac beam dynamics

Miss WANG Dou worked at CERN with Dr. D. Shulte on
beam dynamics of ILC started from Oct. 1 for three months,
and later to KEK working with Dr. Kubo since Jan. 2009.
Subjects of research:

1) RTMLSs, booster (CLIC)

2) Emittance perservation in main linacs (ILC).
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ILC main linac beam dynamics
In collaboration with KEK K. Kubo

o =9 mm
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Emittance growth study
In bunch compressors
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Collaborate with KEK on the beam dynamics with K. Kubo
(WANG Dou visit KEK 3month in 2009)
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On CLIC main linac beam dynamics
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Collaborate with CERN on the Design Study of the
Linac with FODO Lattice, with D. Schulte
(WANG Dou visit CERN 3month in 2008)
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ILC R&D KEK ATF A ATF2
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ILC -IHEP on ATF2

-Final Focus

Diagnostics
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3 Doples ready
for delivery from
IHEP to KEK
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IHEP - LAL/Orsay Collaboration under FCPPL
on ILC/ATF2 final focus theoretical research

Variable beam size at IP

ADecrease b, to get the minimum W, ~20nm, b,, =3! 10°m

Experimental Goal * Beamsize ~35nm (now down to 20nm)
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The vari abl e Db*

AFor the designed ATF2 optics, the focal lengths are already fixed, so
readjusting the Twiss parameters of the injected beam is the only way if the
telescopic property is to be maintained.
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A A minimum beam sizéy:ZBnm at the nominal IP is
achieved whei, is about four times smallemp/p=0.001

( Gaussian fit to core )

| Variable ATF2 beam size I
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IHEP - LAL/Orsay Collaboration under FCPPL
on ILC/ATF2 final focus theoretical research
And experiments
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ILC effort on positron source
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Experimental set-up at KEK-ATF

10W-1064nm polarized laser
stored in the optical cavity

Interacts with 1.28Gev electron
beam to produce polarized
Gamma ray.

1.28 GeV S-band Linac
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IHEP - ILC Group Collaborate with KEK on
Positron Source Studies at ATF
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Experiment set-up at KEK ATF
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Priliminary experimental results
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Collaboration between IHEP and
LAL on positron source will start

Crystal Amorphous

IHEP: G.X.Pei + Ph.D Students
LAL: R. Chehab group



ILC effort on SC technology
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Low loss type cavity design

/\qi

¢

s

~

e

— e— — c—

CCv ‘+y axis

e00s 5 17 '

1.3GH2
a

1 H
W
A

-~

fo~

cell

L. (mm)

~ g
R _(mm)
D (mm)

A

2 |2 |2

=4

m
MHZ

G=RQ (Ohm)
R/Q (Ohm)

E.'J/E acc

a (mm)
b (mm)
A (mm)
B (mm)

H/E ... (Oe/(MV/m))
Ke e~

115.38

30
196.66
7.25
9.05
50.00
34.50

1300
285
133.1
2.3
36.06
1.54

115.38
1
30
196.66
7.25
9.05
50.00
34.50
100
1289.34
283
138.2
2.1
35.46



10N

Fabricat

Large grain

Fine grain






IHEP fabricated 6 single cavities

Two large grain cavities



IHEP made Saitotype CBP
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CBP processing
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1-2. Hvdrogen Q-disease check

Following the IHEP LG#2 2™ test, the cavity was exposed 100K for 36 hr 1o see
hydrogen Q-disease.

No hvdrogen Q-disease was found.

China cavity processing has been qualified from point of view hvdrogen Q-disease.
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Comparison between NingXia large grain and fine grain cavities

[HEP#3 has achieved 33.7MV/m but heavy Q-slope appeared even after baking (12090 48hr).
Q-slope in chemical polished cavity is not always removed by baking. 1t will be recovered by
EP+ Baking l'l1l'm1u||;4|n:])' Iis schedule 15 too hight 1o confu i,
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1-3. Qualification of China Processing technology (CBP+AN+BCP+Baking)

To qualify China cavity processing (CBP+Annealing+BCP+Baking). IHEP LG#1 cavity was tested, which

was fabncated and made CBP+Annealing in [HEP side. The cavity was taken BCP 10um + HPR( 1 5min) +

Baking(48hr) a1 KEK. The cavily test result was compared with THEP LG#1 result (2 measurement). Both
showed very smilar result.

Thus China cavity processmg technology has been successfully qualified.
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3. Effort for high gradient on Large grain cavity by BCP

High gradient study was made using I[HEP LG#1 and #2.
#2 cavity has achieved Eacc 40MV/m afier total material removal of
200pm by BCP.
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3. Effort for high gradient on Large grain cavity by BCP
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2006 KEK-IHEP made 3 LLSC with Ning Xia
large grain material at KEK

With EP, Emax48 MV / mA

# V.T. Surface Treatments E§ﬁ111331 n %En)
Ist  CPB+CP(10)+EP(30+3)+Baking(12hrs) 24.02 6.08

4 2nd EP(30+3)+Baking(120*48hrs) 22 3.15

L 3ed EP(30+3)+Baking(130C*48hrs) , 5.79
4th HPR-+Flashing(3 hrs) | 47.9 3.05

4, lst  CPBCP(10)1EP(80+3)+Baking(12hrs) 133 1.95

. 2nd Additional Baking(12 hrs) 43.2 2.65

43 st CP(10)+EP(30+3)+Baking(48hrs) 13.09 415




Chinese Large Grain LLSC Cavity at KEK




IHEP Innovation Program for SCRF

IHEP Innovation Program Project :

A1.3 GHz SCRF Accelerating Unit and
Horizontal Test Stand R&D

Arpproved: July. 2008
ATime: 200&K 2011 ( ~ 3 years)

ABudget: 1.8 M USD (12.5 M RMBY arrived
8.75M RMB)

AProject leader: Jie Gao

In the framework of ILC international
collaboration

AProject team: 30 members from IHEP, TIPC and
Tsinghua Univ.

Initial R&D has been implemented for 3 years

Cto n Linacs

IHEP Route Map (accelerator-based only)

2008 2010 2012 2014 2016 2018 2020
| | | | | | |
IHEP Innovation Horizontal Test Stand operation
Program ( 3 years) Projects SCRF R&D
SRF 1 — —] ’
Technology ﬁ
/ BEECIL . HEP Plan BEPCIII \
operation :
. - >
High Energy :
Physics ILCR&D (SRF) international collaboration ; ILC construction
.................................................... >
BSRF operation BEPCIII-BSRF
Light

New Light Source Plan

5 GeV ERL construction

New Light Souce Design
Sources

ERL Test Facility (100 MeV)

1 CSNS-I construction 1 CSNS-I operation

II CSNS-Il construction

High Current |\ cen (RFQ. Spoke)

I ADS TF (150 MeV) I | 2 Gev ADS construction |

4

Aims:

ATo provide key technologies of the next generation
accelerators for IHEP and China

i face challenges and opportunities both at home and
abroad

i provide common SCRF technologies, facilities and test
stands

I fabricate components and systems at home
ATo make Chinaés contri
SCRF community

i ILC specifications as the project goal

I international collaboration within ILC ommunity and
others

butii

on



Superconducting Accelerating Unit Project

5 subsystemgand the system leaders):

1. Cavity Package and Horizontal Test

T two low loss type & cell cavities using large grain niobium from
Ningxia, China

i one bare tube (2009), one with full end group (2062010)

2. Cryomodule and Cryogenics

I EuroK XFEL (3G) and ILC (4G) as crymodule design reference

3. High Power Input Coupler

i two double window input couplers with variable coupling

mechanism el
I module structure (Matsumoto, KEK) 1. accelerating gradient of 20 K 31.5 MV / m for
4. LLRF and Tuner the cavity horizontal test
I FPGA & DSP, slide tuner (Noguchi, KEK)
5. SCRE Lab and Facilities 2. 2.300 kW (5 Hz, 1.5 ms pulse, SW) power

through the high power input coupler during

I facilities upgrade for cavity processing, pretuning, vertical and Y Nl e

horizontal test
i compatible as much as possible with BEPCII 500 MHz spare cavity| 3. 3. LLRF Lorentz tuning phase stability 0.1
and cryostat usage degree, amplitude stability 0.1 %

4. lab and facility capability for the 9K cell cavity
processing (except EP)




Cryomodule R&D Progress
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