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Introduction to ILC
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ILC̔next generation collider
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BEPC II

Energy frantier
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In Sept. 2008

ILC

Now: 1.8¦10^32(1/cm^2/s)



~30 km long tunnel

Particle Detector

Main Research Center

Two tunnels
ω accelerator units
ω other for services - RF power

ILC
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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

8

ILC Damping Ring

SC cavity Cryomodule

Final focus ATF2

magnets, optics, and 

experimentsPositron source

LLRFɻ

instrumentation

Beam dynamics

High power 

coupler

Bunch compressor



Experimental Basis for the ILC Design

Linac rf 

system

BDS & IR

Damping

Rings
e+ / e- Sources

Bunch Compression

SLC, E-158

SLC and

(ATF2 in the future)

SLC, FFTB, ASSET, E-158

ATF, 3rd Gen Light Sources, SLC

ePreservation

TESLA Test Facility 

(SMTF & STF in the future)

SLC and FELôs
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Key technologies in ILC



Researches in ILC

global design, beam dynamics 

and damping ring
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Since 2005 work on ILC beam dynamics

Talk given at Snowmass

ILC GDE meeting in 2005



Parameters (selected) for 500 GeV Ecm

Nominal Low Q Large Y Low P Very low Q

̂IHEP̃

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

I_b (mA) 10.4 10.4 10.4 6.9 6.45

gey (E-8m) 4.0 3.0 8.0 3.5 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

at 5 GeV

0.167 0.096 0.107 0.167 0.075
,| |sc yx



Parameters (selected) for 500 GeV Ecm - 2

BCD



2008. 3 at Sendai ILC GDE meeting ILC Damping ring  OCS8 (TME 

lattice) was replaced by modified FODO type lattice pushed by IHEP ILC 

group since 2006
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Since 2005 work on ILC beam dynamics



ILC Damping Ring Design

Y.P. Sun, J. Gao, Z.Y. Guo, W.S. Wan
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ILC main linac beam dynamics
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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) RTMLs, booster (CLIC)

2) Emittance perservation in main linacs (ILC).



ILC main linac beam dynamics 

in collaboration with KEK K. Kubo
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Couplerõs wakefields

Emittance growth study
in bunch compressors

PH.D student WANG Dou

Collaborate with KEK on the beam dynamics with K. Kubo 
(WANG Dou visit KEK 3month in 2009)



On CLIC main linac beam dynamics
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Booster

PAC09 paper̔Design Study of the CLIC Booster Linac with FODO Lattice

Collaborate with CERN on the Design Study of the CLIC Booster 
Linac with FODO Lattice, with D. Schulte 
(WANG Dou visit CERN 3month in 2008)



ILC effort on ATF2
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ILC R&D  KEK ATF Ą ATF2



ILC -IHEP on ATF2



ATF2 Construction

Jan.1.08

Jul.2.08

May.12.08

IHEP fabricated magnets

Q magnets arrived at KEK

3 Doples ready
for delivery from 
IHEP to KEK



Variable beam size at IP 
ÅDecrease bIP to get the minimum ŵIP ~20nm, bIP =3¦10-5m

IHEP - LAL/Orsay Collaboration under FCPPL
on ILC/ATF2 final focus theoretical research 

Ph.D Student Sha BAI

J. Gao (IHEP)
P. Bamdabe (LAL)

Sha BAI stayed at 

LAL for 10 months 

under the support of 

French Foreign 

Affaire Ministry in 

2007-2008

Experimental Goal ̔Beamsize ~35nm (now down to 20nm)



The variable ɓ* parameter

ÅFor 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.

QM12,13,14,15,16



Å A minimum beam size ůy=23nm at the nominal IP is 

achieved when ɓy is about four times smaller. ȹp/p=0.001

( Gaussian fit to core )

minimum

ÅThe nominal ɓx case  has a smaller minimum ůy than the 

half ɓx case.



IHEP - LAL/Orsay Collaboration under FCPPL
on ILC/ATF2 final focus theoretical research
And experiments 

 

First ATF2 experimental result



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.



IHEP - ILC Group Collaborate with KEK on 
Positron Source Studies at ATF

IHEP - ILC member X.P. Li and G.X. Pei collaborate 
with Omori



accuracy ~ 0.8 mm

electron beam

Horizontal Vertical

Optical cavity

Cavity position is moved

Experiment set-up at KEK ATF



Priliminary experimental results

1 gamma

2 gamma

⌠ Gammaᾣ

Measured Gamma ray energy spectrum



Collaboration between IHEP and  

LAL on positron source will start

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

1.3GHz cell ᵞ ï 0

á 1 1

ᾝ Lc (mm) 115.38 115.38

ẁ ̂£̃ 1 1

Ri (mm) 30 30

D (mm) 196.66 196.66

a (mm) 7.25 7.25

b (mm) 9.05 9.05

A (mm) 50.00 50.00

B (mm) 34.50 34.50

̂mm̃ ̇ 100

f 0 ̂MHz̃ 1300 1289.34

G=Rs*Q (Ohm) 285 283

R/Q (Ohm) 133.1 138.2

Ep/Eacc 2.3 2.1

Hp/Eacc (Oe/(MV/m)) 36.06 35.46

Kcĉ˿̃ 1.54 ̇



Fabrication

Fine grain Large grain



Fine grain Large grain



IHEP fabricated 6 single cavities

Two large grain cavities



IHEP made Saito-type CBP

ῤ ѿҩ ȁ└
Saito Type ᾣ ̂CBP̃



CBP processing

after 100 ɛmremoved

before







ⱴ 40 MV / m̆ᾢ 4 ̆
̆ ᾣ ץ
⌠ ׆̆ ₮ ᴨ



2006 KEK-IHEP made 3 LLSC with Ning Xia

large grain material  at KEK

With EP, Emax=48 MV / mȂ



Chinese Large Grain LLSC Cavity at KEK



IHEP Innovation Program for SCRF

IHEP Innovation Program Project :

Å 1.3 GHz SCRF Accelerating Unit and 

Horizontal Test Stand R&D

Å Approved: July. 2008

Å Time: 2008К2011 ( ~ 3 years)

Å Budget: 1.8 M USD (12.5 M RMB) ̂ arrived 

8.75M RMB)

Å Project leader: Jie Gao

In the framework of ILC international 

collaboration

Å Project team: 30 members from IHEP, TIPC and 

Tsinghua Univ.

Initial R&D has been implemented for 3 years

Aims:

Å To provide key technologies of the next generation 

accelerators for IHEP and China

ïface challenges and opportunities both at home and 

abroad

ïprovide common SCRF technologies, facilities and test 

stands

ïfabricate components and systems at home

Å To make Chinaôs contribution to the ILC SCRF TDR and 

SCRF community

ïILC specifications as the project goal

ïinternational collaboration within ILC ommunity and 

others



Superconducting Accelerating Unit Project

5 subsystems (and the system leaders):

1. Cavity Package and Horizontal Test 

ïtwo low loss type 9Кcell cavities using large grain niobium from 

Ningxia, China

ïone bare tube (2009), one with full end group (2009-2010)

2. Cryomodule and Cryogenics 

ïEuroКXFEL (3G) and ILC (4G) as crymodule design reference

3. High Power Input Coupler 

ïtwo double window input couplers with variable coupling 

mechanism

ïmodule structure (Matsumoto, KEK)

4. LLRF and Tuner 

ïFPGA & DSP, slide tuner (Noguchi, KEK)

5. SCRF Lab and Facilities 

ïfacilities upgrade for cavity processing, pretuning, vertical and 

horizontal test

ïcompatible as much as possible with BEPCII 500 MHz spare cavity 

and cryostat usage

Goals:

1. accelerating gradient of 20 К 31.5 MV / m for 

the cavity horizontal test

2. 2. 300 kW (5 Hz, 1.5 ms pulse, SW) power 

through the high power input coupler during 

the horizontal test

3. 3. LLRF Lorentz tuning phase stability 0.1 

degree, amplitude stability 0.1 %

4. lab and facility capability for the 9Кcell cavity 

processing (except EP)



ÅFirst blue print 

Cryomodule R&D Progress


