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Energy Frontier e+e- Colliders 

LEP at CERN, CH 

Ecm = 180 GeV 

PRF = 30 MW 

ILC 
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Why a Linear Collider? 

B

Synchrotron Radiation from 

an electron in a magnetic field: 
22
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Energy loss per turn of a 

machine with an average 

bending radius : 

Energy loss must be replaced by RF system 

cost scaling $ Ecm
2 
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Solution: Linear Collider 

  No Bends, but lots of RF! 

e+ e- 

~15-20 km 

For a Ecm = 1 TeV machine: 

Effective gradient G = 500 GV / 15 km 

= 34 MV/m 

Note: for LC, $tot  E 
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A Little History 

A Possible Apparatus for Electron-Clashing Experiments (*). 

M. Tigner 

Laboratory of Nuclear Studies. Cornell University - Ithaca, N.Y. 

M. Tigner,  

Nuovo Cimento 37 (1965) 1228 

“While the storage ring concept for providing clashing-

beam experiments (1) is very elegant in concept it seems 

worth-while at the present juncture to investigate other 

methods which, while less elegant and superficially more 

complex may prove more tractable.” 
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A Little History: 1994 

TESLA SBLC JLC-S JLC-C JLC-X NLC VLEPP CLIC 

f  

[GHz] 
1.3 3.0 2.8 5.7 11.4 11.4 14.0 30.0 

L1033 

[cm-2s-1] 
6 4 4 9 5 7 9 1-5 

Pbeam 

[MW] 
16.5 7.3 1.3 4.3 3.2 4.2 2.4 ~1-4 

PAC 

 [MW] 
164 139 118 209 114 103 57 100 

ey 

[10-8m] 
100 50 4.8 4.8 4.8 5 7.5 15 

sy* 
[nm] 

64 28 3 3 3 3.2 4 7.4 

Ecm=500 GeV 
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TESLA SBLC JLC-S JLC-C JLC-X/NLC VLEPP CLIC 

f  

[GHz] 
1.3 5.7 11.4 30.0 

L1033 

[cm-2s-1] 
34 14 20 21 

Pbeam 

[MW] 
11.3 5.8 6.9 4.9 

PAC 

 [MW] 
140 233 195 175 

ey 

[10-8m] 
3 4 4 1 

sy* 
[nm] 

5 4 3 1.2 

Ecm=500 GeV 

A Little History: 2003 
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TESLA SBLC JLC-S JLC-C JLC-X/NLC VLEPP CLIC 

f  

[GHz] 
1.3 

L1033 

[cm-2s-1] 
34 

Pbeam 

[MW] 
11.3 

PAC 

 [MW] 
140 

ey 

[10-8m] 
3 

sy* 
[nm] 

5 

Ecm=500 GeV 

As of August 20th 2004 



Nick Walker - DESY J.A.I. Lecture • Oxford • 3.02.2005 

ILC SBLC JLC-S JLC-C JLC-X/NLC VLEPP CLIC 

f  

[GHz] 
1.3 

L1033 

[cm-2s-1] 
20 

Pbeam 

[MW] 
5-23 

PAC 

 [MW] 
140-300 

ey 

[10-8m] 
3-8 

sy* 
[nm] 

3-8 

Ecm=500-1000 GeV  

As of August 20th 2004 

The ILC will be based on SCRF (TESLA 

Technology), but will be designed by a 

global collaboration. 

 

Much of the layout & parameters will be re-

evaluated in light of what has been learnt 

over the last few years (ILC-TRC, US-

Options study, ITRP) 
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ILC SBLC JLC-S JLC-C JLC-X/NLC VLEPP CLIC 

f  

[GHz] 
1.3 30.0 

L1033 

[cm-2s-1] 
20 21 

Pbeam 

[MW] 
5-23 4.9 

PAC 

 [MW] 
140-300 175 

ey 

[10-8m] 
3-8 1 

sy* 
[nm] 

3-8 1.2 

Ecm=500-1000 GeV  

As of August 20th 2004 

R&D on the two-beam CLIC 

concept continues as a possible 

future upgrade path to multi-

TeV 
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ILC Design Issues 

ILC Parameters 

Energy Reach 

2
cm fill linac RF

E b L G

Luminosity 
2

* *
4
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s s
 



Nick Walker - DESY J.A.I. Lecture • Oxford • 3.02.2005 

The Luminosity Issue 

D

yx

repb
H

fNn
L 

**

2

4 ss

Beam-beam 

enhancement 

factor 

(pinch effect) 

particles per bunch 
No. bunches in bunch train 

repetition rate 

LEP frep = 40 kHz 

ILC frep = 5 Hz! beam cross-section at 

Interaction Point (IP) 

LEP: 1306 mm2 

ILC: 5505 nm2 
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tiny vertical emittance 

strong focusing at IP (short bunch length sz) 
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degrades luminosity spectrum 

beam-beam backgrounds (pair production) 

generally constrained to a few % 
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Why SCRF? 

• Low RF losses in resonator walls 
(Q0  1010 compared to Cu  104) 

 

– high efficiency AC beam 

 

– long beam pulses (many bunches)  low RF peak 

power 

 

– large bunch spacing allowing feedback correction 

within bunch train. 
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Why SCRF? 

• Low-frequency accelerating structures 
(1.3 GHz, for Cu 6-30 GHz) 

 

– very small wakefields 

 

– relaxed alignment tolerances 

 

– high beam stability 
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TESLA Nine-Cell 1.3GHz Cavity 

~1m 

Goal of TESLA Collaboration for the last 10 years: 

Reduction of cost by factor of 20! (achieved!) 
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ILC Possibilities 

33km 
47 km 

TESLA TDR (2001) 

500 GeV (800 GeV) 

US Options Study (2003) 

500 GeV (1.3 TeV) 
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ILC Baseline Design 
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Main SCRF Linac 



Nick Walker - DESY J.A.I. Lecture • Oxford • 3.02.2005 

Cavity Shape 
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Reference Cavity Design 

1 9-cell 1.3GHz Niobium Cavity 

~1m 
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Minor Enhancement 

Small modification to 

cavity shape reduces peak 

B field. 

~10% in field 

(almost for free). 

Consider as safety margin. 
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Radical Change 

More radical concepts potentially offer 

greater benefits. 

But require major new infrastructure to 

develop. 
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Cryomodule Variants 

TTF CM already 3rd 

generation 

      TTF   ILC 

# cavities   8   12? 

spacing      3l/2   l/2? 

quad loc.    end   centre? 

Main emphasis is on 

- industrialisation  

- reliability 

- cost optimisation 

XFEL 
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Auxiliaries 

TTF TYPE-III 

HP Coupler 

INFN blade tuner 

SACLAY tuner (type III) 

industrialisation – cost – reliability  
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RF Power source & Distribution 
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Klystron Development  
THALUS [in use at TTF]  

CPI 

TOSHIBA 

10MW 1.4ms Multibeam Klystrons 

 ~650 for 500 GeV 

 +650 for 1 TeV upgrade 
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Klystron Development  

• Some alternatives to existing MBKs 

being discussed: 

– ~3600 (Ecm = 500GeV) pencil beam 

1.7MW klystrons 

– 10MW PPM focused MBK 

– 10MW PPM focused SBK 

(sheet-beam klystron) 

 

 
XFEL R&D at DESY is currently pursuing industrialisation and 

mass-production of existing 10MW MBK klystron technology 
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The Main Linac 

36 9-cell 1.3GHz Niobium Cavity 

3 Cryomodule 

1 10MW Multi-Beam Klystron 

10MW klystron 

RF distribution also 

being re-discussed 

(ideas for cost 

reduction) 
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Cryohalls 

LINAC 

tunnel Refrigerators 
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Main Linac: The Cost Driver 

• Biggest single cost item 

• 10 years of R&D by the TESLA collaboration 

has produced a mature technology 

– But we’re not quite there yet… 
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Main Linac: The Cost Driver 

• Primary focus of future R&D should be  

– successful tech. transfer to industry 

– cost reduction through industrialisation 

– need extensive effort to achieve high reliability !!! 

• XFEL project is already doing much of this within 

Europe 

• Within ‘brave new ILC world’, there is still room 

for discussion 

– One important question:  

“What should the design gradient be?” 
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Gradient 
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Gradient versus Length 

• Higher gradient gives shorter linac 

– cheaper tunnel / civil engineering 

– less cavities  

– (but still need same # klystrons) 
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Gradient versus Length 

• Higher gradient gives shorter linac 

– cheaper tunnel / civil engineering 

– less cavities  

– (but still need same # klystrons) 

 

• Higher gradient needs more refrigeration 

– ‘cryo-power’ scales as G2/Q0 

– cost of cryoplants goes up! 
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Simple Cost Scaling 

R
e
la

tiv
e
 C

o
s
t 

Gradient MV/m 

2
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$
lin

cryo

a G
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G Q
 

general 

consensus that 

35MV/m is 

close to 

optimum 

 

However 

Japanese are 

still pushing 

for 40-

45MV/m 

 

30 MV/m 

would give 

safety margin 

C. Adolphsen (SLAC) 
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Global SCRF Test Facilities 

• TESLA Test Facility (TTF) 
currently unique in the world 
VUV-FEL user facility 
test-bed for both XFEL & ILC 

 

• US proposed SMTF 
Cornell, JLab, ANL, FNAL, LBNL, LANL, MIT, 
MSU, SNS, UPenn, NIU, BNL, SLAC 
currently requesting funding 
TF for ILC, Proton Driver (and more) 

 

• STF @ KEK 
aggressive schedule to produce high-gradient 
(45MV/m) cavities / cryomodules 

 

All facilities will 

be discussed at 

TESLA 

Collaboration 

Meeting 

30/3-1/4 at 

DESY 

Others (UK proposals?) 
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ILC Baseline Design 
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ILC Damping Rings 

• Long pulse: 950ms  c = 285km!! 

• Compress bunch train into 18km (or less) “ring” 

• Minimum circumference set by speed of 

ejection/injection kicker (20ns) 

• TESLA TDR solution: unique “dog-bone” 

design with 90% of ‘circumference’ in linac 

tunnel. 
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Damping Rings 

Need to compress 300 km (~1ms) bunch train into ring 

Compression ratio (i.e. ring circumference) depends on speed of 

injection/extraction kicker. 
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Beam Delivery System Functionality 

• Focus and collide nanobeams at the 

interaction point (IP) 

• Remove (collimate) the beam halo to reduce 

detector background 

• Provide beam diagnostics for the upstream 

machine (linac) 

Each one of these is a challenge! 
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Focusing and Colliding 

Nanobeams 

• Final Focus Systems (FFS) need to provide 
very strong defocusing of the beams 

• Correction of chromatic and geometric 
aberrations becomes principle design 
challenge 

• A consequence: systems have extremely 
tight alignment (vibration) tolerances 

– stabilisation techniques a must! 
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1

chrom atic correction

Local correction 

with D’ at IP 

[Raimondi, 2000] 

Non-local 

correction (CCS) 

[Brown, 1985] 

Two Concepts 
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Real World Solutions 
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Non-local design 

First clear advantage:  

500m versus 1800m 

Local (Raimondi) design 
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IP Fast (Orbit) Feedback 

Beam-beam kick 

Long bunch 

train: 

~3000 bunches 

tb = 337 ns 

Multiple feedback 

systems will be 

mandatory to 

maintain the 

nanobeams in 

collision 
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Beam Delivery System Issues 

very active (international) group! 
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BDS Strawman Model 

Discussion on angles between the Linacs was again hot: 

• Multi-TeV upgradeability argument is favoured by many 

• Small crossing angle is disfavoured by some 
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Positron Source 

Hotly debated subject. 

Must produce a very large e+ charge per pulse. 
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Parameters of existing and planed 

positron sources 

rep rate 

# of 

bunches 

per pulse 

# of 

positrons 

per bunch 

# of 

positrons 

per pulse 

TESLA 

TDR 
5 Hz 2820 2 · 1010 5.6 · 1013 

NLC 120 Hz 192 0.75 · 1010 1.4 · 1012 

SLC 120 Hz 1 5 · 1010 5 · 1010 

DESY 

positron 

source 

50 Hz 1 1.5 · 109 1.5 · 109 
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Undulator-Based 
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Thin Single-Target 

Radiation damage levels may be reduced (under study) 

6D e+ emittance small enough that no pre-DR needed 

[shifts emphasis to DR acceptance] 

Reliability: more reliable than a conventional source? 

Need high-energy e- to make e+ (coupled ops)  

Polarised positrons (almost) for free  



Nick Walker - DESY J.A.I. Lecture • Oxford • 3.02.2005 

Conventional 

However, does completely decouple electron and 

positron systems! 

-commissioning 

-operability 
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Reliability / Operability 

A major issue for ILC – needs much more work 

Current state-of-the-art is Tom Himel study for USCWO 
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Civil Engineering 

A cost and reliability issue (for the most part) 
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LINAC tunnel housing 
2
0
0
 c
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5
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115 cm

110 cm
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450 cm

1
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210 cm 65 cm65 cm

9
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m

80 cm30 cm

90 cm

2
6
0
 c

m

Single tunnel solution 

a la TESLA TDR 

(and for the XFEL) 
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LINAC tunnel housing 

Two-tunnel (possible) option 

klystrons/modulators(?)/LLRF/PS is Service Tunnel to allow access 

during operation (availability arguments). 

4
5
0
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m

600 cm

950 cm

350 cm 315 cm

7
5
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m

4
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m
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IR (BDS) Civil Engineering 

T. Markiewicz (SLAC) 

MATLAB Tool to study constraints from 

civil engineering 
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Much To Do? 

It would seem we still 

have a great deal to do. 

However, we can make 

decisions towards a 

baseline design 

relatively quickly ( 

CDR) 

Critical R&D: 

- industrialisation 

- cost reduction 

- ‘value engineering’ 

don’t forget this one!!! 
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The Global Design Effort GDE 

 

• 3 Regional Design 

Teams 

• Central Group with 

Director 

• Goal: Produce an 

internal full costed 

ILC Technical Design 

Report by 2008 

 

European
Design
Group

US
Design
Group

Int.
Design
Group

Asian
Design
Group
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ILC Projected Time Line 

2005 2006 2007 2008 2015 

CDR 

TDR 

GDE process 

construction 

commissioning 

physics 

2010 2012 
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ILC Projected Time Line 

2005 2006 2007 2008 2015 

CDR 

TDR 

GDE process 

construction 

commissioning 

physics 

EUROTeV 

CARE 

preparation 

2010 2012 

construction 

operation EURO XFEL 

UK playing a significant role 

(both detector and machine) 
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First Task for GDE 

GDE 

In
s
ti
tu

te
s
 

From chaos… …comes order! 

First major challenge for the GDE 
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Summary 

• The ILC is ambitious project which pushes the envelope in 

every subsystem: 

– Main SCRF linac   

– sources 

– damping rings   

– beam delivery 

L performance bottleneck 

cost driver 
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Summary 

• The ILC is ambitious project which pushed the envelope in 

every subsystem: 

– Main SCRF linac   

– sources 

– damping rings   

– beam delivery 

• Still many accelerator physics issues to deal with, but 

reliability and cost issues are probably the greater 

challenge 

• Probably in excess of 3000 man-years already invested in 

design work. 

L performance bottleneck 

cost driver 
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Some Personal Comments 

• Still in ‘recoil’ from Aug. 20th ITRP decision 

– the ILC world is still ringing 

• Must make moves quickly to ‘suppress the rapid increase 
in entropy’ 

– badly need the GDE (and its director!) THIS MONTH  

– formal structure required to contain and focus enthusiasm 

• Should aim for baseline design by Snowmass Workshop in 
August 

– tough decisions to be made in next six months by WGs 

– baseline design to be used for CDR (early 2006) 

• We must learn to be ‘One Lab’ 

– perhaps more challenging than the machine itself  


