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Multistaged LWFA collider designMultistaged LWFA collider design

Collider physics consideration
beamstrahlung disruption emittancebeamstrahlung, disruption, emittance 
degradation, gamma emission
( t l d d ti )(spectral degradation)

Driver development
i d d t d h h ll
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independent and a huge challenge



Option for future collider
(Raubenheimer-SLAC)(Raubenheimer-SLAC)



Keys issues of future colliders
Raubenheimer(2008)

Keys issues of future colliders



Issues for LWFA ColliderIssues for LWFA Collider

• Collider Physics issues (what is unique 
and challenging to LWFA) ----this lectureg g )

strong acceleration (compactness)
small emittance (strong beam)small emittance (strong beam)
strong transverse force/large betatron oscillations
large quantum beamstrahlung effectslarge quantum beamstrahlung effects
miniature finesse issues

• Driver issues (high rep rate high average• Driver issues (high rep rate, high average 
power lasers)  -----this afternoon
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Leemans (AAC ,2010)
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Laser driven collider concept

a TeV collider

Leemans and Esarey (Phys. Today, 09)
ICFA-ICUIL Joint Task Force on Laser Acceleration(Darmstadt,10)



ICFA-ICUIL Joint Task Force
on laser acceleration (Darmstadt, 2010)

Case 1 TeV 10 TeV
(Scenario I)

10 TeV
(Scenario II)

( , )
W. Leemans, 
Chair

Energy per beam (TeV) 0.5 5 5

Luminosity (1034 cm−2s−1) 1.2 71.4 71.4

Electrons per bunch (×109) 4 4 1.3 Collider subgroup
Bunch repetition rate (kHz) 13 17 170

Horizontal emittance εx (nm-rad) 700 200 200

Vertical emittance εy (nm-rad) 700 200 200

Collider subgroup
List of parameters
(W. Chou)

* (mm) 0.2 0.2 0.2

Horizontal beam size at IP σ*
x (nm) 12 2 2

Vertical beam size at IP σ*
y (nm) 12 2 2

L i i h f 1 04 1 35 1 2

Table 1
Collider parameters

Luminosity enhancement factor 1.04 1.35 1.2

Bunch length σz (μm) 1 1 1

Beamstrahlung parameter ϒ 148 8980 2800

Beamstrahlung photons per electron n 1 68 3 67 2 4Beamstrahlung photons per electron nγ 1.68 3.67 2.4

Beamstrahlung energy loss δE (%) 30.4 48 32

Accelerating gradient (GV/m) 10 10 10

Average beam power (MW) 4.2 54 170
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Wall plug to beam efficiency (%) 10 10 10

One linac length (km) 0.1 1.0 0.3



JTF Report #2

Case 1 TeV 10 TeV
(Scenario I)

10 TeV
(Scenario II)

Wavelength (μm) 1 1 1

Pulse energy/stage (J) 32 32 1

Pulse length (fs) 56 56 18

Repetition rate (kHz) 13 17 170
Collider subgroupPeak power (TW) 240 240 24

Average laser power/stage (MW) 0.42 0.54 0.17

Energy gain/stage (GeV) 10 10 1

S l h [LPA i li ] ( ) 2 2 0 06

Collider subgroup
List of parameters
(W. Chou)

Stage length [LPA + in-coupling] (m) 2 2 0.06

Number of stages (one linac) 50 500 5000

Total laser power (MW) 42 540 1700

Total wall power (MW) 84 1080 3400

Table 2
Laser parameters

Total wall power (MW) 84 1080 3400

Laser to beam efficiency (%)
[laser to wake 50% + wake to beam 40%] 20 20 20

Wall plug to laser efficiency (%) 50 50 50

Laser spot rms radius (μm) 69 69 22

Laser intensity (W/cm2) 3 × 1018 3 × 1018 3 × 1018

Laser strength parameter a0 1.5 1.5 1.5
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Plasma density (cm−3), with tapering 1017 1017 1018

Plasma wavelength (μm) 105 105 33



JTF Report #3: Comparison of Choices

Accelerator Beam Beam energy
(GeV)

Beam power
(MW)

Efficiency
AC to beam Note on AC power

PSI Cyclotron
H+

0.59 1.3 0.18 RF + magnets

SNS Li H 0 92 1 0 0 07 RF + + liSNS Linac H– 0.92 1.0 0.07 RF + cryo + cooling

TESLA
(23.4 MV/m) e+/e– 250 × 2 23 0.24 RF + cryo + cooling

ILC
(31.5 MV/m) e+/e– 250 × 2 21 0.16 RF + cryo + cooling

CLIC e+/e– 1500 × 2 29.4 0.09 RF + cooling

LPA e+/e– 500 × 2 8.4 0.10 Laser + plasma
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LPA e /e 500 2 8.4 0.10 Laser + plasma



Leemans
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Leemans
(AAC, 2010)



Leemans(AAC, 2010)
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Leemasn(AAC, 2010)
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Leemans(AAC, 2010)
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First LWFA Collider Study (1997)
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Xie et al. AAC Conference Proc. (1997)

Also, Chattopadhay et al., Snowmass (1996)



Collider Physics I
Basic parameters and scalings of LWFA Collider in p g

Maximizing luminosity with constraintsof 
beamstrahlung , disruption, and γ emission
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First paper on LWFA collider
Xie, M., Tajima, T., Yokoya, K. and Chattopadyay, S., Studies of Laser-Driven 5TeV 
e+e- Colliders in Strong Quantum Beamstrahlung Regime, 
(AIP Conference Proceedings, New York, 1997), 398, p. 233-242.



Collider Physics II
Optimization for LWFA Collider at IP

Xie et al (1997)

First LWFA Collider design
Collision parameter 

dependence
Collision energy 

spectrum
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Physics under extremely strong quantum beamstrahlung regime  Υ ൐൐ 1   ሺthe shorter the bunch, the smaller Υሻ 



Collider Physics III
LWFA properties under multistage collider design

Fi t lti t d l f LWFA llidFirst multistage model for LWFA collider
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Collider Physics IV
LWFA d l f llidLWFA model for collider
Stage accelerator matrix

Longitudinal dynamics

Transeverse dynamics
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Cheshkov et al (2000)



Collider Physics V
Cumulative effects over multistagesg

Strong LWFA betatron oscillations lead to emittance degradation
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Cheshkov et al (2000)



Collider Physics VI
Optimization for LWFA colliderp

Strategy of synchronous orbit operation
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Collider Physics VII
optics of the LWFAoptics of the LWFA
collider stages
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Chiu et al (2000)



Collider Physics VIII
Mi i i i f i h d WFA b ffMinimization strategy of emittance growth due to LWFA betatron effects

23Chiu et al (2000)



Etat de l’Art (Mourou,2005)
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Huge Driver Issue!



conclusionsconclusions

• LWFA provides unique tool to a future 
collider optionp

• More compact and thus less expensive 
collider frameworkcollider framework

• Collider physics requirements: luminosity 
maximization,  small beam, large betatron 
emittance preservation: tough challengeemittance preservation: tough challenge

• Driver laser for collider: a huge challenge, 
t i f di i f th fttopic of discussion for the afternoon
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