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• In this talk we will discuss the present concepts 

of plasma-based colliders, and in particular will 

discuss the sub-systems of the design, reviewing 

the assumptions and exploring if conventional 

sub-systems can be replaced, in some cases, by 

advanced designs 

 

• Before discussing this may topic I would like to 

briefly describe experience on development of 

conventional LC concepts and designs 

– This experience may be useful for development of 

plasma-based LC concepts and design 

Abstract 



          EAAC, 26 Sep 2017, Andrei Seryi                          3 

Road to the next collider 

We of  course do not know what is between our present location and the desired 

goal, what else we will find on the way and where exactly we will end up… 

Goal 

We are here 

SSC => … 

                            LEP => Z, W             LHC => H 

                                                                              TESLA => XFEL 

                                           CLIC, ILC => ?         FCC => ?         AWAKE => ?        LPWA =>?    
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• There are concepts of plasma-based colliders 

• Key R&D is ongoing 

• Community is building roadmaps 

• Advanced and Novel Accelerators for High 

Energy Physics Roadmap (ANAR) workshops 

starting to help in world-wide coordination 

 

• Is this sufficient?  

• How one can streamline the path? 

The path to collider 
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Concepts of plasma acceleration based colliders 

Laser-driven 

Beam-driven 

A. Seryi et al, SLAC-PUB-13766, 2009 

Esarey et al, Rev. Mod. Phys. (2009) 
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Advanced accelerator community developing roadmaps 

toward plasma-based collider in 2040 

Concepts of plasma-based colliders 

Laser-driven 

Beam-driven 

A. Seryi et al, SLAC-PUB-13766, 2009 

Esarey et al, Rev. Mod. Phys. (2009) 
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• Advanced and Novel 

Accelerators for High 

Energy Physics 

Roadmap (ANAR) 

workshop 

• Report for ICFA 

Advanced and Novel 

Accelerators Panel 

• Potential for increased 

world-wide 

coordination role 

ANAR 

http://www.lpgp.u-psud.fr/icfaana/ana-publications-2017 

http://www.lpgp.u-psud.fr/icfaana/ana-publications-2017
http://www.lpgp.u-psud.fr/icfaana/ana-publications-2017
http://www.lpgp.u-psud.fr/icfaana/ana-publications-2017
http://www.lpgp.u-psud.fr/icfaana/ana-publications-2017
http://www.lpgp.u-psud.fr/icfaana/ana-publications-2017
http://www.lpgp.u-psud.fr/icfaana/ana-publications-2017
http://www.lpgp.u-psud.fr/icfaana/ana-publications-2017
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to predict how 

our field will 

look like in 

close to the 

middle of  21 

century  

 

Can we learn 

from past 

efforts to make 

it more reliable 

and efficient? 
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K. Herman, A. Wiener  

ISBN 978-0025604407 
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in 1968 for the year 

2000 

“The Year 2000”, 1968 

K. Herman, A. Wiener  

ISBN 978-0025604407 

Importance of  

rigorous 

methodology 

of  predictions 

is very 

important 
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Predictions made 

in 1968 for the year 

2000 

“The Year 2000”, 1968 

K. Herman, A. Wiener  

ISBN 978-0025604407 

Avoid naïve 

extrapolations 
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We would like 

to predict 

how our field 

will look like 

in the second 

half  of  21 

century  

For this we 

need to think 

out of  the 

box, and… 

To make viable 

predictions and 

efficient R&D plan 

for plasma-based 

collider: 

 

Absorb the ~20 

years experience of  

development of  

conventional LC 

concepts to 

technical designs 

…and also look 

around, across 

different 

disciplines, to 

imagine where 

other areas of  

science and 

technology are 

dreaming and 

planning to be in 

the middle of  21 

century 
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Path to ILC – how was it done? 

ILC e+e- Linear Collider 
 

 Energy 250 GeV x 250 GeV 
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• LC state in ~1990 – many and many linear 

collider concepts 

• Yearly meeting of LC accelerator 

designers 

– Obviously, this is essential for plasma LC too 

• Yearly meetings of LC detector/physics 

community 

– Maybe less obvious, but this is needed too 

(despite that physics studied done, detectors 

designed) since the Machine Detector Interface 

(MDI) design, background, etc., could be quite 

different for the plasma-based LC 

Path to ILC – how was it done? 
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• Essential – periodic review of the design 

readiness by the community appointed 

committee 

• Greg Loew’s committee 

– A year long process,  

with a lot of work by many 

– All system analysed  

– Problems and risks ranked  

and recorded 

– Review Report of 1995 

– Review Report of 2003 

Path to ILC – how was it done? 

Gregory A. Loew 
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From 1995 LC Technical Review Report  

International Linear Collider Technical Review Committee Report, 1995, SLAC-R-471 

https://www.osti.gov/scitech/biblio/220447  

• Working groups 

– All systems 

analysed  

– Look across similar 

systems despite 

different 

technologies (NC, 

SC, two-beam acc) 

– R&D steps needed 

in the next years 

identified 

 

https://www.osti.gov/scitech/biblio/220447
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From 2003 LC Technical Review Report  

International Linear Collider Technical Review Committee Second Report, 2003 

http://www.slac.stanford.edu/xorg/ilc-trc/2002/2002/report/PAPERS/TRC03PR.PDF  

http://www.slac.stanford.edu/xorg/ilc-trc/2002/2002/report/PAPERS/TRC03PR.PDF
http://www.slac.stanford.edu/xorg/ilc-trc/2002/2002/report/PAPERS/TRC03PR.PDF
http://www.slac.stanford.edu/xorg/ilc-trc/2002/2002/report/PAPERS/TRC03PR.PDF
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We would like 

to predict 

how our field 

will look like 

in the second 

half  of  21 

century  

For this we 

need to think 

out of  the 

box, and… 

1-st conclusion:  

 

> 20 years 

experience of  

development of  

conventional LC 

concepts to 

technical designs, 

with community 

driven periodic 

reviews, applicable 

to plasma collider 

…and also look 

around, across 

different 

disciplines, to 

imagine where 

other areas of  

science and 

technology are 

dreaming and 

planning to be in 

the middle of  21 

century 
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Why is this shown in this talk? 

Next slide will explain. 
 

Image: Caltech/MIT/LIGO Lab 

2016 Special Breakthrough Prize in 

Fundamental Physics – gravitational waves 
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Nano-space-ship with light-sail (2g total mass) propelled by 

laser to 20% of  speed of  light, to reach Alfa Centauri within 

a generation (and to take photos and send them back) 

 

Enormous number of  challenges! 

Multi-year R&D is funded ( M100$ ) 

 

What are reasonable intermediate steps?   
 

Breakthrough challenge 3 - Starshot 

https://breakthroughinitiatives.org/Challenges/3 

Board of  

Breakthrough Starshot: 

 

Stephen Hawking 

Yuri Milner  

Mark Zuckerberg  

How this R&D will push lasers, in terms of  their power, controllability, 

stability, in application to plasma acceleration? NB: “light sail”  
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Plasma-based colliders 

One of the main difficulties 

of both of these concepts:  

 

Combination of traditional 

technology with new 

Laser-driven 

Beam-driven 

A. Seryi et al, SLAC-PUB-13766, 2009 

E. Esarey et al, Rev. Mod. Phys. (2009) 

The approaches should be modified – aim to 

use only new technologies 



          EAAC, 26 Sep 2017, Andrei Seryi                           36 

Taking all the above into account – how should these concepts evolve, 

aiming at mid of 21 century? 

Laser-driven 

Beam-driven 

A. Seryi et al, SLAC-PUB-13766, 2009 E. Esarey et al, Rev. Mod. Phys. (2009) 

• Remove conventional systems, e.g.: 

– Remove 4km final focus, assume emittance so small 

that strong focusing at IP not needed 

– Cooling (if needed for e+) is in linear system 

– Could p-drive beam be useful, as a driver, produced by 

a single-cycle laser pulse?  
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Taking all the above into account – how should these concepts evolve, 

aiming at mid of 21 century? 

Laser-driven 

Beam-driven 

A. Seryi et al, SLAC-PUB-13766, 2009 E. Esarey et al, Rev. Mod. Phys. (2009) 

• Rely on progress in lasers, also due to: 

– Progress driven by commercial applications 

– Progress driven by XCAN fiber combination project 

– Progress driven by Starshot challenge 

 

• And proactively help this progress! 
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Linear cooling system? 

Spiral-shaped laser pulse => Giga-

gauss solenoidal field in plasma 

bubble => Fast SR cooling of 

transverse DOF=> new approach to 

design laser-plasma FEL or collider 

FEL 

FEL Cool e T Accelerate  Disperse Focus Zero DE/E Cool e T 

Laser pulse 

shape 

A. Seryi, et al 

Screw-shaped laser 

pulse and trajectories 

of electrons - left 

Bubble shape (top) 

and solenoidal field 

map (bottom) - right 

From slides on Staged Laser-Plasma FEL concept shown at AAC 2016 

Further studies have shown that the cooling rate has been significantly 

overestimated. This approach is not viable at present technologies.    



          EAAC, 26 Sep 2017, Andrei Seryi                           39 

Linear cooling system? 

Spiral-shaped laser pulse => Giga-

gauss solenoidal field in plasma 

bubble => Fast SR cooling of 

transverse DOF=> new approach to 

design laser-plasma FEL or collider 

FEL 

FEL Cool e T Accelerate  Disperse Focus Zero DE/E Cool e T 

Laser pulse 

shape 

A. Seryi, et al 

Screw-shaped laser 

pulse and trajectories 

of electrons - left 

Bubble shape (top) 

and solenoidal field 

map (bottom) - right 

From slides on Staged Laser-Plasma FEL concept shown at AAC 2016 

Further studies have shown that the cooling rate has been significantly 

overestimated. This approach is not viable at present technologies.    



          EAAC, 26 Sep 2017, Andrei Seryi                                  40 

• Straightline cooling 

system –chain of 

wigglers interleaved 

with RF acc sections 

 

• Advantage – no x-

dispersion (unlike in 

Damping Rings), => no 

quantum excitation of x-

motion => much smaller 

emittance of the cooled 

beam 

 

• Difficulties (that time) – 

challenging 

requirements for fields 

and gradient 

 

Linear cooling systems – other ideas 

“Straightline cooling system for obtaining 

beams of electrons and positrons with minimal 

emittance”, N. Dikansky, A. Mikhailichenko,  
Preprint Budker INP, 1988-009, Novosibirsk 1988 (in Russian). 

http://www.inp.nsk.su/activity/preprints/files/1988_009.pdf  

And also in proceedings of EPAC 1992. 

http://www.inp.nsk.su/activity/preprints/files/1988_009.pdf
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Linear cooling systems – follow-ups 

“Potential of Non-standard Emittance Damping 

Schemes for Linear Colliders”, H.H. Braun, M. 

Korostelev, F. Zimmermann, CLIC Note 594 (2004) 

 

“Linear Damping System for the International 

Linear Collider”, G. Dugan, in Proc of PAC 2005 
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• Is it conceivable to replace wigglers and RF acceleration with plasma? 

Linear cooling systems – plasma? 

Wiggler RF Wiggler RF Wiggler 

• Can be studied 

• Issues to watch for:  

– Transverse position tolerances 

– Impact on the overall efficiency of the collider (wall-plug) 

– Etc.  

Plasma wiggler?      Plasma acceleration?  
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Now let’s look at Final Focus 

• Assumption:  

– plasma acceleration allows to make very short linacs  

• But:  

– “CLIC Final Focus is 3km long”   

• How to use advantages of plasma acceleration? 

 

• Why FF of conventional LC is 3km?  

• How the requirements to detectors (physics reach or 

precision) need to be modified to take full advantage of 

the new technology and to devise a compact plasma-

based collider?   

 

• In the following slides, will make significant simplifications of the 

issues 
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• First of all, 3km is entire BDS (beam delivery), and FF is a short 

fraction of BDS 

• BDS includes – beam diagnostics, coupling correction section, 

betatron collimation, energy collimation, final focus.  

 

• In CLIC the longest components of BDS are E-collimation and FF 

 

• Let’s ignore other systems and consider, very approximately, only 

the two main:  

 

Why 3km for CLIC FF?  

E-collimation (2.3km) FF (0.7km) 
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• First of all, 3km is entire BDS (beam delivery), and FF is a short 

fraction of BDS 

• BDS includes – beam diagnostics, coupling correction section, 

betatron collimation, energy collimation, final focus.  

 

• In CLIC the longest components of BDS are E-collimation and FF 

 

• Let’s ignore other systems and consider, very approximately, only 

the two main:  

 

Why 3km for CLIC FF?  

E-collimation (2.3km) FF (0.7km) 

Where the requirements for the length are coming from? 

 

They are coming not really from the optics, but really originates from 

requirements from detectors, e.g. physics reach  
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• Collimation system – defined by the requirement from detector 

to cut all beam tails beyond certain number of sigmas (e.g. 10)  

 

• The collimation system is thus ensures that there are no losses 

closer than few hundred meters from the IP – maintain clean 

background-free conditions in the detector 

CLIC FF length – what defines it?  

E-collimation (2.3km) FF (0.7km) 
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• Collimation system – defined by the requirement from detector 

to cut all beam tails beyond certain number of sigmas (e.g. 10)  

 

• The collimation system is thus ensures that there are no losses 

closer than few hundred meters from the IP – maintain clean 

background-free conditions in the detector 

CLIC FF length – what defines it?  

E-collimation (2.3km) FF (0.7km) 

The length of the collimation system, maybe surprisingly, is primarily 

defined by machine protection system requirements – the collimators 

should be able to survive a full mis-steered train 

 

(In ILC, where bunch separation is much longer, collimators have to 

survive just two bunches, as the rest of the train can be diverted)  
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E-collimation (2.3km) FF (0.7km) 

Final focus – defined by 1) the requirement from detector to have the L* 

longer than certain value, to avoid interference with accelerator; and 2) 

push for lowest beta* to minimize beam size  

2 L* 

Detector 

CLIC FF length – what defines it?  

Final quad 
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E-collimation (2.3km) FF (0.7km) 

FF length is basically 

proportional, with a large 

multiplier, to L* L* 

To derive very rough scaling assume that chromaticity of final lenses (which is 

L*/beta*) dominates. This gives  

                 L ~ L*  (L* / beta*) deltaE/E 

Assume L*=5m, beta*=0.1mm, deltaE/E=0.2% =>  L~ 500m   

L 

CLIC FF length – what defines it?  
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FF and collimations 

• Conclusions for plasma collider 

– To take advantage of plasma technology, have to modify 

detector requirements (and thus work with HEP on a 

possible detector, background and event reconstructions) 

 

– Such a work and detector design modification, due to 

requirements from the technology, is not unique  

 

– Look, for example, how muon collider technology 

proponents adjusted their detector concept to take into 

account the fact that muons decay and give background 

on the detector axis – see next slide 
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Tungsten shielding cone 



          EAAC, 26 Sep 2017, Andrei Seryi                                  52 

A possible FF / IR approach for plasma 

collider 

• Radically reduce L* - then the FF is very short 

and adiabatic focusing with short L* have large 

energy acceptance  

(Maybe use plasma focusing) 

 

• May have to have shielded  

exclusion cone in the detector  

 

 

• Collimation – assume no dedicated stand-alone 

collimation system to start with 

• Explore incorporating some collimation in drifts 

between accelerating stages  

– for discussion 

Detector 
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Evolution of accelerators 

In 1954 Enrico Fermi 

presented, in his lecture, 

a vision of  an accelerator 

that would encircle the 

Earth, and would attain 

highest possible energies 

Would this be indeed a natural evolution of  accelerators?  
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Evolution of accelerators 

Enrico Fermi Earth accelerator, 1954 

Would this be indeed a natural evolution of  accelerators?  

Fig 6, GNP and R&D: Failure of  naïve extrapolation. 

“The Year 2000”, 1968, K. Herman, A. Wiener  

No. And not only because R&D budget is now not growing 

faster than GDP 
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Evolution of accelerators 

Enrico Fermi Earth accelerator, 1954 

Would this be indeed a natural 

evolution of  accelerators? 
 

No.  
 

 

Increasing the size or base of  

the experiment, to increase 

precision, with proportional or 

event faster increase of  the cost, 

would unlikely be accepted by 

governments and society 
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Evolution of neutrino 

experiments 

Increasing the size or base of  the 

experiment, to increase precision, 

without proportional increase of  the 

cost – good chance to be accepted 

by society &  governments 

Deep Underground Neutrino Experiment (DUNE)  

Daya Bay  
neutrino  
experiment 

500 m NOW 

FUTURE 
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Evolution of gravitational wave detectors 

eLISA Einstein telescope 

LIGO 

NOW 

FUTURE FUTURE 

Increasing the size or base 

of  the experiment, to 

increase precision, without 

proportional increase of  the 

cost – good chance to be 

accepted by society &  

governments 
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Circular collider CEPC 
(China) 

Circular 
collider FCC  

(CERN) 

Linear collider  
ILC  

(possibly in Japan) 

From that point of view – can next big conventional 

collider be built (accepted by government & society)? 
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Circular collider CEPC 
(China) 

Circular 
collider FCC  

(CERN) 

Linear collider  
ILC  

(possibly in Japan) 

From that point of view – can next big conventional 

collider be built (accepted by government & society)? 

Yes. 

But:  

As in most of previous cases the largest colliders 

were built as mostly regional efforts (e.g. primarily 

European funding for LHC), building ~3 times 

larger and more expensive collider perhaps can be 

done but only with all world efforts combined. 

 

I.e. only once more.  

 

This is then really the limit.  
(Assuming that the motivations for the collider are still the same – fundamental science)   
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What is then the role and plan for plasma collider?  

Obvious: make a better and competitive design 

Thank you for your attention! 


