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αc ~25 mrad

ωmax~0.8 E0

Wγγ, max ~ 0.8·2E0
Wγe, max ~ 0.9·2E0

b~γσz~1 mm



Sept. 29, 2011, LCWS 2011 Valery Telnov
4
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CLIC main parameters
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+some other parameters
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Comparison of ILC and CLIC parameters
(important for PLC)

Laser wave length   λ ∝ E
for ILC(250-500) λ~1μm,  for CLIC(250-3000) λ~ 1 - 4.5 μm

Disruption angle θd~(N/σzEmin)1/2

For CLIC angles θd is larger on 20%, not important difference.
Laser flash energy A~10 J for ILC, A~5J for CLIC
Duration of laser pulse τ~1.5 ps for ILC, τ~1.5 ps for CLIC
Pulse structure
ILC ∆ct~100 m, 3000 bunch/train, 5 Hz (fcol~15 kH)
CLIC ∆ct~0.15 m, ~300 bunch/train, 50 Hz (fcol~15 kH)

Laser system ILC – a ring optical cavity with Q>100 
CLIC –one pass system 

(or short linear cavity?)  
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Laser system for ILC

The cavity includes adaptive mirrors and diagnostics. Optimum angular 
divergence of the laser beam is ±30 mrad, A≈9 J (k=1), σt ≈ 1.3 ps, σx,L~7 μm
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Laser system for CLIC (V.Telnov, IWLC, CERN, 2010)

Requirements to a laser system for a photon collider at CLIC
Laser wavelength                         ~ 1 μm
Flash energy                                  A~5 J
Number of bunches in one train      354
Length of the train                          177 ns=53 m
Distance between bunches             0.5 nc
Repetition rate                                  50 Hz

The train is too short for the optical cavity, so one pass laser
should be used.

The average power of one laser is 90 kW (two lasers 180 kW).
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Possible approaches to CLIC laser system

•FELs based on CLIC drive beams.
There were suggestions to use CLIC drive beams to 

generate light flashes (FEL), but they have not enough energy 
to produce the required flashes energy. In addition, the laser 
pulse should be several times shorter than the CLIC drive 
bunch. 

For any FEL, the laser power inside 177 ns train should be 
about 20 GW! While the average power 200 kW. The problem 
is due to very non uniform pulse structure.
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Solid state lasers pumped by diodes.
One can use solid state lasers pumped by diodes.  There 

are laser media with a storage time of  about 1 ms. One 
laser train contains the energy about 5x534=2000 J. 
Efficiency of the diode pumping about 20%, therefore the 
total power of diodes should be P~2*2000/0.001/0.20~20 
MW. At present the cost of only diodes for the laser system 
will be ~O(100) M$.    

Experts say that such technology will be available only in 
one decade. LLNL works in this direction for laser fusion 
applications (λ~1μm).

diodes

amplifire

Most power laser systems with diode pumping have wavelength 
about 1 μm, exactly what is needed for LC(500).
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Suggestion:
to use FELs instead of diodes for pumping of the 
solid state laser medium.

The electron beam energy can be 
recuperated using SC linac. 
Only 3% of energy  is lost to photons 
and not recuperated.

With recuperation and 10% wall plug RF efficiency the total power 
consumption of the electron accelerator from the plug will be about 
200 kW/ 0.1 = 2 MW only. 

The rest past of the laser system is the same as with  solid state 
lasers with diode pumping. 

The FEL pumped solid state laser with recuperation of electron 
beam energy is very attractive approach for short train linear 
colliders, such as CLIC. 



Sept. 29, 2011, LCWS 2011 Valery Telnov
13

Storage of  the pumping energy inside solid-state 
laser materials reduces the required FEL power inside
the CLIC train by a factor 1 ms/ 177 ns=5600!

Such FEL can be built already now. 
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Another option: linear optical cavity
Two mirror cavity is very unstable for small focal sizes, third mirror can 

reduce requirements to tolerances.
The main problem – very large laser power per cm2. Divergence of the 

laser beam is determined by optimum conditions at the laser focus. Larger
distance – smaller profit from the cavity: Q~25/L(m). This approach needs
careful study. 
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Luminosity

At energies 2E<1 TeV there no 
collision effects in γγ collisions and 
luminosity is just proportional to 
the geometric e-e- luminosity, 
which can be, in principle, higher 
than e+e- luminosity. 

Lγγ(z>0.8zm) ~0.1L(e-e-,geom)    

(this is not valid for multi-TeV colliders 
with short beams(CLIC) due to coherent 
e+e- creation)

For CLIC(500) Lγγ(z>0.8zm) ~ 3·1033 for beams from DR

It can be one order higher for beams with lower transverse emittances
(there are ideas)

Usually a luminosity at the photon 
collider is defined as the luminosity
in the high energy peak, z>0.8zm.
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Realistic luminosity spectra (γγ and γe)
(decomposed in two states of Jz)

Usually a luminosity at the photon 
collider is defined as the luminosity
in the high energy peak, z>0.8zm.

Lγγ(z>0.8zm) ~0.2Le+e-(nom)  
For the nominal ILC beams (from DR)

(ILC)

In the general case, at the ILC

Lγγ(z>0.8zm) ~0.1L(e-e-,geom)    

(this is not valid for multi-TeV colliders with short 
beams(CLIC) due to coherent e+e- creation)
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Luminosity spectra for CLIC(3000)
Here the γγ luminosity is limitted by coherent pair creation (the photon 
is converted to e+e- pair in the field of the opposing beam). The horizontal
beam size can be only 2 times smaller than in e+e- collisions.

Lγγ(z>0.8zm) ~8·1033



Sept. 29, 2011, LCWS 2011 Valery Telnov
18

Overlap of hadronic events

The typical number of γγ→had events per bunch
crossing is about 1-2 (both at ILC and CLIC).

However, at CLIC the distance between bunches is very 
short and many events will overlap. A special detector with
time stamps can help but not completely. At ILC the 
situation is much better.

Note, that in e+e- collisions at CLIC(3000) there are 
also 2.7 γγ→had events per crossing, quite similar to the 
photon collider.  
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Several examples of physics at PLC
(just to remind)

~5

γ

γ

(previous analyses)

realistic simulation P.Niezurawski et al

For MH=115-250 GeV

ILC

S.Soldner-Rembold

At nominal luminosities the number of Higgs
in γγ will be similar to that in e+e-
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unpolarized
beams

So, typical cross sections for charged pair production in
γγ collisions is larger than in e+e- by one order of magnitude
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Supersymmetry in γγ

For some SUSY parameters H,A can be seen only in γγ
(but not in e+e- and LHC) 



Sept. 29, 2011, LCWS 2011 Valery Telnov
22

Supersymmetry in γe
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Physics motivation: summary
In γγ, γe  collisions compared to e+e-

1. the energy is smaller only by 10-20%
2. the number of events is similar or even higher
3. access to higher particle masses 
4. higher precision for some phenomena
5. different type of reactions (different dependence

on theoretical parameters)

It is the unique case when the same collider allows to 
study new physics in several types of collisions at the
cost of rather small additional investments
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Conclusions

The main problem for PLC at CLIC is a short distance 
between bunches. 

Possible solution for one pass laser system with FEL
pumping has been suggested. 

A linear optical cavity with Q~30 is also not excluded. 


