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List of talks and discussions 
on the photon collider (PLC) at TILC09

April 18, Gamma-Gamma: Joint with MDI, BDS 
1. Valery Telnov, Calibration of the energy at the photon collider
2. Jeff Gronberg, Status of Laser Technology
3. Tohru Takahashi, Status of Optical Cavity R&D
4. Andrei Seryi, BDS Issues (related to PLC as a Precursor to the ILC)

5. Discussion: Toward the step forward

April 18 (plenary) Tim Barklow, Gamma-gamma: physics report or  
(PLC Higgs factory as a Precursor to the ILC)

April 19, Gamma-Gamma: Joint with Physics
1. Rui Santos, Neutral Higgs boson pair production in photon-photon 

annihilation (γγ→ hh) in the Two Higgs Doublet Model
2. Nozomi Maeda, Study on γγ→ hh
3. Valery Telnov, Introduction to the discussion on Physics case of the PLC 

as the first stage of ILC 
4. Discussion: physics case of the PLC as the first stage of ILC
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Rumors that PLC Higgs factory is considered seriously as 
a Precursor to the ILC and the plenary talk at TILC09 by Tim 
Barklow on this subject caused a big disturbance in ILC 
community because it means about 6 years delay of e+e-
experiments.

Many people asked me to comment and make clear 
statements on this subject in the summary talk.

Let me calm you, it was just an suggestion to the ILCSC, 
initiated by Hirotaka Sugawara, how to decrease the ILC 
initial cost and thus to get its approval and start construction 
earlier.  The ILC energy needed for the Higgs(120) 
production in γγ→h is lower than that in 
e+e- →Zh, therefore such collider could be cheaper.

This suggestion was considered by ILCSC but not accepted.
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Some details of considerations:
1) On Sept. 20, 2008 H.Sugawara applied to ILCSC with such suggestion 
and sent transparences of his possible presentation at ILCSC meeting 
on Oct. 31.

2) This proposal  was forwarded  to me (V.T) by  ILCSC for review. 
My opinion was the following (shortly):

a) the cost of such PLC will be not much cheaper because it needs  
damping ring with small emittance and polarized electrons
(there are no  polarized electrons guns with small emittance);

b) the laser system is not simple and its development have not started yet;
c) the H(120) can be be studied much better in e+e-→ZH at 2E=230 GeV;
d) the PLC give an unique possibility to study new physics at the LC 

in two additional modes (γγ,γe) at small incremental cost, give access 
to higher masses, but it would be better to plan the PLC as the second stage 
of the ILC. 

e) in order to reduce the initial ILC cost it worth to consider e+e-(230) 
as the first stage. 
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3) After the ILCSC meeting  S.Yamada asked the LOI physics panel  
(M. Peskin and T. Barklow agreed) to review the physics case for such an 
approach and  B.Barish asked A.Seryi and J.Gronberg to develop machine 
designs for this kind  of staged approach to ILC construction and operation. 
They attracted for consultations and discussions PLC experts (K.Monig, 
T.Takahashi, V.Telnov). 

4) The draft of the review written by BGPS was discussed at expanded 
Physics panel with invited experts but did not find support.

5) This BGPS report was considered at ILCSC meeting on Feb.12, 2009 
and its conclusion was the following:

Some details of considerations (continue):  
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Gamma-Gamma ILC Precursor
At its 31 October 2008 meeting, ILCSC received a proposal for 
a gamma-gamma Higgs factory as a precursor to the ILC; 
ILCSC asked the GDE and Research Directors to form a group 
to study this suggestion, and a report of the study was 
presented to this meeting. A 180 GeV gamma-gamma 
precursor would cost about half that of the 500 GeV ILC, but 
would produce much less physics. A better alternative for early 
Higgs studies would be a ~ 230 GeV e+e- collider for studying 
the Higgs through ZH production; this would be ~ 30% more 
costly than the gamma-gamma collider. ILCSC decided not to 
pursue the gamma-gamma collider further at this time.

Summary of the ILCSC Meeting, 12 February 2009, KEK
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Physics case of the PLC as the first stage of ILC was also 
discussed on April 19 at Gamma-Gamma: Joint with Physics 
session and all have agreed that PLC is necessary, but it would 
be better to start with e+e-(230) due to better physics case (if 
the Higgs(~120) exists). 

As soon as e+e- (230) is needed in any case, there is no cost 
reduction, only the increase. 

That is all about PLC as a Precursor to the ILC
(closed)
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April 18, Gamma-Gamma: Joint with MDI, BDS 

1. Valery Telnov, Calibration of the energy at the photon collider

2. Jeff Gronberg, Status of Laser Technology

3. Tohru Takahashi, Status of Optical Cavity R&D

4. Andrei Seryi, BDS Issues (related to PLC as a Precursor to the 

ILC)

5. Discussion: Toward the step forward
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V. Telnov, Calibration of the energy at the photon collider
The maximum photon energy
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The 5% shift corresponds to ξ2 ~0.3 at x=4.5.
Beside, the density in the laser focus varies that gives the spread σξ2 ~0.4 <ξ2>, 
where <ξ2>~0.7ξ2(0).  If the average shift is 4%, then the additional r.m.s. energy 
spread is 1.5%  So the high energy edge of γγ luminosity spectrum is not sharp 
(width~3-4%) and the maximum energy is unstable due possible variation of the 
laser focus geometry (displacement, change of the spot size).

the “width” of the edge of the γγ
luminosity spectrum is about 2-3%

(without nonlinear effects)

Lγγ high energy edge, ρ=(b/γ)/σy
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Realistic luminosity spectra at the PLC

γγ
b =2 mm

γe
b =1 cm
(one beam is converted e→γ)
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Calibration of the detector
γe→γe
In order to measure energy one needs some value with a dimension of a mass.
On first sight, one can use  γe collisions (the energy scale is given by the electron 
mass m). The scattering angles in collisions of the electrons with an energy E0  
and a photons with edge energy ωm allow to determine x=4E0ω0/ (m2c4) and thus 
to find E0. However this measurement gives x/(1+ξ2) and due to large uncertainty in ξ2

the accuracy of the beam energy measurement will be very pure: 

γe→eZ  (the energy scale is given by Mz ).
The second diagram dominates, Z-boson travels
predominantly in the direction of the initial electron, the final electron escapes the 
detector. In most cases only Z decay products are detected. 
a) If the initial electron has the energy E0,, then  using angles on final leptons in Z decay
one can find the ratio

The peak in the distribution gives the ratio MZ and E0. The similar method 
was used successfully at LEP-2:  e+e- →Zγ (practically the same diagram)
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b) If the initial electron has E≠ E0  (there are a lot of such electrons in mixed 
γγ,γe collisions) and Z-boson is detected, then one can use leptons from Z 
for calibration of the tracking system, by to introducing corrections which 
shift the Z-peak to the right MZ mass. 

c) if all three final leptons are detected, then using only angles one can 
find energies of these particles and thus to calibrate the momenta up to 
almost maximum energies. The cross section for such topology is smaller 
than the total by about one order of magnitude. 

The γe→eZ cross section is large
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Conclusion (V. Telnov, Calibration of the energy at the photon collider)

• At the photon collider the edge energy of the photon spectra and the 
electron beam energy E0 are not strictly connected due to nonlinear 
effects in the Compton scattering (dependence on the laser intensity).

• The absolute energy calibration of the detector can be done using the 
process γe→eZ (during normal runs in γe mode or mixed γγ and γe 
mode). 

• Some energy spectrometer upstream the IP will be useful for 
monitoring the stability of the energy and its controllable variations 
(during the energy scan) and, of course, for tuning of the LC. 

• The absolute energy calibration by the spectrometer would be useful as 
a cross check of the detector calibration.
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Jeff Gronberg (and Brent Stuart),

Photon collider laser work at LLNL.



April 19, 2009 Valery Telnov
15



April 19, 2009 Valery Telnov
16



April 19, 2009 Valery Telnov
17



April 19, 2009 Valery Telnov
18



April 19, 2009 Valery Telnov
19



April 19, 2009 Valery Telnov
20



April 19, 2009 Valery Telnov
21



April 19, 2009 Valery Telnov
22



April 19, 2009 Valery Telnov
23



April 19, 2009 Valery Telnov
24

Tohru Takahashi, Status of Optical Cavity R&D
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That is what is needed for PLC
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2-mirror  cavity works
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The next step 4mirror cavity with high Q
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180GeV CM γγ initial configuration
~300m

Linac 
occupies 

BDS tunnel

FEL 3GeV 
linac& ~ 60m 
undulator (Or 
Laser system)

BDS is Final focus 
only, ~300m (no 

dedicated collimation)

Shielding wall

Dump 
for γγ

γγ IR at 
~30mrad

~2.5m offset 
of γγ IR

Andrei Seryi, BDS Issues (related to PLC as a Precursor to the ILC)
(schemes, parameters and schedule, see his and T.Barklow’a talks)
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Discussion:  PLC: Toward the step forward
Practically all technologies required for the photon collider laser system

already exist (have been developed in frames of other big projects).
As the next step we would like to develop (on a paper) a detailed scheme

we need for the photon collider, to optimize it, to analyze tolerances , 
methods of stabilization, to figure out what already exists and known and 
what should be experimental checks. 

The main problem: this study needs some money. Where we can get
these resources:

From the ILC budjet?
Some grants?  At present there are no documents which clearly states
that the PLC is the part of the ILC and that its development is supported
by the ILC management.
From budget of some laboratories?
Donations from rich people? But we can not promise results soon.

Not clear.



April 19, 2009 Valery Telnov
33

γγ->HH

1. This process occurs at low energy(than e+e-).       
2. λ contribution to cross section is different.

→Can PLC measure Higgs self-coupling constant λ?

Measurement of Higgs self-coupling constant 
λ=λSM(1+δκ) by γγ->HH

Nozomi Maeda (Hiroshima),
Feasibility study of Higgs pair creation in γγ collider



April 19, 2009 Valery Telnov
34

Energy optimization
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Background

main background is
γγ->WW (σΒ～90pb)
cf.) Signal:σ = 0.044fb

0.044fb/90pb = 4.9×10-7

10-7 background 
supression is necessary.

(+,+), (-,-)

γγ->tt does not occur. 
Optimum energy is below tt 
threshold.
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In analysis 4 jets were required, with b-tagging, realistic 
luminosity spectrum. 

The result: 
after 10 year operation with “optimistic” luminosity 
(as in TESLA TDR on the PLC) one can obtain 
21 events of effect and 0 background (I am not sure that the number 

of simulated background events was sufficient to make such statement).                
Next plan, consider HH->bbWW*(B.R.=0.18)
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Cross section as a function of the center of mass energy for different values 
of the charged Higgs mass. It is clear that the cross section can be several 

orders of magnitude above the corresponding SM cross section.

Rui Santos, γγ→hh (AA) in 2HDM
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Total cross sections

Cross section as a function of the heavy Higgs 
mass. Here we see the resonant behaviour 

( H hh) of the cross section. γγ→H→hh
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Conclusion
Appreciating Sugawara’s suggestion to start the ILC 
operation as soon as possible at minimum energy required for 
the Higgs(~120), that is the PLC with 2E~180 GeV, we believe 
that e+e → ZH at  2E~230 GeV is a better alternative. 

The photon collider should be considered as the second stage.

The next step on PLC is development of a realistic laser 
scheme (still on a paper).
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