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Realistic luminosity spectra (yy and ye)

(with account multiple Compton scattering, beamstrahlung photons
and beam-beam collision effects)
(decomposed in two states of J,)
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The resonance Higgs production is one of the

gold-plated processes for PLC

Higgs boson
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realistic simulation P-Niezurawski et al
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Remark on Photon collider Higgs factories

Photon collider can measure

I'(H—yy)*Br(H—bb, ZZ,WW), I’(H—yy)/T',,, CP properties
(using photon polarizations). In order to get '(H—vyy) one
needs Br(H—bb) from e+e-. This gives also I'.

e+e- can also measure Br(bb, cc, gg, tt, puy, invisible), I', .,
less backgrounds due to tagging of Z.

Therefore PLC is nicely motivated in combination with e+e-:
parallel work or second stage.
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Physics motivation for PLC

(independent on physics scenario)
(shortly)

In vy, ye collisions compared to et*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 (H,A in yy, charged and
light neutral SUSY in ye)

4. higher precision for some phenomena (I'yy, CP-proper.)

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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The discovery of the Higgs have led to appearance of
many projects of Higgs factories, among them about
ten projects of gamma-gamma Higgs factories
without e+e- :
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Higgs Factories Dreams




vy Higgs factories appeared in 2012-2013 years
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In my opinion, these projects look not serious
(because without e+e-), but demonstrate the

interest of physics community to photon colliders.

Much more natural, realistic and physics
motivated are vy, ve colliders based on e+e-
projects ILC and CLIC.

Unfortunately, since 2006 GDE considered only
the baseline ILC (only e+e-) without any options
and at present the ILC design is incompatible
with the photon collider.
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It is still not too late to make necessary modifica-

tions:

*the second IP or space for the crossing angle 25
mrad,

*space for the beamdump;

*space for a laser system.
14mr => 25mr

Valery Telnov
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Parameters for the Linear Collider

Update November 20, 2006 The ILC SCOpPE
document, 2006

2. Baseline Machine

4, Options beyond the Baseline machine

Timing and priorities of the options will depend on the results obtained at
the LC baseline 500 GeV machine and possibly at the energy upgraded
machine, together with the results from the LHC. An important issue here

* Several physics measurements are uniquely enabled through collisions
of (polarized) photons, or electrons and photons, from backscattered
laser beams. High polarization of both electron beams is required.
This option will require transformation of one interaction region to
run as a yy or ey collider at any energy up to 80% of the e'¢”
maximum energy, with reduced luminosity (some 30-50%) with
respect to the e e luminosity. It is desired to keep the option of
providing a second beam delivery system without major interruption.
More studies on the technical aspects of a yy or ey collider are
required by the experimental community.

Asia: Sachio Komamiya, Dongchul Son
Europe : Rolf Heuer (chair), Francois Richard

Valery Telnov  INorth America: Paul Grannis, Mark Oreglia
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One of the authors of the LC scope document
was Sachio Komamiya and now being the head

of the LC board he has a good opportunity to bring
the ILC design in agreement with the scope
document requirements.

It is really extremely important to make the required
changes during this-next years.
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The photon collider at ILC (TESLA) has been developed in
detail at conceptual level, all simulated, all reported and
published (TESLA TDR (2001) and updated later.

The conversion region: optimization of conversion, laser
scheme.

The interaction region: luminosity spectra and their measure-
ment, optimization of luminosity, stabilization of collisions,
removal of disrupted beams, crossing angle, beam dump,
backgrounds.

The laser scheme (optical cavity) was considered by experts,
there is no stoppers. Required laser technique is developed
independently for many other applications based on Compton
scattering. Recently LLNL started work on LIFE lasers for
thermonuclear plant which seems very attractive (one pass
laser).

Further developments need political decisions and finances.
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10-15 years ago PLC
community accounted
>100 active people, we
had several special PLC

workshop.

Now the interest to PLC is
not smaller but activity is
much reduced (in the
stand by mode) due to
unmotivated exclusion (in
2000) of the PLC from the
ILC project.

LC-ECFA, 2013, DESY, 2013
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Requirements for laser

Wavelength
Time structure
Flash energy
Pulse length

LC-ECFA, 2013, DESY, 2013

~1 um (good for 2E<0.8 TeV)
Act~100 m, 3000 bunch/train, 5 Hz
~5-10 J

~1-2 ps

Valery Telnov
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Laser system

Ring cavity
(schematic view) 017, P~1KkW
T ~0.01 =
, 3 YL:=100m Q~100 ' faser |—|337 ns|_|

~4000 pulses
): x5 Hz
Detector g)

N

12 m

The cavity includes adaptive mirrors and diagnostics. Optimum angular

divergence of the laser beam is £30 mrad, A=9 J (k=1), o,= 1.3 ps, 0, ~7 ym

17
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H. Takahashi
4 mirror cavities are at the ATF

KEK-Hiroshima LAL-Orsay
installed 2011 installed summer 2010
relatively simple control system sophisticated control
employs new feed back scheme digital PDH feedback

« So far

— 2.6kW stored w/ enhancement of 1230
— Highly stable AL~4pm
— vertical laser size at the IP 13um
— 120g/5bunches -> ~2.6 x 108/sec
— Digital Feedback
* Quantitative understanding

— Finesse
— Powers

— Profile

18
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Recently new option has appeared, one pass laser system,
based on new laser ignition thermonuclear facility

Project LIFE, LLNL

16 Hz, 8.125 kJ/pulse, 130 kW aver. power

(the pulse can be split into the ILC train)

/ B
LIFE Box in NIF Laser Bay

- —
by

So, the required lasers almost exist.

LC-ECFA, 2013, DESY, 2013

The entire 1w beamline can be packaged into a box which
is 31 m3 while providing 130 kW average power

Amplifier head

Preamplifier
module (PAM)

135 m

Pockels cell

Lawrence Livermore National Laboratory

OpBomUCHLE
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Laser diodes cost go down at mass production, that

makes one pass laser system for

PLC at ILC and

CLIC realistic!

Diode costs are the main capital cost in the system

= White paper co-authored by 14 key laser diode vendors
= 2009 Industry Consensus: 3¢W @ 500 Wibar, with no new R&D
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Pumps for Inertial Fusion

R. Deil, J. Geske. M. Kanskar, 5. Fatterson,

G. Kim, Q. Hartmann, F. Leibrsich, E. Deichssl,
J. Ungar,P. Thiagaraian, R. Martinsen,

F. Leisher,E. Stephsns, J. Harrison, C. Ghosh,
0O Rabot, A. Koh!

January 2011

+ Power scaling to 850 W/bar provides $0.0176/W (1=t plant) | Diode costs for 1 beamline ~ $2.3M

- Sustained production of LIFE plants reduces price to ~$0.007/W

+ Diode costs for first plant: $880M
« Diode costs for sustained production: $350M

LIFElet {15t beamline) $0.1/W
diodes for 1 beamline $13M

Lawrence Livermore National Laboratory

Opfion:UCRL#

L.

Option: Addifional Information
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Fiber Lasers

Gerard Mourou et al., “The future is fiber accelerators,”
Nature Photonics, vol 7, p.258 (April 2013).

PHIL SAUNDERS

ICAN - International Coherent ‘ !
Amplification Network i -

Figure 2: Principle of a coherent amplifier network (CAN) based on fiber laser technology. An initial pulse from
a seed laser (1) is stretched (2), and split into many fibre channels (3). Each channel is amplified in several stages,
with the final stages producing pulses of ~1 mJ at a high repetition rate (4). All the channels are combined
coherently, compressed (5) and focused (6) to produce a pulse with an energy of >10 J at a repetition rate of 10

e 10 J, 10 kHz
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Some dreams of yy factories at ILC

(PLC based on ILC, with very low emittances,
without damping rings)

22
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Factors limiting yy,ye luminosities renovte0

_ TESLA (ILC
Collision effects: ‘\:‘; 10355— N=2:10", a,zo,z,(mm,)f=14.1 iz
*Coherent pair creation (yy) -
‘Beamstrahlung (ye) g | IES
-Beam-beam repulsion (ye) £ % ,
E‘ e N3
On the right figure: [ AN E
the dependence of yy and ye luminosities & I-B=ioocey R
in the high energy peak vs the horizontal 10> = = = -

. . . 2
beam size (o, is fixed). 10 10

g, ,Nm

At the ILC nominal parameters of electron beams o, ~ 300 nm is
available at 2E,=500 GeV,
but PLC can work even with ten times smaller horizontal beam size.

So, one needs: ¢

nxo’

€., as small as possible and §,, B, ~ 0,

In yy collsions the luminosity is limited only by available beam sizes or geometric e-e-
luminosity (for at 2E,<1 TeV).
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Method based on longitudinal emittances
V.Telnov, LWLC10, CERN

Let us compare longitudinal emittances needed for ILC with those in
RF guns.

At the ILC o/E~0.3% at the IP (needed for focusing to the IP),
the bunch length 0,~0.03 cm, E_.. ~75 GeV
that gives the required normalized emittance

e.,~(0g/mc?)o,~15 cm

In RF guns 0,~0.1 cm (example) and oz~ 10 keV, that gives
£.,~2:-107 cm, or 7500 times smaller than required for ILC!

So, photoguns have much smaller longitudinal emittances than it
IS needed for linear collider (both e+e- or yy).

How can we use this fact?

24
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A proposed method

Let us combine many low charge, low emittance beams from
photo-guns to one bunch using some differences in their energies.
The longitudinal emittance increases approximately proportionally to
the number of combined bunches while the transverse emittance

(which is most important) remains almost constant.
It is assumed that at the ILC initial micro bunches with small
emittances are produced as trains by one photo gun.

Beam combiner

(final part) / —=

bending magnet

25
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Scheme of combining one bunch from the bunch train (for ILC)

Q=3/64 nC (64—1)
E~100 MeV
At=1
AE=AE,
/ A Z...(s,s)m 2)
RFT A D > C A D ...(7,8)(3,4)
E~1000 MeV == - - —~- -7
At=327 stage 1
AE=AE,
(1-3 A E~2 GeV
= BC Q~3nC
S R CANAEEE
D (33-64) C
~ _ _ Sx,y(z1_64)"‘ SX,YU)
stage 6
G -photogun, A —RF-cavities (accel), RFT —round to flat transformer,
D —deflector, C —beam combiner, BC -bunch compressor



Hopes
Beam parameters: N=2-109(Q~3 nC), 6,=0.4 mm
Damping rings(RDR): €,,=10cm, ¢,,=3.6-10° cm, 3,=0.4 cm, B,=0.04 cm,
RF-gun (Q=3/64 nC) ¢,,~10*cm, ,~=10°cm, 5,=0.1 cm, 3,=0.04 cm,

The ratio of geometric luminosities

Lrrgun/Lpr=~2-10

So, with polarized RF-guns one can get the luminosity
~5-10 times higher than with DR.

Polarized RF-guns still have emittances larger than that of
unpolarized guns but there is good progress and soon we
will have the required low emittance polarized guns.
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Conclusion

* Photon colliders is a very cost effective addition for e+e-
linear colliders: as the LC second stage or as the second
IP (preferable). All required technologies exist.

« The ILC is close to approval. It is very important to make
the final ILC design compatible with the photon collider
and further develop the PLC as an integral part of the ILC

project.

LC-ECFA, 2013, DESY, 2013 Valery Telnov
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