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Abstract
The required laser parameters for recently propasmdma-gamma collider Higgs factories are
presented and reviewed in the context of new dewedmts in high average and peak power fibre
laser technology. A possible laser architectureethasn fibres is proposed and some issues
surrounding high average power frequency conversiothe wavelengths required for a gamma
collider are discussed.

e'/e machines of requiring lower energy beams than are

1. Introduction proposed for the ILC or CLIC (although of courserth

The recent discovery of the Higgs boson has lednto s a difference in the physics reach of a gammibideol
interest in developing ‘Higgs factoriés’ colliders and machines like the ILC), the lack of need for a
specifically aimed at studying the properties o€ th positron beam which is complex to produce, and

Higgs, in addition to proposed new facilities sashthe possibly a reduction in basic cost by the reusexisting
International Linear Collider (ILG)or the Compact infrastructure (as in the HFITT proposal).

Linear Collider (CLIC. One such possible Higgs
factory is a gamma-gamma collider. These have bedinshould be emphasised that these are currently ve
studied in detail in the past, including proposisa new proposals which are not completely designed or
gamma-gamma or gammaieteraction point (IP) at the optimised. The accelerator aspects of the two maigo
ILC and its forerunnefs, but recently proposals have will not be discussed in this article, which will
emerged for standalone facilities dedicated to gamntoncentrate on the general laser requirements exfeth
collision$”’. The properties and advantages of gammproposals or comparable machines. The laser pagssnet
colliders are outlined elsewhérethis paper will review for SAPPHIRE and HFiTT are summarised in Table 1.
the properties of the lasers required for such mash They are broadly similar, the main difference being
and whether recent advances in laser technologyn meeeflected in the repetition rates. The current shield
they are now feasible propositions. SAPPHIRE proposal has a 200kHz rep. rate, butst ha

been indicated that this could be reduced to 100kiz

a corresponding increase in the individual bunch

2. Fibrelasersfor gamma colliders chargé’. These parameters may not represent a fully

Two new gamma colliders have been proposed recentlyptimised final specification for such a collidbrt they
specifically SAPPHIRE based on recirculating linacs, gre unlikely to change by orders of magnitude aaal ¢

and HFiTT, which would be placed in the Tevatrontherefore act as a suitable guide to the reasoriabée
tunnel at Fermilab. The basic principle of sucteenda  requirements of such colliders.

collider is that Compton scattering of a laser pdtem
an electron bunch (at the ‘conversion point) prgil  Table 1 Laser parameters for SAPPHIRE and HFiTT
high energy photons which then collide at a sepdiat gamma colliders

To produce Higgs bosons with a mass of 126GeV would

require the scattering of a laser pulse at 351romfa SAPPHIRE HEITT
wavelength 351nm 351nm
beam of electrons at 80GeV, a wavelength and enerngy
pulse energy 5J 5J

range accessible with current technology. The:’tiepetition rate | 200kHz (100kHz) 47 7kHz
proposed colliders have the potential advantages o pulseduration | 5ps (FWHM) 3.5ps (FWHM)
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Some of the individual parameters are entirelypower needed for the laser is 500MW — 1GW. As the
reasonable given current laser technology. Theggnermachine requires two laser pulses scattering fromm t
required per pulse (~ several J), pulse duratienps) electron bunches to create the high energy phdmns
and wavelength (351nm, requiring third harmonicollisions, this implies a power budget for theelass
generation of a fundamental beam at 1053nm) are alone of 1 — 2GW which is clearly impractical. # i
within the reach of current laser systems such asbvious that improving the efficiency of high power
Nd:glass amplifiers. However, the average powelaser systems is extremely important for their use
requirements for a single pass Compton scatterimgamma colliders, but also for many other applicetio
system (i.e. where one laser pulse interacts with one  such as laser plasma wakefield acceleration otidher
electron bunch) are extreme. Assuming a (slightljusion, and this is an active area of research,viih
conservative) third harmonic generation (THG)example, much effort focused on pumping the laser
conversion efficiency of 50%, the pulse energyamplifiers with efficient diodes lasers rather thitash
requirements at the fundamental wavelength areat0J lamps™.

47.7 | 100kHz. This gives an average output power f
the laser of ~ 0.5 — IMW, something that is notsjie Given these extreme demands on the laser system, th

proposed solution in the past has been the usetifab
cavities to enhance or recirculate one laser pslsdhat
it interacts with multiple electron bunches.

with solid state laser technology. This also hasuge
impact on the power requirement for the collideraas
whole; even with an electrical — to — optical a#fiwcy of
0.1% (better than many current systems) the ebattri

oscillator stretcher 90% 52kW cavity
30MHz 1.7m]
30MHz 100s fs —
~ mmT 5 Slg 32 x 1.8kW 16 x 630 pulses 85% 530kW 90% 477kW
=S 30MHz, 60y 75% 39KkW 477kHz | compressor [ 47 7y,
47 7kHz, 820m] 11.1] 10]
16x......
preamps } cavity
4x1.8kW
30MHz, 60]

Figure 1 Schematic of possible laser architecture for HFgEima collider

This approach has been investigated for bunchstrain laser pulse with the electron bunti Given these
the ILC and its predecessor projétsnd may be more limitations and the additional complexity of an iopt
appropriate for closely spaced bunches than for theavity around the conversion and interaction poiitts
microsecond spacing (and hence several kilometresgems that a preferable solution would be to have a
recirculating cavity length) of the SAPPHIRE or HIFi  single pass interaction geometry and not recy@ddaber
proposals. It is also clear that a cavity hugelyrélases pulse, if at all possible.

the complexity and alignment around the conversiah .
interaction points, where it is also necessaryximaet AS Stressed before, the average power requirenients
these colliders are well beyond the state of theirar

the electron and laser beams and have space for _
particle physics detector. There are many conctans aS€r technology. .Howe\{er, recent advances" in the
gherent combination of fibre lasers show that ight

cavity based solutions about issues such as damag _ :
longevity and reflectivity reduction for optics eged to € Possible to develop a laser system with both the

a radiation hard environment, locking of the cavity€cessary average power output and electricaieitiy
length precisely to the electron bunch repetitiae and ©© Make a single pass scattering geometry for argam

stabilisation and maintaining the spatial overldpte ~ collider a feasible prospect. The ICAN projéchas
brought together expert groups who have developed



3

proposals to combine the output of thousands aindinjected into an enhancement cavity (see, for
individual fibre lasers to produce pulses of ~ @0kHz example, ref. 17), where the pulses are temporally
repetition rates and pulse durations of hundreds atacked to create a higher energy pulse and switochte
femtoseconds. These properties, although originallgf the cavity at the accelerator repetition ratd bf7kHz.
developed for driving laser wakefield acceleratioriThe pulses from each cavity are coherently combined
experiments, are well aligned with the gamma ceilid into a single pulse of 11J and then compresseaveoa
requirements. Figure 1 shows a possible lasdinal laser output of 10J pulses at 47.7kHz with a
architecture for the HFIiTT collider, adapted from aduration of a few ps.

system proposed by Eidam et.*ato fit the repetition
rate requirement of HFITT. There are many challenges that have to be addressed

before such a system could be built — for examiple,
The proposed laser consists of an oscillator prioduc coherent combination of very high energy pulsestard
pulses at im and 30MHz, with pulse durations of ~ cavity switching - which are common to any appimat
100fs. These pulses are stretched to a few nanudgcorequiring this high peak and average power perfooea
and then split and amplified in 4 fibre pre-amplifi, These issues are being addressed by the grougdsedvo
before being split again into 16 groups of 32 fibrein the ICAN collaboration and others worldwide. hi
which amplify the pulses to nearly 2mJ. The outpt article will concentrate on one subject specificthe
each group of 32 fibres is coherently combineggamma collider application, the frequency conversib

90% 52kW cavity THG
30MHz 1.7m]
0 0
32 x 1.8kW 16630 pulses 0305 15 B 850 265kW — 90% 239k W
30MHz, 60pu] 759% 39kW 47 TkHz 47.7kHz 47 7kHz
47.7kHz,820m] | 410m]J 351nm %) =) 35 1nm
16 x......
cavity THG

Figure 2 Schematic of laser architecture including freqyesanversion for HFTT

the fundamental atpin to the third harmonic at 351nm. capability will be developed soon (although average
Frequency conversion in this spectral region hasnbe power handling levels for frequency conversion iV
demonstrated with extremely high efficiency andkpeahave been predict€), given the orders of magnitude
power, for example at the National Ignition Fagyilit difference in the required value over the curreatesof
(NIF)®, This facility has also demonstrated that it sHoulthe art, although there are promising approachesy us
be possible to retain the bandwidth necessarygpati  thin segmented frequency conversion crystals wih g

a pulse duration of a few picoseconds in thé'.uv cooling'™. Another approach useful for the laser system
However, this performance has only been shown rgt veproposed above would be to lower the average power
low repetition rates of less than 1Hz, and theestétthe handling requirement by having multiple frequency
art average power handling of harmonic crystals isonversion points, as shown in Figure 2. Instead of
limited to an output of under 1k¥ far below the ~ single conversion stage after the compressor, it is
250kW that would be required for conversion of thepossible to instead convert the output of each
single compressed output beam of the laser shown @émhancement cavity before recombination and
Figure 1. It is not clear that the required poweandiing compression. This reduces the average power at each



conversion stage by a factor of 16, which is lés&1t20

times the state of the art, a much more approaehablD- Asner, H. Burkhardt, A. De Roeck, J. Ellis Gronberg,

figure. The advanced techniques of segmentation any Heinemeyer, M.Schmitt, D. Schulte, M. Velascal &h
. Zimmermann, ‘Higgs Physics with g Collider Based on

forced gas flow could be then used to improve the ¢ 1 Eur. Phys. C. 28, 27 (2003).

thermal management of the frequency conversiohv. Telnov, ‘Principles of photon colliders’, Nuclnstrs.

crystals and make this level of power handlingadisgc
proposition.

3. Summary

Methods A 355, 3 (1995).

9 Zimmermann, private communication.

1 A. Bayramian et. al., ‘Compact, efficient lasersms
required for laser inertial fusion energy’, Fusiei. Tech. 60,
28 (2011).

The laser requirements for a gamma collider arg ver2 . Klemz, K. Ménig and I. Will, ‘Design study ohaptical

well aligned with those of the laser systems preddsy

cavity for a future photon collider at ILC’, Nuclnstrs.

the ICAN/IZEST collaborations. Recent schemes fol€thods. A 564, 212 (2006).

high energy, high repetition rate coherently coraeldin
fibre lasers could be straightforwardly adapted tfoe
higher rate, lower energy requirements of the psepo
gamma collider Higgs factories, thus removing teed
for a complex and costly recirculation cavity arduhe
IP of the collider.

Acknowledgements
This work was supported by the Science and Techyolo
Facilities Council (grant no. ST/J002011) and bg th
European Commission under

A.J. Finch, ‘Meeting to discuss laser cavity dasipr
photon linear collider’, Pramana 69, 954 (2007).
4 http://www.hep.lancs.ac.uk/LaserCavitfaccessed March
2014).
!> G. Mourou, B. Brocklesby, T. Tajima and J. Limpéfthe
future is fibre accelerators’, Nature Photonic258 (2013).
' T. Eidam et. al., ‘Cavities for high-energy pulse
applications’, International Coherent Amplificatidvwetwork
meeting, CERN 27 -28June 2013.
7). Pupeza et. al., ‘Power scaling of a high-rejmetirate
enhancement cavity’, Opt. Letts. 35, 2052 (2010).
8 C.A. Hayman et. al., ‘National Ignition Facilityader
performance status’, Appl. Opt. 46, 3276 (2007).

the FP7 ResearéhcC. Stolzenburg, W. Schille, I. Zawischa, A. KillicaD.

Infrastructures project EUCARD, grant agreement nd3utter, ‘700W intracavity-frequency doubled Yb:YAin-
227579. The author acknowledges helpful discussior‘géSk laser at 100kHz repetition rate’, Proc. SPEE5Solid

with Dr. C. Ebbers.

References

L A. Blondel, A. Chao, W. Chou, J. Gao, D. Schultel &.
Yokoya, ‘Accelerators for a Higgs factory: Linears.v
Circular’, arXiv:1308.3318v2 [physics.acc-ph] (2013

2 C. Adolphsen, M. Barone, B. Barish, K. BuesseB&rows
et. al., eds., ‘The International Linear Collideechnical
Design Report — volume 3.1I: Accelerator Baselinesi@n’,
Tech. Rep. (2013).

¥ M. Aicheler, P. Burrows, M. Draper, T. Garvey, [Rbrun,
K. Peach, N. Phinney, H. Schmickler, D. Schulte Bnd oge,
eds., ‘A Multi-TeV Linear Collider based on CLIC
Technology: CLIC Conceptual Design Report’, CERN:20
007.

4 R. Brinkmann, |. Ginzburg, N. Holtkamp, G. Kiki®.
Napoly, E. Saldin, E. Schneidmiller, V. Serbo, @vé&strov,
V. Telnov, A. Undrus and M. Yurkov, ‘An interactiaegion
for gamma-gamma and gamma-electron collisions
TESLA/SBLC’, Nucl. Instrs. Methods A 406, 13 (1998)

® B. Badelek et. al., ‘The Photon Collider at TESLAt. J.
Mod. Phys. A 19, 5097 (2004)

®S.A. Bogacz, J. Ellis, L. Lusito, D. Schulte, TakBhashi, M.
Velasco, M. Zanetti and F. Zimmermann, ‘SAPPHIRE:
Smallyy Higgs Factory’, arXiv:1208.2807 [physics.acc.-ph]
"W. Chou, G. Mourou, N. Solyak, T. Tajima and M.lago,
‘HFITT Higgs Factory in Tevatron Tunnel,
arXiv:1305.5202 [phys.acc-ph], Fermilab-TM-2558-APC

ate Lasers XIX, 75780A (2010).
2 D. Eimerl, ‘High Average Power Harmonic Generatjon
IEEE J. Quant. Electon. QE-23, 575 (1987).

at

a



