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Abstract

The basics of a complete twin-laser system driving both INAC accelerator and the in-
teraction chamber of a powerful inverse Compton sourcesisudised. The pourpose is the
production of trains of 100 pulses, 10 ps long, with an iraéfrequency of 100 MHz at a
repetition rate of 10 Hz. The pulse energy of the egun-ldkerone driving the accelera-
tor photocathode, is about 1, while the Compton-laser, the one driving the interaction
chamber, is 1 J. The egun-laser is conceptually based on arfutvWd:YAG(YLF) os-
cillator seeded by a saturated laser pulse. The Compten-isdased on a commercial
1 J-15 ps-10 Hz Nd:YAG(YLF) coupled to a passive enhacingtgavhich can gener-
ate the pulse trains. The energy and brilliance of the twertaare discussed in view of
producing an X-ray source capable of delivering more th#f photons per second.
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1 Introduction

There is a pervasive demand for hard X-ray beams in moderical¢t-5] and academic
research applications [6]. Many experiments have dematestrthe physics of X-ray
production via inverse Compton scattering (ICS) [6—12].e Tiigh-brightness electron
beams produced by radiofrequency photoinjectors [13] lsalfp lasers with excellent
beam quality {72 less than 2) allow efficient ICS sources. These sources caerate
monochromatic tunable X-ray pulses of notable power thaokbe multigigawat peak
power lasers. However, the average power is relatively leeabse of the low repetition
rate of the commercial lasers coupled to the low efficiencyhef Compton scattering
process. The way proposed to enhance the ICS average pobserriisising the same
laser pulse many times given the fact that the laser pulsairsnalmost un-altered after
an interaction (only one photon oved' is scattered from the pulse) [11]. From this
observation the idea of adding to the Compton laser a ringycaimed to recirculate the
laser pulses for successive Compton interactions was penjjd1,14—16] and also tested
[11,14]. We discuss a multiplexing Compton-laser systepab& of providing trains
of 100 pulses 1J-10ps at 10 Hz repetition rate, in conjuclidh an egun-laser system
providing a correspondent electron pattern with 1 nC busiciiee system ought to be
capable to generate an X-ray fluxef10'°.

The Compton process is governed by the physical law [17]

Ne - N,

A
whereor[~ 61072 is the total Thomson cross sectiaM, is the total number of elec-
trons in the electron bunch, is the total number of photons in the laser beam. The term
FF is a form factor less than unity that depends on rms elecnal photon pulse dura-
tions 7. andr, and on the spot sizes of the electron and photon beams attéradtion
point.

The number of X-photons is proportional to the prodit- N, and inversely to
the interaction region area A. Thus, high X-flux means highding electron and photon
fluxes and high brilliance.

The LINAC accelerator, generating the electron pulseddiny with the photon
pulses, must provide trains of electron pulses with exatiysame time pattern as the
incident Compton photon time pattern. A pulsed laser systelwering pulse trains of 1
kW power and 100 MHz is not in production. Here we present aiptesdesign for this
egun-laser coupled to the correspondent Compton laser.

The project is to design an efficient ICS source of monochtmXaray beam with
> 10'° photons per second at a first stage. The goabéf flux is pursued with possible

Nx:aT< >FF 1)



up-grading of both the LINAC and laser systems. This X-rayrse would have the peak
and average power interesting for medical purposes. Intjeqd discussion, we refer to
the numbers quoted in Ref. [4] and reported in Fig. 1. The migalsimulation results
reported in the paper claim a numberl6f photons per shot with the system parameters
showed in the figure, that is 1 nC electron bunch charge, 1rggoné€1064 nm laser pulse
and 20um interaction spot-size.

- 1J-10ps-1064nm~
1 nC-10ps w108 x
® = 20um

Figure 1: Sketch of the interaction point with the referenaenbers relative to the ICS
interaction.

2 The Compton-laser

The calculated 0® X-photon bunch produced (in the above assumed experimeonfib-
uration) indicates that a gain ®6> — 10° is needed for obtaining the programmed X-ray
flux of 10'° X-photons. Turnkey lasers operating at that 1 J pulse enitliya repeti-
tion rate equal-higher than 100 Hz are not produced evensisraumachine. Due to the
small cross section of the ICS interaction, the idea of rpldking the 10 Hz drive laser
pulse by trapping it inside a passive high finesse ring casiproposed (as in other Labs
[11,14-16]).

The pulse injection into the ring cavity by insertion insithe cavity of the usual
polarization plate coupled to a Pockels cell cannot be useduse of the too high losses
(of the order of several percent) at the 1 J pulse energy. &b insertion of a mm-thick
non-linear crystal thin-slab (a BBO material) which swislthe radiation from the red
to the green, coupled to an input dichroic mirror, seems ta peoper solution [18,15].
The losses of the cavity elements can be quoted minor tharidt%, finesse higher than
500. The design of the cavity will have focusing mirrors {afis parabolas) such to get
the required0 um spot size in one arm.

The free spectral range of the cavity should be 100 MHz, thdtOi ns interval
among the laser pulses. Resulting the pulse decay time athcavity finesse longer
than 4.s, we may assume the first 100 recirculations almost constéet pulse pattern
is scketched in Fig. 2. The cavity synchronization can beduoy carefully controlling
through one PZT mirror mounting the pulse round trip.

Observing that the expected up-conversion efficieney €% and that one green
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Figure 2: Temporal pattern of the Compton-laser pulses.

photon is produced by a pair of red photons, the expectedotgotflux results in

Nx ~ 1708 -10% 571 (2)
The high average power indicates that Nd:YAG(YLF) crystlthe appropriate one.
Nd:YAG can be used even if it can deliver pulses as long as lsepause the follow-
ing up-conversion squeezes the pulse of more than 30 %. Weesilin the next section
that Nd:YAG cristal is an appropriate choice for the eguseta
A laser system complete of both Compton and egun-lasermgsie sketched in
Fig. 3
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Figure 3: Schematic of the complete twin-laser system ofdbmpton scattering X-ray
source.

3 Theegun-laser

The egun-laser driving the photo-cathode must generatsahee pulse-pattern as the
Compton-laser system. Hence, its system architecturehmsesduite similar to the Comp-
ton one.

The output pulses’ energy of this laser must be stable waltouple of pecent, be-
cause the electric and magnetic fields of the acceleratdimelg tuned to a set of values
for the optimized operation, that is for the highest britia at a certain bunch charge.



This stability demand does not allow a passive circulatofatt, the output 1064(1053)
nm red laser radiation must be up-converted to 266 nm for dltleode photo-emission.
This conversion is done by two steps non-linear interast@amd energy instabilities are
amplified in a non-linear process. The stringent conditioritee energy stability of the
train pulses forces for a very powerful 100 MHz oscillatolivkring exactly 100 well-
done pulses in time-coherence with those of the Comptaer-I&ge note that0 p.J pulse
energy with 100 MHz frequency means 1 kW power output, aydatih power level.
However, this power level is required for macro-pul$es long. Thus, a possible scheme
could be an oscillator seeded by pulses already at the satuvalue (High Power Driven
oscillator HPDO). The pilot laser has to the same as that@iGbmption-laser, as de-
picted in Fig. 3. HPDO can be thought of as an active circulaith an output coupler.
The numbers relative to the egun-laser reported in Fig. 8wddor a quadrupling effi-
ciency of 10% and a transport plus shaping losses of 50%. dihsidered photocathode
material isC's,Te for its robustness and high quantum efficienéy [19]. Fig. 4 shows
the schematic of the proposed egun-laser system. The laBsads to launch into the

Nd:YAG :
oscillator | Regen Amp |—|HPDO-OSC|IIatdr'

mode-locked A =10 101J -100 pulses

at 100 MHz
15 ps,100 MHz 10 Hz 70 Hz rep-rate

Figure 4: Schematic of the egun-laser (without harmonicsemsion) with tentatively
numbers to be hopely soon checked. High Power Driven Ogmil{giPDO) is proposed
to be pumped by a flashlamp.

HPDO a pulse having an energy neaitly..// T, being T the transmission of the output
coupler and 0 1/ the programmed output laser pulse energy, and to set thesgelmthat
active medium refills in two-passes the energy losses.

The laser system is going to be built and tested.

4 Conclusions

An auto-consistent powerful laser system aimed to drive wepiul inverse Compton
source of X-rays has been discussed. The schematic of aasendystem, one driving the
accelerator photocathode and the second providing théantphotons for the Compton
scattering, operating with high frequency trains of/L0 per pulse the first and 1 J the
second is presented for the first time, to our knowledge. yetrpowerful laser aimed to
deliver trains of 100 pulses 10 ps long at 100 MHz frequendit WD Hz repetiton rate is
proposed for driving the photo-cathode of radiofrequeregteon guns.
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