Presented on PAC99

CBN 99-18

LASER LINEAR COLLIDER WITH A TRAVELLING LASER FOCUS
SUPPLY
A. A. Mikhailichenko"
Wilson Laboratory, Cornell University, Ithaca, NY 14850

Abstract

Requirements considered for 2X 1 km long linac,
driven by a laser radiation distributed within open
accelerating structure with special sweeping devices.
These devices deflect the laser radiation to the open
accelerating structure in accordance with instant
position of accelerated particles The power reduction
and shortening the time of illumination of every point
of the structure is equal to the number of resolved
spots, associated with the sweeping device. A 300 J,
100-ps laser flash could provide the energy 30 TeV
for A Olum and 3 TeV for A 010um on 1 km with

the method described. For repetition rate 160 Hz the
luminosity associated with colliding beams could
reach 10 cm?s! per bunch. Wall plug power
required for operation of LLCis~2 MW.

1 INTRODUCTION

The concept of a Linac, driven by a Traveling Laser
Focus (TLF) method was originated in [1-3]. TLF
deals with accelerating structure, what scaled down to
a laser wavelength. The beam is going inside the
structure similar to the existing practice. Tiny
dimensions of the beam required could be achieved by
proper preparation of the beam [4]. For excitation of
accelerating cells, each of them has an opening from
one sde, what gives a posshility for paralld
excitation. Laser radiation focused onto these
openings. So the cells excited locally. Focusing in
transverse direction is more radical, as the focusing
lens could be positioned very close to the accelerating
structure. Special sweeping (deflecting) device moves
this focal spot in longitudinal direction in accordance
with instant position of the particle. Due to this
arrangement, all impulse laser power is acting for

number of the particles required is about one million
only, so the problems with wakes here are not more
complicated, than in usual cm-wavelength structure.

2 TLFMETHOD

Fig. 1 reminds the idea [1-3]. The laser bunch with
longitudinal dimension much bigger, than transverse ones
passing trough the sweeping device. This fast sweeping
device is driven by electrical pulse synchronously with the
particle’s passage. It directs the beginning of the laser
bunch to the entrance of acceléing structure and the
end-to the exit of the structure. So closer to the structure
laser bunch has an instant slope of 45 degrees to the
direction of sweeping device. The local wave fronts still
rectangular to the sweeping device, however. All
deflecting elements are synchronized so that the electron
bunch has continuous accelgon in all sections. One
can see from Fig. 1, that the energy concentrated in the
laser's bunch volume delivered here by the source by the
time defined by théength of the laser bunch what is equal

to the length of accelating structure in Fig.1.
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Figure 1: The principle. Lines across the laser bunch
indicate the direction of wave fronts.

Optimal laser focus sweep is about 3fwn a practical
reasons, so the accedéing device looks like a sequence of

generation of eceleating field at the instant particle’'s 3 cm- long accelating structures. A short focusing
location only These arrangements reduce the powecylindrical lens installed close toceeleating structure

required from the source (laser) and

reduceeducesthe transverse size of the spot to a minimal one.

illuminating time. It was shown [2], that the power Each part of the grating structure is illuminated by
reduction and shortening of illuminating time of anyduration, which is defined by time O L/N.,c 01004,

point on the surface equal numerically to thember
of resolved spots (pixels), associated with the sweepin
device. One can see that the cells are working wit

whereN,—is the number of resolved spots, (see lowes),

the length of the structure. Fbelum, then

zero phase shift per cell what yields the distancd [(B10%sec. This time is less than the time between
between the cells equal to the laser wavelength. Th@lectron-electron collisions, what isr,, 0107 sec, still
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however longer, than the time, corresponding to reaction of
electron plasma in a metal, what is I, =300%s TLF

method does not exclude the problems, associated with
a breakdown limit of the structure, but it allows
drastically reduce the laser impulse power, required
for excitation the structure to this level. The latest
measurements show a damage threshold increase
while the illumination time is shortening. This breaks
the 7Y2low. This was explained by saturation of
impact ionization rate per unit distance [5]. Measured
threshold for 0.3 ps pulse was about 10 Jcm?. For 1 ps
the threshold measured was 6 Jom?. In our case we
have 10mJ laser pulse distributed over area 3%10°
cm® what gives 3 Jecm? and accelerating gradient 3
GeV/m. We bdieve that these figures could be
improved after careful preparation the surface and
optimizing the working temperature.
Main components of the scheme considered below.

3 DEFLECTINGDEVICE
The ratio of deflection angle 9 to diffraction angle
J,0Ala, where a is an aperture of the deflecting

device, defines the number of resolved spots (pixels),
N, =3 /9,. The number of resolved spots N isan

invariant under any optical transformations. As we
mentioned above, N, value gives the number for the

lowering the laser power for gradient desired and,
also, the number for the duty time reduction.
Electro-optical devices use controllable dependence of
refractive index on electrical field strength and
direction applied to some crystals (see Ref. To [2-3]).
Short laser bunch could be swept with a travelling
wave sweeping device [3], Fig. 2 below.

Traveling wave
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Figure 2: Deflecting device principle. Prisms 1 with
oppositely directed optical axesinstalled in series
between two paralld strip—line electrodes 2i-is the
distance between therd- is a matching impedance.
Lines across the laser bunch schematically show th
wave frontsg (t -y / c) —is a driving electrical field.

For the length of deflecting devids=50cm, one can
expect AS 0107rad.N, 010 for) 010um and
N, 0100 for A Olum. Mechanical deflection

system and Acousto-optical deflector could be also

We took the foxhole-type structure described in [6] as

a basis, Fig. 3. This structure has an advantage in
pumping possibilities. The structure gives a good
positioning for electrical field map [2,3].

Figure 3: Accelaxrting structure and cylindrical lens.
Structure on the left is scaled. Covers on acatlay
structure are not shown.

Covers adjust the coupling between the groove and outer
space. With these covers the height of a structure is about
half of a laser wavelength and the cells harductive
coupling with outer space. Th@x factor of the order 5-

10 could be expected here. Technological possibilities in
lithography allow a structure fabrication for a laser with a
wavelength A O1u m. Each structure installed on a micro-

table moved by a piezoelectric. Calculations for this type of
structure done with GdfidLcode [7]. There were
investigated different shapes of cell and transit slit between
the cells. Calculation shows that wakes areeptable here.
Despite dimensions are small, the bunch population about
10° only drastically rejects the wake problems.

5 DESCRIPTIONOFLLC
Parameters of this LLC are represented in Table 1. The
beams of electrons and positrons can be polarized what
gives the effective gain in luminosity and reduces the

background. Details one can find in [2,3].
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Figure 4: Linear Laser Collider (LLC) complex. 1-is a
laser master oscillator platform, 2 —is an optical splitter,
3,4—are the mirrors, 5—is a semi-transparent mirror, 6—is

used here [3]. Basically they give the same deflecting, |ight apsorber. 7—are the Final Focus Systems. 8—are the

parameters.

4 ACCELERATING STRUCTURE

damping systems for preparing particle’s beams with small
emittances, 9—are the bends for particle’s beam. 10-are



the accelating X-band structures, 11-is electron gun  Scattering is reduced for diluted beaifine focusing

(polarized), 12— is a positron converter. system includes the quadrupole lenses of appropriate
dimensions and a RF focusingccelerating gradient
TABLE 1. Parameters of Laser Linear Collider. defined by the laser flash ene@y A laser flash with
Par ameter A 010um A O01um QO010mJ,7 0.1 ns an O1u m is able to feed the
Energy ofe* beam 3x 3 TeV 30X 30 TeV acceleating structure with the length abowt7 = 3cm
Length of section 3cm 3cm with = 30 GeV/m Nd-Glass laser can be used he@O,
Total length 2X 1 km 2 X1 km laser based system gives lower final energy. The power
Main linac gradient HeVim 30 GeV/m  required P 0Q/ r =10®W s within routinely obtained.
Luminosity/bunch  <110%cm?s’  <100°cm®S™  The |aser amplifier could be sectioned with few structures
Bunches/pulse 3 100)* 10 (=300)*  or even each@n section could has it's own amplifier. For
Laser flash J/Linac 300 300 pumping the driving lasers thitode laser arrays could be
Repetition rate 160 Hz 160 Hz  ysed for the wavelengths indicated.
Beam power/Linac 2.3 kW 760W  Bunch population defined by a loading of structure and
Bunch population 300’ 10° by wakes. With 5% loadingN [J 110° for A O1um.
Bunch length um 0.1uym

For A 010um this will be N 03[@0°. Final focus

g -8 -10 -9 10
y&,lye, cmrad 1077400 500°/100 made witha multiplet of FODO structures having the

Damping ring energy 0.7 Gev 0.7 GeV  number of the RF lenses in it of the order of few hundreds.
Wall plug power™  2X05 MW 2X05MW | yminosity could reach L=1010%cm?s? for
*—Maximal possible number. A 010u y= 2M10° (pc=1TeV),N DZD_O7, f ]160Hz

**_| aser efficiency= 10%

For A O1um result will be abouhe same.

6 CONCLUSION

Reduction of illuminating time and total laser power (or
the flash energy) both defined by the number of resolved
spots (pixels) associated with a deflecting device. Number
of resolved spotss 20—100 achievable. Lasers for the
TLF method need to have more power in intermediate time
duration 7 =100ps rather than in a shorter time

interval. Equivalent time of illumination ofcaeleating
structure with this pulse i©9.1+ 1ps, however. For a
05x 05TeV Collider the length becomesx2L70 m for
A 010u mand 217 m for A (Il m, respectively.

Figure 5: Table with a regular section of accelerator.
1,3-is a laser beam. 4,5-the beam of particles. 7 and
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