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November 21, 1997 CLNS 97/1529 electrical pulse for sweeping the laser beam in longitudinal direction synchronously SE%
the particle’s passage. Full angle of deflection is m.. L/R. As the deflection lasts for a
EHN>OGMFH—~>.=OZ >1—~>§O.PF>1—-!O>QH time 7 also, that means that the angular velocity of the light spot on the surface of the
A Talk presested at LASERS'9, Fairmont Hotel, New Orieans, LA, December 15-19 ¢ N grating is Q% L/(Rt). At the moment, when the laser bunch amrives at the grating, it has
A. A. Mikhailichenko . an angle @ with respect to the pasticle’s trajectory. Evidently,
Wilson Laboratory, 9§==§a§~§5~§ A - oL
THmeo, Conreli 11, 7 O-tma=—p. m
Abstract ; SV : - ,
The for 2 1 kow loag linac, driven by a laser . For clectrons or positrons, velocity V is close to the speed of light, so a=x/4.
within gggs&ggg 300 J, 100-ps laser 3 .
flash could provide an accelersting gradient 30 GeVim fori=1um and 3 GeV/m b
forA=10um with the method described. For repetition rate 160 Hz the luminosity 2 .Q.
associated with colliding beams could reach L=10"om™s™ per bunch. Multi-bunch . e 2T
operational mode is possible here. , et S I —_—
e | 991
Very fist experimental work on laser acocleration made [1] initisted investigations for a DEC 221 _

practical implementation of powerful lasers for pasticle’s acoclerstion. This also moved
forward rescarch on laser technology itself [2]. Here we will consider the only methods
based on scaling of an accelerating structure down to the laser wavelength. Under this
scaling the accelerating structure looks more or less like a grating’ and could be filled with
clectromagnetic field only from the side. This is so called open accelerating structure.
Particle acceleration with the grating, excited by a laser field, reviewed once in [3].

Typically, a ggggggtgggg B : ‘ (2]
trajectory. So, illumination of every point of the grating lasts for a time, what is required

for a particle to cross the grating. In contrast, the method developed in [4] uses a laser

radiation focused into a spot on a grating with a size much smaller, than jongitudinal and m a

transverse dimeasion of the grating. Special sweeping device moves this focal spot in '

longitudinal direction so, that this spot is following the particle in its motion along the 4

accelerating structure (Traveling Laser Focus, TLF-method). Due to this arrangement, all

i laser power acting fi ing field ion at the instant particle’s location

“l..mw.__s__ 4 _.gnﬂzﬂé. _m.ﬂ”n-.“ar.? vla“”gg!n Fig.1. The principle. The numbers 1, 2 and 3 ﬁgaﬂggeﬁg

shortcning the illuminating time for every point of the structure is umerically equal to the three diffescat moments of time. The length of the laser bust is c5. 4— is a swecping
device. 5— is the particles’ beam, what is gagnﬂggm.?

number of resolved spots, associated with the sweeping device. lines laser show the wavef This is i :

2. The method ~§a5.’§§%9«§5§&!&g§

Fig. 1 describes the idea [4]. The pulse of laser radiation lasts for a ime ¢ , 90 it has the correspondingly. Each point on the structure illuminated on time = [ /¢ .

length =ct, pos. 1 in Fig.1. The deflecting device 4 is positioned at the distance R from

opea structure (grating) 6. Beam of particles 5 is going inside this structure with velocity

V. The laser bunch positions in three different times are numbered by 1, 2 and 3. The Electric field in each point of the laser beam (pos. 2, 3) polarized rectangularly to the line,
grating 6 has a length L in longitudinal direction. Device 4 is electrically drivea by connecting this point with the center of the sweeping device 4. With the other words-
the wavefronts have common center of curvature coincident with cffective center of the
sweeping device, soe Appendix for more details.

! Phome: (607) 255-5253, Fax: (607) 255-8062, c-mail "mikhail @ ne62.Ins.comell.edu 4
1We will use both teres — the grating snd the accciomting structure.



In Fig. 2 an assembly of such accelerating modules are shown. Here the laser bunch 1

passed trough splitting devices 7 gencrated the secondary bunches 2-4. Sweeping device -

marked by 9, 8 are the particle’s beam focusing elemeats. The last elements are the same
as in Fig.1. All deflecting clements are synchronized so that the bunch 5 has continuous
acceleration in all sections. Distance R and clementary length L defined by technical
propetties of deflecting device 7 to scan the light beam. As the secondary bunches are
generated by the same primary laser bunch (1 in Fig. 2), the longitudinal position for each
module does not influence to the accelerating process. In Fig. 1 and Fig.2 some optical
oggcnﬁgﬁn _89“3&88 l.o..a.n_.a!m 3%@.3—3«3
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Fig.2. Accelerating complex. olsnng«g@lig—a beam focusing A

n_ng. — are the splitters. The last clements are the same as in Fig.1.

mooannl.ooan_.&n that parameters of deflecting device are crucial for TLF method.
Below we start with description of possible realizations for such devices.

3. The deflecting device -
The ratio of deflection angle & to diffraction angle 9, = 1/a, where a is an aperture of

the deflecting device, is a fundamental measure of the quality for any deflecting device.
?ggﬁagsa\i{e&g?ﬁs N, = 0/9,. The deflection angle
could be increased by some optics, but the number of resolved spots N, is an invariant
under such transformations. As we mentioned above, N, value gives the number for the

lowering the laser power for gradient desired and, also, the number for reducing the duty
time for the structure heating.
Electro-optical devices use controllable dependence of refractive index on electrical

ield strength and direction applied to some crystals [5-8]. The change of reflecting index is

equal to An=(dn/JE)E(1). Asthe refractive index » as a function of applied electric
ficld has a form 1/ =1/n} +7,-E’, where ry are the components of Electrooptical
6% 3 tensor, then dn, / JE, =—n; -1, /2 . Index 4 stands for xz, 5 for xz and 6 for xy.
Fora .—ngggs-_&s. ﬁﬁﬁﬁﬁﬁ hange in deflecting angle is defined
3??&&&?39«%8&%&-&35%?
differences in the path lengths in material of the prism
Ad= ?.m.lwr. b))

where w is the width of gr&nghv!nrla&o&aggg
the edges of the light beam traverse the prism, Fig. 1. g%n&iﬂm!«oﬁn&
by metallization, see Fig.3. i_.n. %Sv%sgggﬁ
refractive index also changes An = An(V(t)), what yiclds the change (2) in deflection
angle. For such a gag lot of electro-optical crystals can be wsed. For
cxample, a crystal KDP (KH,PO,) is transparent for a radistion with 120.2+1um. Some
other crystals, such as a CdTe, CuCl, GaAs, ZaTe, ZnS are transparent in the region of
wavelengths around i~10 sm. The last group of materials have rather high refractive
indices (2-4) what compensate smaller electro optical coefficient.

v O AL

Fig. 3. The prism deflection device concept. Electro-optical crystal prism has a
metallization 1 (hatched) on both basements of the prism. Optical axis
&88853 ﬁnﬂg—ag% En-_-_gs

The number of resolvable sports for this device N, gconaﬁ.n-u
AP  An- m- .~u
Ny= = la" it ?.H 3
where = I, - FE?EEE%E in our case. Substitute for
%E«g for ZnTe (transparent for 9§§8v£§_.g =29
7, 244-10"m mgaaa.!aﬂggb:q‘wﬁa
(Potassium B?—lnz,.cenvaﬁn_

Anyway, the shorter wavelength is ﬁa%gggoﬁi One can see from (1)
and (2) that with the increase in optic path difference both the deflection angle and the

-10°? for A=063um is possible [8].



&gﬁnﬁgiﬁ i-&& traveling !aia«.nu_.nas_x&-os
deflect short Ij; «!!%.—.v«l&&lat—&gnag in transverse direction for
_.B..o:._mn }d generation in the volume of gggéﬁ
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light bunches, the voltage pulsc is g-—ﬁu&ol’aﬂl
along a transferving linc) as a traveling wave. Z is the matching
impedance for the transfesring line.

One can see that the deflection angle and the namber of resolved spots become now

>..m>_.~|u.n. N, m?mmr @

grg?gga&gg.ﬁ?%;%
L=50cm, onc can expect for w Icm, that deflection angle is Ad = 10" and N, =10 for
A= 10pm and, correspondingly A9 =10 and N, =100 for A= _t!.:-n_‘maia

We E?E%SE%B V. This is really a voltage variation

Engggnu ?Eggggg is traveling with
the light beam along the deflecting device. To be able to manipulate with such rapidly
changing voltage at igggagés
necessary, see Fig. 5.

Fig.5. Amangement of multi-prism traveling wave deflector. Electro-optical
crystals 1 are positioned between piates 2, attached at the end to the

connectors 3. 4—is a cabinet with optical windows 5 from both sides. 6 —is a

Here, basically, a E—@.EK clectrodes 2 have a triangle crystals with opposite optical axes
orientation (see Fig.4) in between. A pars-phase impulse, applied to one ead of strip-line

guwoﬁ!oaﬁu gsﬁgo&ggg the matching
Ecag.wog;%?:% %Eggg;
dielectric 6 adjusts the speed of deflecting wave to the speed of light, propagating in
crystals. The broad band traveling wave deflector could be obtained also if the same
crystals placed in the middle of a waveguide, see Fig.6. There is no difference in principle
between these two deflectors. The last one have a bandwidth of a waveguide. Group
ﬁgigégrogs&nggi?g
igonﬁo!n&uﬁ&_ﬁ_ﬁ 88_.9:“3_.
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Fig.6. Multi-prism traveling wave deflector in a waveguide. I—is electro-

oﬁ-ﬂ_iuﬂiﬁ évgg with flanges
is an optical window. 6 — is a matching dielectric.

A lot of slowly operating devices were routinely in use, see [S]. In [1 _9.256—9._8
: %%ge‘ $5kV provided the deflection angle 8 :& KDP
device. The device has 10 KDP gaggsgig cm® of input
| aperture.
; ggggavgégﬁgiﬁggﬁﬁ
| deflection angle could be increased. However, w w must be chosen 30, that the power deasity
kept below the damage level for this crystal
In Table | we summasized general parametess of electro optical deflectors.
Tabie |
Wavelength © Materials #,rad | N,
Az=10um GaAs, ZnTe, ZnS, CdS, CdTe, CuCl | 001002 | 10
A=Sum LiNbO;, LiTa0;s, CuCl 001002 | 20
Azlum KDP, DKDP, ADP, KDA, LiNbO; | 0.01-0.02 | 100
in%g%%

%gigg equal O mn.mw._nnm_&n.!n
=3m, we obtain O QE§~9< ?gw f mechanical -

%EF —8:\ 1SMHz . In principle, & mechanical deflection

~ system with a piczoclectric (a il.u Rg_ovn!woi&nﬂni%u. For

% Quartz plases, sealed in vacuumed bulbs aad operating at 50 MHz are commercially available.



~ obtaining the deflection angle of @ = L/ R =107, the quartz plates must be arranged in

, 1
- -3 H P p— . = =
multiple reflection deflector assembly [7). For . ith this high f ; A?0=87-10"rad, what is acceptable. N, = 0 V87:10% =30 for A= 10um and

mgggngvg&?-ggs.ﬁ?gs%nugﬂg w= lom. For 4= lum, the number of resolved spots will achieve N, =300.

in a crystal. Example of such array is represcated in Fig. 7. Here the laser radiation The size of deflecting system in longitudinal direction is limited by sum of the length of
propagates along the line 1. A fraction of a power scratched with help of splitters 2. accelerating structure and the length of focusing clements. For practical reason the ratio
Mirrors 3 made on the surface of quartz plates 4. These plates attached to the grounded R/a could be R/a=~100. So the diffraction size of the spot in longitudinal direction
basement 5 through intermediate supports 6. 7 - is the particle’s beam line direction. could reach I, =1004. The optics can reduce the spot size on the structure and increase the

angle of deflection. The number of resolved spots will be the same, however. The value of
i gives the maximal possible value for @ -factor of the one cell of accelersting structure
(see lower).

So, parameters for mechanical deflecting device are about the same as shown in Table 1.
Acousto-optical deflector.

Another possibility to deflect a laser beam is an acousto-optical deflector (see for example

[5,11] and references in there). Acoustic wave, induced in a media with piezo-optic effect,
provides a cyclic change in the index of refraction with a space period A, comparable
with the waveleagth of radiation. This radiation, having width w crosses the media and gets
an angle defined by the Bragg condition, given by #=21/A. If v stands for acoustic
velocity, then Af =v, where f is a frequency. Effectively changing acoustic wavelength
by changing the f during the light pass through the crystal, one can provide the changing in
direction of the radistion, passed through this device as

ao=ty=tey, @
Fig. 7. A mechanical deflecting array. M mirrors 3 (M = 10 in Fig. 5) installed on where we recalled the time required for the wave to pass trough the light beam width w as
the quartz crystals 4. Resulting deflecting angle is M times bigger than . t=wlv and Af stands for the range of frequency change. Therefore for the number of
with a single mirvor. 1-is a light beam, 7 is a trajectory of a patticle’s resolved sports we obtain [11]
beam. Crystals oscillations phased for a maximal deflecting angle. _ Ao
ZR“IN\‘N.Q.&. AMV
To optimize deflecting device for maximal number of resolved spots one need to specify 30 the product of bandwidth and crossing time is crucial for this method. For example for
the deflection per unit leagth K. Thea the angle inside deflocting device will be typical velocity v=06mm/ s, w = Smm the time will be t=w/v=5/06=8us. To
9()=9 +K-dz, where 3 is an incoming angle. This angle needs to be compared with obtain reasonsble number N, =20, onc needs to have Af = N, /7= 20/8=24MH:z.
the angle of divergence = 1/w trlg&m%h.&w.tg!&ngnﬁ For increasing the speed of deflection, some sectioning for sound wave excitation need to
. . . i ) 4 i be done to reduce the effective passing time 7, see [S).
“sﬁhgéitﬂhgggjsgg.mﬁﬁé General conclusion for this section is that the light beam deflectors are available with
50 plane, where accelerator structure is located, is a one, ie. i
’ - g parameters necessary for successful operation. Shoster wavelengths are preferable from
W(2) =w,(F —2)/ F , wheee F is the distance from the inpus plane to the focal planc and the point of maximizing the number of resolved spots. Shorter wavelengths, however, are
w, is the width on input plane. So onc can obtain, that the optimal number of resolved restricted by the emittances for the particle’s beam available (beam must pass through the
w ) structure), see lower.
spots is 2l-mMLN! and optimal length of deflecting device is L, = w- mWﬂ..Mm.
[7]. These formulas are valid for any distributed deflection system with the focusing lens There e ?h_ébﬁa i be scaled 1o match the
ggsmsniﬁg&s. mﬂ&tﬁm&gﬁg.ﬁ-%.i; wavel _om“ﬂut siation [1, 2, 12-14). Ay of these could be used with TLF method
to-peak angular motion A#=87-10"radis possible [7]. Ten mimors will give We took the foxhole-type structure described in [13] as a basis. This structure looks more

advanced due to best possibilities for obtaining vacuum required, alignment and cooling.



?gsﬁgggﬂ E.K—!.EE no&nSESE
space to the clectromagnetic ficld map. This red a ity to fl EE the grove, 4 »g —(A72W)* . The last formula is exact, if &= 0. So electrical field,

gg@.ggsaiuﬁagﬁgg 4 We will > required from boundary condition at ?gﬁ.s.«_& electrical field at orifice also zero,
g«&rﬂo?—.-gnﬁgg these types, Fig. 8. Covers 1 -&E:-K égﬁgg %nﬁgggrﬁng
covers the height & is about A= 4/2 Eggggﬁoﬁiﬁuég gggeg E%Bﬂ?%ggg

and outer space is capacitive. Additional height = 4 /2 stores the energy what are not in

use. Exact balance of dimensions defines the balance between the power going in the
ggggiﬁ&?gﬁgﬂgggsgﬁ
gradicat desirable. But mostly important role this plays in establishment of equilibrium
distribution of the ficld in the structure, preventing a traveling wave regime along y
direction. This traveling wave regime occurs in transitory period. The Qar factor of the

qunu._eg—nvoagg

% possibilities in lithography are advanced far beyond the requirements
associated with this structure scaled down to A= Iym.

We did inteasive calculations for this type of structure with belp of GdfidL. code [16].

?&%:iSi?gugwwg?grg

of the particles for the wavelengths A =1-10um.

a.b.:&l._lln
- r._mn. there is i!gsgﬂﬁﬁéémﬁﬁg

the masks the structure (cut view) for trimming coupling beams 2 afier passing long focusing lens 3 goes through deflecting devices 4, described in
W SW. loos ¢ ) the (Qw). gggigagngiggg
" on the way there is a lens 5 for focusing the laser beam in longitudinal direction. After
Structure developed in [14] and other one used st Comell some years ago [15] arc very deflection, the laser beam 6 %g.gggﬂﬁirﬂ . This lens
close to this type. The x axes directed across the grating, which has a groove of the width focuses the laser beam oa the structure 8 in transverse direction into a spot 9 with a
W in this direction (sce Fig. 8) and x has a zero in the middie of the slot. The y directed to trangverse size of a few laser wavelengths. The leases 3,5 and 7 produce a small focal
aﬂgiﬁnﬂgﬁggugl?gsgﬁgﬂag point on the grating. Egggaﬁg-ﬂigsgg
for the passing of the beam bave a size 5S024. If the width W, g and & are chosen, the The beam is moving along the trajectory 10 and is focused by quadrupoles 11. Each part of
depth of the structare 4 must be adjusted around k= 1/2. For obtaining mecessary the lens 7 gg!mﬁggﬁgé%
clectrical coupling of the structure with outer space the masks 1 (Fig 8) arc used. The last dispersion must be chosen. . ) ]
defioes » doality Quy of the o i8 clear from the g??ﬂ“‘fo g.ﬁ..”ﬁ. %wsﬂﬂﬂ:gahhs
Sean!s!snaﬁgm&s&g - W2 is zero, then the variation point 9 in average.
0_8.8._?:.5.? &gsgsﬂsﬁuuipm?saﬁ% loss in cacrgy gain only, as the phase of the laser radiation is syachronized coce with the
the distance y= 4 ,~h/2, where 4 suaﬁaisnl-gomg gnggtﬁni_&-gi?;ﬂgé&%

could be easily synchronized. The laser focus sweep is limited to the distance about 3cm
for practical reasons (sce above), 30 the accelerating device looks like a sequence of 3 om

?iggiiglgtﬁigigi}g long accelerating structures with the focusing elements between them.

perpendicular to direction of motion. This yiclds s systematic modulstion of trassverse seotion. To prevest Different distances to the sweeping device between central and edge parts of the grating

this ome cam locate polarization fikkers on the ieas 7, oa Fig. 9, see lower. Other possibility- o extead the An_..gv.w—o! systematic phase shift, what can be easily compensated, hbowever, by

masks over marowest places, marked by dimension §. Morc complicatod mesk profile with hora-type variation of the thickness of leas 7 on Fig. 9. Really for a point on the grating, having a
~ exteasions arouad cach groove could be made for accepting the radiation from largor arce 8 for direction it longitudinal coordinate s , calculated from the center of the grating, the distance r



between this point and the sweeping device center can be
r=vR*+5* = R+5 /2R =m R+x, what risc a phase variation 8p = 2x& /A =2xs'/AR.
g?%?ﬁsaﬁgkaanu_ﬁﬁ%&.gﬁg
Sp=2xA(s)-(n—1)/4, whete n is refractive index of material of the lens. So, if the

thickness variation following the law A(s)=

gssﬁxggggnﬁ%mﬂzugng = 15cm,
=05, will give A=23/150cm=015mm=150um
controllable vgggggggﬁ.?ggB
longitudinal direction. This required by altemative phase focusing method (APF), see
lower. The synchronization of the laser phase and position of the particles yields a
transverse force acting to the particle (and what used for effective focusing, see lower).

evaluated as

?o.g of 1), then the phase

llllllll

could be described as ..vamiov.g_...c\NL» » where w(0) is the waist of the beam at
orifice of the grove, y calculated out from the surface of the grating, Z, =x w*{0)/4 is
Relay length. Strictly speaking this formula is valid for stationary positioned laser beam,
but the propertics in transverse direction (what we are interesting in) could be described
our conditions as well under. We are interesting in regimes, when
wy) =w(0)-(y/Z,)=y-2/xw(0). In extreme case w0)~ 2, we have w(y)~y/x,
30 the width of the lens 7 is about the distance between the lens and the structure.

A natural way to increase the deflecting length with the same deflecting angle— is to
gagggggﬁgggi
such amangement is represented in Fig.10. These arangements can be very uscful for
acceleration with laser 2=1um 3?%%%3:&-8?
gg?&!&igﬁgAﬁgh Fig.1,2).

Each pat of the grating structure is gsgga&gs
longitudinal size /,, Fig.1. For example, if we consider /, = 1004, A=1m, then
§/cz3 W0 sec. For A=10um E%ngggswggﬁg
gg&—o&ﬁ% =l /v, =10"sec, where I, is the free path
length, v, is the electron velocity at g%——d?cﬂ&gé
gg.gﬁggsgﬂgﬁg!g
qﬂnﬁ&.!uﬂ%&.ﬂulu._c& sec, where n is the density of electrons, 7, is the

ﬂﬁ_c.;isggggﬂggggg
structure. 1, 2— are the mirrors, 3 is the deflecting device. Mirrors might be
gg&sggngﬁg

. So, using a combination of focusing lenses 3, 5, 7 and the sweeping device 4 in Fig. 9, it

Fig. 9. The Accelerating assembly. This is an isometric view from Fig.2. Some
clements added. Commeants are in the text.
A shot focusing cylindrical length 7 reduces the transverse size 3_8893 B...EE

c..nq:o.o ts position close to the accelerating structure. Here the ratio »
is the distance between the lens 7 and the structure 8. aﬁnniugsonna_gg

§§8§&§E-E§S§E§-«§S§Eﬁ
focal point along the stracture in synchronism with instant particle’s beam position®. After
one module passed, the particles go to next module and 50 on.

7. The injection source
’o-_g Boanmauas.wna.gg a focusing applied. To be able to push the
beam trough the slots in Fig. 8 withd =022, beam emittance needs to be rather small.

gg&.’%-eﬂlragi%i




g!&?%?&.??%&éﬁgﬁsﬁg w:ggégggaw&mﬁwmg 3GeV , cavelope function in laser

. ilabi
ol RF fe sce _283 onc can obtain
.:85.:_52-8 o positron Tow , accelerating structure f=10cm (without focusing,
develoged in garshiggsﬂﬁazwaﬁgﬁén 7,,%4-10° comm 004 pim. ?85:8@5?:8&5585&??%
oocrn f%ggggﬁmﬂﬁniggggﬁ beam passage as &~ 100=04 um® . So onc can conclude, that oaly CO; laser could be
invariant emittances as low as (7 ¢,) ~ e&ﬂ.:& — radial snd (y€,) = 3-10%om- rad - used here. With RF focusing a laser with A= 1um could be used here as well. Number in
- vertical. Energy spread about i?ggsmu;.,_ﬁg .ﬂwg =10°is ngﬁo&iﬁﬁv&ﬂﬁg he
of the bunch after i Optical Stochastic Cooling method implemented in g_.u
gg“ﬂﬂ.—”ﬁﬂ!ﬂﬁ%ﬁoggiﬁggiﬁ ring described at for further cooling. This method uses the fluctustions ia beam
385@ v Soit 88&398..{!8?!5&38.58 100 0m at . centroid position in a quadrupole wiggier to generate the light with intensity proportional
we nced only N = 10°, we can loose four orders of magnitude in inteasity to the nomber of the pasticles in the bandwidth. This light interacts after amplification (in
Eé&ngg—#_gg%g:gg optical amplifier) with the same fluctuation in other wiggler. So the optical bandwidth of
coming to the figures in emittance (ye,,)=10"ow-rad. For pre-bunching the FEL amplifier allows very fast damping. The amplification coefficicat x %%%
mechanism can be used here as well. can be expressed as follows
The ways to obtain extremely smail emittances beyond this value was in in [18). L...lmh ,
Ao+ compat i of Lae isar ol comples pimiritor il an
€ a damping ring. This is basically a damping ring, which gl- = - o e .
of wiggless s RF cavisios o strai o s where 7, =¢'/mc’, § =yLAE BBBE—SE%*\.\Wu
compacted dimension. Egg?gsgngg_ggnﬁg relstive bandwidth, N Gnﬂg%ﬁ%oﬁolgnl.m_ngi‘o
These arrangements allow to have a géﬁ!lgl; deasity in longitudinal direction p, =g/ N deals with amgplification required. Decrease
H& +(B,7, - hﬁevw =A .1, © of emittance after cooling is MHI Umﬂ!ﬁa =& /hc=1/131, N, is the number of
where £, areen
A, %gﬂ sgg -ru!un-nu.ﬂ have the in the n.hlz.»k. L is the A, is the
n =D E sinis1 1) =2 5o 12,), @ _ e, W =g Ny Whe b s the bunch kngth
, 8.5.»- -ﬁg%gsg%wl =10% 4 =10 Atsv.
where p=X 7y Eng_.u-&.ﬁ ..annsgomﬁ!au_ﬂh:.rn!aﬂ I,=00lcm, Af / f = 0200e can expect N, o..S.. 5-10°and £ \
paramcter, K Ew. Imc, X, is the wiggler period divided by 2%, H, is a transverse :&sg%%% gg?itg?g%gg
B-«Rﬁm&i?&n&ﬂ.?:ﬁrwnssﬁ_g invarisnt emittances as structure scaledto A = 1pum .
re)= ».h. vh n, To keep the bunch in the kayak-paddle cooler with such a short length, RF cavities must
® generate an appropriate voltage, because L= g <<<<< gawﬁgg
memﬂ»nhﬂ\hmlwnhh;i. o (ratio RF frequency to revolution frequency), V is RF voltage, <#>is the dispersion
L. 2 . function averaged over the cooler. According to 35«!838385.!5%
where X ¢ =A/me = 386-10"'cm is the Compton wavelength. <n>. So a kayak-paddle cooler is a promising compact size machine for preparation the
Substitute here for estimation B, = 1m, X, = Scm, K = 1, we obtain bunch with small emittance. ‘
(re,)=1-10* cm-rad (8a)
(re,)=4-10" cm-rad %) 8. Transverse focusing of particie’s beam
The beam size defined as gﬁogggs.ﬁgnﬂsngﬁuggg?
€ focusing system includes the quadrupole lenses of appropriste dimensions and a RF
0,,= e )R, rw.i. . (10) focusing.

¢ & is a dimeasion from Fig. 8




Quadrupole lenses could be placed between the accelerating sections, see Fig.2, 9, 11. This
type of focusing was considered in [4c). The lens focusing parameter can be expressed as

G__j-y2d-Com) (12)
(Hp) A(L+2D)
where G is the lens gradient, (Hp) = pc/ 300 is the magnet rigidity of the particle, 4 is a
betatron tune shift per one period, 2/ is the length of a quadrupole, L is the distance
between lenses, comparable with L from Fig. 1,2. The modulation M of the #-function
between the lenses looks like
) 1+tmhg-(ang+ Lg/1)

o .m...-..T.l...?._:::s “
#=1Jk —is the half phase shift in the lens. For Ladcm, I=0.4cm, 1= £/6 oe can obtain
k=5101/m?, ¢ =P k=210, and M*=1.5. For maximal value of the eavelope
function we have

L [2+L71 _2M-(L+2) [2+L71

nlntm.l.guh.;\.uumlmmﬂ%g»\?n:

which for previous values of L and ! gives S =15cm and B =10cm . These values
we used above. One can see from (12) that to obtain certain value & [1/m®] for the
particles with momentum p [GeV/c, the gradient required is G = 03pk . For example, the
particles with intermediste momentum p = 10 GeVzc, k =5-10° 1/m | gradient required
is G=15-10° kG/cm. As the beam has tiny cross section, the radius of apertare A of the
quads can be also made small enough, providing high gradieat G with small value of the
pole field Has G=H/A. lf we cstimste H=15 kG, A =0.01 mm (20 /om in dia of
aperture), then we come to gradient required Gz 15-10°kG/cm. At higher encrgy the
%gggggﬂgﬁﬂg?g%gsg

Thus, the focusing with the quadrupole lenses only is acceptable for the laser wavelength
about 10 jim, what defines the transverse dimensions of the grating.

RF focusing occurs if the particle is going out of the RF crest [20]. If x y =0 the net
force on the particle can be represented in the form
AE,

(B)sSnsing-x,  (F)=-Snsing.y, ()
where E_ is the amplitude of the longitudinal (accelerating) field in the groove, ¢. is the
RF phase (at the crest of RF @=0). These forces are the quadrupole type for the particles
out of the crest of RF. The effective factor of the leas can be evaluated as

1 AF, AE, . F,
Nn"llhmlﬂlnhlulg‘o an 1 x uvﬂ Qb»ml ?‘. Amuv
pc & 2mctw pc o 2mc* ok
Substitute here A=10m, 7=2-10' (pc = 10 GeV), w=Sum , E ~10"V/m, we
obtain k, = 2-10*-Sing[m™ ]. There are proposals to use this force for alternating phase
focusing (APF), whea the phase of the beam with respect to the RF crest is periodically

changed, ¢=1¢, [21). In our case this can be made by arranging periodical delay of the
accelerating light arriving to the grating, for example, by modulation of the thickness of the
lens 7 in Fig. 9. Anyway onc can see that the RF focusing could be, in principle, two
orders of magnitude more strong, than one uses a conveational quad, scaled to appropriate
level.

Simplest Foxhole structure focuses the beam in horizontal direction [13] ”. The possible
scheme also is that the RF focusing arranged by the slots of the structure in horizontal
direction and vertical focusing made by quadrupoles. This can reduce the betatron
wavelength, in principle, two times. Different dimensions of the beam according to
variation of the eavelope function make it possible to adjust the focusing slots sequeace to

_ this variation.

9. Accelerating gradient

Letus suggest that full encrgy carried by a laser bunch is Q. For a time duration 7 (sce

Figs. 1,2), we conclude, that the number n of periods in the bunch is about
n=t/T=ctr/A, where T=A/c is a period of radiation. So, the ficld encrgy stored in
the volume cotresponding to a half of period is Wy =(Q/2x. From the other side
W, =(Y2)4EV,, where & is the diclectric permeability of the vacuum,

VysgWhagl®? (W from Fig8) is the cffective volume, where the energy is
concentrated. From the expressions for Wi, onc can obtain the maximal field strength

; E, mgo;«.&»& (16)

For estimation let us take 0 =001J, £=0.1ns, 2zlpm, g=1/2=05pm. This gives

' the field strength E, = 270GeV/m . This value must be reduced by the factor, taking into
. account the longitudinal length I, instead of g, sec Fig.1,2. The longitudinal length could
* beestimatedasa I, = L/ N, ,where L is the length of the structure. For 4= 4w coe can

expect N,~100, so the leagth of our interest is I =ct/N,, what is
1, = 003cm ~ 3004 . So the formula (16) must be rejected by factor \Jg /1, =004, what
li??&glﬁaﬁggﬁglzﬁgnu;‘ns...5953.

The value of electrical ficld inside the structure could be found by taking into account RF
quality factor O, , sce section about accelerating structure. For Q,, = 9 it could reach

again E,JOp - J871, =30GeV /m. The laser flash withQ=10m/ atd=1umis

able to feed the accelersting structure with the length about ¢~ 3cm with 2 30 GeV/n.
A flash with O ~ 1J will feeds the 3 m total accelerating length, providing the energy gain
=~ 100GeV . Q~100J could feed 10 TeV machine. Of cause effective length of
accelerator will be bigger, taking into account some filling factor reserved for focusing
leases, deflecting devices and so on.




For 4 =10um the numbers are the following. First of all E_ from (16) is ten times lower. With g)= 0.5, 77 ~0.05 (5%), this yields N = 1-10* for 4= lum. For 4=10umthis

Number of resolved spots for electro-optical device is also lower, N, =10—20. But the number will be N =3-10. As the length of the laser spot on the structure is [, = L/ N,,
factor A\w\# mghz..:.n about the same. So for the same Q,, factor accelerating what means that in principle, the number of the bunches could be
gradient will be about 3GeV/m for laser flash 10mJ distributed along 3cm leagth. N,=l /1A=LINA. (19)
The damage level to the grating by a laser radiation is strongly correlated with the duration Substitute here the numbers one can obtain N, $300 for A=1gm, and N, S100 for
of illumination. In TLF method the encrgy about Q= 10mJ effectively distributed on the Az10um.
area S=W-L in this time. So it gives density of cnergy falling on this arca as high as If the final energy of the beam is E;, repetition rate f Hz, then the total energy, caring
Q/S=Q/WL=Q/AL=3J/cm' for A=104 m and 30Kcm" for A =14 m. Mostly of by these particles per second is E, = eNE, f . Substitute here f=160 Hz, E;=300 GeV, we
this encrgy reflocted back. Wideaing the illumination arca ford = 14 m by factor of two obtain E, = eNEf =167 /sec, or 16 W. As we suggested the efficicncy sbout 10 % , the
will lower the power demsity to 15J/cm® on expense of the gradient reduction down to " .
Sl . s power of the laser must be at least 160 W for 160 Hz repetition rate. The impulse power of
Ssﬁmg—\\’. Ep——ggabﬁgnmﬁ\hmc\hmnﬁl_?g the Iaser is h- Q\ Es—:g‘ ~10°W what is ?%ﬂuzg
are little of experimental data for the damage level, if illumination lasts for this time.
Some scaling with the figures available shows, however, the possibility for 11. Wakes and resistive instability
10°-10°V/cm without damage to the surface. The damaging level could depend oan lot §<§ for this type of structure done with of GdfidL. code [16]. The
of factors, such as cleanness, vacuum, temperature of accelerating structure®, technology of longitudinal and transverse wakes normalized to one cell ae W, =-7kV/pC aad
fabrication, heat treating and 30 on. So, the threshold limit is not a singe numbser, it must W, 222:10°V/pC/um cormespondingly for the accelerating structure with  A=10sm,
eeflect all conditions listed shove. ‘ S=2um, w=lum (sc Figl) md the buach with the longitodinal length
We would like to stress here, that the TLF method itself does not avoid the problems
associsted with the breakdown limit. &t allows to reach the field limit with the lowest o, =1um and bunch population N %10°. So the total charge is eN =16-10"°C or
energy of laser source. TLF method allows a drastic reduction of illuminating time also. 0.16pC. A short wavelength of betatron oscillations helps against the resistive wall
As we meationed, all these numbers allied with the number of resolved spots of deflecting instability and wakefield influence reduction.
device. In Table 2 we summarize the results of this chapter. Time duration 7=~ 100ps .
Table 2. 12 FinalFooms = =
Powerflength Gradient Power density E%?ggﬁsggh.a.ﬁggg
A=lum Iml/cm 30 GeVim Whheme © be of the bunch length value, what is sbout 01+14, ic. g, ~f°=05um. The cavelope
A=10um Iml/om 3 GeVim 3fent function value at the distance s from the interaction point will be, hence as big as
: B=F +7[F =5/F, (20)
where we neglected the focusing, arising from incoming beam. With such an envelope
10. Bunch population function, the transverse dimension 0, will be of the order
The energy, accepted from the ficld by N particles is W, = eNE _gl (g ) where ¢ is the
charge of a particle, I g ) is a function of the order of unity — an analog of the transit time Q»nzm,\ﬁﬂmwu\ﬂmgﬁw& Iﬁbl. 2n
factor. The share of the encrgy will be Foc ot
1 _ g||| cmittance we can take a (8a) value, (y€,)=1-10" cm-rad what gives for energy
W = 115041 (cr) = eNgl(WQ/ (e 7 A 5) an E=1TeV (y52-10°) the transverse dimension o, ., = O.1m for s= 1 com. Taking
msggagw%ni into account, that the angle, given to the pasticle by the field of the lens must be of the
NaT_ m.m,n. a8 order of the natural angular spread in the focal point, {(ye)/yf =G-o,,_L, /(HR),
2I(g) where L, is the length of the lens, one caa obtain {4d]

(HR) ‘Q €) _(HR) ‘Q 2
H, =Go, = E.- 7 B )

where we suggested, that the focal distance F = s agagea&gﬂw




l,gpl;':L,l[r-"g-;—.)-). (23)

where p=(HR)/H, =L/\Je! ff’ is the bending radius in the ficld of the lens. So the
number of the radiated photons will be

N,zalll,=a-y-Je)lrF . (24)
where a@=e'/hc — is the fine structure constant. As the critical photon emergy is
hw,z—;—h;‘;—r’.tlntoldemgy,ndi&edbymepnﬁclewiﬂbe

. 2
ws»»e.~,=;»«°—4:'17-J§-f=sfzr::v=%~=f%-—‘;"-
and the energy difference between the central pasticle and the particle at the boundary of
the bunch will be

From the other side, mammmmmmmu
AF-—F-—-e (""’3 an

’Jp‘z.
Ifwemppouclhldnﬁwddnmuoﬂhzaderofﬂnknglhofﬂzﬁulm Fw=L,,
we came to final formula

AF =-ry’(re)I . (28)
In our case AF ~-28-10"74-10° =11-10"cm i.c. much bigger than the leagth of the
bunch. So we came to fundamental conclusion [4d], that the final focus could not be
arranged with help of single lens (or cither a doublet) in case of focusing to the §°
required. The energy spread can be estimated as following

SAE)=ho, - N, ~»{-7’Ja—r{{%]m @9).

We suggested to amrange the final focusing for our purposes is a multiplet of FODO
structures with the number of the leases in multiplet of the order of few hundred [4d]. The
gradient in these lenses must vary from the very strong at the side closest to IP, to weak at
opposite side. Focusing properties of the RF lens, discussed above can be used here. A
laser radiation of general and multiple frequency can be used for such focusing.

directly from the side. The quadrupole parameter described by (15). Substitute here
A=10m, ¥=2-10 (pc=1TeV), w=~5mm, E_~10"Y/m, we obtain
k, =~4-10"-Sinp(m™). For @=x/2 this cxpression has a maximum. The variation of the
focusing strength has a quadratic dependence with the deviation y from the angle
@=x%/2, k ~Cosy . For the longitudinal length of the grove about g=5/om , the focal
distance will be
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F = 1/kg =1/4-10°5-10™* = 5 [Meters/cell]. 30

Equivalent gradient of the quadrupole lens is G =0.3pk = 12-10"kGs/cm . So the lens with
= 500 cells having the length L, =05cm reaches the focal length F= 1 cm.

For flattering the longitudinal dependence of the gradient (climination the quadratic term
in k, = Cosp as a function of @ , sce (14,15)), onc can use the second and higher
harmonics of the laser radiation, excited an additional groove, placed on the beam
trajectory close to the first groove. For phasing, the highest harmonics can be generated by
general source (see Fig.13) can be used both for driving the first harmonic grove and, after
doubling, the second one. For arranging a doublet of the focusing lenses, one can use the
phase shift between the RF crest and the beam @ = —£/2. Such a tiny lens, not sensitive
1o detector magnetic field can be easily installed inside the detector.

13, Luminosity
For luminosity we have the formula
N'fH,y-N,

L axf(reXre)-BB, éh
where Hj is the enhancement parameter. For emittances from (8 a, b) one can substitute
bere for A=A =034, l=10ym.r=2 -10* (pe=1TeV), N=2-10°, f=160Hz,
H=2, Np=l, L=1-10"cm Fot1=l[anmltw1|lheabmtdlcmadn
umofﬂnpawhumm The transverse size will be

o= Je)f iy =V10°-3107 12.10F 212-10° cm= 012 4 (322)

0,2 J7g)B Iy =4 10° 107 /2.10° = 14- 10" cmm00244.  (32)
The effective longitudinal distance between the particles has the ordes L, /N =1 /N . The
last number in our case is formally <10 cm. As the distance =X .=38-10"cm is
sbsolute limit for such a spacing, we conclude that in each transverse slice =X . the
number of the particles =~1-2. The dimension (32b) formally corresponds to =4
particles per cross section.
Notice here that total leagth for acceleration up to 300 GeV could be about two tens of
meters, taking into account that a fraction of the accelerating sections is of the order 50%.
As the total energy of the full encrgy accelerator will be around / J, what gives the average
power of the order 160 W.
The beams of clectrons and positrons can be polarized what gives the effective gain in
luminosity and reduces the background [23]. The possibility of operation with high
repetition rate, up to few kHz is open.

14. Interaction point
For such a tiny dimensions one can expect a significant energy losses by synchrotron
radiation in the interaction point . The ¥, parameter which characterizes the radiation is

in
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2 Mo, H
L%
Y= r—, 33

where H is the magnetic ficld, H, = m’c’/eh=44-10° G is Schwinger critical ficld
strength, @, is the critical frequency of classical synchrotron radiation. This parameter is &
function of position inside the bunch. In our case magnetic field value H, in the
longitudinal center of the bunch at its boundary can be estimated
4z eNc ~28.10'°

H,= c 250 9, 28-10° G, (34)
80 cven for E =300 GeV ,7=6-10°, ¥, 2760. It was taken into account that the clectrical
field of the incoming beam doubles the ¥,. Thus the radiation is in a strong qusatum
regime. Encrgy losses for Gaussian bunch estimated in [22b]. For uniform transverse and
Gaussian  longitudinal  distributions the Y perameter was represcated as
Y=Y,p, exp(—¢*/2) , where ¥, calculated for the maximal field in the center of the bunch,
p.=r/o,, ¢=i/0, sre pormalized coordinates. The normalized formation length
parameter defined

V3 v

Fg’:‘..pmg‘.’ g_:[%) %%:Pme““ _—.(—;—) -%;’n—p—me‘“' (35)
where I, =X.7/0;. :
The average fractional encrgy losses for strong quantum regime ¥, >> | described in first
order by Sokolov-Ternov formula

n -
Ex=?"—"2‘3——'a'%(ﬁx)m£”l’('ij’3VC"?/<F>' (36)

what has clear physical sense, that at the length of formation =a photons are radiated.
For the parameters discussed above, I, 223 . Substitute the figures in (35) one can obtain
that F, = 0.0044, so on the length of the bunch a lot of photons are radisted. At this point
we terminate our estimation referring to [22a]. Here the interaction of the beams with the
parameters 0, =04m, 0, =25A, Nz12-10° was considered. In their case ¥, =5094,
The quantumn beamstrahlung average fractional energy loss was found around 10% for the
beam with energy 5 TeV. In out case the pumber of the particles is 107 of considered
there, but the cross section is 107 times smaller. So the peak magnetic ficld is about the

15. Miulti-bunch operational mode.
Using a train of bunches (up to 100, sec shove) one can decrease the number of the
particles in each bunch and/or to increase the cross section of the beam, thereby allow
some reasonable losses. The length of the laser spot at the structure is about }, = L/ N,,
what we estimated in section 9 as 1, = 003cmwhat is ~ 304 for 4 = 10um and ~ 3004
for A=1um. As the Q,, =9 required, then the number of the bunches could be 3-30. If
collision arranged for few bunches per train, N,, then the luminosity will get a gain factor
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up to 3-30. mmmmwmmmwmmmmmm
problems with radiation at IP. The H value required detailed considerations.
Mdﬁhmbm@dhm@hadmiugﬁnghﬁwipkwimmm
Uﬁngawvdth!hemwmhngthasmphedbymlemimmmmdadmde
wiggler with period 4 ,24-2y°/(1+K?) one can amange an cffective voltage
VEEH,/?.WME—iﬂl&uﬁeldsﬂmgﬂLMth:hmchhgmldekbmﬂ
autophasing regime. For cxample if E = 1MV /cm, ¥ = 10° (500 MeV) , Ly, =~20m, then
MwWMMV;ZW.MW(mW?)MM
g=T1/A=10°+10°, where T1—is a perimeter of the ring. According to section 7 this
equivalent to 2GeV of fundamental accelerating RF (¢=1). -

16. Alignment 4
The ratio of the random componeat of transverse momentum per stage 4p, to the caergy
gained per stage 4p, must be less if compared with angular dispersion in the beam

Bp, I B SY(re)! By én
Substitute here 7 £ =4-10"om rad, f=10 cm, 752000 (E =1GeV , at the beginning
of accelcration) we obtain Ap,, / £14-107 rad, for vertical and Ap,,/ py =7-107 rad
horizontal direction. From the other side Ap, / py =A@, where Ag is the accuracy of

alignment of the grating. The A9 can be
MaMULsA&l/LEM-IO"B:}!O"A’. 33
where A¢ is the phase resolution, if a diffraction methods of alignment are used. Compare
the last expression with (37) onc can conclude, M-llLSJ(ys)lﬂr and required
resolution is expected to be A¢=10" is big enongh to be registered. The structure
could be installed on the tables, moved by piezoclectric. Alignment in situ is going with
hclpofudiﬁionmﬂecﬁedﬁmdnmm.%pﬁnopﬁesoouldbeusedhemuwﬂ.

17. Geueral picture

As the system deals with the extreme bunches, a lot of feedback elements pursuit the
beam’s fluctuations. So that is why we suggest that both beams, the laser and particle’s
m@ﬁmmﬂnandmmmwmmm.mmmw
mm'smwmm's)mmup,wmm
algorithms and applied to cormecting clements. Simplified view of such an assembly is
represented in Fig. 11. All clements arc placed in vacuumed volume, not show in this
figure. Cross section of a tunnel with accelerating system shown in Fig. 12. All elements
have a clear functional meaning, described in figures’ capture. We supposed that the
tunnel has a thermal stabilization of internal atmosphere. The duct 11 is a part of this
system.Amkfwconuolelecumiesmddeﬂeeﬁngdeviwsisshownas&Otha
clements, not marked in the capture are the water, vacuum and possible cryogeaics ducts.
Vacuumed tube 9 holds the Fresnel lenses for preliminary alignment (similar what are
used at SLAC).

2
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Fig. 11. Primary laser beam 1 goes to the end of accelerator. Mirrors 2 redirect it back,
pos.3, trough the sequence of splitters. In the similar way the particle’s beam 5, goes
trough bending system 6 and further trough structures to next modules, 4. 7 and 8—
are the focusing clemeats for the laser and particle’s beam commespondingly. Optical
ﬂm9kuﬁumhﬂ10whﬁnm,ymbmmm

8

O
(@]
O

Fig. 12. Cross section of a tunnel with accelerating system. 1 is a primary optical beam
line. 2 —is primary particle’s beam line. 3 — is a vacuumed container with all equipment.
4— is an accelerating structure with sub systems. 5— is an optical table. 6 is deflecting
device, 7 —is a line for driving optical beam, 8-- is a box with equipment for deflecting
device and control. 9— is a tube with optical clements for active alignment of all optical
tables. 10 —is anti-vibration active system. 11 - is a duct for air conditioning.
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Fig. 13. Lincar Laser Collider (LLC) complex. | —is a Iaser platform, 2 —is an optical
splitter, 3,4 — are the mirrors, 5 is a semi-transparent mirror, 6 —is a light absocber. 7 —are
the Final Focus Systems. 8- are the damping rings for preparing particle’s beams with
small emittances, 9 ~ are the bends for particle’s beam. 10 —are the accelerating S-band
structures, 11— is an electron gun, 12— is a positron converter. Beam dump system is not
shown.

General view of Lincar Laser Collider (LLC) complex is represented in Fig.13. In figure
capture all sufficient clements are mentioned. What is important here —to keep all final
clements at both sides on the same stabilized platform to avoid affectation by vibration.
Pusitioning the final stage of laser amplifier on the same platform is desirable for the same
reason.

Table 3.
Parameter Az10um Azlum
Energy of ¢* beam 3 x3TeV 30 x30 TeV
Total two-linac leagth 2 x Lkm 2x1km
Main linac gradicat 3 GeVim ; 30 GeVim
Luminosity/buach <1-10%cm’s™ $1-10%cm?s™
No. of bunches/pulse 3 (<100)* 10 (300)*
Laser flash encrgy/Linac 300J 300J
Repetition rate 160 Hz 160 Hz
Beam power/Linac 2.3kW 760W
Bunch popuiation 310 10
Bunch length Lum Olgm
re, /e, 10°/4-10"cm-rad | 5-10°/1-10* om-rad
ing ring energy 0.7 GeV 0.7 GeV
of section/Module 3cm 3cm
Wall plug power** 2x0.5 MW 2x0.5 MW

* _Maximal possible pumber. ** -Laser efficiency = 10%
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In Table 3 we summarized the parameters of LLC. The parameters are represented for two
different laser waveleagths. One can imagine, however, that 11.C has two stages with
these two wavelengths. Two types of lasers required for this obviously.

In this Table the power for supplemental electronics is not included.

A small crossing angle required to preveat illumination the final lenses by used beam. This
angle is shsolutely necessary for multi- bunch operational mode. Tiny dimensions of the
beam can help to push the beams through with Eggﬁ_«{gg

rate, even few kHz , allows casily manipulate with the beams. Full energy in the laser flash
distributed in the volume ~ L,.-1%, 350 Q= acc Al . whete L. total
length of accelerator. As we keep encrgy of the flash constant, E_ - L, »gn ACC
That is why the final energy for 2= /0m is ten times Jower.
18, Perspectives

TLF method promises up to 30 TeV/&m or 300 TeV oa 10 km with 0.3 Jim or with 3 &J per
pulse total. So the total output power of the laser must be within 0.5 MW with repetition
rate shout 160 Hy for A = lum. Nd-Glass laser can be used here. CO; laser based system

gives lower final energy, but the power required is within routinely obtained.
gggrgeggaﬁnggé defined

by Schwinger field eE™ =mc /X . E" =10GeV/m, or 10° TeV on 10km.

19. Conclusion

Any point of accelerating structure must be illuminated for the minimal time in order to
avoid the damage associsted with the overheating. Greater accelerating gradient requires
higher power density of radiation at the structure. Traveling Laser Focus, TLF- method
solves both problems. Hluminating time and total laser power (oc the flash cnergy) both
defined by the number of resolved spots (pixels) associated with a deflecting device.
??ggggtﬁ 100 ps light bunches, the traveling wave regime
is required for this device. Number of resolved spots = 20—~ 88?91.—9

Due to the beam emittance available, the laser driven linac with 4 = 10 m wavelength

preferable from the point of present day workability. v

Egtgﬁggugiggg ‘

1 stm requires very strong focusing, what can be arranged with RF lenses.

The electromagnetic collisions st IP arc going in deep quantum regime and require
additional considerations. A multi-bunch regime can diminish the problems sssocisted with
radiation. Repetition rate is another exteasive parameter for further increase of luminosity

with rejected bunch population.
ﬁgﬁ.&%ﬁg%v«-giﬁgoﬂg
background at IP.

Lasers for the TLF method need to have more power in intermediste time duration
T~ 100ps rather than increase the power in a shorter time interval. Equivalent time of
illumination of accelerating structure with TLF ps

The general conclusion is that TLF method reduces all requirements for Laser driven
Linac to a present day front technology.
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21. The field
The ficld in the wave zone can be represcated as intogral over aperture S of the deflocting device

E(x.y.0)explik?
mQ.cuqmw\qm . w o

where E(x,Y) is the ficld distribution at t%%ﬁ’g Du-l!l;nal.‘
point (x.y) t0 the point of obscrvation, | is a phase, @ s a fraquency of the light source snd & is a wave
Fup-KR ., g\ & vector in Duila&%%@-l«

E(1)= - 22 2P HE)

1 Trppermncmrmnerenasay
~bi2 ~a/2

where axvrlgzlig O is am sagie in the sweeping plane, @ is an sagle in
the plane (xy), X(%.y) is a phase distribution over aperture. As we arc interesting here the sweeping only
in one plame, we com pit @ = 0. Substitée 2x/a={, kaSin0/2=a, sad represcating
2(x,y)=6-x, ic. lincer phase variation, provided by the sweeping device, we can  obtain for waiform
distribution m?.uvnm.uoin.

?Eiiﬁgoﬁg =6, o g&-%\n EQ\N ﬁ In our case

S=8(t)=(n, wggglﬁ[&iggigc.t}&;
O (X/ka. The surince of the constant phase is defined by the relation aR/c L (X - ax + y = const.

n

" v

More exactly, the light bunch looks like a part of opening helix, which has a center in the sweeping device.
The points of the helix are running from the sweeping center with the spoed of light

??ggﬁnisﬁggiﬁgﬁgiggﬁn
aperture of the deflecting device must be Y(x v.v & x ?_ The ordinary optical lens gives the
necessary parsbolic phase distribution. Mirrors 1,2 in Fig. 1 nleoﬂ&nﬂg s well.

Smmmary
An electro-optical sweeping device is a crucial element of the discussed laser linac scheme.
This device deflects the laser radiastion 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. For technical reasons the achievable number of
resolved spots allows sweeping length about 3 cm. Thus, the 1 km linac is sectioned with 3
cm long modules. A single 300 J laser pulse is propagating along the 1 bw liriac optically
splitting a small part of radiation to each of the 3 cm long sections. For 30 GeV/m gradient,
the required laser energy is 0.3 J/m. Repetition rate ~ —85!&- a luminosity in a single
clectron-positron bunch collision up to L=10"cm™s™ for bunches with population
N =10° particles per bunch. Multi-bunch operation mode with the number of the bunches

* up to 10-20 gives reasonable value for luminosity upgrade.




