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GENERATION OF SUB-PICOSECOND ELECTRON BUNCHESIN
SUPERCONDUCTING RF PHOTOCATHODE INJECTOR

V.N.Volkov, Budker Institute of Nuclear Physics, Russia

Abstract carefulness, as in a sequence of time it was first and, as

A multi-cell superconducting photocathode laser drivefen it seemed, unique. Therefore it seems it is useful to
RF gun having a longitudinally shorted first cell (theshow these calculations too.

length of the first cell is 0.15 lambda instead of 0.25

lambda) can generate shorted electron bunches with very ~ SUPERCONDUCTING RF GUN

low longitudinal emittance [1]. These bunches could be 1 perform the simulations we usedo different
considerably longitudinally compressed by additiona)  iants of RE gun — with 3.&nd 5.3 cells [1] shown in
compressing scheme having a buncher cavity and dift, re 1 and 2. The energy gain is: 25 MeV/m with 6.14
space after them or four dipole achromatic chicane placgflL,, of bunch energy in first variant and 20 MeV/m and

just after the buncher cavity. The first scheme with drif§ 27 eV in second one. Electron beam downstream RF
space is longer on two meters but has appreciably betbq[n has a divergence of 0.8 and 0.6 mrad/mm

effectiveness to compress a bunch. The buncher (§;esnondingly. Both variants have given approximately
composed from 3900 MHz multi-cell TESLA like cavity. jyentical results of bunch characteristics downstream of
Chicane has a modernised geometry to compensgfe qift space (see table 3).

transversal emittance dilution of a bunch. Bunch dynamic

calculations in two such compressing schemes (optimize .
at 10 MeV of bunch energy) show that a bunch rms Iengtl$'3 cell RF gun, 1300 MHz, Mutticell buncher

down to 7 micrometers (0.02 picoseconds, the laser puls'gac'c = 25 MeV/m, 3900 MHz,
FWHM duration is 2.5 picoseconds) with a peak currentEbunch = 6.14 MeV V=10 Me\[_
of 1500 A can be reached. The optimised characteristics_m : ; Ebunch = 9.74 MeV

of two compressing schemes with two different RR{i|[/: ¥ A~ A

injectors (with 3.3 and 5.3 cells) are presented. ey - - > ————— =
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Figurel: The variant of first compressing scheme having a
INTRODUCTION higher accelerating gradientEof 3.3 cell RF gun and
Development of a simple and reliable source of shobuncher with acceleration of bunch energy up to 9.74
electron bunches is an essential problem. Short electrifieV.
bunches of a sub-picosecond length may be used in free
electron lasers for obtaining the light spontaneousb.3 cell RF gun, 1300 MHz, Multicell buncher

radiation with very short wave length (from crystalline Eacc = 20 MeV/m, 3900 MHz,
undulator for example) and high radiation power becausghnch = 9.77 MeV V =11 Me\[
of CW operation of superconducting RF injector. N . ; . ~  Ebunch = 9.77 MeV

There are very important for longitudinal compressing/i{[i ! : : : :
initially to have a short electron bunches with lowjse=icatpeegen, L b L 4.+ ) >->-
longitudinal emittance. Such bunches may be obtained : A : :
multi-cell superconducting RF gun having a very short

first cell with convex photocathode attractive on itself

electric field pattern. The phase-dependent delay in suffgure 2: The variant of first compressing scheme having
RF gun plays an establishing role in forming shor® lower accelerating gradientEof 5.3 cell RF gun and

bunches with low longitudinal emittance [1, 2]. unaccelerating buncher (V — cavity RF acc. voltage).
Two compressing scheme having TESLA like buncher
multi-cell superconducting cavity with 3900 MHz BUNCHER

fre_quency are use(_j in dynamic calculations: first - withThe buncher in these compressing schemes plays a
drift space up to distance of 5 meters from the cathodgouble role. The basic one is increase of an energy spread
and four dipole achromatic chicane placed just after thsf a linear bunch energy distribution (energy of particles

buncher cavity — second one. linearly increases lengthways on the bunch from its head
Though the first scheme with drift space is much easier

and more ch_eaply, and beSideS is more effeCtiVQ th&Rhe whole part of this numerical designation displays an amount of
second one (it gives 7 microsecond bunch length insteaghplete (unit) cells in RF gun cavity, and fractional (.3) testifies that
of 9), however second one was optimized with alength of the first short cell makes 30 % from complete length.

0-7803-7739-9 ©2003 IEEE 2044



Proceedings of the 2003 Particle Accelerator Conference

to a tail). To reduce the drift space length, it is necessaryThe sensitivity of rms bunch length to main parameters

to increase the energy spread at the expense of increasefdigure 2 scheme can be written as follows:

cavity voltage. Other important role of buncher cavity is

to compensate divergence of electron beam so that all c[um] = 7.02+

trajectories of particles downstream of the cavity were2.94Ac ’[mm] + 0.31A@ *[] —0.68Ac.-Ag, +

parallel to an axis. There is transverse focusing action #8.08AV? [MeV] + 4.59A®%['] + 9.13AV-A®

the multi-cell cavity, and to the compensation of

divergence of 0.6 or 0.8 mrad/mm of incoming electrolVherec — rms bunch lengthym; o, — laser spot size,

beam about 10 MV cavity RF voltages is required. mm; ¢, — Launch RF phase, degree; V — buncher cavity
To perform the simulations we used the geometry ebltage, MV;® — operation RF phase of buncher cavity.

TESLA 1300 MHz cavity scaled as 3:1 for the buncher

3900 MHz cavity. The number of cells in such cavity caifablel: The optimized parameters of the compressing

be more than 9 to reduce RF field amplitude in the cavigchemes.

because RF power almost is not transmitted in a bea

The dynamic calculations with number of cells 9, 11 angnjector — Fig.1 Fig-2
- Acceleration gradient in 25 20
13 have shown the same results. Peak RF electric field abr gun, MeV/m
the axis (_)f the cavity with 9, 11, 13 cells are Launch RF phase, degred 37.0 11.09
correspondingly 55, 45, 38 MV/m. Laser spot size, mm 1.0 172
Our choice of 3900 MHz was essentially motivated by | ocer pulse duration 3.0 56
the fact that at lower frequency the intensity of transverseirwHM), ps
focusing effect will be higher therefore cavity voltage will| RF voltage of buncher 10.11 10.77
less to compensate beam divergence, and drift spaceavity, MV
length will become inadmissible large. RF phase of buncher 17.18 0.0
cavity, degree
RESULTS Target distance from 51 5.04
. . | cathode, m
To obtain the shortest electron bunch in compressing

scheme the effect of following parameters to this length
was studied: laser spot size, launch RF phase (or laserTable 2: Bunch characteristics downstream of RF gun.

jitter), laser pulse duration, RF voltage and RF phase cfI . . .
: . L njector Fig.1 Fig.2
buncher cavity. In figure 3 the example of optimization of—g -~ charge, pC 50 50
tog(_—:-ther Iasfer spot size and _Iaunch RF_ phase for schemB nch rms Ien’gtmm 131.0 173.4
qf figure 2 |s_sh0wn. Dynamic calculations launched 16 Bunch energy, MeV 6.14 9.76
times for 4 different values of each parameter, and thePEnergy spread, % 0.56 0.46
spline interpolation of the results is made to find the Longitudinal rms 0.663 0.843
optimum. The optimized parameters of compressing emittance, KeV-mm
schemes of figure 1 and figure 2 together and their bunghTransversal normalized 1.13 1.34
characteristics are presented in tables 1, 2, 3. emittance (rms), mm-mrad
Beam divergence, 0.797 0.595
Omax=8.66pm Omin=7.02pm mrad/mm
@12 £ 1
go Table3: Bunch characteristics at target distance.
3 1 Injector Fig.1 Fig.2
o Bunch rms lengthym 6.28 7.02
2 Max. bunch radius, mm 7.14 7.93
ﬁ 10 Bunch energy, MeV 9.74 9.77
an Energy spread, % 1.05 1.70
é Longitudinal rms 0.645 1.169
S 9 emittance, KeV-mm
75} 1.2 1.4 1.6 1.8 Transversal normalized 2.43 3.97
: emittance (rms), mm-mrad
Laser spot size, mm Peak current, A 1445 1266

Figure 3: The spline interpolated results of 16 calculations
of rms bunch lengtho] for the scheme of figure 2.
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CHICANE SCHEME o ]
In this compressing scheme a four dipole achroma’rjl;‘able‘l' The optimized elements of chicane geometry.
L B1, B2 R1, R2 R
5

chicane is placed just after the buncher cavity. The sket{ch o
of the chicane geometry is shown in figure 4. 4.97 250 mm 200mm 207 mm

The elements of the geometry specified in the figure .
play the following role for optimization: The bunch characteristics computed by PARMELA for

{40000 particles has shown in table 5.

e By curvature radiuses of extreme dipole magne

R1, R2) the transverse emittance dilution h - . .
E:ompens)ated Svers I Tt a“?able 5: The bunch characteristics of magnetic chicane
' scheme.

e By curvature radiuses of the central magnet tip

(R) a curvature of a bunch front in horizontal ang_I "€ bunch downstream of..;  Fig.2 gun Chicarle
in a vertical plane has leveled. Bunch rms lengthym 111.6 8.425
- By inclination B1) of the first dipole magnet tip | Max. bunch radius, mm 7.2 8.1
the convexity of a bunch front has corrected. Bunch energy, MeV 9.72 9.305
« By inclination $2) of the second dipole magnet tip Energy s.pread, % _ 0.319 1.224
the convergence dilution in a horizontal plane of a -ongitudinal rms emittance, 0.78 0.96
beam has compensated. KeV-mm .
The optimized values of geometry elements are presented 'ansversal normalized 1.41 4.1
in table 4. emittance (rms), mm-mrad
Magnetic chicane REFERENCES
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Figure 4: Sketch of magnetic chicane geometry. The
fringe magnetic field taken in account in the simulation.
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