XX International Linac Conference, Monterey, California

COMPRESSION OF HIGH-CHARGE ELECTRON BUNCHES *

M. J. Fitch, A. C. Melissinos; University of Rochester, Rochester NY 14627, USA
N. Barov, J.-P. Carneiro, H. T. Edwards, W. H. Hartung; FNAL, Batavia IL 60510, USA

Abstract 2 EXPERIMENT

The A@ Photoinjector at Fermilab can produce high chargEhe streak camera is a Hamamatsu C5680-21S streak cam-
(10-14 nC) electron bunches of low emittanéés mm-  €ra with M5676 fast sweep moddlesad out by a Pulnix
mrad for 12 nC). We have undertaken a study of the optRrogessive scan digital CCD camera. Calibration was done
mal compression conditions. Off-crest acceleration in thgsing a short UV laser pulse and a thick fused silica delay
9-cell capture cavity induces an energy-time correlatioPlock. We find a calibration of 3.9 pixels/ps at the fastest
which is rotated by the compressor chicane (4 dipolesyweep speed with a limiting resolution of about 1 ps. After
The bunch length is measured using streak camera imad¥¢ year, the calibration was repeated, and the high-voltage
of optical transition radiation. We present measuremengveep of the streak tube had degraded somewhat to 3.6 pix-
under various conditions, including the effect of the lase®lS/Ps, S0 we report at most a 10% systematic uncertainty
pulse length (2 ps sigma Gaussian vs. 10 ps FWHM fldf the bunch length measurements. .

top). The best compression to date is for a 13.2 nC bunch Optical transition radiation (OTR) light [9—=11] was im-

with o, = 0.63 mm (1.89 ps), which corresponds to a pealdged by all-reflective optics to the slit of the streak cam-
current of 2.8 KA. era. OTR is prompt, and has a characteristic opening an-
gle of 1/, and in our caséZ = ymec? ~ 16 MeV, so
1/4 ~ 32 mrad or 1.8. An out-of-plane (periscope) bend
1 INTRODUCTION rotates the image so that the vertical direction of the beam
falls on the horizontal slit. This is desirable to diagnose

Electron beams with short bunch lengths are desirable f&be;ratit:]ns sincr:e thedchicalne benbds'linbthivertlgal plgne.f
high energy physics, free-electron lasers, and other appli-T ep otqcat ode drive laser (built by the University o
cations. Rochester) is a lamp-pumped Nd:glass system frequency-

. ) . uadrupled to the UVX = 263 nm) [12]. The UV laser
In this paper we report on studies of compression at t

o ag ' 21 wi . Ise is a Gaussian with = 1.9 ps. Then, the UV pulses
A Photoinjector of Fermilab [1, 2] with a chicane of foura e temporally shaped to an approximate flat-top distribu-

dipoles as measured by a pic]?sec;]ond streak camera..l. with 10.7 ps FWHM. We have measured the bunch
photoinjector was prototyped for the TeSLA Test Faci |tyIength with both the long and the short laser pulse.

[3], and in that context, there are three stages of acceler- o number of streak images was acquired at eatinge
ation and compression, and the chicane is the first COMtter subtracting a constant background trace from the pro-
pressor. The gun is a 1.625-cetimode normal conduct- jected image, (unsubtracted noise which varied from image
Ing copper structure at 1.3 GH.Z whose backplaceepts to image was withint0.5 pixel.) each streak image trace
a molypdenum plug coated with a £Te photocathode. is fit to a Gaussian. The mean value from the ensemble
Solenoids for emittance compensation surround the gun.% each sing is reported, with error bars assigned from
superconducting Nb nlne-gell cawgpcelerates the 'beam he statistical spread of values from this ensemble. The ex-
to 16-18 MeV. After the dipole chicane are experimentaly i, 14 this is in Figuréi 1, where each streak image is
and diagnostic beamlines. correlated with the charge measured on that shot, and the
These streak camera measurements support electro-ogdigor bar is the error in the Gaussian fit.
sampling measurements reported in a companion paper in

these proceedings. Httance measurements are reported .
by J.-P. Carneiret al. in these proceedings, and for 12 nC 3 RESULTS: LONG LASER PULSE

the normalized emittance is, = 207 mm-mrad without |y Figureii we give the uncompressed bunch length ver-
compression. The issue of emittance growth during bun@ys charge. At low charge, the bunch length is the same as
compressionij4-8] is under study, though preliminary stughat of the UV laser pulse on the cathode, but increases dra-
ies suggest an emittance increase of approximately a fact@gtically at higher charges. At high charge 1113 nC),

of two. the beam was compressed and measured as a function of
the accelerating phases (Fig!]fe 2). We set the middle pair
of dipole chicane magnets to the nominal values (current
I = +2.0 A or 680 Gauss), and reduce the outer pair
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Uncompressed Bunch Length vs Charge only weakly dependent on the charge, shifting Byfdm
40 [T 1nCto10nC.
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Figure 1: Uncompressed bunch length vs. charge for the
long (10 ps FWHM) laser pulse length.
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slightly for vertical steering (typically-1.9 to —1.95 A). Figure 3: Compression vs. charge for the 10 ps laser pulse

The phases of the gun RF and 9-cell cavity RF are recordé@ngth.

as the “set phase” from the control systami(x). In addi-

tion to the set phase, we give the 9-cell phase for maximum

energy (crest). The gun phase is referencedARMELA 4 RESULTS: SHORT LASER PULSE

by the curve of charge transmission vs. gun phase. . . .
The point of best compression (Figlll're 2) is not sensitiv he compression experiments were repeated with a short

to the gun phase, however the bunch lengthens if the pha gussian Ia;er pulse( = 2 ps) on the cathode, with
is too early. Even for high charge, the measured bun e expectation that the space charge growth of the bunch

; ; th would be more severe.
length is easily compressed to less than 1 mntor 3 ps), engt ) .
and the optimum is 0.63 mmn, (1.89 ps). With the chicane dipole magnets off and degaussed, we

measured the uncompressed bunch length with a streak

High Charge (11-13nC) Bunch Length vs. Phase camera looking at OTR radiation as before (Fig.lire 4'1) from
35 [ ey 1nCto 5 nC. Even at low charge, the bunch length is more
[ | o cung =40, Pamelz =145 ] than a factor of two longer than the initial laser pulse length
30~ |-"8 - Gun@,=-30°, Parmelap,=+55 . . .
E | --en - cung s, pameim, 128 on the cathode, and increases linearly with charge. The

compressed bunch length for the short laser pulse is shown
in Figurei_$, and the minimum is slightly larger, and at a
larger angle off-crest.

[
at
’ 5 PEAK CURRENT

One figure of merit for (sub)picosecond electron bunches

is the peak current, which depends on both the charge and
the bunch length. If the beam is Gaussian in time,

FWHM from Gaussian fit [ps]
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Figure 2: Compression vs. Phases of the 9-cell cavity ang o, the peak current is by definition the peak value of the
gun for the 10 ps laser pulse length. The width of the focus, rent profile:

mode image was 2.77 ps FWHM, and the data were cor-

rected assuming this broadening adds in quadrature to the Q 2v/2In2Q
real width. Ip= 7= PN (2)

Repeating this experiment as a function of charge, wir the rms bunch length, or the full width at half maxi-
find that the minimum bunch length is shorter at lowemum (FWHM) .
charge (Figuré;:3), becausen-linear space charge growth We know of two other facilities which report peak cur-
is uncompensated. The phase of optimal compressionrint at or above 2 kA which are 1.97 kA at the AV\IA:[13]
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Uncompressed Bunch Length vs. Charge [4]
for short (2 ps o) laser pulse
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Figure 4: Uncompressed bunch length vs. charge for thés]
2 ps laser pulse length.
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Figure 5: Compressed bunch length vs. charge for the 2 ps
laser pulse length.

and 2.3 kA at the CLIC Test Facility (CTF-II) at CERN [8].
Our reported best peak current of 2.8 kA is a significant im-
provement.
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