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Abstract

| b bunch . directly  f 2 LONGITUDINAL EMITTANCE
Electron beam bunch compression directly from COMPENSATION

photocathode RF gun injector was experimentally
observed at the Brookhaven Accelerator Test Facilityid- 1 is the schematic of the layout of space-charge

(ATF). The analysis is presented in this report show@Mmittance compensation photocathodg RF gun injector.
that, the configuration of transverse space-chargg'ough several authors [1,6,7,9] studied electron beam
emittance compensation photoinjecotor can also ﬁwnchlng process inside the RF gun, the roles of the
operated in bunch length compression mode for mode¥glenoid magnet, drift distance and linac were not

amount charge (<1.0 nC), i.e., longitudinal emittancéiscussed. ~ When the space-charge emittance
compensation. For a constant laser energy, the electiéfimpensation photocathode RF gun injector operated in
beam bunch length almost linearly decrease with the Rfe small launch phases, the electron beam bunch length
gun phase, and the compression ratio as large as facto€8f e significantly shorter than the driving laser pulse

30 was experimentally observed for a 40 pC charge. W@ngth (for modest amount charge). The electron beam
also discuss the effect of electron beam bunching insidé/nch lenghth compression process can be divided into
the RF gun on the transverse emittance, and comparyr stages:
with experimental results.

1 INTRODUCTION drift space

In the past few years, there is tremoundous interest in
ualtra -short electron beam production for high energy
linear collider, free electron laser , laser accelerators and

many other applications[1-4]. Sub-picosecond electron linac sections

beam can be generated either using the femntosecond .

laser or magnetic bunch compression, but they are either 50|en0|d RF gun
limited by the total charge or the emittance growth. In Iens

this report, we further elucidate a technique using 19ig.1 Schematic layout of emittance compensation
picosecond laser driven photocathode RF gun injector fﬂ{jector.

subpicosecond electron beam generation.

The electron beam micro-bunching in the |nitial launching and expansion For at ps long

photocathode RF gun injector was experimental observegker hyise, the initial electron beam pulse length is much
at the Brookhaven Accelerator Test Facility (ATF) [Sl.shorter thar ps for the initiak ps time interval because

The ATF photocathode RF gun injector was designed fofe electrons come out photocathode are nonrelativistic.
trans_verse space-charge emittance compensat|on.[8]. Fbr example, for a peak field of 100 MV/m on the
consists of a 1.6 cell RF gun mounted on the emittan¢e;hqde, the electron beam bunch length after initial laser

compensation solenoid magnet, followed by a driffse during tion is about one sixth of the laser pulse
distance and two sections of SLAC type traveling WaVRngth.

linac. The photocathode RF gun injector is driven by @ 10 ~afier the inital stage, the electron beam will expand

+ 2 ps (FWHM) frequency quadrupoled Nd: Yag lasepecqayse the head of the bunch moving faster than the tail

system. We will show in the following sections, that thgecaused it gains more energy. This process usually last
photocathode RF gun injector designed for the spacgayeral laser pulse duration.

charge emittance compensation can be very efficient RE compression inside the RF gun cavityFor
operated as buncher for sub-picosecond electron beaRctron beam launches in small RF phase, the tail of the
generation. We will present latest experimetal resultgeam gains energgsterthan the head. There are several
and discuss the effect of electron beam bunching insig,ner discuss the bunch lenght compression inside the RF

the RF gun on the transverse emittance, and compar [1,6,7,9] cuased by the RF force. For normalize field

with experimental results. .
P o = eE/mé k rnage between 1 and 4, reference 9 gives a

analytical expression for ratio of electron beam bunch
length changeal to the laser pulse lenghthd,,
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Al 1 lengthed about 0.3 ps due to the beam divergence. The

| = \/7 ’ focusing of the solenoid magnet reduce the beam
laser a**(1+cos(g,)) +1 diverence about a factor of 3 to 5, this reduce the bunch
20/(1-sin(g, )) cos@, )

lengthening caused by the beam divergence to less than
30 fs. The second term of Eq. 3 is negligible. For a 10

1+2¢, I ps laser pulse, the energy spread of the electron beam is

wherea* is so called modified normalized field,, is the ~about 5 percent when beam was launched in the small

electron beam launch phase,can be writtern as, phase, this will leads to about 1.5 ps bunch lenght
2 reduction in the drift space. For a 10 ps laser pulse,

o+ @ sin(g, ) electron bunch length can be easily reduce by factor of 3
to 4 inside the gun (if psace charge effect is small), so the

1)

* —
@ = ’sin(¢o) @) bunch lenght of the e-beam at gun ex_it is abogt 3_to 2 ps,
1+ ———= and after further bunch compression in the drift distance,
6 sub-picosecond electron beam can be generated with

_ modest charge. Our experiment confirmed above
Fig.2 shows that the bunch lenght of the electrognalysis [5]. We have experimentally measured 370 fs
beam is almost linearly decrease with the electron beamw) electron beam with 40 pC charge.
launch phase[6]. The relative energy spread of the beam | gngitudinal emittance compensation through linac
also almost linearly increase with the decreasing phasinthe linac plays very similar role for longitudinal
after the launching phase below the phgsgwhich emittance compensation as for transverse space-charge

corresponding to the electron beam exit phake emittance compensation. It reduces space charge effects
and preserve the electron beam bunch lenghth. As
s ' ‘ T ‘ 20 electron beam is accelerated through linac, followings are
—— Bunch Length realized,
A Energy Spread T 1. Further bunch length reduction on the order of 5 to
E 1 10% caused by the early injection due to the relative
= osf S g low energy from the RF guny € 10).
E 115 & 2. Space charge reduction a$211
£ 05F v 3. Energy spread will be reduction ag,ldnd the final
3 {10 8 energy spread will be determined by the bunch
E 0.4+ 1 os B Ienghth(AI2/8) and the wake field.
5 A
[T
“ o3k 1 oo Summarize 1 to 3, after linac acceleration, the short
bunch lenghth was preserved, and achieve smaller energy
0.2 , . ! ! o spread (assume will be dominated by the bunch effect),

0 20 40 60 80 100 itudi i i
RF Phase (degree) hence longitudinal emittance compensation.

Fig.2 Electron beam bunch lenghth and energy spread as
function of the launching phase for a 2.5 ps laser pulse.

12

Drift space bunch compressionSolenoid magnet 1ol (EF'mfh’A”pt’;am bunch length 90 MV/pn
plays an important role in transverse phase realignment in
space charge emittance compensation photocathode RF 8[
gun injector, and hence achieaving the emittance o 100 MV/m
compensation. If the injector to be operated as a bunch
compressor, solenoid magnet is critical in preserving and M o mvim
further compress the electron beam to achieave sub- o
picosecon bunch length. The electron beam bunch lenght RF gun phase
change in the drift space can be express as, 9%- 20- 30- 40- 50- 60- 70- 80°
Al = jl (X?+y?)+(L- Lo)(l—iz) - |-i2 Fig. 3 Electron beam bunch length as function of the RF

2 v 0 gun phase for 3 electric fields.
3)

The first term represent bunch lengthening. For a 1 mm, The electron beam bunch lenghth was measured for
radius laser spot, the beam divergence x’ at gun exit tree electric fields at different RF phases (Fig.3). It
about 10 mrad. After one meter drift distance (roughlgonfirmed basic features predicted in out discussion. One
the drift distance between the gun and linac), bundhnteresting feature should be pointed out that,the
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experiments was carried out for a constant laser energy,about one order magnitude smaller than the measured
and it seems no space-effect was observed as bunch wakie. This means meausred emittance was dominated by
compressed. This can be explained by the Schottithe space charge effect, which we pointed out earlier
effect. should remain roughly constant. The physics lies in the
correlation between the RF emittance and space induced
3 DISCUSSION emittance [12]. It is well known that space charge

Just as any bunch compressor, there are many debuncrﬁﬁ@ittance growth will be minimized for smaller beam in

effects in a photocathode RF gun injector. Directl;}he transport line. Silimar argument applied for space

borrow from the analysis from reference 1, théharge emittance growth inside the RF gun.
bunchlenghthening caused by the beam emittance insi 35
the RF gun can be reduced much less than 100 fs. Sp

charge effect will limit the photocathode RF gun injecto al
operating as a bunch compressor in modest charge (<
nC). We have observed recently significant bunc 25}
comrpression for a charge of 0.7 nC for a peak current

160 A (Fig.4). 2}
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ooy Fig.5 Normalize RMS emittance as function of the the

80r 1 RF gun phase for a constant laser energy.
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