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Abstract A plasnla \vakefield experinlent ha.s started using a high intensity
250!vleV elec trOll beam, which is separated into 5 or 6 bunches by the rf field.
The preceding bunches generate the wakefield in a plaslna to accelerate or
decelerate the follo\ving bunches. It is observed that a plasnla, Inl in length
\vith density of 4 x 1011 cm-3 , caused approxilllately 4!vleV energy shift in
the fifth bunch.

IN1'RODUC1'ION

1'he plaslna \vakefield accelerator (P\iVFA) 1 has been the recent subject of both

theoretical and experilnental investigation. Besides the high acceleration gradient,

this acceleration schenle has several advantages over other plasnla acceleration

schernes. They include no use of laser, insensitiveness to phase slippage frolll the

plasrna wave, transverse focusing effect, etc .. We report here a testing of the I~VlFA

schenle where the beanl energies of both the dri ving and trailing bunches are scaled

up to ultrarelativistic region frolll the hitherto experilnents~ Another feature of

the present experinlent is the use of a sequence of bunches, \vhere a bunch can be

a driver and a \vitness at the saIne tilne. Build-up of the wakefield is expected in

the optilllUlll conditions.

The experilnental setups have been already described in the previous paper~

but \ve repeat SOllle description in the next section to lllake the present paper self­

consistent. We then COl1lpare our experinlental results to the calculation. The last

section contains conclusion and discussion.
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EX~EIlINIENTAL SETUPS

'v\Te use the large current electron linac for the positron production in the I(EI(

photon factory~ In usual operations, large current electrons bOll1bard a target

to generate positrons. In the PWFA experiments, the target is ·reilloveci so that

the electrons go directly through a plaslna chainber. 1'he electrons are then hori­

zontally diverged by an energy analyser \vhich gives 1r/3 deflection t .1 the central

energy cOll1ponent. A streak calnera measures the horizontal distribution of each

bUIlch ,vhich gives the energy spectrull1. Usually the beanl has 6 bunGhes.

The 11laxilllU111 beanl energy is 250rvleV. It is observed without the pla.sn1a

that the preceding bunches have higher central energy than the following bunches.

The central energies of 6 bunches span about 20MeV. In addition, each bunch

has energy distribution with 2-5MeV rIllS deviation. 1'hese energy distributions

are caused by the \vakefield in the vaccunl duct, 80n1 long froIl1 the S<Durce to the

plasllla.

The bunch separation is lO.Scm or 350psec, inverse of the rf frequency,

2856MIlz. The total charge in 6 bunches is 5-1 OnC. The transverse rlns 'radius

of a bunch ll1easured by a fluorescent screen is 1-1.5nun and the longitudinal rIllS

bunch length Ineasured by a streak camera is 10psec.
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FIGURE 1 Plasma chamber.

'fhe pIas11la is contained in a chall1ber of Figure 1, 300111111 in dia111eter and

1000n1111 in length. An argon plasll1a is produced by pulse discharges bet\veen IllUI­

tifilalnents and the chaulber. The pulse has discharge voltages 100-l30V, currents

20-30A, a duration of 2U1sec and a rate of 1I-Iz, which equals the beam rate of the

linac. The Illultidipole field of perlllanent lllagnets, 1kG at the inner surface of the
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chaluber, confines the plaslna. The challlber is \vater-cooled. The vacuunl systeul

is independent of the linac, using 50{llll thick titalliull1 foils at the inlet and outlet

of the beall1. The identical foils are used also at the outlet of the linac duct, and

at the inlet and the outlet of the energy analyser.

The electron density and te111perature a.re rneasured by a Lang111uir probe.

The plasilla is 111easured to be radially h01110genious, extending over 20o111n1.

1'hough \ve have no Ineasure to kno\v the longitudina.l distribution, we suppose

that it is fairly hOlllogenious also in this direction, guessing {rolll the 11leasure111ent

11lade on a silllilar confinelnent device~ The electron density is controlled both by

the gas pressure and by the discharge current. 1'ypical plasnla paralueters are a

1l1axill1UI11 electron density 1 x 1012CI11-3
, an electron telllperature 2-3eV, and a

neutral gas pressure of 4 x 10-4 to1'r under a base pressure of 1 x 10-7 torr.
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FIGUllE 2 Bunch energy measurelnent using a streak caluera.

COl11bination of the energy analyzer and the streak call1era enables the bunch

energy Ineasure111ent, as shown in Figure 2. rrhe bunches fly in the air for about

1000111111 behind the energy analyzer to produce Cerenkov radiation. The radiation

is reflected by llurrors and introduced into the streak call1era. The first lInrror ,vith

150111111 diall1eter accepts 8% energy dispersion, so it is still necessary to s\veep the

analyser current to obtain the spectra of all bunches. The lens focuses the first

rnirror posi tion onto the slit of the streak canlera and a Dove priS111 rotates the
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in'lCLge so that the energy deflection is perpendicular to the tillie axis of the calnera.

The streak picture is t,vo dilllensional; one dilnension for horizontal positions of

particles ,vhich gives convolution of the bunch energy and the horizontal bunch

size, the other dinlension for tillle to identify the bunches. The picture intensity

gives the nUlllber of particles. Each streak picture is digitized and total count,

1IIean and standard deviation are calculated.

RESULTS AND ANALYSIS OF EXPERIMENT

Before going to the experiIuental results, let us exallllne the COlllputed results

based on the linear t\vo-diluensional model~ Figure 3 gives the calculated field

gradient felt by bunches as a function of the plasllla density. Each bunch is as­

SUllIed to have parabolic distribution 1.4ll11U in radius in transverse direction and

a == lOpsec Gaussian distribution in longitudinal direction. Another assulnption

is that the total charge of 7nC is Gaussian-distributed in 6 bunches.
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FIGURE 3 Accelerating gradients received by bunches as a function of the electron

densi ty. The numerals denote the order of bunches.

rrhough \ve can see only two resonances in the· figure, a resOinance occurs

\vhenever the relation kf == v is satisfied, ,vhere f is the rf frequency, v is the

plaslna frequency and k is an integer, \v hich corresponds to the electron density

n e == 1011 k2 in the parallleters of our experiluent. In a resonance, all bunches are



KEK PWFA EXPERIMENT [1649]1207

decelerated. Anl0ng resonances, there exist density regions ,vhere S0111e bunches

are accelerated and SOlne are decelerated. It is fatally i111possible to accelerate

all bunches, because the driving bunches have to be decelerated to accelerate the

tra.iling bunches.

Experi111entally, we have 111easured the energy spectra of the 4th and 5th

bunches as a function of the plas111a density. Figure 4 gives a result, \vhere plotted

points give 111eanS of the energy distribution in bunches. We see the resona.nce

around the plaS111a density of 4.0 x 1011 C111-3
, \vhere k == 2, or the relat.ion 2f == v is

satisfied. Approxi111ately 411eV deceleration is observed at the resonance and about

the saBle alnount of acceleration is observed at the density nearby the resona.nce.

The lines are calculated energy shift reproduced froln Figure 3. It takes a.bout

I0111in to get a sequence of data, \vhile energy shift without the plaslna stays

within ±lMeV in 301nin rUll.
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FIGUllE 4 Observed energy shift dependence on the plasnla density at 4th and 5th

bunches.

The fact is that the resonant density observed by the probe in our eXperi111ent

\vas 4.8 x 1011 c111-3
. Because our plaslna density 111easure111ent by a Langurnuir

probe has an error of approxi111ately 20%, \ve fit here the observed resonant density

to the calculated value.

CONCLUSION AND DISCUSSION
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We have observed approximately 4MeV energy shift caused by the \vakefield in

the plaslna colullln 1111 in length. This value is consistent with th:e calculation

based on the linear nlode!.

Because our experiment has just begun, many are left to be ex,anuned. The

higher density both in the plasnla and the bealu will bring the bigher energy

shift. Accurate density 111eaSUrement using interferonletric luethod is essential.

Focusing/defocusing effect of the plaslua is certainly another interesting subject.

Ho,vever, the transverse bealu broadening caused by the 11lultiple scat tering at the

titaniulu \vindo\vs makes this study impossible in the present setup.

Our experiluents using the positron linac have further possibilities. One

IS the use of a positron bunch as a witness. Because the decelleraJtion field for

electrons is felt as the acceleration field by positrons, \\Thole the built-up field

can be used to accelerate thenl. Another is the modification of the envelope of

the bunch sequence. It is well known that the longitudinal shape of the driving

bunch affects the transforluer ratio.
7

We can expect the Sa111e effect by sha.ping the
8

envelope.
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