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BEAM EXPERIMENT PROGRAMS IN THE .USA*
Charles Kim
Lawrence Berkeley Laboratory ‘
University of California, Berkeley, California 94720

Three beam transport experiments have'beenlor are being performed in

the USA at Brookhaven National Laboratory (BNL)(I), Lawrence Berkeley La-
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boratory (LBL)(Z), and the University of Maryland (UoM)(3). The experi-.

mental configurations and the beam parameters are summarized in Table I.

Table 1 Experimental configuration and beam parameters of the
three USA beam transport experiments

UoM

BNL LBL

Species ' Art, Xe* Cs* e~
Kinetic Energy (keV) | 1-2 80 - 160 0.5 -5
Current (mA) o 0.06 23 220
Pulse Duration (us) dc ~10 ~5
-Focussing Scheme Electrostatic Electrostatic Interrupted

Quadrupole Quadrupole Solenoid
Number of Lattice Periods 25 41 12(a)
Period Length (mm) 38.1 304.8 136
Aperture Radius (mm) 4,08 25.4 18.3
Minimum /o 0.02(b) 0.1(c) 0.08(d)

(a) This value will be increased to 36.

(b) This value 1is estimated for a measured beam emittance after the
publication of Ref. (1).

(c) This value is for the equivalent Kapchinskij-Vladimirskij beam (which
has the same beam current, has twice the rms radius, and has four times
the rms em1ttance) of the laboratory beam. Stable beam transport was
observed for 00_60 a=8". '

(d) Emittance growth of 50 percent was reported for ao_6O 0=5°. The
final emittance was measured and compared with the theoret1ca]1y esti-
mated initial emittance.

* This work was supported by the Office of Energy Research, Office of Basic
Energy Sciences, Department of Energy under Contract No. DE-AC03-76SF00098.



In the BNL experiment, a very bright beam was injected into the trans-
port channel with the beam size as large as the available aperture. The
matching is done by flooding the acceptance of fhe channel with the injected
beam.(4) A continuous current loss was observed along the channel with
the highE;t'tFansmiésioh’occurring af 9, = 85°. At the end of‘the channel
the beam filled ab&ut’BO percent of the aperture. The space charge non-
1inearit&:wimage efects, and the lené nonlinearities weréﬁlisted as possible
causes o% the currentkloss. . |

In the LBL experiment, a beam with a variable brightness was matched to
a periodic envelope in the matching‘seétion'cohpOSéd of five lenses and in-

jected”intd the channel. The beam filled up’to 80 percent of the available

aperture. The beam current, emittance, and the beam size were measured at

the beginning and at the end of the channel. Stable beam transport is in-

 ferred if there are no detectable changes in these parameters. They found

stable beam transport 1in the region o, < 85°, and o/oO > Z;é X"lo'

o (with .o measured in degrees). They also reported that the semi-

) 0
Gaussian_ distributions of the particles (flat in configuration space and

Gaussian inkve1ocity space) are approximately preserved through the_channel._

LBL is p]gnning a multiple beam experiment (MBE) - a linear induction ac-

celerator which accelerates and bunches high intensity multiple beams (16

beamlets planned) to about 7 MeV. The purpose of MBE is to demonstrate the -

necessary physics and accelerator technologieé for the High Tempekature;Ex— .

periment (HTE),(S)

In ﬁhg,UoM experiment, the beam maiching.is‘atcomp1ished with,tW6;in-

terrupted solenoids. A 100 percent beam transmission is observed in the:re-,.

gion bounded by o, > 40° (the'rnatched beam is §ﬁa]]er thah- fhe chénne]

aperture) and o

o < 90° (the envelope instability does not occur). The UoM
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group is planning to increase the number of lattice periods from the present
12 to 36 in the near future.

In conclusion, it has been demonstrated that an intense beam with the
space charge defocussing force as large as the average focussing forces of
the channel can bé transported over many lattice periods without losing
‘either the current or the optical quality. This conclusion, which is con-
sistent with the PIC code resu]ts(ﬁ), has an important implication in de-
signing a linear induction accelerator driver for inertial confinement fu-

sion.
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