© 1983 |EEE. Personal use of this material is permitted. However, permission to reprint/republish this material
for advertising or promotional purposes or for creating new collective works for resale or redistribution to servers
or lists, or to reuse any copyrighted component of this work in other works must be obtained from the |EEE.

2370 IEEE Transactions on Nuclear Science, Vol. NS-30, No. 4, August 1983

INTERMEDIATE ENERGY ELECTRON COOLING FOR ANTIPROTON SOURCES USING A PELLETRON ACCELERATOR

X
D.B. Cline and D.J. Larson

University of Wisconsin, Department of Physics, 1150 University Ave. Madison, Wisconsin 53706

W. Kells and F.E. Mills
Fermilab, P.0O. Box 500, Batavia, Illinois 50510

J. Adney, J. Ferry and M. Sundquist

National Electrostatic Corporation, Middleton, Wiscoasin 53562

L. Introduction

It has been shown at FNAL that electroa cooling of
protoas is a wvery efficlant way to reach high
luninesity in a proton beam.' The emittance of the 120
KeV electroan beam wused at Fermilab corresponds tn a
cathode temperature of 0.1 eV. In order to apply
cooling techniques to GeV proton beams, MeV electron
energies are requirad. In this experiment, the
emittance of a 3-MV Pelletron electroan accelerator was
measured to determine that its emittance scaled to a
value appropriate for elaectroa cooling. The machine
tested was jointly owned aad operated by the University
of California-Santa Barbara and National Electrostatics

Corporation for research into free-electron lasers,

which also require low emittance beams for operatioa.
2. Thermal Emittance Estimate

The thermal emittance & of the heam will be defined to
be the araa 1a phase space in which 90% of the beanm
trajectories lie. The only contribution to the
perpendicular velocity of the particles is assumed to
be the perpeadicular thermal velocity of the electrons
as they are emitted from the cathode. The area of the

phase space ellipse is then

€= g, 99p- (@]

In evaluating e, it is assumed that the cathode enmits

electroas uniformily over its surface. Thus  x_.. 1s
the radius of the cathode., In this case
: = 7 -3 i ia §

Xoax = 7-6x107“m. The quantity Ggq is defined to be

the angle with respect to the beam axls that contains
30% of the electron trajectory anglas.

Ogp = Py/Pyy = MV go/ THCB (2
We evaluate V g, by assuming a one-dimensional Maxwell
distribution with the cathode temperatuve KT = 0.leV.
This yields £ = l.8mm-mrad for Y=5 and
¢ = ].5mmn-mcad for ¥ = 6 as the estimates of thermal

emittance.

3. The Emittance-Measurement Method

A. Theory

The radius of a beam of emittance area we is ¢ = /B¢

whera B, is one of the Twiss parametersz

o, By and vy
which satisfy the equations

Yo+ o = KB, B = <2op, v = (1+a)/B. &)
K = 8’ /pp is determined by the transverse gradient of
the magnetic field and the prime denotes
differentiation with respect to distance 1in the beam
direction. Space charge adds defocusing 1in both
transverse directions and can be represeated for a
circular uniform bean by an additional term
Kg.c. = ZI/IO(BY)3BLE with Iy = Me3/e = 170004.  The
aquatinns Eor the Twiss parameters <¢an now be
numerically integrated to give the Dbeam radius as a
fuanction of distance, given the initial values of o1,
BL and €. This treatment then 1includes both the
effects of space charge aad thermal velocities
(enittance). Measurements of beam radius at several
positions, 1including a walst, gives a unique value for

the emittance. Calculations indicated that
neasurements downstream from the walst yielded the
initial values «a, B and that givea these 1initial

values € varied linearly with the radius of the walst.

B. Beam-Size Measurements

Curvent flowing from the terminal of the Pelletron
causes the tarminal vnltage to decreasa, which in turn
causes the particle energy to decrease during the
pulse. 1In the const;nt magnetic field of the dipole,
this decrease in energy causes the beam to sweep upward
during the current pulss. This sweep acts as though it
is swept from a siangle pivot point.

We can determine an effective length L for the distance
from the exit edge of the dipole to the pivot point for
the sweep. The equation of motion in the beading plane
for a particle of momentum p+ap in a dipole of beading
radius p is

x’ 4wl = p(Sp/pY. )

0018-9499/83/0800-2370301.00© 1983 IEEE



A solution for this differential equation, with

x’ =x=0at &= 0, is

Lo (l-cos w@), (5)
dx/d{p0) = (ap/pw)sin w0,
since x’ = x/L, L=1x"/x=2F El:SEENEEl.
w sin w@

p = 24.lcm, w = ¥YI-0.7%, 0= 7/2, so

X =
, w

Hence x’ = dx/ds =

Therefore,

For our dipole

L= 21l.5cm.
Multiple wires located parallel to each other were
installed at several locations downstream from rthe

dipole.
ianstalled).

(Figure | shows a diagram of the wire chamber
The electrical signals picked up as the
beam crossed the wires were observed on an oscilloscope
and photographed.

The beam was successively focused on each set of wires

by adjusting a quadrupole 1in the beamline. This
produced sharp signals from which a sweep rate could be
calculated. The effective distances from the pivot
three wire sets are
£y = 109.5¢ca. (See Fig. 1). The

while

point to the £y = 39.5cm,
r, = 79.5¢cm and
distance between the two wires at £y is  3.0cn,
between the

(The beam hitting this

the distance wire at Ty and its support

frame

frame is 4.5cm. support

also generated an electrical signal.) Thus the angle
the beam sweeps out between the two
80, = 3.77x107%rad.  Similarly

at Iy is A0,y = 4.11x10_2rad. Sweep rates are obtained

wires at ry is
the angular sweep made
by dividing the appropriate angular separation by the
time between pulses AT.

quadrupole

To measure beam blow up from a waist, the

was set near zero so that a waist was formed at Ty
temperature rise of the 25y carbon
~400C.)

this setting for measurements at £, £y and Cq. The

(The expected

filament was The quadrupole was then left at

"angular size" of the beam is ¥ = At'AG/AT where At is

the time duration of the beam hitting the wire and

AO/AT {s the average measured sweep rate., The beam
radius is then R(ri) = %riwt where Ty is the distaace
from the pivot point to the it wire set. (L =1,2,3).

Table T

Experimental Results of Sweep Rates at y=5

AT( usec) AQ/ AT(rad/ psec)
r, 19 1.98¢1073
ry 21.5 1.91x1073
These data yield an average sweep rate of AQ/AT =

1.95x10-3rad/usec.
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Table IL

Experimental Results on Beam Size at Y =5

At psec) R(mm)
Ty 0.7 0.27
r, 10 7.75
r, 13 13.9

These data can be fitted by an optics calaulation using

an emittance value of € = 1.7 mam-mrad.

Table ITI

Experimental Results of Sweep Rates at v = 6

AT( usec) ABG/AT(rad [/ pusec)
T, 12.5" 3.01x10™3
ry 14 2.94x1073

These data 1indicate an average sweep rate of AB/AT =

2.97x10—3rad/usec.

*
The scope trace used to obtain this value is shown in

Fig. 2.

Table 1V

Experimental Results on Beam Size at y = 6

At( psec) R{(mm)
) 0.5" 0.29
r, 5 5.9
Ty 6 9.8
An  optics calculation.that gilves a close fit to these

data uses an emittance value of & = 1.25mam-mrad.
* . .
The scope trace used to obtala this value is shown in

Fig. 3.

E; Error Ana{zigi

The major source of error in the data analysis is in

reading the scope traces. Scope traces are readable to

about 1/2 of There 1is thus a relative

one division.

error in scope trace readings of about half of a
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division divided by 15 divisions for the sweep rates or
a 3.5% error in this value and a relative error in the
pulse readings of about 25% (0.5/2) for the waist
about 307

wire

pulse readings. Thus the relative error is

for the waist size. Since the beam emittaace used in

calculations is linearly depeadent on the waist radius,
emittance measurement 1s

the velative erroc 1in the

estimated at 30%.

Conclusion
The emigtance of the beam at 2.0Mev 1is 1.7 ).émm-mrad

aad at 2.5Mev is 1.25%0).3Imm-mrad. This implies no
emittance growth between cathode and measuremeat. The

beam quality is adequate for electroa cooling.
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Figure 1. Diagram of the wire chamber installed. Shown are the distances between wire sets, the

distance from the first wire set to the edge of the dipole, and the distance from the edge of

dipole to the pivot point.
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Figure 2. Scope trace used to
evaluate sweep rate at ry for y=6.
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Figure 3. Scope trace used to
obtain wasit pulse size at y=6.



