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EFFECT OF SOLENOID FIELD ERRORSON ELECTRON BEAM
TEMPERATURESIN THE RHIC ELECTRON COOLER *

C. Montad, J. Kewisch, BNL, Upton, NY 11973, USA

Abstract cooler solenoid on electron beam temperatures. The goal

was to determine the required field quality as a function of

A faf he Relativistic H I ) . . o
§part of a future upgrade t.Ot ene ativistic Heavy c)qhe wavelength of the transverse field distortion, which in
Collider (RHIC), electron cooling is foreseen to decreasFurn defines the optimum spacing of correction coils

ion beam emittances. Within the electron cooling section,
the “hot” ion beam is immersed in a “cold” electron beam.
The cooling effect is further enhanced by a solenoid field SIMULATION RESULTS

in the cooling section, which forces the electrons to spiral To studv the effect of t field lect
around the field lines with a (Larmor) radius of 10 microm- 0 study the etiect of transverse Tield errors on electron

eters, reducing the effective transverse temperature by ﬁle am temperatures, an ensem b'? of partlc_le_zs was tracked
ders of magnitude. Studies of the effect of solenoid fiel rough a0 m long 1 T solenoid with an additional trans-
errors on electron beam temperatures are reported. verse field component of
B,(z) = Bj -sin(k-z), (¢D)]
INTRODUCTION B, = a-B, @
To improve the luminosity of the Relativistic Heavy lon

Collider (RHIC) as well as as essential part of the electrowhere B; = 1T is the main solenoid field; is the lon-
ion collider eRHIC currently under study, electron coolingditudinal coordinate along the solenoid, ahg= 27/ is
at high beam energies of ~ 100 is being foreseen [1]. the wave number for an error field wavelengthThe coef-
The RHIC electron cooler consists of a superconductinfcienta has been scanned to determine the magnetic field
energy-recovery linac to accelerate electrons to energies 8For tolerances for a given temperature increase.
to some55 MeV, thus matching the Lorentz factor of the The electrons are assumed to have been created at a cathode
stored ion beam. To enhance the cooling effect, a magnwith temperature” = 20000 K. This beam is accelerated
tized beam and a solenoidal field in the cooling section # v = 107 to match the storage energy of gold ions in
foreseen [2]. Figure 1 shows a schematic drawing of th@HIC. The longitudinal momentum spread is assumed as

RHIC electron cooler. Ap/p = 1-107%, the design value of the RHIC electron
Table 1 shows some key parameters of the RHIC electr&goler.
cooler. Tracking within the solenoid is performed by application

However, to preserve low electron emittances from the guef the Lorentz force equation,
through the linac and transfer line and through the solenoid, . .

exact optics matching as well as high magnetic field quality F= dp - mdl =e- (TX g), ()
is required. Simulation studies were performed to identify dt dt

the effect of transverse magnetic field components in thghich is integrated using a fourth-order Runge-Kutta

*Work performed under contract number DE-AC02-98CH10886 WitHnethOd-

the auspices of the US Department of Energy To calculate temperatures, all velocities are transformed to
T montag@bnl.gov the moving beam frame according to
UI’“ — v
Vmax 110 e (4)
B 1T U2
solenoid length 30m
cathode temperature | 20000 K and
Ap/p 1-107* vt
bunch charge 10nC vl = . ) ®)
transv. rms beam size in Coolér 2 mm 7o~ (1 Y _)
electron bunch length 5cm o
cooling time 30 min Here,v andv_ are the longitudinal and transverse veloc-

ity of one particular electron, respectively, whilg and~,
are the velocity and Lorentz factor of the bunch center-of-
Table 1: Parameters of the RHIC electron cooler = mass. An asterisk denotes the laboratory frame. Using the
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Figure 1: Schematic overview of the RHIC electron cooler. The magnetized electron beam is accelerated in an energy-
recovery superconducting linac and stretched to the required bunch length in in an extra loop in the arc that also serves as
a transfer line into the solenoid. At the exit of the solenoid a second arc reduces the bunch length to its original valueand
transports the beam back to the linac for energy recovery. For easier manufacturidgntHeng superconducting
solenoid is split into two parts with an appropriate matching section in between that preserves beam magnetization and
thus low beam temperatures.

velocities in the moving frame, temperatures are calculated
from the respective rms values as

1000

2
my = ©
and ot
m- (v?) £
o= =5 ™ 5o

wherek = 1.3806 - 10723 J/K is the Boltzmann constant.
Figure 2 shows the ratio of longitudinal electron beam tem-
peratures at the entrancg;(z = 0m), and at the exit of
the solenoid7(z = 30m), as a function of the transverse S
field wavelength for different values of the coefficient e
corresponding to relative transverse field errors in the range

of Bi /By =1-10"%...5-1075. The longitudinal elec- o .

tron beam temperature increase shows a significant redggure 2: Longitudinal electron beam temperature increase
nant behavior when the wavelength of the transverse fiefd|(* = 30m)/Tj(z = 0m) at the end of th&0m long

component is in the vicinity of the Larmor wavelength ofcooler solenoid, as function of the wavelengthof the
the electrons, transverse field component. The lowest, red line corre-

sponds to a transverse field amplitudeif = 1~10—6~B”,
AL _ 2myme ~114m ®) while the top line (black) shows the relative temperature in-
armor eB ’ crease for the casB, = 5-107° - By. Lines in-between
correspond td3, = 2~1O—6-B” (green) B, = 5~10—6-BH
lue) B, = 1-10~°- By (purple), and3, =2-10°- B
(turquoise), respectively.

[ S

wherem ande are the electron rest mass and charge, whil
¢ and~ denote the speed of light and the Lorentz facto
respectively.

In contrast to this, the transverse temperatiirestays
practically constant, independent of the wavelength of the

2012



Proceedings of the 2003 Particle Accelerator Conference

500

450
(1]
400
350
300

ol o 7 2

200

T(@)/T(0)

150

100

50 -

z[m]

Figure 3: Relative longitudinal temperature increase
Ty(2)/Ty(z = Om) in the resonant case with =
ALarmor =~ 1.14m as function of the longitudinal position
along the solenoid. The lowest, red line shows a transverse
field amplitude ofB, = 1-107° . By, while the top line
(black) corresponds to the relative temperature increase for
the case3 | = 5-10—5-BH. Lines in-between correspond to

B, =2107%-B, B, =5-10"%-B), B, =1-107°-By,
andB, =2-107° - By, respectively.

transverse magnetic field. The increase in longitudinal
electron beam temperatuig can therefore be explained
as coupling of transverse electron motion into the longitu-
dinal direction, thus effectively increasing the longitudinal
energy spread\p/p and hence the longitudinal tempera-
tureTy.

The relative longitudinal temperature increase as function
of the longitudinal position within the cooler solenoid in
the resonant case wWith = Aparmor ~ 1.14m is de-
picted in Figure 3. As this picture reveals, the longitu-
dinal electron beam temperature increases approximately
linearly along the cooler solenoid.

CONCLUSION

The effect of a transverse sinusoidal field component
on electron beam temperatures inside the solenoid of the
RHIC electron cooler has been studied. The longitudinal
temperature shows a significant resonant effect when the
wavelength\ of the transverse magnetic field equals the
Larmor wavelengtb\r.;mor = 1.14m, while the trans-
verse temperature remains unchanged over a large range of
transverse field amplitude?u. To preserve the small lon-
gitudinal electron beam temperature, transverse magnetic
field components must not excedd =1-1076. By for
wavelengths close to the Larmor wavelength,,.mor Of
the electrons inside the solenoidal magnetic field. There-
fore, dipole correctors should be placed at distances of
ALarmor/4 t0 enable effective suppression of transverse
magnetic fields with these wavelengths.
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