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Outline:
Low Energy RHIC electron Cooling (LEReC) plans
Analytic description of the resonance problem and scaling law
Simulation parameters
General simulation results

Particular results for LEReC
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BNL is in the process of implementing low energy bunched beam
electron cooling in RHIC. The first phase of the project is illustrated
below. Details can be found in Alexei Fedotov’s talk.
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LEReC beam structure in cooling section
Example for y= 4.1 (E, .=1.6 MeV)
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Basic Idea S

For RHIC at ¥ =4 and rms fractional momentum spread 0 , = 5.e-4, the
typlcal longitudinal slip is

I..no,=0.4ns

The electron rms bunch length is =0.1 ns so a typical ion interacts with
an electron bunch no more than twice a synchrotron oscillation. Take
it as twice and assume a single electron bunch. After receiving a kick
from the electron bunch the ion needs to complete half a synchrotron
oscillation before interacting again. Along with the cooling effect the
electron bunch has an effective focusing strength so the map for half a
synchrotron oscillation is ( very approximately)

X, || cos(Q,/Q) sm(@D, /)| 1  0fx,
P |0, /Q,) cos(n0./O,) || fik 1] p,
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When Qx/Qs is near an integer the map is exponentially unstable.
The trace of the matrix is the sum of the eigenvalues

2cosW+ B ksmW=A+1/4

Assume a weak resonance with sin¥=¢& and A=1+0. Expanding to

leading order yields k
S=.p ke—¢e* < |'B§ |

There is growth for 0 > € > Bk so both the width and strength of the
growth are proportional to the electron charge per bunch and are
very small for our parameters.

Now include longitudinal IBS. This causes the longitudinal action to
drift which in turn causes drift in the synchrotron frequency. This
leads to particles randomly drifting through the resonances and
emittance growth.
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More elaborate theory:

d 5 AB(S, )
=—0°5,"(9)
p/q
The force is space charge from the electrons
E+vXB= Zole(a)otz— go)x > VAB
4y o,

Where @)t —@=@,7(¢) which oscillates at Q..
Neglect the variation in & during the space charge kick

dé _ qZJ(@a7(9) . 'f _
s ey ) 5] d5f(5) = ~0eF (7)

The kick is localized at ¢ =0 so using a tune greater than % just
complicates matters. Hence introduce

0 =/ Q—nint(Q)]
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So, d 5

9 = O (75, () = Q"&F;“’O”

The motion in 7 is modulated at Q, so we expect resonances of the
form  20_mQ =£=0
This is a standard problem, see Landau’s Mechanics pg 80.

One has unstable motion of the form exp(s ) with 25 =+/¢* — g°

For a single centered electron bunch we have
5 aZ, 1 1( 5, ) exp| 7’ 7’
87’ By’ E.0° 467 | "\ 407

t t

ven(m)

The fraction of time spent in resonance is proportional to the
resonance width , which is proportional to electron bunch charge.
While on resonance the growth rate is proportional to electron
bunch charge too. Hence the emittance growth rate is proportional

to the square of the electron bunch charge. The earlier model
satisfies the same scaling law.
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Simulation model
The model includes

1) Nonlinear RF, tunes,chromaticity, dQx/dJx, coupling

2) Ion-electron space charge once per turn as a thin lens. Assumes a
long 3D Gaussian and ignores longitudinal kicks.

3) IBSimplemented as Langevin kicks including diffusion (Piwinski)
and damping (Zenkevich). Only longitudinal IBS is implemented
since the smooth lattice rates have cooling (the wrong sign) for

transverse.

4) Thin lens electron cooling assuming that the electron velocity
distribution is a single temperature Gaussian in the rest frame of
the bunch. ( Now have T |#T_.but no fundamental difference.)

5) Ion-ion space charge 10 times per turn (now use A ¥ (z,], +
Assumes a long bunch with no coherent dynamics so that tﬁe
longitudinal profile is a 1000 turn one pole average. Transverse is
Gaussian.
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Initially neglect the cooling force. The growth rate depends weakly on 10
dimensionality, very weakly on chromaticity, and weakly on IBS
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Effect of different random seeds and the number of simulation 11
particles. There is a well defined growth rate that depends on
coarse grained parameters.
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General features of the resonant interaction with IBS (no cooling): 12
The growth rate depends on the tune in a chaotic way.
Very near the integer things tend to diverge.
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Scaling of emittance growth rate with intensity for a
variety of tunes. The power law fits are close to 2.
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For 2D growth rates the average slope is around 2.
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Now include cooling and other relevant parameters for LEReC.

For lowest energy we need cold electrons but not too many.

gamma=4,31 electron bunches,c.s= 3 cm, 0.6e9 Au, 160kV,c;s=3.6m
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Intermediate energy OK with planned parameters

gamma=6,25 electron bunches,c..= 3 cm, 0.6e9 Au, 160kV,c;s=3.6m
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Top energy will benefit from longer electron bunches

gamma=10,21 electron bunches,c.s= 1.5 cm, 1.5e9 Au, 160kV,0;s=3.6m
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Conclusions: 18

« Using bunched beams for electron cooling can lead to dynamically
generated emittance growth.

* The required ingredients for the process are

1) Electron bunches that are of comparable length to the rms
longitudinal slip per turn of the ions

2) Variation in synchrotron frequency with amplitude

3) Longitudinal Intra-Beam Scattering (IBS) is required but there is a
weak dependence on IBS rates

* Low Energy RHIC electron Cooling (LEReC) operates in a
parameter regime where these effects are clearly present but it is
possible to adjust parameters and still have adequate cooling.
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