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A Simulation Study for the Beam-Beam Interaction of Protons

with a Flat Electron Beam in HERA
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Abstract

The results of a particle tracking study for the mteraction of
0.04) electron heam o HERA are
presented. The simulation takes transverse heam separation, lin
For

tuaes in a region free of resonances np to 10th order a siguificant

protons with a flat (. /e,
ear compling and random tune modulation mmto aceount,

. N . 5
growth of protou ewittance after tracking over np to several 10
turns is observed. Somne fmplications for the HERA juteraciion

parameters and Inminosity are discussed.

1 Introduction

In context with stinlies of spiu polarization in the electron ring of
the TERA e-p vollider, { presently under construction at DESY ),
it Lias heen pointed out that the electron beam emittance Las to
he kept as small as possible for a Ligh degree of polarization {1.2].
Altheugh the mechanisins responsible for the correlation hetween
large vertical emittance and small degree of polarization are not
yel gnite clear and the possibility of having both a “ronnd” heas
and polarization is still discussed 2,3}, one may have to face the

situation where the protons would collide with a very flat electyon

heain (see Table 1), According to experience made at CERN [4.5
in sueli acase of unmatched beams, the larger one can be blown
up by high order non-linear resonances driven by the space charge
force of the opposing smaller one. In order to get an idea of how
severe these effects might be in HERA, a simulation stndy for
the “flat beam™ situation was done. The simulation procedure
is deseribed in the following chapter. After that the results are

preseated and funlly sone tmplications for TERA are discussed,
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Tahle 1: HERA interaction parameters with a flat (¢, /e, — 4 %)
A Protou emitiance of 30 1 mm = mrad {nor-
30 GeV, E, ~ 820 GeV is assumer.

electron heam.

malived, 2 o) and E,

2 Simulation Procedure

The simulation is performed by tracking an ensemble of 10% pro-
tons with initial Gaussian distribution {(#'s as in Table 1) over
up to 3 x 10°% turns (about 1 min of real time in HERA) and
recording the time evolution of emittance and luminoesity. In this
weak-strong approximation, a time-independent Gaussian distri-
bution is assumed for the electron beam and the three interaction
points of HERA are concentrated in one (with iriple beam-beam
strength, A @ ~ 0.004). The ring is represented by a single (lin-
ear) 4 % 4 transfer matrix with off-diagonal elements resulting
from a skew quadrupole component which simulates a coupling
resonance of width W(Q, — @,) = 2.5 x1073,

COS iy, Fesin iy kgdesin g, {
L - 8T plp i/ Ty COS kycos pip; 0 (1)
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The interaction with the electron beam is simulated by giving

. . o . .
each particle kicks x| &z which are calculated using the com-
plex error function representation of the space charge force for a

g

0. 389X

Figure 1: Diagram of sum resonances up to 14th order. Tracking
simulations have been done for the three tunes denoted by A, B,

C.



Gaussian beam [6 . In order to avoid look-up tables and prob-
lems of non continnous derivatives of uterpolation procedures,
the complex error function is approximated by elementary func-
tions (see 7! for details).

Special attention is paid to the hmportance of an external
meodulation of paraueters, which oceurs in a real machine due to
rarions kinds of “neise”™. A randew dnft of the tunes is simulated

by changing the Q-values from turn to turn such that

Q(turnhi) = Qo+~ A Q. (3)
with )
AQ? - b X 10 TOAQ, =0 (4)
and _
AQAQ, = AQY - exp (-J ' ) (5)
",

where the carrelation length of the random tune modulation is
set to . = 10* (see ref. |7]). Such a random modulation of the Q-
-alues turns ont to he much more dangerous than a modulation
with a single frequency (e.g. the synchrotron frequency. if the
chromaticity is not perfectly compensated). see below. The drift
of the tunes @, and Q, is assumed to be independent and the
Matrix Al is recalculated after each turn.

Anotlier external modulation which is specific for a two-ring
collider hias been taken into account. Due to ground motion (and
possibly also due to correction power supply drifts), the closed
orbits in the electron and the proton ring will vary with time
cuch that a time-dependent transverse beam separation at the
interaction points results. This effect is simulated by changing
the transverse heam separation after cach turn using data of an
orbit motion weasurcient that was taken in the HERA elec
tron ring during the last commissioning ran (8. This transverse
separation {tvpically a few teuth of 7, ) destroys the symumetry
of the space charge foree seen by the protons and leads to the

additional excitarion of odd order resonances.

3 Results

The simulation was done for three different tunes in the region
between the 3rd and the 8th order resonance whieh is clear of all
sum-resonances of up to order 10 (Fig. 1). The results for the
emittance growth rate and the luminosity lifetime are snmma-
rized in Table 2. In case of tune A {overlapping 11th and 14th
order resonances) a rapid diffusive growth of the proton heam
emittanee is observed (Fig. 2}, and after 107 turns the particle
distribution in the vertical plane has developed tails, indicating
a strong dependence of emittance growth rate on particle am
plitude (Fig. 3. Therefore the decrease in luminosity is much
slower than the increase of average particle emittance (Fig. 2).
Remarkably, the emittance diffusion completely disappears if the
tune modulation is switched off and it goes down by about an
order of magnitude if the random modulation is replaced by a
harmonic modulation with the synchrotron frequency (see Ta-
ble 2}.

For tunes B and (., the emittance growth rates are much
smaller but still statistically significant after tracking over 3 x 10°
turus { Table 2). For tune C, however, the estimated luminosity
lifetime is rather nncertain due to the poor statistics. As in the
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case al tune A, the magor part of cimittance growth ocenrs in the
vertieal plane, hut the difference hetween the two planes is less

pronaunced.
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Figure 2: Time dependence of average proton emittance and lu-
minosity over 10% turns for tune A. About 90 % of the emittance
growth oceurs in the vertical plane.
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Figure 3: Initial (upper) and final (lower, after 10° turns) particle
distribution in the vertical plane.
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remarks

T AT
tune . /Af ’ i /Af

A 4.6 % 1077 s7! S hox 10!
B 1.2 « 107 %7! I~ 107!

202 x 1072~ o5 w10 !

with random tune modulation,
time-dependent transverse

separation

4 ox 107!

constant separation, harmonie

tune modulation with

Q. 1077 amplitnde 5 ~ 1074
A 10 35! no tune modulation
Table 2: Summary of siiunlation results
4 Discussion References
As the simulation resnlts indicate. the luminosity lifetime i 0 Limberg, PLD. Thesis, DESY-HERA 88.14 {1088)

HERA can be severely hmited by the beam-beam nferaction
with nnmatched clectron and protou beam sizes. Although sowme
of the model assmnptinng are rather erude (eg. the pessinestic
approximation of a single interaction point with triple & Q). oue
niav express some donbts whether a working point with auffirient

10 hours) can he forund under these cir

proton heam liferime |
cumstances. If it turns ont that the vertical electron emuttanee
cannot be increased without reducing the degree of polarization,
deereasing the vertical :3* for the protous at the Interaction point
would probalily be the most effective wav of reducing the pro
ton emittance growth rate Zkeepine the huninosity constant, the
electron beam eurrent could bie rediteed such that approximately
N, o AR

at the same fime).

and the heam size mismatch would be reduced
From the point of view of chromaticity this
shonld not be a prohlem, bat the relatively small aperture in the
Jow 3 quadrupoles conld present & more severe limitation {in-
creased hackground in the expertments due to particle losses at

the aperture limit 191} Experience will show whether the proton
collimator system [10] can he effective enough to suppress the
backgronnd. In addition. a compensation of the time-dependent
transverse heam separation with an orhit feedback system could
help to increase the space available in the tune diagram for a

“goad” working point by snppressing the odd-order resonances,
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