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SUMMARY

We report upon a feasibility study for an asyimetric o col-
lider with Leam energies of 10 GeV and 2.8 GeV. The PETRA

storage ting is 1o he wsed to store the high energy beam. For

P

the low energy heann, a new storage ring of 288 m eircumference
i to L built,
¢

The facility is designed for a peak luminosity of

3-10%0m s N

1. INTRODUCTION

The study work at DESY on an asynunetric double ring e - ¢
collider coneentrates on designs with a high asymmetry of the
Leam energies EL B (B E; hetween 3.6 and 5.1). Using the
exicting PETEA ring ar DESY for the high energy (HE) 10 GeV
electrons and o new simall ring for low energy (LE) positrons at an
cnergy of 2.8 GeVoallows o operate the asymmetric collider near
the optinmm Lorentz hoost of 35 = 0.6 for the investigation of
CP violtion in the boquark system [17

The luminesity £ of an asymmetrie collider is given in cqua.
tion (1), The current (I;), the maximum tolerable tune shift
{A17) , the beam energy in units of the restmass 14 and the ver-
fical beta furction at the interaction point 37 refer to the high
energy beant. w5 is the aspect ratio of the heam dimensions, rg

the classical electron radins and ¢ the elementary charge.

oo Avg oy {14 R)
: (1)
2'”7‘011‘;1
The lurinosity is proportional to the product of the beam energy,

beam current and tune <hift.

According to measurements in PETRA 2] the heam beam
tune shift it heeomes lnrger for higher energies. Sxperimental
data fit well the Taw S~ 5"

Thus the reqaired current in the HE ring decreases conzider

i

ahly as the energy asymuietry of the collider increases. The de
sign of the LE ring is to be optimized so that the corresponding
inerease in the LE heam enrrent does not limit the performance.

The total heaw cnrrents in hoth rings will be limited by con-
pled bunch instabilities unless they are damped by a broadband
feedback systenn. Any Bofactory with large huninosities relies on
the technical feasibility of suely very powerful damping systews.
At DESY we cons

energy asyminetries, Fp/Ey heing 5.1 { investigated in [3]) and

lered earefully two designs with different

3.6, Since in the lower asymmetry a bigher current is needed to
maintain the liminosity the redietion of the of power to halance
the synehrotron radiation losses is much lower than naively ex-
s

pected from the law P Moreover for low asviumetry the

internal daping of the beamiis reduced in the high energy beam.
This drastically rednees the instability threshold for higher order
conpled Duneh modes for which there will he no feedback avail

able.

bt this inereases the of power dissipated in the cavities. Higher

Therefore one is foreed to reduce the cavity impedance

arder eoupled hunch instahilities are expected to limit the maxi-
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mum bean current in low asymmetry solutions whereas the beam
currents in high asymmetry solution will he limited only by the
amount of available of power, Therefore in the designs studied at
DESY the reduction of rf power due {o reduction of asvimmetry
from 5.1 to 3.6 amounted to only 30%. We draw the conclusion
that the dependence of laminosity on the energy asyounetry is
very weak.

The two beams have to e separated gnickly after head-on
collision. This is necessary to avoid parasitic heam-beam cross-
ings and to focus the HE beam close to the interaction point
IP withont damaging the low energy heam. Sinee for low asym-
metry the beams differ less in nigidity, separation becomes more
difficult and requires more space asswning the synchrotron radia
tion power generated in the separator magnets remains constant.
Furthermore the low beta quadrupoles for the low energy beam

become less offective with lower asvinmetry which has to be bal

anced by making themn longer. As a result, the J- function at the
1P . /7, has to become larger which requires another increase in
beam current to matntain the luninosity. All these problews are
solvable if & magnetic separation at a high asymmetry is used.
The synelirotron radiation background problem is reduced
considerably in a high asymmetry situation. For constant hean:
separation the magnetic fields can then be weaker which reduees
the s of the radiated power from both high and low energy
Leams.  This eaces the shielding of the detector for scattered
plictons from the bigh energy beam. The small magnetie rigidity
allows to wse permancnt magnet low heta quadrupoles for the
LE beam. They are very compact so that it is possible to place
thew close to the IR For low asvinnetry designs one is forced to
nse superconducting quadripoles which imposes a large techns
cal problem arising from the necd to shield the cold beam tube
(at liqmid He temperature} from the large ammonnt of synchrotron

radiation power generated in the interaction region.

MAIN PARAMETERS AND LAYOU'T

The design is hased on the present PETRA lattice and a
new additional small storage ring of 288m circumference for the
pusitrons, The beam energics are 10 GeV and 2.8 GeV respec
0.04
the beatu currents for a lnminosity
2 At the HE and 2.2 A in the LE machine.
dem
2em respectively, witl an aspeet ratio of the beam

tively and - assuming that a beam-beam tune shift of Aw
can be reached in hoth rings -
of £ 310 are
The vertical
Sk

cross section

A-function at the interaction point is 45 45 p
and |
of one to ten.

The high energy ring is identical with the PETRA storage
ting. The low energy ring consists of two half rings and two S
shaped insertions. One hosts the inferaction region, the other
one the of cavitics. This asymmetric arrangement allows for
both head-on collisions with a magnetic beam separation and
collisions at a finite crossing angle (fig 1}, The layout of the in-
teraction region is based on the use of two permanent magnetic
quadrupoles. Because of their high fields and small overall di
mensions they provide early focussing of the low energy beam.
They are off-centre with respect to the head-on collision axis and
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act as combined function magnets. These two permanent mag-
ncts are followed by a conventional large aperture Panofsky-type
guadrupole within which the LE beant is deflected to the high
field region and quickly separated completely from the HE beam.
This leads to a fast separation of more than 10 7 at a distance
of 2.4 m from the fnteraction point with a ndninoun production
of synchrotron radiation background and allows 2o distribute the
total beam current over 420 (603 bunches in the HE (LE) ring.
The last element of the separation scheme 15 5 magnetic septum
that affects only the LE beam and guides 1t to the normal FODO
structure in the arcs.

The HE beam is focussed by conventional quadrupole mag-
nets except for the half of the first Jow beta gquadiapale which is
a periganent magne! as well

The horizontal emittances for hoth heams are adjusted to
110 “radm and 210 Tradm respectively,

The layout of the LE ring at its location at the PETRA SE
hall 15 shown in fie. 2. The main parameters of the B-meson
factory ave listed 11 table 1
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Figure 1: Lavont of the Interaction Region and Beam Separation

Table 1. Main Param. of the Asvin. Boueson Factory |

[ HERmg  LERing!
particles Electrons Positrons |
Beam Eneregy E/GeV 1 28
Circnmnference L/m 2304 288

¢ Harmonie Number KEETII 480
! Beam Current J/'A 1.2 2.2
Nuther of Bunehes 480 60
Particles per Bunch 1.2 10" 2.5 10"
Hor. Emittance =, radm 1.2 .10 2.3-10
(.10 0.10
B2 jm, 3 0.40,0.04 0.20,0.02
Tunes Q. | 25.70 9.19
, Q. 1 23.8 9.28
; Q. N.047 0.033
I Chromaticities £, ¢, 51.6. 549 18.8, --23.1
Beam-Beam Tuneshift A, 0.04 0.04
Beam-Beam Tuneshift Ar. 0.04 0.04
Long. Damyp. Time r,/ms 16.5 9.1
Circumf. Voltage U/AMV 9 2.7
. Bunch Length o, /mm 16.5 14.1
! Power Loss P, (MW 5.6 0.66
‘; Luminosity £ = 3. 10%em 25! v
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Figure 20 2.8 GeV positron ring and interaction region located

at thie PETRA SE hall

RF-CONCEPT AND MAXIMUM BEAM CURRENT

The rf requirements of high input power and low parasitic imped
ance can he fullfilled by normal conducting 500 Mlz single cell
cavities. 1t Las been shown that an effective damping of the
parasitic resonances is possible by applying a passive damping
svstem (4.

Possible current limitations are due to single hunch and cou-
pled bunch instabilities.

Coupled hunch instabilities are driven by parasitic modes of
the cavities. The cavities Lave ouly one nmportant longitudi
nal and one transverse resonauce. The 18 monoccll cavities of
the high encrgy ring set the (Lreshold eurrent of 120 mA in 480
bunches.

In the ease of the low energy ring the two importan viodes
are less strongly damped bnt taned by special antennas to rednree
their influence o the beam. This allows to store a total current
of 500 mA in 60 bunches,

Single bunch instabilities are caused by the hroadband imped
anee of the ring. The coutribution of the cavities has heen valeu
Latedd. The impedance of the vacuum chamber was extimated Ly
nsimn existing measureents and caleulations of the impedance
of PETRA. Using these iinpedances neither transverse nor Ton-
gitwdinal single bueels imstabilities are of importance wp to the
design eurrents of 1.2 A in 480 bunches of the high energy ring
sl up to 2.2 A iu the 60 bunches of the low energy ring.

The eurrent in both rings is hmited by coupled bunch mista
bilities. An active damping has to be installed in both rings to

achieve the design cnrrent,
BEAM-BEAM INTERACTION

We follow the HERA concept in asswming that each heam in
an asymnetrie collider has individual beam-beam tune suft lin
ite according to the beam encrgy, damping fime, energy spread
and collision frequency. We however impose the condition that
the hean cross section at the IP must be the same for both beams
in order to balanece the nonlinear effects of the beam-beaw inter
action. This is suggested by experience with hadron colliders
(5.

In order to make an estimate of the HE ring beam-beam tune
shift limitation, we make use of extensive studies which have
been performed on beam-heaninteraction at PETRA [27. These
experiments indicate, that within the cnergy range of T GeV oto

17 GeV the maximal tolerable tune shift seales as A - (0.5 '8
as proposed by Talman and Keil 61, In addition scaling the tune
shift with the square root of the number of crossing points s
considered to be an experimentally well established sealing law
7
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For & heam enerey of 10 GeVoand one heam beam crossing per

revolution we are therefore confident that a heam-beam tuneshift
in PETRA of Ar

Using the same sealing law for the low energy bheam we arrive
at the same mumber A
bLeam tune shift.

0.04 can be achieved.

0.04 for the maximum tolerable heam

Recently it has heen demonstrated that ina double ring col
Lider with different cirrumferences of the two rings, the colerent
Beam Beant inleraction is enlianced hy the fact that one hineh
in one ring interacts with several bunches in the other one [8]0 A
compled systenn with many degrees of freedont is formed whieh
15 - in the model of rigid bunelies with a linear beam - beam foree

sihiject to many additional linear sweresomaness. The width
of the resonances inereases with the strengih of the heaw beam
tuneshift parameters and the resonances averlap coverivg the
wlhole tune range for a certain tune shifr limit. We have in
vestigated this effeet for the pregent design where cacl huneh of
the LE ring 1s coupled to cight bunches in the HE ring respec
tively, Fig. 3 shows a comparision of this effect for the cases of
one tooone gl oue to eight hunches. Plotted is the tune shift
for which the motion becomes linearly nustable versus the tune
of the LE beam. The number of resonances is multiplied hut as
their widtlis have decreased the total aceessible range of tunes is
only reduerd by o factor of two for the anticipared tune snft
values of Ar 0.04.
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Fignre 30 Coberent Tune Shift Limit versus Tune for Equal Cir-
cumferences and for a Ratio of 7 to 2 in the Circwoferences of
the two Rings.

SYNCHROTRON RADIATION BACKGROUND

The fast separation 1n combination with the large beam car

rents generates high syuehrotron radiation in the interaction re
gion. In order

o keep this radiation hackground as snrall as pos
sible the separation is dome by combined function magnets. The
HE beam stays in the low field region which Ieads to a drastic re
duction of the radiated power. The total amount of synelrotron
radiation power produced in the separation wagnets upstream
from the detector is 3.7 kW for (e LE beam and 15 kW {or the
HE heam. The maximum critical encergies of the emitted spectra

are 2.4 keVoand 27 keVorespectively

With the present arrangement of the magnets and the syn
chirotron radiation masks, half of the svaehivotron radiation power
of the HE beam (6.9 kW) will travel througl the interaction re
gion without hitting any collimator. Even for this redured syn
clhiretron radiation power, one needs a very efficient collimator
systemn to slueld the deteeter. Figo 4 <hows <he collimator sys
tem and the total svachrotron radiation power on the different
collimators, The detector heamn pipe can be shielded against pri

mary synchrotron radiation. The amount of seattered photons

coming from the edges of the masks will have to be reduced by
optimizing the posifion and material of the collimator system
to reach a synchrotron radiation hackground as low as 16° pho.
tons per second with energies above 1 keV oas required hy the
experiment{101,

We have caleulated the power deposited at the interaction
region ransed by higher order modes and transient fields to be

14 kW,
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The epace between the resonances appears to be sufficient for
The “eight to one case” offers 1 some respect even
more freedom to adjust the tune of the LE ring. Concerning the
HE ring. the colerent beam-beam interaction did not impose
a performance limitation for PETRA as an et e eollider
thoush the achieved tune shift exceeded the level for which linear
instahility was expected by a factor of two for certain operation
points (9!

We therefore - according to our present knowledge- do not
consider colierent beam-beam interaction to hmpose a perfor

aperation.

wance limitation for an asynunetric collider.

Figure 4: Synchrotron Radiation Masking Svysten Plottet are
the Collimators, the First Permanent LE Quadrupole, QD5 and
the 10 @ Envelopes of the LE Beam. The Radiation Power hitting
the Masks is given in Watts
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