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Since the fall of 1967, when the proposal of the DESY 3 GeV
double storage ring was submitted, the continuous review and
further development of the project has lead us to improve
many features in detail but has, however, convinced us that

the basic concept and ring geometry should be maintained.

The mosf fﬁndamental duestion raised by these investigations

and especially by the new double storage ring schemes proposed
at SLAC and Orsay was that of crossing geometry and luminosity
as limited by the incoherent space charge effect. Applying the

schemes of

- small angle vertical crossing, or
- large angle horizontal crossing, or

- space charge compensated 4=bunch collision, respectively

to the DESY-rings, we obtained the luminosity curves shown in
Fig. 1. The solid curves No. | and 2 refer to snmall angle vertical
crossing with two different values 8‘ of the horizontal amplitude
function at interaction point and th; same value by = 10 cm.,

The lower curve holds for Bx = 10 cm, where the full ring
acceptances € = 8mradcm and &, = 0,8mradecm are available, as
needed for injection. After injection, Bx can be reduced to 2,5 cn,
which reduces the horizontal acceptance to 2mradcm. Applying

this reduction to the extent compatible with natural beam width,
the upper luminosity curve is obtained., The crossing angle is
chosen just large enough to vertically separate the beans and
varies between 12mrad and 28mrad, depending on energy. Tor high
energies, the bunch population number is varied too,assuning

that only every 2nd, 4th, 8th or 16th bucket, respectively,

is filled., The dotted curve No. 3 is obtained for horizontal
crossing with Bx = Bz = 10 cm at a fixed crossing angle of
200mrad, the population number being varied as before at high
energies. The curves lNo. I, 2 and 3 are calculated for an rf
frequency of 500 lliz but are insensitive to changing the harmonic
aumber. Curve No. 4 shows the luminosity for the space charge
compénsatcd scheme with an rf frequency of 5 Mz and only two

oppositely circulating bunches in each bean (B,, B, > 30 cm).




Since the luminosity for all schemes 1is of the sane order,
we have decided to stay with the small angle vertical
crossing, thus avoiding a substantial increase in construction

time and cost of the buildings.

In distinction to our 1967 proposal, we have now éliminated

the high voltage electrostatic separators, at least for the
initial stage of construction, by slightly increasing the
crossing angle such that the beams can be separated by inserting
a current sheet septum between them. The main vertical bean
displacement is then achieved by two vertically behding double
magnets as described in the original proposal. The vertical
dispersion introduced by these magnets allows to vary the
natural beam height by varyingathe optical matching of the

long straight sections. A side view of the crossing geometry
with vertical beam envelopes is shown in Fig. 2. Before reaching
the septum, the beams pass through two common large aperture

quadrupoles, which are shown in Fig. 3. The apertures available

for the upper and lower beam in the first and second quadrupole,
respectively, are indicated by ellipses. The quadrupole next

to the interaction point is horizontally focusing. With

Bx = Bz = 10 cm at interaction point, the maximum values of

the amplitude function are 90 m and 700 @, respectively., The
expected closed orbit deviation generated by a statistical
misalignment of 0,] mm in these 8 quadrupoles is smaller than

4 cm and 20 cn, respectively, and will be controlled by beam

steering.,

The main ring geometry has not been changed (Fig. 4). Each
quadrant consists of 3 mechanically identical magnet periods
surrounded by a short straight section for irjection and the

long straight section holding the interaction region, the vertical
beam separation and the radiofrequency system. The two short
straights not needed for injection may be used for controlling

the damping distribution by displacing the beam in a quadrupole
channel. Fig. 5 shows the horizontal and vertical beam envelopes

in one quadrant between interaction point (left) and injection




point (right). The Q-values are 10,1 and 4,1 for the horizontal
and vertical motion, respectively; they can be varied by about
+ 1. The horizontal dispcrsion is matched to be zero in the
long straights while, for minimum natural beam height, the

vertical dispersion can bé matched to be zero in the ring parts.

Fig. 6 givés the crosé section of the bending magnets, which

are curved and made of solid low carbon steel., The tracking of
solid magnets has been tested at DESY and was found satisfactory.
All magnets have been changed to allovw a maximum beam energy

of 4.5 GeV; correspondingly, the vertical displacement between
beams was raised to 80 cm., The stainless steel vacuum chanmber
(Fig. 7) has outside ribs for qginforcemcnt and can be baked in
place. Ion getter pumps are located between the upper and lowver

chamber.

The double quadrupoles (Fig. 8) will be manufactured with high
intrinsic and relative accuracy using precision assembly jigs.
Correction coils around and between the poles allow to
superimpose correccted horizontal and vertical dipole fields
for beam stcering. The aperture has been increased to hold a
circular vacuum chamber of 14,4 cm inner diameter which - with
the exception of bending magnets and interaction regions -

continues as a smooth pipe around the ring.

A magnet period is shown in Fig. 9. The absorbers for svnchrotron
radiation are located in boxes extending the vacuum chambers
beyond the ends of the magnets; they will probably be large,

water cooled copper cylinders with a V-groove.

The 500 liHz radiofrequency system has 3 klystron transnitters
of 250 kW cw for each beam. Each transmitter feeds 4 cylindrical
single cavities through a waveguide system incorporating an

isolator and magic tees for decoupling of cavities.

An axial view of the cavity is given in Fig. 10, showing the
input loop coupler, a tuning plunger and a measuring loon.
The Q-value is 40 000 and the shunt impedance 3 !2. In beam

loaded operation, the cavity is kept tuned on resonance DY
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controlling the plunger. Since the available frequency shift is
limited to about 2 !llz, the synchronous phase angle must be
small at low enecrgies and, in addition, the total shunt impedance

must be reduced by detuning part of the cavities,

The ,site layout is shown in Fig., 11, Injection is done at about
1.5 GeV from the synchrotron dr, mainly for beam tests, directly
from the new 400 !leV electron-positron linac. Typical injection
times from the synchrotron are 2.5 sec/Ampere for electrons and

2,5 min/Ampere for positrons.

The floor of the high bay connecting the two interaction points
is 1.7 meters below bean level., A hole with an area of 8 x 8 m2
and a depth of 4,5 m below beam level is available at one side
for varying experimental setups wvhile, at the other side, a much
larger hole of same depth is planned for a large retractable
magnetic detector, TFigure 12 shows an artist's view of the

buildings.

Construction funds for the project are available starting this
year. The orders for rf transmitters and main ring magnets will
be placed within the near future, building construction will
start next spring, and the storage ring is expected to be

completed in 1973,
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Parameters of DESY Double Storage Ring

1. Magnet lattice

Number of magnet periods

Length of magnet period

Mean radius (without long straights)
Radius of curvature in magnets
Deflecting field at 3 BeV

Field gradient in qadrupoles

2 ¢ 12
13,2 =
26,74 m
12,19 m
8,1 KT

at Q= 10,1 and Q, = 4,1 between 0,4 KI[/ecm and 0,86KT/cn

Amplitude function in bending magnets
Maximum
horizontal,
Minimum
Maximum
vertical
Minimun
Maximum amplitude function in the ring
horizontal
vertical
Amplitude function at interaction point
horizontal
vertical

Dispersion in bending magnets

Maximum
horizontal

Minimum

Maximun
vertical

Minimum

Momentum compaction factor

11,5 m
1,4
13,5 n
11,3 mn
87,5 mn
706
0,1
0,1 m
2,2 m
ju
0 m

1,8 « 1072 gt

Crossing angle § = 2¢ vertical between 12 and 28mrad

Number of long straight sections
Length of long straight section

Length of principal orbit

.2
60 m
288 m




Mean radius including long straights

‘Frequency of revolution

Iron weight:
Bending magnets

Quadrupoles

Copper weight:

- Bending magneté
Quadrupoles

Magnet Power at 3 BeV

Rf systen

Harmonic number

Frequency .
Number of klystrons

Number of cavities

Maximum rf power

Peak rf voltage per ring at 3 BeV and

16° synchronous phase angle

Rf beam power at 3 BeV and 16°

synchronous phase angle

Vacuun system

Ion getter pumps

Number of 120 1 pump units
Number of 240 1 pumps
Number of 450 1 pumps
Number of 1000 1 pumps

Total pumping speed for N2 at 5-10—9Torr 5,6'104

Number of ion sputter pumps (open)

Number of cryopumps in interaction regions

Turbomolecular pumps

Humber of 200 1 - 300 1 pumps

Average partial pressures in vacuum system

Without beam N Cco

2.

H2

* 0,75 MWatt cw

R = 45,84 n

£ = 1,0410 Mz
(o]

550 t
240 t

40 t
28 t
5,6 MYatt

430

499,67  Miz
2 « 3

2« 12

3,5 MV

0,55 MWatt cw

96
96
64
12

-1
1l sec

43

48

l'lO-9 Torr

<1'10—9 Torr




With beam (1A at 3 BeV) NZ,CO 6,5'10_9 Torr

n, 4,5-10-9 Torr

Injection system

Injection efficiency ) 50 7
Acceptance ' 0,5 mrad cm
Energy spread ¢ 0,5 27
Injection time at about 1,5 BeV
Electrons 2,6 sec/A
Positrons 150 sec/A

Beam parameters at 1.5 BeV and 3 BeV

1,5 BeV 3 BeV
Design luminosity 9°1032cm“25¢3¢:-—1 101032cm-23ec-1
Beam current 2 x 6 A 2 x 0,9 A
Number of particles 2 =® 3,7-1013 2 x 5,6°1012
Bunch population number 1 4
Half crossing angle at
interaction point . 14 mrad 6 mrad
Synchronous phase 5 16°
Peak rf voltage per ring 3,4 MV 3,5 UV
Radiation loss 2 x 228 kW 2 x 550 kU
Damping times
Betatron oscillation 80 msec © 10 msec
Synchrotron oscillation 37 msec 4,6 msec
Energy spread 0,54 MeV 2,1 MeV
Bunch length (20L) 1,3 em 3,8 cm
Beam life due to 30 6
quantum fluctuations > 10 h 2,610 h
Beam life duec to brems-
strahlung on residual gas 3,9 h 9 h
Beanm life due to brems-
strahlung on the other beam
at design luminosity 86 h 100 h
- "hatural" beam emittance
horizontal 110 %nrad cm 4,0-10'2mrad en
vertical 4,5-10-5mradcm 9,3-10-6mrad cn




1,5 BeV 3 BeV
"natural" beam dinensions at
interaction point
half beam width (ox) 100 um 200 um
half beam height(oz) 6,7 um 3,1 um
Beam emittance required for
design luminosity .
horizontal 3,2°10-2mradcm 4,0-10-2mradcm
vertical I,Z'IO-Zmradcm l,O*lO-Amradcm
Beam dimensions required for
design luminosity at interaction
point
half beam width (ox) 180 um 200 um
half beam heighc(oz) 110 um > 10 um
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W - Wechselwirkungspunkt
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Horizontale Enveloppe

in der Wechselwirkungszone

WWP =Wechselwirkungspunkt
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