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Preliminary parameters for 1 TeV2 proton storage rings are
given here. It 1is hoped that they can serve as the starting
point for a design study.

A, Size and Layout

On the NAL site two different sizes are possible depending
on whether the storage rings encircle the main ring. Thése two
arrangements are shown in Fig. 1. The parameters will be
developed below, but roughly the large rings encircling the
main ring have a radius of ~2.5 km and the small rings have a
radius of ~1.3 km. The advantages of the large rings over the
small ones are:

1. The dipole field of the large rings is lower, being
~35 kG at 1 TeV compared to ~U45 kG for the small rings. It 1is
therefore possible to extend the large rings to higher energies,
e.g. 2 TeV for a dipole field of ~70 kG.

2. The interaétion straight sections of the large rings are
much longer (~ 1000 m) than those of the smaller rings (~250 m).
The longer straight sections offer greater flexibility for in-
stalling special function insertions to obtain beam character-
istics appropriate for individual experiments. It is even‘
possible to accommodate more than one experiment in a 1000 m
straight section. The 250 m straight sections are rather too

short. We will see later that for the small rings 1t is possible
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and most desirable to extend two of the straight sections.

3. The geometry of the large rings encircling the main
ring is such that a 1-TeV beam extracted from one of the rings
can be transported to go down the present external beam line.
Hence this ring can be used as a beam-spill stretcher for the
1-TeV energy doubler. This is most useful in view of the rather
low pulse rate of the doubler.

The disadvantages of the large rings are:

a. It takes about twice as many pulses from the doubler
to fill the large rings compared to the small rings.

b. Most importantly, the large rings will cost about
twice as much as the small rings.

In the sections below we will develope the parameters for
both the large and the small rings but will concentrate more
explicitly on the small rings.

B. Ring Lattice

The ring lattice 1s developed on the basis of the following
considerations:

1. The number of beam interacting straight sections (working
part of the rings) should be large. We assume 8 straight sections
joined together by eight 45" curved sectilons.

2. We assume the two rings to be located one on top of the
other. The two oppositely circulating beams are brought verti-
cally together in straight sections to collide with each other.

3. The most economical normal cell is the FODO cell, and
the most advantageous phase advance per cell for the placement
of beam manipulating elements is 90°. The amplitude function B,

hence the transverse beam size, will then depend only on the
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cell length L. It we want to maintain the doubler beam sigze

as it is injected into the storage ring the value of Bmax in

the storage ring should be about the same as that in the energy
doubler, namely about 100 m. This gives a cell length of L = 60 m

Using the thin-lens approximation, for a phase advance per cell

of 90° we get

/
L = 60mnm
_ L. .
Buay = (1 +,3) L =102.4m
1
; Buin = (1 - /g) L =17.57T m (1)
B'QQ 5 -1
k = TEET = 2/2/L = 0.04714 m

L or B'QQ = 1574 kG for Bp = 33388 kGm (1 TeV)

4, A quadrupole used commonly by both beams has opposite
focal actions on the two oppositely circulating beams. To facil-
itate the design of matched insertions in the straight sections
all pairs of corresponding gquadrupoles in the two rings should
have opposite focal actions on the two beams, hence the same field-
gradient polarity. To make the two rings identical in focusing
sequence for the two beams a curved section should have an odd
number of half normal cells.

5. Without specific insertions designated for the straight
sections or during the initial commissioning of the rings the
straight sections can be bridged across by normal cells with
dipoles left out (straight cells). Since the phase advance per
cell is 90° an integral multiple of 4 straight cells will match

both optics and dispersion.
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6. For the small rings, because of the constraint of the
site, we have to push for higher fields. We assume a dipole
field of ~45 kG and a quadrupole field gradient of ~900 kG/m,
each being about twice that attainable in conventional Fe~Cu
magnets. Also the convenient length of each dipole is ~6 m.

A bit of cutting and fitting then gives the following parameters

for the small rings.

7

ng = 2 = No. of guadrupoles per cell (one F and one D)
2@ = 1.8 m = length per quadrupole

B' = 874.4 kG/m

inB = 8 = No. of dipoles per cell
EQB = 5.9 m = length per dipole
%B = L4 4l xaG p = T751.2 m
{
é?B = 7.854 mrad = bend angle per dipole
e = 12% = No. of cells per curved section

L = 12.5 x 60 m = 750 m = length per curved section

Rc = LC/% = 954,9 m = radius of curved section
N, = I = No. of cells per straight section

L =4x60m=240m length per straight section

N = 8(NS + Nc) 132 No. of cells per ring

L. =132 x 60 m 7920 m = length per ring
R, = L,/2m = 1260.5 m = equlvalent radius of ring

N =_8Nc n, = 800 = No. of dipoles per ring

=
i}
=
o
I
)]
(@)
iy
1l

No. of quadrupoles per ring
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v = £ N_ = 33 = betatron oscillation tune (trimmed to 337)
A half normal cell is shown in Fig. 2 and an octant of the double
ring is shown in Fig. 3. There are 4 D-D and 4 F-F straight
sections in each ring, and a D-D stralght section in one ring
always coincides with an F-F straight section in the other ring
and vice versa.

7. For the large rings the field intensity can be reduced
to allow future increase to higher energies. We assume a dipole
field of ~35 kG and a quadrupole field gradient of ~700 “wu/m.

Cutting and fitting gives the following parameters for the

large rings.

nQ = 2 KQ = 2.3 m B! = 684.3 kG/m
ng = 8 QB = 5.8 m B = 34.25 kG
eB = 5.950 mrad o = 974.8 m
(Nc = 16% L, = 16.5 x 60 m = 990 m
? R =1/ = 1260.5 m
e T Y’ T :
Ns = 16 LS = 16 x 60 m = 960 m
ENE = 8(NS + Nc) = 260 Lr = 260 x 60 m = 15600 m
iBr = Lr/2ﬂ = 2482.8 m
NB = 8Nc nB = 1056 NQ = Nr nQ = K20

v o= %Nr = 65 (trimmed to 65%{')

Again, a half normal cell is shown in Fig. 2, and an octant of
the double ring is shown in Fig. 3.
8. In Fig. 4 we show the layout of two modified configura-

tions of small rings with 2 of the 8 straight sections (IV and VIII)
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lengthened to 720 m (12 straight cells) and to 960 m (16
straight cells). The 960 m straight-section rings can barely
be shoehorned in with tunneling under the bubble chamber
complex. We may have to settle for the 720 m straight-section
rings. The modified lattice parameters are:

Small Rings-720

jNSl(short) = | Ls(short) = U4 x 60m =240 m
_NS2(long) = 12 LS2(1ong) = 12 x 60m = 720 m
= -

’Nr = 8NE + 6Nsl + 2NS2 = 148
(L, = 148 x 60 m = 8880 m

MRr = Lr/2ﬂ = 1413.3 m

NQ = Nr nQ = 296

A R 1
v -F T NI‘ = 37 (trimmed to 37E>

Small Rings-960

rstl(short) =l L,,(short) = 4 x 60 m = 240 m
LNS2(long) = 16 Lsz(long) = 16 x 60 m = 960 m
{

N = 8Nc + 6N + 2N = 156

r sl 82

L 156 x 60 m = 9360 m

{

iRr Lr/2ﬂ = 1489.7 m

B

NQ = Nr nQ = 312
. 1 _ . 1
vo=7 Nr = 39 (trimmed to 393)

9. Using the thin-lens and thin-bend approximation the

extreme values of the dispersion function n (or Xp) for a



curved normal cell are
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(2)

It is expected that all special function insertions in the

straight section will be designed to match the dispersion

function n as well as the amplitude function B.

Without any

insertion (stralght sections bridged by normal stralght cells)

the transition energy Yi for a ring is given by

2 1

'Y =
t 28 8

B

Ny
8N

T
o
R

For the various storage rings these formulas give

Nppax ()
Large ring 1.93
Small rings 2.55
Small ring-720 2.55
Small ring-960 2.55

min

n_,. . (m)

0.923

Ty

4,58
27.65
29.27

30.05

(3)

A%
65 (657)
33 (333)
37 (379

39 (397)

where in the last column the values of the betatron tune are

repeated for reference. The matched insertions will modify v

and Y but will not affect B and n in the curved sections.

10. All of these parameters will have to be trimmed

slightly when the beam stacking process is taken into consid-

eration.

C. Injection

As shown in Figs. 1 and 4 the transport lines to transport
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the beams from the energy doubler to the various storage

rings are:

1.

Injection into Large Rings

Clockwise Counterclockwise
From - to EQ-VIT Co-V
Straight length (m) 500 200
Curved length (m)[angle] 450 [-26°] 2150 [123°]
Total length (m) 950 2350

Injection into Small Rings

Clockwise Counterclockwise
From - to AQ-T BO-VII
(Present Beam
to Q=stub)
Straight length (m) - 240
Curved length (m)[angle]l - [-8°] 560 [-32°]
Total length (m) 2450 800

Injection into Small Rings-720

Clockwise Counterclockwise

From - to AQ-T BO-VII
(Present beam to
bubble chambers)

Straight length (m) - 180
Curved length (m) [angle] - [-11°] 710 [-41°]
Total length (m) 2680 890

Injection into Small Rings-960

" Clockwilse Counterclockwilse

From - to AQ-I BO-VII
(Present beam to
bubble chambers)

Straight length (m) 2690 180

Curved length (m)[angle] 190 [-11°] 710 [-41°]
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Clockwise Counterclockwlse
Total length (m) 2800 890

5. Extracted Beam from Large Ring

Clockwise
From - to VII-AQ
Straight length (m) 190

Curved length (m)[angle] 1630 [-93°]

Total length (m) 1820
The beam extracted from the large clockwise ring and golng back
to AO is used when the storage ring is operated as a beam-spill
stretcher. The curved sections of the transports for injection
into small rings-750 and small rings-960 can be housed in eilther
the main-ring tunnel or the storage-ring tunnel. The radius of all
the curved transport sections 1s assumed tc be 1000 m, but clearly
any lattice with a radius smaller than 1000 m can be used. Thus,
we can use either the energy-doubler cells (radius = 915 m) or
the small storage-ring cells (raidus 2 955 m). The straight
transport sections will, again, consist of the same cells with
dipoles left out. Matching quadrupoles will be used at either end
of a beam transport line to match the optics and the dispersion.
Fast extraction systems will be used to extract the beam in one
turn from the doubler.

The beam 1s injected horizontally onto the injection orbit of
the storage ring by magnetic septa and kickers. The phase advance
of 90° between Bmax locations in normal straight cells is appro-
priate for the separation between the septa and the kickers. But
the rather large positive slope of the B-function leading to Bma

X

requires a positive injection angle which, although obtainable,
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is inconvenient. We can replace the U4 cells in the injection
stralight section by an insertion. The insertion should contain
two high B locations P1 (upstream) and P2 (downstream) with a
nearly parallel-to-point 6pfics from Pl to P2. The total phase
advance across the insertion should still be 360° for matching
dispersion. An example has been worked out. The part of the

insertion relevant to the injection geometry is shown in Fig. 5. \
0.233 111.6 m!

_1/162.0 m 1.336 |

Two slow pulsed magnetic septa will bring the horizontal position-

The horizontal transfer matrix from Pl to P2 is

slope vector off the beam to 16.0 mm at Pl which, then,
0 ..—. 0334 mrad
transfers to at P2. A set of kickers at P2 will
-0.143 mrad

kick the beam 0.143 mrad to follow the injection orbit.

Even for the small rings the injected beam fills only ~80% of
the ring leaving a 5.5 upsec gap. Thus only a relatively slow
kicker with a fall time of ~5 usec #s requbred. Such.kiekers can
be made with laminated (~% mil) &rbn core and pulsed to, say,

1 kG. A total of ~5 m length of kickers will be able to kick the
1-TeV beam 0.143 mrad. The kickers should have a small C-shaped
aperture. They enclose and kick only the newly injected beam. A
conducting screen which covers the opening of the C aperture and
shields the kicker field from the stacked beam will open up after
injection to allow the stacking rf to decelerate the injected
beam out of the kicker and onto the beam stack.

The parameters of the magnetics (current) septa are, for

example:
Septum 1 Septum 2
Thickness » 1.5 cm 0.5 cm

2 2
Current density 9550 A/cm 9550 A/cm
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Septum 1 Septum 2
Field 18 kG 6 kG
Length 12 m 12 m
Separation 0.5 m
Deflection angle 6.4695 mrad 2.1565 mrad
95.5 mm  \ [ 29.3 mm \
entrance ) !
-8.6594 mrad -2.1899 mrad/
Displacement-
angle vector . ,
exlit ) %
q \-2.1899 mrad/  \-.0334 mrad |

The geometry of the beam is also shown in Fig. 5.
D. Beam Stacking

Here we will use as an example only the case of the small
rings. The beam 1s fast extracted from partially debunched
stationary rf buckets on the flat-top of the energy doubler and
captured at injection into properly matched and phased statioaary
rf buckets in the storage ring. After the kicker screen 1s
opened the storage ring rf will decelerate the beam adiabatically
out of the kicker and onto the beam stack.

1. The harmonic number of the rf in the main ring is 1113 at
an equivalent radius of 1000 m. Hence the harmonic number of
the doubler must be 1112 at an equivalent radius of 999.1015 m.
At injection the fregquencies of the doubler rf and the storage-
ring rf must be identical, and not counting the beam transit
time in the transport, the rf in the two machines must be in
phase. The harmonic number of the storage ring should, there-

fore, be h = 1403 at the injection radius of R = 1260.557 m.
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2. We shall see later that it 1s adequate to place the
innermost (first) stacking orbit at an equivalent radius of
1260.537 m, or at AR = - 2.0 cm inward from the injection
orbit. To stack in this orbit the injected beam must be

decelerated by AE given by

= v® = - (27.65)° pitep = - 0.01213 (W)

or with E = 1001 GeV,
AE = - 12.14 GeV.

(Throughout this section we shall use the very good approxi-

mation % = 1 for 1-TeV protons.) We assume that this deceleration

takes ~6 sec (~-2 GeV/sec) at a synchronous phase angle of

¢, = - 60°. For this we need a peak rf voltage of V = 60 kV.

This gives a deceleration rate of (60 keV) sin (-60°)

- 52.0 keV/turn. Since the proton revolution frequency is

_C_
2TR:

- 52.0 x 37.8 GeV/sec = - 1.967 GeV/sec.

= 37.8 kHz this corresponds to a deceleration rate of

3. The half phase-width 8¢ of a stationary bucket is 7w and

the half energy-width SE is given by

1/2
_ 5! 2._\1\
with
w= il
Y Y

The 8§¢-8E area of the stationary bucket 1s

A = 8(SE). (6)
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The area of an accelerating (or decelerating) bucket 1s Aa
where o = a(¢s) is tabulated e.g. in CERN/MPS - SI/Int. DL/70/4
(April 1970). For h = 1403, V = 60 kV, Yi = 27.65, vy = 1067,

and a(-60°) = 0.059 we get

g/aE = 0.14Y4 GeV
!

J A = 1.15 GeV

&éa = 0.068 GeV.

Both the stationary bucket area of 1.15 GeV (for initial syn-
chronous capture) and the decelerating bucket area of 0.068 GeV
are adequate for the beam which has a bunch area in the §¢.8E
phase-space of only 0.033 GeV (corresponding to 8§¢+8w phase-space
area of 0.1 eV-sec obtained from measurement at 300 GeV in the
main ring).

The rf voltage should be adiabatically dropped to 56 KV,
hence ¢S shifted correspondingly to -67° before the beam bunches
are moved onto the edge of the beam stack and the rf 1s turned
off abruptly at the proper frequency. The reduced rf voltage
~gives a bucket area equal to the phase area of the beam bunch
so that when the full buckets are moved into the stack and
dumped the stack is not diluted in density.

Also since only 1112 of the 1403 buckets are filled with
protons the remaining 291 empty buckets i1f allowed to enter the
beam stack will dilute the stack density. These empty buckets
should be suppressed. Thus the rf should be on during the 1112
cycles when there is beam, off during the next 291 cycles when
there 1is no beam, on again during the next 1112 cycles etec.

4. The rf frequency for the injection orbit is

£ = BC o 53.10508 MHz (to accuracy

B = 1). (7)

ol
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For the innermost stacking orbit

AT _ AE 2 AR _ =5

L= - i = -y, ® = 10586 x 10 (8)
or

Af = 842 Hz .
The rate of frequency modulation is given by

- A £2 gE

f=—H—E-:-—-aH= 136.4 HZ/SeC (9)
where %% = - 52 keV/turn = deceleration per turn. The total
frequency swing of Af = 842 Hz 1s reached in At = T%%gﬂ sec =

6.17 sec corresponding to a total deceleration of 12.14 GeV.

At the moment of stacking the half energy-width of the full
bucket is 0.139 GeV. The beam should be deposited at an energy
accuracy of the same order, namely S8E $0.14 GeV or %% ~+1.4 x lO—u.

The turn-off (stacking)frequency of the rf should, then, be

held accurate to

8t
T

SE

=-12 %8~ s1.8x 10”7 (10)

or
§f ~ £+ 10 H=z.

5. We should check that the phase oscillation frequency
during deceleration is high enough so that variation of param-
eters such as the rf voltage and frequency can be made adia-

batically. The phase oscillatlon wave-number Vg is given by
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v o_
(for T = 1)
1/2
_ ihA eV ¥
\)S = “\—ﬁ_ TE- COS¢SI§ . (ll)
At V = 60 kV, o, = - 60° this gives
- -4 _ ¢ _
vy = 0.935 x 10 or fs = Vg 5g = 3.54 Hz
and at V = 56 kV, ¢y = - 67° this gives
- -1 - c_ _
VS = 0.799 x 10 or fs = VS TR 3.02 Hz .

Although these are very slow oscillations, they are fast enough
compared to the total deceleration time of ~6 sec.

6. For proper beam-bunch shape matching during the transfer
from the doubler to the storage ring the stationary rf buckets
in the two machines must have ldentical energy-widths. The
half energy-width of the buckets in the storage ring is 8E =
0.144 GeV. In order that the buckets in the doubler (h = 1112,

Ye = 18.6) have the same S8E the peak rf voltage should be

VD = 105.1 kV .

This can be supplied by a single rf cavity.

To summarize the entire stacking procedure: on the flat-top
of the doubler the rf voltage is first reduced adiabatically
to VD = 105.1 kV. The 1112 beam bunches are then fast ex-
tracted, transported, and injected into the storage ring. The

shielding screen of the injection kicker should be closed at
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injection. At injection the storage ring rf has a constant
voltage of 60 kV and a constant frequency equal to that of the
doubler rf, and is phased so that the beam bunches fall on

¢S = 0. The beam bunches are, thus, capftured into 1112 matched
stationary rf buckets wilth an area some 35 times the bunch
area = the remaining 291 rf buckets are suppressed. After in-
jection the kicker screen is opened and the rf frequency is
modulated at a rate of f = 136.4 Hz/sec. This decelerates the
beam out of the kicker onto the stakk at a rate of E =

- 1.967 GeV/sec. For an rf voltage of 60 kV the synchronous
phase is ¢S = - 60° and the area of the decelerating bucket 1is
about twice the bunch area. In the meantime the rf voltage

is slowly reduced to 56 kV, the rate of frequency modulation
being maintained. This shifts the synchronous phase to

¢S = - 67° and reduces the bucket area to exactly equal the
bunch area. The rf is turned off abruptly when its frequency
reaches that corresponding to the edge of the beam stack. The

rf turn-off frequency should be accurate to *10 Hz. With careful

~ density in stack
density im bunch at injection

mantpulation the stacking éfficieney =
can be high as 80%.
E. Aperture

The aperture requirements in straight sections depend on
the special-function insertions and have to be examined individ-
unally. Here we can study only the general requirements in
curved sections where the amplitude and dispersion functions
are not affected by matched insertions in straight sectlons.

1. The largest horizontal aperture requirement occurs at

F quadrupoles where horizontal B and n have their maximum values:
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(B 102.4 m

i-max
nmax 2.55 m .

The separation between the injection orbit and the innermost

stacking orbit assumed in Section D 1s expressed in:

difference in equivalent radius = AR = - 20 mm
difference in energy = %? = - 0.01213 .

At an F quadrupole the horizontal separation between these two

orbits is, therefore

- AE _ _
Ax = Niax & 31 mm . (12)

The present full horizontal beam size at Bma in the main ring

X

is ~4 mm at 300 GeV. With multiturn injection into the booster
one may expect the beam size to increase to ~10 mm at 300 GeV

or ~6 mm at 1000 GeV. With our orbit radius of p = 751.2 m

in a 5.8 m long dipole the sagitta is ~6 mm. Hence the minimum

~good fileld width should be
31 mm + 6 mm + 6 mm = 43 mm.
With some safety allowance we will want a
Horizontal good field width = 50 mm.
Adding 15 mm on each side for poor field reglon we get a
Horizontal coil aperture = 80 mm.

This is shown in full scale in Fig. 6.

2. In Fig. 6 we show a geometrical beam-stack width

between the innermost and the outermost stacking orbits of
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éx = 10 mm. This corresponds to an energy width of

§@ - _0x _ 5 -3
5 - A = 3,92 x 10
max
or
S8E = 3.93 GeV

24,7 GeV. With 80%

or a 8¢+8E phase-space area of ZnSE
stacking efficiency and a beam bunch area of 0.033 GeV this
stack can accommodate

02332 x 80% = 600 (ignoring difference in radii)

turns from the doubler. Even assuming the doubler current is
only 40 mA, that now available from the main ring, we get a
stack current of 24 A. Later we shall see thaf the beam-stack
current is likely to be limited to < 24 A by other factors.

The frequency width of the full beam stack is given by

8f _ 8E _ -6

=~ = - A % = -5.13 x 10
or

§f = - 272 Hz .

Thus, the frequency excursion from the injection orbit to the
outermost (last)stacking orbit is 842 Hz - 272 Hz = 570 Hz. At
the modulation rate of T = 136.4 Hz/sec it takes 4.8 sec to
decelerate the beam to the last stacking orbit.

3. The vertical aperture 1s determined by space-charge
considerations. We shall see later in Section F that a vertical

aperture of 50 mm as shown in Fig. 6 is adequate.
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4, It is expected that all kinds of correction multipole
magnets will be installed in the 3 m short stralght sections
to trim out closed-orbit distortions and low-order resonances
(perhaps up to the 6th order). Initially the large uncorrected
closed-orbit distortions will 1imit the effective good field
aperture and the strong untrimmed low-order resonances will
limit the useable tune spread. These effects and the initial
poor vacuum will 1imit the beam current that can be stacked
to a low value. As the fleld errors are corrected to higher
precisions and the vacuum gets betfer the useable aperture and
tune spread will enlarge and higher beam current can then be
stacked.

F. Space-Charge Limits and Luminosity

For a continuous beam we shall consider only the transverse
space-charge force. This force, if too large, will cause
transverse instabilities. The space-charge force generally
contains all nonlinear terms - terms proportional to all powers
of the transverse displacement. However, for a given transverse
distribution in the beam (generally a Gaussian) the ratios of
all the nonlinear terms to the linear term are fixed and the
space-charge effect can be quantified by a single parameter -
the linear tune shift dv.

1. For a single beam the tune shift is caused by the self-
force which depends on the cross-sectional configurations of the
beam and the vacuum chamber surrounding the beam. We shall
approximate the vacuum chamber by two paraliel plates having
infindte conductivity and permeability with an infinitely thin

beam travelling half way in between, and calculate the tune
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shift in the direction perpendicular to the plates. This
gives a 8v which may be too large by a factor of up to 5
and which should therefore be considered as a pessimistic

upper limit. The result is

sy = - b 1 (2R 1 (13)
32 vy g ec
where
4 e2 -18
r = —— = proton radius = 1.535 x 10 m
p me

2g = separation between plates £ vacuum
chamber height

T = beam current
\

For the small rings g = 0.025 m, 27R = 7920 m, v = 33, vy = 1067,
and we get

§v/I = - 0.00285 A™%

The maximum beam current that can be stacked depends on the
maximum allowable |8v| without causing long-term transverse
instabilities. The trouble is that we do not have a reliable
value for the allowable |8v|. Various estimates based on semi-
theory and rough measurements give values ranging from 0.05 to
0.25. Nevertheless, even the lower limit of |8v| = .05 gives

a maximum attainable beam current of

_ 0.05 _
Ihax = 5 00288 & = 17-5 4

This shows that if our minimum goal of beam current is 10 A,
2g = 5 cm is an appropriate choice for the vertical aperture of
the ring.

2. When two beams collide the space-charge force of one
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beam (subscript 2) will cause a tune shift in the other beam
(subscript 1). The tune shift depends on the cross-sectional
geometry of beam No. 2. We assume an elliptical cross-section
and calculate

with semi-major axis a, and semi-minor axis b

2 2°
§v in the direction of b2 (the larger tune shift). The result
is

or Bl* I

L 2
sv, = —L = (14)
1 T Yq b2(a2+b2) ec

where

= amplitude function B8 at collision point

w
-]
I

=
]

length over which the beams collide.

We assume the beams to collide in a straight section insertion
where the dispersion function n 1s made zero and where the
amplitude function B* is reduced to an extremely small value of,
say, 1 m in both planes for both beams. The beam cross=sectional

dimensions are

1.2 mm at B ~ 100 m

v
1
w
5
o
il

or
= 0,12 mm at g ~ 1 m.

®
!
e
w
g
o
|

These values give

1 1

6\)1/212 = - 0.000378 m ~ A"~ .
Too large a current of beam No. 2 and/or too long a collision
region will cause too large a tune shift in beam No. 1 and make

it unstable. Here again there is no reliable value for the

maximum allowable |§v|. In this case because the tune shift
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is produced locally within a short collision region, hence the
§-function like forces having much larger high harmonics tend

to be more destructive, it is generally believed that the
allowable value would range from 0.025 to 0.005, namely an order
of magnitude lower than that for the single-beam tune shift. If

we take the lower limit of |§v]| = 0.005 we get

(1)) pax = To0503%8 A-m = 13.2 A-m .
For a 1 m long collision region a current of 10 A is safe.

It should be remarked that we have taken here all the
pessimistic lower limits. It is quite likely that much higher
currents can in fact be stacked in these sbtérage rings.

3. For two beams with identical cross-sectional area A*

colliding head-on over a length 2 the luminosity L is given

by

no

e !
L=—¥“\

\f—% L. (15)

For beams with non-uniform cposs—-sectional density distribution
#*

the effective area A must be calculated by evaluating an

overlap integral. But for design purpose the value

b, = 1.13 x 1073 om?

~gives a good enough approximation. Taking & = 1 m and Il =

I2 = 10 A we get

2

£ = 2.3 x lO34 em™° sec”T (per collision region).
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To stack a 10 A beam in each ring using a 40 mA energy-

, 2%10 A 1260 m _
doubler beam would take a total of 55 & " Tooom = 630 pulses.

At a rate of 1 pulse per 100 sec this will take 63000 sec or
l7%»hours. Clearly some modifications of the doubler param-
eters must be made before these design values of beam-stack
current and lumlnosity can be considered realistic.

G. OSpecilal-Function Insertions

The design concept and procedure for the special function
insertions in straight sections together with a few examples
for the large rings were described in FN-255 and will hot be
repeated here. It suffices fo mention that all the insertions
are mutually matched and modularized in length to integral
multiples of half-cell length, and are, therefore, mutually
replaceable and Jjoinable with maximum flexibility. There are
two general classes of insertions. Those 1n the first class
modify the local beam characteristics to meet the requirements
of individual experiments. Insertions of the second class
are used to modify the integrated beam characteristics around
the ring such as the tune v and the transition energy Ye for
optimizing the performance of the ring especially after a
change is made in insertions of the first class.

The examples worked out show that collision regions with
zero dispersion and low-f values of 1 m in both planes are in-
deed feasible. They also indicate that U-cell 240 m straight
sectlons are too short and that to realize the flexibility
inherent in this concept the length of a straight section must
be at least 12 cells or 720 m. To use a U-cell straight section

one must, at the outset, have some specific experiment in mind
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and design the insertion accordingly. Even then, one will
suffer from the following drawbacks:

1. It is 1likely that substantial compromises must be
made for each experiment between desired and obtalinable beam
characteristics.

2. The effect of the insertion will not be entirely local.
We may have to contend with possible interferences between
experiments in different straight sections.

3. The non-local effects of =~ se insertions may degrade
the performance of the storage ring as a whole.

. To change experiments in a straight section will involve
redesigning and rebuilding the insertion, each time retuning a
"new" machine with different characteristics.
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It should be pointed out that the most serious problems of
the parameters for the superconducting magnet system and the

vacuum system were not studied at all here.
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