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ABSTRACT

Important sources of background for PEP experiments are studied.
Background particles originate from high-energy electrons and positrons
which have been lost from stable orbits, y-rays emitted by the primary
beams through bremsstrahlung in the residual gas, and synchrotron radiation
X-rays. The eifect of these processes on the beam lifetime are calculated
and estimates of background rates at the interaction region are given. Rec-

ommendations for the PEP design, aimed at minimizing background are

presented.
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1. Introduction, Comparison of PEP with SPEAR

PEP-176-2

In locking for the main sources of background at PEP, it is patural to

compare PEP with SPEAR. Some basic numbers are given in TABLE 1.

SPEAR vs PEP

SPEAR FEP

Beam Energy 2.5 15
Lurninosity /Burst 4.3x10%* z.4x 1026
u Pairs fburst 1.5%1078 2.4
Particles /bunch 10! 1.5% 1012
Beamn Lifetirne 1-2X 10? sec 104 sec
Particles lost/bunch/circuit 5 1100
Particles lost/meter /bunch 0.025 0.5
GeV lost fmeter /bunch 0.0625 7.5
Synchrotron Energy loss/milliradian, bunch 4.35%10° Gev 6.3X% 106 GeV

2.7 keV 43 .8 keV

Synchrotron Critical Erergy

Particle losses will be substantially higher at PEP than at SPEAR and
this must be taken into account in the design of the machine and the experi-
ments. A collection of reports on background measurements at SPEAR is
included in Appendix I. The main conclusions we draw are that the rates are
coneistent with particle loss rates due to known physi~al processes, but that
individual measurementes a>« very sencsitive toc machine tune, counter type and
geometry. The most direct way to find out what will happen at PEP is there-
fore to compute lifetimes for PEP and estimate the distribution of particle
impact points around the ring, using the PEP lattice parameters. In this re-
port we show that it should be possible to limit the impact points of most
particles lost from the ring to places well away {rom the 20 meter experi-
mental regions, by installing suitably designed scrapers, Some of these
methods should be able to be teated at SPEAR 1I.

New problems arising from the increased flux of high energy synchrotron

radiation are discussed.
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PEFP-176-3

2, Beam Lifetime at PEP

(a) Beam-(Gas Lifetime
Beamn-gas interactions are expected to be the dominant loss mechanism

for stored particles. Important processes are bremsstrahlung and coulomb

scattering.
(i) Bremsstrahlung
The mechaniem is: a particle suffers a bremsstrahlung collision with

the gas and loses enough energy to te lost from a stable orbit. It will drift
(in phase and energy) away from the RF bucket over possibly several orbital

periods until it strikes the vacuurn chamber. Loss rate:

E
In—l-
.8 . 4, _E_ __AE MP
ndx X AE X RT
0 0
A—EE= energy acceptance = 5x 1073
Xo = radiation length of gas - assumed to be CO = 38.5gm /cm
M = mole weight = 28 gm /mole
P = partial pressure of CO
-9
dn 5.3 28. P(10 7 torr) -1
L X X100 m
ndx " 38.5 71x1002
- 2.25x10" 4 P10 torr) m~?
beam lifetime 7 is given by
1 dn
- (o)
41 hours
T = T—T9
{P{10" * torr))
at 15 GeV, {(P)g 10-8 torr
' T » 4 hours

Note that the logarithmic dependence on % makes the result relatively in-
sensitive to the size of the RF bucket.
{ii) Coulomb Scattering
The mechanism i6: a particle at some position in the machine scatters

in the residual gas by an angle §; as it moves around the ring, this angle is
transiormed into a displacement d. When d equals a machine aperture, the
particle is lost, The emallest scattering angle which can cause a particle to
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PEP-17:-4

strike the vacuum chamber is:

g . - —9
mmw

Be = betatron function at the scattering point and

when d : aperture.
pd = betatrun function at d. In general, there are different values for ¢ in

The appropriate apertures and § func-

in the vertical and horizontal planes.
Thus;

The usual criterion fordis; d - 100.

tions are to be used.
)

g

2 2 v
ag = 100 0f = 100 [—— ] p,,
v
ozt
aZ - 100 ¢2- 100 (-2 ) g, + dispersion
H H = v P

Py

8 __ =Pe,=Rfv
BV pH .z ev H a2

g
% 0% - 10v B\ nu.

0.28, 92 << 95_1 . We can neglect GH in what follows:

Since K = v

2 %2
o c

eZ= 2 H }-1 =2,5X1O-7m =& 330
V' R o+ B £2z:3%
H H Lg 85~
M5EZ 3
y29$=7.3 @E:= 5Gev st
v?6% =97 @ E- 15Gev H
=

Coulomb cross section:
4r Z 4n rzzfz
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y'8 y By
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PEP-176-5

Loes rate:
O NoP  pext2.8)2x10720x6X 102> X 100X P
RT 1.74% 1014

1
Sl
g8

1

2.4x10 1¥xp10 % torry m @ E - 5Gev.

Note @ 5 GeV the Coulomb ecattering loss rate equals the Bremsstrahiung loss

rate.

dn 9

-1
- torr) m @ E = 15 Gev.

-% = 1.8 X10" 15xp(10°

(b) Beam-Beam Bremsstrahlung
The cross section for an electron in one beam to radiate a photon in its

direction of motion is:

_ 16 2 s 2/4, dy
do = = arxy [tn = -1/2) -y +3y77) y
m
e
m
. Photon Energy . L e
where y Bearn Energy The photons are radiated at angles of _Eo
Mg
to the incident electron; the degracded electrons have angles ~ T."L; +—
B ]

and energy (1-y) EO' The target electron in the other beam is hardly affected
at all. Both beams can radiate. At PEP

y
dg = 0.665 tn(ﬂ - 5/8).
Ymin
The "yy" group consider this as a background for tagging; with a luminosity
26 there are 12 equivalent quanta per burst
max/ymin, - 5/8] degraded electrons,

Tagging at angles less than several times the bearn divergence is ¢learly

per region per burst of 2.4 X10
radiated in each direction and 16 [fn(y

impussible. This process has a strong effect on beam lifetimes

g N___N
~ I"wloss

and electrons are lost from the beam if they change energy by more than
19,. At PEP, withL = 6 X10°% for N = 4.5X10%%, 7 = 2.4x10% secs, or

6.7 hours. This is the beam lifetime, not the luminosjty lifetim.e. In a tune

Lre 3teent : N 1 v L 4 By
shift limited machine AV = const = . = . T, - = 1 — .
CEA LT Y 0T TR Y02
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PEP-17%-6

So that 7 « % , for beam-beam bremsstrahlung.

TABLE II.

BEAM LIFETIME

LOSS PARTIAL . ROUGH
MECHANISM LIFETIME - SCALING
{hours) LAW
5 GeV 15 Gev
Beam Gas Bremsstrahlung 10 to 20 4.0 (4!/:[’), hours
EZ
Beam Gas Coulomh Scatt. 10 ta 20 51 x« ——
(P)
Beam-Beam Bremsstrahlung 20 6.7 4.5 hrs X %—
All causes 4ta 7 2.5

P: Pressure of CO in units of 1077 torr
E: Beamn energy
N: Particles/bunch inupits of 10
L: Luminosity per region in units of 1032
At 15 GeV: 1200 particles per bunch, per circuit are lost:-
450 from Beam-Beam-Bremsstrahlung
750 irormn Beam-Gas-Bremastrahlung
3. Bremsstrahlung Gamma Ray Background Rate in the Interaction Region
A possible source of background for experiments at PEP is bremsstrahlung

12

where the stored beams interact with the residual gas in the long straight sec-
tions between the final bending magnets and the interaction region. The high
energy gamma rays from this process will travel in a straight line from the
point of production and may strike the vacuum chamber near experimental
apparatus. A glancing hit will produce a shower which in turn will give num-
erous soft gamma rays and electrons at large angles, ae illustrated in fig. 1.
We ignore the bremsstrahlung angle, and assume the angle of the gamma
ray is the same as the original electron. Thus the angular distribution of the
beam determines the distribution of gamma ray directions. We are interested
in the rate of gammas falling on a cylindrical surface at the IR. Coordinates

ae defined in fip. 2.
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PEP-176-7
The angular distribution of electron at Z is:

v:]zne NO 1 * 2 g
I dy’ Zra_, T exPq- 2 [ (O’x. * O’v.)]

The intensity of gamma rays (in units of equivalent quanta) is:
2
dZI dz d n_

dx dy X, dxay

Xo = radiation length of gas.

Now transform dx' dy' to dA at cylinder

a(x',y") - rz
CICN 3 Y-

Foquivalent gamma intensity at IR is:

dl l\.O 4z 1 T ex 1/ r 2 coszq> + 5in2¢
AT X, 7 oo 3 S¥P | T 7\ Z z ||
0 x' Uyt (z-2)

\ Ux, O'y,

Now suppose pressure and beam divergence are constant over interval between

z 4 2.2. and integrate over z:

a _ 1 ND e 4. !
- FJ
dA r 2'nX0 cos’ Sin2¢
Ty Oy z tT_2
Y\ o, s,
x Y

a 21 r 2 coszg+ sin2¢
1,2 2 2y 2- I U% 0,2
x y

In PEP, there are 3 such regions of interest:

I QZ-Q?.:z1 =10m,z, = 15mi0_, - 0.9 mr, (Jy,I = 0.4mr.

{11y Q,‘-Qz:z1 = 15 m,z2 = 60 m; o'x, = 0.16 mr, Uy' = 0.06 mr.
(110} Ql‘i-(’.!izz1 = 60 m,z, = 65 m; O = 0.4 mr, ay, = 0.1 mr.
Assume residual gas is CO at 5X 10-9 torr” and there are 1.5X 10’2
particles /bunch:

x
In the straight section; (Pco) around the ring is = 10°8 torr.
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PEP-176-8

f‘n‘XO 1500 m " 300m °

The total bremsstrahlung rates in the 3 areas are:

( o ) _Pao Y orny 1

Iﬂ) = 0.15 equiv. quanta /pulse
I(II) = 1.5 equiv.quanta/pulse
I(III) = 0.15 equiv.quanta /pulse.

To estimate the rate of y's hitting a vacuum chamber of radius 8 cm at the in-
tersection point, we evaluate the expression for gf_q at ¢ = 0, £ = 0 using beam
divergences twice as large as quoted in the 3 regions. The small vertical

beamn divergences indicate that the ¢ = 0 rate dominates over ¢ = 90°.

L= 1x107?
'g'lz(n) *3X107° equiv. quanta

fum = 1.5% 1072 equiv. quanta.

I{ we average aver ¢ 'conservatively'" (X %), then the rate of y's with energies

E > 1 MeV, striking a beam pipe of radius 8 cm is:

0.038 per pulse per meter of length per beam,
Thus a 1 meter long cylindrical "pipe" counter placed around the interaction
region could have acceupancy rates as high as 7.5% . This is probably pessimistic
because: (1) beam divergences were doubled, (2) energies as low as 1 MeV
were counted, (3) the rate averaged over ¢ is probably less than 1 the
¢ = 0 rate.

For many experiments, this is not a sericusly high rate. In cases where
lower rates are required, better vacuum in the vicinity of QF1 and between
Q2 and Q3 will help. Collimators surrounding the interaction region will be
of help also.

4. Loss Points of Secondary Electrons from Local Bremsstrahlung

The electrons which radiate at the end of the curved section of the machine
and in the long straight section are the most likely to cause trouble in experi-
ments. Two cases have to be considered: (a} electrons losing only a few

percent of their energy in the curved section and which can only be 'scraped’
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close to the high-p quadrupoles and (b) electrons losing a very large fraction
of their energy in the straight section which are strongly deflected in *he high-g
quadrupoles. Sorme preliminary studies were made using Transport plus hand
calculation, More detailed studies should be made.
(a) High energy electrons losing a small amount of energy in the region of
the last bend
Ray traces of electrons which lose 1 GeV at two points in the last bend

are shown in fig. 3. It can be seen that in both cases, the trajectories down-
Btream of Ql are as if the electrons left the reference axis near the exit of tha
bend. The angular deviation in this region is proportional to the energy loss
in the bend. U we define L as a distance beginning from the apparent point
the track leaves the reference axis and ending where the particle hits the wall

of the beam pipe somewhere near 2, we can write:

a, Fo® opan , Fo g
j E ' LZ - E E

where k ig a constant depending on the bend angle and {ocusing properties of
QF 1,01. If the thickness of the radiator in the bend is t radiation lengths,

the number of electrons of energy E is:

. dE
dN = tN, E-E
and by substitution we find:
tN_ dL
iN = i, 0 = aL

L1+ T?E’ L(1+-‘§E—E)

since only electrons with small AE concern us (the others can be scraped near
Q1), we can use the last expression.

For N, = 1.5 ><‘1012 per bunch, t ~ {length in bend)X(Pressure in 10—9torr)
X 0,44 X 10'94. L= 50 and dL = 5, we find dN = 0.16 per burst, hitting a 5
meter length of pipe just upstream of Q2, for 1.2X 10'8 torr CO in the bend.

Note that the particles passing cleanly through Q2 are focussed in the
interaction region and do not leave the beam pipe (defined to be 10 cms radius)
until the quadrupoles at the exit of the interaction region are encourtered.

To handle this not very frightening number of high energy elec’rons, a
thick beam gcraper (15 radiation lengths, say) should be placed upstream of
Q2, arranged to shadow the pipe in Q2 from degraded particles leaving the

last bend.
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PEP-176-14

U the bend upstream of QD1 is examined in a similar way, comparable
numbers of particles which radiate in it can hit the pipe in the region of Q2.
However, most of these can be scraped at the waist just downstream of Q1;
say 50% . Thus we estimate that ~ 0.24 particles per bunch at close to full
energy will have to be scraped near Q2.

{b) Electrons which lose 2 10 GeV in the straight section
Electrons which lose more than 10 GeV by bremsstrahlung in the 45 meter

drift space between the matching and high-p quadrupoles do not change their
trajectories significantly until they enter the high-p quadrupoles, where they
are very strongly deflected in the horizontal plane. M™Many of therm will hit the
beam pipe in the 20-meter long intecactinn region. Vertical deflections are
much less severe (because the vertical beam size in the high-f3 quadrupoles is
less than the horizontal so that impact points on the beam pipe should be at
the sides, within an inch or so0 of beam elevation.

Figure 4(a) shows the one gtandard deviation horizontal phase space at the
interaction peoint for degraded electrons of various momenta, and the boundary
set by a + 10 em wide, 20 meter long beam pipe.

Figure 4{b) shows the energy distribution of the particles whi 1 hit such
a beamn pipe. The mean electron energy is 2.6 GeV,

Figure 4{c) shows the longitudinal distribution of irjact points for two
momenta. The total number of electrons hitting the pipe per burst is
dN = 2 X Number of Particles /fbunch X 0.32 X (t/XO) where {t/Xp) = Peo
(in 10-9 torr) X 4 (meters) X 0.44 X 1014. For P(CO) = 2.5%X 10°9 and
! = 45 meters, we have 0.48 degraded electrons hitting the pipe per burst,
0.24 from each directicn.

Another bad region is the B meter long stretch from the end of the last
bend, through QF1 and Q1. Degraded electrons can be deflected in these
quadrupcles, either vertically or horizonatally, so that they enter the high-p
guadrupoles at larger distances from the axis and are Adeflected throuvgh larger
angles than in the case we have considered above. Thic raises the energy
threshold for transmission through the interaction region, and also reduces
the preference for loss in the horizontal plane.

A very rough estimate based on Transport rune suggests that this region
generates twice as much background per unit length as the long drift space.
We estimate that electrons which radiate in this region will cause 0.2 degraded
electrons per burst to hit the beam pipe in the interaction region. (0.1 from

each direction).
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Thus the total number of degraded electrons hitting a 10 cm radius, 20
meter long, beam pipe in the interaction region is about 0.7 per burst, with
energies typically 2 to 4 GeV. 70% of them will be lost at the sides of the pipe
within an inch of beam elevation, The other 30% will be more or less uniformly
distributed in azimuth.

The only way to improve these figures substantially is to pay'_for better
vacuum in the long straight sections.
$. Secondary Electrons from Distant Bremsstrahlung

Beam gas bremsstrahlung in the rest of the ring and beam-beam brems-

strahlung account for the bulk of particle loss from the machine. We have
seen that radiation points at the beginning of the first bend upstream of the
interaction region contribute no background in the 20-meter straight section
and only a small number of high energy electrons from these radiation points
reach the vicinity of Q2. This will be true a fortiori of more distant points.
It ie only the 13% or so of particles losing between 0.5%, and 1% of their energy
which can come near to giving trouble. Some of these can travel many circuits
of the ring before being lost. However, if a limiting horizontal aperture is
placed at the horizontal waist near Q1, and a second aperture at Q2. 16 meicers
from the interaction point, all high energy electrons passing through them will
also pass through the 20 meter interaction region without touching the walls,
We estimate that at most 0.6 high energy electrons from distant bresmsstrahlung
will be dumped at the aperture upstream of Q2, and believe that a careful
design of beam scrapers in the curved section of the ring could reduce this
substantially.
6. Scattered Electrons

In section 2(a){ii) we saw that coulomb scattering was an important source

of bearn loss in & GeV running, the most important aperture being in the vertical
plane. The ecattered particles have full energy. Again, beam scrapers
should be effective, this time in the vertical plane.
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7. Summary of Particle Losses Nzar the Interaction Point

TABLE III. Summarizes the numbers given in the
previous sections of the report

Electrons
Radiation Mean Energy Energy Range No /Burst " Where
Point {Both bunches ~ Dumped
included)
A 2.6 Gev 0-6 0.5 X
B 3 Gev o-8 0.2 X
C 14.5 14 - 15 0.5 Y
Distant 14.9 > 14.7 0.5 Y
Photans
ALB Bremsstrahlung 15 GeV 0.3 X
Spectrum equiv.quanta

8. Synchrotron X-rays
At PEP, the characteristic energy of a synchrotron photon is 44 keV in

the standard bending magnets and 122 keV in the special polarization rotating
magnets proposed by Schwitters and Richter. In addition to the well-known
problem of absorbing the thermal energy, there are two new problems: the
amount of lead needed to shield counters directly exposed to the synchrotron
light becomes several radiation lengths, and the flux of backscattered X-rays
near a dump is considerable.

We give some basic numbers here, to draw attention to the problem. Ex-
perimenters planning to use close-in tagging counters, luminosity monitors
and polarization monitors will need to calculate numbers for their particular
set-up.

An electron of energy E GeV loses %%- = 4.23X 10 B, GeV /radian
in a field of B kilogauss. The characteristic energy ol the photons is

e = 0.066 E’B kev

-?E3

A—"—_‘*L—B“I‘ (‘3/

IR
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AE . AE | e
E B per radian, electron | == per bunch, per radian c

5% Gev ab GeV kev

PEP | 15] 2.945 4.2 x10°3 6.3 X10° 438
8.2 1.2 X1072 1.8 X100 122.0

PIC| 14] 2.7 3.1 X10°3 2.5 X107 35.4

8.2 0.95% 10" 2 0.76x 101C 107.5

The energy distribution is given in fig. 5, and attenuation curves in fig. 6,

for lead.

Some examples show the magnitude of the problem.

{a) A possible geometry for a laser backscattering polarization rmonitor is

sketched in fig. 7{a).

Photons scattered at A are detected at D, Typical

photon energies are 2-5 GeV. If the detector covers all vertical projected

scattering angles, the resolution function of the measurement (including beam

divergence) can be unfolded, and an absolute determination of the polarization

made. Ic a typical situation, the synchrotron radiation from about 1 milli-

radian of the bend at B would strike the detector:

6.3X 106 GeV of energy,

requiring 5 radiation lengths of lead to attenuate it by a factor of 106. Designs

to circumvent thie problem are discussed in the polarization group report.

(b) The 20 meter long wall of a 100 mm radius beam pipe in the interaction

region subtends an angle of the order of half a milliradian at the bend just

upstream of QF{, so 3X 106 GeV of X-rays will strike it from each direction,

per burst, unless a collimator is placed upstream of Q2, or between Q3 and

Q2. The collimatoer must come into ~ -;- X(beam pipe radius) to shield the

pipe. Apparatus in *he interaction region must be shielded against X-rays

scattered out of the upstream collimator, 2nd backwards from the downstream

collimator. See figure 7(b) for the geometry.

{c} Even more horrific numbers - left as an exercise to the reader - come

from considering the polarization rotator proposed by Schwitters and Kichter

(FPEP note 75). The geometry is sketched in fig. T(c).

the dump could be a very serious problem.

stream since the quadrupole yoke intervenes.
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It should be noted that the synchrotron X-ray fluxes are many orders of
magnitude greater than the direct high energy particle backgrounds considered
earlier in this report, Counter arrangements calculated to be especially sen-
sitive should be tested (for example, in a SLAC beam) before installation at
PEP. .
We note that the production of HNO3 in ¢he tunnel air, and ZH2 gas in the
cooling water will be finite. These problems are well under control at SLAC
and cause no major difficulties, but they must be remembered in the design.
See the SLAC 'big book". A very crude estimate suggests that free hydro-
gen production in the cooling water system would be ~ a few tenths of a liter
per hour, easily dealt with by venting, since the water will have no induced
radioactivity. Synchrotron radiation from special purpose devices like the
polarization rotator is likely to be the major source of background radiation

to be considered in shielding personnel.

9. Recommendations toa PEP Design Group

A more extensive study of particle loss distributions in PEP should be
made, and the method checked by applying it to SPEAR iI. Adjustable beam
scrapers will be needed at several points in the curved sections of the lattice.

They need not be very thick (~ {1 radiation length) but should be near position

monitors. Vertical as well as horizontal scraperg are required. Thick
scrapers will be needed at 16 meters and at 55 meters from the interaction
point, in the present lattice. A thick dump, designed to minimize out-scat-
tering, will be needed to stop synchrotron X-rays from the last bend striking
the vacuum pipe in the interaction region. Experimental tests of such devices
in SLAC beams with 15 GeV electrons would be valuable.

It is important that the aperture of the high-p quadrupocles and the vacuum
pipe through the interaction region is larger than the "shadow' of these dumps.

The residual background in the interaction region is proportional to the
pressure in the straight section from the last bend to the high-B quadrupoles.
Better vacuum in this region is desirable. For this reason, it seems worth-
while to concentrate the RF in one place.

The effects of any changes in the PEP lattice on backgrounds should be
considered as a factor in choosing the final design.

In some experiments it will be desirable to place a lead jacket ountside
the vacuum pipe over most of its length in the interaction region, leaving

only one or two meters at the interaction point ecxposed.
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Some experimenters will also want to install collimators inside the
vacuum chamber in the interaction region.
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APPENDIX I

Collection of SPEAR background data

THE EFFECT OF A LOCALIZED FRESSURE INCREASE ON UNGATZD
SINGLES BATES IN LUMINOSITY MCNITCR COUNTERS

A controlled I\I2 leak was introduc~d in the region of G18 and 18SWI in order
te study bremsstrahlung backgrounds in the West interactiion region lumincsity
monitors of SPEAR. The leak rzbte was set to give a pressure “bump" in this
region while the pressure end gas composition over the rest of the ring was
essentially unchanged. Pressure gauges just outside the bump region (between
Q2, Q3, and at 17818) indicated that the pressure bump extended only over
about 1/20 of the circumference of the ring.

A series of runs were taken at several values of the bump pressurz by first
adjusting the leak rate to give m stable bump pressure of the desired magnitude
and then monitoring ungated singles rates as & function of beam current for
single electron and positron beams under two machine configurations. The
counters, “Ancient North Down" and"Ancient South Down] were used for all
measurements. For every palr of singles rates measured, the beam lifetime

was recorded by measuring the time required for the beam intensity to decay

by 1% and the average pressure around the ring (excluding the pressure bump)
was Ccalculated by taking the average of seven vacuum gauges distributed around
the ring. A mechine energy of 1.5 GeV was used. The data is recorded in SPEAR
Book IX, pp. 22 If.

~

The expected bremsstrehlung lifetime, T is given by:

b 1 al p E
— O e—— — = f ds —— ln (_.. )
Ty I at e X AF

where I is the orbit rotation frequency, p, X are the average der~~ity, radiation
length of the residual gas, AE/B is the energy acceptance of SPEAR and the

- integral is taken arcund the ring. The bremsstrahlung loss rate per unit pressure
over the portion of the ring excluding the pressure bump is easily calculated

for the case of ]‘I2 gas: . .
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-5 ] -9 -1
Ae s 0.69 x 1077 |8(1-a) + ax{ {se~ « 1077 Torr)
TB' Pr .
where x = /Pr, the ratio of the bump pressure to the average pressure

over the rest of the ring.

@ is the fraction of the circumference of the ring occupied
by the pressure bump.

B is the ratio of the radiation length per unit pressure of
the bump to that of the rest of the ring.

For this cxperiment we expect a@=0.06 end B=1/2 (one-helf of the residuel
gas at bese pressure 1s assumed to be Hz)‘

Coulomb scattering“ of beam particles on the residual gas will lead to particle
loss when scattering angles are large enough o cause particles to strike the
vacuum chamber. Estimates of this process* indicate that the loss rat. per unit
pressure is compereble to that of bremsstrahlung. This loss mechanism gives a
linear dependence on x with a slope and intercert very similar te those in the
expression for A. Particle loss coming from the Touschek effect will not be &
8imple linear function of x. However, extrapelating lifetime measurements to
zero circulating current minimizes the Touschek contributicn to A, which, at
"most, should be an additive constant, independent of x. '

The experimental values of A {extrapolated to zero circulsting currunt) versus

x are shown in Figure 1. The error bars indicate the scatter in the data between
runs at the same reletive bump pressure, -, but under different conditions of
type of beam particle and machine configuration.

As can be seen in Figure 1, the loss rate A is consistent with being a linear
function of x, but with slope and intercept some two to three times larger then
those predicted by bremsstrahlung losses above. This indicates the importance
of Coulomb scattering losses which may actually be the dominant loss mechanisa
under the conditions of this experiment. ‘

%
J.-E. Augustin privete communication; 1966 SPEAR Propcsal, page 106.
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Single rates data are most conveniently discussed in terms of the p perameter,
the number of particles counted per particle lost from the machine. This is

the same parameter that was used in the Haissinski - Rees memo of 24 August, 1972.
In the present case, we are interested in separating the contributions to various
esingles rutes due to particles losi frou different regions of the ring. HNote
that loss in this cocntext means that the particle loses energy or is scettered

in angle in the region under consideration such thet some time later it will
strike a physicel stop in the machine and then be lost from the beam.

If the ring is divided into two regions, the Pressure bump region, B, and the
rest of the ring, R, then a particular tpi can be written:

Totsl counts in i Ip ﬁin + Lpdy
p = =
i Total Perticles LR + LB
Lost

where LR are the loss rates for particles lost in the R,B regions. ¢
2B th iR,3
(the quentities of interest) are the counts recorded i the i~ counter per
particle lost in the R,B reglons. Assuring LR p are proportional to the pressure
?

in thelr respective regions,then ﬁi can be more simply written:

ﬁ ‘iR + (x/xo) ﬁiB
. i 14+ xfx,

where X, ie a constant given by the ratlo of the intercept to the slope parameter

of tke X versus x function discussed previously. N
A

The data are presented in Figures 2 and 3. Figure 2 gives §'s versus x for a
*double-bump” configuratien (Bx' = 1.20 m, By' = 0.10 m); Figure 3, a "single-
bump” configuration (Bx* =150 m, Ely‘ = 0.10 m). N(S)} refers to th “Ancient
North {South) Down" luminosity counter; +, - refer to single beams or positrons,
electrons. The conditions S' and N~ are so-called "front-deor” cases, while §

. and N' are "back-door" conditions. The error bers are an indication of the
- scatter in the data used to extrapolate the results to zero current.

At small x, the data are consistent with the results given in the Haissinski-
Rees nemo and demonstrate, once again, the large difference in Background rates
between the single- and double-bump configurations. The so0lid curves in
Figures 2 and 3 are "eyeball" fites to the data using the formula derived above
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with X, = 15. This veduc for X, 1is in excellent agreement with that which

would be obteined from the total loss rate data of Figure 1. The various
velues for the éﬂ B's are indicated on the figure. While the most striking
? .

feature of the date is the change in § as & function of x for the North

counter with positrons under both machine cenfigurations, the signifiecent resule
from this data is the relatively small differences between AB -nd ﬁa under all
conditions of type of beam and machine configuration. This means, for example,
that selectively pumping the storage ring at points corresponding to where the
pressure bump was in this experiment will'not drematiecally improve the beck-
ground rates near the interaction region vacuum chembers. The special guads,
@2, Q3 with thelr large B values are & “eatchall™ for particles lost anywhere

around the ring.
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Supplement to

BPEAR-153

J.~-E. Augustin

January 1973

The almw of this note is to ghow that scme observations reported in

SFEAR-153 can be understood if one takes into account all gas-beam inter-
actions which are: bremsstrahlung or nuclei and electrons and elastic
seattering on nuclei (elestic scattering on electrons is unimportant).
The relevant ¢ross sections can be found in J. Haissinsid's Thesis (Orsay,
L.A.L. 1122, Dec. 196h4).

The bremsstrahlung case 1s properly taken care of in SPEAR-153 using
the radiation lengths in gas. One may also write the cross sections:

o, - qrl 2 4 ),,1(‘33'{;‘,3)(#3 %g ’%)

37
Vee 4;3:;: I.j‘i @sv L) ‘N] [’Lﬁ A€ 9]

Z:L is the Z pumber of an atom of species i;

AE .
- ig the inverse of the relative rf acceptance.

For the elastic écattering on nuclei, the Rutherford cross section
is do = (kr02212/729h JdR, to be integrated on the riog anguler amcceptance.
The mwain limit Is the vertical aperture, at least if B, is not too small.
Anyway, for each motion, there is an invariant,

A - %‘_\_ (gytay

At the emission one has : x = O, X = 8, so that
Atz 0"

At the loss point in the chamber wall, one has x =0, x = a, limiting
erture, and i"" ’
ap ’ a - (‘- e “\ Lb§$

1t then follows that the maximum angle Ghm given by the value:

2 2

6., = ﬂ,ﬂ
e {?hA
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Integrating the cross section over these apertures in Gx and Gy

. - 2y [(). ()

For SPEAR, only the ¥ term is relevant up to now,

0= 4GZ T (6 A B]

¥4

yields:

{the radial aperture being much bigger than the vertical one)

We cen now understand £

(1} why the singles rate in lurinosity countere is much worse
in single-bumr configuration than in double-hump configuration.

«"s the limiting aperture ir single hump is the luminosity-
counter notch.

One has here: & '_'.2'8 cm
g oo (19 (“__-."‘*)‘) = SO w
80 that é.‘_:'_ - G.Vrloz o
Py

in Ql, which is the only other candidate; one has
- g 2.25 ]

/5: 27 ™ \

rd 1
so that &“ = .3 nD &
[

This difference is significant, and would be balanced by any small-

orbit distertion.
In the double-hump case, the limiting aperture is the Q’.]. vacuum

(3‘?;“'2""' .@-“." x4 nlatau-_"

aT
vs. the same value as before in motch: 6.4 % 10° cm ™t

chamber ;

In thie case, everything is stopped in Ql
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(2) why the lifetime is 'consistently better by ~20k in single~hump
(worst background) than in double hump" (Book 9, p 3u).

us e ~ - ‘ e
Let us writ q] B+ %.;E

From the previous discussion we have:

rr‘;:l B+ E—v" E = B“‘ .""S-E C'i!\slt Llhp)
)
qu:* s B4 t (dllvﬁ,c h\lhp\

From the quotationg

B +.N%E s . B

BTk

Going back to the cross sections, one hes

= E._o¢
P —> B -

- - -
% = -‘-'i .6_‘.‘1 x e x137 x%a& g.6x5 ‘&V‘J.NJ
6‘! '3% %1;"\“ _EB. ~ 0.8

The agreement 1s better in Including the electron bremsstrahlung:
ifZe7, E/B=0.8x(7/8)=0.7.

The agreement is & good proof of the quality of measurements, mnd
ofv the understending of the lifetime.

As the elastic scattering goes in I/EE, the lifetime should improve
end the background rate difference between SH and DH should ‘disappear in
‘going to 2.7 GeV.
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Decenber 18, 1973
TO: SPEAR People

FROM:  A. Litke and B. Sadoulet

SUBJECT: Background Rates

The enclosed teble summarizes the information we have gathered on
the singles rates at E=2.5 GeV. for particle\detection devices placed

_near the beam line st SPEAR. The measurements were all done with

initial luminosities =~3 x 1050 ¢:m"2 sec'l and initial beam currents

I+ = I- =20 ma. These measurements were made &t different times end

in different locetions, so detailed quantitative comparisons would not

be very meaningful. It should also be noted that the background rates

at SPEAR are notoriously dependent on both the beam tune and the beam

energy. The latter dependence is especially severe and not, a&s far

as we know, understopd. JIn particular, we do not know how to extrapolate

these rates to SPEAR I1 energies. .

With these limitations in mind, the table can serve as a rough
guide. ESome conclusions:

{1) Within a factor of 3, the occupancy per unit aream equals 2 x 10-1‘111_
for mll the measurements for all devices in all locetions. (The
occupanc* 1s the fraction of the beam crossings for which the
detector-is on). This nurber is clese to the calculated value
of 1.2 x 10° particles lost frum the beam per heam crossing per
square inch of 3" radius beam pipe (assuming b0 ma. total current
end a 2 hour beem lifetine). :

2

(2) Within a factor of 2 or 3, scintillation counters, multi-wire pro-

portional counters, and arift chambers give the same singles rates
per unit area.

(3) The singles rates depend somewhat, but not dramatically, on the
distance from the beam line. (Factor of 1.8 improvement in SP-4
MWPC's from 8" from the beam line out to 19"; factor of 1.4
improvement in polymeter from b” out to 5"- but some of this may
be due to more absorber between MWEC and the beam line; drift
chamber sense wire rates felY a factor of 2 from 3" out to 7).

We thank B. Hughes, P. Coyne, Rudy larsen, and G. Masek for the

background rate information.
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Sumrary of Background Singles Rates

IR
All runs taken at E= 2.5 GeV. with luminositys~3 x 1050cm“2sec'1
. beam currents #* 20 ma. in each beem, lifetimes " 2 hrs.
. distance occupancy per un
Device sxperimant location from dimensions oceugancy area
peam line (:l.nch)-e
I MWPC SP-4 vertical chamber ¥y= 8" D= 28"3 0.16 Y 20 x 107 ¢
near IR Az= 28" )
¥y = 10" n 0.10 1% x 107
y = 19" n 0.09 12 x 107
1] ' " Y "5 )
MWEE 8p-8 2 vertical and x or y=3"] 2 with Ax=15 1.0 35 x 10
‘poiymeter) 2 horizontal Az=72"
chambers around +
IR 2 with oy= 6"
' Az='|'2"
x or y=b" " 0.82 27T x J.O-5
x or y=5" h 0.59 20 x .'l.O-5
: .
counter 5P-8 vertical counter Ax= l%"'l i
near IR y=6 A2=28" | 2.6 x 10‘501 6.1 x 107,
! Pipe counter| SpP-2 cylinder
around IR r=5" = 5" 0.25 20 x 10™°
az = o
1 * H
Drift Ia Jolla | vertical chembers, Pax = 1" 6.2 x 107 | 10x 107
chamber |background L to beam line, Ay = 6"
placed &= T'
. upstream n-om\IR 2" y<8
near small angle
tagging shower
counters of Sp-8
Cosrdicate  syitem
X (‘Jcc.nl line '
£ t rcref) these measurements were made simultangously

¥

—r T =

[ 2B
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L d -~
P Bumary of Backyround Singles Rates
All runs taken at Es 2.5 GeV. with luminositys3 x 10) om'asec'l
bean currents 7 20 ma. in each beam, lifetimes . 2 hrs.
distance . occupancy per unit
Paviae axperiment locatlon from dimensiona occupancy dres
bean line (mch)-ﬂ
‘MWEC 8p-h vertical chamber | y = 8" Ax= 28" 0.16 20 x 1077
: near IR Aze 20" ’
¥y = 10" " 0.0 13 x 1077
¥y = 29" 1 0.09 12 x 1077
. -5 Y
MWPC 8p-B 2 vertical and x or y=3"| 2 with &x=15"|| 1.0 3B x 10 5
Ipolymeter) 2 horizontal AzT2"
chanbers arcund +
IR 2 with Ay= 6"
‘ . 2272
X or y=k" " 0.8z 27 x 107
x or y5" " 0.59 20 x 1670
counter | &P-2 | vertical counter, . Axa 14
near IR yeb Az=28") 2.6 x 107 6.1 x 10-5J
Pipe counter] 8P-2 eylinder
around IR ras5" r= 5" 0.2 20 x 1070
m = kou
Drift | 1a Jolla | wertical chamhers, b oae -2t 6.2 x 10 10 x 10~
chanmber |background L to vean line, Ay = B"
placed 22 T* .
R upstream from' IR 2cy<t
near small angle
tagging shower '
counters of SP-8
rnrl:.‘fl sy wem .‘.
X (‘un line N :
il t "f") t these measurements wers made Gizmultansously
\ >
(] § T -
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