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The formula suggested in' presumably describes the weak
beam blowup when it interacts with s fixed counter-roiating
strong beam in an electron storsge ring. This gives us an oppor-
tunity to make a comparison of experimental results cbtained
on two SLAC storage rings PEP and SPEAR with the theo-
retical calculations as well a8 to stuedy the dependence of the
phenomenon on different machine parameters.

To the present papet we present sach & compavison with rea-

sonably good agreement between the experiment and the theory.
The important conelusion from our study is that sny valid the-
ory of the heam-beam phenomenon should take into sccount the
asymmetries of the machine parameters atisiog in any storage
ring from all kinds of macbine imperfections.
Theoretical Description The theoretical formuls is obtained?
by solving the Fokker-Planck equation with the help of a pertur-
betioc method. In our case the beam-beam force F{z,y) plays
the role of the perturbation. For head-on collisions, considered
here, this foree eontains the linear part:
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For particles of the weak beam, which happen to be in the
vicinity of the strong bunch center, the linear part of the force
changes the tunes »,r and the 2 functions fz, gy by maximal
values consistent with the magnitude of the foree. For particles
in the taiis of distribution the force has the reverse slope. For
such & particle the unperturbed machine parameters probably
betier represent the particle motion. The distribution of the
particles on the tune shift axis for a flat beam is found in Rel.
3. The maximum of the distribution appears to be at > 0.6<-0.7
of the maximum incoherent tune shift That suggests that the
correct solution should be zomewhere between the two following
solutions
Approach A. Consider whole beamn-beam force as a perturba-
tion, Then the beam blowup, i.e., ratio of the vertical rms size
By of the weak beam perturbed by the interaction to the un-
perturhed value gy of the same parameter, is described by the

formula
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where the ratio Eyfey is found iv Rel. 2. I is expressed in
terms of the vaperturbed machine parameters (tunes, § fune-
tions, space charge parameters £).

Approach B. Let us define

F=Fs + AF 0

AF=F-Fy, ®

ConF - 30833~ ~55

Consider now only AF as perturbation inclediog st the same
time Fjy, into the machine Jattice. In this case
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where By, as well as B, v, 7 are ihe velues of the  functions
and tunes perturbed by the linear part of the beam-besm force
{dynamic 2 and tune). Formula for E, /ey in this case can be
found in Ref. 1.

The essential difference of this case from case A is that ¢ase
B takes into aceount the dynamic chenge of the tunes and the
smplitude functions of the machine.

Results for the beam blowup te the first order In € (or the
strong beam current), are the same in both cascs, of couree. But
they are quite differont in the second order in €.

Experimental Method and Resulta

PEP Vertical beam height measurements in PEP were abtained
by means of an X-ray monitor.! In this device synehrotron tadi-
ation was detected by a Buorescent screen viewed by » vertically
scanning TV camera. All the video scans in a single frame are
averaged to give an snalogue signal represeniing the vertics!
beam profile. This profile signa) was processed to obtain a sig-
nal proportional to the full width at half maxit ium, which was
then digitized and displayed at the contro] consols, Ahsolyte
calibration was not available, Relative measuremment errors weie
estimated subjectively at about 20%.

Operating conditions for both PEP snd SPEAR measure-
ments are listed in Table 1, Data for PEP on beam height ver-
sus current are given in Table 2 and compared to theory in Figs.
1, 2 and 3. Curves 1, 2, and 3 on Fig. 1 present the results
of caleulations using the ease B formula assuming the coupling
factor (ey Jez) before eollision to be 0.015, 0.020, snd 0.025, re-
spectively. Curves 4, 5 and 8 present the results of ealeulations
for the same machine parameters but using the case A formuls,

In both eases the asymmetries in the smplitude functions
at IP AB;, ASy and in the tunes per superperiod Av, &r are
defined by random numbers uniformly distributed in the interval
za, where a is 0.1 for Af;/8r, 88y/Fy and ¢ is 0.01 for &v,

'

‘Table 1. Nominal Machine Parameters

Parameter PEP SPEAR
Particle enesgy (GeV) M5 1.88%
Strong beam current {mA} 30.0 80
Horizontal § fanetion st IP {m) 3.0 Le
Vertical 2 funetion at IP (m) 011 0.10
Coupling factor (ey/ez) 002 o001
Number of interaction points (IP) L] 2
Horizontal tune per superperiod & 3545 2080
Verticsl tune per superperiod 3082 2.500
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Table 2. Experimental Data

SPEAR PEP
No. 1{mA) Eyjay No. 1(mA) Zy/oy
e et e et
1 2.0 20 125015 1 9.70 300 1057 +02
2 3.0 2.0 1451020 2 14.74 295 11802
3 40 18 1821025 3 19.55 288 130402
4 8.0 18 191031 4 22.48 282 15003
5 70 1.7 191%0.20 5 25.198 270 195204
] 80 17 1L78+023 ] 30.53 2.50 03 =04
7 923 10 3.2%1.52 7 3172 244 205
8 [ L] 21 4731078
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Fig. 2. Beum blowup versus unperturbed vertieal tune (per-one
superperiod). The calculations are done using the case A formnls
for strong beam curreat 30 mA. The same machine parameters
- are assumed a3 for the curve 2 on Fig, 1.
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Fig. 1. Theoretical (curves) and recent experimentsl (points) W
results for the weak beam blowup versus the strong beam current 2 -
for PEP (zee text).
In the small current region the nolid eurves are below the 'r 7
line E;/oy == 1.0, while the dashed curves are above it. This
occurs due to the focusing produced by the strong current — the ° ! ] ]
effect taken into acecunt in case B by using perturbed {dynamic) o 1) 20 20 40
A2 tuncticns. s STRONG BEAM CURRENT I (mA) prvon

The results of ealculations in case A (dashed curves) seem
to be less sensitive to the machine asymmetries. This is the
consequence of the assumed independence of the {unperturbed)
wunes ob the strong beam current in case A.

Fig. 3. Strong dependence on the assumed asymmetry values is
itlustrated i this figure. Curve 1 is the same as curve 2 on Fig.
1. Curve 2 is ealculsted with Av and Ar twice as big (the rest
of the parameters are the same).
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SPEAR The beam profile measuremenis in SPEAR employed
optieally buaged synchrotyon radiation which was scanned azross
= photodiode by a rotating mirror. The proBle signale were
recorded by an £-y plotier.

Data® are givea in Tuble 2 and compared o theory in Figs.
4 and 5. Curves 1, 2, aod 3 cb Fig. 4 present the reschs of
calculations using the ease B formuls for coupling factors 0.0025,
0.010, and 0.020 respectively. The asymmetries in the machine
functions are assumed to be in the interval 30.08 for Af,/8:,
Afyf 8, and £0.02 for Av, Ar.
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Fig. 4. Theorstical (curves) snd experimenta) (points) reaults
for the weak beam blowup versus the strong beam current for
SPEAR (sse text).
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Fig. 5. Beam blowup versus unperturbed vertical tune (per one

superperiod). The calculations are done using the case B formuls
for strong beam current # . The same machine parameters
aro assumed as for the curve ] on Fig. 4 but the unperturbed
boritontal fune. Curves 1, 2, and 3 correspond to values v =
2,62, 9.84 {(zominal value for SPEAR), and 2,88, The nominal
vertieal tune for SPEAR is 2.50.
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