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ABmm
A program thatuses a MWtechniquetosirnuktethe_

Mo in aar e+e- co~ders is appfiedto the~. ~
tique makesitpossibletornvmtigateW particbbehavior
in reasonableCPU”times. me programnow includesfour
interactionpointsanderrorsatorbetweentheWs. ~-
andysis shows that the errorsbreak the symmetryand
introduceexm low-orderresonan- thatareforbiddenby
symmetry. Simulation results show the expected
phenomenon.Anothereff~ thequadruplemodemh=ent
motionof thestrong~ is dso studied.

L ~ODUaON
A skulation method[llwasproposedto look intorare

particlesin the beamtail (halo) while savinga factorof
hundreds,or eventhouwds, on CPUtimeas mmparedto
brute-forcetracking.A programb=d on tils methodwas
written,testedandapptid to ~P-11 to understandtheMo
fromthehem-beaminteraction[21.me studjconcluti that
theEsonancestreamingdo~ thebeam-a ~edme.

~is techniquewas dso apptiti to UP. me resultB
showti that the resonancestreamm. gbytheti-beamkidis
rektively weak in the W, but the httice notiearities, in
combination with the ~-beam interaction, can dramatidy
cbge Wetimm in the MP[31.

To model a more *istic W, the simuktion program
has - upgraded to hande four interacdon points m). me
results show tie important role of the errors. Htitonian
dysis has been ex~n~ to interpretthe simuktion malts.

~. -~w ~WYSIS m ~OM
me Hamiltoti including the--beam interaction-

be writtenx

H(x)Px!y$Py. ~) = Ho + v~~(x, y, $) (1)

where HOis the unperturbed Hamiltonian of the storage ring,
and VBBis the beam-beampotenW[41. With BW interaction
poin~ the beam-- potentirdis

(3)

and VF is &f- in [4] with tie additiond feature that it
depends onthe~ of m-on point b. BY applmg
Fourier tiy~ equatinn (1) b-

+k~cL)2 18)x imJm(k~,*c12)exp(i(pv.+ Wy (4)

-2x(n-mQ)s/ 0+i2ti/BP}

where T: is afun~onoftransversetions andstiongbeam

tiat~W, andk&isawavenw~ thatrdsodepends
on P pems. AQb’sare the phase advanm ~ from
ml to h *W to b Stanw phase advance @lp.

Fii examinethe phase in the mnd exponenthdfuntion
b quation (4). Wquiring it to vary slowly gives the
~ condition

PQ. +rQy+rnQ=n~ (9

Howeves,if th=e areno -q Le.,~ tie Ws areidentid
andtherearenophasetivanm_ onem dropthesw
scriptb in q. (4) andthesumoverb reducestothefactor
no-l

zexP(i2~ 1 Bw). ~ factor, which can be viewd as a
b=O

sum of a group of v-, eq~s - urdess n is a mdtiple
of BIp. Wnance with n noteqti toamtdtipl=of BIp are
e~ as the vwtors can~l =h other. me r=onan=s
kft m

Q. ~ Q—+rL+m_=h&ger,
‘PBP BP BIP

(9

~ is equiv~nt to a storage fig with one W and l/BIp

of the sti. E the Ws are notidenti~ ortherearephase
advance errors or both, the wcehtion W not happen. h
case the Ws are not identid,thewnances haveunequal
rnagnitumsothattheyW not-ml completely. h the
otherM the phase advances between Ws are cliff-t and the
vectors are no longer everdy S* so that the cance~on is
ti-pl*. As one - see from eq. (4), the phase advance
m Ween ~s comb@ with each mnance give p-

ti exp(i2z(pA@ + rA@)}. A rough estimate of the

sum over b is aboutequivalent to the sum of unit v- with
diffmt pk. As the dL the phase advanceerrors may
selm certain resonances and die ate against others,
depmg on b phase ~.

me above *ysis gives two mquen- for mdtiple @
cofiders with ~ Fm4 moreresonancesareintroduced.
me resonanmconditionwiti ~ fi PQ. + rQy+ rnQ,= nt

or, interms of tune per W, the -dition is
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~& +r~+m&= integer.

B,P BP BIP BP
m

Comparing eq. (7) with eq. (6), One can see that many
more resonances are ~owti in W case. SmnG among
those resonanms, some are possibly of lower order. Their
=Ce can drama~y -ge the ~ -iuti~ or tie

h&wheredBI#,be~titi@4tixmy
~ resonanms as a perfect symmetric machine.
Considering the many synchrotron sidebands involva the
toti number of resonan= Wowed in an asymmetricmachine
is si~mfly higher.

~. S~nON ~~T
me beam distribution from simulations is P1OW in

-verse amptitudes-. The amplitudesare n~ W
beam Ws. The contour ties give eqti number density, and
are logtithmic. FIP 1 gives the= disrniution of W
with a tin- kttice and 4 symmetric Ws. Resonanm ties
allowed by symmetry up to 8th order are plotted over the
distribution. One a identify the resonane 2&-2Qw2Q* as
the one-thatdominatesthe@ fem. - “
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Hg 1. UP bem-bem W distribution~ resonm=. A besr,
synunetic latti= h usd. ~e tunesin tbe kgend ref= to 1/4 of

tie tom tunes.

When mndom emors are includa the W distribution
changm dramatidy, as we ex-. me errors introdud
include mrs in the &tictions and dispersion functions at
-h P, and phase advance errors between Ps. The phase
advance - can be as kge as 0.015 @ 0.04 because osdy
wo arcs have ~ cavities[51. When the phase advance errors
are rntiu~ the-tunes of tie machine are held consti
Figure 2 shows the distribution. -

With httice -, about 40 msonsnm5 appe- ~1* the
footprint of the beam-beam interaction. Ordy fow of tim
monances, chosen ~use they ap~ rebti to the hrdo, are

pbttedinfi~2. =6 resonanminfigurelmswthm.
However,Oey apparentlyhavelittieeffecton thetail
distribution. me resonances 2QX~2Qy~OQS=514 md
~~~3~J4 seemrespotible for the vertiti W, and
we conjecture W the lower order resonance is more
ire-g as discussed below. W ~nance 2&+2Qy -
l@5/4 ti k an effect at the ~kft -a. Notice that W
th- ~ are f~i m ties~ case.

15

The htionti W is be~v~ to & re= to the Hnsnce
4QX=914. ~is is a low order resonance forbidden by
symmetry. h thers~~ a ~ at Ax=5.5, A~l ~ f~~.
Bmuse the htionti tune of W is very close @ the 4th
integ= resonan% thm k a good mn W this resonanceis
very smng. W -d cause serious problems in Metime
Wted by a htinM p. Figure 3 plots the Medme as
a function of htintrd me for the perf~t s~etric
Mtice (fi~ 1) and the accelerator with errors (figure 2)
-v~Y.

Metim vs. hwbntal sptiure
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Rgure3. Lifetime versus botinti -e forMP witi snd
witiout esrors.
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Following the discussion in the previous section, we
checked the s-of vectors exp(i2z(pAQ~ + rA@)) for the

particti errorsin figure 2. We found tbe magnitude of the
sum for resonances 2G+2QY is 3.53, w~le for ~~ce
QWy is 2.44. me maximum of this numk is 4, whih
=S the vectors are wgnd). @mi_g 4G+~y-3Qs
4/4 is a 7th order -nance, we tend to bekve tit ~
2&+2Q@~=5/4 is the wjor ontiutor driving the W

N. ~ OF CO~ M~ON OF THE
STRONG BW

Strong coherent quadruple motion has been observti in
~ operation[q. me depth of the beam* modtion can
be as large as HO%. Coherent motion has been found
signifimt effti in the _ ~os of proton hcs[’1. To
answer the question whether the m-tion wntribu- to the
tail distribution, this effect is testi in the simuktion. Sinm
our program is based on strong weak picture, we -ot
simu~ the coherent core motion. However,we can include
the motion in the strong beam and look the response of the
weak - M. The hofionti - * of the strong -

- is modtited by MO% at a ~uency of twiw of the h~n~
tune. Figure 4 shows the results with and without coherent
motion in the smng beam. To get this restic a symmetric
Mtice is u- but certain httice nonlinearities tunmhift tith
amplitudm and energy-L ~ hcl@[31. Flg~ 5 gives
the~etimefor these cases. These resdts suggestthat the core
modulation does not make ~atic change in tie tail
distribution.

(a)
I

m) I

0 15 15

Figure 4. LEP beam-beam M distibutiom. (a) without inherent
motion. (b) with strong beam quadruple mode inherent motion.

V. COnfUSiOnS
More simttition studies on beam-beam tail distribution

and Metimehave ~ _ OUL~sortances have the most
important role in the W formation. h a previous paper[31,
we have discussed Mtice nordinearitiesand chrotic effects
that tie -tic changes in M distributions. Here, we
discussed the errors in a multiple W machine that introdu=
mrmy low order resonances. Ml these effects result ti
modiiying resonance structure and can be bterpreted by
tiystie structure. 1-

From our study, we found that the tail distribution is
sensitive to uncertain conditions, such as errors, kttice
nordinetities chromaticities, etc. We betieve that this is the

mn tit it h difficult to get good ag~ment betw=n
shttu~on and UIerator experiments. We are wing @
understand more about this problem and pushing toward a
~k ~ tieen simtion and experiment
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