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Abstract 

We study the applicability of beam-beam deflection tech- 
niques as a tuning tool for asymmetric B factories, focus- 
ing on PEP-II as an example. Assuming that the closed 
orbits of the two beams are separated vertically at the inter- 
action pqint-by a local orbit bump that is nominally closed, 
we calculate ihe residual beam orbit distortions due to the 
beam-be& interaction. Difference orbit measurements, per- 
formed at points conveniently distant from the interaction 
point (II’), provide distinct signatures that can be used to 
maintain the beams in collision and perform detailed optical 
diagnostics at the IP. A proposal to test this method exper- 
imentally at the TRISTAN ring is briefly discussed. This 
article summarizes Ref. [I]. 

1 Introduction 

Because of their two-ring structure, asymmetric B facto- 
ries are likely to require more diagnostics and feedback 
mechanisms than single-ring colliders in order to guar- 
antee head-on collisions. In addition to the traditional 
techniques, however, the independence of the two beams 
allows one to envisage other kinds of beam diagnostics. 

In this article we investigate one such a possibility, 
- by looking at the closed orbit distortion produced by the 

beam-beam interaction when the beams do not collide 
exactly head-on. We base this investigation on an ana- 
lytic model and strong-strong multiparticle simulations. 
Althoe.+ discussion uses the PEP-II (21 design as an - . 
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example, our conclusion is that this technique is quite 
a promising diagnostics tool for asymmetric colliders in 
general. 

2 Analytical model for closed-orbit distortions 

Under the “rigid Gaussian bunch” simplifying assump- 
tions [3, 41, listed below, we can carry out the analyt- 

. ical calculation of the closed orbit. This approach il- 
lustrates the basic features of the effect &d, for typical 
realistic parameters, is in good agreement with multi- 
particle tracking simulations that do not involve some 
of the most important assumptions. The analysis pre- 
sented here follows that of Hirata and Keil [4], suitably 
augmented to include a closed orbit bump at the IP. 

We assume that there is a single IP endowed with 
an orbit bump that splits the closed orbits apart by a 
distance d. It does not matter how d is apportioned 
between the e+ and the e- beams as long as the te 
tal separation of the nominal orbits adds up to d. For 
simplicity, we take this orbit separation to be purely 
vertical. We assume that this orbit bump is nominally 
closed. i.e., tl~at in the absence of the beam-beam force 
the orbits coincide exactly with the nominal orbits in the 
region “outside” the bump. Because of the beam-beam 
interaction, however, there is a residual closed orbit dis- 
tortion everywhere in the ring. The situation is sketched 
in Fig. 1. We further assume that: (1) the bunches are 
not tilted; (2) all effects from parasitic crossings are ig- 
nored; (3) the beam sizes are independent of d and have 
their nominal values; (4) the beam-beam interaction is 
treated in the impulse (thin-lens) approximation; (5) 
for the purpose of computing the beam-beam kick, the 
particle distributions are taken to be Gaussian; and (6) 
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Figure  1: E levat ion  sketch of the vert ical c losed orbi t  
b u m p  n e a r  the IP  (LER= low-ene rgy  r ing, H E R = h i g h -  
ene rgy  r ing).  

the r ings a re  rep resen ted  by  l inear,  uncoup led  arcs. As-  
sumpt ions  (3)  a n d  (4)  a re  r e m o v e d  in  the mult ipart ic le 
t racking s imulat ions m e n t ioned be low.  

T h e  condi t ion for the ex is tence of a  c losed orbit,  
y ie lds the we l l - known re lat ion be tween  the cent ro id  dis-  
p lacement  at the IP  a n d  the def lect ion 

(1)  
with a  co r respond ing  express ion  for the hor izonta l  q u a n -  
tities. H e r e  the cent ro id  d isp lacements  Y &  a re  m e a -  
su red  re la t ive to t he  b u m p e d  nomina l l y  c losed  orb i ts  ( s e e  
Fig. 1).  In ou r  par t icu lar  case,  in  wh ich  the b u m p  dis-  
p lacement  is a s s u m e d  to b e  pure ly  vert ical, w e  look for 
so lut ions wi th X*  =  A X i  =  0  (we  a s s u m e  that the 
paramete rs  a re  such  that there  is n o  “spon taneous  orbi t  
separa t ion” [4] e i ther  hor izonta l ly  o r  vertically). 

T h e  def lect ions A Y i  a re  compu ted  f rom the e lec-  
t romagnet ic  b e a m - b e a m  kick p r o d u c e d  by  the oppos ing  
b u n c h  [3]. By  comb in ing  them with E q . (1)  o n e  f inds 
the set of two non l inear  equa t ions  

_  Y +  =  A ,+ ImF(O,  Y +  - Y -  +  d,  Sz,  C,)  

Y -  =  A ,-ImF(0,  Y -  - - Y +  -WJy)  (2)  

where  F(z,y,az, u Y )  is a  comp lex  [5] funct ion2 a n d  Z  
a n d  A  a re  g iven  by  

cy =  j/m  (3)  

20u r  def in i t ion of F  dif fers f rom that in  Ref. [S ] by  comp lex  
con jugat ion  a n d  a  factor of 2i. 
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For  the case  a,* > >  cry&, a  pract ical  ru le  of t humb  
[l] for the solut ion is the fo l lowing:  the m a x i m u m  orbi t  
distort ion at the IP  occurs  at d  1: 2x,, a n d  is g iven  by  

(I’*) m a x  N  PxZ,*tc, cot(nvy*) (5)  

w h e r e  Z,+ is o n e  of the four  coheren t  b e a m - b e a m  pa -  
rameters  [4], 

=  
- y+  =  

roN-  P ;+  
~ ‘v+~, (~z  +  C Y )  

Hav ing  so lved for Y*, the c losed orbi t  d istort ion at 
any  po in t  in  the r ing  is g iven  by  

Y *(s) =  2s i~ ~ y*) ~ ~ cos(~y*(s)  - ?Fvy*)  
(7)  

w h e r e  Q ~ *(s) is the beta t ron p h a s e  advance  of the ob -  
servat iou po in t  m e a s u r e d  f rom the IP . 

3  App l ica t ion to P E P - II 

T h e  resul t  of so lv ing Eqs.  ( l -2)  for nomina l  va lues  of 
P E P - II pa ramete rs  [2] is s h o w n  in  Fig. 2  (nomina l  m e a n s  
h e r e  in  the absence  of the b e a m - b e a m  interact ion).  A lso  
s h o w n  a re  the results f rom st rong-st rong mult ipart ic le 
t racking s imulat ions,  wh ich  inc lude thick lens effects for 
f ini le b u n c h  length,  synchrot ron m o tion, rad ia t ion a n d  
q u a u t u m  excitat ion, a n d  t ransverse b e a m  b l o w u p  d u e  to 
the b e a m - b e a m  int.eract ion. T h e  s imulat ion was  car r ied 
out  wi th I’okoya’s c o d e  [G ] wi th 2 0 0  superpar t ic les pe r  
b u n c h  for f ive d a m p i n g  times.  T h e  re lat ion Y +  =  -Y-  
s e e n  in  these results is o n e  consequence  [l] of the ap -  
prox imat ,e  t ransparency  symmetry  [7] sat isf ied by  the 
nomina l  parameters .  

4  Discuss ion of exper imenta l  feasibi l i ty 

\I’h i le  the c losed orbit,  d istort ion is qu i te  smal l  at the IP , 
it is ampl i f ied cons iderab ly  at the b e a m  posi t ion m o n -  
i tors (BPMs) .  O n e  can  est imate [S ] the rms va lue  of 
the orbi t  dist.ort. ion a n d  the measu remen t  er ror  of the 
angu la r  def lect ion at the IP  by  mak ing  the fo l lowing 
assumpt ions:  (a)  equa l  B P M  errors  for al l  B P M s , (b)  
equa l  be ta  funct ions p  at the B P M s  a n d  (c) r a n d o m  av-  
e r a g e  beta t ron phases  at the B P M s . O n e  then  obtains,  
f rom Eqs.  (1)  a n d  (7),  

Y (BPh l )  N  4  P IP ; 
Y( IP)  - Jzcos(?Tvy)  (8)  

(9)  
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Figure 2: Beam-beam induced orbit offset at the IP for 
PEP-II and TRISTAN. Solid: multiparticle simulations; 
dashed: result from solving Eqs. (l-2) for nominal pa- 
rameters. 

where N is here the total number of BPhfs and ~gp~ 
is the rms measurement error of each BPhl. Using b = 
30 m, the resultant amplification factor for PEP-II is 
Y (BPM)/Y (IP) N 45. 

.~ A proposal [9] h as b een put forth to test these ideas 
experimentally at TRISTAN. Results of the correspond- 
ing calculations [l] are also shown in Fig. 2. The ef- 
fect is larger for TRISTAN than for PEP-II mostly be- 
cause the tune is further away from the half-integer 
(c$ Eq. (5)). Assuming p = 20 m, N = 100 and 
QPM = 5pm, which are typical for TRISTAN, we ob- 
tain Y(BPM)/Y(IP) N 25. The resultant estimate for 
the-error for AY’ is N 1 prad, and the error by which 
the orbit displacement Y at the IP can be determined 
is N 0.2pm, which is small compared to its maximum 
value (- 1 pm) and to the rms beam height at the IP 
(- 8~4. Xl+ . 
supply jitter%. 

error is probably dominated by power 

This kind of precision makes the beam-beam deflec- 
tion method quite promising in its applications to IP 
spot size determination, as well as to feedback systems 
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that maintain the beams in collision. 

The method can also be examined in the frequency 
domain [l]. The u - * frequency split can then be used 
as an additional diagnostic tool. 
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