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ABSTRACT 

The beam position monitor system of the B Factory is drastically different from the actual PEP system. We present a 
description of the new configuration and list the features which have been adopted to make this system a highly 
reliable diagnostic tool. 

An electrode geometry is suggested, based on the maximum-acceptable power extracted from the beam, and the 
measurement resolution is estimated by assuming some practical bandwidth and the noise level. Finally, an estimate 
of the system precision is made by adding up what is expected to be the most significant systematic errors. 

1. INTRoDUCTION turn trajectory and the stored-beam orbit, but it can also 
provide a measurement of the tunes, the phase-advance 
along the lattice, and the machine-dynamic aperture. Pickup electrodes have been recognized to be an 

indispensable tool for commissioning and operating 
accelerators. Even if some machines have been running 
without electrodes or with an insufficient number of 
them, further -improvements of these machines have 
usually been helped by a larger number of position 
detectors. Also,-more stringent requirements for beam 
orbit control and also operation of strong focusing 
lattices and transport lines have both led to an increase 
of the number of installed pick-up electrodes. 

Button electrodes are now very popular with 
electron/positron rings because they occupy very little 
Z-space. The two rings of the B Factory each have 144 
beam position monitors (BPM), a number which 
amounts to one BPM per-cell and to a little over five 
per betatron wavelength for the high-energy ring, and 

-four for the low-energy ring. 

In addition to button electrodes, it has been proposed 
that a higher-resolution position monitor be installed 
near the interaction region to help bring the beams into 
collision. Most likely, these electrodes will be strip 
line. 

Present-day high-volume data processing allows for 
treating the large amount of information delivered by a 
multi-turn pickup-electrode system. Depending on the 
system organization, the processing speed, and the data 
handling, a F&&&f system can supply not only the single- 
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2. SYSTEM CONFIGURATION 

To be able to offer the above-mentioned features, we 
plan to equip each pickup station with four high-quality 
transmission lines. This investment is mandatory if one 
desires a true single-turn system. Single-turn position 
measurement consists of acquiring a snapshot picture 
of the beam position when, because of some magnetic 
anomaly, the beam cannot be stored. In this case the 
beam travels either over only a fraction of the 
circumference, or maybe for a full turn, or even more, 
such as two, three, or four turns. As a result, the 
repetition rate of the signals to be processed is the 
injection rate of 60 or 120 Hz [l], but if successive 
turns are successful, the time separation for processing 
each turn becomes, of course, the machine period, or 
7.2 p. 

By contrast to the single-turn system, the stored-beam 
system benefits from a much higher repetition rate, i.e., 
the bunch frequency, and processing can be done in a 
variety of ways. However, making measurements every 
7.2 ps seems practical whether the machine is filled 
with one bunch or 1658 bunches. The electronics must 
accommodate these two modes of operation with 
flexibility, so that the abrupt transfer from one turn to 
many turns, and hopefully to a stored beam, can be met 
gracefully, without interruption of the beam 
monitoring. 
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-A l though  it is not  the scope  of this wr i teup to detai l  
h o w  the e lec t rode pu lses  wil l  b e  digi t ized, a  l ikely 
p rocess ing  scenar io  cou ld  consist  of ini t iat ing a  
s e q u e n c e  of 1 0 2 3  measu remen ts  for e a c h  station, at the 
mach ine  revo lu t ion f requency,  a n d  repea t ing  this cycle 
every  1 6  ms  ( the in jector per iod) .  In this fashion,  the 
b e a m  orbi t  acquis i t ion system b e c o m e s  int imately 
re la ted to the t r iggers of the in ject ion system. Y e t, it is 
not  ou r  intent to m e a s u r e  the posi t ion of ind iv idual  
bunches ;  however ,  the t ransverse feedback  system [2] 
of e a c h  r ing  is des igned  to p rov ide  this in format ion at 
o n e  point ,  at least, o n  the c i rcumference.  

3 . P O W E R  C O U P L E D  T O  P ICKUP E L E C T R O D E S  

T h e  m o d e l  u s e d  to calculate h o w  m u c h  b e a m  p o w e r  
-‘I coup les  to a  but ton is the capaci t ive d iv ider  of 

F igure  la, as  it is exci ted by  the b e a m  vo l tage wh ich  
appea rs  as  a  t rain of de l ta  funct ions of a r e a  (2rc) l i2 u  
.yb. T h e  total p o w e r  de l i vered  to R g  is ob ta ined  by  
s u m m i n g  u p  the p o w e r  of al l  the Four ie r  componen ts  of 
vo(t). W e . a lso  calculate the b e a m  p o w e r  coup led  to a  
15 jcm str ip(a length  approx imate ly  equa l  to h /4  at the 
RF  f requency) ,  and-wi th  a  str ip width taken to b e  the 
s a m e  as  the but ton t ransverse d imens ion .  

For  this second  m o d e l  (F igure  2a) ,  the i nduced  b e a m  

is d iv ided equa l ly  be tween  the str ip 

the s igna l  cab le  i m p e d a n c e  Rg.  

Note  that the total p o w e r  de l i vered  to the str ip is f ive 
tim e s  la rger  than  the o n e  de l i vered  to the but ton,  a n d  
that the p o w e r  at the R P  f requency  ( 4 7 6  MHz)  is 7 0  
tim e s  la rger  in  the case  of the strip. However ,  this 
analys is  is l ikely- to b reak  d o w n  for the very h igh  
f requencies,  say a b o v e  a  coup le  of GHz,  s ince this par t  
of the spec t rum over laps  wi th the v a c u u m  c h a m b e r  
wavegu ide  modes .  Also,  the coaxia l  l ines connec t ing  
these e lec t rodes to the electronics present  a n  
at tenuat ion propor t iona l  to (no0 )1’2  so  a  la rge  a m o u n t 
of the spect ra p o w e r  is s imply d iss ipated in  these l ines. 

4 . E X P E C T E D  B E A M  P O S ITIO N  
M E A S U R E M E N T  R E S O L U T IO N  

!t,is cus tomary  to est imate the reso lu t ion of a  B P M  
system frci@ -the expec ted  s igna l  s t rength a n d  f rom the 
Johnson  no ise  level  as  they bo th  a p p e a r  at the detector  
input,  be fo re  ampl i f icat ion.  

W e  der ive  the s igna l  s t rength f rom the a b o v e  
ca lcu la ted p o w e r  at the RF  f requency  (it is the lowest  
f requency  if the r ings h a d  al l  their  buckets  f i l led) but,  
for a  worse  case  est imate,  w e  a s s u m e  a  b e a m  current  
ten tim e s  smal ler .  W e  fur ther r e d u c e  this s igna l  by  the 
a m o u n t of a t tenuat ion of the longest  cables,  a,, a n d  by  
the a m o u n t of the f requency  convers ion  loss, af, wh ich  
occurs  in  a  he te rodyne lhomodyne  circuit. If a  w ide-  
b a n d  process ing  w e r e  contempla ted,  a fwou ld  then  b e  
the loss of the input-st retching filter. 

S ince  a  typical conf igurat ion of e lec t rodes is n e e d e d  for 
the eva luat ion  of the resolut ion,  w e  adop t  the 
d imens ions  ind icated o n  F igure  3. A t the mon i to r  
center  the sensit ivity factor app roaches  R/& w h e r e  R  
is approx imate ly  the rad ius  of the circle fitted th rough  
the but tons’ center  ( let us  i gno re  the d i f ference be tween  
hor izonta l  a n d  vert ical sensitivity). W e  take R  =  4 0  
m m . T h e  convent iona l  re la t ionship for the reso lu t ion of 
this B P M  reads  as  fol lows: 

Reso lu t ion  =  [F sf ]l i2 &  

F  is the process ing  cha in  no ise  f igure, (4KTBRt -# i2  is 
the rms  Johnson  no ise  vo l tage  in  the detect ion 
bandw id th  B  as  m e a s u r e d  across a  m a tched l oad  Ro,  
a n d  (2RoPacaf ) l j2  is the p e a k  s igna l  vo l tage  at the 
ampl i f ier  input.  Tak ing  the typical va lues  : 

F =  6  d B  (a  factor of 4 )  

K T B  =  lo- lo m W  @  2 5  M H z  a n d  r o o m  
tempera tu re  

P  =  0 .05  m W  (for 4  x log  part ic les) 

ac  =  2 0  d B  (0.010,  for 8 0 0  ft of 3 /8” 
Hel iax)  

af =  8  d B  (0 .158  ) 

w e  get  for the reso lu t ion of a  but ton- type B P M  : 4 5  p  

Repea t ing  the calculat ion for the str ipl ine B P M s  of the 
interact ion reg ion  with : 

P  =  3 .5  m W  ( for 4  x lo9  part ic les) 

ac  =  7 .5  d B  (0.178,  for 3 0 0  ft of 3 /8” 
Hel iax)  

the reso lu t ion becomes :  1 .2  p m  

2  
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F igure 1 : Spectrum of the beam power coupled 
to a button electrode. Button diameter : 1 cm 
Ro =50&2,T=4.2nS, 
Q , =  4% of the charge of a 4x lO ”particles beam 
C; =4pF, te =P,C e, CbCCC, 
u = 33 pS. (bunch length : 2 cm) 
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+i(t) is  induced at the upstream 
end of the strip and -i(t) at the 
downstream end. 

F igure 2 : Spectrum of the beam power coupled 
to a 15 cm strip. Strip w idth : lcm 
All other parameters are identical to those of 
figure 1. 
At =  0.5 nS. 
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As  the b e a m  current  increases,  these va lues  for the 
‘resolu t ion a re  subject  to improvements ,  p rov ided  that 
suff icient dynamic  r a n g e  b e  ava i lab le  wi thout  resor t ing 
to a  f ront -end at tenuator  in  the process ing  electronics.  

~ E X P E C T E D B E A M P O S ITIO N  
M E A S U R E M E N T A C C U R A C Y  
T h e  evaluat ion.of  the abso lu te  accuracy of a  B P M  
system is m u c h  m o r e  difficult to assess.  Cont rary  to the 
reso lu t ion for wh ich  a  measu remen t  can  b e  repea ted  
per iodical ly ,  systematic er rors  a re  usual ly  sor ted o n c e  
du r ing  the des ign  a n d  the init ial tests. In pr inc ip le  o n e  
is on ly  conce rned  with the res idua l  systematic er rors  
i;e., those wh ich  vary in  such  a  way  that they cannot  b e  
corrected.  However ,  it has  b e e n  a  ph i losophy  h e r e  at 
S L A C  not  to correct  al l  k n o w n  systematic errors,  for 

.‘I fear  of mak ing  worse  er rors  (get t ing a  s ign wrong ,  for 
instance),  a n d  ra ther  to work  h a r d  at min imiz ing  them. 

.For comple teness,  a n d  b a s e d  o n  present  exper ience,  w e  
list the er rors  wh ich  can  b e  expec ted  for a  B  Factory 
B P M  system. Al l  these er rors  a re  expressed  as  a n  
equ iva lent  b e a m  offset, in  microns,  a n d  for a  typical 
mon i to r  of the s a m e  variety as  the o n e  of F igure  3. 
I tem 2  is h igh ly  reproduc ib le  a n d  could,  in  pr incip le,  b e  
cor rected and - rep laced  by  the reso lu t ion ach ieved  for 
this laboratory  cal ibrat ion (typical ly 1 0  pm).  I tem 6  
cou ld  a lso  b e  reduced  by  character iz ing the electronics 
over  severa l  smal ler  beam-cur ren t  ranges.  

1. Mon i to r  mechan ica l  center  to the 
q u a d r u p o l e  axis 5 0  

2. Mon i to r  electr ical  center  to the 
mechan ica l  center  1 0 0  

3. Transmiss ion  l ines a t tenuat ion m a tch 2 5  
4. Transmiss ion  l ines p h a s e  m a tch neg .  
5. Im p e d a n c e  mismatches  @  4 7 6  M H z  2 5  
6. Cal ibra t ion res idue  of p rocess ing  

electronics 1 5 0  
7. M isce l laneous  : tim ing,  temperature ,  

components ,  etc. 2 5  

F igure  3  : Sugges ted  B e a m  Posi t ion Mon i to r  for the L o w  
E n e r g y  r ing. (Ske tch  cour tesy  of Tim O ’H e r o n )  
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7. FIG U R E  C A P T IO N S  

Fig. 1. Schemat ic  of the B  Factory e*  in ject ion system, 
us ing  the S L C  l inac a n d  a d d e d  bypass  l ines. 

Fig. 2. O p tics for the pos i t ron extract ion, bypass  l ine, 
connec t ion  to S IT a n d  S IT (d ispers ion not  shown) .  

Fig. 3. S to red -beam orbi t  du r ing  in ject ion into H E R . 
App l ies  a lso  to L E R  with a  c h a n g e  of scale.  

Fig. 4. Phase -space  d i ag ram of in ject ion accep tance  for 
H E R  after chromat ic  correct ion.  
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A d d i n g  u p  these er rors  quadrat ica l ly  w e  get: 2 0 0  p m  
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