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Bunch Lengthening i n  SPEAR and ~ x t r a ~ o l a t i o n  t o  PEP 

A recent  theory of bunch lengthening suggests  t h a t  i t  i s  caused 

pr imar i ly  by the combination of many high-frequency resonators  which add 

u p  t o  produce an e f f e c t i v e  broad-band r e s i s t i v e  impedance. The ul t imate  

source i s  thought t o  be such small chamber d i s c o n t i n u i t i e s  as vacuum 

f langes .  Since i t  i s  t he  r e s i s t i v e  component of the  impedance t h a t  i s  

r espons ib le ,  the bunch lengthening should be d i r e c t l y  cor re la ted  w i t h  the  

heat  d i s s ipa ted  in these  r ing  elements.  

From the theory given by Messerschmjd and ~ o n t h ' . ~  the  equil ibrium 

bunch length can be obtained from 

U Z R '  "o' a , ern,,) = g  . 

The quan t i ty  g i s  a  s ca l i ng  parameter which depends on t he  machine and 

beam parameters b u t  not on t h e  bunch l eng th ; ,  
. . 

h V cos @s k 2  ( I )  
g  = 3 

I 

with 

h the harmonic number of the  r f  system, 

V the peak vo l tage ,  

I' the  dc c u r r e n t ,  

0, the r f  s t a b l e  phase ang le ,  and 

k ( 1 ) ' a  function of cu r r en t  represent ing the  change of 
synchrotron irequency w i t h  cu r ren t  ( I  in  u n i t s ,  m A ) .  

3 
We use f o r  k'(1): 



k ( 1 )  = 1 (SPEAR I 1  and P E P )  

The function G depends on the character of the coupling imp~dance and in 

particu.lar on the central mode number, n o ,  re la ted to  the frequency by 

f  peak = n o f o  , 

where f o  i s  the ring rev01 ution frequency, and the f i e ? d  decay r a t e  para- 
meter, 

with Q the qual i ty  f ac to r ;  a i s  re lated to the i v i d t h  of the impedance by 

and ZR i s  the peak of the r e s i s t i v e  par t  of the impedance; i  . e . ,  a t  f r e -  

quency fpeak.  'The bunch length o i s  given by 

where R . i s  the overall machine radius.  

Speci f ica l ly ,  the function G i s  

Because the impedance source i s  a combination of many resonant objects in 

the r ing ,  we can expect the "sum" to be dominated by a  r e s i s t ive  component. 

Thus, neglecting the react ive term and writing a Lorentzian shape fo r  the 

impedance function, we have 



The po!:ler loss  to  these source elements i s  due to  the same impedance 

function 

where the higher-mode resi  stance Rhnl i s  gi- en by 

We can f i t  the bunch lengths observed3y5 in S P E A R  I  and I1 with the 

fol 1 owing impedance parameters : 

n o  = 4000 = 5 . 1  GHz 

a . = 700 ( Q  = = 1.8 GHz 

The theory and data point comparisons a re  given in Fig. 1 f o r  SPEAR I  and 

Fig. 2 for  SPEAR 11. Remember t h a t  both s e t s  of data a re  f i t t e d  with the 

same impedance. Now, as has Seen pointed out ,  t h i s  impedance also deter- 

mines the higher-mode res i s tance ,  which i s  plotted in Fig. 3 and compared 

with a few measured6 points in SPEAR 11. 

To apply the theory to   PEP,^ we must guess a t  the impedance. Assuming 

tha t  the vacuum chamber in PEP wil l  be of s imilar  design to  t h a t  in SPEAR, 

we simply scale  ZR with circumference. 

. ,Because PEP i s  t o  have three bunches, care must be exercised in using 

the above formulae. In Table I  a r e  l i s t e d  some P E P  parameters, particu- 

l a r l y  those which must be modified t o  take the three-fold bunch .p~r iod ic i ty  



in to  account. 

Table I : PEP Parameters 

Value fo r  Bunch 
Parameter Val ue Lengthening Analysis 

- --- _---- - 

V (peak voltage) 4 4 4 4 MV 

I ( d c  current)  100 100 mA 

h (harmcnic number) 2 589 86 3 

d (averask radius) 345.0 115.0 111 

E (energy) 15  15 GeV 

u, (energy. loss / turn)  26.4 MeV 

The impedance parameters must be scaled from the SPEAR to  the PEP 
circumference. In Table I 1  these scaled parameters and t h e i r  values a re  

gi'/en f o r  use in the above formulae which were derived from a one-bunch 

analysi s. We use 

R p E ~  = 9.2 . 



Table 11: Scaled Impedance Parameters f o r  PEP 

Parameter Val ue Value f o r  Bunch 
Lengthening Ana lys i s  

0 
(mode number) 12000 x 3 12000 

( f i e 1  d  decay r a t e  2100 
parameter)  

9 (quai  i t y  f a c t o r )  2.9 

fpea k (peak f requency)  5.0 

(A f )  fwhm ( f requency  \ u i  d t h )  1.74 

2 .9  

5.0 GHz 

1.74 GHz 

ZR 
(peak r e s i s t i v e  1.84 1.84 MR 
impedance) 

'rms (bunch 1 ength)  G/~P;P 3a/ R~~~ 

I n  F i g .  4  we p l o t  t h e  bunch l e n g t h  f u n c t i o n  G ( Z R ,  a, n o ,  Orms ) f o r  t h e  

impedance c h a r a c t e r i z e d  i n  Tab le  I I ,  and i n  F i g .  5  we p l o t  t h e  higher-mode 

r e s i s t a n c e  f o r  t h e  same impedance f u n c t i o n .  For  t h e  PEP parameters we f i n d  
, - -- - - . . - - . - . - - . - - .- . . . .. - -. . . - - . . . - . - - - - -. . - . - . . - . . . - - - .- - - - - - 

g = 304 x 10'. From F i g .  4  i t  can be seen t h a t  t h e  e q u i l i b r i u m  bunch 

l e n g t h  erms = 0.89 mrad, o r  o = 10.2 cm -- more than f o u r  t imes t h e  na tu-  

r a l  bunch l e n g t h  onat = 2.4 cm. We f i n d  f rom F i g .  5  t h a t  t h e  higher-mode 

r e s i s t a n c e  f o r  t h e  10.2-cm bunch l e n g t h  i s  110 Mn. 
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AW.S'T = 3 'AY OSC = A 0 



SPEAR 11 Data 

A V = 1 . 7  MV, E a 1.5 GeV 

X V = 3 . 4  MV, E = 3.0 GeV 

T l i e o n ~  

11 = 4000 
0 

Q = 2 . 9  

0.4 
(V = 1.7 MV, E - 1.5 GeV) - 



~ r e d i c t e d  " l l i rhcr  F l ~ d e  Res i s  tancc?" 
-------.- -----_ 

2 
P Z # I R  

o - SPEAR 11 0bserva:ions 

F i g .  3 -- H i  gher -mode  Resi s tance  - -  SPEAR 



PEP Bunch Lenq th  -- 

A - -  P.EP ( 1 5  GeV) 

= 863 

F i g .  4 -- B u n c h  L e n g t h  -- PEP 



Predicted "Hi~her-mode Resistance" - - 

fpeak = 5.0 GHz 
ZR = 1.84 MS 1 ( A f  )fwhm = 1.74 GHz 

A -- PEP ( E  = 15 GeV): a = 10.2 cm 

-.-..-1.- ' , I I--. -1- 1 . .  I . I.. I 1 .. u 0 2.3 4.6 6.9 9.2 11.5 13.8 16 .1  18.4 20.7 23.0 25.3 27.6 29.9 

F i g .  5 -- Higher-mode Res i s tance  -- PEP 




