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Plo t  Brm. a g f o r  SPBAR I and TI (Pigs. I1 and 12) 
X i t  obse rva t iwon  bunch length. Dem- 4 , f c  and 
Af. l h y  shanld be the  #am f o r  WBBIL I and II since 
vacuum dumber uochaqed in t r ami t ion  (only rf changed) 

Effective impadance: Sfnee other  elemants mch M f e r r i t e  kickern w r e  re- 
cwved - currant dependence of y due t o  inductive impe- 
d.nu pr-ent in SPEAR I but not in WBBIL 11: 

n-'= k ( g  - [l+U If]-# SPEAR I m y  f i e ld  modes (values of n) contribure to a single 
cohcrent beam mda (5). The nombcr smtr ibut ing i a  I ind  

l h i t e d  by the bunch modm spectrum -the rspoUentid k(I) - 1 WBBILn 
Plot  Ilh. va 0- (Pis. 13). Uae sem valuas for 

cutoff is  a r e su l t  of the Gaussian asfmuthal distribu- ZR,fc and Af. -am dth on II. 
tion. P i t  t o  dl 3 eat# of data obtained w f t h  Z g  - 0.2 M 

Comparison to coasting beam case 4ff - %6nno. fc - 5.1 a d  Af - 1.S G&. 
A s i n d e  f i e ld  mod8 contributes t o  a sirrele be= mode. 
pig. 5, Dispersion ~ela t ionl5-17 aod Effective Impa- Fie. 10. 4 ~ l * a t i o n  of theory to data frm S m  I 

dpnse.7-10 I___ - and 11.19-21 - - 

- Solution to Dispersion Balation: 
Condition for  s t eb i l i ty :  h(d < 0 o r  I % f f / 5 l  < 

(2n?g/e1)& .induced force < f reqancg a mad. .V.*IIV 6.1dC.V 
. v . ~ w r t  t.l.ao.v 

~ c a ~ i n g  law: s c a l y  paea-ter: 8 ,  b e f f ~ % i < f i ~  s v r r o  w: r.r.6 OH 

g - 2 n ~ u a l e ~ 1  - hVcoarpsk (I)lI, V peak r f  m l t a s e ,  h har 
monic numbor, rp. #table phase mgle, and k(1) U current 
dependence of par t ic le  syrrchrotron wave enmber, us. 

Include condition that  growth r a t e  be "feat": 
modification of threshold with &ff red.,. Equation for  
equilibrium bunch length b, given #,f Z s f f k  ' 
ge&[l + ( u h ~ ~ & ~ ) l . u  - (growth r a t e ) f i s p & r o m n  

Ifresuencv) . Tab U H 4. 
Pig. 6. Solution t o  dispersion relation,l%17 sealing 

1 

law9110 and equilibrium bunch leneth.&1° I 

what is  the impedance source? We propose: Pig. 11. Bunch Length a Scaling Parameter, g (SPEAR I ) .  - A cmbmbination of mpny closely spaced high frequency 
rwonators - The eources a r e  small discontinuittea in the vacuum 
c-r (for ex~mple, vacuum flangss) II - Addition of resonances leads t o  a primarily r e s i s t ive  
impedance - Approximate impedance by s Lorentrim shape (a long- 
ta i led  finetion) Z, = ~ ~ [ a Z / a & ( n - ~ ) ~ ] ,  Zg peak  PA- 
redance a t  central  frequency, fc central  frequerrey, 
fc-n.,fo, and Af impedance function frequency wfdth- wa4uv.c.a!4 WI 

full-width a t  half-height: Af - 2af0. . 

01 k N . l . 7  uv, c.1d M I  

0 a o m m w  
ff('&,fC,Af,0,) - z~ ~ ~ e 2 / a 2 + ( n - w ) 2 1 e - . ( n - ~ ) ' ~ .  ,m>. 10. I 

Pig. 12. Bunch Length va Scaling Parameter, g (SPEAR 11). 

.-rrcnx oa~mmo"a 
IY*ECAYCI 1 -- - 

impedance l i m i t )  
m dm - &zR/8- , t h f .  leads rn 

what haa bean lrnovn for  time 

%be questionable procedure of using coasting beam 
1 theory and replacing ad hoe the average current by the 
beak current5 pives the *enera& result .  
Pix. 8. Limit of verp broad imuedance. 

1 
Power dissipation in res is t ive  ring elamant5 : 1 

- - 
Sumeation. E e a t i q  of r ing a lamntr  directly Cor 

l f r w  the saue res is t ive  i q v . " t L "  
~mel ica t ion  ~ h m ~ ~ a & c a 2 / a  +(n+)21e-"'~ . 

8 .- -. .. 
Pig. 9. Belatiem between bunch lengthening and highet Higher Wde Basis tarree vs Bunch Length 

(SPEAR 11). 



ins tabi l i ty  theory adequately 
describes the a n d o u s  length of the electron 
bunch in 8pebB. 
Scaling law fo11owd over a w i d e  r-e of the real- 
fng PGawter ,  g -over 3 o rden  of cmgnitude. 
@ate: Ihe ecaling f8 not aer ic t ly  a coneeguenee 
of the p a r t i c u l u  theory ptesenmd here, but up 
dcnbtmdly haa a wider eignificsnce.) 

3. SuSgestionr that a) the source* w small chamber 
di8wntinuities act* as high frequancy resonators 
wad (2) the remultbg impedmce function is broad 
w d  r e e l a t i n  have been aharn to  ba cowistent  pos- 
tulates. 

O. Suggeetton tha t  bunch lengthening and higher mode 
heatfng are correlated and due to the 8- *edance 
source has been tested and eppeara to be a correct 
hypothesis. This L a s m n g  t e s t  of h-"fmt" - 
ins tabi l i ty  approach. 

5. "Pwt" ins tabi l i ty  theory in the class of theories 
predicting energy widening-camairtent with obser- 
vation. 

6. mrtiur tes t s  of +heow: - Redicta the presence of ".mall" coherent h a m  
signals i n  the frequency region 4-6 CXz since 

I the equilibrium is i n  the nature of an "unstable" 
*tam. - Effect on quaneum lifetime of bunch core increase 
could be observable. Momentum orb i t s  of core I 
parkc les  (those off the central momentum) are  I closer to  "maneum diffusion sink". . 

Fig. 14. Mscussion of Theoretical Pits10 to  SPEAR 
pat.. 
TO. PBBDICTIONS FOR PW AND PXTXA 

PBP and PEW p a r w t e r s  Wig.  16). Assume f c  and 
! ~ f  as SPEAR since vacuum chamber den* not too 1 
dissimilar. 

plot  predicted bunch length (&) w current (I). 
Por PEP and PSl'BA (Fig. 17). For 3 values of Zg: 
Zg c 2.0 m kquivalent to SPEAR), Zg - 1.0 M (2 t-a 
beria+ than SPEAR) and zg - 0.2 M (10 t h e e  bat ter  
than SPEaB). 

Plot predicted highar mode resistance (IBm) VS 

current (I) fo r  PEP and P8T88 (Pig. 18) for a' 2.0 ER 
1.0 M and 0.2 M. Uae 8- I from previuus plots. I - U ~ c a l e d  Scaled Unecaled -- 
Energy, B(DeV) 
'Peak r f  voltage, 

V (Pnr) 44.0 -- 34.3 -- 
magnetic Radius 

s of curvature, 
o (m) 169.9 -- 192.1 -- I 

t&,gy loss,  Uo 
* (plev/tu%tI) 26.4 -- 23.3 -- 
>Stable r f  phase - 
I WS cR 0.8 -- 0.749 -- 
'1~oo1ution frequency. 
I to (klrr) 138.5 -- 130.2 

-- 
.Central frequency of 

impedance, fc (a) 5 .I -- 5.4 -- 
,Impedance width, Af 

@Wmf. 0%) 1.7 -- 1.8 
-- 

Pasign current, I (A) 100 -- 80 -- 
! ~ r  of bunches, ns 3 -- 3 -- 
'~verageradius,Rfm) 344.9 115.0 366.7 122.2 
'8.rmonic number, h 2589 863 2304 168 
mode number, no 39000 13000 39000 13000 

Pig. 164 Table of Parame@srs for PBP and PSl'BA. Scaled 
meam with reference to the number of bunches. 
Formulaa apply with & - n 0-/B and both 
n snd n, a h ~ u l d  be values. Since % 
ia the scaled value, h should also be the 
acaled value. 

Pis. 17. Predicted 
b c h  Lsilgth vs 
&rrent for  WP 
and PBTBIL. 

Pis. 18. Predicted 
Higher Mode Reais- 
tMce vs Current. 
f o r  PEP and PEmA. 

If impedance same strength a s  SPEAR (Zx nr 2.0 M I ,  

4 x natural length, higher mode r w f a t m c e  > 100 M. 
If impedance strength 10 X bet ter  than SPBba 
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