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ANGULAR DISTRIBUTION OF POWER FROM AN UNDULATOR AND A WIGGLER 
ON A 6-GeV STORAGE R I N G  

There are two fundamental  reasons  to  have a f u l l  knowledge of the  a n g u l a r  

d i s t r i b u t i o n  of power from an  i n s e r t i o n  device:  

1. To e v a l u a t e  the  hea t - load  d i s t r i b u t i o n  on the  f i r s t  o p t i c a l  e lement  i n  a 

beamline.  

2 .  To e s t f m a t e  t h e  t o t a l  r a d i a t e d  power which w i l l  impinge on t h e  walls o f  a n  

i n s e r t i o n  dev ice .  This  i s  impor tan t  t o  ensure  needed coo l ing  of the i n s e r t i o n  

dev ice  walls.  The photodesorp t ion  i s  ano the r  c l o s e l y  r e l a t e d  phenomenon 

determined by the  exposure of the  i n s e r t i o n  dev ice  w a l l s  t o  t he  r a d i a t e d  power 

and of consequence t o  t h e  s u c c e s s f u l  o p e r a t i o n  of the  s t o r a g e  r ing .  

We have d i s c u s s e d  the  angular  d i s t r i b u t i o n  of power from a wiggler  sou rce  

i n  some d e t a i l  i n  t h e  p a s t  (LS-42, ANL-85-69). 

focus  on u n d u l a t o r s ,  b u t  a l s o  cons ider  s i t u a t i o n s  as t h e  v a l u e  of K i n c r e a s e s  

t o  t h e  wigg le r  regime. 

I n  he re ,  w e  w i l l  p r i m a r i l y  

These c a l c u l a t i o n s  are very involved and cumbersome [ l ]  and w e  s h a l l  

on ly  p r e s e n t  some s p e c i f i c  resu l t s  r e l a t e d  t o  the 6-GeV i n s e r t i o n  dev ices .  

The t o t a l  power from a n  undula tor  i s  g iven  by 

2 2  PT(wat t s )  = 0.633 E2(GeV2) Bo ( T  L(m) I(mA) 
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L) i s  we l l  under 5% i f  the a p e r t u r e  i s  0.26L mm. Thus f o r  L,=5m, the  a p e r t u r e  

m u s t  be l a r g e r  than 1.3 mm. A t  f i v e  t i n e s  t h i s  a p e r t u r e  (6.5mm) the power 

w i l l  be n e g l i g i b l e .  

L e t  u s  nex t  cons ide r  a t y p i c a l  device.  Th i s  hybrid REC undula tor  w i th  

K-0.63 has i t s  f i r s t  hamonic a t  15 keV. For t h i s ,  b 5 m ,  N=263, Period=1.9cm, 

Bo=0.35T, g a p 0 . 9  c m . ,  G(0.63)=0.875, PT = 1395 wat t s ,  P(0,O) = 113 

kwatts/mrad2. 

t h a t  the  power i s  w e l l  under 5 kwatts/mrad2 a t  an  opening a n g l e  of 130 

microradians .  This  amounts t o  only 5 m i l l i w a t t s  of  i n t e g r a t e d  power over a 

square  microradian  s o l i d  angle .  A t  the  e x i t  of t h e  i n s e r t i o n  chamber wi th  say  

8 m m  aper ture ,  the power i n  a square microradian of the  opening cone w i l l  be 

under 1 m i l l i w a t t s ,  and the  chamber w a l l s  w i l l  need no spec ia l  cool ing.  

The o t h e r  s e c t i o n  fK(O,e) of the  power d i s t r i b u t i o n  (F ig .  2)  

Using the  power d i s t r i b t i o n  f K ( $ , O )  of  Fig.1, w e  can e s t i m a t e  

i s  of 

lesser importance s i n c e  the  a p e r t u r e  i n  the  h o r i z o n t a l  plane i s  usua l ly  many 

times the  v e r t i c a l  a p e r t u r e .  It is  i n t e r e s t i n g  t o  no te  however t h a t  as the 

va lue  of K i n c r e a s e s ,  the  d i s t r i b u t i o n  approaches t h a t  of a wigg le r  wi th  the  

power c u t o f f  above +-K/y. Also wi th  K=m, G(K)=l.O, t he  Eq.(4) can be 

i d e n t i f i e d  wi th  Eq.(31) of ANL-85-69 d e s c r i b i n g  t h e  wigg le r  peak power P(0,O). 

A 1 1  the  above d i s c u s s i o n  is s t r i c t l y  t r u e  f o r  a s i n g l e  p o s i t r o n  

t r a j e c t o r y .  The f i n i t e  s i z e  of the phase space of  the  p o s i t r o n  beam i n  a 

s t o r a g e  r i n g  w i l l  reduce the power a t  every  p o i n t  on the  d i s t r i b u t i o n .  The 

d i s t r i b u t i o n s  w i l l  a l s o  broaden by abou t  10 microradians  i n  the  v e r t i c a l  plane 

and by abou t  20 microns i n  the h o r i z o n t a l  plane i n  a t y p i c a l  undula tor .  None 

of  the  above d i s c u s s i o n  w i l l  g ros s ly  change due t o  the  f i n i t e  s i z e  of the 

beam. 
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2 
d2P/de dJI (watts/mrad ) = 0.01084 E4(GeV4) Bo(T) I(mA) N G(K) fK($,O) (2)  

where E is  the s t o r a g e  r i n g  energy,  Bo i s  the  peak undula tor  f i e l d ,  I i s  the  

s t o r e d  c u r r e n t ,  L is t h e  undula tor  l e n g t h  w i t h  N p e r i o d s ,  and 

G(K) = (IC7 + 2 4 ~ ~ / 7  + 4 K 3  + 16K/7) / (1 + K 2 ) 3.5 ( 3 )  

and fK($,8) i s  complex i n t e g r a l  normalized t o  1. 

peak power pe r  u n i t  s o l i d  a n g l e  is given by 

For $ = 0 and 8 = 0, t h e  

P(0,O) (wat ts /mrad2)  = 0.01084 # Bo I N G(K) (4) 

since fK(O,O)=l.O. 

v a r i a t i o n  i n  G(K) i s  f o r  values of K smaller than  1.0. Equat ion (3) y i e l d s ,  

G(m)=l.O and G ( 1 . 0 ) = 0 . 9 4 .  

g iven  undu la to r  i n c r e a s e s  as K approaches 1.0 and then  s a t u r a t e s  f o r  l a r g e r  

v a l u e s  of K. 

I t  i s  i n t e r e s t i n g  no te  from Eq.(3) tha t  much of the  

Hence the v a r i a t i o n  i n  the peak power P(0,O) for a 

The two s e c t i o n s  of  t h e  angu la r  d i s t r i b u t i o n ,  namely fK($,O) and 

f K ( 0 , e ) ,  r e p r e s e n t i n g  the vertical  and h o r i z o n t a l  planes are shown i n  Figs.  1 

and 2 f o r  v a r i o u s  v a l u e s  of  K. 

exposure of  the top  and the bottom walls of t he  i n s e r t i o n  dev ice  a p e r t u r e .  I t  

should a l s o  be po in ted  o u t  t h a t  this ver t i ca l  s e c t i o n  of  t h e  d i s t r i b u t i o n  f o r  

K=m i s  i d e n t i c a l  to t h a t  o f  a bending magnet given by Eq. (6)  i n  ANL-85-69 and 

r e p r e s e n t e d  by Fig. 7 i n  t h a t  document. Thus the  v e r t i c a l  opening of  

r a d i a t i o n  power from any undula tor  or wiggler  w i l l  be smaller than t h a t  from a 

bending magnet. I f  w e  now assume t h a t  t he  undula tor  sou rce  i s  l o c a t e d  a t  li.0, 

f o r  K = 1 the  depos i t ed  power a t  t he  e x i t  of the  i n s e r t i o n  dev ice  chamber ( a t  

The d i s t r i b u t i o n  f K ( $ , O )  de te rmines  the  

-3- 

d2P/de dJI (watts/mrad 2 ) = 0.01084 E4(GeV4) Bo(T) I(mA) N G(K) fK($,8) (2)  

where E is  the s t o r a g e  r i n g  energy,  Bo i s  the  peak undula tor  f i e l d ,  I i s  the  

s t o r e d  c u r r e n t ,  L is t h e  undula tor  l e n g t h  w i t h  N p e r i o d s ,  and 

G(K) = (IC7 + 2 4 ~ ~ / 7  + 4 K 3  + 16K/7) / (1 + K 2 ) 3.5 

and fK($,8) i s  complex i n t e g r a l  normalized t o  1. 

peak power pe r  u n i t  s o l i d  a n g l e  is given by 

For $ = 0 and 8 = 0, t h e  

P(0,O) (wat ts /mrad2)  = 0.01084 # Bo I N G(K) 
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I n  conclus ion ,  i t  i s  argued t h a t  the  i n s e r t i o n  dev ice  walls need not be 

s p e c i a l l y  cooled on a 6-GeV r i n g  so long as the  a p e r t u r e  i s  k e p t  l a r g e r  than 

about  8mm.  The photodesorpt ion from the walls of  an  i n s e r t i o n  device on a 6 -  

GeV r i n g  is l i k e l y  to  be of no major concern.  

Reference: 

1. Kwang Je K i m  ( t o  be publ i shed) .  
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