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ENERGY AND ANGULAR DISTRIBUTIONS OF RADIATION POWER 
FROM BENDING MAGNET AND WIGGLER SOURCES 

AT A 6-GeV R I N G  

Summary: 

I n  o r d e r  t o  d e s i g n  r a d i a t i o n  p o r t s  and beam l i n e  components, i t  i s  

e s s e n t i a l  t o  unders tand  the  d i s t r i 6 u t i o n  of power from a r a d i a t i o n  source  as a 

f u n c t i o n  o f  bo th  t h e  photon energy and t h e  s o l i d  a n g l e  of  emission.  In t h i s  

p re l imina ry  n o t e ,  w e  assemble a l l  t he  formula involved  f o r  t h e  case  of a 

bending magnet and a wiggler .  Typ ica l  d i s t r i b u t i o n s  are p resen ted  f o r  t h e  

case of 6-Gev r a d i a t i o n .  

. 

I. Bending Magnet Radia t ion :  

The r a d i a t i o n  from a bending magnet sou rce  h a s  a uniform d i s t r i b u t i o n  i n  

the  h o r i z o n t a l  (XZ) plane .  In t he  v e r t i c a l ( Y )  d i r e c t i o n ,  t he  r a d i a t i o n  i s  a 

f u n c t i o n  of  angle 9 ,  as shown below: 

I 
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- ,  

The power r a d i a t e d  p e r  mra ne ( o r  1 mrad e )  i s  g i v e n  by 

where 

y = 1957 E(GeV) 

p(m) = 3.335 E ( G e V ) / B ( T )  ( 4 )  

For the  6-GeV r i n g ,  y = 11742, I = l O O m A ,  B = 0.67T, and p = 29.9m and i n  

Fig. (1) w e  present t h e  d i s t r i b u t i o n  P(J,). The d i s t r i b u t i o n  has a f u l l w i d t h  

( a t  h a l f  t h e  maximum i n t e n s i t y )  o f  yJI = 1 . 2 ,  which co r re sponds  t o  J, = 0.1 

mrad. The power a t  J, = 0 i s  g iven  by 

P($ = 0) = 0.63 x I(mA)y5/p(m) 

i n  u n i t s  w a t t d m r a d  B/mrad $. In F ig  (l), P(JF0) = 472 m/mrad B/mrad J,. 

In F i g . ( l ) ,  we a l s o  show a r e c t a n g l e  o f  w id th  J, = 1.44/ y = 1.2 mrad 

which can be used t o  r e p r e s e n t  t h e  t o t a l  power i n t e g r a t e d  ove r  a l l  J, ( p e r  mrad 

0 i n  t h e  h o r i z o n t a l  p l a n e ) .  Proper  n o r m a l i z a t i o n  y i e l d s  
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I n t e g r a t i n g  Eq.(l) over  $ w e  o b t a i n  t h e  t o t a l  power p e r  mrad of  8 

16 4 
P’ (watts/mrad 8) = 9 . 6 1 ~ 1 0  y I(mA)/p(m) (7)  

which can be expressed  i n  terms of t h e  r i n g  energy by 

P’ (wat ts lmrad 8) = 4.33 X E3 (GeV3)I(mA)B(T) ( 8 )  

I f  t h e  t r a j e c t o r y  of t h e  p o s i t r o n  through the  bending magnet i s  of l e n g t h  

L(m), the  t o t a l  h o r i z o n t a l  ang le  over  which the  r a d i a t i o n  w i l l  emerge i s  g iven  

by 8 = L / p .  Thus t h e  t o t a l  power from the  bending magnet r a d i a t i o n  i s  

P (wat ts /mrad 8) = 1.27 E2 (GeV2)<B2 (T2)>L(m)I(mA). (9)  

For t h e  6-GeV r i n g ,  P’ = 60 watts/mrad 8 ,  and P = 6.02 kwat t s lbending  magnet 

s ince the  r a d i a t i o n  from the  bending magnet source  i s  spread  ove r  98.17 mrad. 

It should be  po in ted  o u t  t h a t  t h e r e  are 64 such bending magnets which complete 

the  synchro t ron  t r a j e c t o r y ,  98.17 mrad X 64 = 28. 

For above expres s ions  are  s t r i c t l y  t r u e  f o r  very  small p o s i t r o n  beam. 

For sou rces  wi th  apprec i ab le  angu la r  spread ,  u ’ the  power w i l l  be reduced 

approximately by t h e  f a c t o r  [ l  + (2y u’ ) ]  . For t h e  6-GeV source ,  
Y 

2 2 1/2 
Y 

Y 

and i s  0’ = 0.031 mrad. Th i s  reduces  t h e  power by a f a c t o r  of 1.24. 
Y 

F igu re  1 a l s o  c o n t a i n s  the  power d i s t r i b u t i o n  f o r  t h e  NSLS bending magnet 

r a d i a t i o n .  A s i g n i f i c a n t  p o i n t  t o  be emphasized (Table  1) i s  the  comparison 
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of the  average  power and peak power f o r  the  two sources .  For the  beam l i n e  

des ign  the peak power i s  more c r i t i c a l  than the average  power. 

TABLE 1. 

Average and Peak Power of the BM r a d i a t i o n  from 6-GeV and NSLS 

NSLS 

2 . 5  G e V  

c u r r e n t  ( m ~ )  500 

2JI (mrad) 0.41 

Peak power ( w a t t d m r a d  0) 128 

Average power (watts/mrad 0 )  40 

C r i t i c a l  energy (keV) 5 .o 

6-GeV - 

100 

0.2 

47 1 

60 

16 .O 

11. Wiggler Radia t ion :  

The c r i t i c a l  energy of the  photons and t h e  flux can  be i n c r e a s e d  by 

in t roduc ing  a wiggler i n  the s t r a i g h t  s e c t i o n .  The r a d i a t i o n  from a wiggler  

source has  d i s t r i b u t i o n s  both  i n  JI and 0 .  

The power from a wiggler  a t  0 = 0 ,  for a l l  JI i s  c a l c u l a t e d  i d e n t i c a l l y  t o  

bending magnet r a d i a t i o n .  In  f a c t ,  i t  i s  b a s i c a l l y  g iven  by Eq. (8), excep t  

t h e  power w i l l  i n c r e a s e  by 2N, i n  a wiggler  w i t h  2N po le s  ( o r  N wiggler  

p e r i o d s ) .  Thus f o r  a l l  9 ,  the  power r a d i a t e d  i n  the forward d i r e c t i o n  i s  

* .  

(10) 
-3 3 3 P ( 0  = 0)  8.66 x 10 E (GeV )B(T)I(mA)N w a t t d m r a d  0 .  
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The power i s  g iven  by Eq.  ( 9 ) ,  excep t  t h a t  < B  2 > i s  r ep laced  by B o / 2 ,  where Bo 

i s  the peak wiggler  f i e l d .  

Hence 

2 2 2 2  P ( w a t t s )  = 0 .633  E (GeV ) Bo (T ) I(nA) L(m) 

where L i s  t h e  e f f e c t i v e  wiggler  length.  

wiggler  d e f l e c t i o n  parameter K ,  

We can r e p l a c e  Bo i n  Eq. (11) by the  

R = 0.934 B (T) X (cn)  
0 

(12) 

Since L(m) = x0 (cm) N x IO-’, w e  g e t  

- 3  2 P ( w a t t s )  = 7.25 x 10 E (GeV2) K2N I (mA)/Xo (cm) ( 1 3 )  

This expres s ion  i s  i d e n t i c a l  t o  t h a t  f o r  an undu la to r  power. 

The h o r i z o n t a l  p r o f i l e  of the power ( c o n s t a n t  f o r  a bending magnet 

s o u r c e ) ,  w i l l  va ry  €o r  a wiggler .  In  a s i n u s o i d a l  w igg le r ,  t h e  f i e l d  

v a r i a t i o n  a long  the wigg le r  a x i s  ( 2 )  i s  

B(z) = B cos a 
0 

(14) 

where 
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I -  a =  2n z/X . , L 2  
0 

The d isp lacement  of the  p o s i t r o n s  i n  t h e  x - d i r e c t i o n  i s  shown above and i s  

given by x = A cos a, and the in s t an taneous  d e f l e c t i o n  a n g l e  

8 = - 6  s i n  a, where 6 = 2 w A / X  = K/y. 
0 

The v a l u e  of viewing ang le  of r a d i a t i o n  a t  Z=Zo on the  t r a j e c t o r y  i s  

The v a r i a t i o n  i n  the  wiggler  g iven  by 8 = - (K/y ) s in  a and Bmax = -(K/y).  

f i e l d  can  be expressed by 

-1 B = B cos a = B cos [ s i n  (ye/K)] .  
0 0 

The a n g u l a r  d i s t r i b u t i o n  o f  the  r a d i a t i o n  i n  t h e  h o r i z o n t a l  and v e r t i c a l  

p l anes  i s  now given by 

4 P ($ , e )  = 0.0248 E4 (GeV ) B ( T ) N I ( m A )  G($,8) (17) 
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P (+,e) i s  i n  the  u n i t s  watts/mrad 8/mrad JI. I n t e g r a t i n g  f o r  a l l  +, t h e  

d i s t r i b u t i o n  of wiggler  power as a func t ion  o f  8 can be obta ined .  This  i s  

g iven  by 

-1 p ( e )  = p ( e  = 0) COS [ s i n  ( Y ~ / K > I  (19) 

For i l l u s t r a t i o n ,  w e  use  t h e  fo l lowing  parameters  €o r  a wiggler :  

E = 6 G e V  

B = 1.5 T 

N = 15 per iod  

Xo = 10 c m  

K = 14 

I = 100 mA 

The t o t a l  power from t h i s  wiggler  i s  7.67 kW whi le  t h e  power P(8 = 0 ,  JI = 0) 

i s  31.6 kW. The c r i t i c a l  photon energy a t  normal viewing f o r  t h i s  wiggler  i s  

35.9 keV and t h e  f l u x  a t  t h e  c r i t i c a l  energy i s  9 ~ 1 0 ' ~ .  The maximum va lue  of 

8 f o r  t h i s  wiggler  i s  K/y = f1 .2  mrad. 8. 

I n  Figs .  2 and 3 t he  v a r i a t i o n  of t h e  power i s  shown as a f u n c t i o n  of $ 

( f o r  8 = 0 )  and a s  a f u n c t i o n  of  0 ( f o r  + = 0 ) .  It can be shown t h a t  ha l f  of 

t h e  t o t a l  power is r a d i a t e d  between t h e  observ ing  a n g l e  0 and 0.404K/y. 

Figure 4 g i v e s  a power d i s t r i b u t i o n  f o r  the  6-GeV wiggler  cons idered  assuming 

a non-d ivergent  e l e c t r o n  beam. Beam divergence  has  no major i n f l u e n c e  on t h e  

angular  spreads .  The sharp c u t - o f f s  i n  power wi th  9 (Fig.  3 ,4)  i s  smeared 

when beam divergence  i s  convoluted. 
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It i s  i n t e r e s t i n g  t o  compare wigg le r s  on a low and h igh  energy s t o r a g e  

r ing .  If two wigg le r s ,  one on a 6-GeV r i n g  and t h e  o t h e r  on a 3 - G e V  r i n g ,  

produce photons w i t h  the  same c r i t i c a l  energy,  t h e  magnets on t h e  3-GeV r i n g  

should provide  l a r g e r  f i e l d s .  

B (3  GeV) = 4 B (6  GeV) 
0 0 

For t he  same c u r r e n t  s t o r e d  i n  bo th  t h e  r i n g s  and f o r  e q u a l  w igg le r  l e n g t h s ,  

the r a t i o  of the  average power w i l l  be  

PN (3  GeV) 

PN (6 GeV) = 4. 

This  i s  an impor tan t  aspect of  advantage f o r  t h e  h igh  energy r ing .  On t h e  

o t h e r  hand, t he  peak power of the  wiggler  on the  6-GeV r i n g  i s  4 times t h a t  of  

t h e  wigg le r  on t h e  3-GeV r ing .  

111. Linea r  and Surface Power Densi ty  

I n  des ign ing  o p t i c s  and heat-f low problems i t  i s  e s s e n t i a l  t o  e v a l u a t e  

the  power d e n s i t i e s .  A s  w e  have poin ted  o u t ,  w i th  h igh  energy s t o r a g e  r i n g s ,  

because of smal l  8 and J I ,  peak power i s  more p e r t i n e n t  f o r  t h e  above problems. 

Following Avery [l], the  peak power a long  x-axis  ( o r b i t a l  p lane)  can be 

i n t e g r a t e d  over  t h e  e n t i r e  ve r t i ca l  a n g l e  ($) of r a d i a t i o n  t o  o b t a i n  peak 

power p e r  mrad ( 0 ) :  

Px (w/mrad) = 8 . 6 6 ~ 1 0 ~ ~  Bo(T)E3(GeV3)I(mA)N 
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where I i s  i n  mA and W i s  number of per iods.  The peak power p e r  u n i t  s o l i d  

ang le  i s  

P (w/mrad 2 ) = 1 . 0 7 6 ~ 1 0 - ~  Bo(T)E4(GeV4)1(mA)N. 
X y  

(20) 

The r a d i a t i o n  impinging a t  a d i s t a n c e  p meters from t h e  sou rce  p o i n t  can 

be de f ined  i n  terms of l i n e a r  and s u r f a c e  power d e n s i t i e s ,  as fol lows:  

Y 

t 

Peak L inea r  Power Density:  

w (w/mm) = P s i n  r / R ( m )  x X 

Peak Sur face  Power Density:  

2 2 2  W (w/nm ) = P sinB/R ( m  ) 
*Y XY 

(2  1) 

( 2 2 )  
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The va lues  of t hese  are inc luded  i n  Table 2. 

I n  the above we have n o t  cons idered  the fo l lowing:  

1. The spread  i n  the angu la r  d i s t r i b u t i o n  w i t h  photon energy. 

2.  S p a t i a l  and angu la r  spreads i n  the p o s i t r o n  beam i n  the r i n g .  

3 .  The e f f e c t  of f i n i t e  l e n g t h  of the  wigg le r  source.  

The i n f l u e n c e  of the above f a c t o r s  i s  n o t  s i g n i f i c a n t .  The sha rp  drop i n  

power to  z e r o  i s  a t  0 = *1.2 mrad w i l l  be smeared. A t  d i s t a n c e s  l a r g e  

compared to  wiggler  l eng th  ( R > > L ,  a normal cond i t ion  a t  the 6-GeV s o u r c e ) ,  the 

e f f e c t  o f  f i n i t e  w igg le r  l e n g t h  i s  n o t  important .  

IV. V a r i a t i o n  of C r i t i c a l  Energy Ec of a Wiggler w i th  Normal Angle 

One normally d e f i n e s  the c r i t i c a l  energy f o r  a wiggler  which cor responds  

t o  normal viewing ang le  ( 0  = 0) which cor responds  t o  z = X0/4 on the  

s i n u s o i d a l  t r a j e c t o r y .  Buras  121 has shown t h a t  

We p r e s e n t  t h i s  f o r  our  w igg le r  i n  Fig. 5. 
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Table 2 

Comparison of Planned Wigglers on Various Sources  

SSRL 
Beamline NSLS 6 -GeV 

Parameters  VI11 X- 17 1.5T 

Energy (GeV) 

Curren t  (mA) 

3 .O 

100 

2.5 

500 

6 .O 

100 

1.3 

7.8 

30 

12.85 

7.8 

15.6 

1.4 

0.41 

5.3 

6 .Ox 

1.39 

6 

17.4 

24.9 

97.5 

0.24 

0.49 

39.9 

1.5 

13.3 

30 

10 .o 
35.9 

14.0 

2.9 

0.2 

2.4 

Average Power (kW) 1.85 37.1 7.7 

R( m) 10 

Beam Width 28 R(mm) 53.0 

Beam Height  2 $  R(mm> 4.1 

P, (w/mrad) 456 

P (w/mrad2) 1700 

wx(w/rnm) a t  46 

w w/mm2) a t  R 1 7  

XY 

XY 

10 

400.0 

4.9 

1218 

3782 

122 

38 

50 

120 .o 
10 .o 

4209 

31376 

84  

13 

* 
Actua l  des ign  c o n s i s t s  of 5 po les  wi th  6T and 2 po le s  w i t h  2T. 
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