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. UNDULATORS ON A 6-GeV RING - GENERAL CONSIDERATIONS 

Summary 

It is argued t h a t  the power delivered may not  be a se r ious  l imi t a t ion  f o r  :- 

the u s e  of r ad ia t ion  from a conventional undulator on a 6-GeV s torage  ring. A 

conservative approach in deciding the undula t o r  parameters is  discussed. 

Parameters fo r  a spectrum of undulators to  cover the photon energy range from 

1 to 20 keV are presented i n  tabular  form, 

Introduct ion 

In  designing undulators on a 6-GeV storage r i n g -  the primary consideration 

w i l l  be the power t h a t  such devices w i l l  de l iver .  The beam l i n e  design should 

be capable of handling la rge  powers tha t  such undulators w i l l  de l iver .  

Spec i f i ca l ly ,  i n  a beam l i n e  i n  the f r o n t  end w e  have masks ( f ixed  and 
. . . .  

I 

movable) followed by various o p t i c a l  components. Many thermal designs a r e  now 

being developed to  improve on the capab i l i t y  of various components to handle a 
I 

I grea te r  heat  'load than ever.been possible  before. For example, designs fo r  
I 

ro t a t ing  op t i c s  and l iqu id  metal cooled op t i c s  are a c t i v e l y  pursued in  the MST 

A conservative approach to power handling problems is to  go by our 

experience on devices operating on ex i s t ing  s torage r ings.  The 54-pole 

wiggler on SPEAR is perhaps the world's h o t t e s t  device operat ing today. The 

f ixed and movable masks located a t  6.5~1 from the source on t h i s  Seam Line V I  

a t  SSRL a r e  designed to  handle 2OOW/sq, mm. These components a r e  only water 

cooled with 8n e f f i c i e n t  cooling design. The hea t  load handling can be 

I improved by many f ac to r s  with newer approaches. These considerat ions a r e  most 

important in deciding the design of various undulators on a 6-Gev s torage 
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The other  important aspects  i n  an undulator design are re la ted  to the 

capab i l i t y  of permanent magnets and to the minimum permissLble undulator 

gap. There are many l imi ta t ions  in  meeting a l l  the user demands on the -- 

spec t ra l  range and briLliance o r  flux, as  the case may be, due to  these two 

undulator parameters. O u r  approach again w i l l  be conservative depending on 

already ex i s t ing  technology and methodology, 

Final ly ,  in t h i s  repor t  on general considerations,  we will present a 

spectrum of undulators t h a t  will cover most of the present ly  conceived u s e r  

demands from 1 keV to 2 1  keV a t  a 6-GeV storage ring. 

Undulator Power 

Let u s  assume the length of the undulator to be L meters and tha t  it has 

N perLods each of length A, c m s .  

undulator on a storage ring with electrons of energy E and cur ren t  I is given 

Then the t o t a l  power radiated by the 

where K = 0.934 Bo A,. (Bo peak f i e l d  i n  Tesla).  One can also express * 

(2) 
W(watts) = 634 E 2 (GeV2) Boz (T2) I(Amp) L(m) 

A typical  value of Bo is 0.3T which for L=5m, I=O.lA, Et6GeV y i e lds  a t o t a l  

radiated power of 1027 watts. 

For a point source, this rad ia t ion  will be emitted in  a solid angle of 

about y-2 (provided Rc1.0 which is usually t rue) ,  and hence the e f f ec t ive  area 

I r rad ia ted  at a distance of D meters away from the source is given by 



A(sq,mm) = 1.OE6 D2 (m2- 

3 

(3)  

I f  w e  consider t h e  case with all values of K ,  

A(sq.mm)= 0.26 D2 (m’) (1. + 5.25 K2)1’2/E2 (GeV2) (4) 

The power densi ty  (Watts/sq.mm) a t  a distance D from the source is given by 

VIA.  

component (masks) are a t  8 distance of more than 30m. Within the  point  source 

approximati.on this leads to A = 9.3 sq. nim and a power densi ty  of 110 

w a t t d s q .  mm. 

In the 6-GeV storage r ing  i t  is most l i k e l y  that the f i r s t  beam l i n e  

This number is  indeed less than t h a t  cur ren t ly  handled a t  the 

54-pole wiggler beam l ine .  

The f i n t t e  s i z e  of the source will reduce t h i s  densi ty  f u r t h e r  by 8 

f a c t o r  of about 2 In addi t ion,  marry high reso lu t ion  experiments w i l l  demand 

LOOm long beam l ines ,  A t  loom, the power density in the  above example will be 

under LO watts/sq.  mm. and the e f f ec t ive  i l luminated area is only 104 sq, mm. 

Undulator Magnets and Gap 

The above dfscussion points  to  a very important fact  t i a t  the power 

dens i ty  i s  pr imari ly  governed by the length of the nndulator L, and the peak 

magnetic f i e l d  Bo. 

above example, vfz. L = 5 rn and B 

d i f f i c u l t i e s  of power handling by the beam Line components. 

If w e  keep t h e i r  values around o r  under those used i n  the 

= 0.3 T, there should be no serious 

For the REC based hybrid magnets, we will u s e  the following equation to 

descr ibe the peak f i e l d  dependence on the magnet gap G (cms) and undulator 
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Bo (T) = 3.33 exp[-G/Ao (5.47 -1.8 G / X o ) ]  

.. 

Since B is  governed by the r a t i o  G/Xo,  increase i n  the gap will demand an 

increase in  X, t o  keep B a constant,  

Bo = 0.33T, which i s  near ly  the value of the f i e l d  used i n  the discussion of 

the l a s t  sect ion.  

*. P 

Also we note tha t  G / X ,  = 0.5 gives 

The energies  of photons from an undulator peak around 

where 

and i is the harmonic. 

From Eqs.(6) and ( 7 ) ,  we observe t h a t  one can r e a l i z e  any photon peak 

However, there a r e  two energy from an undulator by’select ion of G and A,. 

major l imi t a t ions  : 

I. The gap cannot be reduced below a ce r t a in  minimum since there w i l l  be a 

d e f i n i t e  sized aperture  needed fo r  the e lec t ron  beam. This minimum 

will also be governed by the d e t a i l s  of the length of the s t r a i g h t  

sect ion,  the vacuum requirements and procedures to obtain them, e t c .  

I f  the undulatot is inser ted i n  the r ing vacuum, then the minimurn gap 

can be about 0.8 cm. On the otherhand, if the poles of the undulator 

are located outside the s t r a i g h t  sect ion,  the minimum gap w i l l  have to  

be about 1.0 to 1.2 cm to include the vacuum chamber w a l l  thickness. 
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. The value of K (hence of Bo) canno, be made inf in i tes imaly  small i n  

order t o  increase the photon peak energy. Value of K much smaller than 

0.2 d r a s t i c a l l y  reduces the f lux  from the device to  be of any r e a l  

value t o  the user. 

des t roys  the psuedo-monochroma t i c  character  of the r ad ia t ion  del ivered . 

g 
On the other  hand, large values of K (>2.0), 

by such a device. 

Within the above l imi ta t ions  on the choice of G and lo, w e  present i n  

Fig. 1 a set of undulators with various parameters to cover the photon energy 

range from 1 to 2 1  keV using the machine parameters shown in Table 1. The 

Tables 11 contain d e t a i l s  of t h e  ca lcu la t ions  on each of the undulators. 

Higher energy rad ia t ion  can be obtained through the -use of higher harmonics. 

ConcEusions 

This r epor t  presents a conservative approach to  the se lec t ion  of 

parameters of var ious undulators which w i l l  d e l ive r  the photon spectrum of 

i n t e r e s t  to the users of the 6-GeV storage ring. Figure 1 is a complete 

summary of t h f s  report .  I t  is  sa fe  to consider t h a t  such devices can be b u i l t  

and thai they will function to the s a t i s f a c t i o n  of the use r s .  However, with 

improvements on machine design, vacuum design, and magnet mater ia ls ,  no t  only 

the discussed goals can be e a s i l y  achieved, bu t  even more e f f i c i e n t  

undulatator  designs w i l l  be possible.  

NEOMAX ava i l ab le  from Sumitorno Corporation produces 30% higher f i e l d s  than the 

For example, the new magnet material 

REC magnets and should be considered i n  fu ture  undulator designs. 

I f  and when more power can be handled by the beam line components, the 

undulator lengths  can be increased by designing them a s  modular blocks of say 
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Table I. Machine Parameters Used i n  these Calculations 

Energy (GeV) 

Current (A) 

Hor Em€ t tance 

Coupling (ek2) 

B, (m> 

By (a> 

Undufator Length (tu) 

6 -00 

0.1 

LO 10-9 

0 ,  l 

29.5 

703 

5 .O 





2.711 



TABLE XI 



Horizontal  Source s h e  (mn) 0.3333 

[I * 0152 
Horizontal  Divergence ( m a d )  --- - 

5.Q 







TABLE XI 

Undulntor 2 7 

F?qr'C? .I) 
2 2  On A x i s  Brilliance (Ph/sec/O.lRU/mrad - . 0 . .A i - .  i I *C' 

Horizontal Source size (mn) 0.4333 

Vertical Source size (nm) _______-____ - ~ -  

Horizontal  Divergence (mrad) ------- 
I'ertical Divergence (rnrad) -_____ _ _ _  -I 

' 



Undiilator 8 E7 



Eiuiaber of P e r i o d s  _.. _,___C__IIL___.__._IÎ _X_I__ 



?hot;os Energy (ev) (lst-Xa-i-raonic)-. . ___ 

t .  



TABLE I1 

Undulator !: / /  

,g A ""E. 0 ,433;: . Lt.23r 

0 .  ObUd - ?. *-. O.OG33 

Horizonta l  Source size (mn) 

Vertical Source size (mm) __.-___._____ 

0,0153 Horizontal  Divergence (mrad) I_____ __ 





Horizontal Source sIze (mm) 0 4335 0 * 433g 
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