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In the CEA the damping rates due to synchrotron radiation 

are 

+ 2U 
E for the synchrotron or phase oscillations 

+ II 

2Ï for vertical betatron oscillations 

- U 2E for horizontal betatron oscillations 

(U = energy loss/sec due to synchrotron radiation 

E = particle energy) 

The minus sign in the case of horizontal betatron oscil­

lation indicates that these oscillations are antidamped. The 

sum of all damping rates is a constant for a given energy and 

increases with the third power of the energy. 

In order to store particles in the CEA one must transfer 

an amount U E from the damping rate of synchrotron oscillations 

to that of horizontal betatron oscillations to provide positive 

damping for all modes of oscillation. This is done with damp­

ing magnets in synchrotron straight sections, which are 

characterized by a strongly increasing vertical field strength 

for decreasing particle orbit radius. This provides larger 

radiation losses for particles of lower energy, thereby reducing 

the amount of damping of phase oscillations. At the same time 

particles with positive (negative) betatron oscillation amplitudes 

in the damping magnet will suffer smaller (larger) radiation 

losses as particles which make no oscillations. This in turn 

redefines an off momentum equilibrium orbit for these particles 

in such a way as to reduce the betatron oscillation amplitude 

with repsect to the new orbit. 

In order to achieve the proper amount of radial damping the field in the damping magnet BD has to satisfy the condition2 

∫BD 

∂BD 
∂r ds = -

BS
2LS 

αPR 

where BS is the field strength in the synchrotron, s is 

the total length of the synchrotron magnets, αP is the momentum 

compaction factor, R is the radius of the synchrotron and s is 

the path length. By introducing the characteristic length of 

the damping field rch
 = B 

∂ B / ∂ r one derives 

BD = BS√ ls rch 

lD αP R 

lD being the effective length 
of the damping magnet. 

Using 2 damping magnets, mounted in two successive synchro­

tron straight sections, each having an effective length of 34 cm 

and a characteristic length of 1.65 cm, BD becomes 1.9 times 

BS . At 3 GeV, BD is 7200 gauss. 

In order to avoid overall bending of the particle trajectory and 

to minimize focusing effects, each magnet has 5 pole pairs of alter­

nating polarity, such that the integral of the damping magnet field 

along the particle trajectory is zero (Figure 1). The lens 

strength D of such a 5 pole magnet is approximately D = D*2 d 

in each plane, d being the distance between centers of poles, 

and D the lens strength of one of the three center poles. 

This overall focusing effect increases the betatron V value 

in the synchrotron by .03 in each plane, a tolerable amount. 

Since the short poles have slightly different saturation be­

havior than the long ones, the polarity of all poles is reversed 

in the second damping magnet to provide exact overall balance 

of focusing properties. 

During the multicycle filling the synchrotron magnetic field 

cycles between 160 and 3800 gauss. Ideally the field of the 

damping magnet would cycle in the same manner such that the 

field ratio BD /BS = 1.9 is kept constant. Originally, however, 

the design of an ac damping magnet was not considered feasible. 

For this reason the magnets are dc powered and the beam is 

moved into them whenever it has reached high energy. At low 

energies the beam is magnetically shielded from the damping 

magnets. Figure 2 shows on the same horizontal scale the B field 

and the product of B ∂B 
∂r 

The maximum of B . ∂B 
∂r provides maximum 

damping for horizontal betatron oscillations and is chosen as 

the operating point. The correct amount of damping is now only 

provided as a time average over the cycle. To achieve this 

the damping magnet is excited to a level corresponding to 3.3 GeV 

peak energy. 

The beam position is controlled by currents in backleg 

windings on certain synchrotron magnets which produce a "beam 

bump" at the damping magnet locations. To go from the ac 

multicycle filling mode to the dc storage mode the ac component 

of the synchrotron magnet excitation is turned off and decays 

exponentially with a time constant of .46 sec. At the same 
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time the ac beam bump i s turned off such t h a t i t s pu l ses decay 

with twice t ha t time c o n s t a n t . After a delay of a few t e n t h s 

of a second a dc beam bump i s turned on with a time cons t an t of 

about 0.9 s e c . The e x c i t a t i o n of the damping magnet decays to 

the new dc l e v e l which cor responds to 1.5 GeV. During dc s t o r a g e 

the beam i s permanently in the damping magnet. By a d j u s t i n g 

time c o n s t a n t s and de lays p rope r ly t h i s t r a n s i t i o n can be p e r ­

formed wi thou t p a r t i c l e l o s s . 

The i n f l u e n c e of the d i f f e r e n t pa ramete rs on the l i f e t i m e 

of the s t o r e d beam has been i n v e s t i g a t e d . As one example 

Figure 3 shows the decay time cons t an t of the s t o r e d beam v s . 

the p o s i t i o n of the beam in the damping magnet. S t a b l e s t o r a g e 

c o n d i t i o n s are ob ta ined w i t h i n the reg ion of p o s i t i v e damping 

for h o r i z o n t a l b e t a t r o n o s c i l l a t i o n s as p r e d i c t e d by f i e l d 

measurements . The s t r u c t u r e w i t h i n t h i s reg ion i s due to n o n l i n e a r 

e f f e c t s in the magnet ic f i e l d , which determine the s i z e of the 

u s e f u l v e r t i c a l a p e r t u r e . In t h i s p i c t u r e the l i f e t i m e of 150 sec 

cor responds to a u se fu l v e r t i c a l a p e r t u r e of 0.9 cm and the low­

e s t dip with the l i f e t i m e of 105 sec cor responds to a v e r t i c a l 

a p e r t u r e of 0.75 cm. This e x p l a n a t i o n has been confirmed by 

measuring the l i f e t i m e whi le s c r ap ing the beam v e r t i c a l l y for 

v a r i o u s h o r i z o n t a l p o s i t i o n s of the beam in the damping magnets . 

The h o r i z o n t a l accep tance of the damping magnets for 

b e t a t r o n o s c i l l a t i o n s has been measured to be about 2 cm. 

V e r t i c a l and h o r i z o n t a l accep tance both leave a comfor table 

margin of s a f e t y in the case of ac m u l t i c y c l e f i l l i n g o p e r a t i o n 

as we l l as for beam s t o r a g e o p e r a t i o n up to 3.5 GeV. 
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FIG. 2 
CROSS SECTION THROUGH THE DAMPING MAGNET FIG 3. BEAM LIFE TIME VERSUS BEAM POSITION 


