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ACCUMULATION

IN THE PREVIOUS MEETING WE
DISCUSSED USING A RING TO 
ACCUMULATE IONS WITH 
ELECTRON COOLING AT 100 MEV/U.  
CALCULATIONS OF ELECTRON
COOLING ARE ESSENTIAL FOR 
ESTIMATES OF ACCUMULATION
WITH 0.1 S BETWEEN EACH
INJECTION.

HOWEVER, THIS TALK IS ABOUT A 
SOMEWHAT DIFFERENT USE OF THE 



PROBLEM

MULTITURN INJECTION IN THE RCS 
GIVES 80-100 π MM MRAD
HORISONTAL EMITTANCE. HOWEVER, 
DUE TO THE PS ACCEPTANCE LIMIT 
THE EMITTANCES HAVE TO BE BELOW

εX 16.4 π MM MRAD
εZ 8.8 π MM MRAD



SCENARIO
20 CYCLES DURING 2 S, THEN 5 S PAUSE

10 HZ LINAC COOLER RING RCS           
PS

100 MEV/U     100 MEV/U   
300 MEV/U

ACCUMULATION
SEVERAL LINAC BUCHES ARE MERGED IN 

THE COOLER RING WITH ELECTRON
COOLING FOR EVERY BUNCH SENT TO 
THE RCS



A 430 m cooler ring 
from FAIR

one 30 m long electron
cooler

one section for injection
and extraction

The RCS is 208 m, the 
cooler ring can be e.g. 
104 m or 208 m. 



ELECTRON COOLING

FAST FOR COLD IONS, SLOWER WHEN
ELECTRON AND ION VELOCITIES
DIFFER

NOT DEPENDENT ON ION CURRENT

MUCH FASTER LONGITUDINALLY THAN
TRANSVERSELY

1/COOLING TIME ~ Q2/A×IE/Θ3, WHERE Θ
IS THE ANGLE

BETWEEN IONS AND ELECTRONS
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ELECTRON COOLER

THE COOLING SECTION IS ONE TO 
SEVERAL METERS LONG

UP TO 1 A ELECTRON CURRENT

55 KV FOR 100 MEV/U

LARGE β−FUNCTIONS GIVE FAST 
COOLING,                             
1/COOLING TIME ~ 1/Θ3 ~ β1.5



SIMULATIONS OF TRANSVERSE
COOLING

INPUT: HOLLOW ION BEAMS SO ALL 
IONS HAVE THE SAME TRANSVERSE
EMITTANCE

SIMPLE TRACKING WITH 3 D COOLING 
FORCE AND ELECTRON BEAM SPACE 
CHARGE

INTRABEAM SCATTERING ISN’T 
INCLUDED, SO THE RESULTS FOR THE 
COLDEST IONS ARE WRONG





18NE10+

0.1 S COOLING
10% ELECTRON
COOLER
1 A ELECTRON
CURRENT
βX = 16 M
εX = 100 π MM 
MRAD

PS LIMIT 16 MM / 7 
MM



18NE10+

0.1 S COOLING
10% ELECTRON
COOLER
1 A ELECTRON
CURRENT
βX = 16 M
εX = 100 PI MM 
MRAD



6HE2+ VS 18NE10+

1/COOLING TIME ~ Q2/A  (THEORY) 
OR
1/COOLING TIME ~ Q1.7/A (CRYRING 

MEASUREMENTS)

18NE10+ / 6HE2+= 5 - 8, COOLING OF NEON 
IS MUCH FASTER

SPACE CHARGE TUNE SHIFT
DQ = -0.022 / -0.14



6HE2+
0.1 S COOLING
10% ELECTRON
COOLER
1 A ELECTRON
CURRENT
βX = 16 M
εX = 100 PI MM 
MRAD



CONCLUSION

A COOLING RING WITH MULTITURN
INJECTION BEFORE THE RCS CAN
DRAMATICALLY REDUCE THE 
HORIZONTAL EMITTANCE OF 18NE10+

WITH 0.1 S COOLING.

THE 6HE2+ CASE IS MUCH MORE
DIFFICULT, SINCE THE COOLING TIME 
IS LONGER AND THE SPACE CHARGE 
TUNE SHIFT LARGER.





Space charge tune shift
1.12E+13 He, 1.90E+11 Ne

normalized emittances set to PS limit
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18Ne10+
0.1 s cooling
10 m long electron cooler
1 A electron current
betax = 13 m
epsx = 80 pi mm mrad



18Ne10+
0.1 s cooling
5 m long electron cooler
1 A electron current
betax = 16 m
epsx = 90 pi mm mrad



18Ne10+
0.1 s cooling
10 m long electron cooler
1 A electron current
betax = 13 m
epsx = 80 pi mm mrad



18Ne10+
0.1 s cooling
5 m long electron cooler
1 A electron current
betax = 16 m
epsx = 50 pi mm mrad


