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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
INJECTITOIN,
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PROBLEM

MULTITURN INJECTION IN THE RCS
GIVES 80-100 1 MM MRAD
HORISONTAL EMITTANCE. HOWEVER,
DUE TO THE PS ACCEPTANCE LIMIT
THE EMITTANCES HAVE TO BE BELOW

£y 16.4 1 MM MRAD
e, 8.8 1 MM MRAD
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SCENARIO
20 CYCLES DURING 2 5, THEN 5§ PAUSE

10 HZ LINAC - COOLER RING - RCS

1T'H

E COOLER RING WITH ELECTRON

E RCS

o

-2 PS
100 MEV/U 100 MEV/U
300 MEV/U
ACCUMULATION

SEVERAL LINAC BUCHES ARE MERGED IN

COOLING FOR EVERY BUNCH SENT TO




ey, = A 430 m cooler ring o
f !g?:;?un;gfan:agnm % (from SIS18) from FAI R
Lo //i = one 30 m long electron
: \‘*’3%% i HESR cooler

LY e

ﬂm P N = one section for injection
% rd \\ ngm and extraction
z / -/ \h‘xj u -
' "The RCS is 208 m, the
P dredioner 4 & cooler ring can be e.g.
%’45 antiprotons gg e 104 m or 208 m.




ELECTRON COOLING

FAST FOR COLD IONS, SLOWER WHEN
ELECTRON AND [ON VELOCITIES
DIFFER

NOT DEPENDENT ON ION CURRENT

MUCH FASTER LONGITUDINALLY THAN
TRANSYVERSELY

1I/COOLING TIME ~ Q?/AxI./03, WHERE ©

1S THE ANCJHF

P
%




Intensity

\ — Before cooling

\ — After cooling

Emittance




ELECTRON COOLER

THE COOLING SECTION IS ONE TO
SEVERAL METERS LONG

UP TO 1T A ELECTRON CURRENT

55 KV FOR 100 MEV/U

LARGE B-FUNCTIONS GIVE FAST
COOLING,
I/COOLING TIME ~ 1/@3 ~ B3
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SIMULATIONS OF TRANSVERSE
COOLING

INPUT: HOLLOW [ON BEAMS SO ALL
IONS HAVE THE SAME TRANSYERSE

EM

TTANCE

SIMPLE TRACKING WITH 3 D COOLING

FORCE AND ELECTRON BEAM SPACE
CHARGE

][NTRAB]EAM SCATTERING ][SN I
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SIMCOOL 19-MAY -106 13:21:5

P b= 1600 5.00m
O=000m

.., =570, 5.55

| = 20800 m
Taban = 200 mm
patic e = 5000
{urme = 62000

m =18

q,= 10

E, gt = 35.000 bV
E, = 55.000 ke
L=100A

8, 8, =0.00, 000 miad
B.=0025T

Toprs Yo = 0000, 14.00 mm
AP, = 50000 %
foice =1

Ba.=0

I8N 10+

0.1 S COOLING
10% ELECTRON
COOLER

1 A ELECTRON
CURRENT

X =16 M

eX =100 1 MM
MRAD

PS LIMIT 16 MM /7

MM
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P po=1000,500m
0O=000m
0..Q,=570,555
|,y = 20B.00m
Taban =200 mm
particles = 5000
uinz = 62000

m; =18

|
Ap/p (%)

8,.8,=000 000 mad
B:=0025T
T Y = 4000, 14.00 mm

AP fag = 50000 %2
foice="1"

B =0

Ty Yp = D708, D0 mm
Ap/R, = 0.0002

T Yom = 28.317, 2941 mm

£, £, =49.995, 19.5% mm miad
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AP i = 22084 %0
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0.1 S COOLING
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| - wl | eX =100 PI MM
L wuz 002, 0034 mm
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6H[E2+ VS ]8N]EJIO+

1I/COOLING TIME ~ Q*/A (THEORY)

OR

1/COOLING TIME ~ QY//A (CRYRING
MEASUREMENTS)

I8N EI0+ / 61

4= 5 - 8, COOLING OF NEON

IS MUCH FASTER

SPACE CHARGE TUNE SHIFT
> DQ = -0.022 / -0.14
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P b= 1600 5.00m
O=000m
.., =570, 5.55
| = 20800 m
Taban = 200 mm
patic e = 5000
{urme = 62000

n\ 6
E“,, 55.000 ke

E, = 55.000 ke
L=100A

8, 8, =0.00, 000 miad
B.=0025T

Toprs Yo = 0000, 14.00 mm
AP, = 50000 %
foice =1

Ba.=0

oHE2+

0.1 S COOLING
10% ELECTRON
COOLER

1 A ELECTRON
CURRENT

X =16 M

eX =100 PI MM
MRAD




CONCLUSION

A COOLING RING WITH MULTITURN

INJECTION BEFORE T1

DRAMATICALLY REDUCE THE

HE RCS CAN

HORIZONTAL EMITTANCE OF 18NEIO+

WITH O.1 § COOLING,

THE °HE** 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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P b= 1600 5.00m
D=000m

.., =570, 5.55

| = 5000 m
Taban = 200 mm
pantic les = 1000
imrme = G2000

m =18

q,=10

E, gt = 35.000 bV
E, = 55.000 ke
L=1004

8, 8, =0.00, 000 miad
B.=0050T
g Yo = 35.00, 10.00 mm
AP, = 50000 %
foee = 1100

Ba.=0

18Nel0+

0.1 s cooling

5 m long electron cooler
1 A electron current
betax =16 m

epsx = 90 pi mm mrad
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Pop,=1300,500m
0O=000m

0.0, = 570, 5.55

| = 1000m

Teban =200 mm

particles = 2000

{uinz = 620000

m =18

g=10

Eqgog = 55000 ke

E, = 55.000 keV
1,=1000A

., 8, =000 000 miad
B.=0000T

Ty Yo = 32.00, 14.00 mm
AP/ Fag = 30000 %0
force="1"

B =0

Togw Ve = 0739, 0022 mm
AP/, = 0.0035

T Yem = 22-998, 9,958 mm

£, £, =39.377, 19.5% mm miad
AP = 2237 %0

18NelO+

0.1 s cooling

10 m long electron cooler
1 A electron current
betax =13 m

epsx = 80 pi mm mrad

Ty Y = 000, 0031 mm
Apip,., = 40.0058

T Ve = 839, 4583 mm
£ & =7.730,4.195 mm miad
AP P = 1.1930 %0
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P b= 1600 5.00m
O=000m

.., =570, 5.55

|t = 3000 m
to-bun = 200 mm
partic les = 1000
imrme = G2000

m =18

q,=10

E, gt = 35.000 bV
E, = 55.000 ke
L=1004

8, 8, =0.00, 000 miad
B.=0050T

g Yoo = 25.00, 10.00 mm
AP, = 50000 %
foee = 1100

Ba.=0

18Nel0+

0.1 s cooling

5 m long electron cooler
1 A electron current
betax =16 m

epsx = 50 pi mm mrad




