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lons stored in CRYRING

Singly charged positive atomic ions: H*, D*, 3He*, 4He*, “Li*, °Be*, 11B*, 12C*, 14N+, 16Q*, 40Ar+,
151Eu+ 197Au+ 208Pb+

Multiply charged positive atomic ions: 4He?*, 11B2*+, 12C2+ 12C3+ 12C4+ 12C6+ 14N2* 14NS+ 14N4+
14N7+ 1602+ 1603+ 1604+ 1605+ 1608+ 19F6+ 19F9+ ZONe2+ 20N65+ 20Ne6+ 20Ne7+ ZONelo+ 288i3+
288i11+ 28Si14+ 36Ar9+ 36Ar10+ 36Ar12+ 36Ar13+ 40Ar9+ 40Arll+ 40Ar13+ 40Ar15+ 48Till+ 58Ni17+ 58Ni18+
84Kr33+ 126X636+ 129X636+ 129X637+ 136X639+ 136Xe44+ 207Pb53+ 208pb53+ 208Pb54+ 208pb55+

Singly charged postive molecular ions: H,*, HD*, H,*, D,*, H,D*, 3HeH*, 3HeD*, “HeH*, D,*, He,",
LiH,*, D.*, BH,*, CH,*, NH,*, OH*, CH.*, NH,*, H,O%, H,0*, HF*, ND,H*, CD.*, ND,*, D,O*, C,H",
CN*, C,H,*, HCN*, C,H,*, HCNH*, C,H,*, CO*, N,*, 13CO*, N,H*, C,H.*, NO*, D$3CO*, CH,O*,
CF*, O,", CH,NH.*, CH,OH*, CH,OH,*, H,S*, CD,0*, PD,*, N,H.*, D,%2S*, CD,OH,*, CD,0D",
H.O,*, D,34S*, D,%2S*, CD,0D,*, 1*CD,0D,*, D,3S*, C,H,*, D.O,*, CH,CNH*, C,D,*, N,D.*, N,*,
C.H.*, NaD,0*, CO,*, HCS*, C,H.0*, DN,O*, C,H.0H*, CO,D*, CD,CDO*, NO*-H,0, O ",
CcD,0CD,*, C,D.*, CF,*, NO*.D,0, DC,N*, CD,0CD,*, N,H,,*, DC,ND*, CD,0DCD,*, H.0.*,
COS*, N,0,*, CH,0COH,*, D-O,*, N,D,*, C,Dy*, S¥0,*, ArN,*, H,0,*, CD,COHNHCH,",
CD,CONHDCH,*, C.D,*, PO¥'CI*, H,,0.*, C,S,H*, C,S,H.*, H,,0,*, PO3®CL*

Multiply charged positive molecular ions: N,2*
Negative atomic ions: H-, Li-, F~, SI-, S, CI, Se-, Te-
Negative molecular ions: CN-, C,~, Si,~, Cl,~

Range of energies per nucleon: 38 eV/u — 92 MeV/u

Range of total energies: 5 keV — 1.4 GeV
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40 mm

Transverse cooling of H-

Cooling of hollow beam (EPAC 2000)

H-, 3 MeV, 300 ms/frame
10 — 0.25 T mm mrad
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Normalized to 1.7x10'3 m-3
(100 mA at 4.2 MeV/u for D,
F and Pb)

Adjusted horizontally to
reach minimum width
simultaneously

Scaled by factor g'-7/A



Drag force (eV/m)

Longitudinal cooling of p and H-

Preliminary measurements, compared
with data from ECOOL’99
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Deceleration of protons (1)

Injection at 300 keV — Acceleration to 30 MeV —
Storage at 30 MeV (bunched) — Deceleration to 300 keV

Acceleration Deceleration
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Transmission

Acceleration 93%
Start deceleration 42%
Deceleration ramp 75%

Total 0.93x0.42%0.75=30%

Deceleration 0.42x0.75=91%
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Current (uA)

Deceleration of protons (2)

Injection at 300 keV — Acceleration to 3 MeV — Cooling —
Acceleration to 30 MeV — Storage at 30 MeV (bunched) —
Deceleration to 300 keV
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Transmission

Acceleration 93%
Start deceleration 99%
Deceleration ramp 92%

Total 0.93x0.99%0.92=85%

Deceleration 0.99x0.92=91%



Current (uA)

Deceleration of protons (2)

Injection at 300 keV — Acceleration to 3 MeV — Cooling —
Acceleration to 30 MeV — Storage at 30 MeV (bunched) —
Deceleration to 300 keV
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Transmission

Acceleration 95%
Start deceleration 97%
Deceleration ramp 84%

Total 0.95x0.97x0.84=77%

Deceleration 0.97x0.84=81%
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Deceleration of protons (3)

Why cooling at 3 MeV?
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No cooling at 3 MeV
Long bunches
Loss at start of decleration

Cooling at 3 MeV
Short bunches
No loss at start of decleration,

Poorely adjusted functions at cooling
and end of deceleration

Cooling at 3 MeV

Better adjusted functions but no
oscilloscope picture saved

Moderate transverse displacements did
not cause losses
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