= Sunshine by cooling
®

e Van Hove 1984: ,Sunshine at GSI if cooling
works, if not wicked darkness."

e The sun is shining — cooling works
e Cooling methods

e LEAR and his daughters

e Ordered beams

e Sunshine at ESR

e Beam cooling quo vadis?

*P.Kienle, Naturwissenschaften, 88(2001) 313
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mep | Budgers proposal

® G. I. Budger, Novosibirsk (1966)

Cooling of stored ion-beams by Mott-scattering using a
comoving “cold” electron-beam

Principle of electron cooling
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imep  Van der Meer s proposal
Van der Meer, CERN (1968)

@  'Stochastic cooling” for high energy and low phase
space density beams
Principle of stochastic cooling
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Development of electron cooling
Novosibirsk (1975)

EPOKHA: electron cooler with regeneration of the
electron beam and strong longitudinal B-field
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imep | Development of stochastic cooling

CERN (1975)
@ -Demonstration in the ISR-ring

eCooling of antiprotons (Thorndale)
eRubbia et al.: pp-collisions (1981-83)
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ek | | EAR and his ,,daughters"

LEAR, a low energy antiproton ring at CERN had stochastic and
@ clectron cooling followed by a generation of rings in the 80ies

IUCF-Cooler (Indiana), TSR (Heidelberg), CELSIUS (Uppsala),
TARN II (INS Tokyo), ESR (GSI Darmstadt), CRYRING (Stockholm),

ASTRID (Aarhus) COSY (Julich)

] ng‘;) lon cooling of all elements

D R\n__, up to uranium including

7 00, ASTRID radioactive nuclei (ESR)
¥ "f;?% /ﬁ_\

Development of laser cooling

( IUCF
\‘%zfj ] R =2/ of Li and Be ions (TSR, ASTRID)
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ESR - heavy ion-cooler ring

eElecton cooler: U= 310kV, 7<3A, L=2.5m
*All ions at energies up to 500 MeV/u

eCooling time ~ A/Z2 about 100 ms for U%%*
Ap/p. 2 x 103 > 100 ~ N1/3

°¢,,- 5 mmm mrad 0.1 = mm mmrad
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eHigh circulating currents: 7= Nx

eHigh luminosities with internal targets
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Schottky-Noise-Frequency
Spectroscopy

S@hn = [(VIn(0)yIn(r)) exp(iw ) dr

Relative width of Schottky-Noise-frequency distribution
]’l — ]_.I.-""‘I :E —_
Schottky noise spectrum of an uranium beam in the ESR
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Observation of beam temperature

transition

Steck et al., PRL 77, 3803, 1996

Suppression of , Intra-Beam™-scattering of cooled heavy ions below
a critical particle number
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Coulomb ordering of ions in ESR

R. W. Hasse, PRL 83, 3430, 1999
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hnep | Schottky-Mass-Spectroskopy

eDirect mass measurement of radioactive nuclei
@ produced by beam fragmentation at 1 GeV/u

eImproved mass resolution and detection efficiency at
small particle numbers

Principle of Schottky
mass spectroscopy
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Status of Schottky-Mass-
Spectroskopy

eMass measurements relativ to known masses
eMass resolution Am/m ~ 1 x 10-° = < 50 keV/c?
Single nuclei detectable

eHalflife > 10 s

e]sochroneous operation

power density / a.u.
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Discovery of the bound -decay

In completely ionised nuclei the decay electrons are captured

in the K-shell QIEb = 0p — [BY(Z+1) - BS(Z)] + BK(Z+1)
A, = O - [ (0)2

B decay in the continuum and to the K state
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Cosmochronometry with the Re/Os-clock

eIsotopic ratio of 187Re/187Os in old meteorites can be used to
determine the time of the nuclear synthesis t, of 18’Re produced
by the r-process

N1870s(ts) = M(187Re) N187R. * ts
«187Re: T1/2 = 42 Gy

¢1870s: mostly radiogen

eBut T1/2 of highly ionised Re in a star plasma is
determined by bound -decay
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187/Re-187Qs Beta-decays
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Detectlon of Os’6+
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Halflife of 18/Re
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mep |+ Age of the Galaxy
o K akahashi, 1999
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imep | HESR — high energy storage ring
e 'OF antiprotons

SIS 100 HESR

28 GeV p
target @ ”a'- cooling
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lmep - FAIR — Facility for Antiproton Ion

e Research
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FAIR — Storage Rings

Collector Ring
bunch rotation

adiabatic debunching
fast stochastic cooling
isochronous mode

from Super-FRS/pbar-Separator from Super-FRS/pbar-Separator

to atomic to atomic

RESR
pbar accumulation
RIB/pbar
deceleration
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physics cave,
HITRAP,
FLAIR

physics cave RESR . A own
HITRAP, o
FLAIR

NESR
e-cooling
deceleration

Electron cooler
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