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Abstract

The design of the CRYRING electron cooler, including magnets, eiectron
gun and collector, and the vacuum systern, is described. Light and heavy
atomic ions and molecular ions have been cooled at ion energies between
0.29 and "10.9MeV per nucleon. Experiments in atomic and molecular
physics have been performed using the cooler both for beam cooling and as
an electron target. Measurements of longitudinal drag forces and resulting
estimates of transverse and longitudinal electron temperature are presented.

The CRYRING@ESR electron cooler in 2025
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Electron Cooling at CRYRING@ESR

Cooler installed
in May 1992 !!

Cooling demonstrated ...

... for many ions ! —
... at many energies! ——»

e target experiments | ———»

e temperatures ! —
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Electron Cooling at CRYRING@ESR  FAIR m=mx

Outline

* Electron cooler performance

* Hardware upgrades

* Improved e-target operation

* Remaining challenges

The CRYRING@ESR electron cooler in 2025
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Electron Cooler Performance
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Highly-charged ions:
e.g. 28U @ 10 MeV/u
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Electron Cooler Performance
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Highly-charged ions:
e.g. 28U @ 10 MeV/u

Longitudinal cooling ~ 0.1 s
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Electron Cooler Performance F-\lR = = l[
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Low- or singly charged
ions:

e.g. ®Ne? (0.800 MeV/u)
------- 12C+ (0.330 MeV/u)
Y “Mg* (0.168 MeV/u)
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Electron Cooler Performance

FAR ==x

e.g. ®Mg*: E, = 155 keV/u
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Singlylweakly charged ions:

low cooler voltages ...

... and low e-currents.
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Electron Cooler Performance
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2Mg* and ®Mg* @ 0.168 and 0.155 MeV/u

E. =92eV/85eV
le =1.7 mA
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Bunch FWHM (ps)
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Longitudinal cooling (bunched)
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Electron Cooler Performance F-MR === 1I

Ultraslow D* @ 0.092 MeV/u

5.0 4 —— Fit, rate=1.1+/-0.1 s™-1, fin. width=2.6+/-0.0 mm

’ ) $ Alldata
'y E 45 ¢ FitROI
Ee = 50 eV 3 o
le =0.5mA £ a0 Cooling limited by

g competing upscattering
g 331 @ gas target
E 3.0
R
5 251

2-0 T T T T T T
3 4 5 6 7 8 9
Acquisition time (s)

4.0 - —— Fit, rate=1.5+/-0.4 5™-1, fin. width=2.5+/-0.1 mm
3 + ¢ Alldata
£ é FitROI
@ 3.5
N
%]
; t
D
EELE
(%3]
: ?
o«
ey
£ t 'R
2 t

2.0 A

4 5 6 7 8 9
Acquisition time (s)

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH Claude Krantz — SPARC 2025 — loannina 16/09/2025 10



Hardware Upgrades: Cryogenics
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Outstanding feature: 100 x adiabatic expansion

e
f/ cooler

e-gun: section:

3T Xx\ﬁ 0.03T
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Hardware Upgrades: Vacuum F-\lR =1

2021.: cooler developed vacuum problems. Reason: broken bakeout jacket

2022/23: Full disassembly of e-cooler.
Replacement of jackets, pumps, gauges.
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2025: Vacuum ~1-10* mbar with e-beam on.
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Harware Upgrades:
e-Target Operation
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Application of meas. ramp to cooler
terminal lead to instabilities ...

0.7

0.6

0.5

0.4

0.3

0.2

0.1

T T T
17.04.24. - kV bias voltage, rjo drift tubes

17.04.24. - 20 kV bias voltage, no drift tubes ——

U lv)

-35 -30 -25 -20 -15 -10 -5 0

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH

A. Koutsostathis et al., Proc. of HNPS 2024

drift electrodes
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C. Brandau et al. Chin. Phys. C 49 (2025)
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recombined ions

Brapy

2025: much improved

response!
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e-Target Operation

Dielectronic Recombination of F¢*
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Energy (eV)
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e-beam dislocation (mm)

e-Target Operation
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Challenges Remaining

FAIR ==

_ﬁ
cooler

T ——

3T B
% 0.03T

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH

section:

Existing SCM is old.

Cryo-system requires intense
maintenance.

Need to resupply He regularly.

2024 Almost purchased a new magnet
free of liquid cryogen ...

= :
o 8eandir. }
3 eandir

i

. to be continued!
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dispx, dispy

Challenges Remaining
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Low energies (1): Dispersive electron heating
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Challenges Remaining
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Low energies (2): What do they mean for the accuracy of E;?

true electron terminal space-charge  cathode drift-tube fract. heating
accel. voltage voltage potential workfunction workfunction voltage
Ee
? = Ucooler US. C. + (I)cath. (I)316L + f Uheat
914V = 1000V - 7.8V + 20V - 4.4V + 16V
optimistic
(1) error
budget: *0.6V + 0.0001 V +0.1V +0.2V +0.2V +05V

Rel. uncertainty AE, _
of ion energy E. =0.7%
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4 c.f. @ ESR )

Ucooler -~ 100 kV

AUtot -~ 1 V
\ - AE/|Ei << 1041 /
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Thank you! FAR ==
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