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Electron cooling 
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The CRYRING@ESR electron cooler in 2025

The CRYRING@ESR electron cooler 
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The CRYRING@ESR electron cooler 

     
 rated max.  typical max.  CRYRING Bϱ limit

Ucool    7500 V    ~6600 V D+ 238U92+

Eion/A 13.6 MeV/u   ~12.0 MeV/u 25.6 MeV/u     14.8 MeV/u

For ESR-injected beams
cooler terminal voltage 
is typically the limiting
factor for Eion.

     
βe = βion 

!
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The CRYRING@ESR electron cooler 

e-gun:
3 T

cooler
 section:
0.03 T

To allow for 100x magnetic expansion e-gun is tiny!     4 mm    →    40 mm⌀ ⌀      
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The CRYRING@ESR electron cooler 

e-gun:
3 T

cooler
 section:
0.03 T

 Tcath. ≈ 100 meV/kB → Te,⟂ ≈ 1 meV/kBF6+ DR
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The CRYRING@ESR electron cooler 
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The CRYRING@ESR electron cooler 
     

 rated max.  typical max.      
 sparking limit      @ 900°C

Ie   110 mA   50...60 mA

Uextract 1600 V 900...1000 V

ne    2.5 10⨉ 7 cm-3  1.3 10⨉ 7 cm-3

ξ=50, 10 MeV/u      
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The CRYRING@ESR electron cooler  

Quite flexible operation using accelerator controls 

New high-precision HV supply (< 10 ppm)

High-precision (~ 1 ppm) voltage dividers (Uni Münster)  

V.
 H

an
ne

n 
et

 a
l.

t

ring dipole

cooler voltage

injection 
+ cooling

decel-
eration 

cooling e-target

electron 
current



GSI Helmholtzzentrum für Schwerionenforschung GmbH 1022/01/2026Claude Krantz  –  APPA 2026  –  Darmstadt

Electron cooler performance

Ei ≈ 10 MeV/u 

→  Ee ≈ 5500 eV

Highly-charged ions:  
e.g. 298U91+  @ 10 MeV/u

4.8854.882 4.888 f6 (MHz)
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Beam profiles after 1 s 

Longitudinal cooling ~ 0.1 s

Krantz et al., Proc. IPAC 2021 (2021)
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Electron cooler performance

Bϱmax = 1.44 Tm

Electron
Cooler

Low- or singly charged 
ions:  

16O2+     1.56 MeV/u → 870 V
20Ne2+     0.80 MeV/u → 450 V 
12C+     0.33 MeV/u → 190 V
24Mg+      0.17 MeV/u → 100 V
25Mg+      0.16 MeV/u →   93 V
   … Local injector

low cooler voltage (βe = βion) 

e-current s.-c. limited 
(“perveance”):

Ee=
me
mi

⋅E i≈eU cool

I e∼U cool
3/2

Rate for low-
energy e-cooling: 

τcool
−1 ∼

qi
2⋅U cool

mi
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Electron cooler performance

24Mg+ and 25Mg+  @ 0.168 and 0.155 MeV/u

         Ee   = 92 eV / 85 eV
         Ie  = 1.7 mA

 Bϱmax = 1.44 Tm 24/25Mg+

e-
co

ole
r

Krantz et al., Proc. IPAC 2021 (2021)

Longitudinal cooling (bunched)

Transverse cooling (neutral imaging)
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Electron cooler performance

             D+  @ 0.092 MeV/u

         Ee   = 50 eV
         Ie  = 0.5 mA

D+

e-
Coo

ler

Cooling limited by 
competing upscattering
@ gas target

X

Y

jet 
target
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Low-energy challenges

5 keV, 30 mA

   2 keV, 30 mA

  1 keV, 30 mA

 85 eV, 1.7 mA

space-charge induced
e velocity profile (ξ = 33)

0
rbeam

rpipe

Cryring: (dp/p)max ≈ ± 1% 
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Low-energy challenges

Dispersive electron heating

electron dv/v
(space-charge):

ion dv/v
(dispersion):
  Dx ≈ 1.6 m )

e-beam diameter

long.
heating

horizontal
heating
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e space-charge:. 

Edges of e-beam 
turn into ion heaters!

F D F     F D F     F D F     F D F     F D F     F D F F1D F2    F2D F1    F1D F2    F2D F1    F1D F2   F2D F1

possible 
solution:

(but not here yet)

Split quads
into three 
families



GSI Helmholtzzentrum für Schwerionenforschung GmbH 1622/01/2026Claude Krantz  –  APPA 2026  –  Darmstadt

Low-energy challenges

Accuracy of Ee and Ei?

true electron 
accel. voltage

terminal
voltage

space-charge
potential

cathode
workfunction

drift-tube
workfunction

fract. heating
voltage

Ee
e

U cooler U S . C . Φcath . f⋅U heatΦ316 L= − + − +

= − + − +100.0 V 7.8 V 2.0 V 4.4 V 1.6 V91.4 V

± 0.0001 V ± 0.1 V ± 0.2 V ± 0.2 V ± 0.5 V± 0.6 V

optimistic
(!) error
budget:

Δ E i
Ei

=0.7%Rel. uncertainty 
of ion energy

c.f. @ ESR

Ucooler     ~ 100 kV
ΔUtot      ~ 1 V

→ ΔEi / Ei  << 10-4  !!
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Thank you!


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17

