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CRYRING@ESR

Complements ESR by a dedicated cooler storage ring for 
low energy (  10 MeV/u) highly-charged ions≲ .

Commissioning (from 2017) almost complete.

Serving FAIR experiments since 2020.
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CRYRING@ESR

Highly-charged ions:  e.g. 298U91+

UNILAC: 11.4 MeV/u
SIS18: → 300 MeV/u 

    (stripping)
ESR: → 10 MeV/u 
CRYRING: 10 MeV/u

C
ring

   = 54 m
Bϱ

max 
= 1.44 Tm Low- or singly charged ions:  e.g. 24,25Mg+

Local injector + synchrotron accel.

Ion source: 35 kV
[   RFQ (m/q < 3.2)  ] 
CRYRING: → < 1 MeV/u

from ESR

Local injector

Electron
Cooler
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Electron cooling
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Electron cooling: Low energies

U
acc

From 〈ve  = 〉 〈vi  follows that 〉 Ekin , e≈
me
mi

⋅Ekin , i

Highly charged ions: cooler voltages U
acc

  few kV≳

e.g. U91+: E
kin,i

 ≈ 10 MeV/u →  E
kin,e

 ≈ 5500 eV

→ pretty standard, much experience (also
from other cooler rings).

Singly-charged ions: very low cooler voltage

e.g. 25Mg+: E
kin,i

 ≈ 155 keV/u →  E
kin,e

 ≈ 85 eV

→ Ultra-low-energy electron cooling is a
young field!

TSR (MPIK, 2007 … 2012): 130 … 31 eV
ELENA (CERN, 2018 … ): 355 … 54 eV
CSR (MPIK, 2017 … ):   50 …   5 eV 
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Electron cooling: Low energies

0

r
beam

r
pipe

Space-charge of beam partly screens 
electrons from acceleration voltage:

E
e
(r) = e·U

acc
 − e·ɸ

s.c.
(r)

→ Electrons are faster near edge of beam.

U
acc

 = 2000 V
I
e

= 100 mA

→ Not all ions “see” the same 〈v
e

! 〉

Possible effects on cooling are
known in principle … 

Bosser, NIM A 441 (2000), 60 
Beutelspacher, NIM A 512 (2003), 459 

ɸ
s.c.

(r)
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Electron cooling: Low energies

… relatively, space-charge effects tend to become more important for low-energy beams.

Reason: Need to approach “space-charge limit” to keep acceptable ne (Child-Langmuir-Law).

 U
acc

, I
e 
 :

96 V, 1.7 mA

500 V, 19 mA
1.4 kV, 89 mA

2 kV, 100 mA

3 kV, 100 mA

5 kV, 100 mA

7 kV, 100 mA

 n
e 
(106 cm-3):

4.6

22.6
63.4

58.4

47.0

36.1

30.5
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Experiment: 24/25Mg+

ECR source
(35 kV)

24Mg+ and 25Mg+ for in-ring laser spectroscopy.

Maximum Bϱ: 168 keV/u and 155 keV/u.

Electron cooler: U
acc

 ≈ 102 V and 96 V.

Transverse cooling (neutral imaging):

Longitudinal bunch cooling (pickup):

E. B. Menz in prep. / C. Krantz, Proc. IPAC 2021

E
kin,i

 = 168 / 155 keV/u
( Bϱ

max 
= 1.44 Tm )

24/25Mg+

laser beams

e-
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Experiment: 24/25Mg+

Fluorescence signal
from laser-irradiated ions.

Laser frequency tuned 
to synchronous particle
velocity. 

→ Very sensitive 
probe of bunch 
structure vs. 
storage time!
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K. Mohr, Dissertation, 
TU Darmstadt, 2022
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Experiment: 24/25Mg+

With electron cooler active … 

… bunches cool down at first 
(< 2 s) …

… but then synchrotron 
oscillation slowly restarts
(> 2s) ?!?
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e-cooler

K. Mohr, Dissertation, 
TU Darmstadt, 2022
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Experiment: 24/25Mg+
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x
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 = −6.2 mm

x
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 = −5.6 mm

x
e-beam

 = −3.8 mm

beam pipe:  100 mm⌀

electron beam 
   ⌀ 23 mm

Fix:

Small horizontal shift of
electron beam 

ring outside
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Dispersive heating by e-cooler

K. Mohr, Diss., TU DA, 2022

dv/v of electrons
(space-charge)

dv/v of ions
(dispersion:
  D

x
 ≈ 1.6 m )

original
e-beam position

e-beam position
corrected by 

1 mm (!) outwards
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Dispersive heating by e-cooler

original
e-beam position

e-beam position
corrected by 

1 mm (!) outwards

K. Mohr, Diss., TU DA, 2022

electrons 

synchronous 
ion

slow ion:
decelerated

further!

fast ion:
accelerated

further!

longitudinal
heating! ❌

synchronous 
ionslow ion:

accelerated fast ion:
decelerated

electrons 

ions

ions

longitudinal
cooling ✔
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Horizontal acceptance for e-cooling

electron dv/v
(space-charge):

ion dv/v
(dispersion):
  D

x
 ≈ 1.6 m )

e-beam diameter

For (dv/v)
e
′
  
> (dv/v)

i
′
 
: 

→ Longitudinal heating by electron beam.

Critical e-beam displacement:  

long.
heating

x<
4Ekin , e ϵ0
D x e

2ne
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For (dv/v)
e
′
  
< 0

 
: 

Cooling kicks orbit away from ion position.

For → breaks horizontal cooling!

Hor. acceptance for cooling: 

Horizontal acceptance for e-cooling

electron dv/v
(space-charge):

ion dv/v
(dispersion):
  D

x
 ≈ 1.6 m )

e-beam diameter

betatron motion

kicked
stable 
orbit

Beutelspacher, NIM A 512 (2003) 459

long.
heating

horizontal
heating

Δ xcool∼
Ekin ,e
D xne

cooling:

~ 4 mm

x>
4Ekin , e ϵ0
D x e

2ne

ax
az
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Summary

Thank you!

Z. Andelkovic1, C. Dimopoulou1, F. Herfurth1, R. Heß1, C. K.1, 
M. Lestinsky1, E. B. Menz1, K. Mohr1,2, W. Nörtershäuser2, A. Reiter1, 

J. Roßbach1, R. Sánchez1,2, G. Vorobjev1

  1 GSI Helmholtzzentrum für Schwerionenforschung 
2 Institut für Kernphysik, TU Darmstadt

● Singly charged ions at CRYRING@ESR require low-energy electron 
cooling.

● High e-beam space charge and dispersive ion optics limit horizontal 
acceptance for electron cooling. 

● Ultimately, control of dispersion at the cooler may become necessary.


	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

