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Electron cooling
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The CRYRING@ESR electron cooler F-\|R =51

The CRYRING@ESR electron cooler in 2025
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The CRYRING@ESR electron cooler F-\'R =51

rated max. typical max. CRYRING Bp limit

238U92+

Ucool 7500 V ~6600 V D+

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.

Be é Bion
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The CRYRING@ESR electron cooler F-\|R =51

To allow for 100x magnetic expansion e-gunis tiny! 4 mm - 40 mm

o
cooler

- b _/_ .
e-gun. section:
3T
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The CRYRING@ESR electron cooler F-\'R =51

Krantz et al., t.b.p.

} Data, geometry deconv. (4 MeV/u) ——
Tokman (2002) / Lestinsky (2007) —
Fit ROl — 7

kBT|| =45(7) peV

kgT | =1.0(1) meV |

- AT 1

— -

Tcath. = 100 meV/ks — Te1 =1 meV/ks

o
cooler

- . _/_ .
e-gun. section:

3T % 0.03T
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The CRYRING@ESR electron cooler
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The CRYRING@ESR electron cooler F-\|R =51

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

le 110 mA 50...60 mA

Uextrace | 1600 V 900...1000 V

Ne 2.5x10" cm3 1.3x107 cm? ﬁ

&=50, 10 MeV/u
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The CRYRING@ESR electron cooler F-\|R =51

>

injection decel- cooling e-target
+ cooling i eration

ring dipole

cooler voltage

electron
current

>

Quite flexible operation using accelerator controls

New high-precision HV supply (< 10 ppm)

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

V. Hannen et al.
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Electron cooler performance F-\|R === 1

Highly-charged ions:
Longitudinal cooling ~ 0.1 s e.g. 22U @ 10 MeV/u
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Krantz et al., Proc. IPAC 2021 (2021)
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Electron cooler performance F-\lR === 1

-----
- -
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o Electron
Cooler

Low- or singly charged
ions:

BT RN o e — ey, ~ 1602*  1.56 MeV/u - 870V

PSR ek T X “Ne?* 0.80 MeV/u - 450 V
12C*  0.33MeV/u - 190 V
Mg* 0.17 MeV/u - 100V
Mgt 0.16 MeV/u - 93V

-----------
.- ~
.

Se .’
______
--------

Rate for low-
energy e-cooling:

m
low cooler voltage (Be = Bin) E,=—E.~eU

cool 2
mi —1 qi ’ Ucool
Tcool m
e-current s.-c. limited [ ~U?? :
(“perveance”): e cool
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Electron cooler performance F-\|R === 1

Longitudinal cooling (bunched)

2Mg* and *Mg* @ 0.168 and 0.155 MeV/u " 3“ = AM=00s @)t=27s
] g 0.11 ps
= = ~0.28 us
E. =92eV/85eV S - E N~

le =1.7 mA §0_2_ - 02 00 02 .(p%)
(6
é T 25M +
a g

0.14 155 keV/u

0 2 4 6 8 £(s)

Transverse cooling (neutral imaging)

Gheamx~39mm  £=1.90 um| |dy = 1. 1mm & =0.13 pm
Apeamy = 2.8 mm  &,~0.87 um| | dpey, < 0.8 mm  ¢,=0.07 pm

24M g+
2 168 keV/u
. 4O-det, 5% » 40det, ¥y . % i
z4.5mm. e =13 mm' ®
40—d01~\’ 4Udet,x

T—»x t:@OS T—»x t=7s

Krantz et al., Proc. IPAC 2021 (2021)
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Electron cooler performance
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Low-energy challenges

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

"85 eV, 1.7 mA

1 keV, 30 mA

_5 keV, 30 mA

| 2 keV, 30 mA |..
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dispx, dispy

Low-energy challenges
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Dispersive electron heating

Dispersion vs.
e space-charge:.

Edges of e-beam
turn into ion heaters!
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Low-energy challenge

Accuracy of E. and E;?

true electron terminal
accel. voltage voltage
Ee
? = Ucooler
914V = 1000V -
optimistic
(1) error
budget: *0.6V + 0.0001 V
Rel. uncertainty AE,
—_— L

of ion energy E
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space-charge  cathode drift-tube fract. heating
potential workfunction workfunction voltage
Use. + P Dy ' Unea
78V + 20V - 44V + 16V
+0.1V +0.2V +0.2V +05V

4 c.f. @ ESR )

Ucooler -~ 100 kV
AUtot -~ 1 V
\ -~ AE/ E; <<104 1 /
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