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TSR

U Cold electron target for TSR

O Electron beam formation Vie?0

cooler

0 Cold electrons from cryogenic photocathodes

U Experimental: target, photocathode setup

U First results with photocathode-driven target Photocathode source at 90 K :

O Electron cooler with cryogenic photocathodes kTc =10 meV

kT, = 0.5 meV; kT” =0.02 meV

for low-energy electrostatic storage rings
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TSR electron target - concept

Detectors
(ions and neutrals) ~0.2...8 MeV/u  Enhanced experimental resolution:

0 separation of cooling and target operation:

- continuously cooled ion beam,
- no change of ion velocity

1 adiabatic acceleration: lower kT”

O magnetic adiabatic expansion: lower k T
kgTL=3.5meV; kgT| = 0.02 meV

1 cold source of electrons:
photocathode at 90 K

Electron cooling force

107 kBTJ_ = 0.5 meV; kBT” = 0.02 meV
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Electron beam formation

Acceleration Magnetic adiabatic expansion
k2T2 82 . .. .
kT” reduction:  k,T =-£-¢ {C ni/s adiabatic invariant: E,/B=const.
I 2eU dre,
% BO Bguide
s AE|
U 0 Phase-space conservatio
AE| L, oy B k7 = e
AV AV' V" Bguide - o
C =1.9 - fast acceleration Thermocathode kT.= 110-120 meV
C < 1.9 - slow (adiabatic) acceleration o =20 KT, =5-6 meV

o = 90 kT,= 2meV (CRYRING)

KTy < KT, Photocathode kT,=10 meV

Q a=20 kT, = 0.5 meV
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Electron-ion collision resolution

Flattened electron distribution

N kT" << kT,

Recombination velocity v [E

Width [eV]
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kT, =28 peV

DR rate coefficient

Real resonance position

KTy >> kTII

kT, =5 meV

—

kT, =0.45 meV

SE = J(KT, In2)* +161n2 E KT,

Thermocathode k7= 110-120 meV

Photocathode  k7-=10 meV



Electron beam from photocathode

Photocathode principle Thermocathode principle
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1 (Cs0) vacuum
GaAs 1, Thermocathode

T=80K T=1300-1500 K vacuum

Bkr=11o-120 meV

Strong energy and impulse relaxations
enlarge electron energy spreads in vacuum

Fully activated cathode: QY= 20-30%
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Electron beam from photocathode

Photocathode principle Energy distributions of photoelectrons
“2D”"-measurement
E ., E
300 K By L?QOK
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E C;E .................... i: 609 Eﬂ _%ﬂ?
ii (CsO) | 0 100 200 300 | 0 00 200 300
GaAs : vacuum Transverse Energy, [meV] Transverse Energy, [meV]
T=80K _
Suppression
Strong energy and impulse relaxations Energy spreads about kT
enlarge electron energy spreads in vacuum
QY =1 %
Fully activated cathode: QY= 20-30% Laser power (800 nm) for 1 mA: < 1W

Efficient heat transfer from the cathode

D. A. Orlov et al., Appl. Phys. Lett. 78 (2001) 2721
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TSR electron target section - overview

Detectors
(ions and neutrals) ~0.2 ... 8 MeV/u

Neutrals .
detector i
~_ | X | _—Movable ion detector
#

/ - ‘ -
TSR dipole  Jacmy -

Electron gun with
magnetic expansion

llect
Collector 0=10...90

Adiabatic
acceleration
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Interaction section
1.5m

lon beam
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Photocathode setup

Vacuum conditions:
UHV (10-12 mbar)
H,O + O, + CO, <10-* mbar

High requirements for
surface preparation

Atomic hydrogen cleaning:
Closed cycle of operation

Preparation Chamber
~13
| HEG (5000 =1 il
| Tengetter punp Heat cleaning
£230153) 3 2% T2 activation
= C

Photocathode
at 90 K

Gun Chamber
2410 rabar

Ton getter purp
! {60 15

[ MEG{Io00 Vs |



gun chamber preparation chamber

LN flange

prisma position S

Photocathode gun

photoelecton gun

 liser window Laser illumination upto1W
Temperature rise 15-20 K/W at 90 K

H :; — i .P‘m""t'_- dﬁé“‘”‘

LN , supply lines
high pressure unit (10-20 kg)

LN B reservoir
Cu cooling head

U. Weigel et al., NIM A 536 (2005) 323
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Photocathode performance at the TSR target

Lifetime data Beam profile
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UO | 4 | 8 | 1 2 | 1 6 ) ) 2 ):Pos [ﬁ'lm]
t [hours]

U Lifetimes 7-15 hours at 0.15-0.2 mA
0 Non-stop operation
U Closed cycle of operation

J kgTL=0.5meV kgT =0.02 meV
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Photocathode performance. -

10

at the target

HD*(1so,v=0,J)+e — HD** (1sonftA, vJ') — H(n) + D(n")
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S 5 - Model cross section with T

5 kT ~0.5meV, kT~ 0.02 meV
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Electron collision energy (milli-eV)

H. Buhr et al., work in progress
D. A. Orlov et al., J. Phys.: Conf. Ser. 4 (2005) 290.
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Photocathode performance at the target

61 states of type (2p,, 101, j)

T wul
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Radiative corrections o e er e eram
of Sc18 2s-2p splitting:

Fit of resonance strengths and energies

5 44.3107 eV 80
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ®p ¢ . KT, = 0.88 meV and KT= 27.5 peV
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44.3089(100) eV (Theory) [2]
44.3107(19) eV (Experiment) [2]
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Hyperfine structure
splitting: 5.59 meV 2

Rate coefficient o [10%cm /s]
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Ultra-low energy electron cooler for the Heidelberg CSR

bio-molecule
source

250 keV protons from .
high current injector

O—n

- N

molecular
ECR  ion source

MG laser

negative
ion source

detection
corner o R
1T circumferenc:\]j
+ ~35m E
Electron  af CSR reaction
cooler/target |~ microscope
<« 6° deflectors
/ | ) "
e— v/
39° deflectors u;Eru/; s detection
9 P corner

Low energy ions

BeZ
Strong ion deflection in toroid ’ <

Low magnetic field Toroid optimization

Ay oc R

Low energy electrons

Adiabaticity @ !

|

Toroid — simple solution ©!
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lon mass |[lon energy| Electron energy Bmax
[amu] [keV] [eV] [Gauss] 50 50 50
4>
1 10 55 15 LAAN
<
300 165 60 1 S
3 300 54 100 W W
32 300 5.1 >300
A 100 300 16 >300 \E VECTORFIELDS




Ultra-low energy electron cooling

—

Very low B (10-50 G)
Strong TLR
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le-02

Longitudinal temperature, eV

kinematic term N

(photocathode) ~.

‘ KT
1e-03 ; (thermocathode)
03 boveeee e ORI ]
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Electron energy, eV

Cold cathode

Photocathode at 90 K
kT: =10 meV
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Ultra-low energy electron cooling
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P=2u4/U" kT =10 meV
lon lon |Electron| Electron | Electron |Cooling time] Cooling
mass | energy | energy | current | density | (cold beam) time
[amu] | [keV] | [eV] [mA] |[10®cm ] [s] (hot beam)
[s]
1 300 165 4.2 20 0.005 0.05
1 10 5.5 0.02 0.7 0.16 1.6
3 300 54 0.8 6.4 0.5 0.5
32 300 5.1 0.02 0.6 5 50
100 300 1.6 0.004 0.2 50 500
r _ Mion . kBTe
cool — ~0 2 2
n,2Z°"-Lo \ M,

j3/2

kgT,=0.5 meV
L.=3.3
ne=0.028

S,=01S,,, (hotbeam)



Summary and outlook

[ Cold photocathode source works close to design parameters

O Electron target + photocathode:
Strong gain in energy resolution and accuracy at meV collision energy

O Work to improve currents, lifetimes and energy spreads in progress

0 Cold photocathode source beneficial
for low-energy electron cooling (CSR, low-energy ion beams)
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Atomic hydrogen treatment

Hot capillary source

It is basically consists of a W-capillary heated
by electron bombardment to 1800-2000 K

Efficient
Narrow angular distribution of H-atoms
Low capillary temperature (no w-contamination)
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Closed cycle

of the photocathode operation
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Photocathode section - overview

Superconducting solenoid ) 3

Gun chamber

Preparation chamber

Manipulato

Loading chamber
Hydrogen chamber

NS
N\



Photocathode setup at the TSR
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