K cryocooler

35 m circumference <% Photocathode

electron cooler /
merged beams

Merged . €lectron target

neutral

beam
Stored ion

diagnostics

(Gas jet / reaction

Crossed beam / 41
experimental zone

lon injection
300 keV'  max-Planck-Institut fir Kernphysik, Heidelberg, Germany



Postaccelerator

HC Injector
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« Beam energy variable between 20 keV and 300 keV (*q),
« Very large mass range up to bio molecules
— CSR should be electrostatic

« Long life time, molecules in ground state
— Vacuum at low temperatures: 1*1013 mbar (RT equivalent)

— CSR must be cryogenic (10 K),
For H, 2 K must be available at a determined number of positions

« Operation temperatures between 10 and 300 K
— Usage of a Helium refrigerator delivering 2 K Helium

« Vacuum at room temperature: 1*10-* mbar

= The ring must be baked up to 600 K

Robert von Hahn for the CSR-Team
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Injected ion beam Middle chamber
~1m
Electrostatic ~3 m
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Pumping
_Gold plated
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2K cooling units
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2K cooling units
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2K cooling units
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Measured cryogenic temperatures
at cool downs

2K cooling units

Temperature [K]
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Penning source:

* Produces N," ions with
energies of 2-10 keV

Beam cleaner:

* Pulsed injection with

Only ions
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Particles
from source

switched deflection plates

« Differential pumping and
filtering out of neutral beam

Bunch
length
definition

Sebastian Menk: Diploma Thesis




lon Trapping
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» Trapping of N," ions by
switching the electrodes

* After ~400 ns electrode
voltage at 95%

* Neutralisation by
electron capture of the
restgas (mainly H, at

N,* 2K)
Static mm « Using lifetime 1 to
electrodes v~200— electrodes estimate the pressure

us
Sebastian Menk: Diploma Thesis Robert von Hahn for 1WEmEm,

~4-5 us
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Detection and Counting of Neutral Frag
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* Counting of neutral

fragments on a chevron
MCP

 MCP angular acceptance
~ 18 mrad

*  MCP position
acceptance
~ 120 mm

Sebastian Menk: Diploma Thesis Robert von Hahn for the CSR-Team



Storage Lifetime

Measurement
-| —— Double Exponential fit
——— Background fit

voltages (fast HV switches)

=62.7s+ 1125 Trapoff |

s Tshort

T =343.2s1 54.0s
long

*Cryogenic chamber baked
for better vacuum at RT

*Improved differential
pumping after ion source

—
o
o

Rate of neutral particles (s

sImproved shielding against
infrared radiation at trap

+ 1 1 1 1 1 1
SHIUFETSE AL 0 100 200 300 400 500
Time after injection (s)

With collision cross-sections from the literature, the new lifetime would translate to a
residual gas density of 44000 cm-3 or 1.6*10-'2 mbar (at Room Temperature).

Robert von Hahn for the CSR-Team




Worsening the pressure by opening the |
valve to turbo pump “"
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Worsening the pressure by opening the
radiation flap
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Trap Vacuum

e Model: 2 loss mechanisms:

— residual gas collisions
(proportional to pressure)

— 10n evaporation from trap
acceptance volume (constant)

* Over several hours, CTF warms up
and gas desorbs from walls
— Variation of pressure in CTF

e 2 beam decay constants: * Monitor neutral particle rate and the
reading from an ionization pressure
Pgas gauge (room temp.)

P = Paas + Poy = feas =
« Neutral particle rate: Protal » Determine decay constant p=1/1 and
amplitude R, of exponentially
decreasing count rate on MCP

R(t)y=const-1,,1,..pexp(-1p)  Integrate over few injections only, to
: — ‘R} J gain time resolution

Robert von Hahn for the CSR-Team
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Beam Decay Constant
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e Beam decay constant Protal

Pressure in pump stand

Peak pressure:
" 1.75*10-° mbar

* Over several hours, CTF warms up
and gas desorbs from walls
—Variation of pressure in CTF

-1
Piotal {5 )

Pressure (1 o mbar)
=]

* Monitor neutral particle rate and the
reading from an ionization pressure
LR = |  gauge (room temp.)

L «* ]
I f % |+ Determine decay constant p=1/t and
‘ . . . ‘ ‘ ‘ amplitude R, of exponentially

° % 190 " ime niny 290 300 350 decreasing count rate on MCP

10

» Integrate over few injections only, to
gain time resolution

Robert von Hahn for the CSR-Team



Beam Decay Constant
10 FT T T T T

e Beam decay constant Protal

Pressure in pump stand

Peak pressure:
" 1.75*10-° mbar

to

* Over several hours, CTF warms up
and gas desorbs from walls
—Variation of pressure in CTF

1
Piotal (S )
Pressure (1 o mbar)
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T

* Monitor neutral particle rate and the
reading from an ionization pressure
gauge (room temp.)

|+ Determine decay constant p=1/t and
| amplitude R, of exponentially

Ny decreasing count rate on MCP

» Integrate over few injections only, to
gain time resolution

Robert von Hahn for the CSR-Team



Trap Vacuum
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Beam Decay Constant

Beam decay constant Piotal

Pressure in pump stand
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CSR Mechanical Layout

connecti

Isolation
Vacuum
p~10% mbar

6° Deflector

Quadrupole

Inner Vacuum

Chamber

Liquid He
p<10-13 mbar
40 K Shield

Concrete 80 K Shield
Block
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CSR Mechanical Layout

Chamber
cooling units

Inner vacuum
chambers

N 2 K Cu surfaces Evaporated He
! return line

-

2K super—ﬂuid
He supply line
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Conclusions and Outlook

First successful operation of the cryogenic ion beam trap
Achieved low temperatures of down to 2 Kelvin

Observed linear pressure dependence of the storage life time during cool-
down

Determined dominant loss processes for different pressure conditions
Pressure tests indicated a limiting pressure independent lifetime
Modified high-voltage switches with reduced fluctuations

Lifetime measurements with a BAKED cryogenic ion trap: 340 s
Determined pressure dependent life time of: 4000 s

Move trap for further experiments
Proceed with ordering and assembly of CSR

Robert von Hahn for the CSR-Team



R. Bastert, K. Blaum, F. Fellenberger, M. Froese,
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D. Orlov, R. Repnow, A. Shornikov, T. Sieber,
R. v. Hahn, A. Wolf

Thank you for your attention!
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