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LEBIT - a facility for Low-Energy Beam and Ion Trap experiments

Decay
studies

Gas stopping cell and RFQ ion trap:
ion guide system beam accumulation, ol
cooling and bunching

9.4 T Penning
trap system:
mass measurements

Laser
test beam spectroscopy

Beam jon source

from
A1900

e Gas cell - stops fragment beams: E ~ 100 MeV/u = 5keV, DC

e Beam cooling and Bunching

e Experiments - Penning trap mass spectrometry, laser spectroscopy, decay studies
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Gas stopping cell and ion guide system:

Gas cell RFQ 1, RFQ 2 Acceleration

segmented optics
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Pressure (He): ~1 bar down to 0.1 mbar ~104 mbar < 10 mbar
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Ion extraction from the gas cell,
NSCL
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Simulation: Electric field + gas flow (VarJet) -> ¢=1
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But there is space charge ... and lots of it !!!
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Some results of extraction measurements

Stopping/extraction efficiency (%)
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Ion extraction from the gas cell,

SC5 2004
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Upng:=1300V, U, =1600V, Ugyp:1025V — “Ca



e PIC code:

r=1es/s FAST! ~10min — 10kions
e Handles He*, Ca+
0 100 12373 aﬂltr' 400 500 ?T‘?T%E"J% and even e
i ] e — Efficiency
.20 e e — Where ions get lost

| “ 1 e — Extraction time
1_._[1_:_—‘- -10 7]
o N e Work in progress !

j‘j— ED =

Upng:=1300V, U, =1600V, Ugypy:1025V — “Ca
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The LEBIT cooler & buncher

accumulation &

bunching
DC,
deceleration CRE
section CRR,
A0 ¢ ~
Features:
Two-stage system e high-pressure cooling (~0.1mbar)
low-pressure trapping & bunching (<103 mbar)
Wedge-type electrodes * no segmentation (except for DC in trap section)
Cryogenic system » N,-cooled, clean, no charge-exchange
very low emittance, high efficiency
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2-stage electrode concept
Multistage pumping
Cryogenic system (80K)

\ Trap
- RFQ

1)
Cooler \
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The LEBIT ion accumulator & buncher for LEBIT,
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e Simulation of complete transfer process
e 2Na, 133Cs (realistic potential scattering), 290XX
e T=80K, 300 K
Trapping process 2Na* | He
_______"____ﬁ‘\:w

Pu.=5102 mbar

Pu.=2'103 mbar

Properties of ejected ions, 2 keV
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Pulsed mode operation

Time-of-flight distributions, measured with an MCP detector.
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“Slow” extraction “Fast” extraction
| ~3.7V/cm 1 ~19V/cm .
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... with cooling times ~ 20ms
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The LEBIT cooler & buncher: efficiency
NSCL

Pulsed mode:

Total efficiency (with Penning trap):
e > 10-15% (not corrected for MCP detector efficiency)

DC mode: Transmission efficiency vs. beam current:

DC efficiency
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RIA R&D proposal submitted to DOE:
High intensity beam cooling for better isobar separation
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Experiment Simulations @!

T. Kim, R.B Moore, McGill, Montreal “Mean field”-code: (FH & SCS)
Beam size as a function of beam current = RF + Buffer gas collisions + Coulomb interaction
beam temperature assuming no space charge
0.8 €950, [T MM mrad @ 60 keV] 2.3
\ ‘ \ ‘ \
ro= 7 mm, Cs*/N,, p = 8:10 mbar s | | i B
Uge =300V, f,e= 0.7 MHz, E = 1 V/m 0.20 - o L 4
0.8 // — s | 77“
0.07 s //=/// ‘ H ,
0.06 /f:é;f//j;/‘;; 0'15 B il ,@“ 7 B
- . :///‘/jri)// S.)/ 1 00 05 10
BT 2 slope = 17.0(3) meV/nA
4 T. Kim (PhD thesis), 0.10 - T- Kimep:156) ]
002 ] offset = 44.3(3) meV
P ‘ T. Kimexp: 42(3)
00000 0z 04 curreor;?(nA) 08 10 12 0.05 | = & |
o KT from spatial distr.
. . . . | \ 1 1 . e
Agreement for spatial distribution 0 1pA simulation:
(0 - 1.2 nA) Uy = 15kV, fie = 5MHz, E =10 V/m
& slow rise of beam temperature €qs0 ® 3 m MM mrad @ 60 keV
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“Mean field” vs. PIC code

MD simulations not very efficient for space charge calculations

©

Electric field E =
quadrupole field E,,

l

Define initial
coordinates of ions

\) Run ions through
. 410ms
»\ N=15 /

RFQ using E
Solve 1d Poisson-egn
for E . 1/r d/dr(r E,) = -p/e,

ions*

/

E=E,+E,

Particle in cell:

Define initial
coordinates of ions

|

Calculate charge
density matrix p;

7 \

Collisions ? Solve Ad=-p/g,
Loss 2 Refill 2 A2 1HS)  on 2d grid with
FFT methods

N=10°

Integrate eqgns
of motions (“Leapfrog”)

CPU:~8msl!!

Typical CPU-time, 10k ions: 10min

Method: D.W.Mitchell, R.D.Smith: IJMS Ion Proc 165 (1997) 271
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The LEBIT miniature RFQ:

Beam size -
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Beam size as a function of beam current
= beam temperature

DC efficiency

E,=3.3V/m

1 E

I, [NA]

Current [nA]

Losses start here
- agrees with experiment!

e Code will yield:
- emittance
- efficiency ...

e Fast & promising !

e Work in progress !!
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The 9.4 T Penning trap mass spectrometer

—— NSC
Ion detector . . .
o °'2D:I:;) o :y;zerbohc flyal;)ndrncal S
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From LEBIT | e \ / 77777777777 i
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buncher ] 17 =) cl=r T T =0
Pump N\ Pump
9.4 T magnet
-2kVv “EU
ok
Features: Why 9.4T ?
9.4 T magnet e shielded and compensated (ambient fields!)
Hyperbolictrap ¢ mass measurements via determination of dm/m =~ c* Rt N2

Cylindrical trap
Cold traps at 80K
Backwards TOF
detection

cyclotron frequency . = (g/m)-B
e ion parking, decay studies
e improved vacuum

o free access to traps

— Same dm/min half
the time compared to

6T systems
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Test Measurement with Stable Krypton Isotopes

TOF [us]
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Krypton Mass Differences
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kr1sotope Reference: “0Ar

eAverage relative mass difference:
5-108

eMass dependent systematic effects:
< 2:10°/amu

Rare isotope measurements soon
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The LEBIT Penning trap —

“Thin"” wall #1

ISOLTRAP
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B
NSCL

True cyclotron frequency detection needs magnetron motion
“Lorentz”-deflector:

e : o = imulation:
Avoids time-consuming magnetron excitation ! A =100, 2kev _?_ uat do'
No phase-locking required 2 T e 300V rapped 1ons
g e N having passed the
i WW% Lorentz steerer.
1 £ 7 . *‘m R
- {\g /7 0 . Deflection of beam
= *%;{ -y .., % increases until at
: S A, 300 Vions begin
S 4 to hit the endcaps
a1 h e | ~ov
X [mm]
v {]us] Experiment:
20.0 TOF recorded
1704 after conversion
' 1 of magnetron
L 140- into cyclotron
O motion:
11.04 i
wo Injection of
o ions with
40Ar
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Voltage on Lorentz deflector [V] scs 104



p
The LEBIT Penning trap —
NSCL
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Can we improve on the signal-to-noise ratio * S/N = (TOF,-TOF,) / ‘/(012"‘ 5,%)
Measured i -
ISOLTRAP 480 .m0t ‘ Ve = q/mB S/N~1.48
TOF-resonance I [~ v e
and spectra ] 200 |- )
440 : B
— 0 | ~
S+ 1 S 150 il i
é 400 13 - ) i Ver ® o/mB
100 ‘)
3601~ TOF-effect: | 201 “‘ N
B 250/0 ] O 7; / q A
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vee [HZ] - 491784 Time-of-flight [ps]

Yes! Optimize layout & voltages... LEBIT ejection optics:

Y= I
1~3

) ) ) ) MCP
Trap Drift section #1 Drift section #2 Drift section #3 #4 #5 detector

Change voltage here !!!
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The LEBIT Penning trap —

Simulations

30
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TOF [us]

Experiment:

50 4

N [au]

120

S/N=0.31

40 60 80 100
TOF [ps]

Drift #1: -10V

120
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150
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50 4

- in resonance
- off resonance

70
TOF [us]

S/N=2.03

0 50 60 70
TOF [us]

Drift #1: -70V

NSCL

84Kr
Initial radial distribution:
p. = 0.75mm, 6=0.3 mm

Initial axial distribution:
+6 mm (rectangular)
500 ions simulated

Work in progress !
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Realistic resonance profile
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Experimental studies needed
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LEBIT — is in commissioning phase — rare isotope mass measurements soon

Simulations have played a very important role in LEBIT design and still do:

- Latest development: PIC code
- gas cell optimization
- high intensity beam cooling
- other possible applications : space charge effects in RFQ and Penning traps

- Octupole excitations - analytical description desirable — experiments needed





