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Motivation:

Why Non-destructive Detection?

example TOF
(time-of-flight,
destructive)

- advantage: single particle sensitivity is possible, easy to use
- disadvantage: removes ion out of your trap
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Motivation:

Wh Y Non-destructive Detection?

MCP

example TOF
(time-of-flight,
destructive)

Laser-Spectrosc.
(non-destructive)

Photo-Multiplier

- advantage: few ... single particle sensitivity possible
- disadvantage: costly, only for very few species applicable,
optical access needed
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Motivation:

Why Non-destructive Detection?

Keeping the particles inside your trap....

e No need to load the trap again
(saving time, efforts & costs)

e |longer observation time
(=> good for high precision experiments)

e possibility to electronically cool them down to very low
energies (~ few Milli-eV) in ~ 1sec. (,resistive cooling")

e tool for high precision experiments
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HOW can we detect ?

Make use of the fact, that lons, Electrons, Protons, ....
are electrically charged particles

Every Moving Charge = Electrical Current
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HOW can we detect ?

Motion in a Penning Trap:
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HOW can we detect ?

Motion in a Penning Trap:
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HOW can we detect ?

Motion in a Penning Trap:
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HOW can we detect ?

Axial Motion:
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HOW can we detect ?

Axial Motion:
Induced image currents

_ still small:
induced current: [ +=1~N2-r, /D -o-q 0.2pA.¢

(Schottky et al. ...)
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Detection of excited ions (few eV)
- cyclotron motion
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Detection of excited ions (few eV)
- cyclotron motion

‘1—’ X /J\ pickup-electrode
y

_ / ’ H\" / ﬁ1'1
__n'l I"'\\_’,rlll

\l_/ pickup-electrode




li i! 1ARMD érk,
MAINZ AT

S. Stahl: Nondestructive Electronic Detection

Detection of excited ions (few eV)
- cyclotron motion

Low Noise
Amplifier
FFT-Analyzer Pe
S | ,,FT-ICR
fourier-transform-ion cyclotron resonance
| - [BrtH] _ _ . . ' [SubP+H]*
.FT-ICR-cells* «+71 N\ still: single ion detectio N
used in chemistry/biology  :. not possible

m/g-resol. ~10°...10°
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Sensitivity Improvement:
Resonant instead of broadband detection

I measured signal:
— o Uu=7-1
O C — 1 ZLC - QLC . |ZC,parasitic|
| O,y = O = 1AN(LC)
QLC"_ ~_ resonant enhancement factor
~100 (T=300K)
broadband \ ~2000 (T = 4K)
—=Cryogenic
(given : r, ., D) AN = : components
Wi W

this idea applies for axial detection as well as for FT-ICR !
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Examples of high-Q-coils:

500kHz-coil 30MHz-caoil
for FT-ICR detection of heavy masses for FT-ICR of hydrogenlike ions
(Shiptrap / MATS) (g-factor, Mainz)

NbTi wire on Teflon gold plated copper
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Applications and Examples

of non-destructive electronic detection schemes

g-factor measurements: neccessity to know the

magnetic field strength B

FT-ICR-signal (resonant):

FWHM of 6-1010,
measurement time: 120sec
(=Fourier-Limit)

gB
W, = ?z W, + o_

Signal / arb. units
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Limitation: B-field drifts
—short measurement times
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Counting single ions...

1,00
ca. 20 "*C**-ions

how many ions are
inside the trap? (a) /

=> just count them! 075 | “ ‘”W 1kHz
[RVAWPYPS W -~

without magnetron centering

ions show a considerable ~ °®F © s
frequency spread
0,25 L
(c) 2 ions
0,00

1 1 1 1 1 1 1 1
70 2] 74 76 78 80 82 84 86

Frequency / kHz + 24MHz
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Resistive Cooling

—

@ A
L lon Signal

é c | LR3IL

induced current creates thermal energy in R => dissipative effect,
=> exponential decay of amplitude

= _m-D? ion D T
2. R
d 12Co5+ 5.5mm 23ms
Protons, 49ms
_ Q 131Xe4*, 20mm 3.3ms
R= c e, e’ 0.7mm 10.9us
O) .
for Q = 2000, f = 0.4MHz, C = 20pF (except €', %)
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Detection of cold particles:

B 4

ion

Zion J_

1l
WI

—=possibility to
detect cold ions
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Bolometric Detection

of single cold ions

2 -]- f— FFT
CT L

. 5+ .
[ axial detection (Q, _=1650) 35 single C™ - ion
10F
2 09F a0t "ion dip”
= i .~ Noise Resonance with ions 2
08 r ) ‘ . £
T | _~ Noise Resonance without ions S
® g 25F
2 hre : &
| lon Signal 3
[ 12 ~ 5+ 2 20}
S asl (~30°C"-lonen) §° — >« 22H
ok D
L Kz}
8 04 2 15
5 =
. 0,3 -
: 1 1 1 1 L L 1 110 1 P 1 L 1 " 1 n 1
-2000 -1000 0 1000 76950 77000 77050 77100 77150

Frequency 7/ Hz + 782 4kHz Frequency / Hz + 765kHz
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Mass Spectra (ramping method)

(Rettinghaus at al. 1967) O
U0 A

Axial Motion: /\/\/
W, ~ (qUO/m)1/2

160
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100 Jo=
80 [
60 |-
a0 [i
20 [..-i
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=> simple and cost effective method
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Determination of the free Proton
Magnetic Moment

5]

i
= gp.F

UN

e first direct high precision measurement of a free
nuclear particles magnetic moment

e proton / antiproton comparison,
matter / antimatter symmetry (CPT-Test)
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Application of Cryogenic Electronics
at the Proton Trap:

-calibration of B (magnetic field)
-determination of the o, ®.
-cooling the degrees of freedom down to 4K
by resistive cooling (and magnetron centering)

-detection of the spin direction

not quite easy...
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Measurement Principle:
Continious Stern-Gerlach Effect

Magnetic Bottle in ,Double Trap*:

potential

electrical (

Axial Frequency
depends on Spin State!

oo

Ao, = pp - By/(mw,)

Qdown /

Problem: i Is very small
= Aw, frequency jump only
few mHz in a ,,normal* Trap
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Motional Phase Detection makes very small
frequency changes visible

180 -

120 T

74 180 /7 NS

1 210

240

Phase slower

spin down /\ /\ /\ /\ /\ /\ /Phaszcéif)ference
R VAVEVAVEVEVE

Phase faster

Axial Signal:
& oo NANANN L
TB' VAVAVAVAVA N

90

extension of the Af = 1, c(AD)
Fourier- Limit: T 21

one order of mag. improvement expected:
e.g. 45° phase difference after 1s => 125mHz

o300
270
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Proton Experiment

S. Stahl: Nondestructive Electronic Detection

Iriﬁ;h

Electron Gun

=
TB

Analysis Trap

Cooler Trap

Measurement Trap

Axial Signal

—>
Cyclotron Signal

CryoCooler .

Rail System

Cryogenic Trap
— Horizontally
Arranged

........... e
i

I~~~

4K-region
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Having a glance at
cryogenic setups....

\, m vertical 4K- 2
S ﬁ 77K
. & dewar setup 300K

(g-factor, Mainz)

4K-multistage
shielding
(g-factor, Mainz)

4K-electronics section 4K-axial

amplifier
g-factor trap

Dewar

4K-broadband

FT-ICR amplifier
(Mainz 2004 )
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Conclusion

Modern non-destructive electronic detection principles
open up a variety of possibilities

e to detect ion clouds at roomtemperature in a quick
and cost-effective way

e at 4K to detect single particles and cool them to
sub milli-eV level with superconducting elements

e can be used in high precision experiments like
- g-factor measurements (HCI's, Proton, Anti-p)
- ultra-high precision mass-determinations
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Outlook:

recent and futural experiments using
cryogenic electronic detection systems

e High precision g-factor determination on
medium-heavy HCI Cal’*, Ca'®* _
including 3 superconducting circuits, resonant FT-ICR 3

HERS

and cryogenic broadband FT-ICR

Proton g-factor determination

Hitrap Cooler Trap

cooling down HCI by collision and by resistive cooling

Quele-Trap for Quantum Computing éﬁ

Broadband FT-ICR for KATRIN (Karlsruhe) =
e FT-ICR ultrahigh precision mass determination m

(MATS, Mainz) T e

e and....?
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many thanks to the teams in Mainz and GSI (Shiptrap, MATS, g-Factor)

Thanks for your attention!

Dr. Stefan Stahl

Electronics for
Science and Research

\

J

develop_group @ web.de



