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Ernshaw’s Theorem

S. Earnshaco, Trans. Cambridge Philos. Soc. 7, 97 (1542)
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A collection of point charges cannot be maintained in a stable
stationary equilibrium configuration solely by the electrostatic
interaction of the charges.

Restatement of Gauss’ Law (for free space)

V- ExV-F=-V=0

No local minima or maxima in free space (only saddle points).

Naively speaking — NO electrostatic ion traps

Non Electrostatic:
Time varying (“Paul trap”, MOT) & Magnetic fields (“Penning trap”).
Electronic correction.



But what about moving ions...

Ernshaw’s theorem talks about stationary charges.
Moving charges in an electrostatic field actually “see” changing fields.
Trap design very similar to a resonant cavity for laser light.
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Irap Design

=407 mm

Realized at the Weizmann Institute (Israel). Also used in a cryogenic
setup in Heidelberg. Our setups exist at WI and LBL.
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Potential Contowrs
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FT Spectroscopy
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FT Spectroscopy
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FT Spectroscopy
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FT Spectroscopy

PEGs mass spectrum
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The f-Pecay EIBT Schewe

T;‘qp MO\//ns rons 1n Electrostadic Torn Bears 77‘@0 :

Simple, cheap Setup.

No need for acceleralion of products — Simple
detection sScherre.

Kinematic focusing.

Decay in Ffield free region.

/V/O\//nﬁ SySZ(e/y/ — poS/Z‘/on of a/ecay /zdra/er o /nfer.
Adfge /n/Z‘/a/ %3 de‘ /‘Q/ eXZ(e/?Z‘ (AL(MC’//» .



B-Decay Studies
The General Tdea Position

lon . / Detector
WO  EnergyDetection

H Electric Field Free Region ‘ HH

Energy Detection /

* Recoil ion detected in MCP.

* 3 detected in position detectors.

* Need bunch position for full reconstruction (multiple scattering of 3 in
detectors).

* Large solid angle + kinematic focussing — detection efficiency > 50%.

* No need for electrostatic acceleration (ions at ~keV). Decay in field free

Trapping Electrodes

region.



Electron detector

e,V Entrance mirror

MCP

Entrance mirror

Exit mirror

McCp “He*

Electron detector

ey Vv

e Recoil ion detected in MCP.

d

Normilize

* 3 detected in position detectors.
* Need bunch position for full reconstruction (multiple scattering of 3 in

detectors).

Ideal - No losses "point like" bunch
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* Large solid angle + kinematic focussing — detection efficiency > 50%.
* No need for electrostatic acceleration (ions at ~keV). Decay in field free

region.



Electron detector

5 keV 17cm trap 75 mm radius MCP
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* Recoil ion detected in MCP.

* 3 detected in position detectors.

* Need bunch position for full reconstruction (multiple scattering of 3 in
detectors).

* Large solid angle + kinematic focussing — detection efficiency > 50%.

* No need for electrostatic acceleration (ions at ~keV). Decay in field free
region.
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Weizmann Institute Radioactive Electrostatic Device
Experimental scheme
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Weizmann Institute Radioactive Electrostatic Device
Experimental scheme
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D+T —>n+ %He E,=14.2 MeV,

Production rate ~10° n/s
Supplied and commissioned at WI



Fetrnace + BeO 722)‘332‘

Weizmann Institute Radioactive Electrostatic Device
Experimental scheme
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Weizmann Institute Radioactive Electrostatic Device
Experimental scheme
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EBIT - DREBIT (Dresden, Germany)
Neutral ®He enter the EBIT, ionized,
accumulated and bunched.

Custom made for efficient ®He injectio..
Waiting at WI for commissioning




Weizmann Institute Radioactive Electrostatic Device
Experimental scheme
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7rap
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Electron detector

Source Uncertainty Aag, (x 10~7)

Exit mirror ey, Vv Entrance mirror LAPS Energ‘\f :) (70 086
‘ ‘ ‘ LAPS Position 5 mm 0.71
‘ ‘ ‘ | ‘ ‘ ’ ‘ MCP Position 1 mm 0.22
v °Li TOF 5 ns 0.23

sy MCP _
—) Bunch size 1 em 1.38
Total 1.80

Electron detector

- ) 0.002
e, v Entrance mirror

Exit mirror

Mcp

* Recoil ion detected in MCP.

* 3 detected in position detectors.

* Need bunch position for full reconstruction (multiple scattering of 3 in
detectors).

* Large solid angle + kinematic focussing — detection efficiency > 50%.

* No need for electrostatic acceleration (ions at ~keV). Decay in field free

region.




Production To Roughing
Setup Pump
T Pressure
Gauge 1 LiF Target
! | ? NaCl Target /
U IE
Transfer Line T Junction Turbo Pump Van der Graaf Accelerator
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23Ne production and transport
demonstrated.

Currently replacing heating
element to increase vyield.

Quartz Container Measurement Spectrum
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New production chamber
containing evaporation source
heater + crucible installed over
the last week.

Should allow us to melt the
NacCl.




Direct cos(8) reconstruction LBL setup almost identical.
One layer silicon + ion bunch Two-layer silicon tracker USing SiliCOn trac ker for be‘l’a

located by pick-up electrode *

STAR HFT silicon tracker \ . detection/tracking.
thickness: S0um T\ Based on STAR HFfT Tracker.
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S C=200fF Out
TR j___ ® In-chip signal processing, good for large scale array




SARAF

* New, (very) high current p/d accelerator (5mA/up to 40MeV) under
construction at SOREQ.

* Neutron production also possible with Liquid-Li (for eg., but under
construction).

* (Ourrently running d beams on LiF target (SARAF/WI) for neutron
beam production (very similar energy to NG).

R?ﬂeqtor

Primary target b or Be

Deuteron beam
40MeV, SmA, 1 cm Secondary target

- Fast neutrons
Average energy 15 MeV
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SARAF Phase-l Target Area

~2MEuro project approved by IAEA + Support from Pazy
foundation.

Construction of dedicated beam line, 2 production targets, and 4
experimental areas.

Experimental areas for: Laser lab, EIBT, Neutron activation,
Positron production.

Target date - labs open end of 2015.
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~2MEuro project approved by IAEA + Support from Pazy
foundation.

Construction of dedicated beam line, 2 production targets, and 4
experimental areas.

Experimental areas for: Laser lab, EIBT, Neutron activation,
Positron production.

Target date - labs open end of 2015.




SAKAF Phase—l Tar et Area

. Lab Areas:
Electrostatic trap
MOT Trap
Activation measurements
Slow positron beam

Production area:
2 production targets
(LiLiT + Replaceable)



Polarization Depenoent Observables
dr ﬁe'ﬁy m -1 _)e' _)1/ (ﬁe;)(ﬁl/j)
T, {1 i T E

GES S 2
SO )

* Requires polarization of initial sample.
* Measurement typically of position asymmetry.
» Usually flip field for systematic control.
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Field Coils

o' (0))

Electric Field Free Region

Scintillator
<

B Field

« Add on-axis magnetic field for Zeeman splitting.

 On-axis field does not effect the trajectories (V X B = 0).

e Polarize ions with circularly polarized lasers.

 Due to large doppler shift (high energy ions) = two independent ion
populations (parallel / anti-parallel).

« MCP hit is determined by direction of ion — each MCP sees only one

population.

g (0)

 Need polarizable ions (usually singly ionized alkaline earth metals - which
look like alkali metals when singly ionized).



EXAMPLE 37K

dr
dE3dQdQ,

X

Decay Scheme

§

l1+a

BiEET)

Intensities: I(y+ce) per 100 parent decays

3/2+

0.0

39
/ 20Ca19

. %e+%B+=100

1+ @*(g.5.)=6§32.6"°

859.6 ms

lﬁe 2 ﬁz/
3 k. E,

=

J

(ﬁe j)(ﬁl/ ;)

B,

Ase e

Pe X Py
I, E.E,

Translates to TOF
on MCPs

39Ca—>39K+ﬁ++V€
, Mirror decay 3/2* — 3/2*

»
& '.
(1/2,3/2)— 4475 y! <0.00044
P A 4126 /'t <0.00031
~N oy 70
1/2+ \ DES 4095 3§/, <0.00034
3/2- \ ”’_—nggga__% /4082 3/ <0.00033
11/2- VS 3944 /{1 <0.0028
3/2+ 7 \3939 4, <0.00030
5/2— $ \ 3883 ' <0.00039
% g
9/2- 3598 §  <0.00070
o
3/2— A 3019 §/ <0.00033
\Z ¥ /
Ny N)
A :
7/2- y 2814 j <0.00035
)
R
&
1/2+ 2522.34 F 0.0025
3/2+ 0.0 / 99.921
39
19K20

<0.00006

<0.00005
<0.00002
<0.00002

<0.0001
<0.00001
<0.00001

<0.00001

<0.3

<0.00001

0.000012

0.0768

>*8  Combination GF and F but calculable
s Q=6.532 MeV
ii T1/2=860 ms
e For 4.2keV ~360GHz doppler shift >
" 720GHz separation.
Py
2 N
>7.5 P”2 854nm
1u A X
S 866nm D5/,
7.02 393nm \
397@ 729nm D3/2




“High Energy” Chemistry
4 N eXper/MenZ‘ / oo,é/rg for a theorist

* Production of radioactive molecules/ * Radioactive decay dumps a lot of
dimer/ clusters is fairly trivial (usually a energy and momentum into the decay
side effect of the production of radioactive products.
atoms/ions). * Time scale for decay/emission of

* Jonization of such molecules - also trivial. shakeoff products is effectively

* ES trap can easily trap molecules of instantaneous.

hundreds of amu (also used for bio-
molecules).

* Detect molecular decays in ES trap.

 Energy /Momentum sharing between decay products (electronic
interaction timescales?).

 Angular correlation in decays (potential?).

 High detection efficiency.

* Mass resolution good enough for selection of different numbers of

radioactive atoms in clusters 2sy,, - 21Na23Na;, 2
Noas ~ 52  Trivial
23Nay — ?'Nay?3Nay, 4

Y

4Na23 92




Federe Studies
&/ na/ergraa/aafe/ (Fradeate pﬁ?/.eCfS /T heses )

e Production methods.

e Transverse/Longitudinal cooling of ion bunch.
e Detection Schemes.

e Ion beam polarization.

e Detector designs.



y Slides aboud atort raps....
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Ne 4Z‘op T;‘@p SeZ‘ap @ HUITT
/\/ e 4 T FQ‘C’/// /Zt/

Stable isotope trap complete (once laser fixed...).
Science chamber being designed.

New source installed and tested.

Rare neon production tested.

Isotope shift
experiment being set
up.
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Ne 4fop T;‘QP Sefap @ HUITT
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Sumwmary

e [t is possible to circumvent Ernshaw’s theorem by
electrostatic trapping of a moving bunch of ions.

* Trap design is extremely simple and cheap (much more so
than conventional ion or optical traps).

» Trap design is almost a “black box” which can be easily
transported to different experimental facilities.

* Ongoing development at LBL /WI.

* On track for ®°He measurements (and possibly 22Ne/°Ne).

» New facility /labs planned for end of 2015 w/very high
yields.

Graduate/postdoc positions available!!!



In collaboration with:

WI: MPIK Heidelberg:
Micha Hass Klavs Blauvm
Daneil Zajfman Andreas Wolf
Oded Heber Dirk Schwalm
Sergey Vaintrub :
Teviki Hirseh (NRCN) LbL.
David Melnik %’ruarur.eedman (deceased)
: van Mei
Yigal Sachar Yury Kolomensky
Brian Fujikawa
HUJI:
Guy Ron

Towm Segal



