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Potential Energy DRESDEN Erecerons

n Beam Technologies

The potential energy of an ion increases with the degree of ionization.
Example:

Xe4* has a potential energy that is 4200 times higher than that of Xe 1+
Xe%* has a potential energy that is 16700 times higher than that of Xe 1+
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High power Deposition  into the Surface DRESDEN

on Beam Technologies

A The deposition of potential energy leads to ultrafast intense electronic
excitationsupto: 102 é 106 W/cm?
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Small Spatial Extent of the Projectiles

sun

hydrogen atom

neptune

hydrogen-like
nickel

The size ratio of a
hydrogen -like nickel ion to
a neutral hydrogen atom is
approximately equal to the
size ratio of the planet

neptune tothe sun.2

a) comparison after J.Gillaspy
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High Yield of Secondary Electrons DRESDEN

n Beam Technologies

Irradiation with highly charged ions result in up to 300 times  higher
secondary particle yield!
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Highly charged ions give higher yields of secondary ions DRESDEN gl &

and secondary electrons

on Beam Technologies

J.W.McDonald et al: NIM B 240, 829 (2005)
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Extremely Compact Accelerator Structures are DRESDEN Frectrons b7 eon bean Tecmmotogies
Possible

Because of their high charge g ions can be accelerated very effectively

~ for linear accelerators
=~ (2 for ring accelerators
Example

Xetand Xet*accelerationat AU = 20kV

AU = 20 kV linear accelerator ring accelerator
Xe 1* 20 keV 20 keV
Xe 44+ 880 keV 38720 keV = 38,72 MeV

(energy gain about factor 2000!)
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DRESDEN Electron & on Beam Technologies

Highly Charged lons in Basic Research and Industry

Plasma
Materials physics
science

X-Ray
astrophysics

Highlly:
charged
IONS
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DRESDEN Electron & on Beam Technologies

Highly Charged lons in Basic Research and Industry

_ Radiation
nanostructuring biology

Information
storage

Highlly:
charged
IONS
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Germany is the country with the highest BEIIEVSEDI}ESJTAT 9 7 HQ '
EBIT/EBIS density ! ectron & on beam Technologies
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Small and stable solutions for a range of applications
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Room Temperature lon Sources
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Small and stable solutions for a range of applications

Parameters Dresden EBIT
Trap length 2 cm
Maximum 50 MA
electron current

Maximum 15 keV/
electron energy

Permanent sSmCo
magnets

Magnetic 250 mT

induction on axis

DREEBIT GmbH

Dresden EBIS

6 cm

250 mA

25 keV

NdFeB

400 mT

13

Dresden
EBIS -A

6 cm

500 mA

30 keV

NdFeB

600 mT
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Comparison of the Sizes DRESDEN

Shanghai EBIT

¥, Electron
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LLNL EBIT
(at the MPI for Plasma Physics Berlin)

DREEBIT GmbH 14 26 March 2010



Super Conducting lon Source aﬁnynggﬁHAE 0@@@@0

DRESDEN Electron &

n Beam Technologies

Dresden EBIS -SC

AHelium free 4.2 K cooling

AElectron energy up to 30 keV
AElectron beam current : up to 1 A
AMagnetic field strength : 6T (on axis)
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refrigerator

77 K terminal

4,2 K terminal ion extraction
with integrated

| .
spectroscopic
=y window

magnet
50cm
—~< >
ALiquidHeliumfree 4.2KCooling The Dresden EBIS -SC is a superconducting
AElectronenergyup to 30 keV compact ion source which is based on the most
AElectronbeamcurrent upto 1 A modern principles of refrigeration technologies as
AMagneticfield strength 6 T(onaxig well as electron -beam technologies .
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Dresden EBIS _SC I Cathode EXChange DRESDEN Electron & Ion Beam Technologies

vacuum valve

electron gun

Cathode exchange
can be realized without

_ ‘ oW 2 disturbing the vacuum
T———— _ in the source .

linear manipulator ‘ Exchange time: < 1h!
y vacuum valve
cathode working position

The electron gun can be moved from
outside into regions with different
magnetic  fields

<l

i)

position for cathode exchanging

ArLiquid -Helium free 4.2 K cooling The Dresden EBIS -SC is a superconducting
AElectron energy up to 30 keV compact ion source which is based on the
AElectron beam current : up to 1 A most modern principles of refrigeration
AMagnetic field strength : 6 T (on axis) technologies as well as electron -beam

technologies .
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The next generation
Dresden EBIS -SC
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Trap length

Paruacter Valle-
Total length approx. 70 cm; DN40OOCF
Magnetic field (on axis) upto6 T
Electron energy up to 30 keV
Electron current 1A
— eff. e lectron current density > 1000 A/lcm 2
20 cm,

8 warm heatable drift tube
segments individual controllable

— Trap capacity

up to 6-10 10 elementary charges

DREEBIT GmbH
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Selection of Electron Energy DRESDEN
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90 = >30keV not available yet

>25KeV | presdenEBIS -A EBIS -SC
= >15keV Dresden EBIS

- s15keV Dresden EBIT
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Even the Dresden
EBIT is able to
produce most of the
possible ion charge
states of all stable
elements !
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not available yet
Dresden EBIS -A, EBIS -SC
Dresden EBIS
Dresden EBIT

Neon
like

The optimal
lonization cross section
occurs at
2.7TXE 5
70 80 90
atomic number
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target _ racti electron gun
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DRESDEN Electron & Ion Beam Technologies

EBIS-SC without outer flanges view of the ion extraction side

Electron gun, gas insertion , potential
feedthroughs , temperature sensors ,
heating control Dr. Falk Ullmann
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