J. Pozimski

Low Energy Beam Transport
Beam diagnostics

* Introduction
* Destructive methods
* RGI - Spectroscopy
* CCD - imaging
* Tomography
* Laser neutralisation

* Examples
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Motivation:

A detailed knowledge of the physical properties
defining the beam transport
like

-external field distribution
- residual gas pressure
- beam current
-beam emittance
-beam potential (space charge)

IS
necessary for the
design,
optimisation

and
operation

of an

Low Energy Beam Transport section
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J. Pozimski

emittfance measurement

The behavior of an ion beam consisting of
N particles can be totally described
in the 6n dimensional phase space

L'

Reduction : Transformation of density distrioution

n

Jo = (X, 0.2, Py D5 P2)
Reduction : fransversal density distrioution
Ja=J1(x3,p.s0))
Reduction : edge emittance, normalizing
F(x,x")

T
Redefinition : RMS from particle moments

o =1 )

€, =Py
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Emitfance measurement ;. J Porimsk
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“Simultanious determination
of spatial and transversal impuls
distribution of an particle ensemble*

2 step process :
e.g.

1 step - definition of “place”
=> py extraction of subset of particle distribution
2. step - determination of “angle”

=> determination of particle distribution
affer drift
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High resolution

Sllt - G”d J. Pozimski
emittance scanner
including 2 dimensional profile measurement

IAP-JWG
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Power deposifion on Slit ( & Grid) . ozimsk

IAP-JWG

Example IFMIF :
100 keV
140 mA
<2 mm
=> Powerdensity >1 kW/mm?®

can desfroy measurement device

High voltage breakdowns
(especially near ion source or electrostatic LEBT)

The grids akt like
"antfennas” feeding high voltage pulses

into the electronics
(especially for Slit/Grid arrangements)

Secondary particles
can cause :

=> High voltage breakdowns
=>|nfluence space charge compensafion
=> Addifional currents on detectors (grid )




Non destructive Methods
Motivation:

J. Pozimski

Interaction between the ion beam and the
measurment device can produce
secondary particles and therefrom
influence the space charge compensation and
change the emittance of the ion beam.

Example :
He", 10 keV, 3 mA

300 7
200 1 -

100 -

10 20 30 40
W /ev




X' [mrad]

Production of noise and
bistable states by disturbance
of the beam transport

Example :
Measurement at Gabor lens LEBT
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J. Pozimski

Electrons produced by the interaction between

Allison scanner and beam ions
influence space charge cloud of the lens.
Two semistable conditions occure.
The revolution frequency was some Hz.

200

100

—-100

(@)
I I I ‘ I I S N | 1 ‘ I S I S 1 ‘ [ I I S

-200

-20 -10 0 10 20
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J. Pozimski
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Highly efficient spatial resolved
electron production by the inner photo effect
detecting the incident light emittet by interaction
between beam ions and residual gas atoms.

Data aquisition

& evaluation
vaccumvessel
window
lens system
AN /\/\A
hv ( EN
» NI ‘;,
>
ionbeam a
NANAAS V 0
shutter cco Chip
1 !

N ) A/D conversion
non destructive & contol

* high time resolution using
gated residual light amplifiers(>50 ns)




CCD camera
and

optical spectrometer

J. Pozimski

IAP-JWG




Time resolved
CCD camera mesurements ). Pozimski
to determine non destructive
the rise time of space charge compensation

ixel

0 100 200 300 400 500
PR TR SR B 6000
[cts/s/pixel]
decompensated
0.0000 o 0

time

0.0002 1

0.0004 4

delay [s] (center of gate)

0.0006 1

compensated
0.0008 -

10 0 10
transversal position [mm]

high spatial (0.1 mm) and
temporal ( 50 ns) resolution.

IAP-JWG
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beam emittence by use of S s
CCD camera measurements . Pozimsk

“A single CCD image
has all necessary information to
determine the emittance using the 3 profile method"

Advantages :
a) easy setup

b) high signal to noise ratio allows

use of radial intensity profile information
(determination for different intensity fractions10, 20, 30...%)

E((x),(x")) = k(I(x,2))

c) the set of equation is overdetermined
(3 profils nessesary, 512 profils available)
=> can be used to gain additional informations
(space charge !)
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Variing the fraction of ! msk.
peam current faken into account and
using the over determinatfion of
the system the emittance ellipse can be
filled

IAP-JWG

variation of the
regression line

)

80
90

100
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X' [mrad]
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J. Pozimski

Example

Use of numerical simulated CCD image
(laminary beam)

4
ggggg
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Example 2
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Use of numerical simulated CCD image
(using measured emittance of real beam)
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Example 3
Use of measured CCD image
( Ne+, 8 keV, 1 mA)
and comparison with classically measured emittance.
Influence of noise and reflections on transformation.

J. Pozimski

measurement fromm CCD
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Example 4

Use of measured "high quality" CCD image
(He", 10 keV , 5 mA)

CCD-1mage Emittance

€, mst00 — 0.056 mmmmrad
2004
1001
o
o
£ 03
=<
—100
—200
=300+ -
—-15-10 =5 O 5 10 1
X [mm]
Emittance determined by use of CCD image
3007‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘7
1€, ms.100 = 0.065 mmmmrad:
00 ] Enmsosn = 0.054 mmmmrad;
100
o
o
c 0
= ]
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e e e R
—-15-10 =5 O 5 10 15
X [mm]
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CCD - tomography @;
for determination of non symmetric =
particle distributions

J. Pozimski

CCD

By use of an sufficient number of
profile images of the ion beam
the transversal density distribution of the
lon beam can be unequivocal determined.

IAP-JWG




CCD - tomography
for determination of non symmetric
particle distributions

Set up o plexiglass cylinder

|

Preexperiments to test the
optical and vaccum technical
properties of certain materials

to build a transparant cylindrical
"vaccum window"

NEST

J. Pozimski

IAP-JWG
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Residual ion energy spectroscopy
for non destructive potential measurements
using an electrostatic analyser of the 1. Pogimski
Hugh-Rojanski type

Spectrometer No. 1 -Faradycup

Acceptance angle ¢ =+ 8
Beam axis \ \ / 0
Beam edge Yo00| El
3 =
u(v)
I—
—
90° Data aquisation
: 72kQ o )
Faraday-Tasse J/mz 09pFr 0 electronically
3 controled = —
0.9 pFL8 K2 power supply Control m
72 kQ) o m
r, =25 mm + N
I6oi30.6 mm g
r, =37.5 mm o
C
(2]
current amplifier AD-Converter
Control

w»_‘

IAP-JWG




lbeam axis

detector

v
(faradaycup, pre—",

channelfron)

Residual ion energy spectroscopy

Hugh-Rojanski type

10000

/ion beam

4 A

. ‘-7(.

for non destructive potential measurements @4
using an electrostatic analyser of the
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J. Pozimski

Spectra

IAP-JWG

®

6000 |-

124.2°

4000

residual gas ions o a0oo I-compensated

decompensated

q)SR

@,

Wea [eV]

min,100%

1
50 75 100 125

Measurements at the SILHI-LEBT at CEA-Saclay
H+; 92keV ; 62mA ;PRG =57%10™ Pa ;T

=7.2 us

temporal development of beam potential

400
350
300 H
250 +
200 +
150 -
100 +
50 -

potential [v]

Iy, = 62 MA
RG/AG = H

—— 38.4%10° hPa (10ps
—— 57+10° hPa (7.2ys)
< 180%10° hPa (2.3us

0

fime [us]

o 1 2 3 4 5 6 7
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Laser neutralized emittance measurement
(C. Gabor)

IAP-JWG

Experimental setup J.Pozimski

X[ y Solenoide lenses (max. 0.8T)
Pressure control (for add. gjas

7 Pressure measurement

Pressure

Faraday cup measurement 2 Faraday cup for H
Pressure Scintillator for H°
measurement 1
lon Source
Laser
|1 ] &}kt

Turbo
— .

pump Turbo pum
10.cm (240 Ils) pump

- 500 1/
_ ) Magnet yoke ( S)
Differential *L

pumping Faraday cup for H°originated in LEBT-sectio

Principle of a laserinduced emittance
measurement for H-beams

Neutral atoms
B, produced in the
transport section

produced in the
transport section

Region of interaction
and separation of the
beams

7

Laser, A =1060 nm
Pole shoe




Photoionization Cross Section ¢ [*10™"" cm? ]

Photoneutralization

PHOTON ENERGY (eV)
10

o J.Pozimski

02)

fwe+H”
TOTAL 1
PHOTOIONIZATION ]

z
g - CROSS SECTION 1 E
a,’is a special unit in 0 F @
the theoretical atomic| ¢ | Lo &
physic g I z
gldzg 5
s | g
a I 4 a
|
10°F ! \
\\
\ -20
\ e
I Y 3
At about 10 eV (=123.9 nm) bl
are the b shape- and PHOTON ENERGY (a.u.)
Feshbach |resonances Photon Energy E [eV]
- "
24.8 6.20 3.1 2.07 1.56 1.24 1.03 0.89 —
T T T I T T T I T T T I T T T I T T T I T T T I T T T I E
4 — 14 ,\0
- o
=
i X
- ©
3 -3 &
- [3)
(O]
i n
[ ho + H™ - H(1 - a
oL ® + — H(ls)+ e 1, 8
i @)
c
- i)
1 O Broad & Reinhardt — 1 =
. o
4 O Ajmera & Chung re
©
£
. o
1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 0
200 400 600 800 1000 1200 1400

Photon wavelength [nm]

[1] J. T. Broad and W. P. Reinhardt, ,One and Two Electron
Photojection from H  Atoms®, Phys. Rev. A14, 1976

[2] M. P. Ajmera and K. T. Chung, ,Photodetachment of Negative
Hydrogen lons, Phys. Rev. A12, 1979

IAP-JWG
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r [mm]

Numerical calculation of beam transport

50

J.Pozimski

Beam envelope of 55kV, 70mA, H-beam

w
@)
|

N
@]
|

r=8mm
r'=80mrad

Sobno@()28T

—

Solen0|d 0, 42 T

r=3mm
r'=60mrad

*

/ Decompensated fransport

Dmm

0

150

100

X' [mrad]
o

—50
-100

-150 4

100 200 300 400 500 600 700 800 900 1000

8rms,n,] 00%

00112 = mm mrad

50+

TESTINDI [

-20 -10 Q 10 20

X [mm]

Initial (calculated)

Z [mm]

X' [mrad]

150

100

—50
—100

—150

8rms,n, 100% —

0,0929 =T mm mrad

504

ESS—-RF3 -

L L L L B
-20 -10 0 10 20

X [mm]

Entrance of RFQ

* In this plane the laser scanns transversly through
the ion beam. That is app. after the first third in
the magnet field.

IAP-JWG
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Summary

Beam diagnostics is
an important subject
for design, optimisation
and operation
of an Low Energy Beam Transport section

* Destructive methods like
Faraday cups
Emittance scanner

are well knc.>.v-\}n but suffer
from high power density and their
influence on beam transport

* non destructive methods like
RGI -spectroscopy
CCD - imaging
laser neutralisation

do not desturb beam transport
but some applications
are still subject of
investigation themself.

IAP-JWG




