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Outline of the talk

lon source activities and achieved results, In

combination with off beaten diagnostics.
>

Technical design of the electron detector, general
beam transport measurements through the
detector.
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Overview of Rutherford's Front End Test Stand

FETS to serve future HPPA (e.g. Isis upgrade).

Solenoid LEBT (3), g??
pumping tank, beam stop ~
various diagnostics, partly : ._.\"'
Differential pumping tank I(;]'Ztarlmlggt'lgsmgzsge Py 7
including post acceleration, lagnostics v & )
toroide + laser profile \}\’ gy 3
measurement (2D) . > 4% ,i*‘ §
- ) \/ - 4P - e [l e))
H- lon source, ’ ~,-f‘-i" ¥ i o © = %5
65 keV post acceleration, . . }\ o O g = =
60-70mA, 2ms, , s = 2 g ¢ 3
50Hz (=> 10% max) N % <t c = g c
\ U = =5 S D o
\ 8 = = 1.5 o
4 N mn s
T Ll o
s 2 =2
5 S
™ <

O ‘\
\ ./'J..

Goethe-University Frankfurt (1. ) 29 ™ Oct. 2010 christoph.gabor@stfc.ac.uk slide 4




Faraday cage and Low Energy Beam Transport
(LEBT) section of the beam line, current set-up.
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lon Source:
Set-up of the Penning source
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Isis Penning Ion Source (I)

Cathode  Hollow Anode Heated
Caesium
Transport Line

P

Alir
Cooling

> 3




Isis Penning Ion Source (II)

Support Extraction Mount Extraction
Insulators Electrode
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Isis Penning Ion Source (III)




lon Source and
Controls on
HT Platform




lon Source:
Emittance reduction
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Emittance reduction activities concentrate on

sector magnet and post acceleration.

Standard Isis ion source:

normalised T —
X-emittance | 9
0.9 m mm mrad N B i
-
normalised cele— e o -
y-emittance e
0.8 ™ mm mrad L . ‘

Transport through the dipole
Post Acceleration
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Different emittance measurement principles.
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Comparison of slit-slit & pepperpot emittance measurement principles.
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Beam profile and collimated ion beam.

1.) Beam distribution at 260mm
2.) Collimated beam parts after a separation drift of 207mm




Comparison with 4D beam distribution.

xy-distribution xX' emittance yy' emittance
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Change of output rms emittance if forces are not

linear anymore, shown as phase space section.

E_ntrc_anc_e ’ Lorenz force (internal/ external)
distribution r4 F(r)4 1
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Phase space projections show closed areas between the S-shaped tips.
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Weak focusing of the Isis (ions source) sector

magnet.
B=B(R)
(3

n=1 - Parallel

n

n <1 - Focus

n > 1 - Defocus

-_R(®B
B, LdR —
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R, = (Rn ¥ Rpay) / 2 =80 mm
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The post acceleration gap needs to be adapted to

the demands of best matching LEBT.
1=17.9mA 1=26.6mA 1=32.2mA 1=30.2mA 1=32.8mA

pa-008 (2009-08-25)

aperture lens effect ' g T s00kev
1pixel<0.1102mm

normalized to integrated
toroid current

very difficult to simulate

Intensity /a.u.

emittance down to 0 100 200 300 400 500 600 700 800 900

8rms,norm:0'35 mmmmrad CCD camera, pixel (horizontal axis)




Photo-Detachment
and
Experimental set-up
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Photo detachment can be used to diagnose the

H- ion beam non destructive.

Nd:YAG ,Frequency Faraday cup, charge integration — \/>
LASER Magnetic S
’ \ “MAX: =840nm (1,476eV) , Scan dipole It
1D profile

AN

~

Threshold: \

2=16844nm (0,724 eV) \—..\\__ Charge

detachment separation

w >04au. (~10ey)

Inelastic region:

Cross section /a.u.

Photon Energy ieV

e non destructive

online measurements

final aim: tomography (2D)
other variants also possible

how+H — HY4+ e

~75% of cross section
with Nd:YAG or 2"d harmonics
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The detector set up to collect the electrons.

Components
2]
c - .
Faraday 2 J (jacket) acceleration
Cup o sheath
T E—~ | dipole magnet
Magnet {‘. § S Su_ppression rng
= q G grid
Copper = Faradav cup |
accelerating — Readout electronica
sheath G e i -
suppression ring v 500 V O— 10 M0

-500 V O— 10 M)

~ suppression ring: -500 V 2000 v o—J 10302 |-
~ acceleration sheath: + 2 kV

~ grid: +200....+400

~ Faraday cup: + 500V

~ magnet current: + 1A

work done by David Lee
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Detector & optical beam path. The diagnostics is

integrated in the 1st (differential) pumping vessel
k NG | , | M A el

———
%

Screening |

Vacuum pump

Blow up of the electron detector. All
components isolated well beyond

specifications. Opening hole is
50mm in diameter. Optical beam path. The Laser is

vertical orientated to the ion beam.

Initial alignment takes place with
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Schematics circuit diagram and ADC-stripboard

20Bit Development board @ Gary Boorman, RHUL
- uC o ntroller

& Careful design with
1 = - ot B several opto-isolator
] S ::::::: .... -':; 5f|5 2%, (B , / Couplers are necessary
- * e to avoid any ground
________________ DDCcard . loop.
AVpp Ve DVop 1
i | e T
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. ! Integrator
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J S— ot
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Trigger : i
o 5 K |
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Differential Pumping Tank:
Beam Transport

Goethe-University Frankfurt (IAP) 29 ™ Oct. 2010 christoph.gabor@stfc.ac.uk slide 24



Ion beam transport through the detector at
various acceleration sheeth potentials.

W
o
|

Input current stayed constant
(54mA, 35keV)

without solenoid focussing

N
o
|

\/

—
o
|

Ion beam is actually bigger
than the assumed design
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N
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—
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Spectrum of the residual gas electrons.

Energy has been determined by grid voltage variation.

Integrated FDC signal for
various time steps

l

discrete differential of
this data

di/ dU [pA/eV]

o+————t—t——f——
10 30 50 70 90

Energy E, [eV]
t < 20pus: rise time of extraction power supply (toroid T1
shows max current after ~20-30us
t > 80us: beam has stabilised
time in between is thought to be space charge, i.e beam
potential decreases the longer the pulse takes place

Goethe-University Frankfurt (IAP) 29 ™ Oct. 2010 christoph.gabor@stfc.ac.uk slide 26



Temporal behaviour of the detector signal

compared with toroid rise times.

:_ ‘I _j-l L 1 +____| § i 1 | i 1 1 : i ! 1 i i | 1 i i | D 'lﬂE:
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© 5 : pe Detector =
— o - s * 1 =
& 08 T |..=69.5mA B | : 0.2 o
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206+ UL A | Up=18.8KV T 04
\E‘; — T,5=38s 7 _:~,~,\ : i =
04 L / SR S : + 06 @
8 * - . 8 =
- ’ + Toroid T2; 1,.,=50.3mA - =
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FIG. 8 Normalized blow—up of the extraction voltage, toroid 1
and 2 signal and the energy—depended integrated detector
current of the compensation particles. The rise time of the
space charge compensation 7 is ~ 48/s

Goethe-University Frankfurt (IAP) 29 ™ Oct. 2010 christoph.gabor@stfc.ac.uk slide 27



(Further) Problems with the detector
and
Measurements, indeed!
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Electrodes become charged due to beam losses

which leads to HV breakdowns.

That depends heavily on input impeadance and is especially
critical if the ADC amplifier is connected.

] blow up in time (T /us)

4500

C - -
3500 + &

- S
2500 £ S
1500 +
500 L
500 .| — | | |

050 Time /ms 0.50 1.00
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The signal will be sampled and digitized with a

current amplifier.

Electronics: risetime s & resolution pC

> " i
4 i
% tsr:g‘ch]zlr measurement e 50.....350pC range
£ 27 J time | * 20 bit resolution
> e e 2integration
1 E-03 _;_ Ilﬂi§_| CyC|eS Wlth 103 IJ' S
0.E+00 T yiknbibgnion, 1l T WM ' mq length
W‘MWMW '
2 E-03 + . -
3.E-03 +
4E03 F—— e
1.E-04  0.E+00 1.E-04 2 E-04 3.E-04
Time /s
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The background is large compared to the photo

detachment effect & needs carefull substraction.

250

High beam losses cause a large

background signal.

2004

0

Courts fau
3

+ 15 0pCADCrange

M= 111.%1
sD= 18.9
F  SEM= 0.23
median= 113.6

cut ofdue exceededrange |

0 20 40 60 80 100 120 140 160 18
Charge /pC

0 200

Two different types of sources

- affect the background:

- e slow variations - SD

(stability of theion source

o fast variations - Means
(secondary effects, ion beam
noise)

It is NOT possible to run the detector asitis sup  posed to do.
Needs to find empirical settings to min. background + max. PD electrons.
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Due to beam current fluctuations Isis needs to

limit the pulse length to keep charge constant.

120 +~— M total M missing Mean  Standard Deviation SE of mean
8350 0 4909077 1.80646 0.01977
100 4 i

40 45 50 95

Beam Current
Beam current is sampled after 100us pulse length, population taken for

several hours. The charge needs to be constant to run the synchrotron.
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Is the location of detector a good idea?

Of course NOT, But only in  Hindsight

Background, source variations, beam losses, low electron energy,
charging effects, beam noise, secondary effects

=» you may conclude to measure in a harsh environment

o time constraints because it started as a Ph.D.
0 true beam size not fully appreciated

0 may be to much concentrated on simulations and
technical issues

o still a reasonable place to get input LEBT distributions, if the
diagnostics works

o if it’s challenging science makes more fun ;-) (sometimes) !
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Comparison of some measurements from

different days/ different detector settings.

No.1 No.2/| No.3 No.4|| No.S _ _
.+ Grid and Bias have

Range /pC 150 100 || 350 350 150 strong impact

Praser /W 662  6.62| gy e ~_ |e variation of the means
> Aean 1.84 217|460 © 34.0] | 56.9

Dipole I /A 062 0.62 | 041 041|| 0.34 |* secondary effects

Grnd G/V 109 109 159 159 155

Bias B /V 0 0 89 89 94
60 T o
-y =8.0154x - 9.2221 R =0.5952
50 T
Linear Regression 40 + e
suffers from instabilities 39 Q. ©
caused by the ion -
20 + @
source. o O
- (O
10 + =
- O Laser Power /W
o
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Summary and Outlook.

o Programm to reduce the Isis emittance (dipole, post
acceleration) by a factor of almost 3 down to
€.0rm=0.35 TTMmmrad

norm

0 Beam transport through the photo detachment beam
profile detector

o0 Despite rough conditions photo detached electrons have
been measured

0 A redesign of the detector is necessary, advisable another
place as well

0 nothing said about:
reconstruction of the beam distribution, PD—EMI,
LEBT commissioning, long pulse measurements ......

Goethe-University Frankfurt (IAP) 29 ™ Oct. 2010 christoph.gabor@stfc.ac.uk slide 35



Goethe-University Frankfurt (IAP) 29 ™ Oct. 2010 christoph.gabor@stfc.ac.uk slide 36



LEBT design overview

/ Solerloids \

d, 0.19 T d, 0.17T d, 0.30T | d,
25 cm 29 cm 14 cm 29 cm 35¢cm 29cm |17 cm

Drift areas (vacuum)

RIQ

i
Total coil length = 9 x 2.8cm = 25.2cm
2.5cm : Yoke *
: :
¥ : !
§ 12cm
i :
: ! '6cm 12cm ! 13.6cm: ==
Scm ¢ 5.3cm . | 2cm
} b4 } } -
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Field distribution of the LEBT solenoids (1).

LEBT field distribution of solenoids 1

Nominal field at 245 A

ANSYS 10.0
MAY 29 2007
15:49:34

PLOT NO. i
NCDAL, SCLUTTICN
STEP=1

Low levels of saturation
allow the use of
standard low carbon%m

i

SUE =1
TIME=1

SMY =,334E-08
SM =1.717

2 =1
*DOTST=. 14372
*¥F  =.10528
*YF =,13305
Z-BUFFER
.334E-08
5 .190762
.381525

o 572287
76305
B 953512
— -
—
—
=

.145
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Field distribution of the LEBT solenoids (2).

Field along the z axis [T @ 245 A]

Field as a function of r @ 150 A

£0.24F

401 m 0.22 ;—
.361 0.2 ;_ ................................................

o8- iy
321 -

016
281 [

014
241 — r = 0 cm (solid)
o - r = 2 cm (dot-dashed)
' 0.1 r = 4 cm (dotted)
161 0.08
121 0.06—
o 0.04f- 4 3
i 0.02f £ . Physical Length of Solenoid _i :*\

. ||JI'EIj-\-‘IIIIII||||IIII|II||I|||||IIII"jI‘:"'IL:I.IlH!||
001 %0 0 5 10 15 20 25 30 35 40
0 .06 12 .18 24 8
.03 .09 15 .21 .27 Z (cm)
DIST
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Solenoid, correction & steering dipole
components.

Centering pipe

Inner dipole

Outer dipole
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Engineering design of the LEBT solenoids.

Water manifolds

End plate

Hydraulic connections
used for electrical series
Interconnection
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Hall probe measurements and CST simulations.

0.3— k3 Black: Field Map Data 0.3— A Black: Field Map Data
0.25 E Red: CST Simulation 0.25" : Red: CST Simulation
— - r=0cm — C r=1cm
: 0.2 . t 0-2} -
o ? o
0.1 5:_ '-.__ 0.15— 5
0.1 0.1 B
0.05- "'\\%E 0.05—
E \ T T B —— ook B >~
% 5 10 15 20 25 30 0 5 1o 1520250
z (cm) z (cm)
0'35-;.-.-—-11'""""”‘\ ;
0.3; -."-._ Black: Field Map Data 0.3; .- Black: Field Map Data
- Red: CST Simulation E : Red: CST Simulation
025 : 0.25— :
— 3 r=2cm - F Y r=3cm
= 0.2— = 02— )
ﬂ C - ﬁ" 0' E g
0.15— 3 0.15 .
0.1- b 0.1 by
0.05; \\W 0.05; \-‘,__g
:‘ e ‘ ce Lo L 1 e~ ale :\ Lo | T P T e ! P
% 5 10 15 20 25 30 05 5 T T S e~ §
z (cm) z (cm)
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(First) Beam transport measurements.

30 x' / mRad

22 Emittance scanner

20 data at the end of
0 the LEBT

-20

-40

gy = 0.356 ™ mm mrad 3
-5 0 5 100 15 10 -5 0 5 10

w f mm v { mm

80
- e Iau
. S -

—125

GPT simulation of
the beam at the
end of the LEBT

=20

—15 -
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Beam envelopes tracked through solenoids.

Beam envelopes along the LEBT simulated using GPT, based on the
design parameters & assuming 10% space charge. The dotted lines
show the solenoid/drift section boundaries.

R R NI b |
0 0.2 04 06 08 1 1.2 14 16 1.8
Zz (m)
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