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Présentateur
Commentaires de présentation
First I want to thank the organizing committee for the opportunity to present this work at the workshop here in grenoble     (Thanking comitee)
The ion source group is busy at the moment to increase the injection beam intensity into the cyclotron of Pb ions.  
This aim directes us to improve the Pb ion production at the AECR ion source as well as the transport efficiency towards the cyclotron.
One of the aspects of the transport efficiency is that a beam line with focusing elements which are not corrected for higher order terms will blow up the beam by filamentation.

So first I will give a overview of the source setup
Move into the emittance meter, the device we measure the beam quality.
These measurements will be the focal point of this talk.
I will show a brief overview of the analysis and give the results 
Leading to some conclusion.
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AECR ion source setup

@ KVI

KVI4D emittance meter
Installed in image plane

Analyzing magnet

O peng = 110 degrees
R bend =40 cm

B pole face rot — 37 deg

Gap =67 mm

LBNL AECR -U base ECRIS Transport eff = 70%

¢V, max=35KV no clamping

ext h ) h
*  RF 14 Ghz(1.1 kW), TwT 11-12.5 GHz(400W) Sl Sl ST )

e B,=2.1T,B,=1.1T, B.,,=0.9T

inj rad

e  Pressure 5.108-2.107 mbar. Typical beam currents:
204pp27+ ;25 epyA
1604+ . 500 epA

o
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Improve the transport efficiency of the magnet.
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Beam currents

Analyzing magnet

KVI4D pepper pot emittance meter.
 	were an 1D array of hole moves though the beam.

Simulation model : Ray trace , 3D magnetic field map.


KVI4D pepper pot

emittance meter

P

epper pot plate (array 20 x 20 micron holes)

Multi channel plate detector

emittance

- 1
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Array of holes is moved through the beam.
Beam-lets are created
The transversal velocity with respect to the propegation axis changes the perimeter of the beam-lets 
The beam-lets are drifting over 59 mm and impings a mukti channel plate.
The multi channel plate converts the ion signal into a amplified electron cloud which hits a phosfor screen and images that way the response fucntion of each hole.
These response functions can now be recorded by the CCD camera.
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- Here you can see the response functions of every hole at every step the array made through the beam.
The step size is in the order of 0.5 mm and the pitch vertically is 2mm.
What immidiatly is noticeable is that there are more spots than holes?
Two beams?
Basically we have here the X coordiante, the y coordinate and the angle in both planes. Plus a density distribution 
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Response distribution of array of 20 holes
on four positions in the beam (ﬁ
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This response function is estimated by simulation software

Even the response function of one hole.  > three beamlets emerging out of one hole.

We find a algorithm to describe which partial response funciton belongs to which hole.
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Overlap of response distributions

@ KVI

Beside: x,y, X,y
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- group identity’ i=1,2 or3
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Physics model is not know 

Define three groups

Second order model
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Data modeling.

9 KVI
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From one group

Describe the bari centre coordinates of a partial response function of one hole in seconde orde be dependant from x and y

Do this for all three groups.




The four dimensional dataset
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@ KVI

P, = P(X’ y, X, yl)i

e Dataset is unambiguous
— Extra label (i) for group 1,2 or 3.

* Projections in the image plane as function of (i).

X-y projection known as viewing screen
X-x'projection used for a x-x’emittance
y-y'projection used for a y-y’emittance
X'-y'projection

o
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Result of the model

@ KVI

X-y projection. (viewing screen projection)

y'=+20mrad x'=+60mrad

| [ p(x, y,x, y)dx'dy

y'=—20mrad x'=—60mrad

P(X’ y)i:l —

I=1,2 and 3 camera recording

o
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Now we have assigned by this model all the data in the full dataset. Sparsly theere is some overlap but not much.
We developed a model to describe the ellipsoid bari centres as a function of x an y
We can now identify three groups and investigate the separate groups. ( later more about this)
Because the full dataset is now available on this location we can make projection 
For example a x-y projection which is simular as a viewing screen. We can do this now for the dfferent groups.


The emittances in the image plane
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@ KVI

' [mrad]

10—
=20 -
=30
-40 -
-50

60— 1 1 [ 1 1 1 1
-20 -15 -10 -5 a = 10 15 20

y-y’ projection

P.(y,y') = J.

X=+12mm x'=+60mrad

x=—12mm x'=—60mrad

[ p(x,y,x', y)dxax

group 1

60— ~1E+5
50— ~1E+5
40— ~BE+4
i -GE+4

o-

HE
=QEiq
||
I £ -ZE+4
10— E
Ii ~0E+0

—4E+4

Y axis [mim]

W' [mrad]

2 sigma 320 T mm mrad

group2

1 1 1 | | 1 1 1
-en -15 -10 -5 1} 5 i 15 20

~6E+4
-SE+4
—4E+4
~3E+4
—2E+4
-1E+4

—0E+0

Y axis [rrn]

' [mrad]

Q sz

group 1,2,3

50— -1E+4
ey —8E+3
L THT £E+3
THEEEE -
a0- I £==2 ElEI
E B —4E+3
20~ SES
EE: ~2E+3
10— =n
-0E+0
= Z:
10- k5
-20- g IFEs
== =
30| == v
T = ; ; ES
_50_
60 1 1 I 1 1 1 1 1
-0 -1% -10 - n] =1 15 Z0
axis [mm]

y-y’for only one x position: x=-10

o



rijksuniversiteit
@é groningen

Transformation to object plane in 29 orde

@ KVI

[PI ]image-plane = [IO(X’ XI’ y’ yl)i ]image-plane

P,=M? P, 5P, =M" P

Im 0

o
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Transformation to entrance of M110 of x-y projections
(viewing screen projections) AP
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1) The viewing screen projection can be fitted with a second order fit. Before the magnet we see a dot. Indicating that the magnet induces a second order abberation on the group 1 of the beam.
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Conclusions:

@ KVI

 Dipole induced second order aberration of the beam.

 Group 2,3 created by the dipole fringe field

e Three beams can emerge due to S-shape emittance in y-y’phase-space.

 These Trace-space patterns are not plasma related effects

* Plasma-related effects can be seen at the entrance of the analyzing magnet as a
non homogeneous distribution.

o
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So the magnet induces a second order on the beam.
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Future outlook

@ KVI

* |nstallation of a new analyzing magnet
— Compensation for the second order aberration

— Gap increase with a factor of 2.

e New emittance meter KVI4D-advanced is in construction to
operate at G.S.I. (ready feb2011)

KVI14D-ADV

o



KVI ion source group
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e KVIlon source group

Sytze Brandenburg
Hans Beijers
Vladimir Mironov
Suresh Saminathan
Jan Mulder

Rob Kremers

Thank you for your
attention
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Trace space
¥ KVI

y' as [mrad]

Y3
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The emittances in the image plane

¥ KVI
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Content

		AECR source setup.

		KVI4D pepper pot emittance meter.

		Trace space measurement.

		Analysis (reconstruction)

		Results  (projections)

		Conclusions.



						

ECRIS workshop grenoble



		First I want to thank the organizing committee for the opportunity to present this work at the workshop here in grenoble     (Thanking comitee)

		The ion source group is busy at the moment to increase the injection beam intensity into the cyclotron of Pb ions.  

		This aim directes us to improve the Pb ion production at the AECR ion source as well as the transport efficiency towards the cyclotron.

		One of the aspects of the transport efficiency is that a beam line with focusing elements which are not corrected for higher order terms will blow up the beam by filamentation.



		So first I will give a overview of the source setup

		Move into the emittance meter, the device we measure the beam quality.

		These measurements will be the focal point of this talk.

		I will show a brief overview of the analysis and give the results 

		Leading to some conclusion.
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AECR ion source setup 

LBNL  AECR –U base ECRIS

		Vext  max= 35 kV

		RF 14 Ghz(1.1 kW), TwT 11-12.5 GHz(400W)

		Binj=2.1T, Bex=1.1T, Brad=0.9T

		Pressure 5.10-8-2.10-7 mbar.













		



Analyzing magnet

Θ bend 	= 110 degrees

R bend 	= 40 cm

Β pole face rot 	= 37 deg

Gap	= 67 mm

Transport eff = 70%

no clamping

Pole Shape: straight edge

KVI4D emittance meter

Installed in image plane 

Typical beam currents:

204Pb27+ :   25 eµA

16O4+        : 500 eµA 

y

z

x



Improve the transport efficiency of the magnet.
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Beam currents



Analyzing magnet



KVI4D pepper pot emittance meter.

 	were an 1D array of hole moves though the beam.



Simulation model : Ray trace , 3D magnetic field map.
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KVI4D pepper pot 

emittance meter

Pepper pot plate (array 20 x ø20 micron holes)

Multi channel plate detector 

emittance
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		Array of holes is moved through the beam.

		Beam-lets are created

		The transversal velocity with respect to the propegation axis changes the perimeter of the beam-lets 

		The beam-lets are drifting over 59 mm and impings a mukti channel plate.

		The multi channel plate converts the ion signal into a amplified electron cloud which hits a phosfor screen and images that way the response fucntion of each hole.

		These response functions can now be recorded by the CCD camera.
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Trace space  of a 21 keV He1+ beam









		- Here you can see the response functions of every hole at every step the array made through the beam.

		The step size is in the order of 0.5 mm and the pitch vertically is 2mm.

		What immidiatly is noticeable is that there are more spots than holes?

		Two beams?

		Basically we have here the X coordiante, the y coordinate and the angle in both planes. Plus a density distribution 
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Response distribution of array of 20 holes 

on four positions in the beam

















X = xi 



This response function is estimated by simulation software



Even the response function of one hole.  > three beamlets emerging out of one hole.



We find a algorithm to describe which partial response funciton belongs to which hole.
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Overlap of response distributions

Group 1

Group 2,3

Beside: x, y , x’, y

  - group identity’ i=1,2 or3



Physics model is not know 



Define three groups



Second order model
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Data modeling.



x 

y

Xc’

Yc’

X’c(1) =(a11·y2 + a12·y + a13)·x2+

            (a21·y2 + a22·y + a23)·x+

            (a31·y2 + a32·y + a33) 

Y’c(1) =(b11·y2 + b12·y + b13)·x2+

            (b21·y2 + b22·y + b23)·x+

            (b31·y2 + b32·y + b33) 



From one group



Describe the bari centre coordinates of a partial response function of one hole in seconde orde be dependant from x and y



Do this for all three groups.
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The four dimensional dataset 

		Dataset  is unambiguous 

		Extra label (i) for group 1,2 or 3.







		      Projections in the image plane as function of (i).



	x-y projection known as viewing screen  

	x-x’projection used for a x-x’emittance 

	y-y’projection used for a y-y’emittance 

	x’-y’projection
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Result of the model

x-y projection. (viewing screen projection)

 i =1                             i=2,3                         i=1,2 and 3                camera recording

y

x



		Now we have assigned by this model all the data in the full dataset. Sparsly theere is some overlap but not much.

		We developed a model to describe the ellipsoid bari centres as a function of x an y

		We can now identify three groups and investigate the separate groups. ( later more about this)



Because the full dataset is now available on this location we can make projection 

For example a x-y projection which is simular as a viewing screen. We can do this now for the dfferent groups.
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The emittances in the image plane 

group 1                        group 2,3                           group 1,2,3             

group2







y-y’ projection



y-y’for only one x position: x=-10

2 sigma 320 π mm mrad
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Transformation to object plane in 2de orde











Transformation to entrance of M110 of x-y projections

 (viewing screen projections)

In image plane

In object plane

group 1                        group 2,3                      group 1,2,3             

Xf = M . Xo

Xo = M-1.Xf



1) The viewing screen projection can be fitted with a second order fit. Before the magnet we see a dot. Indicating that the magnet induces a second order abberation on the group 1 of the beam.
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Conclusions:

		Dipole induced second order aberration of the beam.



		Group 2,3 created by the dipole fringe field



		Three beams can emerge due to S-shape emittance in y-y’phase-space.





		These Trace-space patterns are not plasma related effects





		Plasma-related effects can be seen at the entrance of the analyzing magnet as a non homogeneous distribution. 







So the magnet induces a second order on the beam.
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Future outlook

		Installation of a new analyzing magnet

		Compensation for the second order aberration

		Gap increase with a factor of 2.

		New emittance meter KVI4D-advanced is in construction to operate at G.S.I. (ready feb2011)
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KVI4D
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KVI ion source group

		KVI Ion source group 

		Sytze Brandenburg

		Hans Beijers 

		Vladimir Mironov

		Suresh Saminathan

		Jan Mulder

		Rob Kremers



Thank you for your

attention
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The emittances in the image plane 

group 1               group 2,3            group 1,2,3             

Y-y’ projection’s

X-x’ projection





















group2
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