NSCL

INHOMOGENEITIES IN BEAMS

EXTRACTED FROM ECR ION SOURCES
A semi-opinionated

overview
J. Stetson, NSCL/MSU; P. Spadtke, GSI
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29-Jun-07

From PACO7 (talk MXOXKI03)

“The key to high intensity and low
beam losses is very careful control of
Injection and extraction.”

Stuart Henderson, ORNL
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NSCL

Injection Line + Improvements
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Hardware Changes Affecting Beam Dynamics

2003-2007 (Injection line In Orange)

May 2003: Revised ARTEMIS-A Extraction
Region

July 2004: Problem with ARTEMIS-A Hex field
05-Sept-04: Install Small Bore Triplet (SBT) on
SC-ECR

17-Nov-04: Install SO06SX, Remove Aperture 1
7-Dec-04: Repair K12 injection & K12C3,4

Jan-05: ARTEMIS-A Permanent Magnet
Sextupole Bars Replaced

Jan-05: SBT on SCECR moved up 5"

Jan-05: Buncher moved up 12"

Jan-05: K8C4 Beam Scraper (0.42") Installed
16-Feb-05: remove SO07AP

10-Dec-05: Double Solenoid under K500; Buncher
moved down 4"

10-Jan-06 Large Bore Triplet (LBT) installed on
ARTEMIS-A

10-Jan-06: Moved Plasma Electrode and Puller on
ARTEMIS-A

29-Jun-07

10-Jan-06: remove ROO7Aperture

10-Jan-06: Installed 0.3" V't Collimation at Full Radius
on K500 K5MPSC

7-Apr-06: Add K500 Phase Slits

7-Apr-06: Add J033 4-Jaw Slits

7-Apr-06: KSMPSC Gap reduced to 0.25"
11-May-06: Reverse JO46SN Polarity

12-Jun-06: Install Double Doublet System (DDS) on
ARTEMIS-A

12-June-06: Replace Buncher grids with 1 cm dia
washers

12-Jun-06: Swap R013QA/14QB with J0O42SN
15-Jan-07 Inflector Collimator 4.2 - 2 mm (failed,
returned to 4.2 mm)

15-Jan-07: KSMPSC Gap reduced to 0.19"
15-Jan-07: Einzel Lens + LBT installed on SCECR;
remove S006SX

15-Jan-07: Water-cool K12E1D drive rod
19-Jan-07: reversed polarity of JO56SN
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NSCL

Max Recorded Beam Intensities 2002-2006
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NGC |deal Case for Perfect Injection
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What kind
of Object
gives
Strange
Stuff as an
Image?

29-Jun-07

Our Less-than-ldeal Situation
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Strange
Stuff



GSI Test Stand
2006

VT3, pepper pot

pepper pots to show the 4d correlations

BaF, viewing targets to display the profile ./

ECRIS SOLENOID QUADRUPOLE DIPOLE \
A~

- Tl ?%
il 1 . 4
I M N = il |

— LT I

VT1, pepper pot VT2

29-Jun-07 FROABADO2: J. Stetson, NSCL/MSU

P. Spadtke, GSI



© . .
& “Ar Rings: VT1 view 40cm from
extraction (GSlI)

Higher Charge
States Are Closer
to Center
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NSCL

VT2 view after first Beam Line
Solenoid (GSI)

“Stars’ are over-
focused “Rings”
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sCL ECRIS Beam has a Special “Tag”

“Rings” morph
Into “Stars” by
varying the
focusing strength
of lenses.

Simulations:

This is not explained
by 2"d Order Alone
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A0Ar+ VT3 After Dipole (GSI)

Side View of source plasma?
Beam line = Angle Spectrometer? Pepper Pot at VT3
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NSCL

NSCL “°Ar Rings (before dipole)
(ECRIS ->Solenoid - Viewer)

(Distortions to Rings Caused by Current Leads on the Solenoid Ends)

29-Jun-07 FROABAO?2: J. Stetson, NSCL/MSU 13
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29-Jun-07

Rings of °®Ni Charge States
(ECRIS ->Solenoid - Dipole > Viewer)

Unregistered

1 JU3SUP

FROABAOQ2: J. Stetson, NSCL/MSU
P. Spédtke, GSI
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NSCL

Ring to Star using Beam Line Solenoid
(ECRIS ->Solenoid > Dipole - Solenoid - Viewer)

JO33UP

dBCa B+ VFP1 09.SEP 2006 09:06:16 Afd 1 150/25/25

HODTDH = 0.298; RODIDV = 0.103; RODZMC =0D.457;

ROO10A = 3.408; RO0Z2QB = 3.770; RO0D30A = 3.032; RO0D4QEB = 2.100
ROO4DH = 1.260; RODA DV ~ 0.352; RODIOS - 134.543 A

RO110H = 2.754; RO110W = 3.291; RO160H = .1.023; RO16DV = 1.590;
ROM4SN = 66.698 A; ROTVOA = 0.250; RO18OBE = 0.293;

JOINDSE = 171.698 A JOJTDH = 5343 A; J0310DV = 2.473 A;

29-Jun-07 FROABAOQ2: J. Stetson, NSCL/MSU
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31-AUG-2006 18:20:38, 48Ca 8+, Gas1/2= Helium / Argon, Oven1/2= 48Ca / 48Ca,Camera = VP2, Att -1, Ap 5012525
RION1 = -7.195 / 63.84E-009, RION3 = -6.713 / 193.6E-009, RIONA1 = -7.034 / 92.49E-009, KSION1 = -7.077 / 83.69E-003 Torr

2 JO4iuUp

RFST 5-560.730 R=561.279 A
REXT S-473.969 R=470.986 A
5.797 R=25.266 k¥

48Ca 8+ Att 1 31-AUG-2006 18:27:32

RO0O2SN = 14.893 ROO3DH = -1.348 DV = 1.348

RO0O3DH = -1.348 DV = 0.137 RO0IDS = 134 1Tl RO11DH = 2.671 DV =5.513
RO14QA = QB= RO16DH = 0.955 DV

RO17QA = 0.052 QB- 0.137 V 5=.2.432 R=-2.425 A
J037SH 5=1.903 R=2.019 A

1 JOBSUP

0.74;
0310V =-2.303 A;

40Ar 7+ VP2 17-JAN-2007 12:06:43 Att: 10 1501717
.718;

RO01Q; 5

ROO4DH = 0.4 854 RO04DV -I'l 64!1 RO09DS = 127. 713

RO11DH

RO14S| . ; I'l 738, RO18QB = 0.741;
- JO30DS = -102.781 A; JO31DH .189 A; JO31DV

Round Aperture

29-Jun-07 FROABAO?2: J. Stetson, NSCL/MSU
P. Spédtke, GSI

195 1 63.84E°009, RION = -6.713 / 193.6E-009, RIOHA1

3 JOS3UP:

JO31DH S=-0.423 R=0.422 A
J031DV S=2.432 R-2.420 A
J037SN 5=1.903 R=1.921 A

.025 £ 94.32E-009, KSION1

12 {17.28E-008 Torr
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48Ca Rings: Here, There, Everywhere?

BT el
|'.J
4t
Att 1 1501225 ﬁ

08; RO0ZMC = 0.733;

1030A = 2.603; R004QB = 1.373
009DS = 134.909 A

160DH = -1.946; RO16DV = 0.652;

JO35 J053

. N053
(into K500)

(into K1200)

29-Jun-07 FROABAOQ2: J. Stetson, NSCL/MSU 17
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NO053 Star (Just before K1200 injection)

[21.DEC-2006 17:25:10° [21.DEC-2006 17:27:08
d0Ar18 140 d0Ar18 140

e ICE'EU’WJ NDSS NOS3 tca-EBuqu HDSE

Ring-to-Star “Tag” survives (Tail too Dim to see without

Acceleration in Cyclotron! blocking main part of the beam)

29-Jun-07 FROABAOQ2: J. Stetson, NSCL/MSU 18
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Hz Slit Scan JO33XGap =2 mm

Unregistered

2 JO41UP

"

HZ SLIT SCAN WITH 2mm GAP

J033 Xc,q = -16.007, 1.931 ¥Ye,qg 8.479, 34.938

40Ar T+ VP2 T9-JAN2007 1B:00:13 An 1 150/50/25

S0010H = 0.234; SO001DV = D.112; S0065X = 198.4 E 006;

S001TA = 3.283; S002TH = 3.272; S003TC = 1.515;

S003DH = 0.444; S003DV = 0.137; S009DS = 128.819 A

SO11DH = 1.299; S0110V = -1.015; SO140A = 0.670; S01508 = 0.814;
JO30DS = 47.422 A JO31DH = -1.433 A; JO31DV = 3.035 A;

Slit half-way thru Injection Line, Viewer Just Before K500

29-Jun-07 FROABAOQ2: J. Stetson, NSCL/MSU
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29-Jun-07

Cut 90% of Intensity with JO33 Slits
centered on Beam

Unregistered

3 JO53UP

JO33 Xc,g = 2.0/8-39977 Ye,q <4.503, 29.945 -

Z2Ne 4+ WP3 29 JAN 2007 16:31:36 Att 3 .. 150/50/25

S00TDH = 0.093; S001DV'= 4 _BB3IE-O03; SOD65X = 6 .546E-003;

SO0 TA = 2.376; SO02TH = 2.761; SO03TC = 1.919;

SO03IDH = 0N0BE; SON3DV = 0.195; S009DS = 116.153 A
SOT10H="10.312; SO11DV = 0:254; S0140A = 0.853; S01508 ='0.810;
JO30NS = 41.935 4; JO31DH = 0.090 A; JO31DV = _3.192 A;

Slit half-way thru Injection Line, Viewer Just Before K500

FROABAOQ2: J. Stetson, NSCL/MSU
P. Spédtke, GSI
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34% in 050 pi.mm.mrad}
[SNR4 0Ar7 +, Horizontal 35% in 100 pi.mm.mrad}
50 LBT after ECR 83% in 200 pi.mm.mrad;

ES setting 1.0mm/2mrad g
40

30
20
10

01/15/2006, ArtermnisA 19% in 050 pi.mm.mrad}
A0Ar7+, Vertical 39% in 100 pi.mm.mrad}
LBT after ECR #4'% in 200 pi.mm.mradj
ES setting 1.0mm/2mrad :

P q0.35

up (mrad)
[}

S QO

up (mrad)

-10
-20
-30
-40
-50

alpha=0.26, heta=2.88 m g
S=irms emit=53 pi.mm.mrad Itotal=53.8uAs
70 Imeasured =90.2u’ (extrapolation) 70

J0-B0-50 -40 -30 -20-10 0O 10 20 30 40 50 BO 70 -70 <60 -50 -40 -30 -20 10 0O 10 20 30 40 50 BO 70
u () U (mm)

alpha=0.50, beta=3.70 m :
rms emit=72 pi.mm.mrad Itotal=73.3uly
Imeasured =122.8u& (extrapolation)}

< 50 pi*mm*mrad: 34% Hz, 19% V1t
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up (mrad)

94% in 050 pi.mm.mrad
100% in 100 pi.mm.mrad}
100% in 200 pi.mm.mradj

Imeas=18.7 eus
Itotal=22.3 eul}
70 {extrapolation)

-/0 60 -50 -40 230 -20 10 0O 10 20 30 40 50 6O 7O
U {mm)

alpha=10.33, beta=0.67f m
rms emit 10 pi.mm.mrad
rms sizes 2.4 mm 3.0 mrad

0B

045

0.4

up (mrad)

88% in 090 pi.mm.mrad
99% in 100 pi.mm.mrad §
100% in 200 pi.mm.mrad;

alpha=1.20, beta=0.71 m Imeas=27.0 eu
E=lrms emit 13 pi.mm.mrad Itotal=32.3 euA}
Falms sizes 2.5 mm 3.4 mrad (extrapolation)

-f0 60 -50 -40 30 -20 10 O 10 20 30 40 a0 6O 70

u (rrm)

< 50 pi*mm*mrad: 94% Hz, 88% V1t

29-Jun-07
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An Effective Slit Cut (Grid at Slit Location)

“Organized” Beam “Organized” Beam
Slits Open Slits Closed
29-Jun-07 FROABAO2: J. Stetson, NSCL/MSU 23
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up (mrad)

-0
-20
30
40
50

2=irms emit 17 pi.mm.mrad

71
-f0 -60 -50 -40 -30 -20 -10 O

03/20/2007, SC-ECR
SI1602+ 21.12 kY Horizontal
&0 EZL+LBT 25/12.5 mm

ES setting 2.0mm./2mrad
40

30
20
10

40% in 023 pi.mm.mrad |}
4% in 050 pi.mm.mrad }
100% in 100 pi.mm.mrad;
100% in 200 pi.mm.mradj

Imeas=49.8 euA
Itotal=59.5 euh
(extrapolation)}

10 20 30 40 50 BO 7O

alpha=0.81, beta=1.34 m

rms sizes 4.1 mm 3.9 mrad

u {rmm)

up (mrad)

10 B
-10 =

20
230
-40
50

2Silrms emit 23 pi.mm.mrad

-70
-f0 -60 50 -40 -30 -20 -10 0

[BY)3/20/2007, SC.ECR
Sil1602+ 21.12 kV Vertical

EZL+LBT 25/12.5 mm % in 100 pi.mm.mrad §

= ES setting 2.0mm/2mrad 100% in 200 pi.mm.mrad
40 :
el {07
20
0B

Imeas=65.9 eus
ltotal=78.7 euly
(extrapolation)}

10 20 30 40 50 6O 70

alpha=0.36, heta=1.29 m

rms sizes 4.9 mm 3.7 mrad

U (rmm)

< 50 pr*mm*mrad: 74% Hz, 57% V1t

29-Jun-07
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up mrad)

6% in 023 pi.mm.mrad §
100% in 050 pi.mm.mrad}
100% in 100 pi.mm.mrad;
100% in 200 pi.mm.mradj

03:20/2007, SC.ECR
SIN1602+ 21.12 kY Horizontal
EZL+LBT 25/12.5 mm

ES setting 2.0mm./2mrad

Imeas=14.0 euf}

Itotal=16.8 euA

70 (extrapolation)}

-f0 -60 -50 -40 -30 -20 10 0 10 20 30 40 50 6O 7O
u (rmrm)

alpha=0.46, beta=0.89 m
S=llrms emit & pi.mm.mrad
rms sizes 2.3 mm 2.7 mrad

0.5

0.4

0.3

up mrad)

94% in 023 pi.mm.mrad §
100% in 050 pi.mm.mrad}
100% in 100 pi.mm.mrad;
100% in 200 pi.mm.mradj

leE03 20,2007, SC ECR
Ei1602+ 21.12 kY Vertical
=0 EZFL+LBT 25/12.5 mm

ES setting 2.0mm/2mrad
40

3a

Imeas=17.7 eufj

Itotal=21.1 euAs

70 (extrapolation)}

-f0 -60 -50 -40 -30 -20 10 0 10 20 30 40 50 6O 7O
u (rmrm)

alpha=-0.08, beta=0.43 m
S=ilrms emit 6 pi.mm.mrad
rms sizes 1.6 mm 3.2 mrad

< 50 pi*mm*mrad: 100% Hz, 94% V1t
< 25 pr*mm*mrad:. 76% Hz, 94% V1t

29-Jun-07
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1) Transverse Structure (Hollow)
2) Large 2"d Order Aberrations (Triangle)

3) Strong Phase space cross-coupling (beam is
“correlated™)

4) Focusing morphs Ring into Star (not explained
by 2"d order)

5) Under some conditions, a fractal nature
(round cut can redevelop into a triangle)

ECRIS Beam Characteristics

29-Jun-07 FROABAQO?2: J. Stetson, NSCL/MSU 26
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NSCL

Model Assumptions/Opinions

1) “Miniscus’” emission Is not adequate. The
object of the following optical system is within
the plasma chamber.

2) Extracted lons travel on a largely undistubed
path from their creation.

3) The ions are emitted from a volume, not a disc.
4) ....

29-Jun-07 FROABAQO?2: J. Stetson, NSCL/MSU 27
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4) In lieu of a full understanding, the emission volume is
taken to be a shell defined by the magnitude of the B
field corresponding to the ECRIS resonant condition.

29-Jun-07 FROABAO?2: J. Stetson, NSCL/MSU 28
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©
& KOBRAS3-INP Simulation (27-June-07)
CAPRIS ECRIS — GSI Test Stand

S

lons Start - Rings

In and
Plasma > Stars
Chamber On

VT127?

=

29-Jun-07 FROABAO?2: J. Stetson, NSCL/MSU 29
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with Increasing Beam Line Solenoid Strength

29-Jun-07

Beam on VT2 (X-Y) Space

am UET M '~ TSR — [ T T TR
e om e m
2 s = = 2t = K m watan -
Jrivemy pry rimng 498 i
Shiuferietes g e oy L r— mma A
e e i S A
£ 1 ¥

Shows the Ring-to-Star “Tag”

FROABAOQ2: J. Stetson, NSCL/MSU
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O

NSCL

b

Beam on VT2 (X-X’) and (Y,Y’) Space

with Increasing Beam Line Solenoid Strength

FRa o P i o e—— Ry
FrE om
T e T motum el
a s b s
i B

i!

1j; !

H
E
I & a0
| ;!
Hiy
sy

R Sy i s S L] e 1 "R —— e L] v g T i [
- X m

e ) iy e = = £ o He- watam -

[re— bt —— s R -

pr— At i e B 3 B e i

i e —— e = =

Focus at Case 3
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Beam on VT2 (X’,Y’) Space
with Increasing Beam Line Solenoid Strength

o R -
E om

|
”.I-i"

-
-
HEM A
EEh A

(X”,Y’) Space shows
Signature of
2nd order aberration

32
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e Gives Poor Results
e Sensitive to Starting Conditions
s | Gives Good Results
29-Jun-07 FROABAO?2: J. Stetson, NSCL/MSU 33
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Aol
Added Sextupole

Uncorrelated Correlated Uncorrelated
Round Beam Triangle Beam Round Beam
(Object) (Observed) (Desired)
29-Jun-07 FROABAO2: J. Stetson, NSCL/MSU 34
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Magnetic
Sextupole

29-Jun-07 FROABAO?2: J. Stetson, NSCL/MSU 35
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Partial Correction of 2" Order with External
Sextupole (protons)

Unregistered

1 JO35UP

e

Problems: 1) Need stronger sextupole. 2) Corrects only at one location;
The structure re-forms after a drift. 3) Poor Dipole confuses results.

29-Jun-07 FROABAO?2: J. Stetson, NSCL/MSU 36
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29-Jun-07

Magic Electrostatic Lens System:
Gives 90 Deg Phase Advance from

ECRIS Sextupole to an External Sextupole

Quadrupole Doublet

Octupole Singlet

Quadrupole Doublet

FROABAOQ2: J. Stetson, NSCL/MSU
P. Spédtke, GSI
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NSCL

2nd Order Correction Scheme: ~Pi Phase
Advance to Corrector Sextupole

3ok 3 ¢ : ——
S-S - | L=
L ||
- WW\ Y
X
Py~ 2nd Order 2"d Order
rder
Un-corrected Corrected
29-Jun-07 FROABAOQ2: J. Stetson, NSCL/MSU 38
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2"d Order Correction Scheme:
~P1 Phase Advance

G P4 \\\ il
i, [\ . e
KP'T-H‘\}C:\ /1 /-»‘b{k\\ (’}ﬁp“;z \
A\ A \\g\é__w_’;.g_/;%\_ (%V)
NCHRAY R NN AN &5 ’
N 1 R 4 RN & oy
s =y NG
.//4___‘—._‘_\‘\ i_ R /",J:,";—T:_h‘\\
/—~<.;_““\x‘“ 1'. : ﬁ?‘“ ) 7 ;{:1\
D). &3 (L) ecan
&7 Wy (&
S\ 4 S
o i

2d Order 2d Order
15t Order

Un- Corrected
corrected
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NSCL

29-Jun-07

Real Test of 2" Order Correction Scheme

At NSCL (Fall 2007?)

Install New Analysis Dipole (under
construction)

Install New Sextupole

FROABAOQ2: J. Stetson, NSCL/MSU
P. Spadtke, GSI
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Design Real Beam Lines for Real Objects (when possible)

29-Jun-07 FROABAOQ2: J. Stetson, NSCL/MSU 41
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BEAM PHYSICS
oFelix Marti
*Marc Doleans
«Xlaoyu Wu

*Q. Zhao

29-Jun-07

»J. Méader
J. Rol’bach
K. Tinschert
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ION SOURCE
*Peter Zavodszky
*G. Machicoane
*Dallas Cole

L arry Tobos
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NSCL

29-Jun-07

A Complete Model Must Include:

FROABAOQ2: J. Stetson, NSCL/MSU
P. Spédtke, GSI
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29-Jun-07
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Improvements at Similar Source Output

~2003 ~2006 Gain
Source out = K1200 out  Source out = K1200 out (normalized
(pnA) (pnA) to source
output)
OAr 2280 > 58 1920 > 222 4.5
*#Ca 1275 > 32 1400 > 160 4.6
Ge 692 > 17 725 > 63 3.5
oK 2640 > 22 2760 > 79 3.4
+0Xe 700 - 2.86 371 8.16 6.5
29-Jun-07 FROABAOQ2: J. Stetson, NSCL/MSU

P. Spadtke, GSI
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Maximize the Good at the Expense of the Bad

100 ~
90 -
80 -

—— input -
—— solenoid /

—+— ESQTS /

/A/A

70
60 -

/ e

50
40 -
30

Particle percent (29

e

0]

s

50 100 150 200 250

300

Region of Interest

+ Beam emittance (Pi-mm-mrad)

Not Injectable Beam

<—

29-Jun-07
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