@ A Method of Tuning ECRIS Beam Transport
Lines for Low Emittance, ECRIS08

On-Line version with added Notes

J. Stetson, NSCL/M SU

MSU Bikes... Wiy L
continuing the MSU C‘aﬁdeing : :
Tradition www . bikes. msu.edu” ™IS




THE OPTICS ORH TERRIBLE OBJECTS
Not So

A highly-caffeinated overview

J. Stetson, NSCL/M SU

MSU Bikes._. T
continuing the MSU gﬁoeing - § 3
Tradition www . bikes. msu.edu” " = -




Cyclotrons

And
Experimental

Vaults

3
)
—
—
7
Z

—

ANSERE S

B L _j,

m

H

—l i

]
EHA

LI

7T

L B-E.0.8.1F,

L3

L

L |

1T

ITIIT.

et

&

lon Sources

And
Cyclotrons

N ARTEMISB I0S TEST STAND

\




Top View: Compact Machines
(K1200 Extraction Radius =1 m)
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K500 Injected Beam Requirements.

1) Small-sized cyclotron = tight emittance
requirement [calculated to be 75 pi* mm* mr]

2) K1200 Stripper - ECRISM/Q ~ 6

3) Production Target Shielding Limit ~ 4kW -
K500 Output < 10 euA -
K500 Injection Beam < 30-40 euA

4) First Orbit Radius - 20-27 kV extraction potential

5) 22 different “beam list” isotopes >
rapid and repeatabl e tunes required




From PACO7 (talk MXOXKI103)

“ The key to high intensity and low
beam |osses Is very careful control of
Injection and extraction.”

Stuart Henderson, ORNL




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: I nstall SO06SX, Remove Aperture 1
7-Dec-04: Repair K12 injection & K12C3,4

Jan-05: ARTEMISA Permanent M agnet
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
ARTEMISA

10-Jan-06: M oved Plasma Electrode and Puller on
ARTEMISA

10-Jan-06: remove ROO7Aperture

10-Jan-06: Installed 0.3" Vt Collimation at Full Radius
on K500 KSMPSC

7-Apr-06: Add K500 Phase Slits

7-Apr-06: Add JO33 4-Jaw Slits

7-Apr-06: KSMPSC Gap reduced to 0.25"

11-M ay-06: Reverse JO46SN Polarity

12-Jun-06: I nstall Double Doublet System (DDS) on
ARTEMISA

12-June-06: Replace Buncher gridswith 1 cm dia
washers

12-Jun-06: Swap RO13QA/14QB with JO42SN
15-Jan-07 Inflector Collimator 4.2 2> 2 mm (failed,
returned to 4.2 mm)

15-Jan-07: K5M PSC Gap reduced to 0.19"
15-Jan-07: Einzel Lens+ LBT installed on SCECR,;
remove SO06SX

15-Jan-07: Water-cool K12E1D driverod
19-Jan-07: reversed polarity of JOS6SN
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NSCL

Max Recorded Beam I ntensities 2002-2006
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~2000: Add Aperture Plates
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Apertures
[mm]

none

7,12, 25

Less = Better

Analyzed
Beam Beam
[enA]

(from 2003)
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Viewer Plates;
Aluminum Coated with Phosphor (KBr or BaF,)
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Viewer Plate Locations

The number part of the device name refersto its relative location.

e 1IN, |
11

JO35VP JO41VP JO53VP
(VP1) (VP2) (VP3)

= —a

(Side View)
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The Following Movies Are Rated:
RESTRICTED :: i
R UNDER 17 REOUIRES ACCOMPANYING
PARENT OR ADULT GUARDIAN

T i T = - i e, a—
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NSCL

Rings of *8Ni Charge States (Vary R009 Dipole)
(ECRIS - Solenoid - Dipole - Solenoid 2> Viewer)

Unregistered

1 JO3SUP
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Beam Transport for 43Ca*
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(from 2004)

16



With Electrostatic Triplet

All lons Remain Together until Magnetic Bend

(from 2004)
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(from 2004)



Definitive Solenoid Test Artemis B - 2007

G. Machicoane (I1C1S07)

Space-Charge Blow-Up from Solenoid Focusing
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@ Maximize the Good at the Expense of the Bad
NSCL 50mm Triplet vs. Solenoid Case

100 — —e— input
90 - —— solenoid ///
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4 Beam emittance (Pi-mm-mrad)

Particle percent (29

Region of Interest ‘ Not Useable Beam
D So Get Rid of It Early
(which is not easy to do)



Gains From better Tranmission

~2003 ~2006

SOURCE SOURCE
OUT > ouUT > GAIN

K1200 OUT | K1200 OUT 7/ \
PAr 2280 = 58 19202222 4.5

®Ca | 1275 >32 | 1400 > 160 4.6

%Ge | 690>17 | 725 63 35

*Kr | 2600>22 | 2760579 | | 3.4/
\

Analyzed source beam output (in pnA) and the
resulting beam intensity extracted from the K1200. The
net efficiency normalized to source output has
increased by about a factor of four from 2003 to 2006.




Problems Remain

e e—e—— e—— e— — — — — E— — E—— — E— E— S E— e S S S S S E— E— E— S— — E— —

| Now: Overall beam intensities often limited to about 80OW | |
I | by losses in the cyclotrons at beam extraction. (Deflectors!) |
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|deal Case for Perfect Injection
\ — — /
Lensl  Lens2

e e B ==




What kind
of Object
gives
Strange
Stuff asan
| mage?

Our Less-than-1deal Situation

I — 0 — —_
2
Lensl  Lens2

=

Strange
Stuff
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Close Round Aperture: 25, 17,12, 7 mm
(ECRIS > Triplet = Dipole - Quad Doublet 2> Viewer)

1 JO35VP

Wi 0
A1 SO A Jasp i d
DUS DYV 50050000
MNASA D107 OB U101 JUIES 5.6

Round Cut give Triangular Beam!

25



“Star” Features more Evident w/o
Solenoid Space Charge | ssues

160*3 (using Electrostatic Triplet)

(from 2004)
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Highly Structured Object

ECR12_18_02_018 ECR12_19_02 01

Ar plasma 40 W._ lots of Ar gas Ar plasma 650 W, high chargestate

X-Ray Image of lonization Within the ECRIS

(from 2004) S. Biri, et. al.

27



ﬁ VT2 view after first Beam Line
Solenoid (GSI, 2006)
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ECRIS Beam has a Special “Tag”

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

(Simulations:

Thisis not explained
by 2nd Order Alone)
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Ring to Star @ NSCL using Beam Line Solenoid
(ECRIS - Double Doublet - Dipole - Solenoid = Viewer)

Enpeyistensd MG 3R

1 JO33UP

dBCa B+ VP11 09.SEP 2006 09:06:16° An 1 1502525

ROOTOH = 0.238; RO0MDV = 0.103; ROOZMC = 0.457;

RODM1 QA = 3.408; RO02GHE =3.770; ROO30A = 3.032; ROD4AQE = 2.100
RO040H = 1.260; ROM DV = 0.352; ROD9DS - 134.543 A

ROT10H = 2.754; RON DW= 3.297; ROIGNH = 1.023; RO1EDV = 1.580;
ROY145N = 66.698 A; HOTVOA = 0.250; RO180OE = 0.293;

JOANDS = 171698 A; JOITOH = D349 A; JO310DV = 2473 A;
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31-AUG-2006 11 , 48Ca 8+, Gas1/2= Helium [ Argon, Oven1/2= 48Ca / 48Ca,Camera = UPZ, Att - 1, Ap 50125725

48Ca/ 48Ca,Camera = VP3, Atk 1,Ap 5025725
RION1 = -7.195 / 63.84E-009, RION3 = -6.713 /183.6E-008, RIONA1 = -7.034 / 92.49-009, K5ION1 = -7.077 / B3.69E-003 Torr

195 1 63 , 1.025 /94.32E-003, KEION1 = -7.112 { 77.28E-003 Torr

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

RO02SN = 14.893 RO03DH 348 DV = 1.348

ROO3DH = 1.348 DV = 0.137 RODIDS = 134.178 RO11DH=2.671 DV =5513
RO140A- QB- RO16DH - -0.955 DV - 0.608

RO17QA = 0.052 QB-0.137

JO37SH 5=1.903 R=2.018 A

JO35UP JO41UpP

40Ar 7+ VP1 17-JAN-2007 12:06:20 Att 10 15011717
RO01DH = -0.293; RO01DV = 0.381; RO02ZMC = 0.71:

JO300S =-102.781 A; JO31DH = -1.184 A; JO31DV = -2.303 A;

40Ar 7+ VP2 17-JAN-2007 1 Att 10
0. 0.

43
RO01DH 298; RO0O1DV = 0.381; RO0O2M|
RooO3QA

RO11DH = 3.277; RO11DV = 3.511; RO16DH = -1.741; ROT6DV = 0.242;
0.172 A; RO17QA = 0.738; RO18Q8 = 0.741
102.781 A; JOI1DH 189 A; JOI1D"

Round Aperture
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2 JOG1UP

¥

HZ SLIT SCANM WITH 2Zmm GAP

JO33 Xc,g = 16.007, 1.931 Yc,g B.479, 34.938

40Ar 7+ VP2 T9-JAN-2007 1B:00:13 Au 1 150/50725

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

S001TA = 3.283; SO0ZTB = 3.272; SO03TC = 1.515;

S003DH = 0.444; S0030DV = 0,137; SA09DS = 128819 A

S0T1DH = 1.293; S0110V = 1.015; SO0140A =0.670; SD150B = 0.814;
JO300S = 47,422 A; JOITDH = -1.433 A; JO31DV = 3.035 A;

“Should” show anarrow vertical line
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Vz Slit Scan JO33Y Gap =4 mm

Unregistered

2 JO41UP

VT SLIT.SCAN WITH dmm GAP

JO33 Xe,qg = 0.135, 39977 ¥e,g -1B.002, 3.991

40Ar 7+ WP2 19.JAN-2007 17:20:16 An. 1 150./50/25

SO01DH = D.225; S0O1DV = 0.117; SO06SX = 198 4E-006;

SO01TA = 3.289; S002TB = 3.294; S003TC = 1.508;

SO03DH = 0.449; SOO3DV = 0.142; SO090S = 129.550 A

SOT1DH = 1.284; S0110WV = -1.015; S014QA = 0.670; S015Q8B = 0.815;
JO300DS = 47.194 A; JO310H = -1.433 A; JO31DV = 3.035 A;

“Should” show a narrow horizontal line




Cut 90% of Intensity with JO33 Slits
centered on Beam

Unregist

3 JOS3UP

JO033 Xe,g = Z.078,-39.977 ¥Ye,q -4.503, 29.945 -

22Ne 4+ VP3 29 JAN2007 16:31:36 Ar 3 .. 150/50/25

SO0TDH = 0.093; S001DV = 4.B83E-0D3; SO06E5X ~ 6.546E-003;
S001TA = 2.376; SD0ZTH = 2.761; S003TC = 1.919;

SO0030DH = 0.088; S0030DV = 0.195; S009DS = 116.153 A
S0110H="0.312; S0T1DV = 0:254; S0146A = 0.853; 501508 =0.810;
JO3005 = 41.935 A; JO31DH = 0.090 A; JO31DV = 3.192 A;

Slits are cutting only Intensity, NOT overall Emittance

(Slit half-way thru Injection Line, Viewer Just Before K500)
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ECRIS Beam Characteristics

NSCL
1) Transverse Structure
2) Large 2"d Order Aberrations (Triangle)

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

4) Focusing morphs Triangleinto Star

5) Under some conditions, a fractal nature
(round cut can redevelop into atriangle-star)

35
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The Question:

Can the extracted beam be dealt with in away that
gives good 2D emittance without large correlations
but with reasonabl e intensities?

The Surprising Answer: Y es!
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A Test aof 29 Order Correction Scheme

At NSCL (August 2007)
New Analysis Dipole
New, Stronger Sextupole

Double-Doublet moved for 2 wks to
ARTEMIS-B

In Principle, aPI Phase advance between the source
sextupole and an external sextupole should allow
afull correction of the 2" order aberrations.
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1.5 mmdia Holes
Spaced 4 mm apart

A Most Useful Device

(Poor Man’s 4D Emittance Scanner)

25mm
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NSCL

Layout for August 07 ARTEMIS-B Test

Artemis-B

Electrostatic Quad Doublet x 2

Grid & VG ¢

L] Sextupole
" Ll % - Faraday Cup GGG

TalE] _ ~ Emittance
S Viewer Solenoid ST
M= & il I'H Hil =D ¢

‘ 79 cm ‘ 64cm‘ 53 cm ‘37cm‘

This drift allows the beam correlations
to be seen directly on the Viewer!
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Initial Explorations

1)
2)
3)
4)
5)

Tune Optics for Maximum Intensity on Faraday Cup.

Remove Cup, Observe beam on Viewer 79 cm Downstream

Take Photo
Insert Grid (1 mm diameter holes, 4 mm apart)
Take Photo

23-AUG-2007 12:5! 40ArT+
20.000 kV; VIEWER = M014VP
MFST=503.006; ME. 35313 A
ECRXMIT1 = 299.165 W

DRAIN CURRENT = 2.159 mA;

M004TD = 1.154 kV
MO002MC = 0.854 kV
MOO7SX = 7.836E003 A

MOOGAP = 25 mm
MO11AP = 50 mm
MOT1AC = OUT

MO01DH = 38.48E-003 kV
MO04DH = 0.072 kV
MO110H 1T A
MO01DH = 38.48E-003 kV

MO001DV = 1.251E-003 kV
MO004DV = B.759E-003 kV
MO009DS = 153.561 A
MOT1DH = -1.377 A

23-AUG-2007 12:57:06 40Ar7+
19.999 kV; VIEWER = MO14VP
MFST=503.131; MEXT: 219 A
ECRXMIT1 = 300.845 W

DRAIN CURRENT = 2.160 mA;
M012FC=103 muA

MO20FC=25 muA

0.854 kV
836E-003 A

.759E-003 kV
MO009DS = 153.569 A
MOT10H = 0.504 A

40



NSCL

Without
Grid

F4-AUG 2007 20:49:44 ADAT+
20,001 kV; VIEWER = MO14VP
19.085; MEXT=417.521 A
CRXMIT! = 598.305 W
[N CURRENT = 2.405 mi;
58 muA
138 muA

DH = 0.000 kV
MOOKDH = 0.199 kv
MOWIDH - 0,181 A
MO01DH = 0.000 kV

%mm‘ 25.6E 006 KV
04DV = 0.150 kV
MODIDS = 153.350 A
MO11DH = 0.181 A

MOTGSN - 80.722 A

25 AUG-2007 00:35:23 40A[T+

19.999 kV; VIEWER = MOTVP
~516.238; MEXT-422.112 A

ECRXMIT1 = 299.165 W

DRAIN CURRENT = 2.002 mA;

MO12FC= 99 muA

MOOTTA = 3.185 KV
MO02TB = 3.077 kV
MOO3TC = 2,576 KV
MO0ATD = 1.948 kV
MOOZMC = 0.463 k¥
MOO7SX ~ 15.26E.006 A

MOOGAP = 25; MOT1AP = 50 mm
MO11AC = OUT

MOO1DH = 0.000 kV
MODADH = 0.099 kv
MO11DH = 0.180 A
MOO1DH = 0.000 kV
MOO1DV ~ 625.6E 006 kv
MO04DV = 0.108 k¥
MO09DS = 153.123 A
MO11DH = 0.180 A

MO1GSN = 81.832 A

25.AUG 2007 21:56:00 A0A(T+
20.000 KV; VIEWER = MO20VP

i 29.689; MEXT-414.886 A
ECRXMIT1 = 300,845 W

DRAIN CURRENT = 1.806 mA;
MO12FC= 116 muA

MO20FC= muA

SMO0TTA = 3.080 KV
M002TB = 2.936 kV

MO0GAP = DUT; MOT1AP = 50 mm
MO11AC = OUT

MOO1DH = 0.091 k¥
MOO1DV ~ 32.85E 003 kV
MO0ADV = 0.186 kV
MO03DS ~ 153,389 A
MO11DH = 0.348 A

MO1GSN = 1.126 A

Morel

24 AUG 2007 20:50:45 A0AT+

20.001 kV; VIEWER = MO14VP
ST-518.991; MEXT=417.952 A

ECRXMIT1 = 596.624 W

DRAIN CURRENT = 2.386 mA;

MO12FC-158 muA

MO20F C=138 muA

MO01TA= 3.038 kV
MO02TH = 2.903 kV
MOD3TC = 2.116 KV
MODATD = 1.308 kv
MOOZMC = 0.259 kV
MO07SX = 15.66E003 A

MOOSAP = 25; MOTIAP = 50 mm
MOTTAC = GRID

MOO1D} 2.8E-006 kV
MOD4DH = 0,199 kV

312.8E006 kV
525.6E.006 KV
4 0.151 kv
MO0IDS = 153.357 A
MO11DH = 0.181 A

MOI6SN - 80.722 A

75.AUG.2007 00:36:20 AOALT+
20.001 KV; VIEWER = MOT4VP
MFST-516.082; MEXT-422.206 A
ECRXMITY = 300 845 W

MOOTTA = 3.185 KV
MO02TB = 3.077 kv
2576 KV
MOOATD = 1.948 kV
MOOZMC ~ 0454 k¥
MOO7SX ~ 15.26E-006 A

MOOGAP ~ 25; MO11AP = 50 mm
MO11AC = GRID

MO01DH = 625.6E 006 KV
MO04DH = 0.099 kv
MO11DH = 0.181 A
MOO1DH ~ 625.6E 006 kv
MOO1DV ~ 0.000 k¥
MO04DV = 0.107 k¥
MO09DS = 153,115 A
MOT1DH = 0.181 A

MO1GSN = B1.871 A

25.AUG-2007 21:54:42 AOA(T+
20.000 kV; VIEWER = MO20VP
MFST-529.595; MEXT=414,
ECRXMIT1 = 300,845 W

1.792 mA;

MOO1TA = 3.080 KV
MO02TB = 2.936 kV
MOO3TC = -1.938 KV
MO0ATD = 1.323 kV
MOOZMC ~ 0.604 KV
MOO7SX ~ 15.66E003 A

MOOGAP = DUT; MOT1AP = 50 mm
MO11AC = OUT

MOD1DH = 0.091 kV
MODADH = 0.087 kV
MO11DH = 0.348 A
MOO1DH = 0.091 k¥
MOO1DV = 32.85E 003 kV
MO04DV = 0.186 kv
MO09DS = 153,389 A
MOT1DH = 0.348 A

MOTGSN = 1.126 A
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22 AUG 2007 12:57:10 40Ar7+ 20.000 kV; VIEWER = M0O14VP
MFST=515.644 A; MEXT=419.141 A;

ECRXMIT1 = 300.845 W

DRAIN CURRENT = 2.079 mA;

M012FC=104 muA

M020FC=103 muf

MOD1TA = 3.292 kV
MO02TB = 3.259 kV
MOO3TC = -2.320 kV
MO04TD = 1.666 kV
MO0ZMC = 0.776 kV
MOO7SX = -7.805E-003 A

MOOGAP = 25 mm
MO11AP = 50 mm
MO11AC = OUT

MO01DH = 0.000 kV
MO0O4DH = 0.180 kV
MO11DH = 0.382 A

MO01DH = 0.000 kV

MO01DV = 0.077 kV

MO165N = 85.852 A

Interesting ...

22 AUG 2007 13:00:44 40Ar7+ 19.999 kV; VIEWER = MO14VP
MFST=515.738 A; MEXT=419.141 A;

ECRXMIT1 = 299.165 W

ORAIN CURRENT = 2.102 mA;

MODZMC = 0.776 kV
MO07SX = 15.26E.006 A

MOOGAP = 25 mm

M011AP = 50 mm
MO11AC = GRID

MO01DH = 0.000 kV
MO01DV = 0.077 kV

1.564E-003 kV
153498 A

MO165N = 85.875 A

Expanded
View
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22 AUG-2007 16:42:32 40Ar7+ 19.999 kV; VIEWER = MO14VP
MFST=515.832 A; MEXT=419.078 A;

ECRXMIT1 = 299.165 W

DRAIN CURRENT = 2.131 mA;

MO12FC=88 mulA

M020FC= 86 muA

MOO1TA = 3.437 kV

MO07SX = 2.3.45E-IJIJ3 A

MOOBAP = 25 mm
MO11AP = 50 mm
MOT1AC = DUT

MO01DH = 48.49E003 kV
M004DH = 0.050 kv
MO11DH = 0.860 A
MO01DH = 48.49E.003 kV

MO01DV = 27.53E.003 kV
MO04DV = D.064 kV
MO09DS = 153318 A
MO11DH = 0.860 A

MO16SN = B5.672 A

Then Pi-Phase Advance Optics...
(Sextupole Off)

'P-AUG-ZI]I]? 16:45:45 40Ar7+ 20.000 kV; VIEWER = MO14VP
MFST=515.769 A; MEXT=419.109 A;

ECRXMIT1 = 300.845 W

I]IRAIN CURRENT = 2.102 mA;

MO012FC=88 muA

MiIJZIJFC= 86 muf

MOO1TA = 3.437 kV
M002TB = 3.401 kV
MOD3TC - 2.929 kV
MO0ATD - 2.245 kV
M00ZMC - 0.452 kV
MO07SX - -15.63E.003 A

M001DH = 48.17E-003 kV
MO04DH = 0.050 kv
MO11DH = 0.860 A
MOD1DH = 48.17E-003 kV

MD01DV = 27.22E 003 kV
MO04DV = 0.064 kV
MO09DS = 153.334 A
MO11DH = 0.860 A

MO16SN = 85.680 A

“Organized” Core!




Transmit Grid-Pattern to 2@ Viewer

ZIAUG 2007 15:34:59 A0AT+ 19,999 kV; VIEWER - MO0V
MEST=515519; MEXT=419.891 A

ECRXMITT = 299,165 W

DRAIN CURRENT = 2477 mA;

MO12FC=78 muf

MOZOFC=70 muhf

MOOTTA = 3.546 kV
MODZTH = 3.448 kV
MO03TC = 2,920 kV
MODATD = 2,153 kV
MOOZMC = 0.346 kV
MOO7SX = 23456003 A

MOOBAP = 25 mm
MOTTAP = 50 mm
MOTIAC = GRID

MODTDOH = 0,190 kv
MOOADH = 0,066 kV
MOTIDH = 0,224 A
MOOTOH = 0,190 kv
MODTOV = 0.796 kV
MODADV = 31.59E-003 kv
MO0aDs = 152,896 A
MOT10OH = 0224 A

MO16SN = 61.007 A




Bubble Beam

23-AUG-2007 15:33:25 40Ar7+ 20.000 kV; VIEWER = MOZ0VP
MEST=515.425; MEXT=419.954 A

ECRXMITT = 302.526 W

DRAIN CURRENT = 2.476 méA;

MO12FC=78 mul

MOZDFC=70 mul

MOD1ITA = -3.546 kV
MO0O2TH = 3.448 kV
MO03TC = -2.920 kV
MODATD = 2,153 kV
MO0ZMC = 0.346 kV
MOD7SX = -15.63E003 A

MODBAP = 25 mm
MO11AP = 50 mm
MO11AC = GRID

MODTDH = 0.191 kV
MO04DH = D.066 kV
MOT1DH= 0225 A
MOO1DH = 0.191 k¥
MO01DV = 0.197 kV
MOD4DV = 31.91E003 kV
MO09DS = 152.896 A
MOT1DH= 0225 A

MO165N = 101.078 A




Try the Sextupole (1st Viewer)

24 ALG.2007 22:35:44 ADAT+
20,000 kV; VIEWER = MO14VP
MEST=516.082; MEXT=422.206 A
ECRXMITY = 299,165 W

DRAIN CURRENT = 1,953 mA;
MO12FC=158 mul

MOZOFC=138 mull

MODTTA = .3.384 kv
MOD2TH = 3.515 kV
MOOITC = 2,974 kv
MODATD = 2.147 kV
MOOZMC = 0.456 kV
MOO7SX =~ -7.805E-003 A

MODBAP = 25; MO11AP = 50 mm
MOT1AC = GRID

MOD1DH = 312 BE-006 kV
MODADH = 0,199 kV
MO110H = D.181 A
MOD1DH = 312.8E-006 kV
MOD1DV = 625.6E-006 kV
MODADV = 0.152 kV
MO09DS - 153,099 A
MOT10H = 0,181 A

MO16SN - 75.881 A
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24-AUG 2007 22
20,000 kV: VIEWI
MFST=516.050: ME
E 1 = 300,845

-
3906 KV
b TM002TE = 3,515 kv
MOOSTC = 2,974 kV
MOOA TD) = 2,149 KV
MODZME = 0.456 kv
MOD7SX = 7.805€ 003 A

MOOBAP = 25; MDT1AP = 50 mm
MO11AC = GRID

MOOTOH = 0.222 kV
MOOADH = D228 kV
MOT10OH <10.181 A

MOooT0H - 0,222 KW
MODTDV = 0,734 KV
MOOADY = 0,740 kY
MODA0OS = 1453.099 A
MO110DH = 0181 A

MOTESN = 158F3 A

The External Sextupole “bringsin” highly
aberrated beam, but doesn’t affect the “core’at all(!)

a7



A Test of 2" Order Correction Scheme

- Results not as anticipated,
(Possibly dueto 3" order effects from the quads.)
However:
- There seems to be arelativaly intense
part of the beam that Is essentially
Uncorrelated(!)

48



Lucky Break?
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(Ultra) Low Emittance Tunefor Inj. Line
Artemis-A
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0°
NSCT, Optical Elements

Electrostatic Quad Doublets K500

w“’@lllllll’lﬁéu_ '
1 _
1]
=

Artemis-A

Solenoids




©

Magic Electrostatic Lens System:

(can give a 90 Deg Phase Advance from
ECRIS Sextupole to an External Sextupole)

Quadrupole Doubl et

Octupole

Quadrupole Doubl et

Hz and V't Steering
built into first and
last |ens el ements

National Electrostatics Corporation callsit: The “Odd Duck”
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Artemis-A

Aperture
ROOGAP
50/15 mm

Devices

Attenuator
Grid (1/3)
JO34

Emittance
Scanner
JO35

Aperture
RO12AP

50/25/12 mm

K500

_"“'4441]||||||%|
1 _
1]

—
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NSCL

Aperture
ROOGAP
50/15 mm

Analysis Magnet + Apertures

Aperture
RO12AP
50/25/12 mm




~ Diagnostic Box ~J034

/ l_“\

TSI e un
|||I||llmmlmmmn R
> | s

RF
Chopper

\uil 14 "w L\
MBS 18
{ i | |
- : : I

Emittance
Scanner
And
Viewer
J035

Attenuator
(1/3)
J034

Slits

(Concrete Walls)

J033
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Beam Attenuator Plate (x 1/3)
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~1 mm diameter
Holes
~2.5mm
Center-to-center
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D-Doublet set to pi-phase advance or “focus’
Through 15mm Aperture

(Off)

57



ROO6GAP
15 mm

| -\

RO12AP
12 mm

Step 2

Doublet set to give focus/waist
At JO35VP

8
i) R j]ET N P |
i) . I (ESo R | |




Step 3

JO35 to JO41 isan “amost” free drift of 2.1 m,
meaning that the growth of the beam size

gives essentially the emittance angle information.

RO12AP
12 mm [ ="




Step 4

The grid pattern should be “organized” on
JO35VP. It should remain so when focused by

JO37SN solenoid onto J041.

ROO6GAP
15 mm

’ 4
<:Z RO12AP |’ﬂ|. I ¢

12 mm [




ROO6GAP
15 mm

Step 5

It should be possible to close the JO33 slits and
see the grid image on JO41 cut smoothly and
sharply.

L0
<;z

RO12AP

i
12 mm |=H|- (==




©
h Step 6

NSCL

If improvement is needed, search for the
‘hot spot’ in front of RO12 with steering

%/ and small quadrupole changes,

while keeping beam small on JO35V P

Viewer
| JO35
ROOGAP
15 mm
(L')r‘\j RO12AP ¥ —
\Qﬁ 12 mm lIA.I- j]E:I -




—— I

ROOGAP
50 mm

Vary ROO1QA (Grid at RO12)

VARY: ROD1QA (Atin 10
A0Ar T+ VP1 10.MAR2008 16:56:26 At 1

1 JO35UP

150 /50 / 25+« Gric

ROOT YH A BEIE.DO3; ROO1DV 0.264 ; ROOIM(
RO010A = 3.790; |
RODIQA - 2.988; |

ROOADH | Ba3
ROT1H ddds
ROTGIH lh 198; |

ROVASN = 0172 A; RDTTOA

JO3I0DS 105.29¢

JOJTDH = 7.326F 003 A; JOITDV = 7.326E 003 A;
JOIIX G 64,996 mim; JOIIXLC 13.46E-003 mim;

00208
004QH

deep ki)

3.970;
2.923

D03; ROO4DV A BEIE 003; ROOADS

ROT10V
W160WV

3 A}

1.670;
AGADE-DO3;

0.852; RO18Q0 - 0,873,

JOIIYG= 65.001 mm; JOIAZYC= 27.34E 003 mm;

JOI7TSN = 3,588
JOAGSN= 0,221 A

JOA2 QA4 A40E DOF KV

JOAAQ B=0.275 kW
JOATQA-D 92T kV
JOABQ =0 815 kV

ﬁﬂﬂﬂ

0.65%9;

169.381 A

1. ﬂ'l’ll

AT
=5

63




Vary RO04QA

VARY: RODAQB (Arn 10 = deep x3)
A0Ar T+ VPT 10.MAR2008 16:41:23 Ad 10

.I!J."l'lllli I I.::II]. .:'.IFH'iJio 35“ P-1 BBIE003; RODZMC =~ D.654;

RO0O1OA = 4,960; RODZ2QH = 3.970;
ROOIQA = 2.608; ROAQD 18.46E-003
ROOADH = 9 ¥66E 003; RODA DV 4.883E 003; RODIDS 168.648 A
ROTIDH = 0.508; RO11DV 1.665;

ROTGDH = 0,198; RO16DV - 0.051;

ROTASN = 0172 A; ROTTOA - 0.852; RO18GH - 0.873;
JOIODS 104 839 A;

JOI1DH A42E D03 A; JOITDV = F.I26E-000 A,
JOIING 16 mim} JOIIXC= A3 46E.003 mm;
JOAIYG= 65001 mm; JOIIYVC= 27.34E 003 mm;
JOITSN 1.588

JOAGSN= 0.221 A

JOA2 QA4 440E.003 kV

18
f

JOAAQ B=0 275 kW
JOAT QA0 92T W
JOABQ B-0.815 kV

40Ar7+

’ '“652‘.‘.90!:

ROOGAP
50 mm

ﬁﬂﬂ
e

RO12AP
25 mm




1 JO35UP

Aperatures = 15..=50..=M12 mm

Bmm Die Electrode; AISIFC - 7.0,4.0, 3.5 whA
S58NI 11+ VP11 21 0OB 18:2536 Au 3

WRTECR 150.0; 50.0; 12.5%

ROOTDH U, 24 ROODTOV = 0.063; ROD2 M 0./84;
ROO1T QA

RO03 A

ROOADH 0.146; RODADV = 0,327;

RODADS = 148,321 A

ROTTOH = 0,313 RAD11DV AB.GBE.0D3;

ROIGDH = 0,203 RAEDV = .0.291;
ROTASMN = 0172 A;
ROTOA = DTS, RDTBOA - 0.719;

JO30DS B9.979 A;

JO31DH = 0. 4 s JOIIDV « 0369 A; ‘ 58Ni]_]_+

JO3ING 3.f

JO3I XA 5.04

JO3AIYG= 39.931 mm;
JO3IYC 0.972 mm;
JOJISN IB.00F-003

JOABSN= D372 A

1
d—l JO4ZOA=51TIC.003 kV

JOAAOA=0.272 KV

ROOGAP J0ABGB-0 511 KV

15/50 mm .
RO12AP - o\ T
12/50 mm LE]E} — e R poplbed S} T

T
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Vary RO37SN: Big + Ring-to-Star Tagged
(Bad!)

e JO41UP

s

s

i
—— I JOATSN = 79,148

VRIY, JDITSN (AHn 10 = doep x3)

ROO6AP d0Ar ¥+ VP2 10MAR 2008 1:30:36 Al 10

150 150 112
ROOM10H = -0.003; ROD1DV = -0,422; RODZMC ~ 0.603;

50 mm ROD1QA = 5,149; ROD2QE = 4,363;

. ] RO12AP

80->120A
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(Initially) Better-Looking Tune:
Open/Close RO12AP

VARY: RD12ZAP (Attn 10 = deep x3)
A0Ar T+ VPT 10.MARR.2008 17:33:36 Ad 10

1 JO35UP

150 /500 {12 .= 50

ROOIDH = 0L166; RODTDV 0.166; ROD2 MC 0.603;
ROOTQA = 5.139; ROD2AH = 4,300;

RODIOA = 3.299; RODAQH - 0,994

RO Y H 19.53E-003; ROOADV = 9. 766E 003; RO0SDS 169.564 A

ROTIDH = 0.225; RD11DW = 1.684;
ROTEDH = 0.198; RMBEDW = D.051;
ROTASN = 0172 A; RD1ZOA = 0.724; RO18QB = 0.716;
JOIONS ~ 105,753 A -
| "
JOIMDH = 7,326 E 003 A; JOITOV = 7.326F 003 A; % :: L el
; JOA3N G- 64,996 mrn; JOIIXC 1346E 003 mm;  — ;

o sw 0
JOIIYG= 64.949 mm: JOIZYC= 27.34F 003 mm; -+

| JOI7TSN = 3,504 IR E
JOAGSN= 0.221 A B

JOA2QA=4 440E 003 KV | 1#4 ¢ e - :‘ 40Ar7+

JOAIC =0 275 kY
JOAT O A=D 92T kV

I ] JOABQ =0 815 kW

,
ROO6AP
50 mm /
RO12AP ; . == M -l g

12/50 mm | =gl BRAL
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JO33 Hz Slit Scan (Width =4 mm)

NSC
04 1UF

1.0 OAr™
ROOGAP
50 mm

I-._ K | |

\._ ) RO12AP e e Wi E— |

50 mm [ HEEF = R

3033 (Off)
4x60mm 68




ROOGAP
50 mm

xp [mrad)

JO35 Emittance Scan (Apertures Open)

70 11-Mar08 Ar7+ 24.46 kY
SilApers = 50/50
£ 33 Slits Out

35 Grid Out
40

30
20
10

0

-10

-20

-30

-40

-50

18% in 025 x.jmg
33% in 050 x.jung
5% in 100 x.pumi
83% in 200 x.pum

Imeas = 17.3 epAs
ltot = 20.9 ep A

7O i
-f0 -60 -50 -40 -30 -20 10 0 10 20 30 40 50 B8O 70
¥ (mm)

e
.

N

A

e

RO12AP
50 mm

yp (rmrad)

-10
=20
-30
-40
50
SallNE = 1.84 m

-7d
-0 B0 -50 -40 -30 20 -10 O

811 Mar.08 Ar7+ 24.46 kv
SilApers = 50/50
50 33 Slits Qut

35 Grid Qut
40

30
20
10

0

24% in 025 x.um
47% in 050 x.jun}
81% in 100 = jun}
99% in 200 x.jum§

Imeas = 24.0 epA}
Itot = 28.7 epAl
(extrapolation)}

10 20 30 40 50 BO 70

erms = 31 x.um

JO33

60x60mm
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JO35 Emittance Scan (RO12AP = 12 mm)

™ 11-Mar-08 Ar7+ 24.46 k¥ 4% in 025 x.pum § 70 11-Mar08 Arf+ 24 46 kW 29% in 025 x.umf
SfApers = 50712 o in 050 x.pum § SilApers = 50/12 54% in 050 x. pum}
£ 33 Slits Out 94% in 100 x.pum § 50 33 Slits Out 82% in 100 x.jun
35 Grid Out 100% in 200 x.pumf 35 Grid Out 99% in 200 x.um
40 : 40 :

a0 30

20 20

= 10 = 10

© =

£ 0 £ 0

; %10 = -10

i -20 =20

230 -30

-40 -40
L ] - -
=0 . Imeas = 10.6 eph =0 Imeas = 16.4 eph
i RSlp = 1.8: Itot = 12.6 eph B0 B Itot = 19.6 ep/
T ms = 21 x.pm ; 7 30 x.pm {extrapolation)}

——— I - 5
-f0 60 -50 -40 -30 -20 10 0 10 20 30 40 50 60 7O 70 -B0 -0 -40 30 -20 -10 0 10 20 30 40 50 BO 70
ROOGAP (o

e

}- RO12AP

A

~ 1 12 mm

JO33
60x60mm 70




Cutting Effectiveness

RO12AP gives the most effective
%; Single Cut
i 0% " Would like '
glits : Slits at J041 :
i cut mostly ,  asan |
ROOGAP Size IR CUTE

50 mm

L1
<‘~ RO12AP ;
A 12 mm %E}
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R0O12 =17.0 uA; J033 =54 UA

P

|X2/3'

e = = -

P

|X1/3'

e = = -

R0O12 = 7.0 uA; JO33 = 4.0 uA

Early Transmission Loss
Tends to be offset by
Later Transmission Gains

wp (rorad)

wp (rorad)

20-Aug-08 58Ni11+ 20 kY
Emit12 Apers = 5012
33 Slits 4020

20-Aug 08 58Ni11+ 20 kY
Emit12 Apers = 5012
33 Slits 20216

10

10

28% in 029 x.um

Imeas = 11.0 epA

(extrapolation)
20 30

H56% in 025 x.pum

Imeas = 9.2 epA

{extrapolation)
20 30

yp (rmrad)

yp (rorad)

S8Nj11+: Normal vs. Low Emittance Tune

S0 Aug 08 58Ni11+ 20 kV

Emit12 Apers = 50/12

EIIR012=17 J033=5.4ulr

=20
Imeas = 13.9 epA
B=1.00m
g ms = 28 x.um (extrapolation)
-30 -20 -10 0 10

20 30

20-Aug 08 58Ni11+ 20 kY
Emit12 Apers = 5012
33 Slits 20216

54% in 025 x.pum
: 050 x.pum
100 x.pm!

99% in 200 x.um!

Imeas = 10.8 epA

(extrapolation)
10 20 30

¥ (mm)



High vs. Low

1 JO35VUP -2 JO41UP

Cut Oxy; JI]33 57 -»48

EMIT12;
8mm Dia Electrode; 12/33FC = 17, 5.7 uA a Electrode; 12/33FC

58Ni 11+ VP1 20-AUG-2008 16:48:46 An 3 58Ni 11+ VP2 20 AUG=2008 16
RTECR 150.0; 50.0; 125

RTECR 150.0; 50.0; 12.5

RO01DH = 0.137; RO0D1DV = 4.883E-003; RO02MC = 0.806;
RO01QA = 3.974; R002QB = 3.523;

ROD3QA = 2.720; R004QB = 0.884

RODADH = 29.30E 003; ROD4DV = 24 41E.003;

RO0D3DS = 147.957 A

RO11DH = 0.278; R0O11DV = 0.274;
RO16DH = 0.203; RO16DV = 0.393;
RO14SN = 0.172 A;

RO170QA = 0.575; R[I1BCIE 0.662;

In the 2.1 m “amost”
s free drift between
ety - - | L the focus at JO35VP
and JO41V P, the
- difference in the two
e Shr Y | onittonces s directly
observable.

J031DH =2, MZEDI]B A; J031DV =-0.716 A;
J033XG=39.977 mm;

ROO1DH = -UIJSS RIJIJ1IJV £.288; RODZMC = IJGTB;
ROOTQA = 3.554; RO02QB = 3.472;

JO33XG= 39.977- mm;
E J033XC="-19.65E-003 mm;
B JO33YG- 40.035 mm;
J033YC= 2.003 mm;
JO37SN - 38.00E-003
0 A JO46SN-0372 A
J042QA-4.440E.003 kV
0.220 J0430B-0.220 kV
0.726 JO47QA-0.727 kV
-J048QB-0.522 kV.

(1603+) 73
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NSCL

s

,
ROOGAP
50 mm

2 JO41UP

L
C RO12AP
12 mm

Vary RO37SN: Behaves as Desired (no Star/triangles)

58N | 11+

(1603+)

(Notethe
Spherical
Aberration
characteristic
of solenoids)

0->130A

74




ROOGAP
15->50 mm

What's Being Cut by Apertures?

e JO41UP

10mm Dia Electrode; Opan the Apoertures
12FC = 25 uA; EMIT1G. ”

ADAr T+ P2 28 .AUG 2008 14:0/~29 A
RTECR 150.0; 15.0; 12.5
RO = 9.766E.003; ROD1TOV = 0.288;

2 M 14.8B0E.003;

ROOG1 OA 1.615; RODZAQH 1.5987;
ROO3QAMA = 2.367; RO04GH - 1,702

RO M 0.220; RODADV 4.8B83E.003:;
RODGDS = 152718 A -

ROTTD0 = D244; ROT10DW 152 .6F D06,
ROIMGDH J25; RNGDV = 0.252;

O14SM = 0L1F2 A

RO TQA = 0.7684; RO1BGH = 0.729;

JOJ0D S 93637 A

JOFTOH = 2.442E 003 A; JOITDV 0.GB6 A:
JOIIX G= 39.9/7 mm;

JOAIX( 0.997 mm;

JOIIYG= 40,035 mirn

JOIIYCs 4.039 i

JOITSN 128.566; JOAGSMN= 0372 A
JOAZ0 A4 A40E DDI KV JOA3QE=0.360 kV
JOATQA~D B0S kv; JOABOB=0,752 KV

RO12AP

12 -2 25 -2 50 mm
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AOAr™ 2 JO41UP

EMITTANCE SCAN (Attn 10 = deep x3)

ROOGAP

40Ar 7+ VP2 12-MAR-2008 18:02:57 At 1

150 /50 / 12

ROO1DH = 0.161; RO01DV = -0.083; RO0ZMC = 0.606;

ROD1QA =4.451; R002QB = 4.324;

ROD3QA = 2.442; RO04QB = 1.242

ROD4DH = 0.000; ROD4DV = 0.728;

RODIDS = 169.381 A

ROT1DH = 0.410; ROT1DV = 0.854;
.359; R016DV = 0.178;
72 A;
.839; R018QB = 0.803;
04.839 A;

JO31DH = 0,623 A; JO31DV = 0.906 A;

JO33XG= 64.936 mm;

J033XC= 6.085 mm;

J033YG= 65.001 mm;

J033YC= 7.072 mm;

JO37SN = -38.00E.003

JO465N=0.221 A

J0420A=42.53E-003 kV

J04308=0.328 kV

J047QA=0.788 kV

J0480B=0.432 kV

50 mm

c JO41UP

EMITTANCE SCAN (Attn 10 = deep x3)
40Ar7+ VP2 12.MAR.2008 18:03:39 At 1
150 /50 / 50
RO01DH = 0.156; ROD1DV = 0.083; R002MC = 0.606;
RO01QA = 4.452; RO02QB = 4.322;
ROO3QA = 2.439; RODAQB = 1.243
ROOADH = 4.883E.003; ROD4DV = 0.728;
RO09DS = 169.564 A
RO11DH = -0.386; RO11DV = 0.869;
.359; RO16DV = 0.168;
AT2 B .
839; RO1BQB =
J030DS = -104.839 A;
J031DH = 0.623 A; J031DV = 0}
J033XG= 64.996 mm;
J033XC= 6.085 mm;
J033YG= 65.001 mm;
J033YC= 7.072 mm;
J0375N = -38.00E.003
JO46SN= 0.221 A
J0420A=42 53E-003 KV
J0430B=0.328 kV
J047QA=0.789 kV
J0480B=0.432 kV

12->50 mm | ==k
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Notel

c JO41UP c JO41UP

EMITTANCE SCAN (Attn 10 = deep x3) EMITTANCE SCAN (Attn 10 = deep x3)
40Ar7+ VP2 12-MAR-2008 18:02557 Att 1 40Ar7+ VP2 12.MAR.2008 18:03:39 At 1
150 /50 / 12 - 150 /50 / 50
ROO1DH = 0.161; ROD1DV = 0.083; RO02MC = 0.606; RO01DH = 0.156; ROD1DV = 0.083; R002MC = 0.606;
ROO1GA = 4.451; ROO2QB = 4.324; RO01QA = 4.452; RO02QB = 4.322;
ROO3QA = 2.442; RODAQE = 1.242 ROO3QA = 2.439; RODAQB = 1.243
RO04DH = 0.000; ROD4DV = 0.728; ROOADH = 4.883E.003; ROD4DV = 0.728;
RO09DS = 169.381 A RO09DS = 169.564 A
RO11DH = -0.410; RO11DV = 0.854; " RO11DH = -0.386; R011DV = 0.869;
RO16DH = 0.359; RO6DV = 0.175; RO16DH = 0.359; RO16DV = 0.168;
ROT4SN = 0.172 A; ROM4SN = 0.172 A; .
RO170A = 0.839; RO18QB = 0.803; 5 RO170QA = 0.839; RO18QB =
J030DS = -104.839 A; 3 J030DS = -104.839 A;
J031DH = 0.623 A; J031DV = 0,906 A; J031DH = 0.623 A; J031DV = 0}
J033XG= 64.996 mm;
J033XC= 6.085 mm;
J033YG= 65.001 mm;
J033YC= 7.072 mm;
J0375N = -38.00E.003
JO46SN= 0.221 A
J0420A=42 53E-003 KV
J0430B=0.328 kV
J047QA=0.789 v
JO4BOB=0 *.52 kV

This central piece of beam is

not being significantly cut by apertures. There
seem to be 3 similar low-emittance pieces,
but on different trajectories. The apertures cut
2 of the 3 (plusa“cloud’) away.
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ROOGAP
50 mm

L
C RO12AP
12 mm

JO33 Slit Cut Good

JO41UP

58N | 11+

(1603+)




Side Benefit: Better Charge State Resolution (<1%o)

(Resolving Power ~ Dispersion/Magnification)

40Ar8+

78K r11+

14N 2+

i I p—
alllln FAN [ M. __ =1 ATl
LSS P |

JO33 Slits
60 x 10mm
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Aside: Yes, the Octupole Works

1 JO35VUP

10mm Plasma Electrode; Vary M(C

124Xe 20+« VP1 03-JUL 2008 17:24:22 Ant 3
RTECR 150.0; 50.0; 12.5 124X e20+
RODIDH = 0,054; RODIOV = 0.405; RODZMC = 17.24E 003;

ROO1OA = 3 445; RDOZ QB - 3.328;
ROO3QA = 2.A417; ROOA QB = 1.753
= "Esl Tl ROOADH = 9. 766E-003; RODADW = 0.4%9;
| k]

g RO09DS = 158.944 A
i 1w ROTIDH 0.387; ROT1DV - 0,552;
J 8 " ] ROTGDH = 0.745; RDI6DV = 0,598;
S = ROTASN = 0,172 A;
[ ] RO17TQA = 0,757; RO1BQH = 0,689;
T ) JO30NS = 96,151 A;
[___] JOFTDH = 0.530 A; JO31DV = 46, 40E.003 A;
—% JOFAIXG= 19.942 mm;

— JO33XC= 0,150 mm; '
JOFAYG= 15.01F mm;
= JO33IYC= 38 .48F.003 mm: im
rl JO3TSN

36.00F 003
JOAGSN D531 A
] JOAZQA=4 A0 003 KV
JOAAQB=-6.638F 003 kW

ROOGAP SBT3 GE 008 M
50 mm

s

12 mm




Emittance Scanner Resolution

Position Resolution is ~0.5 mm
Beam Widths > 5 mm - Good

% in 025 x.um
ith6 % in 050 x.pum
i
i

95% in 100 x.pum
98% in 200 x.um

~1 mm diameter
Holes

1 mm step size

wp (rrad)

~2.5mm
Center-to-center




Emittance Scanner Resolution

% For the same beam, divergence
| must increase as the spot size
on the scanner is made smaller
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Emittance Scanner Resolution

Divergence resolution ~ 6.7 mr

10'mr

6* pi* mm* mr 4* pi* mm* mr 3* pi* mm* mr

When divergences < ~10 mr, as they are for many of these measurements,
the calculated emittance values depend only on the beam width.
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Summary (A) of Low Emittance Tune Tests

NSCL

40Ar7+’ 58Ni11+’ 78Kr11+’ and 124XeZO+ bearns
were tested and gave very similar optical results.

A bright beam core exists that has minimal, if any,
Cross-correlations.

This core has about 1/3 of the total beam intensity.

2D rms emittances are reduced by at least afactor of 3-5

The initial focusing element (Double Doubl et)
settings scale very precisaly between beams and
extraction HV settings.




Summary (B) of Low Emittance Tune Tests

Minimal correlations allows clean dlit cuts.

Changing the plasma chamber electrode diameter from
8mm to 10mm increased both overall and “low emittance”
output by 30-40%, without significantly degrading
beam quality.

In the first (and, to-date, only) test with the K500,
both injection and extraction efficiency were
significantly improved; only 50-60% of the
previous injected intensity was needed to achieve the
same K500 output current.
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Brightness

Intensity On A Faraday Cup
That Cannot Be
Injected, Accelerated, And Extracted
Cleanly Is Useless (Or Worse)
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Homework for the Theory Types

Given the complicated nature of the beam structure
from an ECR ion source ....

... how isit even remotely possible to organize (de-correlate)
this beam using linear, first order, optical focusing elements?

It's not!
So it aready exists (focusing and steering merely select),
But Why?
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An NSCL World Record?

Operating ECR lon Sources = 4

lon Source Group Members = 3

Sources per Sorcerer = 1.333

l

One Very Over-Worked Group
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So, In Particular

Thanks for letting me play with
Your Toys
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BEAM PHYSICS
oFelix Marti
Marc Doleans
«Xiaoyu Wu

*Q. Zhao

*Peter Spaedtke

The Cast (Lord(s) of the Rings 1V)

| ON SOURCE
*Peter Zavodszky
*G. Machicoane
eDallas Cole
sLarry Tobos
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For fun, raise RO37SN: What will it do?

e JO41UP

A0Ar T+ VP2 16.APR2008 22:51:34

An 1; SCECR 150.0; 25.0; 12.5

S000EL+= 13.663 kV

SO010H = 34.18E.003; S0010V = 14.65E.003; |
SO01TA

S002T8 = 3.548;

SO03TC = 3.480;

S0030H = -0.171; S003DV - 0.488,;

S00905 = 127.967 A

SOT10H = 1.045; SO1DV = 1.240;

S0M14GA = 1.016; S015Q8 = 0.757;
JO30DYS = 43.307 A;
JOZ1DH = 0.442; JOITDV = .2 .923;

JO3IIXG= 60.013 mm;
JOIIAC= .2.402 mm;
JOFIYG :
JOFIYC~ 2.6 H
JOZITSN = T.720 A;
JOZ9NDS = 98.248 A;
JO42 QA=4.440F 003 kV
JOA3IQB=5.1/3E 003 KV
JO4I0H = 0.540; 043DV
JOABSN= D.071 A

JOAT QA=0.814 kV
JOABQBE=0.617. kV
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