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/J\| m Project X lon Source

e D-Pace Filament driven H-
source

— cw operation, up to 15 mA
— NoCs

 Plans for acceptance test
— Verify beam current
— Emittance measurement
— Beam stability
— e/H ratio
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May 9 — 13, 2011
* Participants:
— Gabriel Cojocaru

(TRIUMF)
— Keerthi Jayamanna

(TRIUMF)
v ehpmenty - Thomas Stewart (D-

Test Stand Pace)
" — Lionel Prost (FNAL)
— Qing Ji (LBNL)
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H lon Source Factory Acceptance Test

* The H-ion source was manufactured and assembled in the
machine shop (Buckley Systems Ltd., Auckland, New Zealand)
and passed the Factory Acceptance Test before shipped to
TRIUMF.

Vacuum leak testing of entire assembly
Electrical isolation test

Verification of the magnetic fields in the lon Source Body, Back Plate and
Extraction Lens

XY Steering Magnet: electrical isolation, temperature and voltage, magnetic
field direction tests and magnet current and magnetic flux densities.

Cooling water flow rate test
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m lon Source Electrical Isolation Test

BERKELEY LAB

Electrical Isolation Test Measurements

Record Vacuum Plasma Extraction | Back Plate | Filaments
Resistance (£2) Box Lens Lens

Ion Source Body | >500MQ | >500MQ | >3500MQ | Netflcmaly | 50000
Filaments >500ML2 >500M€Q2 >500MQ >500MQ

Back Plate >500MC2 >500M€Q >500MQ

Extraction Lens | >500MQ >500MC2

Plasma Lens >500MQ
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Verification of Magnetic Fields

Ion Source Body Field Verification Chart
Magnet | Center of Ion | Maximum/Minimum | Extraction | Maximum/Minimum
Row Source Body Field at Center of | End Polarity | Field at Extraction
Polarity Ion Source Body End (kG)
(kG) T TS —
_ Back Plate Field Verification Chart

1 _ -3.101 - -2.097 Row | Polarity | Max Field (kG)

2 0 0 1 + +2.156

3 + +3.142 + +2.165 2 -2.218

4 0 0 3 + +2.218

5 - -3.115 - -2.046 4 - -2.156

6 0 - -1.918

- N 5 041 i 1716 Extraction Lens Field Verification Chart

Side Polarity | Max Field (kG)

8 0 - -1.851 Upstream + +0.2384

9 - -3.114 - -1.910 Downstream - -0.2362
10 0 0

11 + +2.987 + +2.107

12 0 0

13 - -2.926 - -2.096

14 0 0

15 + +2.930 + +1.938

16 0 + +1.877

17 - -2.928 + +1.746

18 0 + +1.845

19 + +3.058 + +1.938
20 0 0
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Axial Magnetic Field Verification
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Magnetic Flux Density
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X-Steering
Magnetic Flux Density vs. Curren

_n

Estimated effective length of the magnet is 133.4mm :
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X-Y Steering magnetic Field Test

Y-Steering

Magnetic Flux Density vs. Curren

_n
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70 " Estimated effective length of the magnetis 133.4mm —
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EXTRACTION LENS
WATER COOLING
INLET

EXTRACTION LENS
WATER COOLING
QUTLET

PLASMA LENS
WATER COOLING
INLET

PLASMA LENS —.

WATER COOLING

OUTLET

SOURCE BODY
WATER COOLING
OUTLET
SOURCE BODY
WATER COOLING
INLET

FILAMENT

WATER COOLING <)
OUTLET < )
fVlin
&
BACK PLATE ‘\"ﬁ"'\',_'
WATER COOLING % ,
OUTLET

CONNECT PORTS

lon Source Cooling Water Flow Test

STEERING MAGNET
WATER COOLING
OUTLET

STEERING MAGNET
WATER COOLING

WITH 20.25" TUBE

ST WAL TS Circuit Inlet Pressure (psig) Flow (I./min)
WTER SO0 Source Body 62 23
WATER cccl)Nu_hég Filament 62 1.6

Back Plate

62

I8

Plasma Lens

62

11

Extraction Lens

62

10

Steering Magnet

62

11
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lon Source Arrived at TRIUMF on May 9, 2011
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lon Source Inspection
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r% lon Source Installed on the Test Stand
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Beam Tests Activities

* Beam tests at TRIUMF (May 10, 2011 — May 13, 2011)

May 10: lon Source has been pumped down sufficiently. Turn on cooling
water, H, gas, and power supplies. No vacuum leak. Ramp up the power

supplies slowly to “condition” the new filament and other HV components.
Slowly increase the H- beam current from 1mA to 10mA.

May 11: Turn the beam, record all the parameters and take emittance scan
from 1mA to 10mA, at 28keV and 20keV. Beam stability test at SmA level at
28keV for two hours.

May 12: Turn the beam, record all the parameters and take emittance scan
from 1mA to 10mA, at 30keV. Beam stability test at 10mA level at 28keV for
over an hours.

May 13: Hands-on experience of source operation and tuning the beam at
levels of 5SmA and 10mA. Vent the system, take the ion source off the test
stand, reassemble with the vacuum box. Pack and ready for shipping.
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r@ Emittance Measurement — 10mA, 28keV
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mrad
50 | M-MAY-2011 Normalized 4 rms emittance:
2
10" — ~ 0.521 tmm mrad
60 — = ] R
] S
=l \:\I\
1 s L
. : e [
. L L
4RMS emit= 74.62mmm-—-mrafd i I
20 2RMS size 897 mm. \\
P : 1
2RMSwaist= 318 m O ] \ -
waist loc= -0.3571 m. ] e -
eicctsl 2RMS div = 235 mred.gy \\ »
0= T T T w7 \ ~
-10 0 10 20 30 - \ .
mm =) %
= RAD1:[DATA.SES]ses_110511_121747.dat;1
Total = 964 N Yol
7 ! | # of Voltage pts. = 101
& PAl | 100 — # of Position pts. = 51 -
gl | . .
5 - | Beam Energy = 28.00 keV \C
= ¢ \ N I
% ¢ \ 8 10.05mA, 28kV L
£ 4 ' | o
: ” 90.% 86% 63% -
13 l -
9 / ] 67.40 59.31 29.18 B
0 ]
2 d i i i Normalized Emittance = 0.521
/ L =
/ 10 | | |
1 [ b - : '
}\ 0 20 40 60 80 100
0 - o
o ; b 2 B =TT —=Inreg
mim
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Emittance Measurement — SmA, 28keV

mrad
a 11—MAY —2011 ] i
" | Normalized 4 rms emittance:
10 —=
RN ~ 0.388 mtmm mrad
40 4 — =1
4BMS emit= 47.53mmm ""l’:f. \\
S | 2RMS size= 7.87 mm. \‘~.
2RMSwaist= 206 m 01 =] \3 A
waist loe= —0.3343 m. : \\ [
|'f'.Jt.-,:?§'l-?-(} Lhreshold 0% ke b - B \\\ -
G T 1 - \ 5
-10 10 20 30 -— e
mm = \
© RAD1:[DATA SES]ses_110511_130852.dat:1
Total = 772 NG 4
7 # of Voltage pts. = 101.
6 - 8" [ 100 —| # of Position pts. = 51. o
Y ] E
g § | 7 Beam Energy = 2800 keV i
® | i L
B 7 '. i - 5.4mA, 28kV L
s .
90.% 86.% B63.%
g3 '~. -
g T 50.17 44.08 23.42
m, | i
2 " B y Normalized Emittance = 0.388
N \ a 10 I~ = & I
| \ 0 10 20 30 40 50 60 70
| \
0 —see '8
i = : > s T— I —Tnrad
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Emittance Measurement — 10mA, 20keV

mrad
120 l M-=MAY-2011
‘_ o Normalized 4 rms emittance:
100 — L R
-_ % ~ 0.626 tmm mrad
i, — 5
80 - e v - 8
| ] %
60 - N o ! B
Y
4 R
40 — | 4RMS emit= 114.05mmm-mra !
2RMS sizes 967 mm.
2RMSwaist= 421 mmQA| _| : —
20 - : waist loc= —0.3214 m. O ] \;\ :
2RMS div = 27.1 mrad U [
rejeeled Lhreshole 0 " -
o - T T T hm = \'\._ I
=10 0 10 20 0 - \ -
mim z | I"\\
© 7 RAD1I[DATA.SES]ses_110511_164522.dat:1
Total = 114.8 ro | \ i
8- I e # of Voltage pts. = 101.
If Im"l 100 _l # of Position pts. = 51. -
/ 3 - -
5—‘ = | Beam Energy = 20.00 keV B
W 4 _ A b
e * ; 9.35mA, 20kV  \ _
a, / : . \
7 ' B 90.% 86.% 63.%
C: | .l"v ‘L ool ‘-"
o ‘ ' 9581 79.59 38.16 . I
mz “ J L 4 Normalized Emittance = 0.626
f’} ‘-..\ 10 | = | [
f
's \%“Rk 0 20 100 120 200
L '
0+ | T T s sraz P -
> : . i i mT—mm-—mrad
mim
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r@ Emittance Measurement — SmA, 20keV

mrad
120 11=MAY—-2011 .
0 - Normalized 4 rms emittance:
100 T
o1 ~ 0.440 tmm mrad
| - :I_‘u
80 - .
60 — 2 7
40 — |4RMS emit= 58.32rmm—-mr;s‘
2RMS size= 9.20 mm.
2RMSwaist= 255 mm)! _ iy
20 ‘;VP:; :‘c:_ 0.3301 " E \ E
reietted Lhreshold 1.0% R m'ad'__g - L
0 - . : n -
-10 0 0 20 30 - \ L
mm 3 %
- RAD1:[DATA SES]ses )\ 110511_171500.dat ;1
Total = 72.4 e B
& I i | # of Voltage pts. = Y01.
g f | 10° - # of Position pts. = 51 -
y o \ e
] . | Beam Energy = 20.00 keV C
w B
—_— 4 3 ‘ — — \ —
< _ 5.05mA, 20kV i
& b
Qs \ - 90.% 86.% 63.% i
£ J \
gz— | 67.37 57.90 28.38 B |
& f;.; . " Normalized Emittance = 0.440
: / b s 10 0
g L. 0 20 40 60 80 100 120 140
4] ‘H__L_.,_‘_—d‘"cu T T T = T E— J— d
i T ; T T T—IMm-—mra
mm
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,’Q Emittance Measurement — 10mA, 30keV

BERKELEY LAB

mrad
80 12—MAY—2011
Normalized 4 rms emittance:
10° -4 :
. ~ 0.565 tmm mrad
40 — — -1 —
;ARMS emit= ??.BAﬂmm—:nr;d I
5. [2RMS size=  9.83 mm.
1
2RMSwaisl= 290 m socu) |
waist loc= —0.3500 m 5 =
Ljyﬂ@.’fﬁfl Lhreshold = 1.0% et A I.Tlmd'_"g T S -
o} T T il \ L
=10 o 10 20 30 - ] \\ -
mi = \
o RAD1:[DATA.SES]ses_110512_1007Z41.dat 1
Total = 116.9 N VoL
- ! Lo L # of Voltage pts. = 101 \
s_i ﬁ.-"ﬁ\*nfll L'. B 100 — # of Position pts. = 51. ."'-,\:_
- [ } n 71 Beam Energy = 29.80 keV E
[4}] | |
= / ‘ ] 10mA 29 8kV -
&4 [ \ B
23 ! \ 7 902 862 63% i
g ! 7 7090 62.13 31.08 B
P ; q N o Normalized Emittance = 0.565
{ 'q | i
o A \ L 12 [ | | i,
/A \ 0 20 40 60 80 100
O—Quhl..fig y L )
. T i) . T mT—mm-—mrad
mm
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r% Emittance Measurement — 5mA, 30keV
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mrad
80 il : 12—MAY —-2011
| ok Normalized 4 rms emittance:
. E“*\ ~ 0.408 Tmm mrad
40 — | —
4RME emit= 47.53ﬂmm—m‘:;d
2RMS size= 847 mm
20 - o ; 1
2RMSwaist= 1.84 mn-lo 1 \ -
waist loe= -0.3209 m. @ 3 =
;*‘{-:}’?_-'.E‘.'T.ec threshold = 1.0% SR e m”"d'E 3 N
04—= T . wo ik
-10 0 10 20 20 - % L
mm 3 ¥ L
e RAD1:[DATA.SES]SSS‘110512_1038\40.dat;1
Total = 829 re | \L
7 ! _ # of Voltage pts. = 101
.f?rﬂxI 0
ol II."- '\b B 10 # of Position pts. = 5. —
al I-ﬂ \ B E Beam Energy = 29.80 keV i
5 ! - 5.12mA, 29.8kV L
£ e ' Y B
A ? 90.% 86.% 63.% B
E 34 ! B
g i '-.5 ] 51.14 44.89 2401 &
G / \ r " Normalized Emittance = 0.408
/ \ 10 T T 1
1— . Y = | |
U/J}  * O 10 20 30 40 50 60 70
o e : \'ml >
N ] T o " T—Im—rhrad
mm
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Beam Stability Test (5mA level)

XSTRIP on DEVBNZ - started on May 12 2011 at 19:25:30 by CUSP

File View Options Print Hide Commands

start  11-May-2011 | systen IMS ~  Tus 380 | | MUR — fista Flau | |
i ReStrip Scale
1

~ :
s Data Data

g f2-May-2011 | e I e A

Update Rate

Hay 12, 19:26 - Select a range by dragging the mouse across the data

Logged Data 11-May-2011

2011 May 11, 13:55:48

d' No feedback control loop

a

14:00.00 14:30.00 15:00:00 15:30:00 16:00:00 16:30:00
MS 380 : CRM data
Eaaassssssssmmmmmm | AWRENCE BERKELEY NATIONAL LABORATORY IS
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BERKELEY LAB

596 |

&) (@)} (&) (&)
~ oo oo ©
(o)} - (o)} -

Faraday cup current (mA)
(@)
gy

5.66

5.61

Beam Stability @5SmA: ~ +/-1.9%

Filament conditioned for less than
48 hours

0.59 1.09 1.59 2.09 2.59

Time (hour)
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BERKELEY LAB

Beam Stability Test (10mA level)

M| XSTRIP on DEVBNZ - started on May 12 2011 at 19:25:30 by CUSP

Wiew Optionz Print Hide Commands

Sty 11-May—2011 | Systen IMS = Tus 380 | | MUR flata Flow _
- i A Bt ive ReStrip

Data

ey 2-May-2011 | = I T » lstive

Update Rate

Hay 12, 19;31 - Select a range by dragging the mouse across the data

Logged Data 12-May-2011
2011 May 12, 15:58:07

160000 161000 162000 16:30:00 16:4000 16:5000 17:00:00 17-0:00 17:2000 17:30:00 17:40:00
MS 380 (x3) : CRM data
Eaaassssssssmmmmmm | AWRENCE BERKELEY NATIONAL LABORATORY IS
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10.38 |

10.28 |

9.98

Faraday cup current (mA)

9.88

9.78

Beam Stability @10mA: ~ +/- 0.4%

Beam stability improves after longer

source conditioning

10.18 |

10.08 |

|
!
|
|
|

0.04

0.24 0.44 0.64 0.84 1.04

Time (hour)
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* We didn't experience any vacuum leak nor water leak on the ion source
assembly.

* After filament and voltage conditioning, the H ion beam currents from
1mA to 10mA have been verified. The highest detected in the Faraday
cup was 10.53mA, which was limited by the capabilities of the power
supplies in the test stand.

 Emittance were measured from beam level from 1mA to 10mA, at
various beam energy. Normalized 4 rms emittance were less than 0.63
tmm mrad, which met the specification.

* Beam stability was tested at beam level of 5mA and 10mA for over an
hour each. Without any feedback control loop, the beam current stability
was better than +/- 2%. The second beam stability test showed better
results (< +/- 0.4%) after longer filament conditioning.

* e/H ratio was not physically measured during the acceptance test due
to the limitation of the hardware setup. Based on TRIUMF experience,
the electrons co-extracted from the ion source are properly dumped to
plasma and extraction electrodes. Electron beams reaching the
Faraday cup are negligible

I L. AWRENCE BERKELEY NATIONAL L ABORATORY I
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Q Beam Current vs. Arc Power

BERKELEY LAB

12
\Y

10— m
< 2
£ | ®
o
§ 8 |---mmmmmmm e e
S e : : ;
© Extraction aperture is 13mm in
© g | SR -
L - diameter.
©
5
s 4 T WogkeV ||
= | v 30 keV
> ® 20 keV
&, w [T

0 \ \ \ \ \

0 500 1000 1500 2000 2500 3000
Arc Power (W)
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Normalized Emittance (4rms) vs. Beam current

0.7
S 06 L
© Y.
= . vV
£ Vo n
E 05 ey
3 o L 7 m
o) v vV B
e g®
£ e
£ ‘n
Eos W@gwm ™~
D
8 v 28 keV
e 730 keV
o ® 20 keV
Z
(7p]
£ 00
v

0 \ \ \ \ \

0 2 4 6 8 10 12

Beam current on Faraday cup (mA)
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K ———_—_—_—- iz fffffffffff
S g B
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O B
8 o ‘ *®
2 g5l LI SR
ks » *
o
o 2 g @
ks ™
£ ¢
D 1.5 - @y
L
= \Y * B 28 keV
S V30keV | |
[&]
© ® 20 keV
=
Wos—

0 | | | | |
0 2 4 6 8 10 12

Beam current (mA)

Extraction Electrode Parameters for Various Beam Output

50
45 L o . ’,,!v ,,,,,,,,
§ 4O [ m
Toas R
S ‘-
O
D B0
w
8 25 ’
= ¢
® 4
5 20 .e.------
2V
S T3 R W28keV | |
= v
§ . i 30 keV
E 0 s %20 keV
° 7
5 L ___ W N /o]
Ql
0 | | | | |
0 2 4 6 8 10 12

Beam current (mA)

Current on extraction electrode may include
dumped electrons and H- beam with large
angles.
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q Clues of e/H" ratio?

BERKELEY LAB

{ I VE =T
Ref: T. Kuo et al, Rev. Sci. Instru., 67, 1314(1996). Vext '
7 i
& -
1 sk ~ —
N i 7 T T
! 4= -
i ﬂ/E | : gii__ et Bt — ¢E ' ‘
3 a 1 l
L ___'..-E/ . -
2 B-—— " .
. i ——9;
1+ _
08 I | I IR S T T AT NN W TN A RN 11 | g 6
i A Plasma Extraction
» Bnghtnesa 3 Electrode  Electrode
L P e = — [ " ****************
06~ dg "= &
5 // > \ | ® 7 § vy 0 iv
- ds E ‘5 Qe ,.,v ,,,,,,,,,,,,,,,,,,
£ 1 E _l ® - ’
: 1, % E v
£ 04 Jd4 £ S mn A4 L 4
5 | prits — 5 \V4 2
T Normalized T 2 £ Ll e g
w Emittance 1 2 g
sz / 1 & S22 mogkeV |
| ! 1, e v 30 keV
L/ - - R | cwkv |
[ W IR N TN T NN N T B
o 5 10 15 20
Extracted H™ (mA) o ‘ ‘ ‘ ‘ ‘
0 2 4 6 8 10 12

FIG. 4. Performance of the 15 mA de H™ source in terms of e/H™ ratio,
emittance, and brightness.
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Bias Power Supply Parameters for Various Beam Output

20 2.6
18- N
® i 24 |
L 1B
E = 2.2
L L SR
S N
DoA2f B > .
2 | > \V4 2 o
S 10 c 18— [ B 9 fffffffff |
o \a = 7w " ag
L @ ]
o  a B
& 6 e W28keV | W 28 keV
= u vV 30 keV a4l V30keV |
S 40 P €20 keV - ® 20 keV
@)
o 2
2 \Y
0 \ \ \ \ \ 1 \ \ \ \ \
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Beam current (mA) Beam current (mA)
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N Plasma Electrode Bias Dependence
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0 Future Plan

* Near term:
— LEBT beam dynamics study

* Use the experimental data from acceptance tests to
conduct end-to-end simulation on LEBT and RFQ

— lon Source
* Setup of the ion source test stand at LBNL
* Repeat the current and emittance measurement at LBNL
* Optimization of the extraction system

* Long term:

— LEBT design and beam test
* Development of magnetic LEBT prototype incrementally
* LEBT chopper and matching to RFQ
* Beam testing

I L. AWRENCE BERKELEY NATIONAL L ABORATORY I
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