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rm lon Source and LEBT Beam line and Diagnostics
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Previous LEBT Design (for 35keV RFQ Injection Energy)

With new input twiss parameters: a=-3.16, 3=1.25

BERM AT NELl= 1 I= (L. Spam BEAM AT NELZ= 17
1.2 FREUE 180-003315111{ 003M62 H A= 0.89137 B= 2.401428-02
1.2 = - z =2 Jamm V L= 0.68420 B= Z.06285E-02
1.2 EMITI= 122.500 122.500 18.00 H A= 0.9%708 B= 2.30473E-02
1 EMITO= 124i397 %25-134 1%5-60 V R= 0.78272 B= 2.07550E-02
Z Hl= Ne= H 2= 1.0024 g B= 2.22313E-02
1 FRINTOUT VALUES WV OR= 0.75275 B= 2.03023E-02
PP PE VALUE
MATCHING TYPE = 0
CODE: Trace 3-D w691y \\
FILE: lebt-10-11-Z&b.t3d .
DETE: 03/04/2011
TIME: 12:31:3%
20.000 mm X 60.000 mrad 10.000 mm X 200,000 mrad
5 A= 0.0000 BE= 300.00 . 5 A= §.2340 BE= 1878.2
2 A= 0.0000 ~ B= 300.00 SOIenOId 1 31589 Gauss E R=_2.33%5 B= 857.39
2 A= 0.00090 B2 300.00 Solenoid 2: 5128.7 Gauss 2 A= 0386505 B 554.74
] Y e
| . SR
! : LEBT length: ~ 1.38 m R
5 N ‘E;t:lé
- e -~
S - \H::
00000 Deg X 0.50 kev 200.000 Deg 4 2.00 kevw
NEI= T HNEZ= 17
20.00 mm {(Horiz) 300.0 Deg {(Long.)
20.00 mm {Vert) Length= 1384 _81mm
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Changes in RFQ design

Previous RFQ | Current RFQ

Freqgency (MHz) 325 162.5
Injection Energy (keV) 35 20
o=0.9 o=2

Twiss parameter

=0.02 m/rad | p=0.06 m/rad
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Emittance vs. Beam Injection Energy

Beam Normalized |unnormalized : Scanner |Output

. Maximum

injection |4rms 4rms : beam beam

: ) Divergence | ..

Energy |emittance emittance (mrad) diameter |current

(keV) (mm mrad) [(mm mrad) (mm) (mA)
28 0.27 34.94 47 14.5 1.897
26 0.25 33.58 47 14.7 1.897
25 0.24 32.87 45 14.1 1.86
25 0.23 31.50 43 13.1 1.907
25 0.24 32.87 44 13.6 1.916
23 0.23 32.84 45 14 1.897
22 0.22 32.12 48 15.5 1.785
19 0.23 36.14 59 19.4 1.766

Morgan Dehnel’s PhD thesis. Data was taken on a low current filament-discharge H- ion source, which the current D-
Pace source is based on.
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m Emittance vs. Beam Injection Energy

BERKELEY LaB
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Emittance Measurement (5.27 mA @ 28kV)
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Courtesy of Morgan Dehnel, D-Pace, Inc.
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With new input twiss parameters: a=-3.96, $=1.4 (5.27mA/28kV scan)

Current LEBT Design (for 20keV RFQ Injection Energy)

BERBM AT NEL1= q BEAM AT NELZ= 17
H A= —-3.9600 BE= 1.4000 W= 0-0200 0. 0200 Me' H A= 2.0681 B= &.32831E-02
Vv R= -3.9600 BE= 1.4000 FREQ= 100.00MHz W= gZmm vV A= 1.95532 B= 5.721%6E-02
H A= -3.9600 BE= 1.4000 EMITI= 85.000 §5.000 "18.00 H A= 2.8797 E= 7.46233E-02
V A= -3.9600 BE= 1.,4000 EMITO= 85.%66  88.463 26.52 V A= 2.6244 E= ©.78195E-02
H A= -3.9600 E= _4000 Nl= 1 nz= 17 H A= 3.0366 BE= 7.34162E-02
Vv R= -3.9600 74000 PRINTOUT VALUES v A= 2.7716 E= &.70377E-02
PP EE VALUE
MATCHING TYEE = 8 \
DESIRED VALUES (BEAMF)
alpha beta \
® 20000 0.0600
v 20000 0.0600
MATCH VARIABLES (NC=4)
MEF MPE VALUE
1 2 2581.94327
1 14 3728.52080
Z20.000 mm ® &0.000 mrad 10.000 mm 4 Z200.000 mrad
7z R= 0.0000 BE= 300.00 . . % A= 17.486 BE= 8156.4
% A= 0.0000 B= 300.00 SOIenOId 1 2581 9 GaUSS g ;';: 5.5574 B= 3221.8
Z A= 0.0000 B 300.00 Solenoid 2;: 3728.5 Gauss 5 A= 2 9358 B= 1605.8
! “ \
! \ . 1“'-5\_
i ; LEBT length: ~ 1.38 m SR Y
\ Rk TS
AN ‘\_-.._‘:‘_?\
e - Bl
B -
o~ -
PO0.000 Deq X 0.50 kev 500.000 Deg X 1.50 kev
NEl= I NEZ= 17
20.00 mm {(Horiz) 500.0 Deg (Long.)
0L I j
1 2 3 ! 4 5 4 I
20,00 mm {(Vert) Length— 1384 . 81lmm
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D-Pace lon Source Performance

Output Normalized ) Scanner ]
Maximum Bias
beam 4rms ) beam
: Divergence | ,. voltage
current |emittance (mrad) diameter (kV)
(mA) (mm mrad) (mm)
1.35 0.751 26.8 8.6 28
2.71 0.503 32.3 10.96 28
4.09 0.502 30 9.77 28
5.27 0.523 28.4 9.75 28
6.28 0.569 28.6 10.04 28
8.11 0.658 28.8 10.33 28
8.92 0.701 29.1 10.37 28
9.64 0.712 29 10.77 28
10.27 0.745 29.5 11 28
10.6 0.758 29.4 11.08 28

Courtesy of Morgan Dehnel, D-Pace, Inc. Data was taken in 2005 on a delivered D-Pace ion source.
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Beam size and divergence angle vs. beam current

__ 35
O .
(1]
Q 25 |
c
Dy 20 -
p -
2
215 ]
2 12
S 10 - g * ’“
E = 101 s o *°
X O =
© o .
= 9 @ g
0 5 10 15 S
Output beam current (mA) 'g 6 ]
(3]
8 4
S
(<))
cE 2
(1]
[&]
? ‘
0 5 10 15
Output beam current (mA)

EEaaaasasannmmm—— | AWRENCE BERKELEY NATIONAL L ABORATORY
Q. Ji, 03/09/2011 Updates on Project X Ion Source and LEBT R&D 10



Sy

) A
reerorromrr ‘lll

Beam emittance vs. output current
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2mA 5mA
19kV 28kV 19kV 28kV

4rms normalized emittance (mm mrad) 0.23 0.27 0.446 0.523
Maximum divergence (mrad) 59 47 35.651 28.4
Beam diameter (mm) 19.4 14.5 13.045 9.75
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Current LEBT Design (for 20keV RFQ Injection Energy)

With new input twiss parameters: a=-6.73, f=2.48 (5mA/20kV)

BEAM AT NELl= I= 0. 5ma BERM AT MELZ= 17
H A= —-6.7300 E= Z_4800 W= 0.0z00 0.0200 MevV H o= 2. &.H85228E-02
V R= -6.7300 B= 2.4800 FREQ= 100.00MHz WL=2357. 32mm vV oR= 1. 5.39277E-02
H A= -6.7300 z. EMITI= 86.000 856.000 10.30 H A= 3. 6.85630E-02
v A= -6.7300 2. EMITO= 88.655 50.058 2z.24 v A= 2. 6.04289E-02
H A= -6.7300 Nl= 1 wN2= 17 H A= 3. %.55404E-02
WV A= —-6.7300 FRINTOUT VALUES V oR= 2. 5.86758E-02
PP PE VALUE
MATCHING TYPE = g
DESIRED VALUES (BEAME)
alpha beta
® 2.0000 0.0600
v 2.0000 0.0600
MATCH VARIABLES (NC=4)
MEE MPE VALUE
1 2 2487.49140
1 14 3818.50747
20.000 rm h:4 60.000 mrad 10.000 rwn h:4 200.000 mrad
% A= 0.0000 BE= 300.00 . % A= 19.603 BE= 8086.%
% A= 0.0000 B= 200,00 SOIGnO'd 1- 2487-5 Gauss 7 £§Q6'9427 B= 3599 .7
.
0 -
B A= 0.0000 ,-77-g= 300.00 Solenoid 2: 3818.5 Gauss 3R 1078 P 19080
! | e
1 L " A~ o 3 "-“-\
LEBT length: ~ 1.38 m ==
- /f \\""-‘\.>
Seafer =
X
Q;
£00.000 Deg X 0.50 kev 500.000 Deg X 1.50 kev
NEI= T NEz=__ 17
20.00 rom i 500.0 Deg (Long.)
——
SOL | H | | | 30L | |
1 2 3 ! 4 sq 1 4. .d i
& ;::;s“""::s:: _____
20. 00 T tverET
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WARP Simulation (Two Solenoids, no bending magnet)
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Source operation parameters from prior work

| Injection H2 Flow Varc | arc V pull | pull Ves | es
(LA) sccm Vv I Vv mA V A
1011.1 11.0 120.0 4.7 2400.0 3.1 4.7 1.2
1053.0 11.0 120.0 1.9 2200.0 5.2 2.0 0.6
2030.0 11.0 120.0 3.1 2100.0 18.4 1.9 0.9
3026.0 11.0 120.0 4.2 1900.0 5.7 2.7 1.5
4042.7 11.0 120.0 5.6 2100.0 11.1 2.9 2.0
5030.9 11.0 120.0 7.0 2300.0 14.2 3.3 2.5
6066.1 11.0 120.0 8.5 2700.0 17.8 3.7 3.1
7052.0 11.0 120.0 10.1 3000.0 22.8 4.0 3.8
8074.0 11.0 120.0 11.9 3000.0 31.7 4.2 4.4
9028.2 11.0 120.0 13.8 3100.0 40.1 4.6 5.2
100016.0 11.0 120.0 16.2 3200.0 49.3 5.0 6.2
11028.0 11.0 120.0 19.2 3200.0 53.9 5.6 7.7
12013.0 11.0 125.0 23.3 3200.0 95.3 5.8 9.0
13079.0 15.5 125.0 22.5 3400.0 77.2 4.8 7.7
14035.0 15.5 125.0 25.0 3500.0 105.5 4.8 8.3
15000.0 20.6 130.0 30.0 3900.0 120.0 4.7 9.2

Courtesy of Morgan Dehnel, D-Pace, Inc.
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v Arc: 45A, 150V (10A, 150V for 5mA operation)
 Filament: 375A, 10V

v Plasma: 30A, 10V (Plasma lens is positively biased
relative to the source body)

v" Extraction: 100mA, 5kV(Extraction lens is positively
biased relative to the source body)

v" Bias: 40mA, -30kV(Bias supply is negative output)
v X steering: 6A, 10V
v Y steering: 6A, 10V

D-Pace 15mA H- ion Source Power supplies

s | AWRENCE BERKELEY NATIONAL L ABORATORY
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rm Available Power Supplies at LBNL

BERKELEY LAaB

Plasma Electrode Extraction

BKV 400mA

LLLLLLL

X Steering

ARC SUPPLY

100V'28A
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r% Status of D-Pace lon Source Fabrication

BERKELEY LAaB

« D-Pace ion source fabrication is on track to have the ion source
assembled by the last week of April. Parts that have been received and
delivered to the machine shop:

g e g
o "' . 4

All the permanent magnets
The grounding strips

The quariz tubes

The ion source inner housing
The wire for the filaments

D-Pace specific jigs and tool required to make and assemble certain parts
of the ion source

D-Pace lon Source specific vacuum leak test flanges | Expected lon Source Assembly
Packing materials for spare Filament sets %

LAWRENCE BERKELEY NATIONAL LABORATORY
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 Two turbo pumps in house: 1000 I/s

— (suggested)Upstream pump
 Pfeiffer HiPace 2300
« Hydrogen pumping speed of 1850l/s,
 with inlet DN250, outlet DN 1SO40-K

— (suggested)Downstream pump
» Turbo recommended or Cryo pump with 2500l/s

* Roughing pump
 |solation transformer
« Faraday cup
 Emittance scanner

H- lon Source Test Stand @ LBNL

s | AWRENCE BERKELEY NATIONAL L ABORATORY
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« Factory acceptance tests performed at the machine shop (by D-Pace Inc.)
— 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
« lon source assembly and installation in TRIUMF ( by D-Pace Inc.)

« Beam tests at TRIUMF (May 9, 2011 — May 13, 2011)

— Day 1: Check and make sure lon Source has pumped down sufficiently. Turn on cooling water,
H2 gas, and power supplies. Ramp up the power supplies slowly to “condition” the new filament.
Try to get up to max beam current (~10mA due to test stand limitations), tune the beam, record
tune and take emittance scan.

— Day 2: Run beam and record tunes in ~1mA increments starting at ~ TmA up to max capable on
lon Source test stand (~10mA). Take an emittance scan for each tune.

— Day 3: Continue emittance measurement
— Day 4: Beam stability test
— Day 5: Remove lon Source and extraction lenses from test stand. Reassemble in crate with
vacuum box. Repackage for shipping. Reinstall TRIUMF lon source on test stand. Move lon
Source to shipping department for delivery to client.
« The results of all the FAT’s, the certificate of conformance, and ion source tuning
data and emittance scans will be included in the appendices of the final copy of the
lon Source user manual.

D-Pace lon Source Acceptance Test

s | AWRENCE BERKELEY NATIONAL L ABORATORY
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Summary

« A two-solenoids magnetic lens LEBT system has
been designed.

« Simulations at beam current of 5 mA have been
carried out using different codes.

 lon source acceptance test has been planned.
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