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. Dumping RFQ entrance flange
The SNS Baseline CUSD gy meGEls Eump Lgpsl o
lon Source and LEBT Plasma _collar I

LBNL developed the SNS Window IR
baseline ion source, a cesium-

enhanced, multicusp RF ion
source, and the 12 cm long,
two-lens electro-static LEBT. et
Lens-2 is split into four quadrants
to steer, chop, and blank the beam. rrantenna  Filter

TAGNEIS outlet exractor Ground electrode
Commissioning Availability electrode
FE @ ORNL 856 % | Over the years many low-cost
DTL-1 92.4 % | improvements were made to achieve
DTL-2/3 97.8 % | 100% availability for low duty-factor runs.
CCL1-3 98.6 % | *Raising the duty factor to ~0.8 % heated
SCL 99.8 % | the LEBT, which started to arc and break
Ring 99.7% | the chopper HV switches. Minor
Target 100.0 % | modifications fixed the problem.
532 3883_1 02%) 9999.998 @0 *Minor modifications were needed to
Run 2007-2 (0.8%) Z0.6 9% | Increased the beam current output.
Run 2007-3 (1.8%) 972 9% |*The source and LEBT are currently
Run 2008-1 (3.0%) delivering the required 25 mA MEBT

beam current with ~100% availabilit
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Early Beam Current Diagnostics
on lon Source Test Stand

»Concerns about accurate beam measurements Electron
drove LBNL to design a special Faraday cup. Its LIEBT suppressor

(From ASAC’04F)

water cooled Co-Sm magnets generate 0.07 T that exit
sweep any 65 kV electrons into a suppressor while

the H- beam is collected on a plate.

»The required high suppression voltage raised
concerns. Eventually we realized the the beam was

multiplied by partly striking the suppressor.
40
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5 Managed by U I -Battelle §

for the Department of Energy AAC'()T’SmckO ptl m | Zed Wlth IenS 2 '

Beam

10109||02 UO|

Apparent current [mA]




Recent Beam Current Diagnostics

on lon Source Test Stand (From ASAC'04F)
Suppressor | —
2,377 H-
< >
~12n T ~8” w
LEBT L x
exit supply 1 [FC-2 Alarge, deep
—BCM 1T supply Faraday cup was loaned
= - L from KSU and installed.
R BRCM =
£ 20 | - - ' _FC-2
(O]
g | .
< 0 . . . ~4-26-04 _ FCo2 BCM
0 00 200 300 00 00 oot ar, EEINEN NN S 7 4
Sluppression Voltage : > L1108 | o170

Measurements agree within a few %! A bit larger, less-distant, water-cooled
Faraday cup is being designed. LEBT steerers need to be installed!

2007: Before 5-2004 test stand current measurements are over-
optimistic. Today, the BCM remains our most trusted measure!
s Managed by UT-Batelle  CONtrols is still planning to install the steerers!
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The LBNL 2 MHz e s00 1
Calibration: g 120 7 o=
LBNL delivered the 2 MHz & **° / 1800 12
amplifier with a rather c 80 / 3(2)88 ;gg
unique look-up table. 2 60 2300 36
Yoon Kang’s 2006 S 40 A /\/ o
measurements vyield x W% 2000l 52
. . 20
Interesting results: 3000] 36
e 3 settings are practically o —t ' ' 3100| 86.4
correct: O, 5, and 70 kW 0 1000 2000 | 3000 4000 3300| 110.4
e  Most other settings . Low LevelSianal s
significantly over- &1 < o[3900] 144
deliver, inflating mMA/KW g 70 —P S Lo dopmims o000l 107
efficiencies by >50%. < 0 // 7.
e A hysteresis prevents = // /Sliding| up
? 50 - .
all values between 26 ¢ '3
and 50 kW from being 2 4 2
recalculated, but likely ¢ A7
were near 70 kW. x
All Pre-October-2006 3 * 7
Frontend RF power & 10/
values are seriously o

10 20 30 40 50 60

Control Slide Reading (kW)
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The ORNL 2 MHz '
- - 2 MHz Look-Up Tables /’/
Calibration: g A
e Wewereunable — *—LBNL /% _
to reproduce the E 80 4|—=—ORNL-TS-06 _ o—"
unique LBNL — s ORNL-FE-06 o
look-up table. S, &
. . = 60 | —— ORNL-FE-07
e Three calibrations g
of the Frontend Q- —©— ORNL-FE-07B A /\
2 MHz found 5 40 'y
consistent curves £ \/
that only differat 2
the high power EL) 20
end, which are o0
based on 0) = | | |
extrapolations. O 500 1000 1500 2000 2500 3000 3500 400C

e The Test Stand 2 MHz yielded
a different calibration curve.
Reason is not understood.

e Pre-2006 Test Stand RF power-values are likely far off!

e We lack a calibration for the spare 2 MHz.
The RF group continues their effort to validate and

Improve the calibration of our three 2 MHz amplifiers
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Tuning the lon Source and LEBT

e The compactness of the LBNL
LEBT allows for no beam current
diagnostics before the RFQ.

e Therefore source tuning has to
be delayed until RFQ is running.

e The MEBT beam stop power limit

A beampulse with
large overshoot

Source Timing Shift ource shifting ena
allowed only for the 1st 50us to be MEBT Boam StopMode | © 3211575 1T Soe
measured, which are dominated

-1060

by the plasma breakdown and
Initial beam current overshoot.
e Atime-consuming retune was
needed when the entire pulse Time to end of Source gate
. from end of RFQ gate.
length could be monitored.

e On Halloween 2007 Controls

Implemented a shift that allows REO filli )
the ion source pulse to be shifted Q filing Bz i
through a 50us window CLrreynL
accelerated by the RFQ.

e This has eliminated many, many
hours of beam tuning with _ 0.33-038ms  \y

guestionable merit.
e Beam Current = Peak Current =1 mA
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The 2007 LEBT problem

Hourly Spark Rate
Spark-Video
Festival
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Early in run 2007-2, when the duty factor was increased from 0.2 to 0.8%,
frequent chopper failures suggested a sparking problem.

-~1week later we had lens-2 spark counters that capacitively picked up high
voltage fluctuations. They suggest sparkfest occurring often at random
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A robuster LEBT Courtesy of R. Welton
0=

*Exposure of the insulators is a risk!
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The LBNL Cs System:

The LBNL H- source features a complex

1.
2.

3.

outlet electrode assembly that
extracts the ions and forms a beam

deflects the co-extracted electrons
onto the e-dump

adds surface produced H-ions to the
volume produced ions

exdump

— - -
e ™1 L =1
—t ™

\,
o

Extractor

14 Managed by UT-Battelle
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Cs-collar M

The LBNL Cs collar holds the
cesium cartridges and its
outlet aperture where the
surface-produced ions
originate. The entire collar
can be heated with an
external compressed air
heater up to ~400 °C. £7X0IH




Cs dispensers by SAES Getters

« The LBNL H- source uses eight 12 mm long Cs cartridges from
SAES Getters. The nichrome shell contains a mix of Cesium
chromate (Cs,CrO,) with reducing agent St101®
(84%Zr+16%Al) that also absorbs the active gases
that are produced during the reduction reactions:
4 Cs,CrO, +57Zr —->8Cs(g) + 5 ZrO,+2 Cr,04

6 Cs,CrO,+ 10 Al > 12 Cs (g)+ 5 Al,O,+3 Cr,O,
when being heated to 550 — 850 <C.

A metal wire partially obstructs the slit to ellmlnate B
the escape of loose particles.

*The compressed gas heating system is unable to generate
temperatures high enough to initiate the release of Cs. et
*Accordingly, the release of cesium is initiate by shutting off the air

flow and heating the cesium collar with the plasma.

*A thermocouple inserted in to the air duct of the collar measures the
temperature of the collar. The temperature of the cartridge is higher
due to the thermal resistance between the cartridges and the collar.
After initially exploring a wide range of parameters, we settled

on heating the collar to 500 or 550 < for 20-30 minutes.

*This was repeated until the desired current was achieved.
15 mamged by ursatete | IS worked on the Frontend with limited persistence!

for the Department of Energy




Mounted source: Mounted source: Mounted source:
a r y s Run 5, enclosed Run 6, open collar Run 7, ~2x Cs

collar
- However, for long pulses on the test & oaraion T operaiion Begin %
stand it generated only 20-25 mA, not 0 o l*“;kw
the ~41 mA required for 1.4 MW ops. o — hﬂ o =
* In 2006 R. Welton tried to increase R THUR 1
the yield by optimizing the positions £ vl )
of the antenna, the cesium collar, etc. £ 20 :
* He then started to suspect the getter “;iﬁ
In the cartridges to be incapacitated = )
by the residual gases in the source. :
“Unlike ...Runs 1-7, in the new technique ) . :
the source was outgassed at ~7% duty- o = i e e i
factor and 50 kW of RF power for ~1 day T
while maintaining the collar temperature i I Trip_Trip Trip
below 150 C. This led to our highest Wi
average beam current of any X0 -
experimental run: 30 mA, suggesting 25
much more Cs was delivered to the e ] :;O !
source”. From R.F. Welton et al, AIP Conf. 2 Toeamon \
Proc. No.763 (2005), pp. 296-314. 15 \
In addition, the paper calculated that a 0.5 Ll m— L o
monolayer of Cs is sputtered away in 2.5 s. B 7°1 =
0

7126 7/28 7/30' &“1 | 8;3 8/5 87 8:’9 811 813
o The initial experiment seemed to confirm the hypothesis' 48
anaged by UT-Battelle
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50 || Emittance measurements with 10 Hz _

Early cs R&D < i Start Lifetime Test with 60 Hz puiselengih L2z ms

The next experiment was even % 40 + [ recesiae 155&‘8556“?;222222°;i cos Source fais

better! Therefore it was concluded: & | [l [ st [Stodeaemsmmtre stpmsmsmmr o]

“these reactions are limited by the S 30 T -

availability of Zr and Al rather than @ i

Cs,CrO,. Computational g 207

thermodynamic analysis reveals that % 10 1

at temperatures greater than ~250 C, ¢ = |

Zr and Al will spontaneously react < o bl oL ]

ano_l form stable compounds with 9/21/04 9/28/04 10/5/04 10/12/04

residual gases evolved from the

source during initial out-gassing. Plasma ansb. |Plaer unembie,

Therefore, it is clear that the Cs 40 Begn Ul | $yos oo _m’er‘ b“”BT”

collar must be maintained at cosation [ 1 jl Fizsma unstaoe:

restarts next day
without proflem HY cables

fail
{

temperatures below 250C, ideally
as cold as possible, until the
source has been conditioned (out-
gassed) to full duty-factor before

[ 4]
o

-

1'
s
- - .
+
*
+*

BCMO02 Average Current [mA]
1]
o

heating the Cs collar”. From R.F. ' Y
Welton et al, PAC’'05, Knoxville, TN (2005) : . )
pp. 472-474. o g
However, a later repetition yielded ! ’
N +

25 mA, no more than the early runs!

0 B vl o & - 4

27-Dec05 3-Jan06 10-Jan-06 17-Jan06
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Improving our
Cesiation Procedure

*“Repeating 20-30 minutes at 500-
550°C until having desired beam”
was very unsatisfactory.

v snsOPNS_StripTool.stp Graph

$00- SNSOPNS_StripToot s1p

Cooling air shut off \

Cesium collar
temperature

6004

I Src:OinT |

C

(0, BOG) VALSES. 2085

Cobar Tamp

i SeciHZNw_Sat 1

SCCm

(0, 50) VAL=25

Hel for HZ Flow [[VAL

[ | Srciign:Pwr_Set 1

‘(%. EO0) VAL-200

RF Setpont [[VAL

| SrcoRF:Pwr_Set 1

kW

(0, 00) VAL-I0

Power sutput control (VAL
SreiCsV_Sst !

(u 300) vAL-1

- We learned to precisely control the SEES / ABEEEEERE | L";,;»g: M;,,:
temperature at 550°C and time {[ TFine-tune o
variations showed that 40 minutes g SkEL A T Rmme= |
would most frequently produce the ERE T b
desired results, although sometimes | ‘= — # N T Wi 11-26-05
it would take an hour. €50 AR 2 o T e
*Excess cesiations became an issue  t_ 10-20-07 E:j
because of excessive sparking 60 e—— - ::;
killed the chopper electronics. < e oon ., 3 cesiation| s
*The beam always decreased = T 1 - \v ot :*_;
: . : . 040 | i
rapidly during the first shift. Only =" | 5,14 ﬁ | s2ma_ [V EES
cesiation ~10 hours after startup ¢ LI
would yield persistent beam. 820
_ o 19 mA
Clearly, new ideas < ’ ;;
are needed! J e

18 Managed by UT-Battelle
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From the “saes getters” manual

A continuous program of research at SAES
Getters S.p.A. into means of controlling the
release of alkali metals has led to SAES Alkali ?
Metal Dispensers for the photo-tube industry. ..... ) -
*SAES alkali metal dispensers are particularly 830°C
suitable for ... following problems ..:

getters

Yield Versus Time Curves For Cs Dispensers

T5A

: |

*Very pure alkali metal films are required I;%" 770°C| e
*The rate of evaporation of the alkali metal =" | _— B

has to be controlled at will 1

*The rate of evaporation of the alkali metal

must be reproducible 0 5 0 s P 25

*All SAES alkali metal dispensers have... low gas emission due to: ™™
*The use of excess of ST101 nonevaporable getter alloy as a reducing agent
for the alkali alloy which also sorbs, at the source, the gas generated in the
reaction.
*The gases released from the SAES dispensers have been measured after having
submitted them to a typical bake-out process simulating the conditions in which the
photo tubes are normally processed. .... about 1 cc torr/cm, mostly hydrogen.

*SAES alkali metal dispenser are normally current controlled. SAES suggest to
ramp up the current by 0.1A/min, or about over ~1 hour period.
*The Cs emission threshold is at 4.7+0.2A (standard deviation) = 620 +20°C

1. Temperature not a major concern as excess ST101 pumps residual gas!
2. Ramping temperature degasses the sintered Cs,CrO,/ST101 powder!

SIS yariations have to be expected!u Cs Indicator needed!

for the Department of Energy a0 "Stockli




635.06u - Pump 1 loff = Th staged condltlonlng & cesatlon test
Ww

12 ‘ ‘ H
QIR |11 oo 2 MHz @ 50KW,10.H,04ms | | :

2 MHz @ 50kYV .30 Hz,0.5ms |

13 %\/IHZ @ 250 W 2 I\/IHZ @ 50kW 6OHZ é) 5ms
o 10U — s mmms 1 O P n = = 5506‘(3 =
= oy ‘ - |Start of Cs
E S | \evaporation
5 c‘l’f e 2%
5
i & THO
iﬁ 100N — g e
o £
ac)) | E. l - - -I-ALJ -t"(\“"—']'
SHE Mk e o B i B X SR SO)
n -5 _ _ = | 5,
. -W .“M- PO ey o e e A, e
1.067n = | | Al |
23009 PM 4:00:00 PM 5:00:00 PM 6:00:00 PM 6:50:35
17120083 1/712008 1772008 1)7)2008 17120

1. Start Hydrogen flow ASAP!
2. Ramping the Cs collar temperature to ~300°C beneficial! ££740ATS

20 Managed by UT-Battelle
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il Siryfiad g [RouA L LClle

Cs indicators: 40t |

The release of Cesium
IS indicated In order
of increasing
reliability by

1. Drop in H,O partial =
pressure

2. Arcing of 65 kV
supply

3. Increase of 65 kV
load current

4. Arcing of lens 1

5. Increase of load \ T
current of lens-1 "0 | 1 2 hrs.

6. Increase in beam
current

e Therefore we cesiate with beam-on whenever possible. This has
added invaluable insight into the process!

e When RFQ not available, or 65 kV arcing excessively, we resort
occasionally to observing the lens 1-current. The lens-1 current is
less reliable because it can change for other reasons, and not all

of them are understood. :
21 Managed by UT-Battelle Wh at are We ObserVIng’?
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First Cesiations: -
A ~ 10-20-07 B

e There are some Processes - T '-'.".“f?*‘.'j

(@)]
o
{

o
{!

and/or work that need to 3 15 cesiation 31 cesiation | s
happen at elevated £ 12”" cesiation \ s
temperature _k()jefore the 540 e— | E:
release Cs. o ' r

(@)

e Especially when the
temperature is not ramped

. T — d w I
' 19 mA
Cs release is delayed by 0 —— e

N
()

Avera

up during conditioning, the

some significant time. 15 hours
e Thetime delay depends on

collar temperature during Final Cesiation | Cs release
conditioning and the RF temperature | ture | starting
power. It exhibits a cesiation
significant spread. 50°C|  500°C| ~120 min.
*The persistence of the first ~50 °C 550°C | ~60 min.
cesiation is normally poor. It 250 °C 550°C | ~10 min.
starts to level off after a few 350 °C 550 °C ~5 min.

hours at a much lower level.

22 Managed by UT-Battelle
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Subsequent Cesiations:
e Once Cs has been

releal_sed from the A ~ 10-20-07 B
cartridges no more 50 — T s
prolc_)nged heat_ing IS < 1 cen?jiatio_n _ 31 cesiation | :::'_:'_:
required. Additional E 12 cesiation EEE
cesium is released S0 T T T &=
by simply increasing = 32 mA ﬂ | 32 mA e
the cartridge b g | d il
temperature to 20 3 m Il
~500°C. S 19 mA
3

e Subsequent
cesiations reach 0 =~ e
normally higher 0 5 10 15 hours

peak values but also
with a limited
persistence.

o After afew hours the
performance levels
out on a higher level
than before.
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Asymptotic 60 F———m 5 s -
Cesiations: ) =T
e To understand the 20 »ZSWA*”\\"% ro— wzm..“’ |
m - T
ultimate performance 20 ~ 85hours R
that can be achieved . ) ” .
with cesiations, we Z e
cesiated almost —30
every day during a § /12“1 cesiation
2-week run on the =20 on day 13
test stand! O |
e Most recesiation 510
consisted of heating 5
the Cs collar to 500° z \ 11-29-07
and keeping it there .0 5 10 15 hours -~

for 2-3 minutes.

e Recesiations increased the beam current and, assisted by a
reduction of H, flow, added up to ~30% to the previous 48 mA.
Alternatively, we reduced the RF by ~30% to maintain ~50 mA. Over
the next few hours the excess current dropped off ~exponentially, or
alternatively we restored the RF to maintain the 50 mA. In less than
10 hours, the beam production returned to the previous ~48 mA Wlth

S0 kW. Opviously at least 2 klnd of persistences!

for the Department of Erieryy




So, what appears to be happening?

There are surface states where the Cs atoms are strongly bound
and therefore resist sputtering.

Initially a fraction of those states are occupied by absorbed
residual gas and or contaminates. As those are sputtered away and
replaced by Cs atoms, the highly persistent beam output increases.

There are other surface states, where the Cs atoms bond with less
energy, and therefore easily sputter, showmg a poor persistence.

Once fully established, the

404

base performance level requires

only rarely re-cesiations.

This performance level can
be increased by up to 30% if
there is a steady flux of Cs
replacing the sputtering
losses. Such a flux could be
established with an external
Cs reservoir, a hot Cs-collar,
and/or excessive cesiations.

Combining

il
-2n

||||||

collar temperature
with the typical 1 hour cesiation time yielded &
" heavy cesiation with very high persistence]

N w
o o

Peak Current [mA]
H
(@)

ramping up the 0~

TSy e

o

65 kV/| "1:;:-%'
~25 mA :_w-
[rE ' ~24 MA S5~
h l l\M KL_]’ e T }:;,: ..
| Brzacer
|
|
|
" heiatl I Mo
il Y ,r‘ TR L Al 12-25-07
v | .
S 10 15 hrs. after Cs




So, What is the IDEAL Procedure?

The ideal conditioning procedure
e Pump down
e Add 25 sccm hydrogen when p<10-4 Torr

o After a while rapidly ramp up RF to desorb residual

gas and sputter clean Cs collar outlet aperture while
— Letting Cs collar outlet aperture get as hot as possible
— Ramp the cesium cartridges temperature to ~200°

e XX minutes before cesiation
— Ramp the cesium cartridges temperature to 400 C

e Cesiation
— Turn on cooling air to Cs collar outlet aperture
— Shut off cooling air to Cs collar
— Raise Cs collar to ~550 C
— Use time to dose Cs
— Turn on cooling air

e Next 10 hours
— Maintain Cs collar at XXX C to maintain a small Cs flux

However, we do not have separate temperature controls for
the Cs collar and its outlet aperture. A compromise is needed!£7e
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The SNS Power Ramp Up:

1600 70

& 1400 4| Power A 60
E:L 1900 — Pulse Length = LIINAC Pulse Length / %‘
*ga — Peak Current=Average Mini Pulse Currept’r / + =0 E
5 1000 77— Rep Rate (lr/_ {/U_/f__ 40 'UE
2 800 - — =
7 | v / | ta30l
600 ' 2
i ] P[f 190 &
% 400 i . o
I:E 200 [ f_/_ ﬂf’d:‘ f/:' + 10 o

0 0

0/1/2008 4—-1____|

10/1/2006 ——
2/1/2006 - L
2/1/2007 4
4/1/2007 \j
6/1/2007 .|
8/1/2007 l\
0/1/2007 -
2/1/2007 4
2/1/2008 +—
4/1/2008
6/1/2008 -
8/1/2008
2/1/2008 -
2/1/2009
4/1/2009 -
6/1/2009 -

1

—

(gource Pulse Lengﬁh) = (LINAC Pulse Lengtﬁ) + 0.2 ms

Can the SNS ion source and LEBT provide the
required MEBT beam currents at the rep rates
=va aNd pulse lengths given by the ramp-up plan?

fort




The 20 mA Challenge:

(=13.6 mA average chopped)

1-14-07 1-28-07 2-11-07 2-25-07 3-11-07 3-25-07 4-28-07

%01 Power on Target for last 2007-3 Production
140 |
i “ TN r\Mw.
§100 1
% 80 '
& 60
40
20

0 8-29-07 8-31-07 9-2-07 9-4-07 9-6-07

40 40 .
- | Production Run 2006: Inflated RF and | | Run 2007-1:Longer Pulse Length i
<3| Short Pulse Length > Plenty Current <, > Current marginal .
g e £t | >TestRF 0%
3] 4 . R ", O : N
£y R = Db 5 20 et : 402
0 Lﬂ_{f;______(______________"___,_f'_'____ - IS | 4 * 1. B Tk, & e 2
glo o §10 ve Sdy \ oy I et r?_, 002
g ' g I

0 7-7;06 7-21-06 ' 8-4-06 8-18-06 9-01-06 0 ‘9 14-06 10-5-06 10-26-06 11-16-06 12-07-06 0

40 _ 40
z Run 2007-2: I_Sparklng LEBT : Run 25)07 3Rllzearn making 20 mA W|th 0
=30 > Current no issue | | 50| 1AXE0-DUK | .
2 i1 - | | of
c g A { gzo I‘ | v

20 Wl ! i J | g
RIBIVAR LiUts ARSI |l WA il
%’10 TR M f’-';‘ N ‘," %10 ki 5“"% " ! £
2 1 Fﬂ A ‘,,u"' #M"xw; 1" ..' o :?:’ 3 mk___“‘ ] Bt = "'"'T L | [ 20

0 ‘ 0

6-4-07 6-18-07 7-02-07 7-16-07 7-30-07 8-13-07 8-27-07 9-10-07

With maxed-out RF, the beam power
depends on lon Source mood swings, etc.
It is better to use less RF for producing
the 25 mA for Run 2008-1.

Need to increase efficiency!

Need to reduce OAK
. inefficiencies! “RIDGE



The p*ac-Man Problem! |rom.nacos

H ™ ions are mainly T 500 \ Associative detachment:
destroyed by 3 mechanisms: & H+ H = Ho(v) + e
In cold plasmas losses are S /\ ]
dominated by mutual = 400 o T
neutralization (c=70 Gb for -3 wtual neu”ahzaﬂon' — *
Tp+z0.5eV).Afterapath § 200 ~ p_* H‘/Hi_
length x through a proton 0 Electronic = =———>—""1,

density n_., the number of S 0 detachment: =~~~ =

surviving H™ ions is : O | | |
N,-= Ny-e"*<, or for 0 Pé&%icle ener§9 [eV] 30

n,+=5-10% cm= only about

Y5 survive a path length of
x=(Np+-0)*~0.3 cm ~ )5
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The Cesium Collar Position Issu—_

N

The LBNL assembly drawing shows
a l.2 mm gap between the cesium

collar outlet and the source outlet.

LBNL parts leave a 3.2 mm gap. L

Refabricating the Cs collar takes
many weeks and ~5k$/collar. 5

Correctly fabricated and assembled g

The two aperture were brought =R

closer together with 4-mm thick,

conical Cs collar outlet apertures. !

=%
N &

=21

R €

On test stand, a 304 SS aperture

,‘ ‘_yleld:‘r38 mA Wlth 40 kW .of 2 MHz; é
““"a Mo aperture yields'40 mA with  ——

229 kW, >90% more efficient than N
“any previous LBNL source ‘at 60 HZ

/)

LBL assembly

&

P |
I

N

T

ARCODNONE NN
VI
LIDNNNER

=
&
\ NN

.
Cd
o
/3

i
X '

R [/ ORNL
=z quick fix
LBL stacked 9-28-07
parts

¥ OAK




The Cs collar position, a hidden variable?

e The Cesium collar is mounted to the
outlet electrode with four 5-40 screws.

e If two neighboring screws would be
missing, and the collar is heated to
200 or 500°C, the radial distance of the

mounting holes grows by 0.06 — 0.2 mm. | £

This causes a slight misalignment.

e However, if all screws hold all legs in
place, heating it to 200, 300, 500, or
550°C will move the collar in axial
direction by >1.5, >1.8, >2.4, or >2.5.

e Depending on the initial, unintentional
slight bends of the mounting legs, the

Cesium collar moves either away from -1 &

or towards the outlet aperture.

for the Department of Energy A

&

E2

I

Hidden Good Source / Bad Source Variable???
e oredIQUE, but not very robust engineering! £

/X




The Cesium collar mitigation:»

Mitigation include

e meandering Cs collar mounting legs

e backset mounts and bend legs to assure
forward force

e Design a outlet aperture with ceramic

HBE,
LIDNNNER

N

balls (blue) that guarantee a ~0.5 mm gap ‘ WA
and centering in the groove of the outlet | M AN
aperture. = =1 _j;

e This yielded 40 mA with >27kW2MHz &l ||| [@] 0->mm
at 0.5 ms and 60 Hz on the test stand, - o 1
an additional 27% increase in efficiency. fj’

- I\ 7

i
X L4

lon Source
configuration
for run 2008-1

P OO - 7'%enstion



The 25 mA Challenge:

40

w
o

Average Beam Current [mA]
= N
o o

Testing with
30 mA

Broken

E-dump

“' 3 ';»‘ .-__‘f;.. g "m; ., M'N;
: ‘ ~; ‘m St '. I; 1% :') e £y by'.g “w |"
X :.: M L;/- S .

3P k| ',
] Y } . ‘Y
\ wn 'm)‘wi;"m__‘f

(=17 mA average chopped)

» In the 5 days before

go run 2008-1 three
source configurations

so= were tested on the

T Frontend before
S deciding on the ball-
405 centered Cs collar
E outlet as workhorse
20= for this run.

» The 2nd source was

A

0
10-28-07

80

Beam Powe
A O
o o

20
0

11-11-07

11-25-07

12-09-07 12-23-07

Power on Target“fc")"rwlillié'\'/'\'}-Year Production Run

[0 1

|

o bad, requiring ~50 kW.

» The e-dump of the 3'd
source shortened out
after several hours of
stable operation.
It was decided to run
it with ~50 kW.

» Recent sources make
25 mA with <<40 kW.

» QOperations has now
a knob to keep the
target power fixed,
even when

12-27-07

34 Managed by UT-Battelle
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12-29-07

12-31-07 1-2-08

sub-systems
struggle.




“ Testing 2008-2 requirements: 12-25/26-2007

- SnSOPNS_StipTool.stp Graph

_SnSOPNS_StrpTool st

[= aix
carrent

30|mA

— e — — — — —— b — — — (llﬂsn)VM-lle

BCMOZcument Mac
| MEBT Diag:BCMOZ:camentAvyg ||
L 30) VAL=-13.8117
CMOZcurrentAvy
‘; B . i |
{0, 70) VAL-69 22651
Supply Voitage Monitor
i Sro:RF:OpPwr_Set |
kW
dl (0, B0) VAL-38.2
2 MMz Pwrr o, vaue
‘.c Sre:CirT |
{0, BOD) VAL=1687 265
Collar Ti
ICS_MPS:Gate _Source:GateVAdth |

Widthin Tums
[ ICE_Tim:Gate_SowcaOn:iR |
i eAlLL
{0, B0) VAL-6D
Actusl Rep- Rate

SreiHZ:OpHw_Set |

scom

{0, 50) VAL=27
HZ Fow op. value
L SrciMatch:Pos 1
(0, 100) VAL-42 25
Tor position

LEBT:Focus_1:1 |

20

15

[/ + 340 X &0 #|= A scrouna

T
10

e >30 MA at 4.2% duty factor for >20 hours!

mA
(0, 20) VAL=0.947937
Supply Carrent Monitor

Red = Source Rep Rate =60 Hz

Purple = Gate Width =0.7ms
— Teal =2 MHz power =29.5-35.2 kW

Dark Yellow = Collar temp =187°C

Yellow = H2 flow ~29 sccm
Blue = BCMO02 current Max >30 mA
Brown = Accel Voltage ~ 69 kV

Light green = Focl Current <2 mA




Testing future requirements: 12-18-079:30-10:00

= l[=][]

50+ sngOPNE_Strp Tool.stp _Diaagg: curreniiax
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kW
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[ 168 _Tim:Gate SourceOn:HR ||

"t 60y vaL-3o
Actual Rep-Rate
1C3_MP3:Gate_Source:GateWidth

o

Turns
1, 1300) VAL=EEY
ith in Tums

I |
Light Brown = Source Rep Rate  ~60 Hz
| Light Green = Gate Width 0.6,0.7,1.0 ms
] Dark Yellow = 2 MHz power ~70 kW
| Teal = Collar temp ~50°C
Brown = H2 flow ~35 sccm
Blue = BCMO02 current Max ~40 mA
Green = BCMO2 current Avg = problem
Purple = Accel Voltage ~ 69 kV
Red = EDmp Voltage ~ 2.3 kV

WO g EERL ALy

30+

ani

0.42-0.47 ms
_|— Yellow = Foc2 Voltage ~58 kV e = - - i
20 | (| I [T BOY IAUNAL el I | I NI NI EITr [ [ ]| (1T I 1 | T

a0

wwen - 40 MA at 4.2% duty factor but less at 6%!

«[3] + 3P4 0 I 2/ O #|Z= = FannNG




Retesting future requirements:

Fill

RE-;“ Grey =

Teal = Source Rep Rate
Gate Width

~ White = 2 MHz power

MEE
e Green = H2 flow
Src.

LEE

701

Magenta = Collar temp

~ Black = Accel Voltage
'* Purple = EDmp Voltage
Orange = Foc2 Voltage

= Blue = BCMO02 current Max ~40 mA
= Red = BCMO2 current Avg = problem

~60 Hz

~0./ms '

~32 sccm

~ 69 kV -
~ 2.2 kV
=57 kV

5C) m (36.26:69.30KkV)

12-24-07 00:00-04:00

Tlas = - 0 -

[ I

0.33-0.38 ms \

e I [ Y ‘ \
oo
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|
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693 600 i
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S 6e6 (= i ‘
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B ogyl 3 400
=3 ﬁ{375!Qhwﬂ—‘————————————————————————————— — — — —
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681 ‘ Y Fh ¢ e |
g0 3001
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|
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5721 100 ™ uh w
671 75 |
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25
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0.0

12-24-07 00:20

12-24-07 00:40

12-24-07 01:00

12-24-07 01:20 12-24-07 01:40

12-24-07 02:00

12-24-07 02:20

12-24-07 02:40 12-24-07 03:00 12-24-07 03:20

12-24-07 03:40

Vo o |.'3.8 hours of 38 mA at 4.2% duty factor!




Content

e Overview

e Milestone Diagnostic Problems & Solutions
e The 2007 LEBT Sparkfest

e The LBNL Cs System and its Operation

e The Beam Current Challenge

e The Plans
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The R&D Cesium collar outlet aperture

» Producing 38 mA with 70 kW is too risky. ==

We need a source configuration that can
produce 38 mA MEBT current with <50 k
to allow for operation with not so good or
bad sources. Therefore we need to
continue our efficiency enhancing R&D!
A good R&D source component has

» A knob for each individual function that
can be fine-tuned during operation for
squeezing the last mA out of the source!

» Screws, allowing the rapid replacement
of configuration critical elements!

"

Cs-Collar

‘ 2 Outlet
4 Aperture
/’4

with
heating /

We are fabricating a Cs-collar outlet -
aperture that has replaceable converter
Inserts, and temperature- and voltage-
controls independent of the cesium collar
and the source outlet. This will allow for
optimal geometry and conditions during
conditioning and operations!

39 Managed by UT-Battelle
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3 /cooling air
channel
Replaceable

Converter
Insert

Electrically
insulating
ceramic
Balls

Adaptive
Mounting
Washer




The R&D Cesium collar outlet aperture

rats 35 309, I
f4

S - caar pullel

iy An ek
- o827

R -NET- 1589

(s rollor mecnt

wmat: S
Make: 3

Aing: Itncker

-~
o r o0&

J

ekl
H-20-07

Aar fov

&) - Ve Weos
{'é3 JFS oy

hx o0 rirovegh

cpr Y
1a QSLEL -.vu-f?.z;x,-(

Q

o088
R
- S | |
‘oo V31 énnsepe ||
ced i ot f~ 3
— g . ASleg, *| k.
weed | 3 e
h - !
Yiar e |
| -~ Adan |
| Mhrogeé
, o7 :
|
& 0,17
|
|
‘ B
— L - 043
oer R 1 | |
NS L s
Rié " :
[ = .\‘\:‘ "ao S '
| SR | l ’ '~
005 - N
L85 O - — ‘lé‘ S
t N ~—
e s
3
& x OO Howaps
Ago BC
";2,’4/{7 parny
14
014
i
4
2 ‘

(o.cofrdir 2 ecve caves

el JII08, IV, or Vb

noke 2

o~ "“’J

oot Ade fo A4 e <t nller
ONEY 4,000 Leaoing

| BRee befvas 0,003 o 0 s”

rhar frn Slockts

S A AT
¢ /

O- BB 2

(oe r!'-é/

“on e rier
mat: L8

make » 3

Ariw fackeg

T 006"

Yy Bz thiongt
on #i0BL

A
o 0,64 8L

&
“

bx Yra /mw}o,;

..E_AL,T‘ -£./3
=1

TR
=
f.(’

|
| |
4




Slide 5 from the PUP Review September 21-22, 2005:

./
URLALIN IR TR

SNS has a cesium-enhanced, multicusp RF ion source. 0N
It is under development to meet the requirements for

Existing Multicusp RF source ﬂ/ PUP
ﬁ

dispensing system

1.4 MW operations. The developments include: ?Q’J?,ﬁ?é Edimp
» Improve matching network ﬁg;%ets Plasm -es-;;-a';
» Increase RF power . Al
» External antenna Window AT ]
» Vary magnetic fields r‘—_*EE_I_L; ”; ‘ & m,
» Vary outlet geometry e }“
» Increase outlet aperture Gas LU ﬁ
» Modify and vary cesium iniet @ : —
Filter '

RF antenna

Remove the magnetic field and magnets

v

= Outlet Extractor
expansion cup from the outlet and electrode
develop a new e-dumping scheme. ~ Efforts ongoing

on our test stand.
» Efforts will
transition into PUP!

Sapdaade 7133, 2000

» Introduce negative ion emission surfac
that surrounds outlet, having separate

bias- and temperature control.
Power Upgrade Project E ORNL




Alternatives: External Cesium Reservoir
Cs injection |onization EXtractor (Courtesy of R. Welton)

collar Cone electrode @ pageline Cs,CrO,system —» limits source
(A)ggrethre lifetime or beam current
® Proven Fermilab reservoir (lifetime: 0.5-1
year) & enhanced geometry
® 65 mA,1.2 ms, 10 Hz with internal antenna
® 50 mA, 0.75 ms, 30Hz with ext. ant. source

(T,es~110C)
60.0 O
Y m
LBNL-TS/< .
__50.0
= 60 Hz/ % |
S 400 ! Test stand:
— : ~ cesiated
r= 1.2 ms, 10 Hz
g 30.0 - uncesiated
1 = ||
& X QO 20.0 ] Py 2
External Cs oven£ T n N
(Fermilab) 10.0 ¢
Qe
0.0
No screws! 0O 20 40 60 80
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Alternatlves' Snap-in Cones (couresy of k. weton)

« Baseline collar modifications
 Allows Cs supply and Cs collection
surface to operate at different temps
» Brings ion surface very close to outlet
« Centers and fixes position of collar
* On FE brief demonstration of 30mA with
33kW and a 15% larger outlet area
Comments: -Compare to 30 mA with 29.5 kW
with the ball-centered outlet aperture
with original 7 mm outlet <.
-Temperature cannot be varied

« Higher work function materials yield lower
work functions when coated with Cs:
P -SS-1.67 eV
i -Mo-1.60 eV
e -Ni-1.47 eV (also shields magnetic field)
V2 Pt-1.4 eV
. VWA W -Re-1.5eV (10x surface area)
43 Managed by UT-Battelle I o PromISIng Future OpthﬂS'
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Long-Pulse External Antenna Sources
Courtesy of R. Welton

Prototype External Antenna Source and Plasma Gun
® Multi-year lifetime - DESY (low duty-factor) =~ A:csmeuter

Cooling channel

® Plasma gun found to enhance H- up to ~50%  catode —pergd

® 50 mA — 1.2 ms pulses achieved at 10Hz —
unacceptable pulse droop.

,

Large Volume External Antenna Source

® Excellent pulse shape: 38 mA, 0.750 ms, 30 Hz pulses
produced using baseline and external Cs systems.

® ~25mA delivered over a week period at low-Cs flow &
~40 KW (LEBT arc counting) using external Cs system

® Alumina chamber failed at 45 Hz, 1.2 ms, 60 kW

AIN Source
® Heat transfer / thermal stress F | e =
calculations show this AIN T .. Aeis] ==
chamber can handle 100kW - q "
at 7% duty-factor with a
factor of 2 safety margin

® Being tested on test stand

44 Managed by UT-Battelle
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Space for —
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The Helicon H" lon Source and Test Faclllty

Courtesy of R. Welton |

FED Helicon .
Generator Antenna H

Source ‘

e Combines the highly developed VASMIR hellcon plasma generator
(FED) and ORNL-LBNL H- ion source — funded by ORNL-LDRD

e Plasma generator proven to produce ~10x higher plasma density
using ~10x lower RF power

e Restarted helicon test facility in bldg. 7625 in the FED: 15t plasma
2-23-07

e Operated plasma generator at densities comparable to earlier
operations (~1500 W, 13.56 MHz) - Currently retrofitting SN

s vereeSQUEGE 1N Bldg. 7625

for the Department of Energy AAC 07 Stockli




The LEBT Upgrade: A 2-solenoid LEBT

To improve robustness, we design a 2-solenoid
LEBT that uses mostly existing equipment.

After moving the ion source with the LEBT vacuum
chamber, the chopper can run near ground potential.

Ground g; i
*Two solenoids yield a break dlagﬂr%%tilr?;’
robust beam transport. gate-valve’

-Differential pumping and a S & steering
gate valve help the RFQ.

*Diagnostics allows for full
power source testing.

*This combines a working
chopper with a proven
high-power LEBT design.

*Being a novel T - .
combination, it needs —

to be tested on the S ol §|=
test stand! | : : : :
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Conclusions
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