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Workshop on Ion Source Issues Relevant to a
Pulsed Spallation Neutron Source

Lawrence Berkeley Laboratory
Berkeley, CA

October 24 - 26, 1994

As part of the LBL Pulsed Spallation Source (PSS) Study activity, this workshop was convened to
address the present status of ion source technology with respect to the next generation PSS’ in the 1-5
MW range for the neutron scattering community. As there is clearly an intimate coupling between the
ion source and the LEBT (Low Energy Beam Transport system), throughout the Workshop
considerations of LEBT parameters and designs were included in the discussions. We first addressed
the jon source requirements for each of the accelerator-based spallation sources, then heard reports of
actually-achieved performance for different ion sources. An assessment between requirements and
performance was carried out, resulting in a determination of R&D activities that would be required to

bridge this gap.

Proceedings from this Workshop are divided into two parts: Part I providing a summary of the
Workshop, with assessments of technology, required R&D and recommendations for further activities.
Part II, this volume, collects the presentations made by the participants of the ‘Workshop.

This collection of "Vu-Graphs" is divided into five sections, corresponding to each of the sessions at
which presentations were made.

In Session I we heard presentations about each of the currently proposed pulsed spallation sources, as
well as data from ISIS, currently the world's highest power pulsed spallation source, and SINQ, the
accelerator-based CW source soon to come on line in Switzerland. Included in this collection is a brief
description of the AUSTRON project, contributed by M. Regler who could not attend the Workshop,

but provided this input.

Session II includes presentations on Penning and magnetron sources for negative-ion production.
Presentations in Session III dealt with H- volume sources. Session IV collected reports on positive ion
sources, both pulsed and CW. Session V was devoted to LEBT considerations, as well as to the
problems of low-energy beam chopping to ensure minimum beam losses at high energies.

Three days of very fruitful and productive discussions have led to this collection of reports, and the

summaries found in Part I of these Proceedings. The Organizers wish to express their gratitude to the
participants of the Workshop for their excellent contributions.

-

' /losefRﬂ‘\ienso/ ' Ka—NgE') LeungU ’ Lee S. Schroeder
Berkeley, CA

November 8, 1994.
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AGENDA
SITE: Bldg 4 Room 102

M 24,1994
9:00 Welcomes, logistics Schroeder, Alonso, Leung
Morning Session; (9:15 - 12:00, 15 min break at 10:30)
Chairman L. Schroeder

for I Perf (Descriptions of operating and

planned facilities, tabulation of source-performance requirements)

Talks:  ISIS C. Planner Rutherford Appleton Lab
SINQ M. Olivo Paul Scherer Institute
ESS H. Klein Univ. Frankfurt
BTA H. Oguri JAERI
LANSCE I A. Jason LANL
IPNS IT Y. Cho Argonne
Brookhaven proposal J. Alessi BNL
L 2:00-1; BL ri
Tour of :00-2: Roderich Keller, gui .
A n ion; (2:00- 15 min
Chairman A, Jason
Ion S plogies I; ive Tons, Penning, Magnetron and ace sources (Descriptions of
tedmologls, tabulahon of perfonnanee obtainable with current state of the art)
Talks:  Penning Sources for LANSCE II V. Smith LANL
Penning sources for ISIS R. Sidlow RAL
Penning Source Development for ESS  C. Planner RAL
BNL Magnetron sources J. Alessi BNL
T r 25, 1994
8:30 Recapitulation of yesterday's material J. Alonso
Morning Session: (8:45 - 12:00, 15 min break at 10:30)
Chai . Kla
i 1 n ive ion, (Descriptions of technologies,
tabu]atxon of performance obtamable with current state of the art)
Talks:  Volume sources at TRIUMF P. Schmor TRIUMF
Volume sources at BNL J. Alessi BNL
Volume sources for LANSCE II R. York LANL
Volume sources at LBL K. Leung LBL
RF Volume source R&D at Grumman S. Melnychuk Grumman
SSC volume source performance K. Saadatmand SSCL

Volume H- sources fqr ESS K. Volk U. Frankfurt
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AGENDA
SITE: Bldg4 Room 102

Aftern fonI: (1:00-3: Positive Ion
i 7
Talks: A high brightness hydrogen ion source for the BTA
Positive ion source work at LBL
Volume sources at PSI
Proton Ion Sources for LANSCE II
CRL Microwave Source
A n jonTI: (3:15-5: LEBT i iderat
Chairman Y, Cho

Talks:

Experience with fast beam chopping at low energies
Travelling-wave choppers for LANSCE 11
Beam chopping in the ion source - prelim. expts
LEBT: advantages and problems

of space charge compensation
Transport of high brightness beams
A Frankfurt Electrostatic Injection system

X

H. Oguri
L. Perkins
M. Olivo
R. Stevens
R. Stevens

J. Alessi
R. Stevens
V. Smith

J. Pozimski
C. Chan
M. Sarstedt

Wednesday, Qctober 26, 1994

PAGE 2

JAERI
PSI

BNL

U. Frankfurt
U. Frankfurt

Discussions
Morning Session 1T (10:30 - 12:00) Generation of Recommendations
Discussion Leader J. Alonso
Discussions: Summary of technology evaluations and comparisons
Proposed R&D programs
A n ion (1:00 - 3: ion of R
i ion r L roeder

Preparation of report outline

Incorporation of material generated during Workshop

Agreement on summary conclusions and recommendations

Closing Remarks
ADJOURN 3:00

iy, R
oA e S N Y

W. Barletta
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Features
e Injector

e H Penning ion-source + 665 keV Preinjector + Bouncer

e Single buncher and a Debuncher
e 70 MeV Drift-tube Linac operating at 50 Hz - transmission 62%

¢ 50 Hz Proton Synchrotron.

¢ Design Intensity 200 pA - reached Feb. 1993.

* Hybrid lattice - Combined function + Separated function + Fast correction elements
(dipoles, quadrupoles, sextupoles, octupoles).

e Multi-turn charge exchange injection.
Up to 250 turns injected through an Aluminium Oxide stripping foil .
Injection efficiency 97-98% at maximum intensity
Painting large emittances in both transverse phase planes.
Painting correlates large amplitude betatron oscillations in one plane with small
amplitude in the other.

- Codstiig béati tijécted; but RF is'on 4t Tow level during injéition;
'Adiabatic’ trapping efficiency ~ 90%.
Beam compensation - feed forward.

* RF System - operates at Harmonic number 2 - two bunches in ring.

e All magnets have Ceramic vacaum chambers with RF inter shields.
Allows fast correction of betatron tunes and closed orbits throughout injection, trapp

and acceleration.
Multipoles - sextupoles and octupoles - not effective in increasing intensity.

* Beam loss collection system fitted.
Cenfines beam loss to special collectors in tenth of ring azimuth.
Beam loss:
unstripped H® at injection
untrapped beam just after injection(low energy)

¢ Extraction.
Fast extraction of both bunches in a single turn.
Extraction Efficiency 100% -1 part in 104.

L1-10
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Beamintensiy ppp x 1e13

..
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2 0 2 4 6 8 10 12
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— Beamloss - - Beamintensity

Beam Intensity and beam loss monitors sum signal during acceleration

3

Q- Value &

= Ch -+-Qv - Shifted Ch -e-Shifted Qv

Q-value variation with time for low intensity beam
and maximum incoherent tune shift due to space charge.
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« ISIS - Penning source - slit aperture
- unequal emittances in the transverse phase planes

POSSIBLE TO MATCH UNEQUAL TRANSVERSE EMITTANCES
FROM AN H~ ION-SOURCE INTO A RFQ USING MORE THAN TWO
SOLENOIDS

(to be published in Particle Accelerators)

« SOLENOID TRANSFORMATION MATRIX

‘c 0 soffC SK 0 0]
o c o s|-ks ¢ 0 0
sl =1 s 0 cofl 0o o c sK
0 s o0cC|l 0 o -KS C|

L = effective length of solenoid
K= By, _ " field inside solenoid

S OBB” 2 % momentum / eléctronic charge

C = cos(KL)
S = sin(KL)

« ROTATION PRODUCES EMITTANCE TRANSFORMATION

2 2.4 24 2 2( )
€x; = Exq C + &gy S +sx08y0C S erﬁxo -i—yxoﬁyo —Zaxoayo

€ 2=8

24 24 2 z( _ )
i xg S+ Eyq C" 4848y CS YyoBxo + Y xoPyo — 2%xg%ye
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Example 1 ref. 18 Example 2 ref. 14 Example 3 ref. 15

Parameter Penning source ~ Magnetron source  Magnetron source
Imitial Final Initial Final Initial Final
oy -13.9212 0.569 -6.327  0.569 -1.4045  0.569
B.m 9.6677 0.0206 1.057 0.0206 0.349  0.0206
(e.) pmrad 0.1 1.106 1.5 1.81 1.0 0.83
X mm 12.5 1.92 16.0 2.45 7.5 1.67
X’ mrad 18.0 107.03 97.0 137.03 37.0 93.13
Ay -3.1136  0.569 -4.147  0.569 -2.589  0.569
By m 0.9733  0.0206 1.046 0.0206 0.562  0.0206
(e,) pmrad 1.0 1.106 1.0 1.81 062 - 083
v mm 12.5 1.92 13.0 2.45 7.5 1.67
y’ mrad 420 107.03 53.0 137.03 37.0 93.13
120 — 60 ——60— 220 L —60—60——80—!
Solenoid|Solenoid Solenoid|Solenoid]
S1 S2 S3 S4
£ g ) /f:_'_/__’:\ _
,zgeé ~ T L \\ Nl | -~~"-’_
i>5 Ty - \’;-_/_::-"f' i : i‘.:‘:;
= (118 Beam Axis - e - —
& <Example3) LT ~\""‘-‘*"--\._--;/"’,'75’7
B8 e T tel ~ -
2 b “Example(l) i
g3 ™~ s
§m \\ o
= 2 \\\ /~Example(2) N
N
S 5 . , , . . :
T 100 200 300 100 500 600 700
Distance mum
Beam profiles for three examples using four solenoids to match to a RF Q,

starting with unequal initial emittances.
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Targets
e Spallation Target

Beam Power 160 kW

Zircaloy-2 clad Uranium or Tantalum

4 "Wing' moderators with decouplers surrounded by a reflector.
( 2 ambient and 2 cold(liquid methane and para hydrogen))

14 instruments-installed + neutrino experiment

e Muon Target

Graphite transmission target - surface muon production p* and p~

Also 7 production for a decay channel
Two experimental areas installed

o Internal Target in Synchrotron

Target 'dipped’ into edge of beam to produce secondary particles for calibration of
detectors developed at RAL for High Energy Physics experiments

11-17
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ISIS TARGET PERFORMANCE SUMMARY TO 30/6/94

Target Gross Integrated Neutron
Thermal Current Production
Cycles mAh mg
U#1 Not measured 924 75
U#2 40000 53.1 52
U#3 10389 174.9 163
U#4 4147 138.8 128
Ui#5 5074 295.6 273
U#6 2628 126.1 116
U#7 1805 107.2 99
Ta#l 73378 1751.6 1037
Total 2740 1943

1.1-19

AR . PP IR Rl A Y

SeLNEEAT




Requirements for lon Source
Performance for SINQ

M. Olivo

Paul Scherrer Institute
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PST JON SovrCE

(oferaTiosar vaLveS Roe A (.S mmdf] Feorou Géan AT 72 1%V
o0R 1.0 mA RT 590 IMeV)

MOLTI- CoSP  (CoLHAr TYPE)
PEC CHAMHGER ¢ 10 om ¥ 10 owe < 10 0w (y = HeO Cooced
b Rowss (Puos BRCK) OF 3.5 kG S —(o ITRGNETL
U (2x2) Fiearen® WG-LSHYTRC; Sp’/.g,,,m /.=/00w(61/,2r95_l
GAS Flow : 3 sccm Hy ; ARC CharBee (ZESIORE : 4.7 mT
ARC DISCHARGE 5 4OV, 2¢ A (timceuy 1S€Z¢17 52)
TETIDO0E EXTACTION CowACuRR TIoN : 60 kl//sz;él//—zkt/
EXTCAClio) RCERIOCE : B 7mon =D 0.38 cm®
To1# low ECTRACTION CORCENT 3 36 mA d.C. (GI mf%ve/

//,+ = [2mHA ( ~ 339/ Peorew EFF/c/Eucr)

M L6 mA -~ Thri2ooEh 810 ki Rec. TOGE
(3.4 mA tosT w Go keV BTS. eazam'raex)

MoHALI2ED EmrTrance [T mom mai] JE 35%]

8.6 mA @ o keV (8croer TigE) = 0.3
.6 mA @8N keV (Hfice Toge) = 0.30

.t mAD 810 V(g wrss) = 0.50
7 3. I

(0.5 mA wsT (14t ) w $70 teV 87S.)

0.S mA @D 72 MRV (BTS.To Rwe) = L2
LS mA D 12 1TV (GTL 16 3mA, T2tV BearrDonp ) = 5.0 (2)

(.0 mA &S9O Ml (47<. T Thecers) = 2.0

TwIection o i L
Ap ©24° Br237 <I>= 8./:5;@;,&4 2mA

T7922ftv = (-5 mA [a.fmﬂ 157 iw cotnmaes (veh ) (W
(Aé =z = 0.725) 1T 4 TOewS IwI. ZC)
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STATUS 1994

Inj.2: maximal beam current extracted 1.6mA
Ring: maximal beam current extracted 1.0mA
Note

— typical operation at 1mA

— beam loss detected by
. ionization chambers ca. 0.3pA qu<?7451k4091ﬂﬁ

THROUGH THE ia)
— beam power 0.59MW COGH THE It

— RF data for the Ringcyclotron

voltage over NEW &
€ P SYSTEr

wall beam Sivce

cavity 1 | 730kvVv_ | 300kV  150kv | (aay
4 cavdty-d 1 420KVE 1 I00kF  -~80RWY
cavity 3 | 730kv | 300kV  150kV |1993
cavity 4 | 730kV | 300kW.  150kW |1994

flattop . 420kV 110kW —-60kVW | 1992

— energy gain is increased in order to re—
duce turn number and with this the effect
of longitudinal space charge forces

19*27/90 PevetoPheuT OF A New So MH, R.F Apr

~(Qﬂ De&@uﬁ : 520 kwb wio Canty
Qo0 kW INTO SO JL

¥ > 20 MeYfTew (weckce) = 214 Tvens

ToT02e : NMew Co CAWTIES WI(TH FeAK VOLTHGE = q,
[ Co-~Sveruce (merenr be Ar) Wue mCrerse Suowz MFEDA
o €S0k Q To > 1000 kR [
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Wheiinedie

SING  TACEET COWCEPT

G ) HE ROV GEAM HITS THE NEURID Fred.
TARGET freor BErow

5 ) THE TRREET HANOLWG SY(TEN #wD FROTon Bér
SHIELOING REE SI7vATED ASOVE

TH(S VERTICAL ARLRAVGEMENT LERDS T6-

a) AV ESIENTIALLY EYLINDRICAL SYNHETRY
WTH 177 AXIS VERTICAL, fRVOURME THE
AURNGE HEUT OF Hoe|Zonit NEVZeon) Gt T84

b ) THE FosstBiLizy oF AACE R 2 m Drﬁms?zz
Low AgsorPro0 ~T; 0 HODERRIGE " Tink feoond
TE TREZGET *+ 17 GCURRANTEES A LONE THERMA,

NEUTRot) FLux AND HENCE A HIGH THECHAL

FLUX EQUIRLENT TO THRT OF A MEDror —FAJIX
[REACTOR (ABouT 10 cn™25 ' mA™)

C) HAVE HNHOZE SPAcE ARoowd THE TREGET
FOR NEOZao0) BERM £XTRRCTION.

) MAKE 7 SY I TRBLE /—Ze A LI§Urd-MHETRL
TRCGET ? Coorwe By NeweaL (ONvECTIoN
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'SINGQ ' CowcePT

SINCE TRE CYCLOTZON DELIVERS A
Cw. Beat ity 4 50.¢ M STRUCTURE

THE ConcePr OF Swg" 1S Tasr Of R
STEADY-STRTE WEU Teow SeUeCE.
THEREMDRE | THE AM IN THIS CASE IS T
FROVIDE THE HIGHEST ROSCIBLE NEU 2
FLUX FZotr ThE RVAIRBLE BEsrs fouwe
B 0 OER TRHE Maximum @ic /81,
SPACE For  INSTRIMENTR Tion.
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Pumoat BupGET 2 (66 Ml = 125 IV

<

/(00 EMPLOYEE( (NCL. 200 PAID BY NoW-Fit FINDS )

L
| d;ﬂ_:J_b PAUL SCHERRER INSTITU

Lictpds OF KesepeCH
* Nuclear and Particle Physics (1 8%)

< Life Sciences (14%) (£ 2 PepsonnEL WVOLVE]
< Solid State Physics and Materials Science (35%)

¢ Nuclear Energy Technology (1 8%)

& General Energy Research (15%) orial view of the
rial view of the

Scherrer Institut. The accelerator ¢
experimental facilities are located
the three halls at the centre of
picture.
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| Performance for ESS

H. Klein
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Requirements for Ion
Source Performance
for ESS

presented by:
H. Klein
Universitéit Frankfurt
Institut fiir Angewandte Physik

Berkeley / USA
October 1994
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H Linac  normal or supérconducﬁng
high energy structure
3 V, 50 A
SMW,1.334 GeV, Hz, «r\/m
dc =~ 66 %, T =14 mséc
I = 38mA
I = 100 mA
_ TWO 1.334 GeV, 50 Hz
Hy ACCUMULATORS
S R T=19mA
60 pA FOR OTHER USERS 1= 100A

MUON AREA

s [ e—
' / HIGH POWER BEAM DUMP
3rd target with msec pulses

S0 Hz TARGET | from linac?
) LY

l\_\lr. of particles: 2.34-1 014/ ring
T = 600 nsec
rev.

3/3.75 mA pulse length: 360 nsec

1000 turn injection
0.75 mA circumference = 163 m

Hz TARGET

— e
—_—— .
—————

EUROPEAN SPALLATION SOURCE
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. .. [
el

Made in Germany

0.5m
RFQ2
1750r

350 MHz

ESS - Funneling line.

D1, D2 : rf -deflectors, 175 MHz,

S : septum magnet, Q: quadrupols

T: triplett, B - bunching cavity, 350 MHz.

13-7




4
5

VY Y

$

4 Nm
/

Ty Ty gy

002 001 00T [vw] wHy
05T 0S1 001 (M weeay
0S¢ 00L 0S¢ (] IN
67 ~§'G 67 [w] 1

L) os L) 0 0T [ASI] moy,
0T 0T 500 [ASI] uy
0S¢ SLT i ZEW] 7

70y 10 7 0qY 1 0ay \

SOXY-10393(ur-gSH oY) Jo sxapowered Jo ojdurexsy .

1.3-8



. | U )
\&s.\ U S VENERY

.~.\\

o Sh'l 10> o\ﬁ 0L { SSH

11| [sw] | [peaw wowe ["*3( o4 ] 5 q|[vu] 1| wniso)

| sjuswalinbay jo9load
C~TYL 48y ‘A

5 (Vwgzy 10)) 1 I 02 SoA|  (opowreo ypM) Y
Il  §0 500 ¢'Z| 0S"0€ TN VY
AR ¢ (Vg J03) €1°0 00T 98 $oA| (epoyseo yim) wRY[N))
ST 4 900 z 09 sok INVT
zpor| (1)¢ o0 s 1< (sg) 06| (ou)sek g1
J  0d L0'0 00T 6 ou INNTYEL
Il so0| . 800 I> 0€ $94 Ng
U/ 1| [sw] | [peaw wme ] g [o4 ] 5| [yw] 1| wmisa) INO0S U0}

$92.1n0g Uo| .H Bunsixs Jo ssuewLiojiad

Q& .I

unpjueiS jBlisienun YisAyd ejpuemebuy nj Jnigsuj

1.3-9

4
N
r
%
£
:
w
3
&
<




HNELNIAN,

uny

Maae 1n uern

Institut fiir Angewandte Physik, Universitat Frankfurt H. Kle

Source requirements for ESS

1. CURRENT

Q’~2m>u. chloa/o
Tep. vels _50 H%

~, T )

> 70mA

2. Emitrance_ 0. | (o ov
a) after RFQ I:

< 0,37 mmmrad

e(norm, ms)

b) end of Linac (1,334 GeV, 8y = 2.3):

< 1,37 mmmrad

‘ 8(no¢m, ms)
Aplp = + 107

in tails only +5-10” particles
with energy deviation = +0,5MeV

3. PULSE SHAPE

chopping: rise time: 10 - 20 nsec

prechopping at ion source: ?

4. LowNoisE

ripple < 1%

5. HiGH RELIABILITY AND AVAILABILITY

1T - generating of plasma

13-10
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Institut far Angewandte Physik, Universitat Frankfurt H. Kle

Principle of chopping

bias/chopping
electrode
¢
outlet aperture ‘
{
(f) — bias voltage
I

elect}onic + <:> chopping
) voltage

switch
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The AUSTRON Project

M. Regler
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The AUSTRON Project
presented by M. Regler
(Project Leader)



The AUSTRON Accelerator Complex

_ JONTHERAPY
LIGHT LIGHT ION
JONS STORRAGE RING
<10%/sec ;
<425 MeV/nucleon(/ SP?X%TE:II-ON
’ / 205 kW
— / -
H CHOPPER 1 MeV // 130 MeV 0 25Hz
| [ )
X rRQ {Dn,zs Hz 2. %
50 mA / .
/ 434 ns
/ - -
"""" — JAGIAN
ION
et p—
SOURCE Crlily o
-PULSE
STRUCTURE
AT THE TARGET
Comparison of Neutron Spallation Sources
(beam power and energy per pulse on target)
.u:c.ﬂm.::.!mc kW A
600 &
ISIS .......... England ,vf
LANSCE .. USA ) i
500 - IPNS ......... USA ,&4}& o achieved
. KENS ....... Japan ﬁ;.g;c = goal
2 &
b=} . u®
S 4004 AUSTRON 11
& (50 Hz)
5}
3
2 3004
S
8 g
= 200- -
AUSTRON II
o ISIS - (25 Hz)
1004
KENS ° LANSCE:_
_IPNS e energy per
.; H 6 é 1'0 1‘2 KJ proton pulse

The shaded areas of AUSTRON II and AUSTRON I1] indicate the estimated range of
possible further increase in beam power due to future optimization. :
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The main parameters of the
AUSTRON spallation source

Accelerator
AUSTRON I AUSTRON III
Proton Beam power 205 kW 410 kW
Proton energy 1.6 GeV 1.6 GeV
Proton current 128 uA - 256 uA
Pulse repetition rate ' 25 Hz 50Hz
Proton pulse Iéngth (double bunch) 434 ns 434 ns
Light ions < 109%s < 109/s
Kinetic energy per nucleon <425 MeV <425 MeV
Target (AUSTRON II)
Material Tungsten rhenium alloy (W-5%Re)
Geometry flat one piece target or cylindrical split target
Cooling edge cooling only
Target station (AUSTRON 1D .
Proton beam ' horizontal beam injection
Supply lines horizontal - cooling plant is
behind the target station
Target installation / maintenance vertical - the maintenance

area 1s above the target
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Requirements for the lon Source
Performance of the ETA

H. Oguri

Japan Atomic Energy Research
Institute
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Fuel Fabrication Recovered 4

Fuel

One LWR (1GW) Produces
MA (Np, Am, Cm:25kg)
FP (99Tc,129},90s¢,137Cs)

—

Spent Fuet

Nuclear Reaclor

Reprocessing

High Level
Liquid Waste

f

Partitioning —( utilization ).

Useful Elements

_Actinide (MA, Pu)
Fission Product (FP)

Electricity

Sub—critical

Target/Core
(Metallic, Molten Salt Fuel)

Accelerator Power

Accelerator-based Transmutation System
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Design Parameters of Proton lon Source
for the BTA/ETA

(Constructed)

lon Source Type
Extraction Voltage
Extraction Peak Current
Normalized Emittance
Proton Yield
Impurity
Operating Mode
Plasma Chamber

Size

Production

Arc Voltage
Arc Current
Confinement
Field Intensity

Ho gas flow rate

Pressure

Beam Extractor
Aperture
Field Intensity Ratio
Electron Suppressor

Current Density

Multi-cusp Type

100 kV ‘

120 mA

0.5 = mm.mrad (100%)
>90 %

<1 %

CW, Pulse

20cmo x 17 cm
Arc discharge
(W Fitaments)
70V
120 A
Multi-cusp magneiic ficld
> 2kG (inner surface)
< 20G (central region)

4 SCCM

0.3 Pa

2 stage

10 mm¢ (single)
0.42

-5.5 kV

150 mA/cm?2
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Cross Sectional View of the Proton Ion Source

FILAMENT SHIELD

MAGNETS B/7K PLATE
| AV‘\;]’EP —— ==
§ \
RIS SO IR ( ] | o f
J S
PLASMA
CHAMBER
= INSULATOR

. - —
|

o \ i
— l —
PLASMA ELECTRODE SUPPRESSION ELECTRODE

GRADIENT ELECTRODE EXIT ELECTRODE

L 1
100 mm

v

BEAM
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Design Parameters of

Negative Hydrogen lon Source for the ETA

(Proposal)
lon Species H-
‘Extraction Voltage: 100 kV
Extraction Current: 120 mA (peak)
Norm. Emittance : 0.5« mm.mrad (100%)
Operating Mode : CW, Pulse
Pressure 0.3 Pa
Source Type Magnetically Filtered Multicusp
Cesium-seeded Volume Production
Extractor 4 electrodes
(Plasma, Extraction, Electron-suppression,
Grounded Electrode)
Aperture 9 mm in diam. x 7 in the Plasma Electrode

Extraction Area
Insulator

0.636 X 7 = 4.45 cm?2
Alumina Ceramic

L5-11
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Results of LANSCE 1l Study
lon-Source Specifications

A. Jason

Los Alamos National Laboratory
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Source Requirement for
IPNS Upgrade

Y. Cho

Argonne National Laboratory
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Source Requirement
for

IPNS Upgrade

Y. Cho

October 24, 1994

LBL Ion Source Workshop
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pRefi

IPNS-Upgrade Proposal
1-MW Pulsed Source ﬁsing
2- GeV Rapidly Cycling Synchrotron (RCS),
30 Hz Répetition Rate from Users

Former ZGS Tunnel and Other Infra-structure

LBL Ion Source Workshop
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Describe How the Machine Parameters-were
determined, and

Implications to the Source Parameters

Extraction Energy — Average Current '
Repetition Rate — Total Charges/ Pulse
Injection Period — Pulse Current
Acceptance at Injection — Source Emittance

LBL Ion Source Workshop
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Please Note that Requirements for Pulsed Source
are different from Proton-Proton Collider
Requirements.

For Colliders - _
£ ~ 1/(ex &) under fixed number of particles.

Therefore smaller emittance is highly desirable.

For Pulsed Source -
The requirements are large spot size, large
number of particles, and least amount of
beam losses. Therefore emittances in‘both
transverse and longitudinal space should be
any value comfortable with performance

LBL Ion Source Workshop
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Extraction Energy of Proton 2 GeV

Choice of Extraction Energy:
Highest Possible Energy so that
Required Current be Minimal.

Also the Ring should fit in ZGS Tunnel
(Circumference ~ 200 m)

Primary Reason for Lowest Possible Current -
Beam Loss Consideration

Secondary Benefit - Easy on Source Requirement

Time Averaged Current - 0.5 mA

Number of Protons per pulse - 1.0 10™
for 30 Hz Operation

Assume Injection without chopping

Injection Period of 0.5 msec > Iouse = 33 mA
Injection Period of 0.33 msec > Ipuse = SO MA

Duty Factor -1~1.5 %

These number will be modified by a chopping factor.

LBL lon Source Workshop
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Injection/Capture Simulation Study shows:

25 % Chopping of Linac Beam is needed to
eliminate the Capture Losses.

Linac Beam Momentum Spread should be
Ap/p ~ 4 107

Therefore Iyus. at the Linac Input becomes:
Ipuse =44 mA for 0.5 msec Pulse or
Ipuse = 67 mA for 0.33 msec Pulse

Revolution Time of RCS is order of 1 usec,

and harmonic number is 1, therefore the chopping
is to be done with 1 MHz chopper.

LBL lon Source Workshop
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Injection Energy to RCS - Lowest Possible
Beam Loss Consideration - Most of losses
occur during injection and capture, and
g lower energy losses are easier to handle.

Magnet Aperture - )
Acceptance and Beam Stay-Clear (BSC
BSC - 375 7 mm mr for both planes

Injection Energy - 400 MeV
from BSC and Space Charge Tune Shift.

400 MeV H” Beam - To Paint Transverse Phase
Spaces of 375 T mm mr.

S Question is What is the Linac Emittance, and
therefore the source emittance.

Some 10 years old survey of linac emittances
" BYEms = 2 7 mm mr at linac output
BYErms = 1 © mm mr at linac input
By at 400 MeV is ~ 1.

We convert rms to 100 percentile emittance
by multiplying with (6)'”* with a note that
proton.emittance is not a Gaussian.

" _ Therefore we use the linac emittance 2-5 T mm mr
100 percentile.

LBL Ton Source Workshop
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Fig. 1 ‘Heasured values of momentum normalised emittance

at the input to a linac for 90% of the total
beam current.

&1 e o 4 i et 4 e 0

=

Measured values of momentum normalised emittance
at the output of a linac for 30% of the toral
beam current.

EEF FEE) PR s N IS P I MO N T i PO St Ve G ) I I B
Figures obtained by P E Gear from June 78 visit to
FNAL give almost identical emitrance values in both
planes for H beam from linac. 390% of total current
figure is ploctzad above as - &
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SUMMARY

Peak Current 44 ~ 67 . mA
Pulse Length 0.5~0.33 msec
Fraction Chopped 25 Yo
Chopping Frequency 1.1 MHz
RFQ Injection Energy 35 keV
Repetition Rate 30 Hz
Duty Factor ~1.5 %o
ByEms at linac input 1710° m rad
Flatness during Pulse <10 %o
Repeatability (pulse to pulse) ~5 %o
Time between maintenance Long - 14 days
Time for maintenance Short - 24 hours
Availability of System >90 Yo

Multiple Sources and Quick Interchange Capability

LBL Ion Source Workshop

1.7-13
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Brookhaven Proposal

J. Alessi

Brookhaven National Laboratory

1.8-1




= ( T .y
b —v%cck- ~aGe A, T VETTE Lo

bd

-

‘\,‘7(:\,:(, -
- .

. FAless R LR

——

K !’c.c.ew.(.e _,?"/‘Tgnc... § _ tog Srgan S’-A'.Pk&a":./

- vawr € .
~J+‘€6LV\ be_/'je_e\- S <?__’\_ :‘_7 C(_.\: (“c),‘,\“-%-c_ v

1.8-2




Lt

'9-7 314 E usA1g st syuswsfe SNS fedioutid ay3 3o Juswauelse 91s.jenideouod v

ZH
AW
st
w
uoJjolyouig Jad
ZH
198Je] UO ‘YW
A®D
MIN

09
009
vT 1>
€9¢
0T XSl
0¢
(4
vl
9'¢
S

918y uonnaday orul]

A81auy ovul]

10848 9y} uo Yj3ue] os|ngd weag
95UISJWINOIIY) UOJJOIYOUAS
as|nd/suolold Jo JequinN

oyey uoneday uoJj0Iyouks
SUOJI0IYOUAS JO JoquInNN
Ayisuaiu] weagd uojold a3eloAy
A31sug oueury] uojold [eul
Jomog weaqg

90IN0S UOJINAN Uole|edS 9y} JO Sidjoweled [BISULD "¢-T 9[qelL

1.8-3

PR L N 2 A

e sy

e

VN e g e e



L1-C

90IN0S uonnaN uoyereds oyj jo 1deouo) usise(y ¢ ¢-'7 ‘31
sowa.H

FBUTT ARD 90

-
SUONOIYOULS A9D 9'¢

ANERNZARARNRNE

1.8-4



JuswegueIrY 931G rendeouo)) 901n0S uonNON uone[reds pasind ‘9-'7 814

(*eT1P wo0Y) eoxy 310ddng
¥ {TeH dwu:waﬂuvaxm)

S2UTT meag 9T

suoI3oIyouLsg
buyoho~3sey A®9-9°¢ oRuyy

oRuy] pua
grees qnyL 33¥2a Iuoxy

oy
K32 TRo c?ﬁ«w.ﬁ.&% 30TAIS

E/E../MV/W///////////f/////V/////r////////V%%

1.8-5




Jayoungap
% Bujyoten

AP 009

108
ZHW 004

1-2'% '3%d

YW GE'T = JUSLINO 9FBVI9AY

%0G = Jojoey Amp Jeddoy)
((esd) VW Q0] = JUBLIND —[

%e = 10308 Lnp 4y

St 006 = UIPM 4y

SN Gy = (SuIng 00€) UYIpWm wreeg
ZH 09 = 9%1ed deoy

layounq slsgounq Jaddoyo

¥ Fuigojey % JUTqOOR ® FUIyoivK
TLd VRS :

MW 04 | g gae | AN 92 |y ogg | 4% 09

wyaiines

d0dN0S
—H

YN

R e

1.8-6



H SOURCE
Type
Current
Energy
Emittance

Frequency
Energy

Input

Output
Current

Input

Output
Emittance

In, transverse

Out, transverse

Out, longit.

Frequency
Energy

Input

Output
Current

Input

Output
Emittance

In, transverse

Out, transverse

Out, longit.

(%2}
(e
.

Frequency
Energy

Input

Output
Current

Input

Output
Emittance

In, transverse

Out, transverse

Out, longit.
dp/lp

Table 4.2-1
LINAC BEAM PARAMETERS

Penning surface ﬁlasma source
150 mA

50 keV

0.2 © mm mrad (normalized, rms)

350 MHz

50 keV
2.5 MeV

125mA
105 mA

0.2 = mm mrad (normalized, rms)
0.23 = mm mrad (normalized, ns)
0.162 n MeV-degrees (rms)

350 MHz

2.5 MeV
70 MeV

100 mA
100 mA

0.23  mm mrad (norm., rms)
0.27 © mm mrad
0.418 nt MeV-degrees (rms)

700 MHz

70 MeV
600 MeV

100 mA
100 mA

0.27 = mm mrad (norm., rms)

0.35 x 0.42 = mm mrad (norm., rms)
0.800 = MeV-degrees (rms)

= 1.5 x 107 (full width, full beam)

(before energy compressor)

~—

—

“The output emittance of the SCL will be improved in the next design iteration.
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¥/

C

Choppin

We want = 50 % chopping df --> 375 ns on / 375 ns off

BNL experience in chopping:

At 35 keV, chopping destroyed the space charge
neutralization of the beam, distorting the
emittance and leading to a poor transmission
through the RFQ.

At 750 keV, the chopping works well. No emittance
distortion, no loss in transmission. With our
chopper, we obtain 10 ns rise and fall times on the
beam pulses, and can vary the “micropulses" from

® 80 ns to 400 ns (every 400 ns). We can vary the
width of each micropulse. 4

Chopping for SNS (in order of preference)

1. Use an unneutralized, electrostatic transport from the
source to RFQ. Electrostatic quadrupoles seem like the
best option (U. of Maryland). A voltage can be put on
appropriate poles to chop the beanm by deflecting out of
the RFQ acceptance.

2. If a neutralized transport is used between the source
and RFQ (magnetic solenoids), then variation of the
energy of the beam by -6 keV (from 35 keV) will prevent
acceleration in the RFQ. (Question - how good will
rejection be?)

3. If one wants to chop after the RFQ: the beam must be
kept small to prevent emittance growth --> can't drift
the beam very far (space charge) --> one could build a
section with alternating quadrupoles/deflecting plates.
Might add 1 meter between RFQ and linac. Not "elegant®",
but a conventional, safe solution.

1.8-10



. Penning Sources for LANSCE 1l

V. Smith

Los Alamos National Laboratory
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Operational Experience of
Penning H- lon-Sources at Isis

R. Sidlow

Rutherford Appleton Laboratory
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OPERATIONAL EXPERIENCE OF
PENNING H ION-SOURCES AT ISIS

R. SIDLOW

Rutherford Appleton Laboratory
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Power Supplies

Arc de supply
- high voltage, low current.

used to get power in source when cold and are
impedance high . '

Arc pulsed supply
- intermediate voltage, high current.

switched on after adding caesium to source when low
impedance arc obtained.

still need relatively high voltage to get reliable
striking of the arc when working at high output
current.

Filter in arc supply needed to eliminate interference
from an oscillation of the arc discharge.

Extract supply

~current rating increased to 150 mA
to handle spurious discharge between body and poles
of magnet.

Extraction clit optimised to 0.6 x 10 mm. .
Increasing width increases gas flow and produces
problems of excessive discharge levels in extraction
region.
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Beam Current (mA)
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Penning Source R&D for ESS
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BNL Magnetron H- Sources
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‘Brookhaven National Laboratory
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Typical Magnetron Source Performance

Extraction voltage 35 keV

Pulse width 700 ps ,
Rep rate 5Hz ©25 7 dg
H- current 70 - 100 mA ‘
Current density 1.1 - 1.6 A/cm?2
Discharge carrent 12 - 15 A _ )
Discharge voltage 145 - 165V F~ 75w
electron/H~ 6.5-1.0
E(N, 90%) 1.1 - 1.5 » mm-mrad
" E(N, RMS) 0.3 - 0.4 » mm-mrad

Average gas flow < 1 sccm
Cs consumption ~ 0.5 mg/hr
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“TRIUMF H- ACCELERATORS

< 500 MeV @ < 200 uA
VOLUME CUSP,
@mA H @ ﬁf keV)

e 30 MeV @ < 550 UA
VOLUME CUSP
@EmAH- @ keV)
5 5

e 13 MeV @ < 100 uA
VOLUME CUSP
(1mAH @ 25 keV)

o 1 MeV@ <11 mA
VOLUME CUSP
(12 mA H @ 25 keV)

e 42 MeV @ < 150 uA
Internal PIG =

111.1-3
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TESTSTANDS

* 1 MeV INJECTOR
25 keV Bias
Filament driven
1.4 meter length

Solenoid + magnetic quads

o Stand #2
25 keV Bias
Filament driven
2 meter length
Soienoid focussing

e Stand #3 |
25 keV Bias

micro-wave driven (2.45 Ghz)—
2 meter length

solenoid focussing
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INJECTION OPTICS

(SIMPLIFY, TUNING) -
Cuclodron

o ELECTROSTATIC
VARIABLE DUTY CYCLE PULSER
PEAK CURRENT CONSTANT

e MAGNETIC
CURRENT VARIED WITH ARC POWER
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- SOUHCE & EXIHAUIIUN

o BODY | |
10 cm diameter
filament(s) -
micro waves

¢ dc beams extracted
® TRIODE EXTRACTOR

‘o DIFFERENTIAL PUMPING
MP at lens :
Cryopump on beam line
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DC H™ current (md)
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60 Hz pulse
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60 Hz pulse
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BNL Volume Sources

J. Alessi

Brookhaven National Laboratory
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H- Current (mA)

COMPARISON OF LARGE

AND SMALL SOURCE
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H- Current (mA)

CONICAL VS. DIPOLE
FILTER FIELD

20 60
——— Conical filter e]H
) . ocd-c-=9
------ Dipole filter o
7 H-—-
15 o 45
o--
H—.¢
10 | JUCEREEE c 30
'B"
5t o2l | 15
W e/H
0 < - 0
0 20 40 60 80 100

Discharge Current (A)

-—

111.2-10

e/H



H" Current (mA)

H Current Density (mA/cm?)
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COMPARISON OF TUNGSTEN
VS.TANTALUM FILAMENTS
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LANL .Source Experience

R. York

Los Alamos National Laboratory
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Surface Production Multicusp H- Source

Intensity:20 mA

Emittance:0.08 cm-mrad at 95% beam fraction
Duty Factor: 10% 1msec pulse at 120Hz ~

Gas Pressure:3 mTorr

Size: 20 cm diameter and 23 cm long

Lifetime: 38 days run contiuously with 95% reliability
Energy: '86 keV or 750 kev

Plasma Density: 3 x 1012

Converter: 3.8 cm
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Conclusions

1. The electron to H- ratio effects the quality
of the beam and the operational reliability
of the source. -

2. Volume H- sources are capable of
producing beams of the required intensity
and emittance but, reliability questions
must be studied.

3. Transporting these high intensity beams is
a significant problem and requires careful
study.
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Lawrence Berkeley Laboratory

—

Workshop on-lon Sources Issues Relevant to a
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[ e RF driven H™ source operatlon
without cesium

e RF driven H™ source operation with
cesium

e Start-up of rf plasma
- tungsten filament
- laser
- flash lamp

L'f-;héﬂfﬂh‘;:

* Antenna lifetime for high power
operation
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Isolation transformer was air-cooled
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The sputtering yield of different coatings under H. D jons/cm?) [16]. The data for the coating were in g,ood
and He irradiation was measured in the 100V to 8 keV agreement with values measured on massive materials.
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A High Current H* Volume Ion
Source

K. Saadatménd

Superconducting Super Collider
Laboratory
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Negative ion production

negative ions are made by:

dissociative recombination

— e +H, > H £ H

RIS SR

dissociative attachment .
1.step €t Hy(»=0) = H,(»>0) + €
2. step e, +Hy(»»0)—~H +H
e+H,>H+H
e+H,»H+H

polar dissociation

LEITZ 4734
Made in Germany

e+H,-H+H +¢&

10"”’5_... . - T ey
fe +H, (elastic scattering) ]
s §
(4]
£
O
—_
C
o
2
o -8 —-17, - + + - ’
o 10 - (10 ) e +H, —>H +H 3
() r 3
8 9l ’
-1 - - .
5 10 7 F e +H,—>H +H 3
—20 [ T+H,—-> +H

10 20 3 € H H E

1072 -

= 107! 10° 101 102

electron energy [eV]
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Institut fiir Angewandte Physik, Universitat Frankfurt K. Vol

Negative ion destruction

negative ions are destroyed by:

ion-ion recombination
H*+H - 2H
collisional recombination
e+H —-=H+2¢e

H,+H >H+H,+e

-13

10 - . —
| uanen |
o~
E -4 i
S 10
c e_+H_—>H+2e_
O
-=
o
)
7]
@ -15
7] »
S 10 _ ]
Q i H2+H —>H+H2+e 1
10_16 N " PR PP | . " PP

10° 10" 102

- energy [eV]
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Principle of the magnetic filter
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Institut far Angewandte Physik, Universitat Frankfurt

K. Voli

Intensitat [a.u.]

Intensitét [a.u.]

. o~ ha JUIRV 2 4
Made in Germany

b By

Intensitat [a.u.]

Intensitit [a.u.]
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LEITZ 4734

Made in Germany

Institut fiir Angewandte Physik, Universitat Frankfurt K. Volk

D*spectra

U, =20kV I, =20mA

A .
20M
5
O,
=
)
C
o
<
S N —
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_ —
A/ &luUl
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Principle of the plasma confinement

plasma

anode

cathode

no plasma

as inlet
gas 1 confinement

plasma
confinement
by means of
a solenoid

solenoid
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Extracted current density of the HIEFS

as function of the longitudinal field

strength
T v 7 1 v 1 1 1 1 "1 °7T°
- .By:O 7
& 200 Fv By=2mT i
5 | = By =4mT '
é 150 =
. 100 F : .
% _ IMcq |
= 50 F ——
N IR DU NN T ST NNE W AN SR NN S S SN N
2 4 6 8 10121416 18

Bgo [mT]
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K. Volk

. [Institut fir Angewandte Physik, Universitat Frankfurt

Principle of negative ion extraction

extraction
voltage \ z position

ground pot.

i —>

plasma wall plasma extractor

potential
plasma pot- = n @
wall potential 4 = \ 4
\/ b
— ) igh energy
| negative ions
positive ~and electrons
ions and
low energy

negative ions
and elctrons

not scaled !
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Emission current density

/

o

plasma generator extractor

-—

Jem ':__e n v,
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sitat Frankfurt K. Volk

Institut fiir Angewandte Physik, Universt
Maximum current density at jon sources

with triode extraction systems

lasma

electrode E
= = ground

electrode

| aspect ratio:
S=r/d .
J
Child-Langmuir:
2e
=419 o7 E”
R. Keller:

0,279 2el
i =419 & WEESER -
(14+3S%)
with: d = 4,4721 - 107 U*? (Kilpatrik), and with: S = 0,58

1 | —_—
98mA \/’ [mA/cm’]

[r]=cm, [A]=mass number, [{] = charge state
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LEILA &/34
Made in Germany

Institut fiir Angewandte Physik, Universitat Frankfurt K. Volk

Extractions systems
calculated with IGUN

—

|- [mA] 35 70 140
U, [kV] . 35 55 88
P [ANV?]| 5.4 x 107 | 5.4 X 10° | 5.4 x 107
rfem]|] 0.25 0.4 0.63
dlecm]| 0.7 1.1 1.76
S =r/d 0.36 0.36 - 0.36
E [KV/mm] | S5 5 5
A fcm? 0.2 0.5 1.25
j[mAlcmZ] 178 140 112
ot should be:
_ Jem = JCL (max) L

Hn1.7-13
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LEITZ 4734
Made in Germany

Institut fiir Angewandte Physik, Universitat Frankfurt K. Voll

Beam formation in the extractor

U, =35kV I, =35mA j=178mA/cm’

2,5cm

U =55kV I=70mA |= 140mA/cm?

10 U N 3.107 (C)1992 RBECKER. BASED ON BGUN (1988 W.B.HERRMANNSPELDT

U= 88kV I, =140mA | = 112mA/cm?

1G U N 3.107 (C)1992 R.BECKER, BASED ON EGUN (C)1988 W.B.HERRMANNSFELDT

] &
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Made In Germany

’ Institut fr Angewandte Physik, Universitat Frankfurt A. Lakatos

2 Electron trajectories in electron dump
for a 700mA 35kV

0.700 A. MAX CURRENT DENSITY ON AXIS=0 A/cm**2 AT Z=10.000 A/cta™*2, O/cm==3. DE
HERRMANNSFELDT

i

o 40 80 120 160 200 240 280 320
1:20 700mA clectron beam
ratio kinetic energy thermical stress

| [W/cm?](pulse 10%)
120 (0.7 A) 2250 V 223

and for a 2100mA 70kV

2.100 A, MAX CURRENT DENSITY ON AXIS=0 A/cm**2 AT Z=10.000 A/cm=*2, O/cm==3, DE

IGUN 3.109(C)1992 R,

40

20

o]

i
1:20 2.1A electron. beam 4 units=1mm

ratio ~ kimetic energy thermical stress—
[W/cm[(pulse 10%)

120 (2.1 A) 2500 V 302 :
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[nstitut fiir Angewandte Physik, Universitat Frankfurt K. Volk

Our first H spectra

U, = 8kV
., = 10mA
/ g
El
S,
=
@
-
9
==
1 impurities T
Alglu]
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A High Brightness Hydrogen lon
Source for The BTA

H. Oguri

JAERI

V.11




66} ‘G2 41890100
(Aei@riteg 1e )
921n0g uoJine uope|eds pasind
0} JuBAS|OY S8Nss| 82IN0S UO| U0 dOYSHIOM

ajnsu| yoseesey Abisuz oo}y ueder

ouQ "1 pue remey] ‘W ‘01 'N ‘emeboseH "M
‘ojownZi I\ ‘ouesny] ‘r ‘einwiniQ A ‘UnbO H

v.1-2

v.1d 3HL 404 30HNOS NOI
NIDOHAAH SSANLHOIHE HOIH V

P St Fpaioeyia

TSI T
RPN a

TR ST S

TETIEIT.  TEVISGITT T T




Adoosouoads paylys Jejddoq : PISIA uoloid

wolsAs Jjs s|gnoq  :  @durpiwl
le)@wiiojed [puueyo-niN

JOJUOW B1IM [uuByD-INI\  : 9ijold Wwesd

JUsawiaINsesN

‘A 001 10 abe)jOA uoljela|9dde Uk e _umc._._Otma SeM }s9) wea( 8y L

(1orese]800Y ABojouyos] olseq 'y14) Jojele[@dde Jeaul| uojoud
Aususiul ybiy e 10} pedojoasp ueaq sey 821nos uol usbolpAy v

NOILONAOH.LNI

SRR

v.1-3

RN

3 TE

AN RPE VS T AS A DY




% | >
% 06<

(% 001) peiwrwwixz G0
MO

YW 0zglt

A1 00}

Aundw
PISIA UOl0.d

: 9oUBNIWT pazIjewIoN

loyoe4 Aing
1us.1inn) UOoI}BIB|922Y
abeyjjo) uolrIa8IoY

SH313INVHVd NDIS3d

S RS

HeSE ok

IV.1-4



walsAg uonoenxy abels om|
a|buIg ‘dww 01

(syoubej\ Jusuewlad)
plel4 onaubely dsnoniniy

(sjuswejl4 uaysbuny)
obreyosiq oy

909Jn0g uo| adA] dsno-inyy -

opo0.4109|3
ainuady
lojoelixg weag

JuswisuuoD

uonoNpoId

| jaquieys ewse|d

adAlL

Sanivad

BROBEIPY Ter Tl

v.1-5

IO, T YT,

T T A S T

Catatenr S R R rl v ol

AT v v« ey [rvvT e T we e v e



Cross sectional view
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Magnetic field in the plasma chamber

(Calculation result by a computer code)

CONTOR

SRR Lot AR O

(plain view)

The magnetic field around the inner surface of the
chamber was more than 2 kG. The magnetic field decreased to
less than 30 Gauss within the central region of about 5 cm in
diameter, where the beam extraction aperture exits.
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Magnetic field in the plasma chamber

(Calculation result by a computer code)

2-AX1S

N —
rrrr 1 > T Il T 1
-1.§ -1.0 -0.5 0.0 0.5 1.0 1.5 2.0
X-AX1S 102

(Cross-sectional view)

The magnet columns around the inner surface are
connected at a back plate by four rows of magnets. The open
end of the chamber is enclosed by a plasma electrode, where
additional 10 rows of magnets are installed except for the
central extraction region.
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Field intensity ratio f
of the two-stage extractor

930323
25 — T T T T ] T T ! ! i
= L V,..=100kV .
© - ® : Horizontal L .
= 20 - 4 : Vertical A -
° A :
é‘ | -
15 "
o - -
e - i
P - -
g B -
= 10 B
IR DAG AN AN -2 o 7]
Q B o
£ 5 “_
S |
fis] - :
0 i y i 1 1 ] 1 1 1 1 i
100 150 200

Acceleration Current (mA)

A field intensity ratio f is defined as :
f = E1 / E2

, where E; : electric field at the first stage
E, : electric field at the second stage.
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Arc efficiency

931203
150 , — T T T T 1 ' T T
— - —@— 5 sccm, n=18mA/KW -]
< | —_A— 7 sccm, n=15mA/KW i
£ | = 10scem, n=12mAKW .
e
100 -
- _ i
=
o ]
o L
b
= R -
O
g _ -
PrEATIRL BT A '_.: 50 B 7
« " -
p &9
<
> | i
Q
o s -
< i §
0 1 | ) ] 1 | 1 1 1
0 2 4 6 8 10

Arc Power P__. (kW)

An arc efficiency n, (n = .. / P, ), was high

when the neutral hydrogen gas flow rate injected
into the ion source was low. It reaches 18 mA/KW

at 5 SCCM.
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Proton Beam

R n ;
The Beam Diagnostic Chamber

[ERRELTET N R EOSRY

Multi-channel Calorimeter

|
|
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Multi-Channel Wire Monitor

whza it

32 channels  X-Y each

0.1 mm indiam. Tungsten wire
Central region 2 mm mesh
Outer region 4 mm mesh

Iv.1-13
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Typical beam profile

940126
4 L ] { i I | 1] 1 1
" V,..=100 kV ——@— Horizontal 7
" 1,..=90 mA ——— Vertical -
- §=0.42 4
Py .. PLEBT=3X1 0'5 TOI'I' -
3 3 L=24m -
] - J
=
> - -
o - i
m - e
c 2
Q - i
i
E - .
E : ]
Q 1rF ]
m N i
0
-50 0 50

Position on Axis (mm)

A beam profile was measured by a two
dimensional 32 channels wire type monitor installed
in the vacuum chamber at 2.4 m downstream from
the ion source.

Two solid lines show the Gaussian fitting results.
The fitting curves reproduce well the data with the
beam divergence of 8.5 mrad.
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Optimum beam current

930322, 930712

200

2 £=0.42 |
£ H+
~ 100 @
i Py Y
|5 Vi
o5 )‘/‘/'
£ /‘ He*
m .
om .’ / & iV acc1‘5
=
R ARG =
E ¢
p-
(o)
10
10 50 100 200

Acceleration Voltage (kV)

The red circles and green ones show the
hydrogen and helium data, respectively.

The hydrogen optimum beam current, which
gives the minimum beam divergence, reached
140 mA at 100 kV.
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Emittance diagram

Vacc =060 kV, I acc = 52 ITIA, £=0.42

11993-g6-21

PAI*mRAD*mm |
PAI*mRAD*mm :
PAI*mRAD»*mm

63 % norm. emittance = 0.15 mm.mrad
90 % norm. emittance = 0.29 symm.mrad
100 % norm. emittance = 0.40 ymm.mrad

The emittance was measured by a double slits monitor.
The distance between the two slits is 300 mm. The size of the
first and second slits are 0.5mm X 30mm and 0.5mm X 42mm,
respectively.
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Typical spectrum
of Balmer-alpha light

10

I

Vu::= 60kY
) I scc= 60mA
8 H(0) Viec= -3.8kY
Prc= 0. 14Pa
/\ Pi1 = 0.51Pa
_ =] 8 =116" —
2
E]
E
° 4 I \ He (3 ] Ha(E) '
E
He 2™
) M
a / \:\}ijﬂj \-/\ﬁ/j \M«
USRS :
8055 656 657 658 559 56

The highest peak at 656.3 nm is the Balmer-alpha light
emitted from hydrogen atom in the beam plasma. The four
peaks above 656.3 nm are the Doppler-shifted lights emitted

from the accelerated hydrogen atoms. These correspond to the
peaks due to the H1t, Hot, H3+ and H2O™ ions from the right

side of the spectrum .

Wavelength (nm)
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lon species ratio vs.
acceleration current

930611, 930616

100 1] i 1 1 l 1 1 I 1 l L 1 1 I
" P___=1.3-1.5x10* Torr H.+ ]
. P, =1.7mTorr ® T
~ 80 I ‘. '. -
2 I 0ot ¢ ™ o -
B ® ' -
2 60 -
c [ e OPTICAL _
/2]
2 i |
0 40 n ' ]
Q i N
Q.
N — |||- -
c i -
- o "I I
n NG IRL - -
| A Ad A AghAMA A AH; 1
O 1 i 1 1 | 1 1 1 1 ] 1 1 1 1
0 50 100 150

Acceleration Current (mA)

The ion species ratio in the hydrogen beam was
measured by observing the Doppler-shifted Balmer
alpha radiation emitted from fast hydrogen atoms.

The proton yield increased with the acceleration
current and reached more than 85 % at 120 mA.
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lon species ratio vs.
pressure in arc chamber

100 . ‘ 1 | . | 930701
3 H* - i
:\:: 80 -_- ® o0 o ¢ o L ® —_
2 ok OPTICAL |
S i vV, =80kV
= 1,.=90mA -
8 5 £=0.42 .
O 40 + Vdec=-5.0kv -]
ROGROLRSEN LB 0 o -
" o
()] — |
c - H.* 7
(o) _ A 3 -
— 20 I l - - - | | |
. m H.+ |
. 4 A A 2 A A A i
0 1 I 1 l 1 l ]
0 1 2 3 4

Pressure in Arc Chamber (mTorr)

The proton yield had weak dependence on
the pressure in the arc chamber.
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Rf H* lon Source Development
at LBL

L. Perkins

Lawrence Berkeley Laboratory
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Rf H' ion source development at LBL

Components and Characteristics of Induction Discharges
Antenna
Matching Network
Starter

Experimental Results
Source size
Pulsed and CW

Species and current

Summary

Luke Perkins
Department of Nuclear Engineering
University of California Berkeley
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Magnet Per

- [MeTey

P

5PS TON 50(/%@

P d= 2

SAMARIUM-COBALT
Bmax =1 - 3 kGauss

< S - S

F1ELD LINES.@825,65,0875,1,25,5,75), . 1KG-CH FIELD INTENSITY .@1,.85,.1,.25,.5K

THE MAGNETIC FIELD DISTRIBUTION AND FIELD LINES
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Large source (original)

Applications:
Neutral beam injection systems and particle accelerators (cyclotrons).
Specifications:
Copper or stain-less steel "bucket” with a water-cooled jacket
20 cm dia. x 24 cm long
10 cm dia. x 10 cm long

with a multi-port back flange (for various inlets)

Rf operatioal Performance:
(see graphs)

Small (subcompact) source

Applications :

Neutron generation for oil-well logging and medical purposes.
[Ion source coupled to accelerator and tritium target are housed in 3 cm dia x 30 cm
long glass tube]

Specifications :

3 cmdia. x 5 cm long
4 cm dia. x 6 cm long

Rf operatioal Performance:

Only pulsed operation (<1% duty factor)
(see graphs)
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Induction discharges

Antenna:
Porcelain coated made of copper tubing.

A good antenna coating is critical (especially for CW operation).

» Must be flexible ; crack / sputter resistant.

» Must withstand high potential gradient between the plasma and the
antenna.

=> Optimization of number of tums, diameter of turns, position of antenna is
required.

Matching Network:

Inductor and variable capacitor in series with antenna (RLC circuit).

Rf power from amplifier is delivered via a step-down isolation transformer.

+ Must have adequate cooling (especially for CW operation)

« Must have good cores in isolation transformer to minimized loses (and
phase shifting)

 Must be tuned initially to first order (= 2 MHz) using a vector impedance
meter to minimize phase difference between current and voltage
=> maximize power transfer. Additional fine tuning is done with the
frequency generator during operation.

Starter:
Need for initial break down starter cathode (filament, laser, flash-lamp, etc.)

(alternative: start at higher pressure but can incur large reflected power).

Advantages: Long life-time, clean operation (no impurities in beam)
Disadvantages: equipment requirement, starter requirement, rf shielding.

IvV.2-6
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W oPeRATION
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- TOTAL ion currenT DENSITY yMDER OPTIMAL
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Hydrogen lon Species [%]
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Species for small source, pulsed operation.

Hydrogen lon Species
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E | u [
™ o
- ™ n
—t——t——
26 27 28 29 30 31 32 33 34

RF Power [kW]
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‘Total ion cusrent density for small source, pulsed operation

500 -

350 -

250 1
200 - /

150 -

CURRENT DENSITY (mA/cm2)

100 M T M T v Y v T

RF POWER (kW)

Extracted hydrogen ion current density as
function of rf input power for the 2.5-cm-diam

source. -
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Summary

Source parameters must be optimized (including filter field
strength and pressure)

Duty factor doesn’t affect on a first order source output.

1 kw =~ ImA (qu3\ o -—{Lmuak 5.6mn dia. anwhw.>

Can achieve > 80 - 95% H*

Larger source are more efficient.

b
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Positive lon Sources
Volume Sources at PSI

M. Olivo

- Paul Scherrer Institute
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IOV JovrRCE

(0FerATionaL VALVES Foe A (.S mdé) Frorow Gearn AT 72 MoV
OR 1.0 mA AT $9p0 MeV

MOLTI- CdSP  (CuLHar pESIGN)
PC CHAMBERZ ¢ 10 cwmx/Ocaxl0 ca (G — HaO CooceDd

o fowu (Pw.f BRCk / oF 3.5 6 Sm (o ITAcwETS
U (2x2) Fiearents™ G- 1§10, B Somam L= 100w [ 6V, 2954

GRS FLow/: 3 seem H, - frc Craréee eSives : 4.7mi
- RRC DisCuaree :

*

%0V, 2¢A (tmcour 1Scz<17 %)

TETIZ00€ EXTRACTion Covfacueh Tion 60 klf/s'z;él//-zh/
EXTRACTIoN Ackr jode - & 2mon =D 0.38 cm®

Toray tow EXTEACTion CorCen)T ;3 Jé6 mA d.c. (éf m%lz)
/[f = [2mHA ( ~ 33% Aeorow Ef-if/c/euc/‘)

HY < 5.6 mA Theovst 810 kY Ace, Toge
(3.4« mfl LoIT W 6o kel B.T¥. Cou-/ﬂﬁﬂae.r)

NOGHALIZED Emrriamce [ 7T mom maf] [}6 z]
8.c mA @ éo keV (6croer wge) — o4
§.6 mA D& keV (Ffree Toge) = 0.30
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CRL Microwave lon Source Test

R. Stevens

Los Alamos National Laboratory
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CRL .Microwave Ion Source Test

Ralph R. Stevens, Jr.
Los Alamos National Laboratory

o

The Chalk River microwave ion source is being studied at LANL for use in a cw
neutron spallation source application. This source is now being operated at 48 keV with
60 mA total ion current for an extended lifetime test. Over 120 hours of continuous
operation has already been logged. The initial results are:

(1) The gas flow controller was unstable and additional air cooling was

needed.

(2)  The microwave (2.456 Hz) power to the source was also unstable and
means were taken to stabilize this system.

(3)  The HV sparking rate was initially 16 faults per eight-hour shift, but after
120 hours this rate had decreased to 2-3 faults per shift.

(4)  Beam availability (beam with > 60 mA at 47 kV) was initially less than 90%
but after 120 hours exceeds 95%.

Graphs showing the time dependence of several of the important ion source
parameters are presented below. Although this ion source is now being operated in a
cw mode, we believe that it can be run in a pulsed mode by appropriate modulation of

the 2.45 GHz RF driver.

We anticipate running for 176 hours before terminating this test.
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Fast Beam Chopping at BNL

J. Alessi

Brookhaven National Laboratory
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The 200 ns voltage on-time is not long enough to sweep
away the neutralizing lons, but merely displaces then.
When the voltage goes off, there is a restoring force
between the H- beam and these displaced ions. causing
kick on the H- beam in a direction opposite to the
direction that the chopper deflects the beam. In
addition, due to the displacement of the neutralizing
io0ns, a portion of the H- beam is unneutralized, and
therefore becomes divergent. This distortion of the
emittance decreases/increases as the voltage-on time
decreases/increases at the 2.5 MHz frequency. When
operating with the chopper, the 35 keV line is retuned
to partially compensate for this distortion, but the
full intensity out of the RFQ cannot be recovered. The
net effect can be a loss of 25-50% of the beam current
cut of the RFQ. This may force us to switch in the
future {6 a beam chopper at 750 keV.
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BNL /750 keV Transport

LINAC

L1 Emittance & beamstop
Quad triplet

b Buncher

Quad triplet

Q= Emittance & transf.

‘ Buncher

Dipole

Beam stop

Quad triplet
H & V steering

Fast Chopper

{
(1] H & V steering
q b Buncher
{

Quad triplet
oo Current transformer

RFQ
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H- Beam Chopping in The lon
Source - Preliminary
Experiments

V. Smith

Los Alamos National Laboratory
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LEBT: lon Source to RFQ,
Advantages and Problems of
Space Charge Compensation

J. Pozimski

Frankfurt
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"Workshop on Ion Source Issues
relevant to a
Pulsed Spallation Neutron Source”
Berkeley
October 24 26 1994

The Low Energy Beam Transport
from
Ion Source to RFQ,

Advantages and Problems of Space Charge
Compensation |

J. Pozimski
P. GroB
R. Dolling
A. Jakob
K. Reidelbach

IAP -Frankfurt
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The problem of beam injection into an
RFQ - accelerator

\
Ionsource — | Injectionsystem RFQ
/

"V

Matching a maximized fraction of the beam current from the ion
. source into e.g. an RFQ requires:

- sufficient focusing strength

- control of emitance growth due to :
* aberations of the focusing elements
* non linear space charge forces
* plasma instabilities

- high transmission

* minimize charge exchange, stripping losses
* losses due to rise time of space charge compensation

V4-3




decompensated LEBT
(Einzellenses, ESQ,HESQ...)

= small size, short length

= has to be vacuum-transparent

= significant emittance srowth due to lens aberrations

= minimized beam loss due to charge exchange/stripping

= beam dynamics can be numerically simulated (in

prinziple)
= no space for beam diagnostics

= little space for steerer

= Alignment?
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The compensation process - different stages

uncompensated : c=0 partial compensated : O<c<1 gas (self-) focusing : c>1

D L ' 11 LOJ

Vi vl vi

500 500~ 500~
RGI

] RGI
160 100—?3\'3_§N 100+
> , >

—D I
RGI

The lower pressure limit for overcompensation (c>1) can be
estimated by:

limit = kb TRGA “RGI
Pt rb ORGI VBI

For ESS :

Plimit < 10~ ShPa
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Minimum Rise Time of Space Charge Compensation

10 : - —
——35 keV
——50 keV_ H, |]
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Rise time of compensation as a function of the residual gas pressure
for different gases and ion energies. For the lower pressure limit the
rise time will be appr. 50 us.
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Beamintensity losses along the beampath due to stripping for
different residual gas pressures.For the lower pressure limit
(overcompensation) and 80 cm of LEBT the transmission will be
appr. 95 %.
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Using cylindrical symmetry the radial potential distribution is given by

CD(r)z—SOJ‘c)r J Pres (r’’yr’” dr’” dr’

where pres (r) is the resul g harge[%enslty dlstnb\.\tgon en by
1o ™55

Pres(")=PB[(")+PRG[(")'*‘PCE(") {&)}‘

if MM g

Teoll. < <Ttrap

the electrons are assumed to be thennaﬁzed. There density distribution
is given by the Boltzmann equation.

- [—e® (r)]
pce (r) =pce(r=0) exp | kT

The "production” of RGI charge density is given by
PRGI = PBI VBI NRGA ORGI

and their velocity at radius r (if "produced"” in r*) is given by

-\ 2S00

the radial charge density for the RGI is then

1 (7 pRGI(r*)r"
PRGI (r) = J'o VRGI (1°, r*) ar
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RMS emittance growth due to charge redistribution

d 2
dz

_erms=—‘5<

dz

24 Ay

with the generalized perveance

Ie(

K=

2 e, BIymA

and the non linear ficld energy

AU"—'U'—UKV:fuo

with the electric field energy

R
U=r¢gy JZE,zrdr-kJ E%rdr
a

with a the beam radius and R the tube radius.

12 7 2
= 27= 10 > [joules/meter]
4Tcee P B
and the f-Factors
"Waterbag Parabolic Conical Gaussian
0.00560 0.01176 0.01408 0.03861

assummg a70 mA, 50 keV, H beam of const. radius 10 mm
2V< V< % > ) and an initial emittance of 0.1 ®mmmrad and changing
from gaussian to homogeneous shape

2
§[=\/1+K<x > 0.0386

&

28,2
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IAP - Frankfurt

Influence of the Decompensation by the RFQ on the Beam emittance

Sal. 1 Sol. 2
decomp. 0B3RBT D828 T
SO% comp. 0.687 T 0.703 T
S9X compP. 0.645 T 0.682 T

S

by B3

r—4mm
r'=7¢mrad

Radius /mm

decompensated

o.4d 0.60 0.80 1.00

Distance /m

Calculation of the beam enveloppe in a magnetic LEBT line for different degrees
of compensation.
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Initial emittance 4 cm in front of the Emittance at the RFA entrance after
RFQ. The radial density distribution redistrbution by space charge forces.
is gaussian. Emittance growth appr. 20 %.
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IAP - Frankfurt

100 ottt €/ mm mrod Emittance measured after
: Zw100Z 0.138 the first Solenoid 446 mm
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T A . -
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IAP - Frankfi

Initial emittance of a
25mA,He ", 10 keV
beam after a drift of
112 mm.

Emittance measured after
the first Solenoid 446 mn
downstream the extractio:
system. All decompensati
electrodes on ground
potential.

Emittance measured at the
same position as above bu
first electrode on +40 V.
Instabilities occured.
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IAP - Frankfurt

€ - growth in a magnetic LEBT line

He'
10 keV
2,5 mA
€in : 5* 107
axial €n,90%,, r1os
position *10
[ mm mrad]
Drift comp. 112 5
Drift - Solenoid - Drift comp. 446 12
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Drift - Solenoid - Drift Udeko=-200 V | 446 108
Drift - Solenoid - Drift Udeko=+100 V | 446 115
4200 V
Drif -Sol-Drift-Sol.-Drift comp. 883 22
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IAP - Frankfurt

First comparison between measurement and simulation for
partly compensated transport
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Measured emittance after the first solenoid with
decompensating electrodes on +200 V.
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Result of a simulation asuming compensating electrons only
in a thin cylinder on the beam axis.

V.4-18



et

310 1/m>.

T TS TR T S

-

LR

L/

TR
2 3,5_‘;«3,&\*— AT
PRSw

o9

R

TINTAne re o et b e g e S PRI AT N S LR e

~. .. MAGKETXON LEXS FOR 10K EZixMs ™ *:

-~
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IAP - Frankfurt

Time Resolved Measurements of the
Compensation Process
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Schematic set up of time resolved RGI energy measurements.
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IAP - Frankfurt

Space charge compensated LEBT

-+ small beamradius in long LEBT
' . => space for steerers, dlagnosucs

+ convenient operation (no sparking, ...)

- beam loss due to stripping
- beam loss due to rise time of compensation

+/- emittance growth due to charge redistribution
- emittance growth due to plasma instabilities

. % no closed theory of space charge compensation

* .mﬂuence of choppmg between solen01ds on space charge compensauon

. AT S RS A e SAESHR R ananta PR %

- "external" RGI - heating by the beam
97 influence of the electric field on the RGI and €”
- charge redistribution by chopping might occur (e-growth)

.* more experiments needed.
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LEBT with Steering for H*T
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A Compact Double Einzel Lens LEBT with Steering for H' Beams*

Chun Fai Chan and Jobn W. Staples
Lawrence Berkeley Laboratory
1 Cyclotron Road, Berkeley, Calif 94720

Abstract

We have designed a six-electrode double-einzel lens
low-energy beam transport (LEBT) system with several
unique features. It will extract and transport a 30-50 mA, 40
keV proton beam from an rf-driven ion source to an RFQ
accelerator and is only 11 cm long. Special features include:
1) Independent adjustment of beam radius and convergence
angle (Twiss parameters) at the entrance of the RFQ by using
two einzel lenses; 2) Beam steering to correct misalignment by
using four-way split electrodes; 3) The all-electrostatic design
avoids the problem of beam neutralization entirely; 4) Diag-
nostic instruments and a gate valve can be inserted into the
beam line. Results of computer simulations with 2D and 3D
codes will be presented, along with an engineering design. A
slight variation of this design can be used for H™ beams.

Introduction

The transport and matching of a proton or H™ jon beam
from an ion source to an RFQ is simplified if the proton beam
can be kept unneutralized by using an all-electrostatic LEBT.
Keeping the distance between einzel lenses short decreases the
beam size in the lenses, decreasing the spherical aberration.
Short LEBTs offer the advantage of keeping emittance blowup
under control but the introduction of beam stecring and diag-
nostic devices is difficult.

The LEBT presented here partially addresses some of
these issues. Two einzel lenses allow some range of adjust-
ment in a-f (Twiss parameter) space. Splitting the einzel
lenses into four quadrants allows some degree of steering
without introducing too much aberration, and a short space left
immediately in front of the RFQ entrance allows the introduc-
tion of a gate valve and simple beam diagnostic.

Advantage of an Electrostatic LEBT

Injection into an RFQ usually requires a large conver-
gence angle with the beam focused to a small spot beyond the
beginning of the RFQ vanes. Reducing the distance between
the last lens and the RFQ vane will reduce the beam size in the
lens, which reduces the emittance growth introduced.

Electrostatic LEBTs are mechanically relatively simple
and easy to fabricate, and avoid plasma build-up and instabili-
ties. Three-dimensional computational tools to model the ion
optics design of an electrostatic LEBT with segmented ele-
ments are now becoming available, so one can confidently
predict the performance of relatively complex, three-
dimensional configurations.

“This work was supported by the Director of Energy Research, Office of High
Energy and Nuclear Physics, Division of Nuclear Physics of the U.S. Depart-
ment of Energy under contract number DE-AC03-76SF00098

Specific Design Example

The design example shown here matches an rf-driven
bucket H* source {1] to a 400 MHz, 800 keV RFQ {2]. The
ion source parameters are:

Ion H*
Extr aperture radius 0.21 cm
Current density 0.217 amp/cm?
H* fraction >90 %
Thermal energy kT; 1.0 eV

The RFQ parameters are:
Ion H*
Frequency 410 MHz
Input Energy 40 keV
Output Energy 800 keV
Length 1.0 meter
Foc Parameter B 477
Avg radius r¢ 0.304 cm
Initial a (Twiss) 225
Initial B (Twiss) 6.29 cm
£4rms AcCEptance 0.05 x cm-mrad, norm
Beam spot radius 0.185 cm
Convergence angle 72 mrad
Peak current 40 mA

The LEBT is optimized to provide a match to the default
Twiss match parameters given in the table, with sufficient
range to accommodate variations due to changes in ion source
parameters, beam current and RFQ characteristics.

Yon Beam Optics Computations

We use the axisymmetric 2D code WOLF (3] to com-
pute the charged particle trajectories without steering and
without the electron beam deflection magnet used in the H™
source. In order to compute the rms projected emittance in
each phase plane properly, it is necessary to use the version of
WOLF with skew beam dynamics [4). Here, each beamlet is
launched with axial, radial and azimuthal velocities, the last
two quantities representing the thermal temperature of the ion
from the source.

For the 3D beam optics computation including the
effects of the split einzel lenses used to steer the beam, we use
the ARGUS code developed by SAIC [5].

Thie result of the 2D beam optics computation is shown
in Figure 1. After the match point coordinates of the beam are
calculated from the raytrace code by the usual equations:

12
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where Bg7, is the usual relativistic factor.

ton Source

Match l’olm.f

LEBT for 30mA H* Beam V3453516, 36V

{ Doublc Einzel Lens Design )

{ =30mA

) = 0.217 amplem?®
1o = 0.21°cm

n*(mred)
°

Features :

1. Can adjust independently the beam -
radius and convergence angle at the

match point. -

2, Can peeform beam stecring by using

split 3sd and Sth clecirodes. -

2{em)
Phase Space at the Maich Point

{The scceprance cllipse of the RFQ
is marked by )

Figure 1. 2D Beam Optics for 30 mA Beam

_The computed parameters corresponding to the figure are €45
= 0.038 7 cm-mragd, & = 3.12 and f = 8.89 cm for a 30 mA
beam. (We have assumed that the initial beam thermal energy
kT; = 1.0 €V, thus the initial intrinsic emittance is &4 =
0.014 z cm-mrad.) The ion source current density is 0.217
amp/cm® with an aperture radius of 0.21 ecm. The small
extraction aperture insures a high fraction of over 90% of H*

(6l

Variation of the Twiss parameters o and f is achieved
by varying the potential of the two einzel electrodes (35 and
36 kV in Figure 1). The double einzel system allows the beam
radius and convergence angle to be varied somewhat indepen-
dently, as shown in the four examples-in Figure 2.

"~ Vigs =35, 16,38 kY w Vaas = 35, 16, 34 XV
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-] £ w
.\
» » \
H LA g s
£ ‘ ., E '
] = N
- s‘ﬁ\.- - -
\#
- R -
) -0
- . " . . " - -
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* Vyes=37.16.36 kV b V34533, 16,36 kV
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» TR " 7 N
3 [ ) - \
g L] E° N
b ) w A
- K 5 -
< - =

Figure 2. Exit Beam Variation vs. Einzel Potentials
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The match for variations in beam current from 30 to 50
mA can be accommodated by varying the extraction electrode
potential from -19 to 44 kV to restore the Child-Langmuir
relation. The beam envelope for 50 mA is shown in Figure 3.

Ioa Source End Cap REQ)

l' w '”;qum 35 oL

=

H* LEBT i
1 =50mA «

j =0361 nmplcm2

7o=0.2l e 0

K'(mrad)

x(em)
Phase Spacc a1 the Maich Poimt

(The acceptance cllipse of the RFQ
is marked by *)

Figure 3. 2D Beam Optics for 50 mA Beam

Beam Steering with Split Electrodes

Two steering stations can be accommodated by splitting
each of the two einzel lenses into four quadrants, split verti-
cally and horizontally, allowing the presence of a transverse
electrostatic field with additional power supplies. Figure 4
shows an ARGUS mesh for the electrodes, with one quadrant
removed for clarity.

Figure 4. ARGUS Mesh of Split Electrodes

A balanced potential offset is applied to the split electrodes,
each for the two transverse planes, producing a x- or y-steering
of the beam. Two sets of split electrodes, i.c. each of the two
einzel lenses, allows some cofrection of both position and
angle over small limits at the entrance of the RFQ.

An example is shown correcting the deflection of the
extraction of an H™ beam by the electron sweep magnet in the
ion source extraction electrode using one split einzel lens [7].
Figure 5 shows the effect of a 0.5 kV potential difference
across a split first einzel lens in the y-z plane, Figure 6 show
plot in the x-z plane. The offset angle due to the sweep mag-
net is corrected, with a small residual offset in the y-direction.
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Gate Valve and Diagnostic Instruments

By designing the second einzel lens (the one immedi-
ately in front of the endcap of the RFQ) so it can be taken
down to ground potential, a gate valve or diagnostic instru-
ment can be placed in the 1-cm space between the lens and the
RFQ entrance endcap. Figure 7 shows the ion source and
LEBT placed in front of the one-meter-long RFQ.

The gate valve swings in from the side on a pivoted arm
and rests against the valve face machined into the end of the
RFQ. This valve will hold with gas pressure on the jon
source/LEBT side only. This allows the ion source to be
brought to air for servicing while keeping the RFQ under
vacuum.

A small five-segmented Faraday cup can also be swung
into the beamline at this position with the last einzel lens
operated at ground potential. The beam optics at the last
einzel lens will be altered but can be calculated, and a seg-
mented cup gives rough measurement of the zero, first and
second moments of the beam.

Summary

This double-einzel split-electrode all-electrostatic LEBT
is undergoing engineering development at present and will be
tested on an existing ion source and RFQ. It offers beam
unneutralized transport with steering and some range of adjust-
ment in a—p Twiss space. A gate valve and beam diagnostic
are all accommodated in a 11 cm axial length.
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Figure 7. Ion Source, LEBT and RFQ
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Zum Problem der Strahlinjektion in einen

RFQ-Beschleuniger
Ionen- — | Injektions- [ RFQ
quelle | System ]
AX' ‘Xr
A) .y (N,
X \ X

cr

Strahlenergie:

Ionensorte:

Akzeptanz:

Strahlenveloppe:

3.57keV /u (B, =0.27 %)

50 keV N*, 57 keV OF

€ — 0.7 tmmmrad (I=0mA)
g = 02nmmmrad (I=10mA)

n, rms

o=0.9

B =0.056 mm / mrad

€ =75 n mm mrad
r=2mm
r’'=-33mrad (-1.9°)
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Messungen am Pentoden-Extraktionssvstem

PNTVAR_C

100 T ) { i )
80 | .
60 | -

—
(4]

-—h
o
T
1

Winkel [mrad]
N
o
Strom [mA]
o
13

o
o
o

25 T T T T T T ~— 100 T T 7 M T v 1 v 1 N
o
‘T 20 f i £ 8o} -
E st {1 g seof -
S 10 E 40 -
= 1 & i
e S5}t i s 20} .
%
o ] 1 ! 1 1 1 w o ] i [ i 1 L i " i 1 [
5 6 7 8 g9 10 5 5 7 8 9 10
Ue [kv] U [kv]
tn 4}8’ [nrad]
l'c\-‘ - Int I ,i E(m mrad)
+| B.8 Bl 188. .
5 95.8 [ 97.69
i 18 98.0 57.95_
28 88.01 3m.58
t| 48 [s|[68.7 4.74
w
- e KU-plane:|+] 18, [$] =
~ 5 ) Eps (mm mrad): 38.41
alpha il
beta (nn/mrad): °.42
© e anma(mrad/nn): 7.64
= | current ufi): 352.591
=< Sx mm): -1,
5 Sy’ (rrad): 4.4

B (m/Eps 2): 3.Bfe
B (J’:Lﬁk

~26.5

-53

10 keV Stickstoff
B 58 1.6 17.4 % [mn]
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Beispiel fiir die xx'-Emittanz hinter dem
Pentoden-Linsen-System

in 48 [arad] FILE: LNS_5_42.EMI
5"’;, I: O|?VV\A
10 keV Stickstoft
583 29 B 29 58 8.7 Xliml
3 Qrms © 45 T wuan waveof ewtHauce wa‘l\
gh: Hems = 0.0S Trww\“d SO‘/,
S‘C&ltms: 207, Vad % —
w = .4
Po% Nt 2.2«

= T (N JokeV)I=AO)wh o |
T (M, SokeV )3A2 wmh - b QL
I (H* 30 keV Y= 4% v ‘m
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