_ ISOLDE
@ GERN
L M

|JON SOURCES FOR RADIOACTIVE BEAMS
- AND THE EXTRA OPTIONS

/m\ XXXVIIITH RENCONTRE DE MORIOND
; _ LES ARCS
MARCH |7-22ND

FREDRIK WENANDER




LAYOUT OF THE TALK
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HISTORY AND MILESTONES
I9LL: DEMPSTER USED A HOT SPARK ION PRODUCTION, EFFICIENCY OF |E-8
1951: FIRST ISOL BEAMS AT NIELS BOHR INSTITUTE (COPENHAGEN)

BERNAS TYPE 10N
1967: ISOLDE, CERN

[966: TRISTAN AT THE REACTOR IN AMES, lowaA NIELSEN AND NIER-
SOURCES WERE USED

I976: THE FEBIAD WAS INTRODUCED BY R. KIRCHNER
I987: THE FIRST HIGH EFFICIENCY ECR DESIGNED BY BECHTOLD
MID-1980S: THE LASER RESONANCE PHOTO IONISATION AVAILABLE




THE TASK - IONISATION

ISOL METHOD

TECHNIQUES ALLOW ON-LINE PRODUCTION OF ~80

OUT OF 92 NATURALLY OCCURRING ELEMENTS.
HOW TO IONISE THEM?

GENERAL DESIGN ASPECTS
* TARGET, TRANSFER TUBE, IONISATION TUBE AT
ELEVATED TEMPERATURES TO ENHANCE THE
DIFFUSION AND EFFUSION RATES
¥ THE TARGET—ION SOURCE DISTANCE SHOULD BE
SMALL

* DIFFICULT TO SEPARATE THE ION SOURCE FROM
TARGET, VACUUM SYSTEM, RADIATION SHIELDING
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3. MASS ANALYSER
COUPLED IN SERIES

| Extraction
| Analysis

|
Felesse Loss Decay Loss Condensation Sidebands

Decay Loss

Decay leas

Muliply Charged

STANDARD REQUESTS
* RAPIDITY - HALF-LIFE
* EFFICIENT - LIMITED AMOUNTS OF RADIONUCLIDES
* SELECTIVE - SUPPRESS ISOBARIC CONTAMINANTS
* UNIVERSAL - ADVANTAGE AND DRAWBACK
NEW REQUESTS
* HIGH INTENSITY BEAMS
~0.0l uP TO IEI4 ATOMS/S

* HIGH BRIGHTNESS
FOR TRAP AND CHARGE BREEDER INJECTION

ALSO

* SIMPLE AND RELIABLE (CONSUMABLES)
* RADIATION RESISTANT




|ONISATION METHODS ‘e Se

Surface lonization
—+

* NO UNIVERSAL ION SOURCE

* SPECIALISED TARGET/ION SOURCES
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VERSATILE
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BUFFER GAS CELL |

* IGISOL — IoN GUIDE ISOTOPE SEPARATOR ON LINE

* NO ION SOURCE IN THE CLASSICAL SENSE IS USED
¥ THE DRIVER BEAM IS NOT STOPPED IN A THICK TARGET

VIRTUES AND DISADVANTAGES

* JON GUIDE EFFICIENCY <0.l-10%

+ VERY FAST SOURCE OF IONS, SUITED FOR MS ISOTOPES

+ SUITED FOR REFRACTORY ELEMENTS
- LOwW YIELDS <IEL I0ONS/S DUE TO
THIN TARGET

PLASMA EFFECT (IONISATION OF BUFFER GAS)

- LARGE ENERGY SPREAD (>100 EV)
- WITHOUT ANY SELECTIVITY

- LOW EFFICIENCY FOR HIGH Z OF THE PROJECTILES
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JYFL LIGHT-ION FUSION-EVAPORATION REACTIONS

BUFFER GAS CELLS
ARE FOUND
AND DEVELOPED AT:

JYFL, KU LEUVEN,
UNIVERSITY OF MAINZ,
GANIL, LMU MuNIcH
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BUFFER GAS CELL ||

* |GLIS — ION GUIDE LASER ION SOURCE
* NEUTRALISED RECOIL PRODUCTS ARE RE-IONISED
* NOBLE GAS FLOW TRANSPORTS NEUTRALS TO IONISATION REGION

Experimental setup at Louvain-la-Neuve

VIRTUES AND DISADVANTAGES SextuPole lon Guide Laser lon Source

(SPIG) {sdc view) Noble gas
SIMILAR TO IGISOL BUT: “from purfier
+ SELECTIVE POST IONISATION => Sidas o o Y

NO PROBLEM OF UNIVERSALITY Towards \ SPIG rods
mass separator ¥
+ SPIG => SMALL ENERGY SPREAD  — - R —
(A FEW EV) / ‘ |
- LESS FAST THAN IGISOL 4
(20-500 MS) L. J Ve hole

FUTURE
* ,0% EFFICIENCY CLAIMED WITH ELECTRO-STATIC GUIDING FIELDS
(DC AND RF) AT RIA

|ON CATCHER NETWORK
* GLASS CELL WITH INNER COATING (IEL4 V/M) AND LAMINAR GAS FLOW

* SUPERFLUID HELIUM AS STOPPING MEDIUM AND SNOWBALL CREATION
* SHIPTRAP FOR FRS ELEMENTS




SURFACE IONISER / THERMAL ION SOURCE

SURFACE IONISATION EFFICIENCY IS DESCRIBED BY THE SAHA-LANGMUIR EQUATION
1

Csurface = -6 d, AND g, ARE STATISTICAL WEIGHTS OF THE
|

Jo
1+—exp + ATOMIC GROUND AND IONIC STATE RESPECTIVELY
g, e KT g

SURFACE IONISATION INSIDE A HOT CAVITY
=> AMPLIFICATION FACTOR N, SINCE

* MULTIFOLD CHANCE OF BEING SURFACE IONISED
* TRAPPING IN PLASMA AFTER THERMALISATION
=> ALSO INCREASED IONISATION EFFICIENCY FOR HIGH WI

Positive and Negative Surface lon Source N=| - PURE SURFACE IONISATION
< N=7500 - THERMAL EQUILIBRIUM

100
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SURFACE IONISER / THERMAL ION SOURCE

PROPERTIES
|ONISATION EFFICIENCY 100% FOR WIK5 EV, FEW % FOR WI=6.5 EV

¥ USED FOR ALKALINES, ALKALINE EARTHS, RARE EARTHS, GA, IN AND TL
ALSO MOLECULES AS BAF AND SRF

EMITTANCE ~ |0 p MM MRAD (60 KV, 95%)
* ENERGY SPREAD <2 EV
* MAX CURRENT | ma/MM?2 . Vecuumchember

*

3

* SHORT DELAY TIME (HALF-LIVES AS SHORT AS |0 Ms) ‘ecwmees f:':::jl;:-' - .
SMALL IONISATION VOLUME
OPERATES AT ELEVATED TEMPERATURES i?___—f.:_.; " |'  Exracton st
CLOSELY COUPLED TO TARGETS e Tk _Surtace lonizer

Transfer line

|ONISATION MATERIAL
*TA, W, RE, IR, PT
* TEMPERATURES UP TO 2800 K
* E.G. TUNGSTEN WITHf ~4.5 EV AT 2400 °C
* WORK FUNCTION DEPENDS ON CRYSTAL ORIENTATION, e A
TEMPERATURE AND CLEANLINESS L1 1 ™ ION SOURCE AND VACUUM VESSEL
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NEGATIVE SURFACE IONISERS | §

* INJECTION INTO TANDEM R — \ i \\ 88 |

* STRIPPER EXTRACTION IN CYCLOTRON oo™ o 0 o . 1
/°o°'33°§ K o°vo° Oo oo ee °
100.0% - . [22207002 02200 03 o
1 Trunsfer line from the target
2 LaBg-peliet (#2mm, T 1500K)
3 “First extractor and electron catcher
& Main extractor
]
2
e 1B WORKING PRINCIPLE
E * LAB6, Low f=2.6 EV, ACT AS IONISER (KEPT AT 1200 °C)
:; e s * HALOGENS PICK UP AN ELECTRON FROM THE SURFACE
o B~
= * PERMANENT MAGNET ~| KG, SEPARATE THERMIONIC ELECTRONS, ~I0 MA
g — * SURFACE IONISATION EFFICIENCIES >|0% FOR CL, BR AND |
1
_ Csurface = = A
5 Jo - Ag 0
: 1+ —=—expec——+
- L g- e KT g ALTERNATIVES
0 4 g, AND g ARE STATISTICAL WEIGHTS OF THE CS-SPUTTER TECHNIQUE
Electron Affinity [0-4eV]  ATOMIC GROUND AND IONIC STATE RESPECTIVELY F- EFFICIENTLY

LASER PLASMA IONISATION

EFFECTIVE FOR ELEMENTS WITH HIGH HIGH CURRENTS

ELECTRON AFFINITIES A, SUCH AS
HALOGENS (>1.8 EV)



ELECTRON COLLISION SOURCES - OLD SOURCES

* LOW-PRESSURE ARC-DISCHARGE SOURCES
* ARC DISCHARGE SOURCES HAS A HIGH TOTAL CURRENT OF <5 MA/MM?
* QUITE HIGH IONISATION EFFICIENT (30% FOR AR, KR AND XE)

WHY EXTINGUISHED 7 FUTURE USE THANKS TO THEIR 7)
— UNSTABLE " HIGH CURRENT CAPABILITY?  *

- CATHODE SPUTTERING PROBLEMS WITH FILAMENT LIFETIMES
- DIFFICULT TO HANDLE HIGH CURRENT BEAMS

BERNAS-NIER ION SOURCE
‘ source ‘ * HIGH CURRENT DENSITIES (>100 mA/cM?2)

%k

magnet EMITTANCE AND ENERGY SPREAD ARE LOW
________ (0.0l p MM MRAD, FEW EV)

cathode_ |heating system * SLIT EXTRACTION GEOMETRY
FEW WALL COLLISIONS -> LESS ADSORPTION PROBLEMS

fo cathodeairlock % Erp|cIENT WITH SHORT INTRINSIC DELAYS

& \“ * FORESEEN AS AN OPTION FOR PARRNE PROJECT
lon heum ;\
to targetair lock

HOLLOW CATHODE ION SOURCE

J?g proton beam * |SOL-ADAPTED SINCE “VERY HOT AND VERY SMALL”
anode * NOTORIOUSLY SHORT-LIVED
________ * AXIAL EXTRACTION ON THE CATHODE SIDE
1 source ‘ * HIGH EFFICIENCY AT VERY HIGH PRESSURES
magnef * OPTIMUM PRESSURE ABOUT |E-2 MBAR



FEBIAD - FORCED ELECTRON BEAM ARC DISCHARGE

PROPERTIES

+ STABLE OPERATION WITH LITTLE SUPPORT GAS (PRESSURES SE-4 TO 3E-5 MBAR)
+ LOW ION CURRENT DENSITY (I-20 nA/MM?2)
+ MODERATE EMITTANCE (<20 p MM MRAD AT I5 KV, 95%)
+ LOW ENERGY SPREAD (<2 EV) (CAN BE HIGH FOR 2-ANODE, >20 EV)
+ VOLUME AS SMALL AS |.3 CM‘-5 (6 MS INTRINSIC DELAY)
+ POSSIBLE WITH HIGH CAVITY ENCLOSURE TEMPERATURES
T TR O T ISOLDE FEBIAD MKY7 (water-cooled transfer line)
H : ; : Sn ie
S oo -------- §!'- —Z—M—H"-'I’—4 ————— 1 i-— Water-cooled transfer line:
2 : ‘jr' T ;++ . & ; stainless steel or copper
£ T i §7 i} ™ (< 50 °C)
= .k ; Pd © Dy :
s 1. >IN E :
R B e ik e G i sy _\
T R T odeade -~ T Target
. ! o FEBIAD-B, 1900 K, Ta
I'! : = FEBIAD-E, 2708 K, ©
" ? e FEBIADH, 230K, Ta MK7 <500 °C —
' e - » I NOBLE GASES,
Nz, CO ETC
EFFICIENCIES

Plasma chamber: Mo or graphite,
*¥ 20-70% FOR ELEMENTS ABOVE NEON Source body: stainless steel

(>85% FOR BISMUTH, LEAD AND TIN)

* EFFICIENT IONISATION OF GASEOUS AND CONDENSABLE ELEMENTS
(RELATIVELY REFRACTORY ELEMENTS: TRANSITION METALS AND LANTHANIDES)

2.5 mm diameter, 22 mm length




FEBIAD - FORCED ELECTRON BEAM ARC DISCHARGE

ISOLDE FEBIAD MKS5 ("hot plasma”) ISOLDE FEBIAD MK3 (cold transfer line)

Transfer line connection: Mo

Transfer line: stainless steel
{guartz inserts....)
3 filament heated
b i 5 {200 - 400 *C)

Plasma chamber: Mo, 12 mm diameter, 21 mm length
Heat screens: Mo

Souros bach: graphite Plasma chamber: graphite, 15 mm diameter, 25 mm length
MKS 1900 °C - MK6 1400 °C, INTERMEDIATE TO LOW VAPOUR PRESSURE
ELEMENTS WITH LOW VAPOUR PRESSURE MK3 IDENTICAL TO MK6 BUT TWO ANODES

ISOLDE FEBIAD MK7 {water-cooled transfer ling)

| Water-cooled transfer line:
3 stainless stesl or copper
? (= 50 °C)

SELECTIVITY
PLASMA ION SOURCE UNIVERSALITY =>
ADVANTAGE AND DISADVANTAGE

Target

USE THERMOCHROMOGRAPHIC SELECTION

Plasma chamber: Mo or graphite, 12.5 mm diameter, 22 mm length
Source body: stainless steel

MK7 <500 °C -
NOBLE GASES, Nz, CO ETC



THE FUTURE FOR ELECTRON COLLISION SOURCES

THE FEBIADS ARE ALMOST FULLY DEVELOPED
ELECTRON-BEAM GENERATED

* TANTALUM FREE SOURCE (NO GETTER EFFECT) PLASMA ION-SOURCE

* SOURCES OF GRAPHITE FOR C, O, AND N + PERFORMANCE SIMILAR To FEBIAD
* STUDY THE RADIATION RESISTANCE (INSULATORS) (35% IONISATION EFFICIENCY FOR KR)
(To REACH EURISOL BEAM INTENSITIES) + SIMPLER DESIGN (NO MAGNETIC FIELD)

+ NO INSULATORS IN HIGH T REGION

+ COLD SPOT TEMPERATURE >2500 K

+ ONLY 0.4 CM3 IONISATION REGION =>
SHORT INTRINSIC DELAY

EB titamant [ Tal

f.nace

- qu"j"

':, = : F. [ 4

e Stboue st e - DELICATE AND CRITICAL DESIGN

iy Arsndde end plate (catcher) [ Ta ar W)

—_— II A Capillary§2
o - J]Tubes
FCathode %2
[Tal e )

Mol ecular flow
resTriction

it

R, T&,;EI rirg -

o 1 - for inlarma < i
il o 1 o AT

s i L : larget o Extracton B

el AW r_'u'll'r'
FEBIAD AND BERNAS PROBLEM WITH LIGHT ELEMENTS

|. LOWER IONISATION CROSS SECTION
2. SHORTER TRANSIT TIMES THROUGH THE IONISING VOLUME

C, N, O PARTICULARLY TROUBLESOME SINCE ALSO THEIR VOLATILE MOLECULAR

COMPOUNDS CO, CO,, N,, O, ARE VERY REACTIVE IN HOT ENCLOSURES

THE ANSWER TO THESE PROBLEMS IS COLD-ENCLOSURE ECR SOURCES




MULTICUSP ION SOURCE

PRINCIPLE
RADIAL CONFINEMENT BY MULTICUSP FIELD
ALTERNATELY POLED PERMANENT MAGNETS
PLASMA HEATED BY A FILAMENT OR AN RF ANTENNA
SIMILAR TO AN ECRIS

DATA

LOW ENERGY SPREAD AND SMALL EMITTANCE
(<0.0l p MM MRAD)

EFFICIENT IONISATION OVER A WIDE PRESSURE RANGE
POTENTIAL FOR PRODUCING NEGATIVE IONS

CURRENTS OF SOME MA

LESS HIGH CHARGE STATE PRODUCTION THAN IN AN ECRIS
PERMANENT MAGNETS => RADIATION SENSITIVE

10 em i

Fig 1. Dusign deawamg ol the el driven mudisiueg son surdon.



Li [Be B C N 0
ECR ION SOURCES T ® I R
Na [Mg Al |Si |P S
19 20| 211 22 23] 24| 251 26| 271 28] 20 30l 31 32| 3} 34
K Ca |Sc |Ti Vv Cr [(Mn JFe |Co |Ni JCu |Zn |Ga |Ge |As |Se
37 38] 39| 40l 4] 42| 43 44] 45| 46| 47] 48] 49| 50 51| 52
Rb [Sr Y Zr INb Mo [Tc JRu JRh JPd JAg JCd |in Sn |Sb |Te
s5s| 56| 57 72 3| 74| 75| el 77|l 78 79 so] 81 82 &3 &4
Cs [Ba JLa [Hf |JTa |W |Re ]JOs |Ir Pt JAu JHg [Tl Pb |Bi |Po
87| 88| 89| 104] 105] 106 107] 108] 109] 110] 111] 112
Fr |Ra JAc |Rf |Db ]Sg |Bh [JHs |Mt

s8] 59 e0] 61| 62] 63 64 651 es] 67 68 69 70 71
Ce |Pr INd |Pm [Sm JEu ]|Gd |Tb Dy JHo JEr |Tm |Yb JLu
9of 9] 92| 93 94 95| 96| 97 98] 99| 100 101} 102] 103

PRINCIPLE m Jea Ju o lew lam Jom Jei for Jes Jem s fno .-
* CONFINING MAGNETIC STRUCTURE ELEMENTS COMPATIBLE WITH A “COLD-BODY” ECR 10N SOURCE
* RF APPLIED, FEW GHz

* ECR EXCITATION OF ELECTRONS

* FREQUENCIES 2.45 GHz -28 GHZ OR HIGHER
* |ONISATION BY ELECTRON-ATOM COLLISIONS

DATA

+ NO HOT PARTS, NO WEARING PARTS (NO FILAMENT)
+ SUITED FOR VOLATILE ELEMENTS (GASES)

+ HIGH IONISATION EFFICIENCIES

+ POSSIBLE TO PRODUCE MULTIPLY CHARGED IONS
HIGH TOTAL CURRENTS (UP TO SEVERAL MA)
RELATIVELY LONG DELAY TIME (<100 MS)

LARGE EMITTANCE (0. p MM MRAD)




MONOECRIS - I* ECR 10N SOURCE

COIL CONFIGURATION PERMANENT MAGNETS
GOOD RADIATION HARDNESS POOR
H POOR CONFINEMENT H GOOD

ECRIS COILS

RF POWER & (4
TRIUMF {} CUkRTE TUBE . Vs &
-~

SUPPORTING [RON
GAS g STAINLESS
o
l E STEEL il
SAMPLE A T m - extraction
GAS electrode
Le———
PEIZOELECTRIC
VALVE ' EXTRACTION
FLECTRODES
[l 5 1w | B e
PUMPING

* |ONISATION EFFICIENCY FOR N, O, NE:
20%, 20%, 12%
* DELAY TIME <100 Ms (?)

* ENERGY SPREAD <4 EV FWHM * |ONISATION EFFICIENCY HE, NE
HE* >20%, NE* >35%
FUTURE * TOTAL EXTRACTED CURRENT < | MA
* HOT PLASMA ENCLOSURE - HELP OR ADD PROBLEMS? (>> 10 UA HE* / NE*)
MORE BACKGROUND PRESSURE? REDUCED STICKING TIME * DELAY TIME (EXTRACTION 90%)
* HIGHER FREQUENCIES (6.4 GHZ AND UPWARDS) HE*~50 Ms, NE*~I50 MS, AR*~250 MS




HOLLOW CATHODE TYPE

DUOPLASMATRON
PROPERTIES Hollow cathode R
* HIGH CURRENT CAPABILITY (MA)
* VERY HIGH ELECTRON DENSITY |EI4 cM™ Intermediate Cathode
* SUITABLE FOR GASES (ALSO HE AND NE) electrode - \ N PvdedNn
* DC OR PULSED OPERATION (DOWN TO 20 ns) c _ '
* STORAGE CAPACITY 5EI4 CHARGES m’;;n";'fi R
* HIGH EFFICIENCY 90% (AR) \ ]
* WELL-TESTED SOURCE - AROUND SINCE MID-50S //\/\,\/ N7

Pa

A Acceleration
node p supply .:-J
Extractor 0- 22 keV |*
Magnet can be of coil type
EXAMPLES:
_ CERN LINACZ2: PULSED OPERATION | Hz, T_,.=20-150 ns,
C IE A E lea=290-300 MA, Qe charee > 210" CHARGES

FERMILAB PET: PULSED OPERATION 360 Hz, T
. B |

EXT:80 s,
=25 MA 3HE*, IONISATION EFFICIENCY ~0.5%

SCHEMATIC SKETCH

PEAK



HOLLOW CATHODE TYPE

DUOPLASMATRON
Hollow cathode R
LIMITS AND QUESTION MARKS
* DELAY TIME (TARGET TO SOURCE TRANSPORT)? Intermediate g
* EFFICIENCY FOR PULSED OPERATION? electrode supply
* INAPPROPRIATE FOR NON-VOLATILE MATERIALS \ “UkV 0.2A0¢
(NON-HEATED CHAMBER WALLS) Ceramic
* NON-CONVENTIONAL RIB SOURCE - NEEDS ADAPTATION mug{lefs | R
‘A N/
N

Pa

Acceleration
AnO e / supply |
- b 4

Extractor 0- 22 keV

Magnet can be of coil type

’? POSSIBLY TO REACH AN EFFICIENCY OF 5% FOR ’)

C |E A E HE AND EVEN HIGHER FOR NE, WITH AN EXTRACTION .

L : TIME OF 50-100 n$ AT AN OPERATION FREQUENCY OF 200 Hz?
SCHEMATIC SKETCH

— 5



RESONANT |ONISATION LASER |ON SOURCE - PRINCIPLE‘

STEPWISE RESONANT LASER IONISATION VIA ONE OR MORE INTERMEDIATE LEVELS |

lonization scheme for Tin
CHEMICALLY SELECTIVE, UNIQUE FINGERPRINT OF EACH ELEMENT

=> MINIMAL ISOBARIC CONTAMINATION

823.5 nm
B00 mW (nol saturated)

sp Py 47235 cm "

E11.4 nm
160 mW [saturated)

iR, 38520 om! ]
Spfis YR 1 ! .
s e egeld #’lon beam lines

TRANSITION INTO CONTINUUM,
TO AUTO-IONISING STATES,
OR TO RYDBERG STATES

@
Mass separator

r
3008 nm /'« 286.3 nm

45 mW (saturaled) J.'

Jory 82408 et 230 V@5
L 1692 cmi? 4096
P, DemT 37% Sn I
T=2000% C
Three fine siruciure components of the ground state F
are thermally populated, but only one can be excited Proton 1 T 60 kV
al a time. A second UV laser (dolled line) could roughly Extraction ]
double the effisiency. beam Electrode

HEATED CAVITY (NB, TA OR W)
+ FAST RELEASE (SHORT STICKING TIMES)
+ CONFINES ATOMS UNTIL LASER PULSE IMPINGES
+ CONFINES IONS IN POTENTIAL TROUGH
- ACT AS THERMAL IONISER

_’tk lonizer
ol

% bc

Target - lon Source Unit




RESONANT LASER |ONISATION - RESULTS DATA

* Wi L T0 9 EV
(MAY BE APPLIED FOR MOST METALS)
SELECTIVITY * |-30% IONISATION EFFICIENCY
* SELECTIVITY A FUNCTION OF CAVITY MATERIAL 10-IE5 * ENERGY SPREAD <2 EV
* 100 NA/MM2Z (?)
* SOMETIMES
ISOTOPE SELECTIVE (STRONG ISOTOPE SHIFT FOR LIGHT ELEMENTS)
ISOMER SELECTIVE USING THE HYPERFINE SPLITTING sopphire
3
* ALKALI SUPPRESSION = o051
MICRO-GATING 3
REDUCE CAVITY TEMPERATURE §
CHOOSE LOW WORK-FUNCTION CAVITY MATERIAL § 0
TRANSFER LINE WITH INVERTED POLARITY 0 10 20 30
time [y

I ciements available at ISOLDE RELIS —

lonization scheme tested He

E NE RGN PULSED BEAM STRUCTURE
s e ke * PULSE LENGTH ~20-40 ns FWHM FoRr A=100
st vtz I o fre lau fen feo L_|xe * ALSO A DIRECT PEAK OF 0.4 ns%

o T I T BT B B R B BT BT e * HIGHER FIELD GRADIENT -> SHORTER PULSE
Fr |[Ra JAc JRf [Ha ]Sg INs [Hs JMmt
(USE HIGH RESISTIVITY CERAMIC CAVITIES)

lonization scheme untested

22 23] 2
Ti |V Cr Fe
40| 41] a2f 48| 44| 49

] sofeg] e e eal 6 & o 6] cmeommm] 7

Ce IPr [Nd JPm ISm |Eu JGd JTb [Dy |Ho JEr JTm [Yb flLu

of o] e2) esyoaf es| o6l oz| o8] 99| 100] 101f 10 103
IPu |Cm IBk

T lPa o INp A el les |Fm IMd [No Jur USEFUL FOR GATING OUT THE SURFACE IONISED IONS

[ONIZATION SCHEMES USED WITH DYE LASERS PUMPED BETTER SIGNAL-TO-NOISE RATIO AT THE EXPERIMENT
BY COPPER VAPOR LASERS




FUTURE LASER DEVELOPMENT

SO0 - | 1 -"'\[rh

SR il&"b

B0 -

Laser Ion

PRINCIPLE SETUP OF LIST
s000{  BUNCHED RELEASE Source-Trap

Separator
Magnet
OF LASER IONISED YB

" i /~  lonRepeller )

counts

o 1 m .—Lf
3 20 25 30 35 Target ||E|E|EIEIEIEIEIEI| laser
time {ps) _| eams
[ | o |
. |y
BUNCHED RELEASE I
* HIGH LONGITUDINAL ELECTRICAL FIELD I RFQ Trap :
THIN NB FOIL CAVITY (60 NM WALL) ! ion beam
COATED INSULATORS 1 Atom
1 Funnel
* CLAIMED ION BUNCH HALFWIDTH=0.5 ns :
* BUNCHING EFFECT => ,
SELECTIVITY ENHANCED BY A FACTOR OF 100 ) SUPPRESSION OF SURFACE-IONISED IONS

TRAPPING-ACCUMULATION IN LINEAR RFQ
BUNCHED OR DC ION BEAM RELEASE

NEW CAVITY MATERIALS ¥ BUFFER GAS COOLING
¥ LOW WORK FUNCTION LOW-EMITTANCE ION BEAM
¥ LONGTERM STABILITY * NUCLEAR POLARISATION BY OPTICAL PUMPING

* TAC, ZRC, IRsCE, THO,, CEO, * TIME-FOCUSSING FOR MASS SELECTION




MASS SEPARATION

ONCE ISOBARIC CONTAMINANTS LEAVE THE SOURCE IONISED,
ONLY REMOVED FROM THE BEAM WITH HIGH RESOLUTION MASS SEPARATORS

EXPENSIVE

ELABORATE IN USE
GET STRONGLY CONTAMINATED DURING LONG-TERM OPERATION
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NEAR D-STABILITY COLLISION WITH RESIDUAL GAS

Q,<I MEV, FOR A=I00 => RESOLVING POWER >|E5 ABERRATIONS

FAR FROM STABILITY ENERGY SPREAD
Q, Is 3-10 MEV, RESOLUTION OF 1000-30000 SUFFICIENT REDUCE MASS SEPARATOR SLIT WIDTH



ELEMENT SELECTIVITY

SUPPRESSION OF ISOBARIC CONTAMINANTS

|. CHOICE OF THE PROJECTILE AND ENERGY

(E.G. NEUTRON INDUCED FISSION FOR ACTINIDE TARGETS)
2. CHOICE OF TARGET MATERIAL, GEOMETRY AND THICKNESS i

3. TARGET-TO-ION SOURCE TRANSPORT

THERMO CHROMATOGRAPHY
ALKALI SUPPRESSION VIA INTERNAL DRIFT FIELDS e O
L. SELECTION IN ION SOURCE
(EXEMPLIFIED THROUGHOUT THE TALK)
9. MOLECULAR BEAMS

CREATE VOLATILE MOLECULES (REDUCE WALL-STICKING TIME) L L ooy J
CREATE MOLECULAR SIDE-BANDS, FOR INSTANCE SNS
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BUNCHED EXTRACTION
IMPROVED SELECTIVITY AND SIGNAL-TO-NOISE RATIO

* PULSED DRIVER BEAM
I4BE(4.35 MS) S/N RATIO IMPROVED BY 2 ORDERS
* LASER IONS SOURCES
RILIS MICRO GATING AT 10 KHZ
* FEBIAD
HEATABLE COLD TRAP
* ECRIS
AFTERGLOW OR ELECTROSTATIC BUNCHING
* EBIS, TRAPS AND RFQ




‘NOVEL® ION SOURCES

IMPORTANT BEAM PROPERTIES

* BEAM BRIGHTNESS
EMITTED CURRENT DENSITY PER SOLID ANGLE B=I/(p*e)2

* ENERGY DISTRIBUTION
EFFECTIVE MASS SEPARATION OR BEAM FOCUSSING

* TRANSVERSE EMITTANCE
MASS SEPARATION, TRANSPORT EFFICIENCY AND FOCAL SPOT SIZE

FUTURE HIGH INTENSITY ION SOURCES
? RADIATION DAMAGE (INSULATORS BECOME ELECTRICALLY LEADING ETC)
? TARGET OUT-GASSING AND VACUUM PRESSURE IN ION SOURCE
? GAS SCATTERING AND RESONANCE CHARGE EXCHANGE DUE TO HIGH NEUTRAL GAS FLUX
? SPACE CHARGE EXPANSION DETERIORATING THE MASS RESOLUTION

>|00 MA SPACE CHARGE ACTIONS
MULTI-ELECTRODE EXTRACTION SYSTEM
ELECTRON TRAPS TO COMPENSATE THE BEAM
MAGNETIC LENSES
EMITTANCE METER CLOSE TO THE TARGET-10ON SOURCE



* Pulsed LINAC
* CWLINAC
RIB POST ACCELERATION

* Cyclotron

) ) Mass Analyser
High energy g* ions

towards physics target

ENERGY REQUEST
FEW eV FOR MASS MEASUREMENTS
KeV FOR SOLID STATE AND ATOMIC PHYSICS

MeV/NUCLEON TO REACH AND PASS COULOMB BARRIER Post acceler ation
GeV FOR BETA BEAMS

of ISOL beam

i

L ow energetic g-ions

-> NEED FOR POST ACCELERATION OF |ISOL BEAMS

AND
ENERGY |

Q IN LINAC High energy driver bea

=
QZ IN CYCLOTRON e.g. protons, ions

MASS-TO-CHARGE RATIO (A/Q) < 1/9

Primary target

Analyzing magnet

THE IDEA

CHARGE BREED (I+ ® N+) LOW-ENERGY IONS

SIMPLICITY(?)
EFFICIENCY(?)

COMPACTNESS (SHORTER/SIMPLER/CHEAPER LINAC)
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STRIPPING TECHNIQUE

CLASSIC CONCEPT - STRIPPING TECHNIQUE
+ SIMPLE METHOD AND FAST

- NOT EFFICIENT AT LOW ENERGY (<150 KEV/U)
=

PRE-ACCELERATION BEFORE STRIPPING NECESSARY

EXAMPLE: ISAC AT TRIUMF
RARE ISOTOPE ACCELERATOR (RIA)

FIGURE 1. Block-diagram of the RIB Linac. 1 — Isobar
separator, 2 — High voltage platform, 3 - 12 MHz RFQ, 4 —

0 12 MHz Hybrid RFQ, 5 — helium strippers, 6 - 24 MHz
‘0 b Hybrid RF(Q, 7 — SC Linac between the strippers, 8 — carbon
F A r \'\..\ stripper, 9 — beams to astrophysics experiments, 10 — SC
T 50 L"k" ‘T booster linac, 11 — ATLAS, 12 — high energy beams.
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MULTIPLY CHARGED IONS‘

NANOGAN Il [ wis
10 GHz ECRIS .- \l
1

Driving beams-._

eg 12C or 6O'J?-"'
n/

STRAIGHT FORWARD

N+ DIRECTLY FROM ION SOURCE IN THE PRODUCTION CAVE

FOR INSTANCE NANOGAN I[II AT SPIRAL, GANIL

* NOBLE GASES AND VOLATILE GASES WITH SHORT STICKING TIME
(N, O, F, HE, NE, AR, KR)

* EFFICIENCY SOME PERCENT (TARGET DIFFUSION * EFFUSION * IONISATION)
1% FOR '8NE“* (T,,,=1.67 S)
~5% FOR '“0O* AND 3N+

PROBLEMS

CONDENSABLE ELEMENTS -> SHYPHIE FRoM GANIL
ACTIVITY DEPOSITED IN THE ECRIS




CHARGE BREEDING Electron Cyclotron Resonance Ionsespgrlétrlgr(]a

A
%2% from residual
; e IOnS
Electron Beam lon Source gr?glyed y ‘L /gas
charg £ - Y
iv ions // _'_ I&]%%g .' \ \\‘
> /I\ solenoid

i g \
4 /; F coils
i singly : e N
b charged continuous injection, S D

solenoid

™ ions extraction in the after glow mode
N ‘\ confinement in the plasma
+ FAST CHARGE BREEDING, HIGH i + LARGE CHARGE CAPACITY
CHARGE STATES n*-ions AND HIGH CURRENTS >|0 NA
+ HANDLE VERY WEAK BEAMS <| NA + DC OR BUNCHED INJECTION
- LIMITED CAPACITY - HIGH BACKGROUND CURRENT
- COMPLEX, TRAP OR RFQ COOLER NEEDED - LOWER CHARGE STATES
+/- UHV
TRAP/EBIS ECRIS
* EFFICIENCY: 5-10% (INCLUDING TRAP) 5-10% CW EXTRACTION
(IN ONE CHARGE STATE) 2-5% AFTERGLOW

* ENERGY SPREAD: <50 EV*a FEW EV

* MAXIMUM THROUGHPUT: IE9 I0NS/S IEI2 IONS/S

* LOWER CURRENT LIMIT: FA 10 NA

* BREEDING TIME: A/Q< L IN20MSFORA =50 A/Q< 6 IN50MSFORA =50

IN 160 MS FOR A =150
* STORAGE CAPACITY: IEIl CHARGES/PULSE >2E|2 CHARGES/PULSE
(PENNING TRAP LIMIT |IE7 CHARGES/PULSE)
* STORAGE TIME: FEW SECONDS < 100 MS?
* INJECTION: PULSED - A FEW 10 N3 CW OR PULSED

* EXTRACTION: PULSED - 10-50 N% CW OR AFTERGLOW <MS



BEAM COOLING SYSTEMS‘

0 0000

A

trap cylinders

>

PENNING TRAP‘

4y

N\

REDUCE THE TRANSVERSE EMITTANCE, ENERGY SPREAD
PROVIDE MASS SELECTION AND A BUNCHED BEAM IF NECESSARY

RF -FUNNEL |

WORKED ON AT LMU MuNICH
HIGH CURRENT CAPABILITY

PLACES FOR TRAPS AND COOLERS

ISOLTRAP AT ISOLDE NSCL/MSU
JYFL LPC/CAEN
MISTRAL AT ISOLDE MAFF IN MUNICH
SHIPTRAP AT GSI RIA AT ARGONNE
CPT/ARGONNE

AND ELSEWHERE...




RFQ COOLERS

l.l 20 40 em

BENEFITS }
njection xtraction
* HIGHER BEAM TRANSPORT EFFICIENCY | pr::mmnnﬂh.
lZIIIIIIEIIIIIIIEI
* HIGHER RESOLUTION IN MASS SEPARATOR S | | Tl
* HYV platform;

IMPROVED SENSITIVITY OF ANY PRECISION SPECTROSCOPY
(E.G. LASER SPECTROSCOPY)

0 1

* EFFECTIVE INJECTION IN TO CHARGE BREEDERS AND TRAPS H i
* BEAM BUNCHING -> INCREASED NOISE-TO-SIGNAL RATIO Pulsed T
; +45V +40V 0V ullse ;
' | “ H | o end-plate
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Collisional coolingin an | I | | Miniature
Deceleration RF-guadrupole Acceleration v, 4 quadrupcle

Accumulate

Beam in [| 'I IH Beam out

0] | :
|
a l ‘ l \ — 40kV l B
Turbo pump Turbo pump Turbo pump
500 I/s 13001/s — 900 1/s
[ ] High vacuum 10-6 mbar [ ] Buffer gascell, P~ 0-1 mbar

[ 1 Intermediatevacuum 10* mbar [__] Electrodes

|:| HV isolator



RFQ COOLERS

DATA
* ENERGY SPREAD < | EV (FROM ~I00 EV)

0 ll! 40 em

IlllLL[i{'} Xtraction
* TRANSVERSE EMITTANCE - A FEW p MM MRAD (40 KEV) =l ijm””ﬂ\__.
|IEIIIIIIIIIIIIII]
* LONGITUDINAL EMITTANCE < 10 ns*EV vi | Tl
HY platfo
* CAPACITY BUNCHED MODE - IE3-IE5 IONS S
DC = lO NA ) 1 i !
* TRANSMISSION EFFICIENCY - ~50% (DC AND BUNCHED MODE) e N B
* DELAY TIME (WITH AXIAL FIELD) ~I MS R Bolod.
* BUNCHING ACCUMULATION TIME IO MS TO | S N | | e
-1.5V
BUNCH WIDTH 5-20 ns (FWHM) —
Collisional coolingin an | I | | Miniature
Deceler ation RF-quadrupole Acceleration v, 4 quadrupole
| Accumulate
Beam in l | IH Beam out
| T e -
| | _
| !ﬂ
a l ‘ l \ — 40kV l B
Turbo pump Turbo pump Turbo pump
500 I/s 1300ls —— 90 I/s LIMITATIONS
] High vacuum 106 mbar [0 sufer gascell, p, -0 mbar TIGHTER SPACE-CHARGE RESTRICTIONS

THAN FOR A PENNING TRAP
[ 1 Intermediatevacuum 10* mbar [__] Electrodes

|:| HV isolator



'3

'3

PENNING TRAPS‘ m@f@f\%

DATA
CONTINUOUS INJECTION
COOLING TIMES 10-20 MS
PULSED EXTRACTION 10 ns
(No DC EJECTION MODE)
EFFICIENCY £ 40%

(EXTRACTED COOLED IONS / INJECTED IONS)

STORAGE CAPACITY IE7 IONS PER PULSE
SPACE-CHARGE EFFECTS OVER IE6 IONS/PULSE

DECREASE IN EFFICIENCY

UPWARD SHIFT IN CYCLOTRON FREQUENCY

MASS RESOLUTION 300-500
(IE5 IN UHV TRAPS)

Accumulation Cooling Ejection

THE LARGE REXTRAP AT ISOLDE

REXTRAP RESULTS

~3.5EL STORED K+, 30 KEV 10N ENERGY, STORAGE TIME 20 MS
LEFT: NO COOLING APPLIED: 80% EMITTANCE 30 P MM MRAD,
RIGHT: SIDE-BAND COOLING: 80% EMITTANCE 10.6 p MM MRAD

T i T
el [ - 10



PENNING TRAPS - FUTURE‘

g = (B2 eo)/(2 m)
BRILLOUIN LIMIT

Usin(wt)

-Ucos (wt)

LIMITATIONS
* SPACE CHARGE LIMITATION AND COOLING TIME

THE LARGE REXTRAP AT ISOLDE

FUTURE L —

* NEW COOLING SCHEME: - 50t \/\/-\.\./.\.\._J_./\_
ROTATING WALL COMPRESSION (BRILLOUIN COMPRESSION) & 40- -
SPIN UP THE ION CLOUD 2 _‘\) ]
DIPOLE OR QUADRUPOLE EXCITATION 530l e e ]

B F \”ﬂ\/\ ]-
2 20| \ — a— Side-
* ONLY DIPOLE ROTATION TESTED SO FAR Shl RN "— Side-band
= \ —®— Rotating wall
SE7 I0NS/BUNCH 10t ‘\\A —A— without cooling
STORAGE TIME NOW >|00 MS i e e
0 50 I 100 I 150 I 200 I 250
* WILD SPECULATIONS storage time [ms}

THEORETICAL LIMIT, BRILLOUIN LIMIT, N,,,,=6E6 HE* MM COMPARISON COOLING SCHEMES
IEI0(?) IONS COOLED PER SECOND OR IE9(?) IONS PER BUNCH SIDE-BAND AND ROTATING WALL




CONCLUSIONS

* 80 OUT OF 92 ELEMENTS CAN BE PRODUCED AND IONISED
SUFFICIENTLY(?) FOR PHYSICS EXPERIMENTS

* STANDARD RIB I0N SOURCES (FEBIAD, SURFACE) REACHED MATURITY
IMPROVEMENT WITH MOLECULAR BEAMS FOR REACTIVE ELEMENTS

* RESONANT LASER ION SOURCE STILL POTENTIAL FOR DEVELOPMENT
NEW IONISATION SCHEMES, HIGHER POWER

* UP-SAILING REQUESTS
NOT ONLY EFFICIENCY - ALSO INTENSITY
HIGH BRIGHTNESS BEAMS
BEAM BUNCHING

* REVIVAL OF OLD HIGH CURRENT SOURCES?

37 GHz ECIF al RF couplin
More by Pascal Sortais

* BEAM TOOLS (BUILDING BLOCKS AS CHARGE BREEDERS, RFQ COOLERS ETC)

* FREQUENT USE OF ECRIS




