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Overview

e Why RIBs

e From principles: ISOL and post acceleration

e Facilities: CRC-LLN, SPIRAL, HRIBF, ISAC

¢ Selected experiments

¢ | ooking forward
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Thin Target Method (In-Flight)
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Basics of the production

‘ b Diffusion, Effusion, ionization

M. Fujioka and Y. Arai, Nucl. Instr. Meth. 186 (1981) 409
R. Kirchner, Nucl. Instr. Meth. B70 (1992) 186

R. Kirchner, Nucl. Instr. Meth. B203 (2003) 179

=
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AV" International Conference on Electromagnetic |sotope Separators
and Techniques Related to their Applications

Deauville
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SC-ISOLDE Production Yields

To see the isotope production rates of the ISOLDE facility, click on the element you are interested in! Note that only beams from the

elements with vellow background are available. If the letters are printed in are produced, while
ones.
H He
Li [Be B|C| N | O|F |Ne
Na|Mg Al | Si| P | s |CI|Ar

KiCa|Sc|Ti |V |CriMn|Fe|Co|Ni |CulZn|Ga|Ge|As|Se|Br | Kr

Rb|Sr| Y Zr Nb|Mo| Tc |RU/Rh|Pd | Ag|Cd|In |Sn|Sb|Te| | |Xe

Cs|Ba|La Ta| W Re |(Os|Ir |Pt Au/Hg| Tl |Pb| Bi |Po| At |Rn

Fr |Ra| Ac

antieanes —— Ce | Pr[Nd [Pm|Sm|Eu | Gd| Tb Dy |Ho | Er Tm|Yb | Lu

scThices - —TTh|Pa | U |[Np|Pu|Am|Cm|Bk| Cf |Es |Fm|Md No| Lr

isolde.cern.ch
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WebElements

Boiling point [K (Kelvin)] coded by intensity of red

: A
S Li Be 427 Sa6D -N 0 | F |Ne .alds

Na Mg K {Kelvin) ALISi P | S | CL| Ar

that only beams from the
Ga Ge As Se Br Kr re produced, while

In 50 | 5b(Te| ] (Xe

To see the isotope produc
elements with vellow back

TL Pb | Bi Po | At |Bn

Ut (Uuqg |Uup |Uuh |Uys |Uue He

Li |E b | F [ Ne

Na |, La Ce Pr Hd Pm Sm Eu Gd Tb Dy Ho Er T ¥b ct | Ar
Ac E PRI Bk | cf | Es |Fm |pad [No

K |C ‘- |e Br | Kr

Rb|Sr| Y Zr Nb|Mo| Tc |RU/Rh|Pd | Ag|Cd|In |Sn|Sb|Te| | |Xe

or

Cs|Ba|La Ta| W Re |(Os|Ir |Pt Au/Hg| Tl |Pb| Bi |Po| At |Rn

Fr |Ra | Ac
antieanes —— Ce | Pr[Nd [Pm|Sm|Eu | Gd| Tb Dy |Ho | Er Tm|Yb | Lu

scThices - —TTh|Pa | U |[Np|Pu|Am|Cm|Bk| Cf |Es |Fm|Md No| Lr

isolde.cern.ch
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From principles
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ISOL + post accelerator
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ISOL + post accelerator

* Provides “high intensity” beams with good optical properties

e Can produce “pure” beams

e Poor efficiency for short living nuclei, but progress is being done

¢ For refractory elements, only possible in “IGISOL” mode

e MANY ways to get lost what you produced... Efficiency is an important issue.
Different methods - different facilities - developed complementary techniques,
guaranteeing better efficiency and reliability
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Selected Facilities : CRC - LLLN

ON-LINE
CYCLONE 110 ECR SOURCH
¥

PRODUCTION
TARGET

OFF-LINE
ECR SOURCE

WWW.CYC.UCI.acC.0€e
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Selected Facilities : CRC - LLLN

CYCLONE £

&
é

WWW.CYC.UCI.acC.0€e

Element Half live, T4z charge state beam intensity energy range
[pps on target] MeV]
SHelium 08s 1+ 940¢ 5.3-18
2+ 3408 30-73
"Beryllium 53 days 1+ 2107 53-12.9
2+ 44108 25- 62
10Carbon 19.3s 1+ 240° 5.6 - 11
2+ 1104 24-44
"Carbon 20 min 1+ 1407 6.2-10
3Nitrogen 10 min 1+ 4108 7.3-85
2+ 34108 11-34
3+ 1 !1‘03 45-T70
"SOxygen 2min 2 6407 10-29
BFluorine 110 min 2+ 5406 11-24
NO LONGUER
AVAILABLE
18Neon 1.7s 24+ 6406 11-24
3+ 4108 24 . 33,45 . 55
19Neon 17s 2+ 240° 1-23
3+ 1.510° 23-3545-50
o 8407 ®n
3407
SArgon 185 3+ 2108 20-28
&+ 1105 50- 79
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Facilities: SPIRAL - GANIL

SPIRAL SN\ eAS

o 2

L

ISOL
E=~1.7A-25A MeV

ACCV, Nucl.Phys. AG93, 465 (2001)
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Facilities: SPIRAL - GANIL
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ACCV, Nucl.Phys. A693, 465 (2001)
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SPIRAL - GANIL

SPIRAL SN\ eAS

o 2

L

ISOL
E=~1.7A-25A MeV

ACCV, Nucl.Phys. AG93, 465 (2001)
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SPIRAL - GANIL

ISOL
E=~1.7A-25A MeV

ACCV, Nucl.Phys. AG93, 465 (2001)
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eam separation

300

200

100

Beam Phase/ RF[degr‘eeS] -

Cyf:lofﬁon Radius [mm]

1200

1400
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SPIRAL - GANIL

Krypton | 69
Argon 30
Neon 16

Fluorine | 14
Oxygen | 12 | 13
Nitrogen | 10 | 11
Helium 3 4

25
23 | 24 | 25 | 26
[ 20 [ 21 [ 22 [ 23 | 24

Stable
B Exotic

37 available isotopes and more coming
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SPIRAL - GANIL

http: / / www.ganil.fr/operation/available beams/radioactive_beams.htm

Helium

update : 24 mars 2006

Rad;oactive Charge |m(;nss)it¥ it Exterry B Mt Ereernos B M Extaaay Primary Beam | Primary Beam
(h:n?if':) State LEB P Target* (Mehucleon) | (MeVhucleon) Beam p?:g;n@;;s (Mei:]!::gion)
+1 3 107" 2.4
+1 1.7 107 3.2 P 1.2
bHe (0.3 +1 28107 3.8 7.3 30 2.5 75
+1 3.2 107 5 7.3 12
+2 2.8 107 5.6 10° 6.8 22.8 1.4
+1 1.5 109 s 4.1 2.5
®He (0.125) - 2 Sl o = - 3¢ = 75
+1 1.8 10° 3.8 4.1 s
+2  [1.3t0 1.5 10°| 2 to 3 10¢ 15.4 1.4

* Available intensity for the experiment.
** LIRAT figures

Color code :
28107 =

2.8 107
2.8 107

extrapolated figures from SIRA experiment from 400 W to 1.4 kW.

measured figures with SPIRAL.

expected figures after acceleration [not measured)] with 2026 transport efficiency.
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Reliability

Ratio of available beam time to scheduled beam time

avr.-01 sept.-02 janv.-04 mai-05 oct.-06
1,20 | |
p{lf\% O

1,00 ® -

S

o, ¢ s o -
0.80 ® @ ‘.'
) ' . '
®
0,60 ‘ ®
0,40 O
@ EXPERIMENTS
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* charge breeding

d ! REX-Isolde
* 1+ ions to n+

15— | N‘Eh

10 o : /
|2 | I

_ .\" 1 | REXEBIS

.14-. ‘I'E.-..-1a ..2:'...22.-. MASE

DpTiﬂ nal Magnet current A SEPARATOR ISOLDE
stripper  9-GAP 7-GAP - A 9
RESONATOR RESONATORS RFQ ISOLDE ° primary i
i
@ 20256 MHz @ 101.28 MHz ko _—_— Target d,.i,; Ef:,

>Sdt—
- protons

60
o 2.2 1.2 e REXTRAP keV
Experiments MeV/u MeV/u MeV/u MeV/u t\
* o : :
* & cavities longitudinal accumulation and bunching

* 100 and 200 MHz. ~100 kW transverse phase space cooling

IR 1 M "R R N
13
[ - ..

Accumulation Cooling Ejection

M. Lindroos courtesy INPC2007 - ACC Villari - GANIL



—X-ISOLDE: Isotopes already accelerated

8T 43+ 9,111 52+
Li->T, Li
10,11,12Rg3+,4+ i N —
TH g PerIOdIC Table e e e s e | €
175+ I R R R i
i JBo of Elements 6 |c|nfo
24_29Na7+ N I B
F\Ma Mg Bz w5 ve  wie wIB vi— 15 15 |AL]SEIP ]S
29,31Mgg+ 28,30,32Mg8+ oz = 1= = [ & I R
4 Y1k |ca|se|Ti| ¥ |cr |Mn|Fe Co‘ Ge | As \Se)
68Ni19+ 37 EE] 39 40 41 42 43 44 45 4 LEf] 52
5lrb |sr| ¥ | Zzr | Nb | Mo Ru | Rh Sb | Te
67—71,73Cu19+,20+,20+,19+ = = | |2 [= 2 |& [ [ IERE
i|Cs|Ba|*La|HF |[Ta | W |Re| Os| Ir Bi | Po
80 21+ 74,76,78 18+ CE PR I EUT RN ST N EL N N
Zn ’ Zn 7| Fr | Ra |+Ac
7OSe19+
* j 58 59 G 67 6E [ 0 71
88'92Kr21+'22+ stﬂter;amde ce| pr Dy | Ho| Er [Tm | b | Lu
1 0 8 I n30+ + g:tijlr;fe g_li_h g|1:|a a3 a9 100 101 oz [0z
Hoklg 1losn27+ el Legend - click to find out more...
122,124,126 430+, 31+ H - gas Li -solid Br - liquid
138,140,142, 144xe34+ Mon-Metals Transition Metals Rare Earth Matals Halogens
148 pmp30+ Alkall Metals Alkal Earth Metals Other Metals Inert Elements
153gm28+
156Eu28+
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Efficiencies: 20006

200 Efficiencies for beams 2006
~ 2gAl | Tot. eff. = Trap x BTS x EBIS x Sep
15.0 - . |
*
X2 100 * 116pd ®
7 P P M
AR
50 @ - 23$U
.
0.0 | |
0 50 100 150 200 250
A
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ISAC: the best today

Service cap High Volage
insulator
Steel Shielding Service
Duct
plug
Containment | N
box g Proton Bean
- axis RIB axis
RIB axis -~ 4=
Shutter Valve e
Target/Ton /. ! g N TR T
Source - e I N
P. Bricault et al., PAC 1999 proceedings Fixed Extraction Inter module Heavy ion beam optics
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ISAC: the best today

Today: Ep = 500 MeV | = 100uA (50kW)

Service cap High Volage
insulator \ .
(YD To
Steel Shielding Service T
Duct
plug
Containment | T
box g Proton Bean
- axis RIB axis
RIB axis -~ 4=
Shutter Valve e
Target/Ion 7, %! 4 ';. _; e w3
Source " ot ™ RO
P. Bricault et al., PAC 1999 proceedings Fixed Extraction Inter module Heavy ion beam optics
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The ISAC - II Accelerator Floor

JENE

13

2,

E [E

13

I-Ellv mﬁ

Tast

E=4.5MeV/u A/q=6

4 E=0.15-1.5MeV/u

{ HEBT2—-Exp.

A/q=6

HEBT 1—Exp.




High Energy
Experiments Tandem SMP 15 MV

A =80
E=02-8 MeViamu
{eontinuously variable)

\ [ =109 pps

——— Charge
Target l Exchange
-~

[on Source

e ——

/ Cell
o -

250 kV / — TZnsh.

platform Low Energy
300 keV
Experiments
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Selected examples (more in the following J. Aysto talk)
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week ending
PRL 98, 122701 (2007) PHYSICAL REVIEW LETTERS 23 MARCH 2007

Coulomb Excitation of 37°Cu: First Use of Postaccelerated Isomeric Beams

I. Stefanescu,'? G. (_“nﬁ::nrgiev,B’4 F. Ames,5 J. Ayst6,3’6’22 D.L. Balabanski,?’8 G. Bt::nll».en,5 P A. Butler,g J. Cederkiill,’
N. ‘.'Zha\mpal.llt,3 T. Df-.winson,10 A. De Maesschalck,” P. Df:l.f.mhaye,3 1. Ebf:rl;h,12 D Fedor'a‘v,13 V.N. Fedosseev,3
L. M. Fraile,? S. Franchoo,'* K. Gladnishki,” D. Habs,” K. Heyde,'' M. Huyse,! O. Ivanov,' J. Iwanicki,'” J. Jolie,'?
B. Jonson,'® Th. Kroll,!” R. Kriicken,!” O. Kester,” U Késter,” A. Laalgojyfarlnis.,1El L. Liljel:-y,19 G. Lo Bianco,” B. A. Marsh,?
O. Niedermaier,”° T. Nilsson,'® M. Oinonen.*** G. Pascovici.!> P. Reiter,12 A. Saltarelli,” H. Scheit,m D. Schwalm,?®
T. Sieber,” N. Smirnova,'"' J. Van De Walle,! P. Van Duppen,' S. Zemlyanoi,?' N. Warr,'? D. Weisshaar,'? and F. Wenander®

Beam produced at REX-ISOLDE at 2.83A MeV, detection: Miniball

6_
0.20 7 l
!ﬁ&‘s{‘ (5) llllllllllllllllll Ema +ﬁﬁgcu 1+
= 0167 —¢—68mpy,
1000 — (4)-erererenenennens E 0.14 1
3 )—— £ 0121
- T,;,=3.7 min| 2 010-
500 | 3+} ................. E 10
E 0.08 1
£ 0.06
-
(2*) T,;»=7.84 ns © 0.04 1
0L 4+ T1;2‘3°5 0.02 -
g
68Cu e

30534.6 30534.8 30535.0 30535.2 30535.4 30535.6 30535.8 30536.0
Transition frequency (cm)
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= bHCU 956 4
o, 118 778 T 3 0.7<T, <dns
6+ beam 400584 79 - T,2=3.75 min
300 — 693
= 84 2'T,,=7.84 ns
S 200E- T,=31.1s
£ 100 20g
AT O i’
] =68
- = Cu
S 300Eg4
8 250 &
1+ beam 200~
150 £
100E- 1206
50E- 1171

200 600 800 1000 1200 _
Energy [keV]

200
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6+ bee

1+ bee

Coulex of 98:,70.m.3Cyqy

EXP. Shell-model**
| 5 740
(5) ——————————— - 628
4 390 (’SCII
& 235 B(E2)=3.9 W.u.
B(E2)=5.3+0.4 W.u -1
(3) 50 '
6 o o
5 506 5’ —— 582
4 335 70Cu
4 228 —
N B(E2)=6.2+0.6 W.u B(E2)=3.2 W.u.
3 101 3 8~
6 (1) iy o

**N. Smirnova, Private Communication
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Induced instantaneous depopulation of a nuclear isomer

JAN
5) op. . Rig. = =
p3/2 g9/2
>
o
)
4 956 <
ﬁ} 3) Vo H : ﬁ} Coulex
6 722 T, ,,=3.7 min
(3%) 610
(2%) 85
1t b OT1/2=30 S

Population via Coulex (E2)
- Decay through faster M1 transition

- Energy is "released” and half life of the isotope is changed
- Interest for nucleosynthesis processes?

Courtesy: J. Aysto
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nwriibr

1248n 130Te 1318n 135Te 1235
n
Te
Sb
Z =150
In
D Stable . Doubly magic
N =82
HRIBF very successful in Coulex in the 132Sn region S e
D. C. Radford et al., Phys. Rev. Lett. 88, 222501 (2002) P °\ CD, target
@ \9\' (deuteron)
Experiments moving to transfer and fusion. S e & -| -
(RIB) nrecol Recoil Detector

Thanks: W. Nazarewicz

INPC2007 - ACC Villari - GANIL



ntilbr,

#LE

ilo £ The first transfer measurements on N=82 nuclei

&

™
1ons/sec C:

i,

010" | HRIBF yields =

H

W 106 i

M 10° <t | ] I
M 10 Nn I
D 103 T

B N=82

T
3
Eb
K1

oo N=50,82, Z=50

.99

* yields, angular distributions of low-lying
states measured

- first observation of p,,, state in 133Sn

 three other states in 133Sn measured,
calibrated with 139Te(d,p)

 evidence for numerous states in 131Sn
never seen before

Et | - . .
e ‘ng/’ Focus on n-rich nuclei around

« evidence that the f;, level in 3°Te is at a

significantly higher energy

on / near r-process path

130Sn(d,p)'31Sn - R. Kozub et al.
1325n(d,p)133Sn - K.L. Jones et al.
134Te(d,p)'3%Te - S.D. Pain et al.

Ep(channels)

(11/2-) 3700
(5/2-) 2004.6
(1/2-).... 1655.7
(9/2-) 1560.9

| (3/2-) 853.7

v N (7/2-) 0.0 1.45s
—pi12
- ) l. -‘h - -
—
6, (channels) K. Jones
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reek endi
PRL 97. 092501 (2006) PHYSICAL REVIEW LETTERS | SEVI;'?"EHEEEIIQEE{}D:S

Reduction of the Spin-Orbit Splittings at the N = 28 Shell Closure

L. Gauclc[’m;-,-;l'z 0. Sorlin.™' D. Beaumel,' Y. Blumenfeld,' Z. Dombradi,” S. Fortier.! S. Franchoo,' M. Gélin,?
J. Gibelin,' S. Grévy.? F. Hammache,! F. Ibrahim.! K. W. Kemper,* K.-L. Kratz,>® S. M. Lukyanov.” C. Monrozeau.'
L. Nalpas.® FE Nowacki.” A.N. Ostrowski.™® T. Otsuka.'” Yu.-E. Penionzhkevich,” I. Piekarewicz.* E.C. Pollacco.®
P. Roussel-Chomaz.? E. Rich.! J. A. Scarpaci.’ M. G. St. Laurent.” D. Sohler.'! M. Stanoiu,'?
T. Suzuki,” E. Tryggestad.! and D. Verney!

4Ar(d,p)*’ Ar

40 --=DWBA p

0,

20

—_ * Exp. * Exp.
> C 8 —DWBA p I
[} L g ---DWBA f
= £
=120 =al
1=} L 3
-— i S|
P i 10F
= B r
£100
° B
U B -
B 2 —
80— L CSP31.2—0.61
: 1\|II‘I\\IIIIII‘II\III\I\‘III\I\\II 1\..\\.\\.Iu.d.u.luu\..ulu..
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
60—
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N=28 gap reduced by 330(80)keV
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(d,p) reactions with 4044 Ar beams

Y

Q\@& CD,
°§Q°~> 380ug.cm
IS

11 Oc% SP EG

40,44,46 A -

11A.MeV, 20kHz

GANIL/SPIRAL 170"
41,4547 Ar
110°
BEAM : ~ parallel optics (size ~2 cm , A6 < 2mrad) _
CATS : -beam-tracking detector MUST : -Si Strip detector
-Proton impact localisation
- Proton emission point. resolution : 1 mm
resolution : ~0.6 mm -Proton energy measurement.

resolution : 50 KeV

SPEG : Energy loss spectrometer : recoil ion identification—>transfert-like products
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e [MeV] EVOLUTION OF THE LEVELS AT N=29
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Tensor interaction (7. Otsuka)
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Density dependence (J. Piekarewicz)
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cRole of specific n-p interactions

Hj@

v f7/2

5174 49 47

Ti 1Ca  [gAr
N=28 gap has decreased by 330(80) keV between Ca and Ar
Decrease of the f and p spin-orbit splittings by 800keV and 900keV, respectively

O. Sorlin courtesy INPC2007 - ACC Villari - GANIL



i adventure at TRIUMF

E1055
p("'Li, °Li) t at 39.6 MeV
d(°Li, °Li) d at 39.6 MeV

E10/8
p("'Li, d)'OLi at 49.5 MeV

o("Li, n)""Be
(12Lj IAS)
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MAYA from GANIL to TRIUMF

W.Mittig et al., Nucl.Phys. A722, 10c (2003)
C.E.Demonchy et al. J.Phys. G31, S1831 (2005)
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MAYA from GANIL to TRIUMF

W.Mittig et al., Nucl.Phys. A722, 10c (2003)
C.E.Demonchy et al. J.Phys. G31, S1831 (2005)
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You can actually see the events

s MAYATREAT
Mﬂtrll Entries 342
[ Mean x 39.05
30 — Mean y 15873
[ RMS x 16.37
- RMS vy 1.929
25—
20 —
15 —
10
5 —
{] B 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1
0 10 20 30 40 50 &0

Courtesy: Thomas Roger
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PRELIMINARY results

¢ Differential cross section of

HLi(3/2)+p -> °Li (gs:3/2)+t and Energy dependence of
UL §(3/2°)+p -> °Li (1st:1/2)+t the 180° (p,t) reaction.

has been extracted from the January run.
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thanks: H. Savajols and |. Tanihata

Q-value measurement
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Comments
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Comments

e Important also: to have high efficiency detectors and to choose the best facility
to make your experiment
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Comments

¢ Important also: to have high efficiency detectors and to choose the best facility
to make your experiment

¢ |[ntensity is not only the issue. Quality and reliability of the probe IS
fundamental

e Theory is improving when moving to new areas of the chart

e Safety is “starting” to be an issue. This should not be underestimated
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Future

¢ |[SAC-Il upgrades - Energy upgrade with charge breeder and new cavities
(TIGRESS, EMMA)

e SPIRAL2 - LINAG driver with HI and light beams (14.5A MeV) - 200kW

e HIE-ISOLDE - Energy upgrade of REX up to 10A MeV (step at about 5A MeV)
e New comers with specific added value: EXCYT, TRIAC

e SEE H1,2 (Astrophysics); J3,4 (Coming facilities)

e EURISOL & “RIA lite” are needed to go forward, just because the present
facilities are limited by safety.

e NEXT GENERATION SHOULD INTEGRATE CONSTRAINING SAFETY ISSUES
UP TO THE EXPERIMENTAL AREA
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(L EMIS2007

24th - 29th JUNE

A" International Conference on Electromagnetic Isotope Separators
and Techniques Related to their Applications

you are here; home

EMIS 2007 =

XV'M International Conference on Electromagnetic Isotope
Separators

and Techniques Related to their Applications

June 24-29, 2007 at Deauville, France.

Navigation

i= Home

@ Organization
@ Ceneral Information
@ Accommodation

@ Registration

@ Posters
EMIS 2007 takes place at the "Centre International de Deauville" in {»Deauville, )
a wonderful town in the heart of the Pays d'Auge, Normandy, France. The EMIS- @ Circulars
2007, is the 15th in the series. The latest of the series, very successful as you @ Deadlines

certainly remember, was in 2002 at Victoria, Canada.

Following the tradition of EMIS, overview talks and contributions will be offered
in morning and afternoon sessions. The scientific program will be composed to
attract participants, ranging from established world leading scientists to PhD
students, active within theory, experiments and applications. In particular,
production and use of radioactive nuclear beams will be focused.

The EMIS2007 conference is hosted and organized by GANIL, IN2P3/CNRS and

D5M/CEA.
Created by admin
Last modified 2007 -01-29 12:04

http://emis2007.ganil.fr

@ Programme

@ Travel Information
@ Payment

@ Call for abstracts
@ Contacts

@ Social events

@ Technical exhibition

@ Companions‘programme
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See you In Deauville !



