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(= Overview

= The ERAWAST project - history
= Sources for isotopes at PSI
= Prominent examples

= 50Fe from copper

= source and radiochemical separation

applications

44Ti, 26Al and *3Mn from STIP samples

source and radiochemical separation

first experiment with a 44Ti beam at ISOLDE

"Be from SINQ cooling water
= source and radiochemical separation
= Proposal for the study of neutron capture cross sections of %Mn at n_TOF

= Potential proposal for the study of the "Be(n,a.)*He and "Be(n,p)’Li cross sections at n_TOF
and SARAF
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= PSl accelerator facilities and the ERAWAST-project

Exotic Radionuclides from Accelerator \WAste for Science and Technology

Objective:

Exploitation of accelerator waste for isolating

rare exotic radionuclides

PST L/;//;gen — Sewitzerland

4a5a5z‘ 29, 2o Seplember 2. PSI 2011

PSI cyclotron

990 MeV protons

2.4 mA beam current
High activiation of
shieldings, targets,
structure material

History:
«  Radiochemical analytics of activated components for
disposal

*  Results showed high content of several rare isotopes
«  Looking for potential users of these isotopes:
|. ERAWAST workshop 2006 (PSI), funded by ESF
*  Five-years working program
« |l. ERAWAST workshop 2011 at PSI: first results and
future program
«  ~20 Partners (nuclear physics, astrophysics, AMS)
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w(Jm »Useful” components of the PS| accelerator facilities

Copper beam dump
=44Tj 53\n, 26A] 60Fe, 5Nj, 32

= 80Co - 5 GBq
1 [
D Accelerator Fadilities S
[ Paricte Physics =
|:| Solid State Physics
& Materials Science
[ Medicine 3 9
v
L NA 18
Hall Main
Experimental
Hall ¢
£ i | —
16 Hall
H Services
SINQ cooling water " i

- Myon production station
= QOperation 1-3 years

= Beam doses 4 - 11 Ah
= Source for 1°Be

SINQ Target Irradiation
i Program-STIP

44Tj 53\, 26A

X % SINQ target
g ¢ - 207Bi’ 172Hf,
= 173y, 19Hg,
= 202Pp 125Gh
- 10Ry, “Ti

7Be, 54Mn’ 22Na’ 88Y

Special irradiation positions with 590 MeV protons

V for #4Ti production

Bi for 295Pb production
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(== Isotope production possibilities at PSI

Accelerator waste

Shielding, construction material, targets, beam dumps, cooling

intensely exposed by high-energetic protons and secondary particles
dismounted, cooled
ready or foreseen for disposal

Waste components:

Copper beam dump irradiated at the 590-MeV proton beam station at PSI, dismounted about 15
years ago
26| 59N, 53Mn, 6°F e, 44Ti
Proton-irradiated carbon from target E
10Be, 7Be 4C, 3H
Material from the SINQ facility
Lead targets
207Bj, 182Hf, rare earth elements (e.g. *6Sm, several Dy isotopes) and lighter isotopes
STIP program (material research program)
Stainless steel for 44Ti, 26Al, *Mn production

SINQ cooling water
"Be, long-lived isotopes from irradiated structure material (22Na, 88Y and many others)
Special irradiations

The SINQ facility offers the possibility to irradiate materials with 590 MeV protons at special positions.
Tended experiments for isotope production can be offered

V for #4Ti production

Bi for 205Ph production

Irradiation with 71 MeV protons (injector 2) and up to 590 MeV neutrons (NAA, PNA)
Chemical separations with other material
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“OFe
Astrophysical background
Radiochemical separation
Determination of the half life
Determination of the neutron capture cross section
at stellar energies




RRRRRRRRRRRRRRRRRRRR

PS The astrophysical importance of °Fe

* represents an important chronometer for periods of several Million years
(t,, ~1.5 100 yr)
== formation of the solar system,
nearby supernovae / AGBs
y-ray astronomy
* is produced in massive stars prior to the final supernova explosion
(alternatively by AGB stars?)

* isin any case made by the s process via neutron capture reactions
Scientific aspects:

Measured and calculated ratios of ©Fe/2°Al are not in agreement
Only one half-life measurement (Kutschera 1986; uncertainty 20%)
Neutron capture cross sections unknown

Nearly no alternative production route




Zn6l n6l In62 In63 i n6s hi
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Cus9 Cubl) Cu6l Cu62 ‘u64d
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. Ni59 i 4 Ni63 i
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. | Te6l Fe62
~4503d /] LSE+6 ¥ 508 m 68 s
] ] /2- ' ! s ﬂaz-,,:lri. 0+
£ p :
MnS6 | MnS57 | Mn58 | M=n=22" | Mn60 | Mnol
2.5785 h B5.4 s 30s 4.6% 51s 0.71 s
3+ 52- 0+ 3/2-502- 0+ (5/2-)
I3 B- [ 3 3 :
Cr55 Cr56 Cr57 Cr58 Crs9 Cro6o
3497 m 594 m 21.1s 7.0s 0.74 5 0.57 s
] 3/2- i+ 3/2-,5/2-,7/2- 0+ 0+
- p- p- p- -

s-process: neutron capture and following -decay

Necessary for evaluation

Cross sections for
production
*8Fe(n,y)*Fe
“SFe(n,y)*Fe
Fe(n,y)*'Fe

Half-lives for decay

“Fe ®Co
%Co ®'Fe
Fe

%0Fe sample material
urgently needed!
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== Separation and preparation of °Fe

Source: copper beam dump

Dissolution of Cu chips (3 g) in 7 M HNO, (50MBq
60Co)

Evaporation to dryness

Dissolution in 7 M HCI + 5 mg Co?* as carrier

Extraction with methylisobutylketone

Aqueous phase:
Ni, Co, Cu,
organic phase: Fe

Back extraction with 0.1 M HCI, repetition of
procedure

Result: 7.8-10" or 777 ng %Fe atoms,
decontamination factor (Co) > 108
(0.3 Ba)

Evaporation of the final solution onto a graphite
backing for the target

Solution for half life measurement
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(=™ Re-determination of the half-life of ®Fe

T1/260Fe = NGOFe In 2 A: ingrowth of ©Co; N: ICP-MS

80Fe (15100 y) 85 60mCo (10.5 min) % 69Co (5.3 y)¥-B 6ONi (stable)
80Fe: no y radiation, low B-energy

— very good chemical separation from Co necessary
« |CP-MS can measure isotope ratios for the iron isotopes

« ICP-MS in principle possible, but interference with ©Ni

Correction with other Ni-isotopes not possible, because no natural isotope ratios (production
of stable isotopes via spallation in the beam dump)

— addition of stable Fe carrier necessary Aof°Co = 0.207 +0.006 Bq (starting with ~

— addition of stable Ni carrier necessary 50 MBq in the Cu-chips)
A0Fe = 49.192+0.11 Bq
M(Feggpe) = 2.666220.0009 mg
T,p =2.62%0.04 - 10° years (1s) (M=55.9020=0.0033 g/mol because of non-
natural abundance)

Rugel et.al. PRL 2009 |(Nggeo/Ne,) = 2.0483£0.0035 - 10
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5 First determination of the neutron capture cross section

« Measurement of the increase of the Co-daughter (determination of the number of 5Fe-
atoms)

Fe (2.62-106 y) B> 60mCo (10.5 min) L 69Co (5.3 y) 25 6oNi (stable)
%0Fe: no y radiation, low B-energy
* Measurement of the ¢'Fe production (1027/1205 keV) — KIT Karlsruhe

_ ty, = 1.65h
NI m, E:E-;/ E, =67, 909 keV
60 I61

1,=85,4 %
Fe BEBPE-5o oo
Results t, = 5 min\

= total number of ®°Fe atoms =7.8:10™or
777ng (1.37 1) E, =298, 1027, 1205 keV
= total number of capture events =118 (single) |g = 22,43, 44(5)%
and 17 (coinc)
= time-integrated neutron flux =1.7-10™ Ueberseder et.al. PRL 2009

“Fe(n, y)®'Fe cross section @ KT = 25 keV: «0» = 5.8 &+ 2.9, , & 1.4, mbarn
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T
Astrophysical background
Radiochemical separation
Study of the #4Ti(o,p)*'V reaction and implications
for Core Collapse Supernovae
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== “Tiproduction conditions in super nova explosion

total proton to nucleon ratio Y,=0.48

10: ........................................................... 3

log Peak Density (g cm™)

4 5 6 7 8 9 10

_ Peak Temperoture (Tg)
G. Magkotsios, et al.: Astrophys. J. 741 (2011) 78

final mass fraction
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({j=» Reactions and Mass cut of #Ti in super nova explosion

ORDER OF IMPORTANCE OF
REACTIONS PRODUCING

HUTiaTrn=0°

Reaction Slope ok R A A (L 3K
Ti(, PV ........ —0.394 R ]
o(2a, )1°C .......... +0.386 - Mg
SV(p, y)*°Cr ....... —0.361 c -1k k3
OCa(e, y)*Ti ...... +0.137 o - -
S7Co(p, n)*'Ni....... +0.102 = [ T 5
30 Ar(e, p)°K ....... +0.037 = - ‘3 -
+Ti(s, y)*8Cr ... —0.024 Rl - o 7
2C(m, 9)'°0 ........ —0.017 & E ﬁ N
STNi(p, 7)°%Cu....... +0.013 E & = x
S8Cu(p, y)°%Zn.... .. +0.011 2 af =
*®Ar(e, y)*°Ca ...... +0.008 X - =
*“*Ti(p, P*¥V ........ —0.005 4 |
S7Co(p, y)°*Ni...... +0.002 - s
S7Ni(n, )°%Ca....... +0.002 il g T
S*Fe(o, n)°'Ni ...... +0.002 = Ly ] , =
*°Cafe, p)*?Sc ...... —0.002 1.8 2 2.2 2.4 2.6

* Order of importance of reac- Interior Mass

tions producing **Ti at n=0
according to the slope of X(**Ti)
near the standard reaction rates.

L.-S. The et al.: Astro.phys. J 504 (1998) 500 R. Diehl, F.X. Timmes: Publ. Astrosoc. Pacific 110 (1998) 637
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(= SINQ Target Irradiation Program - STIP

- Different types of miniature specimens
for assessing different mechanical
properties such as tensile, fatigue,
fracture properties and microstructural
analyses

- Specimens were prepared by different

participating laboratories based on their
own request and then collected at PSI

Low-activation martensitic steels; the German version, Optifer, and the Swiss version, Optimax; mass%

Steel Fe Cr Ni Mo Mn Ti vV
Optifer bal. 9.48 0.06 0.002 0.55 0.245
Optimax A bal. 9.3 <0.01 0.09 0.60 <0.01 0.24

Optimax C bal. 9.5 <0.01 0.15 0.40 <0.01 0.25

0.985
0.97
1.9

16
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(3 Samples for the separation

38 steel samples weighting from 1to 2 g
%Mn as a radioactive marker for the unknown amount of ®3Mn

Steel samples and their amounts in MBq for the separation

Steel Nr. of samples “Ti, MBq %Mn, MBq %0Co, MBq
Optifer 9 95 23 17
Optimax A 9 47 13 10
Optimax C 8 74 19 29
Not identified 12 65 17 14

Total 38 = 300 =70 =70




w(-I-jmw Separation of #Ti, 26Al and 5*Mn from irradiated STIP-samples

Chemical separation scheme:

Samplg material: o Stainless steel dissolved in 8V HCl+conc.HNO,
60 g stainless steel from SINQ Target Irradiation Program - STIP Fe, Cr, Ni, Mo, Mn, Co, Al, Ti

| Extraction
Charpy-samples from
STIP-I program .
prog Aqueous phase Organic phase
Fe, Cr, Ni, Mo, Mn, Co, Al, Ti Fe, Mo

| Precipitation with NH,

Precipitate , FiItr;te )
Fe(OH),, Ti(OH),, AI(OH),, [Ni(NF)s]**, MoO,,
Cr(OH);, Mn(OH), [Co(NHy)g]

Precipitation with NaOH+H,0,

Precipitate Filtrate
Fe(OH);, MnO,, Ti(OH), [AI(OH),],, CrO,>

/\ Further separation and purification
Aqueous phase Organic phase
Mn, Ti Fe

ion exchange dhvomalography Radionuclides available:
or further separation and purification 2

Al 300Bg =106 atoms
“Ti 300 MBg =8:10"" atoms
%Mn 60 kBg = 10" atoms

50 MBq #TiF, in Mo-crucible

Seite 18
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=]

Separation of “Ti and **Mn

a4, . .
o0 | Starting solution:
/M HCI
1500 4
ﬂ
% —
© 1000 - “se
500 || w72, w ]
i Sc *Co
l J | SMn [ 172L;j Al/ \
o . '
250 500 750 1000 1250 1500
Energy [keV]
6000 — E
*Mn
5000
4000 I
£ 3000 .
Final #°3Mn
2000 - .
solution (M HF)
1000 H 1333a
o _..Jn
2(‘)0 4(‘]0 6(‘)0 860 10‘00 12‘00 14IOO
Energy [keV]

Evaporation

Dissolution in 5M HF

Absorption on the column as TiFg>
Mn, Co, Lu are stripped

Elution of Ti with 1M HNO,

Anion exchanger
DOWEX 1x8

5000

" Final #4Ti solution
(1M HNO,)

“ge

4000

3000

1000 - w
Sc

I

(e

6(‘)0
Energy [keV]

T T
200 400

Seite 19

T T T T
800 1000 1200 1400
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={7E[ _“Ti(o,p)“V at CERN ISOLDE Dec.2012

segmented
. Si- detectors-
?
44T |
£ ,\a |
— i
’ E..=4.2 3 |
. MeV
Final sample | ‘
ISOLDE oven
S2-type
70 um + 500 um
Telescope
Au Mylar He Al
- | | | 180 pg/cm?2 5pum 50 Torr 15 uym
10 E
102 F
=10 _ .
5 ~ NON-SMOKER %Ti delivered: 50 MBq = 5x10'8 atoms
£ o) = Sonzogniet al. - . P .
Fo1 2 ~ Presentwork | ion source: modified Mk 5 Febiad
1o | ﬁ“ - femawndn TiF; extracted and post accelerated
0°F 10° pps #Ti with out any stable Ti
e T T ST T

center of mass energy [MeV]

Margerin et.al. PLB 2014
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Astrophysical background
Radiochemical separation
Planned experiments
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== °*Mn production conditions in super nova explosion

Y,=0.48 Y,=0.52
1072
—~ 1073
]
5 10§
N 1072 §
2 «
© o
° 1077 £
2 —
3 £
a 1078 Y=
g
= 107°
10710

Peak Temperature (Tg)

G. Magkotsios, et al.: Astrophys. J. 741 (2011) 78
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=]

3Mn neutron capture in meteoritic samples

200

150 |

100 |

100

A. Trinquier, et al.: Geochim. Cosmochim. Acta 72 (2008) 5146
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(2= °Mn half life

Author (Year) Method t,, [Ma]
Wilkinson, et al. (1955) Compared nuclear reaction yield with >*Mn 140-10-
Sheline, et al. (1957)  Calculated nuclear reaction yield ~2
Kaye, et al. (1965) Spallation yield of meteorites 1905
Hohlfelder (1969) Mass spectrometry (MS) of meteoric samples 10.8+£4.5
Matsuda, et al. (1971)  MS of 730 MeV proton activation products 29+1.2
Honda, et al. (1971) MS of artificial and meteoritic samples 3.7+0.37
Wolfle, et al. (1972) Neutron activation of meteoritic samples 3.910.6
Heimann, et al. (1974)  Decay of meteoritic **Mn 3.85+04

Limited amount of sample material: 2.5 X 10" to 1.3 X 103 atoms of %3Mn
extracted from meteorites ———  relatively high uncertainty

Improvements:
Sample material: more than 10* more atoms! Improved uncertainty!
High-sophisticated measurement technique (LSC; ICP-MS)

Seite 24
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(= Dating Problem >*Mn/>*Mn vs. 207Pb/?0¢Ph

Early Solar System Materials

-4.8

-5.0

-5.2

-5.4

-5.6

log (**Mn/*°Mn),

-5.8

-6.0

slopez-k(ssMn) * log(e)

Ste. Marguerite

Angrite-

(PL)
Asuka Best fit \ .

t,,=~4.8 Ma

LEW anchor
t,,=3.7 Ma

LEW8601 O\

(T)

CAI(~C-Ch

Ste. Marguerite

' CAI'(Bi%;:ﬂ\I)
A

Asuka

\HE bPB 881394

D'Orbigny+Sah

D'Orbigny anchor t.,=3.7 Ma

4556

L.E. Nyquist, et al.: Geochim. Cosmochim. Acta 73 (2009) 5115

4558 4560 4562 4564
27Pb/?®°Pb Age (Ma)

4566 4568

105

(UN /U

107

4570




Bs Neutron capture cross-section >Mn
103 ! ! ! ! ! ! ! ! !
O
e b e e e i
O
2
O 14 D
Q ]
')
2,
S
B — JEFF-3.1/A, EAF-2010
| ——TENDL2012 | Y N
€ exp. data Millard (1965)
® exp. data Wolfle (1972) | | | |
10-3 L L L L L 'i 'i 'i 'i
im 1 1k iM

neutron energy [ eV |

JEFF-3.1/A = R. A. Forrest, J. Kopecky, J.-Ch. Sublet (2003) UKAEA FUS 486
EAF-2010 = J.-Ch. Sublet, et al. (2010) CCFE-R (10) 05
TENDL-2012 = A.J. Koning, D. Rochman (2012) Nucl. Data Sheets 113, 2841
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(13 Changes in TALYS predictions

MNO053 NRG TENDL-2012, AKONING
Principal cross sections

10%

Cross section (barns)
8—1
|

total

—— absorption
-1 —— elastic
10 —— gamma production
1072 — o P o N
107 107 107 107 10

taken from www.talys.eu Energy (MeV)
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=]

TALYS forecast using thermal cross section only

S.F.Mughaghab: Atlas of Neutron Resonances Resonance Parameters and Thermal Cross Sections Z=1-100 (2006)

10

107 -

cross section [ b ]

[N
o
|

************************************************

777777777777

€ exp. data Mughabghab

ENDF-B 7.2
10°4 - - -TENDL2023 L
TALYS-2013 reconstruction
-4 i i i i
10 — — — — — — — —
im 1 1k

nheutron energy [ eV ]
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(I Chemical separation and purification of >*Mn

00000

54Mn
Precipitate —_—
Fe(OH)3, Mnoz, T'(OH)4 4000

Precipitation of Cr with
Urotropin (pH 5.5):

Mn stays in solution
precipitation of Cr(OH),

% 3000
3
Aqueous phase Organic phase
Mn, Ti Fe 1000 - 133
Ba
O-M
2(‘)0 4(‘)0

Energy [keV]

content of STIP-samples

1.8x102" atoms V
3.3x102" atoms 2°Mn

chemical yield:
suppression of other elements

stock solution:

1.8x101% atoms V
2.3x10%" atoms °Mn

3x101? atoms **Mn

6.6x10%2 atoms Cr
5.7x10%3 atoms Fe

710%
10

2x10" atoms *3Mn

6.6x10'8 atoms Cr
5.7x10"° atoms Fe
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(=== Expectations of signal contributions

Contribution of other elements

C D6 counts per 2510 protons and bin

'1‘0 T ok
neutron energy [ eV |

6
[N
o
3
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(=== Expectations of signal contributions

Contribution of ®Mn a

nd backing material
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=== ISOLDE mass separator

FEBIAD output: 100 A
(single charged Mn) 6.2 x 10" part. per sec
suppression Amass =1 : >10°
suppression Amass > 1 : > 104
ionisation yield ISOLDE: 2.5% Mn
separation time: 5 hours per 10" atoms °3Mn
final sample: 5 x 1017 atoms *Mn
8.7x10* atoms V 2.4x10'? atoms Cr
5.8x10"° atoms *Mn 4.9x10° atoms Fe
total separation time: 25 hours

First joint experiment ISOLDE - n_TOF
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Be
Astrophysical background
Radiochemical separation

Planned experiments
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p—

=== 7Be(n,x)y Reactions and the problem of primordial "Li

. . . The LiLiT at the SARAF facility in th
Connecticut University, PSI, CERN, SOREQ S oren Nucloor Conter Toreal

For the Study of the 7Be(n,a)cx Reaction

Thin 'Be R . = lithium
Target Quasi ‘
Maxwellian
Neutrons

4-20 m /s jet
18 mm wide |
1.5 mm thick

S .
p‘u
7Bc(d,p)2u /

"Be(3He 2p)2ct N

Clean and Thin "Be Target
~10"7 7Be/cm?(~5 GBq 0.4x0.4 cm?)
~200 GBq 'Be
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(3 "Be separation from SINQ cooling water

Targetcooling system Condiag

Target endosure (o E AFNTranm

conling Sy=Eemm

-
E"'I Moderator cooling system
;’:'Id € t4 (J r secondary

5"";'!:" Target plug-L|HR coaling loap
H-0 refector
Target o- '
4 00 "Be (477.6 keV, 53.3 days) produced by
cold I haderatar E shutte : ; 160 i :
rmoderator (|| sarm=nuREl — gpallation reactions on '°0 in the cooling
m ..................................................................... water (D,0) of SINQ
uol Do | Il 8 N rrtmmmmmnnnnnn : : , . .
ye B R No by-products - high specific activity of
Redektor i Meutron bearr ’Be
E
ujn'-“dme - Sample  'Be, Bylg °H,MBgig 2Na, Bylg  'lmAg, Bylg  ®8Y, Bo/g
ding . Target 480 24 0.4
] dr L
] E —— Proton bearn ch s 9
window
- Target 73 25 - - 0.2

Moderator 535 21 - 1.2
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(~=1= Radiochemical separation

1.

Elution from the LEWATIT ion exchanger with 2M HCI
2. Purification of the "Be fraction (22Na, 88Y, %Mn, "B, "Li)

.
g Procedure:
___otumo,__) »  Evaporation of the HCI solution
M) tommo.auese__ o Dissolution in 0.1M HNO,
£ ; +  Loading onto the column, washing with
: 0.1M HNO, - elution of 1°B (BO;)
' ; *  Elution of %Na and ’Li with 0.1M HNO,
| e * Elution of 'Be

LN * Elution of 88Y, %Mn and others
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Separation Scheme for the 'Be separation

':? ) \ -
i '
:.‘ ' b

- 200 GBq 7B can be processedi one batch
Contains comparable amounts of #19Be
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(= Planned experiments with 'Be at n_TOF EAR2

Proposal for the ISOLDE and Neutron Time-of-Flight Committee
Measurement of 'Be(n,o.)*He and "Be(n,p)’Li cross sections

Incident newtron data / / Be7 / / Cross sec tion

TTREL-30L1
-

Crous-section (k)

Incident energy [(MeV)

Figure: Comparison of the evaluated cross section of the Be(n,a)*He
reaction in various libraries, from thermal neutron energy to 1 MeV

"Be(n,at)*He:

Very low cross sections, high amounts
of 'Be necessary (~ 1-10 ng, 10'7-10"8
atoms, 10-100 GBq))

Impurities of ®1°Be have only slight
influence

Background suppression possible

"Be(n,p)’Li:

Higher cross sections, less amounts
needed (~ 0.1 ug - 106 atoms, 1 GBq)
Impurities of ¥1%Be have more influence
Background suppression more difficult due
to lower energy of the proton

Mass separation necessary!

Second joint experiment ISOLDE - n_TOF
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== Previous 'Be target preparation at ISOLDE

"Be(p,y)®B: importance for the physics of the Sun and the evaluation of the solar neutrino flux

PHYSICAL REVIEW LETTERS week ending
H . VOLUME 90, NUMBER 2 17 JANUARY 2003
First target: ’

Online production

1 Gev PrOtonS on graphlte LT Bal:»y,1 C. Bordeanu,'* G. Goldring,I M. Hass,' L. Weissman,” V. N. Fedos&yev,3 U. Koster,” Y. Nir-EL* G. Haquin,4
extraction of 1.8:101%/s 'Be H.W. Giiggeler,” R. Weinreich,? and ISOLDE Collaboration
'Deparrmem of Particle Physics, Weizmann Institute of Science, Rehovot, Israel
atomS at 60 keV INSCL, Mfcmé'an State University, East Lansing, Michigan 458824
ISOLDE, CERN, Geneva, Switzerland

|mp|anted |n CU (51015 7Be atomS) *Soreq Research Centre, Yavne, Israel

Paul Scherrer Institute, Villigen, Switzerland
(Received 7 August 2002; published 15 January 2003)

Precision Measurement of the ’Be(p, ¥)®B Cross Section with an Implanted "Be Target

Second target:
Irradiated graphite from target M (PSI) NH, 16 Setember 199 —
1.17-10'6 "Be atoms t%‘% PHYSICS LETTERS B

ELSEVIER Physics Letters B 462 (1999) 237-242

A new measurement of the "Belp,y) °B cross-section
with an implanted "Be target
' ' ' ' ' ' ' ' ' ' ' ' ' ' . ' ' M. Hass *!, C. Broude *, V. Fedoseev °, G. Goldring *, G. Huber ©, I. Lettry 9,
V. Mishin ®, H.J. Ravn 9, V. Sebastian ©, L. Weissman °, ISOLDE Collaboration °

* The Weizmann Institute of Science, Rehovot, Israel
® Institute of Spectroscopy, Troitzk, Russia
© Johannes Gutenberg University, Institute of Physics, Mainz, Germany
d ISOLDE, CERN, CH-1211 Geneva, Switzerland
® Instituut voor Kern-en Stralingsfysica, KU Leuven, Leuven, Belgium

il

Received 9 June 1999; received in revised form 21 July 1999; accepted 22 July 1999
Editor: J P Schiffer
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(=3 Summary and outlook

ERAWAST provides rare exotic isotopes in sufficient amounts for
several nuclear physics experiments

—%0Fe half life and neutron capture cross section
—4Ti *Ti(a,p)*V reaction

—19Be from graphite targets; for p-induced reactions (Denmark), neutron capture
(FRANZ)

—®Ni separation of the decay product *Cu; target for n_TOF
—207Bj calibration source for PTB
— and many others

Two proposals for joint experiments: ISOLDE - n_TOF
— Neutron capture cross section of %3Mn at n_TOF
— Measurement of Be(n,a.)*He and "Be(n,p)’Li cross sections
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