The laser ion source as a tool for physics at Eurisol
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Resonant laser ionisation

fﬁ
5y a7
4
P
.-:;_'.:':"
S
! .
.i.llu"l .:’i?af:?‘}
GF5 , { _.L:-fndff _‘f““"}
Falesg WS
__.-".i,:.-'!'gi:l"-'-u-—;-;' _-;_.'
-l__.-'_.-:__. _ﬁ"_- .
;
' O glanzo 1o Targ 21 z0m —
LaserSystem
! Target lon Source Unit
.
15
Taet Extrzesin~
ElCci-ade

V. Fedoseyev et al., HI 127 409 (2000)

Continuum

IF = 9819 4 e
PR

fipdp (142, 62 )2

A, = BIUEE4 DM and
513441 em™
(vl lines)

n ey
Aoy = AR

F=12
Bo7a (N2, /2], 1.
'.5:..-!:: 'r.E EJTTI 15..:
1852t 1
| =132

A= FES A0S ro

Gpe (12 12
Fo ground statc

management of radioactive inventory

Hyparmine splitting

— |

— M2

—
5Py ma
| = aii"



Resonant laser ionisation
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In-source spectroscopy
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In-source spectroscopy

Petersburg NPI:

155Yb, 153-154Tm
1-1.7 GHz bandwidth dye laser &0
(total linewidth 2.5-3 GHz)
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narrow width: spectroscopy
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In-source spectroscopy

68,70Cu

1.2 GHz bandwidth dye laser at 11 kHz repetition rate
Doppler broadening = 3.8 GHz

L Weissman et al, PRC 65 024315 (2002)
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In-source spectroscopy
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In-source spectroscopy
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Isomeric beams
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In-source spectroscopy

counts

SVAX = (A'-A)/AA' (N+S) + F k 5<rz>Ax
F(Pb,283 nm) = 20.26(18) GHz/fm?, k=0.93

1500 —
Pb ° 1372
° 32
1000
500 A
0

TS

42.8 430 432 434 436

wave number [+17600 cm-']

EEETY | 1
| iy ¢ 32
“au: f‘\
- .j | 10 at/s
.'.r.: || '

7
=-.. III KJ,J'- \HII

veave arhetrm )

Av, =1.2 GHz, Av, =2 GHz

Courts

el

oy

2540 N
2000
2500 —
200 —
15400 -
1640 -
&0 —

ak
000 Lo paleav e

Za0nC0 - 186Pb
FO0 - |

1AIE

10020 - f

anco - »."/
1] .

B L T

1500 4

1500 184 P b &

‘u:u- |—l-"‘J/f \x“

A GHz

cq P T T T L T
176230 176431 178432 1784353 1764534 1764537

wave number [cm™']

T .



In-source spectroscopy
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Limitations

Electronic F factors of selected transitions in GHz/fm?
E. Otten, Treatise on Heavy lon Science, vol. 8 p. 517 (1989)
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Limitations

 laser band width
1.2 GHz at Isolde
600 MHz with seeding

« power broadening
AV, = QRabi [ =107 12 [Hz (cm?/W)"?]
1 MHz for 1 W/mm?

e pressure broadening
AVp eooire = 102 P [cm-'/mbar]
negligible unless gas cell

* Doppler broadening
Avy, e = 7.16 X 107 v, (T/M)"? [cm™! (amu/K)'?]
2 GHz for Cu at Isolde (2300 K)

Y. Kudryavtsev et al., NIM B 114 350 (1996)
V. Fedoseyev et al., NIM B 204 353 (2003)

development of laser cavities at low temperature !



Doppler free two photon resonance

—p o

hv = hv/2 + hv/2
Doppler free

Relerg e
Dizde Laszr

It Z&nerats:

* lon Signal

H CCEM

O Lass —
Dua-:!'J ole
ckeroxat e Memis Fillor
- LAMERS y
! = D:h};ﬂl Cadly

r
1

Graprite ol
HCT 3raph te
Sl e o
A4 ,/ i
Surfaee Maznat
Ly T ] —r /
_.-;.I"
W Tanget i Feactinn Products

G Ewald et al, PRL94, 039901 (2005)

B UKILAG Bear
LRl WL LT

Conmnits £ s

Connts 15 =

Comnits 711 s

i T I
10 1’5_]. ;' I '-'LI
L, =
L1 | 1
kR
B iiecguanint B e ————
500 " sooo 'n;ﬂ':n'_
T — ;
& ol
jiBl = 'f;j; 813
I.':":':' u- = |_|
A
] o 5 ]
S }! 3 -‘._{'ji' \-&
. +
J:qyf;' T+ ¥ T
1820 1635 &S0 1L Iiss
B PR o]
_.:-:.: oo LL Li ‘
Py = ,
" PN oz T
] r__??{‘ ‘t‘?gu:,!_r'l:' s ot
e T - T :

T
1M I 1510 L Ll

Frequency (MHe)

W Nortershauser et al, HI 162, 93 (2005) & EPJA 25 S1, 199 (2005)



Doppler free two photon resonance

Two photon laser spectoscopy
in the ion source!

conventional laser ion source
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GPV: iThemba

stable probe: 2°®Pb(p,t)?°°Pb at iThemba

Q= -5.62 MeV
intensity 10-15 nA = 10" pps

GPV L=0 pairing mode
spectrometer at 7° but no GPV seen

2008: modification for 0° mode
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GPV: iThemba
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GPV: radioactive probe

®He radioactive probe

better energy matching:
large Q value +8.15 MeV

RPA+DWBA: 1 mb cross section

cross section (°*He,*He) probe high if
dineutron configuration really exists!

L Fortunato et al, EPJA 14, 37 (2002)
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GPV: radioactive probe

radioactive probe: 2°®Pb(°He,*He)?'°Pb at Ganil
108-107 pps ®He at 20 MeV/u + 10 mg/cm? 2%8Pb

No GPV seen...
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Conclusions

Laser ion source

production of RIB
management of radioactive inventory

Isomeric beams

Lasers at Eurisol for In Source spectroscopy
sensitivity of 10 atoms/s at resonance
Doppler free two photon spectroscopy
modify design of laser ion source

Giant pairing vibration

searched for since thirty years
better energy matching with radioactive probe
Eurisol intensity x 10°
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