NccnengoBaHve naotonos 1°1°218pg B
Jla3epHOM MOHHOM| UCTOMHMKE Ha
yctaHoBke ISOLDE (LLEPH)).

CTaTyC HOBOIO JIA3epHOI 0 KOMIJIEKCA
NPUC.

A.B. ®egopoB
JTabopaTtopusi KopoTKoXUBYLLKUX aaep, OPBI, NNAD

D. Fedorov PNPI, 15.06.2010



NnJiAH

OKcnepuMeHr IS 4561 no JiazepHoM

CMEKTPOCKONN aaep NMoJIOHUSA Ha YCTaHOBKe
ISOLDE (LEPH). Pa6orbl B 2007 v 2009,
npeaBsapuTenbHbie pe3yibTaTtbl 2010.

Hoeas nasepHasd yCTaHOBKa KOMMJieKca

NPUC. Onncanve, 3anyck, off=line v on-
line Tecrtbl B 2009.

D. Fedorov PNPI, 15.06.2010
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IS 456: Study of polonium isotopes ground state properties

by simultaneous atomic- and nuclear-spectroscopy

Motivations
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IS-407: “ Study of the Neutron Deficient 182-190Pp |sotopes by
Simultaneous Atomic and Nuclear Spectroscopy”
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IS 456: Study of polonium isotopes ground state properties
by simultaneous atomic- and nuclear-spectroscopy

- ,—+—Gound states | 1. Intruder states and shape
—l' e 0TS T coexistence in Po at N=110 ?
Po(Z=84) !

A.N. Andreyev et al., Phys.
Rev. Lett. 82 (1999) 1819.

2. Mean square charge radii
behavior at N=126 and
N=1047

3. Electromagnetic moments of
the odd Po isotopes in this
region?
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IS 456: Study of polonium isotopes ground state properties
by simultaneous atomic- and nuclear-spectroscopy

Photoionization scheme for Po
T.E. Cocolios et al. NIM B 266 (2008) 4403

Gontinuum

Laser lon Source (LIS) # 8.4168 eV

A, =510.6 nm (CVL)
lon source or 535 nm (Nd:YAG)

6p37p 5P,

—— Nfs,

A, =843.38 nm

M:Qs

N
to Mass separator 6p7S%S, 1 < — hfs,

Detection: A, =255.8 nm Isotope shift, & (r 2)
Faraday Cup

a-detection (Windmill) L
B-detection (tape-station) i — i,

y-detection (tape-station) Po ground state —

*This tranistion was already used for optical spectroscopy
(Kowalewska et al, Phys. Rev. A, 44 R1442, 1991.)

D. Fedorov PNPI, 15.06.2010



IS 456: Study of polonium isotopes ground state properties

by simultaneous atomic- and nuclear-spectroscopy

Ucnonb3oBaHue yckoputenbHoro spemeHun ansa 1S456:

Hos6pb 2006 . lNouck Haubonee achpeKTUBHOM CXeMbl MOHU3aALUN

nonoHus on-line.
4 cyTOK

Uionb-aBrycT 2007. U3MepeHbl U3oTONNYECKUE CABUIN U CBEPXTOHKas
CTPYKTypa ANA uenoykm nsotonos 194-204pg,
9 cyToK

Uronb 2009. U3mepeHbl AONOSTHUTESIbHO U30TONNUYEeCKne caBurn u
CBEpPXTOHKas CTPYKTypa ans 191'193PO, 204-212Po n 216, 218PO_
9 cyToK

D. Fedorov PNPI, 15.06.2010



Isotope shifts of the even-A

Po isotopes

A ﬁllvl-‘I\'sz’ T,/ S | Detection
192 —1037(150) 32 ms a
194 —372(120) 392 ms a
196 0 5.56 s a
198 ~162 (130) 1.77 m a
200 —905(40) 11.5m Y
202 ~2009(100) 44.7 m B
204 —3315(50) 3.53 h Y
206 —4692(60) 8.8 d FC
208 —6104(60) 29a FC
210 —7735(45) 138 d FC
216 —16555(55) 145 ms a
218 ~19259(75) 3.1m a

A}

Isotope shift Av,
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Isotope shifts for 200-210pg;
A=255 nm and A=843 nm

255 nm - Kowalewska et al, Phys. Rev. A, 44 R1442, 1991 843 nm — this experiment

Limited knowledge on the atomic
structure of polonium: the
electronic  F-factor for the
transition of interest in unknown.

King plot:

Large-scale electronic
computations by S. Fritzsche
using the GRASP code also give
the F-factor from a theoretical
approach for both transitions.

Fpss =29140 MHz/fm?
Fays = -12976 MHz/fm?

Fgu3/Fos5= 0.44 00 20000 40000 60000
AA

Fg44/Fo55= 0.45(3) from King plot DOy p = AV o AAT(A-A) =
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Charge radii for 192-218pg
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The experimental error bars are smaller than the symbol size.
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Charge radii of neutron-deficient Po isotopes

—eo — Ground state
v |somer
— Spherical Droplet
model prediction

Po (Z = 84)

® o000 ® :
Pb (Z = 82) o®
. @

**" Hg (Z = 80)

The experimental error bar is
smaller than the symbol size.
The distance between the
different chains is chosen
arbitrarily for better display.
One minor division on the

vertical scale corresponds to
0.1 fm2




Charge radii of neutron-deficient Po isotopes:
shell-closure effect at N = 126

A<r 2>N,N-2(N>126)

Element
A<r 2>N,N-2(N<126)

1)
o)

Pb (Z = 82)

135 140 145 15
N
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Hyperfine structure of the odd-A Po isotopes
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Odd-A Po isotopes: preliminary analysis

Low spin (3/2) High spin spin (13/2)
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Odd-A Po isotopes: preliminary analysis

Estimations (preliminary) of magnetic moments (193-197Po):

Pb, 1=13/2
, Pb, 1=3/2
-0 Hg, 1=13/2
Po, 1=3/2
—a— Po, 1=13/2

Lit. data
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IS 456: Study of polonium isotopes ground state properties

by simultaneous atomic- and nuclear-spectroscopy

3aKknr4vyeHue

POBEAEHB! JIA3EPHO-CHEXTPOCKOMMYECKIE MCCHEACBaHNS AAVIHHEVILEN LENOUK VBOTONOB
B paMkax OJIHOr0 SKCHEPYMEHTA! - ¢ °1Po) o) 2P0,

[HenyUeHB! AaHHBIE (10, SOTONMYECKVIM CABMIaM YETHBIX MBOTON0B NoMoHNs (122 216Po)).
VsBiieYeHb! SHaUEHVAI CPEAHEKBaAPaTVIUHBIX 38pP5A/A0BbIX PaANycoB. PaboTta NpoaoiKaencs.

Habnroaaencal SHaUMTENBHOE Vi <pPaHHEE> OTKIOHEHVE XOA2I VB0TOMMYECKON SaBCMOCTY
CK3P: o1 NpeAcKkasatmi <KanenabHoM MOAEAV»: B 0bMaciivi HENTPOHOAEMULNTHBIX NS0TONOB
HOMOHVS.

BlobGiaciv V= 126/ HanpomyB Hab/iroAaETCs NOMHOE, COOTBETCTBME VBBECTHOW CYCTEMATIIKE.
NpyicyTcrByEn 060M0UeYHBI SMMEKT, aHaMoMUHBIN APYIVM MSBECTHBIM VBOTONNYECKM
LEfoYKaM

[HonyUeHb! CHEKTPLI CBEPXTIOHKOM CTRYKTYPLI HEUETHBIX B0TON0B, 2 211Po. ipoAcmKaencs
Pa6OTal M0 VBBAEYEHIIO BOTONVUECKX CABUIOB! VIl KOHCTaHT CBEPXTOHKONO PACIIENIEHNS.

o MpeABapUTENBHEIM AaHHEIM HaboAaeTcs SHaUMTENBHOE! OTKIIOHERVE E0TONMYECKO
3aBVICIMOCTYI AVHOMBHBIX MaHVTHBIX MOMEHTOB! 12> 127P0 o aHa/ionuHBIX 3aBncMocTen Ph
niHg.



CTaTyc HOBOIO JIa3epPHOI0 KOMIMJIEKCA
NPULC.

IHoBad JiasepHad YCeTraHoBKa A4 JIasepHo-
JAepPHOr0 kKoMniekca VIPVIC NpOEKTPOBaNaCh C
HEMALHO:

SHaunTEeNbHO paclivipyib 06MacTh HOMYYaEMbIX
Hal Macc-cenaparope NPV 3oToReB. HECOX0AVIMOG
OOEecheyymt  PEBOHAHCHYIO! = VIOHVIBaIVIIG,  ailioMoB
SNIEMEHTOB C HonEHLvianamv ioHvalivivi: Blioms: A0
0.4 3B.

Ob6ecneynTb MpPOBEAEHME SKCHEPVIMEHTOB [0
JIG3EPHOM CHEKTPOCKONMM B MOHHOM WCTOYHMIKE, B
COCTABE YCTadHOBKV MAO/IPKEH. ObITh V3KONONOCHBIV
JIG3EP C BO3BMOXHOCTHIO CKaHVIPOBaHYIS  AVIHBI
BOJIHbI.

D. Fedorov PNPI, 15.06.2010



CxeMbl Jia3epHoM NoOHU3aUMM aToOMOB

Al (5.99 eV)
Ca (6.11eV)
+ Ga (6.00 eV)
_ In (5.79 eV)
A =Aew TI (6.1 eV)
1
;{1 ZEA‘DL
Cu (7.73 eV)
1 Bi (7.29 eV)
lz = E/IDL

Li (5.39 eV)

Na (5.14 eV)
Sr (5.69 eV)

Ce (5.54 €V)
Nd (5.52 eV)
Sm (5.64 eV)
Eu (5.67 eV)
Gd (6.15 eV)
Tb (5.86 eV)
Ho (6.02 eV)
Tm (6.18 eV)
Yb (6.25 eV)
Lu (5.43 eV)
Actinides...

Be (9.32 eV)
Zn (9.39 eV)
Cd (8.99 eV)
Sb (8.61 eV)

ﬂazﬂcwl: /13=

ﬂ’z :/1DL

1

;{1 ZEA‘DL

]‘DL

Mg (7.65 eV)
Sc (6.56 eV)
Mn (7.43 eV)
Co (7.86 eV)
Ni (7.64 eV)

Cu (7.73 eV)
Y (6.22¢eV)

Ag (7.58 V)
Tc (7.28 eV)
Sn (7.34 eV)
Pb (7.42 eV)
Bi (7.29 eV)

Be (9.32 eV)
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CpaBHeHue napaMeTpoB Jia3epPHbIX
YCTaHOBOK AJifAl pe30HaHCHOW MOHMaLnn

Parameters  |[ISOLDE | IRIS (0ld)
Repetition rate 11 kHz 9-12 kHz
Pulse width 15 ns 10 ns
PUmp: pewer 60— 80O'W 30 W
Dye pewer <8 W <1.5W
UV power 2o <1.5W no
UV power 3o <0.15W no
Wavelengthi range 217 — 425 nm 540-670 nhm
530 — 850 nm

D. Fedorov PNPI, 15.06.2010




New IRIS
Laser Set'u p Wavelength stabilization

and scanning control

Status 2010 [ ]

Dye laser 1
(scanning)

Copper Vapor
Lasers (CVL 1,2,3)

Dye amplifier 1

)

Magnet Switch-yard

lon beam
extraction-focusing
system

Target - ion
source unit

Mass-separator IRIS

Proton beam:

synchrocyclotron
1 GeV

0.1 pA
50 Hz

lon beams to

. e

Synchronization and
power control

Copper-vapor laser set-up:

CVL 1- master oscillator,

detection stations: CVL 2,3 - amplifiers,

Alpha-, beta-,
gamma-detectors

at two tape-stations

laser power - 40 W each,
wavelength - 510 nm and 578 nm,
repetition rate - 10 kHz,

laser pulse - 10 ns

Dye laser set-up:

Dye laser 1 - narrow band (500 MHz),
with wavelength stabilization

and scanning control

Laser power - up to 5W ( one amplifier)
Wavelength range:
530 - 850 nm (w), 265 - 425 nm (2 )

D. Fedor

ov PNPI, 15.06.2010




( IRIS laboratory hall \
. e i

e i
A &% - 4
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HoBas cncremMa aBToMaTUYECKOro CKaHMPOBaHNS W
CTabunusauvv QJivHbl BOJIHbI JIa3epHON0 U3J/TyuUeHns

Cucrtema ckaHMpoBaHUA CNocobHa B aBTOMaTUYECKOM pPeXMME YynpaBraTb
llaroBsiM1  ABUraTensiMm nNpuBOAOB  AUMPAKLUMOHHOMN  PELUETKN U
nHTepdepomeTpa dabpu-llepo pesoHaTopa Y3KOMOSIOCHOro nasepa Mo
KpUTEPUSAM OaHHOM ONWHbI BOSIHbI U YUCTOTbl OMTUYECKOW NMHUM Ha
aHanmsartope crnekTpa.

control

laser line
quality

et pt [

Control Il e o e Cm Co— o

hseed lanbids
553 7S50

step
motors
control
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CxeMbl MOHU3ALIUM,

poctynHbie k 2010 Cxembl MoHVBalmy,
TPEOYIOLLIVIE HaVIMEHBIIVIX

AOHONIHRNTENEHBIX BIIOYEHNV]

Al (5.99 aV)
Ca{6.11aV)
Ga (6.00 &V)
In {5.79 &V)

Mg (7.65eV)
Sc (6.56 aV)
Mn (7.43 aV)
Co(7.86 aV)
Mi (7.64 V)

Cu(7.73aV)
Y (6.22 V)

Ag(7.58 aV)
Tec (T28aV)

TI(6.11 &V)

Sn (734 &V)
Pb (742 aV)
Bi(7.28 V)

D. Fedorov PNPI, 15.06.2010




Off-line Tecr. Hos6pb 2009

JIazepHag| vioHysaliysl i VIBOTOAVIYECKIVI CABWI VIl CBEPXTOHKAS
CTpyKTypa 293295 T]

o 20371 (1=1/2)
— HFS it

8

8

8

510.6 nm

FC current, a.u.
g

o 205T) (1 =1/2)
— HFSit

276.789 nm

Tl results: 1S,(5 503 = 1170(200) MHz from our fit,
1S,05 203 = 1038.5(1) MHz from G.Hermann et al., Z.Phys. D28, 127 (1993)
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On-line Tecr. lexabpb 2009

V=5.79 eV

510.6 nm

303.935 nm

VIBOTORVNYECKIE CABVIW VI CBEPXIIOHKaA
CTPYKTYpPa W3eTonoB: In

IS from it | 1S from [1]

(451.1 am), A from fif, A fram 1],

MHz MHz

2384{80)
550(130) | 441.6(6) | 2304(80)
§B0({160) B10(5) | 2444{120

800
600
400
200
700
600
500
400
300
200

Counts under -peak (E=925.6 keV)

8

[1] J. Eberz, U. Dinger, G. Huber, et al., Nucl. Phys. A464, 9-28 (1987)
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SaKJiroueHue

*3anyllieHa NepBasd OYEPEL HOBOVI TABEPHOM| YCTaHOBKV KOMIIEKCA
VNPVIC. lHenydeHa npyHLWnnaniisHas BOSMOXKHOCTE VICCHELOBAHNS
KOPOTKOMXKVBYLUVX I30TONOB! HEKOTORLIX SEMEHTOB, HEAOCTYIHBIX
PaHEeE.

[[IpeBeacHbl ofif=line TECTHI CYETEMBI AS NCCHELOBAHNS MBoTONOB 1.

*[NpeBemeH on-line akcrneprMeHT o, MBMEPEHVIO NBOTOMNYECKIX
CHABWIIOB! Vil CBEPXTOHKOVI CTPYKTYPBI ANl n3oTonos 1% 120 2in [py
3ToM| - BIEPBLIE Ha nepexode 303 H.

sAHam3 NonyYeHHBIX JaHHBIX NOKaskIBAET V/AOBIETBOPUTENBEHOE
COOTBETCTBVE C PAHEE MBMEPEHHBIMY, UTO YKa3bIBAET Ha OTCYTCTBE
3HaUNTENBHBIX CYCTEMATNYECKVX NONPELLHOCTEN CXEMBI
SKCHEPVIMEHTA.

D. Fedorov PNPI, 15.06.2010



KaHan 'K 6-6" — ycraHoBka IPUHA

JEVSQRHAA CHICTEMA Y OTAHOBRIL

EOMICETOPHAA KaMepa

MarHITT Maco-ceIIapaTopx

oKy crpyIonTag
cHCTeMA
BUKY YMHs
CIICTeNa
HOHHO-OITITMCCRINT

/.mucpa PasBOIKII HOHHELL
TVEROD

oTcetHoil mudep

TIOBILAHAL IIaTdopMa

MOBOPOTHEIT MATHIIT

MIILEHHO-IIOHHOE YCTPOIICTEO
€ TIOHHO-OTTTITIECKOTT CITCTEMOTT

AKTIHHAA 30HA
peaKTopa

TeHTOMPOT AT
MENAHIEM

120Pd
127Ag
130Cd

HNPUHA

ar./ cek

4,58E+06
1,09E+07
2,42E+08
1,11E+10
2,13E+09
5,27E+10
6,66E+08
3,09E+09
7,19E+09
3,48E+10
1,73E+08
2,68E+11
2,71E+09
1,58E+02
8,78E+10
1,71E+08
1,77E+10
2,71E+09
1,58E+02
8,78E+10

SPIRAL2

aT./ cex

2,75E+05
1,15E+06
2,64E+09
1,24E+07
4,09E+08
8,60E+09
2,71E+08
3,35E+09
4,45E+09
1,79E+07
9,02E+07
1,02E+10
1,06E+10
1,71E+01
8,03E+04
1,06E+08
2,62E+09
1,06E+10
1,71E+01
8,03E+08
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