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UccnepoBaHue HEUTPOHOU3ObLITOUYHbIX U

HeuTpoHoaedULUUTHDbIX aAep, YAANIEHHbIX OT NoJ1oChl
B-ctabunbHoctu, 2007 r

OcHOBHbIe HanpasBneHusa pa6ort B 2007 roay:

1.3anyck B akcnepuMeHTanbHoOM 3ane MPUC nepBoin ovepeam U Hadano U3roToBaeHns
BTOpoM odepeaun (ynbTpadunoseToBbin Anana3oH U3nyyeHust) YyHMBepcasbHOW 1a3epHOM
CUCTEMbI ANS PE30HAHCHOM MOHM3aLMN KOPOTKOXUBYLLMX PaANOHYKINAOB.

2. 3aBepuieHue pabot no MNpoekty MHTL N2 2965 (konnabopauuns PNPI-LNL-GANIL-
Orsay): on-line nccnegosaHunsa UC MULEHHOro YCTPOWCTBA C Maccon ypaHa go 100 r.; off-line
TecTbl UC MULLIEHHOrO YCTpOWCTBaA C Maccoun ypaHa ao 700 r.

3. N3yueHune dopmbl aaep nsotonos 182-192pp (Z=82) Ha ycTtaHoBke ISOLDE ¢
NCMOSIb30BaHMEM /1a3€PHOIro UCTOYHMKA. ViccnenoBaHmns cxeM pe30HaHCHOM MOHU3aumm
aToMoB Po (Z=84) v npoBefeHne nepBoro on-line akcnepmMeHTa.

4. Hayano noarotoBku npoekta MPUHa (MccnepoBaHue PagmoakTuBHbIX 30TOMOB Ha
HenTpoHAX).



KapTta HyknnaosB
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NccnegoBaHusa yaaneHHbIX
a4ep Ha yctaHoBke UPUC:

N3ydeHne opmbl aaep (M3MepeHne 3apsaaoBbiX
PaanyCcoB N 31EKTPOMarHUTHbIX MOMEHTOB)
MEeTOA0M pe30HaHCHOMN Sla3epPHON CMEKTPOCKOMNUN.
Pa3paboTka HOBbIX MULLEHHbIX YCTPOMUCTB.
Pa3paboTka HOBbIX MOHHbIX MCTOYHUKOB

N 3(pPEeKTUBHbIX METOLOB PE30HAHCHOWM

NnasepHon MOHU3aUnN.



Hoebie oGnacTu saep AN nasepHo-
CNeKTPoCKeNn HYECKUX HccneaoBaHMii:
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MotuBayns Bbi6opa o6s1acTm HeMTPpOHOAE(HNLUNTHbIX N30TOMNOB
Pb (Z=82, N=100-126) ans nazepHoO-CrneKTPoOCKONMNYEeCKNX nccieqoBaHni

O 1. bauzoctb Kk Hg (Z=80), rae BriepBbie 6bisia 06Hapy>xeHa n3oMepus
hOopMbl U pE3KOE UBMEHEHMNE AedopMaLMmn OT MNONEPEYHON K POoAOIbHOM
(187Hg—185Hg).

O 2. O6bHapyxeHune B S4€pHO-CEKTPOCKONUYECKUX IKCIEPUMEHTAX Y
U30TOIMOB CBUHLA TpUMJeTa HU3Ko-aexatymx 0 cocrosiHuii, KoTtopble bbljin
MHTEPripeTupoBaHbl, Kak cchepnyeckoe (OCHOBHOE COCTOSIHUE) U COCTOSIHUS
C NpoAoJsIbHOU 1 roriepedyHoun geopmaymen.

O 3. UccneaoBaHue BAUSHUS 3aMKHYTOM IPpOTOHHON 060/104Ku (Z=82) Ha
crabunnzayuno opmsbl s14pa B OCHOBHOM COCTOSIHUMN.

O 4. bonblioe KoAMYECTBO TEOPETUYECKUX PabOoT MOCBSLEHHbBIX CTPYKTYPE
saep 3Ton 0b/1acTu.




JlazepHas ycranoBKa ISOLDE (nazepHblii MOHHbIN UCTOYHUK + J1a3epHas
CNeKTPOCKOMNns B J1a3€pHOM MOHHOM NCTOYHUKE)
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JlazepHasi CNEKTPOCKONMNs B Jla3€pHOM NOHHOM NCTOYHMNKE Ha
ISOLDE

|
CBuHel: 3aBeplLueH 3KcrnepuMmeHT 1S407

oo T T e ] TABLE 1. Tsotope shifts Svap "~ in atomic transitions and
¢ Py 8{(r?)exp in mean square charge radii relative to ***Pb, deduced
W o ¢ T from this work. The tabulated errors reflect only the isotope shift
" [ % . i uncertainties; the total errors are 0.025 fm? for '®2Pb, 0.013 fm?
-1 Ay ] for 1837185ph, and 0.010 fm? for 8¢1%ph, including errors on
0 : .qO. It"_ ' : the electronic factor and mass shifts.
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JlazepHasi CNEKTPOCKONMNs B Jla3€pHOM NOHHOM NCTOYHMNKE Ha
ISOLDE

CBuHel: 3aBepLueH 3KcnepmmeHT 1S407
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FIG. 3. Difference from the experimental mean square charge
radii (Expt), the beyond mean-field calculations with normal [4]
(MF) and decreased pairing [18] (MF"). and the IBM calcula-
tions (IBM) to the droplet model calculations for a spherical
nucleus. Isodeformation lines from the droplet model at 3, =
0.1 and 0.15 are shown.

PRL 98, 112502 (2007)
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NUCLEAR PHYSICS

Exotic lead nuclei get

into shape

at ISOLDE

A research team at CERN’s ISOLDE facility has uncovered the mainly spherical shape of
exotic lead nuclei with too few neutrons by measuring the nuclear charge radii.

In nature, relatively few nuclei have a spherical shape in their
ground state. Examples are %0, *°Ca, “8Ca and 2°®Pb, which are
“doubly magic”, with numbers of both protons and neutrons cor-
responding to closed shells in the nuclear shell model (see p23).
By moving away from the closed shells and increasing the number
of valence nucleons, both protons and neutrons, these nuclei can
eventually acquire a permanent deformation in their ground state.
Experiments reveal that sometimes — due to the complex inter-
play of single-particle and collective degrees of freedom — both
a spherical and deformed shape occur in the same nucleus at
low excitation energies. In the region around lead, for example,
physicists in the 1970s first observed this “shape co-existence”,
using optical spectroscopy at the ISOLDE facility at CERN (Bonn
et al. 1972 and Dabkiewicz et al. 1979). Since then, an extensive
amount of data has been collected throughout the chart of nuclei
(Wood et al. 1992 and Julin et al. 2001).

Some of the best-known examples of shape co-existence are
found in neutron-deficient lead nuclei (atomic number or number
of protons, Z=82). The uniqueness of this region is mainly due to
three effects. First, the energy gap of 3.9 MeV above the Z=82
closed proton shell forces the nuclei to adopt a spherical shape in
their ground state. However, the energy difference is small enough
for a second effect to occur: the creation of “extra” valence proton
particles and holes as a result of proton-pair excitation across the
gap. Third, a very large neutron valence space between the shell
closures with the number of neutrons N=82 and 126 results in a

CERN Courier
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Fig. 1. Changes of mean-square charge radii for lead, mercury,
and platinum isotopes. Circles show the ground states and
triangles the isomeric states, the latest data are red. Solid lines
indicate predictions of the spherical droplet model. (Changes
are relative to a reference isotope circled for each element.)

previously at ISOLDE. Instead, an extremely éensitive spectro-
scopic technique was employed: resonance ionization spectros-
copy in the ion source, first developed at the Petersburg Nuclear

Physics Institute in Gatchina for the investigation of rare-earth’

isotopes (Alkhazov et al. 1992).
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Conclusion on the Pb isotopes 0<r?> studies

In the case of lead, from 1°0Pb downwards, the changing of
d<r2> data show a distinct deviation from the spherical-droplet
model. This suggest modest ground-state deformation,

but comparison of the data with model calculations show that
d<r2> is sensitive to correlations in the ground-state wave
functions and that the lead isotopes essentially stay spherical

in their ground state at - and even beyond -

the N = 104 mid-shell region.

PRL 98, 112502 (2007)
CERN Courier October 2007, p. 19-21.




JlazepHasi CNEKTPOCKONMNs B Jla3€pHOM NOHHOM NCTOYHMNKE Ha
ISOLDE

]
lMonoHMN: ycnewHo cTapToBasl 3KkcrniepmMeHT I1S456

B W R1168eV 8.4163¢V i 1 W
510.6mm 510.6nm
6p8p 7 12
3 ?
6})3?}) 5P, Gp~8p T 10
s 532.34nm 538.80nm

843.38nm

6-})375 52 \ 255.8nm /

245.01 1nm

6p°Ts 25,

Gpni 3P2

Figure 2: RILIS excitation schemes for ionising polonium.




JlazepHasi CNEKTPOCKONMNs B Jla3€pHOM NOHHOM NCTOYHMNKE Ha
ISOLDE

O]
g: NHE %Hmm”m“ Po-204 I'Ipe,D,BapMTeanble peE3Yy/1IbTaTbl.
v Ground state L P (Zl 84)_
. #, —e— Isomer PO (£ =04)
_; ﬁ# ", Po-202 Droplet model prediction :
mw%wwﬁ# oy E : E
! Efw %, PO'ZOO
: st Mg o
.‘:h & “ . qg
— - S
| g P0-198 S
o o
| g Po-196
S T S T S S T T S SV B W S S S S W B R
ﬁ} 100 105 110 115 120 125 130
: AN Po-194 N
H + ¥ *4%%#
|.\Ig§53.6 118537 HXS}.:%# 118539 Wﬁ#ﬁsﬂ 11854.1 11854.2




HoBble o6nacTu aaep AN Na3epHO-CNeKTPOCKONUUYECKUX

nccnenosBaHuM Ha yctaHoBke UPUC:
O6/1aCTb HEMTPOHOMN36DBITOYHDbIX IAEP, NPUAEraowas K ABaXabl
Marmdyeckomy 132Sn

Bbixoa 132Sn

MPUC 5x10°
ISOLDE 8 x107

(MPWHa 1010-1011)

Haunbonee nHrepecHble 06bEKThI
nccnegoBaHmit — Te, Sb, Sn (Z=50),
In, Cd u Ag ¢ 4nciioM HEATPOHOB
6/1m3kuM K N=82




06/1aCTb HEMTPOHON36DbITOYHDbIX IAEP B OKPECTHOCTU Marm4eckoro
yucsaa HeuTpoHoB N=50
(Ge, Ga, Zn, Cu un Ni)

Bbixoa 78Zn
npPuC 1x10°

ISOLDE 1x106¢°

(UPUHa) 3 x107-108

B ato0i1 obnactu (Z=28, N=50) a1s
nccregoBaHns 060/7104€4HOro
a¢pdekTa HamboIbLINI MHTEPEC
rnpeAcTas/isiioT U30TONMMYECKUE
yerioyku Ge, Ga, Zn, Cu n Ni




O6acTb TSXKenbix a-pacnagymKoB

Bbixoabl 219Fr
nuPnC 1.2x10°

ISOLDE 9 x10°

lageHne nepnogos rnosypacrnaja

bosiee yeM Ha Tpu rnopsigka y n3oTorioB
Ha MaKkcuMyMe CeqYeHusi ux obpa3oBaHus
B OKpecTHocTun N=126

(?1°Fr, T;,,=20 ms; 2°Fr T,,,=27,4 s)
(??°Ra, T,,=18ms; ?!Ra, T,,,=28s)
(221AC, T1/2=52ms,' 222AC, 7—1/2=55)




Cxema YHnBepcasbHou JlazepHo-UoHn3ayunoHHOM CrieKTPOCKONMNYECKOM
Cucremsni (YJINCC), co3gaBaemon Ha UPUCe

Laser complex IRIS

Wavelentgh stabilization and V/A and sinchronization

scanning control N3rorossieHo n 3anyLujeHo B

Dye amplifier 1

BBO crystal

BBO crystal

Dye amplifiers 2 and 3

Target - ion
source unit

T

beam:

1GeV

0.1 pA
50Hz

| synchrocyclotron

Dye laser 1
(scanning)

@

Mass-separator IRIS

lon beam extraction-
acceleration-focusing
system

Switchyard

n stations:

0

a-detectors
| two tape-stations

lzl control

CVL1 CVL3

Copper-vapor laser set-up:

CVL 1- master oscillator,

CVL 2,3 - amplifiers,

laser power - 40W 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
scanning and wavelength stabilization
control.

Dye laser 2,3 - broad band (20 Ghz)

Dye amplifiers 1,2,3,4

Laser power - up to 10W (with two amplifiers)
Wavelentghs - 540 nm - 900 nm,

3KCnepuMeHTasIbHOM 3aJie
npPUca:

1. HoBasi cuctrema sa3zepoB

Ha napax Mmegm

(2.3 MsIH. py6)

2. Jlazep Ha kpacuresie +
YMHOXKUTEJIb 4acToTbl (OANH
KaHasl u3J1y4eHmst

B obnacrtu ynbrpacguosera)

(0.9 maH py6)
Ansi npoBegeHuns on-line
3KCNepuMeHTOB Mo J1a3€pPHO#
cnexktpockonuu Ga, Al, Ca, Ag, In,
Tl euje Hy>KHO U3roTOBUTb:
CUCTEeMY CKaHMPOBaHMS YacCTOThbl
M CUCTEeMY TPaHCNOPTUPOBKH
Y/IbTpa- puos1€TOBOro N3J1y4YeHnNs
(1.2 maH py6)

Ana obecne4yeHunss BO3MOXHOCTH
PpEe30HaHCHO MOHMU30BaTb aTOMbI
euje ~25 sjieMeHToB
Mepunognyeckonr cucrembil

+ 4 maH py6




lNMepBas oyepegb HOBOI J1a3€PHON YCTaHOBKM, 3anyLjeHHas B
aKcnepuMeHTasibHOM 3ane NPUNC

AR




TecTbl HOBOro MHULUEHHOro Beujecrea 1 MULLIEHHO-NOHHOro YCTpOﬁCTBa

B cotpygHnuectBe ¢ naboparopusimu LNL (Utanus),
GANIL wn Opcs (OpaHumns) npoagosnkanance off-line n on-line
IKCMEPUMEHTbI 10  UCAbITAHUKO  HOBOFO  MULLUEHHOIO
BeljectBa u3 rjiotHoro (12 r/cm3) kapbuaa ypaHa, a Takxe
paboTocrnocobHOCTM CaMoro MULLIEHHOIO YCTPOUCTBaA [1pU
Temnepatype (2050+30) C. Tectupyemasi MULLEHb SIBJISIETCS
camou MaccuBHou (91 r/cM?  uU3  UCHO/Ib3YEMbIX B
HacTtosiujee Bpemss Ha ISOL ycraHoBkax. Hauatbl off-line
TECTbl MULLEHHOIO0 YCTPOUCTBaA U3 Kapbuaa ypaHa BblICOKOU
rnJ0THOCTU ¢ maccou 238U, paBHoun 700 rpamMmam.




IRIS facility (1 GeV, 0.1 x4 protons)
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EURISOL review panel, 15.11.07 V.M. Panteleav




Intermediate mass target

@0 ¥ 06

Uranium target thickness=91 g/cm*
Tungsten surface ionizer
Target temperature was 1900-2100 °C

on-line efficiency:
Rb 20%

Cs 30%
Fr 17%

EURISOL review panel, 15.11.07 V.M. Pantelesv




Fr normalized yields

A Fr
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Normalized Yields

= 2190°C 4.5 g/om®

—® - 2130°C 91 g/cm? (after 30 days heating)
205 210 215 220 225
A

V.N. Panteleev, EMIS-15, June 25, 2007
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Normalized yield ratio for intermediate
and small mass targets
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Fr production efficiencies
from intermediate mass target

212 226 efficiency=0,22(7)
0.1 223 Td=1200(1100)s
222 Te=58(12)ms

1E-3

efficiency

Fr efficiency Nov06
1E-4 2130 °C
alpha (212 --renormalized gamma)

223,226 gamma N
red -- corrected on Ac decay 214+214m
1E-5 LR | LR | LR | LR | LR | LR |
1E-4 1E-3 0.01 0.1 1 10 100 1000
-1
1T, (s )
T e
y=¢ 30 (coth(a-1)-c) Tu, Ters — effusion time constant,
Tit+Test where: oc=n2 T »  Tq— diffusion time constant, ¢ — ionization efficiency
d

V.N. Panteleev, EMIS-15, June 25, 2007



CpaBHeHMne 3¢pcpeKTNBHOCTHN nosydeHnst N30TonosB Fr ¢ pa3/inyHbIMMA
nepuvuogamMu nonaypacnaga Ha ycraHoekax UPUC n ISOLDE

(MPNC = UC HDP muuieHHoe BeLIECTBO BO BHYTPEHHEM TaHTas10BOM KOHTEWNHEPE)

Curves are drawn according the standard
10 effusion-diffusion model

1 m  Td(IRIS)=1.4s, ioniz. eff. 10%

0.1 e

|
o = ® region of effusion
= Td(ISOLDE)=1000s, ioniz. eff. 70% Te(IRIS)=40ms
.é 1E-3
O
© 1E-4
Te(ISOLDE)=2s
1E.5 Comparison of the Fr efficiency
for ISOLDE (SC) — black rectangles
{E6 and IRIS (July07) — red circles
= (without errors: for ISOLDE data errors are unknown)
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Big mass target

.”{.’ High devsity 116 il
I.l'lll {irupinic oonlatner

“ ) &

57 pellets, 25 mm in diameter, 2 mm
thickness. Grain size 5 ym. Uranium mass

700 g. High temperature tungsten surface The target unit construction
jonizer. The target was normalized at the allows to combine in with the
test bench at T=1800 °C. electron beam-plasma ion

source as well.

EURISOL review panel, 15.11.07 V.0 Panteleey




The EURISOL Review Panel recommendation

“The panel realizes that the IRIS facility offers a unique,

cost. effective possibility for performing target tests and
optimization. It is important that during the planning phase of
EURISOL the facility be maintained. The committee
recommends that EURISOL coordinate tests to ensure
systematic measurements are performed”.

EURISOL Review Panel (ISOLDE, CERN 15.11.07)




lNpeaBapunrenbHana cxema ISOL ycraHoBkun UPUHa
(UccnegoBaHme PagnoakTtuBHbix N30oTonoB Ha HenTpoHAX)

Ha ogHoM n3 ny4yxkoB peakrtopa lNMNK.

KaHan MOK-5: & =0.2x1 DWSH.’CMZCEK

MpeanonaraemMbivi UCNONb3yeMbIi

2. 5
noTok: ®,=10-10 H/cm'cex

K 3KcneprMeHTaneEHBIM
yCcTaHOBKam

Kamepa pazeogu
WOHHBIX MyUKOB

MarHur
Macc-cenapaTopa

MoeopoTHas MarHuTHas
UnK 3NeKTpocTaTdeckasn
cucTemMa MuweHb U NOHHBIN

NCTOYHUK

aﬂel(TPOCTaTW-IeCI\‘aH NUH30BaA
cUcTemMa

PacueTrHble Bbixoagbl ISOL cucremobl PIAFE
Ha peaktope B [peHobne (MutieHb - 4 235U
HEUTPOHHBIN MOTOK - 3% 1013 H/cM?cek)

PIAFE yields

lon beam intensities
after mass separation

(ions per s)
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Figure 15: The figure shows estimated ion yields of PIAFE after mass separation: [sotopes where
t00 few information was available for a reliable yield estimate are marked in grey. The
black boxes indicate the most neutron rich stable isotopes. The heaviest isotopes, for
which the mass was experimentally determined [9] are marked by a “M".



Off-line macc-cenaparop komnnaekca UPUC
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CoTrpyagHn4YecTBO

|
PoccuMMUcCKUue napTHepbl:

P M. XnonuHa
eDI'YI HUN HIMO «Jlyu», NoaonbCcK
¢O00 «MeaunumnHckue npunbopbl», XMMKU

3apybexxHblie nabopartopum:

(pa3pabotka muiLieHeEN U MOHHbBIX UCTOYHUKOB,

/1a3€epHasl CNneKTpPoOCKornms)

EURISOL, task #4:

eGANIL, npoekT SPIRAL-II, ®paHuund

| NL (Legnaro)

eOrsay (Paris), npoekT ALTO, ®paHuus

oISOLDE (CERN)

eAccounmpoBaHHOE y4yacTue B obuieeBponencKkmnx
npoektax JRA-1 un JRA-3

2007 roa: ™Mbl K HUM — 8.5 u/M, 6 yern.
OHU K HaM = 1 y/mM, 5 yer.
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AHHOTaUuns OCHOBHbIX pe3ynbrartoB 2007 roja:

1. [lpoTecTtnpoBaHa M 3anylweHa B akcnepuMmeHTasnbHoM 3an UPUC
nepsas oyepeib YHMBEPCAbHOMW Na3epHOU CUCTEMbI A1 pe30HAaHCHOMN
MOHN3ALUMN KOPOTKOXUBYLLUMX paanoHyKnnaos. 3rotosneHa nepsasd
4acTb 2°% oyepeaun - OAUH Na3epHbIn KaHan B yNbTpadnoaeToOBOM
AnanasoHe.

2. [lpoBeaeHbl TpU CceaHca Ha yckopuTene no nporpamme lpoekTa
MHTL, N2 2965 B coTpyaHuuectee ¢ LNL-GANIL-Orsay. lNpoekt MHTL,
N° 2965 ycnewHo 3aBeplLueH.

3. Pa3paboTtaHo HoBoe UC MuLLIEHHOEe YCTPOUCTBO C MAaccom ypaHa
700 r. v HauaTbl ero gonroepemMeHHsble off-line TecTbl.

4. Ha yctaHoBke ISOLDE (CERN) HayaT aKCnepuMMeHT Mo U3YYEeHMUIO
3apsA0BbIX paanycoB n3oTonos Po MeTogoM na3epHOM MOHM3ALMOHHOM
CMEeKTPOCKONUN B 1Ia3epHOM MOHHOM UCTOYHUKeE. [lpoBeaeH nepBbin
on-line akcnepuMeHT.

5. HauaTta noarotoBka cneaytouwero MHTL npoekTa.




NMnan pa6ort JIKSA Ha 2007 rog

1. 3anyck B akcnepuMmeHTanbHoM 3ane NPUC HoBoW nasepHoun
yCTaHOBKU (201 odepeamn) ynbTpadmnoneToBoro Amana3oHa
n3nydeHusd. IarotoessieHne CUCTEMbl CKAHUPOBAHUSA YacTOTbl U
KaHasia TPaHCMoOpPTUPOBKU YNbTPadunOoSIeTOBOro U3ny4yeHns K
na3epHOMY MOHHOMY MUCTOYHUKY.

2. Off-line nccnepgosaHmnsa NpoToTUNA MULLEHHO-UOHHOIO
yCTpOMCTBa € Maccoun ypaHa ao 700 rpammoB. I3aMepeHue
BbIxoaoB nsotonoB Rb, Cs n Fr ns BbicokoteMnepatypHon UC
MULLEHU B KOHTEeWHepe 3 Kapbuaa tantana (Tnn>3000°C).

3. U3yueHune cdbopmbl aaep 194-204Ppo (Z=84) Ha ycTaHOBKe
ISOLDE c ncnonb3oBaHMeM nasepHOro MOHHOro NCTOYHUKA.
4. NMoarotoBka npoekta NPNHa.

5. lNoagrotoska HoBoro MHTL npoekTa.




	Исследование нейтроноизбыточных и нейтронодефицитных ядер, удаленных от полосы �-стабильности, 2007 г
	Сравнение эффективности получения изотопов Fr с различными периодами полураспада на установках ИРИС и ISOLDE ��(ИРИС – UC HDP 

