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Obiectiv general — date experimentale originale

— elucidarea unor aspecte moderne de structura nucleara

Momentele electromagnetice — marimi cruciale — testarea modelelor teoretice

Obiective specifice

1. Structura nucleelor ugsoare din zona de masa A=30-40
stari de spin Tnalt, timpi de viata — excitatii intrus, simetrie de izospin
Etape: 2007, 2008, 2009

2. Momente nucleare pentru stari izomere exotice — nuclee neutrono-deficitare de Pb
Etapa: 2009

3. Stéri izomere de viata scurta in produsi de fisiune — nuclee bogate in neutroni
Etapa: 2010

e Experimente complexe — Lab. National Legnaro (LNL) Italia, GSI-Darmstadt Germania
e Colaborari internationale

Activitatile prevazute pentru realizarea celor 3 obiective se efectueaza in paralel
Conditionari: - programarea experimentelor la facilitatile europene

- activitati in colaborare
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Obiectiv 1: Nuclee din patura sd — interes recent
- Sisteme complexe de accelerare si detectie — spini inalti — superdeformare 3¢Ar, 38Ar

- Modelul paturilor nucleare — interactii efective — excitatii intrus fp
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Experimente realizate la LNL — rezultate recente:
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Etapa 2008:
Etapa 2009:

37C|

nuclee oglinda 3P - 31S
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Obiectiv 1, etapa 2008: 37ClI 24Mg('°0,3p) @ 70 MeV  LNL

Detectie raze vy : sistemul multidetector GASP
Detectie particule incarcate: sistemul ISIS

28 nivele noi: spini, paritati
66 tranzitii noi: multipolaritati
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Obiectiv 1, etapa 2008: 37Cl

Counts

Metoda atenuarii deplasarii Doppler — Timpi de viata pentru 7 stari noi
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Obiectiv 1, etapa 2008: 37Cl

Calcule model paturi in spatiu
larg de configuratii sd - fp

1. Codul ANTOINE
Interactia efectiva sdfp

Strasbourg-Madrid
2. Monte Carlo

Interactia efectiva SDPF-M
Tokio

1. ANTOINE sdfp
Functii de unda <~ excitatii

intrus f;, ps,

==) Gap-ul sd-fp subevaluat
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Obiectiv 1, etapa 2008: 37Cl

2. Calcule model paturi Monte Carlo

orbitali ds/, d3;, S1, 17,2 P32

Interactia efectiva SDPF- M

Functii de unda < excitatii
intrus f;, ps,

==) Gap-ul sd-fp supraevaluat

Imbunatatirea interactiilor
sdfp (ANTOINE)
SDPF-M (Monte Carlo)

Manuela lonescu-Bujor  IFIN-HH

9t 5940
92t 5595
72 5100
7R+ 4904
5/27 3470
5127 3086
1/2+ 1840
1t 1727
327 0 3727 0
exp SDPF-M

11/2~ 4546
3/2- 4177
92" 4010
5/2- 3741
712 3103
exp

1112~ 4800
9/2 4780
52~ 4430
327 4360
712 3770
SDPF-M

CNCSIS 24 iunie 2009



Obiectiv 1 etapa 2008: 37C| B(M1), B(E2) valori experimentale comparate cu valori teoretice
; .

calculate folosind codul ANTOINE si interactia sdfp

Eer g I b ES™®  BRes BOMD{(p3)) B(E2Y(&® fm*)
(keV} {ps) (keV) % eXp sdfp sdf p1 exp sdfp sdf p1
3086  0.027(6)" 5727 3/af 3096 100 0.032(7) 0.029  0.037 26(7) 35 38
4904 0.024(11)* 7/af 5/a7 1818 21(7) 0.056(3) 0.009  0.003

3727 4904 79(8) 7(4) 5 3
6799 0.41(7)° 13728 112t 753 52(2) 0.117(29) 0109  0.145

9/af 1204 10{2) 54(16) 37 36
7020 21011 15725 13/2f 221 4(1) 0.070(39) 0.001  0.002

11/2f 974 10{2) 55(32) 31 31
7857 0.85(15)° 1525 13/2f 1088 79(9) 0.031(8) 0.236  0.235
8812 0.38(11)° 17/2f  1s/af 1792 47(9) 0.008(5) 0.039  0.038 3(2) 6 3

13725 2013 40(5) 18(7) 43 32
4273 0.075(30)" i 74T 1170 100 0.336(174)  1.069  1.183 12(6) 17 9
4460 0.055(20)" 72 T 1357 59(8) 0.184(66) 0.001  0.115
4010 23(2)" 949, o il 907 73(4) 0.0013(2) 0.036  0.049 6(1) 4 5
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T 1443 4(1) 1.5(6) 0.0 0.4
5547 0.14(5)" 1/2; 11727 1001 54(3) 0.152(81) 0.099  0.001

9725 626 3(1) 0.034(17) 0.073 0071

9/ar 1537 9(3) 0.007(3) 0.016  0.095

T2 2444 34(8) 16(7) 48 a1
5705 0.16(5)° 1172y 11725 158 0.8(3)  0.506(295)  0.836  1.024

/27 1159 48(2) 0.076(25) 0.071 0074

942, 784 6(2) 0.029(15) 0.064  0.652

92, 1695 18(2) 0.009(4) 0.035  0.056 1.3(7) 1.4 1.2

T2y 1245 3(1) 39(15) 1.8 2.6

i, 1432 7(10) 44(17) 36 6

T 2602 14(2) 4(2) 04 9
5271 2.4(6)° 13/27  1172] 725 94(2) 0.040(12) 0.166  0.148 13(5) 16 17

9/2r 1261 6(2) 3(1) 10 11
7453 0.13(4)° 1527 13/27 2182 12(2) 0.003(1) 0.000  0.001 0.4{2) 0.003 0.2

1172, 1256 3(1) 42(15) 7 a3

1/0— 17 A0 214} [ats WA DR 7Y

3 T,, P.M. Endt, Nucl. Phys. A 633,1 (1998)
b) T,,, lucrarea prezenta
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Obiectiv 1, etapa 2009: nuclee oglinda 31S - 31pP

Z=16 N=15 Z=15 N=16
31 31
S P
R 6824 /2=
"1 Wi 6391 5454 /2*
(1|'534) 1481
1
T .;‘..._9[2“' 5301 5343 9/2+ 2393
3039
7/2%

Simetria de izospin
- Energii de excitatie stari analoage

- Tranzitii B(E1)
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Obiectiv 1, etapa 2009:

nuclee oglinda 31S - 31pP

Masuratori de timpi de viata pentru stari analoage

2 Experimente realizate la LNL <> metoda atenuarii deplasarii Doppler

24Mg(1€0,20p)3'P @ 70 MeV — M. lonescu-Bujor et al., Phys. Rev. C 73, 024310 (2006)

24Mg(160,20m)31s

12C(2°Ne,p)*'P @ 33 MeV

12C(20Ne,n)31s

Analiza datelor experimentale — in curs
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Obiectiv 2, etapa 2009: momente statice in nuclee neutrono-deficitare de Pb

208pp Z=82 N=126 N — 100 structura complexa

- coexistenta de forme - stari sferice
- stari deformate: oblate , prolate
- stari superdeformate

- rotatia magnetica

- stari izomere — momente magnetice — configuratii

momente electrice cuadrupolare — forma nucleara

Program experimental propus si realizat de echipa proiectului
LNL - colaborare internationala — rezultate recente:

M. lonescu-Bujor, A lordachescu, N. Marginean, G. Suliman, G. llie et al.,

98Ph  —  Phys. Rev. C 70, 034305 (2004)
192194Ph —  Phys. Lett. B 650, 141 (2007)
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Obiectiv 2, etapa 2009:

Coexistenta de forme in nuclee de Pb

Modele camp mediu
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D. Karlgren et al., Phys. Rev. C 73, 064304 (2006)
M. Bender et al., Phys. Rev. C 69, 64303 (2004)

Modelul paturilor-
excitatii protonice intrus

Stari sferice 0p-0h

Vi3, 3P4, 3Ps, 25,
izomeri 127

Stari oblate 2p-2h
i 3, 1hy,

Izomeri 11~

Stari prolate 4p-4h

i3, 1hg,,  1hg, 15,
Izomeri 8~

V. Hellemans et al., Phys. Rev. C 71, 034308 (2005)
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Obiectiv 2, etapa 2009: momente statice 193Pb 188Pp

Experimente - fascicol pulsat: spectroscopie y
izomeri - timpi de viata
distributii unghiulare perturbate (TDPAD)

193Pb spectroscopie vy, timpi de viat3, 188Ph interactie magnetica

interactie electrica cuadrupolara in H..=19 kG

gradient camp electric Hg solid T=170K
170Er(?8Si,5n)19%Pb @ 143 MeV 164Er(28Si,4n)1%8Pb @ 143 MeV
Fascicol pulsat - impuls 2 ns Fascicol pulsat -impuls 2 ns

- repetitie 800 ns - repetitie: 3.2, 6.4 ps

Tinta: '°Er 0.7 mg/cm? Tinta: "®*Er 1 mg/cm?
Detectori - HPGe planari 0° si 90° Detectori - HPGe planari si volum mare
Nucleele '93Pb implantate in Hg solid Nucleele ¥Pb implantate Tn Pb

Dificultati: - sectiuni mici de populare a starilor izomere
- pondere mare a fisiunii nucleului compus 40-60%
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Obiectiv 2, etapa 2009: 193Pb

Investigarea proprietatilor starii izomere de 9 ns,

cap de banda de rotatie magnetica
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Obiectiv 2, etapa 2009: 193Pb

Distributii unghiulare —

Spinul capului de banda RM Identificarea unei noi stari izomere
22 > 27/2- T,,=5.3 ns
- ™EronHg+®si(143MeV) “To 8 0%
g TR S | 213 keV
Y A N I 10* | /‘\ /Tm=9.4(5)ns
2 -4
+— r w
c 10°¢ c
S E I I I N P S 103 |
© (o]
< MO delayed O - 180keV /
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5 o | T,,=53(6)ns
[ A 102 |-
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Obiectiv 2, etapa 2009: 193Pb

2712~
27/2-

9.4 ns
5.3 ns

v (iy5) 77 (Vig5,, 1hy )11

v(1i3,23P35)

1Q.| = 2.6(3) eb

Q.| <0.5¢eb

Primul moment electric cuadrupolar masurat

— banda de rotatie magnetica
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Obiectiv 2, etapa 2009: momente cuadrupolare statice in Pb

Comparatia Q, experimental — calcule PQTAC

Nuclen I™  E, (keV) T, (ns) Configuratie 16 |ezpleb) Q¢(TAC)(eb)
192Dy, 12t 2623 1100 v(162,) 0.32(4) +0.36
11—~ 2743 755 (1hoalizaa) 2.9(3) 901
199p}, 13 /9+ X 5.8 min p(Ligds) 0.195(10) 10.25
21/2-  15864x  20.5 v(157243ps)2) 0.22(2) 10.96
27/2- 23224x 5.3 v(Li2,3p3)2) <05 ) +0.32
o1/27  2584+x 94 w(lif,)@m(lheplisg)1l”  2.6(3) 940
33/2%  2613+x 180 p{li,) 0.45(4) +0.46
194D, 12t 2698 350 p(162,) 0.48(3) +0.49
11~ 9033 133 (1hg/2lizasa) 3.6(4) 981
1%pL, 1372t 203 15 min v(lizh,) 0.306(15) 10.33
19pL, 19t 2604 270 v(Li ) 0.65(5) +0.70
11— 3101 79 7(1hg/aliysso) 3.6(6) 3.00

e Starile neutronice — Q_ valori mici < sfericitate
e Excitatia protonica intrus — Q valori mari <> deformare
o Deformarea benzii de rotatie magnetica [3,=-0.11
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Obiectiv 2, etapa 2009: 133Pb

3 stari izomere < coexistenta tripla

26 ns 94 ns

- 830 ns
11 12*
2702 2710 8- 277
33 344 T sl Toa. 2473 (1)
10" 7y 1 2366 710 3¢f1 l IR
7.8 2216
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S I
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]
369 l 1194 §  (4)
4 T 1064 T
470
2 P 724 )
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o 0 82 106
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=017
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Masuratori factori g — metoda TDPAD

R(t)
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g =-0.179(6)

L L
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g=-0.041(3)
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8- —primul factor g —stare deformata prolate
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Obiectiv 3, etapa 2010: stari izomere in produsi de fisiune

GSI - Fascicole izomerice populate in fisiunea 238U

- Tinta °Be 1 g/cm?

238)-fission at 750 MeV/u

o D A s 5% | 5 [ o YED L [

iailigriﬁ| i

i ih K i i S

CER ' o
i

New sub-us isomers in 125127.1295n and isomer systematics of 124-130gn

...G. llie, M. lonescu-Bujor, A. lordachescu, et al.,
Phys. Rev. C 77, 064313 (2008)
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Obiectiv 3, etapa 2010: stari izomere in produsi de fisiune

GSI Fisiunea 238U
— studiul alinierii spinilor

— determinari de momente magnetice in nuclee de Sn bogate in neutroni

LNL Fisiunea nucleelor neutrono-deficitare de Pb
170Er + 28Sj _s 198Pp
168Er + 28Sj _y 196Pp
164Er + 28Sj _s 192Pp

— lzomeri de viata scurta ns, us - produsi de fisiune
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Participarea membrilor echipei la realizarea obiectivelor proiectului

Cercetatorii cu experienta — obiectivele 1, 2, 3

Gabriel Suliman — obiectivul 2

Pregatirea si realizarea experimentelor la LNL
Sortarea datelor list-mode, crearea matricilor si a spectrelor de interes
Analiza datelor TDPAD

Gabriela llie — obiectivul 3

Pregatirea si realizarea experimentelor la GSI

Analiza complexa a datelor experimentale

:> Formarea unei echipe de tineri cercetatori - in domeniul momentelor nucleare

- implementarea metodei TDPAD la Tandemul IFIN-HH
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Lucrari ISI:

1. New sub-us isomers in 125127129 and isomer systematics of 124-130§n
...G. llie, M. lonescu-Bujor, A. lordachescu, ..
Phys. Rev. C 77, 064313 (2008).

2. High spin structure of 37Cl, intruder excitations and the sd-fp shell gap

M. lonescu-Bujor, A. lordachescu, .. N.Marginean, ..
Phys. Rev. C 80, 034314 (2009).

3. g factors of coexisting isomeric states in '3¢Pb

M. lonescu-Bujor, A. lordachescu, G. Suliman, N. Marginean, ..
Trimisa la Phys. Rev. C.

4. Isomerism of low-lying states in 8¢Y

.. N. Marginean, M. lonescu-Bujor, A. lordachescu, G. Suliman, ..
Trimisa la Eur. Phys. J. A.

5. g factor of the 7- isomer in 26Sn and first observation of spin-alignment in relativistic fission

G. llie, M. lonescu-Bujor, ...
Trimisa la Phys. Lett. B.

6. Spin, quadrupole moment and deformation of the magnetic rotational bandhead in 193Pb

M. lonescu-Bujor, A. lordachescu, G. Suliman, N. Marginean, ..
Redactata, va fi trimisa la Phys. Lett. B.
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