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Physics motivation

d Why the 219Bi nucleus is an ideal nucleus
for testing the shell-model calculations?

O Arich ground for comparisons with
theory, also states arising from coupling
of proton and neutron particles
excitations to the 3~ first excited state of
octupole character in doubly-magic 2°¢Pb
are also expected. > ol

Z number of protons

O The unknown multipolarity of the main i

transition feeding the ground state w N=82
introduced rather large uncertainties in
measurements of the capture cross
section to the ground state in %19Bi.

z=28 []

=20 “N=50

O The measured lifetimes may be e
compared to predictions of shell-model ‘o

calculations.
5th Workshop on Nuclear Level Density and Gamma Strength, Oslo, May 18 - 22, 2015

N, number of neutrons

>



Physics motivation

d Why the 219Bi nucleus is an ideal nucleus
for testing the shell-model calculations?

O Arich ground for comparisons with
theory, also states arising from coupling
of proton and neutron particles
excitations to the 3~ first excited state of
octupole character in doubly-magic 2°¢Pb
are also expected.

Z number of protons

0516¢ 0.299 S 3728 1643 ui
o: 100.00% o: 100.00% o 100.00% o 100,00

0 The unknown multipolarity of the main
transition feeding the ground state
introduced rather large uncertainties in
measurements of the capture cross
section to the ground state in %19Bi.

4.202M 477 M 3053 M 2.161M 130M >300 N§
§-:10000%  p-:10000%  p-:100.00%  B-:100.00% ;-: 100.00% B-
-n: 7.0E-3%

205Hg 206Hg 207Hg 209Hg 210Hg J
5.14M 8.32M 29M 858 >300 N
p-:100.00%  p-:100.00%  p-: 100.00% -: 100.00% p- N. humber Of neutrons
‘ >

0 The measured lifetimes may be
compared to predictions of shell-model
calculations.

5th Workshop on Nuclear Level Density and Gamma Strength, Oslo, May 18 - 22, 2015



Physics motivation

d Why the 219Bi nucleus is an ideal nucleus

: : By
for testing the shell-model calculations” . 4-, 5 4605
O Arich ground for comparisons with g
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: g 320
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Experiment — ILL Grenoble (PF1B line)

Concrete
blocks for
support and
shielding

8 EXOGAM clovers

! % 6 GASP detectors

AT 2 ILL clovers

‘ \

Beam Stop

16 Ge detectors of EXILL array: 8 of EXOGAM, 6
of GASP, and 2 from ILL collaboration —
coincidence measurements of gamma rays
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Cold neutron flux of
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the ILL reactor with
energy <5 meV
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Population of capture state in
210Bj at binding energy of
4.6 MeV




Experiment — ILL Grenoble (PF1B line)

8 EXOGAM clovers |
W 6 GASP detectors

2 ILL clovers

.1 \

Beam Stop

Concrete
blocks for
support and

shielding

e 8 detectors of EXOGAM arranged into ring around the
16 Ge detectors of EXILL array: 8 of EXOGAM, 6 target at every 45° so angular correlation measurements
of GASP, and 2 from ILL collaboration — could be performed

coincidence measurements of gamma rays A _
 Measurements of the lifetimes with FATIMA detectors
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Experimental results: level scheme
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9/2— 0 =p (4-5-) 4.6 MeV  Capture state
209B; at neutron binding energy
1- 0
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Experimental results: level scheme

64 primary Population of neutron capture state at 4605.2(1) keV
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Angular correlations of y rays from 21°Bj

The angular correlation function for a pair of coincident

y rays connecting the nuclear states with spins J;, = J o
— J: is usually expressed as: y 674
W(®) =1+ A, P,(cos ©) + A,P,(cos O) ® 2- I
W 320
\ 1-

O - the angle between the direction of emission of two y rays Y2
P,(cos ©) — Legendre polynomials

A,=0,A(1)A(2) — the coefficients which depend on the attenuation

factor g, as well as on the multipolarities of 1 and 2 674 keV

v rays and the spins of involved nuclear states —— 0 degree
— 45 degree

q2 % 0-86(2) 90 degree

g, = 0.60(3)

Normalization: number of pairs of the detectors, efficiency > W(O)
norm0 = 0.495(5) (4 combinations)

norm45 = 2.020(12) (16 combinations)

norm90 =1 (8 combinations)

993

320



Spin-parity number of the capture state

A- 5-H4 5- 5-[—4605.2
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i H H |320(|v|1) 5

210R;
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Multipolarity of the main transition leading to the ground state

Not confirmed experimentally M1 multipolarity of 320-keV line

A. Borella et al., Nucl. Phys. A 850, 1 (2011)

Thermal capture cross section for the 2%°Bi(n,y)?1°Bi
reaction to the ground state [mb]

100% M1

50% M1 +50 % E2

100% E2

21.5(0.9)

19.3(0.8)

17.2(0.7)

A. Borella et al., AIP Conf. Proc. 769, 648 (2005)

£l 4605
2. 320 :
320 Ml (M1) Rl
1- 0
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Multipolarity of the 320-keV line

1175-320
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1013-320 * 1013-674
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Multipolarity of 320-keV transition

w(®) o
1.3 ¢ _ e
674-320 047,=0.01(3) :
1.2+ s
1.1} 03,0,=0.04(3) 2
TINE —— Sl
' ' — 0
0.9 0 4 2 v
A,=0.03(1), A, = -0.01(2)
0.8" 674 keV: 99.99% E1 + 0.01% M2

320 keV: 99.84% M1 + 0.16% E2
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Decays to:

4.3 | SPpIn-parity values: state at 1524 keV

530-674 530-320

K A,=0.02(1), A,=-0.02(2) ; o A0.01(1), A-0.03(3)
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1175-320

ol A,=0.04(3), A,=0.03(6)

01175=0.03(5)
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Decays to: 4- 5- 4605

(6), 8-, 8-, 6=, 7-, 9- State at 1981 keV
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Decays to:

s4n3.4.3404.5.3.2 ) Stgte at 2007 keV
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Fed from: BE

Decays to: 1-, 3-, 1- State at 1197 kev

409(M1)-563

3633(E2)-563
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Fed from: BE, (6-), (6-), (6-)

Decays to: 8-, 8-, 6-

611-645

Pras

A,=0.07(5), A,=0.07(11)

611-645

A,=0.07(5), A,=0.07(11)

State at 1527 keV
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A,=0.05
0 - : A,=0.00
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Spin distribution from 2°°Bi(n,y)%1°Bi reaction
(experimental results: shell-model states)

Energy [keV]

4500 ¢
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2000
1500
1000 |
500 | JEETR

0 1 2 3 4 5 6 7 8 9
Spin [h]
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Comparison with shell-model calculations
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Comparison with shell-model calculations
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Comparison with shell-model calculations
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Comparison with shell-model calculations v
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Measurements of the lifetimes of excited states in 21°Bj

320 keV
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Measurements of the lifetimes of excited states in 21°Bj

320 keV — LaBr 674kéV —— LaBr

320.0

3+ 993

Clover Clover
390 keV 674 keV
320
LaBr gate 0 keV
0
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Measurements of the lifetimes of excited states in 21°Bj
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Measurements of the lifetimes of excited states in 21°Bj

_AC _ACcom ton
2 +AC—-PRD

7T

AC =22 ps
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mT=0.8

compton — 106.8 ps
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Phys Rev. C 12, 1547(1975)
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Measurements of the lifetimes of excited states in 21°Bj

d 22—, 320 keV S
T =2(9) ps
O 3+, 993 keV o
T <40 ps 3+
Q 4+, 1524 keV i
T = 31(16) ps
s

S. Lodetti, MS Thesis, Milano (2015)
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Summary

> The level structure of 219Bi investigated in cold neutron capture on 2%°Bi was compared to
shell model calculations — some of the states must come from the core excitations.

» The analysis of angular correlations allowed to confirm almost pure M1 character of the
main transition leading to the ground state.

> The results of present analysis of 219Bi structure will serve as an excellent testing ground
for the future calculataions.

Thank you for your attention!
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