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Experimental motivation
(uncertainties in data)

Doublet with 
(𝟐+ ) 2828 keV

⇒ (𝟐𝟐
+) 1560 keV transition

(n,n’g) ‘singles’:
heavy open-shell nucleus

⇒ spectra: 
high peak density

≈ 3 MeV
upper limit for (n,n’g) 

(n,n’g) data only
‘singles’ ⇒

How reliable are
multipole-mixing

ratio d and relative 
intensity?

144Nd



EXILL (EXogam at ILL):
high statistics (nth,gg) 

At target:

𝜙𝑛 ≈ 5 × 107
𝑛

s ⋅ 𝑐𝑚2

A.Blanc et al., Eur. Phys. Jour. Conf. 93 (2015) 01015
M. Jentschel et al., Jour. of Instrum. 12 (2017) P11003 

143Nd(nth,gg) and 95Mo(nth,gg) :
(only) 8 Clover detectors at Θ = 90𝑜

octagonal symmetry ⇒ 4 angular groups 
(45𝑜, 90𝑜, 135𝑜, and 180𝑜)

Nucleus mtarget [mg] tmess [hours]

95Mo 17 22

143Nd 0.8 20

𝜎𝑛𝑡ℎ ⋅ 𝑚𝑡𝑎𝑟𝑔𝑒𝑡 ≈ 250 𝑚𝑔 ⋅ 𝑏

(good HPGe counts rates)



𝑍
𝐴−1

𝑋(nth,gg) reaction
(in simple terms)



144Nd

144Nd
33
− octupole isovector candidate  

Literature:
𝜹 𝟑𝟐

− → 𝟑𝟏
− = 𝟑−𝟑

+𝟏𝟑

𝜹 𝟑𝟑
− → 𝟑𝟏

− = 𝟎. 𝟑𝟕−𝟏𝟏
+𝟏𝟕

𝝉 𝟑𝟑
− = 𝟗𝟒−𝟑𝟒

+𝟕𝟓 fs

143Nd: 𝑱𝟎
𝝅 = 𝟕/𝟐−

⇒ 𝑱𝑵𝑪𝑺
𝝅 = 𝟑− or 𝟒−

Sn(144Nd): 7817 keV



144Nd
33
− octupole isovector candidate  

Literature:
|𝜹 𝟑𝟑

− → 𝟑𝟏
− | = 𝟎. 𝟑𝟕−𝟏𝟏

+𝟏𝟕

𝑾 𝜽 = 𝟏 + 𝑨𝟐 𝜹 𝒒𝟐𝑷𝟐 𝒄𝒐𝒔𝜽 + 𝑨𝟒 𝜹 𝒒𝟒𝑷𝟒(𝒄𝒐𝒔𝜽)

Fit
𝜹 𝟑𝟑

− → 𝟑𝟏
− = 𝟎. 𝟓𝟒(𝟒)



144Nd
33
− octupole isovector candidate  

Literature:
𝝉 𝟑𝟑

− = 𝟗𝟒−𝟑𝟒
+𝟕𝟓 fs

Lifetime measurement using
Gamma-Ray Induced Doppler (GRID) 

Broadening Method

H.G.Boerner and J.Jolie,
J.Phys.G. 19 (1993) 217



lifetime measurement:
GRID – Gamma-Ray Induced
Doppler-broadening method 

Literature:
𝝉 𝟐𝟏

+ = 4.28(7)psCourtesy: Michael Jentschel, ILL



144Nd
33
− octupole isovector candidate  

Literature:
𝝉 𝟑𝟑

− = 𝟗𝟒−𝟑𝟒
+𝟕𝟓 fs

Lifetime measurement using
Gamma-Ray induced Doppler (GRID) 

Broadening Method

H.G.Boerner and J.Jolie,
J.Phys.G. 19 (1993) 217

GAMS-6



144Nd
33
− octupole isovector candidate  

𝜏𝑓𝑖𝑡 33
− = 31−25

+10 𝑓𝑠

𝜏𝑙𝑖𝑡 33
− = 94−34

+75 𝑓𝑠

𝟑𝟑
− → 𝟐𝟏

+: 𝑬𝜸 = 𝟐𝟎𝟖𝟐 𝒌𝒆𝑽

Widening [eV]



144Nd
33
− octupole isovector candidate  

QPM (Ch. Stoyanov):
𝟑𝟑
− state is isovector;

However, calculation indicates
𝟑𝟑
− state rather two (quasi-)particle

𝑴.𝑻𝒉𝒖𝒆𝒓𝒂𝒖𝒇,
𝑪𝒉. 𝑺𝒕𝒐𝒚𝒂𝒏𝒐𝒗 𝒆𝒕 𝒂𝒍. ,

Phys. Rev. C 99 (2019) 011304(R)



144Nd

144Nd
33
− octupole isovector candidate  

0.25𝝁𝑵
𝟐

14 W.u.

𝟑𝟑
− remains 

a candidate
for a low-lying

octupole isovector
state

𝟑𝟏
− ෢𝑴𝟏 𝟑𝟑

−

= 𝟏. 𝟑𝟐 𝝁𝑵

𝑴.𝑻𝒉𝒖𝒆𝒓𝒂𝒖𝒇, 𝑪𝒉. 𝑺𝒕𝒐𝒚𝒂𝒏𝒐𝒗 𝒆𝒕 𝒂𝒍. ,
Phys. Rev. C 99 (2019) 011304(R)



95Mo(nth,gg)96Mo
projection total gg matrix  

96Mo: Sn = 9154.32 keV
95Mo: 𝑱𝟎

𝝅 = 𝟓/𝟐+ ⇒ 𝑱𝑵𝑪𝑺
𝝅 = 𝟐+ or 𝟑+

Data from
𝑺. 𝑹. 𝑳𝒆𝒔𝒉𝒆𝒓 𝒆𝒕 𝒂𝒍, PRC 75 (2007) 034318:

𝟑𝟐
− at 3178 keV: 𝑩 𝑴𝟏, 𝟑𝟐

− → 𝟑𝟏
− = 0.04(1) 𝝁𝑵

𝟐



96Mo
32
− octupole isovector candidate  

𝑱𝑵𝑪𝑺
+ → 𝟑𝟐

−

𝑱𝑵𝑪𝑺
+ → 𝟑𝟏

−

31
− and 32

− different structure



96Mo
32
− octupole isovector candidate  



96Mo
32
− octupole isovector candidate

angular distribution 944-keV transition 

𝟐𝟑
+



96Mo
32
− octupole isovector candidate

angular distribution 944-keV transition 

𝜽

𝑾 𝜽 = 𝟏 + 𝑨𝟐 𝜹 𝒒𝟐𝑷𝟐 𝒄𝒐𝒔𝜽 + 𝑨𝟒 𝜹 𝒒𝟒𝑷𝟒(𝒄𝒐𝒔𝜽)

𝜹 𝒍𝒊𝒕 = 𝟎. 𝟑𝟏(𝟏𝟐)

𝜹

𝜹 = 𝟎. 𝟒𝟗



96Mo
32
− octupole isovector candidate  

𝟎. 𝟎𝟒(𝟏) 𝝁𝑵
𝟐

6.2 
W.u.

0.05 
mW.u.

0.12 
mW.u.

0.03 
mW.u.

𝜹 = 𝟎. 𝟒𝟗

20.7 
W.u.

0.02 
mW.u.

𝟑𝟏
− ෢𝑴𝟏 𝟑𝟐

−

= 𝟎. 𝟓𝟑 𝝁𝑵

𝑨𝒍𝒕𝒆𝒓𝒏𝒂𝒕𝒊𝒗𝒆
𝒆𝒙𝒑𝒍𝒂𝒏𝒂𝒕𝒊𝒐𝒏

𝒇𝒐𝒓 𝑴𝟏 𝒔𝒕𝒓𝒆𝒏𝒈𝒕𝒉:

Candidates are 
build upon a 

coexisting shape
⇒

microscopic structure

⇒ have different 
gyromagnetic factors



95Mo(nth,gg)96Mo
projection total gg matrix  

96Mo: Sn = 9154.32 keV
95Mo: 𝑱𝟎

𝝅 = 𝟓/𝟐+ ⇒ 𝑱𝑵𝑪𝑺
𝝅 = 𝟐+ or 𝟑+

𝑁𝐶𝑆 → 31
− transition



96Mo
31
− octupole phonon  
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96Mo
31
− octupole phonon  



96Mo
31
− octupole phonon  

branching ratio 
& known B(E3)
⇒ lifetime t

⇒ E1 transition rates 



96Mo
31
− octupole phonon  

𝑬. 𝑻. 𝑮𝒓𝒆𝒈𝒐𝒓,𝑵.𝑵. 𝑨𝒓𝒔𝒆𝒏𝒆𝒗 𝒆𝒕 𝒂𝒍. ,
J. Phys. G46 (2019) 075101
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