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High Ex of the 2+

Small B(E2; 2+ → 0+)

Low Ex of the 2+

Large B(E2; 2+ → 0+)

High Ex of the 2+

Small B(E2; 2+ → 0+)
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The B4/2 anomaly

𝐵!/# =
𝐵(𝐸2; 4$ → 2$)
𝐵(𝐸2; 2$ → 0$)

> 1
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B4/2 > 1 for collective nuclei
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The B4/2 anomaly

4+
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0+

B4/2 < 1 in mid-shell nuclei!

Observed in: 114Te, 166W, 
172Pt, 168,170Os…
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The osmium chain
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B4/2 anomaly in Os

170Os

ØSeniority-like 
scenario;

ØIBM calculation:
triaxial rotor;

ØNo shape change.
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B4/2 anomaly in Os
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𝐵!/# =
𝐵(𝐸2; 21/2$ → 17/2$)
𝐵(𝐸2; 17/2$ → 13/2$)

169Os

Ø Same trend of the 
even isotopes?

ØRole of unpaired
neutron?
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167Os study case
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From B(E2) to lifetimes (and back)

𝜆(𝐸2) = !
"
∝ # $%;↓ $!()*!)

#,

We measure this… … to obtain this
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Fusion-evaporation reaction

-2p

-1n

Beam: 78Kr @ 360 MeV

Target: 92Mo, 1.3 mg/cm2

CN: 170Pt

Reaction channel: 2pn

Performed in JYFL (Finland)

February 2023
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Experimental setup

JUROGAM3

RITU

DSSD
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Alpha-decay tagging

167Os

DSSD:

• Detection of 
reaction product;

• Alpha-decay
tagging
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17/2+ → 13/2+

21/2+ → 17/2+
Gamma-ray spectrum

obtained in coincidence
with the alpha-decay at

5839 keV



The plunger device

• Two metallic foils: target and 
degrader;

• Motor with sub-micrometric
precision;

• Feedback system;

• Access to lifetimes in the range of 
picosecond.
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RDDS method
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RDDS method

𝑅𝑎𝑡𝑖𝑜 =
𝑆𝑇

(𝐼𝐹 + 𝑆𝑇)
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RDDS method

𝑅𝑎𝑡𝑖𝑜 =
𝑆𝑇

(𝐼𝐹 + 𝑆𝑇)

Depends on:
o the speed;
o the distance;
o the lifetime!
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RDDS method
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DCM and DDCM

Decay Curve Method Differential Decay Curve Method

𝑹 𝒕 = 𝑨 𝒆!𝒕/𝝉 𝜏(𝒕𝒊) =
𝑹(𝒕𝒊)

𝒗𝒅𝑹(𝒕)𝒅𝒕

1 decay curve = 
1 lifetime

1 decay curve = 
1 lifetime per 

distance

Fitted
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The 17/2+ state
Ra

tio

Li
fe

tim
e

[p
s]

ToF [ps] ToF [ps]

DCM DDCM

𝜏 = 37(1) ps

𝜏 = 36.7(7) ps

No agreement with previous
measurement Effect of the feeder
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The 21/2+ state
Ra

tio

Li
fe

tim
e

[p
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ToF [ps] ToF [ps]

DCM DDCM

𝜏 = 8.0(3) ps

𝜏 = 8.6(3) ps

New measurement! … now back to the 17/2+
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Second order Bateman Eq.

2° order 
Bateman

𝜏 = 22.2(6) ps

Agreement with previous data:
𝜏 = 20(4) ps

O’Donnel et al., PRC 79 (2009)

Lifetime of 17/2+

𝑅 𝑡 = 𝑒.//01 +
𝜏2

𝜏2 − 𝜏1
𝑒.//02 − 𝑒.//01
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The B4/2 ratio

Transition 𝜏 [ps] B(E2) [W.u.]

17/2+ → 13/2+ 22(1) 99(5)

21/2+ → 17/2+ 8.3(5) 46(4)

B4/2 ≈ 0.46(6)
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The B4/2 ratio
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167Os follows 
the trend!

… so, what’s next?
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Future perspective

166Os?

• 2+ state already measured;
• 4+ state not measurable.

165Os?

• Spectroscopy known;
• Lifetimes unknown.
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Future perspective

Ø Structure based on the h9/2
band;

ØChange of structure for N<90

ØWhat B4/2 ratio should we
expect?

Experiment proposed to the JYFL 
PAC in Sept. 2023
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Conclusions

Results:

• 167Os successfully populated in the FE reaction;
• Lifetimes of 17/2+ and 21/2+ measured;

Future perspective:

• Lifetime of 25/2+ of 167Os;
• Comparison with theory;
• Measurements of other reaction channel;
• Continuation with 165Os experiment.
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Thank you for your
attention

23/10/23 Nuclear Physics Meeting 2023 - I. Zanon 26


