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background of the 
experiments

• Two datasets

• Internal proton calibration for an experiment

→ Surprise! (later identified as 165W)

• Competition for high school students

• Prize: chance to use real research equipment at JYFL ACCLAB

• Nuclear structure of Pt isotopes 

→ Surprise! (169W)

Top: Energy and time distributions of the delayed 
γ rays requiring a recoil in the 165W data.
Bottom: Happy high school students from Lahti.2
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Overview of the setup

BEAM

TARGET

Vacuum-mode

recoil separator

MARA [2]

Ge detectors
~1 m

DSSD 

MWPC

Jurogam3 [1]

[1] J. Pakarinen et al., Eur. Phys. J. A 56, 149 (2020) 

[2] J. Uusitalo et al., Acta Phys. Polon. B 50, 319 (2019)

[3] J. Sarén et al., Nucl. Instrum. Methods Phys. Res. B 541, 33 (2023)

FOCAL PLANE [3]

fusion-evaporation
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TARGET

Vacuum-mode
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Ge detectors
~1 m

DSSD 

MWPC

Jurogam3 [1]

[1] J. Pakarinen et al., Eur. Phys. J. A 56, 149 (2020) 

[2] J. Uusitalo et al., Acta Phys. Polon. B 50, 319 (2019)

[3] J. Sarén et al., Nucl. Instrum. Methods Phys. Res. B 541, 33 (2023)

FOCAL PLANE [3]

fusion-evaporation

• 92Mo(78Kr, 4p1n)165W @ 380 MeV for 8 hours

• 92Mo(84Kr, 1α2p1n)169W @ 402 MeV for 16 hours
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• 165W

• Transitions at 43, 92, and 166 keV

• The 43 keV γ ray has been observed before in the α decay study 
(Hild et al. Phys. Rev. C 51, 1736 (1995))

• Half-life 7.4(2) µs

• 169W

• Transitions at 26 and 101 keV

• Similar energies seen in the β decay study 
(F. Meissner et al., Z. Phys. A 343, 283  (1992))

• Half-life 7.4(5) µs

• Transition multipolarities from K internal conversion 
coefficientsDelayed γ-ray energy spectra for the two experiments 

gating on prompt γ rays in JUROGAM 3.

5



2026-05-08

Identifying the nuclei

• Prompt γ rays measured by JUROGAM 3

Simpson et al., J. Phys. 

G. 18 (1992) 1207

Recht et al., Nucl. Phys. A 

440 (1985) 366

165W
169W

6



2026-05-08

Identifying the nuclei

• Prompt γ rays measured by JUROGAM 3

Simpson et al., J. Phys. 

G. 18 (1992) 1207

Recht et al., Nucl. Phys. A 

440 (1985) 366

165W
169W

6



2026-05-08

Identifying the nuclei

• Prompt γ rays measured by JUROGAM 3

Simpson et al., J. Phys. 

G. 18 (1992) 1207

Recht et al., Nucl. Phys. A 

440 (1985) 366

165W
169W

6



2026-05-08

Identifying the nuclei

• Prompt γ rays measured by JUROGAM 3

Simpson et al., J. Phys. 

G. 18 (1992) 1207

Recht et al., Nucl. Phys. A 

440 (1985) 366

Recoil-isomer tagged JUROGAM 3 energy 
spectra for the two cases.

165W
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Identifying the nuclei

• Prompt γ rays measured by JUROGAM 3

• X rays in coincidence at the focal plane

• Comparison of A/q distributions at MWPC against known 
species

γ-γ for transitions in 165W.

165W

W X-rays

Kα 58-59 keV

Kβ 67 keV

Distributions of the recoils measured by the MWPC in the two experiments. 
(a) 165W. (b) 169W.
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Level schemes

• 165W

• Add up multipolarities → (13/2+)

• This is the same as in the previous study of 165W [1]

• 169W

• Add up multipolarities → (9/2+)

• Same area of nuclear chart; delayed E1 γ rays 
originating from a 9/2+ state
→ an unseen E2 transition from the previously 
observed [2] 13/2+ state?

[1] R. S. Simpson et al., J. Phys. G 18, 1207 (1992)

[2] J. Recht et al., Nucl. Phys. A 440, 366 (1985)
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• 169W: 2.29(15)×106

Hindrance values for E1 isomers:

• 157Dy: 2.0(4)×105

• 169Er: 1.37(14)×105

• 161Er: 4.6(2)×104

• 165Yb: 1.46(15)×105

• 173Os: >1.7×106

→ Order of magnitude larger (except perhaps
   with 173Os)

• Composition of the states in 169W (and 173Os) 
different from that in their neighbors?
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To summarize

• Structures below isomeric states in 165W and 169W have 
finally been observed

• Thanks to advancements in detectors, data collection, techniques…

• Transitions observed up to (13/2+) in 165W

• Excitation energies have been set and previous spin assignments [1] 
confirmed for 165W

• Hindrance factor similar to others

• Transitions observed up to (9/2+) in 169W

• Unobserved E2 transition between the previous band structure by 
Ref. [2] and the (9/2+) state

• Isomer more hindered than usually?

• Publication incoming…

[1] R. S. Simpson et al., J. Phys. G 18, 1207 (1992)

[2] J. Recht et al., Nucl. Phys. A 440, 366 (1985)
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Backups…
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165W

• 78Kr beam (380 MeV, 4.6 pnA, 
8 hours)

• 92Mo target (0.55 mg/cm2)

• Setup

• JUROGAM 3

• 15 tapered germanium 
detectors + Compton 
suppression

• Focal plane

• DSSD (150 µm) + MWPC

• 3 BEGes + Clover

• Two 1-mm silicon detectors 
downstream of DSSD 

Differences in the two experiments
169W

• 84Kr beam (402 MeV, 4.7 pnA, 
16 hours)

• 92Mo target (0.6 mg/cm2)

• Setup

• JUROGAM 3

• 15 tapered, 24 Clover 
germanium detectors + 
Compton suppression

• Focal plane

• DSSD (300 µm) + MWPC

• 3 BEGes

• Silicon detector tunnel 
upstream of DSSD

• Tuike downstream of DSSD 
→ larger vacuum chamber

More on the general focal plane setup:

J. Sarén et al., Nucl. Instrum. Methods Phys. Res. B 541, 33 (2023)

165W 169W

38
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Solution: Estimations and 
assumptions 

• Efficiency as a function of energy – shape

• From simulations and past experience

→ Maximum of the efficiency curve appears in
    the 100 - 200 keV range

• Energy ranges of interest: 

• X rays (55 - 70 keV)

• γ rays (92 - 166 keV)

→ 𝑁𝑋/𝑁𝛾 gives minimum 𝛼𝐾

• 165W: 166 keV → M2

• 165W: 92 keV → M1

• 165W: 43 keV → M1 from the previous study (Hild et al.)

• 169W: 101 keV → M1

• 169W: 26 keV → E1 only possible

Our best from the 
simulation

Fit to data from few years 
earlier (slightly different 
positions)

→ Efficiency greater than or equal to X-ray range

40
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