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Isospin symmetry
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1) charge independent: 𝑉!" =
#!!$#""

%
2) charge symmetric: 𝑉!! = 𝑉""

𝜋 𝜋 𝜈𝜈𝜈𝜋

𝑉!! 𝑉!" 𝑉""

• Treat protons and neutrons as two different states of a nucleon.
• The proton and neutron differ in isotopic spin (isospin) quantum number:

𝑡!" = 	+
#
$

and      𝑡!
% = − #

$

≈ ≈

• The strong nuclear force is known to be approximately:
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• Representation of the nucleons with isospin: 𝑡&" = 	+
'
%

and 𝑡&
! = − '

%

• “Rules”: 𝑇& = ∑() 𝑡&,( and 𝑇 ≥ 𝑇& and    𝑇& = T, T-1, 0, …-T

• For “two-nucleon” system: 
• n-n -> Tz = + '

%
 + '

%
= +1, T = 1

• p-p -> Tz = − '
%
− '

%
= -1, T = 1

• n-p -> Tz = + '
%
− '

%
= 0, T = 0 or 1

Note: deuteron (the n-p system) has only one bound state J𝜋 = 1+ corresponding 
to the T = 0 configuration as there are no bound states in 2He and 2n.

The T = 1 configurations form isospin triplet of states, which should be 
identical in terms of excitation energy and have identical wave functions.

Tz = (N-Z)/2
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Example: A=42 triplet

%%
+%𝑇𝑖20 %'

+%𝑆𝑐21 %,
+%𝐶𝑎22

“p-p system” “p-n system” “n-n system”

N=Z-2 (Tz = -1) N=Z (Tz = 0) N=Z+2 (Tz = +1)

• Expect to find isobaric analog T=1 excited states in each member of the triplet.
• 42Sc contains also T=0 states, which are not present in the other members.
• Experimental identification of the excited states in the Tz = -1 and Tz = 0 

members of the triplet is commonly challenging.
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%%
+%𝑇𝑖20 %'

+%𝑆𝑐21 %,
+%𝐶𝑎22

“p-p system” “p-n system” “n-n system”

N=Z-2 (Tz = -1) N=Z (Tz = 0) N=Z+2 (Tz = +1)

0+ 0+ 0+

2+ 2+ 2+

4+ 4+ 4+

E*
1 E*

1 E*
1

E*
2 E*

2 E*
2

0 0 0

… … …

In the absence of electromagnetic interaction (the Coulomb interaction between 
protons), the T=1 analog states in isobaric triplets should be degenerate.

Analo
g T

=1
 

sta
tes

Example: A=42 triplet
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%%
+%𝑇𝑖20 %'

+%𝑆𝑐21 %,
+%𝐶𝑎22

N=Z-2 (Tz = -1) N=Z (Tz = 0) N=Z+2 (Tz = +1)

0+ 0+ 0+

2+ 2+
2+

4+
4+

4+

1.55 1.59
1.52

2.68
2.82 2.75

0 0 0

…

… …

The Coulomb force between protons breaks the degeneracy in excitation energies 
à Coulomb energy differences à CED

• Investigate triplet energy differences à TED

• TED(J) = E*(J, Tz = -1) + E*(J, Tz = +1) – 2 ⋅ E*(J, Tz = 0)

• TED tests the charge independency (Vpp + Vnn)/2 = Vpn of the nuclear interaction
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Example: A=42 triplet
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Isospin symmetry breaking - TED
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• TED(J) = E*(J, Tz=-1) + E*(J, Tz = +1) – 2 ⋅ E*(J, Tz = 0)

• Available experimental data:



JYU. Since 1863.

Isospin symmetry breaking - TED

917.1.2025

• TED(J) = E*(J, Tz=-1) + E*(J, Tz = +1) – 2 ⋅ E*(J, Tz = 0)

• Available experimental data:
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Isospin symmetry breaking - TED
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• TED(J) = E*(J, Tz=-1) + E*(J, Tz = +1) – 2 ⋅ E*(J, Tz = 0)

• Available experimental data:
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Isospin symmetry breaking - TED
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• TED(J) = E*(J, Tz=-1) + E*(J, Tz = +1) – 2 ⋅ E*(J, Tz = 0)

• Available experimental data:



JYU. Since 1863.

Isospin symmetry breaking - TED
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• TED(J) = E*(J, Tz=-1) + E*(J, Tz = +1) – 2 ⋅ E*(J, Tz = 0)

• Available experimental data:
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Isospin symmetry breaking - TED
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• TED(J) = E*(J, Tz=-1) + E*(J, Tz = +1) – 2 ⋅ E*(J, Tz = 0)

• Available experimental data:
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Isospin symmetry breaking - TED
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• TED(J) = E*(J, Tz=-1) + E*(J, Tz = +1) – 2 ⋅ E*(J, Tz = 0)

• Available experimental data:
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Isospin symmetry breaking - TED
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• TED(J) = E*(J, Tz=-1) + E*(J, Tz = +1) – 2 ⋅ E*(J, Tz = 0)

• Available experimental data:
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Isospin symmetry breaking - TED
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• TED(J) = E*(J, Tz=-1) + E*(J, Tz = +1) – 2 ⋅ E*(J, Tz = 0)

• Available experimental data:
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Isospin symmetry breaking - TED
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• TED appears to be always negative with consistent magnitude, why?
• Spatial separation of pair of nucleons increase with their coupled angular momentum.
• Thus, when two protons coupled to J = 0 re-couple their angular momenta, the 

Coulomb energy decreases reducing the excitation energy of the nuclear state.
• This effect is the most pronounced in the proton-rich member of the triplet.
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Isospin symmetry breaking - TED
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• If the Coulomb effects can be theoretically estimated, isospin-breaking effects due 
to the nuclear interaction can be revealed.

• TED comparison to shell-model predictions à additional isospin non-conserving 
interaction (VB) required to match the experimental TED data:

S. M. Lenzi et al. Phys. Rev. C 98, 054322 (2018):
Conclusion: strength of the schematic isotensor INC interaction is ”universal” for all studied shells, 
but its fundamental origin is not understood.



JYU. Since 1863.

A=62 isobaric triplet
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• TED data were not available for the A=62 isobaric triplet.
• This was because:

• no excited states were known in the Tz = -1 nucleus 62Ge
• ambiguity for the (lowest) T=1 states in 62Ga 

Structures of 62Ge and 62Ga were studied in two independent experiments employing:
1) 40Ca + 24Mg fusion-evaporation reaction at JYFL-ACCLAB and
2) inelastic scattering and neutron knockout at RIKEN

Rudolph, PRC (2004) David, PLB (2013)
Grodner, PRL (2014)
Orrigo, PRC (2021) Henry, PRC (2015)

10171017

Fusion evap. Fusion evap. Beta decay of 62Ge Two nucleon knockout

Mihai, PRC (2022)

Fusion evap.
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time [s]t=0t~10-21t~10-18t~10-15t~10-9t~10-6t~10-1
νe

e+
3) Identify recoil based on its 𝛽 decay (or chain of 𝛽 decays).
4) Tag prompt 𝛾-ray transitions originating from the recoil. 

𝛾 BTCNv=0.03c 𝛾

𝛾𝛾

17.1.2025

Experimental method for N~Z nuclei: 
Recoil-beta tagging
1) Create nucleus in fusion evaporation reaction
2) Mass separate contaminant products

4 x Ge, DSSD, MWPC

24 + 15 Ge
JYTube cp detector
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JYUTube charged particle detector
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Detect (and veto) evaporated charged particles:
 à 70% proton detection efficiency
 à 97% veto efficiency for 3p channel.
 à identification between pn (62Ga) vs. 2n (62Ge) evaporation channels.

• JYUTube charged-particle veto detector is located at the target position 
of JUROGAM 3.

• 120 plastic scintillator elements read out by SiPMs.

17.1.2025
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Focal plane setup
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• Consists of 
1) position sensitive MWPC
2) BB20 DSSD, silicon-strip detector
3) “box” detector
4) TUIKE scintillator detector
5) 3 BEGe detectors + 1 Clover Ge detector

Micron BB20 DSSSD
Area: 128x48 mm2

Strip pitch: 0.67 mm
Thicknesses: 150, 300, 700 um



TUIKE - scintillator

2317.1.2025JYU. Since 1863.

• For detecting high-energy 𝛽 particles.
• EJ-248 scintillator bars in two layers.

• 14 vertical and 8 horizontal
• Light read out by SiPMs.

betas

0.6 cm
2.4 cm

14 cm

8 cm

SiPM
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Experimental method for N~Z nuclei:
Step 2): mass separation with MARA

Reaction: 40Ca + 24Mg
Eb = 106 MeV 

A=6
2, 

q=
17

A=6
2, 

q=
18

A=6
2, 

q=
17

A=6
2, 

q=
18

product [mbarn]
58Ni 142
61Cu 79.1
61Zn 37.1
55Co 28.6
59Cu 15
56Ni 12.1
58Cu 11.5
62Zn 8.73
62Ga 4.33
60Ni 4.02
57Ni 2.27
60Cu 1.71
57Co 1.4
59Zn 0.978
61Ga 0.0698
60Zn 0.0349
55Ni 0.0349
52Fe 0.0349

JUROGAM 3A/q vs. JUROGAM3

Separator tuned to pass A=62 residues to focal plane.
Use physical slits to “cut” neighboring masses.



JYU. Since 1863. 2517.1.2025

Experimental method for N~Z nuclei:
Step 3): recoil-decay correlation
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62Zn

62Ga (+62Ge)

t1/2 = 73.5 ms, QEC ~ 10 MeV
t1/2 = 116.1 ms, QEC ~ 10 MeV
t1/2 = 9.2 h, QEC ~ 2 MeV

E𝛽 measured with the scintillator

192 x-strips
72 y-strips
-> ~14 k pixels 

1) Decay in the same pixel with 
the recoil implant within 3 x t1/2

2) Register high-energy 𝛽 in the 
scintillator.

à Identify the nucleus of interest.
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4) Tag prompt 𝛾-ray transitions originating 
from the nucleus of interest. 

17.1.2025

Experimental method for N~Z nuclei:
Step 4): Recoil-𝛽 tagging

0 2000 4000 6000 8000 10000 12000
Beta energy [keV]
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t1/2 = 73.5 ms, QEC ~ 10 MeV

t1/2 = 116.1 ms, QEC ~ 10 MeV

t1/2 = 9.2 h, QEC ~ 2 MeV

E𝛽 measured with the beta 
scintillator

40Ca + 24Mg à 62Zn + 2p, 62Ga + pn, 62Ge + 2n

Set energy 
threshold for 
betas

62Ga (+62Ge)
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Experimental method for N~Z nuclei: 
recoil-beta tagging of 62Ge

t1/2 = 73.5 ms, QEC ~ 10 MeV

t1/2 = 116.1 ms, QEC ~ 10 MeV

t1/2 = 9.2 h, QEC ~ 2 MeV

• Use JYUTube to discriminate between 
62Ga (pn) and 62Ge (2n) gamma-ray 
transitions.

• Apply background subtraction -> 
subtract 1p spectrum from the 0p 
spectrum.

• Get candidates for 2+ à 0+, 4+ à 2+ and 
6+ à 4+ transitions in 62Ge.

1p

0p

0p
1p subtracted

0p
1p subtracted

40Ca + 24Mg à 62Ga + pn, 62Ge + 2n

965

1227

1505
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Experimental method for N~Z nuclei: 
recoil-𝛽-𝛽 tagging of 62Ge

t1/2 = 73.5 ms, QEC ~ 10 MeV

t1/2 = 116.1 ms, QEC ~ 10 MeV

t1/2 = 9.2 h, QEC ~ 2 MeV

• recoil-𝛽-𝛽 correlations pick up the same 
gammas as observed in the charged-particle 
vetoed recoil-𝛽 tagged spectrum.

954

1232

1522

640

558

851

1805

939

1197

557

1604

965

1227

(1505)

(1173)

(577)

(1593)

0 0

2 954

4 2186

6 3708

7 4905

21805

42744

64348

0 0

2 965

4 2192

(6 ) 3697

(7 )4870

(4 ) 2769

(6 ) 4362

62Zn 62Ge
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RIKEN experiment (beam production)
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12C

• Fragmentation (or fission) of intense primary 
beam

• Particle identification by B𝜌 - 𝛥E – ToF:
• 62Ge intensity ~ 290 pps, 62Ga ~ 1800 pps

• Secondary reaction target at F8 surrounded by 
DALI2 𝛾-ray array.

• Particle identification after target by 
ZeroDegree spectrometer.

7 mm of Be
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RIKEN experiment (DALI2)
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DALI2:
• 226 NaI(Tl) detectors
• Intrinsic resolution 7 % at 1 MeV
• In-beam resolution ~10 % at 150 AMeV
• Efficiency ~20 % at 1 MeV (before addback)

inelastic scattering:
62Ge -------> |12C| -------> 62Ge

neutron (proton) knockout:
63Ge -------> |12C| -------> 62Ge
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RIKEN experiment (results)
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1-nucleon removalinelastic scattering

62Zn

62Ga

62Ge

See the same gamma rays as in the JYFL experiment for the 2+ -> 0+ and 4+ -> 2+ transitions in 62Ge!
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RIKEN experiment (results)
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1-nucleon rem
ovalin

el
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 s

ca
tte

ri
ng

62Zn

62Ga

62Ge

See the same gamma rays as in the JYFL experiment for the 2+ -> 0+ and 4+ -> 2+ transitions in 62Ge!
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Conclusions: new TED data at A=62
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• TED(J) = E*(J, Tz=-1) + E*(J, Tz = +1) – 2 ⋅ E*(J, Tz = 0)

• Available experimental data:

✵
✵

✵

✵

TED from SM for A=62

Conclusion: additional INC 
correction not needed for A=62 
triplet! Why?
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Conclusions: new TED data at A=62
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• TED(J) = E*(J, Tz=-1) + E*(J, Tz = +1) – 2 ⋅ E*(J, Tz = 0)

• Available experimental data:

✵
✵

✵

✵

TED from SM for A=62

Conclusion: additional INC 
correction not needed for A=62 
triplet! Why?
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Summary
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• A=62 triplet (62Ge, 62Ga and 62Zn) investigated in two sperate experiments at JYFL-
ACCLAB and RIKEN.

• Obtained results are in agreement for 62Ge -> first confident assignment of the 2+ and 4+ 
excited states in 62Ge.

• RIKEN experiment confirms also the 2+ state energy in 62Ga.

• These data allowed theoretical investigations of the TED systematics for the A=62 
isobaric triplet for the first time to study the isospin symmetry breaking effects.

• Additional isospin symmetry breaking effect appears to be weaker for A=62 than for 
the other studied triplets.
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Thank you!


