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MOTIVATIONS

72Kr AT LOWEST POSSIBLE TEMPERATURE
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ISOSPIN SYMMETRY

Isospin symmetry plays a key role in nuclear structure and nuclear nuclear reaction.

1 1 1 1
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ISOSPIN SYMMETRY

Isospin symmetry plays a key role in nuclear structure and nuclear nuclear reaction.
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The Coulomb interaction (weaker than the nuclear interaction) breaks the Isospin symmetry inducing
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ISOSPIN SYMMETRY

Isospin symmetry plays a key role in nuclear structure and nuclear nuclear reaction.
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The Coulomb interaction (weaker than the nuclear interaction) breaks the Isospin symmetry inducing
a mixing between state with different Isospin:

(I = 1]H|I = 0)|? Mixing Probability in

2
a WE the g.s.

o g4 Vus VN /d the V4 term is obtained from the
Isospin mixing beyond ftvalues of 0* > 0* superallowed
nuclear structure: The s' 1= Vg Vs Vo s Fermi B transition.

CKM matrix The isospin-symmetry-breaking

b’ Vta Vis Vip b corrected Ft = (1+6,)(1 + 6,)
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HOW WE CAN MEASURE ISOSPIN MIXING?

Measuring transition strictly forbidden by isospin conservation.
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HOW WE CAN MEASURE ISOSPIN MIXING?

Measuring transition strictly forbidden by isospin conservation.

Study of Fermi B transitions

(AJ =0,AI =0, ;, e = +)

* Measurement of the B-particles
anisotropy emission

* For B+ transition = initial state,
for B- = final state.

* Fermioperatoris not nuclear
structure dependent

* Possible for all nuclei

* Difficult for unstable nuclei
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(A = 0,AI = 0, 7wy = +) ) (polarization & angular distribution) §
« Measurement of the B-particles § - Possible only in N=Z nuclei 0
anisotropy emission ! - Unstablenuclei J
« For B+ transition = initialstate, 0§ ¢ It cannotdiscern if the mixing J
for B- = final state. J occur in the initial or final state  §
* Fermioperatoris not nuclear i I
64Ge 72Ky

structure dependent 0 5- 3- 5-|
* Possible for all nuclei | 166dkev  1339keV 133dikev !
« Difficult for unstable nuclei i i
I 4 o o
. E. Farnea et al., A. Ertoprak, et al., '

PLB, 551, (2003), proposalfor AGATA @ LNL
56-62 0
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ISOSPIN MIXING IN 7“Kr

* 72Kris a N=Z nucleus, produced by fusion-evaporation reactions.
* |thas anintermediate mass between 9Zn and 2°Zr.
* Ithas aE1 discrete transition so it can be measure with two techniques.

g N=Z nuclei EDF with SLy4 , a4
E Al ]
§4§ AA
r'q_'3 AA
3 2; A
5 NS
1} AAA‘
OEAAA‘

16 24 32 40 48 56 64 72 80 88 96
Mass number A

W. Satula, et al., Phys. Rev. Lett., 103,(2009) 012502
O
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ISOSPIN MIXING IN 7“Kr

0.050

0.045 | I 1(T) = T,(1+<T)
* 72Kris a N=Z nucleus, produced by fusion-evaporation reactions. e =y

* |t has anintermediate mass between 9°Zn and 8%Zr. oy

* Ithas aE1 discrete transition so it can be measure with two techniques.
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Mass number A 0 0.5 1 1T5[MeV]2(J=0) 25 3 3.5
W. Satula, et al., Phys. Rev. Lett., 103,(2009) 012502 [2]S. Ceruti et al., Phys. Rev. Lett., 115, (2015) 222502
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ISOSPIN MIXING IN 7“Kr
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EXPERIMENTAL TECHNIQUE AND SETUP

ISOSPIN MIXING VIA GDR

s 5 -
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EXPERIMENTAL TECHNIQUE: GDR (I)

GDR can be described as an oscillation of
the protons against the neutrons.

It is and electric (AS = 0) and isovector
(AI = 1) transition.

Study of the E1 GRD decay at finite
temperature to find the mixing.

To form a compound nucleaus at T>0 we

used a fusion-evaporation reaction.
g |
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EXPERIMENTAL TECHNIQUE: GDR (ll)

Target: 4°Ca

‘ I |. - Particle Evaporation
Compound < . and y Emission

Beam: 325, 31p Nucleus Formation
T =13 MeV
I = 0 compound nucleus reaction: I # 0 compound nucleus reaction:
32¢ 4 40,0, T2 31p 4 400, _, 71p,.*
The observed E1 strenghtis a signature of the mixing. Full mixing. No E1 strength reduction is expected.

e
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EXPERIMENTAL TECHNIQUE: GDR (ll)

Target: 4°Ca

. Particle Evaporation
Compound O . and y Emission

Beam: 32S, 31p Nucleus Formation
T =13 MeV
I = 0 compound nucleus reaction: I # 0 compound nucleus reaction:
32¢ 4 40,0, T2 31p 4 400, _, 71p,.*
The observed E1 strenghtis a signature of the mixing. Full mixing. No E1 strength reduction is expected.

GDR manifestitself as E1 Strenght = GDR is a probe of the isospin mixing

]
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PREVIOUS EXPERIMENTS

T )

807y 2.8MeV HECTOR-GARFIELD [1]
807y 1.8MeV  AGATA-HECTOR* [2]
GALILEO - 3”x3”’
60
Zn 2.0 MeV LaBr.:Ce 3]
0y »aMey  GALILEO-3"x3

LaBr;:Ce [3]

The new experiment: Isospin Mixing in 7?Kr at

the lowest possible temperature.

* Intheflat part of the isospin mixing as a
functionof T

* Low cross-section

[1]A. Corsi et al., PRC 84, 041304(R) (2011) [2] S. Cerutietal., PRL 115, 222502 (2015) [3] G. Gosta et al., PRC 103, L041302 (2021)
N _________________________________________
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[2] S. Cerutietal., PRL 115, 222502 (2015)
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"« Data
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40Ca + 9Ca = 89zZr
E" =83 MeV

——— CASCADET'=12keV |
CASCADE large mixing |

5 10 15 20 25 30

E (MeV)

12

10

'e  Divided data’

Divided CASCADE no mixing

—— Divided CASCADET" = 10keV |
Divided CASCADE large mixing

5 10 15 20 25
E (MeV)

[3]G. Gosta et al., PRC 103, L041302 (2021)
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EXPERIMENTAL SETUP

ELIFANT-GG Array:

21 Bromide Scintillator
Detector Array: 11 3’x3”
LaBr;:Ce + 10 CeBr; (37x3")
(AC schield)

4 AC-shield HPGe detectors

Ssh el

" nuclear physics
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EXPERIMENTAL SETUP

326 + 0cq > 72Ky @ 90 MeV
31p 4+ 99¢cq - "By *@ 82 MeV
Low cross-section

ELIFANT-GG Array:

21 Bromide Scintillator
Detector Array: 11 3’x3”
LaBr;:Ce + 10 CeBr; (37x3")
(AC schield)

4 AC-shield HPGe detectors

Ssh el

" nuclear physics
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RESULTS

ISOSPIN MIXING PARAMETRES: a? & §,
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RESULTS: EVAPORATION RESIDUES

4 AC-shield HPGe detectors

Experimental population of the residues compared with the statistical model prediction.

The most populated residues are reproduced within the error bars.

100 100

. |Data
[ ]| Statistical Model

Data Br
[ ] Statistical Model

T

.

7 _

T

%

Norm. Residues
Population [%]
o
Norm. Residues
Population [%]

'
)\ 7

;’ZKr

68Ge ' 67Gg ‘ 6471 69 680 ' 6636 ‘ 69ag

A.Giaz et al., Phys. Lett. B, 868 (2025) 13965
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RESULTS: HIGH-ENRGY y-RAY SPECTRA

I=0- MlxmgFl = 6keV

_ Q IExF;_ Data g;z | . @ Exp.Data 2 ~E12-
‘& — Stat. Mod. 2 | - Stat. Mod. 3
D ' = Iy ' | = =
L 104} E 2 10* L F=bkeV 5
- r R, c F T
= i L =5 i L
L >_ 3 L >_ 3
_d i 12 14 16 18 20 22 _Q i 12 14 16 18 20 22
S 10% ¢ Energy [MeV] = 10°} L Ikev] Energy [MeV]
— [ — [0 2 €4 6 810
P : I s
g 1025_ g 102 o '_1 0,006
O s O : ' n
O ' @) F -8 100042
[ _ L d
10" 31P +40Ca = 71Br" ; 107 % o 328 + 40Ca = 72Kr" -
8 10 12 14 16 18 20 8 10 12 14 16 18 20
Energy [MeV] Energy [MeV]
A.Giaz et al., Phys. Lett. B, 868 (2025) 13965
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RESULTS: MIXING ESTIMATION

Statistical model with different values 0,9 ——— o] @ Statistical Model
.« . Lo @® Exp.Data % 0.
of I} : 0 (no mixing), 6, 10 and 50 keV osl 800 o
(full mixing). g: gfgom_ .
~07} . 4k
_ 0,58 &
&
N
0 0,6
©
X o5
| ® Exp. Data
04 Stat. Model - I'! = 6 kev
’ 13 14 15 16 17 18 19
A.Giaz et al., Phys. Lett. B, 868 (2025) 13965 Energy [MeV]
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RESULTS: MIXING ESTIMATION

Statistical model with different values 0,9 T & Statotioal Model
Lo ® Exp. Data 0.
of [} : 0 (no mixing), 6, 10 and 50 keV osl 800l o
(full mixing). g: £ 00| o
£ g y
: 0,71 I::0,58 ' +
: A'd
Integrated Ratio "?Kr and /'Br from 13 & 06
oY
MeV to 18 MeV.: =
 Experimental data: 0.590 + 0.007 X5
® Exp.Data
e Statistical model T} = 6 keV: 04 ' Stat. Model - I'! = 6 kev
0.591 13 14 15 16 17 18 19
A.Giaz et al., Phys. Lett. B, 868 (2025) 13965 Energy [MeV]
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RESULTS: a2 MIXING PARAMETER (l)

From T>0 to T=0

6 ) I T T T T -

a? trend as a function of temperature: - - - - - Model (Sagawa et al.) ;
°f r'=6.0% 2.0keV
4l — ® This Work

iy Lt W
@D =157 (145) 23 % >
0 FCN(T) + FIVM N5 , - //
1} ///,;/;",'7“ |
" AL Qiaz et al:, Phys. Lfatt. E:, 86§ (20125) 1.396|5 | l/,o:

0 v
00 05 1,0 15 20 25 30 35
Temperature [MeV]

[1]G.C.H. Sagawa, P.F. Bortignon, Phys. Lett. B, 444, (1998), 1-6
1
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RESULTS: a2 MIXING PARAMETER (l)

From T>0 to T=0

a? trend as a function of temperature: - - - - - Model (Sagawa et al.) |
o =60+ 2.0keV 7
4 ' - ® This Work _
! S ([
W2(T) = 1 [ias 3 §. 3 // ///////// |
fo ¥ A Ten() Q | 22 |
(145) 200 keV [1] , | ////;/I/Z’//"/}" 1
* I, ~ width of IVM resonance at r /'22'//., i
' A.Giaz etal., Phys. Lett. B, 868 (2025) 13965 "'

excitation energy of IAS 0 .
0,0 0,5 1,0 1,5 2,0 2,5 3,0 3,5

Temperature [MeV]

[1]G.C.H. Sagawa, P.F. Bortignon, Phys. Lett. B, 444, (1998), 1-6
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RESULTS: a2 MIXING PARAMETER (l)

From T>0 to T=0

a? trend as a function of temperature: - - - - - Model (Sagawa et al.) |
Sr r'=6.0+ 20keV 1
4 ® This Work _
J, | e |

a’(T) = 1 [74s ( §. 3 / /////// ]

lo + YT, (DYTES A ///
CN N ]
From Stat. Model 200 keV [1] ///, .
. Fféﬁs) width of IVM resonance at i ’%’7/’7,' i
| A.Giaz et al., Phys. Lett. B, 868 (2025) 13965 | .

excitation energy of IAS 0 : :
0,0 0,5 1,0 1,5 2,0 2,5 3,0 3,5

e [-v(T)isthe compound nucleus
en(T) P Temperature [MeV]

decay width
[1]G.C.H. Sagawa, P.F. Bortignon, Phys. Lett. B, 444, (1998), 1-6
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RESULTS: a2 MIXING PARAMETER (l)

From T>0 to T=0

6 T T T T ) T T T T T T
a? trend as a function of temperature: - - - - - Model (Sagawa et al.) |
6.0+2.0keV  °f r'=60+ 20keV 1
4 / ® This Work |
S / / |
C(Z(T) — OHA 3 ////7 -
N
S ///’
2
From Stat. Model /// .
(145) 200 keV [1] , //'/7/
* I, ~ width of IVM resonance at /7/,7.,,
' A.Giaz etal., Phys. Lett. B, 868 (2025) 13965 ~Zzs
excitation energy of IAS 0 M N i e A .
0,0 0,5 1,0 1,5 2,0 2,5 3,0 3,5

* Tn(T) isthe compound nucleus
decay width

e T}gisT}
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Temperature [MeV]

[1]G.C.H. Sagawa, P.F. Bortignon, Phys. Lett. B, 444, (1998), 1-6
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RESULTS: a* MIXING PARAMETER (II)

® "’KrExp.Data  ——"2KrTI'!=6.0 + 2.0 keV

101" 4 °ZnExp. Data —ZnT'=6.0+2.0keV |
9 B %°ZrExp. Data —Zr1!=11.0+2.1 keV
8 --=--a?, vs AatT =0 (Theory 1) |'
7
6
5
4
3
2
1
ok

From finite temperature to zero temperature:

¢ 80Zn: (25+08)% @T = 0[1]

© Zr: (46109 % @T = 0[2]

* 72Kr: (3.0+0.8)% @T =0 and
(35+£08)% @T = 1.3 MeV [3]

[1] G. Gosta et al., Phys. Rev. C 103, (2021) L041302
[2]S. Ceruti et al., Phys. Rev. Lett. 115, (2015) 222502
[3]A. Giaz et al., Phys. Lett. B, 868 (2025) 13965
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RESULTS: a* MIXING PARAMETER (II)

® "’KrExp.Data  ——"2KrTI'!=6.0 + 2.0 keV

- From finite temperature to zero temperature:
" 4 ZnExp. Data ——ZnT!'=6.0+2.0keV | P P
B %°ZrExp. Data —Zr1!=11.0+2.1 keV

| ¢ 80Zn: (25+08)% @T = 0[1]

--=--02, vs AatT =0 (Theory 1) o 807p: (46 + 09) %@T = 0[2]
* 72Kr: (3.0+0.8)% @T =0 and
(3.54+08)% @T = 1.3 MeV [3]

Mixing Probability a? follows the
expected trend both as a function of
Mass Number (A) and Temperature

[1] G. Gosta et al., Phys. Rev. C 103, (2021) L041302
[2]S. Ceruti et al., Phys. Rev. Lett. 115, (2015) 222502
[3]A. Giaz et al., Phys. Lett. B, 868 (2025) 13965
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RESULTS: CORRECTION TERM 6.

From a?

 ® °KrGDRy(T=1,3MeV) A 5Gey
" €@ %°Zn GDRYy ---- Theory 1 -
| m ZrGDRYy ~.—-Theory 2 |
L % 72Kr GDR y (T=0 MeV) }

’
” 4
Cd
' 4
-~ P
" -/
, —
’ ™
t/ 9
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”~. .
» .
-
- . J
P ”
"' ". —
.—"-_-""
—'.# _— p
- & 7
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Mass Number (A)

e
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RESULTS: CORRECTION TERM 6.

2
o Tod, = 4(I + 1) —2— 41€A2 —a
8. = (0.66 + 0.14)%

8 1 i | " I i | ' I i | N I i | '
- @ ’KrGDRy(T=1,3MeV) A %Gey 1,51 @® "°Kr GDR y-decay (this work) -
7T ® ®ZznGDRy ---- Theory 1 ¢ Zzn GDR y-decay
S 6f m *ZrGDRy —-=-Theory 2 | ® %7r GDR y-decay
) - . —
I 5| x Kr GDR Y (T 0 MeV) ’,'.c ] Q\:I 1,0 I I ﬁ decay .
— . gy Mass meas.
~ 4l P E \; = ===-Theory 1
X 3 7 i ./', 1 = +
Nﬁn 5 ' },%' ..-*/. 1 30,5-
4 ' ’,,"".’/' ' 1 _ '“‘fi
0 ___F-.r-"—?' o ! : 1 ; I : _ 0,0 "'T ’ ; ! ; 1 ; I :
20 40 60 80 100 20 40 60 80 100
Mass Number (A) Mass Number (A)
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SUMMARY AND PRESPECTIVES

SUMMARY

= We measure the isospin mixing via GDR in 72Kr at
ELIGANT setup at the IFIN-HH Tandem (Bucharest)

= We found a? = (3.5 + 0.8)% at T=1.3 MeV and
a? = (3.0 + 0.8)% at T=0

= We obtained the correction term 6, = (0.66 + 0.14)%
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SUMMARY AND PRESPECTIVES

SUMMARY

= We measure the isospin mixing via GDR in 72Kr at
ELIGANT setup at the IFIN-HH Tandem (Bucharest)

= We found a? = (3.5 + 0.8)% at T=1.3 MeV and 7he wmmonnn M L et
a? = (3.0 £ 0.8)% at T=0 o

= We obtained the correction term §, = (0.66 + 0.14)% =4/ %} _
X . d -7
= 3t it SR

PRESPECTIVES 4 ol ﬁ, -7

= Exotic beam to reach N=Z nuclei with A >80 'l __F_,..,-r:-'-'-f":""/, |

. . o ’ %% 40 e 8 100
= Measurement of isospin mixing at T=0 via GDR Mass Number (A)

throught inelastic scattering
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SUMMARY AND PRESPECTIVES

SUMMARY

= We measure the isospin mixing via GDR in 72Kr at Exotic Beams
ELIGANT setup at the IFIN-HH Tandem (Bucharest) \

= We found a* = (3.5 + 0.8)% at T=1.3 MeV and rhe wmanm oM L S

a’ = (3.0 £ 0.8)% at T=0 S0 % rcory onen 1
= We obtained the correctionterm 6, = (0.66 £ 0.14)% %42 %}

2. 3-_ 75 P
PRESPECTIVES % of ﬁ, -7
= Exotic beam to reach N=Z nuclei with A> 80 'l __F_,..,-r:-'-'-f"::"/, |
0% a0 e 8 100

= Measurement of isospin mixing at T=0 via GDR Mass Number (A)

throught inelastic scattering
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