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Citrus fruits aroma molecule
The right-handed molecules |R> - fresh fruits smell
The left-handed molecule |L> - petrol, turpentine smell

Mans H. Boelens, Harrie Boelens & Leo J. van Gemert, Perfumer & Flavorist, Vol.18, No. 6, 1-15
(1993)



Left- and right-handed molecules
The same chemical composition
Handedness reversion not possible with rotation only
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odd-odd nuclei
even-even core (triaxially deformed)

odd proton (particle)
odd neutron (hole)

Nuclear chirality
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The experimenter’s perspective




The experimenter’s perspective
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Chiral doublet structures in level schemes expected

R,7.H]=0
1 D)+R) _E,+AE
)= V2 Jl+e CHH]+) = l+e Parameters
- = i |L)-IR) (—|H|-) = E,—AE Overlap e =Re(L|R)
V2 V- l-¢ Tunneling effect AE =Re(L|H|R)
Doubling of the energy for LAB states Diagonal mat. element E, = Re(L|H|L}




Chiral rotational bands expected
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VOLUME 86, NUMBER 6 PHYSICAL REVIEW LETTERS 5 FEBRUARY 2001

Chiral Doublet Structures in Odd-Odd N = 75 Isotones: Chiral Vibrations

K. Starosta,"* T. Koike,! C.J. Chiara,! D.B. Fossan.! D.R. LaFosse' A A. Hecht 2E.W. Beausang.2 M. A. Caprio.2
J.R. Cooper,? R. Kriicken.” J.R. Novak.? N. V. Zamfir,>" K.E. Zyromski.” D.J. Hartley.® D.L. Balabanski.,*
Jing-ye Zhang.? S. Frauendorf.* and V. 1. Dimitrov**

! Department of Physics and Astronomy, SUNY at Stony Brook, Stony Brook, New York 11794
2Wright Nuclear Structure Laboratory, Yale University, New Haven, Connecticut 06520
3 Department of Physics and Astronomy, University of Tennessee, Knoxville, Tennessee 37996
*Department of Physics, University of Notre Dame, Notre Dame, Indiana 46556
and Institute for Nuclear and Hadronic Physics, Research Center Rossendorf, 01314 Dresden, Germany
(Received 24 July 2000)

New sideband partners of the yrast bands built on the 7 hyy2vhyy /2 configuration were identified in
55Cs, s7La, and ¢Pm N = 75 isotones of "**Pr. These bands form with "**Pr unique doublet-band
systematics suggesting a common basis. Aplanar solutions of 3D tilted axis cranking calculations for
triaxial shapes define left- and right-handed chiral systems out of the three angular momenta provided by
the valence particles and the core rotation, which leads to spontaneous chiral symmetry breaking and the
doublet bands. Small energy differences between the doublet bands suggest collective chiral vibrations.
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FIG. 2. Partial level schemes presenting the 7hy1/27hy1/2 bands and newly identified sidebands of '*°Cs, '2La, and "*Pm from
the current study, and for "**Pr from Ref. [3]. For each N = 75 isotone, the yrast Al = | 7hy,;,vhy; 5, band is shown on the right
while the A7 = 1 sideband is shown on the left side of each level scheme.
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First electromagnetic transition probabilities

measurement 13?La (2002)
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First electromagnetic transition probabilities

measurement 32La (2002)

[R,7.H]=0

Ly+|R E,+AE
|+>_j5|j%> CHH )= 115
i B IR oy Eo—AE
| >_ﬁ E < ‘H‘ >_ 1— ¢

Doubling of the energy for LAB states

Prof. Brunon Sikora

Parameters

Qverlap & =Re(L|R)
Tunneling effect AE =Re(L|H|R)
Diagonal mat. element £, =Re(L|H|L)



First electromagnetic transition probabilities

measurement 13?La (2002)
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Doubling of the energy for LAB states
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Doubling of the transition probabilities
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Parameters

Qverlap & =Re(L|R)
Tunneling effect AE =Re(L|H|R)
Diagonal mat. element E,=Re(L|H|L)
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128Cs first experimental confirmation of chirality 2003-2005

PRL 97, 172501 (2006)
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128Cs as the Best Example Revealing Chiral Symmetry Breaking
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Chiral Bands, Dynamical Spontaneous Symmetry Breaking, and the Selection Rule
for Electromagnetic Transitions in the Chiral Geometry

T. Koike.! K. Starosta."? and I. Hamamoto™*
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A model for a special configuration in triaxial odd-od 143
degenerate chiral bands with a sizable rotation, a manifestat
breaking. A quantum number obtained from the invaria 142
characterizes observable states, is given and selection rules fc
in chiral bands is derived in terms of this quantum number. T E+1
indeed obtained in the numerical diagonalization of the Hai
over which electromagnetic transitions follow exactly the I

geomeltry.
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126Cs complete set of EM chiral selection rules observed for the first time.
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Physics Letters B 703 (2011) 46-50
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Partner bands of '?5Cs - first observation of chiral electromagnetic selection rules
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* 1. two nearly degenerated rotational bands with
same | and parities

R

* 2. No energy staggering

TV * 3. Nearly the same EM transition probabilities in
VWA both bands
| » 4, B(M1) staggering (in some isotopes only)

* 5. Opposite B(M1) staggering for inband and
intraband transitions

0,1




Attention!
Now the clue!



Superimposed states of a cat in the box Measured cat’s health:
Symmetry braking cat inside hibernated

\E

cat's health >
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But what if we put a hibernated cat in the box

in a first place? Measured cat’s health:
Symmetry conserving cat inside hibernated

.-
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Chiral nucleus In both cases the same measured
- handedness value =0.0
(a hibernated cat again !)

Non-chiral nucleus

\ / Expectation value of handedness
) does not distinguish

the chiral and non-chiral
nucleus since handedness is a signed value.

\/
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First Measurement of the g Factor in the Chiral Band:
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Non-chiral
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Examination of nuclear chirality with a magnetic moment
measurement of the I = 9 isomeric state in 1**Cs

E. Grodner, M. Kowalczyk, M. Kisielinski, J. Srebrny, L. Prochniak, Ch. Droste, S. G. Rohozinski, Q. B. Chen, M.
lonescu-Bujor, C. A. Ur, F. Recchia, J. Meng, S. Q. Zhang, P. W. Zhao, G. Georgiev, R. Lozeva, E. Fiori, S. Aydin,

and A. Nalecz-Jawecki
Phys. Rev. C 106, 014318 — Published 28 July 2022
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The g-tactor measurement as an ultimate test tor
nuclear chirality
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even-even core (triaxially deformed)

odd proton (particle)
odd neutron (hole)

Nuclear chirality




Chirality In even-even nucler:
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Chirality in odd-even nuclei:

Credit:
C. Petrache 3-gp (m&v! or wlav?) configurations
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Credit:
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Chirality with identical particles:
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25 Anniversary of chiral bands (1997-2022)

Credit:
C. Petrache
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Ultimate chirality under best conditions:

stable maximal triaxiality at hio

h spins
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Ultimate chirality under best conditions:
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C. Petrache
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Timeline for nuclear chirality
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Future:

How chirality emerges?
Non-chiral to chiral transition as a function of spin

Plunger experiments in low spin chiral bands
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Non-chiral
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Search for transition between chiral and non-chiral configuration
in '*Cs by lifetime measurement of I=11", 12" states with a
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