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handedness handedness

Handedness of a nucleus

The 125Cs nucleus can be described as coupling of three elements:
even-even core R, odd proton p and odd neutron n,

each with its own angular momentum j-, j,, j, , respectively.

In case of strong triaxial deformation of the core,

the three angular momenta vectors are mutually perpendicular
forming a system with specified handedness
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i i handed
Spontaneous chiral symmetry breaking eSS andedness

There is a double potential well in the parameter of handedness and we create a nucleus
in one of the potential minima being either left |L>- or right-handed |R>. The |L> and

| R> are dynamical states and not eigenstates of the hamiltonian. The left-handed state is
a wave packet that will tunnel to the right-handed one and vice-versa. Quickness of the
tunneling process depends on width and height of the energy barrier between the two
potential minima. In case of a large energy barrier the probability of the tunneling effect
will be very low and negligible. In such situation the wave packet will remain only in one
potential well although the hamiltonian is symmetric with respect to handedness
reversion — fig. 1. This means strong spontaneous chiral symmetry breaking.
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The direct observation of the state with specified handedness in the presented experiments is
impossible since the state is a dynamical one. The only properties of a nucleus that can be

measured are related to eigenstates of the hamiltonian. Eigenstates can be found by utilizing the
commutation relation between hamiltonian and chiral symmetry operator

(R}, H]=10 (1)

Having an eigenstate the commutation relation leads to
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H::R;ﬁf'g:' = E[:RF“{#E}

In default of degeneracy it means that if 42z is an eigenfunction with eigenvalue E, then Ry e

is also an eigenfunction with the same eigenvalue. This is possible when the state represented
by H+¥E is also an eigenstate of the symmetry operator:
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where C=F1 since (R )" = identity.
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The symmetry operator reverses handedness — it transforms left handed state into right-handed
one and vice versa. The |L> and |R> symmetry breaking states are not eigenstates of the
symmetry operator. In contrast, equation (2) shows that the eigenstates of hamiltonian are
either symmetric |+> or antisymmetric |-> in the parameter of handedness possessing definite
new quantum number C=+1, C=-1 called chirality. These states conserve the symmetry since
they are eigenstates of the symmetry operator. A nucleus is created in the dynamical state |L>
(or |R>) that can be decomposed in the elements of the eigenstate basis : |L>=|+>+ |->;
(|R>=]+>-|->)

This leads finally to the conclusion that in case of chiral symmetry breaking (a nucleus is created
either in the state |L> or |R>) doublet of states |+> and |-> conserving chiral symmetry will be
observed experimentally.

- Chirality - ' Chirality +
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SPONTANEOUS SYMMETRY BREAKING — OTHER EXAMPLES
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Chiral partner bands Cs, La o010

QQT i ) 7" Lifetime results from the DSA experiments —warsaw cyclotron
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128Cs as the best example revealing the chiral symmetry breaking phenomenon
Phys. Rev. Lett. 97 (2006) 172501



DSA lifetime measurements o

12 ACS detectors
Each around 30% efficiency

m U200P warsaw cyclotron

m 1205 ( 108 4n) 126Cs

0,01c initial velocity
Stopping time ~ 1ps
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DSA lineshape examples

FIT TO EXPERIMENTAL DATA
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TIME REVERSAL IN SCIENCE-FICTION LITERATURE

LJedynymi, ktérzy dziwig sie jednokierunkowosci czasu, s3 fizycy. To dlatego, ze
zadne prawo fizyki nie wyrdznia jednego kierunku uptywu czasu... Zadne nie
wymaga tego, by czas ptynat od przesztosci ku przysztosci, a nie odwrotnie.

W swiecie, w ktérym strzatka termodynamiczna wskazywataby drugg strone,
ludzie pamietali by zdarzenia ze swej przysztosci, a nie przesztosci. Oznacza to, ze
wbrew pozorom ich postrzeganie Swiata nie roznitoby sie wiele od naszego”

,Wazne sg tylko dni, ktdre juz znamy”
Przekrdj, 4.06.2009
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,Podstawowg cechg kwantowomechanicznego opisu uktadow fizycznych jest
odwracalnos¢ w czasie: dla kazdego procesu kwantowego moggcego zacierac
informacje istnieje proces odwrotny , ktéry w zasadzie mogtby zostaé
wykorzystany do jej odtworzenia.

Natomiast w ogodlnej teorii wzglednosci nie istnieje zaden proces pozwalajgcy
odzyskac cos, co wpadto pod horyzont zdarzen czarnej dziury.”

,Portret czarnej dziury”
Swiat Nauki, styczen 2010.
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TIME REVERSAL IN SCIENCE-FICTION LITERATURE

»,Nieodwracalnos$¢ czasu — oto naczelna nielojalnos¢ bytu.
Wszak wiadomo, ze kto zaczyna zy¢, sam sobie szkodzi nieobyciem w bycie,
a kto konczy, ten wprawdzie juz wie, co do czego i jak, lecz na ogdt za pdzno....”

... WeZcie sie do czasu, mowie wam. Kto raz upadnie, bedzie to mdgt anulowag,
A jesli sie za pierwszym nawrotem nie poprawi, to po dwudziestym
czy po setnym znudzi sie albo i wydobrzeje.”

Stanistaw Lem,
,Cyberiada”



Intrinsic states (symmetry breaking) o0

TIME REVERSAL T T-SIGNATURE R," =R,T

T|A) = |A) RT|R) = |L)
T|B) = |B’) Ry|L) = |R)
TMT* = M’
(A'=((A|TT)
,-'Hf. “"'/
(AIM|B) = (A'[M'|B") (LIM|R)" = (R|M |L)

M(eA) = M1,E2, M3 ...
[RT,M(c2)]=0 =M'=M
A.Bohr, B. Mottelson

Nuclear Structure
W.A. Benjamin (1969)
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Laboratory states
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Inband transition probabilities
Identical in both bands

Interband transition probabilities
Identical in both bands
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Transition probabilities similarin both bands

128Cs B(M1) [W.u.] t 125Cs B(M1) [W.u.]
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Transition probabilities 1%8Cs .

Transition probabilities similarin both bands
Inband transition strong => interband weak (vice-versa)
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Transition probabilities **Cs
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Transition probabilities similarin both bands
Inband transition strong => interband weak (vice-versa)

B(M1) staggerings correspond to ideal case of chirality:

T 1)TRIAXIALITY =30°

g 2)THREE ANGULAR MOMENTUM VECTORS PERPENDICULAR
Real 3)2qp SIGLE-J SHELL CONFIGURATION

inband T. Koike et al.,

Phys. Rev. Lett. 93, 172502-1 (2004)
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B(E2) transition probabilities similarin both bands
B(M1) transition probabilities similar in both bands
B(M1)staggering observed for M1 inband transitions
B(M1)staggering observed for M1 interband transitions
in both directions: side->yrast & yrast ->side
Interband B(M1) staggering has an opposite phase to the inband one
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Well separated left- and right-handed states

Strong triaxial deformation

Angular mommentum vectors mutually perpendicular
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First experimental confirmation of the full set of chiral electromagneticselectionrules

i s
== side-=yrast



Chirality vs. Structural composition
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Particle-Rotor Calculations ——
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FIRST EXPERIMENTAL CONFIRMATION OF COMPLETE SET OF CHIRAL GAMMA SEL. RULES

Transition probabilities similar in both bands
Inband B(M1) staggering observed
Interband B(M1) staggering with opposite phase observed

TWO GENERAL FEATURES OF GAMMA TRANSITION PROBABILITIES

CHIRALITY Similar electromagnetic properties of both of the bands
Inband transition strong=>interband weak (vice-versa)

Characteristic B(M1) staggerings STRUCTURAL COMPOSITION

NEW TERM

To distinguish the nuclear phenomenon

from the one in theory of fundamental interactions SPIN-CHIRALITY
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