I Nuclear chirality as a part of nuclear
physics
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Part 1 - Gamma
spectroscopy as a
way of exploring
excited levels In
nhuclei




I Nuclear physics

from Uppsala University
website
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Excited levels

Quantum oscilator:

* Well known energy
states

* Eigenvalues of easy,
well known
Hamiltonian

* Excitation/

0 deexcitation by
gaining/emitting
energy

Copynghit © Addison Wasbay Longman, Inc
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Excited levels in nuclei

* Energies range from 100 keV to 10 MeV

* Excitation caused by nucleus nucleus collision or
via decay

* Deexcitation by emitting photons
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-178Hf excited states

Adlopied Levels, Gammas
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178Hf excited states
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178Hf excited states
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178Hf excited states
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I Problems with nuclear excitations

* Hamiltonian can't be obtained from basic laws of
ohysics

* Hamiltonian of precised number of nucleons -
more than 20, but adding 1 or 2 nucleons
change the Hamiltonian vastly

* Proton/neutron excitation levels

* Collective excitements (rotational, vibrational
etc.)

12745



Rotational bands

* Grouping excited
stated into the
rotational bands

* Similar structure
inside a band

* Lowest state in a band
called a bandhead

Bandilj: £~ =8
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I Multiple rotational bands ('72Hf)
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Band(Bj: Configuration={h, - N
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* EAGLE (3m
high)

e 15 Ge
detectors

“1+ 20 nstime
resolution
for gamma-
gamma
coincidences
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Recoil Distance Doppler Shift — lifetime &‘
measurement R

detector

Thin, 0.5 um Ry

e Flight time t= ¢

P —

l'L\ v
V) 7 % + Probability of de-
/ H\ / excitation during
j flight e
N /waum. :
108 at 54 Mev % 128Cs v=0.006¢ /  Minimal distance
% % 15 um
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Part 2 - why
chirality Is
examined and
what it really is



Chirality timetable

FITPL Timeline for nuclear chirality

¥/ PEKING UNIVERSITY
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NS L 4b
s ::;@ 3 i L1y & !

e Critical EM transition Chirality-Parit

Prediction Frequency  Selection Rule o Violaytion d

- e i i
1997 200 2004 2006 2013 2014 2016 2018 202 —

i.’ i —— - —e e -
130cg 132y4 128 133 Cco 106 Ao 8By MyD 128 g
e ol Lifetime First MyD  Chiral Conund- with g
First Evidence  Analysi Evidence  rum Resolution Qctupole factor
S Correlations
PRL 86, 971 PRL 97, 172501 PRL 110, 172504  PRL 112, 202502 PRL 116, 112501 PRL 120, 022502 /a5

B Yiping Véng et al



**Nd - 5 doublets of chiral bands

Ultimate chirality under best conditions:

stable maximal triaxiality at high spins
(8.43
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I Chirality - mirror reflection

fl
zl"
Source: mimuw.pl
Credit: Right (R) LEft (L)
E. Grodner
Left (L) Right (R)
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I Chirality - mirror reflection

Samuel-L-Jackson Samuel-R-Jackson /4



I Core deformation

Prolate

Oblate Spherical

P2 -ve 0 fve

Ridha, Ali. (2009). Deformation parameters and nuclear radius of Zirconium (Zr) isotopes using
the Deformed Shell Model. Wasiit Journall for Sciience & Mediiciine. 2. 115-125.
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nucleus

ty:

I Chiral

* Odd-odd nuclei
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I Chirality: standard & nuclear

Credit:
E. Grodner

, * 3 different pseudo-vectors
* 3 or more different vectors

* 2 identical states,
transformed by time
reflection + rotation

) =)

* Their order determine its L
or R handed

* 2 identical states,

Y — DY
transfc?rmed by space R TU\> = I
reflection + rotation




Chirality: value

AE

Knowing spins of a core, odd

proton and odd neutron we can
calculate how chiral the nucleus
IS:

AE

gty
o= Un X Jv) JR
ViZitin

nucleus is:

* 0=0 {44 spins are planar, no

chirality
* 0<0 L. |L> state
Credit: * 0>0 L] [R> state 28 / 45

E. Grodner



|L>and | R> states are not
eigenstates of Hamiltonian ==>
unstable, tunneling to |+> and
-> states

+> and |-> states differ slightly by
their energies and have very simjlar

Credit:

E. Grodner properties
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Part 3 - How
chirality Is
examined?




I Transition probabilities B(M1)
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I Transition probabilities B(M1)

* Calculated by lifetimes

* Gives some information

about the internal structure
of the band

* Experimentally measured
just for few % of states

NE1)=1.59 x 10'*(E)’B(E1)
TE2) =1.22 = 10° (E)°B(E2)
T(E3) =5.67 = 10* (EY'B(E3)
T(E4) = 1.69 = 10-*(E)"B(E4)

TIM1) = 1.76 x 10'*(E)*B(M1)
TIM2)=1.35 = 107 (E)*B(M2)
T(M3) = 6.28 x 10° (E)"B(M3)
TiM4) = 1.87 x 10-%E)*B(M4)

B(M1:1—1-1) [W.u.]

0.0

1

0.1

12808 ]
- :
VANYS
SRZ
‘ — e — yrast

12 14" 16 18 spin
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I B(M1) staggering

[+4

WO L ) *l

2y v |- A

I+1 +1 iy ¥

PHYSICAL REVIEW LETTERS week ending

VOLUME 93. NUMBER 17 22 OCTOBER 2004

Chiral Bands, Dynamical Spontaneous Symmetry Breaking, and the Selection Rule
for Electromagnetic Transitions in the Chiral Geometry

2 7 3
T Koike.' K. Starosta.' and I. Hamamoto™*



I B(M1) staggering

+ 1 -1
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2 > 3
T Koike.' K. Starosta.' and I. Hamamoto™*



Black states are
chiral

Red state is not 1 4579 [osegips

chiral

states?

Let's measure them!
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I Lifetime prediction

AN

* 10+ over 65 ps

\

2l * 11+ under 1.5 ps
2 * 12+ over 5 ps
0,01

9 0 1 12 sPin) 4 5 16 17 18 38/45



Expected results vs
measured results

Expected results: Measured results:
* 10+ over 65 ps * 10+ 8.5+ 1.0 ps
* 11+ under 1.5 ps * 11+ under 3 ps
* 12+ over 5 ps * 12+ 3.5+-1.5ps

39745



I B(M1) results

TT

AN
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I Another explanation

10 1T+
El . | n:+|—+:| '-:!uu ILJ-J-'Hu-.n  Another model of
e o those bands

=

% L * Predicts that

= staggering stops at
= .

g 002 spin 13

IR S L
K2 - Problems with side

band

41 /45



I Summary

* Gamma spectroscopy is a part of nuclear physics
that examine excited levels in nuclei

* Excitation of a nuclei is caused by nucleus nucleus
collision and observed by measuring energies of
gammas

* Chirality is a phenomenon of left and right “hand”

* Measuring lifetime of states can identify a
rotational band as chiral
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_ Staggering
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I Chirality: nuclea

 Odd-odd triaxial
nuclei

* 3 spins: core, proton
and neutron

> 3

L

* 3 perpendicular
angular momentum
pseudovectors leads
to 2 arrangements

handedness handedness

| L> state | R> state
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