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Discrete symmetries
●  Parity / space inversion – Geometric meaning
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Parity

X → – X
Y → – Y 
Z → – Z

Let the parity operator act on vectors of
Hilbert space while the coordinate system
remains fixed.





Parity as a discrete 
symmetry

Parity transformation on state kets :

  



The quantities X, momentum p are odd under parity

Wave functions under parity :





Prove
this using
Π2  = 1

Parity operator is (a) Hermitian  (b) Linear  (c) Unitary





Not all wavefunctions of physical interest have definite parities.

l  Ex. Momentum does not commute with π  --- momentum 
l  eigen ket is not a parity eigen ket.

l  Orbital angular momentum commutes with π ---- eigenket of
l  L is also a parity eigenket.











Time-reversal
● Time-reversal is more appropriately understood as

motion reversal. 







Violation of P and T 
symmetries

● If a symmetry is not violated, the result of any experi-
-ment, is invariant under the corresponding symmetry
operation.

● In Classical Mechanics, Noether's theorem gives the
direct relationship between symmetries and conserved
Quantities.

● Variation of physical laws under the transformation 
r → -r leads to Parity violation

● Differences in the laws of Physics under the transfor-
mation, t → -t leads to violation of time-reversal symme
-try



Experimental search for 
PTV

l  CP violation was observed in the neutral kaon system
l  If CPT was an exact symmetry, CP violation would mean
l  T violation.
l  P violation was observed in the decay of Co nuclei
l  T violation was detected in the neutral B-meson decays. 

 BaBar has made the first direct measurement of T
 violation.









Atomic Electric Dipole 
Moments

Quantity Parity Time-reversal Original
Frame

Transformed 
Frame
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For non-zero EDM of an atom, P and T have to be 
violated
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Non-zero EDMs are direct evidence for Parity and 
Time-reversal violations



EDMs and PTV
There is a violation, because the dipole must lie either 
parallel or anti-parallel to the spin, but the choice of one 
over the other violates parity and time reversal symmetry.

We can think of the electron as a little ball of electrical charge 
surrounded by a fluctuating halo of particles and anti-particles. 
What we do is measure whether this ball is round or not. We 
know that if the ball is not perfectly round then the matter and 
antimatter must be behaving differently. So by making a very 
careful measurement of the electron's shape we can infer 
something about the nature of antimatter.
---- Professor Ed Copeland , Univ. of Nottingham.
More on : 
http://www.sixtysymbols.com/videos/electron_sphere.htm
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EDMs of Closed & Open 
shell atomic systems

The dominating effects or processes that produce EDMs in 
closed shell atoms may be different from those in open shell
atoms 

For closed-shell atoms

● Nuclear Schiff moment
● Electron-nuclear interactions
● EDM of an electron
● Magnetic quadrupole moment

For open shell atoms

● EDM of an electron
● Electron-nuclear interactions
● Magnetic quadrupole moment
● Nuclear Schiff moment



EDM of an electron
Standard Model Predictions

 Quantity Standard Model Experimental 
Limit

EDM of an 
electron

    ~ 10-36 e cm  ~  10-28 e cm

J. J. Hudson, D. M. Kara,I. J. Smallman,B. E. Sauer,
M. R. Tarbutt & E. A. Hinds, Nature 473, 493–496  (26 May 
2011)



(Taken from http://www3.imperial.ac.uk/ccm/research/edm/overview, 
Centre for Cold Atoms, Imperial College, London)

http://www3.imperial.ac.uk/ccm/research/edm/overview


Atomic Calculations – 
Theoretical Challenges

Experiments

D
atom

Theory

D
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/ C

C

Coupling constant
Of a P, T violating 
interaction



Heavy atoms for EDM measurements

●  The EDM matrix elements scale as Z2 or Z3, where Z 
  is the atomic number.

●   Implies that EDM is enhanced in heavy atoms
●   Interesting candidates for EDM measurements : Hg80,

  Xe54, Yb70, Ra88, Tl81, Cs55, etc
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