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Blaise Pascal 400 ans (1623 -1662)
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ñAfter  all,  what  are  humans  in  Nature?  A nothingness  

with  respect  to  infinity,  a  whole  with  respect  to  

nothingness,  a  middle  ground  between  nothing  and  

everything . Infinitely  far  from  comprehending  extremes,  

the  end  of  things  and  their  principle  are  for  him  invincibly  

hidden  in  an  impenetrable  secret,  equally  incapable  of  

seeing  the  nothingness  from  which  he  is  drawn,  and  the  

infinity  into  which  he  is  engulfed .ò Blaise  Pascal  

(Thoughts,  1669 )  

Blaise Pascal 400 years(1623-1662)
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Discrete Symmetries (CPT): why bothering ? 

Č a very important topic! 

One could/should also mention:
1945: Pauli, 1949: Yukawa, 1959: Segr¯ & Chamberlain (anti-proton), 1960: Glaser 
(bubble chamber), 1965: Tomaga, Schwinger,& Feynman (QED), 1968: Alvarez 
(Accelerators), 1969: Gell-Mann (classification of hadrons and quarks!), 1976:  Richter 
& Ting (the charm quark), 1978: Penzias & Wilson (cosmic ray background), 1979: 
Glashow, Salam, & Weinberg (EW), 1984: Rubbia & Van der Meer (W & Z), 1988: 
Lederman, Schwartz, & Steinberger (the neutrino mu), 1990 : Friedman, Kendall, & 
Taylor (dev. of quark model), 1992: Charpak (Drift Chambers), 1995: Perl & Reines 
(the lepton tau & neutrino detection), 1999: tôHoft & Veltman (EW again), 2004: Gross, 
Politzer, & Wilczek (QCD).     
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DiscreteSymmetries(CPT) 

Lewis Carroll (1871)

òThrough the Looking-Glass, and 

What Alice Found Thereó 

Louis Pasteur and the  molecular chirality  

(1847-1856) [polarized light & 

crystallography]

parity

ɻParity:is an event seen in a mirror as realistic as the original one?

ɻTime reversal: watching the film of an event backwards results in a realistic event?

ɻCharge conjugation: can we distinguish matter from antimatter?

https://www.refletsdelaphysique.fr/articles/refdp/pdf/2022/03/refdp202273p5.pdf
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Discrete Symmetries (CPT) 

ɻParity: is an event seen in a mirror as realistic as the original one?

ɻTime reversal: watching the film of an event backwards results in a realistic event?

ɻCharge conjugation: can we distinguish matter from antimatter?

Anti-matter reactors/containers 

Time reversal machines

V. T., LHCb/CKMfitter, LPC Clermont FD
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Discrete Symmetries (CPT):  Some readings 

ɻParity

ɻTime reversal

ɻCharge conjugation

V. T., LHCb/CKMfitter, LPC Clermont FD

Tomes 1 & 2
World Averages & Global Fits:
Å Particle Data Group:

https://pdg.lbl.gov/index.html
Å Heavy FlavourAveraging Group:

https://hflav.web.cern.ch
Å CKMýtter: 

http://ckmýtter.in2p3.fr
Å UTFit: 

http://www.utýt.org  

https://pdg.lbl.gov/index.html
https://hflav.web.cern.ch/
http://ckmfitter.in2p3.fr/
http://www.utfit.org/
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Discrete Symmetries (CPT) 

ɻParity

ɻTime reversal

ɻCharge conjugation
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Some readings 

Includes problems and solutions 

https://arxiv.org/pdf/hep-ph/9807516.pdf
https://www.nikhef.nl/~jo/CP_course.pdf


The Tau-Theta puzzle(60s), R.Dalitz , N. Cabibboõsmixing 

angle l(õ63)  & Evidence for CP violation in the decay of 

neutral K-mesons observed 

by J. Cronin & V. Fitch  (õ64)+ 

J.H. Christenson, & R. Turlay

ф

-E.Noether'sfirsttheorem(1915)statesthatevery

differentiablesymmetryoftheactionofaphysical

systemwithconservativeforceshasacorresponding

conservationlaw.

-(ô32)C.D.Anderson& P.A.M.Diracthepositive

electron(positron):antiparticlesexist!

-CPTinvariancetheoremJ.Wigner(ô51)+

G.L¿ders&W.Pauli(ô54)+J.S.Bell(ô55)

Just after T.-D.Yang & C.-N.Lee

The experiments of Particle -Nuclear physicist 

C.-S. Wu (ô57) and M. Goldhaber (ô58) proved 

that weak interactions are not P-invariant.
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DiscreteSymmetries(CPT): a bit of history(how wasthisbuilt?)
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Anti -matter exits !

ÅIn1929,P.A.M.Diracsolvesthefree
motionofa relativisticspin1/2
particle(electronor proton). It
happenedthatthereshouldexista
solutionofnegativeenergy,whichhe
interpretedasanantiparticle.

ÅAndersonatwork:discoveryofthe
positronin1932.
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The C,P, and T symmetries 
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Parity violation in Cobalt weak decay

+ ũ(ɸϕ eOϕȊe) /ũ(ɸϕ ȉOϕȊȉ)= (1.230 ± 0.004)x10 -4 

Č V-A interactions (helicity suppression) [LINK] 
(see also B 0 to l +Ȋdecays !) 

Immediately confirmed by Lederman 
& Garwin in pion decay by measuring 
muon magnetic moments 

https://www.hep.phy.cam.ac.uk/~thomson/lectures/partIIIparticles/Handout9_2009.pdf


моV. T., LHCb/CKMfitter, LPC Clermont FD

Parity violation inweak interaction

Both decays 
are not 
possible! 

The spins of all final state particles are constrained. The gammas aligned
with the 152Sm are selected and their polarization is measured.

Neutrinos are definitely left - handed!



14±Φ ¢ΦΣ [I/ōκ/YaŦƛǘǘŜǊΣ [t/ /ƭŜǊƳƻƴǘ C5

Is CPan exact symmetry ? 

Well,  itôs a good 
symmetry in  pdecay !
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MIXINGof neutral mesons 
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Discovery of CP violation in the MIXINGof neutral kaons 
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Discovery of CP violation in the MIXINGof neutral kaons 

|q/p| differs 
from 1 
Č CPV in 

mixing ! 
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Summary on Discovery of CP violation in the MIXING

of neutral kaons 

See KTeV@FNALand NA48@CERN 



The beautyof Lederman(ô77) 

Oups Leon:  
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A. Sakahrov conditions Cosmological baryongenesis (ô67):
Å Baryon number B violation. 

Å C-symmetry and CP-symmetry violation. 

Å Interactions out of thermal equilibrium.

+ Kuzmin, Rubakov, Shaposhnikov'85

GIM Mechanism(ô70)

M.K. Gaillard & B.W. Lee  rare kaons (ô74) 

Č a VIP (very important paper, 

a must read)

The Charm of B. Richter 

and S. Ting (ô74) J/y

Kobayashi & 

Maskawa(ô73)

The top 

discovery

at FermiLab

(õ94) & CDF in 

2006 measures

the Bs oscillation

 Dms

B0-B0bar oscillation

UA1 and Argus 

(ô87): c& Dmd
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HEP Big-Bang

Strong CP problem 

Axion (õ77) Peccei-

Quinn

Discrete Symmetries (CPT): a bit of history (how was this built ?)
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About 3 minutes about the Big Bang


