
PRESYMMETRY  

BEYOND THE STANDARD MODEL

Ernesto Matute

Universidad de Santiago de Chile

DPF Meeting                Detroit, Michigan                July 31, 2009



Outline

• Quark-lepton charge symmetry

• Statement of principles

• Prequarks, preleptons, presymmetry

• Cancellation of gauge anomalies

• Presymmetry beyond the SM

• Conclusions





Standard Model
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Quark-lepton charge symmetry

Y(uaL) = 1/3 = -1 + 4/3 = Y(עaL) - 4/3 (3B-L)(עaL)

Y(uaR) = 4/3 = 0 + 4/3 = Y(עaR) - 4/3 (3B-L)(עaR)

Y(daL) = 1/3 = -1 + 4/3 = Y(eaL) - 4/3 (3B-L)(eaL)

Y(daR) = -2/3 = -2 + 4/3 = Y(eaR) - 4/3 (3B-L)(eaR)

Y(עaL) = -1 = 1/3 - 4/3 = Y(uaL) - 4/3 (3B-L)(uaL)

Y(עaR) = 0 = 4/3 - 4/3 = Y(uaR) - 4/3 (3B-L)(uaR)

Y(eaL) = -1 = 1/3 - 4/3 = Y(daL) - 4/3 (3B-L)(daL)

Y(eaR) = -2 = -2/3 - 4/3 = Y(daR) - 4/3 (3B-L)(daR)

Are these charge relations real or accidental?



Statement of principles

• Principle of electroweak quark-lepton
symmetry: There exists a hidden discrete Z2
symmetry in the electroweak interactions of 
quarks and leptons.

• Principle of weak topological-charge 
confinement: Observable particles have no 
weak topological charge.

- Particles with fractional charge have hidden 
charge structure and nontrivial topology.

- Topological quarks have a topological 
bookkeeping Z3 charge, with +1 (-1) in quarks 
(antiquarks).



Charge of topological quarks and leptons
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Prequark quantum numbers
 

Prequark SU(3)c SU(2)L U(1)Y 
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û
 

 

3 

 

2 

 

-1 

aR
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Prelepton quantum numbers
 

Prelepton SU(3)c SU(2)L U(1)Y 
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Presymmetry

• Quark-prelepton:

• Lepton-prequark:
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Gauge anomalies

• Gauge current

• Gauge anomaly

• Topological current
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Gauge anomaly cancellation

• Local counterterm

ΔL

• New anomaly-free gauge non-invariant current

• Charge nonconservation due to topological charge
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JNĴJ

Y

Tq̂YY











)W
~

W(Tr
16

g
xdKQ

nQ
6

N
Q

6

N
)]t(n)t(n[

6

N
Q

xd)UUUUUU(Tr
24

1
)t(n

)t(n
6

N
xdJ)t(Q

2

2

4

T

)3(q̂

T

q̂

WW

q̂

Y

31

k

1

j

1

i

ijk

2W

W

q̂30

YY

 

 























Charge normalization

• Hypercharge shift

• Anomaly cancellation:  n=4

• Effective current that absorbs topological effects

• Full current

• Prequark-quark correspondence:  
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Topological quarks
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Presymmetry



Presymmetry beyond the Standard Model

• Generate residual presymmetry to avoid
Occam’s razor: “Entities should not be 
multiplied unnecessary.”

• Residual presymmetry requires partners of  
SM particles. 

• New families must be nonsequential, 
duplicating gauge groups. 

• If presymmetry is transverse to everything, it 
extends to forces doubling gauge symmetry.

• Extend presymmetry to strong sector.



Exotic duplication of the Standard Model
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Exotic residual presymmetry

Symmetry breaking

↓

↓



Hidden copy of the Standard Model
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Hidden residual presymmetry

Symmetry breaking
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Conclusions

• Presymmetry remains hidden if there is 

no copy of SM.

• Partners and their symmetry appear as 

manifestations of residual presymmetry 

and its extension from matter to forces.

• Duplication of SM particles keeps spin 

and is nondegenerated about TeV scale.



• Majorana neutrinos are excluded.

• Number of fermion families and number 

of colors are equal.

• New quark-lepton families are 

nonsequential.


