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v Effects of new physics at low energies can be expressed via 
dimension-six four-fermion operators

v There are five types:

Non-Standard Interactions:

eS(1234) = ψ1ψ2( ) ψ3ψ4( )
eV (1234) = ψ1γµψ2( ) ψ3γ

µψ4( )
eT (1234) = ψ1σ µνψ2( ) ψ3σ

µνψ4( )
eA(1234) = ψ1γµγ

5ψ2( ) ψ3γ
µγ 5ψ4( )

eP(1234) = ψ1γ
5ψ2( ) ψ3γ

5ψ4( )



Fierz Identities
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Fierz Identities for Chiral Fields
v LL, RR cases

v LR, RL cases 

eS(12L/R34L/R) = −
1
2
eS(14L/R32L/R)−

1
8
eT (14L/R32L/R)

eV (12L/R34L/R) = +eV (14L/R32L/R)

eT (12L/R34L/R) = −6eS(14L/R32L/R)+
1
2
eT (14L/R32L/R)

eS(12L/R34R/L) = −
1
2
eV (14R/L32L/R)

eT (12L/R34R/L) = 0



Fierz Transformation Example:

v neutrino-electron interaction from W exchange :

v neutrino-electron interaction from Z exchange : 

2 2GF ν eLγµeL( ) eLγ µν eL( ) → 2 2GF ν eLγµν eL( ) eLγ µeL( )

2 2GF ν eLγµν eL( ) gLLνe eLγ µeL( )+ gLRνe eRγ µeR( ){ }



New Physics:
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! " L! µ" #L( ) ( ʹg )2

m ʹZ
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eL/R ναLγµνβL( ) eL/Rγ µeL/R( )

ναLνβR +ναRνβL( )
yαβye
mφ
2 eLeR + eReL( )



Fierz Transformed New Physics:

v Charged vector exchange:

vCharged scalar exchange:

! " R/ LγµeR/ L( ) eL/ R!
µ" #L/ R( ) = ! 2 ! " R/ L! " L/ R( ) eL/ ReR/ L( )

! " R/ LeL/ R( ) eR/ L! " L/ R( )
= −
1
2
ναR/LνβL/R( ) eR/LeL/R( )− 18 ναR/Lσ µννβL/R( ) eR/Lσ µνeL/R( )



Vector and Scalar NSI:
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Vector NSIÕs of the Neutrino
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Existing Constraints
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! ee < 4.2 ! eµ < 0.33 ! e! < 3.0
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(90% C.L.)

−0.020 <! µ" < 0.024 (90% C.L.)

! 0.8<! ee < 0.2, ! "" <1 (90% C.L.)



Expected Future Constraints
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Interactions must be SU(2) x U(1) invariant:

v Case 1:

Constrained by ! → #$$ :    %&'() < 10-.

v Case 2:

Constrained by µ → $0(0', ! → $0(0&, ! → #0(0( :   %&'() < 10-2



Farzan-Shoemaker Model
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! µ"
qL/ R ~ 0.005 ! ! µ" = 3(! µ"

uL +! µ"
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Farzan-Shoemaker Model : Z’ Mass & Coupling
v The mass of the Z’ is chosen to be:

so that the decays 

cannot occur
v Range of the Z’-exchange force comparable to that of strong 
interactions → Z’ interactions between quarks can be sizable but 
still be masked by the strong force (?)
v Z’ coupling to the leptons are strongly constrained by:

135MeV < MZ0 < 200MeV

⇡0 ! � + Z 0 , Z 0 ! µ+ + µ�

⌧ ! µ+ Z 0



Constraints on the ZÕ couplings revisited:
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Z’ potential energy:
v Z’ potential energy term:
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Result of Fit:
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Coupling to the electron from photon-ZÕ mixing:
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Optical Theorem:



photon-photon and photon-ZÕ correlations:



Separation of Isovector and Isoscalar parts:

Dolinsky Isoscalar + BW resonance
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v VEPP-2M, S. I. Dolinsky et al., Phys. Rep. 202 (1991) 99-170 



Running of the effective coupling to electrons:



Resulting bounds:



Resulting bounds:



Work in Progress:
v !→"## is also strongly bounded:

v No loop suppression → Stronger bound?

B(τ − → µ−π +π −) < 2.1×10−8 (90% C.L.)

Z′
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Does the ! ! " !! bound apply to the F-S Model?
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Two-body decay bound:
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Conclusion :
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