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Why are we interested in Tau dipole moments?

•m = 1777 MeV
•Lifetime = 290 x 10-15 sec
•Tau lepton decays into hadrons
•Lepton universality

•Sensitivity to NP  (mt /L)n

•

1. Tau lepton DM
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EDM real  part
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EDM imaginary  part
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FIRST ORDER INTERACTION WITH ELECTRIC FIELD

Classical electromagnetism Non-relativistic limit
Non relativistic quantum mechanics

Relativistic quantum mechanics: Dirac equation
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SM : • vertex corrections
• at least 4-loops for leptons

(Shabalin ’78, Hoogeveen ‘90) ) 

Beyond SM:   • one loop effect (2HDM,SUSY, ...)
• dimension six effective operator

EDM

Time reversal T-odd, Parity P-odd (Landau 1957)  /  CPV

Besides: 

• EDM tensor structure is chirality flipping magnitude.

• EDM generated by physics at L- scale may have ∼ (m/𝝠)n factors

• t - EDM depends on the underlying mechanisms of CP violation
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𝑑'( < 1.1 x 10-29 e cm  CL 90.0 %

𝑑'
) < 1.8 x 10-19 e cm  CL 95.0 %

𝑑'* < 1.8 x 10-26 e cm  CL 90.0 %

𝛕

Experiments
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SM/EDM is well below within present experimental limits:

CKM 3-loops
(SM)

CKM 4-loops

Naively, for the SM Tau EDM

…16 orders of magnitude below experiments...
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J.F.Donoghue ’78
I.B.Khriplovich,M.E.Pospelov ’90
A.Czarnecki,B.Krause ‘97
M.Pospelov, A.Ritz ‘14
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t-EDM computed in many BSM:

ext. Higgs sector / SUSY / Leptoquarks / LR …

BSM  t-EDM not far from the bounds

Non-vanishing signal for a t-EDM CPV observable

NEW PHYSICS
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Experiments/bounds:
𝜟σ (e+e− → 𝜏+𝜏−)
𝜟𝛤 (Z → 𝜏+𝜏−)
𝜟σ (e+e− → 𝜏+𝜏−𝛾 𝛾)
𝜟𝛤(Z → 𝜏+𝜏− 𝛾)

CPV-observables in Tau–pair production: linear EDM terms

SPIN TERMS          and/or TRIPLE PRODUCTS
(angular distributions)         (triple spin-momentum products)

~ 𝑑!" 2
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Experiments/colliders: 
LEP LEP2 LHC BABAR BELLE BELLE2…

𝛕+𝞬

𝞬 𝛕
𝛕

Z

𝛕 +

𝛕 -

𝞬
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• Spin terms
• Expectation values of tensor observables

a. Spin terms : Linear polarizations
Spin-spin correlations

Which means measurements of the angular distribution of
Tau decay products

b. Expectation values of tensor spin-momentum obs.

Triple spin-momentum correlations

CP :
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x: Transverse  y: Normal  z: Longitudinal

x,z production plane

a. Spin terms in e± unpol prod. of tau pairs
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Normal polarization/spin-correlations
𝑷𝑵𝝉 / (s1 x s2)x,z

a. Spin terms in e± unpol prod. of tau pairs
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b. Tensor observables:

Tij = (s+ x s-)i ∙ qj
W.Bernreuther,O.Nachtmann etal

since’89 and in 2022

More on this: 

     K. Inami talk in a few minutes…
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• Linear polarization / correlations / triple products CP-
odd observables at low/high energy may provide
stringent Tau-EDM bounds

• Recent results have recently improve the limits on the
Tau EDM

• Tau-EDM bounds might become competitive with other
EDM bounds if bounds improved

• High statistics data may contribute to this limits

• New data and new ideas are coming

Some conclusions
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Schwinger 1948 QED:

g

Flavor and mass-independent
at first order

x a = 𝛼/2𝜋 ≈ 0.00116141

FIRST ORDER INTERACTION WITH MAGNETIC FIELD
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𝑎#"

• Close to  𝛼/2𝜋 in the SM

• Finite 1-loop contr.  SM / BSM (finite: tensor structure)

• chirality-flipping magnitude

• may depend on the underlying mass generation mechanism

a = 𝛼/2𝜋 ≈ 0.00116141

x
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SMa 0.001 177 21(5)
3 50
47

t =
HADRONIC 3-LOOPS

WEAK 2-LOOPS

𝐴!
" = ,1 2

      Schwinger

Samuel/Li/Mendel ‘91  117300(300)x10-8

260 HAD 56 EW

January 18, 2007 23:1 WSPC/146-MPLA 02269

Theory of the τ Lepton Anomalous Magnetic Moment 173

authors of Ref. 145 obtain aHHO
µ (lbl) = 136× 10−11, in perfect agreement with the

value in Ref. 144 — see also Ref. 146 for a similar earlier determination). We obtain

aHHO
τ (lbl) = 5 (3) × 10−8 . (30)

This value is much lower than those obtained by simple rescaling of aHHO
µ (lbl)

by m2
τ/m2

µ. The up-quark provides the dominating contribution; the uncertainty
δaHHO

τ (lbl) = 3 × 10−8 allows mu to range from 70 MeV up to 400 MeV. Further
independent studies (following the approach of Ref. 144, for example) would provide
an important check of this result.

The total hadronic contribution to the anomalous magnetic moment of the τ
lepton can be immediately derived adding the values in Eqs. (28)–(30),

aHAD
τ = aHLO

τ + aHHO
τ (vp) + aHHO

τ (lbl) = 350.1 (4.8)× 10−8 . (31)

Errors were added in quadrature.

5. The Standard Model Prediction for aτ

We can now add up all the contributions discussed in the previous sections to derive
the SM prediction for aτ :

aSM
τ = aQED

τ + aEW
τ + aHLO

τ + aHHO
τ (vp) + aHHO

τ (lbl) , (32)

where

aQED
τ = 117 324 (2)× 10−8 ,

aEW
τ = 47.4 (5)× 10−8 ,

aHLO
τ = 337.5 (3.7)× 10−8 ,

aHHO
τ (vp) = 7.6 (2)× 10−8 ,

aHHO
τ (lb) = 5 (3)× 10−8

(the sum of the hadronic contributions is given in Eq. (31)). Adding errors in
quadrature, our final result is

aSM
τ = 117 721 (5)× 10−8 . (33)

The present PDG limit on the anomalous magnetic moment of the τ lepton was
derived in 2004 by the DELPHI collaboration from e+e− → e+e−τ+τ− total cross
section measurements at

√
s between 183 and 208 GeV at LEP29:

−0.052 < aτ < 0.013 (34)

at 95% confidence level. The authors of Ref. 9 also quote their result in the form of
central value and error:

aτ = −0.018 (17) . (35)
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BSM effective Lagrangian approach

Operators
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SSB:
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Z
W W Z W

vm( ) ;

vms c ;

vm s

g

g

e = a - a
L

e = - a + a
L

e = a = - e + e
L

Thus, we write our effective Lagrangian as,

Leff = αBOB + αWOW + h.c. , (2.4)

where, for simplicity, we will take the couplings αB and αW real. Note that
complex couplings will break CP conservation and lead to electric dipole mo-
ments.

If these operators come from a renormalizable theory, in the perturbative
regime one expects, in general, that they arise only at one loop and therefore
their contribution will be further suppressed. However, this does not need to
be the case, therefore we leave the couplings αB and αW as free parameters
without any further assumption.

After spontaneous symmetry breaking, the Higgs gets a vacuum expectation

value < ϕ0 >= u/
√
2 with u = 1/

√√
2GF = 246 GeV, and the interactions

(2.4) can be written in terms of the gauge boson mass eigenstates, Aµ and Zµ,
using that

Bµ=−sWZµ + cWAµ ,

W µ
3 = cWZµ + sWAµ ,

W+µ=
1√
2
(W µ

1 − iW µ
2 ) , (2.5)

where, as usual, we define cW = cos θW , sW = sin θW , tan θW = g′/g and
e = gsW . Thus, our Lagrangian, written in terms of the mass eigenstates, is 1

Leff = εγ
e

2mZ

τσµντF
µν + εZ

e

2mZsW cW
τσµντZ

µν

+
(

εW
e

2mZsW
ντLσµντRW

µν
+ + h.c.

)

, (2.6)

where Fµν is the electromagnetic field strength tensor, Zµν = ∂µZν−∂νZµ and
W µν

+ = ∂µW+
ν −∂νW+

µ are the corresponding strength tensors for the Z and W
gauge bosons. We have not written the non-abelian couplings involving more
than one gauge boson because they are not relevant to our purposes. We have
normalized all couplings to mZ , the natural mass-scale at the energies we will
consider, and we have defined the following dimensionless couplings

εγ =(αB − αW )
umZ√
2Λ2

, (2.7)

1 Similar results are found when using a non-linear realization of the gauge sym-
metry, as can be seen in Ref.[3]

4

LEP1/SLD:  Z decay rates + pol asymm
LEP2: xsections + W DR
CDF/D0:  W DR



Magnetic and Electric Tau Dipole Moments Revisited

27

3. Magnetic dipole moment

G.González- Sprinberg Louisville, 17th TAU 2023

Experiments/colliders: 
LEP LEP2 LHC BABAR BELLE BELLE2…

𝛕+𝞬

𝞬 𝛕
𝛕

Z

𝛕 +

𝛕 -
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l = e , µ

𝞶
lW

𝞬

𝛕𝛕

Experiments/colliders: 
LEP LEP2 LHC BABAR BELLE BELLE2…

W

𝞬

𝛕

𝛕 𝞶

l
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Experiments

OBSERVABLES

Cross sections

Linear polarizations

Spin correlations

Decay distributions
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The anomaluos magnetic moment is defined by

a𝜏= F2 ( q2 = 0 ). Both taus also on-shell.

This quantity is gauge independent

AND

for QED, F2 ( q2 ≠ 0 ) is also gauge independent

Besides, weak interactions gauge dependence goes to  0 for q2 >0

At one loop QED:



Magnetic and Electric Tau Dipole Moments Revisited

31

3. Magnetic dipole moment

G.González- Sprinberg Louisville, 17th TAU 2023

UNPOLARIZED BEAM

Normal polarization asymmetries:  Imaginary part

Angular distribution:
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POLARIZED BEAM

Longitudinal and Transverse polarization asymmetries:  

Real part

L / T pol. are P-odd , beam polarization is needed
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POLARIZED BEAM

Angular distribution L/T polarization asymmetries: 

Combining both observables
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• Still far from SM prediction…
• Enough room for BSM effects
• More statistics and experiments still ongoing
• New ideas/approaches are coming

• We may need to consider tau g-2 more seriously 
     (first speaker)

Some conclusions
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