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Famously 2HDM model does not explain τ anomalies

Right ingredients:

charged “current”
LUV (lepton universality violation)

Fails on combined fit, as function of tanβ/mH±

Specific to 2HDM? Need to re-do analysis for each NP model?
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Introduction

No: Use EFT to characterize any model with heavy mediators

Leff = −4GFVcb√
2

[(
1 + εL

)
τ̄ γµPLντ · c̄γµPLb + εR τ̄ γµPLντ · c̄γµPRb

+ εT τ̄σµνPLντ · c̄σµνPLb + εSL τ̄PLντ · c̄PLb + εSR τ̄PLντ · c̄PRb

]
+ h.c.

2HDM: εL = εR = εT = 0

εSL =
mτmc

m2
H±

ξSL , εSR =
mτmb

m2
H±

ξSR

type I type II lep-specific flipped

ξSL − cot2 β 1 1 − cot2 β
ξSR cot2 β tan2 β −1 −1
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Could have plotted against εSR !
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Introduction

Objective

The purpose of this work
is to constrain Leff

(the shape of New Physics)
by means unrelated to B → D(∗)τν

1 Introduction

2 SM-EFT

3 Bc lifetime

4 Interplay with B → D(∗)`ν observables

5 One line conclusion
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SM-EFT

SM-EFT

SM-EFT: Effective Field Theory of SM

Assume SM field content: all new particles have masses above
Λ� mt

Supplement SM with operators of dimension ≥ 5

Find contributions to Leff at low energies (integrate out heavy (SM)
fields)

4-fermion operators:

Q
(1)
lequ =(¯̀eR)(qLuR) + h.c. Q

(3)
lequ =(¯̀σµνeR)(qLσ

µνuR) + h.c.

Q
(3)
`q =(q~τγµqL) · (¯̀~τγµ`L) Q`edq =(¯̀

LeR)(dRq)+h.c.

None give Leff = −4GFVcb√
2

[
· · ·+ εR τ̄ γµPLντ · c̄γµPRb + · · ·

]
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SM-EFT

Only QHHud = i H̃†DµH ūγµdR contributes to εR :

Respects Lepton Universality; discard:

Leff = −4GFVcb√
2

[(
1 + εL

)
τ̄ γµPLντ · c̄γµPLb+εR τ̄ γµPLντ · c̄γµPRb

+ εT τ̄σµνPLντ · c̄σµνPLb + εSL τ̄PLντ · c̄PLb + εSR τ̄PLντ · c̄PRb

]
+ h.c.
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Only QHHud = i H̃†DµH ūγµdR contributes to εR :

Respects Lepton Universality; discard:

Leff = −4GFVcb√
2

[(
1 + εL

)
τ̄ γµPLντ · c̄γµPLb

+ εT τ̄σµνPLντ · c̄σµνPLb + εSL τ̄PLντ · c̄PLb + εSR τ̄PLντ · c̄PRb

]
+ h.c.

Benjaḿın Grinstein (UCSD) Bc meson lifetime March 27, 2017 6 / 17



Bc lifetime

Bc lifetime
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Benjaḿın Grinstein (UCSD) Bc meson lifetime March 27, 2017 7 / 17

For B → D(∗)τν
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For Bc → τν



Bc lifetime

Bounds from Bc decays are independent of observed anomaly
Branching fraction

Br(Bc → τ ν̄τ ) = τ
B−
c

mBcm
2
τ f

2
Bc

G2
F |Vcb|2

8π

(
1−

m2
τ

m2
Bc

)2 ∣∣∣∣∣1 + εL +
m2

Bc

mτ (mb + mc )
εP

∣∣∣∣∣
2

depends on pseudoscalar coupling εP = εSR − εSL and εL through

εL +
m2

Bc

mτ (mb + mc)
εP ' εL + 4εP

Below use εL = 0; to restore εL in bounds: εP → εP + 1
4εL

Rexpt
D∗ = 0.316, need εP = 1.48 ⇒ Br(Bc → τ ν̄τ ) ≈ 104%.

Measurement of Br(B−c → τ ν̄τ ): sensitive probe. [Du et al, PLB414 (1997) 130]
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Bc lifetime

Problem is
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Bc lifetime

Measurement of Br(B−c → τ ν̄τ ) may be sensitive probe in future?

NEW strategy: lifetime
Very high precision (1.5%): τBc = 0.507(8)× 10−12 s
Relatively well understood
Overview of result using NR-OPE: [Beneke&Buchala, PRD53,4991]

τOPE
Bc

= 0.52+0.18
−0.12 ps; take τOPE

Bc
< 0.70 ps

OPE is inclusive; but only Weak Annihilation (WA) gives Bc → τν.
ΓOPE

WA ≤ 3%

Γexp = 0.97ΓOPE + ΓOPE
WA > 0.97ΓOPE + Γ(Bc → τν)

> 0.97ΓOPE
min + Γ(Bc → τν)

⇒ Br(Bc → τν) < 30%

Note Strategy does nothing for εL:

with R
(∗)
D /R

(∗)
D,SM = 1.3 = (1 + εL)2 gives small effect

Br(Bc → τν) = 2.7% (and ΓWA < 4%)
even for perfect theory and including tau from spectator diagrams get
effect below experimental uncertainty: ∆τBc /τBc = 1.2%
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Bc lifetime

Theory of Bc lifetime
0-th order, free quark decay

1st order, phase space correction:
large effect on c → s because mB/mBc ∼ 0.8
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Simple:
Γ = Γ(b → X ) + Γ(c → X ) + Γ(ann)
with

Γ(b → X ) =
G 2
F |Vcb|2m5

b

192π3
×9

Γ(c → X ) =
G 2
F |Vcs |2m5

c

192π3
×5

and Γ(ann) as in Br(τν)
(with a factor of 3|Vcs |2 for c̄s)



Bc lifetime

Effect of phase space in pictures:
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Bc lifetime

This simple minded approach gives widths (10−6eV) and Br’s

Note: 106/1328eV−1 = 0.496ps

3rd order: OPE in NRQFT, basically same result, but systematic

ΓBc =
1

2mBc

〈Bc |Im i

∫
d4xTHeff (x)Heff (0)|Bc〉

followed by OPE expansion

Not fully proven, but works pretty well for ΓB , ΓΛ

Matrix Elements fairly accurate from potential model

Largest uncertainty: quark masses (huge room for
improvement)

Benjaḿın Grinstein (UCSD) Bc meson lifetime March 27, 2017 13 / 17



Bc lifetime

This simple minded approach gives widths (10−6eV) and Br’s

Note: 106/1328eV−1 = 0.496ps

3rd order: OPE in NRQFT, basically same result, but systematic

ΓBc =
1

2mBc

〈Bc |Im i

∫
d4xTHeff (x)Heff (0)|Bc〉

followed by OPE expansion

Not fully proven, but works pretty well for ΓB , ΓΛ

Matrix Elements fairly accurate from potential model

Largest uncertainty: quark masses (huge room for
improvement)
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Bc lifetime

Taking care of errors (using Br(Bc → τν) < 30% as above)

Correlation between RD∗ and Br(Bc → τν) for a pseudoscalar NP interaction (red line). The shaded areas are the 1σ-band

corresponding to the measurement of RD∗ (vertical orange) and to the bound on the NP contribution to the lifetime of the Bc

assuming that the SM accounts for the 70% of it (gray horizontal).
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Interplay with B → D(∗)`ν observables

Interplay with B → D(∗)`ν observables

Only choices left for RD(∗) : εL and εT
(εS 6= 0 with εP = 0 probably requires fine tuning in SM-EFT)

εL ≈ 0.13 is a universal enhancement of all b → cτν: no change in
shapes of distributions

εT (and εS) modifies also shapes.

Fitting εT to RD and RD∗ ,

εT = 0.377(12), χ2 = 1.49 (vs εL = 0.13(3), χ2 = 0.013)

Shape, e.g.,

dP
(∗)
L =

dΓ+ − dΓ−
dΓ+ + dΓ−

λτ = ± is τ -helicity

P∗,expt
L = −0.44(47)+0.20

−0.17 [Belle, 1608.06391 ]

Fit above: P∗L = 0.190(10) (P∗,SM
L = −0.504(24))

New fit, εT unchanged, but χ2 = 3
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Interplay with B → D(∗)`ν observables

The (black) dashed line represents the parametric εT -dependence of RD∗ and P∗
L . The overlaid (red) solid line corresponds to

values of εT for which RD is consistent with the experimental measurement at 1σ. The shaded areas are the 1σ-bands

corresponding to current data set (orange) and näıve experimental prospects discussed in the main text (purple).
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One line conclusion

Conclusion

If I were a model builder
and wanted to explain τ anomalies

I would build a model with
εR = εSR = εSL = εT = 0

and
εL = 0.13

Benjaḿın Grinstein (UCSD) Bc meson lifetime March 27, 2017 17 / 17


	Introduction
	SM-EFT
	Bc lifetime
	Interplay with BD(*) observables
	One line conclusion

