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Model independent searches for new physics

Resonances

Assumption : exchange of only
one particle

Example : Z boson

Effects : a peak in the invariant
mass distribution

Effective field theory

Assumption : New d.o.f are
heavy⇒ Expansion in E2

Λ2 at low
energy

Example : Fermi theory

Effects : m2/Λ2 normalisation
E2/Λ2 shape
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Effective field theory

L = LSM +
∑ ci

Λ2Oi + O

(
1

Λ4

)
O(3)

ql =
(
q̄γµτ iq

) (̄
lγµτ

i l
)

SM symmetries (gauge, B & L)⇒ 59 dimension-six operators for one
flavor

Only few operators for one process and different effects

More predictive than anomalous couplings (guidance)

Unitarity is satisfied at low energy (no form factor)

More than one vertex in an operator and high multiplicity process

Loop corrections

C.D. et al., arXiv:1205.4231
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The operators

t → bW

O(3)
φq = i

(
φ†τ iDµφ

)(
q̄γµτ iq

)
+ h.c.

OtW = q̄σµντ
i t φ̃W µν

i

t → blνl

O(3)
ql =

(
q̄γµτ iq

) (̄
lγµτ

i l
)

C. Zhang, S. Willenbrock,
PRD83, 034006

J.A. Aguilar-Saavedra,
NPB843, 638

Similar last operator for t → bud̄
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Total width

1
2

Σ|M|2 =
V 2

tbg4u(m2
t − u)

2(s −m2
W )2

 
1 + 2

C(3)
φq v2

VtbΛ2

!
+

4
√

2ReCtW VtbmtmW

Λ2

g2su
(s −m2

W )2

+
4C(3)

ql

Λ2

g2u(m2
t − u)

s −m2
W

+O
“

Λ−4
”

Γ (t → be+νe)

GeV
= 0.1541 +

[
0.019

C(3)
φq

Λ2 + 0.026
CtW

Λ2 + 0
C(3)

ql

Λ2

]
TeV2

Γt
GeV = ΓSM +

[
0.17

C(3)
φq

Λ2 + 0.23 CtW
Λ2

]
TeV2

Γ∗meas = 2+0.47
−0.43 GeV

Γ∗∗SM = 1.33 GeV


C(3)
φq

Λ2 + 1.35
CtW

Λ2 = 4+2.8
−2.5TeV−2

∗ D0, PRD85, 091104, ∗∗ M. Jezabek and J. H. Kuhn, NPB314, 1
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W helicities

1
Γ

dΓ

d cos θ
=

3
8

(1 + cos θ)2FR +
3
8

(1− cos θ)2FL +
3
4

sin2 θF0

F0 =
m2

t

m2
t + 2m2

W
− 4
√

2ReCtW v2

Λ2Vtb

mtmW (m2
t −m2

W )

(m2
t + 2m2

W )2

FL =
2m2

W

m2
t + 2m2

W
+

4
√

2ReCtW v2

Λ2Vtb

mtmW (m2
t −m2

W )

(m2
t + 2m2

W )2

FR = 0

At NNLO (A. Czarnecki, J. G. Korner, J. H. Piclum PRD81, 111503),

F0 = 0.687± 5

The Atlas result is (JHEP1206(2012)088)

F0 = 0.66± 5

CtW

Λ2 = 0.44± 0.9TeV−2 ⇒ C(3)
φq

Λ2 = 3.4+4
−3.7TeV−2
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leptons invariant mass
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More predictive

t → bW

O(3)
φq = i

(
φ†τ iDµφ

)(
q̄γµτ iq

)
+ h.c.

OtW = q̄σµντ
i t φ̃W µν

i

L =
g√
2

b̄γµVtb

“
f L
VγL + f R

V γR

”
tWµ −

ig√
2mW

b̄σµνqνVtb

“
f L
VγL + f R

V γR

”
tWµ + h.c.

L. Kane, G.A. Ladinsky, C.P. Yuan PRD45 124

f L
V =

C(3)
φq v2

VtbΛ2 f R
V = 0

f L
T = 0 f R

T = −√2CtW v2

VtbΛ2
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Higher multiplicity

OtW = q̄σµντ
i t φ̃W µν

i

A, Z
t

t̄

W−
t

b̄

t t

b̄ t̄

A, Z

W−

W

W

+H
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In loop

Û = Nc
gCtW
4π2

√
2vmt
4Λ2

Û = (−5.0± 8.4)× 10−4

 CtW

Λ2 = −0.7± 1.1 TeV−2

N. Greiner, S. Willenbrock, C. Zhang PLB704 218
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Conclusion

Heavy new physics in top decay show up in
1 Total width
2 W helicities
3 lνl invariant mass
4 ud invariant mass

Effective Theory is
more predictive
simpler
more generic

than anomalous couplings

EFT are available in FeynRules and MadGraph5
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