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A new heavy resonance?

In case of a new heavy resonance. How would we describe it?

Illustrative purpose∗
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What’s next?

In case of a new heavy resonance. How would we describe it?

use "some kind" of EFT

Leff =
∑
n≥1

∑
i

Cn,i(Λ, µ)

Λn
On,i(M,µ, v)
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In case of a new heavy resonance. How would we describe it?

SCET as the EFT
Bauer, Fleming, Pirjol, Stewart 2001;

Bauer, Pirjol, Stewart 2002;
Beneke, Chapovsky, Diehl, Feldmann 2002;

SCET is used to consistently describe the decay of heavy particles into
light and energetic particles.
The expansion parameter is not a canonical dimension but an
expansion parameter λ = v

M

Assign a field for each direction of momentum flow: (p+, p−, p⊥)
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SCET framework for particles charged under SM

Scenario: Consider a heavy (scalar) Leptoquark decaying into light and
energetic SM particles.

Describe it by means of non-local EFT =⇒ SCET

build all the gauge
invariant (sub)leading order non-local operators, fields dressed up by
Wilson lines.

Ψni(x) =
/ni /̄ni

4

(
P exp

[
i
∑
k

g(k)

∫ 0

−∞
dsn̄i ·G(k)

ni (x+ sn̄i)

])†
︸ ︷︷ ︸

Wilson line

ψ(x)

Non-singlet: has to account for its interactions with SM particles and
non-trivial renormalization of the heavy field.
Construct an heavy field effective Lagrangian
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Heavy Scalar Effective Lagrangian

Treat the heavy scalar momentum as: pµφ = Mφv
µ + kµφ, where

vµ = (1, 0, 0, 0) and ∆k ∼ ΛQCD

With wave function 1√
2Mφ

e−iMφv·xφ(x)v

LHSET =
i

2
φ†vv ·Dφv +

1

2Mφ
Dµφv(D

µφv)
†

ZS = 1 +
CF
2π

αs
1

ε
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Application to Leptoquarks

Scalar Leptoquark S1(3, 1,−1
3
)

+νR
Only three leading order operators:

L(λ2)
SCET = CRu`ORu` + CLQLOLQL + CRdνORdν + h.c.

ORu` = ūcR,n1
`R,n2S

∗
1 + (n1 ↔ n2)

OLQL = Q̄c,aL,n1
εa,bL

b
L,n2

S∗1 + (n1 ↔ n2)

ORdν = d̄cR,n1
νR,n2S

∗
1 + +(n1 ↔ n2)

Effects of NP in three dimensionless Wilson coefficients.
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`R,n2S

∗
1 + (n1 ↔ n2)

OLQL = Q̄c,aL,n1
εa,bL

b
L,n2

S∗1 + (n1 ↔ n2)

ORdν = d̄cR,n1
νR,n2S

∗
1 + +(n1 ↔ n2)

Effects of NP in three dimensionless Wilson coefficients.

Bianka Mecaj (JGU) SCET BSM for Leptoquarks June 20, 2019 8



Application to Leptoquarks

Scalar Leptoquark S1(3, 1,−1
3
) +νR

Only three leading order operators:

L(λ2)
SCET = CRu`ORu` + CLQLOLQL + CRdνORdν + h.c.

ORu` = ūcR,n1
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Operators for S1(3, 1,−1
3
) at sub-leading order

Two jet operator-Lagrangian

L(λ3)
SCET =

1

Λ

∑
j=1,2

∫ 1

0
du

[
C

(j)
1

LR

LdO
(j)LR

Ld + C
(j)
1

LR

QνO
(j)LR

Qν + C
(j)
1

R

dνO
(j)R

dν

]
+

1

Λ
C

(0)
1

LR

LdO
(0)LR

Ld +
1

Λ
C

(0)
1

LR

QνO
(0)LR

Qν + h.c
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Operators for S1(3, 1,−1
3
) at sub-leading order

Two jet operators

conserve the fermion number ⇒ no mixing between
L(λ2)
SCET and L(λ3)

SCET ⇒ decay rates suppressed by ( vΛ)2

O(0)LR

Ld = L̄n1Φ̃0dR,n2S
∗
1 + (n1 ↔ n2)

O(0)LR

Qν = Q̄L,n1Φ0νR,n2S1 + (n1 ↔ n2)

O(j)LR

Ld = L̄n1H̃
u
njdR,n2S

∗
1 + (n1 ↔ n2)

O(j)LR

Qν = Q̄L,n1H
u
njνR,n2S1 + (n1 ↔ n2)

O(j)R

dν = d̄R,n1
/B⊥njνR,n2S1 + (n1 ↔ n2)

3-jet operators further suppressed by the phase space!
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Scalar Leptoquark S3(3, 3,−1
3
)

Lagrangian at leading order:

L(λ2)
SCET = C3

L
QLOLQL + h.c

OLQL = Q̄c,aL,n1
εa,bLbL,n2

S∗3 + (n1 ↔ n2)

+5 more operators at sub-leading order!
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Energy

NP

Λ

M

OSCET

v

µ

Run the scale to resum the logs

µ dµOSCET = Γ(α,M, µ)OSCET

Anomalous dimensions from the renormalization of the operators

Γ′s depend on the gauge coupling and on the scale µ

For leptoquark interaction both QCD and EW interactions must
be included.

Numerically solve the above RGE to estimate the effects from the high
scale M-the mass of the leptoquark
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Leading order effects on the decay rates of the singlet S1

Assume an S1 with mass M ∼ 5TeV .

Γ(S1→tcRτR)resum
Γ(S1→tcRτR)fix

→ |C(mt)|2−|C(MS1
)|2

|C(mt)|2 ∼ 0.19

Γ(S1→tcLτL)resum
Γ(S1→tcLτL)fix

→ |C(mt)|2−|C(MS1
)|2

|C(mt)|2 ∼ 0.25

Γ(S1→bcRνR)resum
Γ(S1→bcRνR)fix

→ |C(mb)|2−|C(MS1
)|2

|C(mb)|2
∼ 0.92
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Leading order effects on the decay rates of the triplet S3

Assume an S3 with mass M ∼ 5TeV .

L(λ2)
SCET = C3

L
QLOLQL + h.c

OLQL = Q̄c,aL,n1
εa,bLbL,n2

S∗3 + (n1 ↔ n2)

Γ(S3→tcLτL)resum
Γ(S3→tcLτL)fix

→ |C(mt)|2−|C(MS1
)|2

|C(mt)|2 ∼ 0.12
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Conclusion

SCET offers a consistent way to describe the decay of heavy particles
into SM particles

Deal with a finite number of operators to describe the decay of the
heavy particle
The presence of multi scales ⇒ sum the large logarithmic
contributions and estimate possible NP effects

Thank you!
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