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2→ 2 scattering – one of the dominant high-energy processes at
LHC.

The EFT operators become 4 particle operators.

Shown that we can use previous results, by summing over pairs of
particles, with appropriate group theory factors.

Can be used for:
I quark production: qq̄ → qq̄ or qq̄ → t t̄

I squark production: qq̄ → t̃ t̃∗

I gauge boson production: qq̄ → ZZ ,WW , · · ·
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SU(2) Toy Theory α = α2 = αem

sin2 θW

SCET

SCET w/o gauge boson
SCET w/ mass M

SCET w/ M=0
Full Theory
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4-particle full theory
Full Theory: Ofull =

[
ψ̄γµtaψ

][
ψ̄γµtaψ

]
One-loop diagrams:
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4-particle SCET

OSCET = C1

[
[ξ̄n,p2Wn]γµta[W †

n̄ξn̄,p1 ]

][
[ξ̄n,p4Wn]γµta[W †

n̄ξn̄,p3 ]

]
+C2

[
[ξ̄n,p2Wn]γµ[W †

n̄ξn̄,p1 ]

][
[ξ̄n,p4Wn]γµ[W †

n̄ξn̄,p3 ]

]
= C1 [ta ⊗ ta]SCET + C2 [1⊗ 1]SCET

One Loop : 4 Collinear diagrams + 6 Ultra-Soft diagrams
+ wavefunction corrections

Ultra-soft Graphs
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Matrix Element in Matrix Form (in C1, C2 space)
R = R̃ 1 + RS Γij = Ini + Inj + Isij

R̃ = CF [Γ12 −
1
2
δZ−1

1 − 1
2
δZ−1

2 ] + CF [Γ34 −
1
2
δZ−1

3 − 1
2
δZ−1

4 ]

RS =

[ 1
4Cd r1 + 1

4CAr2 r1
C1r1 0

]
r1 = Γ14 + Γ23 − Γ13 − Γ24

r2 = Γ14 + Γ23 + Γ13 + Γ24 − Γ12 − Γ34

Γij → Sij ≡ Γij −
1
2
δZ−1

i − 1
2
δZ−1

j

=⇒ R̃ = CF S12 + CF S34

r1 = S14 + S23 − S13 − S24

r2 = S14 + S23 + S13 + S24 − S12 − S34

(also true for arbitrary number of external particles)
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SU(2) Toy Theory

anomalous dimension:

γ(1) = γ̃(1) 1 + γ
(1)
S

γ̃(1) = 2CF

(
4 log

−s
µ2 − 6

)
γ

(1)
S =

[
2Cd log t

u + 2CA log ut
s2 8 log t

u
8C1 log t

u 0

]
γ̃(1) is twice the Sudakov γ, has a LQ

γ
(1)
S has no large logarithm since s, t , and u are all at the order of Q.
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Matching Matrix at low scale:
(same structure as anomalous dimension)

R(1) = ˜R(1) 1 + R(1)
S

R̃(1) = 2CF

(
−L2

M + 2LM log
−s
µ2 − 2LM +

9
2
− 5π2

6

)
R(1)

S = LM

[
Cd log t

u + CA log ut
s2 4 log t

u
4C1 log t

u 0

]
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cross-section in toy theory All numerics preliminary.
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cross-section in toy theory
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squarks production
in SU(2) toy theory,
taking ms = 500GeV =⇒
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Standard Model (light quarks):
SU(3) x SU(2)L x U(1)Y

SU(3) x U(1)Q

Z

W
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light quarks Sudakov vs. uūL → cc̄L
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uūL → cc̄L
σ =

(2
9 |C1|2 + |C2|2

)
× σ0
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uūL → cc̄L, contribution from EW
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uūL → t t̄L
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uū → t t̄L, contribution from EW
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heavy quark mass effect
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Conclusion

Processes calculated in toy model:
I uū → q̃q̃∗
I uū → cc̄

Processes calculated in SM using SCET including
I Sudakov form factor for electrons, u and t quarks
I uū → cc̄
I uū → t t̄

Ability to include mass effects due to differences in MZ , MW , Mh
and mt .

The results have been easily generalized to include:
I production of SUSY particles
I 4-particle processes in ILC (e+e− → uū, t t̄ , t̃ t̃∗ etc)
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Standard Model (heavy quarks):
SU(3) x SU(2)L x U(1)Y

SU(3) x U(1)Q

Z

W
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