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Gaugino-gluino production at leading order in QCD

Feynman diagrams:

q(pa)

q̄′(pb)

g̃(p1)

χ̃
0,±
j (p2)

q(pa)

q̄′(pb)

g̃(p1)

χ̃
0,±
j (p2)

Squared matrix elements:

MtM∗tc =
CACF e gs (µr )

(m2
q̃ − t)(m2

q̃c
− t)

(L′L′c +R′R′c )(LLc + RRc )(m2
g̃ − t)(m2

χ̃ − t),

MuM∗uc =
CACF e gs (µr )

(m2
q̃ − u)(m2

q̃c
− u)

(LLc +RRc )(L′L′c + R′R′c )(m2
g̃ − u)(m2

χ̃ − u),

MtM∗uc =
CACF e gs (µr )

(m2
q̃ − t)(m2

q̃c
− u)

[(
−s2 + t2 + u2 + (m2

χ̃ + m2
g̃ )(s − t − u) + 2m2

g̃m
2
χ̃

)

×
(
LLcL′L′c + RRcR′R′c

)
+ 2mg̃mχ̃s(RRcL′L′c + LLcR′R′c )

]
.
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Total cross section up to NLO QCD

Partonic cross section:

dσ
(0)
ab

=

∫
2
dσ

B =

∫
1

2s

1

4C2
A

∑
q̃,q̃c

(
MtM∗tc +MuM∗uc − 2 Re(MtM∗uc )

)
dPS

(2)

Hadronic cross section:

σAB =

∫
M2 dσAB

dM2
(τ) =

∑
a,b

∫ 1

0
dxa dxb dz[xafa/A(xa, µ

2
f )][xb fb/B (xb, µ

2
f )]

× [z dσab(z,M2
, µ

2
r , µ

2
f )] δ(τ − xaxbz)

NLO cross section:

dσ
(1)
ab

= σ
{3} + σ

{2} + σ
C =

∫
3

[dσR − dσ
A]ε=0 +

∫
2

[dσV +

∫
1
dσ

A]ε=0 + σ
C

Agrees with E. Berger, MK, T. Tait, Phys. Rev. D 62 (2000) 095014.
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Threshold resummation formalism

Large logarithms:

z =
M2

s
→ 1 ⇒

(
αs

2π

)n
[

lnm(1− z)

1− z

]
+

Mellin transform: F (N) =
∫ 1

0 dy yN−1F (y)

Resummed cross section:

dσ
(res.)
ab→ij

(N,M2
, µ

2) =
∑
I

Hab→ij,I (M2
, µ

2) ∆a(N,M2
, µ

2) ∆b(N,M2
, µ

2)∆ab→ij,I (N,M2
, µ

2)

Soft-collinear/soft functions:

∆a∆b∆ab→ij,I = exp
[
LG

(1)
ab

(λ) + G
(2)
ab→ij,I

(λ,M2
/µ

2) + . . .
]

Leading/next-to-leading logarithms:

G
(1)
ab

(λ) = g (1)
a (λ) + g

(1)
b

(λ),

G
(2)
ab→ij

(λ) = g (2)
a (λ,M2

, µ
2
r , µ

2
f ) + g

(2)
b

(λ,M2
, µ

2
r , µ

2
f ) + h

(2)
ab→ij,I

(λ).
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Soft anomalous dimension

Feynman diagrams:

a 1

cJ

b 2

a 1

cJ

b 2

a 1

cJ

b 2

a 1

cJ

b 2

ωab ω11

ωb1ωa1

a 1

cJ

b 2

a 1

cJ

b 2

a 1

cJ

b 2

a 1

cJ

b 2

ωab ω11

ωb1ωa1

Calculation in axial gauge:

ω
ab = Sab

αs

πε

[
− ln

(
va · vb

2

)
+

1

2
ln

(
(va · n)2

|n|2
(vb · n)2

|n|2

)
+ iπ − 1

]
,

ω
a1 = Sa1

αs

πε

− 1

2
ln

 (va · v1)2s

2m2
g̃

 + L1 +
1

2
ln

(
(va · n)2

|n|2

)
− 1

 ,
ω
b1 = Sb1

αs

πε

− 1

2
ln

 (vb · v1)2s

2m2
g̃

 + L1 +
1

2
ln

(
(vb · n)2

|n|2

)
− 1

 ,
ω

11 = S11
αs

πε
[2L1 − 2] .

Total one-loop result:

h
(2)
ab→ij,I

(λ) =
2π

αs

ln (1− 2λ)

2β0

Re

{
αs

2π
CA

[
ln 2 + iπ − 1 + ln

(
m2

g̃ − t
√

2mg̃
√
s

)
+ ln

(
m2

g̃ − u
√

2mg̃
√

s

)]}
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Hard matching coefficient

Perturbative expansion of the hard function:

Hab→ij,I (M2
, µ

2) = σ
(0)
ab→ij

(M2)

{
1 +

αs (µ2)

2π
C

(1)
ab→ij

(M2
, µ

2) + · · ·
}

Hard matching coefficient C
(1)
ab→ij(M

2, µ2):

• N-independent terms of the full NLO corrections in Mellin space

• dσV and
∫

1
dσA ∝ δ(1− z), therefore constant in N

Collinear remainder:

σ
C =

∑
a′

∫ 1

0
dx

∫
2

[dσ
(0)

a′b(xpa, pb)⊗ 〈a′|P + K|a〉(x) + (a↔ b)]ε=0,

〈P(N)〉 =
αs

2π

[
(2CF − CA) ln

µ2
f

s
+ CA ln

µ2
f

m2
g̃ − t

][
ln N̄ −

3

4

]
+O

(
1

N

)
,

〈K(N)〉 =
αs

2π

{
2CF ln2 N̄ + CA
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pMSSM-13 benchmark scenario
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ũR
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Invariant mass distribution
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Scale dependence
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Gluino mass dependence
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Gaugino decomposition
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Avoided crossings at M2 = µ = 773 GeV (also for charginos).
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Gaugino mass dependence
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Relative PDF uncertainties
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Conclusion

Motivation:

• Semi-weak process, will become relevant if gluinos are heavy

• Would be expected from GUT relation M1 = M2/2 = M3/6

Process-dependent calculations:

• Soft anomalous dimension

• Hard matching coefficient

• Matching to NLO and inverse Mellin transform

Results:

• NLL increases NLO invariant mass distribution by up to 10%

• Total scale dependence reduced from 30% to 5%

• PDF uncertainty not reduced, needs threshold-improved PDFs
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