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Basics of resummation 
in SCET
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Processes at hadron colliders

Collider processes characterized by many 
scales:

As a consequence, large Sudakov logarithms 
arise, which need to be resummed.  

Effective field theories provide a modern 
approach based on scale separation 
(factorization theorems) and RG evolution 
(resummation).

s, sij , pi
2, ΛQCD, …
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Processes at hadron colliders

A. Broggio    1/12/2011 9

How to compute an hadronic Cross Section

where p1 = x1 P1 p2 = x2 P2 ŝ = x1 x2 s

6

• The matter or quark fields are classified in the three-dimensional fundamental 

representation of SU(3)c, which is a color triplet

Naive parton model: Master formula 

pi = xi Pi , i = a, b ,

s = (PA + PA)2 ,

ŝ = (pa + pb)2 = xa xb s

d�A+B�X+Y =
�

a,b

⇥ 1

0
dxa

⇥ 1

0
dxb fa/A(xa) fb/B(xb) d�a+b�X(ŝ)

PB

PA

X

a

b

A

B

pa

pb

fa/A

fb/B

Y

Y

�a+b�X

18

• The matter or quark fields are classified in the three-dimensional fundamental 

representation of SU(3)c, which is a color triplet

s = (k1 + k2)2 = (2E)2 = E2
cm ,

t = (k1 � p1)2 = �2k2
1 (1� cos �) ,

u = (k1 � p2)2 = �2k2
1 (1 + cos �)

Aside: Mandelstam variables

• In the center-of-mass (cm) frame the kinematics of a 2 ��2 process is:

p2 = (E,��p1)

k1 = (E, k1ẑ) k2 = (E,�k1ẑ)

p1 = (E, �p1)

� �

Thus the Mandelstam variables are [blackboard]:

d⇥(P1, P2) =
X

i,j

Z
dx1dx2fi(x1, µ)fj(x2, µ)d̂⇥(p1, p2,�s(µ), Q)

• Non-perturbative parton distributions functions with calculable scale dependence
• Short distance cross section that depends on        and factorization scale ↵s µ

(Courtesy of A. Broggio)
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Basics of resummation
     has large double logs from real emission in the soft limit

 Defining                             has perturbative expansion 

Resummation exponentiates large logs

One can consider different soft limits:

dσ ~ 1+α s (L
2 + L +1+O(λ))

NLO  
+α s

2 (L4 + L3 + L2 + L

approx. NNLO  

+1+O(λ))+O(α s
3)

~ exp(L2α s + Lα s

NLL
   + Lα s

2

NNLL
  

+…)+O(λ)

dσ λ→ 0

L ≡ logλ ~1/α s , dσ

Observable Soft limit

Production Threshold

Single-particle-inclusive

Pair-invariant-mass

σ
dσ / dpT
dσ / dM

β = 1− 4m2 / ŝ → 0
s4 = (p4 + k)

2 −m2 → 0
(1− z) = 1−M 2 / ŝ→ 0
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Soft-collinear factorization
Physics occurring at different scales 
factorizes into different objects: 

Soft-collinear factorization

✦ Factorize cross section:

✦ Define components in 
terms of field theory 
objects in SCET

✦ Resum large Sudakov 
logarithms directly in 
momentum space using 
RG equations 

H

J J

J J

S

d� ⇥ H({sij}, µ)
Y

i

Ji(M2
i , µ)� S({�2

ij}, µ)

Sen 1983; Kidonakis, Oderda, Sterman 1998

dσ ~ H ({sij ,µ}) Ji (pi
2,µ)⊗ S({Λij

2 ,µ})
i
∏

Define components in 
term of field theory 
objects in SCET

Resum large logs in 
momentum space using 
RG equations

Sen 1983; Kidonakis, Oderda, Sterman 1998
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Soft-collinear effective field theory 
(SCET) 

Two step matching procedure:

The anomalous dimension for 
the hard function is known: 

Γ({p},{p},µ) =
Ti ⋅Tj

2
γ cusp (α s )

(i, j )
∑ ln µ2

−sij
+ γ i (α s )

i
∑

− TI ⋅TJ
2

γ cusp (β IJ ,α s )
( I ,J )
∑ + γ I (α s )

I
∑ TI ⋅Tj

2
γ cusp (α s )

( I , j )
∑ lnmIµ

−sIj
+ i
( I ,J ,K )
∑ f abcTI

aTI
bTI

c F1(β IJ ,βJK ,βKI )

+ i
( I ,J ,K )
∑ f abcTI

aTI
bTI

c f2 (β IJ , ln
−σ JkvJ ⋅ pk
−σ IkvI ⋅ pk

)+O(α s
3).

SM,     hard

SCET,     collinear

Wilson lines,      soft

sij ,

pi
2,

Λij
2 ,

Integrate out hard modes, describe 
collinear and soft modes by fields in 
SCET;

Integrate out collinear modes and 
match into a theory of Wilson lines. 
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Literature
Soft gluon resummation has been applied to 
various processes in the Standard model:

Drell-Yan and deep inelastic scattering,

Higgs production, 

Top pair production

We are interested to apply it to the 
production of supersymmetric particles. 

Becher, Neubert, Pecjak, 2007
and Becher, Neubert, Xu, 2007

Ahrens, Becher, Neubert, Yang, 2008

Ahrens, Ferroglia, Neubert, Pecjak, Yang, 2009,2010,2011
Beneke, Falgari, Klein, Schwinn, 2010, 2011
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Drell-Yan type processes in 
supersymmetry: slepton pair 

production
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Slepton pair production

Drell-Yan type processes are the simplest example where 
to apply resummation: only two partons are involved.

Slepton pair production has a small cross section, but a 
simple signature: a couple of energetic leptons plus 
missing energy.

Slepton are expected to be among the ligthest 
supersimmetric particles.

Threshold soft gluon resummation has been performed at 
NLO+NLL. (Bozzi, Fuks, Klasen 2007). We improve it in 
SCET obtaining the invariant mass spectrum at NLO
+NNNLL. 
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Kinematics and factorization at threshold

In the limit                  the invariant mass spectrum reads 
(Becher, Neubert, Xu 2007)

where                                                                   

defines the parton luminosity function

s = (P1 + P2)2

P1

P2

x1P1

x2P2

γ∗, Z∗

p3

p4

l+

l−

l̃∗

l̃

M = (p3 + p4)2

ŝ = x1x2s

M 2 / ŝ ≡ z→1

dσ thresh

dM 2 =
πα 2β l

3

3NcM
2s q
∑ eq

2 −
eq (gL

q + gR
q )g l ,Z

1−mZ
2 /M 2 + 1

2
((gL

q )2 + (gR
q )2 )(g l ,Z )2

1−mZ
2 /M 2( )2

⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

× dz
zτ

1

∫ C(z,M ,m q ,m g ,µ f ) ff (τ / z,µ f ),

ff (y,µ f ) = y

1

∫
dx
x

fq/N1 (x,µ f ) fq /N2 (y / x,µ f )+ (q↔ q )⎡⎣ ⎤⎦

(τ = M 2 / s)
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Kinematics and factorization at threshold

                     contains large Sudakov logs due to real emission, in the 
limit in which it becomes soft,

In the soft limit, the contribution propotional to 1/(1-z) gives the 
dominant contribution to the cross section (“leading singular terms”)

M 2 / ŝ ≡ z→1

s = (P1 + P2)2

P1

P2

x1P1

x2P2

γ∗, Z∗

p3

p4

l+

l−

l̃∗

l̃

M = (p3 + p4)2

ŝ = x1x2s

S H

C(z,M ,m q ,m g ,µ f )

“hard scale” “soft scale”

C(z,M ,m q ,m g ,µ f ) |SM= δ (1− z)

+ CFα s

π
δ (1− z) 3

2
lnM

2

µ f
2 + 2π

2

3
− 4

⎛

⎝⎜
⎞

⎠⎟
+ 2 1

1− z
lnM

2 (1− z)2

µ f
2z

⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥+

⎧
⎨
⎪

⎩⎪

⎫
⎬
⎪

⎭⎪
+O(α s

2 )

M ~ µh M (1− z) ~ µs
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Kinematics and factorization at threshold

                     factorizes into two terms, which can be computed by 
means of soft collinear effective field theory:

The soft scale arise dinamically upon integration over z, when 

s = (P1 + P2)2

P1

P2

x1P1

x2P2

γ∗, Z∗

p3

p4

l+

l−

l̃∗

l̃

M = (p3 + p4)2

ŝ = x1x2s

S H

C(z,M ,m q ,m g ,µ f )

hard function

C(z,M ,m q ,m g ,µ f ) = H (M ,m q ,m g ,µ f )S( ŝ (1− z),µ f )

= CV (−M
2,m q ,m g ,µh )

2
U(M 2,µh ,µs ,µ f )

z−η

(1− z)1−2η
sDY(lnM

2 (1− z)2

µs
2z

+ ∂η ,µs) e
−2γ Eη

Γ(2η)

RG evolution
soft function

z→1
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Hard function
                      is calculated in perturbation theory, it reads

The supersimmetric part follows from calculating 

and reads

The RG evolution of                      is known:

CV (−M
2,m q ,m g ,µh ) = 1+

α s

4π
cV
(1)(−M 2,µh )+ cV ,SUSY

(1) (−M 2,m q
2,m g

2 )⎡⎣ ⎤⎦

+ α s

4π
⎛
⎝⎜

⎞
⎠⎟
2

cV
(2)(−M 2,µh )+ cV ,SUSY

(2) (−M 2,m q
2,m g

2,µh )⎡⎣ ⎤⎦

CV (−M
2,m q ,m g ,µh )

= + +

cV ,SUSY
(1) = CF{52 −

m g
2

m g
2 −m q

2 +
2(m g

2 −m q
2 )

M 2 +
m g
4

m g
2 −m q

2( )2
+
2m g

2

M 2

⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥
ln
m g
2

m q
2

− 1+
2(m g

2 −m q
2 )

M 2

⎡

⎣
⎢

⎤

⎦
⎥ fB(M

2,m q
2 )+ 2

m g
2

M 2 +
m g
2 −m q

2( )2
M 4

⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥
fC (M

2,m q
2,m g

2 )}.
CV (−M

2,m q ,m g ,µh )

d
d lnµ

CV (−M
2,m q ,m g ,µh ) = Γcusp (α s )

M 2

µ2 − iπ
⎛
⎝⎜

⎞
⎠⎟
+ γ V (α s )

⎡

⎣
⎢

⎤

⎦
⎥CV (−M

2,m q ,m g ,µh )
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Soft function
After integrating out the hard modes, the theory is described by 
collinear and soft field in SCET. 

At leading power, only the        component of the soft-gluon field 
interacts with the collinear fields. These “iconal” interactions can be 
described by means of Wilson lines, along the light-cone directions 

The soft function in case of Drell-Yan-type processes reads 

ni ⋅As

Sn (x) = Pexp ig
−∞

0

∫ dsn ⋅As (x + sn)( )
ni :

S( ŝ (1− z),µ f ) = ŝ dx0

2π∫ ei ŝ (1−z )x0 /2 1
Nc

× 0 TrT[Sn†(x0, x = 0)Sn (x0, x = 0)]T[Sn†(0)Sn (0)] 0
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SYSTEMATIC STUDIES: LEADING SINGULAR TERMS AND 
PARTON LUMINOSITY FALL-OFF

• How is the partonic threshold region 
parametrically enhanced?

• When the invariant mass of the slepton 
pair reach the hadronic center of mass 
region, 

full NNLO

NNLO, leading sing. term
full NLO

NLO, leading sing. term

0.05 0.10 0.15 0.20

1.2

1.3

1.4

1.5

1.6

1.7

1.8

M 2!s

K

!y "1.7

!!1"y "6

0.02 0.05 0.10 0.20 0.50
10"10

10"7

10"4

0.1

100

y

!
!y,Μ f

"

• Dynamically, if the parton luminosity 
function multiplying the hard scattering 
kernes is steeply falling with  

• One find that this is indeed the case, and 
the leading singular terms indeed account 
for around 95% of the total invariant 
mass. 

z ≥ M 2 / s ≡ τ →1,

1− z.
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SISTEMATIC STUDIES: SCALE DEPENDENCE

• Natural criterion: choose matching 
scales such that the Wilson 
coefficients (hard and soft function) 
can be calculated in fixed-order 
perturbation theory.

• The supersymmetric contribution 
has no influence on the choice of 
the matching scales.

M!400 GeV

M!1200 GeV

M!2400 GeV

0.0 0.1 0.2 0.3 0.4 0.5
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SISTEMATIC STUDIES: FIXED ORDER VS 
RESUMMED K FACTOR

LO
NLO!
NNLO!

s " 14 GeV

1000 2000 3000 4000 5000 6000 7000 80000.8

1.0

1.2

1.4

1.6

1.8

2.0

M !GeV"

K

NLL
NNLL
!3LL

s " 14 GeV

1000 2000 3000 4000 5000 6000 7000 80000.8

1.0

1.2

1.4

1.6

1.8

2.0

M !GeV"
K

dσ
dM

= K(M 2,m q
2,m g

2,τ ) dσ
dM

|LO,

Fixed order Resummed
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SISTEMATIC STUDIES: SUSY CONTRIBUTION

Re!cV!1""
Re!cV ,SUSY!1", !1 " Re!cV ,SUSY!1", !2 "

500 1000 1500 2000 2500 3000 3500"15

"10

"5

0

5

M #GeV$

Im!cV!1""

Im!cV ,SUSY!1", !1 "
Im!cV ,SUSY!1", !2 "

500 1000 1500 2000 2500 3000 3500"15

"10

"5

0

5

M #GeV$

s ! 14 GeV

NLO", Μ f variation

NLO", mq$ ,g$ variation

NNLO", Μ f variation

NNLO", mq$ ,g$ variation

1000 2000 3000 4000 5000 6000 7000 8000

1.2

1.4

1.6

1.8

2.0

M !GeV"

K

s ! 14 GeV

NNLL, Μ f variation

NNLL, mq# ,g# variation

$3LL, Μ f variation

$3LL, mq# ,g# variation

1000 2000 3000 4000 5000 6000 7000 8000

1.2

1.4

1.6

1.8

2.0

M !GeV"

K

Susy P1 : m q = 600 GeV, m g = 750 GeV;
Susy P2 : m q = 1200 GeV, m g = 500 GeV.
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SUSY CONTRIBUTION: DRELL-YAN 
RAPIDITY DISTRIBUTION

M!1600 GeV

NNLO"

NLO"

LO

s !14 TeV

fixed order resummed

#2 #1 0 1 2
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0.0008

0.0010

0.0012

Y

d2
Σ
!dMd

Y
"fb!G

eV
#

SUSY %1
SM

fixed order resummed

#1.0 #0.5 0.0 0.5 1.0

0.0007

0.0008

0.0009

0.0010

0.0011

0.0012

Y

d2
Σ
!dMd

Y
"fb!G

eV
#

“pure” NLO supersymmetric correction very small
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SLEPTON PAIR PRODUCTION: INVARIANT MASS

NLO
LO

s ! 7 TeV

400 500 600 700 800 900 1000 11000.00
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M !GeV"
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"

NLO
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M !GeV"

dΣ
#dM!

fb
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" !3LL"NLO
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0.008
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M !GeV"

dΣ
#dM!

fb
#GeV

"

Fixed order

Fixed order

Fixed orderFixed orderFixed order

Matched result

Matched result

dσ NnLL+NLO = dσ NnLL |µh ,µs ,µ f
+(dσ NLO |µ f

−dσ NnLL |µh=µs=µ f
)|O(α s )

.

ml = 180 GeV

MSTW 
2008
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SLEPTON PAIR PRODUCTION: 
TOTAL CROSS SECTION

Tevatron (SUSY point P1) LHC (7TeV, SUSY point P1)

σLO 1.31+0.17
−0.14

+0.08
−0.06 8.01+0.39

−0.36
+0.31
−0.34

σNLL 1.65+0.22
−0.13

+0.12
−0.08 9.59+1.20

−0.64
+0.41
−0.37

σNLO 1.83+0.09
−0.10

+0.14
−0.10 10.56+0.24

−0.22
+0.48
−0.43

σNNLL+NLO 1.93+0.04
−0.05

+0.14
−0.10 10.63+0.08

−0.13
+0.48
−0.37

σN3LL+NLO 1.96+0.04
−0.05

+0.14
−0.11 10.81+0.08

−0.06
+0.48
−0.37

LHC (14TeV, SUSY point P1) LHC (14TeV, SUSY point P2)

σLO 28.14+0.25
−0.34

+0.70
−0.94 1.88+0.09

−0.08
+0.07
−0.08

σNLL 33.36+4.19
−2.27

+1.10
−1.01 2.24+0.26

−0.14
+0.09
−0.08

σNLO 36.65+0.45
−0.35

+1.28
−1.19 2.45+0.05

−0.05
+0.11
−0.10

σNNLL+NLO 37.16+0.23
−0.42

+1.30
−1.03 2.47+0.02

−0.03
+0.11
−0.08

σN3LL+NLO 37.80+0.17
−0.10

+1.32
−1.05 2.51+0.02

−0.01
+0.11
−0.08

Table 1: Total cross sections in fb. The first error refers to the perturbative uncertainties
associated with scale variations, the second to PDF uncertainties.

by MSTW2008.
The results shown in the first three blocks of Table 1 refer to the production of a

slepton l̃L with mass ml̃L
= 180GeV (SUSY parameter point P1, with mq̃ = 600GeV

and mg̃ = 750GeV) at the Tevatron and the LHC. Note the relevance of the NLO
correction, which amounts to around 40% for the Tevatron and 30% for the LHC. As
expected, the resummation effects are larger at the Tevatron, where they amount to
a 7% enhancement of the NNLL+NLO cross section compared with the NLO result.
At the LHC the resummation gives a smaller 3% additional contribution to the total
cross section. The additional contribution of the N3LL+NLO result compared to the
NNLL+NLO approximation is small, below 1%, but performing the resummation at
N3LL order helps to further reduce the scale uncertainty.

Since the effect of soft-gluon resummation becomes more important for higher in-
variant masses, in Table 1 we provide also the total cross section for a heavier slepton
l̃L with mass ml̃L

= 360GeV (SUSY parameter point P2, with mq̃ = 1200GeV and
mg̃ = 500GeV). We only show results for the LHC with

√
s = 14TeV, because given

the small cross sections it would not be possible to observe the production of such heavy
sleptons at the Tevatron or during the low-energy phase of the LHC.

In Figure 8, we show the matched N3LL+NLO total cross section as a function of the
slepton mass. We now consider different types of sleptons, l̃L,R (with l = e, µ) and τ̃1,2.
For the staus, we assume a mixing angle θτ̃ = 70◦. The cross sections fall off steeply with
the slepton masses. At the Tevatron it will be difficult to observe sleptons with masses
exceeding about 250GeV, while at the LHC it should be possible to observe slepton-pair
production up to masses in the range 300–400GeV. In the upper plot we show the cross
sections at the Tevatron, focusing on the low mass region. The lower plots refer to the

15

Susy point P1 : ml = 180 GeV, m q = 600 GeV, m g = 750 GeV;
Susy point P2 : ml = 360 GeV, m q = 1200 GeV, m g = 500 GeV.

+7% -100%

dσ NnLL+NLO = dσ NnLL |µh ,µs ,µ f
+(dσ NLO |µ f

−dσ NnLL |µh=µs=µ f
)|O(α s )

.

MSTW 
2008
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SLEPTON PAIR PRODUCTION: TOTAL CROSS SECTION
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Soft gluon resummation 
for slepton pair production

Using methods of soft-collinear effective field theory we 
achieve soft gluon resummation at the NNNLL. 

We obtain results for the invariant mass distribution and the 
total cross section at the NLO+NNNLL.  

“Pure” supersymmetric correction at NLO small. 

NNNLL resummation useful to reduce significantly the scale 
uncertainty by a factor 2 from the NLO to the NLO+NNNLL 
result. 

After resummation, the largest source of uncertainty comes 
from the PDF.

The increase in the invariant mass distribution and total cross 
section is less significative, up to 7% at the Tevatron and up to 
3% at the LHC 
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4 partons processes: squark 
(stop) pair production
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Squark pair production
If supersymmetry exsists, colored particles such as squark 
and gluinos are expected to be produced copiously in hadronic 
collision.

They offer the highest sensitivity for supersymmetry searches 
at the Tevatron and LHC. (Experiments indicate 
already                )

Accurate theoretical prediction are crucial to derive exclusion 
limits for squark and gluino masses.

In case of discovery, they are useful for a precise 
determination of the sparticle masses and properties.

Stop pair production is particularly interesting: one of the two 
mass eigenstates is expected to be the lightest squark.

In case of a split scenario with heavy first two families, it 
could be the only squark in reach of LHC (with the gluino?)

m q, g ≥1 TeV
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Soft gluon resummation for squark/
gluino production in the       limit

In Mellin space:

In momentum space:

β → 0

Kulesza, Motyka, 2009;

Beenakker, Brensing, Krämer, Kulesza, Laenen, Niessen, 2009, 
2010, 2011;

Beenakker, Brensing, Krämer, Kulesza, Laenen, Motyka, Niessen, 
2009, 2010, 2011;

Beenakker, Brensing, D’Onofrio, Krämer, Kulesza, Laenen, 
Martinez, Niessen, 2011

Beneke, Falgari, Schwinn, 2009, 2010;

Falgari, Schwinn, Wever, 2012;
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Soft gluon resummation for squark/
gluino production in the       limit

The         limit resums a different type of 
soft contribution, around the “true” threshold 
region, while the            limit resums soft 
radiation for the whole invariant mass 
spectrum:

β → 0

β → 0

z −1→ 0

M2

z → 1

ŝ = M2

β → 0

4m2
t ŝ s
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MSSM MASS SPECTRUM
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ũR d̃R ũL d̃L
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Figure 8.5: Four sample mass spectra for the undiscovered particles in the MSSM, for (a) MSUGRA
with m2

0 ! m2
1/2, (b) MSUGRA with m2

0 " m2
1/2, (c) GMSB with N5 = 1, and (d) GMSB with

N5 = 3. Mass scales are not equal for the four cases, and are deliberately omitted. These spectra are
presented for entertainment purposes only! No warranty, expressed or implied, guarantees that they
look anything like the real world.
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Stop pair production
The differential cross section in the threshold region 
reads

The hard scattering kernels                           
factorise into

Where now                           and                                  
are matrices in color space. 

In this approach we resum logarithms of the form 

Cij (z,M ,cosθ ,mt m q ,m g ,µ f )

Cij (z,M ,cosθ ,mt m q ,m g ,µ f ) = Tr[Hij (M ,cosθ ,mt m q ,m g ,µ f )

× Sij ( ŝ (1− z),cosθ ,mt ,µ f )]+O(1− z)
Hij (M ,cosθ ,mt m q ,m g ,µ f ) Sij ( ŝ (1− z),cosθ ,mt ,µ f )

lnm (1− z)
1− z

⎡

⎣
⎢

⎤

⎦
⎥
+

, m = 0,…,2n −1.

d 2σ thresh

dM d cosθ
=σ 0

dz
zτ

1

∫ [Cgg (z,M ,cosθ ,mt m q ,m g ,µ f ) ffgg (τ / z,µ f )

+Cqq (z,M ,cosθ ,mt m q ,m g ,µ f ) ffqq (τ / z,µ f )+Cqq (z,M ,cosθ ,mt m q ,m g ,µ f ) ffqq (τ / z,µ f )]
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Stop pair production: soft function
The soft function and the anomalous dimension of 
the hard function are known, they are the same 
as for top pair production. The Laplace transform 
reads

and expanding in power of 

one finds e.g. at leading order

s(L,M ,mt ,cosθ ,µ) =
1
ŝ

d
0

∞

∫ ω exp − ω
eγ EµeL/2

⎛
⎝⎜

⎞
⎠⎟
S(ω ,M ,mt ,cosθ ,µ),

s = s
(0)

+ α s

4π
s
(1)
+ α s

4π
⎛
⎝⎜

⎞
⎠⎟
2

s
(2)

+…

sqq
(0)

=
N 0

0 CF

2

⎛

⎝

⎜
⎜

⎞

⎠

⎟
⎟ , s gg

(0)
=

N 0 0

0 N
2

0

0 0 N 2 − 4
2N

⎛

⎝

⎜
⎜
⎜
⎜
⎜

⎞

⎠

⎟
⎟
⎟
⎟
⎟

.

Ahrens, 
Ferroglia, 
Neubert, 
Pecjak, 

Yang, 2009, 
2010, 2011
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Stop pair production: hard function

The hard function has to be calculated from 
scratch. Defining 

and expanding as

one has 

Mren = 4πα s Mren
(0) + α s

4π
Mren

(1) +…⎡
⎣⎢

⎤
⎦⎥

H =α s
2 3
8dR

H(0) + α s

4π
H(1) +…⎛

⎝⎜
⎞
⎠⎟

H IJ
(0) = 1

4
1

cI cI cJ cJ
cI Mren

(0) Mren
(0) cJ ,

H IJ
(1) = 1

4
1

cI cI cJ cJ
cI Mren

(0) Mren
(1) cJ + cI Mren

(1) Mren
(0) cJ⎡⎣ ⎤⎦
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Stop pair production: hard function
At tree level one finds 
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q

t̃1q
–

t̃
–
1

g

g

g

(b) t̃1

t̃
–
1

g̃

t

t

t̃1

t̃
–
1q̃, t̃

(c) t̃1

t̃
–
2q̃, t̃

t̃1

t̃
–
2q̃, t̃

(a)

q

t̃1q
–

t̃
–
1

g

g

g

(b) t̃1

t̃
–
1

g̃

t

t

t̃1

t̃
–
1q̃, t̃

(c) t̃1

t̃
–
2q̃, t̃

t̃1

t̃
–
2q̃, t̃

Hgg
(0) =

1
N 2

1
N
t1 − u1
M 2

1
N

1
N
t1 − u1
M 2

(t1 − u1)
2

M 4
t1 − u1
M 2

1
N

t1 − u1
M 2 N

⎛

⎝

⎜
⎜
⎜
⎜
⎜
⎜
⎜

⎞

⎠

⎟
⎟
⎟
⎟
⎟
⎟
⎟

mt
4

2t1u1
− 2M

2

mt
2 + t1u1

mt
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⎥
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Stop pair production
      sufficient for a NLL resummation;

Computation of       in progress; necessary for a 
resummation at the NNLL level.

Aim: computation of the total cross section and the 
invariant mass distribution at the NLO+NNLL level.

Beenakker, Brensing, Krämer, Kulesza, Laenen, Motyka, 
Niessen, 2009, 2010, 2011 obtain a sizeable increase in the 
total cross section (up to +20% from NLO to NLO+NLL), 
and a significative reduction of the scale uncertainty. 

Our calculation is useful to confirm this result, with a 
different resummation procedure, and to further increase 
the precision of the result.

H IJ
(1)

H IJ
(0)
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Conclusion
Methods of soft-collinear effective field theory allows to 
perform soft gluon resummation directly in momentum space.

This has been applied successfully to Standard Model 
processes. We consider here production of supersymmetric 
particles.

Resummation at the NLO+(N)NLL is required to reach a 
sufficient precision, in order to set lower limits on sparticle 
masses.

We applied soft gluon resummation to slepton pair production. 
The error uncertainty is reduced by a factor 2 from the NLO 
to the NLO+NNNLL level. The total cross section increases by 
7% at the Tevatron, and up to 3% at the LHC.

Soft gluon resummation for stop pair production at the NNLL 
in progress. 
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