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Leading power results
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Structure of NLP logarithm
s

•
the m

ethod of region approach, Bonocore et al 2014, A
nastasiou et al 2014, 

Bahjat-A
bbas et al 2018

•
diagram

m
atic factorization techniques, Bonocore et al 2015, 

Bonocore et al 2016, D
el D

uca et al:2017
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LP factorization
�̂
(z)

=
H
(Q

2)
Q
S
D
Y
(Q

(1
�
z))

Tricky point: no collinear function at LP

Q
(1,�

2,�
)

Q
(1,1,1)

Q
(�

2,�
2,�

2)

�
=

p
1
�

z

µ
h
⇠

Q

µ
s
⇠

Q
(1

�
z)

µ
c ⇠

Q
p
1
�

z

(n
+
p,n

�
p,p

?
)



NLP factorization
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NLP factorization
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ŝ;
!

i
,
!̄

i )
=

Z
d(
n

+
p

i )
d(
n

�
p̄

i )
C
(
n

+
p

i
,
n

�
p̄

i )

⇥
J
(
n

+
p

i
,
x

a
n

+
p

A
;
!

i )
J̄
(
n

�
p̄

i
,�

x

b
n

�
p

B
;
!̄

i )

n
+
p
i ,n

�
p̄
i ⇠

O
(1)

!
i ,!̄

i ⇠
O
(�

2)

x

a
n

+
p

An
+
p
i



H
ard function
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NLP jet function
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NLP factorization
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Soft function at NLP
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 subtracts the divergent part of the first term
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the right-hand side, resulting in a finite, renorm
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A
uxiliary soft function
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W
e check this form

 by  requiring the poles cancel at two 
loop

at LO
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RG
 eq. of soft fun.
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atic corrections
In the partonic c.o.m
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ŝ
�
p

Q
2
+
~q

2
=

⌦
⇤2
�

~q
2

2Q
+

O
(�

6)

⌦
⇤
=

2Q
1
�
p
z

p
z

=
Q
(1

�
z)

+
34
Q
(1

�
z)

2
+
O
(�

6)

S

K
1 (⌦

)
=

@

@
⌦
@

2~
x

S

0
(⌦

,
~
x
)|
~
x
=
0
,

S

K
2 (⌦

)
=

34
⌦

2
@

@
⌦
S

0 (⌦
,
~
x
)|
~
x
=
0

S
D
Y
(Q

(1�
z))

+
1Q
S
K

1 (Q
(1�

z))
+

1Q
S
K

2 (Q
(1�

z))
+

O
(�

4)

The soft function expands

�
a
b (z)

=
�̂
a
b (z)

z

S

K
3 (⌦

)
=

⌦
S

0 (⌦
,
~
x
)|
~
x
=
0

3
Xi=

1

S
K

i (⌦
)
=

2
↵
s C

F

⇡
No kine.cor.



Final results
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Final results
d

d
ln
µ
�

N
L
P
(z,µ

)

=
�
4 �

cu
sp (↵

s ) ✓
ln
(1

�
z)�

�
E
�
 

✓
1
+

d

d
ln
(1

�
z) ◆

◆
+
�
�(↵

s ) �
�

N
L
P
(z,µ

)

+
K
(z,µ

)

K
(z,µ

)
=

�
2�

N
L
P

q
q

(↵
s ) Z

1

z
dy

�
L
P
(y,µ

)�
4
�
cu

sp (↵
s )(1

�
z)�

L
P
(z,µ

)

LL

�

L
L

N
L
P
(z,µ

)
=

e
x
p

⇥
4S

L
L
(µ

h ,µ
)�

4S
L
L
(µ

s ,µ
) ⇤⇥

�
8C

F

�
0

l
n

↵
s
(µ
)

↵
s
(µ

s
)

✓
(
1
�

z
)



E
xpansion

�

L
L

N
L
P
(z,µ

)
=

e
x
p

�
2

↵
s C

F

⇡
l
n

2
µµ
h �

e
x
p


+
2

↵
s C

F

⇡
l
n

2
µµ
s �

⇥
(�

4
) ↵

s C
F

⇡
l
n

µ
s

µ
✓
(
1
�

z
)

�

L
L

N
L
P
(z,µ

)
=
�

✓
(
1�

z
) ⇢

4C
F
↵
s

⇡

h
l
n
(
1�

z
)�

L
µ

i

+
8C

2F

⇣
↵
s

⇡

⌘
2 h

l
n

3
(
1�

z
)�

3L
µ
l
n

2
(
1�

z
)
+
2L

2µ
l
n
(
1�

z
) i

+
8C

3F

⇣
↵
s

⇡

⌘
3 h

l
n

5
(
1�

z
)�

5L
µ
l
n

4
(
1�

z
)
+
8L

2µ
l
n

3
(
1�

z
)�

4L
3µ
l
n

2
(
1�

z
) i

+

1
6

3

C
4F

⇣
↵
s

⇡

⌘
4 h

l
n

7
(
1�

z
)�

7L
µ
l
n

6
(
1�

z
)
+
1
8L

2µ
l
n

5
(
1�

z
)�

2
0L

3µ
l
n

4
(
1�

z
)

+
8L

4µ
l
n

3
(
1�

z
) i

+

83

C
5F

⇣
↵
s

⇡

⌘
5 h

l
n

9
(
1�

z
)�

9L
µ
l
n

8
(
1�

z
)
+
3
2L

2µ
l
n

7
(
1�

z
)�

5
6L

3µ
l
n

6
(
1�

z
)

+
4
8L

4µ
l
n

5
(
1�

z
)�

1
6L

5µ
l
n

4
(
1�

z
) i �

+
O
(↵

6s ⇥
(
l
o
g
)

1
1
)

H
am

berg, van N
eervan, M

atsuura, 1991

Florian, M
azzitelli, M

och, Vogt, ‘14
K

ram
er, Laenen, Spira, ’96, K

idonakis ‘07

L
µ
=

ln
µ
/Q



Sum
m

ary and outlook
•

The LP threshold fact. &
 res. was developed in 

1987/89, each part extended to higher accuracy later. 
•

W
e provide an NLP resum

m
ation of the leading logs in 

the soft-collinear effective theory. 
•

The LO
 divergences in the soft function are 

cancelled by an auxiliary soft function. 
•

There is no kinem
atic power correction. 

•
The resum

ed result has no leading log at the jet scale. 
•

A
t a general scale, we reproduce the first few orders.



Sum
m

ary and outlook

•
E

xtension to NLL is interesting and will reveal the 
full difficulty and com

plexity of NLP resum
m

ation, 
which can be seen from

 the anom
alous dim

ension 
of NLP operators. M

.Beneke, M
.G

arny, R.Szafron, JW
 ’18
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