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DIFFERENTIAL DISTRIBUTION: ANALYTIC STRUCTURE

Theoretical separation
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Process independent: blind to F Depend on F!

Good news: singular contributions are of infrared (soft and collinear) origin. Hence, they have some degree of universality 
that leads to Resummation of these terms. 
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TRANSVERSE MOMENTUM RESUMMATION

Singular part of the differential cross section in -space has the following structureb

[dσF] ∝ Sc × [HFC1C2] ⊗ fa1/h1
⊗ fa2/h2

Soft contribution

Hard collinear factor
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For the gluon gluon fusion channel Hard functions Specify the system F

Collinear functions

This Talk!
Collins, Soper, Sterman (1985); Catani, Cieri, de Florian, Ferrera, Grazzini (1311.1654)

Becher, Neubert (1007.4005); Echevarria, Idilbi, Scimemi (1111.4996); Chiu, Jain, Neill, Rothstein (1202.0814)
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COLLINEAR FUNCTIONS: GLUON VS QUARK 

where

Cµ⌫
ga (z; p1, p2,b;↵s) = dµ⌫(p1, p2)Cga(z,↵s) +Dµ⌫(p1, p2;b)Gga(z;↵s)

<latexit sha1_base64="dCsDaI9nQA43UkT+pkU9K/GhT3g="></latexit>
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Dµ⌫(p1, p2;b) = dµ⌫(p1, p2)� 2
bµb⌫
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bµ = (0,b, 0)
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Average part

Correlation partCatani, Grazzini (1011.3918)

Both azimuthally independent and dependent collinear functions are known to N3LO in QCD coupling.

For quark ∝ δss′￼Cqa(z, αs)

de Florian, Grazzini (0108273); Catani, Grazzini (1011.3918); Catani, Grazzini (1106.4652); Catani, Cieri, de Florian, Ferrera, Grazzini (1209.0158); Gehrmann, 
Lubbert, Yang  (1209.0682, 1403.6451); Echevarria, Scimemi, Vladimirov (1604.07869); Luo, Wang, Xu, Yang, Yang, Zhu (1908.03831); Luo, Yang, Zhu, Zhu 
(1909.13820); Luo, Yang, Zhu, Zhu (1909.13820); Gutierrez-Reyes, Leal-Gomez, Scimemi, Vladimirov (1907.03780); Catani, Dhani (2208.05840); Luo, Yang, 
Zhu, Zhu (1912.05778); Ebert, Mistlberger, Vita (2006.05329); Luo, Yang, Zhu, Zhu (2012.03256); Zhu (2509.01703) 

So why compute them again? Because the question isn't how far, but how: can we define, at an intermediate 
level, a collinear function of the total radiation momentum that is free of rapidity divergences from the start?
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OUR NOVEL COMPUTATIONAL METHOD — CATANI + PKD (2208.05840)

Collinear splitting kernel

Differential collinear functions

Integrated collinear functions

NNLO—Double Real
Catani, Grazzini (9908523)

Axial gauge vector  Auxiliary vector: 
 

=
n2 = 0

n2 = 0 → n2 ≥ 0 Integrate over  with  fixedkμ
1 , kμ

2 kμ = kμ
1 + kμ

2

Function of  (collinear ), 
 (anti-collinear ), and 

pμ ↑
nμ ↑ kμ Starting point for any observables blind 

to individual radiation.

No rapidity divergences!

Observable  Integration over ⇒ (k+ = (1 − z)p+, kT, k−) Option 1: keep  throughoutn2 > 0
Option 2: set  for observables  (SCET-I)n2 = 0 /∝ kT

Goal: differential collinear functions are exact in ; we plan to achieve the same for integrated collinear 
functions at the bare level!

ϵ
d = 4 − 2ϵ
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∣∣M(k1, . . . , kN )
∣∣2 =

〈
M(k̃)

∣∣P(k1, . . . , kN ;n)
∣∣M(k̃)

〉
+ . . .

M M†

k1, . . . , kN

→ M M†

k̃ k̃

k1, . . . , kN

P(k1, . . . , kN ;n)

nµ

QCD FACTORIZATION IN THE COLLINEAR LIMIT

{Collinear partons Collinear limit of 
N

∑
i=1

ki Auxiliary vector 

Splitting kernel

Bern, Chalmers, Dixon, Kosower, Dunbar (9312333, 9403226, 9503236); Kosower (9901201); Bern, Del Duca, Kilgore, Schmidt (9903516); Catani, Grazzini 
(9908523); Catani, de Florian, Rodrigo (0312067, 1112.4405) 
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COMMENTS ON THE USE OF AUXILIARY VECTOR

In addition to spin and color indices, the splitting kernel depends on scalar functions of collinear momenta of 
the form

sij = 2ki ⋅ kj
xi

xj
=

n ⋅ ki

n ⋅ kj

Usually light-like: nμ = (0,0T, n−)

We emphasize that one can also set

n2 ≠ 0 (Corrections of the , and hence neglected in 
the collinear limit)

𝒪(kiT or kjT)

This work:  ( Time-like:  )n2 > 0 nμ = (n+, 0T, n−)
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DIFFERENTIAL COLLINEAR FUNCTIONS

ℱca(p, k; n) =
+∞

∑
N=2 [

N−1

∏
m=1

∫
dd km

(2π)d−1
δ+ (k2

m)] δ(d) (k −
N−1

∑
i=1

ki) ∑
a1,…,aN−1

𝒫a→c*a1…aN−1
(p, k1, …, kN−1; n)

SF(a1, …, aN−1)
, c = q, q̄, g

P
a(p)

c→(p→ k)

to hard
process

a1(k1) a2(k2)

aN→1(kN→1)
· · ·

ω+(k
2
i )

k =
N↑1∑

i=1

ki fixed

nµ, n2 > 0

Pa↓c→a1...aN↑1(p, k1, . . . , kN↑1;n)

Catani+PKD (2208.05840)

Symmetry factorℱ(p, k; n) = ℱ(R)(p, k; n) + [ℱ(RR)(p, k; n) + ℱ(RV)(p, k; n)] + 𝒪(α3
S)

08

Observables blind to 
individual radiations.
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INTEGRATED COLLINEAR FUNCTIONS

For transverse momentum, we have

Fca(z; zp, qT; n) = δ(1 − z)δ(d−2)(qT)δca + z∫ ddkδ(d−2)(kT + qT)δ ( k+

p+
− 1 + z) ℱca(p, k; n)

{Defines the observable

{Phase space in the collinear limit

a(p) c

z = 1, qT = 0

ω(1→ z) ω(d→2)(qT ) ωca

+ Fca

a(p)

c→(z p+, qT )

k+ = (1→ z) p+

kT = →qT

k→ integrated

k

nµ

z
∫
ddk ω(d→2)(kT + qT ) ω

(
k+

p+
→ 1 + z

)
Fca(p, k;n)

kT

qT
transverse plane

k2 = 2k+k→ → k2
T ↑ 0

k↑
0 q2

T

2(1 ↑ z)p+

↓

09

Origin of rapidity divergences!

Catani+PKD (2208.05840)
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INTEGRATED COLLINEAR FUNCTIONS

For Zero-Jettiness, we have {Defines the observable

{Phase space in the collinear limit

ℬca (z; t) = δcaδ(1 − z)δ(t) + z∫ ddk δ(t − 2zp ⋅ k) δ ( k+

p+
− 1 + z) ℱca(p, k; n)

a(p) c

z = 1, t = 0

ωca ω(1→ z) ω(t)

+ Fca

a(p)

c→(z p+, t)

k
k+ = (1→ z) p+

t = 2z p+k→

kT integrated

nµ

z
∫
ddk ω(t→ 2z p · k) ω

(
k+

p+
→ 1 + z

)
Fca(p, k;n)

k+

k↑

(1→z)p+

t
2z p+

k2 = 2k+k→ → k2
T ↑ 0

k2
T

0 (1 ↑ z) t

z

Transverse virtuality ∝ τ0

10

No rapidity divergences —  is sufficient!ϵ

Catani+PKD (2208.05840)
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TRANSVERSE MOMENTUM DISTRIBUTION: NO RAPIDITY DIVERGENCE!n2 > 0 ⇒

Consider the singular term from ℱ(R)
ca

1
1 − zn

=
np
nk

=
p+

k+ + n2

2np
k−

n− p+
=

1

1 − z + n2 qT2

(1 − z)(2np)2

n2=0 1
1 − z

Not well defined!

Using a time-like auxiliary vector

<latexit sha1_base64="UzeWXQhAEyS7c2boosmjHCHsz2o=">AAACEHicbVDLSsNAFJ3UV62vqEs3wSLWTUlCUTdC0Y3LCn1Bk4bJZNIOnUzizEQooZ/gxl9x40IRty7d+TdO2yy09cDA4ZxzuXOPn1AipGl+a4WV1bX1jeJmaWt7Z3dP3z9oizjlCLdQTGPe9aHAlDDckkRS3E04hpFPcccf3Uz9zgPmgsSsKccJdiM4YCQkCEolefqpQ1U4gFdOyCHKWN92/JgG2b3XnPTtSVaxWXKmiKeXzao5g7FMrJyUQY6Gp385QYzSCDOJKBSiZ5mJdDPIJUEUT0pOKnAC0QgOcE9RBiMs3Gx20MQ4UUpghDFXj0ljpv6eyGAkxDjyVTKCcigWvan4n9dLZXjpZoQlqcQMzReFKTVkbEzbMQLCMZJ0rAhEnKi/GmgIVTNSdVhSJViLJy+Ttl21zqu1u1q5fp3XUQRH4BhUgAUuQB3cggZoAQQewTN4BW/ak/aivWsf82hBy2cOwR9onz86U5y0</latexit>

� =
n2qT

2

(2np)2

1

1 − z + λ
1 − z

= ( 1 − z
(1 − z)2 + λ )

+
+ δ(1 − z)∫

1

0
dz′￼

1 − z′￼

(1 − z′￼)2 + λ
=

1
2

ln( 1
λ ) δ(1 − z) + ( 1

1 − z )
+

+ 𝒪( λ )
Sub-dominant!

Catani+PKD (2208.05840)

Neglected terms are always of order , and they are perfectly legitimate in the collinear limit!𝒪(λ n ∈ N
2 +mϵ)

No additional power corrections because in our calculation,  is kept finite!n2
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ZERO-JETTINESS DISTRIBUTION: NO RAPIDITY DIVERGENCE  OR ⇒ n2 = 0 n2 > 0

1
1 − zn

=
np
nk

=
p+

k+ + n2

2np
k−

n− p+
=

1

1 − z + n2 t
z (2np)2

n2=0 1
1 − z

Consider again the singular term from ℱ(R)
ca

λ′￼=
n2t

(2np)2

(1−z)−ϵ from kT integral (1 − z)−ϵ

1 − z

Well defined!

Using a time-like auxiliary vector

(1 − z)−ϵ

1 − z + λ′￼

z

=
(1 − z)−ϵ

1 − z + λ′￼

z +

+ δ(1 − z)∫
1

0
dz′￼

(1 − z′￼)−ϵ

1 − z′￼+ λ′￼

z′￼

= [(λ′￼)−ϵ Γ(1 + ϵ) Γ(1 − ϵ) − 1] 1
ϵ

δ(1 − z) + ( (1 − z)−ϵ

1 − z )
+

+ 𝒪(λ′￼)

Sub-dominant!

Zero-jettiness beam functions can be computed either by using a light-like or a time-like auxiliary vector!

Catani+PKD (2208.05840)
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RAPIDITY DIVERGENCES: FINAL WORDS

Rapidity divergences are artifact of a priori approximations:

Fca(z; zp, qT; n) ∝ z∫ ddkδ(d−2)(kT + qT)δ ( k+

p+
− 1 + z) ℱca(p, k; n)

Fca

a(p)

c→(z p+, qT )

k+ = (1→ z) p+

kT = →qT

k→ integrated

k

nµ

z
∫
ddk ω(d→2)(kT + qT ) ω

(
k+

p+
→ 1 + z

)
Fca(p, k;n)

kT

qT
transverse plane

k2 = 2k+k→ → k2
T ↑ 0

k↑
0 q2

T

2(1 ↑ z)p+

↓

In the collinear limit!

Collinear factorization:  k− ≲ 𝒪(k+)
Phase space

Simplification
0 < k− < + ∞ Only if  is well behaved 

in the limit 
ℱca

k− → ∞

Many rapidity regulators exist in the literature for computing individual components like soft functions and 
collinear functions. They are introduced at the integrated level.

As we discussed, we ensure that our calculation is rapidity divergence-free at the matrix element level!

13

Chiu, Jain, Neill, Rothstein (1104.0881); Becher, Bell (1112.3907); Echevarria, Scimemi, Vladimirov (1509.06392); Li, Neill, Zhu (1604.00392)



Prasanna K. Dhani - University of Zurich - Collinear functions up to NNLO in QCD

DIFFERENTIAL COLLINEAR FUNCTIONS AT 𝒪(α2
S)

1
p ⋅ k1

,
1

(p ⋅ k1)2
,

1
n ⋅ k1

,
1

n ⋅ (k2 − p)
,

1
n ⋅ k1p ⋅ k1

,
1

n ⋅ k1p ⋅ k2
,

1
p ⋅ k1n ⋅ (k2 − p)

,
1

p ⋅ k2n ⋅ (k2 − p)
,

1
(p ⋅ k2)2n ⋅ (k2 − p)

,
1

(p ⋅ k2)2(n ⋅ (k2 − p))2

There are 10 integrals to compute out of which 3 integrals (in red) needs to be computed for .n2 > 0

1
n ⋅ k1

∝ ∫ ddk
(k2)−ϵ

n ⋅ k 2F1 ( 1
2

,1,
3
2

− ϵ,1 −
n2k2

(n ⋅ k)2 )S1: 2F1(a, b; c; z) =
Γ(c)

Γ(b) Γ(c − b) ∫
1

0
dt t b−1(1 − t) c−b−1(1 − zt)−a

S2: 1
n ⋅ k1 p ⋅ k1

∝
1

n ⋅ p ∫ ddk(k2)−1−ϵF1 1, − ϵ, − ϵ,1 − 2ϵ,1 −
1 + 1 − n2k2

(n ⋅ k)2

n ⋅ p
n ⋅ k

k2

p ⋅ k

,1 −
1 − 1 − n2k2

(n ⋅ k)2

n ⋅ p
n ⋅ k

k2

p ⋅ k

1
n ⋅ k1 p ⋅ k2

∝
1

n ⋅ p ∫ ddk
(k2)−ϵ

k2
T + n2(p ⋅ k)2

(n ⋅ p)2

F1 1, − ϵ, − ϵ,1 − 2ϵ,1 −
1 + 1 − n2k2

(n ⋅ k)2

n ⋅ p
n ⋅ kp ⋅ k (k2

T + n2(p ⋅ k)2

(n ⋅ p)2 )
,1 −

1 − 1 − n2k2

(n ⋅ k)2

n ⋅ p
n ⋅ kp ⋅ k (k2

T + n2(p ⋅ k)2

(n ⋅ p)2 )
S3:

F1(a; b1, b2; c; x, y) =
Γ(c)

Γ(a) Γ(c − a) ∫
1

0
dt t a−1(1 − t) c−a−1(1 − xt)−b1(1 − yt)−b2

Depending on the prefactor, these terms can generate 
rapidity divergences! So, it is useful to study them in the limit v11 ≡

n2k2

(n ⋅ k)2
→ 0

Work in preparation!

Somogyi (1101.3557); Lyubovitskij, Wunder, Zhevlakov (2102.08943)
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THE TWO-POINT SPLITTING LEMMA: ISOLATING THE MASSLESS LIMIT BY PARTIAL FRACTIONS

Problem.  massive,  massless: the angular integral of  is non-analytic as v1 v2 1/(v1 ⋅ k v2 ⋅ k) v11(vij ≡ vi ⋅ vj) → 0 ( ∝ v−ϵ
11 )

Lemma. For any  on the line through v3 = (1 − ρ)v1 + ρv2 v1, v2 :
1

v1 ⋅ k v2 ⋅ k
=

ρ
v1 ⋅ k v3 ⋅ k

+
1 − ρ

v2 ⋅ k v3 ⋅ k
since  — ordinary partial fractions.v3 ⋅ k = (1 − ρ)v1 ⋅ k + ρv2 ⋅ k

Choice. Put  on the light cone: v3 v33 = 0 ⇒ ρ = −
v11

2v12 − v11

Result. One hard integral  two simple ones:→

: quasi-collinear, carries the entire (v1, v3) v13 ∝ v11 ⇒ v−ϵ
11

: both massless,  smooth as (v2, v3) ⇒ v11 → 0

v2

v1

v3

massless: on the sphere; massive: inside
chord  re-enters at v2 → v1 v3

v11 → 0 : v3 → v1, ρ → 0

Massless limit (suitable form for the limit) can also be achieved by some complicated transformations!

15

Lyubovitskij, Wunder, Zhevlakov (2102.08943), Wunder (2403.09773)
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SIMPLIFYING HYPERGEOMETRIC  AND APPELL 2F1 F1

2F1 ( 1
2

,1,
3
2

− ϵ,1 − v11) = −
1 − 2ϵ

2ϵ [ 2F1( 1
2 ,1; 1 + ϵ; v11) − 22ϵ Γ(1 − 2ϵ)Γ(1 + ϵ)

Γ(1 − ϵ)
v−ϵ

11 (1 − v11)− 1
2 +ϵ] v11 =

n2k2

(n ⋅ k)2

v11→0 −
1 − 2ϵ

2ϵ [1 − 22ϵ Γ(1 − 2ϵ)Γ(1 + ϵ)
Γ(1 − ϵ)

v−ϵ
11 ] + 𝒪(v11)

F1 (1, − ϵ, − ϵ,1 − 2ϵ,1 −
1 + 1 − v11

v12
,1 −

1 − 1 − v11

v12 )
= ( v11

v2
12 )

ϵ

[ − v−2ϵ
11 (2v12 − v11)2ϵF1( − 2ϵ, − ϵ, − ϵ,1 − 2ϵ,

v12(1 + 1 − v11) − v11

2v12 − v11
,

v12(1 − 1 − v11) − v11

2v12 − v11 ) + 2v−ϵ
11 (2v12 − v11)ϵ

2F1 (−ϵ, − ϵ,1 − ϵ,1 −
v2

12

2v12 − v11 )]
v11→0 21+ϵv−ϵ

12 2F1 (−ϵ, − ϵ,1 − ϵ,1 −
v12

2 ) − 22ϵ Γ(1 − 2ϵ)Γ(1 + ϵ)
Γ(1 − ϵ)

v−ϵ
11 + 𝒪(v11)

Much simpler expressions! New results for the differential collinear functions.

v12 =
n ⋅ p k2

n ⋅ k p ⋅ k
or

n ⋅ p
n ⋅ k p ⋅ k (k2

T +
n2(p ⋅ k)2

(n ⋅ p)2 )

Hypergeometric function

Appell function

16

Work in preparation!
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I ≡ ∫
∞

k−
min

dk−

k−
(k2)−1−ϵ n ⋅ p

n ⋅ k
F21(v11), F21(v11) = 2F1( 1

2 ,1; 3
2 −ϵ; 1 − v11), v11 =

n2k2

(n ⋅ k)2

= (qT2)−1−ϵ ∫
1

0
dt tϵ(1 − t)−1−ϵ 1 − z

(1 − z)2 + λ/t
F21(v11), v11 =

4λ (1 − z)2(1 − t)

t [(1 − z)2 + λ/t]2 , λ =
n2q2

T

(2 n ⋅ p)2

=
(1 − 2ϵ) (qT2)−1−ϵ

2ϵ2 {Γϵ [ 1
(1 − z)+

+
δ(1 − z)

2 ( Γ2ϵ

2ϵ
+ 2ψ(1 + ϵ) − ψ(1 + 2ϵ) + γE−ln λ)] −

Γ(1 + ϵ) Γ(1 − 2ϵ) Γ2ϵ

2 Γ(1 − ϵ)
λ−ϵ [ 1

(1 − z)1−2ϵ
+

+
δ(1 − z)

2ϵ ]}

TRANSVERSE MOMENTUM DISTRIBUTION: AN EXAMPLE INTEGRATION

Consider the following integral

Γϵ ≡ Γ(1 − ϵ)Γ(1 + ϵ), Γ2ϵ ≡ Γ(1 − 2ϵ)Γ(1 + 2ϵ), ψ(x) ≡
d

dx
ln Γ(x) The result is exact in !ϵ

Work in preparation!
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All the relevant integrals corresponding to both transverse momentum and zero-jettiness are completed!
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TRANSVERSE MOMENTUM DISTRIBUTION: IR FACTORIZATION IN CONJUGATE -SPACEb

∫ dd−2qT e−i b⋅qT
lnm(qT2)
(qT2)1+δ

d=4−2ϵ dm

dρm
ρ=0

π1−ϵ ( b2

4 )
ϵ+δ−ρ

Γ(ρ − ϵ − δ)
Γ(1 + δ − ρ)

Infrared factorization

F̃ ca(z;
b2

b2
0

,
n2b2

0

(2zpn)2 b2 ) = Zc(αS(b2
0 /b2),

n2b2
0

(2zpn)2 b2 )∑
b

∫
1

z

dx
x

C̃ cb(x; αS(b2
0 /b2), ϵ,

n2b2
0

(2zpn)2 b2 ) Γ̃ ba(z /x; b2
0 /b2)

C̃ cb(z; αS, ϵ = 0,
n2b2

0

(2zpn)2b2 ) = Ccb(z; αS) Γ̃ ba(z; μ2
F) = δba δ(1 − z) −

αS(μ2
F)

π
P(1)

ba (z)
ϵ

+ 𝒪(α2
S)

Infrared factorization factors for both gluon and quark are as follows

Zg = 1 +
αS

π
CA

2
1
ϵ2

+
1
ϵ

ln( n2b2
0

(2znp)2b2 ) +
β0

ϵ
− CA

π2

24
+ 𝒪(α2

S) Zq = 1 +
αS

π
CF

2
1
ϵ2

+
1
ϵ

ln( n2b2
0

(2znp)2b2 ) +
3
4

CF

ϵ
− CF

π2

24
+ 𝒪(α2

S)

∂Zc

∂ ln n2
≡

∂Zc

∂ ln n+
∝ γc (Rapidity anomalous dimension - to be validated against the known results!)
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To be validated against the known results!

New results! New results!

Work in preparation!



Prasanna K. Dhani - University of Zurich - Collinear functions up to NNLO in QCD

SUMMARY & OUTLOOK

We have discussed in detail the use of a time-like auxiliary vector to address rapidity divergences in the 
computation of collinear functions up to NNLO in perturbative QCD.

We achieved the computation in two steps — differential collinear functions — collinear functions.

Our differential collinear functions are well-defined objects for both SCET-I and SCET-II type 
observables. They can serve as a starting point for observables that are insensitive to individual radiations. 

One of the advantages of using a time-like auxiliary vector is that it can be kept finite throughout the 
computation, and hence no additional power corrections due to the regulator.

As first applications, we employ them to compute transverse momentum dependent and zero-jettiness 
dependent collinear functions.  
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SUMMARY & OUTLOOK

Our formalism can be easily extended to compute soft functions that control soft dynamics.

Our treatment of rapidity divergences has recently been employed to compute jet functions for transverse-
momentum-like variables in jet production processes at NNLO.

Buonocore, Grazzini, Guadagni, Haag, Rottoli, Kallweit (2508.19226, 2512.03954) + work in progress

See Giovanbattista Favorito’s Talk
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SUMMARY & OUTLOOK

Stay tuned! I am happy to answer your questions!

Our formalism can be easily extended to compute soft functions that control soft dynamics.

Our treatment of rapidity divergences has recently been employed to compute jet functions for transverse-
momentum-like variables in jet production processes at NNLO.

Buonocore, Grazzini, Guadagni, Haag, Rottoli, Kallweit (2508.19226, 2512.03954) + work in progress

See Giovanbattista Favorito’s Talk

Thank you very much!
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PARTON MODEL: SHORT RANGE FACTORIZES FROM THE LONG RANGE

For a generic hadro production process

<latexit sha1_base64="kkykVDq5LFLGqCs/eNOH9MUmjHQ="></latexit>

h1(p1) + h2(p2) ! F ({qi}) +X

<latexit sha1_base64="iWpNQE3gD8SBW2IiB8tG9ZHOfyE="></latexit>

ci(x1p1) + cj(x2p2) ! F (q ⌘
X

i

qi)

d ̂σij = d ̂σ(0)
ij + αS d ̂σ(1)

ij + …

{Long distance

{Short distance

Parton model:
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WHY RESUMMATION? FIXED ORDER VS RESUMED PREDICTIONS

Neutral DY

Catani, de Florian, Ferrera, Grazzini (1507.06937)
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LL: NLL:

NNLL:

Next-to-next-to-leading logarithmic accuracy

Resummation is effective in the low transverse momentum region!
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RESUMMED PREDICTION VS DATA 

Neutral DY

Chen, Gehrmann, Glover, Huss, Monni, Rottoli, Re, Torrielli 
(2203.01565); Camarda, Cieri, Ferrera (2103.04974)

Bulk of the events are produced in the low transverse 
momentum region.

Theory is consistent with the data.

From NNLO+NNLL to N3LO+N3LL: reduction in 
uncertainties and improvement in data agreement.

Improved theory predictions helps in precise determination 
of crucial SM parameters.

How are these large logarithms resummed ?


