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INTRODUCTION

¢ No striking manifestation of New Physics (NP) beyond the
EhicaraiMoael (SM) at the LRC

¢ "“Precision Physics” represents the key instrument to find NP

¢ In this framework QCD perturbative corrections play a
crucial role

¢ Until a few years ago, the standard for such calculations was
next-to-leading order (NLO) accuracy

¢ |n the past recent years a number of growing next-to-next-to-
leading order (NNLO) results were computed
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¢ In this framework QCD perturbative corrections play a
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BRRCHE past recent years a numbper of growing NEX-IO-MEXEIEs

leading order (NNLO) results were computed

“The NNLO revolution”
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THE QT-SUBTRACTION/RESUMMATION FORMALISM
€ NNLO+NNLL QCD

/ S. Catani and M. Grazzini (2007)

G. Bozzi, S. Catani, D. de Florian and M. Grazzini (2005)
Colourless final states

S. Catani and M. Grazzini (2011)

e

S. Catani, L. C, D. de Florian, G. Ferrera and M. Grazzini (2013)

Heavy quark production ——> S. Catani, S. Devoto, M. Grazzini, S. Kallweit and J. Mazzitelli and H. Sargsyan (2019)

Extension at NLO+NLL QED+QCD —» L.C, G. Ferrera and G. F. R. Sborlini (2018)

Giancarlo’s Talk



THE N°LO QT-SUBTRACTION METHOD

€ We consider the inclusive hard-scattering reactio

h1—|—h2—>F(Q)—|—X F

¢h; = hadron (I=1,2)
FColourless final state F with transverse momentum gl and mvamant mass Q

T

¢ We are interested in the QCD corrections to this process F

& The basic idea behind the method

Catani, Grazzini (2007)

glopiiy o n O =da 255wt RIS

———

§ doy. 5, can be computed with the well known subtractions methods at NLO and NNLO
$The remaining true N"LO divergencies are associated to the small-gT limit

a3



THE N°LO QT-SUBTRACTION METHOD

¢ [he generic form of the gl-subtraction method

Catani, Grazzini (2007)

o — Hyn o ®dois + [daﬁj_j(fiso - daﬁn%g] with = =SIEsrs

Lo = Dl G i el 6 g

E———

¢How to calculate the gl-subtraction ingredients?

2 % 2 2 00
ar  M° M* F3(0) bt ’
(zFHLb<MT2 : )+HFH,( - a))@d[ = i dbz Jo(bar)

dz dz
/ = / —2d65" faps (®1/20, B3/0) fopmy (@2/ 20, B3/0) [HECLCH] .,

#Expanding the resummation formula at fixed order - C. Collins, D.E. Soperanc i
S. Catani, D. de Florian and M. Grazzini (2001)

S. Catani and M. Grazzini (2011)



THE N°LO QT-SUBTRACTION METHOD

$Expanding at fixed-order the following expression

=i M? . M2 [ b
(meb (—qu;; ~ ;ozs) Ay (—A ;ozs)) ©d[],, == | dbgbar)
S S 0 %

5
ldz [1d
X S.(M, b) / ! / 2465
X1 2

R fa/h1 (scl/zl,b%/bQ) fb/hg ($2/22,b(2)/b2) [HFC102]

cc;ab

(/@) — Y (%)niﬁm’“) S Bl v (%) E 0 52
=0 e AN S o qr q7 cc—ab Zl(?) cc—ab047)
n=
Contribution of all large logarithmic terms Free of large logarithmic terms
In the small-gT limit in the small-gT limit
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THE N°LO QT-SUBTRACTION METHOD

$Expanding at fixed-order the following expression

2 2 2 2 00
g M M 5 (@) M b
(Zg;—ab (M27 § y ) L %ca—ab ( E ) )) ® d[ ]ab 35 S ; db§J0(qu)

d d
S oL b)/ ! / z2d5F & el (xl/zl, b/ b )fb/hz ($2/Z2vb(2)/b2) [HF0102]cé;ab

M? d 2 M2
xy = % S o B TR % e Y Se(M,b) = exp {— /bg/b2 q% [Ac(ozs(f)) In D + Bc(ozs((f))] } Sudakov form factor
[H™=HC1Gy) Ly = BEH(0o(M?) [ Calori a(t3/8%)) Cyulza05(i3/6%)) | Lastline not present
Catani, Grazzini (2011) ’ T T in gq initiated sub-
1 Gyalz1; as(by/07)) Ggp(22; as(bp/b”)) ]
= M2/§ Cga(2;05) = 0ga O(1 ) Z ( ) Collinear coefficient functions
n=1
Gl = (0‘_)” GM(z) ~ Helicity-flip functions
g N in gg initiated processes
eI — (0s\" . p_ () Hard virtual factors
Hy ™" (o) =1+ Z ( — ) H, (loop-virtual contributions)




THE N°LO QT-SUBTRACTION METHOD

Third-order ingredients
§All the ingredients which describe the cancellation of the large

ogarrthmic terms (in the small-gT limit) are known from the
brevious orders (NNLO and NLO) (using convolutions written
in function of Goncharov PolylLogarithms GPLS)

(/@) oy 3 () s L &
% —_— U = PR n N B
) qr—0 — 0 o qf% q’%

$The third-order contribution at gT = O presents two missing
pleces
a ¢ The universal relation between the three-loop virtual

scattering amplitudes and the hard-virtual factor
€ The collinear coefficient functions at the third-order




THE N°LO QT-SUBTRACTION METHOD

Third-order ingredients at qT =0
De Florian, Grazzini (2001)

€The hard-virtual, collinear and helici tcontributions

+ 6,0 C3(2) + 6, C(2)
: + 630 Cy7 (2) + 655 C2(2)
+HSO (8,60 GTF 6, C2(=)) + (CR @ CF) (2) + (R @ G (2

gb

S. Catani, L. C, D. de Florian, G. Ferrera and M. Grazzini (2013)

M (2 )_5ga5gb5(1_z) HH(3 ""59&0 )(Z)+5gbcg(?2(z)

gg<—ab

Where we fix uR=uF=M 18Scale dependent terms already known from NNLO



THE N°LO QT-SUBTRACTION METHOD

Third-order ingredients at qT =0

¢ The hard-virtual, collinear and helicity-flip contributions

D. Gutierrez-Reyes, S. Leal-Gomez, |. Scimemi, and A. Vladimirov (2019)
T M. Luo, T. Yang, H. Xing Zhu, and Y. Jiao Zhu (2019)

These ingredients are partially known or completely missing

=

Where we fix yR=uF=M



THE N°LO QT-SUBTRACTION METHOD

Up to the previous slide the discussion about the N3LO qT-
subtraction formalism, was completely general. The following slides
are for final processes F initiated by gluon fusion. In particular for
Higgs boson production via gluon fusion In the large top-mass limit.

20



THE N°LO CONTRIBUTIONS AT QT=0



THE N°LO QT-SUBTRACTION METHOD

L. C, X. Chen, T. Gehrmann, E. W. N. Glover, and A. Huss (2018)

Third-order ingredients at qT =0

¢ These ingredients are partially known or completely missing

Hé{;(?)) : C(?)) : G(Z)

D. Gutierrez-Reyes, S. Leal-Gomez, |. Scimemi, and A. Viadimirov (2019)
M. Luo, T. Yang, H. Xing Zhu, Y. Jiao Zhu (2019)

Nonetheless, within the gT-subtraction formalism, 7,2, can be
reliably approximated for any hard-scattering process whose

corresponding total cross section is known at N3LO.

G. Bozzi, S. Catani, D. de Florian and M. Grazzini (2005)

In our case we use the N3LO Higgs boson cross section

recently calculated and implemented in the numerical code
|h|XS 2 O B. Mistlberger (2018)

F. Dulat, A. Lazopoulos and B. Mistlberger (2018)

L)



THE N°LO QT-SUBTRACTION METHOD

L. C, X. Chen, T. Gehrmann, E. W. N. Glover, and A. Huss (2018)

Third-order ingredients at qT = 0

#Numerical procedure to extract

HH; (S C(?)) ‘ G(Z)
& ’ ga ’ sd
D. Gutierrez-Reyes, S. Leal-Gomez, |. Scimemi, and A. Vladimirov (2019) o// o

M. Luo, T. Yang, H. Xing Zhu, Y. Jiao Zhu (2019)

#Starting point is the sketchy form of the gl-subtraction method

ot ne — hree [dagj_j(fiso = daﬁn%g] with n=1,2,3

dUFab

G A O e e e i — / dg7 (g7, M, §; as(p), g, o)

0 dqzzr

b o ~ (fin.) F+jet ~F CT
F (tot.) F F 2 dagn(io) dOF el = d ab : s daab
R o DT dg = 2 2
N"LO N"LO LO 2 2 dq% qu qu qu

L



THE N°LO QT-SUBTRACTION METHOD

Third- orderlngredlents at qT 0
#Subtracting two consecutive orders, we arrive to an expression

that can be used to extract numerically the missing terms

" M M2 M2 M2
as © () ) Fi®
(W) ZO i )H‘Hb( g up)

" {[&o ] (% [&o } }_/OO dg? [dc%gi;lz;)] 2 [d@(le})]
Fab ] nsro Fab | nNLo e dg? In3LO dg? InNLO

%fg@b(z) =[0ga 046 0(1 — 2) Hf B 4 Oga Cﬁ)(z) 4= Gt Cg(,ga) (2)
+ (Gglg ® Gf,}) (2) + (G@g ® G“)) (2)

g gb
+ HTW (5ga G2 (2)+ by Cﬁ}(z)) + HT® (5ga CH(2) + 644 Cg(la)(z))
+ (R o) () + (R e ) )

+ HEO (¢ 0.C5)) (2) + B (6 @ GR) (2)




THE N°LO QT-SUBTRACTION METHOD

L. C, X. Chen, T. Gehrmann, E. W. N. Glover, and A. Huss (2018)

Third-order ingredients at qT =0
#Subtracting two consecutive orders, we arrive to an expression

that can be used to extract numerically the missing terms

O\ 3 M 5 [ M?* M? M?
( ) Zach &57 cc<£a)b( 3 BRTE .

R
R ] ) / i [d&ﬁﬁ] [d&ﬁb]
Fab ] nsro Fab ] nnLo 0 % dg? In3LO dg? InNLO

We extract numerically these information that we put in a constant (independent of z)

SRR o G000l 2) [HAEO)] 0 G ER e e

(53)) i
G<1> 21& G(z) <1> ( b
Exact numerical%{ Approximation of a z function by a constant (a delta term)

L5




THE N°LO QT-SUBTRACTION METHOD

L. C, X. Chen, T. Gehrmann, E. W. N. Glover, and A. Huss (2018)

Third-order ingredients at qT = 0
$Subtracting two consecutive orders, we arrive to an expression

that can be used to extract numerically the missing terms

DNE M o (M2 M? M?
( ) ZOCCF &57 cc<£a)b( 3 BRTE .

Hr HF
tot tot i 2 dé-gi zb) da-gi zb)
= Ul o~ [PFolio) ~ f, 9B (7o o~ gt
N3LO NNLO 0 dg? In3LO dg? InNLO

We extract numerically these information that we put in a constant (independent of z)

CNS 5ga5gb5(1 —Z) \ 590,59()5(1 —Z> [HH’(g)

L O ) 0,0 0 )

o)
(a6 )+ (R 5 62) @)

Let me postpone the discussion of ttfé universal terms inside the hard-virtual factors, since it is orthogonal to the
following slides

G = g + » Third order constant of “soft origin”, belonging to the finite part of the
thigd order structure of the IR singularities




THE N°LO QT-SUBTRACTION METHOD

L. C, X. Chen, T. Gehrmann, E. W. N. Glover, and A. Huss (2018)

Third-order ingredients at qT =0
#Subtracting two consecutive orders, we arrive to an expression

that can be used to extract numerically the missing terms

DNE M o (M2 M? M?
( ) ZJCCF &57 cc<£a)b( 3 BRTE .

Hr HME

00 ~ (fin.) ~ (fin.)
o] o] ) / e [da%ab | [da%ab ]
Fab ] nsro Fab ] nnLo 0 % dg? In3LO dg? InNLO

Total exact Xsec. from B. Mistlberger (2018)

lhixs 2.0: F. Dulat, A. Lazopoulos and B. Mistlberger (2018)

LT



THE N°LO QT-SUBTRACTION METHOD

L. C, X. Chen, T. Gehrmann, E. W. N. Glover, and A. Huss (2018)

Third-order ingredients at qT =0
#Subtracting two consecutive orders, we arrive to an expression

that can be used to extract numerically the missing terms

(g 3 M F;(3) M2 M2 M2
( ) Z Jcc F &57 cc<—ab 3 7 :u%% / M%
00 ~ (fin. ~ (fin.)
o] o] ) / e [da%ab)] [da%ab]
Fab ] nsro Fab ] nnLo “ dg? In3LO dg? InNLO
e

.

The lower limit in the integral has to be replaced by a technical cut, the qTcut

.

NNLOJET HN3LO

X. Chen, J. Cruz-Martinez, T. Gehrmann, E. W. N. Glover and M. Jaquier (2016) 28 LC (2018)

de'\f)  [geEtets  g6ECT]
dgz | »dg7 dgr




THE N°LO QT-SUBTRACTION METHOD

L. C, X. Chen, T. Gehrmann, E. W. N. Glover, and A. Huss (2018)

&For the extraction, we consider

Third-order ingredients at qT = 0

iggs boson production at

N53LO in gluon fusion in the large top mass limit, at v/s=13 TeVv

O(fin.)N3L0 [pb]

HN3LO + NNLOJET — pp ~H + X /5= 13 TeV
¥ %
L ! : . ¥ X X X X
B I e } I |
L8R B S
il i [ O_F(fin.) F(fin.) ]
f 7.2 | 2N ro RS
cut? qT 2 2
} % % % % ar O Sbie
bR ekl SNy % % % % § ]
S ] MH/2 |
M= IVIH/4 H [UR=|JF:| 3 (%7%71) MH
0 2 4 6 8 10
unt [GeV]

7



THE N°LO QT-SUBTRACTION METHOD

L. C, X. Chen, T. Gehrmann, E. W. N. Glover, and A. Huss (2018)

Third-order ingredients at qT =0

&For the extraction, we consider

iggs boson production at

N53LO in gluon fusion in the large top mass limit, at v/s=13 TeVv

O(fin.)N3L0 [pb]

4.5

ok,

259

45

0.5

HN3LO + NNLOJET

pp->H+X

M= uR alel

— ——1 U = MH

I I EE MH/2
= M = MH/4

i

U [URzpF] 2 (%7%71) MH
] | ]

6

qf"* [Gev]

8

10

30

For the extraction procedure, the
NNLO Xsection is taken from the
analytical result, therefore, there is
no systematic uncertainty from the

NNLO
F(fin.) F(fin.) ]
Yn10  Zn210
q; q7
SN

T——

The size of the uncertainty bands are
almost entirely due to the F+Jet

calculation




THE N°LO QT-SUBTRACTION METHOD

L. C, X. Chen, T. Gehrmann, E. W. N. Glover, and A. Huss (2018)

Third-order ingredients at qT =0

#Repeating the same procedure for 7-point scale variation

n | [dr, pr] xMpy Cns (¢3¢ =1GeV) | Cng (g5 =2Gev) | Cns (g5 =3 GeV)
(1) [1/2,1/2] —943 + 222 —967 + 179 —988 =+ 164
(2) [1,1] —971 +207 —965 + 168 —989 + 151
(3) [1/4,1/4] —883 + 243 —866 + 198 —850 + 162
(4) [1/2,1] —986 =+ 222 —1021 +179 —1033 +£179
(5) [1,1/2] —990 =+ 206 —976 =+ 167 —968 + 158
(6) [1/2,1/4] —985 + 221 —978 £181 —923 + 152
(7) [1/4,1/2] —977 +243 —859 +199 —883 £ 179
—

31

Chs
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-1200

-1400

-1600

HN3LO + NNLOJET
|

pp-H+X

Vs = 13 TeV

KES
KEL
K
KX
E 2 [I]
R g2t = 1 GeV [pp=pp=My/2]
1 —— q%LIt = 1 Gev .
——i g%t = 2 Gey
t
=t e e b Cugsuel = (5,2,1) My
| | | | | | |
(0 @) @) (4 H(5) (6 R
u [n scale]




FIRST RESULTS AT N3LO

N3LO TOTAL XSECTION
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THE N°LO TOTAL XSECTION

L. C, X. Chen, T. Gehrmann, E. W. N. Glover, and A. Huss (2018)

#\With the extracted CN3 coefficient (only one value

corresponding to the central scale) we can use the gl-
subtraction method to predict total Xsections at N3LO

HN3LO
+

NNLOJET

HN3LO + NNLOJET  pp -~ H + X Js= 13 TeV
| | |
18 - 2
o
16 - A
* {1 38 e ¥ 3 m
%I_ 44 E o ¢ X X &
TR0 -
ihixs 2.0 = ® NNLO [exact]
) e NL0 [exact] A =
N°L0 [of** = 1 6eV, Cyg = @]
38 |+ NLO [q8“* = 1 GeV, Cys(qS“* = 1 GeV)] -
——i N3L0 [q€* = 2 GeV, Cyy(qf™t = 1 GeV)]
36 = N0 [q2* = 3 GeV, Cyy(q® = 1 GeV)] 2
] ] ]
M,/ 4 M,/2 M,
b Log=uf]
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o H (tot.) [pb]

THE N°LO TOTAL XSECTION

L. C, X. Chen, T. Gehrmann, E. W. N. Glover, and A. Huss (2018)

#With the extracted CN3 coefficient (only one value

BOEIECS

bonding to the central scale) we can use the gl-

subtraction method to predict total Xsections at N3LO

HN3LO + NNLOJET

pp->H=+X

Js=13 TeV

]
46 | '
* 1 3¥&
44 |-

NNLO [exact]

40 - * L0 [exact]

w
oo
|

w
o
|

e ¥ 3 I

N30 [q8“* = 1 GeV, Cy3 = 0]
= N30 [t = 1 GeV, Cyg(qS“t =
—e—i NzLO [q?‘: = 2 GeV, cN3(q$”t =
—e— N30 [t = 3 GeV, Cy3(qSt = 1 GeV)]

1 GeV)]
1 GeV)]

My/4

My/2 M,
b [pg=ne]

HN3LO Using the extracted value of
+ CN3, we performed a
NNLOJET closure test for the inclusive

ihixs 2.0 I

total cross section for three

different scale choices and
find excellent agreement

with the exact results (from
ihixs 2.0) at the 0.2% level

ol (tot) (pb) Exact ugr subtraction | gr subtraction | gr subtraction | gr subtraction
(@5 =1 GeV) (@ = 2 GeV) (@5 =3 GeV) (Cxs = 0)

N3LO[M = My /2] 44.97 44.97 +£0.21 4498 +0.17 45.01 £0.15 45.86 +0.21
N3LO[N = My]| 43.50 ARy I e (1) 43.51 £0.10 43.53 4+ 0.09 44.08 4+ 0.12
N3LO[M = Mp /4] 45.06 44.97 +£0.38 44.95 4+ 0.31 44.92 £ 0.28 46.44 +0.38
NNLO [ = My/2] 43.47 43.46 +0.02 43.46 4+ 0.02 43.46 4 0.02 43.46 4 0.02
NNLO [u= my] 39.64 39.62 £0.02 39.62 £0.02 39.62 £0.02 39.62 £0.02
NNLO [u= My/4] 47.33 A == (A0 47.33 £+ 0.02 47.33 +0.02 47.33 £+ 0.02

e —

e —————————————



N3LO DIFFERENTIAL DISTRIBUTIONS



N°LO DIFFERENTIAL DISTRIBUTIONS

L. C, X. Chen, T. Gehrmann, E. W. N. Glover, and A. Huss (2018)

Uncertainties at N3LO

N3LO prediction at
qTcut=2GeV
+ qTcut uncertainties +
systematic uncertainties

qTcut uncertainties
Calculated taking three
different predictions for

qTcut=(2 = 1) GeV

The black band is
obtained as the envelope
of the seven-point scale

variation at qTcut = 2
GeV considering for each
scale the two extremal
CN3 coefficients
corresponding to its
maximum and minimum

statistical deviations
CN3 ={-1165,-721}
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o
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E gl
(4]
i 1.1
1.5
© 1
o 0.95
— 0.9
2 0.85
- 0.8
iy
e 0.7
&

HN3LO + NNLOJET
|

pp-H+X Js= 13 TeV

| | | |

== NP0 [ = 2 Gev]

=== N°L0 [Cy3 uncert.]
N°L0 [o** uncert. ]

X U [UR;UF] = (%,%;1) My

0 0.5

In order to produce
smooth histograms the
code has to run for a
couple of months in
2000 cores approx.
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We calculate the yH
distribution at N3LO
employing a seven-point
scale variation and
carefully assess
systematic errors
arising form different
qTcut and CN3 values.

The combined
theoretical uncertainty at
N3LO is at most of +5%
level with respect to the
central scale choice

N3LO prediction at
qTcut=2GeV
+ qTcut uncertainties +
systematic uncertainties

do"/dyy [pb]

Ratio to NNLO

O OO0

—

HN3LO + NNLOJET pp-H=+X Js= 13 TeV
25 I | | | I T T
e B N3LO
P2 == NNLO
A ] NLO
< LO
o — H
| 3 [UR;UF] = (11571) MH
10 [ O
5 55%551551551-1-q
0 | | | | l l I
HF T I | I I I T
. B
1 “
.9
8
7 o
6 l | l l l I I

Rapidity distribution

Compared to the NNLO
yH distributions, we
observe a large
reduction of theory
uncertainties by more
than 50% at N3LO. The
scale variation band at
N3LO stays within the
NNLO band with a flat K-
factor of about 1.034 in
the central rapidity
region (lyHI < 3.6).
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Rapidity distribution

HN3LO + NNLOJET pp-H=+X Js= 13 TeV
25 T | | | I T T
== N3Lo
a KX — == NNLO
2 NLO
LO
2 15[
I_II H [UR)“F] < (%7%71) MH
3 -
I_g 10 _ﬁﬁ
5 - EEH_‘_‘_
0 | | | | | | |
12 F T | I | | I I
(e}
= 1.1 AR O
SO
3 9.9
o
= 0.8 § %%
£ 0.7F 5
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Rapidity distribution

HN3LO + NNLOJET pp-H+X Js= 13 TeV
25 T T | T T T T
= === The central prediction at N3LO,
0| P Smapn almost coincides with the upper
> L0 edge of the band, as was
= =
o 15 '_A@L _
5 o Coreind = ) L already observed for the total
5 Cross section
o el e 7
5 = —
HN3LO + NNLOJET — pop - H + X 5= 13 Tev
0 ! ! ! ! ! ! ! ¥l | | | ]
1. 46 - i
= *ifg erzau
% ik = 4T X o x xam |
S 9. = of 1
o = ® NNLO [exact]
gE, 0. © 40 e N30 [exact] o i
e 0. N°LO [t = 1 GeV, Cy3 = 0]
38 o L0 [qf = 1 6eV, Cy3(qf”® = 1 GeV)] -
6. —— N3L0 [t = 2 GeV, Cys(a® = 1 Gev)]
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Rapidity distribution

almost coincides with the upper
edge of the band, as was
already observed for the total

Cross section

R
HN3LO + NNLOJET — pop - H + X Js = 13 TeV
! ! I
e i
RN e fzum
L [} X O _
®* NNLO [exact]
P *  NLo [exact] S q
N3L0 [qS“ = 1 GeV, Cys = 0]
- —— N30 [q8U" = 1 GeV, Cy3(qf"® = 1 Gev)] -
—— N3L0 [t = 2 GeV, Cys(a® = 1 Gev)]
L —=— N30 [o8"t = 3 GeV, Cy3(qs"® = 1 Gev)] -
| | |

My/4

My/2

My

HN3LO + NNLOJET pp-H=+X Js= 13 TeV
25 I I I I I T I
= === The central prediction at N3LO,
N e = NNLO |
eeir] NLO
2l — L0
2 15 L__‘ffj?i::_d gl
I_:II: U [UR)UF] < (%,%71) MH
IE 10 e 5
5 [ —
@ ] ] ] ] ] ] ] 48
1. 46
g 1' = 44
=N} 7«
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0. 38
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CONCLUSIONS AND OUTLOOK

€ We presented results at N3LO for completely differential
distributions for observables measured at the LHC

(in particular for Higgs boson production in gluon fusion)

€The gT-subtraction method at N3LO, presented here, can be
applied to other processes initiated by gluon fusion (if the
three-loop scattering amplitudes are known),

i.e the CN3 in gluon fusion is universal We can describe IR safe differential observables,

not only the rapidity, and apply any set of cuts on the final state

5]



CONCLUSIONS AND OUTLOOK

¢ We presented results at N3LO for completely differential
distributions for observables measured at the LHC

(in particular for Higgs boson production in gluon fusion)

¢ The gT-subtraction method at N3LO, presented here, can be
applied to other processes inrtiated by gluon fusion (if the
three-loop scattering amplitudes are known),

i.e the CN3 in gluon fusion is universal

$More work is necessary in order to calculate the CN3
coefficient for processes Initiated by gab annihilation, since the
total cross section at N3LO for Drell-Yan is not known

#In the future, two elements are necessary in order to complete
analytically the gT-subtraction method at N3LO

€ The universal relation between the three-loop virtual scattering amplitudes
and the hard virtual factor
& The third order collinear functions

20



CONCLUSIONS AND OUTLOOK

§-

'he approximation related to the CN3 coefficient in our

d

bproach can be easily replaced by the full analytical

results for the coefficients once available
$Our results can be applied to perform gl-resummation at the

corresponding level of logarithmic accuracy. i.e without
reweighing by the total cross section

25
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$The precedent results (CN3 coefficient) allow us to compute
more exclusive observables (distributions) at N3LO

$Before starting with the N3LO computation, a couple of
questions are in order (regarding CN3): uncertainty
introduced by the proposed numerical strategy?

#In order to answer this question we can repeat the numerical
strategy, but at one order less (NNLO) where all the
coefficients are known analytically

@000 0 —2) — 0,006,001 — 2) [H5P] )

+830CS3(2) + 83 C(2) + (GR ® GFY) (2)

46
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¢In order to answer this question we can repeat the numerical
strategy, at one order less (NNLO) where all the coefficient
are known analytically

Hyo20(2) = 83a 055 0(1 = 2) HED 4 5,4 C(2) + 855 CR(2) + HIFD (3,4 C53(2) + 830 C(2)

gg<—ab
- (Cg“OZ ® Célb)) (2) + (G“) ® G(”) (2) .

Second order constant of “soft origin”, belonging to the finite part of
the second-order structure of the IR singularities

HIE® = B5O 4 [HEO) . Cno = 28 08

(1)

 ee————
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NNLO DIFFERENTIAL DISTRIBUTIONS

€|n order to assess the intrinsic uncertainty of the method we can repeat
the numerical strategy, at one order less (NNLO) where all the coefficients
are known analytically

HN3LO + NNLOJET  pp - H + X Js= 13 TeV
25 T T T T T T T
The uncertainties at the differential = NNLO [exact]
distributions are at the 0.2% level! e X NNLO [Cyyp, b = My]
e bt NNLO [CNZ’ M = MH/2]
L 5 O NNLO [an; M= MH/4]
This is the expected level of = - S :
precision in our = T " L] = Goi1)
approximation ~ 10 A _
= e
: : BT
With the exception of the scale MH/4, 5 | =7 J

the rest of the scales show their best
behaviour in the low rapidity region : , : , , : : ,
and they start to separate from the

exact result at large rapidities, which
Is what we expect.

N = = =
(oo NooNooNon]
O
w
1 11

(e Ne)
O O
0 O
(o o Ndo
=
O ex
O e
X
X
X
[ >4
0| e
0 &«
0 ex
e
OeX

F; (2 (2). ~(2). F; (2
250 ([HEBCE; 6H) — #52, (Cro)

cc—ab C

cC—d

Ratio to NNLO [exact]

Exact numerical extraction 49 Vi
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MOTIVATION

¢ | ocal subtractions are independent of any regularising
Biidinerer

¢ “Slicing”” methods require the use of a cutoff to separate the
different IR regions

#Such separation of the phase space introduces instabilities in
the numerical evaluation of cross sections and differential
distributions, and some care has to be taken In order to obtain
stable and reliable results
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First results divergent behaviour at the third-order

The presence of large
logarithms in the
small-gT limit
requires ql-
resummation for this
observable

The sign in the
exponent of the
Sudakov predicts the
sign of the
divergent behaviour

NLO >0
NNLO < O
N3LO > 0

gg Channel
80 | 1 1 | | 1 1 | | | I | | | | | I | | | | | I | | | 1 1 I | | 1 1 | -
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First results divergent behaviour at the third-order

gg Channel
The presence of large
: ! 80 -+ L L L L -
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First results divergent behaviour at the third-order

qg Channel Higgs boson
production In
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First results divergent behaviour at the third-order

qqb Channel Higgs boson

AR BRI B AR B SR S S B R production In
gluon fusion at
Sqrt[s] = 13TeV
at the LHC, in
the large my,,

limit

o

= o1 SUbtraction [N3LO only]
= NNLOJet [N3LO only]

JS =13TeV

H-=Rr=62.5 GeV

o1

B

MRes= My

In the off-diagonal
channels, the first

w

power (most
divergent) in the
logarithmic expansion
is not present.

The N3LOCT is
computed
without
approximation
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Figure A: The rapidity distribution of the Higgs boson at NNLO. We compare the exact result
with the proposed approximation in the referee report detailed in Eq. (3). We use the 7-point scale
variation as explained in the paper.
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Figure D: The rapidity distribution of the coefficient functions Hf,
responding ratio plot. For this particular example at NNLO, we employ the three-point scale
variation: p = pugr = pur = {Mg/4, Mg/2, Mg}.
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Figure A: The rapidity distribution of the Higgs boson at NNLO. We compare the exact result
with the proposed approximation in the referee report detailed in Eq. (3). We use the 7-point scale
variation as explained in the paper.
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Figure A: The rapidity distribution of the Higgs boson at NNLO. We compare the exact result
with the proposed approximation in the referee report detailed in Eq. (3). We use the 7-point scale
variation as explained in the paper.
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Figure B: Ratio between the N®LO rapidity distribution as calculated in the paper (red band of
Fig. 5 in the paper) and the suggested approximation in the referee report detailed in Eq. (3). We
use the 7-point scale variation as described in the paper.
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