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INTRODUCTION

¢ No striking manifestation of New Physics (NP) beyond thi
Standard Model (SM) at the LHC

¢ OPrecision PhysicsO repregemntsy instrument to Pnd NP

¢ In this framework QCD perturbative corrections play a
crucial role

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

¢ In the past recent years a number of growing next-to-nex
leading order (NNLO) results were computed
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¢ No striking manifestation of New Physics (NP) beyond thi
Standard Model (SM) at the LHC

¢ OPrecision PhysicsO repregentsy instrument to Pnd NP

¢ In this framework QCD perturbative corrections play a
crucial role

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

¢ [n the past recent years a number of growing next-to-nex
leading order (NNLO) results were computed

“The NNLO revolution”
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THE N°LO ERA

N°LO HADRON-COLLIDER CALCULATIONS VS. TIME

Higgs (TH, app.) C. Anastasiou, C. Duhr, F. Dulat, F. Herzog and B. Mistlberger

Higgs (VBF) F. A. Dreyer and A. Karlberg

Higgs (Diff in TH app.) F. Dulat, B. Mistlberger and A. Pelloni

Higgs, B. Mistlberger
Higgs (Diff. qT-subt)
L. C, X. Chen, T. Gehrmann, E. W. N. Glover and A. Huss
Higgs (Diff in TH app.) F. Dulat, B. Mistlberger and A. Pelloni
HH (VBF) F. A. Dreyer and A. Karlberg
/ bb->H, Duhr, Dulat, Mistlberger

2014 2015 2016 2017 2018 2019
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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)

final stat
Colourless final states S. Catani and M. Grazzini (2011)

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

. R. Bonciani, S. Catani, M. Grazzini, H. Sargsyan, and A. Torre (2015)
Heavy quark production, — s catani, S. Devoto, M. Grazzini, S. Kallweit and J. Mazzitelli (2019)
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)
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THE N°LO QT-SUBTRACTION METHOD

¢ \We consider the inclusive hard-scattering reaction
a

h+ h,! F(Q)+ X, A

g kT

¢h; = hadron (i=1,2) |
#Colourless Pnal state F with transverse momentum gT and invariant mass

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

€ The basic iIdea behind the method

Catani, Grazzini (2007)

dl foo(ar #0) $ dl T with n=1,23

NP 11O

§ d (%, can be computed with the well known subtractions methods at NLO and N
¢#The remaining true MLO divergencies are associated to the small-gqT limit
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THE N°LO QT-SUBTRACTION METHOD

¢The generic form of the gT-subtraction method

Catani, Grazzini (2007)

| _ 3
e = R ™ dfo+ dl 50 # d G0 withi s =hiEaRs

il 5 B U eGSR T @l

¢How to calculate the gT-subtraction ingredients?

i RS PR T RS | " 3
M ] M " " y ,0 M b
L itian %;?; 50 an [RIE R s i S . 0 dbéJO(bGr)
( 1 dZ]_ ( 1 de F0) ) * ) * | n
%SC(M,b) —= —dbcg fa/hl X1/zZ 1,[1%/!32 fb/hz X2/22,l£/b2 HFC1C2 R

¢Expanding the resummation formula at Pxed order V- ¢ Cellins, . E. Soper and G. Sterman (1985)
S. Catani, D. de Florian and M. Grazzini (2001)

S. Catani and M. Grazzini (2011)

15



THE N°LO QT-SUBTRACTION METHOD

¢Expanding at bxed-order the following expression

s s

0 g E
W e =5 dby3o(ba)

0 e, ) 2* ) 2* ! F i

/OSC(M,b) e fa/hl X1/Zl,lf%/b fb/hz X2/Zz,l%/b H C1C2 s
: i i 2
| Q) $b — | PO = L fas n
(ar/Q) a0 # cd ab " H a ab#(qT)
n=1
Contribution of all large logarithmic terms Free of large logarithmic terms

In the small-gT limit in the small-gT limit

| _ %
ol Jrie = R e L e B LR T (= 1,2, 3

dlseel = e s (M 2 deqr il
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THE N°LO QT-SUBTRACTION METHOD

¢Expanding at bxed-order the following expression

s s :D 1+ :Dq> n k A
2 M 2 1] M 2 1] (1} - 1 M 2 b
Gw yogi s tHaw gits TdIE =7 dojdo(bn)

: ( . dz; ( . dz, .. ;(0) ) 2* ) 2* I F ;
0 SC(M, b) s —dbcg fa/h 3 X1/Z 1, lf%/b fb/hz X2/Z yr l%/b H C1C2 b

4 Zl o 22 Cag,a

3 > M? 2 2 2 £
d M
X1 = &g ey, Xp= é’% e’ Sc(M,b) =exp # = q—qz A(#s(¢%)) In o + B.(#s(¢%)) Sudakov form factor

HFHCICy o = HETH(#:(M?)  Coal(zui#(tBb%) Conlzai#ii(t/b?) | Lastline not present

I Gga(zl;#s(%/bz)) Gg b(zz;#s(t%/bz)) in qq9 initiated sub-

processes

Catani, Grazzini (2011)

(G
B . =) 0) (i (n)
'z = M?§ ol &) = P il 2 : $ Cga(2) Collinear coefficient functions
n=
!I mn l #n
Gga(z;! s) = 1 Gg‘g(z) | Heli_cit_y_—flip functions

R in gg initiated processes

e ke s#n F=H «(n) Hard virtual factors

Sl )= b " Hg (loop-virtual contributions)

n=1




THE N°LO QT-SUBTRACTION METHOD

Third-order ingredients _
¢All the ingredients which describe the cancellation of the |

logarithmic terms (in the small-gT limit) are known from th
previous orders (NNLO and NLO) (using convolutions writ
In function of Goncharov PolyLogarithms GPLS)

J n #Il S$n "2n F( k) QZ KS 1 Q2
| F(qr/Q) 88 ST R ks &7
(qT Q ) Srea) n=1 # k=1 q-|2_ q%

R———

¢The third-order contribution at T = O presents two missir
pieces

¢ The universal relation between the three-loop virtt
a scattering amplitudes and the hard-virtual factor

¢ The collinear coefbcient functions at the third-orde

18



THE N°LO QT-SUBTRACTION METHOD

Third-order ingredients at qT =0

De Florian, Grazzini (2001)

¢The hard-virtual, collinear and helietty-3ip contributions
Ch(2)+!,4C%(2)
C2@) +'Cl(2) |
(z) + CH# cy,} (2) + GO # Gglg (2)
S. Catani, L. C, D. de Florian, G. Ferrera and M. Grazzini (2013)
H'g"gg(?’;b(z) = (!&ga!gb!(l —Iz)Hg'?(z i !gaCé3g(z)+ 156C(2)
+ GY ® gy @ o) @ 3 |
+ 25‘:(1) !gacl:g(]Zg(z) +&!9ng(jza)1(Z), + H;;(Z) !gaCélt))(Z)+ !gbcéla)l(z)

* CRe S s e @

: 1 : 1
it E R e C (@ HEW Gl G

Where we fix " R=" F=M 19gcale dependent terms already known from NNLO



THE N°LO QT-SUBTRACTION METHOD

Third-order ingredients at qT = 0
¢The hard-virtual, collinear and helicity-ip 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

/>
RIS () =

(H; 3) 3
gg' ab & g & -ganb(Z)"' !gb ga)l(z)

2 1
+| G @Gy, @+ GReGH (2)

¥ g;:ﬂ) | 9aCqo (2) +&!gbcgg(z)l + HE@ e e
e % © ) + C3® G 852)

: 1 : 1
it E R e C (@ HEW Gl G

Where we fi% " R=" F=M



THE N°LO QT-SUBTRACTION METHOD

Up to the previous slide the discussion about tHeON\gT-
subtraction formalism, was completely general. The following
are for Pnal processes F Initiated by gluon fusion. In particul
Higgs boson production via gluon fusion in the large top-mas:

21



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 missi

HHIG) . Q) . g
g ’ ga ga
D. Gutierrez-Reyes, S. Leal-Gomez, |. Scimemi, and A. Vladimirov (2019)/
M. Luo, T. Yang, H. Xing -Zhu, Y Jiao Zhu (2019) : . :
Nonetheless, within the gT-subtraction formalisfi? can
reliably approximated for any hard-scattering process who:

corresponding total cross section is known<aiON

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

¢In our case we use the3NO Higgs boson cross section
recently calculated and implemented in the numerical coc
|h|XS 2 O B. Mistlberger (2018)

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

H .
T
D. Gutierrez-Reyes, S. Leal-Gomez, |. Scimemi, and A. Vladimirov (2019) O//

M. Luo, T. Yang, H. Xing Zhu, Y. Jiao Zhu izm 9)

¢Starting point Is the sketchy form of the gT-subtraction mett

| _ '
il e = P e e e R L Base e iy (1= 11,2, 5

.. i d&¢ 4 y
& (M, 8 $s(Ug), Ug, ME) = dog dq%a (or. M, 8 $s(LR), UR. ME)
0
& .(Pn.) :F +jets ‘F CT i
ﬁrg?(t)') = Hynio ® 0o + OOdQ% daﬁégg) dOFSb | doabz ) doabz
0 da; dar dar dar
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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 expre

that can be used to extract numerically the missing terms

" .
Fyg M ME M

#4955 p2 %

19 #, M)HE
$ g : cc,F( S ) cc! ab 3 Y :u%:{ ? M%
() " ) n * + . ’ ) dr\ (ﬁn) " ) dr\ (ﬁn) "
5 !Atot | rtot | dq2 " Fab | " Fab
O e Fab nNLo e dg? N3LO dg? NNLO

2 1
Eles @) e G HixiG i ()

= Z;;(l) !ga(?ézg(z)"' !gbCéza).(Z)' T H;;(z) !gacélt))(z)"‘ !gbCéla)l(Z)
2 1
* CReCH @+ CRec, @ |
; 1 ; 1
+ HI® clocl @+ HIW cleG6l (2.
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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 expre

that can be used to extract numerically the missing terms

" .
Fyg M ME M

#4955 p2 %

1 O #. MYHE
$ g i cc,F( S ) cc! ab 3 Y :u%:{ ? M%
() " ) n * + . ’ ) dr\ (ﬁn) " ) dr\ (fin) "
e !Atot | rtot | dq2 " Fab | " Fab
O e Fab nNLo e dg? N3LO dg? NNLO

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

1 . #
EERERE Nz  1plY 2) HI® oy * 15aCLa(2) + 146 CE(2)

£ 2) $ (1)% !
1 2
* GLTH @)+ GRISH @
Exact numerical extraction Approximation of a z function by a constant (a delta term)
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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 expre

that can be used to extract numerically the missing terms

& .
##S$3 M2% HF;(3) M2.M2 M2

19 #, M)HE
$ g : cc,F( ) ) cc! ab 3 Y :u%:{ ? M%
() " ) n * + . ’ ) dr\ (ﬁn) " ) dr\ (fin) "
5 !Atot | rtot | dq2 " Fab | " Fab
O e Fab nNLo e dg? N3LO dg? NNLO

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

1 . #
EERERE Nz  1plY 2) HI® oy * 15aCLa(2) + 146 CE(2)
0

$ ) $ (1)/0
+ Gl $6Y (2)+ GAS G, (2,

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

: Y
HE® » e o » Third order constant of “soft origin”, belonging to the finite part of the
thiird order structure of the IR singularities

I ——



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 expre

that can be used to extract numerically the missing terms

& .
##S$3 M2% HF;(3) M2.M2 M2

19 #, M)HE
$ g : cc,F( ) ) cc! ab 3 Y :u%% ? M%
() " ) n * + . ’ ) dr\ (fin) " ) dr\ (fin) "
5 !Atot | rtot | dq2 " Fab | " Fab
O e Fab nNLo e dg? N3LO dg? NNLO

R —————
\ Total exact Xsec. from B. Mistlberger (2018)

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

that can be used to extract numerically the missing terms

" .
Fyg M ME M

#4955 p2 %

1O @ M)HE
$ g : cc,F( S ) cc! ab 3 Y M%’ M%
() " ) " * + . y ) dr\ (fin) " ) dr\ (fin) "
5 !Atot | .r\tot | dq2 " Fab | " Fab
O e Fab nNLo “ dg? N3LO dg? NNLO
_~ a2

.

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

: +H
dlb(Fpgb) | doniss cideh ol

NNLOJET HN3LO

X. Chen, J. Cruz-Martinez, T. Gehrmann, E. W. N. Glover and M. Jaquier (2016) 23 LC (2018)



THE N°LO QT-SUBTRACTION METHOD

Third- orderlngredlents at qT 0
¢For the extraction, we consider Higgs boson production at

N3LO in gluon fusion in the large top mass limitsat3 Tev

I"#$% & ""$%'() 00 123 " #$ %&'
- | | | I I
| o R G R
o } I I ¥ g g g
2 o SR fT—
= L I T R
= | 5 S
:g_ %_ & dq2# N LO 1] N ;O q
% a7 a7 A7
$# | % % % 1
e s B B % % 3 5
| e
= R Clol e
! ] ]
74 ( ) $
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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 Higgs boson production at
N3LO in gluon fusion in the large top mass limitsat3 Tev

I"#$

0

I"#$%&

&"#

%"#

%

$'#

I"#

1"#$% & ""$%'()

L #$ %&'

il

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

NNLO
I B0 e R
. dg2# _NECeT ER
cut 2 I 2 2
At qT qT

Cns = ! 943+ 222

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

I
n Mry e ! My Cns (gt =1Gev) | Cng (gt =2Gev) | Cn3 (g™ =3 Gev)
(1) '1/,2, 1.2 "943 + 222 "967 + 179 " 088 + 164
(2) i " 971 + 207 " 965 + 168 " 989 + 151
(3) ';IJ4, 14 " 883 + 243 " 866 + 198 " 850 + 162
(4) ;]JZ, 1. " 986 + 222 1021+ 179 1033+ 179
(5) |'1,1/2 " " 990 + 206 " 976 + 167 " 968 + 158
(6) ;]JZ, 1/ 4., "985 + 221 " 978 + 181 "923 + 152
(7) 14,12 " 977 + 243 " 859 + 199 "883 + 179
I"#$% & ""$%'() TR TE o) " #$ %&'
I#$$ T | 5, T | I |
I'$$
I"$$$ I;:}’:
KE
:. %%
— ,”A,
!Il&$$ - J_-- 1 J- —
RRXR 9# 1 v 3< L o g=.>84
!u%$$ W —>— gzz W ’3< _
e g & ;3<
—a— 9#$ * ’3< ( ') “* n +’_._#/ O#
!..#$$ | | | | | | |

(%6). - =(H) SR

-. 101234
G2

R ————



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 coefbcient (only one value
corresponding to the central scale) we can use the gT-
subtraction method to predict total Xsections at®™

"% & "$%') . . - . | HS 068
| | |
$# - il
o
$II — —
* i1 i e ¥ 3 m
{:ﬁ B ° e X = m ¥
og-_.
3 $&f .
¥
ihixs 2.0 - ® 0012 )34567+
$% | o 0%12 )34567+ A -
0°12 )85 * 9 :3;< 54 * %+
I# F—— 0$12 )830( * Q :3;< :)$>§/‘0( * Q :3;?+ — HN3L0
Se0' 12580 g s = S el g iz n i
e g*2 )8Rl 2 1 hgie o ol < g gior 3 NNLOJET
] ] ]
L (& B
e




THE N°LO TOTAL XSECTION

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

€With the extracted CN3 coefbcient (only one value
corresponding to the central scale) we can use the gT-
subtraction method to predict total Xsections at®™

I"#$% & ""$%'() SRS T | 4G %8
I

il | | J HN3LO Using the extracted value of
i ] N CN3, we performed a
J R _ NNLOJET closure test for the inclusive
- { ol total cross section for three
£ $&r 7l : i
: . ooizuusers different scale choices and
R T . ] Pnd excellent agreement
s ihixs 2.0 .
a2 o S L with the exact results (from
Lo 12 )eR 1t me ol o3 - ihixs 2.0) at the 0.2% level
($ (& "
) g :
R — N —
| H () (pb) Exact .gr subtraction | or subtraction | gr subtraction | gr subtraction
(¥ =1 GeV) (U =2 GeV) (Ut = 3 GeV) (O = 0)
N°LO'p=my/2 || 4497 | 4497 + 0.21 4498 + 0.17 4501 + 0.15 4586 + 0.21
N3LO i = M, 4350 | 4351 + 0.12 4351 + 0.10 4353 + 0.09 4408 + 0.12
N®LO'u=my/4 || 4506 | 4497 + 0.38 4495 + 0.31 4492 + 0.28 46.44 + 0.38
NNLO 'w=myu/2 || 4347 | 4346 + 0.02 4346 + 0.02 4346 + 0.02 4346 + 0.02
NNLO ‘u= m, 3964 | 3962 + 0.02 39.62 + 0.02 3962 + 0.02 39.62 + 0.02
NNLO ‘u=wmyu/a | 4733 | 4733 + 0.02 47.33 + 0.02 47.33 + 0.02 47.33 + 0.02

385

e —— e —
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N3LO DIFFERENTIAL DISTRIBUTIONS



N°LO DIFFERENTIAL DISTRIBUTIONS

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

¢$The precedent results (CN3 coefbcient) allow us to comp:
more exclusive observables (distributions)aON

¢Before starting with thedNO computation, a couple of
guestions are in order (regarding CN@ertainty
Introduced by the proposed numerical strategy?

¢In order to answer this question we can repeat the numer!
strateqgy, but at one order less (NNLO) where all the
coefpcients are known analytically

R (L 2) E o :
2
+15aCp(2) + 1gsCR(D+ GH# GG (2)

O ————

i
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¢In order to answer this question we can repeat the numer!
strategy, at one order less (NNLQO) where all the coefpcier
are known analytically

2 .
Rt R (7) = !ga!gb!(l"lz)H;;(z +13aCo (2 + 1nCR@) + Hy'® 15,CR(2) + 146C{2(2)

gg! 8
e Ele ()t GUEG (2) .

Only scale independent part

ERRPER Ry 1 Ll z) He o

2 1
13, CH+ 1uCRED)+ GR# Gy (2)

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

HH@ - H;;(Z)J,"H;;(z)# CN 5 = 28+ 1

()

S
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¢In order to assess the intrinsic uncertainty of the method we can repe
the numerical strategy, at one order less (NNLO) where all the coefpc
are known analytically

"#$% & ""$%'() s -0 " #$ %&'
)$ T | T T | T T
The uncertainties at the differential =1 1123 456789
distributions are at the 0.2% level! w L < 123 e S ]
' ~ * 1123 4;,< =37
e o O 1123 4;.4< = >7?+:
This is the expected level of &g - B s
precision in our & e Gt
: : o =
approximation = = i
' B
: . BT
With the exception of the scale MH/4, sl = d

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 # (s .
: E(E! e 5
Is what we expect. ey b o
:5/("!!( _x Sl T 5 RS e & ¥ E(. é I?I |§| A ]

JoNw Y. @ Fi(2) R . CEVETIN
) . . - 0 ST e g o O =
H ca oo SEEPISE0Y ' Hca ab (Cn2) Al ar i i

S I'HH&
s s s
Exact numerical extraction 40 Y
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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}

-./0

4% #68'( ) FP+

1 %213, )450

I"&$
I"&
"%$

"%
I"#

H

1"#$% & ""$%'()

liad L™ #$ %&'

| | | |

=3 012 3457%4= ( >82;

== 012 3<. 56789:"
0 12 343"%56789:";

() «* " +--# Q4

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

0

/

e

Rapidity distribution

"#$% & ""$%'() ATANG) " #$ %&'
| | | | | | |
%j_ =3 312
T == 3312
& 312
< 12
[ L‘@ﬁ 4
‘ (1) +,--# Oy

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

| ""/‘ —
RIS LS T

74

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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and A. Huss (2018)

Rapidity distribution
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Rapidity distribution
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e = i _
Gl a0
j-:
_;\ I 8¢ I/\’ =

The central prediction at3NO,
almost coincides with the upg
edge of the band, as was
already observed for the totz:
Cross section
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Rapidity distribution

"#$% & ""$%"() BRSO | " #S %&
§) T T | T T T T e
= ===F 2P The central prediction at3NO,
W= val = almost coincides with the upg
Bz 12 edge of the band, as was
il g already observed for the tot:
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Cross section
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CONCLUSIONS AND OUTLOOK

€ We presented results at3NO for completely differential
distributions for observables measured at the LHC

(in particular for Higgs boson production in gluon fusion)

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

..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 bnal state

47



CONCLUSIONS AND OUTLOOK

¢ We presented results at3NO for completely differential
distributions for observables measured at the LHC

(in particular for Higgs boson production in gluon fusion)

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

l.e the CN3 in gluon fusion is universal

¢More work is necessary in order to calculate the CN3
coefbcient for processes Initiated by qgb annihilation, sinc
total cross section atdNO for Drell-Yan is not known

¢|n the future, two elements are necessary in order to com|
analytically the gT-subtraction method 2t ®l

¢The universal relation between the three-loop virtual scattering amplitu
and the hard virtual factor
¢The third order collinear functions
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CONCLUSIONS AND OUTLOOK

¢ The approximation related to the CN3 coefPcient in our

approacltan be easily replaced by the full analytical
results for the coefPcients once available

¢Our results can be applied to perform gT-resummation at

corresponding level of logarithmic accuraejthout
reweighing by the total cross section

49



THANK YOU!



