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MOTIVATION

Theoretical predictions need to keep up with the ever-increasing
precision of experimental measurements

Need to understand the SM background in order to resolve new physics

LHC HL-LHC

Run 1 | | Run2 | | Run3 | Run4-5..

TN ;.. BER 14Tev

HL-LHC
installation

energy

ATLAS - CMS
HL upgrade

integrated JKIUIELN
luminosity (IR

HL-LHC TECHNICAL EQUIPMENT:

DESIGN STUDY £) CCONSTRUCTION ‘ INSTALLATION & COMM. PHYSICS

Example: Higgs inclusive: 8% — 3% expected experimental uncertainty
at 3000 fo~*. The PDF uncertainty on the theoretical prediction cannot be
neglected anymore.

Nik|hef
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HG6S AT No10

2015 : First Prediction for the inclusive Higgs done with threshold
eXpanSiOﬂ at N3 LO [C. Anastasiou, C. Duhr, F. Dulat, F. Herzog, B. Mistlberger ]

2016 : Vector-Boson Fusion Higgs production in QCD at three loops

[F. A. Dreyer, A. Karlberg]

2018
Exact Higgs inclusive [B. Mistiberger]
Study of threshold expansion for Differential Higgs . buiat, B. mistiberger, A1
Vector-Boson Fusion Higgs Pair Production [F. A. Dreyer, A. Karlberg]
2019

Higgs differential using gr subtraction . cieri, x. chen, T. Gehrmann, E. Glover, A. Huss]

Higgs rapidity distribution using threshold expansion [r. uiat, . mistiberger, AP}
2020

Higgs Boson Production in Bottom-Quark Fusion  c. bunr, . bulat, B. Mistiberger

...matching the 4- and 5-flavour Schemes  [c. buhr, . pulatv. Hirschi, B. Mistiberger]
2021

Fully Differential Higgs Boson Production

[X. Chen, T. Gehrmann, E. Glover, A. Huss, B. Mistlberger, AP]
Higgs pT Spectrum [G. Billis, B. Dehnadi, M. A. Ebert, J. K. L. Michel, F. J. Tackmann]

Higgs Hunting 2022 - 12.09.2022
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(GLUON TUSION

ggH is a loop-induced procCess and represents the largest correction to the
cross-section at 13 TeV

ggH
88.2%

The computation is performed in the infinite top mass approximation
Effective theory:

Remove one loop!

Good approximation: 6N ~ 0.7%

To be combined with mass corrections, EW corrections, etc...
Nik[hef

Higgs Hunting 2022 - 12.09.2022 417



HiGGS RAPIDITY BISTRIBUTION

The is treated inclusively and the Higgs boson is resolved only
in its rapidity

2

1 E +p;
5(v-309 (%))

ij—H+ X

dal/_)HJrX / dpn don (M

Nik[hef
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HiG6S RAPIDITY HISTRIBUTION

The
in its rapidity

dGjj—H4x

dy

Nik[hef

is treated inclusively and the Higgs boson is resolved only

2

Mi/‘—>H++ X

— [ dpncon

1 (E+p,
o(v- 300 (£25:))
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RAPIDITY HISTRIBUTION

The general form of the rapidity distribution can be written as:

Hadronic

1
%Pg% :&OZ/ ax; dXady s dyafi (v1)fi (V2) 6 (7 — XaXay1y)
— Jo

Partonic

s
X 0 <Y 5 |Og (X2y2>> 77,'/'(X1,X2)

Where we define the partonic cross-section in terms of a power series in the
strong coupling constant:

3
Ui X17X2 Z ( ) n,fk) X1,X2).

k=0

Nik|hef
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R0AD T0 COMPUTATION

Computing the rapidity distribution analytically is a hard challenge!

AGjj—sH+x
dy
Divide and Conquer:
Perform expansion around o g;f’f;’;:;ra/ - :j;
the production threshold. A S
Already a success for the Trfa*““;‘.‘?,“
inclusive N3LO &
Z
2 p
2 =gl ZE IR
Validate the truncation of
the threshold expansion n
dbpix o
dY

Nik|hef
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PARTON [UMINOSITY

L@z) = /11 Kroon (L)

Vs = 13TeV

The probability of producing the

0.1 | Higgs boson as a function of the

g partonic center of mass is
§ reduced as the energy moves
3 away from the threshold
0.01 4
0 20 40 60 80 100
s/m?2
Nik|hef
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INCLUSIVE THRESHOLD EXPANSION

4 = HEN e el tHetsTey. L
: MMHT 2014 :

PP -3 HeX [ Ful

p=my GeV |— Truncated

o [pb]

Truncation Order

Nik|hef
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INCLUSIVE THRESHOLD EX

44 LHC 13 TeV

N

PANSION

[B. Mistlberger *18]

oy \
o
;- ) -r-- pprmomsesresesrevesessssms TS T ]
36 —_ /\/3L
3 O
s | -
2| LHC 13 Tev - ra
32 o1 PDF4LHC15.0
| =125 Gev
-1. o ‘
0
|
f
0 10 20 30 40
Truncation Order
Nik|hef
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THRESHOLD EXPANSION

In dimensional regularization the expression for the partonic cross-section takes
the form,

0> (X1, x2) = 1V 5(1 — X1)5(1 — X2)
Distributions

(1 _Xl)—l—me (1 _X2)—1—ns

Holomorphic

Different sectors of the loop momentum give rise to different m ,n exponent

[ [ A S [0

n=0

Nik|hef
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REACHING BEYOND THRESHOLD XXPANSION

Obtain finite expressions with a suitable mass factorization and ultraviolet
renormalization counter term CT,§3):
my” (X1, x2) = lim [n,;?;a,e(th + CT,;3>(xl,x2)]

Use the fact that poles in the dimensional regulator e cancel to impose
further constraints on the partonic functions.

Fix most of the logarithmically enhanced terms
Smaller set of expressions that need threshold expansion

Integrate over the rapidity to match the inclusive x-section,
ni;S),inclA(Z) = /dyﬁ,';S)(Xh)Q)'
Strong check on the differential partonic cross-section

Agreement between the two threshold expansions for all computed orders!

Nik[hef
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RESULTS

Threshold expansion using Differential
equations and expansion by regions

Threshold at NNLO:

MMHT 2014 NNLO
HE=HR=mp/2

Obtain 6 terms in the expansion
Rescale to the inclusive result

The approximation performs well for
central rapidities |Y| < 3

Consistent improvement by including more
terms

To access the missing information from
high energy contributions and fill the gap
to the exact NNLO we need other tools.

Nik|hef
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Threshold at N3LO :

12 - Lo

pp - H 4 X e
Z NLO

LHC@13TeV
MMHT 2014 NNLO [ZZZZ NNLO
NPLO

10|

dar, /Y [pb]

=}
©
T

o / doysgofdY

=
=
T

Nik|hef

dofiTe Y [dofisto/dY

S
©
T

N3LO scale band soft-virtual |

L -0 1 |
22 3

—_— B

i~
o
T

Consistent behaviour between NNLO and
N3LO regarding threshold expansion!
uniform throughout the entire rapidity
range

Scale variation uncertainty reduced to
[-3.4%,+0.9%]

Agreement with a independent
computation relying on gr-subtraction

[Cieri,Chen,Gehrmann,Glover,Huss]
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PROJECTION TO BORN

X. Chen, T.Gehrmann, E.W.N. Glover, A. Huss, B. Mistlberger, AP [2102.07607]
The master formula for the Projection to Born (P2B):

N3LO N2LO N2LO N3LO
doyy <UH+jet dUH+/et> doy

do do

a0 do

Phase space singularities associated with fully unresolved
configurations are cancelled identically.

The projection to the born phase space O P28, & is defied as:
Pa Pa

P2B

—

S
S
\\

Db DPh ﬁb ﬁh

Pa = &aPa, Pb = EPb, Ph = Pa+Po
p:=ps=0, Pr=ph, Vn="Yh
Nik|[hef
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SULTS: DI-PHOTON HECAY

NMLOJET + RepidiX  p p — H X BRyy V=13 TeV NNLOJET + RapidiX pp — H (= y y) + X VB =13 TeV
50 Lo =3 N30 4
NLO NNLO x Kysig
== NNLO
=
& 2
= &
B
= —
s =
i =]
g 2
g S
) s
3
18 - R
Lo NLO B NNLO E===3 NBLO
9 L L L L
18 T T T T =
S i E
£ =
3 7 g [ S 9
309 8
5 0.8 2
b b
£06.7F i k]
8.6 1 1 1 1 ]
8 8.5 1 1.5 2

Iv¥] (Al

Fiducial cuts :

P > 0.35 X Myy, P72 > 0.25 X My,

In7] < 2.37 excluding 1.37 < |n7| < 1.52
Nik|hef
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do/d|y1| [fb]

©

Ratio to NNLO

Nik|hef

o lUob oL

RESULTS: DI-PHOTON §ECAY

NNLOJET + RepidiX pp — H (= y y) + X VE= 13 Tev
5 T T T
L Lo E==R ] i
NLO NNLO x Kyiio
E==3 NNLO 4
]
-L—— 4
" &R
. Kcscistainiaia} N
L ZZ 7 4
]
L ==
L L L
. L NN s
E 1 1 1 ]
8 8.5 1 5 2
Iyl

do/day(v1,v2)| [fb]

Ratio to NNLO

NNLOJET + RapidiX pp — H (= y y) + X V=13 Tev
5 T T

=3 N3L0 i
NNLO x Kyspo

Higgs Hunting 2022 - 12.09.2022
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SUMMARY

We computed the Higgs boson rapidity distribution at N3LO

We observe stabilisation of the perturbative expansion in the strong
coupling and a significant reduction in the scale variation of the
cross-section to [-3.4%,+0.9%)]

N3LO corrections are uniform throughout the entire rapidity range, well
estimated by a K-factor

Combined the rapidity distribution at N3LO with the Higgs + jet at
NNLO distribution using projection to born to compute the fully
differential Higgs.

Other uncertainties become relevant (e.g. PDF) and must be addressed in
the future.

Higgs Hunting 2022 - 12.09.2022
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SUMMARY

We computed the Higgs boson rapidity distribution at N3LO

We observe stabilisation of the perturbative expansion in the strong
coupling and a significant reduction in the scale variation of the
cross-section to [-3.4%,+0.9%)]

N3LO corrections are uniform throughout the entire rapidity range, well
estimated by a K-factor

Combined the rapidity distribution at N3LO with the Higgs + jet at
NNLO distribution using projection to born to compute the fully
differential Higgs.

Other uncertainties become relevant (e.g. PDF) and must be addressed in
the future.
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