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Motivation

After ICHEP 2016: Higgs looking great!
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Motivation

Inclusive Higgs cross-section in gluon fusion: N°LO QCD
|[Anastasiou, Duhr, Dulat, Furlan, Gehrmann, Herzog, Lazopoulos, Mistlberger]
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N3LO differential?

Success of N3LO inclusive...

e Reverse unitarity 4+ IBP reduction

¢ Expansion around the soft limit

... and challenges of NNLO differential!

e Subtraction of infrared singularities

e Master integrals with multiple scales
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N3LO differential?

Success of N3LO inclusive...

e Reverse unitarity 4+ IBP reduction

¢ Expansion around the soft limit

... and challenges of NNLO differential!

e Subtraction of infrared singularities

e Master integrals with multiple scales

Single differential,
maybe rapidity?
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Double differential

Integrate over extra QCD radiation analytically

and
be completely differential in the Higgs.
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Double differential at work

Gluon fusion in Higgs effective theory

Ty

NNLO QCD throughout.
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Double differential at work

Gluon fusion in Higgs effective theory

, Partonic kinematics
A ->-- -=- » P4
//

NNLO QCD throughout.
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Double differential at work

Gluon fusion in Higgs effective theory

, Partonic kinematics
A - - - -—- P

NNLO QCD throughout.

Differential in the Higgs momentum...
d°o d*o

\
/4

dSﬁH dpjl_} dYH

...double differential!
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Double differential at work

Generate all 2—2 forward scattering diagrams

Apply integration-by-parts identities

v

Matrix elements:

products of rational coefficients and master integrals
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Analytic integrals over radiation

g = Zgz’ PH=p1+tpP2—g

1 real

/
M — / [112”5:1610% — v (9)) 8Ty — v (o)

X 5[]9?{(9) - m%{] f(gi'gj79i°p1>9j°p2)
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Analytic integrals over radiation

g = Zgz’ PH=p1+tpP2—g

1 real

/
M — / [112”5:1610% — v (9)) 8Ty — v (o)

X 5[29?{(9) - m%{] f(gi'gj79i°p1>9j°p2)

Double differential

“Higgs loop’”’ completely resolved!

M = F(py.ym) X /dg 3y — P (9)]

x 0lyr — yr(9)] 6[pF(g) — my]
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Numeric integrals over Higgs variables

IR singularities: one variable

— e — e 1
[vrecswy - [y ) - FO)dy + £
Phase space parametrisation

Soft gt ~ z
Collinear 2P ~ ZA\
Radiation invariant mass g% ~ Z°X1 = Nz

Just iterate!

e Crucial for double-differential strategy to be viable

e Any color singlet, also more particles
e Higher orders (N"LO)
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RR mas

ter integrals: inclusive
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RR master integrals: single differential
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RR master integrals: double differential

1 AN
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Rapidity distribution

LHC 13 TeV
PDF4LHC15
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pr distribution
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Summary

e 3rd order radiative QCD corrections relevant for Higgs

phenomenology

¢ Rethought how to compute differential cross-sections

at higher orders

e Proof of concept: NNLO double differential Higgs

production via gluon fusion

Outlook

e Combine with other results to obtain fully differential

e Stay tuned for N°LO updates!
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Differential distributions
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Extra radiation: analytic integrals
(pjl;vyH) — (Q27W)

g=> g Q=g W =2 —p2)

1 real

M = /deH H[dDgi]é(D>(p1 +pP2—4g _pH)

x 0lg” — Q7] 6[W — 2g(p1 — p2)] 6[pyy — m]

X f(gi‘gjygi‘plagj’p2)
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Extra radiation: analytic integrals
(pjl;vyH) — (Q27W)

g=> g Q=g W =2 —p2)

1 real

F(Q*, W)= /H[dDgi](S(D)(pl +p2—g—pH)

X f(gi-9;,9:°P1, 95 D2)

v Direct integration

v Differential equations
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Extra radiation: analytic integrals
(pjl;vyH) — (Q27W)

g=> g Q=g W =2 —p2)

1 real

E (@ WY dPpuslg? - Q1 6IW ~ 2q(on — pa))8l%y — iy

Double differential:
“Higgs loop” completely resolved
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Numeric integrals over Higgs variables

Parametrization of phase space

2 m2
z =1 MH 6[071—7'] T:—H Sﬁft B
2p1p2 S g ~ =z

A\ = 2p29 = [()7 1] Collinear

2p1p2 — My 2p2q ~ ZA

2

T — g~ 2p1p2 e [0,1] Radiation invariant

2p19 2p2g mass

g° ~Z°N1 = Nz

e Singularities: z2=0; A=0,1; x=0,1.
e Soft expansion: powers of z, nontrivial rapidity distribution

e (Asymmetric but rational)
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