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Higgs cross section my =125GeV @ LHC 8 TeV
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Convergence is slow! NNLO not definitive.

Higgs production in gluon fusion beyond NNLO




Higgs production: inclusive cross section
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e NLO Ci(jl)(z):
o large my (> mp) approximation [Dawson 1991; Djouadi, Spira, Zerwas 1991]
o full m; dependence [Spira, Djouadi, Graudenz, Zerwas 1995]
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e NLO Ci(jn(z):
o large my (> mp) approximation [Dawson 1991; Djouadi, Spira, Zerwas 1991]
o full m; dependence [Spira, Djouadi, Graudenz, Zerwas 1995]

o NNLO C7)(2):

o large m; approximation [Harlander, Kilgore 2002; Anastasiou, Melnikov 2002]
e expansion in mg/m¢ and in (1 — z) [Harlander, Ozeren 2009]
e expansion in mg/my [Pak, Rogal, Steinhauser 2010]
o finite m+ small-z behavior [Marzani, Ball, Del Duca, Forte, Vicini 2008]
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o full m; dependence [Spira, Djouadi, Graudenz, Zerwas 1995]
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o soft approximation in the large m; limit [Moch, Vogt, 2005]
o large my as an expansion in (1 — z) [Anastasiou, Duhr, Dulat, Mistlberger 2013+]
@ NNLO + NNLL resummation [de Florian, Grazzini 2012]
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Ingredients of our N3LO prediction

gg channel only:
ng(zyas) = soft(zvas) + Chigh—energy(z7as)

z—1 z—0
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@ results at NNNLO
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Ingredients of our N3LO prediction

gg channel only:
ng(zyas) = soft(zvas) + Chigh—energy(z7as)

z—1 z—0

N — N —1

Outline:
@ construction of Csor(2, as) and Chigh-energy (2, @ts)
@ comparison against known NLO and NNLO
@ results at NNNLO

1
Mellin space: Cyg(N,ay) = / dz 2NV Cyy(2, a)
0

Marco Bonvini Higgs production in gluon fusion beyond NNLO



High-energy part: Chigh-energy

k 1 k—1 P
Leading Log poles in Cyq (N, as): % <Oﬁf0g>
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High-energy part: Chigh-energy
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Leading Log poles in Cyq (N, cvs): (Noiigl)k <OA:0g>

k-
C’hlgh energy N O/s = Z Cky kz mt [’Y"F l] [ry"" 2]
k1 ko >0

~v+(N): DGLAP anomalous dimension (largest eigenvalue)
[Marzani, Ball, Del Duca, Forte, Vicini 2008]

Properties:
@ valid at LL (with running coupling effects)
@ we use an expansion of v (V) to NLL

@ momentum conservation Chigh-energy (N = 2, ct5) = 0
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Soft part: Cost

From soft-gluon (threshold) resummation
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Marco Bonvini Higgs production in gluon fusion beyond NNLO



Soft part: Cost

From soft-gluon (threshold) resummation

oo m 1
Cyg(N, as) Nz 90 <(¥s, TZ) exp |:a—gl(as InN) + g2(as In N) 4+ asgs(as In N) + .. :|

. . . log” log +
in z-space linear combination of (gllgz>
og ~
z +

Marco Bonvini Higgs production in gluon fusion beyond NNLO



Soft part: Cost
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Soft part: Cost

From soft-gluon (threshold) resummation

oo m 1
Cyg(N, as) N2 gg((xs, TZ) exp|:a—gl(as InN) + g2(as In N) 4+ asgs(as In N) + .. :|

] . L logk log 1
in z-space linear combination of lilz
og ~
= /4

Our improvements:

logk 1=z
@ we use the correct logs (from kinematics): (‘/2)
+

@ we supply each emission with the Altarelli-Parisi splitting

Cal—22+4322 223424
T z2(1—2)

Py = (z<1)

(avoiding double counting) [Kramer, Laenen, Spira 1997]
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Partonic comparison
Cog(N,a5) =1+ a, CYO(N) + a2 CO(N) + a2 CO(N) + ...

Higgs partonic gg. Order ag Mellin transform
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Partonic comparison

Cog(N,a5) =1+ a, CO(N) + a2 CH(N) + a2 CO(N) + ...

Higgs partonic gg. Order ors2 Mellin transform
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Partonic comparison

Cog(N,a5) =1+ a, CON) + a2 CO(N) + a2 CP(N) + ...

Higgs partonic gg. Order ors3 Mellin transform
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Partonic comparison

Coy(N,a5) =1+ a, CO(N) + a2 CO(N) + a2 CO(N) + ...

Higgs partonic gg. Perturbative expansion

! my, = 125 GeV

C(N,as)
’
1

Marco Bonvini Higgs production in gluon fusion beyond NNLO



N°LO prediction for Higgs production

o [pb]

30

Higgs cross section

my =125 GeV @ LHC 8 TeV

TN T
r AN

15 |- -~ 3
10 [ T
5 7 ----------------------- LO e
NLO ---- "
r NNLO ——
0 I 1 1 1 1 1 | 1 1
0.06 0.1 0.2 03 0.5 1 2 3
g /My,

Marco Bonvini

Higgs production in gluon fusion beyond NNLO



N°LO prediction for Higgs production

Higgs cross section my =125GeV @ LHC 8 TeV

o [pb]

ol 11 ! ! L
0.06 0.1 0.2 0.3 0.5 1 2 3

Marco Bonvini Higgs production in gluon fusion beyond NNLO



N°LO prediction for Higgs production

Higgs cross section my =125GeV @ LHC 8 TeV
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N-soft:  [Moch, Vogt, 2005], expanded resummation [de Florian, Grazzini 2012]

Marco Bonvini Higgs production in gluon fusion beyond NNLO



Conclusions

@ We are predicting the inclusive Higgs NLO cross section using

3 ~ (3) (3)
ngg) (Z) - soft(z) + Chigh—energy(z)
with:
o exact m; dependence
e improved soft approximation (kinematical logs and AP splittings)
o high-energy behavior at LL plus some NLL elements
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o What's next?
o the §(1 — z) term at order o
o subleading high-energy terms
o other channels (at NNLO the gg channel gives a 10% contribution)
e resummation
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N°LO prediction for Higgs production

Higgs cross section my =125GeV @ LHC 8 TeV
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N°LO prediction for Higgs production
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Scale dependence

Higgs cross section my =125GeV @ LHC 8 TeV
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Scale dependence

Higgs cross section my =125GeV @ LHC 8 TeV
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K-factors (NNLO pdfs)

Higgs K-factor at NLO (NNLO PDFs)
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K-factors (NNLO pdfs)

Higgs K-factor at NNLO (NNLO PDFs)
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K-factors (NNLO pdfs)

Higgs K-factor at NNNLO (NNLO PDFs)
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Higgs hadron-level cross section
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Soft approximations

Higgs partonic gg. Soft approximations. Order ag Mellin transform
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Soft approximations

Higgs partonic gg. Soft approximations. Order asz Mellin transform
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Soft approximations

C(3)(N)

Marco Bonvini
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Saddle point
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