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See talk by Z. Troscanyi...
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Backgounds (only slide)
Automatic NLO tools:	



MG5_aMC@NLO [Alwall et al. '14]	



Sherpa [Krauss et al.]	



POWHEG-BOX [Alioli et al. '10]	



HELAC-NLO [Czakon et al.]	


!

NNLO revolution for 2→2 processes:	



γγ [Catani, Cieri, de Florian, Ferrera, Grazzini '11]	



W/Zγ [Grazzini, Kallweit, Rathlev, Torre '13], [Grazzini, Kallweit, Rathlev '15]	



ZZ [Cascioli et al. '14], [Grazzini, Kallweit, Rathlev '15]	



WW [Gehrmann et al. '14]	



t t ̅[Bernreuther, Czakon, Mitov '12], [Czakon, Mitov '13], [Czakon, Fiedler, Mitov '13]	


!

NEW:  NNLO+NNLL pT resummation:	



γγ [Cieri, Coradeschi, de Florian '15]	



ZZ/WW [Grazzini, Kallweit, Rathlev, MW '15]

5
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Top-physics from the theory perspective
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Top-physics from a Higgs physicist perspective
 top-quark decay (almost to 100%)	



!

!

!

!

top very unstable (decays before it can form hadrons)	



!

→ Import background from top-pair and Wt production to Higgs physics:	



obvious:  ttH	



also: H → WW

t

b

W+
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from talk by Massimiliano Grazzini in Warsaw 2014

ttbar and Wt at NLO
F.Cascioli, S.Kallweit, 

S.Pozzorini,P.Maierhofer (2013);
see also R.Frederix (2013)

It allows a consistent study of the 0 and 1 
jet bin relevant as a background to Higgs 
production

The separation of the ttbar and Wt processes 
is quite subtle
Use of 4F and massive b-quarks allows a 
unified description of the two processes

Finite width effects in the 0-jet bin grow to 
up to 40% at low pT threshold

OpenLoops+Sherpa
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Top pair production

 inclusive cross section at NNLO(+NNLL)	


!

New method:  Sector Improved Residue Subtraction Scheme (STRIPPER)	


!
!

NEW: fully-differential cross section at NNLO	



STRIPPER [Czakon, Fiedler, Mitov '14]	



Antenna Subtraction (only qq) [Abelof, Gehrmann-De Ridder, Majer '15]	



colorful qT subtraction (only gq) [Catani, Grazzini, Torre, Sargsyan '15]	


!

transverse momentum resummation for top pair system	



(N)NLL [Zhu, Li, Li, Shao, Yang '13]	



method including azimuthal correlations [Catani, Grazzini, Torre '14]

[Czakon ’10 '11]	



[Bernreuther, Czakon, Mitov '12], [Czakon, Mitov '13], [Czakon, Fiedler, Mitov '13]
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Top pair production
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!

New method:  Sector Improved Residue Subtraction Scheme (STRIPPER)	


!
!

NEW: fully-differential cross section at NNLO	



STRIPPER [Czakon, Fiedler, Mitov '14]	



Antenna Subtraction (only qq) [Abelof, Gehrmann-De Ridder, Majer '15]	



colorful qT subtraction (only gq) [Catani, Grazzini, Torre, Sargsyan '15]	


!

transverse momentum resummation for top pair system	



(N)NLL [Zhu, Li, Li, Shao, Yang '13]	



method including azimuthal correlations [Catani, Grazzini, Torre '14]

[Czakon ’10 '11]	



[Bernreuther, Czakon, Mitov '12], [Czakon, Mitov '13], [Czakon, Fiedler, Mitov '13]

Let's discuss the NNLO(+NNLL) results 
and their application...
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from talk by David Heymes at SM@LHC 2014

 Total inclusive cross section at NNLO (+NNLL) 
[Czakon, Fiedler, Mitov; 2013]

 Where we are

 

3
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Status-experiment-

S.-Protopopescu,-TOP-2013,-15th-September-2013-

Summary-of-combina8ons-of-total-cross-sec8on-measurements--

from talk by Michal Czakon at SFB/TR9 Meeting 2014
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from talk by Michal Czakon at Radcor/Loopfest 2015

Most$recent$applica/ons$
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Applica8on-to-αs-determina8on-
arXiv:1307.1907-(CMS%TOP%12%022)-

First-determina8on-of-the-
strong-coupling-at-NNLO-
from-a-hadron-collider-
-
Compe88ve-to-other-
collider-determina8ons-

from talk by Michal Czakon at SFB/TR9 Meeting 2014
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Forward-Backward Asymmetry

Most$recent$applica/ons$

Most$recent$applica/ons$

Most$recent$applica/ons$How much more is the top in direction 	


of the Proton than the anti-top?

[Czakon, Fiedler, Mitov '14]

differential asymmetry (bin wise) 
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Forward-Backward Asymmetry

Most$recent$applica/ons$

Most$recent$applica/ons$

Most$recent$applica/ons$How much more is the top in direction 	


of the Proton than the anti-top?

inclusive asymmetry: 

D0 compatible with NNLO 

CDF ~1.5σ above NNLO

[Czakon, Fiedler, Mitov '14]

differential asymmetry (bin wise) 
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Single-top production

data in good agreement with Monte Carlos	



!

!

!

!

!

!

!

t-channel: cross section at NNLO [Brucherseifer, Caola, Melnikov '14]
7 

Top & Flavour Summary                                                                                             SM@LHC, GGI Florence, 24 April 2015 

!  Differential measurements also available from ATLAS and CMS 
!  Large statistics for t-ch 
!  Good agreement with MC’s  

Top Physics: single top exp 

•  All(distribu?ons(from(ATLAS(and(CMS(agree(well(with(SM(
predic?ons(

•  Measurements(s?ll(limited(by(data(sta?s?cs(and(background(
modelling(N>(precision(at(best(around(10%(

Kathrin(Becker( SM@LHC(Florence,(22.04.2015( 10(

Results(on(differen?al(cross(sec?ons(

CMS,(8(TeV,(

19.7(jN1(

CMS'PAS'
TOP5145004(
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Single-top production
inclusive cross section:	



t-channel: NNLO corrections small ~ 2%	


   [Brucherseifer, Caola, Melnikov '14]	



very good agreement with experiment

6 
Top & Flavour Summary                                                                                             SM@LHC, GGI Florence, 24 April 2015 

!  Inclusive and fiducial measurements available 
!  All channels seen 
!  Precision currently at ~ 10% 

Top Physics: single top exp 

Overview'on'inclusive'and'differen1al'single'top5
quark'cross5sec1ons'and'results'on'|Vtb|'

Kathrin(Becker,(University(of(Oxford(
on(behalf(of(the(ATLAS(and(CMS(collabora?ons(

(
(
(

SM@LHC(2015,(Florence,(22.04.2015(

Kathrin(Becker( SM@LHC(Florence,(22.04.2015( 5(

Fiducial(cross(sec?on(

•  Fiducial(cross(sec?on(reduces(the(extrapola?on(uncertain?es(from(the(measured(
region(to(the(inclusive(region,(which(are(determined(from(Monte(Carlo(

•  Cross(sec?on(measured(within(the(detector(acceptance(
•  Fiducial(region(defined(as(signal(region,(but(using(par?cleNlevel(objects(
•  σfid(tq+t̅q)(=(3.37(±(0.05((stat.)(±(0.48((syst.)(pb(N>(14%(uncertainty(

•  Reduc?on(on(signal(modeling(
uncertainty(of(about(3%((

•  Provides(feedback(to(the(
generator(community(

•  Fiducial(cross(sec?on(can(be(
extrapolated(to(the(inclusive(
cross(sec?on(using(the(
acceptance(of(the(different(
generators(and(the(BR(tN>Wb)(

ATLAS5CONF520145007'

Single-top @ NNLO: more differential observables

pT,cut

σ(
p T

>
 p

T,
cu

t) mt/2 < μ < 2 mt 

4

p⊥ σLO, pb σNLO, pb δNLO σNNLO, pb δNNLO

0 GeV 53.8+3.0
−4.3 55.1+1.6

−0.9 +2.4% 54.2+0.5
−0.2 −1.6%

20 GeV 46.6+2.5
−3.7 48.9+1.2

−0.5 +4.9% 48.3+0.3
−0.02 −1.2%

40 GeV 33.4+1.7
−2.5 36.5+0.6

−0.03 +9.3% 36.5+0.1
+0.1 −0.1%

60 GeV 22.0+1.0
−1.5 25.0+0.2

+0.3 +13.6% 25.4−0.1
+0.2 +1.6%

TABLE I: QCD corrections to t-channel single top quark production cross sections at 8 TeV LHC with a cut on the transverse
momentum of the top quark p⊥. Cross sections are shown at leading, next-to-leading and next-to-next-to-leading order in
dependence of the factorization and renormalization scale µ = mt (central value), µ = 2mt (upper value) and µ = mt/2 (lower
value). Corrections at NLO and at NNLO (relative to the NLO) are shown in percent for µ = mt.

las for the phase-space parametrization relevant for the
ub → dt, ub → dtg and ub → dtgg sub-processes, as well
as a discussion of an appropriate choices of variables rel-
evant for the extraction of singularities can be found in
that reference. Using the language of that paper, we only
need to consider “initial-state” sectors since there are no
collinear singularities associated with final state particles
due to the fact that top quarks are massive. All calcula-
tions required for initial-state sectors are documented in
Ref. [61] except that here we need soft and collinear lim-
its for incoming quarks, rather than gluons, and the soft
current for a massive particle. This, however, is a minor
difference that does not affect the principal features of
the computational method.

The above discussion of the NNLO QCD corrections
to the heavy quark line can be applied almost verba-
tim to corrections to the light quark line. The two-loop
corrections for the 0 → qq̄′W ∗ vertex are known since
long ago [62–64]. One-loop corrections to 0 → qq̄′gW ∗

scattering are also well-known; we implemented the re-
sult presented in [65] and again checked the implemen-
tation against an independent computation based on the
Passarino-Veltman reduction. Apart from different am-
plitudes, the only minor difference with respect to cor-
rections to the heavy quark line is that in this case there
are collinear singularities associated with both, the in-
coming and the outgoing quark lines. We deal with this
problem splitting the real-emission contribution into sec-
tors, see Ref. [61]. In the language of that paper, we
have to consider “initial-initial”, “final-final” and mixed
“initial-final” sectors. Finally, we briefly comment on the
contribution shown in Fig.1c. We note that, although
formally NNLO, it is effectively the product of NLO cor-
rections to the heavy and the light quark lines, so that
it can be dealt with using techniques familiar from NLO
computations.

We will now comment on our treatment of γ5. For
perturbative calculations at higher orders the presence of
the Dirac matrix γ5 is a nuisance since it can not be con-
tinued to d-dimensions in a straightforward way. While
computationally-efficient ways to deal with γ5 in com-
putations, that employ dimensional regularization, exist
(see e.g. Ref. [66]), they are typically complex and un-
transparent. Fortunately, there is a simple way to solve
the γ5 problem in our case. Indeed, in the calculation of
virtual corrections to the tWb weak vertex, γ5 is taken

to be anti-commuting [40–43]. This enforces the left-
handed polarization of the b-quark and removes the issue
of γ5 altogether. Indeed, if we imagine that the weak
b → t transition is facilitated by the vector current but
we select the b-quark with left-handed polarization only,
we will obtain the same result as when the calculation is
performed with the anti-commuting γ5. Since the can-
cellation of infra-red and collinear divergences occurs for
each polarization of the incoming b-quark separately, this
approach completely eliminates the need to specify the
scheme for dealing with γ5 and automatically enforces
simultaneous conservation of vector and axial currents –
a must-have feature if quantum anomalies are neglected.
Of course, this requires that we deal with the γ5 appear-
ing in real emission diagrams in the same way as in the
virtual correction and this is, indeed, what we do by us-
ing helicity amplitudes, as described in [39].

We have performed several checks to ensure that our
calculation of NNLO QCD corrections to single top quark
production is correct. For example, we have compared all
the tree-level matrix elements that are used in this com-
putation, e.g. ub → dt+ng, with 0 ≤ n ≤ 2, ub → dt+qq̄,
ug → db̄t+mg, 0 ≤ m ≤ 1, against MadGraph [67] and
found complete agreement. We have extracted one-loop
amplitudes for 0 → Wtb̄g from MCFM [45] and checked
them against our own implementation of the Passarino-
Veltman reduction, for both the W ∗b → tg and the
W ∗g → tb̄ processes. We have cross-checked one-loop
amplitudes for W ∗u → dg and related channels against
MadLoop [68]. In the intermediate stages of the compu-
tation, we also require reduced tree and one-loop ampli-
tudes computed to higher orders in ϵ, as explained e.g. in
Ref. [61]. We checked that their contributions drop out
from the final results, in accord with the general conclu-
sion of Ref. [69].

One of the most important checks is provided by the
cancellation of infra-red and collinear divergences. In-
deed, the technique for NNLO QCD computations de-
scribed in Refs. [47–49] leads to a Laurent expansion
of different contributions to differential cross sections in
the dimensional regularization parameter ϵ; coefficients
of this expansion are computed by numerical integra-
tion. Independence of physical cross sections on the reg-
ularization parameter is therefore achieved numerically,
when different contributions to such cross sections (two-
loop virtual corrections, one-loop corrections to single

•Contrary to NLO, 
results stable in the full 
spectrum

•Scale dependence 
typically improved

•K-factor is small but 
not constant 20

 25

 30

 35

 40

 45

 50
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 0  10  20  30  40  50  60  70  80

LO
NLO

NNLO differential cross section:	


NNLO corrections still small	



   [Brucherseifer, Caola, Melnikov '14]	



but K-factor not completely flat!
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Back to Higgs physics...
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Gluon Fusion

Milestone:   First N3LO computation!  [Anastasiou, Duhr, Dulat, Mistlberger '15]	



heavy-top limit (htl)	



!

!

!

!

!

threshold expansion around                  : 

18

!
!

!
!

The gluon fusion cross section!
!

!
!

The gluon fusion cross section

triple virtual (real-virtual)2 real-double-virtual double-real-virtual triple real

ŝ = m2
H m2

H  ŝ  S = 13TeV

z =
m2

H

ŝ
= 1

Inclusive cross section
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z =
m2

H

ŝ
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Gluon Fusion

Milestone:   First N3LO computation!  [Anastasiou, Duhr, Dulat, Mistlberger '15]	
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from talk by Bernhard Mistlberger at Loopfest/Radcor 2015
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from talk by Bernhard Mistlberger at Loopfest/Radcor 2015
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from talk by Bernhard Mistlberger at Loopfest/Radcor 2015
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Conclusion:  Radiative corrections in htl under control ~ 2-3% uncertainties	



Other uncertainties?	



top-mass effects	



bottom-mass effects	



EW effects	



PDFs

25

Gluon Fusion
Inclusive cross section
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!
top-mass effects by 1/mtop expansion: 	



!
!
!
!
!
!
!
!
!
bottom-mass effects:	



~7% at NLO, mainly from interference:	



expected to further decrease (smaller K-factor)	



assume same K-factor (~1.3) → uncertainty at most +/-2% at N3LO
27
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( Bergische Universität Wuppertal ) Top Mass effects in gg → H Oct 2009 13 / 27

threshold

Monday, November 10, 2014

[Harlander, Mantler, Marzani, Ozeren ’10]

Convergence of 1/mt expansion at NLO

0.9
0.925
0.95

0.975
1

1.025
1.05

1.075
1.1

100 120 140 160 180 200 220 240 260 280 300

!gg(Mt 
n) / !HIGLU

gg

MH / GeV

n=0,2,4,6,8,10

NLO, pp @ 14 TeV

( Bergische Universität Wuppertal ) Top Mass effects in gg → H Oct 2009 21 / 27

exact

Monday, November 10, 2014

0.9
0.925
0.95

0.975
1

1.025
1.05

1.075
1.1

100 120 140 160 180 200 220 240 260 280 300

!NNLO/!NNLO
eff

MH/GeV

pp @ 14 TeV
1/Mt 

n, n=0,...,6

Convergence of 1/mt expansion at NNLO

0.9
0.925
0.95

0.975
1

1.025
1.05

1.075
1.1

100 120 140 160 180 200 220 240 260 280 300

!NNLO/!NNLO
eff

MH/GeV

pp @ 14 TeV
1/Mt 

n, n=0,...,6
σNNLOeff ≡ σLO(mt)

(

σNNLO

σLO

)

mt→∞

[RH, Ozeren ’09], [Pak, Rogal, Steinhauser ’09]
[RH, Mantler, Marzani, Ozeren ’09]

( Bergische Universität Wuppertal ) Higgs production: higher orders March 2010 11 / 32

RH, Mantler, Marzani, Ozeren ’09
Pak, Rogal, Steinhauser ’09

Monday, November 10, 2014

[Harlander, Mantler, Marzani, Ozeren ’10]

Convergence of 1/mt expansion at NLO

0.9
0.925
0.95

0.975
1

1.025
1.05

1.075
1.1

100 120 140 160 180 200 220 240 260 280 300

!gg(Mt 
n) / !HIGLU

gg

MH / GeV

n=0,2,4,6,8,10

NLO, pp @ 14 TeV

( Bergische Universität Wuppertal ) Top Mass effects in gg → H Oct 2009 21 / 27

exact

Monday, November 10, 2014

� =
1X

k=0

1

m2k
top

�(k)

Inclusive cross section

matching

�NNLO
e↵ = �LO(mtop) ·KNNLO

htl

KNNLO
htl ⌘

✓
�NNLO

�LO

◆

m
top

!1

[Harlander, Mantler, Marzani, Ozeren ’10]



M. Wiesemann 	

   (University of Zürich) Higgs physics overview (theory perspective) September 14, 2015

!
top-mass effects by 1/mtop expansion: 	



!
!
!
!
!
!
!
!
!
bottom-mass effects:	



~7% at NLO, mainly from interference:	



expected to further decrease (smaller K-factor)	



assume same K-factor (~1.3) → uncertainty at most +/-2% at N3LO
27

Gluon Fusion

tb

1/mt expansion at NLO

-30
-20
-10
0
10
20
30
40
50

10 -3 10 -2 10 -1 1

!
^
gg/!0

x

1/mt
0

= m2
H/ŝ
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( Bergische Universität Wuppertal ) Top Mass effects in gg → H Oct 2009 13 / 27

threshold

Monday, November 10, 2014

[Harlander, Mantler, Marzani, Ozeren ’10]
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→ top-mass effects <1%

� =
1X

k=0

1

m2k
top

�(k)

see also: [Pak, Rogal, Steinhauser ’10] 

Inclusive cross section

matching

�NNLO
e↵ = �LO(mtop) ·KNNLO

htl

good approximation !

[Harlander, Mantler, Marzani, Ozeren ’10]
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!
top-mass effects by 1/mtop expansion: 	



!
!
!
!
!
!
!
!
!
bottom-mass effects:	



~7% at NLO, mainly from interference:	



expected to further decrease (smaller K-factor)	



assume same K-factor (~1.3) → uncertainty at most +/-2% at N3LO
27
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NEW:  NNLO corrections at large pT  ~20% (H+jet computation)	



heavy-top limit:	



!
!

only gluon-gluon channel	



!
!

all channels	



!
!

fiducial cross section

28

Gluon Fusion
differential cross sections

[Chen, Gehrmann, Glover, Jaquier '14]

[Boughezal, Caola, Melnikov, Petriello, Schulze '13]

[Boughezal, Caola, Melnikov, Petriello, Schulze '15]
[Boughezal, Focke, Giele, Liu, Petriello '15]

[Caola, Melnikov, Schulze '15]
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Figure 3: Higgs plus jet production cross-sections in depen-
dence of the cut on the jet transverse momentum. The mini-
mal cut we consider is p

?

> 30 GeV. See text for details.

and NNLO as a function of the unphysical scale µ over
the range µ 2 [p

?,cut : 2mH ]. We estimate the residual
uncertainty due to PDF to be at the O(5%) level. The
situation is similar for the 13 TeV LHC. More precisely,
we find �pp!H+j = 10.2+4.0

�2.6 pb, 14.7
+3.0
�2.5 pb, 17.5

+1.1
�1.4 pb

at leading, next-to-leading and next-to-next-to-leading
order, corresponding to a NLO (NNLO) increase with re-
spect to LO of 44% (72%) for µ = mH and of 25% (31%)
for µ = mH/2.

It is interesting to understand to what extent pertur-
bative QCD corrections depend on the kinematics of the
process and/or on the details of the jet algorithm. One
way to study this is to explore how the NNLO QCD cor-
rections change as the lower cut on the jet transverse mo-
mentum is varied. We show corresponding results for the
8 TeV LHC in Fig. 3 where the cumulative distribution
for �(H+j, p

?,j � p
?,cut) is displayed. The inset in Fig. 3

shows ratios of NNLO(NLO) to NLO(LO) H + j cross-
sections, respectively, computed for µF = µR = mH as
a function of the jet p

?

-cut. It follows from Fig. 3 that
QCD radiative corrections depend on the kinematics. In-
deed, the NNLO to NLO cross-sections ratio changes
from 1.25 at p

?

= 30 GeV to ⇠ 1 at p
?

⇠ 150 GeV.
In Fig. 4 we show the Higgs boson transverse momen-

tum distribution in the reaction pp ! H + j, for three
consecutive orders of perturbation theory. We require
that there is a jet in the final state with a transverse mo-
mentum higher than p

?,j > 30 GeV. Note that the two
bins closest to the boundary p

?,H = 30 GeV have been
combined to avoid the well-known Sudakov-shoulder ef-
fect [43]. Away from that region, the NNLO QCD radia-
tive corrections increase the NLO cross-section by about
20%, slowly decreasing as p

?,H increases.
In conclusion, we have presented a calculation of the

NNLO QCD corrections to the production of the Higgs
boson in association with a jet at the LHC. This is the
first complete computation of NNLO QCD corrections to
a Higgs production process with a jet in the final state. It
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d
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Figure 4: Higgs boson transverse momentum distribution in
pp ! H+j at 8 TeV LHC. The jet is defined with the anti-k

?

algorithm with �R = 0.5 and the cut on the jet transverse
momentum of 30 GeV. Further details are explained in the
text.

shows that techniques for performing NNLO QCD com-
putations, that were in the development phase for several
years, can indeed be used to provide precise predictions
for complex process at hadron colliders. The total cross
section for H+jet production receives moderate NNLO
QCD corrections. For jets defined with the anti-k

?

algo-
rithm with p

?,j > 30 GeV, we find NNLO QCD correc-
tions of the order of 20% for µ = mH . These moderate
corrections are the result of the smaller corrections for
the qg channel w.r.t the gg one, and a suppression of the
gg channel due to qq̄ final states not considered in previ-
ous analyses [9, 10]. Beyond the total cross section, our
computation will have important implications for many
processes that are used to study properties of the Higgs
boson, including W+W� and �� final states, primarily
through improved modelling of the Higgs transverse mo-
mentum and rapidity distributions. In particular, since
the complete N3LO computation of the Higgs boson pro-
duction cross section is available, a consistent computa-
tion of the H +0 jets, H +1 jet, H +2 jet and H +3 jet
exclusive processes becomes possible for the first time.
Furthermore, since the Higgs boson is a spin-zero parti-
cle, our computation can be easily extended to include
Higgs boson decays, to enable theoretical predictions for
fiducial cross sections and kinematic distributions for the
particles that are observed in detectors. Once this is
done, our calculation will provide a powerful tool that
will help to understand detailed properties of the Higgs
boson at the LHC.

We thank T. Becher, J. Campbell, T. Gehrmann and
M. Jaquier for helpful communications. We are grate-
ful to S. Badger for making his results for tree-level
amplitudes available to us. F. C. would like to thank
the Institute for Theoretical Particle Physics of KIT and
the Physics and Astronomy Department of Northwestern
University for hospitality at various stages of this project.

[Boughezal, Caola, Melnikov, Petriello, Schulze '15]
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top-mass effects on NLO corrections at large pT � =
1X
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see also:	



[Harlander, Neumann, MW '12]

K = d�NLO/d�LO

[Neumann, MW '14]
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Gluon Fusion
differential cross sections

top-mass effects on NLO corrections at large pT � =
1X
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mtop effects below ~2% 

for pT < 150 GeV 
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Gluon Fusion
differential cross sections

top-mass effects on H+jet cross section at LO � =
1X
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Gluon Fusion
differential cross sections

top-mass effects on H+jet cross section at LO � =
1X
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Gluon Fusion
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top-mass effects on H+jet cross section at LO � =
1X
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Gluon Fusion
differential cross sections

top-mass effects on H+jet cross section at LO � =
1X
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Gluon Fusion
differential cross sections

top-mass effects on H+jet cross section at LO � =
1X
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convergence of mtop  

expansion recovered !
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Gluon Fusion
differential cross sections

top-mass effects on H+jet cross section at NLO � =
1X
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matched cross section: 

reliable NLO prediction
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see also:	



[Becher, Neubert,  Wilhelm '11]	



[Neil, Rothstein,  Vaidya '15]

33

Gluon Fusion
differential cross sections

Small Transverse Momenta:	



divergent  →  requires resummation of log(pT/mH)	



state-of-the-art still NNLO+NNLL:	



HqT	



HRes

[Bozzi, Catani, de Florian, Grazzini '03 '05], [de Florian, Ferrera, Grazzini, Tommasini '11]

[de Florian, Ferrera, Grazzini, Tommasini '12], [Grazzini, Sargsyan '13]

(a) (b)

(c) (d)

(e) (f)

Figure 1: The qT spectrum of Higgs bosons at the Tevatron and the LHC. Results shown are at
NLL+LO (left panels) and NNLL+NLO (right panels) accuracy. Each result is compared to the
corresponding fixed-order result (dashed line) and to the finite component (dotted line) in Eq. (8).

7

[de Florian, Ferrera, Grazzini, Tommasini '11] [de Florian, Ferrera, Grazzini, Tommasini '11]

(a) (b)

(c) (d)

(e) (f)

Figure 3: The qT spectrum of Higgs bosons at the Tevatron and the LHC: NNLL+NLO (solid)
and NNL+LO (dashes) uncertainty bands (left panels); NNLL+NLO (solid) and NLO (dashes)
uncertainty bands relative to the central NNLL+NLO result (right panels).

11
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Gluon Fusion
differential cross sections

Small Transverse Momenta:	



top-mass effects small	



bottom-mass effects:	



three scale problem!	



	

 	

 pT, mH, mbottom   (only two for top loop: pT, mH~mtop)	



	

 → difficult choice of hard scale (matching/resummation scale)
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see also:	



[Banfi, Monni, Zanderighi '13]	



[Hamilton, Nason, Zanderighi '15]
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Figure 3: Transverse momentum distribution for a SM Higgs with mH = 120 GeV. Left plots: in red (dashed)

the current POWHEG implementation, in which the NLO-QCD corrections are computed in the HQET and are

rescaled by the LO cross section with full top and bottom mass dependence; in blue (solid) the exact NLO-QCD

corrections with full top and bottom mass dependence. The results are obtained at NLO QCD (upper plots),

including the effects of the Sudakov form factor (middle plots), including also the effects of the PYTHIA QCD

PS (lower plots). Right plots: the full NLO-QCD results (blue, solid) and the ones obtained by introducing

in POWHEG only the exact top-mass dependence (black, dashed), both normalized to the results of the current

POWHEG implementation.
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Figure 3: Transverse momentum distribution for a SM Higgs with mH = 120 GeV. Left plots: in red (dashed)

the current POWHEG implementation, in which the NLO-QCD corrections are computed in the HQET and are

rescaled by the LO cross section with full top and bottom mass dependence; in blue (solid) the exact NLO-QCD

corrections with full top and bottom mass dependence. The results are obtained at NLO QCD (upper plots),

including the effects of the Sudakov form factor (middle plots), including also the effects of the PYTHIA QCD

PS (lower plots). Right plots: the full NLO-QCD results (blue, solid) and the ones obtained by introducing

in POWHEG only the exact top-mass dependence (black, dashed), both normalized to the results of the current

POWHEG implementation.
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Figure 5: Transverse momentum spectra at NLL+NLO for Q2 = mb and Q2 = mH/2 normalized
to the result in the large-mt limit.

Comparing our results with those of [54] we find that, in the case of Q1 = Q2 the quantitative
impact of the bottom quark on the shape of the pT spectrum is very similar to what found with
MC@NLO, while POWHEG somewhat amplifies the effect of the bottom quark. This is not unexpected:
the matching procedure implemented in MC@NLO carries many similarities to the one adopted in
HRes, the difference being that, while in HRes the resummation is carried out analytically (see
Sec. 3), in MC@NLO it is performed through the parton shower. On the contrary, POWHEG works
rather differently: since it exponentiates the full real emission matrix element, the bottom-quark
contribution is expected to affect the spectrum in a different way. Nonetheless, the arguments of
Sect. 3.1 apply not only to analytical resummation, but also to Monte Carlo simulations. Since
both MC@NLO and POWHEG treat the top and bottom contributions on the same footing, we do not
regard the ensuing results as theoretically motivated. With our default choice of Q2 = mb the
shape of the spectrum is (accidentally) more similar to the POWHEG result, though in our case the
effects of the bottom quark are confined to smaller values of pT .

In order to assess the relevance of heavy-quark mass effects at NLL+NLO, it is important
to compare their quantitative impact to the uncertainties affecting the resummed pT spectrum
computed in the large-mt limit. At NLL+NLO, it is known that perturbative uncertainties are
relatively large. While variations of the renormalization and factorization scales affect both the
shape and the normalization of the pT cross section, the choice of the resummation scale Q
affects only the shape of the spectrum. In particular, as discussed above, increasing (decreasing)
Q makes the spectrum harder (softer). In Fig. 6 (left) we present our resummed spectrum at
NLL+NLO with inclusion of the heavy-quark masses as in Fig. 5, and compare it with the spectrum
computed in the large-mt limit for Q = mH/4, mH with the numerical program HqT. We see that,
as anticipated, the effect of resummation scale variations is large, well beyond the effect of heavy-
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Figure 3: Transverse momentum distribution for a SM Higgs with mH = 120 GeV. Left plots: in red (dashed)

the current POWHEG implementation, in which the NLO-QCD corrections are computed in the HQET and are

rescaled by the LO cross section with full top and bottom mass dependence; in blue (solid) the exact NLO-QCD

corrections with full top and bottom mass dependence. The results are obtained at NLO QCD (upper plots),

including the effects of the Sudakov form factor (middle plots), including also the effects of the PYTHIA QCD

PS (lower plots). Right plots: the full NLO-QCD results (blue, solid) and the ones obtained by introducing

in POWHEG only the exact top-mass dependence (black, dashed), both normalized to the results of the current

POWHEG implementation.
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Comparing our results with those of [54] we find that, in the case of Q1 = Q2 the quantitative
impact of the bottom quark on the shape of the pT spectrum is very similar to what found with
MC@NLO, while POWHEG somewhat amplifies the effect of the bottom quark. This is not unexpected:
the matching procedure implemented in MC@NLO carries many similarities to the one adopted in
HRes, the difference being that, while in HRes the resummation is carried out analytically (see
Sec. 3), in MC@NLO it is performed through the parton shower. On the contrary, POWHEG works
rather differently: since it exponentiates the full real emission matrix element, the bottom-quark
contribution is expected to affect the spectrum in a different way. Nonetheless, the arguments of
Sect. 3.1 apply not only to analytical resummation, but also to Monte Carlo simulations. Since
both MC@NLO and POWHEG treat the top and bottom contributions on the same footing, we do not
regard the ensuing results as theoretically motivated. With our default choice of Q2 = mb the
shape of the spectrum is (accidentally) more similar to the POWHEG result, though in our case the
effects of the bottom quark are confined to smaller values of pT .

In order to assess the relevance of heavy-quark mass effects at NLL+NLO, it is important
to compare their quantitative impact to the uncertainties affecting the resummed pT spectrum
computed in the large-mt limit. At NLL+NLO, it is known that perturbative uncertainties are
relatively large. While variations of the renormalization and factorization scales affect both the
shape and the normalization of the pT cross section, the choice of the resummation scale Q
affects only the shape of the spectrum. In particular, as discussed above, increasing (decreasing)
Q makes the spectrum harder (softer). In Fig. 6 (left) we present our resummed spectrum at
NLL+NLO with inclusion of the heavy-quark masses as in Fig. 5, and compare it with the spectrum
computed in the large-mt limit for Q = mH/4, mH with the numerical program HqT. We see that,
as anticipated, the effect of resummation scale variations is large, well beyond the effect of heavy-
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Figure 3: (a) Same as Fig. 2, but for di↵erent choices of the shower scales, see text for
details; (b) corresponding plot for the rapidity distribution of the Higgs.

develops an extremely steep drop at small transverse momenta which due to unitarity a↵ects
also the intermediate pT -range in the opposite direction. The benefit of the usage of such a low
scale is clearly disputable. While the Herwig6 curve agrees rather well with previous result of
Ref. [111] becoming flat for pT . 5GeV, the Pythia8 curve develops a steep increase in this
region. This signals a significant Monte Carlo dependence at very small pT which is not observed
for larger Qb scales. Furthermore, the rigorously low value also poses a technical problem in the
code regarding the fact that the default shower scale choice in MadGraph5 aMC@NLO, as explained
in Section 3.3, is a distribution. In order to solve this problem, we had to use a fixed value of
Qsh = Qb by setting frac low = frac upp = Qb/mh and scaleMClow = scaleMCdelta = 0.

Considering the HMW scales, the scale of the bottom contribution is not chosen at such low
values. We find that the mass e↵ects in this case (blue dashed line with points) are rather similar
to the ones where all scales are set to mh/2 (black solid line), although the individual HMW

scales being quite di↵erent from this value. Looking at the rapidity distribution in Fig. 3 (b), on
the other hand, we observe the expected feature of being essentially insensitive to any choice of
the respective shower scales. We shall note at this point that simply due to their inclusion in the
default analysis we were able to produce a large number of further observables at no additional
computing cost.

To demonstrate the range of applicability of aMCSusHi, we consider two realistic BSM scenarios in
Fig. 4 and Fig. 5: the heavy Higgs boson in Scenario B of Ref. [113] (a bottom dominated 2HDM
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Figure 3: Transverse momentum distribution for a SM Higgs with mH = 120 GeV. Left plots: in red (dashed)

the current POWHEG implementation, in which the NLO-QCD corrections are computed in the HQET and are

rescaled by the LO cross section with full top and bottom mass dependence; in blue (solid) the exact NLO-QCD

corrections with full top and bottom mass dependence. The results are obtained at NLO QCD (upper plots),

including the effects of the Sudakov form factor (middle plots), including also the effects of the PYTHIA QCD

PS (lower plots). Right plots: the full NLO-QCD results (blue, solid) and the ones obtained by introducing

in POWHEG only the exact top-mass dependence (black, dashed), both normalized to the results of the current

POWHEG implementation.
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Figure 5: Transverse momentum spectra at NLL+NLO for Q2 = mb and Q2 = mH/2 normalized
to the result in the large-mt limit.

Comparing our results with those of [54] we find that, in the case of Q1 = Q2 the quantitative
impact of the bottom quark on the shape of the pT spectrum is very similar to what found with
MC@NLO, while POWHEG somewhat amplifies the effect of the bottom quark. This is not unexpected:
the matching procedure implemented in MC@NLO carries many similarities to the one adopted in
HRes, the difference being that, while in HRes the resummation is carried out analytically (see
Sec. 3), in MC@NLO it is performed through the parton shower. On the contrary, POWHEG works
rather differently: since it exponentiates the full real emission matrix element, the bottom-quark
contribution is expected to affect the spectrum in a different way. Nonetheless, the arguments of
Sect. 3.1 apply not only to analytical resummation, but also to Monte Carlo simulations. Since
both MC@NLO and POWHEG treat the top and bottom contributions on the same footing, we do not
regard the ensuing results as theoretically motivated. With our default choice of Q2 = mb the
shape of the spectrum is (accidentally) more similar to the POWHEG result, though in our case the
effects of the bottom quark are confined to smaller values of pT .

In order to assess the relevance of heavy-quark mass effects at NLL+NLO, it is important
to compare their quantitative impact to the uncertainties affecting the resummed pT spectrum
computed in the large-mt limit. At NLL+NLO, it is known that perturbative uncertainties are
relatively large. While variations of the renormalization and factorization scales affect both the
shape and the normalization of the pT cross section, the choice of the resummation scale Q
affects only the shape of the spectrum. In particular, as discussed above, increasing (decreasing)
Q makes the spectrum harder (softer). In Fig. 6 (left) we present our resummed spectrum at
NLL+NLO with inclusion of the heavy-quark masses as in Fig. 5, and compare it with the spectrum
computed in the large-mt limit for Q = mH/4, mH with the numerical program HqT. We see that,
as anticipated, the effect of resummation scale variations is large, well beyond the effect of heavy-
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Figure 3: (a) Same as Fig. 2, but for di↵erent choices of the shower scales, see text for
details; (b) corresponding plot for the rapidity distribution of the Higgs.

develops an extremely steep drop at small transverse momenta which due to unitarity a↵ects
also the intermediate pT -range in the opposite direction. The benefit of the usage of such a low
scale is clearly disputable. While the Herwig6 curve agrees rather well with previous result of
Ref. [111] becoming flat for pT . 5GeV, the Pythia8 curve develops a steep increase in this
region. This signals a significant Monte Carlo dependence at very small pT which is not observed
for larger Qb scales. Furthermore, the rigorously low value also poses a technical problem in the
code regarding the fact that the default shower scale choice in MadGraph5 aMC@NLO, as explained
in Section 3.3, is a distribution. In order to solve this problem, we had to use a fixed value of
Qsh = Qb by setting frac low = frac upp = Qb/mh and scaleMClow = scaleMCdelta = 0.

Considering the HMW scales, the scale of the bottom contribution is not chosen at such low
values. We find that the mass e↵ects in this case (blue dashed line with points) are rather similar
to the ones where all scales are set to mh/2 (black solid line), although the individual HMW

scales being quite di↵erent from this value. Looking at the rapidity distribution in Fig. 3 (b), on
the other hand, we observe the expected feature of being essentially insensitive to any choice of
the respective shower scales. We shall note at this point that simply due to their inclusion in the
default analysis we were able to produce a large number of further observables at no additional
computing cost.

To demonstrate the range of applicability of aMCSusHi, we consider two realistic BSM scenarios in
Fig. 4 and Fig. 5: the heavy Higgs boson in Scenario B of Ref. [113] (a bottom dominated 2HDM
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Figure 4: Shapes of the transverse momentum distributions (i.e., normalized such that the integral

yields one) for a SM Higgs boson with mh = 125GeV. In the upper plots we show the distributions

computed with AR (black, solid), MC@NLO (red, dotted) and POWHEG (blue, dashed overlaid by

points), setting the matching scales to the BV values (left) or the HMW values (right). For reference,

we also show the fixed-NLO (fNLO) prediction (green, dash-dotted with open boxes). The main

frame shows the absolute distributions, the first inset the shape-ratio of the central values to the AR

distribution, and the second inset the uncertainty bands, normalized again to the central AR value.

In the lower three plots we compare the results within each code, using for the matching scales the

BV values (red, dotted) and the HMW values (black, solid), taking the HMW results as reference for

the ratios of the insets.
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[Bagnaschi, Harlander, Mantler, Vicini, MW]

POWHEGMC@NLOAR
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Figure 4: Shapes of the transverse momentum distributions (i.e., normalized such that the integral

yields one) for a SM Higgs boson with mh = 125GeV. In the upper plots we show the distributions

computed with AR (black, solid), MC@NLO (red, dotted) and POWHEG (blue, dashed overlaid by

points), setting the matching scales to the BV values (left) or the HMW values (right). For reference,

we also show the fixed-NLO (fNLO) prediction (green, dash-dotted with open boxes). The main

frame shows the absolute distributions, the first inset the shape-ratio of the central values to the AR

distribution, and the second inset the uncertainty bands, normalized again to the central AR value.

In the lower three plots we compare the results within each code, using for the matching scales the

BV values (red, dotted) and the HMW values (black, solid), taking the HMW results as reference for

the ratios of the insets.
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[Bagnaschi, Harlander, Mantler, Vicini, MW]

POWHEGMC@NLOAR

well agreement within uncertainties	


!

scale choice becomes even more 
important in BSM
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Gluon Fusion
differential cross sections

NEW: state-of-the-art shower Monte Carlo predictions  (highest perturbative information, quark-mass effects)	



multi-jet merging:	



MG5_aMC@NLO 

• H+0/1/2-jets @ NLO (FxFx)	



• mtop in H+0-jet & 1-loop (borns, reals); H+≥1-jet virtuals (2-loop) reweighted by full (mtop) born	



• EFT not valid for mbottom → full mbottom  dependence in H+0-jet @ NLO with aMCSusHi	



Sherpa 

• H+0/1/2-jets @ NLO (MEPS)	



• mtop, mbottom included via reweighting of NLO EFT with LO	



NNLO+PS	



NNLOPS 

• H+0/1-jets @ NLO (POWHEG-MINLO) + NNLO normalization by reweighting in Higgs-y	



• NLO H+1-jet in EFT reweighted with LO mtop,  optional: same for mbottom or only at LO H+1-jet	



UN2LOPS	



• H+0/1-jets @NLO (S-MC@NLO+UNLOPS) + qT-slicing with NNLO information below pT-cut	



• no mass effects yet(?)

[Frederix, Frixione, Vryonidou, MW]

[Mantler, MW '15]
[Krauss et al.]

[Hoeche, Li, Prestel '14]

[Hamilton, Nason, Zanderighi '14 '15]
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from talk by Giovanni Petrucciani at 10th Workshop of the LHCHXSWG

Higgs&pT&shape:&MC&generators&
16/07/15&

13"

Co
m
p.
&o
f&S
he

rp
a,
&P
ow

he
gQ

N
N
LO

PS
,&M

G5
_a
M
C&
&

&

NEW: state-of-the-art shower Monte Carlo predictions
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from talk by Giovanni Petrucciani at 10th Workshop of the LHCHXSWG

NEW: state-of-the-art shower Monte Carlo predictions

Comparisons&of&
different&MC’s:&
many&distribu/ons,&
received&(all&very&
recently),&didn’t&have&
/me&to&set&up&a&full&
comparison&for&today.&

Sherpa&
MG5_aMC&

Kinema/cs:&jets&
16/07/15& 20"
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from talk by Giovanni Petrucciani at 10th Workshop of the LHCHXSWG

NEW: state-of-the-art shower Monte Carlo predictions

Comparisons&of&
different&MC’s:&
many&distribu/ons,&
received&(all&very&
recently),&didn’t&have&
/me&to&set&up&a&full&
comparison&for&today.&

Sherpa&
MG5_aMC&

Kinema/cs:&jets&
16/07/15& 20"

comprehensive comparison within the	


 LHC Higgs Cross Section WG 	



ongoing...
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Gluon Fusion
conclusions

one of the (if not the) best studied processes at hadron colliders	



!

high precision prediction (first N3LO)	



!

careful assessment of uncertainties (mass effects, resummation, ...)	



!

New Monte Carlo prediction under way	



!

ongoing studies in all directions...
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VBF

Interference effects with gluon fusion negligible [Andersen, Binoth, 
Heinrich, Smillie '07] [Andersen, Smillie '08] [Bredenstein, Hagiwara, Jäger '08]	


!
gluon-induced NNLO contributions [Harlander,  Vollinga, Weber '08]	



   (well below 1%)	


!
NNLO with structure function approach (assumption no cross talk):	



inclusive, NNLO corrections: ~1% [Bolzoni, Maltoni, Moch, Zaro '10]	



NEW:  differential, NNLO corrections with VBF cuts: ~5% 

42
G. Zanderighi 22

Distributions: pt,H and !yj1,j2

• sometimes parton-
shower (NLOPS) 
agrees well with 
NNLO (pt,H) 
sometimes it does 
not (#yj1,j2)

• non-trivial kinematic 
dependence of K-
factors (NLO/LO 
and NNLO/NLO)

NNLO
NLOPS

NLO corrections ~10% [Han, Willenbrock '91], [Figy, Oleari, Zeppenfeld '03], [Campbell, Ellis '03]	


!

NLO QCD+EW in HAWK (tend to compensate each other) [Ciccolini, Denner, Dittmaier '07]	


!

NLO+PS  VBF-Hjj and VBF-Hjjj in POWHEG [Nason, Oleari '10], [Jäger, Schissler, Zeppenfeld '14]	



                                       and MG5_aMC@NLO [Frixione, Torrielli, Zaro '13], [Alwall et al. '14]

[Cacciari, Dreyer,  Karlberg, Salam, Zanderighi '15]
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Higgsstrahlung
NNLO [Brein, Harlander, Djouadi '03] mostly by Drell-Yan QCD corrections ~5-10%	


	

 	

  	

 	

 	

 	

 	

 	

                         [Hamberg, Matsuura, Van Neerven '91]	



gluon-induced contributions at NNLO ~10% [Brein, Djouadi, Harlander '03]	



top-quark mediated NNLO contributions ~1-3% [Brein, Harlander, Zirke, MW '11]	



!
!
!
differential NNLO [Ferrera, Tramontano, Grazzini '11 '14]	



!
HAWK: NLO QCD+EW [Denner, Dittmaier, Kallweit, Muck '12]	



!
NEW: precision for gluon-induced contributions:	



NLO corrections (1/mtop expansion)	



  [Altenkamp, Dittmaier, Harlander, Rzehak, Zirke ’12]	



NLL threshold resummation (1/mtop expansion)	



  [Harlander, Kulesza,Theeuwes, Zirke '14]

43

all included in  VH@NNLO [Brein, Harlander, Zirke '12]

at NLO:

NLO:  Altenkamp, Dittmaier, RH, Rzehak, Zirke ’12 NLO+NLL:
RH, Kulesza, Theeuwes, Zirke

threshold resummation:

Tuesday, April 21, 2015
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ttH

inclusive cross section at NLO [Beenakker, Dittmaier, Krämer, Plumper, Spira, Zerwas '01], 
[Dawson, Reina '02]	



NLO+PS:	



MG5_aMC@NLO [Frederix, Frixione, Hirschi, Maltoni, Pittau, Torrielli '11]	



POWHEG-BOX [Hartanto, Jäger, Reina, Wackeroth '15]	



Sherpa	



!
NEW: EW effects ~10% at large pT	



	

           [Frixione, Hirschi, Pagani, Shao, Zaro '14 '15]	



→ first important step towards automation of EW effects	


     see also: Sherpa+OpenLoops
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Figure 1: LO- and NLO-accurate results for tt̄H production at 13 TeV.

– 20 –

[Cascioli, Lindert, Maierhöfer, Pozzorini]
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bbH

45

b

four-flavor scheme (4FS) five-flavor scheme (5FS)

• inclusive NLO	


[Dittmaier, Krämer, Spira '04]	


[Dawson, Jackson, Reina, Wackeroth ’04]	



• exclusive NLO(+PS)	


[MW, Frederix, Frixione, Hirschi, Maltoni, 
Torrielli  '14]

• inclusive NNLO	


[Harlander, Kilgore '03]	



• towards N3LO	


[Ahmed, Rana, Ravindran ’14], [Ahmed, 
Mandal, Rana, Ravindran ’14], [Gehrmann, 
Kara ’14]

• exclusive H+0/1/2-jet at NNLO/NLO/LO	


[Campbell, Ellis, Maltoni, Willenbrock ’03], [Harlander, Ozeren, MW ’10], 
[Harlander, MW ’11]	



• exclusive NNLO	


[Buehler, Herzog, Lazopoulos, Mueller ’12]	



• !
[Harlander, Tripathi, MW ’14]	



• exclusive NLO+PS	


[MW, Frederix, Frixione, Hirschi, Maltoni, Torrielli  '14]

Associated bb̄H production
4-flavour scheme

I massive b’s
I potentially large logs ln(mb/Q)

I power terms (mb/Q)n

I involved 2 æ 3 at LO
I 2 exclusive b’s at LO
I b(-tag) well defined

5-flavour scheme

I massless b’s
I resummation into b-PDFs
I —
I simple 2 æ 1 at LO
I exclusive b’s at higher orders
I b part of light jets
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pH
T : 4FS vs. 5FS NNLO+NNLL

[MW, Frederix, Frixione, Hirschi, Maltoni, Torielli ’14], [Harlander, Tripathi, MW ’14]
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analytic resummation:
µF = µR = mT /4
NLO+PS:
µF = µR = HT /4

[MW, Frederix, Frixione, 	


Hirschi, Maltoni, Torrielli  '14]

• pT resummation at NNLO+NNLL	



NEW: differential comparison of 4FS and 5FS:	


!
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analytic resummation:
µF = µR = mT /4
NLO+PS:
µF = µR = HT /4

NEW: approaches to combine inclusive 4FS and 5FS:	


              [Bonvini, Papanastasiou, Tackmann '15]	


              [Forte, Napoletano, Ubiali '15]	



[MW, Frederix, Frixione, 	


Hirschi, Maltoni, Torrielli  '14]

• pT resummation at NNLO+NNLL	



NEW: differential comparison of 4FS and 5FS:	


!
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could not talk about...

jet-veto resummation in gluon fusion	



decays	



EW effects	



PDFs	



off-shell effects	



double Higgs production	



BSM Higgs physics	



...

46

...apologies!
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Summary

brief overview of top physics from a Higgs-physicist perspective	



(personal) selection of recent results for gluon fusion:	



First N3LO compuation at hadron colliders	



	

 → radiative corrections under control, small residual uncertainty (~1-3%)	



need to control other uncertainties	



top- and bottom-mass small (inclusive cross section)	



NNLO corrections for H+jet production	



top-mass effects relevant at large pT	



bottom-mass effects relevant at small pT	



	

 → requires sophisticated matching/resummation scale choice	



New generation of Monte Carlo predictions under study	



summarized some relevant results for VBF,  VH, ttH, bbH	



new developments to measure small deviations in EFT/pseudo-observable approach

47



Thank You !



Back Up
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Perturba8ve-convergence-

7-

Concurrent-uncertain8es:-
-
Scales - - -~-3%-
pdf-(at-68%cl) - -~-2%3%-
αS-(parametric) -~-1.5%-
mtop-(parametric) -~-3%-
-
SoV-gluon-resumma8on-makes-a-difference:-
-

- -5% - -%> - -3%-
from talk by Michal Czakon at SFB/TR9 Meeting 2014
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from talk by Giovanni Petrucciani at 10th Workshop of the LHCHXSWG

NEW: state-of-the-art shower Monte Carlo predictions
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from talk by Giovanni Petrucciani at 10th Workshop of the LHCHXSWG

NEW: state-of-the-art shower Monte Carlo predictions

Sherpa&
MG5_aMC&

Kinema/cs:&jets&
16/07/15& 21"

Sherpa&
MG5_aMC&


