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FIG. 3: Same as Fig. 2, but with ln τ = t − λ
√

ξ.

points are obtained from a very accurate neural network
interpolation to world DIS data [6]. The kinematical re-
gion is that for which experimental data are available.

Figs. 2-3 show that for τ >∼ 1 (Fig. 2) or τ >∼ 0.1 (Fig. 3)
the GS properties of the DAS solution are almost as good
as those of the data, and become as good or better with
a minor improvement, to be discussed below. It follows
that saturation is by no means necessary for geometric
scaling. This may seem surprizing given that the DAS
solution Eq. (2) appears to violate GS. However, we now
show that approximate GS is in fact a general property
of solutions to the DGLAP equation. It is already known
that if GS is imposed as a boundary condition at some
low scale, it is preserved by both BFKL [2] or DGLAP [7]
linear evolution to higher scales. Here, we show instead
that GS is generated by linear DGLAP evolution itself,
irrespective of the choice of boundary condition.

Consider first the fixed–coupling case. The general
DGLAP solution for any anomalous dimension γ is

G(t, ξ) =

∫ c+i∞

c−i∞

dN

2πi
G0(N) exp [Nξ + γ(αs, N)t] , (5)

where G0(N) is a suitable boundary condition. For large
enough ξ, the integral can be evaluated in the saddle
point approximation. The saddle condition is

d

dN
γ(αs, N)

∣

∣

∣

∣

N=N0

= −
ξ

t
. (6)

The cross section becomes

σγ∗p
tot (ξ, t) ≈ eξ[N0+(γ(αs,N0)−1) t

ξ ] = exp

[

ξf

(

t

ξ

)]

(7)

up to terms which are not enhanced as ξ → ∞.
Geometric scaling follows expanding t about the satu-

ration scale Eq. (1) ts = λξ:

σγ∗p
tot (ξ, t) ≈ exp [f(λ)ξ + f ′(λ)(t − ts) + . . . ] . (8)

If we choose a value of λ such that f(λ) = 0 the cross
section Eq. (8) manifestly displays geometric scaling. It
is apparent from Eq. (7) that this value exists if γ is

the DGLAP anomalous dimension, either at fixed per-
turbative order or resummed at small x using the BFKL
formalism, or indeed for any reasonable shape of γ.

This argument is in fact quite close to that of Ref. [2],
due to the fact that the DGLAP solution can equivalently
be written in “dual” form [8] as

G(t, ξ) =

∫ c+i∞

c−i∞

dM

2πi
Ḡ0(M) exp [Mt + χ(αs, M)ξ] ,

(9)
where the kernel χ is related to γ by

χ[αs, γ(αs, N)] = N, (10)

and Ḡ0(M) is determined in terms of the boundary con-
dition G0(N) and the anomalous dimension γ. Evaluat-
ing the integral (9) by saddle point and then Taylor ex-
panding reproduces the argument for geometric scaling
of Ref. [2]. However, Eq. (8) shows that the “saturation”
assumption of Refs. [2, 7] that the boundary condition
satisfies GS is redundant: rather, GS follows from the
existence of λ such that f(λ) = 0 in Eq. (8). This is a
generic property of perturbative evolution. Equation (9)
can be equivalently viewed as the solution to the BFKL
or DGLAP equations, and our conclusion applies to both.

We conclude that GS holds for the solution to the
DGLAP equation at the fixed coupling level, which ex-
plains the GS properties of the DAS solution Eq. (2),
Fig. 2: this solution is derived with running coupling, but
in practice (see Fig. 1), the value of t along fixed τ curves
is almost constant in the data region. It follows that
1
β0

ln[(t + t̄0)/t̄0] ≈ αs(Q2
0) t, which in turn implies that

Eq. (3) holds with σ ≈
√

ξβ0αst and ρ ≈
√

ξ/(β0αst),
which coincides with the result found using Eq. (4) in
the approximation Eq. (7). Higher order terms in this
expansion lead to GS violations, proportional to powers
of αs(Q2

0)t. The combined effect of GS violations will be
discussed in Fig. 4 below.

A running coupling form of GS can also be derived [9]
directly for the cross section Eq. (2-3). At the running
coupling level, we can neglect the variation of ln t/t0 in
σ and ρ in comparison to the scale dependence of Q−2

in Eq. (2). Then, the DAS solution (3) only depends on√
ξ, and the cross section (2), consistently neglecting the

variation of ln ξ in comparison to the variation of ξ, is a
function of the scaling variable t − λ

√
ξ.

Note that, unlike the fixed coupling GS in terms of
t − λξ, Eq. (8), which holds for a generic anomalous
dimension γ, this running coupling GS depends on the
particular form of the anomalous dimension Eq. (4), and
specifically on the fact that it has a simple pole at N = 0.
However, this running coupling GS can also be obtained
using the running–coupling version of Eq. (9) [10, 11]

G(ξ, t) ≈
∫

dM

2πi
exp

[

Mt +

√

ξ
−2

∫ M
M0

χ(αs, M ′)dM ′

β0αs

]

,

(11)

[FC, Forte (2008)]
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SU(3)xSU(2)xU(1):  
victims of our own success?

•With the discovery of the Higgs boson, the standard model 
is now complete

•For the first time, a coherent framework able to successfully 
describe fundamental interactions to the limits of current 
testability

•The EWSB mechanism seems to be triggered in the simplest 
possible way (~irrespective of what happens at 750 GeV…)

IS THIS AMAZING SUCCESS THE BEGINNING 
OF THE END OF PARTICLE PHYSICS?



Is the SM the end of the story? Not quite
•Indirect indications that the SM is not complete (dark 

matter/energy, baryon asymmetry…)

•Before the LHC, some expectation of new physics beyond 
the corner (naturalness…): SUSY, extra dimensions…          
So far, this has not happened

•Discovering new physics turned out to be more challenging. 
No spectacular new signatures ⇒ new physics can be hiding 
in small deviations from SM behavior. Very good control on 
the latter is required to single them out

PRECISION IS NOW A PRIVILEGED 
TOOL FOR DISCOVERY AT COLLIDERS



Some quotes from Guido…
The Higgs and the excessive success 

of the Standard Model (2014)

The Higgs: so simple yet so unnatural (2013)



Hunting down small deviations:  
the Higgs sector

To pursue our quest for new physics at the LHC, we can 
envision at least two strategies

•Pushing collider phenomenology to the boundary:         
N3LO predictions for the total cross-section, fully differential 
NNLO predictions for H+jet/Higgs pT spectrum and precise 
predictions in the experimental fiducial region…

•Looking closer at small effects:                                           
Higgs interferometry, the off-shell Higgs and the Higgs width/
couplings, boosted Higgs and the ggH coupling…

In the following, I will give two examples to 
illustrate both of these venues



Pushing collider phenomenology 
to the boundary:  

Higgs plus jet at NNLO



Why H+J and why NNLOHiggs production in association with jets
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Table 8: Selection table for Njet = 0 in 8 TeV data. The observed (Nobs) and expected (Nexp) yields for

the signal (Nsig) and background (Nbkg) processes are shown for the (a) eµ+ µe and (b) ee+ µµ chan-

nels. The composition of Nbkg is given on the right. The requirements are imposed sequentially from

top to bottom. Energies, masses, and momenta are in units of GeV. All uncertainties are statistical.

(a) eµ+ µe channel

Selection Nobs Nbkg Nsig

Njet = 0 9024 9000± 40 172± 2
|∆φℓℓ,MET |> π2 8100 8120± 40 170± 2
pℓℓ
T
> 30 5497 5490± 30 156± 2

mℓℓ < 50 1453 1310± 10 124± 1
|∆φℓℓ |< 1.8 1399 1240± 10 119± 1

NWW NVV Ntt̄ Nt NZ/γ∗ NW+ jets

4900± 20 370± 10 510± 10 310± 10 2440± 30 470± 10
4840± 20 360± 10 490± 10 310± 10 1690± 30 440± 10
4050± 20 290± 10 450± 10 280± 10 100± 10 320± 5
960± 10 110± 6 69± 3 46± 3 18± 7 100± 2
930± 10 107± 6 67± 3 44± 3 13± 7 88± 2

(b) ee+ µµ channel

Selection Nobs Nbkg Nsig

Njet = 0 16446 15600± 200 104± 1
|∆φℓℓ,MET |> π2 13697 12970± 140 103± 1
pℓℓ
T
> 30 5670 5650± 70 99± 1

mℓℓ < 50 2314 2390± 20 84± 1
pmiss
T,rel
> 45 1032 993± 10 63± 1

|∆φℓℓ |< 1.8 1026 983± 10 63± 1
frecoil < 0.05 671 647± 7 42± 1

NWW NVV Ntt̄ Nt NZ/γ∗ NW+ jets

2440± 10 190± 5 280± 6 175± 6 12300± 160 170± 10
2430± 10 190± 5 280± 6 174± 6 9740± 140 160± 10
2300± 10 170± 5 260± 6 167± 5 2610± 70 134± 4
760± 10 64± 3 53± 3 42± 3 1410± 20 62± 3
650± 10 42± 2 47± 3 39± 3 200± 5 19± 2
640± 10 41± 2 46± 3 39± 3 195± 5 18± 2
520± 10 30± 2 19± 2 22± 2 49± 3 12± 1

Table 9: Selection table for Njet = 1 in 8 TeV data. More details are given in the caption of Table 8.

(a) eµ+ µe channel

Selection Nobs Nbkg Nsig

Njet = 1 9527 9460± 40 97± 1
Nb-jet = 0 4320 4240± 30 85± 1
Z→ ττ veto 4138 4020± 30 84± 1
mℓℓ < 50 886 830± 10 63± 1
|∆φℓℓ |< 1.8 728 650± 10 59± 1

NWW NVV Ntt̄ Nt NZ/γ∗ NW+ jets

1660± 10 270± 10 4980± 30 1600± 20 760± 20 195± 5
1460± 10 220± 10 1270± 10 460± 10 670± 10 160± 4
1420± 10 220± 10 1220± 10 440± 10 580± 10 155± 4
270± 4 69± 5 216± 6 80± 4 149± 5 46± 2
250± 4 60± 4 204± 6 76± 4 28± 3 34± 2

(b) ee+ µµ channel

Selection Nobs Nbkg Nsig

Njet = 1 8354 8120± 90 54± 1
Nb-jet = 0 5192 4800± 80 48± 1
mℓℓ < 50 1773 1540± 20 38± 1
pmiss
T,rel
> 45 440 420± 10 21± 1

|∆φℓℓ |< 1.8 430 410± 10 20± 1
frecoil < 0.2 346 320± 10 16± 1

NWW NVV Ntt̄ Nt NZ/γ∗ NW+ jets

820± 10 140± 10 2740± 20 890± 10 3470± 80 60± 10
720± 10 120± 10 720± 10 260± 10 2940± 70 40± 10
195± 4 35± 2 166± 5 65± 3 1060± 10 20± 2
148± 3 21± 1 128± 5 52± 3 64± 4 5.1± 0.8
143± 3 20± 1 125± 5 51± 3 63± 4 4.5± 0.7
128± 3 17± 1 97± 4 44± 3 25± 2 3.1± 0.6

7.2 Statistical model and signal extraction

The statistical analysis uses the likelihood function L, the product of Poisson functions for each
signal and control region and Gaussian constraints, where the product is over the decay channels. In

the Poisson term for the signal region µ scales the expected signal yield, with µ = 0 corresponding to

22

Experimental analyses of Higgs decays to W-
bosons splits the Higgs signal according to jet 
multiplicities since systematic uncertainties in 
H+0 jets, H+1 jets and H+2 jets are very 
different.

Signal to background ratios in 
H+1 and H+2 jet bins are small, they are 
roughly 10 percent of the background

The signal significance in H+1jet is smaller, but 
not much smaller, than the significance in H+0 
jets

Thursday, May 2, 13

•Large rate (H+J ~ 35% of σH)

•In important channels 
(H→WW,H→ττ) jet veto to 
suppress background

•Can give important 
information about Higgs 
properties (proxy for pt,H)

•Higgs cross-section is notoriously badly convergent.            
For H+J: NLO K-factor ~ 40%, scale uncertainty ~ 30%

•Largish logs can further spoil perturbative convergence



The problems with fully exclusive NNLO

•Especially for processes with non trivial color flow, these 
computations pose significant conceptual challenges 
(consistent treatment of IR singularities)

•Thanks to a big effort in the community, we now see first 
glimpses towards solutions: antenna, sector decomposition
+FKS/STRIPPER, colorful NNLO, N-jettines/qT slicing…

•NNLO predictions for colorful 2→2 processes are a reality

The GOAL: we are looking for precise predictions → 
as close as possible to experimental reality 

(fully differential, fiducial region)



H+J at NNLO: some results
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Figure 6. N3LO+NNLL+LLR best prediction for the jet-veto cross section (blue/hatched) com-
pared to NNLO+NNLL (left) and fixed-order at N3LO (right).

LHC 13 TeV ✏N
3LO+NNLL+LL

R

⌃

N3LO+NNLL+LL
R

0-jet [pb] ⌃

N3LO
0-jet ⌃

NNLO+NNLL
0-jet

pt,veto = 25GeV 0.539+0.017
�0.008 24.7+0.8

�1.0 24.3+0.5
�1.0 24.6+2.6

�3.8

pt,veto = 30GeV 0.608+0.016
�0.007 27.9+0.7

�1.1 27.5+0.5
�1.1 27.7+2.9

�4.0

Table 2. Predictions for the jet-veto efficiency and cross section at N3LO+NNLL+LLR, compared
to the N3LO and NNLO+NNLL cross sections. The uncertainty in the fixed-order prediction is
obtained using the JVE method. All numbers include the effect of top and bottom quark masses,
treated as described in the text, and are for a central scale µ

0

= mH/2.

The right-hand plot of Fig. 7 shows our best prediction with uncertainty obtained
with the JVE method, compared to the case of just scale (i.e. µR, µF , Q) variations. We
observe a comparable uncertainty both at small and at large transverse momentum, which
indicates that the JVE method is not overly conservative in the tail of the distribution. We
have observed that the same features persist for the corresponding differential distribution.
Table 3 contains the predictions for the inclusive one-jet cross section for two characteristic
pt,min choices.

4 Conclusions

In this article we have presented new state-of-the-art, N3LO+NNLL+LLR, predictions for
the jet-veto efficiency and the zero-jet cross section in gluon-fusion induced Higgs produc-
tion, as well as NNLO+NNLL+LLR results for the inclusive one-jet cross section. The
results, shown for 13 TeV LHC collisions, incorporate recent advances in the fixed-order
calculation of the total cross section [8], the fixed-order calculation of the one-jet cross sec-
tion [9–11] and the resummation of small-R effects [12]. They also include the earlier NNLL

– 15 –

[Banfi, FC, Dreyer, Monni, Salam, 
Zanderighi, Dulat (2016)]

Figure 6: Distribution of the photon decay angle in the Collins-Soper frame at the 8 TeV LHC.

The inset shows ratios of di↵erential cross sections at di↵erent orders in perturbation theory for

the factorization and the renormalization scales set to the mass of the Higgs boson.
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Figure 7: Left pane: comparison of exclusive jet cross sections in pp ! H + j ! ��+ j computed

in this paper and measured by the ATLAS collaboration. Right pane: comparison of the leading

jet transverse momentum distribution. The selection criteria are described in the text.

predictions in all p?-bins except one where the experimental error is the largest. It is also

clear that the shapes of theoretical and experimental distributions are di↵erent. It follows

from the plots in Fig. 7 that, currently, the ATLAS data is not precise enough to allow for a

meaningful comparison with available theoretical predictions. This will undoubtedly change

once enough luminosity at the 13 TeV LHC is collected.

B. H ! W+W� ! e+µ�⌫⌫̄

In this subsection, we present the results for the process pp ! H+j ! W+W�+j at the

13 TeV LHC. The selection criteria are described in Section II. In principle, many kinematic

12

[FC, Melnikov, Schulze (2015)]

Full control on jet veto logs
High precision comparison in the 

actual fiducial region possible

NNLO: good perturbative 
convergence, significantly 

reduced uncertainties



Looking closer at small effects: 
the off-shell Higgs and gg→VV



The off-shell Higgs
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Figure 15. MZZ distributions for gg → H → ZZ → ℓℓ̄νℓν̄ℓ for MH = 125GeV. Applied cuts:
pT ℓ > 20GeV, |ηℓ| < 2.5, 76GeV < Mℓℓ < 106GeV, p/T > 10GeV. Other details as in Fig. 4.

gg (→ H) → ZZ → ℓℓ̄νℓν̄ℓ

σ [fb], pp,
√
s = 8TeV, MH = 125GeV ZWA interference

MT cut HZWA Hoffshell cont |Hofs+cont|2 R0 R1 R2

none 0.1593(2) 0.2571(2) 1.5631(7) 1.6376(9) 0.6196(7) 0.8997(6) 0.290(5)

MT1 < MH 0.1593(2) 0.1625(2) 0.4197(5) 0.5663(6) 0.980(2) 0.973(2) 0.902(5)

Table 6. Cross sections for gg (→ H) → ZZ → ℓℓ̄νℓν̄ℓ for MH = 125GeV without and with
transverse mass cut. Applied cuts: pT ℓ > 20GeV, |ηℓ| < 2.5, 76GeV < Mℓℓ < 106GeV, p/T >
10GeV. Other details as in Table 3.

4 Conclusions

In the Higgs search at the LHC, a light Higgs boson is not excluded by experimental data.

In the mass range 115GeV ! MH ! 130GeV, one has ΓH/MH < 10−4 for the SM Higgs

boson. We have shown for inclusive cross sections and cross sections with experimental

selection cuts that the ZWA is in general not adequate and the error estimate O(ΓH/MH)

is not reliable for a light Higgs boson. The inclusion of off-shell contributions is essential

to obtain an accurate Higgs signal normalisation at the 1% precision level. We have traced

this back to the dependence of the decay (and to a lesser degree production) matrix element

on the Higgs virtuality q2. For the H → WW,ZZ decay modes we find that above the

weak-boson pair production threshold the (q2)2 dependence of the decay matrix element

compensates the q2-dependence of the Higgs propagator, which results in a significantly

enhanced off-shell cross section in comparison to the ZWA cross section, when this phase

– 18 –

[Kauer, Passarino (2012)]

Despite being a narrow resonance, in the H→VV channels 
the SM Higgs develops a sizable high-invariant mass tail 

(enhanced decay to real longitudinal W/Z)

⇠ M3
V V

WL, ZL

WL, ZL



The off-shell Higgs
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Contrary to the peak region, in the off-shell tail the (SM) cross-
section only depends on the couplings, and not on the width

When combined with standard measurements, off-shell region 
helps in decorrelating couplings/width, thus giving additional 

information on them [FC, Melnikov (2013)]



Example: constraints on the Higgs width

5

As an illustration, Fig. 3(left) presents the 4` invariant mass distribution for the off-shell signal
region (m4` > 220 GeV) and for Dgg > 0.65. The expected contributions from the qq ! 4`
and reducible backgrounds, as well as for the total gluon fusion (gg) and vector boson fu-
sion (VV) contributions, including the Higgs boson signal, are shown. The distribution of the
likelihood discriminant Dgg for m4` > 330 GeV is shown in Fig. 3(right), together with the ex-
pected contributions from the SM. The expected m4` and Dgg distributions for the sum of all
the processes, with a Higgs boson width GH = 10 ⇥ GSM

H and a relative cross section with re-
spect to the SM cross section equal to unity in both gluon fusion and VBF production modes
(µ = µggH = µVBF = 1), are also shown. The expected and observed event yields in the off-shell
gg-enriched region defined by m4` � 330 GeV and Dgg > 0.65 are reported in Table 1.
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Figure 3: Distributions of (left) the four-lepton invariant mass after a selection requirement on
the MELA likelihood discriminant Dgg > 0.65, and (right) the Dgg likelihood discriminant for
m4` > 330 GeV in the 4` channel. Points represent the data, filled histograms the expected
contributions from the reducible (Z+X) and qq backgrounds, and from the gluon fusion (gg)
and vector boson fusion (VV) SM processes (including the Higgs boson mediated contribu-
tions). The dashed line corresponds to the total expected yield for a Higgs boson width of
GH = 10 ⇥ GSM

H . The parameters are set to µ = µggH = µVBF = 1. In the left plot the bin size
varies from 20 to 85 GeV and the last bin includes all entries with masses above 800 GeV.

The 2`2n analysis is performed on the 8 TeV data set only. The final state in the 2`2n channel
is characterized by two oppositely-charged leptons of the same flavour compatible with a Z
boson, together with a large Emiss

T from the undetectable neutrinos. We require Emiss
T > 80 GeV.

The event selection and background estimation is performed as described in Ref. [16], with the
exception that the jet categories defined in Ref. [16] are here grouped into a single category, i.e.
the analysis is performed in an inclusive way. The mT distribution in the off-shell signal region
(mT > 180 GeV) is shown in Fig. 4. The expected and observed event yields in a gg-enriched
region defined by mT > 350 GeV and Emiss

T > 100 GeV are reported in Table 1.

Systematic uncertainties comprise experimental uncertainties on the signal efficiency and back-
ground yield evaluation, as well as uncertainties on the signal and background from theoreti-
cal predictions. Since the measurement is performed in wide mZZ regions, there are sources of
systematic uncertainties that only affect the total normalization and others that affect both the
normalization and the shape of the observables used in this analysis. In the 4` final state, all the
systematic uncertainties on the signal and background normalization are partially correlated

Observed Median expected
RB

H∗ 0.5 1.0 2.0 0.5 1.0 2.0

cut-based 10.8 12.2 14.9 13.6 15.6 19.9
ME-based discriminant analysis 6.1 7.2 9.9 8.7 10.2 14.0

Table 3: The observed and expected 95% CL upper limits on µoff-shell in the cut-based and the ME-based
discriminant analyses in the 4ℓ channel, within the range of 0.5 < RB

H∗ < 2. The bold numbers correspond
to the limit assuming RB

H∗ = 1. The upper limits are evaluated using the CLs method, with the alternative
hypothesis RB

H∗ = 1 and µoff-shell = 1.
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Figure 6: Scan of the negative log-likelihood, −2 lnΛ, as a function of µoff-shell in the ZZ → 4ℓ channel
in the ME-based discriminant analysis. The black solid (dashed) line represents the observed (expected)
value including all systematic uncertainty, while the red dotted line is for the expected value without
systematic uncertainties. A relative gg→ ZZ background K-factor of RB

H∗=1 is assumed.
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ΓHCMS ≤ 22 MeV ΓHATLAS ≤ 20-32 MeV

To be compared with the ultimate LHC reach for 
the direct measurement ΓHdirect ~ 1 GeV 

(although indirect constraints → some model dependence)



The off-shell Higgs: gg→VV
•To fully profit from off-shell data: good control on SM 

backgrounds, especially gg → VV(very delicate signal/
background interference patterns) 

•This requires complicated two-loop amplitudes

•Combining traditional techniques with new ideas inspired 
by more formal 𝒩= 4 SYM studies, powerful new methods 
to tackle this problem
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gg=>ZZ @ NLO
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Figure 2: Up, left: cumulative cross section for gg ! (Z/�)(Z/�) ! e+e�µ+µ� at the 8 TeV

LHC as a function of the lower cut on four-lepton invariant mass. Up, right: distribution of the

invariant mass of the four leptons in the reaction gg ! (Z/�)(Z/�) ! e+e�µ+µ� at the 8 TeV

LHC. Lower panes show ratios of the LO (yellow) and NLO (blue) distributions evaluated at three

different scales to the LO distribution evaluated at µ = 2mZ . Low: same as above for the 13 TeV

LHC.

the emitted gluons, including the vanishingly small ones. Calculation of one-loop amplitudes

for gg ! ZZg process becomes unstable if the gluon in the final state becomes soft or

collinear to the collision axis. We deal with these instabilities by switching to quadruple

precision where appropriate. To obtain the gg ! ZZ cross section through NLO QCD,

we combine elastic and inelastic contributions using the qt-subtraction [47] and, as a cross-

check, the FKS subtraction [56] methods. The results that we present in the next Section

are obtained by combining computations performed using the two subtraction schemes.

11

Recently, a big step was taken towards performing 
this analysis at NLO, with the computation of the 
gg=>ZZ for massless loop particles. 

(Caola, Melnikov, Ronstch, Tancredi 15’ ) 

[FC, Henn, Melnikov, Smirnov, 
Smirnov (2015); Tancredi, v. 

Manteuffel, Gehrmann (2015); 
Tancredi, v. Manteuffel (2015); FC, 

Melnikov, Röntsch, Tancredi (2015); 
FC, Dowling, Melnikov, Röntsch, 

Tancredi, in progress]



Conclusion
•The pre-LHC expectation of easy-to-see new physics at the 

TeV scale did not come true: BSM physics more subtle than 
expected

•To investigate the structure of the EWSB, very precise 
predictions are required, to spot even the tiniest deviation

•Almost half a century after its early days — which Guido 
pioneered — QCD is still leading to conceptual advances in 
QFT and it is a privileged tool for new physics searches at 
colliders

•I presented only two examples of how precision QCD is 
relevant for this program, many other aspects are as 
important (PDF determination, αs, resummation, non 
perturbative QCD…)



Conclusion
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