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Overview

Publications (2012): 33 (12 from MI)
Talks (2012): 17 (14 from MI)
Thesis (2012): 6 (3 from MI)

Giancarlo Ferrera – Università and INFN Milano Milano – 24/6/2013

Phenomenology of Fundamental Interactions 3/14



Outline Overview Results Conclusions

Theoretical introduction (in one slide)
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QCD Factorization
>>>>

..

>>>>

h1(p1) + h2(p2) → F (Q) + X

..

σ̂ab

F (Q)a(x1p1)

b(x2p2)

fa/h1
(x1,µ

2
F )

fb/h2
(x2,µ

2
F )

X

h1(p1)

h2(p2)

..

The framework: QCD factorization formula

σh1h2(p1, p2) =
∑

a,b

∫ 1

0

dx1

∫ 1

0

dx2 fa/h1(x1, µ
2
F ) fb/h2(x2, µ

2
F ) σ̂ab(x1p1, x2p2;µ

2
F )+O

(ΛQCD

Q

)p

fa/h(x , µ
2
F
): Non perturbative universal parton densities (PDFs), µF ∼ Q. Measured from

experiments at a given scale µ0 Evolution to µF calculable in pQCD through DGLAP equation.

σ̂ab: Hard scattering cross section. Process dependent, calculable with a perturbative expansion in

the strong coupling αS (Q) ∼ 1/(β0 lnQ
2/Λ2

QCD
) ∼ 0.1 (for Q = mH ,mW ,mZ ,mt , p

jet
T

, · · · ).

σ̂ab = σ̂
(0)
ab

+ αS (µ
2
R) σ̂

(1)
ab

+ α2
S (µ

2
R ) σ̂

(2)
ab

+O(α3
S ) .

(

ΛQCD

Q

)p
(with p ≤ 1): Non perturbative power-corrections (higher-twist).

Precise predictions for σ depend on good knowledge of both σ̂ab and fa/h(x , µ
2
F )
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Parton Distribution Functions (Carrazza, Forte, Nocera)
Inclusion of open-charm and W

± production data

in a polarized PDF extraction via Bayesian reweighting

XXI International Workshop on Deep-Inelastic Scattering

and Related Subjects

Emanuele R. Nocera
in collaboration with R.D. Ball, S. Forte, A. Guffanti, G. Ridolfi and J. Rojo

Università degli studi di Milano & INFN, sezione di Milano

Parc Chanot Marseille - April, 23 2013

Emanuele R. Nocera (UNIMI) NNPDFpol1.0 April 2013 1 / 21

The NNPDFpol1.0 parton set at Q2
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[arXiv:0904.3821]

DIS+SIDIS+pp (π0/jet)

BB10

[arXiv:1005.3113]

DIS only

AAC08

[arXiv:0808.0413]

DIS+pp (π0)

∆u +∆ū and ∆d +∆d̄

Central values in reasonable agreement with those of other parton sets

(best with DSSV08, slightly worse with AAC08, worst with BB10)

Uncertainties slightly larger for NNPDF than for other sets, especially DSSV08

(notice that DSSV08 fit is based on a much wider dataset)

Where no data or theoretical constraints are available, uncertainties are larger

(flexibility of the Neural Network)

Emanuele R. Nocera (UNIMI) NNPDFpol1.0 April 2013 9 / 21
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Parton Distribution Functions (Carrazza, Forte, Nocera)
Electroweak corrections to parton distributions

Preliminary results using the NNPDF methodology

Stefano Carrazza

University & INFN Milan

DIS2013, April 24

results presented on behalf of the NNPDF collaboration

Stefano Carrazza (Unimi) Electroweak corrections to parton distributions DIS2013, Marseille 1 / 27

Final photon PDF (preliminary)

Final unweighted photon PDF

◮ constrained at small and central/large-x.
◮ achieved good precision for LHC predictions.
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Higher order QCD corrections (Bozzi,Forte, GF, Mariani)

APPROXIMATE

NNNLO HIGGS CROSS SECTION

FROM ANALYTICITY

STEFANO FORTE

UNIVERSITÀ DI MILANO & INFN

PHYSICS AT TEV COLLIDERS LES HOUCHES, JUNE 7, 2013

THE N3LO PREDICTION
SCALE DEPENDENCE

RENORMALIZATION SCALE

• SCALE DEPENDENCE SIGNIFICANTLY FLATTENED BY N3LO CORRECTION

• N-SOFT (RESUMMED RESULT) HAS SIMILARLY WEAK SCALE DEP. FOR HIGH SCALES,
BUT STRONG SCALE DEP. FOR LOW SCALES

• PREVIOUS COLLINEAR IMPROVEMENTS (Catani, de Florian, Grazzini, Nason, 2003)
INEFFECTIVE

• SMALL x TERMS STABILIZE SCALE DEP. @ VERY LOW µR
∼
< 0.2

Giancarlo Ferrera – Università and INFN Milano Milano – 24/6/2013
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Higher order QCD corrections (Bozzi,Forte, GF, Mariani)
Top quark physics Single-Top Production QCD corrections to t-channel Single-Top cross-section

Single-Top in t-channel at NNLO

Elisa Mariani
a,b

in collaboration with

Fabio Maltonia, Sven-Olaf Mochc , Marco Zaroa

aCenter for Cosmology, Particle Physics and Phenomenology (CP3),
Université Catholique de Louvain

bUniversitá degli Studi di Milano cDeutsches Elektronensynchrotron DESY

Top quark physics Single-Top Production QCD corrections to t-channel Single-Top cross-section

About t-channel...

In our analyses, we concentrate on t-channel...Why?

1. t-channel has the largest cross-section @LHC(Tevatron)!

σ
t−ch

t(t̄) > σ
s−ch

t(t̄) , σ
tW

t(t̄)

2. NLO QCD corrections are small (∼ 5%), so σ
t−ch

t(t̄) may become one of the
most precisely predicted observables in Top Physics..

3. BSM: production of single top quarks by sizeable flavour-changing neutral

currents, associated production of a top quark and charged Higgs boson in SUSY

σ
t−ch

t(t̄) =

Giancarlo Ferrera – Università and INFN Milano Milano – 24/6/2013
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All order resummation (Bozzi,Forte, GF, Mariani)
QCD transverse-momentum resummation for

Higgs and Vector Boson production at the LHC

Giancarlo Ferrera

giancarlo.ferrera@mi.infn.it

Università di Milano

Napoli – March 28th 2013

Outline qT distribution qT resummation Resummed results Conclusions

DY qT -resummation with V boson decay

CMS data for the Z qT spectrum

compared with NNLL+NLO result.

Scale variation:

1/2≤{µF /mZ , µR/mZ , µF /µR , 2Q/mZ ,Q/µR}≤2

ATLAS data for the Z qT spectrum

compared with NNLL+NLO result.

Giancarlo Ferrera – Università di Milano Napoli – 28/3/2013

QCD transverse-momentum resummation for Higgs and Vector Boson production at the LHC 24/27
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QCD/EW corrections and Parton Shower studies (Vicini)
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Theoretical uncertainties on MW measure (Bozzi,Vicini)
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The LCM computing laboratory (Vicini)
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Conclusions

The Milan group of the “Phenomenology of Fundamental
Interactions” Specific Initiative (ex RT21) is an active team
(∼ 12 papers in 2012) with young members (3 Ph.D. students
out of 7 members).

At present the research of the group is mainly focused on
theoretical predictions for the LHC (interactions with ATLAS
group of the INFN Milan).

In this short review some phenomenological results on parton
densities (PDFs), QCD/EW fixed-order and resummed
perturbative calculations.
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