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Highlights from 
the LHC!

Pasquale Di Nezza�

�

HiX2014 – LNF�
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~76k scintillating PbWO4 crystals

Silicon strips
  ~16m2   ~137k channels

~13000 tonnes

MUON CHAMBERS 
Barrel:   250 Drift Tube & 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip & 432 Resistive Plate Chambers

STEEL RETURN YOKE 

HADRON CALORIMETER (HCAL)
Brass + plastic scintillator
~7k channels

SILICON TRACKER

FORWARD
CALORIMETER 

PRESHOWER

SUPERCONDUCTING
SOLENOID 

CRYSTAL ELECTROMAGNETIC
CALORIMETER (ECAL)

Total weight 
Overall diameter 
Overall length
Magnetic field

: 14000 tonnes
: 15.0 m
: 28.7 m
: 3.8 T

Niobium-titanium coil
carrying ~18000 A

Pixels (100 x 150 �m2)
  ~1m2      ~66M channels
Microstrips (80-180�m)
  ~200m2   ~9.6M channels

Steel + quartz fibres
~2k channels

CMS Detector
Pixels
Tracker
ECAL
HCAL
Solenoid
Steel Yoke
Muons

B-hadron reconstruction mainly exploits
•Muon detectors for semileptonic decays, especially at low pT 
•Silicon Tracker detector for long lifetime and large mass reconstruction

F. Palla - INFN Pisa
4

3Monday, November 21, 2011

3"

The LHC “players” 

Different rapidities, pT acceptances, PID & trigger 
capabilities: a richness in complementarity ! 

ALICE 

LHCb 

The LHC “players” 
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LHC Run-I (2010-1013) … a fantastic start-up 

pp "data up to  25 fb-1  !
p-Pb " " " " "30 nb-1!

Pb-Pb " " " "150 mb-1!

!
Lmax ~ 8 x 1033 cm-2 s-1!

p-p data: ATLAS & CMS ~25/fb LHCb ~3/fb ALICE ~10/pb 
 
Pb-Pb data~ 150/µb (ALICE-ATLAS-CMS)  
p-Pb data~ 30/nb (ALICE-ATLAS-CMS) ~ 2/nb (LHCb) 
 
Lmax~8 1033 cm-2s-1 : a fantastic startup for LHC ! 

Observation of 
Bs!µµ decay 

QCD effects in dense  
matter: J/ψ suppression 
(pPb – PbPb collisions) 

2"Higgs boson discovery 

LHC Run 1 data taking (2010-13) 

Year(1(aLer(the(Higgs(discovery(
•  2013(Nobel(prize(to(Peter(Higgs(and(Francois(Englert(

(

•  Analysis(of(LHC7(and(LHC8(results(conBnues(
•  Higgs(properBes(and(much(more(

•  FruiZul(interplay(of(experiment(and(theory(

•  Looking(further(
•  Searching(physics(beyond(the(Standard(Model(

•  Planning(intensively(the(next(collider:(ILC,(FCC(
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25 

HI collisions QGP 

Understanding universe structure 

WMAP Cosmic Microwave Background 

Understanding initial QGP 
conditions and transport theory 

25 

HI collisions QGP 

Understanding universe structure 

WMAP Cosmic Microwave Background 

Understanding initial QGP 
conditions and transport theory 
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The celebration of the SM 

On the shoulders of giants: 
detector makers & theory calculators 

@CMSexperiment @ICHEP2014 a.david@cern.ch 

7 “Yesterday’s discovery is today’s calibration, and tomorrow’s background.” – V. L. Telegdi [http://cern.ch/go/lf9C] [http://cern.ch/go/KD8D] 

W and Z bosons 

Inelastic collisions: ~7×1010 

Top quarks 

Higgs 

Six orders 
of 

magnitude 
of EWK, 
top, and 
Higgs 
Physics 

Data from Run 1 have shown the triumph of Standard Model 
Cross sections (in detector acceptance) up to ~1 fb have been observed ! 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
LHC entering precision measurement era (log scale ! linear scale) 
In this plot QCD is everywhere ! 

4"

LHC is ready to enter in the precision 
era from LOG to LIN scale 



NATURE	  

EXPERIMENT	  

“The” Phase Diagram 

	  

Temperature at 
deconfinement

    = 1.9×1012 K

QCD studied in a new kinematic range never reached before 
Understanding and modeling the QCD interactions in a variety of initial/

final states    
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Phase Space 
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QCD at the LHC

Drawing by K. Hamilton
Juan Rojo                                                                                                           University of Oxford, 28/04/2014

8"

QCD at the LHC 
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QCD at the LHC

Drawing by K. Hamilton
Juan Rojo                                                                                                           University of Oxford, 28/04/2014

9"

QCD at the LHC 

9"

Initial parton 
distributions 

(PDFs) 

Partonic hard 
cross-sections 

Parton shower 
final states and jet 

reconstruction 
(shapes, etc…) 
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PDFs and LHC interplay 

Knowledge of the PDFs is 
one of the fundamental 
limits for Higgs boson 
characterization in terms 
of couplings … 

… and is essential to 
evaluate the rich 

capabilities in the search for 
new particles 

11"

PDFs and LHC phenomenology (I) 
 
Knowledge of PDFs is one of the fundamental 
limit for Higgs boson characterization in terms of 
couplings 
 
The same holds also for special Higgs searches 
with specific cuts (e.g. with jet veto) 
 
PDFs are also critical for evaluating backgrounds 
in searches for NP (e.g. ttbar production cross 
section determination)  

Forte, Watt 1301.6754 Systematic error (%) – After Campbell ICHEP2012!Systematic error (%) – Campbell ICHEP 2012 

Production                                                    Decay"

12"

PDFs and LHC phenomenology (II) 
 
PDFs are the dominant systematic for precision 
measurements like MW 
that test internal consistency of SM 
 
Half of the current σ(MW) is due to parton 
distribution uncertainties 

Knowledge of PDF is also essential to evaluate  
the reach capabilities in the searches for new 
particles 

ATLAS-CONF-2013-017 

PDFs uncertainties are a crucial factor in 
the accuracy of theoretical predictions 
and parameter determination 

Exploit the power of precise 
data to reduce PDF 
uncertainties and discriminate 
among PDF sets 
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Inclusive jet production 

13"

LHC data span 16 orders of magnitude ! 
Unprecedented statistics over a very 
large pT range (up to 2 TeV) 
 
Very good agreement with pQCD 
predictions: jet measurements are used 
as input to constrain gluon PDFs 
 
ATLAS and CMS start to perform their 
own PDF fits using HERAfitter tools 

CMS-PAS-SMP-12-012 
CMS-PAS-FSQ-12-031 

8 TeV"

Relevant for consistency 
checks and for evaluation 
of systematics  
 
Trend: ATLAS & CMS 
data prefer a harder 
gluon spectra  in 
comparison with 
HERApdf only 

EPJ C73 (2013) 2509"CMS-PAS-SMP-12-028"

LHC data span 13 order of magnitude!  
 
Unprecedented statistics over a very 
large pT range (from 20 GeV to 2 TeV) 
 
Very good agreement with NLO QCD: 
jet measurements are used as input to 
constrain gluon PDFs 
 
ATLAS and CMS started to perform their 
own PDF fits (HERAfitter) 

Inclusive jet production 

Th. Paper: Watt, 
Motylinski and Thorne  
ArXiv:1311.5703 
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Multi-jet production and αs 

Ratio of 3-jets to 2-jets (classical way to 
measure αs since PEP/PETRA/LEP) and 3-jet 
invariant mass spectrum constrain  αs  
Most recent CMS result 
 
 
 
Impressive test of pQCD up to TeV scale 

€ 

α s(MZ ) = 0.1185 ± 0.0019(exp) ± 0.0028(PDF)
±0.0004(NP) ±0.0022

0.0055 (scale)

Distributions are sensitive both to jet pT 
and to the angular distributions 
 
Data are compared to many different 
PDFs, different jet sizes. Also ratios of x-
sections at different jet sizes very useful 
(and ratios taken at different √s ) 
 
Data can be used to constrain PDFs of 
gluons and of quarks at high x 

Marco Peruzzi Jet and photon physics - LHCP 2014
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ATLAS         

-1 dt = 4.5 fbL∫
 = 7 TeVs

 = 0.4R  jets, tkanti-

❖ Differential jet cross section predicted 
over many orders of magnitude

✦ NLO fixed-order calculation 

+ NP and EW corrections

❖ Jet energy scale is the main 
experimental uncertainty  
(10-30% of the cross section)


❖ Theory: main uncertainties PDF / scale

JHEP 05 (2014) 059

CMS-PAS-SMP-12-012

CMS-PAS-SMP-12-028"

Multi-jet production and αs 

Distribution sensitive both to jet pT and angular 
distributions  
 
The higher the pT the higher is the x probed 
 
Data used to constrain PDFs of gluons and 
quarks at high-x where gluons and quarks are 
mostly unconstrained 
 
Wealth of precise experimental measurements!
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Golden channel for New Physics 

Predicted to be small due to 
GIM and helicity suppression !

PRL 111(2013)101815	
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First observation of CPV in Bs decay 

First 5σ observation of CP violation in Bs àKπ decays 
 
Bs is the fourth particle known to show CP violation 

          ( after K0 
[1964], B0 

[2000], B± 
[2012] ) 

Raw asymmetry 

Bs	   Bs	  
B0 àKπ 	  

Raw asymmetry is corrected for production and detector asymmetries 
(small: ~ 1%) 
 

ACP = 0.27 ± 0.04 ± 0.01 (with 1/fb data sample) 

arXiv:1304.6173 
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   To quench or not to quench!

Pb!

Pb!

Proton?!
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Particles through Pb-Pb and p-Pb 

RAA (pT ) =
Yield(Pb+Pb)

Yield(p+ p)× Ncoll
Nuclear Modification Factor: 

PRL 110, 082302 (2013) 

arXiv: 1405.2737 

•  Strong suppression of charged hadrons in Pb-Pb (wrt pp) up to very high momenta 
  
• Direct photons, W and Z are not quenched … reference particles 

•  p-Pb results (consistent with unity up to 50 GeV) confirm that strong suppression in Pb-
Pb is due to hot nuclear matter effects  

 

Soppressione di particelle cariche

Fattore di modifica nucleare: RAA(pT ) = (1/NAA
coll) d2NAA

ch /dpT d÷

ÈNcoll Í(1/Npp
coll) d2Npp

ch /dpT d÷
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[N. Brambilla et al., arXiv:1404.3723, in stampa su EPJC]

Risultato
Il mezzo caldo e denso sopprime fino a 7 volte la produzione di particelle cariche

Christian Durante Studio del QGP all’LHC con ALICE 30 ottobre 2014 14 / 15
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Yen-Jie Lee (MIT) 8 Quark Matter 2014 

Charged particle and jet RpPb (QM2014) 
Charged particle RpPb (Charged) Jet RpPb 

Eric Applet 
(CMS 5/20) 

Petr Balek 
(ATLAS 5/20) 

Dennis Perepelitsa 
(ATLAS 5/20) 

Need to check jet fragmentation function 

How to study the different 
physics processes of HIC ?  

J. Takahashi, XXXV ENFPC, Caxambú, Brazil 

p+p 

Compare Pb+Pb results 
with reference data, 
where we know QGP 
cannot be formed. 

Pb+Pb 

How to study the different 
physics processes of HIC ?  

J. Takahashi, XXXV ENFPC, Caxambú, Brazil 

p+Pb 

Pb+Pb p+Pb also important as 
reference data: 
•  Initial vs. final state effects 
•  Probe small x 
•  Cold nuclear matter, gluon 

saturation and shadowing 

     From                    to 

PDF nPDF 
Need to check jet FFs 

Normalization problem? 
Anti-shadowing? 

!
Is the proton behaving like a proton?!

!

4Event multiplicity classes

● Correlation between collision geometry 
and multiplicity not as strong as in AA

● System also exhibits features of biased 
pp (NN) collisions in the multiplicity tails

● Complicates precise extraction 
of Glauber related quantities

● Use minbias instead
(σpA = A σpp)

● Define event classes by slicing various 
multiplicity related distributions

● Every experiment uses its own 
selection and usually provides 
(corrected) multiplicity at mid-rapidity

– Forward multiplicity/energy on Pb side 

● Event class definition may matter for 
particular measurements

● Systematics using different selections

VZERO-A 
(2.8<η<5.1)

Signal proportional to charged 
particle multiplicity (a.u.) 

E
v
e
n
ts

 (
a
.u

.)

0-5%

Npart=8 (Ncoll=Npart-1)



Long range rapidity correlations as a chronometer 

Long range correlations sensitive to very 
early time collision dynamics  
(fractions of a femtometer ~10-24 seconds) 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (Raju Venugopalan) 

associated 
Δϕ	


trigger 

Di-hadron  
correlations 



The ridge in A+A collisions 
83-94% 55-65% 

ηΔ width 

STAR-RHIC 46-55% 
y 

0-5% 
y 

In (central) A+A, the ridge is commonly interpreted as hydrodynamic “hubble” flow of 
initial “stringy” structures in rapidity 
 
The structures in the Δφ direction are decomposed and studied by the vn Fourier “Flow 
moments”     

Not in pp (low multiplicity) neither in pPb (low multiplicity)  

4 5 Results

|h| < 1 region for pT > 0.6 GeV/c. For the multiplicity range studied here, little or no depen-
dence of the tracking efficiency on multiplicity is found and the rate of misreconstructed tracks
remains at the 1–2% level.

Simulations of pp, pPb and peripheral PbPb collisions using the PYTHIA, HIJING and HYDJET
event generators, respectively, yield efficiency correction factors that vary due to the different
kinematic and mass distributions for the particles produced in these generators. Applying
the resulting correction factors from one of the generators to simulated data from one of the
others gives associated yield distributions that agree within 5%. Systematic uncertainties due
to track quality cuts and potential contributions from secondary particles (including those from
weak decays) are examined by loosening or tightening the track selections on dz/s(dz) and
dT/s(dT) from 2 to 5. The associated yields are found to be insensitive to these track selections
within 2%.
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Figure 1: 2-D two-particle correlation functions for 5.02 TeV pPb collisions for pairs of charged
particles with 1 < pT < 3 GeV/c. Results are shown (a) for low-multiplicity events (Noffline

trk <
35) and (b) for a high-multiplicity selection (Noffline

trk � 110). The sharp near-side peaks from jet
correlations have been truncated to better illustrate the structure outside that region.

5 Results

Figure 1 compares 2-D two-particle correlation functions for events with low (a) and high (b)
multiplicity, for pairs of charged particles with 1 < pT < 3 GeV/c. For the low-multiplicity
selection (Noffline

trk < 35), the dominant features are the correlation peak near (Dh, Df) = (0, 0)
for pairs of particles originating from the same jet and the elongated structure at Df ⇡ p for
pairs of particles from back-to-back jets. To better illustrate the full correlation structure, the jet
peak has been truncated. High-multiplicity events (Noffline

trk � 110) also show the same-side jet
peak and back-to-back correlation structures. However, in addition, a pronounced “ridge”-like
structure emerges at Df ⇡ 0 extending to |Dh| of at least 4 units. This observed structure is
similar to that seen in high-multiplicity pp collision data at

p
s = 7 TeV [17] and in AA collisions

over a wide range of energies [3–10].

As a cross-check, correlation functions were also generated for tracks paired with ECAL pho-
tons, which originate primarily from decays of p0s, and for pairs of ECAL photons. These
distributions showed similar features as those seen in Fig. 1, in particular the ridge-like corre-
lation for high multiplicity events.

pPb pp 

PRC80:064912,2009 
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The discovery 

pp 

4 5 Results

|h| < 1 region for pT > 0.6 GeV/c. For the multiplicity range studied here, little or no depen-
dence of the tracking efficiency on multiplicity is found and the rate of misreconstructed tracks
remains at the 1–2% level.

Simulations of pp, pPb and peripheral PbPb collisions using the PYTHIA, HIJING and HYDJET
event generators, respectively, yield efficiency correction factors that vary due to the different
kinematic and mass distributions for the particles produced in these generators. Applying
the resulting correction factors from one of the generators to simulated data from one of the
others gives associated yield distributions that agree within 5%. Systematic uncertainties due
to track quality cuts and potential contributions from secondary particles (including those from
weak decays) are examined by loosening or tightening the track selections on dz/s(dz) and
dT/s(dT) from 2 to 5. The associated yields are found to be insensitive to these track selections
within 2%.
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35) and (b) for a high-multiplicity selection (Noffline

trk � 110). The sharp near-side peaks from jet
correlations have been truncated to better illustrate the structure outside that region.

5 Results

Figure 1 compares 2-D two-particle correlation functions for events with low (a) and high (b)
multiplicity, for pairs of charged particles with 1 < pT < 3 GeV/c. For the low-multiplicity
selection (Noffline

trk < 35), the dominant features are the correlation peak near (Dh, Df) = (0, 0)
for pairs of particles originating from the same jet and the elongated structure at Df ⇡ p for
pairs of particles from back-to-back jets. To better illustrate the full correlation structure, the jet
peak has been truncated. High-multiplicity events (Noffline

trk � 110) also show the same-side jet
peak and back-to-back correlation structures. However, in addition, a pronounced “ridge”-like
structure emerges at Df ⇡ 0 extending to |Dh| of at least 4 units. This observed structure is
similar to that seen in high-multiplicity pp collision data at

p
s = 7 TeV [17] and in AA collisions

over a wide range of energies [3–10].

As a cross-check, correlation functions were also generated for tracks paired with ECAL pho-
tons, which originate primarily from decays of p0s, and for pairs of ECAL photons. These
distributions showed similar features as those seen in Fig. 1, in particular the ridge-like corre-
lation for high multiplicity events.

pPp 
Ridge 

Distinct long range correlation in η collimated around ΔΦ≈ 0 

No ridge in MC 

Similar for pPb (high mult), pp (high 
mult) and PbPb (peripheral) 
 
Hydrodynamic flow in pp and pPb 
collisions? 
 
 
 

arXiv:1210.5482, PLB 
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Double ridge described by both Color Glass Condensate 
(initial state effect) or hydrodynamics (final state effect) 

projected  
on Δϕ 

PLB 719, 29 (2013) 

Correlations: double ridge in p-Pb 

Why sometimes the particles fly in sync? 
 
“The LHC may be uncovering a new deep internal 
structure of the initial protons … at these higher 
energies, one is taking a snapshot of the proton 
with higher spatial and time resolution than ever 
before” 

 Frank Wilczek 



DiJet η distribution in p-Pb 
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Figure 5: (a) Distribution of dijet pseudorapidity (hdijet = [h1 + h2]/2) is shown for pPb dijet
events with pT,1 > 120 GeV/c, pT,2 > 30 GeV/c, and Df1,2 > 2p/3 as the red solid circles. The
results are compared to NLO calculations using CT10 (black dashed curve) and CT10 + EPS09
(blue solid curve) PDFs. (b) The difference between hdijet in data and the one calculated with
CT10 proton PDF. The black squares represent the data points, and the theoretical uncertainty
is shown with the black dashed line. (c) The difference between hdijet in data and the one calcu-
lated with CT10+EPS09 nPDF. The blue solid circles show the data points and blue solid curve
the theoretical uncertainty. The yellow bands in (b) and (c) represent experimental uncertain-
ties. The experimental and theoretical uncertainties at different hdijet values are correlated due
to normalization to unit area.

erence. This shows that the PYTHIA + HIJING embedded sample, which assumes that hard and
soft scatterings are independent, does not describe the correlation between the dijet pseudora-
pidity distribution and forward calorimeter energy. To illustrate the observed deviation in each
HF activity class with respect to that in the inclusive pPb collisions, the ratio of the dijet pseu-
dorapidity distribution from each E4<|h|<5.2

T class to the distribution without HF requirements
is presented in Fig. 7. A reduction of the fraction of dijets in the hdijet > 1 region is observed
in events with large activity measured by the forward calorimeter. The magnitude of the ob-
served modification is much larger than the predictions from the NLO calculations based on
impact-parameter dependent nPDFs [49] in the region x < 0.1 for partons in lead nuclei. Note
that theory calculations are based on impact parameter, which can take a large range of values
in each HF activity class.

Shifted relative to CT10 
Better for CT10+EPS09 ... indication of gluon EMC effect? (includes nuclear gluon shadowing) 

•  The large modification cannot be 
explained by nPDF 

•  Color Fluctuation? 
•  Proton size fluctuation? 
•  Energy-momentum conservation? 

•   Need a mapping of the 3D global 
structure of the nucleon !

•  Need a better understanding of the 
dynamics of pA and AA collisions!

!

EPJ C74 (2014) 2951 
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Ultra Peripheral Collisions: clean probes of nPDF  

Coherent&and&incoherent&J/ψ producEon&

19&

J/ψ"l+l4&

target&

source&!  Mass&of&J/ψ&serves&as&a&hard&scale&for&pQCD&
calculaEons,&which&at&LO&sample&the&square&
of&the&gluon&distribuEon&of&the&target&

!  J/ψ&idenEfied&in&the&leptonic&decay&channel:&µ+µ� (forward&and&central)&e+e4&(central)&&

!  J/ψ& rapidity&maps& the& photon4target& center&
of&mass&energy&and&hence&x4Bjorken&

-Hadronic interactions suppressed 
-Energy loss free 
-Only strong e.m. field as a flux of γ* 
-Field intensity prop to Z2 

-LHC as a photon collider 
 
-To study nPDF, saturation 
phenomena and nuclear gluon 
shadowing 

Coherent J/ results in Pb-Pb
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which incorporates nuclear gluon
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EPS09 parameterization
(AB-EPS09)

AB: Adeluyi, Bertulani, PRC85 (2012) 044904
LO pQCD scaled by an effective constant to correct
for missing contributions. MSTW assumes no
nuclear effects, the other incorporate nuclear effects
according different nuclear PDFs
CSS: Cisek, Szczurek, Schäfer, PRC86 (2012)
014905
Color dipole model based on unintegrated gluon
distribution of the proton
STARLIGHT: Klein, Nystrand, PRC60 (1999) 01493
GVDM coupled to a Glauber approach and using
Hera data to fix the �p cross section
GM: Gonçalves, Machado, PRC84 (2011) 011902
Color dipole model, where the dipole nucleon cross
section is from the IIM saturation model
RSZ: Rebyakova, Strikman, Zhalov, PLB 710 (2012)
252
Based on LO pQCD amplitude for two gluon
exchange where the gluon density incorporates
shadowing computed in leading twist approximation
LM: Lappi, Mäntysaari, PRC87 (2013) 032201
color dipole model + saturation
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•  Nuclear suppression in Pb at small x 
•  Best agreement with model which incorporates moderate nuclear gluon shadowing and 

no nuclear effects for gluon PDFs 
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Polarized physics at the LHC 

Several theoretical inputs to access to polarized functions by unpolarized pp scattering 
(M.Anselmino, D.Boer, G.Goldstein, S.Liuti,  P.Mulders, R.Tangerman, …) 

Transverse ⇤ polarization in unpolarized scattering

Large asymmetries have been observed in p + p! ⇤" + X

G. Bunce et al., PRL 36 (1976) 1113

0>PΛ

x̂

ẑ

ŷ

Λ

p p

Blue arrows indicate the direction of positive transverse (w.r.t. production plane)
polarization P⇤, in the four quadrants

For symmetry reasons P⇤ = 0 at midrapidity

DIS 2010, Florence, April 21, 2010 2

pp→Λ↑+ X
pp→Λ↑( jet)+ X

PbPp→Λ↑+ X

Studies of TMDs:  
Spin Dependence of FF in new regimes 
Polarization modification in QGP  

D1T
⊥

Favored by: 
Λ reconstruction over a wide pT range: 0.150 - 16 GeV 
Different collision energies: 0.9, 2.76, 5.02, 7, 8, 13 TeV 
Different collision systems: pp, pPb, PbPb 
Disfavored by: 
Gluon dominance contributions 
Solenoidal field 
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Run 2 conditions  
•  25 ns beam structure 
•  planned luminosity (pp collisions)  

•  1.5 1034 cm-2s-1 ATLAS & CMS (100/fb) 
•  ≥ 4 1032 cm-2s-1 LHCb (7/fb)   

32"

LHC Run 2 and beyond 

LHC experiments are now completing the refurbishment of detectors started 
in long shutdown #1. Nearly ready to take data in Run 2 

Winter 2016-17: longer end-of-the year shutdown 

LS2 
Installing the upgrades: 
•  ALICE & LHCb 
•  Phase-1 of ATLAS & CMS  

Run 3 
•  ATLAS & CMS up to 
     2.2 1034cm-2s-1 (500/fb) 

•  LHCb at 2 1033 cm-2s-1  
•  ALICE higher DAQ rate   

LHC 
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High Luminosity LHC 

In LS3, upgrade of LHC to High Luminosity 
Phase-2 upgrades of ATLAS & CMS 

In Run 4, and beyond,  
Luminosity up to 5 1034 cm-2s-1 

3000/fb integrated up to >2035 

ATLAS & CMS : new tracking detectors capable of dealing with high radiation 
doses and high pile-up (n=140÷200). Extended forward tracking capabilities 
 
R&D for forward calorimetry (CMS)  
 
New track and calorimetry based real-time triggers. Upgraded DAQ systems  
 
ATLAS & CMS upgrades to be installed by 2025"

LHC 

LHC 
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LHC experiments offer an unprecedented opportunity in terms of phase 
space, statistics and quality of data 
 
Run1 represented only a small “appetizer” of the many potentialities available 
 
Run2 will increase the available statistics by more than a factor 4, not 
considering the energy effect 
 
Detectors have been upgraded and refurbished during LS1 and are ready for 
collisions up to 13 TeV 
 
 

LHC results are guiding the way at the energy frontier. 
Exiting prospects in sight also for possible contacts with other 

physics communities

Conclusions 


