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Priorità del programma di fisica dei collider di ultima generazione:

chiarire definitivamente il settore di Higgs (EWSB)

cercare segnali di nuova fisica alla scala del TeV (Gerarchia)

Altrettanto importanti: 
fisica del sapore di alta precisione (Tevatron/LHCb/Bfactory/superB (+ qualche contributo 
da parte di ATLAS/CMS))

diagrammi di fase di QCD (Alice)

Fisica alla scala del TeV 
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verificata con precisione a LEP/SLC/Tevatron/Bfactory/... 

sperimentalmente
ancora tutta da 
scoprire

LSM = Lsymm + LHiggs



ricerca di effetti diretti: 

chiara interpretazione, misura delle proprietà del 
processo osservato

non si può osservare ciò che non si può produrre 
direttamente ...

ricerche guidate dalle previsioni teoriche ... minore 
sensibilità ad effetti inaspettati 

ricerca di effetti indiretti su processi del Modello 
Standard misurati con alta precisione:

effetti virtuali → sensibilità a più alte scale di energia

interpretazione fisica dell’osservazione ambigua, 
necessità di una successiva verifica diretta

by product: 

comprensione dei processi SM

ottimizzazione delle prestazioni dei rivelatori

Come si cerca l’Higgs e/o effetti di Nuova Fisica
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Limiti diretti Higgs Modello Standard:
LEP: MH > 114.4 GeV/c2 @95% CL
Tevatron:   MH ∉ [158, 173] GeV/c2 @95% CL

Limiti Higgs SM dal fit alle misure di precisione

MH < 170 GeV@95% CL
  MH = 96 !25

 +30  GeV
prerequisiti fondamentali per le ricerche dirette

Due strategie complementari:
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produzione e decadimento: SM (e BSM)
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I “tool” sperimentali

5i dettagli nella presentazione di Marcella ...

- rivelatori general purpose
- design ottimizzato per le dure condizioni imposte da LHC

Hard QCD Results from CMS

Konstantinos Kousouris
Fermilab

Physics at LHC 2011
5 - 11 June 2011, Perugia, Italy



Il campione di dati
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2010

           2010 / 2011 (ieri)   @ √s = 7 TeV
∫Ldt
 ~45 / >1000  pb-1

L	   ~2 / ~13  1032 cm-2s-1

2011

∫Ldt

Lmax

proiezioni: 
O(2÷3)   fb-1 2011
O(5÷10) fb-1 2012

World record, Tevatron (4.1 1032) surpassed

~60 Higgs/ora (SM, 150 GeV) in ATLAS/CMS



Il viaggio verso la scoperta dell’Higgs

7

!"##$%&'()'!*'+%(,,'!-./(0'

*-$,"%-#-01,'

•! 23%-$4&'.(5-%-4'67'(%4-%,'()'#$8091"4-'90'!*'.%(,,',-./(0'
•! :(1'.("0/08'90-3$,/.'$04';-1'.%(,,',-./(0,<'

•! 233'#-$,"%-#-01,'$8%--'=91>'!*'-?@-.1$/(0',(')$%'
A7'

!!"#$%%& &

!'())*+,-.#/+0'*11*1#()#2,.2#*-*+.3#

2(4+0-#'055,4*+1#'(-#6*#'5(11,7,*4#(1#

*,)2*+#!"#$ 0+#%&'(

89(-)9:#;2+0:043-(:,'1#<8;=>#,1#

)2*#9-4*+53,-.#)2*0+3#70+#)** 19'2#

/+0'*11*1?#69)#)2*#(//+0('2#<(-4#)2*#

5*@*5#07#9-4*+1)(-4,-.>#,1#@*+3#4,77*+*-)#

70+#)2*#)A0#'(1*1

B0+#!"#$ /+0'*11*1?#*C.C#D 0+#2,.2E

FG H*) /+049'),0-?#)2*#+()*1#(-4#*@*-)#

/+0/*+),*1#'(-#6*#/+*4,')*4#A,)2#10:*#

/+*',1,0-#91,-.#/*+)9+6(),0-#)2*0+3

B0+#%&'( /+0'*11*1?#*C.C#)2*#)0)(5#

'+011#1*'),0- 0+#4,77+('),@* /+0'*11*1?#

)2*#+()*1#(-4#/+0/*+),*1#(+*#40:,-()*4#

63#-0-E/*+)9+6(),@* 8;=#*77*')1?#A2,'2#

(+*#:9'2#5*11#A*55#9-4*+1)004

+,)-./)0.12./)*/3*)-24
Guidato dalla gerarchia ... 

    ... dai processi più frequenti a quelli più rari

• rate processi del Modello Standard ~108÷104  rate Higgs

• bisogna dimostrare di saper misurare pp→WW prima di poter 
dire di aver osservato pp→h→WW

• sorgenti di fondo principali per l’higgs → vanno misurate con 
precisione e confrontate con i calcoli teorici per validare 
questi ultimi



Jet
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Jet Energy Scale Uncertainty
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! Total jet energy scale uncertainty: 3-5% for all jet types
- estimated with the first 3 pb-1 of data
- significantly improved (by a factor ~2) after using the entire sample (currently 
under review by CMS -- JINST paper to be submitted soon)

! Uncertainty dominated by the high-pT extrapolation 
- beyond the pT reach of the photon+jet sample

Incertezza sulla scala di energia 3-5% for pT > 20 GeV

Multi-jet
• osservati fino a 6 hard jet
• accordo sorprendente sia con i MC ME che PS, e con i calcoli NLO 

Sezione d’urto inclusiva Jet-Jet VS MJJ
• misurata fino a masse invarianti di oltre 3 TeV
• test della pQCD

fondi dominanti per molte analisi di nuova fisica (SUSY, ESOTICI)



Fotoni
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ottimo accordo tra dati e predizioni teoriche (NLO) per energie trasverse da 30 a 400 GeV e 
fino ad alte rapidità 0<|η|<2.5

produzione inclusiva di fotoni diretti isolati

Hard QCD Results from CMS                                                  Konstantinos Kousouris 

Direct Photon Production (II)
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Details in the talk by P. Gras (“QCD studies with photons in CMS”)

! differential inclusive direct photon cross section
- combination of conversions and isolation template methods
- measurement ranging from 25 GeV to 400 GeV in ET and up to |η| = 2.5

! good agreement with the theory
- scale uncertainty dominates the theoretical prediction

|η|<0.9

• uno dei fondi da capire in dettaglio per la ricerca dell’Higgs in 2γ
• potente test della pQCD: misura diretta della PDF gluonica
• messa a punto delle tecniche di ricostruzione/identificazione di 

fotoni:
• bassa ET:  ricostruzione fotoni da conversioni
• alta ET:      isolamento

Hard QCD Results from CMS                                                  Konstantinos Kousouris 

Direct Photon Production (I)
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Compton Annihilation Fragmentation

! production mechanisms
- quark-gluon Compton scattering
- quark-antiquark annihilation
- fragmentation of colored partons (greatly 
suppressed by isolation requirements)

! test of pQCD
- direct probe of gluon PDF

! photon reconstruction
- conversion (powerful at low ET)
- isolation template (powerful at high ET)
- photon candidates contaminated by 
decays of energetic neutral mesons
- signal extracted statistically
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W e Z
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Uno strumento fondamentale:
• segnature pulite, permettono misure di precisione
• disponibili predizioni teoriche accurate: generatori@NLO (POWHEG, 

MC@NLO), calcoli@NNLO (FEWZ, RESBOS, DYNNLO)

• distribuzioni differenziali sensibili alle PDF

• permettono di capire e calibrare il rivelatore (Tag&Probe, risoluzioni, 
scale di energia e impulso)

• costituiscono fondo per la maggior parte delle analisi di ricerca 

- incertezze dominate dalla luminosità
- si cancella nei rapporti W/Z e W+/W-

usando le misure di CMS e ATLAS di W+/W-  
constraint sulle PDF d,u,s con miglioramento 

delle incertezze >40% nel range 10-3 < x < 10-2
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✚

=

Z→ττ come benchmark per h→ττ, H+→τν
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• Incertezze sistematiche principali: 
• efficienza identificazione del tau nei decadimenti adronici
• forma dello spettro in massa visibile
• necessario stimarle con tecniche data-driven  

Z!ττ 
•  Simultaneous fit of tau id and cross section 

CMS-EWK Luca Lista 28 CMS: fit simultaneo alla sezione d’urto misurata 
nei diversi canali e efficienza di identificazione 
del tau per migliorare la risoluzione  

ATLAS: forma dello spettro in massa invariante 
usando tecniche di MC embedding: tau inseriti 
all’interno di eventi reali Z→μμ (alta statistica)



W e Z + altro: WW/WZ/Wγ/Zγ
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Figure 7: Distributions of MT (left) and pT (right) of the di-lepton+Emiss

T
system for the W+W−

candidates. The

points are the data and the stacked histograms are from MC predictions except the W+jets background, which is

obtained from data-driven methods. The estimated uncertainties are shown as the hatched bands (stat ⊕ syst).

observed events for the i-th di-lepton channel, respectively. Bri
is the leptonic branching ratio, L is the

integrated luminosity, and Ai
is the signal acceptance corrected by the selection efficiency difference

between data and MC. The W+W−
cross section (σWW ) is determined by maximizing the log-likelihood

function F . The fitted W+W−
cross sections for three channels individually and combined are listed in

Table 6.

Channels Ns(SM) Nb Nobs σWW [pb]

e+e−Emiss

T
0.85 0.17 1 45

+74

−38

µ+µ−Emiss

T
1.74 0.26 2 46

+47

−29

e±µ∓Emiss

T
4.81 1.29 5 36

+25

−19

Total 7.40 1.72 8 40
+20

−16

Table 6: Inputs for the WW cross-section measurements and the corresponding extracted results.

Ns(SM), Nb, and Nobs denote number of the SM expected signal, estimated background, and observed

events, respectively. σWW is the cross section from the maximum log-likelihood fitting. Only statistical

uncertainties are given.

The combined W+W−
cross section together with statistical and systematic uncertainties is

σWW = 40
+20

−16
(stat)±7(syst) pb.

The statistical uncertainty (44%) is the dominant uncertainty for this measurement. The total system-

atic uncertainty (16.4%) includes the luminosity uncertainty (∆L /L = 11%), acceptance uncertainty

(∆A/A = 7.4%), and background estimation uncertainty (∆Nb/Nb = 34%). The relative systematic un-

certainty for the cross section measurement is estimated as

σsyst/σWW =
�

(∆L /L )2 +(∆A/A)2 +(∆Nb/(Nobs−Nb))2,

which is derived from the formula σWW = Nobs−Nb

AL Br .
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pp→WW/WZ→lνlν/3lν:  il fondo di h→WW
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ATLAS NOTE

ATLAS-CONF-2011-084

June 3, 2011

Measurement of the W±Z Production Cross-Section in Proton-Proton
Collisions at

√
s = 7 TeV with the ATLAS Detector

The ATLAS Collaboration

Abstract

This note presents a measurement of W±Z production in 205 pb
−1

of pp collision data

at
√

s = 7 TeV collected by the ATLAS experiment in 2011. A total of 12 candidates with

a background expectation of 2 events was observed for purely leptonically decaying bosons

with electrons, muons and missing transverse energy in the final state. The total cross-

section has been determined to be σtot

WZ = 18
+7

−6
(stat) ±3(syst) ±1(lumi) pb in agreement

with the Standard Model expectation.

predizioni NLO: 
44.9±2.2 pb 

16.9±1.2 pb
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Figure 5: Distribution of the ��γ invariant mass as a function of the dilepton invariant mass
for selected Zγ candidates in the electron (filled circles) and muon (open circles) final states.
The data accumulation at M��γ � MZ corresponds to FSR events, while the data at M�� � MZ
correspond to ISR events.

uncertainties that affect the product of the acceptance, reconstruction, and identification ef-
ficiencies of final state objects, as determined from Monte Carlo simulation. These include
uncertainties on lepton and photon energy scales and resolution, effects from pile-up interac-
tions, and uncertainties in the parton distribution functions (PDFs). Lepton energy scale and
resolution effects are estimated by studying the invariant mass of Z → �� candidates, while the
photon energy scale and resolution uncertainty comes from ECAL calibration studies which
are further cross-checked with the Zγ FSR study. The uncertainty due to the PDFs is estimated
following Ref. [38]. The second group includes the systematic uncertainties affecting the data
vs. simulation correction factors ρ for the efficiencies of the trigger, reconstruction, and identifi-
cation requirements. These include lepton trigger, lepton and photon reconstruction and iden-
tification, and Emiss

T efficiencies for the Wγ process. The lepton efficiencies are determined by
the “tag-and-probe” method [23] in the same way for data and simulation, and the uncertainty
on the ratio of efficiencies is taken as a systematic uncertainty. The third category comprises
uncertainties on the background yield. These are dominated by the uncertainties on the data-
driven W+jets and Z+jets background estimation. These include systematic uncertainties due
to the modeling of the Eγ

T-dependent ratio and the uncertainty due to the γ + jets contribu-
tion. Finally, an additional uncertainty due to the measurement of the integrated luminosity is
considered. This uncertainty is 4% [39].

All systematic uncertainties for the Wγ and Zγ channels are summarized in Table 1.

We find the cross section for Wγ production for Eγ
T > 10 GeV and ∆R(�, γ) > 0.7 to be

σ(pp → Wγ + X)× B(W → eν) = 57.1 ± 6.9 (stat.) ± 5.1 (syst.) ± 2.3 (lumi.) pb and σ(pp →
Wγ + X) × B(W → µν) = 55.4 ± 7.2 (stat.) ± 5.0 (syst.) ± 2.2 (lumi.) pb. Taking into ac-
count correlated uncertainties between these two results, due to photon identification, energy
scale, resolution, data-driven background, and signal modeling, and following the Best Lin-

W/Z + γ:
• test del MS: sensibili agli accoppiamenti trilineari di gauge  
• test delle tecniche di stima della contaminazione da fotoni fake 

da processi W/Z+jets

W, Z + ! 
•  Final state common to new physics searches, probes triple gauge coupling 
•  Fake photon estimate is a key task, performed with data-driven methods 
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W e Z + altro: W/Z+jets

13

• Background difficili e presenti inquasi tutte le analisi: top, higgs, SUSY, esotici   
• challenge: comprensione del fondo 
• risultati in eccellente accordo con MC basati su ME e con le predizioni NLO
• come aspettato cattivo accordo con Pythia per ≥ 1 Jet



W+jets e spettro in massa invariante jet-jet

14

Recente risultato di CDF:
• anomalia nello spettro di massa invariante dei 2 jet in eventi W+jets
• confermato a più alta statistica (significanza > 4σ), non confermato da D0

Una possibile spiegazione:
• mismodeling del fondo a causa di differenze tra jet da gluoni rispetto 

a jet da quark (ε(q-jet) > ε(g-jet) per Mjj>100 GeV/c2)
• diversa risposta del rivelatore nel MC rispetto ai dati reali 
• diversa frazione relativa nel MC rispetto ai dati reali

• un indicazione chiara di quanto sia complicato e delicato descrivere 
questo tipo di processi!
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Ricerca del Bosone di Higgs
Il Modello Standard vuole un Higgs leggero

ATLAS e CMS possono verificare tale predizione nell’immediato futuro 

Statistica raccolta fino ad ora quasi sufficiente per 
osservare l’Higgs nella regione di massa intermedia

Con 10 fb-1 (2012) sensibilità per coprire ~l’intero 
intervallo

Higgs di massa intermedia

Higgs di alta massa

Higgs di bassa massa

statistica richiesta
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Figure 2: The scale Λ at which the two-loop RGEs drive the quartic SM Higgs coupling
non-perturbative, and the scale Λ at which the RGEs create an instability in the electroweak
vacuum (λ < 0). The width of the bands indicates the errors induced by the uncertainties
in mt and αS (added quadratically). The perturbativity upper bound (sometimes referred to
as ‘triviality’ bound) is given for λ = π (lower bold line [blue]) and λ = 2π (upper bold line
[blue]). Their difference indicates the size of the theoretical uncertainty in this bound. The
absolute vacuum stability bound is displayed by the light shaded [green] band, while the less
restrictive finite-temperature and zero-temperature metastability bounds are medium [blue]
and dark shaded [red], respectively. The theoretical uncertainties in these bounds have been
ignored in the plot, but are shown in Fig. 3 (right panel). The grey hatched areas indicate
the LEP [ 1] and Tevatron [ 2] exclusion domains.

mation were not included. On the other hand, the Tevatron data, although able to narrow

down the region of the ‘survival’ scenario, have no significant impact on the relative likeli-

hoods of the ‘collapse’, ‘metastable’ and ‘survival’ scenarios, neither of which can be excluded

at the present time.

We also consider the prospects for gathering more information about the fate of the SM

in the near future. The Tevatron search for the SM Higgs boson will extend its sensitivity

to both higher and lower MH , and then the LHC will enter the game. It is anticipated that

the LHC has the sensitivity to extend the Tevatron exclusion down to 127 GeV or less with

1 fb−1 of well-understood data at 14 TeV centre-of-mass energy [ 9]. This would decrease

the relative likelihood of the ‘survival’ scenario, but not sufficiently to exclude it with any

significance. On the other hand, discovery of a Higgs boson weighing 120 GeV or less would

3

regione permessa

regione esclusa

limiti teorici in 
funzione del cutoff 
del MS 

consistenza delle 
corr. radiative nel 
MS con le misure di 
precisione



Produzione dell’Higgs @LHC
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Gluon Fusion:
- nota a NNLO
- dominante specie a LHC, ma 

incertezze teoriche grandi ~O(15%) 
a causa delle correzioni legate a 
processi iniziati da gluoni

Vector Boson Fusion:
 - nota a NLO, incertezza TH O(5%) 
 -  segnatura sperimentale distintiva: 2 jet   
in avanti con un gap di rapidità Produzione associata: sezione d’urto 

piccola, usata al Tevatron, e recentemente  
tornata interessante anche a LHC nel 
contesto di jet ad alto boost
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Figure 5: Distribution of the invariant mass of the Higgs candidate after all selection cuts. (a)
lνbb̄ channel (b) llbb̄ channel and (c) Emiss

T bb̄ channel. The signals (for mH = 120 GeV) are
shown on top of the backgrounds. All distributions are normalized to an integrated luminosity
of 30 fb−1.

compared to the particle-level result for this channel in Ref. [3] of 3.1. Note that in the particle-
level study, high Emiss

T events were in fact counted in the Emiss
T bb̄ channel regardless of whether

a lepton was identified, thus reducing the relative contribution to the significance from the lνbb̄
channel compared to our result.

The trigger efficiency has not been applied.

4.3 llbb̄ channel

The requirement of leptonic Z decay leads to small branching ratios. However this is coun-
teracted by the fact that it is hard for backgrounds such as tt̄ to emulate this signature. The
selection consists of two parts, firstly a candidate for the hadronic H → bb system is identified

10

Modi di decadimento dell’Higgs

17

 - bb: fondo da QCD enorme, fino a poco tempo fa non 
utilizzabile a LHC, recente revival di interesse nel contesto 
dei boosted jets:
- analisi ristretta a produzione associata con bosoni di alto pT e 

back-to-back

- solo una piccola frazione della sezione d’urto totale (5% per 
pT>200 GeV), ma background altamente ridotto e accettanza 
cinematica massima

- ricostruzione jet e b-tag ottimizzati per jet veloci e vicini 
spazialmente

- per un higgs di 120 GeV con 10 fb-1 sensibilità simile a quella del 
canale h→γγ

canale llbb

Da bassa massa a massa intermedia: 
 - γγ: molto pulito, piccolo BR, canale più sensibile
 - ττ: richiede l’utilizzo di caratteristiche peculiari nella
         produzione (ex. VBF) per ridurre il fondo
 - WW, ZZ

Alta massa:
 - h→ZZ e WW: tutti i canali di decadimento per W/Z

canale lνbb

Massa Intermedia
 - WW→2l+MET: molto sensibile, meno preciso
 - ZZ→4l:             molto preciso, meno sensibile



Displaced decays

MSSM M. Carena, talk at Pheno 2011

 For a large region of parameter space 
suppression of the      mode at the LHC 

Mh ~ 115 -125 GeV 

Tevatron 

LHC 

Suppression still sizable for mA as large as 500 GeV  

γγ

Heather Logan (Carleton U.) Higgs pheno beyond the SM PLHC 2011
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The Fourth Standard Model Family and the Competition in
Standard Model Higgs Boson Search at Tevatron and LHC

N. Becerici Schmidt1, S. A. Çetin2, S. Iştın1 and S. Sultansoy3,4

1 Physics Department, Boğaziçi University, Istanbul, Turkey
2 Physics Division, Doğuş University, Istanbul, Turkey
3 Physics Division, TOBB University of Economics and Technology, Ankara, Turkey
4 Institute of Physics, Academy of Sciences, Baku, Azerbaijan

Abstract. The impact of the fourth Standard Model family on Higgs boson search at Tevatron and LHC
is reviewed.

1 Introduction

Recent changes in the schedule of the LHC operation has
resulted in an additional two years extension of Tevatron
discovery challenges in the search for the Higgs boson (H),
the fourth Standard Model family and so on (including
SUSY). The fourth family is a natural consequence of the
Standard Model (SM) basic principles and the actual pat-
terns of the first three family fermion masses and mixings
[1–3] (for reviews see [4–10]). We should once again note
that, in contrast to the widespread opinion, electroweak
precision data does not exclude the fourth family[11–14].
The fourth family matters were discussed in detail during
the topical workshop held in September 2008 at CERN
[15] (see [10] for resume of the workshop).

Concerning the Higgs boson, the existence of the fourth
Standard Model family has a strong impact on the search
strategies of Tevatron and LHC [13,16,18–24] mainly due
to the essential enhancement of the gg→H production
channel. In this paper, SM-4 (SM-3) denotes Standard
Model with 4 (3) families.

2 Fourth SM family effects on the Higgs
boson

The crucial contribution of the new heavy quarks to the
gg→H vertex via the triangular loop has been realized
many years ago [25]. Additional quark loops introduced
by the fourth SM family quarks strengthens the gg→H
vertex by a factor of about 3, hence causing an enhance-
ment in the cross section by about 9. The actual values de-
pend on the mass of the Higgs boson and fourth SM family
fermions. Figures 1-5 demonstrate this dependence for dif-
ferent scenarios. As seen from these figures, the choice of
infinitely heavy fourth SM family quarks corresponds to
the most conservative scenario which will be the assump-
tion in the rest of this work.
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Fig. 1. Enhancement factors for the SM Higgs production
via gluon fusion when the fourth SM family quark masses are
around 300GeV. Enhancement factors in the infinite mass limit
are also shown for comparison.
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Fig. 2. The same as Figure 1 but for fourth SM family quark
masses around 400GeV.

BSM Higgs ....
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Fisica oltre il Modello Standard può avere effetti sostanziali nei pattern di produzione e 
decadimento dell’Higgs → importante esplorare tutte le possibilità in termini di stati finali e masse, 
indipendentemente da ciò che il MS preferisce ...  

Esempio 1: produzione e decadimento di Higgs BSM nei canali tipici dell’higgs SM
• SM con 4th generazione di quark pesanti
• MSSM, 2HDM ...

• effetti su Produzione e/o Decadimenti
4th generation

Ruling out a 4th generation using limits on hadron collider Higgs signals

John F. Gunion

Department of Physics, University of California, Davis, CA 95616, USA

We consider the impact of a 4th generation on Higgs to γγ and WW,ZZ signals and demonstrate

that the Tevatron and LHC have essentially eliminated the possibility of a 4th generation if the Higgs

is SM-like and has mass below 200 GeV. We also show that the absence of enhanced Higgs signals

in current data sets in the γγ and WW,ZZ final states can strongly constrain (almost eliminate)

the possibility of a 4th generation in two-Higgs-doublet models of type II (in the MSSM).

PACS numbers:

Although new physics has not yet been seen at the

Tevatron or LHC, as the integrated luminosity esca-

lates increasingly interesting constraints on new physics

emerge. This note focuses on the interconnection be-

tween limits on excesses in the γγ and WW,ZZ mass

spectra and the possible existence of a 4th generation

and/or a sequential W �
, assuming that a SM or two-

doublet Higgs sector exists, even if a Higgs boson has

not yet been detected.

There are now significant constraints on Higgs to γγ
and WW signals coming from the current Tevatron and

LHC data samples. A convenient review is Klute’s

Pheno-2011 talk [1]. In particular, no peak is observable

in the γγ channel in the L = 131 pb
−1

ATLAS data,

and, indeed, the observed rate lies somewhat below the

expected background rate. Similarly, both the LHC and,

especially, the Tevatron restrict any excess in the WW
channel relative to the SM rate. We define the ratio

RX ≡ [Γh
ggBR(h → X)]/[ΓhSM

gg /BR(hSM → X)], where

the denominator is always computed for 3 generations.

Crude estimates from the ATLAS γγ spectrum plots of

[1] are that Rγγ <∼ 10 forMγγ in the 100−150 GeV range.

As regards RWW , currently the Tevatron provides the

strongest limits: at 95% CL the upper limits on RWW in

the mh ∈ [110, 200] GeV window range between 3.5 and

0.8 (this latter for mh ∼ 2mW ), with RWW < 1.8(2.6)
at mh = 115(125 − 135) GeV. These constraints mo-

tivate an examination of the possibilities for enhanced

Rγγ and RWW values in the context of various models

for the Higgs sector. Here, we consider implications for

a 4th generation in the context of the Standard Model

(SM) and two-Higgs-doublet models (2HDM) (including

the MSSM) and for a sequential W �
in the SM case. The

lepton and quark masses of the 4th generation will be set

to 400 GeV and 1400 GeV will be chosen for theW �
mass.

However, since the focus will be on Higgs masses below

500 GeV, these precise mass choices are not important.

A plot showing Rγγ and RWW as a function of mh

in the case of an h with SM-like couplings and decays

appears in Fig. 1. If a 4th generation is present, one

observes large Rγγ (≥ 4) only for mh > 2mW ,
1
where,

1 Rγγ ∼ 1 for mh <∼ 130 GeV because the increase in Γgg is closely

FIG. 1: The solid black curve shows RWW in the presence

of a 4th generation. The (a) long dash – short dash red (b)

dotted blue, (c) long dash magenta curves show Rγγ for the

cases: (a) 4th generation only, (b) sequential W �
only, (c)

4th generation plus sequential W �
. All curves are for a Higgs

boson with SM-like couplings and SM final decay states.

in any case, prospects for probing Rγγ ≤ 4 remain un-

known. Fortunately, the WW channel is much more

definitive. RWW , also plotted in Fig. 1, is predicted

to be ≥ 6.5 for mh < 300 GeV, falling to ≥ 4.8 for

mh ∈ [400, 500] GeV. This is in clear contradiction to

the above quoted experimental limits from the Tevatron

for the [110, 200] GeV mass range. Thus, the WW chan-

nel already implies that having a light SM-like Higgs bo-

son is inconsistent with the presence of a 4th genera-

tion. The only escape would be if the Higgs boson has

non-standard decays that deplete BR(h → WW ) and

BR(h → γγ). Models of this type abound [2]. A defini-

tive conclusion will require actual observation of a Higgs,

verification that it is indeed SM-like by measuring its V V
and ff couplings, and checking for unusual decays. All

the above can be done using WW fusion to Higgs and

Wh,Zh associated production processes.

Before leaving the SM, we note from Fig. 1 that inclu-

offset by a decrease in BR(γγ) resulting from the increased can-
cellation of the 4th generation fermion loops with the (opposite
sign) W loop.
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Gunion, arXiv:1105.3965

Black: gg → H → WW/SM with 4th generation
Red: gg → H → γγ/SM with 4th generation
Blue: gg → H → γγ/SM with sequential W �

Magenta: gg → H → γγ/SM with 4th generation and sequential W �

Heather Logan (Carleton U.) Higgs pheno beyond the SM PLHC 2011
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σ(gg→h) BSM/SM BR BSM/SM

h→WW BSM (4th gen)/SM
h→γγ BSM (4th gen)/SM
h→γγ BSM (seq. W’)/SM
h→γγ BSM (4th gen. + W’)/SM

Esempio 2: produzione e decadimento di stati 
Higgs BSM non presenti nello SM

• H+ in decadimenti del top
• H++ → l+l+

Esempio 3: decadimenti esotici di bosoni di 
Higgs tipo SM

• Stati Hidden Valley

BRxσ BSM/SM

MSSM4th generation model

D. Ventura LLPHV Meeting
10/06/2011

Process Studied

3

• Parameters:
• mh = 120 GeV, 140 GeV
• mπv = 20 GeV
• c ! is arbitrary, chosen to give decays 

throughout the detector
• The pseudo-scalar πv decays to heavy flavor, 

yielding ~10 low pT charged hadrons & ~5 π0’s
• For this study, we select only events that have 

passed the dedicated Hidden Valley triggers†

†See ATL-PHYS-PUB-2009-082 for details

pT of hadrons 
from πv decays

... potrebbe anche essere qualche cosa che sembra un Higgs ma non c’entra nulla con l’Higgs
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⇒ In ATLAS the final discriminant is the transverse mass

⇒ In CMS output of Boosted Decision Tree 
! cut-based also available

0.75MH < MT =

�
�
E��

T
+ Emiss

T

�2 −
�
�P ��
T

+ �Pmiss

T

�2
< MH

H+0j H+1j

Higgs con massa intermedia: h→WW(*)→lνlν
Counting experiment
La perdita della risoluzione in massa invariante dell’Higgs compensata dalla alta rate di eventi
È il canale di ricerca più sensibile nell’intervallo di massa dell’Higgs di ~130-190 GeV/c2

Fondi principali: WW, di-boson (WZ/ZZ/Wγ), W/Z+Jets, DY, top, QCD

19

Tipica preselezione:

- 2 leptoni isolati di alto pT [QCD, W+Jets]

- veto in eventi con bassa Mll per sopprimere risonanze a bassa massa invariante

- Z veto (|Mll-MZ| >10 GeV) [DY]

- alta energia trasversa mancante (MET) [DY]

- piccola apertura angolare tra i due leptoni (Δϕll) [WW]

0/1-jet: massima purezza (no top BG), ottimizzazione basata su gluon-fusion
2-jet:    BG da top dominante, ottimizzazione basata su VBF (tag jet in emisferi opposti, rapidity gap)

!"

"
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"
"

#$"

%"
&'"

&$"

('"
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&$"

Ottimizzazione: 

CMS: 
analisi multivariata (BDT) + 
analisi cut-based di controllo

ATLAS: analisi esclusiva in bin 
di molteplicità dei jet  [degrees]

ll
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⇒ Most sensitive channel for MH between 130 and 190 GeV

⇒ Main background: WW production, ttbar, Z+jets, W+jets,

ATLAS
⇒ Bin analysis in lepton flavor and jet multiplicity

!(ee,eµ,µµ) " (0j,1j,2j) = 9 channels
⇒ 0/1jet optimized for gluon fusion
⇒ 2jet optimized for VBF  
(tag jets opposite hemispheres, rapidity gap)
CMS
⇒ Bin analysis in lepton flavor

⇒ 0 jet channel only 
Event Preselection
- 2 isolated high pT leptons (e,µ) [QCD, W+jets]
- Lower bound for Mll to suppress low mass resonances 
- Z-veto in same flavor events [Drell-Yan]
- MET or projected MET requirement [Drell-Yan]

⇒Major Discriminating power against irreducible WW
- PT
- !"ll 

- Mll
- MT 



h→WW→lνlν: Stima dei Fondi
Cruciale in tutte le analisi ad un collider adronico: ogni fondo stimato o almeno controllato con tecniche data-driven

fondi principali stimati in regioni di controllo (dove non si aspetta segnale), e poi estrapolate nella regione del segnale

contaminazioni incrociate dei differenti fondi e/o possibili leakage del segnale nelle varie regioni di controllo tenuti in conto 

20

Esempio ATLAS:
- Fondo WW dalle side-band in Mll:

Higgs di bassa massa → alta Mll dominata dal fondo WW
Higgs di alta massa → bassa Mll dominata dal fondo WW

- Top: campioni arricchiti in top tramite b-tagging per stima efficienza criteri di  veto su jet
- W+jets: 

cinematica controllata su campioni arricchiti di fondo tramite tagli loose su lepton-ID
probabilità di riscotruire un leptone fake da campioni ortogonali nel trigger di jet

- Z+jets: fondo stimato usando il metodo ABCD nel piano Mll - MET



discriminante globale: ATLAS massa trasversa (                                                ),  CMS BDT output         

h→WW→lνlν: primi risultati a LHC 

21

170 GeV 0-Jets 1-Jet 2-Jets

Data 3 1 0

BG 1.8±0.1 1.2±0.1 0.02±0.01

Higgs 1.26±0.02 0.6±0.01 0.6±0.01

Marcello Mannelli CERN 
On behalf of the CMS Collaboration 

H -> WW -> 2l2!  
Results with 36pb-1 

June 2011 Higgs Search Results from CMS 

 

Near threshold, Signal is characterized  by a 
Helicity Driven Topology 

 

Small Lepton Opening Angle 
MET and Lepton Pt closely aligned 

 

For higher masses exploit stiffer leptons 
 

Multivariate Analysis: 
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CMS
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h→WW→lνlν: Primi risultati a LHC 
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Con ~35 pb-1: a 160 GeV/c2 ATLAS e CMS sono a circa un fattore 2 dal Modello Standard

Un eventuale bosone di Higgs in uno scenario di 4th generazione, è escluso al 95% CL 
nell’intervallo di massa tra ~140 e ~210 GeV/c2
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K. Nikolopoulos May 4th, 2011Higgs Searches with ATLAS and CMS

!"WW"lvlv : Exclusion Limits

11

⇒ At MH=160 GeV 
! ATLAS excludes 2.1"#SM (obs) and 2.7"#SM(exp) CLS
! CMS excludes 2.1"#SM (obs) and 3.0"#SM(exp) bayesian

⇒ Neither experiment excludes any MH in the Standard Model 
⇒ Assuming a heavy 4th generation CMS excludes a Higgs with 144 GeV<MH<207 GeV



Prima dei tagli su isolamento
e parametro di impatto

h→ZZ*→4 leptoni
Canale golden plated: segnatura pulitissima, fondo quasi trascurabile, robusto verso il pileup 

ma ... il ridotto BR leptonico dello Z penalizza fortemente la rate di eventi → necessita di statistica

23

Selezione:
- due coppie di leptoni di carica opposta e stesso sapore con alto impulso trasverso (pT>20 GeV)

- consistenti con l’essere prodotte da decadimenti del bosone Z 

- leptoni isolato e con parametro di impatto rispetto al vertice primario consistente con zero

Fondo: principale ZZ→4l, altri fondi (Z+bjets/top) soppressi dalle richieste di isolamento leptonico

Variabile discriminante M4l

- sensibilità per Mh~200 GeV confrontabile con quella di altri canali  grazie alla segnatura pulita
- background ~free → per un pò il limite migliorerà come ~1/Lint

H → ZZ → 4�

Selection

- 4 isolated leptons

- µ+µ− or e+e− pairs

- leading pair: m�� closest to mZ

- 2nd pair: m�� > f (M4�)
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 PreliminaryATLAS

µ"Data Q

µData all 

µ"MC Q

very clean signature

background

- ZZ (∗)

from MC, normalisation corrected with

Z → µµ to reduce sys. uncertainties:

- ZQQ, Q = c or b

normalisation (QQ → 2� fraction) from

control regions

for details see ATLAS-CONF-2011-048

Nicolas Möser DIS 2011 6/27
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Fig. 7. Distribution of missing transverse energy in the H
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in the signal region for channel l is given by:627

N exp
l = µL σ l

i

(1 + s
li δi ) +

j

bjl
i

(1 + b
j l i δi ) (2)

for luminosity L , Standard Model cross sections σl (in-628

cluding e!ciencies and acceptances), and expected back-629

grounds bjl . Background estimates bjl may come from ei-630

ther Monte Carlo simulations or from control regions in631

which the expected number of events in the control re-632

gion, n̄jl , is proportional to the expected background, via633

bjl = α jl n̄jl . Given the number of observed events in the634

signal region N obs
l , the likelihood function can be written635

as:636

L l = Pois( N obs
l |N exp

l )
j l

Pois( njl |n̄jl ) ×
i

G (mi |δi , 1)

where njl are the observed numbers of background events637

in the control regions and Pois( x |y) is the Poisson proba-638

bility of observing x events given an expectation y.639

The combined likelihood is given by the product of the640

individual likelihoods for each channel:641

L =
l

L l ,

where l is implicitly an index over the individual histogram642

bins within the channels that used a binned distribution643

of a discriminating variable.644

The pro"le likelihood ratio645

λ̃ (µ) =
L (µ, ˆ̂θ(µ ))
L ( µ̂, θ̂)

, µ̂ ≥ 0,
L (µ, ˆ̂θ(µ ))

L (0 , ˆ̂θ(0))
, µ̂ < 0,

(3)

is computed by maximising the likelihood function twice: 646

in the numerator µ, the ratio of the hypothesised cross 647

section to the expected Standard Model cross section, is 648

restricted to a particular value and in the denominator µ 649

is allowed to #oat. The set of all nuisance parameters δi 650

and n̄jl is denoted θ. The maximum likelihood estimates 651

of µ and θ are denoted µ̂ and θ̂, while ˆ̂θ(µ) denotes the 652

conditional maximum likelihood estimate of all nuisance 653

parameters with µ "xed. In this analysis the range of µ 654

is restricted to the physically meaningful regime, i.e. it is 655

not allowed to be negative. The test statistic ˜qµ is de"ned 656

to be 657

q̃µ = − 2 ln λ̃ (µ) , µ̂ ≤ µ,
0, µ̂ > µ,

=
− 2 ln L (µ, ˆ̂θ(µ ))

L (0 , ˆ̂θ(0))
, µ̂ < 0,

− 2 ln L (µ, ˆ̂θ(µ ))
L ( µ̂, θ̂)

, 0 ≤ µ̂ ≤ µ,
0, µ̂ > µ.

(4)

Monte Carlo pseudo-experiments are generated to con- 658

struct the probability density function f ( q̃µ |µ,
ˆ̂θ(µ)) under 659

an assumed signal strength µ, giving a p-value 660

pµ =
∞

q̃µ,obs
f ( q̃µ |µ,

ˆ̂θ(µ q̃d)) µ . (5)

To "nd the upper limit on µ at 95% con"dence level, µup , 661

µ is varied to "nd pµ up = 5%. Similarly, background-only 662

Monte Carlo pseudo-experiments are used to "nd the me- 663

dian µmed along with the ± 1σ and +2 σ bands expected in 664

the absence of a signal. To protect against excluding the 665

(signal) null hypothesis in cases of downward #uctuations 666

of the background, the observed limit is not allowed to 667

#uctuate below the − 1σ expected limit. This is equivalent 668

to restricting the interval to cases in which the statistical 669

power of the test ofµ against the alternative µ = 0 to be at 670

least 16%. This is referred to as a power constrained limit. 671

If the observed limit #uctuates below the 16% power, the 672

quoted limit is µmed − 1σ. 673

8 Systematic uncertainties in the combination 674

The systematic uncertainty related to the luminosity is 675

± 3.4% [15] and is fully correlated among all channels. It 676

a$ects background estimates that are normalised to their 677

theoretical cross sections; for most channels this is only 678

true for backgrounds that are known to be small. In the 679

H ZZ and H ZZ channels ma- 680

jor backgrounds are normalised to their theoretical cross 681

sections, but in the latter case this is only done after com- 682

paring with control regions. 683

Sources of systematic uncertainty related to the event 684

reconstruction are correlated between all Higgs boson search 685

channels. For example, the uncertainty on the e!ciency 686

to reconstruct electrons varies between 2.5% and 16% ac- 687

cording to the di$erent kinematic regions and selections 688

Higgs con alta massa: h→ZZ→ll(qq/νν)

24

Fondi:

Z+jets, ttbar and W+jets: distribuzioni da MC e normalizzazioni da regioni di controllo nei dati

Fondo da QCD multi-jet trascurabile (controllato con tecniche data-driven, relaxed lepton-ID)

Fondi da di-bosoni (ZZ/WW/WZ) stimato dal MC 

 [GeV]Tm
0 100 200 300 400 500 600 700 800 900

Ev
en

ts
 / 

30
 G

eV

0

1

2

3

4

5

6

7 -1 L dt=35 pbdata 
10!Signal 

Total BG
Z
tt

Diboson

ATLAS  Preliminary
=200 GeV)

H
 (m llH 

    [GeV]lljj m
100 200 300 400 500 600 700 800 900

 E
ve

nt
s 

/ 1
2.

5 
G

eV

0
5

10
15
20
25
30
35
40 -1 L dt=35 pbdata 

 10!Signal 
Total BG
Z
tt

Diboson

ATLAS  Preliminary
=200 GeV)

H
 llqq (mH 

llqq 
MH<360GeV

llqq 
MH!360GeV

llvv
MH<280GeV

llvv
MH!280GeV

Data 216 11 5 5
BG 226 ± 28 9.88 ± 1.75 5.76 ± 1.38 3.45 ± 0.86

Higgs 0.60 ±  0.12
(MH=200GeV)

0.24 ± 0.05
(MH=400GeV)

0.19 ± 0.04
(MH=200GeV)

0.30 ± 0.06
(MH=400GeV)
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"#ZZ#llqq/llvv
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⇒ Final discriminant: Mlljj and MT
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Topologie molto meno pulite rispetto al canale 4l, ma un fattore ~27 di guadagno nel BR

Maggiore sensibilità ad alte masse quando il fondo dominante da W/Z+jets diventa piccolo

nessun eccesso osservato

Combinazione dei due canali limita la 
sezione d’urto a  ~10xσSM



anche: h→WW→lνqq
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Complementa h→WW→ll+MET nella regione di alta massa dove il fondo da W+jets è ridotto

Selezione: 
    - 1 leptone (e,), pT>30 GeV         
    - MET > 30 GeV    
    - 2 o 3 jets con pT>30 GeV 
    - b-tag veto

con 35 pb-1 limiti sup. sulla sezione d’urto: ~10÷20 x σSM

Larghezza naturale 
dell’Higgs

Canale con migliore sensibilità per Mh>500-600 GeV/c2, quando 
la larghezza naturale dell’Higgs rende ininfluente l’impatto della 
risoluzione in massa invariante 
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Figure 2: Left: The diphoton mass distribution for each source for barrel events with kinematic neural net output greater

than 0.85. Events are normalized to an integrated luminosity of 7.7 fb−1 and the signal (MH = 120 GeV) is scaled by a

factor 10. Right: Integrated luminosity needed for a 5σ discovery with the cut-based and optimized analyses.

be achieved using an optimized analysis, for which only about 10 fb−1 will be needed to establish the H → γγ signal.

The detector resolution for the reconstructed Higgs boson mass profits from the excellent energy resolution of the

CMS crystal calorimeter.

This paper provides only a brief sketch of the analysis methods and results. For more information, the reader is

invited to consult the provided references as well as the CMS Physics TDR.
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Higgs con bassa massa: h→γγ

26

pure se con BR minuscolo (~0.2%) h→γγ fornisce la 
maggior rate di eventi a bassa massa Mh

ex. ATLAS@7 TeV (efficienze di trigger&ricostruzione 
incluse)

- h→γγ @ 120 GeV: aspettati 25 ev/fb-1

- h→WW→ll+MET @ 170 GeV: aspettati 20 ev/fb-1

 Fondi:

irriducibili: γγ

riducibili: γ-Jet, Jet-Jet

- handles: risoluzione in massa invariante, 
indentificazione fotoni, isolamento

Lo SM lo preferisce leggero (Mh<158 GeV) 

Richieste sperimentali:
- eccellente risoluzione in massa invariante

- ricostruzione precisa del vertice primario
- puntamento del fotone, ricostruzione conversioni

Possible scenario futuro: CMS con ~8 fb-1



h→γγ: risultati su i primi dati 2011
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Fondi stimati con tecniche 
data-driven

Ancora lontanti dallo SM 
con ~200 pb-1 ~8xσSM

Ma la sensibilità corrente è già superiore ai 
limiti di Tevatron per h→γγ

2011



Mettendo tutto insieme
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combinazione delle combinazioni 
presto disponibile ...
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SUSY Higgs: MSSM h/H/A→ττ

29

Sezione d’urto di produzione O(σZ) per alti valori di tanβ 
canale più sensibile: decadimento in tau: h→ττ→ lτhad3ν, buon BR,  basso fondo 

Fondi: Z→ττ, top, W+jets, Z→ll, QCD, multijets
Richieste sperimentali:

ricostruzione efficiente e pura di tau adronici (per discriminare il BG di QCD)
ricostruzione precisa della cinematica dell evento (per discriminare il BG da Z→ττ, e per 
ricostruire con precisione la massa dell’Higgs)

Settore di Higgs nel MSSM: 5 bosoni  h, H, A, H+, H-, governato da 2 parameteri MA, tanβ a livello  Born

CMS:
ricostruzione dettagliata del particle flow dei decadimenti 
adronici del tau
fit simultaneo a sezione d’urto Z→ττ e efficienza di 
indentificazione del tau per massimizzare la risoluzione
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MSSM h→ττ: Risultati
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Esclusioni nel piano (MA,tanβ)

iniziata l’esplorazione di nuove regioni rispetto al Tevatron ...

CMS



Conclusioni e Prospettive
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18M. Casarsa Higgs results form the Tevatron – PLHC 2011

Perspectives
 The date of the Tevatron Run II termination has been written on stone:

September 30, 2011.

 Expected ~10 fb
-1
 per experiment on tape. 

expected better

than 2.4 !  sensitivity 

up to 180 GeV/c2 

ATLAS/CMS: ~3 fb-1 2011, ~10 fb-1 fine 2012
CDF/D0: ~10 fb-1 fine 2011

se c’è non può scappare ...


