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Misure relative ai decadimenti rari dei mesoni B possono fornire indicazioni 
indirette di fisica oltre il Modello Standard  (MS). Il decadimento Bs→μ+μ−  è 

soppresso nel MS. Il BR atteso è dato da: Br(Bs μ+μ− ) = (3.2±0.2)*10-9   
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Higgs Mediated R-parity violating

Bs!""

Given the GIM mechanism (FCNC suppression), the Standard Model predicts a           

BR(BS!"") of about 3.8x10-9, while the best current limit was: 

D0 Run 2, BR(Bs!"")< 5.1x10-8 @95% CL. 

Enhancement wrt SM prediction <-> room for new physics BSM.  

mercoledì 3 novembre 2010
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Given the GIM mechanism (Flavor Changing Neutral Current  

suppression), the Standard Model predicts                                          

BR(BS!"") ~ 3.8x10-9

New Physics Beyond 
Standard Model contributions:
- Minimal Flavor Violating
- non-MFV

Friday, October 7, 2011

Processi di fisica oltre il MS possono 
implicare un aumento di tale BR!!
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Example of ET application:

BSM on the market
• MSSM with R-Parity violation (very hard to constrain):

• Susy with large tan! (BR grows ~ tan4! or grows ~ tan6!)

7

- Can proceed at tree level 
- occur through the exchange of a supersymmetric 

scalar particle in the s- or t-channel 
     - Couplings not constrained much otherwise
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Il decadimento raro Bs→μμ

Theory 

2011/12/19 A. Cerri - Bs to mu mu group approval 
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Indirect probe of new 
physics: 

!!Very small SM BR 

!!The parameter r has little 
QCD uncertainty 

!!New physics could be as 
large as 10x SM 

!!!flavor=2 well 
constrained 

!!Plenty of room still in 
!flavor=1 
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Several upper 
limits available 
on the market 

LHC is taking 
over from the 
tevatron 

..still no 
horizontal line 
in sight! 
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For simplicity, we choose to work on Bs!µµ only: no useful sensitivity anyway on its Bd dual Wednesday, December 21, 2011



BR Bs !µµ( )

Reminder: the analysis 

Jun 9th 2011 B meeting in P&P week 3 

!! BR relative to a reference channel, typically J/!K+ 

!! Factor many systematics: 

!! Efficiencies (~"Bs/"B+) 

!! Acceptances (~#Bs/#B+) 

!! Luminosity (~NBs/NB+) 

!! “PDG” numbers come however with significant uncertainty: 
~3.7% for BR and ~12.5% for fu/fs 

!! We have nothing public yet, beyond CSC notes! 

! 
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L efficiency

luminosity
acceptance

from MC DATA
measured elsewhere

Per la misura del  BR si utlizza la seguente relazione: 

•Utilizzo di un canale di riferimento -> sistematiche si cancellano nel rapporto 
•Studio e ripesaggio del MC
•Errore dominato da NBs e blocco rosa (≈10%) !

Strategia di analisi

Wednesday, December 21, 2011



๏ Riconoscimento di vertici secondari:   
Pseudo-proper-time Ir

Caratteristiche del segnale Bs→μμ e 
riduzione del background

α

μ
μ

p p
Lxy

๏Angolo α tra il vettore     e la direzione 

individuata da    
 
x

 

pB

 
x
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α

๏ Isolamento: Numero di tracce intorno alla 
direzione del mesone B

Selection Variables II 
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!! Two high quality isolated muons 
coming from the same vertex 

(pointing angle (!), invariant mass, 
chi2 of  vertexing...)    

!! Isolation (track-based, 
cone around B direction) 

!! Long-lived particle: 
Pseudo-proper-time"
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!! Isolation (track-based, 
cone around B direction) 

!! Long-lived particle: 
Pseudo-proper-time"
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Canale di riferimento: B+->J/Ψ(μμ)K+

from MC

Yields Stat. Sist.

7073 1.28% 2.2%
Dati 2011

B+ Yields 
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!! Two independent 
estimates: 
!! Binned maximum-

likelihood fits with 25 
MeV bins 

!! Unbinned maximum-
likelihood fit with event-
by-event resolution 

!! Fits separately performed 
for the three muon |!| 
ranges, mimicking the mass 
resolution selection of Bs 
mode 

!! Good agreement found 
between methods, within 
quoted systematics 

Controllo e ripesaggio del MC

- applicato al Generator-Level (B+) per 
correggere il bias che deriva dalla selezione 
iniziale sui μ che richiede pT>2.5 |η|>2.5 e 
sui parametri cinematici del K

- usando i dati relativi al decadimento B+→J/
ψk+ per corregere la cinematica del 
decadimento (principalmente pT ed η )

Data-MC comparison 
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!! After re-weighting we compare data and MC for B+ events for all 
the variables we use in input to the BDT plus: 
!! Pixel hit multiplicity, PV multiplicity 

!! B daughters pT and ! distributions 

!! Residual discrepancies are observed and will be accounted for in 
the systematics on the determination of the relative efficiencies and 
acceptances 
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• Analisi “blind” (viene esclusa dalle ntuple la regione in massa invariante 
compresa tra 5066-5666 MeV/c) e “cut based” per i dati del 2010, 
introduzione di metodi multivariati (TMVA, 14 variabili) nel 2011 (analisi cut-
based usata come controllo)

• Ottimizzazione effettuata su metà campione delle sidebands per non 
introdurre bias e condotta nel 2010 in uno spazio di variabli 4D  (Pointing 
Angle, Isolamento, PseudoPropertime, mass range) 

• Il criterio è dato dal massimizzare lo stimatore di Punzi (arXiv:physics/
0308063v2) dato da P=εsignal/(1+√Nbkg)

α cτ ISOL mass Eff bkg

max 0.03 0.364 0.79 ±0.105 0 6.2

Extrapolation vs luminosity 

2011/12/19 A. Cerri - Bs to mu mu group approval 

28 

!! Figure just 
for 
illustration 
of basic 
features 

!! Limits 
extracted 
with 
simplified 
techniques 
(Rolke, FC) Int. Lumi [pb-1] 

CDF 7 fb-1 

CMS 1.14 

fb-1 
LHCb 337 pb-1 

Rolke et al. 

Feldmann-Cousins 

Ottimizzazione della selezione
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Al termine della selezione si ottiene:

✓ Nobs      : Numero di eventi osservati nella regione di segnale
✓ Nbckobs: Numero di eventi di fondo attesi nelle sidebands
✓ ε = Efficienza = 1/Single Event Sensitivity (SES)
✓ Fattore di scala τ che consente il passaggio da i conteggi nelle sidebands al 
numero atteso di eventi di fondo nella regione di segnale.

Da questi elementi si estrae il CL sul BR utilizzando come test statistico il 
rapporto delle funzioni di verosimigliana L (likelihood ratio, ATLAS)

1D case 

2011/12/19 A. Cerri - Bs to mu mu group approval 
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!! Nobs: events in signal region 

!! Nobs(bck): events in even-numbered sidebands 

!! !: effective scale factor translating sideband counts in 
signal-region background count 

!! ": “efficiency” i.e. factor translating BR into number of 
events ("1/SES) 

!! "obs: measured efficiency, with uncertainty #
" 

!! !obs: estimated !, with uncertainty #
! 

 

λ(µ) = L(µ,
̂
ϑ )

L( µ,

θ )

Limiti sul BR (Bs→μμ)
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1D case, with Nobs=Nbck(obs) 
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!! Left: using Nbck(obs) from odd-numbered sideband events 
!! Median limit: 1.8E-8 

!! Right: using Nbck(obs) from even-numbered sideband events 
!! Median limit: 2.9E-8 

Analisi ultimata per il 2011 ed in fase 
di approvazione ATLAS.
Regione del segnale è pertanto 
ancora “blind”

Valore atteso per il CL@95% è
 2.4E-08 con 2.4 fb-1 dati 2011

I risultati più recenti pongono limite 
3.4 X MS 

 

CL nel caso Nobs = Nbck(obs)

5.3 Comparison with other experimental results 125

Experiment Integrated Luminosity (fb−1) Upper Limit at 95% CL
LHCb 0.337 1.5 × 10−8

CMS 1.14 1.9 × 10−8

CDF 7 4×10−8

Table 5.4: Upper Limits at 95% CL obtained on the Bs → µ+µ− branching ratios
by different experiments.

and the others just mentioned is the integrated luminosity used to extract
the result: in fact, the used statistic is ∼ 175 times higher in the case of
CDF, ∼25 in the case of CMS and ∼ 8.4 in the case of LHCb. Moreover,
even with the same integrated luminosity the comparison with LHCb would
be unfair since this experiment has been designed and optimized to study B
Physics.

Indeed, in order to provide a competitive limit, the ATLAS Collaboration
decided to optimize the analysis by using 2011 data rather then presenting
the result obtained with the baseline analysis.

Disregarding the final result, a qualitative comparison can be made on
the analysis strategies adopted by the other experiments.

As in this analysis, the “blind search” and the evaluation of the branch-
ing ratio by using a normalization sample, in order to cancel in the ratio
the systematic uncertainties, are used. In particular, both CMS and CDF
experiments use as reference channel B± → J/ψK± decay channel, while
thanks to its features LHCb can use in addition also the B0

s → J/ψφ and the
B0 → K+π− decays.

The main difference between the analysis described in this thesis and the
CMS one is that, in the second case, the sample has been split in two parts
according to the mass resolution that varies as function of the pseudorapid-
ity; then the two results are used to build a likelihood with the SM branching
ratio as a common constraint. As in this analysis, CMS adopts a cut and
count approach and optimizes the selection cuts in order to obtain the best
Upper Limit; in this optimization the signal efficiency is evaluated by using
Monte Carlo and validated by using as control sample the B0

s → J/ψφ de-
cay channel, while the non resonant background has been modeled by using
sidebands in data. From the paper is not clear if the same (full) sideband
sample has been used to both perform the cut optimization and background
interpolation thus possibly introducing a bias in the background determina-
tion (cfr. sec. 4.4.6). Although CMS reaches may achieve higher resolution
than ATLAS in resolving the di-muon invariant mass, we do expect to obtain
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ATLAS 2010 result limited by statistic! 

!! All other experiments use higher luminosity 

!! LHCb is special-purpose  

!! CMS use similar approach but possibly biased  (use same background 
sample for selection optimization & interpolation in signal region) 

 

!! CDF & LHCb use multi-variate analysis 
 

esperimento “dedicato”

Wednesday, December 21, 2011



Higgs@Atlas
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Sommario

Stato attuale delle analisi sulla ricerca del bosone di Higgs per 
l’esperimento ATLAS:

• H  → WW(*) → lνlν

• H→γγ

• H→ZZ(*)→4l

Contributo del gruppo di Napoli:

• H→ZZ(*)→4l

• H →ZZ(*)→llqq
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Higgs: Sezioni d’urto di produzione e Branching Ratio

GGF

VBF

Hstra

GGF 

VBF 

Hstra 

125-180  
WW(*)→lνlν 

300-600 
ZZ →llνν 

125-300  
ZZ(*)→ llll 

<130  
γγ 

sezioni d’urto calcolate al NNLO 
incertezze teoriche < 20%

Enormi progressi nella descrizione e predizione dei fondi
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Micro-sommario dello stato attuale della ricerca 
dell’Higgs in ATLAS

Basata su una selezione conservativa cut-based
Fondi grandi e talvolta non ben noti; stimati principalmente con 

metodi data-driven usando delle regioni di controllo prive di segnale
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H→WW(*)→lνlν (eνeν, μνμν, eνμν) 

Canale più sensibile tra ~125-180 GeV  (σ ~ 200 fb) 
caratterizzato dalla presenza di due neutrini:

2 Leptoni isolati di carica opposta e una grande energia 
mancante (ETmiss)  

Fondi principali: WW, top, Z+jets, W+jets
mll ≠ mZ, b-jet veto, …  
Tagli topologici per ridurre il fondo irriducibile WW: pTll, mll, Δϕll 
(piccolo per un Higgs scalare), mT (ll, ETmiss)

Aspetti cruciali: 
Comprensione dell’ETmiss (eventi “veri” e fake)
Eccellente comprensione del fondo nella regione del segnale 
mediante un’analisi data-driven in regioni di controllo prive di 
segnale

Z+jets ! ET
miss  is mix  

of fakes and real ν‘s 

top ! ET
miss 

from real ν‘s 

spettro di ETmiss per eventi con coppie μ+μ-

da ~ 50 GeV in poi spettro dominato 
dalla ETmiss da neutrini

Numero di jets dopo i tagli sui leptoni, mZ and ETmiss

Njets con pT > 25GeV

mH=150 GeV 
mH=130 GeV 

variabile finale: spettro di massa trasversa  

H→WW(*)→lνlν (eνeν, μνμν, eνμν) 
110 < mH < 300 GeV
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Vertical lines indicate 
points where selection 
changes 

Regione esclusa (95% CL): 145 < mH < 206 GeV
Regione attesa: 134 < mH < 200 GeV 

Limite osservato entro 2σ da quello atteso: 
deviazione massima 1.9 σ for mH ~ 130 GeV

Eventi osservati/attesi dopo tutti i tagli per la 
selezione  di mH =130 GeV 

Eventi osservati/attesi dopo tutti i tagli per la 
selezione  di mH =130 GeV 

Eventi osservati ei dati 94
10 ee, 42 eμ, 42μμ 

Fondo atteso 76 ±11

Segnale atteso per mH 
=130 GeV

19 ±4

Consistenza dei dati con le attese MC 

Expected from  
SM Higgs at  
given mH 

H→WW(*)→lνlν: Limiti su mH
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H→γγ
110 ≤ mH ≤ 150 GeV

Piccola sezione d’urto: σ ~ 40 fb
Stato finale semplice: 2 fotoni isolati con alto pT e ET (γ1, γ2) > 40, 25 GeV

Fondi principali: γγ continuum (irriducibile, ..)

Gli eventi sono divisi in 9 categorie basate sulla pseudorapidità del fotone, convertito/ non convertito, pTγγ 
perpendicolare all’asse γγ “thrust”

Attesi ~70 eventi di segnale dopo le selezioni per un Higgs con massa 125 GeV e per una luminosità di 4.9 fb-1

Attesi ~ 3000 eventi di fondo nella finestra di massa del segnale → S/B ~ 0.02

Aspetti cruciali: 
eccellente risoluzione in massa per γγ per poter osservare un picco di segnale molto stretto su un fondo 
irriducibile 
ottima separazione γ/jet per sopprimere il fondo da γj e jj con i π0 da jet ricostruiti come γ

Data 

!-strips 

ET~ 21 GeV 

ET~ 32 GeV 

γj + jj << γγ irriducibile (purezza ~ 70%)

Efficienza di 
indenticifazione dei 

fotoni 85±5% dal MC e 
confermata dai dati

(Z →ee, Z→ eeγ, μμγ)
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Regioni escluse (95% CL):
114 ≤ mH ≤ 115 GeV, 135 ≤ mH≤ 136 GeV

Consistenza dei dati con l’ipotesi di solo fondo

Deviazione massima dall’ipotesi di solo fondo oservata 
per mH~126 GeV:

✦ valore p0 locale: 0.27% o 2.8σ
✦ atteso per un Higgs SM: ~ 1.4σ locale
✦ valore p0 globale: incluede la probabilità di avere 

questo eccesso altrove nel range di massa investigato 
110-150 GeV (“Look-Elsewhere-Effect”): ~7% (1.5σ)

Eventi con 100 < mγγ < 160 GeV osservati: 22489
Efficienza di segnale attesa: ~ 35% per mH=125 GeV H→γγ: limiti su mH

Spettro mγγ 
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The golden channel: 
H->ZZ(*)->4l (4e, 4μ, 2e2μ) 

Sezione d’urto: σ ~ 2-5 fb
Chiara segnatura:

la massa può essere completamente ricostruita ➙ gli eventi si distribuiscono in un picco stretto
S/B ~ 1

Selezione: 4 leptoni con pT1,2,3,4 > 20,20,7,7 GeV; m12 = mZ ± 15 GeV; m34 > 15-60 GeV (a seconda della 
massa dell’Higgs)

Fondi principali:
ZZ(*) (irreducible)
mH < 2mZ : Zbb, Z+jets, tt con due leptoni da b/q-jets ➙ Suppressi con tagli di isolamento e parametro 
d’impatto sui due leptoni con pT minore. 

Accettanza x Efficienza per il segnale: ~ 15 % for mH~125 GeV

Aspetti cruciali: 
Leptoni: Alta efficienza di identificazione e ricostruzione dei leptoni fino a bassi pT e buona 
risoluzione in energia/momento
Fondo: buon controllo dei fondi riducibili (Zbb, Z+jets, tt) nelle regioni di bassa massa:

non ci si può fidare del solo MC (incertezze teoriche, modelli per b/q-jet → l, ...)
necessaio il confronto del MC mediante i dati in regioni di controllo ricche di fondo

In questa fase sono stati usati tagli stringenti ma conservativi sul pT e sulla massa dei due dileptoni.

100 ≤ mH ≤ 600 GeV
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Performance per e/μ: aspetti rilevanti per i 4 l

Systematic uncertainty: 
6%    (pT~7 GeV)   
< 2 % (pT~50 GeV)  

H! 4e mass resolution: 2.5 GeV 

Event fraction in ±2!: ~ 82% 

Improving Z!!! mass resolution 

MC (perfect): 2.31±.01 GeV 
Data Spring 2011  : 2.89±.01  GeV 
Data Summer 2011: 2.45±.01  GeV 

H! 4 �  mass  

resolution: ~2 GeV 

Event fraction  

in ±2 � : ~ 85% 

e

μ

Wednesday, December 21, 2011



CaloMuons per H→ZZ→4l 

CaloMuons: Ricostruzione dei muoni 
“complementare” rispetto alla ricostruzione 
standard in Atlas

Possibilità di recuperare accettanza nella 
regione |η|<0.2 non sufficientemente 
coperta dallo spettrometro muonico

Aumento accetanza atteso ≈ 5%

Muoni da decadimenti secondari di π/k 
possono rappresen ta re un fondo 
aggiuntivo non trascurabile!!  
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After all selections: kinematic cuts, isolation, impact parameter  

In the region mH < 141 GeV (not already excluded at 95% C.L.) 3 events are observed:  
two 2e2µ events (m=123.6 GeV, m=124.3 GeV) and one 4µ event (m=124.6 GeV) 

In the region 117< m4l <128 GeV  
(containing ~90% of a mH=125 GeV signal): 
!! similar contributions expected from signal and  
     background: ~ 1.5 events each  
!! S/B ~ 2 (4µ ), ~ 1 (2e2µ), ~ 0.3 (4e) 
!! Background dominated by ZZ* (4! and 2e2!),  
     ZZ* and Z+jets (4e) 

Main systematic uncertainties 

Higgs cross-section       : ~ 15% 
Electron efficiency        : ~ 2-8% 
ZZ* background             : ~ 15% 
Zbb, +jets backgrounds : ~ 40% 

Full mass range 
Observed: 71 events: 24 4! + 30 2e2! + 17 4e 
Expected from background: 62±9 

m(4l) < 180 GeV  
Observed: 8 events: 3 4! + 3 2e2! + 2 4e 
Expected from background: 9.3±1.5 
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H->ZZ(*)->4l: limiti su mH

From fit of signal and background expectations to 4l mass spectrum

Excluded (95% CL):  135 < mH < 156 GeV
                                   181 < mH < 415 GeV 

                                     (except 234-255 GeV) 

Expected (95% CL): 137 < mH < 158 GeV
                                   185 < mH < 400 GeV 

Maximum deviations from background-only expectations 

mH (GeV)    Local (global) p0  Local significance   Expected from SM Higgs  
                  
125               1.8% (~50%)            2.1 σ                    1.4σ  
244              1.1%  (~50%)            2.3 !                    3.2σ   
500              1.4% (~50%)            2.2 !                     1.5σ     

Excluded at  
95% C.L. by   
ATLAS+CMS  
combination 
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Figure 11: The distribtuion of the invariant mass of the !! j j system in the tagged sample for (a) the low

mass search with mH = 200 GeV and for the high mass search with (b) mH = 400 GeV and (c) mH =

600 GeV.
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(c)

Figure 10: The distribtuion of the invariant mass of the !! j j system in the untagged sample for (a) the

low mass search with mH = 200 GeV and for the high mass search with (b) mH = 400 GeV and (c) mH =

600 GeV. The signal has been scaled by a factor of 10 to improve visual clarity.

9

Variabile 
discriminate :

lljj invariant mass
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H→ZZ→qqll : Gluon/quark tagging
!"#$%&'()*'+,-".(%

High-mass only 

Fondo dominate è dato dal processo: Z+jets

Segnale caratterizzato da jets originati dal 
processo di adronizzazione di quarks 
provenienti dal decadimento Z

I processi di fondo Z+jets hanno contributo 
rilevante da hard-jets originati da gluone

Defining a qg Tagger Input Variables

1D Comparisons

• Good separation of Ntrk and track width between quarks and gluons

• Anti-kt R = 0.4 results consistent

M. Swiatlowski (SLAC) q/g and g → bb Discrimination 1 December, 2011 8 / 40

Defining a qg Tagger Results

Tagger Results

Likelihood Response
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Likelihood Response 120-130 GeV

• Encouraging tagger performance with just two track based variables
• Worse results at lower pT , less separation in variables
• N.B.: likelihood distribution here from alternate TMVA output

M. Swiatlowski (SLAC) q/g and g → bb Discrimination 1 December, 2011 10 / 40

Individuate 2 variabili 
discriminanti:

Ntrack ed Ampiezza del jet

Metodo statistico basato 
su Likelihhod ratio

Gluoni

quark leggeri
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Dielectron invariant mass
Loose sample + Z's + others bkgs

Template

Loose 
sample (QCD 

shape)
Data

The QCD Template is obtained using the standard 
electron triggers into the analysis with LOOSE quality.

The method has been applied on the 
invariant mass distribution for inclusive 

dielectron events. As a consistency 
check it has also been applied to events 
that passed the requirement of ≥2 jets.

TFractionFitter Tool

Red: QCD template after 
Normalization
Blue: MC Bkgs
Green: Total MC Bkgs + QCD
Black: Data

Data / Total MC Bkgs + QCD
Data / QCD template after Normalization

Dielectron invariant mass

The TFractionFitterTool has 
been used to estimate the 

normalization factor for the 
QCD template
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Tutti i canali 
insieme..

H!!!, H! ""  
H! WW(*)! l#l# 
H! ZZ(*) ! 4l, H! ZZ ! ll## 
H! ZZ ! llqq, H! WW!l#qq 
W/ZH! lbb+X non incluso 

Compatibility of the observation with the  
expected strength of a SM Higgs signal  

Local p0-value: 1.9 10-4   
!! local significance of the excess: 3.6!  
~ 2.8! H! "", 2.1! H! 4l, 1.4! H! l#l# 
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ATLAS + CMS: Dicembre 2011 (unofficial)

http://blog.vixra.org/
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4μ candidate with m4μ= 124.6 GeV 

pT (µ-, µ+, µ+, µ-)= 61.2, 33.1, 17.8, 11.6 GeV 
m12= 89.7 GeV, m34= 24.6 GeV 
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