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Fig. 1. Diagrams for the p decay of the 
~1~ and a free heavy quark Q. 

the masses of the quarks involved, as well as on the dynamics of the specific decay 
under study. Precise measurements of the decay rates of heavy flavour mesons 
and baryons, combined with a detailed study of their branching ratios and decay 
spectra, can serve as a test of particular models, help to determine the elements 
of the quark mixing matrix V,Q, and help in the formulation of theoretical models 
of weak decay. 

In this article, lifetime measurements for the charm mesons, Do, D+, and Dz, 
the charm baryons AZ, Ez, and fIf, and beauty hadrons, presumably B” and B- 
mesons, are reviewed. The report begins with a brief overview of the experimental 
techniques. The discussion of the theoretical implications of these measurements 
will be rather brief, and will assume that the reader is familiar with the articles 
on charm and beauty physics presented in this volume.12’s1 

2. Experimental Techniques 

From the’ point of view of an experimentalist, lifetime measurements are at- 
tractive because they represent a major challenge to the design and operation of 
detectors and to the data analysis. The principal difficulties experimentalists face 
in the detection of heavy flavour decays are their small production rates in hadron 
and photon interactions, and their short decay lengths. 

Signatures for heavy flavour particles can be derived from their relatively high 
mass and the weak nature of their decay. Masses of 2 GeV/c2 and above give rise 
to large transverse momenta of the decay secondaries, but small branching ratios 
for any particular decay mode. The weak coupling causes the emission of leptons 
(e l , ,&, r*, and neutrinos) and strange particles due to Cabibbo enhancement. 
Thus an experiment with good sensitivity requires a large-acceptance spectrometer 
with excellent momentum resolution and good particle identification, preferentially 
both for hadrons and leptons, and a vertex detector with superb resolution and 
granularity. Furthermore, measurements of large numbers of charm and beauty 
decays are not possible without selective and efficient triggers, or at least the 
possibility of a fast off-line filter of events. 

2 

Lifetimes of Charm Mesons: The Physics Case  
★  EPS 1979.  Conversi  

“Until recently rather conflicting results have been reported concerning the 
lifetime τc of charmed particles… no conclusive answer could be given to the 
fundamental question of whether or not the decay rate of charmed hadrons is 
governed basically by the Fermi weak constant as expected.”   

i) 

“ The theoretical prediction is that charged particles all have lifetimes of the same 
order of magnitude, essentially determined by the rate of the charmed quark β 
decay. Including first order gluon effects and correction for the finite mass of the 
c-quark the value of τc = 5 × 10-13 s has recently been reported ( N. Cabibbo, G. 
Corbo’ and L. Maiani ). 

ii) 
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From A. Bettini, 2004 

The Breakthrough: LEBC        

At CERN H. Leutz and his 
group had the IDEA 
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of track and vertex fitting methods, the background subtraction, and the beam 
position. The lifetime ratios are 

. T(D+)/T(D’) = 2.3 f 0.5 and T(DT)/T(D’) = 0.9 f 0.5. 

2.5 Summary on Charm Particle Lifetimes 
An enormous effort has gone into the measurement of charm particle lifetimes, 

in both fixed target and e+e- experiments. A compilation of the presently available 
results is given in Tables III and IV. 

Table III: Measurements of Lifetimes of Charmed Mesons 

D+ DO DZ 
periment Ref. Decays q10-13 8) Decays q10-13 8) Decays T(10-13 s) 

E-531 9 23 ll.lf$; 58 4.3+;&$; 6 2.6&;:; 

WA-58 10 27 5.0+@.9 44 3.6#+0.7 

’ SHF 11 48 8.61kl:3f;:; 50 6.1f0.9f0.3 

NA-16 12 15 8.4&f; 16 4.1g:; 

NA-18 13 7 6.3f;‘;f1.5 9 4.lf14’$0.5 

NA-27 14 149 11.2i;:: 145 4.6&; 

NA- 1 25,26 98 9.5&f:; 51 3.4f@ 

NA-14 28 173 4.4350.37 

NA-11 30 28 10.6f;‘;f1.6 26 3.7f;‘;f0.5 9 3.2%;:; 

31 69 11.2ff;f0.8 

NA-32 32,33 59 10.9& 92 4.2f0.5 12 3.4&g 

WA-32+ 33 16 4.5zk;:y 

E691 37 4212 10.9fO.5fO.25 2992 4.22f0.08t0.10 228 4.7f0.4rt0.2 

)ELCO 44 4.6f1.5+,7 

MKII 45 16 8.9f;$f1.3 66 4.7~~‘~~0.5 

bfKII+ 46 53 4.4f:‘;fO.6 

HRS 47,48 114 8.1zt1.2f1.6 53 4.2f0.9f0.6 13 3.5f;‘;f0.9 

I’ASSO 49,50 48 4.8~k’*~f~‘~ 0.9 0.7 9 5.7*;.;&0.9 

CLEO 51 247 11.4f1.6f0.7 317 5.0f0.7f0.4 87 4.6zt2.2ztO.5 

1RGUS 52 363 10.5fO.8fO.7 776 4.8f0.4f0.3 114 5.6ff;f0.8 
_ -_ 

Total 5475 1 10.69f;:;; 1 4969 4.33f 0.10 494 1 4.57f$$i 

In an attempt to combine the available information, averages and combined 
errors have been calculated. All individual results, whether final or preliminary, 
have been weighted by the inverse square of the fractional error, a recipe that in 
the limit of perfect resolution and negligible acceptance corrections corresponds to 

28 

NA16 Main results 

Decays of charmed particles had been described in the c quark 
spectator model. Comparison with µ decay had lead to an universal 
lifetime for all charmed particles of  ≈ 7×10-13s. 
But we found that the lifetimes of charmed mesons are different 

è 

è 
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Tevatron

Main Injector

ii) Tevatron as Charm Factory 
Why do we need to trigger  on 
Charm and Beauty at CDF 

σb-bbar     ≅  10-3 σtot ≅ 100µb 
The challenges were: innovative 
concepts that permitted the 
reconstruction of tracks produced in 
hadron collisions with sufficient 
speed and accuracy for use at trigger 
level to detect heavy-flavour decays 

The Trigger goals were: 
1) the pattern recostruction time: 
order of 20 µs; 
2) the precision on the impact-
parameter: order of a few tens of 
µm. 
 

In 1998: 
L.Zanello, 
S.Giagu, M. 
Rescigno and 
I, joined CDF  

Use of VLSI technology makes it possible 
to integrate thousands elements on a small 
silicon chip and implement pattern 
recognition as a massive parallel algorithm. 
These ideas led to the invention of a 
special VLSI system:  
The Associative Memory Device 
( Dell’Orso M.,LUCIANO RISTORI Nucl. 
Instrum. Methods A 278:436 ( 1989 ).  
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from the
“CDF Technical Design Report”

1981

1981: Aldo Menzione comes 
forward with the first 

conceptual design of a 
silicon vertex detector for a 

collider experiment

Silicon Vertex Detector for a Hadronic collider 

Awarded a Panofsky Price 
2009 

L. Ristori 2009 
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Tracking in 2 stepsTracking in 2 steps

Roads
1. Find low resolution

track candidates

called “roads”.

Solve most of the

pattern recognition Super Bin  (SB) ~ 300µm

2. Then fit tracks

inside roads.

Thanks to 1st step

it is much easier

Linearized Track Fitting

Pattern matching

Luciano Ristori 
Panofsky Prize 2009 

The Silicon Vertex Trigger (SVT) was designed and built by CDF between 
1990 and 2000.The SVT has been operating without interruption since 
2000, and it has allowed CDF to perform important measurements that 
would otherwise have been impossible. 
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The quality of this measuremet is essentially determined by 
the hadronic decay selected by the SVT trigger  

The SVT has also provided CDF with the world’s largest sample 
of D0 mesons, paving the way to precision measurements of D0 
oscillations and direct CP violation .This could open the way to 
New Physics.   
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 The present: LHCb   

 The future:  
    SuperB  
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   The Z0 Lineshape  

Back to 1989 at LEP 
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This work paved the way for 
the Combined Electroweak  
analysis 
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Moriond 1990 
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SM Higgs Sector - Mass Constraints

• Triviality → upper bound

Vacuum stability → lower bound

Cabibbo,...;Sher;
Lindner;Hasenfratz,...;
Lüscher, Weisz;
Hambye,...;...

Hambye,Riesselmann

Λ = 1 TeV : 55 GeV <∼ MH <∼ 700 GeV

ΛGUT = 1016 GeV: 130 GeV <∼ MH <∼ 190 GeV

• Fits to electroweak precision data LEP Coll.
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    Higgs Mass Constraints from  Experiments 
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Giugno 2009 Carlo Dionisi FNSN II 
A.A. 2008-2009

34    "LUCIANO's HARDEST CHOICE"  

Fall 2000 



Page	  16	  	  

Content	  



Page	  17	  	  

Content	  

At 8h00 a.m., November 2nd 2000, The LEP collider was 
shut down forever. 

 Epilogue: Committee of Council, Nov. 17 2000 

....The Committee of Council supports the Director 
General Luciano Maiani in pursuing the existing CERN 
programme, (which foresees the decommissioning of the 
LEP accelerator at the end of the year 2000). 

Since then in the Luciano 
office, I noticed (subliminal) 
a strange suitcase…….. 
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   The Tevatron “Baton”  

 The Higgs Relay Race  

CDF     
  + 
 D0 

ATLAS   
    +   
  CMS 
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 With ≈ 8.5 fb-1 each, CDF and D0   
 together exclude the 100–109 and  
 156-177 GeV mass range.      
    Tevatron running to END  
    on September 30 
      
   ≈ 10 fb-1 available for analysis for both  
   experiments at the end of data taking 
      
   Final results from the Tevatron expected  
   by ICHEP 2012 
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The Large Hadron Collider is launched 
 
The machine and its Experiments are 
performing beyond expectations. 
 
The ground is prepared for major 
discoveries 
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2. The Higgs at hadron colliders

⇒ an extremely challenging task!
• Huge cross sections for QCD processes
• Small cross sections for EW Higgs signal
S/B >∼ 1010 ⇒ a needle in a haystack!

• Need some strong selection criteria:
– trigger: get rid of uninteresting events...
– select clean channels: H→γγ,VV→"
– use specific kinematic features of Higgs
• Combine # decay/production channels
(and eventually several experiments...)
• Have a precise knowledge of S and B rates
(higher orders can be factor of 2! see later)
• Gigantic experimental + theoretical efforts
(more than 30 years of very hard work!)
For a flavor of how it is complicated from the
theory side: a look at the gg → H case
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w Huge cross section for QCD   
      processes 

w S/B ≈ 10-10 è a needle in a  
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SM Higgs Decay Modes Vs Mass 
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SM = 7TeVs

"l = e, 
,",e = 

q = udscb
bb# lWH 

bb-l+ lZH 

-+ VBF H 

-+ H 

qq# lWW 

-l+ lWW 

qq-l+ lZZ 
-l+ lZZ 

-l+l-l+ lZZ 

Mode Mass Range Data Used (fb-1) CMS Document 
H ! !! 110-150 1.7 HIG-11-021 

H ! bb  110-135 1.1 HIG-11-012 (NEW) 

H ! "" 110-140 1.1 HIG-11-009 

H !WW !2l 2# 110-600 1.5 HIG-11-014 

H ! ZZ !4l 110-600 1.7 HIG-11-015 

H ! ZZ !2l2" 180-600 1.1 HIG-11-013 (NEW) 

H ! ZZ !2l2j 226-600 1.6 HIG-11-017 

H ! ZZ !2l2# 250-600 1.5 HIG-11-016 

The Higgs Search at LHC 

w Production rate of the Higgs 
as well as its decay possibilities 
(“Signatures”), depend on its 
mass 
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Content	     Cross Sections of SM Background processes 

4 

Cross Sections for Key SM Background Processes 

W + jets

Z + jets
 Z! !+!"

 W ! !"

tt

tt

t + X

t + X
(s-chan)

(t-chan)

tW W +W !

WZ
ZZ

165 pb NNLO

43 pb

18 pb
5.9 pb

28000 pb NLO

2800 pb NLO

63 pb NLO

10.6 pb

4.6 pb

! (pb) s = 7 TeV
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Content	         LHC Higgs Mass Limits 
! !"#$%&'()"*%+',-./0!'*',!',+"%,"#$%&'()(*"",&.(".,+01.##0
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Daniele del Re H!γγ with CMS 

ELECTROMAGNETIC CALORIMETER (ECAL)

3

76K PbWO4 crystals
organized in barrel (|!|<1.48)    

and endcap (1.48<|!|<3.) sectors 

ATLAS and CMS together 
exclude the 140–460 GeV mass 
range ( there are still islands 
around 300 GeV…). 



Page	  24	  	  

Content	       Higgs Stability 

Are we heading into region where Higgs demands New 
Physics ?  
                 We will know very soon !!  

Pretty tight 
stable region,  
isn’t it ?! 

N. Cabibbo, L. Maiani, 
 G. Parisi and R.Petronzio, 
Nucl. Phys. B 158 ( 1979 ) 295 
Sher; Lindner; Hasenfrantz; 
Hambey, Riesselmann…...	 
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Content	  v Η è γγ:  
a suitable “case for treatment” 

The lower the mass the harder it is 
at LHC  ! 

! !"#$%&'()"*%+',-./0!'*',!',+"%,"#$%&'()(*"",&.(".,+01.##0
('#%/2-%,

!"'3$'//',+"&+,-(,./*0+"(-"'10$()#+./0$./%("1'+'(04567890*++#+#

! !'#":,0','(:)0('#%/2-%,"(-"1234"5;<=>0?%(054@90AB;;C'D06-(,"
7*0(*8+,)+#"9"$*":/,,+;<

! 0,$=0/;"$>>7+>?""

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

00000(.!".-%,0!.1.:'0

"""""7>+"(-";/>+,".(*$)(,$*@

!0%,E#"+'0','(:)0$./"F(.-%,0

"""""7>+"(-"A!"99!"#"$%"#$"B"+&+'

Daniele del Re H!γγ with CMS 
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3
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Daniele del Re H!γγ with CMS 

ELECTROMAGNETIC CALORIMETER (ECAL)

3

76K PbWO4 crystals
organized in barrel (|!|<1.48)    

and endcap (1.48<|!|<3.) sectors 
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Content	  
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Relevance of the γγ Channel 

− Dominant Channel in the very low mass 
range (110-125 GeV) where the SM Higgs is 
prefered 
− We expect to see a Mass Peak ! 

Some years from 
now…… 
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Content	  

• Higgs search in diphoton channel motivated by preference for

low-mass Standard Model Higgs

• Despite comparatively low branching ratio, an important

channel in mass window [100,150] GeV

• Clean signal reconstruction

• Backgrounds from limited sources and fairly well understood

Introduction

Signal:

Irreducible BG: prompt diphoton (+jets).

Born, box or fragmentation processes

Reducible backgrounds: !j, dijet (jj)

Drell-Yan BG also contributes (misidentified e)

Rozmin Daya Higgs Hunting -- Orsay -- Young Scientist Forum -- 07/29/2011 Slide 2

Signal VS Backgrounds 

σ = 0.04 pb 

qqbar, qg, σ ≈ 21 pb 
gg              σ ≈  8 pb 
 

γ-jet      σ ≈ 1.8×105 pb 
 jet-jet   σ ≈ 4.8×108 pb 

H!!! 
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Content	  

H èγγ mass reconstruction: the discovery 
potential depend on the di-photon invariant 
mass resolution: 

 Experimental Issues 
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Daniele del Re H!γγ with CMS 

ELECTROMAGNETIC CALORIMETER (ECAL)

3

76K PbWO4 crystals
organized in barrel (|!|<1.48)    

and endcap (1.48<|!|<3.) sectors 

π0 – γ rejection 
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Daniele del Re H!γγ with CMS 

ELECTROMAGNETIC CALORIMETER (ECAL)

3

76K PbWO4 crystals
organized in barrel (|!|<1.48)    

and endcap (1.48<|!|<3.) sectors 

Photon reconstruction  
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Daniele del Re H!γγ with CMS 

ELECTROMAGNETIC CALORIMETER (ECAL)

3

76K PbWO4 crystals
organized in barrel (|!|<1.48)    

and endcap (1.48<|!|<3.) sectors 

Vertex reconstruction  
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Daniele del Re H!γγ with CMS 

ELECTROMAGNETIC CALORIMETER (ECAL)

3

76K PbWO4 crystals
organized in barrel (|!|<1.48)    

and endcap (1.48<|!|<3.) sectors 

Pile Up condition 
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Daniele del Re H!γγ with CMS 

ELECTROMAGNETIC CALORIMETER (ECAL)

3

76K PbWO4 crystals
organized in barrel (|!|<1.48)    

and endcap (1.48<|!|<3.) sectors 

Energy resolution via calibration 
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Content	  Hèγγ mass reconstruction 

Dove possiamo arrivare: golden channel h→!!

15

h→!!  mh = 114 GeV
esclusione 95% CL

risultati LP scalati con 1/"L
si trascurano miglioramenti nelle analisi
si trascura il possibile peggioramento 
dovuto al pileup
stessi risultati per ATLAS e CMS
esclusione combinta con ~8 fb-1, 
singolo esperimento con ~14 fb-1 

miglioramenti possibili: 
 - calibrazione scala energia (Z→ee): nuove calibrazioni e migliore descrizione del detetctor
 - ricostruzione vertice primario con alto pileup (puntamento, recoil tracks, conversioni)

il caso più complicato

#

Dove possiamo arrivare: golden channel h→!!

15

h→!!  mh = 114 GeV
esclusione 95% CL

risultati LP scalati con 1/"L
si trascurano miglioramenti nelle analisi
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stessi risultati per ATLAS e CMS
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 - calibrazione scala energia (Z→ee): nuove calibrazioni e migliore descrizione del detetctor
 - ricostruzione vertice primario con alto pileup (puntamento, recoil tracks, conversioni)

il caso più complicato

#

θ 

•! Energy resolution contribution !p " 1.3 GeV 
–! Energy scale calibration from Z!e+e# 

•! Interaction point spread: $(z) " 5.6 cm ! !m (%) " 
1.4 GeV 

•! Resolution with pointing: $(z) " 1.5 cm; 
–! Use of recoil tracks less effective with large number of 

pile-up collisions 

•! Use conversion tracks as well 

H!&& – mass reconstruction 
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ATLAS 

� Energy resolution contribution δp ≈ 1.3 GeV 
 － energy scale calibration from Z è e+e- 

� Interaction point spread: 
 － σ(z) ≈ 5.6 cm è δm(θ) ≈ 1.4 GeV 

� Resolution with pointing: σ(z) ≈ 1.5 cm; 
 －  Use of recoil tracks less effective with large  
        number of pile-up collisions 

� Use conversion tracks as well 
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Content	   Pile Up Event 
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ATLAS Data Taking in 2011 
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ATLAS Data Taking in 2011 

Pile-up challenge: 
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Luminosity-weighted distribution of the 

mean number of interactions per 

crossing for 2011.  
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Relative fraction of good quality data 

delivery by the various ATLAS 

subsystems: between 90 and 100% 

F'&'!&';+(G!1HE+1(E<3!=!IJK!

 èAt 5 × e33 two possible scenarios:     i)  <µ> ≈ 21 
                                                                    ii)  <µ> ≈ 11   
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•! Measure the SM background using control 
samples 
–! analyze photon isolation and identification 

criteria (loose-tight) to extract the !!, !j, and jj 
components 

•! Perform the analysis of the data classifying 
the events in 5 categories  
–! these are based on the direction of the photons 

in " and on whether they are converted-
unconverted 

H!!! – results 

•! Fit the data in each category with an 
exponential falling distribution plus a 
crystal-ball function to describe the 
signal 

•! No indication of a significant excess is 
found 

•! " limits on SM Higgs production 
cross-section are set   

!"##$%$&'(('##$ #)$*+$,-./01$2-33.$.4/5674.$-8$*9!*:$

!"#!$%

!"#$%&''$()*+,-.* /012))34$#56789:;$ $%<

!"!#!"!

!"#$%&$"'()$**(*+,-'%$(*&)&.$%
/,$.(00(,#,"'*(12)&"$"'(32%(42'5(,6+,%&),"'*

7&'('2('5&*(*+,-'%8)9(.22:&";(32%(*5$%+(+,$:
<2'5(1&#&1,(,#,"'*(&"'2(=8$.&'>(-$',;2%&,*

 Hèγγ: results 

no indication of a 
significant excess is found  
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!"#$%&'"##()*%&+#,-./0,(%,+%)+1%2"**%3.*&+4(-$
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8)0+#%90*.+#:%;<=:%4(&,+-%/+*+#%"**+&.",(3

56>>
8)0+#%90*.+#

56??
8)0+#%90*.+#:%;<=

56@@
;<=

56//
;(&,+-%/+*+#A,+B%"**+&.",(3

C'(*(%*'+0)3%/(%"&&(**./)(%D9".-)$E%*++#%"9,(-%3.*&+4(-$
F'(&G.#H%,'(%5.HH*%B-+B(-,.(*%1.))%/(%B+**./)(
*B.#:%B"-.,$:%<-IIII

Many channels contribute to low mass discovery 

Hèγγ  
         - resolution is the key work area for both  
            experiments 
         - Pile Up could be a serious Issue 

HèZZ; HèWW  
                    Gluon fusion 

Hèττ          
          Gluon fusion 

Hèbb         
           VBF 

!"#$%%&'()*+,-./0(12

!"#$%#&&#'$(#)*

!"#$%&'"##()*%&+#,-./0,(%,+%)+1%2"**%3.*&+4(-$
5677
8)0+#%90*.+#:%;<=:%4(&,+-%/+*+#%"**+&.",(3

56>>
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8)0+#%90*.+#:%;<=

56@@
;<=

56//
;(&,+-%/+*+#A,+B%"**+&.",(3

C'(*(%*'+0)3%/(%"&&(**./)(%D9".-)$E%*++#%"9,(-%3.*&+4(-$
F'(&G.#H%,'(%5.HH*%B-+B(-,.(*%1.))%/(%B+**./)(
*B.#:%B"-.,$:%<-IIII

 8-9 fb-1/per Exp for SM exclusion             
 ≈ 15 fb-1/per Exp for 3.5 σ discovery             

My educated guess from ATLAS 
simulations at √s = 7 TeV 
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 Scenario Envisaged 

 Where is Higgs hiding ? 

Year	   Luminosity	  
	  	  	  	  	  (	  0-‐1)	  

Total	  
(0-‐1)	  

Beam	  Energy	  
	  	  	  	  	  	  	  (TeV)	  

	  2011	   	  	  	  	  	  	  4-‐5	   	  	  4-‐5	   	  	  	  	  	  	  	  3.5	  
	  2012	   	  	  	  	  	  	  	  10	   	  	  	  15	   	  	  	  	  	  	  3.5/4	  
	  2013	   	  	  	  	  	  	  	  	  0	   	  	  	  15	   	  	  	  	  	  	  	  -‐-‐-‐-‐	  
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    Thus, there is strong evidence that: 
             either 
                         the Higgs Boson is light, consistent with precision     
                         electroweak predictions, and with theoretical      
                         prejudice 
              or, 
                         ………….? 
 

As a result of the work done at LEP, Tevatron and LHC, 
the window for the Standard model Higgs is becoming 
very narrow. 
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The luminosity from 2011+2012 runs, will allow  
exploration up to the TeV scale, thus giving a  
better picture of the way ahead. 
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   Summary 
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Content	  Today 22nd of september 2011 
in the Luciano office…after 11 
years 

Luciano was right:The mysterious suitcase will stay 
there forever ! (no longer subliminal !) 



Page	  36	  	  

Content	  ATLAS and CMS at Work 
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May be we are almost done….. 
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45 

Beyond the SM Higgs 
If no Higgs then what?

Anna Kamińska

with A.Falkowski, C.Grojean, S.Pokorski, A.Weiler

Institute of Theoretical Physics

This research project has been supported by a Marie Curie Early Initial Training Network Fellowship of the

European Community’s Seventh Framework Programme under contract number

(PITN-GA-2008-237920-UNILHC)

”Higgs Hunting”, 29.07.11

Anna Kamińska If no Higgs then what?
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Content	  And now which way  
Do we go ? 
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Content	  A Very Good News        

Luciano will help us to 
figure out the way to go !  

Tanti Carissimi Auguri 
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Figure 4: The reconstructed D0 decay modes. It can be seen that the reflections are well separated. In order to
determine the flavor of the D0-mesons, they are reconstructed from D∗ decays.

7 Search for the FCNC Decay D0 → µ+µ−

A search for the flavor changing neutral current (FCNC) decay D0 → µ+µ− has been conducted
at CDF based on 69pb−1 of data. This branching ratio is O(10−13) in the standard model,
but can be enhanced up to B(D0 → µ+µ−) ∼ 3.5 × 10−6 in R-parity violating SUSY models.
No signal is observed with 1.7 background events expected. Using the data sample from the
secondary vertex trigger provides a well measured normalization mode D0 → π+π−. After
correcting for relative acceptance an upper limit of:

B(D0 → µ+µ−) ≤ 2.4 × 10−6at 90%CL

is found. This measurement improves the current world best limit 7 of 4.1 × 10−6.

8 Conclusion

A variety of competitive measurements have been performed, establishing that the experiments
at the Tevatron are back online for physics. The ability to trigger on displaced vertices opens
new and exciting possibilities for charm physics at hadron colliders.

Acknowledgments

We would like to acknowledge the work of all the CDF and D∅ collaborators that made these
results possible. Thanks to the conference organizers for a very enjoyable and fruitful meeting.

References

1. D∅ Collaboration, FERMILAB-Pub96/357-E
CDF II Collaboration, FERMILAB-Pub96/390-E (1996)

2. W. Ashmanskas et al, Nucl. Instrum. Methods A447, 218 (2000)
3. Priv. comm. by Cacciari and Nason, using M. Cacciari, M. Greco and P. Nason, JHEP

9805, 007 (1998) and M. Cacciari and P. Nason, Phys. Rev. Lett. 89, 122003 (2002)
4. CDF II Collaboration, Measurement of the Mass Difference m(D+

s ) − m(D+) at CDF II,
FERMILAB-Pub03/048-E (2003), submitted to PRD.

5. FOCUS Collaboration, Phys. Lett. B 555, 167-173 (2003)., preprint: hep-ex/0212058
6. CLEOII Collaboration, Phys. Rev. D 65, 092001 (2002), preprint: hep-ex/0111024.
7. BEATRICE Collaboration, Phys. Lett. B 408, 469 (1997).

E771 Collaboration, Phys. Rev. Lett. 77, 2380-2383 (1996).

Thanks to Federica Fruhwirth for the nice drawings 
 
Thanks to Alessandro De Salvo for the support 

! !"#$%&'()"*%+',-./0!'*',!',+"%,"#$%&'()(*"",&.(".,+01.##0
('#%/2-%,

!"'3$'//',+"&+,-(,./*0+"(-"'10$()#+./0$./%("1'+'(04567890*++#+#

! !'#":,0','(:)0('#%/2-%,"(-"1234"5;<=>0?%(054@90AB;;C'D06-(,"
7*0(*8+,)+#"9"$*":/,,+;<

! 0,$=0/;"$>>7+>?""

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

00000(.!".-%,0!.1.:'0

"""""7>+"(-";/>+,".(*$)(,$*@

!0%,E#"+'0','(:)0$./"F(.-%,0

"""""7>+"(-"A!"99!"#"$%"#$"B"+&+'

Daniele del Re H!γγ with CMS 

ELECTROMAGNETIC CALORIMETER (ECAL)

3

76K PbWO4 crystals
organized in barrel (|!|<1.48)    

and endcap (1.48<|!|<3.) sectors 

! !"#$%&'()"*%+',-./0!'*',!',+"%,"#$%&'()(*"",&.(".,+01.##0
('#%/2-%,

!"'3$'//',+"&+,-(,./*0+"(-"'10$()#+./0$./%("1'+'(04567890*++#+#

! !'#":,0','(:)0('#%/2-%,"(-"1234"5;<=>0?%(054@90AB;;C'D06-(,"
7*0(*8+,)+#"9"$*":/,,+;<

! 0,$=0/;"$>>7+>?""

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

00000(.!".-%,0!.1.:'0

"""""7>+"(-";/>+,".(*$)(,$*@

!0%,E#"+'0','(:)0$./"F(.-%,0

"""""7>+"(-"A!"99!"#"$%"#$"B"+&+'

Daniele del Re H!γγ with CMS 

ELECTROMAGNETIC CALORIMETER (ECAL)

3

76K PbWO4 crystals
organized in barrel (|!|<1.48)    

and endcap (1.48<|!|<3.) sectors 



Page	  41	  	  

Content	  

BACKUP
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ATLAS SM Higgs Combination 

•! Correlated uncertainties (Jet Energy Scale, Luminosity, etc) taken into 
account 

•! In other cases, e.g. background estimates estimated via method data-driven, 
the uncertainties are uncorrelated 

•! Careful treatment of theory uncertainties; Higgs boson cross-section 
uncertainties in QCD scale and PDF+!s taken into account. PDF 
uncertainty is fully correlated among different channels and it is included in 
the combination. 

The expected (dashed) and 

observed (solid) cross-

section limits for the 

individual search channels, 

normalized to the Standard 

Model Higgs boson cross 

section, as functions of the 

Higgs boson mass.  

Channels used in 

the Combination: 

1.! H! !! 

2.! VH,H!bb 

3.! H!"" 

4.! H!WW(*)!l#l# 

5.! H!ZZ(*)!llll 

6.! H!ZZ(*)!ll## 

7.! H!ZZ(*)!llqq 

!"##$%$&'(('##$ )*$+,$-./012$3.44/$/506785/$.9$+:!+;$

!"#!$%

Standard Model Higgs Combination ( ATLAS) 

The expected (dashed) and observed (solid) cross-section 
limits for the individual search channel, normalized to  
the SM Higgs boson cross section, as a function of the Higgs boson Mass.  
The black line is for the H è γγ channel. 



Page	  43	  	  

Content	  ATLAS and CMS at Work 

Putting all these searches together is 
an industrial work, with a non 
negligible effort of standardization of 
the results format, both by the different 
analysis teams in a collaboration and 
by the two collaborations.  

SM Higgs Combination 
( ATLAS + CMS ) 



Page	  44	  	  

Content	  ATLAS and CMS at Work 

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

./%0'('1

.234567%8%9:;&%<=>>

?>.234567%8%9:;&%<=>>

May be we are almost done….. 
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Very simple signature 

 (and analysis selection)  

Two tightly identified and 

isolated photons with : 

! 

p"
#

1 > 40 GeV /c

! 

p"
# 2 > 25 GeV /c

! 

"
1,2

<1.37

! 

1.52 < "
1,2

< 2.37and 

Photon Identification 

based both on the lateral 
and longitudinal 

segmentation of the 
calorimeter 

=2>.+&"=2?$(%-'&"4/($$&+"
  Simple Signature Channel 

  Very simple signature  
( and analysis selection): 
 
Two tightly identified and  
isolated photons with: 
 
P(γ1) T > 40 GeV/c 
 
P(γ2) T > 25 GeV/c 
 

Photon identification based both on the longitudinal and  
the lateral segmentation of the calorimeter 

• Uses 1.08 fb-1 data

• pT(!1) > 40 GeV,

pT(!2) > 25 GeV

• | "(!1,!2) | < 2.37,

excluding [1.37,1.52]

• Tight quality applied

• Calorimetric isolation

< 5 GeV

• Photon ": corrected

with respect to vertex

found by calorimeter +

conversion point (used if

conversion track has hits

in Silicon layer)

Analysis Selections

5063 events in [100,160] GeV

#CB= 1.72 ± 0.01 GeV

Rozmin Daya Higgs Hunting -- Orsay -- Young Scientist Forum -- 07/29/2011 Slide 5

• Uses 1.08 fb-1 data

• pT(!1) > 40 GeV,
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• | "(!1,!2) | < 2.37,

excluding [1.37,1.52]

• Tight quality applied

• Calorimetric isolation

< 5 GeV

• Photon ": corrected

with respect to vertex

found by calorimeter +

conversion point (used if

conversion track has hits

in Silicon layer)

Analysis Selections

5063 events in [100,160] GeV

#CB= 1.72 ± 0.01 GeV

Rozmin Daya Higgs Hunting -- Orsay -- Young Scientist Forum -- 07/29/2011 Slide 5
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Unconverted 
!!, both in 
ECAL barrel 

1 converted 
!, both in 
ECAL barrel 

1 converted !, 
one in ECAL 
endcap 

Unconverted 
!!, one in 
ECAL 
endcap 

Low Mass Higgs Search : H! !! 

8 

LEE!Prob. to observe max. excess  
as large as seen in data = 0.05 (1.7!) 

CMS Prelim 

 2- 4"SM 

Limits on H!""

Theoretical uncertainty on the SM

Higgs cross section is not included

in the limit, but shown as a gray

band at 1xSM value.  Limit is

calculated using a frequentist

approach (CLs).

Consistency of the observed "" 
spectrum with the background

only hypothesis is shown as a
function of ""  invariant mass.  No

evidence for a signal is seen (1-

CLb value at 129 GeV is ~7.5%).

Rozmin Daya Higgs Hunting -- Orsay -- Young Scientist Forum -- 07/29/2011 Slide 7
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Daniele del Re H!γγ with CMS 

EXCLUSION PLOTS: SM HIGGS
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SM Higgs
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NS60CH23-Ristori ARI 21 September 2010 21:57

Primary vertex

Secondary vertex 

Impact parameter (d)

d

Decay path (L)

Secondary track

θ

Figure 1
When a long-lived particle decays after traveling some distance, the trajectories of the decay products do not
point back to the collision point. The distance of closest approach of the extrapolated trajectory to the
collision point is known as the impact parameter.

where β and γ are the usual parameters of the Lorentz transformation from the rest frame of the
parent particle to the laboratory, t is the proper decay time, and c is the speed of light.

If the particles involved in the process are all relativistic, then on average, θ is of the order of
1/γ , and for γ ! 1, the impact parameter is

〈d 〉 $ βγ c τ (1/γ ) = βc τ $ c τ,

where τ is the lifetime of the parent particle. Note that, with these approximations, the average
size of the impact parameter is independent from the Lorentz boost γ .

For particles containing the b quark, c τ is of the order of 450 µm, and for particles containing
the c quark, c τ can be as small as 123 µm. These values set the scale for the precision of the
impact-parameter measurement needed to detect secondary vertices from heavy-flavor decay to
the order of a few tens of micrometers.

The first experiment that attempted to exploit the presence of secondary vertices to trigger on
heavy-flavor decays for a real measurement was probably WE82 at CERN (7). This experiment
searched for b and c production in pion-nucleon collisions at an energy of 350 GeV in the laboratory
frame. WE82 used six planes of detectors to reconstruct tracks in real time, scanning for secondary
vertices in a total time of 35 µs. It selected b and c quarks with a rejection factor of order 10 against
lighter quarks by requiring three primary tracks accompanied by two nonprimary tracks. This
device probably achieved the maximum possible performance with the technology available at
that time; however, given the ∼1-MHz interaction rate and the initial signal-to-background ratio

www.annualreviews.org • Triggering on Heavy Flavors at Hadron Colliders 599
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d = L sinθ L	 =	 βγcτ	 

For relativistic particles,  
the impact parameter is:  
 
< d > ≅ βγcτ (1/γ)=βcτ≅cτ	


For particles containig the b quark, cτ is of the order of  
450 µm, and for particles containing the c quark,cτ can be as small 
as 123 µm. 
 These values set the scale for the precision of the impact-parameter 
measurement needed to detector secondary vertices from heavy-
flavor decay to the order of a few tens of micrometers.	 
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Needed	 Precision	 on	 the	 impact	 parameter	 measurements	 
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Content	  vCharm decays had been believed 
to be dominated by the “spectator” 
graph, hence that lifetimes of all 
charmed hadrons were nearly 
identical. 

� Two identical d’s in the D+, not in 
the D0 decay [ Pauli effect]; 

Sources of possible differences 

� D+ but not D0 has an annichilation 
channel open, but it is Cabibbo-
suppressed; 
� D0 W exchange is suppressed by 
helicity; 

� Penguins are Cabibbo and helicity 
suppressed. 

We were only at the beginning. To disentangle the contributions of the 
different graphs and their possible interferences, the lifetimes of all 
charmed hadrons, both mesons and baryons, had to be accurately 
measured. [ This has been achieved in ≈ the year 2000]. 
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Content	  

SM Higgs Sector - Mass Constraints

• Triviality → upper bound

Vacuum stability → lower bound

Cabibbo,...;Sher;
Lindner;Hasenfratz,...;
Lüscher, Weisz;
Hambye,...;...

Hambye,Riesselmann

Λ = 1 TeV : 55 GeV <∼ MH <∼ 700 GeV

ΛGUT = 1016 GeV: 130 GeV <∼ MH <∼ 190 GeV

• Fits to electroweak precision data LEP Coll.
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Excluded Preliminary

!#had =!#(5)

0.02758±0.00035
0.02749±0.00012
incl. low Q2 data

Theory uncertainty
July 2010 mLimit = 158 GeV

EWWG

MH = 89+35
−26 GeV, MH <∼ 185 GeV @ 95% CL

• Direct search @ LEP: [MH = 115.3 GeV]

Z, W

Z, W

Hq

q̄

W, Z HMH > 114.4 GeV @ 95% CL LEP Coll.

M.M. Mühlleitner, 22 July 2011, HEP 2011, Grenoble

N. Cabibbo, L. Maiani, G. Parisi and 
R.Petronzio, 
Nucl. Phys. B 158 ( 1979 ) 295 
Sher; Lindner; Hasenfrantz; Hambey, 
Riesselmann…...	 

!"#$%&'(")*+$),- ") ./0")
#''12

!"#$%&'(&)*+$),- ")#$)./$#$)0&)"("+1&$)
/2&)/&).&)$.3"**$)#$)/'43$+.$)0&)

(2'5$)6&.&/$7
8'(')4'.*+$*")#")/'.*+&%&'(&)
0"+&5$(*&)0$##$)*+&5&$#&*9 :#&4&*")
.23"+&'+";)")0$##$).*$<&#&*9 0"#)52'*')
:#&4&*")&(6"+&'+";)/'43+"(0"(*&)#")
/'++"%&'(&)$0)'+0&(&).23"+&'+&7

 Higgs Mass Constraints from Theory 

Not allowed 

Not allowed 
allowed Triviality è upper bound 

 
Vacuum stability è lower       
                                bound 


