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Interacting with Luciano !



Lifetimes of Charm Mesons: The Physics Case

* EPS 1979. Conversi

I) “Until recently rather conflicting results have been reported concerning the
lifetime t_ 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.”

”) “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 8
decay. Including first order gluon effects and correction for the finite mass of the
c-quark the value of t, = 5 x 10-'3s has recently been reported ( N. Cabibbo, G.

Corbo’ and L. Maiani ).
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Diagrams for the 8 decay of the
u~ and a free heavy quark Q.



The Breakthrough: LEBC

At CERN H. Leutz and his

group had the IDEA From A. Bettini, 2004






NA16 Main results

Decays of charmed particles had been described in the c quark

spectator model. Comparison with y decay had lead to an universal
lifetime for all charmed particles of = 7x10-13s,

But we found that the lifetimes of charmed mesons are different

Table III: Measurements of Lifetimes of Charmed Mesons
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Why do we need to trigger on In 1998:

Charm and Beauty at CDF L.Zanello,
. S.Giagu, M.
Opppar = 1073 04 = 100pb Rescigno and

The challenges were: innoyative I, joined CDF

concepts that permitted the
reconstruction of tracks producid in
hadron collisions with sufficient
speed and accuracy for use at tri
level to detect heavy-flavour decays

se of VLSI technology makes it possible

The Trigger goals were: to\integrate thousands elements on a small

1) the pattern recostruction time: silicon chip and implement pattern
order of 20 us; recogqition as a massive parallel algorithm.
2) the precision on the impact- These IJeas led to the invention of a

parameter: order of a few tens of SPecial Wg! system: _
um The Associative Memory Device

( Dell’Orso M.,LUCIANO RISTORI Nucl.
Instrum. Methods A 278:436 ( 1989 ).




Silicon Vertex Detector for a Hadronic collider

1981: Aldo Menzione comes
forward with the first
conceptual design of a
silicon vertex detector for a
collider experiment

Awarded a Panofsky Price

2009
from the

“CDF Technical Design Report”
1981 L. Ristori 2009



Tracking in 2 steps  Luciano Ristori
Panofsky Prize 2009

1. Find low resolution Pattern matching
track candidates o .WR?‘%‘?’?. i
called “roads". RS W ::/'/..yf/.v AN
Solvemos_rof_rhe II.IIII\I’IIIIII||||{_IP/V||||||"|\||||||
» ‘.
pattern recognition Super Bin (SB) ~ 300um

Linearized Track Fitting

2. Then fit tracks . .
inside roads. — : VA—— :
Thanks to 15" step ' '
it is much easier

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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Physics results at CC

Ams=17.77 +0.10(stat) + 0.07(syst) ps™'

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 DY mesons, paving the way to precision measurements of D°
oscillations and direct CP violation .This could open the way to
New Physics.

The present: LHCDb

The future:

SuperB



The Z° Lineshape

Back to 1989 at LEP



This work paved the way for
the Combined Electroweak
analysis



Moriond 1990



Higgs Mass Constraints from Experiments

e Fits to electroweak precision data
EWWG

My = 89132 GeV, My < 185 GeV @ 95% CL

e Direct search © LEP:

‘MH > 114 .4 GeV @ 95% CL I LEP Coll.

Z, W

]

7, W



Fall 2000

' z ‘ z "‘|mHo = 119 \s€V I
.‘.."'O.I_Iﬂ E
<b

% The evidence is tantalizing BUT FAR FROM
conclusive

"LUCIANQO's HARDEST CHOICE"






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).

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

Since then in the Luciano
office, I noticed (subliminal)
a strange suitcase........



The Higgs Relay Race

The Tevatron "Baton”

CDF ATLAS

DO CMS



Tevatron Higgs Mass Limits

,> With = 8.5 fb-! each, CDF and DO
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



The LHC

@ The Large Hadron Collider is launched

® The machine and its Experiments are
performing beyond expectations.

The ground is prepared for major
discoveries



The Higgs Search at LHC
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¢ Production rate of the Higgs
as well as its decay possibilities
(“Signatures”), depend on its
mass

Huge cross section for QCD

processes
¢ S/B=101°=)» a needlein a
haystack
Pp/pp cross sections
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Cross Sections of SM Background processes

o(pb) f =7 TeV

W + jets [T 165 pbNNLO
W — (v
28000 pb NLO

r+ X
(t-chan)
63 pb NLO
Z + jets W wrw
i 106pb  43pb
Z= r+ X wZ
2800 pb NLO (s-chan) 18 pb ZZ

it 4.6 pb 5.9 pb



LHC Higgs Mass Limits

L) ATLAS and CMS together
exclude the 140-460 GeV mass

range ( there are still islands
around 300 GeV..).



Higgs Stability

N. Cabibbo, L. Maiani,

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

Pretty tight
stable region,
isn’t it ?!

Are we heading into region where Higgs demands New
Physics ?

We will know very soon !!



*H D yy:
a suitable “"case for treatment”

@® The focus is now on the region
between 114-145 GeV |

@® The lower the mass the harder it is
at LHC !



Events/500 MeV for 100 b1

Relevance of the yy Channel

Nx 20 T | T
<

- Dominant Channel in the very low mass 18
range (110-125 GeV) where the SM Higgs is \‘;

LEP 95% CL |

prefered
- We expect to see a Mass Peak !
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Signal VS Backgrounds

Signal:
o =0.04 pb

Irreducible BG: prompt diphoton (+jets). qqbar, qg, o = 21 pb

Born, box or fragmentation processes 99 o= 8pb

y-iet o=1.8x10°pb

jet-jiet 0=4.8x108 pb
Reducible backgrounds: vj, dijet (jj) jetjet o p

Drell-Yan BG also contributes (misidentified e)
vy-jet need rejection R~O(10 ¢)
jet-jet need rejection R~0(10 /)



Experimental Issues

> H =>yy mass reconstruction: the discovery
potential depend on the di-photon invariant
mass resolution:

@ Energy resolution via calibration

@® Photon reconstruction

® \/ertex reconstruction

® Pile Up condition

® =’ -y rejection



H=>yy mass reconstruction

* Energy resolution contribution 6p = 1.3 GeV
— energy scale calibration from Z = e+e-

* Interaction point spread:
—0(z) =5.6 cm = dm(0) = 1.4 GeV

* Resolution with pointing: o(z) = 1.5 cm;
— Use of recoil tracks less effective with large
number of pile-up collisions

e Use conversion tracks as well

ATLAS



Pile Up Event

Z2un with 11
primary verteces

Pile-up challenge:

* 50 ns bunch trains for ~all 2011 data

=» Substantial in- and out-of-time pileup: n = 6

=2 At 5 x e33 two possible scenarios: i) <p>=21
i) <p>=11



H=>vy: results

LP11 - 8/22/11 A. Nisati, Hig

no indication of a
significant excess is found




Perspective for low mass Higgs

™ Many channels contribute to low mass discovery

H=>vyy
- resolution is the key work area for both
experiments
- Pile Up could be a serious Issue

H>Z77. H>WW
Gluon fusion

H=>1r
Gluon fusion

H>bb VBE My educated guess from ATLAS

simulations at Vs =7 TeV

‘sl 8-9 fb-'/per Exp for SM exclusion

= 15 fb-'/per Exp for 3.5 o discovery



Scenario Envisaged

Year Luminosity | Total |Beam Energy
(fb 1) (fb-1) (TeV)

2011 4- 3.5
2012 10 15 3.5/4
2013 0 15 S

%8 \Where is Higgs hiding ?



IZ:> As a result of the work done at LEP, Tevatron and LHC,
the window for the Standard model Higgs is becoming
very narrow.

@ Thus, there is strong evidence that:

either
the Higgs Boson is light, consistent with precision
electroweak predictions, and with theoretical
prejudice

or,

@® The luminosity from 2011+2012 runs, will allow
exploration up to the TeV scale, thus giving a
better picture of the way ahead.



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 !)



ATLAS and CMS at Work

\

May be we are almost done.....



If no Higgs then what?

Beyond the SM Higgs



And now which way
Do we go ?



A Very Good News

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

Tanti Carissimi Auguri
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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 & yy channel.



SM Higgs Combination ATLAS and CMS at Work

( ATLAS + CMS)

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.



ATLAS and CMS at Work

\

May be we are almost done.....



Simple Signature Channel

Very simple signature
( and analysis selection):

Two tightly identified and
isolated photons with:

P(y,) > 40 GeV/c
P(y,) > 25 GeV/c

* | M(yq,Y2) | <2.37,
excluding [1.37,1.52]

e Calorimetric isolation
<5 GeV

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



Theoretical uncertainty on the SM
Higgs cross section is not included
in the limit, but shown as a gray
band at 1xSM value. Limitis
calculated using a frequentist
approach (CLs).

CMS Prelim

= 2_ 4xSM



Exclusion (@95% CL) 0.06 pb < 0xBR < 0.26 pb
—x2 +x6 SM for 110 GeV < m(H) < 135 GeV
—observed limit within 2o from expected value

SM Higgs



2u2e candidate:
Meaq: 85.9 GeV
m,,: 85.5 GeV
m,: 210 GeV




Needed Precision on the impact parameter measurements

L= B 7rcrt d=L sin®

Secondary track

Secondary vertex

S —
ﬂ For relativistic particles,
Decay path (L) the impact parameter is:
Impact parameter (d) < d > = BYCT (1/Y)=[30T"="CT

=5~ For particles containig the b quark, ct is of the order of
450 um, and for particles containing the c quark,ct can be as small
as 123 ym.

=5 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.



*¥*Charm decays had been believed
to be dominated by the “spectator”
graph, hence that lifetimes of all
charmed hadrons were nearly
identical.

Sources of possible differences

e Two identical d’s in the D*, not in
the D? decay [ Pauli effect];

e D* but not D has an annichilation
channel open, but it is Cabibbo-
suppressed;

e D% 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].



Higgs Mass Constraints from Theory

N. Cabibbo, L. Maiani, G. Parisi and
R.Petronzio,

Nucl. Phys. B 158 ( 1979 ) 295

Sher; Lindner; Hasenfrantz; Hambey,
Riesselmann......

Not allowed
allowed Triviality =» upper bound
Not allowed  \/acuum stability & lower
bound
A=1TeV: 55 GeV < My < 700 GeV

Acor = 101° GeV: 130 GeV < My < 190 GeV




