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The Large Hadron Collider (LHC)

= After 20 years of R&D, Machine and Detectors
building, commissioning and preparation, the LHC
IS up and running!

November 2319 2009
- First collisions at injection
energy (450GeV)

December 8t 2009

-2x2 colliding bunches
accelerated at 1.18 TeV!

By December 16t 2009:
Recorded more than 1M
events at Vs=900 GeV, and
50K events at Vs=2.36 TeV
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The Experiments

= Two large general purpose
experiments (ATLAS and CMS)

= Two Medium more “specialized”
experiments (ALICE and LHCDb)
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A Large lon Collider
Experiment (ALICE)

=118
A Toroidal LHC B physics at the LHC (LHCb)

ApparatuS (ATLAS)
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November 23 First Collisions for All!

Candidate
Collision Event :

I

ATLAS

A EXPERIMENT

2009-11-23, 14:22 CET
Run 140541, Event 171897

LBt )

http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY fevents.html

23.11.2009 17:59:29
Run 62558 Event 278
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Detectors performance

Amazing detector performance for all experiments
First results from ATLAS and CMS (as example)

Q Minimum Bias Stream, Data 2009 §/5=900 GeV)
Masses of K, and A agree well with PDG 3 o0 o s
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values, resolution agrees with Nggppr. 5 mvariant Mass E
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expectation (tracking performance) L 4000 =3 Simulation E
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= 250: o= 0.0529 +0.0088 ] 5 = o= 0.0686+0.0091 E 1800y Minmum Bias Sreem, Data 2009 (\{Ess‘;oo‘se‘v:‘l S
:B - B % - ATLAS Preliminary Both tracks: p_ > 100 MeV, Si hits > 6 =
g 2008 E 1600:_ A Invariant Mass cos(0) > 0.8, flight distance > 0.2 mm _:
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100 — - | s W 1000 ppg (2009) m,_=1115.683:+ 0.006 MeV =
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. m, - e
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Experimental reach of LHC
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Nominal LHC c.o.m energy
2> 14 TeV (7 TeV+7TeV)

2010-2011 Running plans:
->7TeV (3.5 TeV+3.5 TeV)

up to 1 fb-! of collected luminosity
(initially foreseen @ 10 TeV)

300 pb'at5 TeV+5 TeV
~1 fb1 at 3.5 TeV+3.5 TeV
> ~8/9fb1at1 TeV+1 TeV

Tevatron accelerator -
proton-antiproton: Vs ~ 2 TeV
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‘Tevatron & CDF

Both still doing great after ~9
years of operations!

Proton-antiproton: Vs =1.96 TeV
Peak luminosity - > 3.5 *1032 cm2 s
Integrated luminosity/week - ~ 70 pb-1

Initial Luminosity (x 10°° cm?s-)

— L L L ——Y
350:_ [ T a1 ot T T _i Central Calorimeter (EH)
300 =
= ::,l . Plug Calorimeter (E/H)
250—- e Mew —]
- :,,A:? ] Forward Muqn
200 % o =
= g é-{“'f‘? -
150 — - o &""Ea.ﬁ: . =
= 3.5 goae . 2 ‘
100~ - . N, i A o g = 9
= I % ot % 3 W
50 i . f’-" “ ke, d kS ;
m i 'g I” £ . o R
%3“ Vbl T R R A WL | A I PR DT T - L
1000 2000 3000 4000 5000 6000 7000 SR G aioATRaE Ve
store numsr ’ acal e %
Luminosity Menitor 2

8.5 years!

Time of Flight

entral Outer Tracker
Silicon Vertex Detector
Intermediate Silicon

~ 8 fb! delivered record: 85-90 % of delivered luminosity
Stable efficiency since 2002 ...
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Complementarities

LHC opens a new regime for QCD
and extend phase space reach

Tevatron is a g-gbar machine
LHC is a gluon-gluon machine
Ratio TeV/LHC (10 TeV c.o.m.)

0.5 T \\||\|\‘ T ||||||\‘

(dL/dS) / (same at 10 TeV)

'0.01 0.05 0.10 0.50 1.00 5.00 10.00
Sqrt(s) [TeV]

10"_ T T T

o x\_.‘
10°F Q=M

Q (GeV)

L
= (M/14 TeV) exp(xy)

T

M= 10TeV 4

i anile” d Il

107 10 10°

- This could be an advantage for
well motivated analyses:

- search for chargino/neutralino
- search for light gluinos
- asymmetry measurements
- Similar S/B for some processes

- 3" generation squarks, SM higgs
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Common “playground” for
next couple of years...

I ir's what I ihink it is, we 've goi some work ahead of us.”

Monica D'Onofrio HEP Seminar, Madrid, 02/03/2010



Outline

[
Tevatron

Y

= The Standard Model and Beyond

= Precision measurements of SM

processes

= Recent observations

= The SM Higgs haunt

= Searching for physics beyond SM

= Conclusions and remarks %‘:‘f\;{{@j'@
e GL1)

"Particles, particles, particles.”
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The Standard Model

I
= Matter is made out of fermions:
o 3 generations of quarks and leptons u ...

7))}
=
= Forces are carried by Bosons: S d ..- @
o Electroweak: y,W,Z o L
]
Measurement Fit  |0"**-0"Mm g 2 O
0 1 2 3 -~ O
' & e 5
m, [GeV] 91.1875+0.0021 91.1875 2 LE
I, [GeV] 2.4952 £ 0.0023 2.4958 Three Generati f Matte
oy [Nb]  41540+0037  41.478 ree enerations of Watter
R, 20.767 £ 0.025 20.743
A 0.01714 £ 0.00095 0.01644
AP) 0.1465 + 0.0032 0.1481
R 0.21629 + 0.00066 0.21582 Remarkably successful description
RC 0.1721 £ 0.0030 0.1722 f k h .
ALP 0.0992 + 0.0016  0.1038 o1 Known phenomena.
Ay 0.0707£0.0035  0.0742 * predicted the existence of charm,
A, 0.923 +£ 0.020 0.935 .
N 067040027 o668 bottom, top quarks, tau neutrino, W
A(SLD) 0.1513+0.0021  0.1481 and Z bosons.
iR LT Ao * Very good fit to the experimental
my, [GeV] 80.399 = 0.025 80.376 d t f
I, [GeV] 2.098 + 0.048 2.092 ata soiar
m, [GeV] 172.4+1.2 172.5 but ...
July 2008 (I) 1 2 3
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The missing piece: the Higgs

What is the origin of masses?

Ly 200 My o= 154 GeY
—> Within SM, Higgs field gives mass ro . | B :
Particles (EWK symmetry breaking) s - |
. . 1 i —D0.02758+0.00035
SM predicts existence of a new 1 Wi~ ooeraetoooon
massive neutral particle g 1 Emified o @it i
Not found yet! N%e 5 I
Theory does not predict its mass :
LEP limit: m,>114 GeV @ 95% CL B 1
Indirect limit from EW data: 1- | -
- Preferred value: m, = 84*34 . GeV . | Excluded "\ / Preliminary
-m, <154 GeV @ 95% CL 30 100 300

m,, [GeV]
with ag(M,) =0.1185+0.0026,
Aag(5),,,,=0.02758+0.00035

WOULD THE HIGGS DISCOVERY
COMPLETE OUR UNDERSTANDING OF NATURE ?
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Beyond SM: the Unknown

The Standard Model is theoretically incomplete

f * Mass hierarchy problem
H . . . . . P o hemic:} Elsn;e:ts:o 03
- = = = =—- radiative correction in Higgs S [
sector .

Am, 2 ~ \? e Unification
AN=M,? * Dark Matter

e Matter-antimatter asymmetry

Many possible new particles and theories
o SuperSymmetry

Extra Dimension Can show up in direct
searches or as subtle

New Gauge groups (Z’, W’) deviations in precision
measurements

New fermions (e*, t’, b’ ...)

o O O O
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A long journey ...

= Jet cross section

_4o10,_Tevatron Run Il pp at\s = 1.96 TeV measurements, heavy flavour
3109 Jets physics, W/Z
l H [ [

§ " 1| Heavy Flavor C;°s,s section vs = Precision measurements
%10 - physIcs process (Top properties, observation of
210’ rare processes...)
o . .
S 10° = Higgs and New Physics BSM,
510° W searches, looking for ‘the’
tg - = Z unexpected @
3 -
i 3 T 50 50

L Wy Zy %z | CDF Publications / yr

102_; = New s 40

0 ] ||~10 orders “;W tt ywy Single Physick? S .
E| i !
of magnitude a5 Top - Higg

.Tl) 1? ¥ '? E 20

10"} 10

10“2 ; Jﬁt.lg H,Bla w 2 W),' 2:;.' Wp'y ' 11?' t Q' HL‘)' Npo 0™ Fo90 1994 1998 2002 2008

Y¥ £y, Wy

avor "
e More than 50 papers published only in 2009 , many

to come in 2010 and beyond.
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Test of Next-to-Leading Order (NLO) perturbative QCD
inclusive jet / photon cross section

Q

Inclusive cross sections

Probing distances ~10-1° m
Constrains PDF at high-x
Sensitive to new physics at high pT

10°

10

1

do/dE!dn’ [pbiGeV]

10™

107

103

-
[=]
I

dataltheory

OO = i =3 =3 =k =k b
oo aNWROD

Monica D'Onofrio

%'; (a) —e— CDF Data, L=2.5 "
Fa systematic uncertainty
. NLO pQCD JETPHOX
E = CTEQE.1M J BFG I
- - HE=Hs=Ha=EL
B - —emeeeee- CTEQG.1M PDF uncertainties
E - -—--—---- scale dependence
E —— u=05E} and p=2E*
B ==
E -
F -
N ——
.
i . —_—
= Y < 1.0
N E-?O < 2.0 GeV
—_
::l_ | 11 1 1 | I 1 I 1 I 11 1 1 I 11 1 1 |
{b)

_': !". -
+:

50 100 150 200 250 300 350 400

E} [GeV]

Data/NLO pQCD in good
agreement at high p;

Enhancement at low p;

D0 measurement shows
similar trends (Phys. Lett. B
639, 1561)

= Similar shape also in Run
1 analyses - need to be
understood
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Boson+Jets Production
/9 b u

qa 3

W/Z+jets critical for physics at the Tevatron and
LHC (i.e. Higgs, SUSY)

NLO pQCD calculations available up to 2(3) jets

[fb/(GeVic)]

jet
T

doldp

Data / Theory

Data / Theory

W1z

Z ee+jets

g S
|

"W/ z

Wiz

CDF Run Il Preliminary

experimental measurements

Many Monte Carlo tools are available (LO +
Parton shower) -2 Need “validation” by

10° - +
—e— CDF Data L=251fb" Z IJ‘H Jets
. Ziv*(—e'e’) + =1 jet inclusive (x20) [] Systematic uncertainties o
10 - —&— NLO MCFM CTEQS.1M 10* CDF Run Il Preliminary
—— Corrected to hadron level — F CDF Data L = 2.37 fb"
10° *_Q_:Q:-g— p§_=2M§-"‘ p_i(za;szpﬂ.S Event selection' g F 5 Sytem::i:uncenaimies
------- [T TR T T o | —— —&— LO MCFM CTEQ6.1M
2 - - - PDF uncertainties 3 o e ——— —e— NLO MCFM CTEQS.1M
10 - —e— 66 < Mae < 116 GeV/ic == Carrected to hadron level
2 2 -
10 T = E? > 25 GeV, Inf] < 1 " At
—a— |fl;| <1 ” 12 < |’l;| < 28 E ---- PDF uncertainties
1 B — ot ot L g
> 30 GeVie, |y | =21 i =i
1 Zly*(—e’e) + =2 jets inclusive P ' hf" |
107" E — — AR(e jet) > 0.7 102
E L ) . . . E
1; 2: Ziy*(—e’e) + =1 jet inclusive Equalent fOl' the H case C Zh;'(—» W) +>N ig}s inclusive 4§
12E [ P =30GeVie, [Y*|<21
112
0.9 Her, ! |
0.BE- o 2=
0.7E I %
0.6E- | = 15t
185 g e
12 E-Zh*(—e'e) + =2 jets inclusive (=] E
! — C 1 1 |
125 g 1 2 3
B S s B IS =
0.8 = .
0.6
0.6F | Data and NLO pQCD in agreement

30

Monica D'Onofrio

200 et [Gevic)

Good control sample for SUSY search

HEP Seminar, Madrid, 02/03/2010
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Boson+b-jets 2+ djsts

Events with:

B-tagging - reconstruct secondary vertex 0 66 <M(ee/up)<116 GeVic?
from B-hadrons decay o E;(ets)>20 GeVic?, |n| <1.5
o MET<25 GeV (to remove Wijets bkg)
W + djets
. %10° Z+ b jet. CDF RUN Il Preliminary
Event selection: R B A AL A AR AR R
8 o1sb V=196TeV o COFData -
o p;>20GeVic, |n|<1.1ely, — 016 L-20%"  _ ovrtiiaing ]
. E et ’ .
o p;>25 GeVic neutrino (MET), gouE l'jmf:':’“ — ALPGEN E
o 1or2E;>20GeV/c?, |n| <2.0 jets S S S MCFM E
r ooaf- —— MCFM +Had.Cor.—
\ Vertex Mass Fit | b ]
Nugol CDF Run Il Preliminary - 1.9/fb -i DDBT """""" E
%aoi « Data -‘: 0.06— —f
< ", S b 3
%70? —— LF contribution T ' r ]
we0— -===-= Summed contribution 0.02— 7
= E b= 71.3+ 4.7(stat) + 6.4(syst) %| }
50— c= 15.9 + 5.5(stat) % N T TP T skt st ekl st
. LF = 12.6 + 3.5(stat) % %u 30 40 50 60 70 80 90 100
= KS Prob = 84.8 % EJTH [GeV]

L] W
=] o
\‘IIH'H

-
o
IlHI

oW +bjet)[BRW - 1U)=2.74%0.27 +0.42 pb

O(Z +bjet) =0.8610.14+0.12 pb(NLO = 0.53 pb)
~30% larger than NLO

0(Z +bjet)/ o(Z + jet) =2.11£0.33+£0.34%

(Pythia=2.18%; Alpgen=1.45%;NLO =1.77%)

Large variations between MC models

3.5 4 n 4.5 2 S5
M, (GeV/c?)

x2.5-3.5 larger than Pythia/Alpgen/NLO (important inputs for tuning)

Monica D'Onofrio
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‘W Mass and Width

- world’s most precise single
My = 4,4 1 measurements!
2G% sinfw (1 — AR)

AR~ M2 . logMg Quantum loop CDF Run 0/ —e——  80.436+ 0.081

ap? i
. corrections DO Run | ——e—— 80.478+ 0.083

t
W e, W W a B
d'&'lh_w_h"*""' £ aPaaVaas

_» —» Pl s e Y
1500 2 2 2 DO Run i —— goa402+0043 1 fb1
M,?=(Er.tEr )?- | Pre TP | . & W T

Tevatron 2009 —8— 80.420 + 0.031

5 GeVl ¢7)

: 1000

Events [ (0

o World average - 80.399 £ 0.023

L | | July 09

80 80.2 80.4 80.6
00 m,, (GeV)

oo
o
=~
o
w
=1

9% 1
my (GeVied)

M,, = 80413+48 MeV (CDF, 0.2 fb-")
= 80401+44 MeV (DG, 1 fb)
M= 2032+73 MeV (CDF)

Next round CDF @ 2fb™!
expect <30 MeV uncertainty !

Events / (0.5 GeV/ ¢9)

%0 00
my (GeVic)
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Top Pair Production

Test QCD in very high Q2regime
Measurements across all decay
channels and topologies have
different sensitivities to new physics:

Ty}
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©

Q
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T

15%
%) | 2 qq’ (67%)

85%
t > Wb (BR~100%), W > Iv (11

CDF Run Il Preliminary 4.6 fb™

Moch & Uwer, arXiv:0807.2794 (2008)

-+ Cacciari et al., arXiv:0804.2800 (2008)

~  Kidonakis & Vogt, arXiv:0805.3844 (2008) |

167 168 169 170 171 172 173 174 175 176 177

0:|||

[ Cacciari et al., arXiv:0804.2800 (2008)

Kidonakis & Vogt, arXiv:0805.3844 (2008)

[ Langenfeld

Moch & Uwer, arXiv:0906.5273 (2009)

)

+Jets (ANN

Lepton

—

dd)o
N w = o~ in
<~ E - - < =
S= o =] 1= ]
i +l £l T £
O = uw o0 [=—1] - ZC
sz 9 < -~ = >
= ~ wn Al < O
~3 « ) D D wn
=2 [ o = o o~
i T Il I T o~
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™~ ©« e ™~ w I
~ ~ ~ ~ ~ E
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Top Quark Mass (GeV/c?)

o(pp — tt) (pb)
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Top Mass

. e
Precision in top mass measurement down 32
to 0.75% and still improving! 22
Several analysis and techniques employed 31
o Matrix element, templates E
o Use in situ calibrations when possible (W->jj) 1

CDF Top Quark mass (*Preliminary)

Combination with DO

Tevatron 2009:
Mop =173.1 + 1.3 GeVIc?

At ~10 fb-1 top mass
uncertainty expected
below 1 GeV

Mtroco

3 3
|||'|'||||'|'||||'|'||||r||||'|_|_|'

L
All-hadronic
(Run 1) 186.0+10.0+ 5.7
Dilepton
(Run 1) 167.4110.3+4.9
—_——
Lepton+jets
(Run I) 176.1£ 51+ 53
. e
Dilepton
(1.917 1712127129
. —
Lepton+Jets (Lxy+lepton p_)
(1.9 1) U 175.3+6.2+ 3.0
" -
Lepton+Jets
(2217 1721+ 0913
. ——
All-hadronic
(2917 1748+1.7+1.9
i e
CDF Winter 09
-t 1726+098+12
Lo (stat) + (syst
¥2/dof = 3.6/6 (73%)
| | | | | \
150 160 170 180 190 200

m,,, (GeVvic?)

Monica D'Onofrio
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-y
(=]

A M(total) GeV/c?

-

CDF Run Il Preliminary (4.8 fb)
—a— Data

bkgd+ttop25 M, = 172.5 GeVI*

. bikgd

Lepton+jets

300
Mass (GeVic

200 260 50

CDF Top Mass Uncertainty

v

+*

(improvements required)
1 Lo el L L

(all channels combined)

1fb" 21" 416! 8fb"

CDF Results

Run lla LJ goal (TDR 1996)

Scale A(stat) !\E, Fix A(syst)
(assumes no improvements)

Scale Aftotal) /\NL

10°
Integrated Luminosity (pb™)

10°
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A new particle! Vield =145

Am  =1046.3+ 2.9 (stat) MeV/c?

= Reconstruct B*as B* - J/YpK*, EH
with J/LlJ — l,l+p.' and P- K*K- E‘: : Y(4140) o ixxe(zieod) Egﬁtﬁ?um
= Search for structure in J/Pp mass “32 I e
spectrum inside B* mass window |
2|
L\
10 _#I’( | | | I__—-
1 11 1.2 1.3 1.4 1.5
Production of Y(4140) m(p KKy -mpy)
B* > Y(4140) K* :
Y(4140) > J/¥ ¢
J"gjﬂ; m =4143.0 + 2.9 (stat.) + 1.2(syst.) MeV/c?
N =11.748.3 - 0(stat.) + 3.7(syst.) MeV/c2
proton =3~ "X=antiproton Significance: at least 3.80 for most
unphysical conservative
background

Search for structure in J/¥ ¢ mass spectrum

Width indicates a strong decay
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\ Single Top

q t
w+ w
b t
5 _

b [o} B

EWK top production

CDF Preliminary Single Top Summary
For M, =175 GeVic*

S-Channei
Likelihood Function 4 0.9
(32 | 15% 0.8

Meural Metwork
{3.21h°)

Matrix Element
{a26)

Lixelihpod Function
(22 )

Boosted Dacision Tres
(2210 )

Combination (Leplon-Jets)
(3210 )

MET+Jets,
(&1}

Combination {All Channels)
(F2M )]

| b 1

-5 0 ]
Single Top Production Cross Section (pb)

Observation in April 2009/
s+t channel =2.76 +0.58 -0.47 pb

o Testsvst[new physics]
o Lifetime [new physics]

s-channel: 0 = 1.12+0.05 pb t-channel: o = 2.34+0.13 pb

Measure |V,,| without assuming 3 generations

Sensitive to: 4th quark generation, anomalous
couplings at Wtb vertex, new particles (H+,

W’), FCNC

V| =0.91+0.11 (exp.) £ 0.07 (theory)

4.5
4
3.5
3
25
2

t-Channel Cross Section o, [pb]

15

1
0.5

CDF Run Il Preliminary, L=3.2 fb™

e BestFit |
68.3% CL
95.5% CL
99.7% CL
SM (NLO) )
SM (NNNLO) |

EECEN

:\l\\ L \II\I\\II‘\\\II\\I\III\\III\\‘\ll\:
0 05 1 15 2 25 3 35 4 45 5

0

s-Channel Cross Section c_ [pb]

Monica D'Onofrio
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Cross Section (picobarn)

Di Boson measurements

Tevatron Run Il pp at s = 1.96 TeV

10° g
E CDF Run 1l
C
104_5 . —#— DO Runll
= —&— Tevatron Run || Combined
10° =
10? ;— ® *
1025
= * x ;
=n
10" /\\ /\\ L 4 ¥
w < W, 2 Wy, | W | t 22 H”So H“?o
i Ge) "~ Cey

Single top

Recently: more data and optimized tools
allowed to explore channels with jets, MET
(larger bkg and uncertainties):

Zy Dvvy;

WW - lvjj; WZ - Ivjj; ZZ > vvijj;

Monica D'Onofrio

Before, observed “clean” channels
(including lepton/photons)

Cross section x Branching Ratio [pb]

Wy -2 lvy; 2y 2> lly;

WW = Iviv; WZ - Ivll; 2Z - Il

- =
= <

-

10"

iy
=1

=
=
da

Prediction for Tevatron Run Il at \s = 1.96 TeV

g
4
=
=

W(W+Z) - vjj
e —

tj — Ivbj

Zjj — wijj

Z(W+Z) - wijj
——

Zjj — ljj

WW — Iviv
—_——
Z(W+2) = llj
——
WH — Wvbb v
' ZH = vwbb H— WW — Ivh
M,=120 GeV M, =150 GeV
M, =120 GeV ZH - libb !
M.=120 Gev
h,”' \J\Jjj | I” viv

Important processes as backgrounds

in the Higgs searches

HEP Seminar, Madrid, 02/03/2010
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(Some) Results on WW/WZ/ZZ

= lvjj final states

= Binned Fit to the jj Invariant Mass

1000

Events/4 GeV/c?

500

Events/8 GeVic?

Owwiwz = 18.1 £ 3.3(stat.) + 2.5(syst.) pb
Signal Significance: 5.24 ¢ (56.09 Expected)

100

CDF Run Il Preliminary jL dt = 4.30 b

¥2/ndf = 40.21/37 | —— Electron Data
[ WHjets

Hl QcD

N Z+jets

Il Top

Bl WwW+WZ

evjj

50 100 150 200
M, GeV/c?

W
i | |P1 ——
L L

e
M, Gev/c?

ww/wz/zz

mUse MET+jets final states

0 QCD background well-modeled from data

o use y+jets to model non-QCD bkg

=Signal significance 5.30
= 18.0 £ 2.8(stat) £ 2.4(sys) = 1.1(lumi) pb

(theory prediction: 16.8 = 0.5 pb)

[=1]

: Data {3.5 fo’)
—— EWHK Uncertainty
[~ Background
— | Diboson Signal

_— : Signal Uncertainty

Events/BGeVic®

x10° CDF Runll Preliminary ]

4f Hi===

CDF Run Il Preliminary _I-L dt = 4.30 fb™" Good agreement With sM! ::

2l o O -
_,.—"“"':_‘_'L,_L o
0.4 —};— = =
0.2 —|— —{,«-’ = ﬂ:_l_
0.0/ =t=—F B e e
-0.2 =]
40 &0 80 100 120 140 160

Dijet mass (GeV/c®)

Monica D'Onofrio
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Search strategy

Do them all!

Production

gg—H

p/

o Direct production gg—>H

Highest Production rate, Largest background

o Associated production ZH/WH

Leptonic vector boson decay helps for
triggering and signal extraction

e

Cross section (pb)
Excluded by}

100 120 140 160 180 200

e Low Mass (M_,<135 GeV/c?)
= H—bb mode dominates

2> WH-lvbb, ZH - vvbb , ZH - llbb
VBF Production, VH - qgbb, H - tt(with
2jets), H- yy, WH->WWW, ttH
* High Mass (135<M,,<200 GeV/c?)

= H-WW mode dominates

Branching ratio

Monica D'Onofrio HEP Seminar, Madrid, 02/03/2010 29



Events /0.2

%
I

Higgs—WW*—I|vlv

Most sensitive channel for high mass Higgs
Unbalanced transverse energy (MET) from v

2 leptons: e,|,1-e, (must have opposite signs)
o Key issue: Maximizing lepton acceptance
o Primary backgrounds: WW (and top in di-lepton decay channel)

9

Higgs is scalar = leptons travel same direction y :“é:; e
In t-channel WW, W are polarized along the beam direction — o o ———>
v W e
CDF Run Il Preliminary JL =481fb"
FosoJ .
140 = 160 Gevie? =i  Use Matrix Element and
120 Wz Neural Network methods
zZZ
100 o
L E]vaWx 10
80 J | -s-Data

2] Results at m,; = 165GeV : 95%CL Limits/SM

60

1
%
T

40

20

‘ L (fo') | Higgs Events | Exp. | Obs.
= 4.8 1.9+0.2 1.21 1.21

3
Ad(Il)
Approaching SM sensitivity!
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'The CDF Analyses

CDF Run Il Preliminary, L=2.0-4.8 fb™’

E 1 I I 1 | I I 1 ) | 1 1 LI | 1 1 LI I 1 LI | LI 1 I LI 1 T I 1 1 LI I 1 LILEL | LI 1
N WH+ZH—jjbb 2.0 fb™' Obs ———  WH+ZH—bbMET 36 1b' Obs -
= 3 LEP ... WH+ZH sjibb 20 Exp = ===== WH+ZH >bbMET 3.6 ib™' Exp
=10 " F Excl. ———  H->11201b7 Obs ———  WH-lvbb 4.3 1b™ Obs —
g T Hsw20" Exp 0 ----- WH-—lvbb 4.3 fb™ Exp .
| E ———  ZH-lIbb 4.1 ib” Obs ———  H—=WW lowMIl 4.8 ib™* Obs .
| e ZHolbb41fb ' Exp =000 m=--- H—WW lowMIl 4.8 b™' Exp ]
O L '," ———  HoWWSSA48 ! Obs ]
° 2~ . eeee- H—WW SS 4.8 b Exp
o~ 2 H—WW OS 4.8 ib™' Obs
8 10 £ H—>WW OS 4.8 b Exp .3
= Combined Obs e i
L Combined Exp .- -7
10 |
T
1 = -
- August 17, 2009 .
| 1 | | | | | | 1 | | | L | 1 | | 1 I | | L | | 11 | | 11 | | I 1 | | 1 1’ | | L1 | L1 |

100 110 120 130 140 150 160 170 180 190 200
m,, (GeV/c?)

60 independent sources of systematic uncertainty at low mass
sources of uncertainty affect rates and shapes of signal and background predictions
in correlated ways
Bin-by-bin MC stat. uncertainties included too.
30 sources at high mass

Monica D'Onofrio HEP Seminar, Madrid, 02/03/2010



Current results
Tevatron combination for HCP 2009

Tevatron Run Il Preliminary, L=2.0-5.4 fb

E |-T|'-]f||1F||||'|r'|||.||'| Ir'|||||'|r|'||3r||
N iy LEP Exclusion Tevatron
-— b i i 1 { e |-CL, Observed
'é (0 7 seses  Nov.2009 Expected _ EXCIUSIDn O i E Tevatron Runlll Prf:?lmmary ) I-(‘lex;e?m:d
=10 L ) e Noy. 2009 Observed / - : L=21-54m" 4 Expected £1-0
- P I Nov. 2009 +1c Expected '/ 1E Expected £2-5
.| - [ ' Nov. 2009 +2c Expected E 095 E
Q AR e Moriond 2009 Expected : ; 7 R ‘- L 95% C.L.
= :
% 085 §
08 |
0.75 §
i 0.7
150 155 160 165 170 17
4 r,  Nevember 8, 25‘09 ] November 6, 2009 my (GeV/cz)
100 110 120 130 140 150 160 170 180 190 200
m,,(GeV/c?)
@m, =115 GeV, @m_ =165 GeV,

Obs: 2.70xSM
Exp: 1.78xSM

Obs: 0.94xSM
Exp: 0.89xSM

Monica D'Onofrio
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‘Tevatron Projections

Expected Limit/SM
=2

0 2

2xCDF Preliminary Projection, m_ =115 GeV

Summer 2005
Summer 2006
Summer 2007
January 2008
December 2008
November 2009
With Improvements

- 1/sgrt(L) curves

SM=1

goal for 2-sigma exclusion

4 6 8 10 12 14
Integrated Luminosity/Experiment (fb™')

Higgs reach with FY11
running and continued
analysis improvement
[bottom orange band]

Expected improvement

factors from 2007 analyses

[X1.5 and x2.25]

Expected Limit/SM

M

2xCDF Preliminary Projection, m =160 GeV

Summer 2004
Summer 2005
Summer 2007
January 2008
December 2008
March 2009
MNovember 2009
With Improvements

goal for 2-sigma
exelusion

0 2

4 6 8 10 12 14
Integrated Luminosity/Experiment (fb ')

Tevatron Run Il Projection

January 15, 2009
Preliminary

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

Probability of 20 Excess

— Analyzed L=10 fb /Exp.
— Analyzed L=5 fb"'/Exp.

0
100 110 120 130 140 150 160 170 180 190 200
With Projected Improvements m = (GeV/cz)

LEP Exclusion

Monica D'Onofrio
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Luminosity [fo™']

LHC prospects for SM Higgs

SM Higgs: a challenge!

Required luminosity for 95% C.L. exclusion
For low mass of ~120 GeV need to

1D||| T T T PT T T T[T T T T[T TTr [+ " " rrrrrrrr o 1 . .

- :'.' o | | ATLAS - combine many channels with small
or 1y | Preliminary (@10 TeV) S/B or low statistics (H - vy, H-1t,
sll :: i i H- 2Z* - 41, H—> WW*—|ulu )

| === Hdl
H ug /[ s 7

H w M) 1 S T
6 I\llf' e 4 & 355 W22 -4 ATLAS preliminary .

| —— WW o) 1 2 gf Mz Ho 1z .4

\ o m WV 2] 1 % Wz 30 fb-! ]
combined ] § 255_ t E

h - 20F- The “golden” channel 1

5| -

III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII : - :

120 140 160 180 200 220 240 260 280 300 phase e Bl
m. [GeV] 0 130 140 150 160 170 180 190 200 210 220
l H M, [GeV]

most promising in the range 150-180 GeV, again with H - WW* —|ulu

-> Partially excluded at the Tevatron!
Monica D'Onofrio HEP Seminar, Madrid, 02/03/2010 34






= New spin-based symmetry relating

fermions and bosons

]

]

Mirror spectrum of particles

m, =100GeV,m,,, =300GeV

600

M (GeV)
.
L]
[

200

8004, =-30QtanS=6,>0

-
dddd

,r
-
T

L h X1

J=0 J=1/2
M(x+) -M(x°2) ~ 2M(x°,)
M(g) ~ 3M(x+)

= Minimal SuperSymmetric SM(MSSM):
Enlarged Higgs sector: two doublets (5 physical states) w

Search for Supersymmetry

Standard particles SuUsY parﬂcles

02 <?
-12 *<2' o

Quarks @ Leptons = @ Force SQuarks ) Sleptons (@ SUSY Force
Carriers Carriers

Broad searches and strong exclusion
limits (some world’s best!)

mSUGRA:

o charginos/neutralinos > 165 GeV

o squarks > 390 GeV (all gluino masses)

o gluinos > 280 GeV (all squark masses)
GMSB:

o Neutralinos > 150 GeV

General MSSM

o stop>200 GeV

o sbottom > 240 GeV
o limits on tan3 & BSM higgs

I»Miguel Vidal's PhD thesis!

Monica D'Onofrio
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X0, ¥, productio

' o Assume Ry conservation, ;(01 is LSP
“trileptons” o Low cross sections (0 x Br < 0.5 pb)
o Very clean signature:

a Missing E; due to undetected v, x°,

o 3 isolated leptons

Golden mode @ Tevatron: very competitive with the LHC (low bkg, similar o)

Search for %;, CDF Run Il Preliminary, 3.2 fb”

. « 3 identified leptons (e, ) DS D
q° 2 identified leptons + track (l) 14— Drel-Yan
3.2fb . “Tight” and “loose” e, categories “ 127 -;_’“’“S""
E 1; —— — -Fake
; 08 ; mSugra M;=60, M,,=190, tan =3, A =0, (i) > 0
Main backgrounds: 208
o WW, WZ, Drell-Yan, W+jets, ttbar 04
- Rejection using kinematic selections on: °'2;_ o
M.,... N jets, Missing E, Apbetween leptons... % 60 80 100 120 140 160 180 200

M., (GeVIc")
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X, xt, results

Good agreement between data
and SM prediction > set limit

m, = 60 GeV, tan =3, A,=0, m>0

CDF Run Il Preliminary, 3.2 fb!
1.2

LEP 2 direct

Theory o, , - BR

[ Expected Limit+1c

[ 1 Expected Limit+ 2o

95% CL Upper Limit: expected
Observed Limit

mSugra Mﬂ=60, tan (=3, Aﬂ=0, (wy=0

1 I 1 1 | 11 1 1 | 11 1 | 11 1 | 1 11
130 140 150 160 170
Chargino Mass (GeV/c?)

0 e by Py
100 110 120

Excludes m)*, < 164 (154 Exp.) GeV/c?

Monica D'Onofrio

CDF Run Il Preliminary, 3.2 fb

260

240

m, , (GeV/c’)

N
N
o

N
(=]
o

180

Channel

SM expected

Data

Trilepton 1.56+0.2 1

Lepton+trk 9.4+1.2 6

excluded region in
mSUGRA m,-m,, spact

mSugra tan p=3, A =0, (u) > 0

m(7) = m(z;)

m(&;), m{ug) > m(z)

[l observed Limit
=== Expected Limit

N\ LEP direct limit

%%mulIllI"'"""""'

a
a

HEP Seminar, Madrid, 02/03/2010

80

100

120

m, (GeV/c’)

Limits depend on relative %°,-l masses

140 160 180

m>, >m, increases BR to elu
m>, = m, reduces acceptance

180

—

70
160

—

150 ~

[4

-
Y
o

+

g
M(3;) (GeV!

120

110

100
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Search for high mass resonances

= Di-lepton resonances have a strong track record for

discovery — J/I, Y, Z

o Enlarge the possible final states looking also in djjet, ditop or dibosons!

= Construct the pair invariant mass and look for any excesses in
the high mass spectrum

Example of di-lepton events

I
| ! .
‘ e,
——

-

=,

—

o
e

- '|I . -_'\-\. .
/A AN
i B "‘ij . '\._.:.'. }
i Illl-" . ".“ -i.ll ) '\\l'l
; F N2 A i
I T Ey [

! - ' 14
I (|, 1]
'Il . o P |
IIII|I . . G IIII|I |I
" | '\._:L-lL . r. " . fx‘x . .._,-' /
\ . 15 ) ;_,.."'
o . | ;

- i
e e, e

-

L B == Er=125.00 G?v
. -‘r==~-.“‘ B .

Advantage

Sensitive to many BSM scenarios:
*Extra-Dimensions

*Extended SUSY-GUT groups
(SO(10),E6,E8...leading to additional gauge
bosons, Z' and W')

*R-parity violating SUSY
and more...

At CDF all modes have been explored!

Monica D'Onofrio
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Evanta / 40 GeV bin

- m w
=

.

Diboson resonances

Clean final states + mass constraints

Final state: electron+tMET+ 2jets

Interpretation given in different models,

ka
TIFT

E=1
TTT

- - ]
N L A LA B

L=2.9 fb-]

P < e
bv:ﬁx, 1%

Wiz q
P < 68%/70%

q

CDF run |l Preliminary 2.9fb™

~ 1
timized f ted s
opiumize or expected resonance mass =5
COF run il Preliminary 28" }? ;
Rt WW in evjj ) E )
W-> ve with two solutions 1 _
Dijets in [65,95] (for WW) |~ Especiad Exchsin_J
?[’)i!'e::s in [7tO,1|05] (for \{:I’Z) . 285 : ‘ S
-jet events also consiaere y
we W' > WZ 516
"‘.—IZI)OI = Ialllﬂl = :HIII.'!DI s I5[|Il21lI — Iﬁtliﬂl = I'ﬂ!’!ﬂl = IB-IZ.!!(III o I9!%'2.'!I —
..... M, (GeV)
W Envariant Mass (GeV) — T Brolin 29fb_1
CDF Run Il Prelimi 2.9 fb! o A EunRE =ilminang s
_ un Il Pre er::narv . 1 : \
= = : .
E 10 . 607 <
g L wm=0 n.‘.:
; —
4L 632
& F I T 10
g r R AR mass (GeV)
wi-G*> WW
- &y (P W 216 1.3 K facion
C | —e— o, Data Limit
|| —— e, Frpartad | it
10% — — o S 102
e S R = T 1 T i 506500400 500600 700 500 800 1000
G* mass (GeV) M;: (GeV)
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Top Forward-Backward Asymmetry

Top pair SM prediction > Symmetric at LO

At NLO in ttbar rest frame, asymmetry due
to interference of ME amplitudes for same
final state > A, =0.05 +/- 0.015 rrL 381,89 (1998)

Several BSM production mechanism predict
an observable asymmetry (Z’, Axigluons)

Reconstructed Top Rapidity
‘ T 1T ¥ I 1 T ! UL I LI B B | | LU I T T T 1 I T 1T T 1
AD™® =0.098 + 0.036 =®- Data

Sig+Bkg _ 776 events
Ay =-0.019+ 0.0026 [ Signal + Bkg

AP = 0.059 + 0.0079 | 776 events
CDF I Preliminary [T Bkg
L=321fb" —+— 167 events

200
180

Events

- Lepton charge provides an
information about top/anti-top

160
140
120
100

- Kinematic event reconstruction
similar to top mass analyses

(=]
(=]

- Use the system of jets from
hadronically decaying top quark

[=2]
o

F-Y
(=]

N II]I\II|EII‘I\I[III|\I\|\!1‘\\I TTT

IJIII[II‘I\I[IIII\I\I[IIJ\H[IIJ'HI'IIJ

N
o

N

-1 -0.5 0 0.5 1

o
-
(3]

—
(1]
2 pollLl

_C.
*
-

Aq, = 19.3% +6.5% (stat) + 2.4% (syst)
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Search for t’

= Signal Region: Lepton + >=4 jets

= Use H;-scalar sum of all
transverse momenta

= Perform mass reconstruction
similar to top mass

= Possible new physics
mechanism:

E=1|

102

101

L t

t observed CDF Run 2 (2.8 fb™")
Preliminary

M top
W+jets

M QcD ¢ m(t')=450 GeV

f

100
R | .
0 400 800
Ht (GeV)
CDF Run 2 (2.8 fb™)
102l Preliminary
101k m(t')=450 GeV
t observed
100} t'
M top
W+jets

101k I QcD : :

0 200 300 400 500

Mieco (GeV)

Monica D'Onofrio HEP Seminar, Madrid, 02/03/2010
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Conclusions and remarks

The CDF physics program continues to be remarkably

successful:

o Continuously on-going updates of existing results
o Use more sophisticated techniques, more data, new ideas!

No evidence of new physics yet, but interesting hints
Exciting potential, especially in the Higgs sector
A lot of more data ready to be analyzed...

With LHC impressive start up and Tevatron
performing at its best,
physics at hadron colliders will be a lot of

fun next years ©

Integrated [uminosity (fb1)

(= - ~ w ES w @ ~ o w0

10

Budget approval pending for FY11 running ™™™
Everyone is on board - we are planning on it

| 12 fb? delivered ~doubles the current dataset |
, and results in analyses with about 10 fb™! _/L

Lz

We aTE‘h‘e‘r/e_‘-.J/

Results up to ~ 5 fb! E %

/_/

/ %
—— J.Konigsberg (HCP'09)

FYo4  FYOS  FYOB  FYO7  FYos P09 FYlO YL FYIZ
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The CDF experiment

Cénitral Mioh Central Calorimeter (EH)

Multi-purpose experiment

Silicon detectors

o Precision vertex detection
o Displaced decays: heavy-flavour tagging

Drift chamber (inB=1.4T)

o Charged particlesupto n~1.5-2
o High efficiency and excellent resolution

N—" Sampling calorimeters
Time of Flight o 4mcoverage (fundamental for E; )

entral Outer Tracker

Silicon Vertex Detector Q Jets and electron reconstruction

Intermediate Silicon

Forward Calorimeter (E)

Luminosity Monitor

Data Taking Efficiency Muon detectors

0_;5”""”'”" E o Coveringupton~1.5

0.8 3

0.7 =

o 1 record: 85-90 % of delivered luminosity
2':‘ o GoodStoreEff E

", @ 20Store Ave (Acquired) S E ~ 7 fb-! collected data per

0.2 e 20 Store Ave (Good) * . 3 .

0-"; ® 20 Store Ave (SVX) ' . é exper'ment

0" 3000 4000~ 5000 6000 7000
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CPVin B, > J/p ¢

V.V, * N
Vusvu ts " tb Bs
B'——= J/YK? B? J/¥ b*
Cs "C
BsMass \ 7 / B / CP violating phases
eigenstates: = sin(2f) = sin(2P,) _ * * | SM
B.L, BH | B, sarg(-V.V,/V. V,)=0.02

d’ it Ve Vin d SM
( ) ] ( i 1-”,0 ( ) g, = arg(M,, /T, 0.004
5 Via L Vie Vel ) \ b AT =T, -T, =2l ,|cos@

0.6 CDF Run i Prel. 2.8 fb'+D@ 28"

— ! o NP contributes to both ¢, and B,
Im gg:j: {C:IE / ' > ZBS = '2BSSM B (psNP
P10 99% Cl 72N : if o NP dominates, 23, = o /NP
E 0.2} _SM '- . .
Combination of DO and CDF

results on Al'{ and CP-violating
2} phase (3 J/ve

Al :2‘r12‘COS(0S N~ _
New Physics Bs”¥¢ within [0.27, 0.59] U [0.97, 1.30]

05 - , | - at 68% C.L.
-1.5 -1.0 -0.5 0.0 0.5 i f0 0 p-value(SM) = 3.4% (~21 2 O—)
/Bs z’@w[rad]
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New heavy baryons

2009: Observation of the (-, and
measurement of the properties of
the =, (2007) and Q-

production of the Q- through the decay

chain Oy — Jly O, Jly — p*u, O -A K,
N\ — p 11", measure mass and lifetime (NEW!)

Measured and Predicted Masses
for the =, and Q"

Jenkins (PRD 77,034012(2008))

Lewis et al, (PRD 79,014502(2009))
Karliner et al, (Ann. Phys. 324,2(2008))
Systematic Uncertainties

s CDF

—— DO — PRL 99, 052001

Loaa oo bl be e Lo loa oo boaal
57 5.72 574 576 578 58 582 584 586 588 59

Q_ —a COF

b DO — PRL 101, 232002 suugeas

[ i N A AR A RN REE

6 6.02 6.04 606 608 6.1 6.12 6.14 6,16 6.18 6.2
GeV/c?

o 35 CDF, 4.2 fb™'
NG
> 2.5
= ] 4.2 fb-1
(S,
— 1.5
i _ _
0
& 05
@]
O & 5.8 5.9 6 6.1 6.2 6.3 %4
M(J /%), ct > 100 uneV/c
Mass (MeV/c2) Lifetime (ps)
=~ 5790.9+2.6+0.8 1.56%027, +0.02
Q, 6054.4:6.8+0.9 1.13'053,,,+0.02

Monica D'Onofrio
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Puzzle: mass measurement of Q7
inconsistent with the only previous
observation of this particle (D0)
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Dijet Mass Spectrum

Test pQCD predictions
Sensitive to new particles
decaying into dijets: excited
quarks, heavy gluons, techni-p,

etc

Dijets with jets |yi¢t|<1

N

L0 R
AL L ma
»

1]
Y
o

o/ dm_ [pb/(GeVic))]

- -
o o
[ )

04|

-
[=]
&n

-
o
&

E 300 GeVic

500 GeVic?

—®— CDF Run Il Data (1.13 fb’)

—

=L
200

L T \
1000 1200
m, [GeVic]

N I R I
400 600 800

Ll
1409

b 3
E‘ “F jat1.2 1
=} | Midpoint, R=0.7, [y""?|<1, L, = 1.13 fb q 5
T R * Consistent with QCD - no resonance
- 2_5_ . _— . . .
g - [ systematic uncertainties * Most stringent limits on many new
'E' B —— PDF uncertainty from CTEQ .
Q [ e o(MRST2004) / o{CTEQE.1M) heavy part|C|eS
2 o2 x 1) / o)
- otwithout R,,) / o(R,.,=1.3) 3 10" e : : : : :
- 95% CL limits (for R-8 G, Technirho] :
1.5 Q F . — |m| (for echniro) §
- - _l. ] e, == 05% CL limits (for the others)
B — 10°E R e : ; :
[ Ll i N N N — N == Techniho |
1 __ ....................... !.wr-.&r..‘:,-kﬁa.—.:._._ﬁ_.;.: ................................ V i " *._‘é-‘ —RSG (k.l’l'\_.'lpl=0'i]
- 4(1_)_ o} X — Excited quark
0_5:_ CDF Run II *>\ E ‘ . Axig\.uonfCoIorcg'l
B — L ; : %, v EBdquark i
B +6 % luminosity uncertainty not included L. = E e, "-,.
200 400 600 800 1000 1200 14020 ‘= m o'l
M, [GeV/c'] € o
) ‘ | ) ) H ; ‘ ) !n' .a.‘l -
MGSS I’eOCh Up TO =~ ] 2 Te\//c2 © 400 600 800 1000 Yo 1400
Mass [GeV/c]

Monica D'Onofrio
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Top production: LHC vs Tevatron

o(W) increases by factor of 10 but 0 (W+4 jets ) is a
factor 100, just like o(ttbar)

** note that these numbers consider 10 TeV as c.o.m.

W+Multijet rates

OxB(W—eV)[pb]|N Jet=1|N jet=2|N jet=3|N jet=4|N jet=5|N jet=6
 LHC 3400 | 1130 340 100 28 7
Tevatron 230 37 5.7 0.75 008 | 0.009

From M. Mangano

/ Er(jets) > 20 GeV , [n|<2.5 ,AR>0.7 \
3400/230 =15 100/0.75=130

On the other hand, single top will be easier at the LHC

a)
t-channel

b)
tw N\
negligible at the Tevatron!
HEP Seminar, Madrid, 02/03/2010

s-channel
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‘What is it?

Charmonium Spectrum

« Y(4140)
4100 — 7
- iy — D * Well above
2900 —— - == N charm pair threshold
— * Expect tiny BF to J/Wo
3700 —1— w o
':-E . * Does not
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Di-lepton resonances

Dielectron

o Central (In, ,|<1) or
Central-Forward (|n|<2)
e*e- pair with E;>25 GeV

o Resonance search
performed in mass
range 150-1000 GeV/c?

o No evidence for NP
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Exclude:
M(G*) < 850 GeV/c2for k/IMp=0.1

SM-like Z2’>966 GeV/c?

Dimuon: Search in 1/m , (constant detector resolution)
.95 % C L. limits in different models
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Sneutrino(spin 0)
m > 397 - 866 GeV/c2

Z’(spin 1)
m > 1.03 TeV/c2 (SM-like)

RS G*(spin 2)
m > 293 - 921 GeV/c2

Update with 5 fb'” and alternative
method will be ready soon!
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Forward/Backward Asymmetry

Reconstructed -Qy

2 “° ! CDF 1l Preliminary |
220F  1-32fb" T :
W 200 | -
180 [ —— J
160 f - ] i Systematic uncertainty
140 F E

o b “  bsmeiic ; includes various assumptions

100 F Background Subtracted J about the Shape of _Ql'Yhad

30 | Corrected 3 distribution

- Backaround ]
60 pacKkground -
- . ]

40
20
0

240
)

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

*

I yhad

Employ an unfolding procedure to go from reconstructed to
parton level:

1. Subtract the background

2. Unfold for bin-to-bin migration effects due to detector
resolution and event selection effects
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