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o, Outline of the talk "l

——

+ Short introduction to the SM Higgs boson.

« Short overview of the LHC detectors
o the LHC accelerator
o ATLAS
o CMS
o Highlight of the performance

* Higgs Hunting basics.
o Production mechanisms at LHC.
o Decay modes and major experimental signatures

*Searches for the SM Higgs boson.
o High mass region
o Low mass region

 Combination of the searches and discussion of the results.
* Perspectives and Conclusion.
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% Short introduction to the SM Higgs bosohll
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= The Standard Model: a “not yet complett?__’jll_

The Standard Model is one of the most successful theory ever. It is simple and elegant: it
explains a huge amount of data using only 19 parameters. It is sort of a monument of the
physics of the 20° century by bringing together quantum mechanics and special relativity. It
yielded an incredibly precise set of predictions (accuracy <10 in tens of measurements up
to an impressive 10-'2in electron g-2). __
All of them have been so far verified.... but one. mES,  Earaw RIS O

80.302 £ 0.030 0.4
My [GeV] OLIST6£0.0021  OLISTA£00021 0.1
Iz [GeV] 2405200023 24968+0.0011  —0.7
Qu a rks I'(had) [GeV] 1.7444 4 0.0020 1.7434 £ 0.0010
[(inv) [MeV] 4900£15 501.65 £ 0.11
D(H) [MeV] 83.984 % 0.086 83.906 % 0.021
haa [nb] 41,541 £0.037 41,467 % 0.000 20
Re 20.804 % 0.050 20.756 % 0.011 10
Ry 20.785 % 0.033 20.756 % 0.011 0.9
Ry 20.764 % 0.045 2080120011 —0.8
Ry 0.21620 £ 0.00066 021578 £0.00010 0.8
Re 01721200030  0.17230+0.00004  —0.1
A% 0.0145£00025  0.01622+0.00025 —0.7
Fo rC es A?é‘) 0.0169 £ 0.0013 0.5
A0 0.0188 % 0.0017 15
A0 0.0002£0.0016  0.1031£0.0008  —2.4
409 0.0707£0.0035  0.0737£0.0006  —0.8
AL 0007600114 0.1032£0.0008  —0.5
2409 0.2324£00012  0.23152£0.00014 0.7
0.2238 % 0.0050 -15
Ao 015138000216 0.1471£0.0011 2.0
0.1544 % 0.0060 12
0.1408 % 0.0049 0.6
Ay 0.142 £ 0015 ~03
Ay 0.136 £ 0015 —07
0.1430 % 0.0043 ~07
e 7- Ay 0.923 4 0,020 0.9347£0.0001  —0.6
Ae 0.670 £ 0.027 0.6678£0.0005 0.1
A 0.805 £ 0.001 0.9356£0.0001  —0.4
@2 0.30005%0.00137 030378 £0.00021  —2.7
. 7% 0.03076 £ 0.00110  0.03006 £ 0.00003 0.6
V V V H | gg S ge 0040 £0.015  —0.0396 £0.0003 0.0
(A u T g —0.507£0.014  —0.5064 £0.000 0.0
Apy —131£0.17 —15340.02 13
boson Quw (Cs) —72.62 £ 0.46 —73.17£0.03 12
Quw (T1) —1166£3.7 —11678£005 0.1
Leptons q—%f—;;’% 3351090 1073 (3.22+£0.00) x 103 0.3
Hou-2-9) 451107 £0.82 4500.82 % 0.10 15
7 [t 200.80 % 0.58 WL87T£176  —0.4

The elusive SM Higgs boson that plays such an important role in the theory has
escaped so far all attempts of direct detection. It is the last (and crucial) missing piece.
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% Short Introduction to the SM Higgs Bosaiil

The SM Higgs has been proposed to provide
an elegant solution for the ElectroWeak
Simmetry Breaking mechanism.

It introduces a scalar field with a non-vanishing
value at zero. The scalar boson appears as an
excitation of the field above its ground state.

Horizontal excitation—> massless mode.
Vertical excitation 2>massive mode.

W and Z become massive while the
photon remains massless.

Unfortunately, the theory does not predict [ M, cos Oy = My, = lvg ]
precisely the mass of the boson -

2 2
= 4V2My, G
M,, is a free parameter M, ;> = 2 ) v?2 g V2M, G

g=0.6574; v=246GeV

G. Tonelli, CERN/INFN/UNIPI Gc2012_MOScow May 28 2012 5



> Constraints on the mass of the SM Higgs|

Unitarity constraints: the exchange of a Higgs boson would allow to regulate the
scattering amplitudes at high energies

w

To avoid unitarity violation (o=~s) )

un-physical (>1) scattering probability
of longitudinally polarized W bosons

WL
WL
2 2
E
AWWW —Z 27
O
Without Higgs > SMiimited to E < 1.2-1.4 TeV

With Higgs the SMis OK but ——> M\, <7-800 GeV/c?

G. Tonelli, CERN/INFN/UNIPI GC2012_MOSCOW May 28 2012 6



2> Additional constrains on the Higgs mass

K. Riesselman, hep-ph/9711456

“Unitarity”. S A O I B

L 111

M, <700-800 GeV /c*

600 m, = 175 GeV

“Triviality”: Higgs self-coupling %’ -
remains finite. 5 a(Mz) = 0.118
— Trivialit __
) 3 4.7172V2 ; 400 — riviality —
H 3In(A/v) N Forbidden zone  _]
“Stability” of the vacuum. 200 [— Allowed zone —
Am? — St Forbidden zone

MIZ{ > E2vt2 In(A/v) oL 1 IR AR AN R B
103 1085 109 1012 1015 1018

A = cut-off scale A [GeV]
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300

Constraints from EWK precision 6 T Lo T e
measurements favour a light Higgs with &
Standard Model like couplings (WW, 5 - Y A0ty = _
ZZ etC). '..‘.“_0.02750-'_-0.00033
| 21+ 0,0274920.00010
o' _ 2
From the ElectroWeak fit 4 O e ”
M,= 96(*3_,,)GeV/c? N
M, < 158GeV/c? at 95% CL. 3 .
From direct search at LEP 2] 7
M_,>114GeV/c? at 95% CL.
1 — —
From direct search at the Tevatron |
Collider 0 Excluded S Ao
175GeV/c><M, 30 100
or M,,<158GeV/c? at 95% CL.
m,, [GeV]
G. Tonelli, CERN/INFN/UNIPI GC2012_MOSCOW May 28 2012
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> The state of the art befdﬂl_

80.5

July 2011

The global fit of the Electroweak parameters
can be used to correlate, through radiative
corrections, the mass of the Higgs to the
mass of the W and of the Top.

Though electroweak data seem to favour a % 80.4 -
light mass Higgs there are logarithmic 9 '
dependances so the constrains are not so >
strong. =

Before the LHC results the Higgs boson was
allowed to sit anywhere between 114GeV/c?
and ~1TeV/c? apart a narrow band between 80.31

68% CL

-

-
-

-------

158 and 175 GeV/c? directly escluded by the

Tevatron Collider. 155

The LHC and its major experiments were conceived and ™; [GeV]
built to explore in depth the multi-TeV region and solve in
a way or in another this major puzzle of particle physics.

— LEP2 and Tevatron
| -~ LEP1 and SLD

-
-
-
"
-

175

G. Tonelli, CERN/INFN/UNIPI GC2012_MOSCOW

May 28 2012
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* Short overview of LHC and of its detectorsiill
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% The Large Hadron Collider: design parametersi

N, = number of proton per bunch
n, = number of bunches

f.o, = rotation frequency (~ 11Hz)
F = crossing angle factor

Rms transverse beam size =VeB/y
€, = renorm. transverse emittance
B* = optics at beam crossing (m)
Y, = relativistic factor

Cost 3 G€

Nominal settings

Beam energy (TeV) 7.0
Number of particles per bunch 1.15 101
Number of bunches per beam 2808
Crossing angle (urad) 285
Norm transverse emittance (um rad) 3.75
Bunch length (cm) 7.55

Beta function atIP 1, 2, 5, 8 (m)

0.55,10,0.55,10

beam

3.2x 1014 p/ ' 25 ns between
crossing

Derived parameters

Luminosity in IP 1 & 5 (cm2 s-1) 1034
Luminosity in IP 2 & 8 (cm2 s-1)* ~5 1032
Transverse beam size atIP 1 & 5 (um) 16.7
Transverse beam size at IP 2 & 8 (um) 70.9
Stored energy per beam (MJ) 362

G. Tonelli, CERN/INFN/UNIPI

GC2012_MOSCOwW

May 28 2012 11




10/09/2008: first beam in LHCIl

« 2 shots of clockwise beam: 2x10° protons per beam

=] BTV — SPS.USER.LHCFAST2 ==
File Tools
) D & < W @ Sep 10 10:26:13 SPS - LHCFAST2  CNGSS - 03 S i
rSelecti rLHC.BTVSI.CS5L2.B1
DExlce: LHC.BTVSLASR8.82 || D D ( of 1 acquisitions) Cycle: LHCFAST2 SC Nb: 700 Date: 2008/09/10 10:25:28.197506
LHC.BTVSLCS5L2.B1 =)
LHC.BTVSI.CSR8.B2 | Image rHorizontal projecti
LHC.BTVSS.6L2.B1 20
LHC.BTVSS.6R8.B2
LHC.BTVST.A4L2.B1 3000
LHC.BTVST.A4R8.B2 =
rStatus E 2o00)
Device: LHC.BTVSL.C5L2.B1 -
< 2000+
status: Tk 2
Mode: OFF E 1500
<
Control: REMOTE
Setting 1000
Basic | Advanced | Expert
500
— T
= -25-20-15-10-5 0 S 10 15 20
Acquisition Type: |0ne extraction |v| E X [mm]
o > ~Vertical projecti
Acquisition Number: |1 I'I
2600
Camera Switch: [on [~]
Screen: | [~] 2500
Filter: [out [~] _
s 4
Video Gain: |x 1 Ivl & 2400
o
i . =
Lamp Switch: |0N |v| S 23001
AAA =
First Lamp: 300 nv E
A A 2200
AAA
Second Lamp: 160 my 2100 -
vy
Motor Enable: [enable [~] ¥ ! —
i - | I =25 -20 =15 -10 =5 0 15 -15 -10 -5 0 5 10 15 20
ardware Reading: & X (mm] Y (mm]
Acquisition Type: One extraction Camera Switch: RAD ON Screen: Al Yideo Gain: x 1 First Lamp: 299
Acquisition Number: 1 Mire: OFF Filter: Out Second Lamp: 159
l P Acquire | I PP start Monitoring ] | Stop ‘ | =l Save I [] Continuous Saving |
10:25:32 - Done. 2
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% 19/09/2008: our black fridaviil

* Anincident occurred during a powering test of one LHC sector for commissioning beam operation
to 5 TeV. Massive helium loss in one arc of the tunnel; cryogenics and vacuum lost and important
mechanical damage to tens of dipoles and quadrupoles

* The cause of the incident was determined to be a faulty electrical connection (“bus bar”) between
a dipole and a quadrupole.

Superfluid helium in
quick expansion can
easily displace a string of
many 20t magnets...

... and these are the consequences:
~1 year of work to replace/repair/re-
check 53 magnets and to put in place
any sort of test and all possible
preventive actions to avoid the same
incident could happen again.

G. Tonelli, CERN/INFN/UNIPI GC2012_MOSCOW May 28 2012 14



S

s New plan for the LHC il

2010: first physics run, 7TeV, L>2x10%2cm?s-1, (40pb-'! delivered)
2011: 7TeV, L>3.5x1033cm2s1 (>5.5fb-1 delivered)
2012: 8TeV , L= 7x10%3cm-2s-1(>15fb-1 promised to be delivered)

Since 2010 LHC is running smoothly and with excellent
performance often exceeding the most optimistic expectations.

2013-14: long shutdown to completely repair all the splices
interconnecting the magnets and prepare the machine for 14 TeV.

2014-2015-2016: LHC at 13.5-14TeV and L> 1034cm-2s-1

G. Tonelli, CERN/INFN/UNIPI GC2012_MOSCOW May 28 2012 15



Total weight 7000 t I
Overall diameter 25 m ECAL Pb-LAR A LAS
Overall length 44 m

accordion

Air-core toroids
Gas chambers

Inner Detectors
Ini<2.5, B = 2T

Pixel, Tracker

HCAL Fe-Scint. Tiles (central) & Transition Rad.
Cu/W-Lar (forward)

ATLAS: 7.7 x CMS in volume / 0.56 x CMS in weight 16




~ 3K scientists

I 173 Institutions [ ATLAS
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> The Compact Muon Solenoid (CMS)¥

SUPERCONDUCTING EC%ﬁISc(?ntl !MnEnggﬁa HCAL Plastic scintillator
COIL Crystals |4 - | copper
,agﬂ_-b . . h
v E , sandwic

Total weight : 12,500 t /~L 4 K _.l
Overall diameter : 14.6 m R < ‘\v'\\;‘ & \!;— - k
Overall length : 21.6 m N | k| Sy
Magnetic field : 3.8 Tesla_ {1 W A | ;\.,,;\L"v« IRON YOKE

partwith relationship ID rld1 was not found in the

i
—
-
——
——

\ wires

Silicon Microstrips .
Pixels =

Vo
strips

Drift Tube Resistive Plate
Chambers (DT) Chambers (RPC)

GC2012_MOSCOwW

Cathode Strip Chambers (CSC)
Resistive Plate Chambers (RPC)
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The CMS Collaboratlon

Pixel
Tracker
ECAL

mor3 38 1 SC|ent|sts ‘and

Solenoid coil

:’A . %gr;; :f 2 ////// \:\é\ g




5m 6m /m

= Particles through a CMS slicelli

m m m 3m
Muon O(EVE ~ 3%//(E) [GeV] ©0.3%

Electron
Charged Hadron (e.g. Pion)
— — — - Neutral Hadron (e.g. Neutron)

°°°°° Photon
©)

4T

o(p1)/P~15% at 1TeV

Key:

Silicon
Tracker

A Electromagnetic
);‘ )' Calorimeter
r

Hadron Superconducting
Calorimeter Solenoid

, CERN, Febricwy 2004

Iron return yoke interspersed
with Muon chambers

Transverse slice Neutrinos "measured”’through missing

[;
D .Bamey

through CMS transverse energy (E;™*%) in calorimeters.

Fast detectors: 25-50ns bunch crossing o(p1)/p+<1% @ 100GeV
. . . o

High granularity: 20-40 overlapping complex events o(pr)lp:<10%@1 TeV

High radiation resistance: >10 years of operation

G. Tonelli, CERN/INFN/UNIPI GC2012_MOSCOW May 28 2012 21



= Physics objects in ATLAS il

Higgs searches require ' SATLAS
detailed understanding of gUB 1 EXPERIMENT
all of the physics objects:

» light-quarks (jets), \ =
» heavy flavours (charm, ~_ =~
bottom- jets), ' ”

* missing energy (E;miss)

G. Tonelli, CERN/INFN/UNIPI GC2012_MOSCOW May 28 2012 22



2= Signal and background

Cross sections for various physics processes
vary over many orders of magnitude

Higgs (500 GeV/c?) 6 ~1pb @103 >10-3 Hz
Higgs (150 GeV/c?) 6 ~10pb@1033>102Hz

tt production:
W— 7/ v:
bb inclusive:
Inelastic:

-1 Hz
=100 Hz
21056 Hz
->108 Hz

¢ (nb)

The needed selection (10-1) is feasible but
a fast and efficient Trigger system is a key

ingredient for success.

Protons collide at 20MHz but we can record
on tape only 300Hz. Trigger selection,

based on electron, muon, tau, jet and missing
energy signatures is crucial for all analyses.

Q

10

10°

10’

@101

proton - (anti)proton cross sections

T

e

0101

Tevatron

o_(E > Vs/20)

el T

z

o (E;”' > 100 GeV)

5 ﬁ‘(ETJ"" > Vs/4)

O igos y = 150 GeV)

H

&

(M, = 500 GeV)

Higgs

0.1

G. Tonelli, CERN/INFN/UNIPI

GC2012_MOSCOW

May 28 2012
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L‘% and then we need to collect a lot of good q‘m_

>5.5 fb-1 delivered in pp mode at 7 TeV in 2011 (1fb-! was the official
goal for the machine).

ATLAS and CMS detectors recorded typically 90-95% of the delivered
luminosity and about 85-90% was good quality data for physics.

Average fraction of operational channels per subsystem typically
>98%. Luminosity known at a 2-4% level.

LHC 2011 RUN (3.5 TeV/beam)

.
—o— ATLAS 5.626 fb~
—&— CMS5.714 fb™!

|—— LHCb1.217 fb~!
—o— ALICE 4.877 pb~!
| |PRELIMINARY

w

=Y

Delivered integrated luminosity (fb™")

Mar Apr May Jun Jul Aug Sep Oct
Month in 2011
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Higgs hunting basics.
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.~ SM Higgs production at LHCIN

Gluon-gluon fusion

. -_g: P
t,b 4 e - H 10
| 3
& T
Vector bosons fusion !
Q1
’ t i1

q q

Associated production with W

d/u q g __H
>A/V\~h‘:L:H MH |
W 7 -2
w* Z 10
u/d oz

o+

\'s=7 TeV

LHC HIGGS XS WG 2010

| IIIlIIII

| Illlllll

1 IlIllll

| | |

Higgs radiation off a top quark 100 260

300 400 500

1000

q t g vovovoe——*% MH [GGV]
“H . . o F | VBF | WH/ZH | ttH

______ g lypical size of the uncertainty | I g?z,, | [ Wh/zH | — |
. QCD scale: M +1% +1% it
(there is also a dependance PDF + as: 8% | +4% | +4% | +8%

a £ g ToTTTe—— ¢ on the mass)

Mass line shape:

(150%) x (ﬂf

TeV

G. Tonelli, CERN/INFN/UNIPI GC2012_MOSCOwW
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% Comparison with the Tevatron C#tlll_

LHC Vs=7TeV -

Large gain in cros section due to the higher 2,
collision energy (7TeV vs 2TeV).

0:

o(pp — H+X) [pb]

—
T T T

Compare the 1-2pb cross section at the
Tevatron for a Higgs of 120GeV of mass with
the 15-20pb equivalent cross section at LHC.

—_—
Q

-
T

107

tmp://goo.gl/PJan

Gluon fusion (gg~> H) is the dominant 100 200 300 400 500 - 1000
production mechanism at LHC.

Irreducible backgrounds in H > WW, ZZ, vy w0® Tevatron rev
are from qqg annihilation. Signal to Noise better™

than at Tevatron except in VH.

X
10~

VBF and VH also very useful at LHC since
they can be identified thrOugh un-ambiQUOus 10 qq - Zh
signatures: typically two jets well separated in

the forward regions or high p; leptons. e T m Tl we,

m, [GeV]

http:/ /goo.gl /G9ZuS
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= 10°¢ 5

Very narrow resonance atlow 3 [ A3

mass: ~4MeV at 125GeV/c? S 18

= 102 = = §

- - 13

The width grows rapidly with the i 13
maSS. 105_ .......................................................................................................................................... _g
Around 1TeV the width of the L _
boson becomes comparable to - .
its mass i.e the concept of 40 h
particle fades away. 10
10'2 ? ................................................................................................................................. —§

100 200 300 500 1000

M, [GeV]

SM Higgs boson width vs mass under
the relativistic Breit-Wigner assumption
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= SM Higgs decay modes vs mass

Higgs couples to mass g T | ww
D r 27 1%

Lyyge ~my? g | %

Chyy~my* ! 107 ;
@ ;4.\

Different decay channels &

are used to explorethe I

low and the high mass 1072
region.

All available channels are
. [ ..3 | | | 1 Il

comt_n_ngd to increase the 10”34, 200 300 400 500 1000

sensitivity. M, [GeV]

1 | 1
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% SM Higgs Decay Modes Vs Massil

o 1 : = 10g ' —— 3
o : 8 F \s=7Tev SM -
© @ o - ’
2 18 cs 1= WW — Fvgg =
< L o) - ]
= 10 i _ ' -
= S s WW — Vv N\
] S . 7Z — I'lqg
| 102 " ZZ — W .
10 E 7 S
. i H— 1t B ]
] 4 27 — ' b
] 107°¢ “\VBFMo vt l=e,n N3
] - MWH — Fvbp\ ™. V= V VurVr ]
ZH— 11bb| \ . N\" q= udscb .
3 . ] L L ) e
10" 400 200 300 500 1000 1900 200 300 400 500
M, [GeV] M, [GeV]
High mass searches: based on H>WW and Events expected to be produced with L=1 fb!
H->ZZ decay modes reconstructed in several (m,, GeV | WWv | 722341 |y
channels; i.e H>WW=lvjj + HOWW-=>Ivlv 120 127 1.5 43
150 390 4.6 16
300 89 3.8 0.04

Low mass searches: H->yy ; H=>bb; H-> rr,
H->ZZ->4leptons, H>WW=>|vlv.

G. Tonelli, CERN/INFN/UNIPI

GC2012_MOSCOW
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95% CL Limit on o/cgy,

The challenge il

CMS Projected Sen3|t|V|ty @Sfb1 CMS Projected Slgnlflcance @ 5fb-1

10° . 16
g CMS Prellmlnary Oct 2010 el - CMS Prellmlnary Oct 2010
- Projected 95% CL Limit on G/GSM . | 1 & 14 I Projected Significance of Observatlon
10° b —— Combined - WW(2I2§v)+Oj ? © . i .
F 5 '@ 7 Tev e - WW(212v)*+1] c 12 - 5 fb’ @7 TeV ?yombmed . mgmﬁi
i —— V(bb)-boosted v VBF(WW) — 212v SJ) i —— V(bb)-boosted VBF(WW) - 212V
i . o m:v(x)) i o8 - 224 2 10 VBF(tr) — 2z 4l
" P > IVIvjj (SS) - - - 22 212y —— W(WW)-> IvIvjj (SS) - - -
10 AT /'/ - ZONW)> (INV)GJ) e 22220 % 8 / S, Z(\(NW))—> (1;;(731)((11‘) )22
[ X ] 2 6
1M N / \\ B S W — § 4 \\ — T~
F \.\ \\\( ) ’,““/’/ ______ U R et ] “g 4 ey R o \ A b
N — > 07N N T Y]
I \;/ »n 2 Z’— TN T N
10" ; 7o NG T e |
200 300 400 500 600 0 y

200 300 400 500 600
Higgs mass, m, [GeV/c?]

October 2010: with 5fb-! delivered by LHC we could reach a sensitivity below 1xSM
in the full mass range.
If the SM Higgs boson would be hidden in the low mass region we could start
seeing excesses with a significance of 2-3 sigma.
Every single channel, particularly in the low mass region, brings very
important information.

Higgs mass, m_[GeV/c?]
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Key SM Background Processésili

o(pb)

30000 |

|

25000

20000
15000 -
10000

5000 -

o

W + jets

W — (v

28000 pb NLO

180

160

140

120

10

80

60

40

20

0

|

\/;=7TeV

/Z/ 165 pb NNLO

/

’+ X
(7-chan)
63 pb NLO
w o g
10.6 pb 43 pb

e W7
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E' : : : E
210° = ATLASPrellmlnary
§ | 35pb"
[e] L : : : H
5 L o z z det 0.035 471"
4 . 95pb’ |
10" e : : \15 7TeV
B s s s s . Theo;y
10° = . m Datai2010
= | | f | . 0 Data2011
B ' © . |
1025_ Ctont | &
- | 07t —
B : 4Tt g
_ 4
10E .10 5
u L 471
w |z | i Tt T oww T owz |z

o(pp)~>H (with m,;=125GeV) =17.5pb

Same order of manitude of the diboson (WW,WZ,ZZ production).

These measurements are also very important to validate detector/physics simulation,
object reconstructions, event selections and in general the analysis techniques.
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b-tag efficiency

L% Excellent understanding of the physics 1

CMS 2011, 2.9 fb '

\J'_ 7’ TeV

IR T AR

% Anti- K' 0.5 PFJats ]
E 1.05+— -
3 o ]
- = i 1]

y o — . U— EPIPE) B
:..___.__,._. +_.._,.___,_‘ ____...u._i._..___-.___":._.._,i__.__....+_._,.:

0.95- ]

0.9F
- yedet, n] < 1.3

0.85 M  Balancing (FIT = 0.984 + 0.002, z*/NDF = 21.30/8) _|

E_Data MC comparison \(+jet_E

F Y Extrapolation (FIT = 0.987 + 0.001, x"/NDF = 2'9‘83!3;

0.8_ L P T S R B |

30 40 100

260 3(:'!0 I
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Events

2000

7000} - B i + jets
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5000
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3000F
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1000;
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F\'s =7 TeV, L = 879.6 pb™ Wmzy >v v

8000 [lQcD
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o 5000
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& - Vs =7 TeV, L = 879.6 pb™ EzZy =t
4000 ffaco
L 1 EWK Bgr.
B it + jets
B -
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2000}

1000_

0.4

= Sim. incl. jet

A L

. == Sim. muon jet
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5 ... and of the key SM background """l

K="
ZZ, WW cross-sections very important test of the SM and irreducible background for SM Higgs
searches; ZZ—> 4l and WW=> Ivlv + ZZ-> llvv with full 2011 statistics.

ATLAS-CONF 2012-027 ATLAS-CONF 2012-025
> g T T T TS 450FT T T T T T
> = ATLASPrelimiay +Daa  wz ] = ATLASPreliminary —+— Data 3
O] F . azz—Ivw EWW 3 400 § [ Diboson E
S 30 JLdt=471fb Eﬁf}x @z ] a0k [Ldt = 4.70fb B Vot diet E
> F Ns=7Tev Wy Wy . s Vs =7TeV [ top ]
E  2F BTop E 300 ++ 1 Drell-Yan =
q>,) - ] o A7 ] WW—lvlv B
L 20:— ZZ% "VV —: 2505_ l:t? |: Ostat+syst _E
150 4 2005 =
- ] 150E- WW-= Iviv |
10F- = - :
C ] 100 [-+- =
5 = 50F- ke =
=50 200 250 300 350 200 050 100 150 200 250 300 350
ATLAS-CONF 2012-026 m(I+E™) [GeV] ATLAS-CONF 2012-027 my(IE7"*)[GeV]
> 24: [rrrr [ rrrr[ [T T[T T T[T T ] L L | '.' "' rrrrrrrTrTrrTrrrTTTTTT
8 22— ATLAS Preliminary _.  paa = ,}ITLASP/e(/m/ay GTOT(W+W')=53.44_-2.1 stat 14-55ys +2 1 umi pb
& 208 [Lat=471" [ zz simutation = Ldt=4.710 SM\W/+H\W\- —
E E f ‘ otal Uncertainty | Vs=7TeV o (W W )NLO_45'1 12'8
L 18 Us=7Tev E
S 16 Estimated Background: - vy .
= F 0.7 j1:3 (stat) i1'3 (syst) 1 1
W 1ac e e B3 All results compatible with
12 = . .
o= 273 4] : SM predictions.
6 = m .
A + E
2; ‘ L 1 l ) l 11 1 1 % + Jr 1- i i Lol l? L L I L L L L I L L L L I L L L L I I I
100 200 300 400 500 600 700 3 4 5 6 8
Four-lepton mass [GeV] Oy [pb]
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% Higgs hunting basics: u and CEgll

Understanding the yellow and green bands.

u is the ratio between the measured
cross section at a given mass
assuming the presence of a SM
Higgs signal and the expected cross
section at that mass.

o/o, Higgs production cross section we exclude, divided by ]
M the expected Higgs cross section in the Standard Model B

= “Observed” (example data)

T TTTT

- Higgs excluded at 95% CL below this line
- Expected without Higgs

- Expected region at 68% Confidence Level

llllll

Umeas

D Expected region at 95% Confidence Level

M:

95% CL Limit on o/og,
o

O'SM(mH)

CLs measures the compatibility of the
data with the signal hypothesis.

If CLs<5% the signal hypothesis is =

10-1 ) SR ol . |
excluded at the 95% CL. 200 300 400 500 600
| mass of Higgs [GeV]

T I TTTTTT
| llllllll

<—Excluded— Excluded
1 1 1 1 1 1

Uy, is the signal strength for which CLs=5%. If, for a given mass hypothesis, m,,

wyp <1 then o,,...<0gy and my is excluded at 95% CL.
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“ Preliminary results shown on Dec13thl

Both experiments, ATLAS and CMS presented preliminary results on 2011 data.

IIIIIIIIIIIIIIIIII]IIIIIIIIII IIIIIIIIIIIIIII

F [ ATLAS "'2011 Data 1 B 10foms Ns=7Tev || | Observea ]
© B F L=4.6-481b" 55 Expected (68%)|
10 — Observed Ld fb-1—_ c - e Expected (95%)|
S - -~ Expected t=1.04-4.9f0 7 S |
= - Et+io - = .
E [ [O+2¢ \s=7TeV § £
-l H—
B 7] -
o | | o |
2 X
0
S — g
i CLSLImIts ] 101__[ lllllll lllllllllllll]llllllllll_
110 115 120 125 130 135 140 145 150 110 115 120 125 130 135 140 145
m, [GeV] Higgs boson mass (GeV)

ATLAS : “We observe an excess of events around my~ 126 GeV: local significance 3.6 o

SM Higgs expectation: 2.4 o local = observed excess compatible with signal strength within
+10; the global significance (taking into account Look-Elsewhere-Effect) is 2.3 sigma”

CMS : “We observe an excess of events which is most compatible with a SM Higgs hypothesis
in the vicinity of my~ 124 GeV, but the statistical significance (2.6c0 local and 1.90 global after

correcting for the LEE in the low mass region) is not large enough to say anything conclusive”
Since then submission of all papers and new results with refined analyses presented in

Moriond.
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New results produced on the full data set.

Complete set of papers submitted and

refined analyses presented at the

Winter Conferences.

ATLAS public results

'( MS

e ’
Channel Mass range Luminosity Reference

my (GeV) (fb-1)

H—yy 110-150 4.9 arXiv:1202.1414
H—-ZZ®"—4| 110-600 4.8 arXiv:1202.1415
H—-WW®)—|vlv 110-600 4.7 CONF-2012-012
H—tt—I114v
H—tt— 1,43V 100-150 4.7 CONF-2012-014
H—=tt—1},,4Thaa2V
WH—Ivbb
ZH—lIbb 110-130 4.7 CONF-2012-015
ZH—vvbb
H—-ZZ—llvv 200-600 4.7 CONF-2012-016
H—-ZZ—lljj 200-600 4.7 CONF-2012-017
H—-WW-—lvjj 300-600 4.7 CONF-2012-018

CMS public results

Mode Mass Range Data Used (fb'!)  Mass resolution Document
H— vy 110-150 4.8 1-3 % arXiv:1202.1487
H— bb 110-135 4.7 10 % arXiv:1202.4195
H— 1t 110-145 4.6 20 % arXiv:1202.4083
H—WW — 2l 110-600 4.6 20% arXiv:1202.1489
2v
H—77— 41 110-600 4.7 1-2% arXiv:1202.1997
H— Z7Z — 2127 190-600 4.7 10-15% arXiV:1202.3617
H— 7ZZ — 212 130-165/200-60 4.6 3% arXiv: 1202.1416
0
H— Z7Z — 212v 250-600 4.6 7% arXiv: 1202.3478
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ATLAS High Mass: H >WW = Ivaq il

Searc for a “bump” over a smooth background dominated by W+jets. Good
sensitivity for masses in the range 300-600GeV when both W’s are on shell.
Mass resolution is about 9% at 400 GeV.

% [TV i T ATLAS Brdiminary | S10°
g pe-7Tev - e ons ] o | o0
g H + 0}, H— ev qq v:.;ou ot © b,
S— . ~ °
8 B B Zijets 0 .
E p Dibosons c
5 ol R E 5 N
- ) SM Signal (m, = 400 GeVT] é 10E (]
5 o
10k - W
- (@)
: 5
o]
1 I LI)
o 43 7))
j Ldt=4.7fo - S
g _ C Ho WWo b ATLAS Preliminary | 2
S ! s'; —‘ 1 '1 A _— 1 l A A A A l A A ' 1 l A A A A l A 1 1 A l 4 i A A
S o [T 1 | : 10300 350 400 450 500 550 600
°T7200 300 400 500 600 700 800 900 1000 m [GeV]
Myw [GeV] H

Different categories based on different lepton flavours and production mechanisms:
gluon gluon fusion with 0 and 1 jet and Vector Boson Fusion (2jets).

Major backgrounds: W+jets, Z+jets, di-bosons, top and multijets.
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“ CMS High Mass Higgs: H >ZZ wm-

cms Prel m nary \r‘ 7TeV 4 6 fb‘

The most sensitive channel asf — e |
in the high mass region. % :2: _Efiiﬁil’,, :
The presence of neutrinos 3 00 m=
implies a mass resolution S zz: :
of about 7%. 5 1 :
Main backgrounds: f sz o o -

ZZ irreducible, Z+jets, tt, WZ £ ;0 s N R e | 4550
M, [GeV/cz]

The channel is accessible only for high mass k2 10 o Imy
(>250GeV) with the two Z bosons selected to be ° ot ;gggﬁétg;gg:;gggggznbm 1
highly boosted and large ME; present in the event. é 10k — 35% CLorcluson obsemve
Discriminating variable for shape analysis, the 5 g ]
transverse mass L[ 1
Mr? = (\/PTZ2 + Mz? + \/MET2 + Mz?)? — (Prz + MET)? >
95%CL exclusion limits for a SM Higgs boson in : :
10" s b e e

range 270-440 GeV 3r)l(-;th1 i‘?rze?;;??hys 03 (2012) 040 T Piggmass,m [Gevict
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35, CMS other High Mass channels: H 5225224 SRR

CMS Preliminary 2011, 4.6 fb™ Ns =7 TeV

z B ! j ! ! ! -
H-> ZZ-> 212q Jet: 207 GV S <o -
_—— =2 n xpected = 1o —
] b o = 08 E ...... CLg Expected = 20 E
arX|V: 1202.1416 A 6:._. .............................................. .
J. High Energy Phys. - S N S R R :
04 (2012) 036 1= W N A N :
: NE G P T N N £
SIS A L T R ;
i
_ 200 250 300 350 400 450 500 550 600
H>ZZ->212< Mo = 580 GeV oy, [GOV]
. CMS Preliminary,\/s=7 TeV, 4.7 fb"
arXiVv:1202.3617 ™S o e = 20 - . ;
J. High Energy Phys. Lumi section : 40 O(D H s zz . "‘C'If
— Electron, p_ = 51.52 GeV/c \3
03 (2012) 081 e I - B Expected CLs Limit
- = IF l'.,-_-' -= § B - o
o) [T l=20
Tau, p_ = 27.5 GeVic S G s 1 —  Observed CLs Limit
= 10
l _- || 7
== e
/ Electron, p_ = 35.27 GeV/c 5
Electron, p_ =20.95 GeV/c
Meer.r, = 178.8 GeV/
1 1 1 1 1
: 200 300 400 500 600
eeet candidate m,, (GeV /cz)
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) H9 WW->212v: the “work horSer

ATLAS WW - evuv Candidate T
} EXPER'MENT Run 167576 Event 120642801

Time 2010-10-24 13:06:00 EDT

TI-VI : vn "
lllnlu hl ]ﬁ_

< _\:\vxl — = l}
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> H> WW-2i2v: the “work horséey

The SM WW is said to be “irreducible”
.

q
/"N\/\é\ Z_Y Y}JLV
A {‘
wieY
’\\r"

q

% ~
O-(H > WW?* - (i V) ~0.18 pb However, WW from the scalar Higgs is

(m, =125 GeV)

14
Main background:

WW, W/Z+jets, tt, ,...

expected to have different kinematics

-
-
w a‘

e@

The spin correlation leads to a smaller
average opening angle between the two leptons

G. Tonelli, CERN/INFN/UNIPI

GC2012_MOSCOwW May 28 2012
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O ATLAS Prellmlnary vz
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~ - Bl Z+jets [T Wsjets .
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my [GeV]
% T AAARASA RARE RALE RARE RASN RIAN RIS R
—rmn == SM (sys @ stat) -
O 35 ATLAS Prellmlnary W wezwy
- \s=7TeV, [ Ldt=4.71" gg E;hgmop 3
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8 30 HowWW vy + 1 jet : ] H[125GeV)
g
L

Lo
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200 220 240
my [GeV]

ATLAS H% WW->2I2v

T

Small opening angle between leptons.
Use of M; as main discriminating variable.

R

For m, =125GeV 0.75m, <m;<1.0my

10T PRI rryrrrrrryrrr|rr-y
o | ATLAS brellmlnary H-WW-oliviv 3 ~
ot 1 -
c 3 —— Observed _ 1 .
S i .- Expected j Ldt=4.7 fb | z
€ Btic _ i
= 10 3 Clt26 \s=7TeV 3 b=y
i - . o
o [ 1 —
2 i ) -
0 o
T N e T— 4 ©
: i g
] ) =
i ) <
10 e e
100 200 300 400 500 600
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Observed Exclusion: 130-260 GeV
(expected: 127-234 GeV)
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entries

CMS H-> WW - 212viilil

(MS
=
T ]
: o data [l ZHets CMS prellmlnary : |- - data I Zijets CMS prellmlnary 12
ol _;;;130 .:N;ZZ L=460f" | : —\rAn’Wmo .:N;;ZZ L=4.60fb" : b
I mwes 1XH(1 30GeV) 30 ; B Wit 1xH(130GeV)
o/ 0-jet OF c | 0-etSF H,
20 j + N 10 + _
b Otm‘+ =
-1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1
BDT BDT
= 10— I i I |
RS ‘1 ------- median expected CMS preliminary
o) i H — WW (BDT based)
g | expected= 1o L a6’
) i expected + 20
é i —e— observed
-4 5
@)
N
T9]
()]
0 ‘}_ 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 _‘
100 200 300 400 500 600

Higgs mass [GeV]

| o data . Zjets CMS prellmlnary ] ;‘:j | e data l Z+jets CMS prellmlnary |
— m,=130 top L =4.60 b g I — m,=130 top L=4.60fo" 1
I ww [l wzz i 40 ww  Ew .
1 woee 1XH(130GeV) | = wie 1xXH(130GeV)
40} i ]
1-jet OF ﬁ | |  1jetSF f 1
20| +
i_r ’
25 Lt
. PR L PR g
-1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1

BDT BDT

Expected range: 127 <M, < 270 GeV
Observed range: 129< M, < 270 GeV

This channel contributes in the whole
mass region but the presence of the two
neutrinos yields a poor mass resolution
(~20%): expect a broad excess and no
mass peak in presence of signal.

Very challenging to achieve high
sensitivity in the low mass region.

arXiv:1202.1489 Phys. Lett. B 710 (2012) 91-113

G. Tonelli, CERN/INFN/UNIPI

GC2012_MOSCOwW

May 28 2012 46



dN/dm._

(CMS
1

e~

0.8

CMS low mass: H> =t "l

The VBF mode is the cleanest and most sensitive channel.

CMS Preliminary 4.6 fb™' \/s=7 TeV
T T T T T T T T T T T L] T

T T, CMS Preliminary 4.6 fb'\s=7TeV ___ WTh

CMS Preliminary \(s=7 TeV 4.6 fb™

1.4

T LI
e (5X) H>TT my=120
—e— Observed

I T T I T
oo (5%) HTT m,=120]
—o— Observed

dN/dm._

10

~ 95% CL Limits

0.7 . 1.2 o . 2 Y e —
06 %ﬁ =F ] —— Observed
. 5 glggroweak 1.0 E (E)I(e:cl:jtroweak _: 8F Ex pe cted = e
05 s ]
0.8 1 7 [ ]+ 10 Expected
04 5xH(120GeV) N 5xH(120GeV)_: ; oF I+ 20 Expected
0.3 ' :
04 5 5 S
0.2
0.1 0.2 4
%% 100 200 300 "% T a0 w0 :
m,. [GeV] m,, [GeV] 2 ............... _;
1F =
>= 2jets >30Gev 1xos“ : 1 1L L L I L L L L I L L L L I L L E
/Z . An>4, M;>400GeV %10 120 130 140
No additional jets with P.>30GeV m, [GeV]
W/Z : - T H
in the rapidity gap
arXiv:1202.4083
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> CMS low mass: H=>bb |||m-

gg—> H-> bb and VBF are dominant ) ctd 0 — ¢ view »
production modes but overwhelmed p- 4514, m 104.78
by enormous QCD di-jet background -3, Pr225:95

y ] : J @ 2.299 Acp (bb,MET)
Best option: qq-> VH; H = bb

— Major backgrounds are V+jets, VV, ttbar bjet2
Use Pr47.3, - MET

_ n1.783, e;197.6
— VH topology : A®(V,H) >3 © 2.189 ©-0.78

— P+(V)>100-160 GeV (boosted W/Z)
— Tight b-tagging & MET quality
— Backgrounds estimated from control data

16— GMS Preltmmary, BDT analy3|s

T is=7TeV,L=47fb" i
14:_ ......... VH(bb)combined. ....................... ............

12 —e—CLg Observed ... ......................... ...... ............
I CL Expected ’ ' 1

5 sub channels
Z(>l); H>bb, l=pe © " =i -

95% C.L. Limit on o/og),

W(%I’V)’ Hebb, I=u,e BE_ --------------------------------------------------------------------------

6_ ............

Z(>vv); H>bb g B

Phys. Lett. B 710 (2012) 284-306, arXiv:1202.4195 S PSSP NP S '140'_' i
Hiaas Mass [GeVI
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> The specialist of the Low Mass: H> il

Signal: 2 energetic, isolated y. Excellent r.esoluti_on: 1-2%

Search for a narrow mass excess over Ch_allques. vertexing with PU, |

a smoothly falling background. calibration of the electromagnetic
calorimeters.

Calibration constants derived
from Z->ee data.

1= 86 GeV

N§ 65— 4%% Simulation ! g::llmsﬂglieolinminary

R : i ategories
A S)) 5:_ —— Parametric Model /C\:Icl)rgbitngd
P ™ - 6,4 = 1.94 GeV/c?
[a¥zars o 41
. N
ez % 3_ FWHM = 3.5 GeV/c? |

e ¢

LU 2 :_

m,, (GeV/c?)

Background: Large and mostly irreducible QCD di-photons.
Measured from M,, sidebands in data Phys. Lett. B 710 (2012) 403-425
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spectacular events

Clean

(C MS
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(CMS
el

—

ATLAS: H>yy

Fit the observed yy mass distribution with a signal+background model.
Exponentlal spectrum for the background Crystal -ball function to describe the signal.

~ 900 T T =
8 Selected dlphoton sample E
P 800 ° Data 2011 3
S 700 Background model =
o = & SM Higgs boson m_ = 120 GeV (MC) 3
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© 7 — Expected CL, limit  H—1yy =
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o 5 J-Ldt -49fb" ]
2 - ]
B 4= <+ 2.80 @126.5 Ge
3
2
1 e e NG = mimimim e
v b v b e b v b by Ly
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135

40

Local P,

10; —_— Observed P, Data 2011, \s = 7 TeV
...... SM H — vy expected
I YY SPOCETRy det =491’
- % ~
[ S5 WY A e s
110 “SHSRE N WY Ay
Lo U WY S
102 ATLAS
830 o
10°F
f weee0--.. Observed Py (with energy scale uncertainty)
........ | EFEFETETE PSS ErE BTSN AT BT ST SRR SR
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Observed exclusion:
113-115 GeV
134.5-136 GeV

Phys. Rev. Lett. 108, 111803 (2012)

A

Excess at 126.5 GeV with a significance of
2.80 —local
1.506 —global (110-150 GeV)
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CMS

M,, = 121.9 GeV

L{ M, = 1460 GeV
o

ifs
il
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Events / (1 GeV/c?)

iment a
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n: 450

—
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n Sep 26 20:18:07 2011 CEST
RuniEvent: 177201 / 625786854

H—yy in CMS: added VBF and MVAN

Gain in sensitivity adding §’3: E%::xz‘%ﬁu 2,3.,:..2.38
MVA and VBF. ® o et e OO ||
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o H>ZZ >4e, 4y, 2e2u: The Golden Chanhiclill

Signature: Two pairs of same flavor high pT
oppositely charged isolated leptons. One or both
pairs with invariant mass compatible with the Z.

Extremely clean, high resolution channel (1-2%)
but very low rate (o~2-5fb).

Kinematics fully available: reconstruction of the
invariant mass of the system.

Main backgrounds: ZZ* (irreducible) for my<2m,,
Zbb, Z+jets, tt

Suppress backgrounds with isolation and impact
parameters cuts on two softest leptons.
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%ATLAS

EXPERIMENT
http://atlas.ch

m4u=l 24. 6 GeV

Run: 189280
Event: 143576946
2011-09-14 12:37:11 CEST




% ATLAS:H > ZZ Sde, 4ji12¢

Event yield (full search range)

de 2e2u au
Background 13.4+2.0 29.7+4.5 18.6%2.8
Signal (130 GeV) 0.43+0.08 1.22+0.21 1.00£0.17
Data 17 30 24
10" g B ATLAS

Signa (m =125 GeV)

= Signal (m =150 GeV)

- Signal (m; "-190 GeV)
vz Syst. Unc.”

H—zZ" a4l
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Events/5 GeV
(o8]
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Phys. Lett. B710 (2012) 383

95% CL limit on G/GSM

CR,

-
o

L B L L 3
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fLat=48f' @EH+1c
\s=7 TeV [(+20c

<« 2.10 @125 GeV

b4 4
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31 0°

95% CL limit on o/

10
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g ATLAS —— Observed CL,

i Hos 2705 a1 Expected CL, |
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\s=7 TeV [+ 20c
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= Combination of the results "l
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>  CMS New Combination "l

Full mass range Low mass region
10} CMS Preliminary = — Observed 10} CMS Preliminary -+t —e Observed
- \s=7TeV B Expected (68%) | - \s=7TeV B Expected (68%), ]
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—
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| AN SN N N T S S NN S
100 200 300 400 500 110 115 120 125 130 135 140 145

Higgs boson mass (GeV) Higgs boson mass (GeV)

Expected exclusion 114.5 - 543 GeV
Observed exclusion 127.5 - 600 GeV CMS-PAS-HIG-12-008
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> New ATLAS combination il

All 12 channels updated with full 2011 luminosity in a new combination.
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B - - IS
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Expected exclusion @ 95%CL [120-555] GeV. Observed exclusion @ 95%CL [110-117.5],
[118.5-122.5], [129-539]GeV. Tiny NOT-excluded region [117.5-118.5] GeV.

The “excess” around 126 GeV does not allow exclusion between

122.5 and 129GeV.
ATLAS-CONF 2012-019
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Closer look to the “excess™

The most S|gn|f|cant excess is at local P,= 126 GeV (P, = compatibility with bkg-only hypothesis).
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2.90 expected as median value in presence of a SM Higgs signal.
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=% Compatibility between chanm_
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Excess from “high-resolution” yy and ZZ-> 4l Best Fit value at 126 GeV [ = 0-9J_r8:§
WW+tt+bb (“low resolution” channels)
do NOT exclude 126 GeV Higgs Combination and each individual

channel compatible “signal strength”=1

at 126 GeV

Both hypotheses “S+B” and “B-Only” still alive.
Need 2012 data for definitive answer.

G. Tonelli, CERN/INFN/UNIPI GC2012_MOSCOW May 28 2012 62



G. Tonelli, CERN/INFN/UNIPI Gc2012_MOScow May 28 2012 63



The challenge of the 2012 run

CMS Experiment at LHC, CERN

Data recorded: Thu Apr 5 05:47:32 2012 CEST
Run/Event: 190401 / 12545076

Lumi section: 75

Orbit/Crossing: 19495845 / 1347

G. Tonelli, CERN/INFN/UNIPI

Rho Phi

GC2012_MOSCOW May 28 2012



=

N .

N

N

ST
)

12

1

3220

r 53@5:47
2545076.

N
s

u
4

h
0

i T

iment
€

A
rd
: 1904

un/Ev

|

1
R Et
Ttumijse tion:\76

CMS Ex
Data rec




% Expected Integrated Luminosity in 20121}

Steve Myers February 2012
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Reasonable to expect that the integrated luminosity estimate is conservative
(B*=0.6 m may be possible, other improvements)
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2% The LHC 2012 run at 8 TeV is ohgoifil

nt at LHC, CERN CMS Total Integrated Luminosity, 2012, =8 TeV
Apr 501:18:00 2012 CEST
39 / 107592030
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Current running conditions 1380 bunches, *=0.6m, bunch charges up to
1.5x10"protons/bunch, pile-up up to 30 events/crossing at the beginning of the fill,
emittance in collision at 2.0-2.5um, record instantaneous luminosity: 6.5x1033cm-2s-1

In track for >15fb-1 by the end of the year
but please continue keeping your fingers crossed.
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" Priority: search for the Higgsili
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Discovery potential for the SM Higgs Boson (non-optimized analysis) |
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o, Conclusion.

Thanks to the fantastic performance of the LHC and its detectors in 2011, an
incredible amount of progress has been achieved in the search for the Standard
Model Higgs boson.

The presence of the SM Higgs has been substantially excluded at 95% CL in the full
mass region below 600GeV with the exception of a very narrow region between
122.5 and 127.5GeV.

Intriguing hints of the possible presence of the SM Higgs boson in LHC data around
a mass of 125GeV/c? have been reported independently by ATLAS and CMS. We
expect conclusive statements (confirmation at the observation level or exclusion at
least at 95% CL) using the current 2012 data.

LHC 2012 run at 8TeV has successfully started with expectations for an integrated
luminosity >15fb-".

Stay tuned !
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