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Multi Jet Event at 7 TeV f

 Standard Model Physics at
/ TeV
 Searches for the Higgs




Physics case for new High Energy Mac-

» Understand the mechanism Electroweak Symmetry Breaking

# Discover physics beyond the Standard Model
Reminder: The Standard Model { [T

e M
- te”S us hOW but I"IOt Why 30 Nﬁld%\fﬁg&
3 flavour families? Mass spectra? Hierarchy? 5 s
- needs fine tuning of parameters to level of 10-30 | 0
- has no connection with gravity / o s
- no unification of the forces at high energy 0 e300
Most popular extensions these days i
e MSSM
If a Higgs field exists: — Wad v
- Supersymmetry 2
- Extra space dimensions 0 N\

If there is no Higgs below ~ 700 GeV »

- Strong electroweak symmetry breaking around 1 TeV L
Other ideas: more symmetry & gauge bosons, L-R symmetry, quark & . R

lepton substructure, Little Higgs models, Technicolor, Hidden Valleys... ' ' §GeY

D_




History of the Universe

pp physics at the LHC correspons
to conditions around here

Key:

q quark
g gluon

€ electron

mnuon t tau

N neutrino

W, Z bosons
ft:i meson
@ @ ® baryon
o ion

@ atom

’\/\1 photon
star
‘ galaxy
black
v hole

HI physics at the LHC corresponds
to conditions around here

Particle Data Group, LBNL, © 2000.

3

Supported by DOE and NSF




The Origin of Particle M

A most basic question is why particles (and
matter) have masses (and so different masses)

Peter Higgs

The mass mystery could be solved with the ‘Higgs mechanism’
which predicts the existence of a new elementary particle, the

N A
‘Higgs’ particle (theory 1964, P. Higgs, R. Brout and F. Englert) ‘ MR

The Higgs (H) particle has been
searched for since decades at
accelerators, but not yet found...
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Supersymmetry

(Julius Wess and Bruno Zumino, 1974)

Establishes a symmetry between fermions (matter)
and bosons (forces):

- Each particle p with spin s has a SUSY partner 'f)'
with spin s -1/2

- Examples q (s=1/2) > Y (s=0) squark
g (s=1) = g (s=1/2) gluino

ur known world Maybe a new world?

Standard-Teilchen SUSY-Teilchen M OtiV atl on:

- Unification
(fermions-bosons,
matter-forces)

- Solves some deep

problems of the

Standard Model

\) Sleptonen

() susy-Kraftteilchen
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New Physics at High E

- New Gauge Bosons?  gypersymmetry ZZ/WW resonances?

i = CMHs

Technicolor?

. signal

Zz
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We do not know what is out there for us...
A large variety of possible signals. We have to be ready for that




LHC is 100m underground

LHC is 27 km long

Magnet Temperature is 1.9 Kelvin = -271 Celsius
LHC has ~ 9000 magnets

LHC: 40 million proton-proton collisions per second _
LHC: Luminosity 10-100 fb-t/year (after start-up
phase) b
CM system energy: 7 TeV (13-14 TeV in 2014) &

CMs =

L =X 7 |
Point Sl i K

\\.4.7!\

eHigh Energy = factor 3.5-7 increase w.r.t. present accelerators
eHigh Luminosity (# events/cross section/time) = factor 100 increase




The full LHC accelerator complex

CERN Accelerators

(not to scale)

LHC ring is divided
into 8 sectors

Linac

LHC 7 TeV p-p
2.6 TeV/n Pb-Fb

Booster

0.999999c¢ by here

P PROTONS

L} e
BOOSTER
T2 oey (D (Ps256eV
P
. ION
o ' 5/ ACCUMULATOR

SPFS: Super Proton Synchrotron
AD: Antiproton Decelerator
ISOLDE: Isotope Separator OnLine DEvice
PSB: Proton Synchrotron Booster
PS: Proton Synchrotron

LINAC: LINear ACcelerator

LEIR: Low Encrgy Ion Ring

CNGS: Cern Neutrinos to Gran Sasso

Mol LEY, P Divison, CERN, 030856

e > 50 years of CERN
history still alive and
operational

Start the protons out here



The most challenging components are the
1232 high-tech superconducting dipole magnets

Magnetic field: 8.4 T
Operation temperature: 1.9 K
Dipole current: 11700 A
Stored energy: 7 MJ
Dipole weight: 34 tons
e /600 km of Nb T| superconductlng cable




2011 Run (till mid Se

@ Atlas Peak Luminosity ’ ° ..... e 2010 2011 Nominal
@
e Energy [TeV] 3.5 3.5 7
2000 “ LHCh Peak Luminosity = v 1200
*
+ Number of Bunches oaiow e + . . B* [m] (IP1,IP2,IP5,IP8) 3.5,3.5,3.5,3.5| 1.0, 10,1.0,3.0 |0.55, 10, 0.55, 10
<, 2500 ¢ 1000 Emittance [um] (start of fill) 2.0-35 15-2.2 3.75
% Last .
RE 25 ns 50 ns L b LHCC o 8 ‘ % [Transverse beamsize atIP1&5 [um] 60 23 16.7
5 o a * r—~ -‘:_,
:-EZ"“" g “l [ 4#'_'TL ¢ @ £ Bunch population 1.2x10% p 1.4x10*"' p 1.15x10'1 p
F % ] . g . g x .r = s Numberof bunches 368 1380 2808
E 1500 g 2 i nE . = 600 g
3 g @ ° o s B8 E e B 2 |Numberof collisions(IP1 & IP5) 348 1318 -
3 g8 ~ |5 4@ %EZ " =
& 1000 58 , 8 »nr 6 ¢ — €5 m  Storedenergy [M)] 28 110 360
E E " e E ¢ Intensity E § 2 E:'dmr:: ::';- k*:ﬂ Peak luminosity [cm2s] 2x1032 3.3x10*33 1x10%
500 - & £ "_’r'_ = |RampUp| 3 \ — 2 ° 200 Max delivered luminosity (1 fill) [pb- e
w|E 8 .:'. e &g:':'{'ﬁia i .Wt st § o Govy | 6.23 -
& b * 'y
o . é bt e “f \_;‘ . — . Longest Stable Beams fill [hrs] 12:09 25:59 -

08/03/11 28/03/11 17/04/11 07/05/11 27/05/11 16/06/11 06/07/11 26/07/11 15/08f11 04/09/11

Fill 2105 (Sept. 14, 2011)
E:E::::lfj::i::f;ifFms » Duration: 16.5 hours
Tire i Sxskle Bearma: 42 deys, 010 Delivered: 117.4 pb!
Recorded: 113.4 pb™!
Data Taking Efficiency: 96.6%

2.6 times the CMS recorded lumin()sity for 2010
~ Same as Tevatron Run I!
Approximately 18,000 top pairs produced during this

fll!




Last Weekend...

03-Oct-2011 09:05:53  Fill #: 2178 Energy: 3500 GeV I(B1): 1.44e+14

I(B2): 1.44e+14

ATLAS ALICE CMS LHCb
Instantaneous Lumi (ub.s)*-1 13175 1.883 1351.5 343.8
BRAN Luminosity (ub.s)"-1 13354 1.817 1336.9 332.3
Fill Luminosity {(nb)*-1 104907.4 78.1 107071.9 17789.6
BKGD 1 0.090 0.687 3.961 0911
BKGD 2 14.076 19.760 1.320 16.853
EKGD 3 13571 4.192 2.7/32 1.246
LHCb VELO Position [ Gap:-0.0 mm STAELE BEAMS
1.5E14 - 300
z 3
%‘ 1E14- 2000 ;
~  sEi3- 1000
T T T T 1 T T =10
11:00 14:00 17:00 20:00 23:00 0200 05:00 08:00
— [{Bl} — I1iE2} — Energy

2 Fills with more than 100 pb! each within 36 hours!!!
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Luminosity in 2011 so f

Total luminosity Daily luminosity in 2010

EMS Integrated LL.IrI'l.Ir‘I«\'J!':I'(:\F.H:‘El!pr 2011 {Mar 14 EIE CIEI' Cll'.'[ 03 07:28 UTC)
T T

CMS Total Integrated Luminosi ty 2011 (Mar 14 09:00 - Oct 04 10:13 UTC) 140
4.5 T -
-]'Q —_ u!ll\f!fﬂﬂ 4,42 fb~! : : h — uﬂll\"ﬂrﬂd Max 135, 3? Ph‘ . .
¥ 4.0/ — Recorded 3.98 fb~' [ AR B - 2 120!| — Recorded Max 132.07pb' |0

d 1 I 1
1#!0"* tﬂfﬂﬁ m|01 '1#'““ omj,ﬂ
Date

Date

*The LHC restarted on March 13 2011 after a winter stop

*The LHC has produced already ~100 times more luminosity
compared to 2010

L HC running now with 1380 bunches and ~3.3°1033cm=s?
luminosity

-> 4 fb! now; 5 fb! or more by the end of the October




The Four Main LHC Experiments.

Muon Detectors Electromagnetic Calorimeters A I LAS

. Forward Calorimeters
Solenoid

End Cap Toroid

Barrel Toroid Inner Detector Shielding

ALICE

T

TR B
oyl |

C M S vacuum chamber

2 . central detector
el pr3 s electromagnetic
— N calorimeter

Muon system

Electromagnetic calorimeter

Hadronic calorimeter

Tracking system

+TOTEM, LHCf, MOEDAL










The CMS Collaboration: >3000 scientists and engineers;

Tracker
ECAL

HCAL
Muons
Solenoid coil




Great Moments

; Ees=l  Mar 30,2010
P ’,” éep |12{2608 A AN AW - T first 7 TeV collisions
% rculating beam... | _,

22:00 Mar 13,2011

Flrst 2011 ollisions Some of the
T Y key moments
‘_‘\ the last years
] 7l



A Recorded Heavy lon Collision

CMS Experiment at the LHC, CERN ( Mg
Mon 2010-Nov-08 11:22:07 CET| -~
Run 150431 Event 541464/,
C.O.M. Energy 7Z TeVp

S




Proton-proton c

Generic LHC Collision - parton Distribution Functions: the probability of finding
a parton with momentum fraction x in the proton

proton

——— HI1PDF 2000
Q=10 GeV*
o5 || ESSSS ZEUS-SPDF
I\

Current picture of the proton

Structure function

measurements eg
from HERA
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TOTEM: Total Cross

Sector 45 (220m) Sector 56 (220m)
Far Mear MNear Far
il Top Top
BLM o B Horizontal _[lg BPM |
“ - = © ~ BLM
IU ! BPM M Horizontal M ]
Bottom U Bottom U

*Totem: uses the same interaction point as CMS
*September LHCC: release of the first total

pp cross section at 7 TeV using elastic scattering
and the CMS luminosity measurement

Total = elastic+diffraction+non-diffractive events

g, = (98.3 + (). 20t 4 9 70 [to.s] (syst from f-’)) b

0.2

G =8.3mb ™ 416,5 mb ™) = (24,8:+0.26% + 2.8 )mb

O = Oy =0y =(73.5 £0.65] 1] &) mb

G, (CMS) = (68.0 £ 2.0(5¥5) + 2 4(lumi) + 4,0 fextrap)) mb
Gine (ATLAS) = (69.4 + 2.4(ex0) + 6.9 (exrap)) mb

Important for pile-up in ATLAS and CMS
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Physics Resul

e Studies of general characteristics of minimum bia
soft events (now our pile-up)

Study of the underlying event in x
with a hard scattering

final-state
radiation

Underlying event

on production at 7 TeV



LHC: 7 TeV Early Analysis

We learn a lot of particle production at the highest energies!!

— T Y |

7 (B)x  ua1nsD ) NAL B.C. inel. CMS _
¥ STARNSD > ISR inel.
6 4 UA5SNSD A UAS inel. .
5 COFNeD PHOBOS inel. ’
% ALICENSD , :
g ® CMSNSD 17 ALICE inel. .
PHOJET 1.12 / ;

— PYTHIA 6.420 D6T

E. Levin et al. /
#c

dN/dn|
.

af
o n= -In tanB/2
if 0.161 +0.201 In(s) ]
sss=e-e- 3,17 - 0.381 In(s) + 0.0296 In(s) -
: ———— 1.54- 0.096 In(s) + 0.0155 In’(s) -
0 E— '
10 10° _ 10° 10°*
\'s [GeV]

Measurement of the charged particle density in proton proton collisions at 7 TeV

Strong rise of the central particle density with energy



R(An,A0)

Correlations Between Produced Part

Expenmem at the LHC, CERN

\ |
1!.7;0& 58, & OELL GMT(04:25 ‘ﬁna

Ebl'

/

\
\
1 ﬁ
b/
frs
/
/.

R(AN,A0)

*Select high multiplicity events
*Study the correlation between
two charged particles in the
angles @ (transverse):

A@ and 6 (longitudinal): A6

A new phenomenon
in the ‘stronge force’

seen for the first time
. W“W‘ - But not considered
) \‘\"‘ 4 New Physics

0
4 n= -In tanB/2




Jet Production at7‘

proton J&_ : : The data are SpanningZ
G S -20 GeV < p7 < 1500 GeV and Inl < 4.4
¢

%@, \*Q%ﬁ -Up to 12 orders of magnitudes in cross-sections

proton

1 1
;1024 T t kl It IR IOISI T | T T .I | ; I()EI(I1IOJ2 _—
: anti-k, jets, yl< X —
ET(GEV) O} 1021_."““ 37 ob" 527 TeV O 03<ly|<08(x10%) I
(_2 C P E 08<lyl<12(x10%) 5
o) 18 ® ® 12<|y|<2.1(><10)_—
300 let 1 " 535 GEV Q_10 - —o—_._ A 21<|y|<2.8(><10)_:
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0 Q'_'l 02F " - e i
© o e o e —
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0 S — —r— -l-_‘_ == —
ll * 1:: —v— —A— = -E-Q 3
- 3F == = A —
10 - Systematic — == A E
2 6 : uncertainties == S _:
10 E:_D NLO pQCD (CTEQ 6.6) x == 3
g Nompertcor ATLAS Preliminary | =
2 10 [ 1 1 Lol I TR N I 1

10? 103
p; [GeV]




Run Number: 183081, Event Number: 29591437
Date: 2011-06-05 11:50:44 CEST

J etS Jets with 1.9 and 1.7 TeV

transverse momenta (py)

30



Jets: Data with NLO

. except in some specific

Good agreement between regions, for example in the

data and NLO pQCD with forward directions
various PDFs globally... - Should be able soon to

constrain PDFs

[ F T =
1.5~ ATLAS Preliminar - 37 ob” O, . F 3
Q" <03 R J-Ldt'w Pe O 15 21<yl<2s ATLAS Prellmlnary - J’Ldt:m oo
O N H Vs=7TeV + +4 Y
o 1 B ] g_ r ] \s=7 TeV
1 _@- patavin | L ]
% 05 __ : : —_ statistical error Z 05 C I $ | e P D‘i }':’Cg:
=2 1.5 03<|y <08 = Dsymnmmices t 15 Py a6 — Ds,.m
(@] - . NLO pQCD ; F N _
= 1k ’ ‘ (CTEQ 6.6) o 1 E A NLO pQGD
CU - Non-pert. corr. -lc—U' ! — ’ ‘ ;?TEPQ:S)
o o C - 3
C oc E A 7
0.5 - 0.5 :— . —:
1'5:_ 1'5;_ 36<lyl<44 ]
i F " Hee | ]
- - +—.—
C 0.5F —o-
0.5 . —o
1.5 12<y| <21 L 1 102 10°
, M} :
0.5 , s
102 10°
P, [GeV]

Importance of energy scale uncertainty!



Di-lepton Invarian

The di-muon spectrum recalls a long period of particle physics:

pw o Jhy

' Y(1,2,3S)
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CMS Preliminary
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102 =

1 10 102
n*u- mass (GeVic?)




Heavy Bosons Production .

I8 CMS Experiment at LHC, CERN

[ CMS j Run 136087 Event 39967482

\ Lumi section: 314

| Mon May 24 2010, 15:31:58 CEST

LIPS EPRNLN-P LR \Vuon p= 27.3, 20.5 GeV/c ‘ I H ” 1
' N 3 Inv. mass = 85.5 GeV/c? \
11 EXPERIMENT X , ~ [ I
~ ) ¥ L= 1 ¥t | §
g : \ 2 S— :
g 7/ \\ : \ ‘ 1 I ‘ LRl o vl ¢ I M
] || [ e—Y
W-ev candidfa'Fe in il H — ﬂ |
/ 7 TeV collisions : S— T ==
p,(e+) = 34 GeV ' SR T T e )
nle+)= -042 3 Ve Z
E,™s = 26 GeV i - E'\.\\ =53 T H!ll‘
M, =57 GeV : = = ‘

The first W & Z bosons showed up in May 2010 in the experiments
Now: about 6M W and 600K Z events/fb-1 for analysis (e+p final states)
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W and Z Boson Produc

= ATLAS Preliminary
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Sub. to JHEP
arXiv:1107.4789[ hep-ex]

CMS prellmlnary

36 pb at \@ 7 TeV
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Z peak (di-lepton pair
mass distributions)



https://twiki.cern.ch/twiki/pub/CMSPublic/EWK-10-005/Zee_mass_Log_corrected.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/FastPerformancePlots/W2010/fig_01b.png

Early W cross section m

ATLAS

Data 2010 {'s = 7 TeV)

_[ L dt = 310-315 nb”

JHEP 12 (2010) 060
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Full 2010 Data Set Meas

Ratio (CMS/Theory)

CMS preliminary at \s=7TeV
| lumi. uncertainty: +4%] |
axB{ W ) 0.988 + 0.009 gyp + 0.
axB(W" ) 0.982 % 0.017 exp  0.049 theo
axB(W ) 0.993 + 0.019 gyp + 0.054 theo
axB(Z) 1.003 + 0.010 gyp + 0.047 theg Note:
oxB(Z — tr) —— 1.029 + 0.097 gyp + 0.043 theq There are now
oxB{ Wy ) :: . 1121+ 0.177 gxp + 0.077 theo results with 2 fb!
axB(Zy ) S - 0.969 % 0.121 gxp + 0.042 theo
axBOWW ) 4 0.956 + 0.381 eyp + 0.007 ren I show this table
Rz 0.981+ 0.018 gyp + 0.015 e to highlight the
R 0.994 + 0.013 gyp + 0.035 theo range ﬂf EWK
Wiet — ev o — ] 0.894 £ 0.097 gyp + 0.017 theo measurements
Wigt — v o A 0.833 £ 0.088 gy, £ 0.017 theg
Ligt e " - . 0.992 + 0.199 gyp + 0.020 then
jet — I " o g 1.208 £ 0280 gup + 0.021hep
Zp jetiZietl— e€) . — 1.059 + 0.281 gp + 0.167 theo
Zp et/ Ziet(— Ap) | . 1.000 + 0.272 gy, + 0.185 1100
sinPeyy | ,_]_‘ | 0.989 + 0.037 gyp + D.!‘III1 theo
0.5 1 1.5 2




W-Z Cross Se

| ATLAS Preliminary

Data 2010 \s =7 TeV)
MSTWo08

HERA
ABKMO09
JR09

s total uncertainty
—@— uncorr. exp. + stat. |
uncertainty

.[ Ldt=33-36pb -

1.1

6, [nb]




Electroweak: access to pro

PAS EWK-11-005, 013

_de/dg(WT = £Tv) —de/dg(W™ — £77)

A = 3 7an W = £7v) T doyan(W- = £5)’ W+charm
a 7| T ‘l T | T 17T | T T | 1T 1TT ‘ L ‘ L | L | LI I T T |7
*qE'j 0.3 \'s=7 TeV s ATLAS+CMS+LHCb - CMS preliminary
i ,-z::"i':;:';“_: ‘.-l::"s- L n L L L N B B B T T T T T
g 0.2 s T Prellmlnary__ N 90 36 pb?! at \'s =7 TeV
P B - ) a0k
@ : 3 80,
()] B 7 [ E ® Data
% 0.1 - g 705_ I w*+charm
c - ] 2 6ol [ wH+light
(@) - ] e L
0 — —
o E -0~ ATLAS (extrapolated data, W — Iv) 35 pb™ E -g a0k [C]Other bekg.
9 -0.1— =+ CMS (W- uv) 36 pb’ — S5
- m LHCb (W— uv) 36 pb - < 30
-0.2 [ MSTWO08 prediction (MC@NLO, 90% C.L.) ] 202
[ FEEE CTEQS6 prediction (MC@NLO, 90% C.L) - of
oo 8 Eemomsmwoonoomot) | 1 |

05 1 15 2 25 3 35 4

o

=

*. = 0(W*c)/o(W-c)=0.92 +0.19(stat.)+0.04(syst.)
R. = o(Wc)/o(W+jets)=0.143 +0.015(stat.)+ 0.024(syst.)
NLO predictions:
*.=0.91+0.04 R, =0.13+0.02

Secondary vertex
decay length discriminator



W + jet(s) producti

—10° ‘ . - | : .
) _ W—-pv + jets
& 102 det=33 ob” it ertev] BOthan Interesting QCD measurement as
8 1oL X SHERPA well as a dominant background to searches
e Y BLACKHAT-SHERPA
S MCFM
B o ATLAS Preliminary CMS preliminary
'O 1 0—1 s i E ;q—_‘; B | | y | |
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Using Tau lepto

CMS CMS
i B N B 150 ——— 1 7
% [ 36 pb™ at Js=7 TeV E - 3Epb” ats=7TeV Example Of USIﬂg TS
g 150 Z =TT = Ty Tnag . g 2910, |
- o 100 -
£ ot ] £ 1 CMS 36 pb™” at\s=7TeV
l% D z_'“ g : 1 1 1 | 1 1 | 1 1 1 1 ‘ 1 1 1 1
Bl cwisi ] NNLO, FEWZ+MSTW08 [PDF4LHC 68% CL] (60-120 GeV)
B aco 50 . i
. ; He-H Z — 1T (combined)
ks from 81 1 ———— Te T Thad
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Differential W, Z Cros

u—y
[=¢]

:_ W ATLAS _:

-
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Z=l JLd:Mpb"
Data 2010, \/5 = 7 TeV

Data / RESBOS
w &

ha

IIIIIIIII—|IIII

-
i

—4-Z— g€, pu (dala)

— O

R h:,ur_:

10 20 30 40 50 60 70 80
p.(IT) [GeV]

Very sensitive to QCD calculations and new effects
RESBOS = Resummed QCD program for Vector Boson Production




Studies of the TOP Quz

« Complete set of ingredients to investigate production of
ttbar, which is the next step in verifying the SM at the LHC:

* e, u, E{mss jets, b-tag
e,u
« Assume all tops decay to Wh: event
topology then depends on the W decays:
* one lepton (e or p),
E Miss, jjbb (37.9%)
 di-lepton (ee, uu or ep),
E.Mss, bb (6.46%)
 All hadronic channel

Data-driven methods to control QCD and W+jets backgrounds




Candidate Event for Tc

Top Di-Muon Candidate Event




Top Analyses: Exa

2 leptons + jets + ETmissS

——— 1 lepton + multi-jets + ETmiss

1600

1200 U +Jets 3Jets € HUels

ﬁ 500 __CI:HS plein';nary, 1_1|4 i I::," I ] ﬁ E C!:ls plelimlinal]r, 1.1|4 i’ :dv:' E
e [ ny channel =?&‘-ﬂ‘rm ] i 350 = Hw = -
ol B 3

- lober 3 o 2400 ———————
sonf e - g E 3 Jels ATLAS Preliminary +I2_)ata2011,\(§=7TeV

- i > 2000 [Ldt=0.701" LK B QCD Multijet
soob g 3 = w O W+Jets W Other EW

4 Jets 4 Jets

o 2f 800
S45E
§ 1 ————— 400
05E —
g 0t 0 1 2 3 V. [} 1 2 3 =4 i
b-tagged jet multiplcity b-tagged jet multiplicity g 15 \ +
o 10 g-»ww+{++f,;wt*téw§++f+++ﬁw;++ﬁf&*,*“wwafﬂ# ookt }Hi b
O .
= 05k - : - - -
g 0 20 40 60 80 100

Likelihood Discriminant



Top-Pair C

o(NLO)=158+24 pb

Lepton+jets+b-tag
— Most precise to-date for CMS !
» Dilepton channel (ee,eu,up)
— Require at least 1 b-tag
» Dilepton channel (u-1)
— Reconstruct hadronic tau decay
« All-hadronic channel
— kinematic fit for m,,
— QCD shape from anti-b-tag data

CMS preliminary, 1.09 o™ at \'s = 7 TeV

)

Ig‘ 80 —e— CMS data: 1620 events
81 60 + — tf simulation

Z1a0 If\ -==- QCD estimate from data
%l 20| I * — combined tt and QCD

I-% ‘4 [ fSig = 0.250= 0.036

ross Sec

CMS Preliminary,\'s=7 TeV

— CMS e/u+jets+btag
> TOP-11-003 (L=0.8-1.09/pb)

/

CMS dilepton (ee,up,en)
TOP-11-005 (L=1.14/fb)

CMS all-hadronic
TOP-11-007 (L=1.09/fb)

2(111

CMS dilepton (1)
L TOP-11-006 (L=1.09/fb)

CMS 2010 combination
arXiv:1108.3773 (L=36/pb)

CMS e/u+jets+btag
arXiv:1108.3773 (L=36/pb)

CMS dilepton (ee,u,ep)
arXiv:1105.5661 (L=36/pb)

CMS e/u+jets
arXiv:1106.0902 (L=36/pb)

Apprax. NNLO QCD

Theory: Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009
MSTW200E|!(N)NLO PDF, scale® PDF(TD% C.L) uncTnainty

164+ 3+12+7
(val £ stat. + sys%. + lum)

136+20+5 + 8

(val + stat. + syst+ lum)

149+24+5 + 9

(val £ stat. + syst. + lum)

154+17 + 6
(val £ tot. = lum.)

150+ 9+17 + 6

(val + stat. + syst. + lum)

168 +18+ 1) + 7

(val £ stat. £ syst. + lum)

T 173+14+3% + 7

(val £ stat. £+ syst. + lum)

50 100 150

This is the most precise top pair cross-section measurement so far:

oy = 179.01 53 (stat + syst) & 6.6(lumi)pb

fo0 150 200 250 300 350 400 450 500 550
m,,, (GeV/c?)

Already challenging for theoretical uncertainties!

200 250 300

ATLAS:

5o Lepton+ jet

— ~ 6.6%
o



Top Pair Production at

o) R R e
LHC.Ne=7 TeV 2 - —NLOQCD () o Atlas (upt0 0.7 fb™ prelim.) .
i ol B Bkl OMS (36 po”, prelim)
oo G into . o ot i ,|  —NLOQCD (D) =
e egenozme otk 1072 - approx. NNLO op) E
AL AS dlepton (eeauu.eu) ARtk " mCDF (upto4.6fb) .
Aaueess LA "~ eD0(ssY ;
St I meder

ATLAS e/u+ets+btag 186102 + 6

ATLAS-GONF-2011-035 (L=35ph) (val  stat. + syst + lum)

CMS elp+ets o 173+14+5+ 7 - i
arkiv:1108 0802 (L=38/5) g (val  stat. + syst + lum) 10 - -
ATLAS efu+ets U 171:17+5 + 6 = -
ATLAS-CONF-2011-023 (L=35/ph) il {wal + stat + syst + lum) ~ -
CMS dilepton (ut) — 149+24:+% + g i ]
TOP-11-006 (L=1.08/) E {wal + stat + syst + lum)

ATLAS dilepton (ut) S = 142+2122 1 5 ~ .
ATLAS-COMF-2011-118 {L=1.08%t) < (val  stat. + syst + lum)

CMS all-hadronic ] 136420+ + 8 - — —— 7
TOP-11-007 (L=1.00/0) mimispﬂlun] 6-8 7 7.2

E Fw'ﬂrm c'r_lu | | | Ll 1 | | Ll 11 | L1 | Ll 11 | Ll | Ll 11

0 50 100 150 200 250 300 11: 2 3 4 ) 6 7 8
\Vs[TeV]

ATLAS and CMS have also made first single top cross-section measurements
in agreement with NLO QCD expectations




Single Top Produ

LJ L} r
120 5}}3‘??.';’;_,‘"“"”’"‘" 0,70 i \@ T Tey

Candidate Events

80
i h g B ¥ ' G0
th ' 20
PE @ L96TeV 1.04 +0.04 pb 2.26%0.12 pb 0.28 + 0.06 pb
ﬂ Muan « Electran «  Elecian - Muan -

pp @ 7 TeV 4.6 +0.3 pb 64.6+3.3 -2.6 ph 15.7+ 1.4 pb
: Lepton flavour and charge

t-channal single top quark praduction

- - - - B T ) T I T ) T I ) ) ) I ) ) T I L} L} L}
Try to distinguish s and t [ e omrdmeomes
. B # B ATLAS Frelimines 07 o
channel production 1°F v ousew 3
- Y COF 321 3
L] } o a i ]
- VS w 10 N ML E0 {5 favmur scheme| 3
P " . E — theory Uncertandy (scale B POF) E
g i . [ Campheld ix, betaliors IHER 1020t 342
T D@ 5.4 fb ) . i .
& ek CLl | E.s el g e thestg Ucerangy (scale 5 POF) E
-E mgskCL | ¢ | Ry - bprabis, oriry 01 274 ] b
i“ I EP=CL | . . — i PR | P i P N
: i - 0 2 4 6 8 10
3 1:m { s [TeV]
R : A" o s Ty (pb) for my = 1725 Gel;
BRSEain Tapa - CDF (3.2 1) 0.6+ 04
| L { - . _ - -
, """2 — | D (5.4 b7, arkiv:1105.2788) 2.00 = 0.5 { a.ﬁa]
s-channel cross section [pb]~ abhasned Grodd Betla, (b1 M (36 pb?, arkivi1106,30527)  BL6 £ 20 E{stat + syst] + 33(lumi]  3.7a
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Examples of Top quark pr

CMS mass measurement with | + jets ATLAS t-tbar spin correlation as measured
(kinematic fit, 4 or more jets) in di-lepton events (A@ between leptons in
CMS Preliminary, L = 36 pb" azimuthal plane in the t-tbar lab frame)
an— —+ Data - T
g L = tt 5 sool. * data Dilepton channel
a T :;n_)gTe-Top D i Q tt ATLAS Preliminary |
o eo_— B 2y = 1 (A, 0{ 11
G aco soof M singletop [ qi_ 07015
; 40_— : diboson o ]
a L - Wl fake leptons = ___;_ __ !
g B W+ jets channel 300,— : * t ]
ER i ]
20— Z i
B 200 4 |7 -
% 400 500 600 100" """ : N
Fitted Top Mass [GeV] i ]

Result when combined with di-lepton
analysis

my = 173.4 + 1.9(stat) = 2.7(syst) GeV. Chelicity = 0.341813




Top Charge and Mass Asymn-
. -

Ay, of the Top Quark
Top charge asymmetry = Teaonf o = e} or e, -
— Larger than expected —— TR
@ Tevatron! T | S —
— Lepton+Jets channel L .
~ A(InD = Ind - N E e S T
— Ac = [N(A>0) - N(A<0)]/N;q g 0% vies ER
=-1.6 = 3.0(stat) "9 ) o(syst) %= °* i 1 oo
— Ac (theory) = 1.3% o1s. E
* t-tbar mass difference oE R -
— Muon+jets channel q;"_;,'_'zl_fg,;z'hl'_hﬁ

— Kinematic fit to the mass of the hadruricany uecaying wp
— ldeogram method

« Likelihood calculated for each event to be consistent with m,
— Ildeogram method applied separately to p*+jets and u+jets
— Am(t-tbar) = -1.20x1.21(stat)+£0.47(syst) GeV

Exceed’s Tevatron
precision




Measured Cross secti‘

Gtﬂtal [pb]
2

ATLAS Prellmlnary

J'Ldt 0035 104fb
| \!§ TTeV

— Theory

= Data 2010 (—-35 pb™)
© Data 2011




%ATLAS
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Run 166466 Event 26227945
Time 2010-10-07 22:16:39 UTC

. ¥
] S y = A " ”
,.““r‘-‘* — ‘;’ \
: ———— \
-‘.‘ R L\ /
E "ﬁ = ‘\\ 1 ”/




Search for By 2H

Decays are highly suppressed in the SM

— BR(B, 2 MM): (3.2%£0.2)x10°, By 2 pp: (1 0=+0. 1)x10 e
Indirect sensitivity to new physics -
— MSSM: BR«(tanf3)°

Blind analysis B A
— B* > J/w K* used for normalization e

— B% 2 J/y ¢ used as control regions for efficiencies

— Events observed in the unblinded windows are consistent with bkg.
pIUS SM eXpeCtationS. oMs 114" \5=7Tev CMs, 114107 \s=7Tev

. . § 2r Barrel % o Endcap
C M S B R LI m ItS a.t 9 5% C L % i B! signal window § B signal window
P t-—{ B signal window > t--{ B” signal window
— B.2UH <1.9%x10°8 o |1
l Bd%u+u_ < 4.6 x 10_9 H I- ----- 1% H H |-‘}I-|_‘4 H

m,, [GeV] m,, [GeV]



CMS + LHCb Combinatio

CMS +LHCb ]

CMS BR Limit
relimina ]
—_ {’:bserved ” E — Bséu”p.‘ <19x10°®

==+ Expected t 1o

(background-only) e LHCb BR Iimit

: — B Opu < 1.5x10°8

N _ _ e Combination of LHCb+CMS:

O _ B < 1.08% 1078
Jok. c;n5.+|.-|-|c.b.

preliminary

 The value of CLs is in good
agreement with background
+ SM

OE:E::.::.::.:;:Tf:.::.:":";; < J LHCb-CONF-2011-047
BR(B® — 1) [10°] CMS PAS BPH-11-019

= Observed

""" Expected £ 1o
(background + 5M)
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Where do the masses S S

L . Explanation of Profs P. Higgs
come t:rom? : e - ’1 R. Brout en F. Englert
S L% e iR ISSATREVTeld and particle
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) "~-\ The key questlon

D2 & Where is the nggs‘)
\§ / \\\\ ]a,,\\ a _
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> NeNge

* Scalar field with at least
one scalar partlcle
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Overview of Seart

¢ éi éf ql W;"{
}-- H I‘ H >V$J{f
A
Al
AY
g 4 q I "

(@) gz —H

 Light Higgs
— H->bb
— H>1T
— H>vy
— H>WW
— H>ZZ7->4l

(h) VBF

a{pp — H+X) [pb]

w\VH

Z g

200

« Medium to Heavy Higgs
— HOWW->2I2v (+ets)

— H>ZZ7- (212, 212v, 41, 2121)

300 400 500

M, GeV "

Branching ratios

o x BR [pb]

100 120

\{E =7TeV SM

/' 7H = I'Tbb

300 400 500
M, [GeV]

4
10700




H-> 2 Photons Cha

. Strat_egy | PAS HIG-11-021
— 2 isolated y’'s with P>40, 30 GeV

L L L L N L L L L L L L L L L B L

— Data divided into 8 categories P O =

[ 2taker

depending on resolution and p(H) 6°° =

O.f(Mass) varies from 1.4 — 7.9 GeV
— Background shape fitted by
2"d order polynomial in each category ,,

— Signal energy resolution extracted 100

from Z—>ee data %0 90 100 110 120 130 140 150 160 170 180
m,, (GeV/c?)

: I: + 10 Expected CLs
I: + 20 Expected CLs

20 ) L CMS preliminary —+— Data
: - -~ - B -1 —— Bkg Model
- CMS preliminary . Observed CLs Limit > v LA
‘3-\F 7TeVL 166fb’ o (3 25 e cev 20
----- Observed Bayesian Limit - Max(jnj}<1.5, Min(R_)>0.94 —e— 5xSM m =120 GeV
16 ................................................................. — L
------- Median Expected CLs Limit Z 20fF
g
[
Q
>
L

o(H— 7 1)y, o foH= 1Y),

n

90 120 1 40 160

1XGSM

11 1 I Ll 11 l T ] 0 I ’ 1l Ll I B l B I j 1 Ll L
q'IO 115 120 125 130 135 140 145 150
m,, (GeV/c?)




H>WW-2I2v Channel

: PAS HIG-11-014

2 isolated leptons, large MET, 1o EWK-11-010

no b-tags (to suppress top) £ s

. = B8 .— ;;rve exclusion: 95% ban

- 3 categories E i e

- 0,1, 2 jets (VBF) o
5
 No mass peak i
— Kinematic discrimination using i
OAC 2
M, ,Ad, , exploiting scalar decay J:

‘?00 120 140 160 180 200 220 240 260 280 300
Higgs mass, m, [GeV/cT]

NU " T T T T | T T T T I T T T T 4 w - T r - | - - T - I - - - - I - -
S | * data W Ziiets CMS preliminary | g - e data [l Z+ets  CMS preliminary 1 EXCI Ude 14 / -
8 — m=160  top L=1.55f0" D 60 —mete0  top L=1551" —
w 40 Tww [l wzzz 1 © ww [l wzizz )
; [ Waets ___"?_ B Wiiets
o [0}
5 # g 40 7 s
20 _ — - ﬂ :
i + + m 1 20 -
O PRI I _ L w- L |_ |+$|: i_ﬁﬁ 0 I R S TR R B L FI;
0 50 100 150 200 0 50 100 150

m, [GeV/c?] A ¢, [degrees]



Events/10 GeV/c?

95% CL limit on o/og,,

H->ZZ =>4 lepton chann

CMS Preliminary 2011

s=7TeV L=1.66"

- V - DATA

* “Golden” decay

@MS Preliminary,\'s=7 TeV, 1.1 fb”
ol II\‘\II\‘\II\‘\\\I|\\\I|\

600

K
B ! L
i W 1 mode 314" ® oam
- Bzz ] G 4ol [ ] He00 - 2z > 212
- Hmess0 Gevie s e 4|epton mass 10 | naoo 2z - 212
- [ m,=200 Gevic? - . . :_,03 in ’ Bl zz - 22«
i B--ocn  FESOlULION IS Sos —
3 : 0O(2-3) GeV o6
- ] 0.4~
- 1l a(pp>ZZ+X)= 0.2
- j| 3.8%1>_, (stat.)£0.2(syst.) e —
00 200 300 400 500 699 4 O (Jumi) pb f00| 200 300 400 500 600
) .
M, [GeVic ] CMS Preliminary,Js=7 TeV, 1.1 fb"
|CMSpreIiminary2O11 ! ! 1.66fb'!aN§=7T?V O-(NLO)=6.4:I:O.6pb 70:|‘\\|\‘\I\\‘I\\\ll\\ll\\\\‘l\\\l\\\ll\\
15 -'_— CI:S Observed Limit : O TOTUORROO SO __ ,_&f 5 i H s 77 - 2191
| | N [T CL Expected Limit i,n -
] [ ct, Expected = 1o ] Q Expected CLs Limit
— [ ] ClgExpected =20 ] % 50 - +1¢
10 ; A U A S SO S y © - [ l+20
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L j
: 1 PAS HIG-11-015, 013 i
— i EWK-ll-OlO é | | | ] | | | |
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H-> 2 Taus Channel (S

_ PAS HIG-11-020
« SM categories

— VBE: 2 jets with An>3.5, m;>350

— Non-VBF: <2jets or 2 failing VBF tag
« MSSM categories

— B-tag: 21 b jet p>20

— Non-b-tag: <2 jets and no b-tags
 Topologies

— MT,, €Ty, e (1.6 fbl), yp (1.1fb 1)

— 1, ID by “hadron plus strips”,

—_ 30 T L] T L] L] T T L] L]
Y . - = L
6% efficiency uncertainty % CLs Limits (95% CL)
. . . - . . - —e— Observed
* Fit visible mass distribution L |
o —— Expected
C)E . [ 1-0Band
20 -
225_""|""|""|"_£5-0----|--"|""|""|"": = - 2-0 Band
g L CMS Preliminary S 45 CMS Preliminary 3 n i
4 C 1.6 b \s=7 TeV 19 1.6 1b \s=7 TeV E O i
o 20F T Ty 4w 40 I TeTy E ~ 15
F | ——— (10x) H—>1t m,=120 ] I —— (10x) H=>1t m,=120 3 o 5
- —e— Observed E 35 —e— Observed E =
15k [dZ-1t J 3.0 A 3 g i
C i ] =i 3 10
L B Electroweak - 25 B Electroweak r —J L
10k [Iacd 1 Lob W [ Fakes E O
L ] - ] o
r 1 158 3 o
L ] ’ E n 5
5F 1 10 i 3 S
: 1 o5 3 | i
r - o 'l 1L 1L 'l Il 1L 'l 1L 'l Il 1L 1L Il Il
% 100 200 300 0 100 200 300 400 500 110 120 130 140
m,, [GeV] m,, [GeV] my, [GeV]




H-> 2 Taus, MSSM E

CMS Preliminary 2011 1.6 fb"
60

[_] CMS observed
+10 theory
CMS expected

B D0 7.3 b
Y LEP

MSSM m ™" scenario, M =1TeV
sSuUsy

250 300 350 400 450

m, [GeV]




H->bb Channel -

PAS HIG 11 012

* Search strategy: 5" cus ey o
— Associated production with W/z ™ 12 ) B e
— Boosted W/Z topology, with ol cplililere T

H back-to-back with W/Z 1
— 2 b-jets (~10% mass resolution) 10"
— 5 topologies: 102
« WH - pvbb, evbb T Y
° é: z”“é)tl;)’ eebb -1 -08 -06 -04 -OéDTOOUtF()JuZt
* VvV

— Two complementary analyses: “F cusrreiminary’ BDT ana,ys,s
. Cut and Count |n Mbb é 355_ ........ \\ﬁ_‘(bi;ri\g;b":esz‘l ....................... B _g
. MVA with boosted Sacision Pu S = b
tree S i Expectedsze ,

S 20 e

* Yields are in good agreement
with data-driven background
estimates

-
a
TTTTTTT

Higgs Mass [GeV]
B — e



Summary of all Searc

—
o
o

—_
o

95% CL limit on o/cg,,

— (Combined observed

Combined expected
I e H s B (1.1 fb“)
| e H — TT
H— vy Tf

—_— H—-> WW
—_— H— ZZ — 4]

..........
R R —— =N RE RN e B g

« Solid lines: observed limits @ 95% CL
« Dashed lines: expected limits

200 300 400 500 600
Higgs boson mass (GeV/c?)

PAS HIG-11-022

..plus other channels
eg other Z decays
modes at higher
masses

> (all this v

L




Status of Lepton Photon Conference Mumbail,

G © ATLASPreliminary  ClsLimts
o [

c | —— Observed 1
= -+ Expected I ]
E-  meto L1=10231"
A & O (5=7TeV

0\0

N

)]

ATLAS-CONF-2011-135 |

95% CL “disfavoured” SM Higgs mass ranges (GeV)

Sl b L L L
10 200 300 400 500
m, [GeV]

L]
600

95% CL limit on c/ocg,

- CMSPrelmnany \s=7TeV o opsered
Comblnﬁ"d, Llﬂt = 11'1 7 fb-1 . Expectedi 10

—_
L ]

------- Expected + 20 —

—

CMS=PAS=HIG=11-022

| | | | I I | | I I I B N LI L 111 L 111
100 200 300 400 500 600
Higgs boson mass (GeV/c?)

Expected

ATLAS
131 - 447
Data 146 — 232, 256 — 282, 296 — 466

CMS
130 — 447
145 — 216, 226 — 288, 310 - 400




95% CL Limit/'SM

World Higgs Map

Tevatron Run Il Preliminary, L <8.6 b

~ 1 LEPExclusion [ Tevatron
10 B . Exclusion|

2 Aiinss Ty ‘KP.CM 3

== Observed !

- BN 10 Expected

: , | %2c Expected
1FE

; ¢i—1’ev¢tron Exdualonl """ ; i - duly 17,2011

100 110 120 130 140 150 160 170 180 190 200

m,,(GeV/c )

truly impressive progress
| 15-1457 >466?
if not standard model,

maybe ~20 excess
around 120 or 140 GeV?

If mp>130, MSSM dead!
If mp>466, need BSM!

Anyway, a lot to look
forward to!

95% CL limit onc/cg,,

95% CL Limit on 6/6g,
o

T CMS Private Ne =7 TaV . |[—— Obeorved
. Combined, L =1.1-1.7 fo BB Expected t 1o
10 il | | | s Expacted + 2o
g H 77 LEP excluded
|| ZZ] Tovatren excluded
1 ..

'l

b

1

il

NN
300

400

500
Higgs boson mass (GeV/c?)

600

T llllllli

ATLAS Preliminary

—— Observed
---- Expected

D ERE;
[(1+206

PR TR W R Y

I T LS I. Ll .I T T T T
CLs Limits

ILdt-1 0-2.3 1"
vs=7TeV

j I .
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Lo
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200 300

400 500
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m,, [GeV]
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The Higgs
no Higgs

not preferred by precision EW

no Higgs = a great discovery!

test unitarity cancellation at high E

qqg— ggWW, WW—->WW scattering

if strong — go higher energy to understand
the underlying theory

if weak — we had missed it! hadrophilic?
invisible?

® l[ower LHC energy? ILC!?

39




Summary of Part | ‘-

LHC is running well in 2011. Peak luminosity close to 3.5 E33cm=2s,
The total delivered luminosity this year will be O(5) fb*

Experiments are taking excellent data with high efficiency!

Extended program of Standard Model Physics measurements at the
LHC by all experiments.

— Total pp cross sections at 7 TeV; soft event studies

— QCD measurements (particle, jets, photon production ) at the
highest energies; b-physics

— Studies of W, Z boson production

— Top quark studies

The search for the Higgs patrticle is in full swing

— No evidence yet, large disfavored regions. Watch that space!

Ready for Searches for New Physics: PART II







