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- LHC collider

] CMS experiment and subdetectors performance
1 First Physics results with 2010 data

J Perspectives 2011-2012
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1 LHC collider
d
d
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Proton-proton collisions at Vs = 7 TeV
From March 30th until 6th November

(initial tests & physics at vs = 0.9, 2.36 TeV
by end 2009)

Pb-Pb collisions at 2.76 TeV/nucleon during
1 month (8th Nov-16th Dec 2010)

Dipoles:15 m long, 35 Ton
Provide 8.3T in LHC

Bunch
Largest superconducting magnet system: 8000

magnets (1232 dipoles, 400 quadrupoles,....)
refrigerated with liquid He at 1.9 K Proton

. ) P
Great technological challenge in many {qi;t,z';mn)

aspects (magnets, cryogenics, vaccuum, ...)
3/17/2011 First Physics CMS Results B. de la Cruz



Parameter (pp Run) 2010 Nominal
Beam Energy 3.5 TeV 7 TeV
Inst. Luminosity 2.10%2cm=2s1 10%cm=2st
Squeeze 3.5m 0.55m
Transverse emittance 2-3 um rad 3.75 ym rad
Protons / bunch Uptol1l.2101 1.15 1011
Bunch separation 150 ns (@) 25 ns
Nb of bunches 368 2808

(a) Fills at 75 ns and 50 ns have also been
achieved but mostly not for physics

Excellent understanding

of the machine achieved!!

3/17/2011 First Physics CMS Results
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Five orders of magnitude in
peak lumi in 200 days!!!

LHC Delivered Lumi:
47 pbl pp
3 9.5 ub! Pb-Pb

201011105 08.34
LHC 2010 RUN (3.5 TeV/beam)

trains

delivered integrated luminosity {ph'-'ll
=

10 -{=i- ATLAS
. | ey -
w1 =~ ALICE
¥ f;p CMS / TOTEM
0 g 10 -§p+ LHCD
100 150 200 250 304

day of year 2010

ALICE 1w pea-ap Breisn cnes 0107 3500
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] CMS experiment and subdetectors performance
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ompact Muon Solenoid

Diameter: ~15m

JATH

Length: ~21m
Weight: 14.5 Ton

| aao3 aatEvan | [ AFADAAT AFWWI | [ 2A3EMAHD MOUM
= 1 T'\ =
, | T

-

e

¥
L___—r
\:.:
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Compact Muon Solenoid

Azimuthal angle = ¢

Z axis (Parallel to beam)

Transversal view Longitudinal view =0
Y axis I . /T]=O.88
X axis Pseudorapidity = - In(tg(6/2)) 0=45°

/ 82-101_-~——¥n=2.44
3/17/2011 First Physics CMS Results B. de la Cruz =7 0=0° »N=® K



CMS Run 2010

a0 91 a2 93 94 a5 96 ar a8 99 100

| T . !
.MUON_!WGH__MUQN_H::AL HCAL HCAL ECAL ECAL PRE- STRIP PIXEL

| ¢sCc DT RPC BARR ENDC FORW BARR | END- SHOW) TRAC TRAC

| . EL | AP ARD EL | CAP ER  KER KER
Series1| 98.5 | 998 988 999 100 999 993 | 989 998 981 982

_ -
-] -
2 45 CMS preliminary 2010 : ,
& © Integrated luminosity T E——— I
a0 | | | : e —
= Al runs untl 31 Oct 2010 STRIP TRACKER | i i
s e ————
35 Delivered: 46.40590 pb” e .
~ Recorded: 43.10682 pb’ G — 1 P ———
oL Certified: 36.08628 pb” el EORWARD | o e ot e et e
= HCAL ENDCAP | : : 1' m
25 - HCAL BARREL | ; ; g
5 MUONRPG | —
C MUON-DT | | | % e ————
20— MUON-CSC . L e —

u == 1 | 1
A
= z = = = = Date
Efficiency of good LS selection:
mmissioning10-5epl TReReco v2: 132440-135735 B83.71%
n2010A-Dec2?ReReco vi: 136033-144114 Rejected luminosity:
n2010B-Dec2?ReReco vi: 146428-140442 7.02054 /ob

Average fraction of operational channels per CMS sub-system >98%.
Collected data: 43 pb-t (DAQ Efficiency ~92% )
Quality of the data for physics (any analysis)~85%o of recorded data.

3/17/2011 First Physics CMS Results B. de la Cruz
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O Precise and efficient inner tracking, including vertex capabilities:
B Strong solenoidal magnetic field (3.8T)

B Efficient triggering and offline tagging of taus and b-jets

B Pixel detectors close to the interaction region

O Good muon identification and momentum resolution:
B Redundant measurement and trigger systems.
" AM,, /M, =1% at p; = 100 GeV
B Unambiguous determination of the charge for p;<1 TeV

d Good electromagnetic identification and photon/electron energy resolution:
B AM,. / Mg &AM,/ M, = 1% at E = 100 GeV
B Large coverage and good granularity, T° rejection

d Good jet and missing transverse energy resolution (neutrino,...)
B Hermetic coverage, fine lateral segmentation

3/17/2011 First Physics CMS Results B. de la Cruz H



Tracking svstem

ﬁacking System /
Si Pixel and Strips

A millions of 100 x 150 um? pixels (up tJ radii
15cm)

0 millions of 80 -184 um pitch microstrips (with i/
radii from 25 to 110 cm)

3/1772601t
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W T CMS Preliminary, \/s =7 TeV
- Y(1S) f YN8 =TTel
E 5 L=3.1pb
ENIJ!_— a =70 MeVic?
E i <1
E L
¢ 600
" =
00—
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P\ N P S PR WIS P U P
B 85 g9 a5 0 Ws M N5 12
i mass (Gevie’)
2 [ . — T
I ! CMS |
sl YE=7Tev A

Candidates | 2 MeVic*
1]

Yield: 34.4 < 10"
Maan: 13221 Mavic? ]
Awg i 4.1 Mavic?

1300
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.- Sl e
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100}

1]
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-y
%]
=1
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=

5]
121

(=]

=]
=]
L

g|||||

=

=

-

8 8o

i N
g}

&

&

g T T T | I [ | LI | T 1 T ]
£ F CMS§

Yield: 1460 < 10° 1
Mean: 1116.0 Mavic® ]
Bwg o 3.4 Mavic”

! TN R
1100 1120

1140 7
pr invarnant mass [MelicT]

CMS Preliminary (7 TeV, - 200 nb)

= resolution fitted on data

[ e renolution from MG tth

e regolistion fitied on MC

II'|1r1|1rr|'|||-|I||

I|1IIIT|rI'|'|'|I||I-||

i} UEU4GEDH 1 :!214151.3 2 2224
muon

A Tracker resolution working almost as in simulation

O Resolutions extracted directly from data (narrow resonance widths)

First Physics CMS Results

B. de la Cruz
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Muon system

muon System

Gaseous Detectors
QA Drift Tubes (barrel, Inl <1.1)

[ Cathode Strip Chambers (endcaps, 19/ N
O Resistive Plate Chambers (Inl <2.4)

3/ IM Eirst Phavsics CMS RM—B.—%—E—GA’J
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Intrinsic position
resolution per
chamber ~100 um

3/17/2011



Events/[GeVic? ?)
2 = =
LI | 1l o II|T|-

iy
E—1
L]

2

CMS Preliminary

=
|||IT|

Vs=TTeV, L =31 pb’

1 10

u*u-mas:: {%eﬂé}

CMS 2010 Vs =7 TeV
< 400 ———— —
5 _ JL dt = 2.9 pb”' )
= R p

od I ZO . |
— | —-— ata -]
1% 300¢ B 2 outy
: B -
QL Scale shift
m -
5200 <0.4% i
a
£
= 100+ -
= B

%D 80 100 120

M) [GeV]

e
I 0.0<n=D.2
[ ]
el o e I -
[ .
&
L
-' -
-"
0 -
2 -
#Full system
= Mucn syatem cnly
1D-:IIIIIIII 1 IIIIIIII IIIIIII 1
10 lig ﬂféﬁ'fi]

[ Robust, efficient and redundant muon triggering system (DT, CSC, + fast RPC)

O Muon Tracking combines Tracker & Muon Chambers info: p; resolution (< ~ 1%)
dominated by Tracker for p;<~100-200 GeV. For higher p;, muon system is needed (<

~ 10 %) .

A Efficient muon identification and reconstruction (<10%) for TeV momenta (good

alignment + lever arm)

3/17/2011

First Physics CMS Results
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romagnetic calorime

/ECAL System }

Lead Tungstate (PbWO,) crystals (fast response & resistant 0/ radli

A barrel: Inl < 1.48; granularity: Ap x An= 0.0174 x 0.0174
Q endcap: 1.65 Inl < 3.0; granularity: Ag x An=0.02 x 0.02
3

772011 First Physics CMS Results B. de la Cruz
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tromagnetic calorimet

ECAL (EE)

fﬁ‘ O, S LI YR EF % S o N R ci o B ) 5 i e LR B 8 o
2L.1.4F ___ a3 _
% 1 25_ E%EH:%_ Good granularity and Excellent energy resolution
v '15 ----- ol bl (low noise, good intercalibration)
o O= 028 /e 0.08% 1 _ _
0.8F : ~0.5% in barrel region for E;> 50 GeV
065 3
: z e \2 2.8% Y 0.12 Y2 s - r
0.4 £ (E-) = ?I_E_ +( 5 ) + (0.3%9) (E 111 GETU)
0.2k =l -
ﬂ.:l ] | i i O M TR A | i |:
0 a0 100 150 200 250
3 E (GeV) 19
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ectrons/photons

] T T T T TTTT] T T T T TTTT] T = ! '_ '|!' ! = 'l="_!
S : b s Py T | ;=0
8w E S o M, = 3094 - L0025
3 - L [Ldm.szph* ﬁ 4
g L ] 0 E =0tk -
w o E‘M,’__ | 4 ]
we E o - TR T .
- : o s =
e — by E ]
- = U U B
- . ¢ . ]
L - 3m!'_ _,_'
0= = i
= CMS Preliminary 2010 - M 1
© STV L =31 pb” :
i3 E 100 3
: : - ;
_ | | | 1 11 I| | | | 111 I| | ﬂi 5

1 10 iy «10° _CMS preliminary\'s = 7 Te\ '
&'e mass (GeVieY) [ Mg {GEWCEJ

I ® Daln
4 ECAL Barrel B
- n%-syy Calibration Trigger

3
g a2 e

T mass calibration used to set :
E; scale correction (1% in barrel, °4
3% endcap for high E;). W

{h—m 0.08 01 0.12 0.14 0.16 0.18 0.2 0.22 2
3/17/2011 Fir vy invariant mass (GeV/c?) v




ﬁIAL System (Inl <5.

Sampling calorimeters

Q Barrel: brass (absorber) + scintillator (actiyé
material; Ap x An= 0.087 x 0.087 |

[ Endcap: same as barrel

XAn=0.175x0.175

177261

\;Very forward calorimetry: Quartz fiber & steel;
¢ -
3/

First Physics CMS Results B. de la Cruz
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| Compact, hermetic, good segmentation and
coverage (Inl <5.2).

[ Jet angular resolution ~ 20 (30) mrad in ¢(0) at

i i
m Er=> 100 GeV
'| = == == =tv= ] Jet transverse energy resolution (using ECAL +
| L HCAL, barrel only)
B n 1.25 ¥ 5.6V
(&) =78 () +cawr
bt [ Fraction of energy deposited varies non-linearly
o with energy - corrections needed on raw data.

First Physics CMS Results de la Cruz
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Jets & Missing ET

1 =
CMS Emlimjﬂirr[l 60nb’ s = 7 TeV

=10" ; .
2 R : E‘;j;,ﬁg;‘fu“fxﬂsﬁﬁ O Jets are experimental signature of quarks & gluons
“E 10°F «  1.0=lyl<1.5 (x64)
2 t ¢ 1.5=lyl<2.0 (x16) _ _ _ _ _
o’ : [Flanan 35 O Jets reconstructed using iterative algorithms, clustering
8 % together calo-towers (with tracking info), in a certain cone
% 3 with radius R.

107

10F _ nopacosngt N WM. 5 lJets are corrected for non-linearity and inhomogeneity of

- [ Exp. uncartarnw”..._?h et i calorimeter response (from simul., test-beam & data).
107"} Anti-k; R=0.5 PF Nt oo

20 30 100 200 1600
P, (GeV)

—— Bsfore claaning
——— After ECAL noize cleaning
— After HF noizs claaning

Missing E; (MET) (in transverse plane)

——— After HB+HE noize filtaring

 from real undetected particles
(neutrino, LSP)

d from mis-measured jets or from jet
energy resolution

Number of Events / 2 GeV

L]
300 350 4Dﬂ
Calo E; [GeV]

100 130 200 250
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3/17/2011

ools: Particle Flow

In CMS, charged particles get well separated due to the huge tracker volume and the
high magnetic field (3.8 T)

CMS has an excellent tracking resolution, able to go to down to very low momenta
(~few hundred MeVs)

CMS has also an excellent electromagnetic calorimeter with good granularity
In multijet events, only 10% of the energy corresponds to neutral (stable) hadrons

O Clustering starts from a list of “identified particles”

d Big improvement in energy resolution and identification
using Particle-Flow techniques.

O Especially Jets (PFJets), Missing E; (PFMET), Taus (PFTaus)

First Physics CMS Results B. de la Cruz
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OO0IS: lepton I1solation

A Leptons from hard processes are produced
isolated.

[ Isolation measured as the amount of energy
(calorimeters) or the pt (tracker) in a cone around de
“isolated” particle.

4 CMS preliminary 2010 “Nea=7 TeV
m 1D IR SEE S P SRR e S TERLE RN ST ] N T R R T (TRE VTR T~
L |
] ICHEPI{] J.J'_ dt =188 nb’'
E = data
= W — v
% B EWK
5 ¢ Cut mmach
o
o 102
=
o |
o
Isolated muons from Muons
W, Z decays from QCD © o1 02 03 04 05

Isolation Variable

Very powerful tool to distinguish QCD from EWK events

3/17/2011 First Physics CMS Results B. de la Cruz
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a
ad
1 First Physics results with 2010 data
a
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covering Standard Model at 7

Original
discovery

1974 1977 1983 1995

o g 'Euln

& sata2e B!

i o

2 T ot s PR —

(= 11 =F

: I lga
"Rediscovery" ' v

x1Hl

in CMS (dates Wigee 1 1)

approximate)
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B 5C Processes

At CMS we have addressed analysis as data 10" g
have been collected and statistics iy
increased, starting by processes 10’
A with largest cross-sections (QCD, b %
production, Electroweak bosons, top...) 10°

0 small pt regions involved. ¥
o

ir

< Establishing SM at Vs = 7 TeV, with also someE 10’
new observations -

% Searches for exotic particle production 1
% And later... SUSY and Higgs
g

To-date 35 papers published by CMS with 2010 a
data, and many more in the internal approval
procedure (for publication or Winter Conferences)

g

10
10"
http://indico.in2p3.fr/conferenceOtherViews.py?confld .

=4403&view=nicecompact Moriond Conferences
3/17/2011 First Physics CMS Results

proton - {anti)proton cross sections

1
. i

o — ik
LHC

Tevatron

events /secfor £= 107 em’s



187 e 1 Gluon-gluon dominant in LHC versus

g SN peet Tevatron
R ?‘__ ‘5\/,\”: P4 I
F oo Teel O Characterize better gluon and heavy
gt = flavour
] i A 9B
Ty T 1 Measure ag, constraint PDFs

——

o R . O Study non-perturbative effects:
R Y\ = underlying event, multi-parton interactions,

. &/ & ~o-e - -

W )\ o’ hadronization

'.I J 'i .‘ ) b= i \. \..
,ﬂ -’i .4‘- .F. VWIS 2010 !
k. ® L 1000 g 3

1
- ratios of parton luminosities j
- at 7 TeV LHC and Tevatron 1

First results already at LHC start, % 5' '5
with low luminosity collected at £

Vs = 0.9, 2.36, 7 TeV

S — =4
=" qu

MSTW2008MNLO
‘ i aal

10 107

10
First Physics CMS Results B. de la Cru M, (GeV)  V3(GeV) 29
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D : charged particle spectr:

Charged hadron transverse momentum and pseudorapidity
distributions at sqrt(s) = 0.9, 2.36, 7 TeV

Phys. Rev. Lett. 105 (2010) 022002 J. High Energy Phys. 02 (2010) 041
T T T I I T [ | .-I | ‘ Illlll . | i | Icﬁlg__
] | | | CMS 7 —~ % UAINSD (2 NAL B.C. inel. =
e | e - ¥ STARNSD < ISR inel.
G . ® - . o e . o o g~ 4 uaswso A UAS inel. 5
| T Tev T i - ®  CDFNSD o PHOBOS inel. * -
" % ALICENSD ¥ ALICE inel 2

| = 5 f_ ® CMSNSD =
_:‘ [

g 4 ] _g 4 I,_ il
S = - -
= o ;

© % 3 1 -
I
20 — 2 -

& CMS NSD , .
% ALICE NSD | 1 e anmmanm 0,181 + 0.201 In(s)
UA5 NSD 3 sessseses 2,807 - 0,315 In(s) + 0.0267 In'(s) -
i 5 1.54 - 0.096 In(s) + 0.0155 ln’{sr .
0 | ! ! | | ! | D"l U aRiL L il L0 1 ibrl
& 2 £ 10 107 10° 10*
N L . \s[GeV] _

Steeper rise in particle density with Vs than what most models predict (Phojet and
various tunings of Pythia). &  New MC tunings based on LHC data are ongoing
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ODCD: Underlying event

Eur. Phys. Journal C 70 (2010) 555

R Tai Azimuthal separation Ag between leading
% : CMS - track and any other track:

= A i 0 Ag < 60 degrees due to parton

3 4 fragmentation and radiation

E.. : d lAg@l > 120 degrees, two back-to-back jet
@ 0.3 characteristic distribution

Z 0 A Der - 060 < IAg <120 degrees, hadron

Y - BvTHIA By chered paricies | PYOduCtion is depleted but it is nonzero, a
= - o= PYTHIA Pro-Q20 (p_> 0.5 Gevre, fﬂ'ﬂ} feature attributed mainly to MultiParticle
— C PYTHIA CW I-eamng traﬂhp ;—-EGe‘-.fm 3 .

- gk Interactions (MPI)

15{] 1Eli.'] *SD EI 5'[] 1[][] 15ﬂ

Ag [degrees] O Not well reproduced by various Pythia

settings

MPI not correctly treated in generators at these higher energies

3/17/2011 First Physics CMS Results B. de la Cruz



J. High Energy Phys. 09 (2010) 091

{Expected iIn Min J

Bias pp collisions Particles in

the same jet and
.* Bose-Einstein
correlations

Particles in ,+*’
back-to-back jets q’z i 2 Resonances and
- i) DS::*' hadronization
-4 », (A¢=0 for
low-pT clusters)

3/17/2011 First Physics CMS Results

Two-particle angular correlations: The Ric

B. de la Cruz
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)-particle angular correlations: The

J. High Energy Phys. 09 (2010) 091

R(AnAg) = <{N _pS:AnAg) 1\'>

B, (An.Ag)

Particles in
the same jet and

" Bose-Einstein (d) CMS N> 110, 1.0GeV/c<p_<3.0GeV/e
correlations T

Expected in Min
Bias pp collisions

Particles in ,»*’

back-to-back jets {72

- 2 Resonances and

-2 g‘»\‘ hadronization
4 .,  (Ad=0 for
low-pT clusters)

R(AN,A0)

 Unexpected angular correlations between pairs of particles
with Ag=0 and any An [

Unexpected correlations seen
A Not reproduced by our reference MonteCarlos (Pythia..)

for high multiplicity events
A Similar effects have been observed in Heavy Ion experiments

[ Physics origin not understood yet (possibly related to MPI
effect not accounted for in MC). Studies going on.

3/17/2011 33
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-particle angular correlations: The

J. High Energy Phys. 09 (2010) 091

R(AnAg) = <{N _pS:AnAg) 1\'>

B, (An.Ag)

Particles in
the same jet and

" Bose-Einstein (d) CMS N> 110, 1.0GeV/c<p_<3.0GeV/e
correlations T

Expected in Min
Bias pp collisions

Particles in ,-*’

back-to-back jets %2; o

CMS Preliminary

~ 2 Resonances and

R(AN,A0)

pp collisions

B
£ gg
- ﬁi‘gﬁ.... [Unexpected correlations seen J
z for high multiplicity events
PbPb coIIisioni_‘ 4

0
-2 Y\ [ Confirmed long-range, near-side correlationsJ

in PJR?'%E&!'E%EZO“S at 2.76 TeV/nucleon 3

L v yoavo o RgLo s

3/17/2011]




D : Isolated prompt photo

Phys. Rev. Lett. 106 (2011) 082001

J Cross-section measurement in a kinematic unexplored region of low x;=2 E;/Vs : 0.006 < X; <
0.086

: - Luminosity uncertainty not shown
0 Test of pQCD => good agreement with NLO predictions — T'_'r‘ | , nty ,
_ & i ™ CMS 2010
O Constraint on proton PDFs g - :.:.'*‘;,:E
: . W il - < ¥
O Benchmark for photon identification and backgd ¥ O E -
estimation for New Physics searches (Higgs - vy) , el e
O Signal: gqg Compton scattering, ggbar annihilation w,:_ —— &
0 Bkgd: ™ and n decays © o oo e
o =_ g i m By ¥-
T gl I I A T AR W B0 40 B B0 iED W0 T
= | r Gacrrev 1 S
g E B e : : I Elﬂﬂ:ﬂ-‘l | —-I—murmn £
E aooof 45 GeV < E! < 50 GeV g s & Ei;;ﬁ. ‘“""’"""'";“""F""?
- == :‘I:!:null: 1 E i A e mﬁr% B
_ ey : Ratio r—
g E t2f- Data/Theory =
" = e ] I D.::J'l B.I:I:'IIIE Q.02 D.E:'Eﬂ ; a :.':3 ?J:HI}-F}L_F‘_{‘_H +- ------- | ......
= val-
Cluster n extent, narrow for signal, 1 DO o
. . 20 30 40 50 BD ™ BX. 00 2 30
with tails for meson decays E, [9e¥]
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OCD : Dijets

Di-jet production is good scenario

O large cross-sections, | Run : 138919

‘ Event : 32253996

O clean experimental signature: balanced back-to-back |
jets

Dijet Mass : 2.130 TeV

E1(GeV)
to compare with predictions and search for New Physics 520 Jet 1 p.: 585 GeV
different models 100

u *
i -4 * |

Look for 20 | 2

. | o et 2 p.{..EE-?: Gev: '
* Dijet Resonances n . - L S

. 3 . . 2 /s e B
% Quark Compositeness (Dijet Centrality Ratio) ‘-}”" ‘,.;\
_Jet1p: 585 Ge e e 2
. 0
-2 ¢

Highest energy dijet event
observed in 2010 data

Jet 2 p: 557 GeV

3/17/2011
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'D : Di'iets Mass Resonance-

Phys. Rev. Lett. 105 (2010) 211801

A The invariant mass spectrum of the two jets with largest pT (dijets) in event falls

steeply and smoothly, as predicted by QCD
. L : . do Po(1 —m//5)"
O Dijet mass distribution fitted to 4 parameter function 77 = 7.7 v,;;,pyéﬂm;@

O Look for bumps in Dijet mass spectrum
O None observed in L, = 2.9 pb! = set upper limits at the 95% confidence level (CL)

on the resonance cross section x BFractions into dijets (several models)

I I I I 1 I 1 I I 1 I 1 I I I I 1 I I I
% “”]4 E —s— CMS Data (2.0 pb™) g =y L AL P I 2 W ] N O P N S [N P ) .
o & it = 8. oo ome o | w1 EXcited quarks
8 10° 2 E'Efm st A E < . E L e [T oaws |1 €Xcluded up to
E1P # —.-— Excited Quark 2] Eﬂ'-' SR " i v ] [ ::Igji:ﬁnﬁdm IM,<158TeV
:% : NE=T TN e X 103 e . !
e Ml<25&An <13 o ek N S i 3
10 = : _ :
15 ; = 1'32: E
E_ v E - '_:_% =k " "My .
E° s 108 ey, B String
TG_'E' I o E B -‘Ww 3
2 2 e o p = Resonances
2 - e e
il E- ? 10'L 05% L Upperbimit e - SNy excluded up to
s — —e— Gluen-Gluon = -
1[}_35' = 12 L — Quank-giuon Tl MS <2.5TeV
_45 —o— Quark-Quark eIt
| 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 L I\'\-J
1[} E_I 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 1 _E 5[]{} 1DD[] 15{]D zmn 25[][]

200 1000 1500 Qlﬂ'l]'[]
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JCD : Dijet Centrality Ratio

Phys. Rev. Lett. 105 (2010) 262001

A Look for excess of central dijet events compared to forward dijet events

__ Ny(jnl <0.7)
e hrgj[ﬂ.'f < |?}| < 13)

[ New Physics predicted to decay isotropically R,
[ QCD tends to be forward
= Deviation from flat is sign of NP (eg. Contact Interaction, A\)

= Lint = 2.9 pb-1 data consistent with flat - set limits

1.E :I ;:I!ésl | | | | N | | || I:;1 | L ::.:-I | rriri J__ I I : e : : : :
1.4 Fys=7TeV 2 € o A>4Tev.
4o [ 29P07 oo i (expected limit
I f [N ypetmatn | A>2.9 TeV)
1
e =T TaV
o 08 2.9 pb”
[ Limit:A> 4.0 TaV
0.6 F
04 |
02 F J -
:I = I Ve I e T I EEEO I b ]_- 1 1 1 1 1 1 1 1 1 1 1 1
500 1000 1500 2000 2500 3000 2000 3000 4000 5000
Dijet Mass (GeV) A (GeV)
3/17/2011
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O Provide important tests of QCD in new kinematical regions

A Profit from high production cross-section (Cjub) and of low pt region for objects

(muons) to obtain results in the first phase of experiment

J/W prompt vs non-prompt

arXiv:1011.4193v1 [hep-ex]

arkonia(cc & bb) & B Physics

A fit to decay length distribution used to separate prompt (direct or through charmonium)
from non-prompt (b hadron decay) component of J/¥ production

3/17/

IllﬁiI

=

Events / (0,065 mm)
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[ & prompt vs nhon-prompt

arXiv:1011.4193v1 [hep-ex]

Ability to trigger

on low pt
T i) [ Fi . ) B o Pl o B B P 2 R ﬁ _'""l""|":""""""_
=1 — CMS data S 10° B Jiy, FONLL
ol I —— CASCADE =
G o 5 ol — PYTHIA i
E 1 — CASCADE 5 —— CMS data ?
z — CEM - i/ :
o 1t NN, 16<)y <24 ] 1 16<ly, [<2473
5 ", Gt £ F Non- N .
T i S0t Prompt .
@ Sl :
102 CMS. =7 TeV “H“‘--. 102 E CMS,\Js =T TeV . E
L =314 nb’ g - L=314 nb" e
."]-3||||||||||||||I||||I||||I|||| 1[].3....I....I....I....I....I....
(RIS R N TR 0 &5 10 15 znm 25 30
pr¥ (GeVic) P (GeVic)
Prompt contribution : excess at low pt Non-prompt contribution (b decays):
and high lyl not accounted for in models good theoretical description IL
l ripp —+ bX — J/pX) -BR(J/p — p" ) = 26.0 £+ 1.4 (stat) £+ 1.6 (syst) £+ 2.9 (luminosity } nb

a{pp = I+ X) - BR(J/y — n™ u~) =70.9 + 21(stat) £ 3.0(syst) + 7.8(luminosity) nb

For 6.5 < pT < 30 GeV/cand lyl < 2.4
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S J/IPYPpand BT - J/I@

= First fully reconstructed B decays

= After very small momentum corrections applied O(10#) denved from 1/,
reconstructed mass just on top of PDG value

Va=7 TeV
- CMS Praliminary |

L

Fit results:
T— 5.3670 £ 0.0012 GeV/cz

== 16.4 £ 1.2 MeV/c?

jLet= 39 pb~

Events / ( 0.0225 GeVic’)
(]
E

B. - J/W
Nimnal =377 + 26 b S (p
No.= 978 + 36 100]
F - B s -

X*/ndof = 0.91 GO A e AT, S -
SI'.‘I(E'}' E} = 1ﬂ g - _+, k3 B |
SB=04 15 5.2 525 53 535 54 545 55 555 5.6

arXiv:1101.0131 4V mass (GeV/ic”)

= Exclusive decay B+ = JiyK+, with JAp—= uu i1s used to measure differential and total
production cross section:

28.1 £ 2.4 4 2.0 4 3.1 b for p& > 5GeV and |y®| < 2.4 with L, =5.9 pb-?

Data agree with Model predictions for p;® and yB shapes, but normalization
is 1.5 times larger than MC@NLO calculations

3/17/2011 First Physics CMS Results B. de la Cruz



troweak Vector Bosons W &

O Benchmark for SM

W object (e,l,T) reconstruction

B backgd evts for new physics searches.

4 Very “clean” and unbiased selection based on high p; (p+>20 GeV/c) isolated lepton(s),
fitting invariant mass reconstructed (Z) or missing Et (Transverse mass) (W) distributions.

O Experimental effects (efficiencies, resolutions), and signal/background shapes extracted
from data.
Distributions with L, = 36.1 pb!

CMS preliminary 2 T CMS preliminary x10° CMS preliminary

10t ErT e T L T 3

épb’ at\Vs=7Tev

number of events | GeV

number of events f 1 GaV
number of events / 4 GeV

M(e’e’) [GeV]

20 _, et e Z° - pt
3/17/20T1 First Physics CMS Results B. de la Cruz




troweak Vector Bosons W &

CM5

Cross section measurements published with L,

+ = 2.9 pbt

29pbTat Js=7TeV
1 1 1 I 1 ] 1 I 1 1 1 I ] 1 ] I 1 1 1

I 1 ] ] I 1
MNLOD, FEWZHMSTWOE predicton
[with PDF4LHC 68% CL uncertainty]

10.44 = 0.52 nb
W—ev —
10.04 £ 0.10 4, = 0.52__ + 1.10, nb
W — v (SR—E

9.92+ 0.09 4y + 031, = 1.09,,, nb

W — v jcombined)
995+ 007+ 028_+ 109, nb

e 4o 1,1
0 2 4 & ] 10 12
ol pp—=WX)xB(W =) [nb]
CMS 29pb'at Js=TTeV
L] [ L L L] (L L L [ UL [ L] [ L L
NNLO, FEWZ+MSTWOS
W/Z [with PDFALHC §6% CL uncartalnty]
ratio 10.74 £ 0.04
W—ev, Z—ee HstH
10.47 + 0.42 ., + 0.4
Wopv, Z—pup H——t
1074037, +033_,
W—=lv, Z—=Il {combined) Het]
10.64 + 028, + 029,
7 3 z 8 10 12

14
Ryz=[o=xBJW)/[oxB ]

5 Results

1 1 1 1 1 1 1 1 1 1
a o2 0.4 I}.EI 0.8 1 1

CMS zsph‘atu" ?Te‘u'
i : .

MO, mmm El]l-ﬂ'ﬂﬁe'h"
[with PDFALHC S5% CL unceriaingy]

09T + 0,04 nby

£ — pe
096004, +006__+0.11_ nb

L—up
0.92+ 0.03 4+ 002+ 010, nb

Z—=1 {combinead) I
033 0,03 4 + 0,02y = 010, nb

olpp—=ZX)xB(Z = }'E[nh]

CHS 1.5 ph‘al '-45 ?TE‘H’
W+/W- IIIILD.FEHEHHT’MJ:!pmﬁnum
[with POFSLHC 68% CL uncertainty]
ratio 143 +0.04
W—ev ]
1.43:0.03 .+ 008
W v e
1431 0.03 4 = 0.05
W-=lv {combined) HeH
1432002 ., + l].l.'lﬁqd

0.5 1 1

3
R.=[agxBIW*)/[a=BIW")

J. High Energy Phys. 01 (2011) 080



roweak Vector Bosons W &

axB [nb]

La P A =~

Cross section measurements published with L, = 2.9 pb!
CMS 29pbtat ys=TTeV
' D umbunosewety st
agxB{W) a4 0953+ 0028, + 0048,
agxB(W) i 0553+0029 . +0045, Comparlson
CMS Data/ Theory (NNLO)

c=xB(W) ] 0954+0034  +0051,
oxB(Z) H—e—H 0.960 + 0036, + 0.040,
Ry —a— 0990+ 0.038,, + 0.004,
R... ¥ 1.002 £ 0038, + 0.028,,

ﬂﬂ D-E :I 1-2 1-4 E‘ B I 1 IIII| I 1 I I IIII| wl J)

Ratio (CMS/Theory) E © CMS, 2.9 pb* // "

m 10 ® COFRunll = W =

* - 0O Dﬂ Run | -

e [ » 3

C v uat / 5

- £ i

: . 1= / =

Comparison with other z =

experimental results E (@

107 & =

E Thaary: NHLO, FEWE and BETWOE POFs E

v 1 R R A B BN A | 1 ®

3/17/2011
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W Vector Bosons: Z 11

CMS-PAS-EWK-10-013 (2011)

Tau decays considered{ -EPtONIC: T—HV,Vy T - EVey
Semihadronic: 1-3 pions+ v,
O S |\

O Lepton isolation and Particle Flow techniques relevant ZW\ e |57
. . .- . e Ae— |
in T identification 4}#_,;}\ F | =N
O Hadronic tau decays appear as low particle multiplicity ;&;" e,
& highly collimated jet * W
l" J
< GMS prelmmaryr < 150 . CHS preimlmrjr = ll.“
gﬁu: § ; }miii;:v : Hp =228Ge¥ic T E =32.90GeV Rs{;lﬁ;:gg‘!ig:;:’
SO < ol ]
§ “I': |§ ; ] Z—ax ]
E aof = & ] OMSprefminary gl b= 7Tev
5“: : HHLD, FEWZ+LETINDS [POFRILUHE 68%: CL] (B0-120 Ge)
u: e ] ol JEEe Hpat Z — 1T (combined)
1] 50 100 150 200 100 150 200
Visible Mass [GeV] Visible Mass [GeV] ——e—+—] e+,
80 e cws preiminary oS preiminary
g C ' 36ph’ at\E=7TeV ] §1n3 ' 36pb” at VB =7 TeV =+ RET
a2 Zostrsen Zstm—uu
2 ’ 2 e bR
§ o con 1 5" —— e+p
¥ zu o cwos 3 % tel Z—see up
: RPN et S .
10F 0.5 1 1.5 2 25

alpp =+ ZX) x BR{Z — 1) [nb]

0 a0 100 150 200 0 100 150 200

3/17/ et Invariant Mass [GeV] it Invariant Mass. [GeV] Results B. de la Cruz
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DI-boson production:WW

| arxiv:1102.5429
= ) Lint = 36 pb-1
| RS q
_ “——‘ > g FAVAVAVAVE £ B I
A s I " Leptonic decay channels
S (ee,ep, pp + MET)
S - ‘¢ I T
A Z/4

‘ q Ty

CMS:s =T Tal, L = Eph’

E i I = dala I p
= W
n B Z+jeis ]
Standard Model measurement, but also : e Yield
important to New Physics as ;3 : = _
M 2
 Dominant background Higgs: H - WW T e 10
. L Total 13
0 Anomalous Couplings WWy, WWZ o
enhance WW production in New Physics | ke |
scenarios m, [GeV]
Di-lepton mass
distribution after all cuts
except di-lepton mass cut
3/17/2011
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DI-POSON production

arxXiv:1102.5429

» WHjets and QCD (jet faking a lepton)
= Jet veto: reject events containing jets with p;=25 GeV/c and |n|<5.0
e Drell-Yan Z—l|
= reject events with M, within 15GeV of Z mass or M;<12 GeV
e W, ttbar
= Top vetos based on soft-muon and b-jet tagging

CMEE =7 ToV, L= 35 p”!

« Diboson: Wy, WZ, ZZ = s
= Reject events with a 3 lepton with p,>10 GeV/c % ' B bscn
[0 Wajets
i 2 ;
| up 2
- eu 10
Ouyw = 41.1£ 15 3(stat.) = 5.8(syst.) £ 4.5(lumi.) pb ! Total 13
NLO prediction: 43.0 £ 2.0 pb
0 150 204
a m, [GeV]
—WW _ (446+166+064)-107 _
(6 J% Di-lepton mass
NLO prediction: (4.45 + 0.30).10 CISTAICR anor 48 plis
except di-lepton mass cut

3/17/2011 First Physics CMS Results B. de la Cruz 4



YWeak measurements @ 7/

Other analyses and ElectroWeak measurements going on presently and
many of them being presented at the Winter Conferences

W and Z cross-sections

Drell-Yan (da/dM)

W charge asymmetry Z Differential cross-sections (do/dq,, da/dY)
W polarization Di-lepton A and sin?e,,

W+ W.Z + jets

o/ —1T) Z+bb

3/17/2011 First Physics CMS Results B. de la Cruz

48



O m, ~173 GeV huge, indication of special role in EWSB? (large couplings to Higgs)
A New Physics may appear in this third generation (if any), or decay through top quarks.
A “Almost free” quark - top decays almost 100% in Wb before hadronizing

A At LHC main production is ttbar, but also single top is possible

Top pair production: Single top production
70% gluon induced in 7 TeV pp collisions
q t
q t
w =158 £ 23 pb @ NLO (MCFM) / \ 0=79x3 pb @ NLO (MCFM) /

Top pair decay channels
t—-WbW—jjorlv
Decay modes are defined by W-decays:

e Dilepton (2b + 21 + 2v)
'“’:;;:“ e Leptontjets  (2b+2g+ lv)
e Alljets (26 + 4q)

3/1772011 5% irst Physics CMS Results  B. de la Cruz 49



O m, ~173 GeV huge, indication of special role in EWSB? (large couplings to Higgs)
A New Physics may appear in this third generation (if any), or decay through top quarks.
A “Almost free” quark - top decays almost 100% in Wb before hadronizing

A At LHC main production is ttbar, but also single top is possible

Top pair production: Single top production
70% gluon induced in 7 TeV pp collisions
q t
q t
w =158 £ 23 pb @ NLO (MCFM) / \ 0=79x3pb @ NLO (MCFM) /

Top pair decay channels
t—-WbW—jjorlv
Decay modes are defined by W-decays:

e Dilepton (2b + 21 + 2v)
'“’:;;:“ e Leptontjets  (2b+2g+ lv)
e Alljets (26 + 4q)

3/1772011 5% irst Physics CMS Results  B. de la Cruz o0



yoservation: lepton + |ets ¢

CMS Expi il LHC L.LH"‘J
¢ \‘15 | Dhatn record d Wm J 14.03:32:41 2010 CEST
__:/.- Run/Event: 140124 [ 1748068
=T | lumlwlﬁpﬂ

vl

" <

Jﬂ.pr qﬂrs \r.ﬁw gﬂm-p 238
Y B

RS AL w £ [cwms Preiminary 0w i
Jatp, = umm'm;w cpp-ﬂm -1 = i

, i > 10?084 pb at\Ns=7 TeV s 3

/ / . Felutjets, N =1 un::;px e g

- i I:Iwmx__ A

=/ o B

o7 s (77 QCD uncertainty
. . . 10
High-pt, isolated lepton, at least 1 b-tagged jet :
(secondary vertex tagger with > 2 tracks; [0180% eff. -
with small fake rate) 8

 ttbar will favor the 3,=4-jet bins (30 evts observed with — 2 3 ER
> 3 jets ) Jet multiplicity

O QCD, W+ijets the 1,2-jet bins (predicted total bckgd 5

evts)
3/1772011 First Physics CMS Results B. de la Cruz
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&

3/1°

121

10+

CMS
3.ipb'at ¥s =7 Tev
Events with ee/upfep

-

@ [Caia
B & =ignal
B 7 I pral:ictu::n
[ 2 et =
I Single fop —
[_Jwv ]
] Hon-WiE prﬂi'ctm
|:| Bckg. uncerainty

Mostly 2 -
jets 4

=4
Number of jets

1Sl quSICS CMS Results

Ccross section: dilepton che

Phys. Lett. B 695 (2011) 424 Lint
tt - IvbIlvb -2 leptons + 2 b-jets + MET

= 3.1 pb

- 2
£ -.f_..- ._
.. > = s ;51“ eV g, P = u%\‘
% " 4 ', % ﬁ.\
N P b-tagged jot
L pr =45 Ga¥ie, = -1 1.¢p o

U 1

Wl ‘; pr=56GeV/c, 1 =07, =0
b prs lJ‘GﬂF 6. n= ﬁff ’@‘
\ ' i pr 1?Gew :.u w-

Selection:

Two isolated high-p; leptons (e, p), MET (>20-30
GeV), at least 2 hard jets (E;> 30 GeV)

B. de la Cruz
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Ir cross section: dilepton cha

Phys. Lett. B 695 (2011) 424

| | |
%1{]_ CMS ; — @ Data — ﬂ: :II | T |I:|“|=||||||||||||
- 34pblatWs=7TeV [ signal 7 = BF =
o . ana’ = L 5.4 pb 2t e =7 Tev
w i Events with eelpplep =§|;-:.l1_|;|:u i l; E el i
B__ I:lwg P __ E ar A Dats MWT
R W—Iv - ‘E E # Dain FIN
6 i ® [F-1] b-tag uncertainty’| g 4 L -— AN simulation MWT
B ' o] w

| &N cimulation KIN
Y — Baekground MWT
I 2ckorcund KM

100 130 200 230 300 330 400
0 1 - 2 Reconstructed top mass [E-E‘l.l'fr.!]

Number of b-tagged jets

B tagging in Jets not even used to select signal, Reconstructed top mass, consistent
but as a cross-check for signal consistency with a top-quark mass of 172.5 GeV

o (pp — ttbar) = 194 + 72 (stat) £ 24 (syst) £ 21 (lumi) pb
o Predicted MCFM NLO = 158 £ 23 pb

3/17/2011 First Physics CMS Results B. de la Cruz




3/17/2011

lons: Pb-Pb Collisions @

CMS Experiment at LHC, CERN

i Data recorded: Mon Nov 8 11:30:53 2010 CEST
\| Run/Event: 150431 / 630470
Lumi section: 173

Pb-Pb collisions at 2.76 TeV / nucleon, 6.7 ub' collected in late 2010
Plenty of new interesting effects in this dense environment

First time such good 41-coverage and excelllent tracking

performance experiment in HI
First Physics CMS Results B. de la Cruz
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Indirect evidence of strong Jet Quenching measured at
RHIC in single particle spectra and particle correlations

CMS Exporimueil af LHC, CERN T
Data récorded: Sun Noy 14 182139 2010 CEST
Run/Evant 51078 7131285

Lum| saction: 249

1:I-T'rJ""I""I'"'I""I""I""I""I""_ A=
- CMS & PbFDYJE_=2.78 TaW . .
o8 ;_JLHHHM-‘ : ﬂ:mﬂ.ﬂ. _; . SN SRR i
0.5 ; e - ; WL £ty S ‘
w o F = " Jetl, :70.0 GeV/c
E 0.4 I - - . RREN L
YL OF t : |
$ °F R E
o =R
oz =4 ) i i ) .
. omm 1 First direct evidence of strong jet quenching
o H -] . . .
- { observed in LHC HI collisions (by CMS and ATLAS).
0 e i ee 200 286 200 386 00

Noar

3/17/2011 First Physics CMS Results B. de la Cruz 7



arxiv:1102.5435 Q First time (ever) an EW boson (Z0) has been observed

7\\gI/E td1goggo;\‘776332535156201OCEST In Heavy Ion CO”ISIOnS-

| Lumi sec tion: 183

d Z bosons (decaying into leptons) can be used as a
standard reference of the initial state.

B unmodified by the medium, (allows studying the
Quark-GluonPlasma at the TeV scale).

Muon 0, pt: 29.7 GeV

““Wnew & cleaner reference than photons.

[ Precise measurements of Z production in heavy-ion
collisions can help constrain nuclear PDFs.

,m tﬁ :l_ TTT | TTIrTT I T 1T 17T I TTr 1T Trrr T TT7T | TTr T | TrrorT | TT I_|:
E ~ = Unlike-sign CMS P+Pb E 60 x10° T i
}14__ e-uk‘—'.iw ﬁ:z.?ﬁT‘v__ @ _I I IIII-I_.I I| I-I II|I-III II T I TT
Ll | < 2.4, p'=10 GeVic -~ - L CMS POPD "J‘:ﬂ-"'”“""rf Ldt = 7.2 ub'
_ T jl.dt:ﬂ,ﬁ T8 - T = 3
21— N=37:61 W —]
~  mass = 00.1: 0.6 GaVie? . o
Frogme ™ 1.8+ 0.8 Gevre? =
10 = =]
- —
6 - [ ® CMS f
2 i 20[ —— POWHEG + PYTHIA 6.4 ‘
al— | ] " Paukkunen et al., CT10Hsoapin i
= 3 10 | " Paukkunen et &l., idem+EFS09 =
- |l - g Neuteld at al., MSTW+sospin ]
zﬁw | + | | | -~ Neufeld et al, (dem-eloss 1
£ N e [ P A A | | L
ﬂ IIIIIIITIIII|IIITI||||I" L1l Ll 1 —'—'I"Tl-||_ nﬂ DE ﬂ'q' DE E}E 1 12 1'4 !E 1B E
i 30 40 50 60 TO ag 80 100 110 120 Hﬂpld!t‘f
3/1 Dimuon mass (GeV/c?) 56
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otica: Heavy resonances: W'

arXiv-1012.5945

T ETTESTTY Search for WY v, ev
T 7 Tay -

[ e ton
+ D
— i ke Tk

O Backgd: W - p/e v, QCD multijet evts, ttbar, Drell-Yan &
Cosmic muons

O Essential good reconstruction of high p; (~1 TeV) muons

— 55°% obasryed Ibmit Mon
——— 25% chasnved Ilmit Electron

— 50%h Dbasneed Imit Combined

arXiv-1103.0030

BR(W —e/u+v) (pb)

- CoME EEweer o
E i J._g.ggﬂ' —:n.-ull 1'[]_1
il JTa T Ta

S
E=T1
;

800 1000 1200 1400 1600 1800 2000

W' mass (GeV)

W’ excluded up to M=1.58 TeV at
95% CL ( e+p channels combined)

3/17/2011 First Physics CMS Results B. de la Cruz
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XOotiCa. Searches

Many other search channels :

O Excited Leptons

O Heavy Stable Charged Particles
A Stopped Gluinos

A 4th generation

O LeptoQuarks

O MultiJet Resonances

1 ExtraDimensions

In many channels LHC has started to surpass Tevatron sensitivity

3/17/2011 First Physics CMS Results B. de la Cruz



Supersymmetr

O Searches focus on large MET + significant hadronic activity (high E; jets) +leptons
O Data driven methods used to control experimental effects and SM backgds.
O Excellent agreement with SM predictions, both yields and shapes

W Tails of distributions

B Define convenient variables to distinguish SM from SUSY events

CERN-PH-EP-2010-084 CMS-SUS-10-005
ﬁ :I T TT | T TTT | LI | LI | LI | T T TT1 ::. T T T I T T T I T T T I T T T I T T
S, of CMS 2 Jets » e
10° =
2 _[Lut=35pn",~!§=ﬂev S 10° ast Tel .
E'iﬂﬁg = Data : -
w C 2 Standard Model % oo
QCD Multijet :
we ' = E,W.Z+Jlets L -“‘
10°% | — = "
1 [ othecive:
™
10°
10
;
" 800 1000
Li] 0.25 0.5 075 1.25 1.5 I;I“-r I:GEV}
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B Sipersymmetry

[ Searches based on different final event topologies
B Hadronic (JETS+MET) arXiv-1101.1628 CMS-SUS-10-005

m 1 lepton (+JETS+MET), 2 leptons (Same Sign, Opposite Sign) (+JETs+MET)
arXiv-1103.1348

B Multilepton events CMS-SUS-10-008
B Di-photon, photon+lepton (+JETS+MET) arXiv-1103.0953  CMS-SUS-11-002

A Interpret in the context of several SUSY models = set limits, already improving

those of past experiments
arxXiv-1101.1628

OIS | Bt rcondos T Ot 38 7 10:84 2810 GEST CMS preliminary L_ =35pb’,\s=7 TeV
[ #;,'--_f,- Run/Event; 148353/ TDE2E 184 a— s ' | 1 1 T 1 T 1 1 [ Lot T o ok 1
P | Lumi section: 49 > i 85% C.L Limits: B COF .3, tantes, wet -
w— Dibaarved Limit, NLD > i
[awt T a0 G (g ----- Mesdisn Expected Limit EEs] 00 2.5 et n &
— S = ) Expected Limit = 10 B L= v
No SUSY " — : = Eiumr
o - T Ean frees 00 2+ i
observed, but -. P S E — LT
Nt tanf=3,A =0,u>0 i
pretty bCkgd thS " 4 _ Ny ; » 1 ¥{400)Cev |
oSSR i AT ST —— =
: ' rq;- e 7 (650400 |
* Hha] T Y| ]
|l |Gt i o =
“e..  $rapo)oey |
y ]

0 100 200 300 500
3/17/2011 First Physics CMS Results B. m, (GeV)



l L

[ No sensitivity to SM Higgs with current data sample

d Strategy for 2011-2012 run; add channels with potentia " |
sensitivity, not just “"golden ones” =» Approach “Many
drops fill the bucket”

[ As seen, most tools are already in place : leptons, jets,
taus, photons, MET, b-tagging

0.0001 —
1n ) 130 1{ 201 300 500 700 100

My [GeV]

Channel Physics Objects Higgs mass range Higgs decays dominated
used in analysis (GeV) by dibosons

| Hdy | photons | 115 150
qqH, H=>1t taus, MET 115 145

VH, H=>bb (highly b-tagging 115-125
boosted)

VH, H=2>WW-=>Ivjj jets, MET, W's 130-200
H>WW-=2I2v + 0/1 jets u, €, MET, W's 120-600

qqH, H=>WW-=>2I2v u, €, MET, jets, W’'s 130-500

H2Z>4 120-600
H=>ZZ->212v u, € MET, Z's 200-600
H=>ZZ->2I2b u, &, b-tagging 300-600




Higgs: WW - 21 2V

Signal: 2 isolated leptons with small Agp + MET+ jet veto

Backgrounds: WW: Ag+ m,, ttbar: jet veto, Ap+ mll, W+jets:light lepton Id, Drell Yan:

MET + mll, WZ, ZZ: 2 lepton in final state + MET + mll

Look for excess above cut in NN distribution (see paper)

Irreducible WW backgd evt.

CNTS DMS Expariment at LHG, CER
& \

Dsta rocorded: Wor Aug 3050251 2010
(| RunEvent 142132 1 92434735 p

Lurmsi sacllnn' 145 > [Muﬂnﬂ.pt‘a.?. Gev‘
'IDI‘UUCI'OE'E ng: 37771344 1 21868 .__."- i/

CMS-HIG-10-003
2010 Data

[ No excess found above SM
Al expectations

1 1 1 IQE: =I :r .IIEIv,ILIII‘ I= 3Iﬁ ﬁhjt 1 1 8

L

mp [degrees]

2

|Electron 0, pt: 63.3 GeV| eMET 0, pt: 52.1 GeV/|

If 4th family fermions exists
& Higgs has SM couplings
144 < M, <207 GeV excluded

-

SM Higgs expectations
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Iggs: ZZ — 4 leptons (e,

[ Signal: 4 high-p- isolated leptons fully reconstructed - Higgs mass peak

O Backgrounds: ZZ irreducible, ttbar & Zbb removed by lepton isolation + impact param.
cut

O Low background, but low yield
GOLDEN pp=2ZZ—2uru utu” EVENT

P" =48.1 GeV
P"* =43 .4 GeV
P* =259 GeV
P" =19.6 GeV

M, =92.15 GeV
M, =9224 GeV
M,, =201 GeV

Hip2

First ZZ-4y event
observed at CMS
“MS Expanmant at LHG, CERMN

Chabsi recardes FroSeg 24 02:20-58 2010 CEST
RunEwvant 148811 | S04087308

- |
I ~1‘:—

Add other ZZ decay modes: 212v, 2I12b,2|2]
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Higgs: Sensitivities

CMS Preliminary 36 pb" 7 TeV

Other channels: CMS-HIG-10-002

QH- vy, g

nnnnn

LEF excluded

J In MSSM, ® - TT CMS-HIG-10-002 N ..ss...m,—xs;:".f"”"i"fif:
3 H* - tv, or H** - 2leptons cms-HiG-10-001 N
m, (GeVic?)
Exclusion Sensitivity Observation Sensitivity

B o 1 '@7TeV 10 1
- : = = = : —1f'@7 Tev ]
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A

A First Physics results with 2010 data
 Perspectives 2011-2012
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derspectives 2011-2012

A A reduced review of some CMS physics results published or in the final phase of
analysis have been presented. For more details and info

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults

A Last week new luminosity determination during 2010 Run was made public. Cross
section values to be increased by 1.007. Lumi uncertainty reduced from 11% to 4%.

A Since last weekend (13 March) LHC is providing again stable proton beams and
collisions in CMS

A Run2011 will take place at Vs = 7 TeV (no increase to 8 TeV for the moment) with a
goal of Lint = 1 fb'! by end 2011.

A LHC will continue running during 2012, aiming for =5fb! (or even more), depending
on collider performance.

O During 2013 there will be a long technical shutdown to consolidate the whole
machine for E,=6-7 TeV
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LHC had a wonderful start in 2010

 The detectors and accelerator working well

 The Standard Model is well established at 7 TeV scale
 Early searches yield no surprises, going beyond Tevatron

J Look forward to several fb~! data at 7 TeV in 2011-2012

 Be prepared for possibly unambiguous discoveries of higgs, SUSY
and exotic new physics

 LHC already providing collisions for the 2011-2012 period.

Wishing for a successful and enriching 2011 year at LHC!!
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