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= CMS experiment status and current performance
= Early physics: first analyses, EWK and top physics. Early searches

= Physics prospects (2010-2012)
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The LHC and CMS
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*First collisions recorded in 2009
*Current running conditions: Vs =7 TeV, L > 102cm™s’!
*CMS 1s one of the two multi-purpose experiments at the LHC
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The CMS design: goals

" Good muon identification and momentum resolution:

= Redundant measurements and redundant trigger systems
= AM /M =1% at100 GeV

= Unambiguous determination of the charge for pT“ <1TeV

= Precise and efficient inner tracking, including vertex capabilities:
= Efficient triggering and offline tagging of taus and b-jets
= Pixel detectors close to the interaction region

= Good electromagnetic identification and photon/electron energy resolution:
= AM, /M., AM /M _=1% at100 GeV

= Large coverage and good granularity, 1° rejection

ee’

Good jet and missing transverse energy resolution:
= Hermetic coverage, fine lateral segmentation
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'Compact' and fully
The CMS way-u 'solenoidal’ design

Key:
Muon

Electron

Charged Hadron (e.g. Pion)

— — — - Neutral Hadron (eg. Neutron)
----- Photon

; Electrormagnetic
}l] '] Calorimeter

Hadron Superconducting
Calornmeter Solenoid

Iron return yoke interspersed
Transwverse slice with Muen chambers
through CMS

T By, CERY, Fulwuuy 204

* All central tracking and calorimetry contained inside a superconducting solenoid
(B=3.8 T,L=13 m, r =3m) => large BL?

* [ron yoke instrumented to host the muon spectrometer => Measurement of muon
momentum thanks to the saturation of the iron

Ciemat

ot de Iy J. Alcaraz, Latest CMS Results and Physics Prospects

v Tecnoldgicas



CMS inner tracking system
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A huge, ultra-precise silicon tracker system:
= For p;=< 100 GeV, Ap;/ p; = 0.5-2% (|n|<1.6)
= Muon resolution dominated by inner tracking resolution for p;,<=100 GeV

= Ad, =10 pm resolution at very high p;
= Az=20-40 um resolution at very high p;(|n|<2)
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CMS: tracking performance

CMS Preliminary (7 TeV, = 200 nb™)
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= Tracker resolution working 'almost' as in the simulation

= Resolutions extracted directly from data (narrow
resonance widths)
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CMS preliminary 2010

CMS: tracking performance
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= High accuracy of impact
parameter and vertex
measurements, in reasonable
agreement with simulations =>
b-tagging already operational !!
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CMS: tracking performance
J/Psi Tag and probe
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Very high efficiency of
tracking (measured also in
data on J/W samples). Even
in the presence of pileup!
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CMS: a special muon system

J The CMS muon system (barrel and also endcap) is optimized for:

» Robust, efficient and redundant muon triggering system (chambers+RPCs)
» Efficient muon identification and reconstruction (|n[<2.4, redundant coverage)
» Precise measurement (< 10%) for TeV momenta (good alignment + level arm)

Drift tubes
used

in the bar'r'el__

o AW Intrinsic position
resolution per 1 o
Chamber‘ ~ 100 ﬁ = 20 g 4 - EU . a0 1000 . 1200

microns Cathode Strip Chambers (CSC) used in the end-caps
RPCs for fast timing and trigger response
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CMS: muons

Finally:

CMS 2010 \'s =7 TeV
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CMS: electrons/photons

We also have good electromagnetic resolution in CMS:
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CMS Electromagnetic Calorimeter
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= A crystal calorimeter (Pb WO,): extremely good resolution (stochastic term =

2.8% at 1 GeV), low noise (noise term = 120 MeV), good
uniformity/intercalibration (uniformity = 0.3% from test-beam studies):
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CMS: electrons/photons

... down to low energies

<10’ CMS preliminary\s =7 TeV
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Good agreement with expectations
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CMS: electrons/photons

CMS preliminary 2010 N8 =7 TeV CMS 2010 \'s =7 TeV
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At high E. the scale in the barrel region is now set by the 1° calibration
(correct to 1%); 3% shift in the endcap region
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CMS Hadronic Calorlmetry -~
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= Scintillator-brass/steel tile calorimeter: compact, hermetic, good segmentation

and coverage (|n[<5.2)

= Jet angular resolution ~ 20 (30) mrad in ¢ (0) at E; = 100 GeV
= Jet transverse energy resolution (using ECAL+HCAL only, barrel):

(&) -() + (1) + 037
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CMS: particle-flow techniques

By HCAL

> Clusters
& -

=
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hadron 4 HH detector

charged y :
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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

Big improvement in energy resolution and
identification using particle-flow techniques
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CMS: particle-flow techniques
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= Factor of two improvement in energy resolution with respect
to measurements using calorimeter information only.
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CMS is taking data ...

Total Integrated Luminosity 2010 (Mar 30 10:00 UTC - Oct 29 10:46 UTC) 250 Peak Luminosity/Day 2010 (Mar 30 10:00 UTC - Oct 29 10:52 UTC)
50 I T T T I T T T
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Date Date
= Already ~ 45 pb! delivered, ~40 pb* collected.
= Also in essentially 'nominal’ conditions: Level-1 trigger rates > 50
kHz, HLT rates > 300 Hz, and in the presence of pileup.
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CMS is taking data ...

PIXEL TRACKER
STRIP TRACKER
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CMS fully operational at > 98% level
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The LHC at Vs =7 TeV

WJs 2010
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* The LHC at Vs= 7 TeV offers
(with respect to Tevatron):

= Higher center-of-mass
energy — access to new
physics scales, even with
very low luminosities

= ~ 10 times more gluon-gluon
initial state — top factory,
more Higgs cross section,
also larger QCD
backgrounds

= ~ 3 times more qq' initial
state — larger W/Z
production in general
(inclusive or associated)
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CMS physics results: QCD, low p.

o IR i U - a” . " émsPreliminary | :
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10 10 _ 10° 10 0 20 40 60 80 100120 140 160 180
\s[GeV] = . L
= Steeper rise in particle density than what most models predict.
= More discrepancies in the low p_ region of the spectrum. p. < 500 MeV
= A more detail model tuning is required (although the implications for high-p.
physics are marginal)
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CMS physics results: strangeness,
underlying event propertles,
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Usual MC settings predict less strange-quark production than what is seen.

Underlying event activity does not match extrapolations from Tevatron. Also
confirmed by other experiments. New tunings going on...
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CMS physics results: the ‘ridge’

TWO-PARTICLE CORRELATIONS AS A FUNCTION OF THE AZIMUTHAL (A®)
AND PSEUDO-RAPIDITY (An) SEPARATION

Dijet-like events:
transverse plane

CMS Experiment at the LHC, CERN

Dijet-like events:
longitudinal plane

Date Recorded: 2009-12-06 07:18 GMT
| Run/Event: 123596/ 6732761
Candidate Dijet Collision Event

CMS Experiment at the LHC, CERN
Date Recorded: 2009-12-06 07:18 GMT
Run/Event: 123596 / 6732761

Candidate Dijet Collision Event

Correlations are large at A® =0, An= 0
Correlations are large at A® = &, any Ay
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CMS physics results: the 'ridge’

CMS 2010, Vs=7TeV

MinBias, 1.0GeV/c<pT<3.0GeV/c N>110,1 .OGeV/c<pT<3.OGeV/c

R(An,A¢)
R(An,A9)

Unexpected correlation between pairs of particles with AP=0 and any An
Not reproduced by our reference Monte Carlos (PYTHIA, ...)

Similar effects have been seen in Heavy lon experiments

Physics origin not understood yet. More studies going on...
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CMS physics results: high p.

 CMS preliminary, 60nb"  \s=7TeV ~_  CMSpreliminary, 60nb"  \s=7TeV
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= Results in good agreement with NLO predictions

CMS preliminary, 60 nb’ vs=7TeV
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= For all types of jets (CALQO: calorimetric jets, JPT: jets track-corrected, PF:
particle-flow jets). Particle-flow jets allow to probe efficiently much lower

transverse momenta (> 18 GeV)
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CMS physics results: EWK

CMS prellmlnary 2010 =7 TeV CMS 2010 \ s = 7 Te\!
1 000 | I 1 1 | T T | T T T | |

SmSE |""|""\,€ i ]
=) | ICHEPI10 J.L dt=198 nb™ 1 (O - L~3 pb . JL dt=2.9 pb’
:UJ: -e—data | EE 800__ —®- data ]
- [ IW — v w
4 = B ] W—pnuv 7]
~ I EWK % - I EWK-:tt .
(<b) I QcD 1 = 6001 B QcD ]
S ¢ Cut D - .
| - e — ]
3 102| 1 2 400 !
= : 13 _
(= % |
< 200 —
) 0.1 0.2 0-3_ 0.4 _ 0.5 00 20 40 60 80 1700 120
Isolation Variable M, [GeV]

Very 'direct’ and unbiased selection in CMS: 1) high p. (>20 GeV), isolated
leptons; b) fit M_(or missing E.) distributions.

Efficiencies, resolutions, signal and background shapes studied / extracted
from data.
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CMS physics results' EWK

CMS 29 pb at \Is—?Te\.-' zepb"m \s=7TeV
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
NNLO, FEWZ+MSTW08 prediction NNLO, FEWZ+MSTWO08& prediction, 60-120 GeV
[with PDF4LHC 68% CL uncertainty] [with PDF4LHC 68% CL uncertainty]
10.44 + 0.52 nb 0.97 +0.04 nb
W —ev —fo—1 Z— ee I A
10.04£0.10_,+0.52_  +1.10, .nb 096+0.04__ +0.06__+0.11, .nb
W — v o Z—uu et
9.92+0.09 ., +0.31__ +1.08, ;nb 092£0.03_,£002__+0.10,.nb
W=l {combined) o Z—ll (combined) Helf
9.95+0.07_,+028__+1.09 .nb 0.93+0.03_  +0.02__+0.10,, . nb
L L PR I T S N TN SR SR AN S T S N P ) L 1
0 2 4 B 8 10 12 0 0.2 04 0.6 0.8 1 1.2
ol pp—=WX)xB(W-—=WN) [nb] Glpp = ZX )xB(Z—=11) [nb]
CMS 29pb at \Js—?TeV CMs . 2.9 pb™ at s =7 TeV
NNLO, FEWZ+MSTW08 predlctlon NNLO, FEWZ+MSTW08 Pr&dlcﬂon
[with PDE4LHC 68% CL uncertainty] [with PDF4LHC 68% CL uncertainty]
10.74 = 0.04 1.43 + 0.04
W%ev,Z—>ee H—e— W — ev [ A
10.47 + 0.42 __ + 0.47 _ 1.43+0.03__ +0.08_
W —uv, £ —uu H—aH W — uv e
10.74+0.37 __ +0.33_ 1.43+£0.03__ 005 _
W = lv, Z =1l (combined) H—eH W — v  (combined) e
10.64+0.28 __ +0.29__ 1.43+002__ +005_
Olllélllﬁlllé' 8 o 12 14 0 0.5 1 . 1.5 i
Ruwz =[oxBJW)/[oxB](Z) R,.=[oxBIW™)/[oxBI1W")
= First EWK results presented at ICHEP. Important benchmark for many future studies
V+jets, background for searches
i
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Good agreement with the SM expectations
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CMS physics results: EWK

) Q
CNS 29pb"at \s=7TeV €,
lumi. uncertainty: < 1% m 10
oxB(W)  HH 09532008, :0048, |
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Ruz e 099020038, :0004
1
R,. -+ toz00, z00, | 10
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|
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Paper with L = 2.9 pb™': hep-ex:1012.2466, imminent publication in JHEP




CMS physics results: Taus
Z - tau tau » mu +tau,__, (one prong+pio tau)

Selections as in ICHEP PFT-10-004 PAS

@%21?i’éi‘f!;‘e”;e’}‘tﬂﬂﬁéifi‘?d197010@31 °_Js.3 12
1-5,5 s me - > ] @ TBar 1
e\ : : ) 10; CIwW-orv]
Vad = O Wz-u| WP 75
SR s ¥ L o L W - pv-
. -- F O g CJaco 1 @ Mu Pt > 15 GeV/c
L ~ i Mz
E3E 2 L « 0AA | @ Rel Comb PF Iso <
l.l < C L —
} O 6 CMS Preliminary 2010 0.1
WL L =17pb'\s=7Tev{ ® Tau Pt > 20 GeV/c
H L int |
ar ] @ HPS Loose
I Isolation
2_— -
0(; 20 40 60 80 100120140160150
Mp,=22.8GeV/ic T _E =32.9GeV Vis. Mass = 60.8 GeV/c’

M_(4,MET) = 10.1 GeV visible Mass[GeV/c?]

= This is an example of the power of particle-flow techniques in CMS
= Visible tau signal in Z-> tau tau production with just 1.7 pb-' of data !!

= This is an important benchmark measurement for key new particle searches
like H-> tau tau, for instance!

Ciemalt

e de Inesions J. Alcaraz, Latest CMS Results and Physics Prospects 30
}rT::;:T-.::::L;HL woam ntales



CMS physics results: tt production

[72] = . )
E . CMS Prellmlnary —— Data o CMS Deta recordods S Ju 28 174417 2010cest /N
Py P - ~ X | Run/Event: 140385/ 30009543 Er= 44 GeV/c, ¢ = 1.8
> 103 __084 pb at\f§ = 7 TeV ft — Ep, \ Lo\:gb(s:erg‘s]g\:{'gg16434go4 1101 ’ '
(T = Iutiets. N 1 I w-siv (+ lignt jets) = T
- e/ptjets, 2 =
- &/t b-tags [ veey+x . pe= 61 GeV/c,
i [ vobex i n=-04,¢= LI
B z/y* 1T (+ light jets) Y ¥ ) SN
1 02 E_ [:l QCD/y+jets _E b-tagged Jet "
C F7 ; - pe= 68 GeV/c i
[777] QCD uncertainty . n=-17, = ha ,
1ok t +
N :
= = v
B Electron p:= 41 GeV/c
1 n=04,¢=-22

pt=73 GeV/c,n=-1.3, ¢ = -0.2

T IIIiIHI

1 2 3 >4
Jet multiplicity

b-tagged Jet
p:t=109 GeV/c,n =-0.6, ¢ =-1.7

Study of tt — bqqg' blv with just 0.84 pb' : high-pt, isolated lepton and at least one b-
tagged jet (secondary vertex tagger with = 2 tracks: ~ 80% efficiency with small fake
rate)

30 events observed with = 3 jets, over a predicted background of ~ 5 events

- e TOP SIGNAL ESTABLISHED !
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CMS physucs results: tt productlon

CMS

3.1pb” at Vs =7 Tev
Events with ee/pp/ep

I I

@ Data
I tt signal
B 21T predlchun
| Zfy* -ttt ]
I single top —
[ Iwv ]
] Hon-W/Z prEdIEllDl‘l
[~ ] Bckg. uncertainty

3 >4
Number of jets

Events / (20 GeV/c?)

100 150

J. Alcaraz, Latest CMS Results and Physics Prospects

200

§ ] a - 3
cMS. .
IE—Reconstructed 3ipbat VS_7TeV 1
E mass Events with ee/ppfen E
5 A Data MWT
- ® DataKIN
af- o || 0 - All simulation MWT ]
N All simulation KIN ]
3:_ A A G —— Background MWT
- . I Background KIN

Hecunst:.?:ted meas: ::jgevfcil
First top-quark published result at the LHC: measurement of the tt
cross section in the di-leptonic channel: tt — blv blv
= Selection: two isolated high-p_ leptons (electrons or muons), missing E_. (>20-

30 GeV, depending on the channel), at least two hard jets (E.> 30 GeV)

Cm‘:

400

32



CMS physics results: tt production

o(pp — tt) = 194 £ 72(stat.) £ 24(syst.) £ 21(lumi.) pb.

N EXP MO M LH G £ PN C———r———)
Data recorded: Wed Aug 4 09:44:37 2010 PDT

| | |
10— cms @® Data — O
- 3.apblat\s=7TeV [ltisignal . C /
T Events with ee/pp/ep 7 Wy

i B 2y =T | —
L I Single top _ _ - o

E I:l 'U"U' Jet pr=73 GeV/c, n=0.2, = 0.9
B [ W—lv 1
B [-] b-tag uncertainty 4 P

6— ®

Events

e pr= 80 GeV/c, N= 0.5, = -2.9

Dilepton mass 88 GeV/c?, pr=138 GeV/c

b-tagged jet
pr= 89 GeV/c, n=0.5, = -0.7

0 1 =2
Number of b-tagged jets

B-tagging cross-check of the consistency of the observed signal
with tt production (but not used in the selection and measurement)
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CMS physics results: searches

= Jet searches: two ways to observe a convincing signal of new physics in di-jet
events:

= a) Search for unexpected resonant production in di-jet systems

= | T T T T | T T T T | T T T T I T T T T | T

102 —e— Quark-Gluon

— T | T T T T | T T T T | T T T T | T T T T _D I
= ; =
o 10* : —e— CMS Data (2.9 pb™) = 10°Fg CMS Data (2.9 pb'") Resonance Madels
Q = — Fit =T E - VS < 7 TeV String
- =7TeV Excited k
:g 1 03 K [ 110% JES Uncertainty x 104 = O Ml<25&lan<1.3 | —- - A:Eﬁon?gglroron
— ----—- QCD Pythia + CMS Simulaticn % E ) — — E; Diquark
g 102 ————— Ex?i‘tﬁdﬂuark _ oy > 103;_.‘ :___?.,.
— - Sir =7 S B
E \‘ g NS © © - RS Graviton
= 10 Il < 2.5 & |an| < 1.3 2 =
N s e =
N \ S (1 TeV) = . 3
1 o " Eo- —
W) Y 10 o =
1 EEI = — ) 3
100 1—_ _ - A=
102 - TR~ -
107" 95% CL Upper Limit ... o
1 D_g E  —=— Gluon-Gluon 3

—=— Quark-Quark T
| 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 ! ‘--l-k =

1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1
1000 1500 2000 500 1000 1500 2000 2500
Dijet Mass (GeV) Resonance Mass (GeV)

= Here we can see the power of increasing Vs. Tevatron limits already
superseded: string resonances (>2.5 TeV), excited quarks (>1.58 TeV),
axi-gluons (>1.52 TeV), E_di-quarks (>1.60 TeV). Published in PRL

__(Phys. Rev. Lett. 105, 211801 (2010))
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CMS physics results: searches

= Jet searches: two ways to observe a convincing signal of new physics in di-jet
events:

= b) Search for an excess of jet product in the central region with respect to
non-central region:

R = N(|n|<0.7) / N(0.7<|n|<1.3)

m T T T T | T T T T | T T :1.6_| LI | LU | T T 17T T T I:C-I T T I;'I LI L
c . CMsS (@ - C | cMms ]
210 \s=7TeV E 1.4-\s=7TeV P .
. 3 3 - -1 s
) o 29pb E 4 of 2.9 pb /[~ pam 3
10 -:‘un - |n|<0.7 3 u / |—Null Hypothesls
iy =0.7<|n|<1.3 . 1E 7 [MSyst. Uncertainty| -
10°: = - [ f-a=3Tev
2 f:‘u ] 0.8- ; [a=4aTev ]
10 o = C d
Ap VY _
10 TI::LJ}LII E 0.4__
T'T'|'IT|‘T|| i’ L '
1 - -ig- | -0- = 0.2_
T : |
1000 2000 3000 0 l

500 7000 1500 2000 2500 3000
Dijet Mass (GeV)
Compositeness scales < 4.0 TeV excluded: Phys. Rev. Lett. 105, 262001 (2010))
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CMS physics results: searches

= More 'exotic' searches at hadron colliders: leptoquarks. heavy stable charged
particles, stopped gluinos, ...

'—'1DE:| I e o L L L L L E' B A B I |
L0 = 3 I -1 95% C.L. Limits:
= = Q =
0, n i LQ—~pg . . ] g --[Ldt oo T Expected: Counting Exp.
= i D"E'- exclusion {1 o, f=1] 1 T 10 EL™ = 1 4102 emzs I Expected +10: Counting Exp.
M'i"i - f°% gy With theory uncertainty, f=1 0 : Lot = 1x 107 cm™s Expected +2¢: Counting Exp.
2 10gs - EpectedosnCLuppertimit 3 1 Fagoqmey — Obs.: Counting Exp. :
) . . Hs)) NS=TTeV L Obs.: Counting Exp. (Neutral R-Baryon) 1
—— Cbserved 85% C.L upper limit . — N _ ) 1
i ] I momL=100Gevi@ T Obs.: Counting Exp. (EM only) ;
| _ m 103 L 9 % i DbsTlmlnngﬁIE .r'—_
| X ]
_I :_ ..:::.:::::. : | ! _: —_ ¥
1E- T, .::::::i:::::.. | E ‘%
..::.':::i.-..:::.. : T
Tty 2 10
A1 _ o 1 &
10 E — :.- o)
- [uebssopy’ I I
10500 Eén 300 350 400 45|u 500 S e R
(GeV) 107 10° 10° 10* 10 102 10" 1 10 10% 10° 10* 10° 10
e T~ |S
hep-ex:1012.4033 Ma Phys. Rev. Lett. 106, 011801 (2011) %!
P y
Already extending Tevatron limits with present luminosities...
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CMS physics results: searches

= Microscopic black holes, ...

hep-ex:1012.3375

CMS, 35 pb™
\Js=7TeV

Mon-rotating Black Holes
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CMS physics results: searches

= New gauge bosons, ...

E 105 % T T T | T T T | T T T | T T T | T T T | T T T | T T T E E“ 1 0 = ! ) L |} : I L | : 1 1 I : T I T
% E CMS - W—=gewv E & \\ l—‘ Tevatron Exclusion (5.3 fo") E
|_|>J 10* _ f" dt=36.1 pb” B Muitti-jet = —_ \\\ ------- Expected Limit at 95% CL |
E JS=7 Tev [ E g N, ——— Observed Limit at 95% CL .
103 E | |:| Ofer Blgs = T \ ——— Theorstical Cross Section
= s Data = o 1 3 —
----- W (M=0.9 TeVic?) - E X
107 — - W (M=1.1 Tevics) = c - \\
I m i oehe ™,
— W (M=1.3Tewicd 4 ., [ e ] \
10 = B e -
. 10"
1 = -
; CMS
1071 —= det=36_1 pb 4
} ? Vs=7Tev
10%"" 500 400 600 800 1000 1506 12 1400 1006 08 1 12 14 16 18 2
M, (GeV/c?) Mass (TeV/c?)

No extra W gauge bosons found; electron results already published (M<1.36
TeV, hep:ex:1012.5945), muon and combined results imminent

No extra Z gauge bosons found in M<850-1150 GeV (depending on the model);
electron+muon results already sent for publication (CERN-PH-EP-2011-002)
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CMS results: SUSY

L, =3pb"\E=TTeV
- I I I I ; 5[H] L 1 1 1 1 | 1 Imlﬁ;mtldul IIII 1 Il-l 1 I 1 | 1 1 II 1
n E| T T 1 T T 11 T T 11 LI LI T T 11 E i m CDF E,@, lﬂlﬁ=5,2ﬂ}
S10°F cms "Et‘r’i 5 e oomemid 100 3,7ty 21 '
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§10°F Data - 400E 1W00)eey | (g T
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—— QCD Multijet - 3 A <05
1']‘?_ — g. W, zllt}:ts - g =3, A, =0,signiu >0 §1800)Gev
: —— LM0 - §(650)car
10°E S— T J00E 1(650)Gev
1IF|;— 250) =
1ﬂé— 2[]'05—
1k 1505_
107 : 100E
0 0 100 200 300 400 h00
m, (Gel)
o, =E /M, CERN-PH-EP-2010-084
= 36 pb'is enough to improve over past experiments...
= Data-driven methids used to control SM backgrounds
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CMS results: Heavy lon Run

e w 16 LT TT | IFTTT | IFTTT | T T | IF'TTT | IF'TTT | LI | IFTTT | IFTTT _|_
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Jet quenching: First observation of Z events in Heavy Ion
CERN-PH-EP-2011-001 collisions: CERN-PH-EP-2011-003

= Pb-Pb collisions at 2.76 TeV / nucleon, 6.7 ub™ collected in late 2010
= Plenty of new interesting effects in this dense environment
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CMS results ...

| am still missing many important results:

= Non-collision results (for instance the
Measurement of the Muon Charge Ratio
— it turned out to be also useful to
understand how to control the muon
resolution at the TeV scale)

= Coming papers related with the Higgs
search:

* Observation of WW production

= Limits on H->WW in the presence of
a fourth fermion generation

= Limits on supesymmetric Higgses for
high tan(beta) in the (bb —) H->tau
tau channel (already improving
Tevatron limits for m < 350 GeV)

= ~ 20 papers already published, and ~ 20
papers in the queue, and even more
going on but not yet at the final stage, ...
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The LHC at Vs = 8-9 TeV

5 WJS 2010
= v R R T ErE ' v EEEn v !
ratios of LHC parton luminosities:
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It is likely that the LHC be
able to run in 2011-2012 at a
higher center-of-mass energy
and collect = 5 fb™! per
experiment (still to be
confirmed).

Again, improvements due to
the rise in center-of-mass
energy are kind of expected

This implies more work on
the experimental side (new
prospect studies,
simulations, ...), butitis
welcome ;)
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CMS prospects: Higgs searches

= Here Vs is not the relevant quantity; much more integrated luminosity is
necessary. One loses gg->H going from Vs=14 TeV to Vs=7 TeV (factor of 4)

= |mprovements over previous estimates: add channels with potential sensitivity
(a la Tevatron), not just "golden’ ones (since detector performance is optimal)

Channels included: Mass range
Studied (GeV)

H-> vy 115-150
VBF H—> Tt 115-145
VH, H=>bb (highly boosted) 115-125
VH, H2>WW=21vjj 130-200
H2>WW=2212v + 0/1 jets 120-600
VBF H>WW-=2>212v 130-500
H—>7Z7Z—>41 120-600
H>Z7Z7Z-2>212v 200-600
H—>7Z7Z—>212b 300-600

All analyses are cut-and-count
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CMS prospects: Higgs searches

Improvements over previous estimates: add channels with potential sensitivity
(a la Tevatron), not just "golden’ ones (detector performance is optimal)

10° - . — _ 16 —
- CMS Preliminary: Oct 2010 ’ =) - CMS Preliminary: Oct 2010
bﬁ Projected 95% CL Limit on alog,, § 14[ Projected Significance of Observation
‘E I R : L = s _ i
c 10} 515" @8 Tev fombined i z 20 spl@sTey T Comed T pewimaved
— ¥bb)-boostad VEF[WW) — 21 3 - —— Vibbjboosted e WBF{WW] = 2129
f : B e T | & 0 e
3 10 ot 2 P § LT 2w oy 72 i
; . 'x%-w"';'/. : / g 6 :
N O S - — PN = 40
RN A e i S
R .-'-""l-.;;:-—'"". ] .E’ I
: : ] Iy 2 -
10" 200 300 400 500 600 (I . e
200 300 400 500 &00

. 2
Higgs mass, m_[GeV/c'] Higgs mass, m_ [GeVic?]

5 fb' would be enough to exclude all the relevant Higgs mass range, or
get an 'observation’' at >3 standard deviations
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CMS prospects: Higgs searches

" |mprovements over previous estimates: add channels with potential sensitivity
(a la Tevatron), not just "golden’ ones (since detector performance is optimal)

10 I\II‘II\Il\III|IIII|I\II| AN -1 ||||||| _|__ 10 ||||‘|||||||||||||||\|||II II||||||||||||\|“_
- CMS Prellmmary OC’( 201\ S —am'@7Tev ] CIVIS Prellmmary Oct 2010 —2f'@7Tev ]
C—5f'@7TeV -—51'@7TeV

..... sz @BT V - L mEEEE 7

PrOJected 95% CL L|m|t on G/CFSM ¢ _ PrOJected 95% CL lelt on CF/GSM i;: g::::

5fb @BTV

95% CL Limit on o/ocg,,
95% CL Limit on c/cg,

100 150 200 250 300 350 400 450 500 550 600 10100 110 120 130 140 150 160 170 180 190 200

Higgs mass, m, [GeV/c?] Higgs mass, m [GeV/c?]

7 TeV, 1 fb': exclusion sensitivity: m,;=135-450 GeV
“ATLAS+CMS” (2 x CMS): m,= 120-525 GeV
C:en'n(:
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Conclusions

= CMS is in good shape:
= More than 40 pb-' data collected at \Vs=7 TeV, with >90% efficiency
= The detector performance is almost ideal, even at this early stage.

Many sophisticated improvements already in place (particle-flow
techniques, for instance)

= EWK and tt cross sections already measured
= |n good agreement with the SM

= These are important benchmarks for futures precision studies and
new physics searches

= Already with this luminosity (< 40 pb') CMS is able to go beyond past
experiments in many new physics searches

= With 2 5 fb" per experiment LHC should be able to exclude/discover
the SM Higgs over the whole relevant range of possible masses

CMS is actively analyzing the latest data and eagerly
waiting for an even more exciting 2011 LHC year!

" But the amount of work needed is still HUGE!
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CMS: muons

The main role of the CMS muon system for p_< 200 GeV or so is
to provide efficient and reliable trigger information ...
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CMS: muons

. and efficient and reliable muon identification with a good
understanding of the different background components (decays-in-flight,

m |I|I||II|I|II|I|I | I|| T ||I|I|||||||I|I|I|||_ hrg} _'|||||||||||-||-||||||||I||IIII|I|I||||||||I|I|||||_
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= 105 =5 = 7 TeV [ muons from heavy flavours | - 104 =5 =7 TeV [ muons from hEMﬂE“UUFE E
E = I muons from light hadrons | 3 E - R muons from light hadrons 3
B [ duplicates ] - [ duplicates ’
I hadron punch-through - H hadron punch-through .
10°E E 10°E e -~
: Decays in flight 1 Decays in flight :
10°, (84%) . i __ (74%) i
B Heavy flavors; 107 % _Heavy flavorss
107 = E - ' !
N ] 10
10¢ 3 :
1L i 1k I¥
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 5(1
p (GeV/c) p (GeV/c)
Muons tracker-driven Muons muon-chamber driven
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CMS: partlcle-ﬂow techniques
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And, since particles are
identified almost one-by-one,
calorimeter corrections in the
jet response, as well as scale
energy corrections, are smaller
in a particle-flow approach

The approach also allows
iImprovements in the particle
identification step:
bremsstrahlung,
conversions, ...

Everything suggests that the
PFlow response is uniform in
energy, in reasonable
agreement with simulations,
and with scale variations not
larger than 5%.
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CMS Trigger system

Detectors

@ Front end pipelines
@ Headout buffers

.

- Switching network
@ Processor farms

“Traditional”: 3 physical levels, ATLAS

reconstructed information at earlier stages..

Ciemalt
Centro de Investigaciones
Energéticas, Medioambientales

Detectors
+ I
@ Front end pipelines
_..

i X400 rejection

Readout buffers

Switching network

Processor farms

= | x1000 rejection

CMS: 2 physical levels

Challenging, but allows to be dependent on ""software” and use fully (more precise)
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LHC: «/s-7 TeV vs Vs=14 TeV

ratios of parton Iumlnosmes
at7 TevV LHC and 14 TeV LHC

J. Stirling
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1 1 1 I 1 1 1 I-’
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( p
high pt
e low pt
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“ Major changes with respect to Vs

=14 TeV:

v Cross sections reduced by a
factor of three or so:

v WI/Z cross sections ~ 50% (slightly
compensated by larger acceptance at
lower rapidities)

v Ttbar cross section ~ 25%
v Higgs (m=200 GeV) ~ 25%

Strong reduction of the energy
reach for high masses and energy
scales

v Z resonance (m~1 TeV) ~ 20%

v One order of magnitude less
reach for new physics effects at
scales of 22 TeV

Subtler effects:

v Less gluon-gluon relative to qgbar
hard interactions (PDF effect)
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CMS physics results: the ‘ridge’

“Away-side” (A¢ ~ n) jet correlations:
Correlation of particles between back- _ \ms 7TeV pp min bias
.. Bose-Einstein correlations:

to-back jets
(A¢ ,An) ~ (0,0)

TWO-PARTICLE
CORRELATIONS
AS A FUNCTION OF :
THE AZIMUTHAL A®) (4.~ '
AND PSEUDO-RAPIDITY (An)
SEPARATION

4

Momentum conservation:
~ -cos(A¢)

Short-range correlations (An < 2):
Resonances, string fragmentation,
“clusters”

“Near-side” (A¢ ~ 0) jet peak:
Correlation of particles
within a single jet

Ciemalt .
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CMS physics resultsB:kgth?d_'rEdge'

Signal distribution:
& 1 d*N™s

! d’N*™ Bnr (ﬁ??ﬁ‘??) =
N(N -1) dAndAg

Sy(An,Ap) -

N? dAndAg

AN Mixed event pairs

Sy (An,Ap)
R(ANn,A@) = (N —1)| =X _1
(An,Ap) <( )( B (An.Ag) ])N

Same event pairs

pr-inclusive two-particle

An=mn-n, angular correlations in
Ap=q, - g, CMS pp 7TeV min bias collisions
Ciemal
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CMS physics results: the ‘ridge’

L 0.1GeVie<p <1.0GeVie | 1.0GeVie<p <2.0GeVie 1 2.0GeVie<p <3.0GeVic [ 3.0GeVie<p <4.0GeV/
[ N<35 . cMS pp

|_ _"_ _"_ = o
E— | — PYTHIAS 1 ol L . ] (d) N=110, 1.DGeV/c<pT<3.DGeV/c
[ .| - ]
_— b )
- 4"\
o=
-1 1 1 1 L 1 L 1 L 1 1 1 2 " ]
i A \'\--
_ I;35<N<90 1 1 1 ] 3 4 ‘t““}“ 4
L L . ‘
_ | - 1 - ™
0 . 2N
= = Toanagaastt -4
haass® 1
ik L 1 1 ]

H

F 90<N<110 | 1 1 ] I1Aqn]l >2

correlation
forl <p, <

3 GeV and
- VB e e e v e high
0 ¢ ¢ ¢ mul¢iplie¢i¢i

Ciemalt
Centro de Investgaeions J. Alcaraz, Latest CMS Results and Physics Prospects es (>,°)

Energéticas, Medioambientales
v Tecnoldgicas

55



Top production

¥ Top production is huge at the LHC: At Vs=7 TeV, o ~ 150 pb, dominant
process is gg->ttbar , rate ~ 20 times Tevatron for the same luminosity.

: : L/,

TOP
Tevatron CANDIDATE

=
iy

=+|

v Understanding top production => understanding the whole detector:
lepton identification, resolutions, isolation, jets, missing energy, b-
tagging, ... => spin-offs: jet scale calibration, b-tagging efficiencies,...

Ciemalt .
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CMS prospects: Higgs searches in
various luminosity/energy scenarios
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