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LHC and CMS Performance

2010 pp: ~47pbtdelivered by LHC and ~43pb collected by CMS.
Overall data taking efficiency ~92%.

| Lumi section: 49

- — Delivered 47.03 pb™' : , :
2 — Recorded 43.17pb™' | E 32 2§ ] r
CMS CMS Experlmen! at LHC, CERN - : : Lz 2X1 0 Cm' S' r
| Daa recorded: Tue Oct 26 07:13:54 2010 CEST Ty OSSOSO SO S S T

| RunfEvent: 148953 TBAGISUSY~10-005 : s s i

— " — pp@s =7 TeV

" 1 RUERPRRINS. SUNSSM—  ST— ................ .

f : \/ Improved evaluation of Iu:minosity:;

f { ’ syst. uncertalnty reduced to 4%, f

Y e = 20-central value shlfted by 0: 7% oniy """""""""""
;\

JalpT‘214G V
J lDT 34 Ge V

Alread Some 10_.. ..................... . ....................
[MHT: 693 GeV] y £~ 027cm 2S 1
interesting | : g g

events seen

| ] !
29!003 12/05 25/06 08/08 21/09 04/11
Date

Average fraction of operational channels per CMS sub-system >99%.
Quality of the data for physics (any analysis) “85% of recorded data.

K.Hoepfner, CMS coll., DIS conference 2011



2

S

g

H
A

Many Physics Results

With 2010 data, 83 physics analyses. Can only show some highlights

B Paper B Paper in prep. Bl PAS

0 5 10

Heavy lons
B Phys
Forward Phys
QCD low-pt
QCD high-pt
EWK

TOP

Higgs

SUSY

Exotica

For complete information see

PAS=Physics Analysis Summary
15 20
| |

45 papers submitted or
published

23 papers in preparation

24 analyses to be approved soon

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

CMS Talks At This Conference |

Gompact Muon

* J/psi differential cross sections in pp collisions at 7 TeV (Paolo Ronchese)
e Jet results from CMS (Cosmin Dragoiu)
 Measurement of top quark pair prod. cross section at 7TeV (Julien Caudron)

 Measurement of the top quark mass at 7TeV (Pedro Vieira De Castro Ferreira
Da Silva)

 Measurement of single top quark production at 7 TeV (Dennis Klingenbiel)

 Measurement of the top pair invariant mass distribution at 7 TeV and search for
New Physics (Davide Pagano)

* Measurement of the Lepton Charge Asymmetry in Inclusive pp 2W + X 2
(e/u)nu + X Production at sqrt(s) = 7 TeV (Michele Pioppi)

* |solated Photon measurements with the CMS Detector at sqrt(s)=7 TeV
(Darko Mekterovic)

e Measurement of the Drell-Yan differential cross section at 7 TeV
(Norbert Neumeister)

« Measurement of energy flow in a large eta range at the LHC at sqrt{s} = 0.9, 2.36
and 7 TeV (Albert Knutsson)

K.Hoepfner, CMS coll., DIS conference 2011
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CMS Talks At This Conference I

 Measurement of the polarization of high transverse momentum W bosons
at 7 TeV (Markus Stoye)

e Search for new physics with high pT leptons (Federico de Guio)
« Measurement on B-hadron angular correlations with CMS (Andrea Rizzi)

e Exclusive B-hadron production cross sections at 7 TeV with CMS (Alexander
Schmidt)

 Measurement of Y(nS) production at 7 TeV with the CMS experiment
(Jake Anderson)

 Multijet measurements with the CMS detector at sqrt(s)=7TeV (Joanna Weng)
« Diffraction at CMS (Ann-Karin Sanchez)

 Forward jets and forward-central jets at CMS (Andrea Massironi)

e Exclusive measurements (di-leptons and vector mesons) (Jonathan Hollar)
 Measurement of total visible cross section (Matteo Marone)

Much more information in these dedicated talks in
the parallel sessions

K.Hoepfner, CMS coll., DIS conference 2011
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W Boson

" compact Muon Solenoid

Re-discovering the Standard Model

With 2.9/pb JHEP01(2011) 080, Latest result with 35/pb PAS-EWK-10-005

CMS prellmlnary 2010
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In general excellent
data-MC agreement

Z events are important
tool: data-driven
methods for controlling
lepton efficiency, scale,
resolution and EMss
(hadronic recoil)

o(pp=2WX) x BF(W—=>1n) =
10.31 +/- 0.02(stat.) +/-
0.09(syst.) +/- 0.10(th.) +/-
0.41(lumi.) nb

o(pp=2ZX) x BF(Z=> 1+ 1-) =
0.975 +/- 0.007(stat.) +/-
0.007(syst.) +/- 0.018(th.) +/-
0.039(lumi.) nb



CMS,

Gompact Muon Solenoid

CcCMS 36pbTat Vs=7TeV
— 1 1 T
NNLO, FEWZ+MSTW08 prediction LN
[with PDF4LHC 68% CL uncertainty] 8
1
H 10.44 + 0.52 nb
W cross section S
v
W — ev s ;
10.48+0.03_ +0.17__ +0.42, nb L
7]
W —uv o &
10.18+0.03_, = 0.16_ . + 0.41,, . nb %
o
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10.31£0.02,, + 013, +0.41, nb =
<
P R W A AR TR SR T | l . ., . | & ., ., |
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cMS 36 pblat \s=7TeV
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[with PDF4LHC 68% CL uncertainty]
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o 2z a4 6 8 10 12 14

Ryz=[oxB]JW)/[cxB](Z)

Precise Set of EWK Measurements

Amazing precision reached, ~1% experimental !

CMS 36 pb™at \s=7TeV
NNLO, FEWZ+MSTWO08 prediction, 60-120 GeV
[with PDF4LHC 68% CL uncertainty]
. 0.97 +0.04 nb
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0.6 - 1 12 14
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‘Gompact Muon Solenoid

Precision of xsec measurement ~1%

experimental. Start to put constraints g3

on theory ( NNLO, PDFs)

W charge asymmetry
ud >W* and du > W~
o(W™)
oc(W™)
Experimental quantity :

do/dy(W+ = ¢+v) —do/dg(W— = (~7)

=1.43£0.05

A(n) =

~do/dy(W+ — (+v) +do/dyp(W- — (—7)

Vv

Lepton Charge Asymmetry

o
()

o
e

Measure W Boson Properties

O
=
)

36pb’ at \s=7TeV

a) pTe-“ > 25 GeVi/c

-
- ol
o -

oW - ev
g W-uv

errors: stat @ syst

-
L
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— MCFM + CT10W
=== MCFM + MSTW2008NLO

theory bands: 90% C.I.
L 1 I 1 L
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Lepton Pseudorapidity n|
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Measure W Boson Properties

Combined: (f; — fr)~ | 0.226 £0.031 (stat.) £0.050 (syst.)
expenmental_ Sta rt to put constraints Combined: £ 0.162 + 0.078 (stat.) +0.136 (syst.)
Correlation 0.304 (stat.), -0.326 (stat. + syst.)
on theory ( NNLO, PDFS) Combined: (fi — fr)* | 0.300 = 0.031 (stat.) +0.034 (syst.)
Combined: f; 0.192 + 0.075 (stat.) +0.089 (syst.)
Correlation -0.660 (stat.), -0.121 (stat. + syst.)
First measurement of W .
Measurement A 'epton 1p — Prl8) - pr(W)

. . _ = 2
polarisation: both W* and W~ preferred Zd e 7r(W)
left-handed as predicted by SM recoll " METY) peit) >0Gey
- 600111 4 = 450
o ECMS preliminary: L = 36pb’'@ 7 TeV o, 155 -g_ C
B 5ol f-1i=0.20:0.036(stat):0.031(syst) - f. 1 & o FOOF

S - f,=0.183:0.087(stat.)+0.123(syst)  -.f, 1¢ 2 350F
> " N -— s
W 400 TEWK - E o 300
; 1 @ 250F

1 1§ F

' : u=.i 2005—

200} . 150
i ] 100F

100 .., —: 50F°

® 02 04 06 08 1 1.2 %
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Combined results in the oxB versus

— Tau Performance

e Reconstruction of individual decay modes
of tau leptons based on particle flow

i
3
]
5
g
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T T I T T T | T Il T
36 pb” at Vs =7TeV A
B s8%CL

] 90% CL
] 95%CL

NNLO, FEWZ+MSTWO08

2
0
- ¥ P
* |nclusive measurement of Z2>1t. z 13
X —
Also W21V 3 12
CMS preliminary 36pb’ at\s=7TeV T ) {5
I I I I | 1 I 1 I I I I I I | I I 1 I & <
. g £ <
et CMS Z — ee, nu n © . RECO
i C'J I N IR | E i 151 T 1~.9IQ% !
s €+ T These |[g 06=06 08 1 12 14 16
et i1 U+ Toag channels | & Thae-|D Efficiency (data/sim)
T SR TN _ . CMs
o total BR |2 > 36pb" at\s=7TeV ]
: i © g 150 |- Z =TT — TyThad
H-rO—H CMS Z — 1t (combined) g =
i 4 S P _
H-+—| DO Run 11 1 fb™" 1 + Thag : 2 ool N
-1 CDFRunll035fb' e +1,, |G o [ Z-w
: 2 [ B EWK-
| | ] ] I | | | | | | | ] | I | | 1 | o = - QCD
0.5 1 1.5 2 2.5 50 o
o(pp — ZX) x BRZ > 1) /o, (NNLO) :
. . B yields from fit
e Established tau as an important tool for o It
many analyses, in particular Higgs Visible Mass [GeV]
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CMS

Compact Muon Solenoid

Summary of SM Measurements

CMS preliminary
I

oxB(W)
oxB(W")
oxB(W )
oxB(Z)
oxB(Z — tt)
oxB(Wy)
oxB(Zy)
oxB(WW) ,

—— —
-

lumi. uncertainty: +4%)
e

—

— —H

Rwiz

R

Wigt > eva
Wiet — pv o
Zjet —> €€ 0

Ziet —> MU O

Zy jet/Zjet(— €€)

Zyy et/ Zjet(— 1)

sin“Byy
|

]

T

36 pb’ at Vs =7 TeV
|

0.988 + 0.009 gxp + 0.050 theo
0.982+ 0.017 exp + 0.049 tneo
0.993 + 0.019 gyp + 0.054 theg
1.003 + 0.010 gy + 0.047 theo
1.029 £ 0.097 gyp + 0.043 theo
1,121+ 0.177 exp + 0.077 theo
0.969 + 0.121gyp + 0.042 theo
0.956 + 0.381 gxp + 0.007 theo
0.981% 0.018 gxp  0.015 theg
0.994 + 0.013 exp * 0.035 theo
0.894 + 0.097 exp + 0.017 theo
0.833 + 0.088 exp + 0.017 theo
0.992+ 0.199 gyp + 0.020 e
1.208 + 0.280 gxp + 0.021theo
1.059 + 0.281 exp % 0.167 theo
1.000 £ 0.272 gyp + 0.185 theg
0.989 + 0.037 gyp * 0.?01 theo

0.5

1 1.5 2
Ratio (CMS/Theory)

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

Standard
Model at
7 TeV

-
V)
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E— N Several final
Missing ET\ _~»~ N states used for

Observation of Top Quark Candidates

MET= 57 GeV o= " top cross section

and mass

measurement:

e Dilepton

* Lepton + Jets

* Lepton + Jets
+ b-Tag

0 pr = 57 GV N : 7 / Needs good

' e = < _m(fly) £ 26 GeV understandin
W pr =27 GeV _in€ompatible with Z . 5
of all physics

Top Di-Muon Candidate Event objects
This example: 2 opposite sigh muons + jets + large MET

K.Hoepfner, CMS coll., DIS conference 2011
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CMS

'Measuring Top Events

Top quark topologies use most physics objects
* Leptons
— Excellent momentum measurement for e, U
— |solation (to reject QCD), conversion rejection for e
— Tau Leptons: good efficiency & low fake rate
e Jets and Missing ET
— Multi-jet topologies (up to 6 in hadronic channel)
— Precise event kinematics
— MET resolution for QCD rejection and top mass reconstruction
e Reconstruction of primary and secondary vertices (b-tagging)
— Efficient identification of the 2 b-jets
— Pile-up

Systematic uncertainties usually dominated by
* Jet /MET energy scale, b-tagging efficiency, W+jets Q?-scale
 Most relevant gain of Particle Flow (PF) for analysis: jets & MET



Measured Top-Pair Cross Section

Divide sample into distinct categories: # jets, # b-tags, electrons, muons

CMS pre"minary,\[§=7 TeV PAS-TOP-11-001 "g —CMSIPreliminary I _._I Data A

value + stat. = syst = lum. error q>) 100 [ 35.9 pbat\s=7 Tev . glsi*gn?.lr 1= 4

(luminosity) - | Events with ee/up/en ZII':: T.‘:__e'u) ]

80— [ Single top -

i Cdw 1

CMS combined (prel.) 158 £10+ )2 + Sb- Sl -\;v;g-\vumnaimy_.

TOP-11-001 (unc cor. + lum.) (36 pb™") i N i
40|

CMS I+jets+btag (prel.)

TOP-10-003 (36 pb™")

CMS dilepton (prel.)
TOP-10-005

14
16818+ 13 + 7

(36 pb™’) CMS Preliminary

-
-
-
-
-
-

® CMS combined (36 pb™)

CMS I+jets (prel.)

1731450 £ 7

B ATLAS combined (3 pb’)

o
D"
-

S
3
9
=
=
%
5
<

oy
=S
g
TOP-10-002 (36 pb™) 2 F ooo :
o
S Cross section
- 5§ r consistent with
ATLAS combined (prel.) 180+ 9+ 2 + 6 S r , NNLO QCD pre-
¥ -2011- -1 e L .
ATLAS-CONF-2011-040 (35pb™) 12 dictions for 7TeV
Theory: Langenfeld. Moch, Uwer, Phys. Rev. D80 (2009) 054009 -% ," Approx. NNLO QCD (pp)
MSTW2008(N)NLO PDF, scale ® PDF(90% C.L.) unc. %_ 10 - B scale ey
| | | | | e F . eermer NLO QCD (pp)
0 50 100 150 200 250 300 i A :g;fl’jh?”w acoen)
Top Pair Production Cross Section [pb] L / Langented,Moch, Uver, Phys. Rev. D80 (2008) 054009
1 'I‘ | 1 11 L1 | | - 1 I - T F | | ) I | | I - | L1 1 |
: : 0 : 1 2 3 4 5 6 7 8
Syst. uncertainty (in total 11%) dominated by o

JES (3.1 GeV) and b-JES (2.5 GeV)

K.Hoepfner, CMS coll., DIS conference 2011
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Measured Top Mass

In dilepton ttbar events and single top analysis

30 __PASTOP-10:006 Two methods in dilepton ttbar analysis:
2 -CMSIprellmln I ST . . .
S laspblan=rTev 3 .| + 1 ¢ Full kinematical analysis
(L) 25[eelen/mnevents  E b | I« Matrix element weighting technique
"m,= 175.8 £ 4.9 GeVlic \ . ]
201 P\
- 3 \. /' 4
B j T e e d W v CMS Preliminary, 36 pb ' \'s = 7 TeV
B TopOuamMass(Gew-cz)' .Q iR SRR I Eabh L U e dat
191 - o = . B -tghaannel
- . > - Slngle top 4 Os channel
- 1 " % analysis EI=ry
1oF B 50 - = mwip
Z i} - = =wczs
i B 40— — -ngight jets
5_— 1] - 1 EZ+jets
n E o0 30 — EvV
K S k 4 CJQcDb
" T & 20 =
100 125 1 25 250 275 00 : - 3
Reconstructed Mass (GeV/c?) o 10 E
. . UI') C —
Reconstructed mass in dilepton 2 %5700 150 200 250 300 350 400 450

decay channel My, (GeV)

Reconstructed top mass mu channel single top

K.Hoepfner, CMS coll., DIS conference 2011 18



CMS

Compact Muon Solenoid

Single Top

CMS Preliminary, 36 pb' \s = 7 TeV
T er A [ [ Sl T E Gl C L Sl ? Ly O b G X |

b %) \ ]
= = 7 e data
g ; @ 30 e+ muchannel —| Rfcannel
. . . w - 1 0w
First observation of single top at the LHC 25 1ge
E - MWce
' 20 — EmWc
 about 20x higher than at the Tevatron. 15+ | mWsiightjes
- mvv
. . JQacb
Using leptonic channels and two methods 10
5
e Cut based analysis, shape fit for angle (lepton, light S
. . . . 0-1 -08-06-04-02 0 0204 06 08 1
jet) in top restframe and eta(lightjet) angle (lepton, light jet)  cos 6,
e BDT based on kinematic observables PRt R T
B t-channel > i"?'e,mp,q"lark,pm,d"f"c'l" — CMS Preliminary,Js=7 TeV, L=35.9 pb' = - 552‘;?;’2,’:,‘2.
= i : grspreuminary,as.gpb-' TOP-].O-OOS: 60;“ electron ‘E E:%N
o] 102 = & CDE - 2D, u channel H L 104.1 503 50 +muon 3 BEwbhb
E —— NLOSf r = =w03
N 2D, e channel S542x 37 40;— Output —; .;Vg_lightjets
i . - 3 E W Z+jets
10 E_ = BDT. u channel 89.8 1 304 30E BDT . E E\é\én
E BDT, e channel — 592+ 78 20 ;_ anad |YS|S —;
1 ;_ + — 2D, e+ channel DT Y3 102_ _i
; : - - 0 et :
T — BOT. e channel ] 787252 -1 -08-06-04-02 0 02 04 06 08 1
0 2 4 6 8 10 D%
\s / TeV CMS combination ';‘:’_‘_' G 300 ) TOP_lO-OOS BDT OUtPUt
xsec t-channel: ~63pb, R T T

Single Top t-Channel Production Cross Section [pb]

s-channel: ~ 5pb, tW: ~11-15pb

Example of finding a tiny signal. Showing the readiness for

challenging searches such as low mass Higgs, ....... cus o o5 conference 2011
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Prospects for the SM
Higgs Boson
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Prospects for the Higgs Boson at LHC

Suitable decay channels depend on Gain in production cross section at pp
Higgs mass collider with 4x higher CM
7)) 1 e WJS 2010
8 : 1000 —————rrrry e
"§ z ratios of parton luminosities
o 8 at 7 TeV LHC and Tevatron
- 3
- 0
'FCJ 1 3 " M, < 130 GeV
g 10°: o 100 b Modest rise in -
m © - ppbar-xsec at 7TeV :
> [ pp = VHonly x3
2 - larger than at 2 TeV > 140 GeV
c B
= gg—>H xsec
10 E = 10} x15 larger .
. - thanat2 JeV
: — 2qq
Ipe: | | o MSTW2008NLO
1 i PE SR T T A W N | i P S T T N
100 200 300 500 1000 10’ 10° 10°
M, [GeV] M, (GeV)
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Gompact Muon Solenoid

Search Strategy for SM Higgs:

Combination of Channels

Efficient Higgs search requires many physics objects: photons, electron and
muons, taus, b-tagging, jets, MET (already working for single top)

Channels included ~ Mass range (GeV) |Status, Comments

H-> yy 115-150 Challenging.

VBF H- 1t 115-145 Results with 2010 data. Breaking
new ground

VH, H->bb (highly 115-125

boosted)

VH, H>WW-lvjj 130-200 Results with 2010 data. Work

H>WW- 212y + 0/1 jets 120-600 ;‘f;rlff for 120-200 GeV, large

VBF H>WW->212v 130-500

H->77->4] 120-600 The golden channel. Low bkgr
but low yield

H>Z7Z7Z->212v 200-600 Major bkgr is diboson and top.

HS775212b 300-600 Profits from jet, MET reco and

good b-tagging
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A First Look for the Higgs

Results with 36/pb for HOWW, H>1t, H >ty , H 2>
Background studies for xsec of pp=2WW, pp=2>Z->1T and Yy rate

H=>WW  http://arxiv.org/abs/1102.5429

Higgs search used 2 counting methods: From 13 observed events passing

 Cut on kinematic observables pp— WW cut-based selection, measure:
« CutonaBDT output & count :
o(po— =(41.1£15.3+5.8+4.5(lum)) pb
- 15% higher eff for same bkgnd (Po— WW)=( (lum) p
@10’
5 .PR2WW event Dilepton inv. mass
>10% S g g
= CIH(160) — WW § - CMS\5=7TeV,L, =36pb ]
1 03 = \Z_N{"%ts & 6;_ é?&:ﬁ?o) - WW _;
B i1, W sk . 2 jers 3
I di-boson ] B boson i
1 02 Wjets i ; Wets g

10
18
o' Progression of Cuts: data vs : 100 bl =
= MC m,, [GeV/c?]
- I T Y
10~ 7% ¥ 2% 2015 Yo T g w0 o o ey otk 3T 2 <65 % K.Hoepfner, CMS coll., DIS conference 2011 23



CMS Projected Exclusions with 1fb*@7 TeV

LEP M,;>114 GeV Tevatron 158 < M,;<173 GeV

) : : 13

CMS Preliminary: Oct 2010 Combination of

. ; T : many channels
Projected 95% CL Limit on o/cg,, W0u|yd just allow

. — Combined Ww 2|§ +0i to exclude a wide
1" @7 TeV oy wwgzlz::;n;

i Mass range
—— V(bb)-boosted - VBF(WW) - 212v
SUPURSPURR TS A WO O WS S VBF(t1) — 277 4 130<M,,<450GeV

N = WWW)5 IvIvjj (SS) - - - ZZ— 212v
el L e ZWW)S (IN(W)(E) e 225 212b

....................................................................................................................... -

—

o
w

|

>

Below 130GeV
| ; “o extremely
g e o 1 challenging.
: 5 '] Needs H>vy

—_
T LI |
.
:
H
H
:
H
;
]
2
]

D e Bt o e L
W aarr T

95% CL Limit on c/ogy,

-
-

114 200 300 400 500 600

Higgs mass, m [GeV/c?]
Moriond 2011, V.Sharma
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CMS

Compact Muon Solenoid

LEP M,;>114 GeV Tevatron 158 < M,;<173 GeV

o

_lllllllllllllllllllllllllllllllll

- —1fb'@7 TeV
I CMS Prellmlnary Oct 201 0--

— 2t @7 TeV

o
-}
':‘.
(¢¢)
<

 —5f'@7 TeV

— 10fb' @ 7 TeV

Significance of Observation (c)

PrOJected Slgnlflcance of Observatlon

a0 O N WO & OO N

Moriond 2011, V.Sharma

00 150 200 250 300 350 400 450 500 550 600
Higgs mass, m, [GeV/c?]

Projected Observation Significance

Observation very
challenging for one
experiment.
Combination effort
ATLAS + CMS has
started

30 can be reached
with 2/fb for

150<M,;<470GeV
but partially
already excluded
by Tevatron
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Physics Beyond the
Standard Mod"el

\\

About 30 searches, see:
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS 26




New Particle Searches in Full Swing

LHC is a discovery machine!

With 2010 data set CMS performed ~20 searches for new particles.

Unfortunately nothing found @ Set limits, most of them worlds best.

Z'SSM Il

ZvY I

GKK Il k/M = 0.1

W' v

GKK yy k/M = 0.1
Ms, vy, GRW

Ms, pu, GRW

MD, monojet, nED = 2
LQ1, B=0.5

LQ1, B=1.0

LQ2, B=0.5

Me* with A =2 TeV
Mp* with A =2 TeV
Mqg* , boosted Z

Mqg* , jj mass (3 pb-1)
b = tW

gluino mass (3 pb-1)
stopped gluino mass

0.5

1.5

M CMS

I Tevatron or ATLAS

As broad a spectrum as possible:
new heavy resonances,
leptoquarks, excited fermions,
compositeness, extra dimensions,
hidden valleys...

Big effort into development of data-
driven background estimations:
sharp tools established

~ 20 searches with 2010 data !

most of them published or

submitted for publication;
with few exceptions, all of them
provide world’s best limits so far

CMS is well prepared for new data

Summary of mass limits

2

25 3 Tev

K.Hoepfner, CMS coll., DIS conference 2011
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Experimental limit before LHC
= 1.1 TeV (FNAL, W'>e v)

Reference model

Search for Heavy Vectorbosons W’

arXiv:1103.0030 (hep-ex)

arXiv:1012.4945 (hep-ex)

® W’ has W-like fermionic couplings
e W’ does not couple to other gauge bosons

5
..(2 1 0 o L o [ o o oy [ [ o oy [ E
o CMS MW -—ev =
Lﬁ 10* f Ldt=361pb" I Vutti-et .
\s=7TeV 5 gth . .
3 er Bkgs
10
V4 e Data
W ) ev .. W’ (M=0.9 TeV/c?)

Signal region

-
||||||

_g!|“|||\|1

1072

Main variable for selection M,

= transverse mass M,

= = W (M=1.1 TeV/c?)
.......... W’ (M=1.3 TeV/c?)

Signal region, s%,
%a
aafr H
(L "T] : r ' .
- ._-i':- = 1

0" 200 400 600 800 1000 1200 1200
(GeV/c?)

||||||

vl ol

S ol oo

World’s best exclusion limit when
combining electron + muon channels

B Pt ecer B e ool o
ol 959 observed limit Muon

95% observed limit Electron

T

7| — 95%, observed limit Combined

| — 95% expected limit Combined

Theoretical Cross Section

4___1’ i

T

MW,>1 58 TeV

I | 11 I | J

| | S | — l | i— A | —

800 1000 1200 1400 1600 1800 2000

EXO-10-014, EXO-10-015

W' mass (GeV) -
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CMS

Compact Muon Solenoid

New Di-lepton Resonances

V2 arXiv:1103.0981 (hep-ex)

Experimental signature: Two isolated electrons, or

yA two isolated, opposite sign, muons
VAVAVA Extrapolation systematics: NNLO k-factor and PDFs
RS Details of statistical inference have little effect since

M> 465GeV, no events & little background expected

Exp. Z' limit = 700-100 GeV depending
on model (FNAL), 900 GeV for RS

gravitons )
CMS \s=7TeV J- L dt = 40 pb™ ?: CMS Ldt = 40. Opb w+ee
> T T T. — 1 T T T T T T T T T — \ I | I I | T T
3 10* . CMS \s=7TeV + ['}ATA I _gl ) E 68% expected ]
§ 0
2 1ol J. Ldt=40pb’  Zroww je 0.6 B 05% ex_pected N
g B Signal region - tt + other prompt leptons § - GKK k/.[\-ﬂﬂ=0‘| 1
>10° - B G, KM, =005
' w 1 04 —— Lgau |
10 - : -
After vetoes, <0.1 3 W o
1 cosmic ray event _| == 05% G.L. limit
10-1 _él 0-2
102 _
t —
T | _l |17

. 1 1 I 1 1 1 I 1 1 1 | 1 1 : l.-. 1 l 1 1 1
10° 200 400 600 800 100 0 400 600 800 1000 1200 1400

mup’) [GeV] EXO-10-013 M [GeV
K.Hoepfner, CMS coll., DIS conference 2011 2]9



Searches for Large Extra Dimensions

" compact Muon Solenoid

KK-Modes

Large Extra Dimensions, ADD (Arkani-Hamed, Dimopoulos, Dvali)
[Phys. Lett. B 429 (1998) 263], results in an effective field theory {\__,\/--

— SM is constrained in 3+1 dimensions \& > \

— Q@ravity propagates through entire multidimensional space and its strength is
diluted -> fundamental Planck scale is observed

Experimental searches:

 Channels studied in CMS: diphotons, dielectrons, dimuons, monophoton+MET
e Signal is a broad excess in dilepton or diphoton final states

 Main background = SM Drell-Yan. Need to understand tails

> LIS L N O O CMSpreliminary \j§=7TeV,ILdt:40pb'1
<] = = i 5
S 1024 CMS e Mg=15TeVong,=2 | __10 ]
_ cmmmme Mg = 1.2 TeV, =86 3 -
S 36 pb'at 7 Tev e : '2’_:_>._> 1ot -/t —> pp
g [ ] Diphoton N ((:ID) - tt
] v+jet | =
S 10 Liv.e = proe 103 H ADD, A+ 1.6 TeV
Ll N . — ~ —e— Data
Signal region i =
N . - ] ‘1()2
1 i I_._‘L. L'-*:a "u&)' . . 8
T L B S 10 ‘ Signal region S
+ =g L - o
- 1 : UL i
N ’ = 107 9
L
102 g 102
M PP P | e PR BRI
-3
100 200 300 40.0 50(5) 600 700 800 9 1000 10 500 1000 1500 2000 500
EX0-10-026 to be published in JHEP M., (GeV) M, . [GeV/c?]
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Leptoquarks = Leptons + Jets

Particles that carry both color and lepton flavour,
allow transitions { <>q within the given SM generation.

LQ produced in pairs
e 1.generation: electrons + jets, e v + jets
2. generation: muons + jets, LV + jets

e Striking signature with isolated
— 2 high p; leptons and

S; 1.generatio
[IIITIIIII T II|TiTlllITlII;"TZ;‘ﬂTZ.I‘IiG:SITIII: 102

M,; 2.generation
[T T LB e
CMS 2010 = thar

| [IWIIITITIIIilIWITIlIIIVIIII

— 2 high p; jets

== Data, 34.0 pb’

)| - -1 =+ Other backgrounds J | CMS 20 10 :
0 Ly =33.2pb" | oot T s N
() ejj M400 u L 3
...... LQ eejj M500

s Other backgrounds
"“E ...... LQ, M = 400 GeV

Scalar sum S; of the p;

o Data

=
Illl T TTTITIT T T
Events / 40 GeV
=)

Number of events per 20.0 GeV

: 1
of the 2 leading -
leptons and 2 leading L 0!
jets (developed S v . \

L 7 N / /// // ] (N ."““I ] 10_2
by DO)I ST > f(MLQ) 10-15_ ,’ D : & // /,,,;;ii,,, it :
Also used in other | ‘ G R

% A_..ﬁ..rﬁi;\”. el *-"I,///;/.,»*[?;;.’,{;/: AP0 ST S NNN L N 22

analyses 10700 200 300400 50060 700 &0 a0 im0 0 100 200 300 400 500 600 700 8§00

Sy (GeV) M (G
K.Hoepfner, CMS coll., DIS conference 2011 M ‘%QI-



Leptoquark Limits

Exceed Tevatron limits (except at very low B)
15t generation 2"d generation

cr)s 1_.I..I il
0.9

0.8
0.7
0.6
0.5

e 1
02
0.8
0.7
0.6
05

“ 1~ /cMs Preliminary 2010

II'.IIIIIIIIIIIIIIIIIIIIIIIJIIIIIII

\IIlII\I‘II]IIIII|I\II|IIII\I\IIIIII\IIII\I

0.4 Lt=33.2, 36 pb”" oAy
0.3 1 K A —

D@ exclusion (1 fb™) D@ exclusion (1 fb'1)
0.25 e eejj 95% C.L. limit (obs., 33.2 pb 'y~ 0.2 sy - Expected 95% G.L. limit [
0.1 """ evjj 95% C.L. limit (obs., 36 pb™) | 0.1 - | -Observed 95% C.L. limit | -

| _/ ; —— Combined 95% C.L. limit (obs.) ' E : E
B o o B C_ 1 N R T TR S R [
00 250 300 350 400 450 500 QOO 300 400 500

M, q [GeV] M g (GeV

N

eejj - arXiv:1012.4031 Accepted by PRL Very similar to the 1% generation channels
evjj — EXO-10-006 wjj - arXiv:1012.4033 Accepted by PRL
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2 seeking “SUSY”

e SUSY offers large variety of final states

Long decay chains, often low-energy particles
e 2 LSP (conserving R parity) = causes MET

Strategy: divide by signatures. As much
inclusive as possible

O Leptons 1 Lepton 2 Leptons > 3 Leptons
- jets + MET | | - electron | |- opposite-sign
- b-jets - muon - same-sign

. +Jets+ MET

1 Photon + 1 Lepton + MET | |2 Photons + Jets + MET

Complementary approaches for most subjects

e Sensitivity determined by detector understanding (MET tails, jet
performance, lepton ID, energy scale)

K.Hoepfner, CMS coll., DIS conference 2011 33



2% SUSY: Jets + MH; Analysis

Hadronic final state with 3 or more jets (E;>50 GeV, anti-kT algorithm).
Veto on isolated electrons or muons

s LR DL N L L e e
e . ) + relimina
Best sensitivity at present S 106E;it§,yz':” \:rmsa{::v T %
T 10°E, ) e
MH; > 250 GeV 2 Eh MHp> 250 Gev — il
Observed: 15 o 'V F N MH,=-) P, v 3
W10’ 4 “ S
Expected 18.8 +- 3.5 .- E]mmg
Good data-MC agreement 1055 b g
Add b-tagging 4 E
e to gain sensitivity to models 1o ]
with enhanced production of e N CT 3
- - 0O 200 400 600 800 1000

third generation squarks SUSY-10.00% MH- (GeV)

 Reduce non-top backgrounds
Dilepton analyses
* Small cross section but clean signature
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SUSY: Combined Exclusion Plot

| ©pr

T T T

Limits extend Tevatron

CMS preliminary L
— —

, =36 pb’,Ns=7TeV
I I I I I 1

I ' I
CDF %, g, tanf=5, u<0 _

DO gsﬁ»“ﬁl‘ﬁ :

LEP2 7 -

LEP2 T il

tanB=10,Ao=0,u>0 _

g (650)GeVT

Jets+MHT
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Summary

 With the 2010 data taking CMS has performed a comprehensive
set of Standard Model measurements at 7 TeV for W, Z, top and
QCD. First precision measurements.

 Many searches for new physics are performed. Unfortunately
nothing found yet. New limits have been set, in many areas,
exceeding the current best limits available from the Tevatron
Collider.

* Prospects for Susy and Higgs search in 2011-12 appear to be very
promising.

Awaiting eagerly more data in 2011
Stay tuned
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Systematic Uncertainties W,Z

Table 1: Systematic uncertainties in percent for all inclusive W and Z cross sections. “n/a”
means the source does not apply. A common luminosity uncertainty of 4% applies to all chan-

nels.
Source Woev | Wouw |Z—eTe (Z>uTu
Lepton reconstruction & identification 1.3 0.9 1.8 n/a
Trigger pre-firing n/a 0.5 n/a 0.5
Momentum scale & resolution 0.5 0.22 0.12 0.35
E t scale & resolution 0.3 0.2 n/a n/a
Background subtraction / modeling 0.35 0.4 0.14 0.28
Total experimental 1.5 1.1 1.8 0.7
PDF uncertainty for acceptance 0.6 0.7 0.9 1.2
Other theoretical uncertainties 0.7 0.8 1.4 1.6
Total theoretical 0.9 1.1 1.7 2.0
Total 1.7 1.6 2.5 v 4|

K.Hoepfner, CMS coll., DIS conference 2011
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offline selections.

Z—>tau tau

Table 1: Number of expected background events and total number of data events passing all

| | TuThad | TeThad | T | T My, <70 GeV) |
Z — €1/, jet misidentified as T 64+24 | 150+6.2 -
Z 5 e, Epton misidentified as T | 120 £ 3.5 | 100 £28 | 24 £03 201£13 EWK-10-013
tt 60+30 | 26+13 | 71+1.3 0.15+0.03
WS o 540 £ 48 | 306 £ 3.1
WS 147 £13| 70£07 | 1.5+05 25+25
QCD multijet 132 1+14 | 181 £ 23
WW/WZ/ZZ 16+08 | 08+04 | 30+04 -
[Total background [228+16 | 346 £37 | 140£138 | 28128 |
| Total data | 517 | 540 | 101 | 58 |

Table 22 Summary of the sources of systematic uncertainties and the estimated effect on the
measured cross section.

| Source | TuThad | TeThaa | =T | Tt |
Trigger 0.2% 3% | 02% | 0.3%
Lepton identification and isolation 10% [ 11% | 1% 1%
Thad 1dentification 23% -
Efficiency of Mr selection 2% -
Likelihood selection efficiency - [ 2%
Acceptance due to Tj,q energy scale, 3% 3.5% -
Acceptance due to e energy scale, 2% - 1.6% | 1.6% -
Acceptance due to # momentum scale, 1% 1% - 1% | 2%
Luminosity 4%
Parton distribution functions 2%
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List of Top Results

* Top pair cross section
— in |+jets using kinematic properties TOP-10-002 (goes to paper)
— in |+jets using b-tagging TOP-10-003 (goes to paper)
— in dileptons TOP-10-005 (goes to paper with TOP-10-006)

 Top mass in dileptons TOP-10-006

* Mf(ttbar) and search for new physics
— TOP-10-007 (stays as PAS)

e Single top cross section
— TOP-10-008 (goes to letter)

* Top pair charge asymmetry
— TOP-10-010 (stays as PAS)
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Generators

W Powheg+ CT10 PDF

 QCD Pythia + CTAEQ6L PDF

e ttbar MGor Pythia+ MC@NLO

 Dibosons Pythia NLO

* Other backgrounds Pythia with k-factor for NLO (except QCD)
 Tau decay with tauola
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