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T CMS achievements and results

Top Physics: see talk by Jérémie Lellouch
Higgs Searches: talk by Antonio Branca

Heavy Flavour Physics: talk by Nicola Pozzobon
This talk will not cover Heavy lon Physics

2011 operation

QCD Physics

EWK Physics (mainly W and 2)
Searches for New Physics

More at:
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults
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I The CIVIS CoIIaboration

ECAL 76k scintillating
PbWO, crystals

HCAL Scintillator/brass
sandwich

4T Solenoid

Pixel

Tracker Pixels & Tracker
- Pixels (100x150 pm?)

ECAL B

HCAL 66M channels
+Silicon Microstrips

Muons ~210 m? MUON BARREL

Solenoid coil 9.6M channels Drift Tubes (DT) and
Resistive Plate Chambers

CMS

Cathode Strip Chambers (CSC)
Resistive Plate Chambers (RPC)

MUON
ENDCAPS
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UN%TE LHC/CMS operations pp@vs=7TeV 2011

I GENT IR
2.52 fb-1 delivered by LHC and 2.27 fb-1 recorded by CMS (as of Aug. 21).
2010 @ 7 TeV : ~36 pb_l 3.0 CMS Total Integrated Luminosity 2011 (Mar 14 09:00 - Aug 21 14:17 UTC)
Overall data taking efficiency ~90%. S A A A T
Average fraction of operational channels per 20 o o o /A !
subsystem >98.5% RPC 98.5 S H— T T y |
CcSscC 98.3 .
DT 99.4 10 - S <= SR S ]
HF 99.9
HE 100.0 0.5 oo e - S e e i
HB 99.9 : : : :
ES 95.9 W03 190% 7105 1806 5001 08
EE 986 Date
EB 99.1
STRIP 97.8 ~ CMS Peak Luminosity/Day 2011 (Mar 14 09:00 - Aug 21 14:17 UTC)
PIXEL 96.9 -;“ = ‘ — Max IInst 2.41 nt::“s“
90 IR AR RS WS A
L m.ax = : : :
HMinstantaneous luminosity 15 2.41x10%em?s -
above 2-1033cm2s?! W - i -
Certified data for physics: Golden 93%, ] Nl F i
Muon 96%. |

0. i '
wﬁq" 15108 49105 406 5907 ,qj08
Date
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IR The challenge of 201

[T
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N | | J| | f ’ iy 1
CMS Experiment gt LHC:LCERN\“\._\ Pl 7/ / .
C Data recorded: Mgn Mar 14-06:44:11-2001 GEST /
i| Run/Event: 1604:’2\-.1‘ 12419 / /]
i| Lumi section: 4 | |\

Qrbit/Crossing: ?rb_?&fl 5 Jlf 1886
|

e | | /)

At nominal luminosity (10** cm2s1) 25 inelastic collisions

will be superimposed to the interesting events (pileup)
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Typical operating conditions (pp)
— At start of fill: Lumi ~1.7x1033,
— ~9 events per BX ev size~450kB
— Level-1 rate ~60 kHz, 50% HLT CPU
— 3-400 Hz recording
— Central DAQ availability ~99%

L1 trigger menus:
« L1 trigger menus optimized to cope with the
* luminosity increase from 1032 to 5x1033 cm-?s-.
* Increased importance of multi-object triggers

Moderate rate dependence on pile-up: for 25 pile-up

events we expect ~20% additional rate.

HLT Trigger menus from 2x1032 to 2x1033

Single object triggers for electrons, photons, muons,
jets, total energy, & missing transverse energy.

Over 200 multi-object triggers including tau and b-jet
triggers.

Effect of Joile up understood and mitigated.
September 3-10, 2011 Silvia Costantini - Crimea 2011
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mem  DAQ/L1/HLT running smoothly at >1033

Pile-up as expected in
terms of event size

DAQ Limitations for further
increase of the PU

Total size < “1MByte.
With 25PU (~750kByte): OK.

HLT efficiency wrt. offline

0.4

0.2

’q*

CMS Prellmlnary 2011

o NsETTV
fL 721 pb’

LooselsoPFTauzo

; Isolated Muon PT>12C:eV &
Hadronlc Tau ET> 20Gev

%1020304&5]5070&]90100

t‘-]d:E.T

{GeV)



BT Triggering on di-muons at 10%2-10% with CMS

trigger paths
2011 Run, L =1.1 fb” Jhp m

CMS \'s=7TeV mJy
Bs — uw

Wy

J low p_ double muon
high P, double muon
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dimuon mass [GeV]

Dimuon mass distribution obtained from overlapping several trigger paths.
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Low mass resonances
» Tracks displaced from primary ‘E\ Invariant mass distribution
vertex (ds;p > 30) - Y for different combinations

(Q* > AK*for E* > Ant* ) fitto a
common vertex.

« Common displaced vertex
(Lsp > 100)

o™ T T T T I T T T T I T T T T I T T T T ]
o T T T T T T 7 __E)_ GMS P I. . =
§ cuS Prelminary 2 Yield: 2344.8 :esl:: ';arv |
) Yield: 187.6 + 19.9 i ’ T 1
= 100— Mean: 1672.2 + 0.4 MeV/c’ _| E 600 Mean: 1321.92 + 0.09 MeV/c’ |
™ Sigma: 2.9 + 0.3 MeV/c’ = Sigma: 3.24 + 0.09 MeV/c’
; Statistical uncertainties only, % Statistical uncertainties onli
= PDG Mass: | ks PDG Mass: |
= 1672.43 = 0.29 i S 400~ 1321.71 = 0.07 _
S 7 . c
© B —__ - i
S s ~ﬁ%ﬁﬁ%ﬂ% " | =
i i 200~
j O — NK — j :
L : l : ! : [ : ! : ] 0 , 1 1 1 | | | | | 1 1 | | | | 1 | | 1 1 | |
1700 1800 1900 1300 1350 1400 1450
A" K invariant mass [MeV/c?] A® " invariant mass [MeV/cz]
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e Bose-Einstein Correlations |

Phys. Rev. Lett. : 105 (2010) , pp. 032001

18— —— T T *The signal is observed in the
CMS s = 0.9 TeV form of an enhancement of
pairs of same-sign charged

R(Q)

1.7

1.6 Ref.: Opposite hem. same charge _ . i
1 5E particles with small relative
E ¢ Data four-momentum.
14_—#
+ MC

1.3 * The size of the correlated

o
f“*

1.2F particle emission region is seen
1_11 to increase significantly with the
tﬁwﬂﬁmm . p particle multiplicity of the
E 1 1 | 1| 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 | 1 I: event.
0 02 04 06 08 1 12 14 16 18 2
Q (GeV)

Correlation is studied using the ratio R between =
join probability of emission of a pair of bosons R = P(p(m,'gzl)J ]
and the individual probabilities. ; 2

Q= \/—(Pl —p2)* = \/mizm, —4m?
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=%= Angular Correlation Function

“Away-side” (Ap ~ n) jet correlations:
_ \CMS 7TeV pp min bias

Correlation of particles between back-to-
Bose-Einstein correlations:

back jets
:An) ~ (0,0)

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

Momentum conservation:
~ -C0S(Ad)

Short-range correlations (An < 2):

“Near-side” (A¢ ~ 0) jet peak: ) )
Correlation of particles i?j:tne?';,,ces' string fragmentation,

Wlthlggpgem%lgg—ll%, -l% Silvia Costantini - Crimea 2011 10



| Long-range near-side correlations
T in high multiplicity events (N>110)

J. High Energy Phys. 09 (2010) 091

eridge-like structure at the near-side ( Ap=0) in pp collisions
*enhancement is most evident in the intermediate transverse
momentum range 1 < pT < 3 GeV/c

e similar correlation in relativistic heavy ion data

(c) CMS N> 110, p >0.1GeV/c (d) CMS N> 110, 1.0GeV/c<p <3.0GeV/c

‘ t\\‘,‘. N
“‘ \"\ .,

R(AN,A0)
R(AN,AQ)

%
"'1:»»‘“ - 'f"/'llim\\
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Jets: Inclusive jet cross sections

s,

CMS-PAS-QCD-2010-011, accepted by PRL

Ph.Lett. B 702 (2011) 336

Jet pT 18-1100 GeV
Rapidity < 3

Agreement with NLO pert. QCD predictions

CMS prelnmmary, 34 pb1 \s=7 TeV
>1011 Data for: « |y|<0.5 (x3125)
(51010 o o 0.5<|y|<1 (<625
.Q 109 C e = 1S|Y|<1.5 (X125)
&103 SN o 1.5<|y|<2 (x25)
NG . 2<|y|<2.5 (x5)
-:- 135 o » 2.5<|y|<3
-- 10°
‘!o 10*

10°
10?

10F — NLO®NP theory ™,
1 [ Exp. uncertainty *

10 Anti-k; R=0.5

R, = ratio 3 jets/2 jets events

Extends to HT range not explored before

CMS ;=36 pb”
W=7 TeV antl-K; R=0.5

)
%
1}
.ef
k

. Data
PYTHIAG tune Z2
------ PYTHIAG tune DET
=——=—= PY¥THIAS tune 2C
= + — MADGRAFPH + PYTHIASG tune DET
=e=ee=ee . Al PGEN + PYTHIAG tune DET
--------- HERWIG++ tune 2.3
Systematic Uncertainty

. ! - _| PR N R T N N N T M A N N RN B AN
20 30 100 200 1000 0455 1 15 5 25
P, (GeV) H, (TeV)
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10°
107
10
1
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10°

Production cross section [pb]

107

= l | | | | | |
e e leptonic final state (I = e,u)
= ' ' | : — @ Theo
= TP ry
E_ i Wd«\z CMS i errexp
f_ CMS + Mgy T erry 1
36 pb” | 36pb’ | 36pb! | 36pb’ | 1AM’ | 14T 11T |
W > 77 p2 z =
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CMS-PAS-EWK-2010-005

W inclusive production

Simple W pre-selection in CMS:

* Loose single-lepton (m,e) triggers

* High pT (>25 GeV) lepton in
trigger/detector fiducial volume

* |solated leptons. Use transverse activity
/ lepton pT in a DR<0.3 cone

* Dilepton veto

Cross section measurement strategy:

* Fit missing ET distributions for W+ and
W- (no cut applied, to avoid biases)

* Efficiencies, resolutions, signal and

background shapes studied/extracted
from data

September 3-10, 2011 Silvia Costantini - Crimea 2011

number of events / 2.5 GeV
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| I e e e
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. . CMS prellmlnary CMS preliminary
104 | I I | 104 =T | : : | | ! , , .
3 56 b at s =7 Tov = : 36pb" at\s=7TeV ]
> T i - -
S10° - %103 = 2
QV S * data E - : e data .
%102 ;— E EVG(H“ —; L10% 0 Zoe'e -
g_) g . = (ICJ = B EWK =
o s . > = LI ]
Y— ¥ - ()] L _
; 10 ¢ E S 10 = ” ¥ i -
Qo 3 o) I " ]
E <o | |||‘|I|| l |||| i

5 = i ||| |
c * g 1 ||| il 1 =
|

' : P B
>0 100+ i 150 200 50 100 150 200
M(“ M) [Ge\/] M(e+e) [GeV]

Very low expected background (log scale)
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CMS Experiment at LHC, CERN
Run 133877, Event 28405693
Lumi section: 387

Sat Apr 24 2010, 14:00:54 CEST

Inv. mass =91.2 GeV/c?

CMS Experiment at LHC, CERN IR R—

Run 135149, Event 125426133 fR—
Lumi section: 1345
Sun May 09 2010, 05:24:09

Muon p=67.3, 50.6 GeV/c

Inv. mass = 93.2 GeV/c?
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W/Z inclusive results

cross-section measurements

CMs 36 pb'at \'s=7 TeV
CMS 36 pb'1 at \'s=7TeV NNLO, FEWZ+MSTWO8 prediction
—r 1 r T T —r T 1 T T [with PDF4LHC 68% CL uncertainty]
NNLO, FEWZ+MSTWO08 prediction
[with PDF4LHC 68% CL uncertainty] 1.43 £ 0.04
10.44 +£ 0.52 nb
W — ev HH
W — ev L 1.418+0.008 , +0.036 _
10.48 £ 0.03 stat * lIl.1]’s‘rst + “-42|um| nb
W - puv HH
W - pv pod 1.423+0.008  +0.036
10.18+0.03  +0.16_  +0.41, nb
W = Iv (combined) o4
W — IV (combined) —tob— 1.421+0.006 , +0.033 _
10.31+ 002, + 0.13_ + 0.41,, . nb . . .
PR BT SRR R S T R SR R 0 0.5 1 +1.5
0 2 4 6 8 10 12 R, = [oxB]JW")/[oexB]JW")
o(pp—= WX )xB(W—=1Iv) [nb]
cMS 36 pbtat \s=7Tev 4
— 7 77 CMs 36 pb” at \s=7 TeV
NNLO, FEWZ+MSTWO8 prediction, 60-120 GeV o e
3 ) NNLO, FEWZ+MSTWO8 prediction
[with PDFALHC 68% CL uncertainty] [with PDF4LHC 68% CL uncertainty]
0.97 £ 0.04 nb 10.74 + 0.04
Z—ee C HeH Woev, Zoee Hell
0.992+0.011_,, + 0.024 _ , = 0.040,, . nb 10.56 £ 012, +0.19_
Z - uu —HeH— W - puv, Z-uu HoH
0.968 + 0.008 _,  +0.020_ _ +0.039 . nb 10.52+0.09 , +0.20_
Z > Il (combined) HH W o lv, Z> 1l (combined) HH
0.975+0.007 ,, +0.019 _  + 0.039,, . nb 10.54 £0.07 ,,, £ 0.18
5 i " L " 5 L M " " 1 " " i | 5 i " L " " L M L L - - . ’
0 2 4 6 8 10 12 14
0 0.2 0.4 0.6 0.8 1 1.2 -
o(pp — ZX )x B(Z— 1) [nb] Rwiz =[0x B W) /[ox B ](2)
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e W/Z inclusive results
CMS 36 pb'at \s=7TeV = .
l I Il;mi. uncert;]inty:. id“;ﬂ, T . ' I ) l £ B ¢ CMS; 36. Pb_1, 2010
W= T
@ 4o * CDFRunll .

oxB(W) — — 0.987 +0.009 ,, £0.051, é = = DORunl W =Ty
- + UA2

oxB(W*) —d—| 0.982+0.009,, +0.049 - . UA1
- ZoIT

oxB (W) —— 0.993 + 0.010,,, + 0.056,, 1 PP

oxB(Z) —io— 1.003 + 0.010,, +0.047 - 0P

Rwz HeH 0.981+0.010 ,, +0.016 i
10'1 —
R,. ot 0.990 +0.011,,, + 0.037, = Theory: FEWZ and MSTW08 NNLO PDFs
B 1 1 1 1 1 1 | 1 1 1 1 1 1 1 1 | 1
06 03 . 1 1.2 74 1 Collidet energy (TeV)
Ratio (CMS/Theory)
Good agreement with NNLO theory expectations
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CMS-PAS-EWK-2010-013, arXiv:1104.1617

/= TT

*Important benchmark measurement
for new particle searches like MSSM
Higgs (with H = tt)

*Big improvements in tau identification
in CMS with respect to PTDR
expectations. New methods able to
improve the identification of exclusive
hadronic modes

* Typical selection cuts for tau EWK
measurements:

* pT(isolated lepton) > 15 GeV

» pT(isolated had. tau) > 20 GeV

* MT (lepton,MET)< 40-50 GeV

e Special effort to determine most
efficiencies and backgrounds using
data-driven methods

- o 180
% 36pb! at\s=7TeV | 8 i 36pb at\s=7TeV
O B ] ) Z = 1T — TeThad
o 10 £ =TT TiThao Channels with =
> hadronic taus: % 100 ]
€ - . | @ ® data
L% 100 - ;afn 11> i1 ] Zo1t
B Ewk+ L+t had, B Ewke
i B Qco 1 50 |- B Qcp
50| 1 e+t had
i yields from fit I yields from fit :
% 50 100 150 200 % 50 100 150 200
Visible Mass [GeV] Visible Mass [GeV]
QCD backgrounds with muons Non-negligible EWK background
(b =>u, decays in flight, ...) QCD contamination (fake electrons)
September 3-10, 2011 Silvia Costantini - Crimea 2011 19
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CMS 36 pb” at \'s =7 TeV
— 1 1 1 [ r 1 1.t [ Tt T 1 T [ T T 11T CMS preliminary 36 pb’ at\'s=7TeV
NNLO, FEWZ+MSTWO08 [PDF4LHC 68% CL] (60-120 GeV) o e
i —et— CMS Z — ee, uu
HeeH Z — 1T (combined) ——e—t— € + Tug
et Te + Thad et b ¥
? e M+
—to+— Ty * Thad :
E Poe e+
f ¢ 1 T + Ty |—|-0-|—| CMS Z — 11 (combined)
" : " Te + 7T, Ho-l--l DO Run Il 1 o™, 1 + Thag
: Hie—H  CDFRunll0.35f" e +1,
o Z — ee,up : e
: luminosity uncertainty not shown RS S SR NN SO RO RO S RSN S ST S N T T S
| 1 1 1 EI | | | 1 I 1 1 | | | 1 1 1 1 05 1 1 5 2 25
0.5 1 1.5 2 2.5 o(pp = ZX) x BREZ —» 1) /oy (NNLO)

o(pp — £ZX) x BR(Z — 1) [nb]

CMS results: consistent with Z - ee, ppu measurements.
Similar precision as the Tevatron with just 36 pb
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BTl 7 . tau tau — mu +tau, , (3-prong tau) Qs
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CMS CMS Experiment at LHC, CERN

Sl \ Data recorded: Sun Aug 15 03:57:48 2010 CEST
- "a\ Run/Event: 142971 / 323188785

LA \| Lumi section: 348
) 2 | Orbit/Crossing: 91187947 / 2286
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CMS preliminary
|

s,

CMS preliminary
|

:t'ﬂ“ -~ i | I } ] :_@" a_‘q:; i T T } ]
lq_g'g_,104 an & o 36ph” at\ns=7TeV 0'_-3,5- 101.;___!__ 36 pb” at \s=7TeV |
c 3 = c E 3
AN E Z —ee E A - W —ev 3
+ F - 1 - o .
r:: N . N S E”>30Gev ] g = f E®>30Gev ]
SR —— : =5 e
2 —
10%E E 107 §
E ’ gﬁreargy scale T : - - gﬁteargy scale — ¥ E
s unfolding T . i unfolding ——— 1
-3
al 10°F  — MadGraph 22 —
10 3 —— MadGraph 72 - - MadGraph D6T ........»{m......;
= === MadGraph D6T - — - Pythia 72 5
- —- Pythiaz2 - | ‘ ]
l l
0 | I |
2 [ T T = %
— P S
S 03 =
oy i T i
R W S NIE o 4F
+ (Al e lTE— —'-—?ﬂ, _— =+ N
© S 0 | ! ! © 1 2 3 4
1 2 3 4 inclusive jet multiplicity, n

inclusive jet multiplicity, n

*Results agree with the expectations from MADGRAPH
* PYTHIA does not agree with the data (only expected to describe up to
1 hard jet + soft/collinear radiation - LO+ME reweighting)
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&&[Eg& Z + W + CMS PAS EWK-10-015
B GENT 'j e C 'j e CMS PAS EWK-11-013

10 J0FTTTTTTITITT ARAARAAIAAM A i Process dominated by s-bar g — W* c-bar
2 | \C.,.Mff{jﬂf“ﬂ"j"g‘; o E and sg— W- ¢ . It can probe s and s-bar
s 1 content of proton.
A It ]
20¢ 55:‘; ] o Select W+21 jet events in muon channel
3 2z 1
15 =22 o M; > 50 GeV to reject QCD background
1ol E o Jet E;>20 GeV
] E o Require SV with 22 associated tracks
5; - and significantly displaced from PV
0'. AR

T R R o B-tagging descriminant variable Dgg)/ e built
High Purity b-tagging discriminant from flight distance between PV and SV

. CMS prellmlnary CMS prellmlnary
G(Z+b)/G(Z+J)=O'054:|:0.016 cq\.lgoz_llf‘||||\\||||| T E §90:_[|||||||||||||| ||||||\_:
S F 36pb” at \s=7TeV 1o F 36pb’ at \s=7TeV
(0.046 = 0.014) for Z — ee(Z —pup) 3 800 % 80
. C [ eDaa T [ e Daa
In agreement with NLO S0 mw-cram S 705 mwscnam
« 601 ] w+light D ek [T w+light
oy 50 B 8 505_ Etor
.g - [JOtherbckg. 27t Motherbekg,
£ 40F E 40~
C AnfF J
= 30-
] 20;—
ST M
Y J C
0 2 4 6 0% o
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==  Di-bosons: WW, WZ, ZZ.

With 2011 data updated measurement of

S [ +'d;:al r Ilopl " ous Irelirll'lirl1alr § s 150-_ I+:J'=ual . Ilopl " oms nle in.1inlarl_-
the W*W- cross section and first § | B B R I S Bz S ]
. E')- 150 T4jals Wijels E’f 3 Z4jels Wejels
measurements of the WZ, ZZ production 3 | 8 00l ]
cross sections at 7TeV. 5 ol s [ 4 '
f *-ﬁ : - +_f1 |
| M ] 50 - n
o(pp > W*W-+X) =553+ 3.3(stat.) £6.9 o | I -i-ij :
(syst.) £ 3.3 (lumi.) pb. i - ] B, L]
ol 1 v 1 M rerede, 0...J|J...|*=r..ﬁua.,.
0 20 40 60 80 100 0 50 100 150
bmin [GeVi/c] bmax [GeV/c]
o(pp >W2Z + X) = 17.0 + 2.4(stat.) + 1.1 g i
(syst.) + 1.0 ( lumi.) pb. @ ®
$ e CMSpreiminay ] 3 +uu:a . Ilapl "o Inlein.ﬂnlarl-
G(pp é ZZ + X) = 3'8 +1'5(Stat') i 0'2 (SVSt') E 60-— +3::: .zzazz ons prel:_n:IIr.]1a1::¥ 1 8150; ww [l wezz oMSe |L=1.11b¥—-
. 0 b 2eiets Wejels ”‘b; [ zeets Wels 1
+ 0.2 ( lumi.) pb. 3 | ¢ | _
£ a0} { ”+ ] ° 100:— . —
All measured values are consistent with j @'_ﬁ j | ++_i+ '
the standard model predictions. 2 4= # # 1 %f gf ]
B # ﬂ-# 1 [ = F+
0- R T +_+|+;§+ﬂ§++{ 0_ . .T*ﬂuu s
Data driven methods are used to 0 50 100 150 20 0 0 100 150
understand the background. my [GeVic’] prolecied £, (GeV]
(© (d)
CMS PAS EWK-11-010
September 3-10, 2011 Silvia Costantini - Crimea 2011
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T2 First candidate ZZ >4y

1o + f11: 92.15 GeV (total(7) pr 26.5 GeV, ¢ -3.03),
to + ps: 92.24 GeV (lotal(2) pr 29.4 GeV, ¢ +.06),

CMS Experiment at LHC, CERN (
Dala recorded: Fri Sep 24 02:29:58 2010 CEST |
Run/Event: 146511 / 504867308 ‘

No e'xplicit cut on tracks pr
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e SUSY Search Strategy

O-leptons | 1-lepton OSDL SSDL |23 leptons | 2-photons | y+lepton

Jets + MET Single Opposite- Same-sign | Multi-lepton | Di-photon + Photon +

lepton + sign di- di-lepton + jet+ MET lepton +
Jets + MET |]lepton + jets | jets + MET MET
+ MET
Large SM backgrounds Low

<«

sensitivity to
gauge-mediated SUSY

sensitivity to strongly produced SUSY

» Basic analysis strategy:

» Focus on topology using different kinematic observables
»So that types of SM bkg and detector strong assets drive the searches

» Use well understood CMS ‘objects’
» Leptons, photons, jets, MET; Particle Flow to increase sensitivity everywhere

» Use data driven background whenever possible

» Full results at https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
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- Major 2011 results with 1 fb-1

s,

Search for supersymmetry in all-hadronic events with

oT SUS11003 PAS-SUS-11-003 1.1/fb
Se.arf:h for supersymmetry in all-hadronic events with SUS11004  PAS-SUS-11-004 1.1/fb
missing energy

|S\/|E:1&-]ECh for supersymmetry in all-hadronic events with SUS11005 PAS-SUS-11-005 1.1/fb
Search for supersymmetry with photons, jets and MET SUS11009 PAS-SUS-11-009 1.1/fb

Search for new physics with same-sign isolated dilepton

ey . SUS11010 PAS-SUS-11-010 0.98/fb
events with jets and missing energy

Search for new physics in events with opposite-sign

. . SUS11011 PAS-SUS-11-011 0.98/fb
dileptons and missing transverse energy

Search for New Physics in Events with a Z Boson and

. SUS11017 PAS-SUS-11-017 0.98/fb
Missing Transverse Energy

Search for Physics Beyond the Standard Model in Z +

MET + Jets events at the LHC SUS11012 PAS-SUS-11-012 191/pb
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Progress on SUSY

CMS Combined Exclusion Plot

CMS F’rellmln..':lr_t.ar
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T
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[ Jiep2 7

Jets+MHT

Efl000)Ge

IIII'TIIII|IIII

el —

E(500)5eV

800 1000

m, (GeV/c®)

Limits well beyond LEP/Tevatron reach

Events / 100 GeV

1035
10°
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Bkg. expectation from MC]|
I Wil v)+dets
Il Z(vv)+Jets
B i+ Jets
QCD

------- Susy LM4

107

Tiinu: | 0.88 fb”, gluine

For limits on m(@), m(q) >> m(g) (and vice vers:

mE), mz) =

m(;in) is vai
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1.1b", gluino

ur, 0.98 b, glui

0,98 o™, gluino

1.1, squark

H; (GeV)
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LR )

Mass scales (GeV/c?)
a)' UBIN! = DNLD—DED.

ried from 0 GeV/c” (dark blue) to m(g)-200 GeV/c? (light blue).

[Within the constrained SSM models CMS is crossing the border ]

sofrexcluding gluinos andisquarkscup: to: 1TeV and beyond. 28
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' CMS,
e EXOt ICd Plenty of new results with ~1 fb1: ,.a/ff
https://twiki.cern.ch/twiki/bin/view/CMSPubli 5

c/PhysicsResultsEXO

Search for Resonances in
the Dijet Mass Spectrum

. 1107.4771 (hep-ex) 1/fb Submitted to PLB EX011015
from 7 TeV pp Collisions I
at CMS

Search for Long-Lived Exotica Decaying to Displaced Leptons EX011004 1.1/fb
Search for Extra Dimension in Monojets + MET EX011059 PAS EXO-11-059 1.1/fb
Search for heavy narrow resonances decaying to ttbar (mu+jets) EX011055 PAS EX0O-11-055 1.1/fb
Search for a Heavy Bottom-like Quark EX011036 PAS EX0O-11-036 1.1/fb
Search for Search for W' (or techni-rho) to WZ EX011041 PAS-EX0-11-041 1.2/fb
Search for Extra Dimensions in Diphoton Events EX011038 PAS EXO-11-038 1.1/fb
Search for Extra Dimensions in Monophoton Events EX011058 PAS-EX0-11-058 1.1/fb
Search for Extra Dimensions in Dimuon Events EX011039 PAS-EX0-11-039 1.2/fb
Search for t' to bW (dilepton channel) EX011050 PAS EX0-11-050 1.1/fb
Search for Z' to ttbar (boosted tops) EX011006 PAS EX0O-11-006 0.9/fb
Search for t' to bW (l+j channel) EX011051 PAS EX0O-11-051 0.8/fb
Search for Resonances to Dileptons EX011019 PAS EXO-11-019 1.1/fb
Search for W' to e,mu EX011024 PAS EX0-11-024 1.1/fb
Search for Stopped HSCPs EX011020 PAS EX0O-11-020 0.9/fb
Search for HSCPs EX011022 PAS EX0-11-022 1.1/fb
Search for Black Holes EX011071 PAS EX0O-11-071 1.1/fb
Search for a Heavy Neutrino EX011002 PAS EXO-11-002 0.2/fb
Search for T/t' to tZ EX011005 PAS EX0O-11-005 0.2/fb
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- Search for narrow di-jet resonances =
i
1107.4771 (hep-ex) CMS PAS EXO-11-005
— ; T T LI T T T T LI T | T T T T I T T T T T T T I_I__
% 1l]§ —e— CMS (1.0 3 it 2r . -
Y] - — Fit - T 1.8 -
'8_ 1§_ ----- QCD Pythia + CMS Simulation _E g 1.6:— A
E E JES Uncertainty E 1 42_ q* (1.5 Tev) T (23 TeV) _"__E
T W' S8TeV) ... Excited Quark = e .
© = - — - Siring Resonance 3 1.2 I/.._\ + + -
© - . = c T 4 e ]
g il L
- d* (1.5 TeV)’ . 0.8:— 3
10° = = 0.6 i
= 3 CCMs (101 T .
C e - 04 s-7Tev e 3
10 = C mi<25 jAn<13 E
= s=TTeV 3 02 wide gets ]
10° L Mi<25.0ani<13 . - 000 1500 2000 2500 3000 ‘3500 4000
= Wide Jets g Dijet Mass (GeV)
g I 0
8 = The data exclude at 95% C.L.:
= S B T o 3
= _:§ . . . , : , E ° o . <
2 e Tu s AR TR T e T O string resonances with mass < 4.00 TeV

Dijet Mass (GeV)  * E, diquarks with mass < 3.52 TeV
* excited quarks with mass < 2.49 TeV
e axigluons and colorons with mass < 2.47 TeV
* W' bosons with mass < 1.51 TeV
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CMS PAS EXO-11-038 Virtual

Resonant and non-resonant diphoton graviton
. . exchange
production considered

* Require two high energy isolated
photons, with Myy > 140 GeV :

> gl LI | L | L | LI | L | L | L | T II_

L ET > 70 Gev 8102 CMS Preliminary #0bserved E
o —Diphoton 3

» Use barrel photons only(|n| < 1.44, % 1A fb'at 7 TeV  mysjet ]
i : = 10 EDijet -

to ensure highest purity z Wsyst. Uncertainty

1 =
doton [nvariant Mass Kange [TeV] i
Proass [0.1402] [0205] [0.508] [0.8, o) 10 i
Multijet A 9 4+3 01 £01 0003 < 00 3
T+ jet 5348 & +£10 1502 019 004
Dighoton 185 £33 2085 £ 76 £14 11 £02 i
Tota Backgrounds 245 +£35 M3 +£39 92 £14 13 o2 102
bsrrved Jh3 - B 1

200 300 400 500 600 700 800 900 1000
Lower limits on Effective Planck scale in the range My, [GeV]

2.2-3.7 TeV (for nED = 2-7)
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=== Microscopic Black Holes

9-jet candidate event

Look for excess in Sy,

scalar sum of all sizeable
(E>50 GeV) ‘objects’

(jets, leptons, photons, MET)

Bkg: mostly multijet QCD

Spectacular typlcal signal from an evaporating
black hole:

* large total transverse energy

* multiple energetic jets, leptons, and photons

*Model-independent limits on new physics
production in high-multiplicity energetic final
states

*Model-specific limits on semi-classical black
hole masses in the 4 -5 TeV range for a variety

of model parameters.
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CMS PAS-EXO-11-051 4th ge n e rat i O n q u a r kS
't — WbWb — £Lvbggb

CMS preliminary  CL_: e+jets (573pb™), utjets (821pb™")
T T T | '
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a 3
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Top-like T/t' — tZ

t’ mass > 422 GeV at 95% CL (T/t" — tZ)
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Limits in TeV
Heavy Bosons
Z'ssm ll 1.94 2011
Zw |l 1.62 2011
Grx Il k/M = 0.1 1.78 2011
W’ v 2.27 2011
W dijet 1.51 2011
Grx Yy k/M = 0.1 (2010) 0.945 2010
4th Generation
Mp, b* = tW (2010) 0.361 2010
My, t' = tZ (100%) 0.417 2011
Mg, t' = bW (100%), I+jets 0.45 2011
Heawvy Stable Particles
Mgluine, HSCP 0.899 2011
Mogiuine, Stopped Gluino 0.601 2011
Mstop, HSCP 0.620 2011
Mstop, Stopped Gluino 0.337 2011
Mstau, HSCP 0.293 2011
Large Extra Dimensions
Ms, vy, GRW (2010) 1.89 2010
Ms, up, GRW (2010) 1.75 2010
Mop, monojet, neo = 2 (2010) 2.56 2010
Mo, monojet, neo = 6 (2010) 1.68 2010
Megw, rotating, Mp=3.5 TeV, neo =2 4.1 2011
MsgH, non-rot, Mo=1.5 TeV, neo = 6 5.1 2011
String Ball M, Mg=2.1, Ms=1.7, gs=0.4 4.1 2011
Compositeness and Contact Interactions
String Resonances 4.0 2011
Es diquarks 3.52 2011
Axigluon/Coloron 2.47 2011
q~, dijet 2.49 2011
g~ , boosted Z 1.17 2010
e”, N\N=2TeV 0.720 2010
ur, A =2 TeV 0.745 2010
C.l. A, dijet mass (3 pb") 4.0 2010
C.l. A, X analysis 5.6 2010
LeptoQuark

LQ1, B=0.5 (2010) 0.340 2010
LQ1, B=1.0 (2010) 0.384 2010
LQ2, B=1.0 (2010) 0.394 2010
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Conclusions

CMS is in good operating conditions and seems to be able to
cope well with the challenge of instantaneous luminosity
higher than 1033cm~?s1,

Plenty of new physics results are being published. No
evidence for BSM physics so far.

| didn’t mention many other very interesting analyses
CMS Public Physics Results at:

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