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Introduction

e Physics Results from CMS will be presented
e There are hundreds of interesting analyses to show

¢ To summarize them in half an hour is a frustrating task!
 This selection is based on the following criteria:

¢ Covering (if possible) all the research fields investigated
¢ Emphasizing hottest topics and more recent results

A complete review is available at the experiment’s web page:
¢ https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults
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Outline

e Cross section measurements for SM processes

e Precision tests to the Standard Model:
¢ Top properties
¢ Rare baryons’ decays

 Higgs boson searches

e Searches for new physics
¢ Supersymmetry
¢ Exotic physics
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The CMS Experiment

 General-purpose detector at the Large Hadron Collider

¢ Designed around a solenoid magnet capable of 4T (curr. 3.8T)

CMS Detector

Total wei : 14000 tonnes I '.'I;. b beretia bbb

||||||

e About 3400 scientists and engineers (including ~840
from 173 institutes in 40 countries

students)

¢ Details on data taking and detector performance in Jesus’ talk
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Jet Production and PDF

e Differential cross section for jet inclusive production
¢ Agreement with NLO®@NP QCD over >7 orders of magnitude
¢ CMS data can be used to constrain the fits of the PDFs
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Heavy Flavor Production

e o(pp—bbX—ppY): e B hadron production:

26.4+0.1(stat)+2.4(syst)+1.1(lum)nb ¢ Measured cross sections agree
- +6.5 i 1
Omcanio=19.710.37(stat)zz(syst) nb with MC@NLO calculations
= S B S R CMS Preliminary,N's=7 TeV Spring 2012
o 105 CMS\S = 7 TEV, L t = 7.9!pb . Data = value + stat. + syst £ lum. error
q— " n l:l B B f {luminosity)
S p'>4GeV,\'|<21 ®mcc | |
S 10 T @pD - PP A XD JYAX | - 11.6+06+1.2 £2.0
: EBD | Pr>10 GeV, |y|<2.0 (x10000) = (1900 pb™)

S CIBC B i
— 10° mcD -
O PP 3 pp— B X 281+24+2.0 + 3.1
a , Pr>5 GeV, |y|<2.4 (6pb7)
& 10
>
Z pp— B’ X 333+25+3.1+36

10 Pr>5 GeV, |y|<2.2 (40 pb™)
= PP B X >JyoX = 6.9+04+07 +03
Dj. B<p,<50 GeV, Iy[<24 (x1000) | (40 pb”")

_ . |d |
0 50

B Hadron Production Cross Section [ub]

d,, [cm]
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EWK Boson Production

e Cross sections for boson and diboson productions:

¢ Good agreement over ~4 order of magnitude: ready for new physics!
CMS
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/—4| Decay

e First observation of the Z boson decay to 4 leptons in pp collisions

: : : :
Signal 2 ;. Irreducible 4
v background 4
q £ q ¢ v 1
* Clear peakin 4 leptons invariant mass: cuersme i
o BR(Z—4) = 4.4*49 (stat) +0.2(syst) x 106 { | pr
¢ SM prediction: 4.45 x 10® o

¢ Standard candle for H=>WW-—4I analysis

]

| Lo P I E We Bs
60 80 100 120 140 160
M, (GeV)
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Top Quark Production

e Top pair production cross section measured in four decay channels
¢ Good agreement with approx. NNLO QCD calculations

CMS Preliminary,\'s=7 TeV

CMS e/utjets+htag
arXiv:1108.3773 (L=36/pb)

CMS dilepton (ee,uu,eu)
arxiv:1105.5661 (L=36/pb)

CMS e/u+jets
arXiv:1106.0802 (L=36/pb)

CMS e/u+jets+btag T 41 3:217
TOP-11-003 (L=0.8-1.09/pb) (val + stat. + sys%. + lum)
CMS dilepton (eeqmen) 0 170+ 4+ 1%+ 8
TOP-11-005 (L=1.14/fb) (val = stat. = sys?.i lum)
CMS all-hadronic —— © 1 136+20+% + 8
TOP-11-007 (L=1.09/fb) (val = stat. + syst. = lum)
CMS dilepton (ut) o 149:+24:+% 4 9
TOP-11-006 (L=1.09/fb) (val = stat. + syst.  lum)
CMS 2010 combination © S=f| 154+ 10 + 6

arXiv:1108.3773 (L=36/pb) (val + tot. = lum.)

c—m=—ar

Theory: Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009
MSTW2008(N)NLO PDF, scale® PDF(E‘)O% C.L.) uncertainty

150+ 9+ 17 + 6

(val + stat. + syst. + lum)

T 168118+ £ 7

(val = stat. £ syst. + lum)

AT 314+ 8 1 7

(val + stat. £ syst. £ lum)
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o(tt) (pb)

September 19-23, 2011

Shapes of differential cross section well

described by theory

Single top quark production consistent
with NLO+NNLL QCD predictions

CMS Preliminary, 1.14 fo™' at\'s=7 TeV

® Data

— MadGraph
— MC@NLO —
— POWHEG
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e o)
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t-channel single top quark production
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CMS preliminary, 1,14/1.51 fo'

DO, 5.4 '

CDF, 75"

--- NLO QCD (5 flavour scheme)
s theory uncertainty (scale & PDF)

Campbell, Frederix, Maltoni, Tramontano, JHEP 10 (2009) 042 :

NLO+NNLL QCD
theory uncertainty (scale & PDF)

Kidonakis, Phys.Rev.D 83 (2011) 091503
S N S S |
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Top Quark Mass

CMS Preliminary,\s=7 TeV

CMS 2011 dilepton
PAS-TOP-11-016 (L=2.2 fb™)

CMS 2011 p+jets
PAS-TOP-11-015 (L=4.7 fb™")

CMS 2010 |+jets
PAS-TOP-10-009 (L=36 pb™)

173.3£1.2+£25

(val. £ stat. £ syst.)

172610413

(val. £ stat. £ syst.)

173121227

(val. £ stat. £ syst.)

CMS 2010 dilepton
JHEP 07 (2011) (L=36 pb™)

CMS combination

17556+ 4 6+ 46

(val. £ stat. £ syst.)

1726104112

160

upto L=47 b {val. £ stat. + syst.)
| \ | |
165 170 175 180 185
Miop [GeV]
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CMS p+jets and dilepton combination:
m,=172.6 + 0.4 (stat) + 1.2 (syst) GeV/c?

Approaching Tevatron sensitivity:

m, = 172.7 £+ 0.6 (stat) & 0.9 (syst) GeV/c?

CMS preliminary, 4.7 tb ', \'s=7 TeV
e LS 2 e |

600
400-

200

Sum of permutation weights / 5 GeV
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https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsTOPSummaryPlots/Top_Summary_Mass.pdf�

Top-Antitop Mass Difference

e |f CPTis conserved, particle and antiparticle must have same mass
¢ The top quark is the only one with which we can test this directly

e CMS: reconstruct t (t) mass in had. decay in I(I*)+jets events:
Am,=-0.441 0.46 (stat.) £+ 0.27 (syst.) GeV

CMS, 4.96 b at\s =7 Tev B CMS, 4.96 fb atwa =7Tev L T
>BDDD-I TTT TTTT TTTT TTTT TTTT I.I TT TTTT TTT -W—)I\' }6000- - TTTT TTT -W—)I\'
I [+jets | [mzy—>T | @70 T+ Jet 5 Wy I
&5000F Il Single top &5000F [l Single top
o~ » 1 Multijet o~ r [ Multijet
:{540{30: <+ Data _ :{540{30: —+ Data _
- C ] - C ]
%330{]0: ] %330{]0: ]
L r 1w r ]
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r . ] r ]

1000F . 1000k f .

U 1_4 T U 1_4 UL T L e |

= =

I 1-2‘] (T T T LT T .““¢¢¢¢+ ++ ++ T +T +' I 1-2‘] *‘l-“otocn"--r‘.‘¢¢+¢++++++++++++ +++++ L]

@ 08 @ 08
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Fitted top quark mass (GeV) Fitted top quark mass (GeV)
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Top Quark Decays

e Measurement of decay ratio ¢ Search for FCNC top decays into a

R=BR(t—Wb)/BR(t—Zq): Z boson t—Zq:
¢ Fit to b-tag multiplicity in ttbar ¢ Look for events with three leptons
dilepton decays from tt—WbZg—lllubg decays

¢ R=0.984+0.04, R>0.85 @95% CL ¢ BR(tWb)<0.0034 @95% CL

% 1200._ -I::MISprleIimlinarly. v':s=?lrevl,JlL=2.I2rbI" I I -I.s o e.ven':ss;;rsl ] E‘(I:'.l\I/IIS b?e‘lirlniln&l]rs/‘ ] ‘-IZ"I“J’*‘—"HJ I IE

@ 1000/ =con [Wecieporsoners [J2roison | - 18 46 'atNs=7Tev M E
E_.W+jctsl$ingletop [Joibosons i _E 16? =:vwnlm;izz 3
:_ - i i . 14? |:|t->2q(Br1%)E

200

Data/Expected

BJ1|2|3!0|112 SJOI1l2|3lﬂl1|213|0l1|2|310|1|2|3 ‘PO_O 150 200 250 300 350
b-tag multiplicity (TCHEL) 2
M, [GeV/c?]
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https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsTOP11028/hist_tcz_sc.png�
https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsTOP11029/nbtagstcheextended.pdf�

Top Quark Charge

e Constraints on top charge: e Charge asymmetry in ttbar pair:
¢ Top charge from decay products ¢ Sensitive to BSM top production
- W: muon in W¥—p*v decay ¢ In pp collisions, antitop expected

- b: muon in semileptonic decay to be produced more centrally

¢ q;=+2/3 vs q=-4/3 hypotheses: ¢ Measurements in agreement to SM

Good agreement with SM

CMS Preliminary \s=7 TeV L=4.6 fb'
T

Number of selected events

September 19-23, 2011

+ data

B tt u+ets(signal) |
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0 W+jets
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-4/3 e

0—=
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A.¥=0.00410.010(stat)+0.012(syst)

[$) T T T T T T

< - cMs Pre‘limi‘narﬁr - —e Data
- 47fo"at \s=7TeV EFT
I I+jets —— NLO prediction
0.05— —
IS |
0 — [ —
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|
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https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsTOP11030/diffasys_y.png�

W Boson Polarization

e W boson polarization tests V-A coupling in top decays:

W, longitudinal: F, = 0.7 W_left-handed: F.=0.3 W, right-handed: F, = 0.0
e CMS measured the W helicity fractions in the |+jets channel:

@ 6 F,=0.567+0.074+0.047
250:_ o

) < o F.=0.393+0.045+0.029

-, Neg. direc- 50— il
" tion of top F
100~

o F, =0.040+0.0354-0.044

u1.g-_--------- T T T IR RS
§ 1%_.y.“"-'—-"'\."._'-.‘.-"-"-"""-v.-'--‘-""".v.-‘."-'Y"'-""'_r_"-l'.‘.-‘.l‘\_ -
50,5'—||||||||||||||||||||||||||||||||—
= -1 08 -06 -04 0.2 0 02 04 06 08 .

cos(f )
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http://www-cdf.fnal.gov/physics/new/top/2006/tprop/WHelicity_FullReco_1fb/plots/theta_0.gif�

Rare Decays of B Hadrons

* FCNCdecay B,y — W1 highly suppressed in SM:

¢ Helicity suppressed by a factor (m /mg)? b — U jop0 ~ N
B, W.H ’
¢ Higher order loop diagrams suppressed s t "
by CKM couplings ]

b Wik, I+
o BR(B,—~p*u) =(3.2+0.2) x 10 t,c,u!a r‘\,

s(d) -
o BR(By—u*W) = (1.0+0.1) x 1010 - |

e SUSY scenarios can significantly boost the BR:
¢ Within MSSM: BR o tan®p
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FCNC Decay B4 — W'

e Blind analysis searching for B.—p*u and By—p*p:

¢ Normalization sample: B*—J/K*

0%
¢ Control sample: B.—J/PK+d O =
o> 107 B
e Observed upper limits at 95% CL: & .
m
¢ BR(B,—u*w) <7.7 x 107 £ 10°,
(expected 8.4 x 10°) ~  pPOMB
S Nisee 2o
¢ BR(By— ) <1.8 x 10°° RA R 10
(expected 1.6 x 107) : '
oL SI\/l B — u u |
1999 2002 2005 2008 2011 2IO14
e Strong bounds for BSM theories Year

September 19-23, 2011 Luca Scodellaro, IFCA 18



FCNC Decay D° — ptu-

e Charm is an up-type quark: complementary to B decay searches
 Measuring ratio BR(D**—DO(u*w)mtt)/BR(D**—DO(K-putv)m*)
¢ Most of systematic uncertainties cancel out

* No evidence for D°—p*u from D**:
I T Tl o
R ] gt | BABAR  <1.3x10°
%”—"‘ 2, : CDF <2.1x107
o ’ ’ 6 o o MO ol | BELLE  <1.4x107
mij ’ ] ] E ' ENGVS <5.4x107
S SRR L
i s Y i 18 e 15 19575 36k 1
|8 M=Mae)- M) (MeV/c) Dimuon invariant mass (GeV/c?)

> M(pp) for |AM(DO,D**)-AM, ¢ | <3MeV
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Standard Model Higgs Boson

e CMS searches for the SM Higgs boson in eleven different decay
channels in the mass range 110-600 GeV

v WWobh  ZZollll  ZZ-lv
= B e P e :
b") u CMS Prellmmary \S = 7 TeV = ammmnnn KompIned 3?339{33 1
S L =4648fb I — Wy 3
I _H%TT%’J].[ (46fb1)1
c —— VHo 1,2 (48
o — @38 |
— 4
4 — (4.537
£ 10 3
_ (46
@)
2
w0
(@))]

1

95% Expected Exclusion. .Y
Range 114.5-543

100 200 300 400 500 600
Higgs boson mass (GeV)
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Standard Model Higgs Boson

E 1 T T T { I’l\ ¥ Az ||,_\ T _'| -L “ “ | | | | ‘ T T T T T T TTT I T I T I T T

» 10 CMS Preliminary, \'s = 7-TeV —=— Observed -~
L 24848y ] Expected (68%) N
@) Y R LA N e Expected (95%) N
g LEP excluded ~
= Tevatron excluded
g CMS excluded | .
= ,
O 1 o
X «")'"'\"l'/':_
O e

:'Il'.'\'
1 0_1 N ;V FA | 1 N N IS R N | N N N N N N | N N I N Y N |
100 200 300 400 500 600

Higgs boson mass (GeV)
e SM Higgs boson in mass range 127.5-600 GeV excluded @95% CL

¢ Excess of events at low mass makes the limit weaker then expected



Standard Model Higgs Boson

GJ ‘1 > ': T T T LB | L '| LI L L T LB | T 1T rr [T T ° T [ L I:
= 3 800 CMS preliminary * Data —
g 1 g ; Vs=7TevL=48fb' [ 2prompty =
CI)_ 10 ) 700 [ 1 prompt y 1 fake v -
= i [ 2fakey .
E % 600 [ ] Drell-Yan -
8 102 > [ H-vy (120 GeV) 3
| L 500 (2] MC k-factor uncertainty :
10° _ | | 400 ]
C Global 5|gn|f|:cance ‘ — Combnedoos. |1 300 E -
40 & 0.86 in range 110-600 GeV - ; -~ Exp. for SM Higgs - 3
E 2Mmmmeﬂ0M&%V Comb. ensemble |1 4y 2000 =
I e e H—bb (47" |T E -
10° & — I 100 i
= CMS Preliminary, \'s = 7 TeV A =
C 1 ) 1 I I L | I L1 I L
P Qe A B et =2 XM Y] %0 110 120 130 140 150 160 170 180
110 115 120 125 130 135 140 145 my, (GeV)
Higgs boson mass (GeV)
s 4r p : ”
B [ Observed CLs Limi ; limi ;
t F ssmsssss Median Expected Ctl.s Limit Cr_MS?P_:e]\I,‘r?ma‘:y " fb-
% 3.5 [ *1oExpected CLs =N =T-TeV-L-=-4.76 fb%u
T
(] - . - [ : 20 Expected CL
Minimum p-value for M, = 125 GeV:i | == e,

¢ Local significance: 2.8c

¢ Estimated global significance:

G(H_) ! lI'I}Q.S,"CL
(]

L o
\\
e

.
‘\
"'F-:_

)
7.

-
(3,
H

-0.86in [110-600] GeV b 2y -
L \/{ \/ ™ \'4 WOy
-2.10in [110-145] GeV e e
S0 s i20 125 130 138 140 145 150
m,, (GeVic)
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Standard Model Higgs Boson

E 2_5 IIIIIIIIII - T T T T T T T T T | T T T | T . .
imi g = : : =125 GeV CMS Preliminar
Om - CMS Prellmln?ry, \'s TeV 68% CL band . My € oy y
© o20f L=46-48f ————— Combined (68%) Ns=1/le
- : : - L=46-48fb"
= - i ] == Single channel
» 15 : : ]
q.) i i
o - ! ! . H— bb =
1.0F : | -
NN : . ‘
- / \l"""-"""'."..\‘H..‘.--"“"E H—yy ———
0.0 : :
= | - ] H— WW I
1 : [ | I | [ | | : H — ZZ
- 910 IJI.I_I_I_J_I_l.Ill.Ill. ||.

vl Ll NEE NN
-1 -05 0 05 156 2 25 3 35 4

115 120 125 130 135 140 145
) Best fit o/ay,,

Higgs boson mass (GeV

 Best fit to signal strength p=c/cg), as a function of the Higgs mass
* At low mass several channels show modest excess:

¢ For M;=125 GeV, sensitive channels show consistent excess
¢ More data needed to exclude background-only hypothesis
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BSM Higgs Boson

e Interpreting SM Higgs boson search’s results in BSM scenarios
 SM with fourth generation:  Fermiophobic Higgs boson:

¢ Higgs boson excluded in mass ¢ Higgs boson excluded in mass
range [120-600]GeV @95% CL range [110-192]GeV @95% CL
S 10F CuS Preiminary s =TTV | obaned [ & | CMSPrimmay e =TTV [ ovanes
L) T L=46-481f0" B Expected (68%) |1 © L=46-48f" | |m== Expected (68%)
g N Expected (95%) | _| 8 105 - Expected (95%) | =
o L 4 =
E E
= - -
- @)
@) r 2 1
X 0 5
D L D =
(o)}
10‘15— B
F 107 =
100 200 300 400 500 600 00 00 a0
SM4 Higgs boson mass (GeV) FP Higgs boson mass (GeV)
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BSM Higgs Boson

» Light pseudoscalar Higgs boson a;: 5 . [mmad.. | =mumme™
¢ Dimuon decay channel Lok -

8.5
CMS Preliminary /s =7 TeV, [ £=4.6 fb~! M, [GeV]

10!

= | * Doubly charged Higgs boson H**:

10°

¢ Pair production: 23 leptons in final states
¢ M,->[380-410] GeV for a type-ll seesaw model

[s= . imi
NS : 7 TeV 2|.2 b - C!\HS Plrellmllnag(_
m, =120 GeVjc’ ® Data =
BR(t-bH)=0.05 . BT %)
I EWK genuine T (meas.)

[ EWK fake 1 (MC)

s stat. uncert.

2000 stat. & syst. uncert.

N events / 20 GeV

100 200 S00 0
m(=(+) [GeV]

Events / 20 GeV/c?

* Light charged Higgs boson (M,.<m,):
o tt>H*bWb, H*>t™
¢ BR(t>H*b)<2-3% for 80<M,:,<160 GeV

Data/Ebkg

Y50 100 150 200 250 300 350 400
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Supersymmetry Searches at CMS

e Highest production cross sections for squarks and gluinos:

¢ Production rate depend on model 1 e
o R-parity conserved: pair production | SFFPTSSY NN VSTV
P Y . - P P 1 Sﬁqgg\“‘pr‘g‘fiuction

e Squarks and gluinos are often the | \ O
heaviest SUSY particles: 0
¢ Long cascades of decays N

[El [I‘l.' BB

¢ Details depend on SUSY masses ‘

* La rge miSSing ET from LSPs: 0 tén 200 300 400 500 f:ﬂ[i.:”.';"ﬂﬂ 'gnr}r éﬁlm

o GeV

¢ Research channels categorized by the

~ n - N
q — _+ X 2 LSPs escapes detection

number of jets or leptons in final states X T

P —p %
¢ Gauge Mediated SUSY also predicts  a e/
final states with photons e \‘.L. \¢ N
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Sample of SUSY Searches

S0 7|_+ =4.981b", Vs =7 TeV e ;‘;?T‘\ﬁism 360
. . E ; B Z(—vv)+ets
e Fully hadronic final states: i =
¢ Three jets and large missing E;
¢ High signal rate, large SM backgrounds i |
> 20 cMs '\g'-:?D-!:t\;'L‘:A.?S ‘fb_j 10—'51.10 1000 1500 2oonHr[Ge%siuo
S 6o = 1 Multilepton final states:
2 50 %%Hjeltw =
g . e 3 o No missing E; cut (R-parity violating models)
zz i ¢ Low signal rate, small SM backgrounds
10 _E % E Iu:‘ms. Prlelimin.arlv \'s=;’+e\f de;édlflrla;"lf
0 e L= - © 1045 At least 1 Jet Re u[r.er:'lent T
0 50 10 150 ’ 200 ‘; 3: P —-—-,-yCandi:ateSarnple 1
E:uss [GeV] % 10° =" ;_jgoctal Background Uncertainty 3
: : GOF = e
* Final states with photons: 5 10 e | :
E .

¢ 1(2) photon, 2(1) jets + large missing E; 2 ..
¢ Limits on Gauge Mediated SUSY model ™

—=

0 20 40 80 80 100 120 140 160 180
September 19-23, 2011 Luca Scodellaro, IFCA Er [GeV] 5




SUSY Limits

* Exclusion regions in the [my,m,,] plane for the Constrained MSSM

o0 CMS Preliminary \'s=7TeV, det ~1fb™

A I I T | I I I | I I I | I I I | I I T
Y — L —
o - §~ = 2011 Limits I CDF 3.7, tang=s, u<0-
% 600 e «==: 2010 Limits DO 2,q, tanp=3,u<0
O tang =10, A =0, u>0 I LEP2 7% i
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Third Generation Squarks

e Large luminosity allows to study more exclusive production modes
¢ Electroweak production of charginos and neutralinos
¢ Direct stop and sbottom production

e SUSY naturalness suggests light 3t generation
e Search for SUSY in final states with a lepton, b-jets and missing E;

CMs Preliminary._[ Ldt=4.96 fb"Ns =7 TeV

g 0 e CMS Preliminary, s = 7 TeV, [Ldt=4.96 fb", > 1 b-tag
l%-' E -TT+Jets 9500_&—4I)/’Illllllllllllll|II’)(’IIJII|III|III|II
5 10k [ VQVC+DJets D - Yty [EOBETD
£ B DY + Jets Q 4501 h>0
R B single Top < 400 E m, = 173.2 GeV
- IR My e F —— Observed
CECLEE e . - SUSY LM13 350 &w - e Observed = GTheo -
10 ] Fs” s, —— Expected
300 o ':,;& Expected + Gy,
1 - 250F- s "c{;:,‘_‘ ---- Expected + Oexp
10 e N\ N0
il 200E
e 1.5F =
. + 150¢
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(1= . . ; 200 400 600 800 100012001400160018002000
0 1 2 3 4 5 6 T 8 9
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Exotic Physics at CMS

 Many new results with ~5 fb™! presented at winter conferences:

Heavy bosons

4th generation fermions

Compositeness
Black holes

Long-lived particles

Resonances

Dark matter and
large extra dimensions

Anomalous production

W' —WSZ, tb, td, +MET
Z' (KK g)—ttbar

b’b” —tWtW

t't —>bWbWwW

Dimuons

Multiple energetic objects

HSCPs
Three-Jet
Wz/ZZ—qqll
ttbar

Ditaus

Dileptons

77

Monojets + MET
Photon + MET
Multilepton events

Boosted Z—dimuons

EXO-11-041/001/056/024
EXO-11-006/092
EXO-11-036
EXO-11-050/051
EXO-11-009
EXO-11-071
EXO-11-022
EXO-11-060
EXO-11-081
TOP-11-009/010
EXO-11-031

EXO-11-019

EXO-11-061
EXO-11-059
EXO-11-096
EXO-11-045

EXO-11-025

Right-handed W’ mass>2.5 TeV, Left-handed W’ mass>2.43-2.63 TeV
Limits on cross section x BR

b’ mass>611 GeV

t’ mass>560 GeV

Limits on fermion contact interaction scale A

Model dependent black hole mass>3.8-5.3TeV,string ball mass>4.6-4.8TeV
gluino mass>1091 GeV, stop mass>735 GeV, stau mass>232 GeV
R-parity violating SUSY gluino mass # 280-460 GeV

SSM W’ mass#700-929 GeV, RS graviton mass#700-924 GeV (k/M,=0.05)
Limits on cross section x BR of Z’ and KK gluon

SSM 7’ mass>1.36 TeV, E6 model Z'lJJ mass> 1.10 TeV

SSM 7’ mass>2.32 TeV, E6 model Z'u) mass> 2.00 TeV,
KK graviton mass>1.81 TeV (k/M;=0.05), >2.135 TeV (k/M;=0.1)

Limits in the (KK graviton mass, k/M,,) plane

Constraints on the dark matter-nucleon scattering cross sections
Constraints on the dark matter-nucleon scattering cross sections
Limits on production rates, interpretations for SUSY models

Limits on excited quark production and decay



Resonances

CMS Preliminary, 5.0 fo! \s =7 TeV
—r r r [ 1 r v T [ v ‘T T T T T T3

Three-Jet resonances:

. . e . ) % 10 .
¢ High jet multiplicity: N;,26 (E)>45 GeV) % wE ' \\
¢ Large transverse energy: >E/>900 GeV 3 1— ~C°Tsiz“ef%aa;i°(é°gvﬁé~%g

e Limits set on gluino pair production in “"E « Data 3
. . . . -2 -+ Four-Parameter Background Fit
SUSY model with R-parity violation 0" E | =300 Gevic* Gino Moce
10°
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0 500 1000 1500
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o X — WZ/2Z — qql*I 3 oplazson foe - REm
PR RS 750 W1000 A
e Several theoretical models considered 5 o
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o RS graviton: Mg,#700-924 GeV/(k/Mp=0.05)  wifl | © 1SSy [l Ny
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Codlby o o 0yop o 0oy o 00y o by ol s L L 1
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Lepton-Quark Compositeness

e Search for contact interaction between fermions

.
q [0 q 1y
YZ A
’ -
q p' q n

* No significant effect is observed in 5.3 fb™! of data

o Look for effect of interference with
Standard Model Drell-Yan production

 Limits on interaction scale A for destructive and constructive

6 CMS Preliminary CMS Preliminary
‘\-‘010 F oS Prefiminary \E=TTEV.J Ldt=53f" \|E=7Tev.J Ldt=53f"
>10°| rellminary < 12 — s T T
S e 11 - £ T
o | < 10F < 18¢ E
10° 4 F -4 f
2 o o O 14F ]
@ 2 o 4 C
> < 8k I5) r
“ 10 S 3 1%
. ?_— L
c 10
o, ==== Expected limit 85 ---- Expected limit
10" 5 [ Expected limit 1o = [ Expected limit o
4l [ Expected limit 20 E 6 ] Expected limit 26 —i
E — Observed limit E r — Observed limit 1
10_3 | N i L
500 1000 1500 2000 500 1000 1500 500 1000 1500
M, (GeV/c?) M (GeV/c?) Mio" (GeV/c?)
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Highly Boosted Z

Anomalous Z bosons production from heavy particle decays:
¢ ldentifying the Z bosons from Z — pp decays
¢ Look for events with very large p(H1p)

 No deviation from SM predictions is observed

. . . * . .
e Limits on excited quark g* production and decay are derived
¢ Translate to lower limits on M. at about 2 TeV for several models
CMS Preliminary, 5.0 fb™' at (s=7 TeV CMS Preliminary, 5.0 fb™ at\/s=7 TeV
> L I L L B B B B L L B — a—— & T
8 10° E tDi\“J ° N '.é PI‘IA-{"‘I q:nl C.L.1 Amilh:
8 !VQVSIJDels o .. iC1-26-Cl-5-95%. Gl Limits
o AT o ~ ----: Cl Expected CLs 95% C.L. Limits
=10 W, Wz, 2z —=| < 10 ¥ :Cl Obseived CLs 95% C.L. Limit
.8 — gﬁ?an'=1.5TeV b
E 10 . ‘—‘jm_ T = §
1 | ! ‘€
% 10?2
10" Q
O
il ]
10> RSN [ N 10°
100 200 300 400 500 600 700 800 900
P, (Hu) [GeV] 400 600 800 1000 1200 1400 1600 1800 2000
q* Mass [GeV]
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Conclusions

e CMS reached excellent results with 2011 data taking at 7 TeV:

¢ Excellent control of Standard Model processes
¢ Challenging precision tests to the Standard Model
¢ SM Higgs boson cornered in the mass range 115-127.5 GeV

¢ Probed new phenomena at the TeV scale

e Already recorded 2.61 fb!lat 8 TeV

Working very hard to provide new results for the summer
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LHC and CMS Operations in 2011

e Proton-proton collisions at a center-of-mass energy of 7 TeV

* Integrated luminosity: e:
¢ 6.10 fb! delivered by LHC :
¢ 5.56 fb! recorded by CMS

* Increasing instantaneous luminosity:

o Record £ =4.02x1033 cm2s! e

15103 29104 44/08 30107 44102 2010
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The Challenge of 2011 Data Taking

 High multiplicity of interactions in a single collision of two
proton bunches (pileup):

<Np,>~ 6 at 2.4x1033 cm™2s™?

e Effects on the reconstruction of the produced events:

¢ Jet energy and Missing E;
¢ Lepton isolation
¢ Tagging of heavy quark

e Algorithms developed to | =

subtract activity not
coming from the event

primary vertex
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Photon Production

e Differential isolated prompt photon production:
¢ Photon selection: E;>25 GeV, |n|<2.5
¢ Comparing to NLO perturbative QCD

%'1 03 — CMS Preliminary prpoy+X

%107 L Ns=7TeV,L  =359pb" — JETPHOX

S L —e— 214 < n| < 2.5 (X 109

€ —e— 1.57 <] <2.1 (X 10%)
w —— 0.9 <[] <1.44 ( X 10?9
%104 —=—[n[<09

o

i

F NLO pQCD JETPHOX
— CT10/BFGII, “F=“f=“R=ET
1 0‘5 — MPI and hadronization corrected
| 1 1 1 L L1 | L |
30 40 50 60 102 23102 3x10?
E; [GeV]
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tt Resonances

e Searches for heavy neutral boson decaying into ttbar pairs
¢ Both |+jets and dilepton decay channels explored
 No deviation from SM predictions is observed
¢ Set upper limits on the production cross section as a function of
the boson mass in several BSM theories

~ —— 7 g1t NS Prafminay = 10T
2 [ CMS Preliminary —&— Data 15 ¢ o =3 - CMS Preliminary
S 1200/4.7 b atns = 7 TeV I 1F L[ som'avs=7Tev = e et it = 9 3
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5 800 - Jaco % E o F + 1o Expected
> C Z0.75TeV | = X 5 F
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13 o _
C = . \
[ n = [
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MSSM Neutral Higgs Bosons

e Search for a neutral Higgs boson pp—@(b)—T1t(b)
¢ Fit to reconstructed visible mass
¢ Additional b-tagged jet can be required
¢ Limits in the context of the MSSM

CMS, \/g =7TeV,L=4.6 fb-1 All channels CMS \'fg =7TeV.L=4.6 tb“
o 20 ' ! ' I ' ! ' I ' ' fam] 50 L) : L) L Ll ,l L - Ll L) L) L T L) L)
% ------ ¢_)ﬂ (m“=1 20, tanB=20) E EI 95% CL Exclluded: l J E
o 18 - —e— observed S A5E| 7 observed A
- +=-- CzZote Expected 3
= 16 I 40F +10 Expected o
2 @l clectroweak +20 Expected :

€ 14 :Imultijets 35:":|LEF TR TR 11—
g 12 b-Tag Category 30 _, I . N A
© 10 I

8 - L.i 20 ;_ ’ ,,,,,,,,,,,,
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Summary of SUSY Searches

e Excluded mass scale in Simplified Model Spectra

¢ CMS is reaching gluinos and squarks mass exclusion up to 1 TeV/c?

CMS Preliminary
m(mother)—m(x" ) =200 GeV il
T1: g—qq%” |1.1 fb~!, gluino -

T2:3—qx" |1.1 fb!, squark -

T1tttt: g—ity] |4.98 fb~!, gluino

T3w: §—qq(W)X° |4.98 fb!, gIF

T3Lh: g—qqxs |X” [4.98 fb~!, gluino

T5zz: §—qqX5 |4.98 fb~!, gluino -

T5Lnu: g—qgx~ |4.98 fb~*, gl

TChiSlep: %3, = —x"Y° |4.98 b, Llallno/charglno
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