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Remarks:

- a selection only, with focus on most recent results

- will focus on pp physics only

- see all the specialized talks at this conference for much more details
- e.g. see M. Chamizo’s talk about the detector’s performance
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BSM searches continue,



Ch. Sander

~12
10
§ € Oot

LHC, /s =8 TeV

A 3-year long sprint....

CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC

4 ETH Institute for
Particle Physics

i - 25 25
102 | T
f"— T4 2 , = 2010, 7 TeV, 44.2 pb |  wmmm 2011, 7 TeV, 6.1 fb | === 2012, 8 TeV, 23.3 b !
. r diJet(pr > 100 GeV) 2200 120
=10° | * 'g Z
= W £ first 9%, Z’, W’ limits, 3-36/pb
2 W7 diJet(pr > 400 GeV) g 157 >1.6,1.1,1.4 TeV 115
g 107 ) iy - first >20 local
s i - B - Irs O I0Cal excess
Z | & first SUSY limits, 36/pb atlow mw, 1.1-1.7 /b 110
S 1 5 ~q, ~g > 500-600 GeV
é' Z' (L' =0.1-m) 3 \
! c 15
_3! Z'" (I =0.01-m) - x 100
107F ©
! e
: o
l e \ h " I 1 k A
10-6¢ LA N I T M o o o ool 391 ¢l o‘l o QQI ecl 0
10 100 1000 N ! AW 3 Y A © AW gy 38 Y
Scale / Mass [GeV] Date (UTC)

first MinBias / UE
studies, particle multiplicities

first incl. b x-section, 8/nb
0~15%

first incl. jet x-section, PF jets
60/nb  ® ~20-30%

first incl. W/Z x-sections, 200/nb
0 ~4-6%, +11% lumi

first incl. J/WY x-section, 100/nb

0~ 20%
Aspen
Mar 13

0 .. relative uncert A .. absolute uncert.

irst ’op xsec, 3/pb \

first single top xsec,
t-chan., 36/pb

first ZZ xsec, 1.1 /fb
0 ~40%

 —

going more differential,
e.g. ZIW +jb,c

\

first significant limit on
Bs—uy, BR<1.9x108

\

first particle discovered
by CMS: =p

0 ~40%

0 ~ 36%

first mop, 36/pb
A~6.5GeV

first WW xsec, 36/pb
0 ~40%

first limit on HWW BSM searches continue,

limits pushed

G. Dissertori

repeating the program
at 8 TeV



Ch. Sander

1012 LHC, /s =8 TeV

Q<— Otot
: 25

7

CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC

10°

,r<-— oy Q / m—= 2010, 7 TeV, 44.2 pb | === 2011, 7 TeV, 6.1fb | === 2012, 8 TeV, 23.3 b '
. r diJet(pr > 100 GeV) 220
Z10°) ' f
= W £ first 9%, Z’, W’ limits, 3-36/pb
2 W7 diJet(pr > 400 GeV) g 151 >1.6,1.1,1.4 TeV
E 10r : tt ® .| R
3 ; O - first >20 local excess
Z2 | s g first SUSY limits, 36/pb atlow mu, 1.1-1.7 /b
o1 5 ~q, ~g > 500-600 GeV
r Z'(I'=0.1-m) S
; ’ = 100
ol Z' (I’ =0.01-m X
10-3F (I'=0.01-m) =
' . =
: 99 [} 4 ; \
10—65 LA B - 1 I | o \ Py c < e Py c
10 100 1000 Y 45 19° e \ 4 ©° N «,* \«,9° 4 ©°
Scale / Mass [GeV] Date \UTC)
repeating the program
first ZZ xsec, 1.1 /fb at 8 TeV
0 - - A ~ (0]
first MinBias / UE irst top xsec, 3/pb 6 ~40%
studies, particle multiplicities 0 ~40% \ \
going more differential, a new boson is

first incl. b x-section, 8/nb
0~15%

first incl. jet x-section, PF jets
60/nb  ® ~20-30%

first incl. W/Z x-sections, 200/nb

& ~ 4-6%, +11% lumi first WW xsec, 36/pb RS0
0 ~40% . : .
firstilif e H‘\)NW BSM searches continue, first spin parity
first incl. J/WY x-section, 100/nb limits pushed analysis of the boson,
0 ~20% 17 /fb
Aspen
Mar13 O .. relative uncert A .. absolute uncert. G. Dissertori 3

first single top xsec,
t-chan., 36/pb
0 ~ 36%

e.g. ZW +jbc 4 a‘“f/‘“ed’5/‘

\

first significant limit on
Bs—uy, BR<1.9x108

\

first particle discovered

first mop, 36/pb
A~6.5GeV

A 3-year long sprint.... (P e

25

120

115

110



4 ETH Institute for
Particle Physics

A 3-year long sprint....

Ch. Sander

CMS Integrated Luminosity, pp and all the rest, plus

newest results:

~12
10
§ € Oot

LHC, /s =8 TeV
Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC

N
(&)

see now

10° =
f"— Ly 2 / m—= 2010, 7 TeV, 44.2 pb | === 2011,7 TeV, 6.1 ' m=== 2012, 8 TeV, 23.3 b
. r diJet(pr > 100 GeV) 2201 120
=10° | . G
= W £ first g%, Z’, W’ limits, 3-36/pb
2 W7 diJet(pr > 400 GeV) g 157 >1.6,1.1,1.4 TeV 115
g 1071 o ¥ - first >20 local excess
w2 r VIt ' e
2 10/ first SUSY limits, 36/pb atlow my, 1.1-1.7 /b 110
S 1 5 ~q, ~g > 500-600 GeV
é' Z' (L' =0.1-m) 3 \
r £ st 15
_3! Z'" (I =0.01-m) - x 100
107! ©
b o
? \ P / ; \
10—(55 e NP i qq9 o "y I < o k Ql ¢ < i ‘\1 QI (,1 0
10 100 1000 SV I oo ok w0 @ o W ‘N \\,ge L o°
Scale / Mass [GeV] Date (UTC)

repeating the program
at 8 TeV

\

a new boson is
announced, 5 /fb

first ZZ xsec, 1.1 /fb
0 ~40%

 —

going more differential,
e.g. ZIW +jb,c

\

first significant limit on

first MinBias / UE
studies, particle multiplicities

irst top xsec, 3/
0 ~40%

p

first single top xsec,
t-chan., 36/pb
0 ~ 36%

first incl. b x-section, 8/nb
0~15%

0 .. relative uncert

first incl. jet x-section, PF jets
60/nb  ® ~20-30%

first incl. W/Z x-sections, 200/nb
0 ~4-6%, +11% lumi

first incl. J/WY x-section, 100/nb

0 ~20%

A .. absolute uncert.

Bs—pp, BR<1.9x108

\

first particle discovered
by CMS: =p

first mop, 36/pb
A~6.5GeV

first WW xsec, 36/pb
0 ~40%
first limit on HWW

first spin parity
analysis of the boson,
17 Ifb

BSM searches continue,
limits pushed

G. Dissertori



Aspen
Mar 13

Showall Total QCD Exotica Searches Supersymmetry B Physics

Top Physics Heavylon Higgs Forward Physics Standard Model

http://cms.web.cern.ch/org/physics-papers-timeline

60 :
55 :
50
5
40 :
a5 : '|;_I:-.-T.::
30 :
25-
20 :
1s-

10

W o %’ - T o |h o

Electroweak

Beyond the SM: B2G

0 T T I.l =T T T 1 T T —— T
Jan 2010Apr 2010 Jul 2010 Oct 2010 Jan 2011 Apr 2011 Jul 2011 Oct 2011 Jan 2012 Apr 2012 Jul 2012 Oct 2

-

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

G. Dissertori

012Jan2013

~ The consequence: a lot of reading material (P =z

who is

‘[ supposed to
read all
this??

g L /‘/
A\ E=
o 7
i T— il

| ‘

-~
-on CDS, 3.3.13:

229 papers submitted or published
on collision data
- 254 CMS papers in total

- 362 Physics Analysis Summaries in total

- still much more to come
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Heavy Flavour Physics
recent highlights
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Heavy Quark and Quarkonia production

CMS Preliminary,\'s=7 TeV

Spring 2012

pp—> A, X — Jp A X -
Pr>10 GeV, lyl<2.0 (x10000)

Pr>5 GeV, lyl<2.4

pp— B’ X
Pr>5 GeV, lyl<2.2

pp— B, X > Jp X -

p— B" X ——

value = stat. + syst. + lum. error
(luminosity)

116+06+1.2 £20
(1900 pb™)

28.1+24+20 = 3.1
(6pb”)

33.3+25+3.1 +3.6
(40pb™)

6.9+0.4+0.7 0.3

8<p,<50 GeV, lyl<2.4 (x1000) (40pb™)
Theory: MC@NLO / POWHEG
CTEQ6M PDF, p=(m’+p?)'?, m =4.75 GeV
I
0 50

B Hadron Production Cross Section [ub]

T

Overall, for open b, B hadron and b-jet production:

¢ pQCD (and/or MC models) in reasonable agreement, but some
discrepancies seen (in pr and/or eta); ~10% precision
¢ bb angular correlations studied, low-angle region not well

modeled

¢ /b : steeper spectrum than B mesons

Some recent highlights :

¢ measurement of X(3872) production xsec

€ measurement of /\p lifetime

¢ observation of B*c — J/y " and B*c — J/p Tt T

¢ observation of structures in B* — J/y ¢ K*
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
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Heavy Quark and Quarkonia production P Ee
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Overall, for open b, B hadron and b-jet production: 1
¢ pQCD (and/or MC models) in reasonable agreement, but some 0.5
~discrepancies seen (in pr and/or eta); ~10% precision .
¢ bb angular correlations studied, low-angle region not well }\'ﬁ 0-
- modeled ]
€ /b : steeper spectrum than B mesons -0.5-
Some recent highlights : _ '1_; —+— CMS, tot. uncert., 68.3% CL
¢ measurement of X(3872) production xsec ] —+ CDF PRL 108, 151802 (2012), tot. uncert., 68.3% CL
§ t of A lifeti -1.5{ —— NLO NRQCD at \'s = 1.96 TeV, PRD83, 114021 (2011)
measurement of /\p lifeume 1 NNLO* CSM at \s = 1.8 TeV, PRL101, 152001 (2008)
¢ observation of B*c — J/y T* and B*. — J/y T* 1T 0 5 10 15 20 25 30 35 40 4'5EG 0
. . p. [Ge
€ observation of structures in B* — J/y ¢ K* .. | U
=
W ¢ First LHC measurement of Y(1S), Y(2S), Y(3S)
Aspen B polarization. No evidence for significant polarization!

Mar 13 G. Dissertori


http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
http://prd.aps.org/abstract/PRD/v86/i1/e014022
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
http://prl.aps.org/abstract/PRL/v110/i8/e081802
http://prl.aps.org/abstract/PRL/v110/i8/e081802

Two recent observations P ez
( X(3872) production )
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¢ From ratio of X(3872) to y(2s) production, and measured
W(2s) cross section
¢ First pr differential cross-section measurement at LHC
Aspen
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Two recent observations P mizses
( X(3872) production ) ‘ Structures in J/y @ spectrum from B+ — J/y ¢ K* )
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¢ structure 1 (4148 MeV) : confirms CDF result with > 50

¥ From ratio of X(3872) to y(2s) production, and measured & evidence for a 24 structure at 4316 MeV : interpretation

W(2s) cross section complicated by possible reflections from @K resonances

€ First pr differential cross-section measurement at LHC & angular analysis needed for further understanding
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Soft QCD : two recent results

( Very forward energy flow ’
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€ Analysis exploiting CASTOR acceptance !

€ FWD energy flow both inclusive, and with central jet

¢ importance of MPI effects shown, much stronger when
requesting central jet

€ also models relevant for cosmic rays tested
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Soft QCD : two recent results B

< Very forward energy flow ) ( Strangeness production in the underlying event )
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€ Analysis exploiting CASTOR acceptance ! = e I

€ FWD energy flow both inclusive, and with central jet

_ ¢ Monte Carlo models underestimate strange particle
€ importance of MPI effects shown, much stronger when

production in the underlying event

requesting central jet
€ 15-30% for KOs, 50% for A\ !

¢ also models relevant for cosmic rays tested
¢ confirms earlier observations in min bias studies
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Inclusive Jet Production
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¢ NLO QCD describes data over ~9 orders of magnitude!

¢ excellent exp. progress: jet energy scale uncertainties at the 1-2% level

¢ for central rapidities: similar exp. and theo. uncertainties, 5 - 10%

¢ inclusive jet data : start to be important tool for constraining PDFs
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¢ NLO QCD describes data over ~9 orders of magnitude!

¢ excellent exp. progress: jet energy scale uncertainties at the 1-2% level

¢ for central rapidities: similar exp. and theo. uncertainties, 5 - 10%

¢ inclusive jet data : start to be important tool for constraining PDFs
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Further recent results on jets D e

( 3-to-2 jet cross section ratio ’
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3 0.221 e« CMSR, —
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=

¢ Ras2 (in the 400-1400 GeV range) is used to measure as
€ First derivation of as(Mz) from momentum scales > 0.4TeV

€ also very recent: first as(Mz) extraction from top x-section
(TOP-12-022)
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( 3-to-2 jet cross section ratio )
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as(Mz) = 0.1148 £ 0.0014 (exp.) = 0.0018 (PDF) *00050,, 50y, (scale)

¢ Ra32 (in the 400-1400 GeV range) is used to measure as

¢ First derivation of as(Mz) from momentum scales > 0.4TeV

¢ also very recent: first as(Mz) extraction from top x-section
(TOP-12-022)
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Further recent results on jets
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First systematic study of jet grooming techniques,

in dijets and V+jet events

g CMS Prellmlnary, L 5fb"at \'s = 7 TeV, Filtered AK7 Dijets

1 O T 171 L -I- 1T T 1 L 1T T 1 | L |
1 08 |:| Statistical ncertalnty - otal Uncertainty ~ 110ns Herwig++, 23
O 220-300 GeV (x 10°) B 300-450GeV (x10") [ 450-500 GeV (x 10%) A 500-600 GeV (x 10°)
7
1 O A 600 -800 GeV (x 10%) v 800-1000 GeV (x10°) V 1000 - 1500 GeV (x 10°)

i | | | | | | | | | | | i | | Lo ] ; I. g g ; ] i | | l ; E
0 50 100 150 200 250 300
average jet mass of two leading jets m{V¢ (GeV)

¢ Filtering, trimming and pruning tested

¢ for different hard scales in the event

¢ in general, good description by LO+PS Monte Carlos
¢ Herwig++ somewhat better for “aggressive” grooming

¢ slightly better description of V+jets (more quark jets)

¢ Also new: triple-differential y+jet cross sections (QCD-11-005)
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Incl. W/Z Production at 8 TeV = s

CMS Preliminary 18.7 pb™ at Vs =8 TeV CMS PAS SMP-12-011

T T T ‘ T T T | T T T | T T T ‘ T T T | T T T | T T T |
NNLO, FEWZ+MSTW2008 prediction
[with MSTW2008 68% CL uncertainty]
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CMS Preliminar 18.7 pb™ at Vs =8 TeV - pp —
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NNLO, FEWZ+MSTW2008 prediction — —]
[with MSTW2008 68% CL uncertainty]
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€ incl. cross sections:

CMS Preliminar 18.7 pb™ at Vs = 8 TeV . ..
ey [OTRD ANeTBTe € at7 TeV (36/pb): experimental precision had reached the 1% level,
NNLO, FEWZ+MSTW2008 prediction
[with MSTW2008 68% CL uncertainty] especially for ratio-observables
141+ 0.01
e ¢ new 8 TeV results from dedicated low-pile up run early in 2012
—ev —ev
144+ 001, +0.05 i _
" ¢ total uncert. 2-5 % (4.4 % lumi, 2-3% acceptance, 1.1-1.7% exp)
W sy, Wopv " ’
1982000 %009 € good agreement with NNLO QCD, both at 7 and 8 TeV
W'SsI'v, Woslv (combined) . _ - _ e
139£001,,+0.02,, € measurements about to be published, also for fiducial region only 1l
! ! L L | ! ! ! ! ] ! L L . ] ! !
0.0 0.5 1.0 15 S g”
Aspen R,. =[oxBRI(W") /[ 6xBR |(W) :
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Improving the PDF knowledge OB

CMS Preliminary Vs=8TeV
E \: | L | LI | UL UL L | L ‘ L E
= 120 L dt=18.7 pb* =
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1.05¢ 3
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1r —e— MSTW 2008 NLO =
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CMS PAS SMP-12-011

¢ data start to put interesting constraints
¢ W/Z ratio at 8 TeV: 1.5 sigma difference with MSTWO08
¢ MSTWO08 too low for the lepton asymmetry at 7 TeV

¢ low-mass Drell-Yan gives interesting PDF sensitivity

CMS Preliminary 18.7 pb” at Vs =8 TeV
I I I | I I I | I I I | I I I | I I I | I I I | I I I
NNLO, FEWZ+MSTW2008 prediction
. [with MSTW2008 68% CL uncertainty]
WI/Z ratio
11.04+0.04
W—ev, Z—ee
10.99+0.16, * 0.39__ i
Wouv, Z-up el
1044+0.14,, +0.29,
W-lv, Z-ll (combined) Held
10.65+0.11,, +0.23_
L L L | L L | | L L L | L L L | L L L | L L | | L |
0 2 4 6 8 10 12 14

Ry = [ 6XBR (W) / [ 6xBR ](2)
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Improving the PDF knowledge P s

CMS Preliminary Vs=8TeV
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¢ data start to put interesting constraints Electron Pseudorapidity  nl

¢ W/Z ratio at 8 TeV: 1.5 sigma difference with MSTWO08 T — T —

& MSTWO08 too low for the lepton asymmetry at 7 TeV

¢ low-mass Drell-Yan gives interesting PDF sensitivity

= .
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11.04 + 0.04 AP J<
.05 1a
- | FEWZ+MSTW2008 NNLO | )
W-oev, Z—ee C 1=
10.99+0.16, * 0.39__ i = 1R
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New results on Z+jet production P s

CMS, Vs=7TeV,L =| 5.0 fb!
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New results on Z+jet production P s

CMS, Vs=7TeV,L T 5.0 fb!
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¢ V+jets: see also N. Neumeister’s talk
¢ after jet rates, now also probing further the phase space:
€ angular correlations (incl. and for large Z pr), rapidity distributions
¢ V+heavy flavours: Z+b(b), W+bb, W+c : see N. Neumeister’s talk .. o
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New results on Z+jet production P s

CMS, Vs=7TeV,L T 5.0 fb!
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¢ V+jets: see also N. Neumeister’s talk

¢ after jet rates, now also probing further the phase space:
¢ angular correlations (incl. and for large Z pr), rapidity distributions § measured cross section in
§ V+heavy flavours: Z+b(b), W+bb, W+c : see N. Neumeister'stalk .= agreement with NLO prediction
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Di-Boson production

_ ] int. luminosity
Duric, La Thuile 2013 .
Cross section measurement phase space
@ 7TeV | @ 8TeV
ﬁZ_—Li:EII o) 5.0fb! 5.3 fb™ 60<M(Z, ,)<120 GeV pp—ZZ
Wy—slvy 5.0 fb E,>15/60/90 GeV & AR(1,1)>0.7 PP—Wy—slvy
! Il
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( new 8 TeV results: )

oc(pp — ZZ) = 8.4 £ 1.0(stat.) 0.7 (syst.) £ 0.4 (lum.) pb

MCFM+MSTW, NLO: 7.7 = 0.4 pb
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o(pp = WHW™) = 69.9 + 2.8 (stat.) + 5.6 (syst.) & 3.1 (lum.) pb
MCFM+MSTW, NLO:

57.3 f%‘é pb
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Di-Boson production

_ ] int. luminosity
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o(pp = WHW™) = 69.9 + 2.8 (stat.) + 5.6 (syst.) & 3.1 (lum.) pb
MCFM+MSTW, NLO:
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interesting limits on QGC, sensitivity exceeding LEP
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¢ overall, the SM works at 7 and 8 TeV centre-of-mass energy...
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TOP pair prod. @ 7 and 8 TeV (P

CMS Preliminary, \s=7 TeV CMS Preliminary, \s=8 TeV

158+ 2+10+ 4

(val. = stat. = syst. = lumi.)

CMS e/u+jets+btag

arXiv:1212.6682 (L=2.2-2.3/fb)

228+ 9 =2, +10pb

(val. + stat. = syst. = lumi.)

CMS l+jets (e/u+jets)
TOP-12-006 (L=2.8/fb)

162+ 2+ 5+ 4

(val. = stat. + syst. = lumi.)

CMS dilepton (ee,uu,eu)
JHEP 11 (2012) 067 (L=2.3/fb)

CMS dilepton (ee,uu,eu)
TOP-12-007 (L=2.4/fb)

227+ 3+x11+10pb

(val. = stat. = syst. = lumi.)

CMS all-hadronic
arXiv:1302.0508 (L=3.5/fb)

139 +10+26+ 3

(val. = stat. = syst. = lumi.)

CMS dilepton (et,ut)

Phys. Rev. D 85 (2012) 112007
(L=2.2/fb)

143 +14 +22 + 3

(val. = stat. = syst. = lumi.,) CMS combined 227+ 3+11=10pb

(val. = stat. = syst. = lumi.)

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

CMS t+jets
arXiv:1301.5755 (L=3.9/fb)

152 +12+32+ 3

(val. = stat. + syst. = lumi.)

ey Approx. NNLO QCD, Kidonakis, arXiv:1205.3453 (2012)

Approx. NNLO QCD, Aliev et al., Comput.Phys.Commun. 182 (2011) 1034 Approx. NNLO QCD, Cacciari et al., arXiv:1111.5869 (2011)

& Approx. NNLO QCD, Kidonakis, Phys.Rev.D 82 (2010) 114030 [ Approx. NNLO QCD, Langenfeld et al., PRD 80 (2009) 054009 (Scale ® PDF uncertainty)
1 Approx. NNLO QCD, Ahrens et al., JHEP 1009 (2010) 097 3 Approx. NNLO QCD, Langenfeld et al., PRD 80 (2009) 054009 (Scale uncertainty)
1 NLOQCD

0 50 100 150 200 250 300 0 100 200 300 400

o(tt) (pb)

¢ Consistency across all channels, experimental uncertainty <5% - 15 %! ‘, - ’4}
€ similar to theoretical uncertainty (scales + PDF), compatible with approx. NNLO predictions

& significant theoretical improvement (full NNLO) very recently, then making top production a gluon pdf tester?
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TOP pair prod. @ 7 and 8 TeV (P

CMS Preliminary, \s=7 TeV CMS Preliminary, \s=8 TeV

158+ 2+10+ 4

(val. = stat. = syst. = lumi.)

CMS e/u+jets+btag
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(val. + stat. = syst. = lumi.)
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162+ 2+ 5+ 4 Y i i
' single most precise

(val. = stat. = syst. = lu
4~ measurement at the LHC

CMS dilepton (ee,uu,eu)
JHEP 11 (2012) 067 (L=2.3/fb)

CMS all-hadronic
arXiv:1302.0508 (L=3.5/fb)

CMS dilepton (ee,uu,eu)
TOP-12-007 (L=2.4/fb)

227+ 3+x11+10pb

(val. = stat. = syst. = lumi.)

139 +10+26+ 3

(val. = stat. = syst. = lumi.)

CMS dilepton (et,ut) 143 +14+22+ 3

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

Phys. Rev. D 85 (2012) 112007 (val. = stat. = syst. = lumi.) .

(L=2.2/fb) CMS combined 22(7va|~_~+ StC:t :_rsy1$t1+:lru r:)o pb
CMS t+jets . 152+ 12+ 32+ 3

arXiv:1301.5755 (L=3.9/fb) (val. = stat. + syst. = lumi.)

ey Approx. NNLO QCD, Kidonakis, arXiv:1205.3453 (2012)

Approx. NNLO QCD, Aliev et al., Comput.Phys.Commun. 182 (2011) 1034 Approx. NNLO QCD, Cacciari et al., arXiv:1111.5869 (2011)

E Approx. NNLO QCD, Kidonakis, Phys.Rev.D 82 (2010) 114030 [ Approx. NNLO QCD, Langenfeld et al., PRD 80 (2009) 054009 (Scale ® PDF uncertainty)
1 Approx. NNLO QCD, Ahrens et al., JHEP 1009 (2010) 097 3 Approx. NNLO QCD, Langenfeld et al., PRD 80 (2009) 054009 (Scale uncertainty)
1 NLOQCD
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¢ Consistency across all channels, experimental uncertainty <5% - 15 %! . {’

€ similar to theoretical uncertainty (scales + PDF), compatible with approx. NNLO predictions

& significant theoretical improvement (full NNLO) very recently, then making top production a gluon pdf tester?
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TOP prod : @ / and 8 TeV P i

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOPSummaryPlots
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TOP prod. @ 7 and 8 TeV

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOPSummaryPlots
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¢ Top pair prod:
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- = CMS combined 8 TeV (2.8 fb")
2501 € uncertainties at 8 TeV 7 - 13 % so far
200~
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- NLO QCD
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Probing the TOP: going differential =~ ==

o OMS Preliminary, 12.2 fs'at fs = 8 TeV differential cross sections: CMS, 5.0 b at\'s =7 TeV
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differential cross sections:

top pt and rapidity =
¢ unfolded results (dilepton, lepton+jets channels)
¢ kinematic properties (pr, y, m) of leading (and
sub-leading) leptons, lepton pair, b-jets, top
quarks, top quark pairs
¢ good description by MCs and approx. NNLO
differential cross sections:
top-pair system 8 TeV
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Probing the TOP: top + X (@ 7 TeV) D=
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TOP properties

CMS Preliminary

CMS 2010 dilepton ®
JHEP 07 (2011) (L=36 pb™)
CMS 2010 lepton+jets ®
PAS-TOP-10-009 (L=36 pb™)

—— i

CMS 2011 dilepton
arXiv:1209.2393 (L=5.0/fb)

= CMS 2011 lepton+jets
oYy - 0.219(/f)

CMS 2011 all-jets
PAS-TOP-11-017 (L=3.54/fb)

175546+ 4.6

(val. + stat. = syst.)

17312127

(val. = stat. = syst.)

1725+ 04+ 1.5
(val. z-stat. + syst.)

1735+ 04+1.0

(val. + stat. + syst.)_

173.5+0.7+1.3

(val. = stat. = syst.)

CMS preliminary, \s =7 TeV, lepton+jets
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CMS combination 2 173.4+ 0.4+ 0.9
up to L=5.0/fb (val. = stat. = syst.)
Tevatron 2012 combination - 173.2+ 0.6+ 0.8
arXiv:1207.1069v2 up to 5.8/fb (val. = stat. = syst.)
I I I I I I
160 165 170 175 180 185
mtop [GeV]

¢ Top mass:

€ Best measurements in all channels!

r

D

ETH Institute for
Particle Physics

¢ combination has syst. uncert. < 1 GeV, same precision as Tevatron comb.

¢ New: detailed study of top mass dependence on event kinematics (test for colour

reconnection, ISR, FSR, b-quark kin.) - excellent stability observed!

¢ New : top-antitop mass diff: Am; = -272 + 196 (stat.) + 122 (syst.) MeV
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TOP properties

CMS Preliminary

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

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

CMS 2011 dilepton
arXiv:1209.2393 (L=5.0/fb)

=" CMS 2011 lepton+jets
sie1200.2319 (L=5.0/fb)

CMS 2011 all-jets
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(val. = stat. = syst.)
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Tevatron 2012 combination -

arXiv:1207.1069v2 up to 5.8/fb

CMS combined result
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(val. = stat. = syst.)
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¢ Top mass:

r
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R=B(t— Wb)/B(t— Wq)
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€ Best measurements in all channels!

¢ combination has syst. uncert. < 1 GeV, same precision as Tevatron comb.

¢ New: detailed study of top mass dependence on event kinematics (test for colour

reconnection, ISR, FSR, b-quark kin.) - excellent stability observed!
¢ New : top-antitop mass diff: Am; = -272 + 196 (stat.) + 122 (syst.) MeV

¢ Other properties:

¢ New: world’s best measurement of b-content in top decays, extracting
R=B(t— Wb)/B(t— Wq) --> |Vtb| > 0.972 @ 95% CL i

¢ New: W helicity measurement in dilepton channel and single-top topologies!
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what about B

CMS Experiment at LHC, CERN
Data recorded: Fri Oct §12:29:33 2012 CEST  ,
\ Run/Event: 204541 { 562608234 A
Lumi section: 32

see talks by

M. Stoye ( SUSY) P

e Do |
S.W. Lee ( Exotics ) o l?hglz ‘V@)

“..|  Eventwith highest
/l my (5.15 TeV)
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SUSY: The 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

r

D

sensitivity to strongly produced SUSY

particularly sensitive to ’
gauge-mediated SUSY

G. Dissertori

focus on topologies, generic signatures, with different observables, data-driven bkg estimations
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" SUSY: The 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

.
( ETH Institute for
Particle Physics

sensitivity to strongly produced SUSY particularly sensitive to

gauge-mediated SUSY

focus on topologies, generic signatures, with different observables, data-driven bkg estimations

iki/bin/view/CMSPublic/PhysicsResulisSUS

( Interpretations: b

CMS preliminary

m(mother)—m(LSP) =200 GeV m(LSP)=0 GeV

CMS Preliminary L _ =4.98 fb",\s=7 TeV

T1: §—aaX’ | gluino )

>
7 = 2 = ]
O @\ 2 = tan(g)=10 ] Tlbbbb: 506X | gluino )
. = - |A,=0GeV —
(D Q \ 0
2 2 |
—('\I 2 - \S u>0 . Titttt: 916" | gluino )
= m(g) = 1500 m,=173.2 GeV |
E 600 K -] T2: §-gx" SR
I:lLEP27 ] N
e N \Razor ] T2bb: 5—b%° | sbottom )
.LEP2 % ]
% . T2tt: i-4X° | stop )
-. - —~ -
m(§) = 1000

T3lh: g—qq(x3 =117 %°) gluino )

300 y T3w: g—aa(x* WK IX°) | gluino ’_l_‘
X1
T5lnu: ¥* 1%’ | gluino )
200 {(l) T52z: §—qa(X »2X") | glui l—’_l
gluino

TChiSlepSlep: x5x* —illvy’x"

500 1000 1500 2000 2500 3000 Sl ) B
mo [GeV] TChiwz: * % »W2Z’x’ —l chargino/neutralino ‘ ‘ 7 Tev, ‘S 4.98 1 ‘
. - 00 Mass fSigg|es [GeV] 50 100 10
Aspen ( in the context of a concrete model, e.g. cMSSM ) ( in the context of a simplified models >
Mar 13 . 25
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r

Focusing on the 3rd generation D e

direct b

¢ now a lot of focus “natural” SUSY scenarios, with “light” sbottom/stop
¢ and other squarks very heavy

& targeting direct or gluino-mediated sbottom/stop production

& eg. extending generic searches by adding b-tags, or “ttbar+ MET” searches

¢ as well as direct production of “EWKinos” (charginos, neutralinos)

¢ also in the pipeline: targeting more compressed spectra,
with special triggers - “parked data”

Aspen
Mar 13 G. Dissertori 26



Focusing on the 3rd generation D s

direct b

€ now a lot of focus “natural” SUSY scenarios, with “light” sbottom/stop
¢ and other squarks very heavy
& targeting direct or gluino-mediated sbottom/stop production

& eg. extending generic searches by adding b-tags, or “ttbar+MET” searches

& as well as direct production of “EWKinos” (charginos, neutralinos)

¢ also in the pipeline: targeting more compressed spectra,
with special triggers - “parked data”

~ ~ . ~ T ~0
g-g production, g— tt 7y, g-g production, g— b b ¥

%‘ :I 1T | rrri | LI | LI I rrriT I T I LU | rrrT I T | | l: %1000 [ TTT IM L H [ .I I I .I LI I UL I L | TT 11 I TTT1T | TTT1T I TTTT]
G 800~ CMS Preliminary — sus-12-024 0-lep (Er+H;) 194 " o F CMS Preliminary ]
%) - —— SUS-13-007 1-lep (n  >6) 19.4 fb™" 900 e — —— Observed —
g 700 - 'S =.8 TeV ——— SUS-12-017 2-lep (S::b) 10.5fb™ B é - ;uso;lgl;l;je \2,013 --------- Observed -103.51
o - Moriond 2013 B sus.12.026 . o 800 _
& - (MultiLepton) 9.2 fb™ - 9 - - - - Expected .
— - — Observed . o ]
600 Observed -163%Y 4 ==T----. . 700 o ae-- =
- - Expected A . - - .
500 T - 600— | =
400 - E 500 \ =
N = = E ‘t N
300 new 8 TeV results! see M. Stoye’s talk i E
200~ ! - il ;
': . SUS-12-024 0-lep (E,+H,) 19.4 tb” I -
100 : - N .
- ' . — SUS-12-028 O-lep (¢1,) 11.7 b ' . ]
| L. 111 | 111zl a 111 | 1 11 I— ‘ - E

800 600 700 800 900 1000 1100 1200 1300 1400 1500

1200 1300 1400~ 1500

Aspen gluino mass [GeV]
Mar 13 G. Dissertori
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Exotica : nothing so far... g oo (P s

¢ the philosophy: leave no stone unturned...
¢ two highlights:
108 g . —— ] =
q I CMS Preliminary, 8 TeV, 20.6 fb’
>—;< —e— DATA
a AR I 77Ty
[, tw, ww, Wz, ZZ, v

[ ] jets (data)

Events / GeV
o
N

4 Lo
10" 720" 100 200 300 400 1000 2000
m(u'w) [GeV]

P— ————

& Z’ with SM-like couplings > 2.96 TeV

Aspen
Mar 13 G. Dissertori
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Exotica : nothing so far... o e P sz

¢ the philosophy: leave no stone unturned...
¢ two highlights:

. CMS-PAS-EXO-12-061
> 10 T T T T T T T T T T T I = _ _ _ _
8105 q I CMSPreliminary’8TeV,2O_6fb'1 9 10§||||| LIS L L L L L L L Y L B
- >T< —e— DATA D o e Data
£ 10 9 " COvz-w'w Q Tk -

(0] - i = Fit
g 10° [ & tw, ww, Wz, 22,10 Q
102 [_] jets (data) — 107 o QCD MC
E_ -2 - JES Uncertainty
10 102 =
1 = i
'8 10° & W (1.9 Tev)
10" -
1072 iy 107 Co
1] o
104 o i
70 100 200 300 400 1000 2000 10 L
m(u'n) [GeV] = B
r ——‘ 107 L CMS Preliminary .
= Vs=8TeV,L=19.6 fb'
¢ Z’ with SM-like couplings > 2.96 TeV 10-8; i <25, lan| < 1.3
§ m; }890 Ge{/ Wlde Jets
f} see also S.W. Lee’s talk ) E

Also, new on full statistics, 8 TeV: =2 00 1500 2000 2500 3000 3500 4000 4500 5000 5500

§ W with SM-like couplings > 3.35 TeV Dijet Mass (GeV)

¢ Update on long-lived particles (HSCP), best current limits & qg* excluded for [1.2, 3.5] TeV

& Top partners, T5/3, exclude [550-770] GeV § string resonance for [1.2, 5.08] TeV

€ Limits on large extra dimensions from dielectron, dimuon evts -

€ plus a number of other interpretations

G. Dissertori 27
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Exotica: Executive summary

LQ1, B=0.5

C M S EXOT| CA 95% CL ExcLusion LimiTs (Tev) QLB=10

g* (q9), dijet
g’ (@w)

9" (92

q*, dijet pair
q*, boosted Z
e’ , AN=2TeV
Uy, A=2TeV

Z'SSM (ee, yp)

Z’'SSM (17)

Z’ (tt hadronic) width=1.2%
Z’ (dijet)

Z’ (tt lep+jet) width=1.2%
Z’'SSM (Il) fbb=0.2

G (dijet)

G (ttbar hadronic)

G (jet+MET) k/M = 0.2

G (yy) k/M = 0.1

G (Z(nz(gq)) kM = 0.1
W’ (Iv)

W’ (dijet)

W’ (td)

W’— WZ(leptonic)

WR’ (tb)

WR, MNR=MWR/2

WKK p =10 TeV

pTC, nTC > 700 GeV
String Resonances (qg)
s8 Resonance (gg)

E6 diquarks (qq)
Axigluon/Coloron (ggbar)
gluino, 3jet, RPV

gluino, Stopped Gluino
stop, HSCP

stop, Stopped Gluino
stau, HSCP, GMSB
hyper-K, hyper-p=1.2 TeV
neutralino, ct<50cm
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LQ2, B=0.5

LQ2, B=1.0

LQ3 (bv), Q=x1/3, p=1.0

LQS (b1), Q=+2/3, £4/3, B=1.0
stop (b1)

Compositeness

b’ = tW, (3I, 2I) + b-jet

q’, b’/t’ degenerate, Vib=1
b’ = tW, |+jets

B’ — bZ (100%)

T — tZ (100%)

t" = bW (100%), I+jets

t" = bW (100%), I+l

C.I. A, X analysis, A+ LL/RR
C.I. A, X analysis, A- LL/RR
C.l., pyy, destructve LLIM
C.l., pyy, constructive LLIM
C.l, single e (HhCM)

C.l., single y (HhCM)

C.l., incl. jet, destructive
C.l., incl. jet, constructive

Ms, yy, HLZ, nED = 3

Ms, Il, HLZ, nED = 3

Ms, vy, HLZ, nED = 6

Ms, I, HLZ, nED = 6

MD, monojet, ADD, nED =3
MD, monojet, ADD, nED = 6
MD, mono-y, ADD, nED =3
MD, mono-y, ADD, nED =6

BH, rotating, MD=3TeV, nED =2
BH, non-rot, MD=3TeV, nED = 2
BH, rotating, loss, MD=3TeV, nED = 2
BH, boil. remn., MD=3TeV, nED =2
BH, stable remn., MD=3TeV, nED =2

G. Dissertori
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LeptoQuarks

i
|
1 2 3 4 5

Generation

Contact
Interactions

Extra Dimensions
& Black Holes

ETH Institute for
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CMs, |
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Higgs - quo vadis?

for all the details, see talks by

R. Volpe ( Hyy, HZy)

M. Takahashi ( HWW )

S. Xie (HZZ)

A. Rizzi ( Hbb )

G. Dissertori

P.C. Harris (H z1)

M. Tosi ( 2HDM )

M. Gallinaro ( heavy and BSM H )

J. Groth-Jensen ( rare decays )

N. Wardle ( H couplings )

29
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At a glance...

Mass |N events
125GeV signature S/B , Good For
@ 8 / Resol. |[in 20fb™
H—bb two b-jets, Z or W, low 0% ~10° s e
bb inv. mass 0(0.1) ~50 (sel) fermions
low ~10% -
H—tT had tau, leptons, MET 15% C?UP“.ngS to
0(0.1) ~40 (sel) ermions
two leptons with . ~1 A3
1 .
H—WW opposite charge medium ] L EESS STELeN, 1
VIET 0(1) ~120 (seI) couplingsto V
H— two photons low . 800 H mass, couplings
0] .
vv peak in inv. mass 0(0.1) ~400 (sel) | KK discovery
four leptons with right high 40
H—Z7/7 charge peaks in inv. 1-2% H mass, discovery
mass (Z1 and Higgs) >1 ~12 (sel)
G. Dissertori

D

-
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not yet updated since HCP12

stay tuned

Aspen

Mass |N events
125GeV signature S/B )
@ 8 / Resol. |[in 20fb™
two b-jets, Z or W, low ~10°
H—bb _’ 10%
bb inv. mass 0(0.1) ~50 (sel)
low ~10% -
H—}‘[;‘E had tau, leptons, MET 15% C?UP“.ngs 0
0(0.1) ~40 (sel) ermions
two leptons with . ~103
1 .
H—WW opposite charge medium ] L EESS STELeN, 1
MET 0(1) ~120 (sel) couplings to V
H—> two photons low 29 300 H mass, couplings
0] .
vv peak in inv. mass 0(0.1) ~400 (sel) KvKr, discovery
four leptons with right high 40
H—Z7/7 charge peaks in inv. 1-2% H mass, discovery
mass (Z1 and Higgs) >1 ~12 (sel)
G. Dissertori

Mar 13
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At a glance...

@ ETH Institute for
Particle Physics

-

not yet updated since HCP12

stay tuned

New result, full stat!
2.9 (2.6) o obs (exp), @125 GeV
M=11%£04

Aspen

Mass [N events
125GeV signature S/B )
@ 8 / Resol. |in 20fb™
two b-jets, Z or W, low ~10°
H—bb _’ 10%
bb inv. mass 0(0.1) ~50 (sel)
H— had tau, | ver | O 15% o
ad tau, leptons, 0
T 0(0.1) ~40 (sel)
two leptons with . ~103 _
H—WW opposite charge medium ] = EESS STELeN, 1
MIET 0(1) ~120 (seI) couplingsto V
H—> two photons low 29 300 H mass, couplings
0] .
vv peak in inv. mass 0(0.1) ~400 (sel) KvKr, discovery
four leptons with right high 40
H—Z7/7 charge peaks in inv. 1-2% H mass, discovery
mass (Z1 and Higgs) >1 ~12 (sel)
G. Dissertori

Mar 13
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At a glance...

@ ETH Institute for
Particle Physics

-

not yet updated since HCP12

stay tuned

New result, full stat!
2.9 (2.6) o obs (exp), @125 GeV
M=11%£04

New result, full stat!
4.0 (5.1) o obs (exp), @125 GeV

U =0.76 + 0.21

Aspen

Mass |N events
125GeV signature S/B :
@ 8 / Resol. |in 20fb™
two b-jets, Z or W, low ~10°
H—bb .’ 10%
bb inv. mass 0(0.1) ~50 (sel)
[ 1
low ~10° cou
H—}‘[;‘E had tau, leptons, MET 15% ‘
0(0.1) ~40 (sel) -
two leptons with medium ~103 e
H—oWW opposite charge _ JEEs &
- 0(1) ~120 (sel) | ©°UP
H—’ two photons low 29 300 H mass, couplings
0] .
vv peak in inv. mass 0(0.1) ~400 (sel) | KvKe SEER)
four leptons with right high 40
H—Z7/7 charge peaks in inv. 1-2% H mass, discovery
mass (Z1 and Higgs) >1 ~12 (sel)
G. Dissertori

Mar 13
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At a glance...

4 ETH Institute for
Particle Physics

Aspen

T
. Mass |N events '
@ 125GeV signature S/B ,
£ Resol. |[in 20fb™
two boiets. Z or W low ~10° not yet updated since HCP12
wo b-jets, Z or W,
H—bb . 10% e
bb inv. mass 0(0.1) ~50 (sel) y
low ~10% ( New result, full stat!
H—}‘[j"[; had tau, leptons, MET 15% Ul 2926)0 obs (exp), @125 GeV
O(O.l) ~40 (SE|) fer M=11+£04
two leptons with edim ~103 (" New result, full stat!
H _}WW Opposite Charge _ Crosssy 4.0 (5.1) O'i)bS (exp), @125 GeV
MET 0(1) ~120 (seI) coup u=0.76 £ 0.21
Not updated since ICHEP,
H—>yy two photons low 7 800 H mass Stay tonen
peak in inv. mass 0(0.1) ~400 (sel) | KvKe
four leptons with right high 40
H—Z7/7 charge peaks in inv. 1-2% H mass, discovery
mass (Z1 and Higgs) >1 ~12 (sel)
G. Dissertori 30
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At a glance...
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. I'j N
: Mass |N events '
@ 125GeV signature S/B ,
E Resol. |in 20fb™
fwo boiets 7 or W TG ~105 not yet updated since HCP12
wo b-jets, Zor W,
H—bb . 10% s
bb inv. mass 0(0.1) ~50 (sel) Y
low ~10% ( New result, full stat!
H_}TJ—T had tau, leptons, MET 15%, couf 29(26)0 ol_as (exp), @125 GeV
O(O.l) ~40 (SE|) fer M=11+£04
two leptons with edim ~103 (" New result, full stat!
H—WW opposite charge i} €TSS 51 4.0 (5.1) 0 obs (exp), @125 GeV
0(1) ~120 (seI) coup u=0.76 + 0.21
MET
Not updated since ICHEP,
H—Pyy two photons low 7 800 H mass Stay faned
peak in inv. mass 0(0.1) ~400 (sel) | KvKe
four leptons with right high 40 New result, full stat!
H—}ZZ charge peaks in inv. 1-2% H mass| 6.7 (7.2) 09%89(16)%’ @125.8 Gev
mass (Z1 and Higgs) >1 12 (sel) H=0.91"".02
G. Dissertori 30
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At a glance...
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Daniele del Re, Lake Louise 2013
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Also new (based on full statistics):
H—Zy
WH->WWW—-3I3v
H —ZZ—2I21 (high mass)

G. Dissertori

) Mass [N events
@ 125GeV signature S/B i
8 / Resol. |in 20fb™
two boiets. Z or W low ~10° not yet updated since HCP12
wo b-jets, Zor W,
H—bb ) 10% e
bb inv. mass 0(0.1) ~50 (sel) y
low ~10% ( New result, full stat!
H—}"[j"[j had tau, leptons, MET 15% Ut 29226)0 obs (exp), @125 GeV
O(O.l) ~40 (SE|) fer u=11+04
two leptons with . ~103 (" New result, full stat!
H _}WW Opposite Charge medlum _ 10 Crosssy 4.0 (5.1) O'i)bS (exp), @125 GeV
MET 0(1) ~120 (seI) coup u=0.76 £ 0.21
Not updated since ICHEP,
H—>yy two photons low 7 800 ctay tuned
peak in inv. mass 0(0.1) ~400 (sel)
four leptons with right high 40 New result, full stat!
H—Z27 charge peaks in inv. 1-2% H mass| 6.7 (7.2) 09%39(16)5‘31,’ @125.8 GeV
mass (Z1 and Higgs) >1 ~12 (sel) H=0.91""-02

-

Recent publications on 7 TeV data:

ttH—bb arXiv:1303.0763

MSSM b(b)H—bb arXiv:1302.2892

30
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Highlights: 7+8 TeV, full stat. (P oo

- . i <
30 CMS Preliminary s =7 TeV, L =5.1 o lfs=8TevL=196R" | CMS Preliminary {s=7TeV,L=5.11f" (s=8TeV,L=19.6 " S CMS Preliminary, Vs=7-8TeV, L=243fb "
% | | | | | . Datla I_ (6 > 12_] TTT | TT III TTTT ] TTTT I TTTT I TTTT I TTTT | TTTT I TTTT ]I TT I_ (YI) — - T L) I I I T I T r '
) I | - o] = - | & % N e-|L,e-T {-T ,T,~T or 0w vy |
m o5 L .Z+X ] % 101 . 68% CL - :'_.: (U] I LR AL SM Higgs (125 GeV)
— 1 - - o) == -
:(Z) - o DZY’ZZ i} g 8t DQS% CL N o= 2ol -
C B ’ - (,') | ] ] CII) o b
@ o20f ol * best fit e = _" -
5 20 [ |m =126 Gev| | 3 6F ] 5 g -
= - + SM B :9_ B
- 4r 7 = 15F . .
n - ] - 700 150 1
15: 2 7 g i - m.. [GeV] ]
B e | 2 0 3 Obsorved ]
10 T (0] ] _g, i SM Higgs (125 GeV) |
- B 7] B | I Zott i
i -2F e @ - i -
i B . ; B B clcctroweak -
5 -4 - ST [ aco -
1 6f 3 3 ' .
0 80 I '160 120 140 160 180 -8E||||||||||||||||||§|||||||||||||||||||||||||||||E 0- .
-1-050 05 115 2 25 3 35 4
m, [GeV] u
F
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CMS Preliminary

Highlights: 7+8 TeV, full stat.

\s=7TeV,L=51f";{s=8TeV,L=19.6fb"

~ 30
[}
O]
® 25
n
5
> 20
L
15
10
5

A_‘_;l_.llllllll\llllllllll\lll\I

|

I L

-y
o

I IIIIIIII

95% C.L. Limit on o/og,,

—
Q

IIIII]]

120

e Data

B z+x
[zv'zz
| my

N
(o]
(@)
(0]
$|||\|||\

140 160 180

my, [GeV]

H—-WW-—-2I2v

CMS Preliminary

L=4.9 f5' (7 TeV) + L = 19.5 fb' (8 TeV)
H->WW —>2I2v 01-jet

= QObserved

= = = Median Expected

- Expected = 1o
[ ] Expected = 20

Injection m =125 GeV =10

CMS-PAS-HIG-13-003
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L1 1]

100
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200

300 400 500 600

m,, [GeV]

CMS-PAS-HIG-13-002
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8k MeswcL
62— e best fit _
aF +SM é
o =
e :
2f ]
4 :
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21-050 05 1 1.5 2 25 3 35 4

SM

95% CL limit on o/o

CMS Preliminary

(s=7TeV,L=5.1f" V\s=8TeV,L=19.6 fb"

Ue

WH-WWW-—-3I3v '

L | TTTT | LI | LI | LI | 1T | LI | LI | L
ek T observed CMS preliminary |
F  --- median expected VH — 3I3v (shape-based) ]
- [ expected= 1o L=4.915" (7 TeV) + 19.5 f" (8 TeV)
- expected + 20 |
10
1
L1l | 111 | 111l | 111l | L1l | 111 | 111l | 111l | L1l

CMS-PAS-HIG-13-006

110 120 130 140 150 160 170 180 190 200

Higgs mass [GeV]
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CMS-PAS-HIG-13-004

SM

/[ox BR]

95%CL

[ox BR]

g

CMS Preliminary, Vs=7-8TeV, L=2431fh .
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19.6fb"
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E R 002500
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Questionnaire

@ ETH Institute for
Particle Physics

Question Done? How
Statistically significant? yes Estimate p-value on combination
Is it a boson? yes It decays in yy

Mass? yes (improving) Use yy and ZZ channels
Spin? yes (improving) Use kinematics of decay products
Parity? yes (improving) Use kinematics of decay products

Is it “the” Higgs boson?

progressing

Measure BRs and couplings

Is it “a” Higgs boson?

checking

Measure couplings and look at
different mass regions

Daniele del Re, Lake Louise 2013
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Questionnaire

@ ETH Institute for
Particle Physics

Question Done? How
Statistically significant? yes Estimate p-value on combination
Is it a boson? yes It decays in yy

Mass? yes (improving) Use yy and ZZ channels
Spin? yes (improving) Use kinematics of decay products
( new results from HZZ
and HWW
Parity? yes (improving) Use kinematics of decay products

Is it “the” Higgs boson?

progressing

Measure BRs and couplings

Is it “a” Higgs boson?

checking

Measure couplings and look at
different mass regions

Daniele del Re, Lake Louise 2013
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¢ CMS has contributed in a significant manner to
probing nature at the TeV scale

¢ CMS have given extensive proof of being able to
deliver, at high quality and over short time scales

¢ this promises well also for the coming years

¢ These years have been exciting,
rewarding, tough,...

¢ The adventure in the
TeV energy regime
has just begun!

Big thanks to all
| colleagues who helped
It e preparing this talk!



