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Introduction: LHC & CMS A very incomplete

list of results, due to
time limitations, and

Standard Model Measurements

p EWK: W-asymmetry, W+jj, Z—41 according to my

p QCD: jet & dijet cross sections personal bias !!!

p TOP: top mass, single-top, FCNC, charge asymmetry

(> SM Higgs Searches
» HWW, HZZ, Htr, Hbb, Hyy
p CMS Higgs Combination

(> Beyond the Standard Model

p Exotics: quark compositeness, dijet resonances, monojets,
dilepton resonances/Z’, W’

p SUSY: razor framework
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CMS Total Integrated Luminosity 2011 (Mar 14 09:00 - Oct 30 16:10 UTC)
6 — v v v - . . . , .
—— Delivered 5.72 fb™' | : ; :
- Recorded 5.20 fb™' | :

CERN Accelerators
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» pp collisions @ 7 TeV

» delivered luminosity: 5.72 fb-1

» peak luminosity: 3.5 x 1033 cm2s-1
- bunch spacing 50 ns, p* = 1 m, bunch
intensity 1.35 x 10!! ppb
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LHC: Large Hadroa Collader

SPS: Super Proton Synchrotron

AD: Amtiproton Decelerator

ISOLDE: Isotope Separator OnLine DEvice
PSB: Protoa Synchrotron Booster

PS: Proton Synchrotron

LINAC: LINear ACcelerator

0.3c by here

el o AN . - 10 pileup events on average
» data taking efficiency: 90%
Starhihe/protonsiotiniens - more than 90% of the recorded data

suitable for analysis
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Compact Muon Solenoid

CMS Detector
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SILICON TRACKER
Pixels (100 x 150 um#)

6aM channels
Mecrostrips (50-100um)
~210m* 9.6M channels

~1

SUPERCONDUCTING

SOLENOID

Michium-titanium coal

camying ~18000 A

HADRON CALORIMETER (HCAL)
Brass + plastic scintilator
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CRYSTAL ELECTROMAGNETIC
CALORIMETER (ECAL)
. 76k scintillating PEWO, crystals

PRESHOWER
Silicon sirips
~160¥ 137k channels

CASTOR
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Tungslen +
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MUON CHAMBERS
Barral: 250 Drft Tuba & 500 Hesistive Plate Chambars
Endcaps: 450 Cathode Strip & 400 Resistive Plate Chambers




Ob"ect Reconstruction

—. 10CMS preliminary, L = 4.7 fb! Vs=7TeV
r T X 9§ ' =Total uncertainty -
Legende : > b — Absolute scale
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1] - —+— type2 calok, (Data) -
. = [ — loE, (MC i
» excellent lepton reconstruction Z ool e MET -
. . © m — 7]
» ECAL: photon reconstruction with 1% g | +§§TT(('\S§L) = ]
energy resolution in the barrel § 5 ( -
. . o) B N
» global event description through a i ]
° ° 10__ —
particle-flow algorithm ' ]
- great improvement on jet, MET, and s -
. B CMS \s=7TeV i
tau reconstruction - ]
O~ ~Fo 700 150 200 250 300 350 _ 400

Calibrated pfzE; (GeV)
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Electroweak Measurements
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- theory prediction
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"4 Asummetru

x10° CMS preliminary 840 pb' at Vs=7TeV
%_)7i|”IIllI”II”III;EE!EIIIHHIHHIHHIHH”””I LR R L L L L "_
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CMS preliminary 840 pb" at \'s=7TeV N4 p(€") > 35 GeV | p,(¢) >35GeV
T T T T T T T s - I . 8 E o m(e")l< 0.2 | 5;55517 n(e)l<0.2 ]
025 B /— _.E 5;— ® data ® data ]
> | p.(e)>35Gev 7 AL - e
- LT T - Eewk + 1 Eewk + ]
OE) - = W s ey L e S 3F Maco @aco .
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D i y : onn . :
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60.15 B N . [GeV] . [GeV]
4 — A
c I MCFM: I +
e w== CT10 I ud — W
O ) - B, i snans HERAPDF1.5 J
-2 R MSTW2008NLO  ~ y _
........... s NNPDF2.2 (NLO) - U —> M/
L theory bands: 68% C.L. | _au J
A 1 1 1 I 1 L L L l |
0 1 2 » two valence u quarks in the proton:
Electron Pseudorapidity 0| surplus of W*

» stringent test of PDFs: u/d ratio and
A(n) = do/dy(W* — £*v) —do/dy(W™ — £77)|sea-quark densities
do/dn(W* — {tv) +do/dy(W— — £-7)|» electron pr > 35 GeV
» W yield extracted by MET template
» result expected to be used in PDF fits
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» CDF reported a “bump” in the dijet mass
spectrum produced in association with a W boson
» CMS performed a similar analysis
- W+jets background is dominant: uncertain
modeling
- excluded: 1.5 pb @ 95 C.L. (CDF projected
cross section @ 7 TeV = 3.4 pb)
- no irregularity found: CDF “bump” not
confirmed
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Observation of Z— 41l Decays (I

G (pb)/ (1 GeV)

— CalcHEP calculations CMS Preliminary ys=7TeV,L=47fb"
> B *
— 7 54l & 12 I:lZIZ'f—>4I
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» signal: Z boson production with y*

radiation from one lepton

» very important “candle” for the H—=ZZ
- in situ calibration of ma
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BR(Z — 4¢) = 12512 (stat) ") (syst) (lumi) fb =
0 X BR(Z — 4¢) = 125753 (stat) ' (syst) "5 (lumi) >
ot = 120 £ 4.92 {b
CMS Preliminary js=7TeV,L=4.7fb"
g 12| [zzy—a
% : B z+x
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6l | I
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-~ ® ®
ol odl [[o o o || » first observation at hadron collider
I - o - possible in CMS thanks to low lepton pr
i 1 l 1 < pe 1 1 1 1 1 1 1 1 1
05 00 20140 5 reconstruction

16
M. GeV) b pr(el) > 7 GeV, pr(w) > 5 GeV, my > 4 GeV
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CMS Experiment at LHC, CERN
Run 133450 Event 16358963
Lumi section: 285

Sat Apr 17 2010, 12:25:05 CEST

QCD Measurements

E (GP ’]
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"~ inclusive jet production fastNLO
4 i . http://projects.hepforge.org/fastnlo
10 ' in hadron-induced processes
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Inclusive Jet Production

Inclusive jet production fastNLO 12
in hadron-hadron collisions %
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Inclusive Jet Cross Sections

JIRE CMS Preliminary L = 4.7 fb™ (s =7 TeV anti-k, R =0. - CMS Preliminary L = 4.7 fb™ |s =7 TeV anti-k; R=0.7
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DiJet Cross Sections
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Top Measurements
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om, (GeV)
Calibration 0.15
b-tagging 0.17
1.02 b-JES 0.66
pr- and 1-dependent JES 0.23
1.01 Jet energy resolution 0.21
Missing transverse energy 0.08
1 Factorization scale 0.76
ME-PS matching threshold 0.25
0.99 Non-tf background 0.09
Pile-up 0.38
0.98 PDF 0.05
170 172 174 176 Total 1.18

m, [GeV]

» top mass: fundamental SM parameter
» ideogram method

- event-by-event 2D likelihood fit (mtop, JES)

- kinematic fit of the entire event

- mw constraints (leptonic, hadronic) + top

mass constraint (m¢cP = m"ad)
» most precise LHC measurement, but:

- some systematics (color connection, UE)

ATLAS 2011 (TJ), l+jets
ATLAS-CONF-2011-120, 0.7 fb

— =

CMS 2010 (1), l+jets ®
CMS-PAS-TOP-10-009, 36 pb ™
CMS 2011 (IJ ), u+jets .
CMS-PAS-TOP-11-015, 4.7 fb ™
CDF 2010 ( MJ ), I+jets ®
FERMILAB-PUB-10-427-E, 5.6 fb™
D0 2011 ( MJ ), l+jets ®
FERMILAB-PUB-11-240-E, 3.6 fb !

=)=

Tevatron average 2011
FERMILAB-TM-2504-E

175.9+ 0.9 + 2.7 GeV
(value + stat + syst)

173.1+£ 2.1+ 2.7 GeV
(value + stat + syst)

172.6 + 0.6 + 1.2 GeV
(value + stat + syst)

173.0£ 0.9 £ 0.9 GeV
(value + stat + syst)

1749+ 1.1+ 1.0 GeV
(value + stat + syst)

173.2+ 0.6 + 0.8 GeV
(value + stat + syst)

165 170

Methods

T: Template, I: Ideogram, M: Matrix Element, J: with JES

175

180
m, [GeV]

my
JES

172.64 £ 0.57 (stat+]JES) + 1.18 (syst) GeV
1.004 £ 0.005 (stat) £ 0.012 (syst)

not included yet (up to 0.6 GeV contribution

each)
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CMS preliminary, 1.51 fb", Electrons,\'s = 7 TeV

§40 I I I I I I LI L I P
2 Bt-channel
35 [ ]tW-channel
1 [Js-channel
30 it

[ W-+ight
Bw+bb
BWi+cc

B Z+Jets
BDiboson
[Jacp

000 120 140 160 180 200 220 240 260 280_300
lbv

b ‘
0t _ch, = 70.2 = 5.2(stat.) £ 10.4(syst.) &= 3.4(lumi.) pb
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Single Top (t-channel)

t-channel single top quark production

o)
=
©

1025—

10F

Ll I Ll Ll Ll
° CMS preliminary, 1.14/1.51 fb"

v DO, 5.4 fb

A CDF, 3.2 fb

------- NLO QCD (5 flavour scheme)

== 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
L | L L L | L L L | L L

4 6 8 10
\'s [TeV]

» EW production of top quark
- unbiased measurement of CKM
matrix element Vi
q q' - sensitivity to BSM physics
» t-channel: dominant production
» experimental signature: one isolated
lepton + MET + 1 central b-jet + 1 jet

V| =

Ut—ch.
th
Ut—ch.

— 1.04 + 0.09 (exp.) =+ 0.02 (th.)
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! ’ nanging Ave ’ 2T

16 CMSPreliminary ~ EZrormTT S 7:_' CMS Preliminary ~ EZv=IT
C 461b"atVs =7 TeV B . - 46fb'atNs=7Tev Mg ]
141 Ewwwzzz 6F : : Clvv -
n . Single-top E ] [ single-top -
12 - t->2q (Br 1%) - 5 : : t->Zq (Br 1%)-
10 - - :
- _ 4 —
81 (b) . - -
i - 3 5
6 — -
il o=
of I | : 1
% 20 40 60 80 100120140160 180200 %0 150 200 250 300 350
M, (I+E,) [GeV/c? M, [GeV/C]

tt - Wb+ Zqg — lvb+ 115
» in SM: t—=Wb, while t—=Zq (q=u,c) through loop corrections with BR~10-!*
» beyond SM: BR~10

» final state: 3 leptons + MET + 2 jets

» measurement consistent to the SM expectations
- exclude FCNC with BR(t—Zq) > 0.34% @ 95 CL

Recent Results from CMS Konstantinos Kousouris @ 19



Charge Asgmmetr}‘

= CDF @ [oMSPdimnay L
= ata i —e— Data i
T ¢ - |+jets — NLO prediction |
0.4 — i i
- 0.05
03F —t . l i
02 | 0E I _
0.1 1 ! 4 _ N(Ay>0)— N(Ay <0) |
OEH _____ I _______ ‘ ___________________________________________________________ -0_05:_ t N(Ay > 0)+ N(Ay <0) —:
E : | | | | | | | | | | | | | | | | | | | | | | | | :
_0'1 I_I | | I .| | I | | | | | | | | 1111 | 1111 | 1111 | |
350 400 450 500 550 600 650 700 750 800 300 400 500 600 n7] O(EG eV /C%-OO
M (GeV/c?) it -

» charge asymmetry:
- occurs in quark-antiquark initial states
- in pp collisions, IS quarks are mostly valence, while IS antiquarks are always
sea quarks
- quarks have larger momentum fraction: excess of top quarks at forward
directions
- Ay = |ytop | - | Yantitop |

» experimental signature: lepton + jets

» CMS measurement in agreement with the theory predictions
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Higgs: the “holy grail”
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\s=7TeV -

LHC HIGGS XS WG 2010
T T TTTyT
LHC HIGGS XS WG 2010
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Branching ratios
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° A
: Decay

10

107 100 200 300 500 1000

1 . — C M, [GeV]
200 300 400 500 \1,?00 » SM Higgs: the most “sought for”
M, [Ge

g T particle

- global EW fits favor low masses
» production mechanisms

- gluon-gluon fusion
vz - vector-boson fusion

- associated production
\ » decay modes strongly dependent
" | on the Higgs mass
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H—WW—21+2v

10° E :
~— [ | | | | | | | | | | | | | | | | | 2 - 3
d i -o- data . DY CMS,\/g =7 TeV DU) - . median expected CMS,\/E = 7 TeV _
; — m =130 top L=4.6fb" B B H— WW (BDT based) 1
Q ww B wzzz  O-jet e'elutw S i | expected= To L=46f" |
"GE) 40 - M W+jets - — 105 expected = 20 4
| g - —e— observed
I | | -
i | @)
20f JH_F# 8
_ + + | o g
: #ﬁfif j 107 E
0:""'ﬂ' o e brccnd o b
1 0.5 0 0.5 1 100 200 300 400 500 600
BDT Classifier Higgs mass [GeV]

» most sensitive channel in the range ~125 - 200 GeV

» experimental signature: two high pr isolated leptons + MET
- no narrow mass peak

» two parallel analyses
- cut based in the 0,1,2 jet bins
- multivariate in the 0,1 jet bins

» data-driven estimates of the main backgrounds

» no significant excess found
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» sensitivity at low masses
» no narrow mass peak
- 20% resolution
- irreducible background: Z
» 3 sub-channels
- gg fusion with O or 1 jets
- VBF production with 2 forward jets
- boosted (one high pr jet)
» sensitivity: 3-5 osm in the range 110-150 GeV for
the 2011 dataset
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» Hbb decay has the largest BR but QCD background is huge
- need additional tag: associated production of vector bosons decaying
to leptons

» 10% mass resolution
» sensitivity: 3-5 osm in the range 110-135 GeV for the 2011 dataset
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» experimental signature: two high-mass pairs of =10

isolated leptons
- very clean channel
- narrow mass peak (1-2% resolution)
- critical to reconstruct low pr leptons with
high efficiency
» upper fluctuation observed at 119.5 GeV
- 2.50 local significance
- 1.00 in the full mass range, 1.60 in 100-160
GeV
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"""" Median Expected| = cMmS (s=7Tev,L=4.81b". ]
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1xSM

00 5 120 125 180 135 140 145 150
m,, (GeV)
» signature: two isolated high pr photons
» excellent mass resolution: 1-2% (CMS ECAL
designed for this channel !!!
- narrow mass peak on top of large, smoothly
falling, QCD background
» analysis strategy
- cut based in categories (4 event classes + VBF)
- MVA (improvement equivalent to 50% more
luminosity)
» largest upper fluctuation at ~125 GeV (2.9¢0

local significance, 1.6 global significance)
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» expected 95% CL exclusion: 114.5 - 543 GeV
» observed 95%(99%) CL exclusion: 127.5 - 600 GeV
(129 - 525 GeV)

- upper fluctuation at low mass

» allowed mass range: 114.5 - 127.5 GeV
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» local p-value: significance of fluctuations

- global significance depends on the mass range
» low-mass excess in data is consistent with
signal expectations

- both in the local p-value and the signal best fit
» more data are needed to investigate this
excess
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Beyond the Standard Model
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Quark Comgositeness

27 _ _ _ _ _ _
Laq = 37 [1(@7"90) (@ 7qe) + 7rr (@ 7" 9R) @ 7pqR) + 20780 (@7 9R) (@ V0L

—@— Data
. QCD prediction NLO CMS
\s=7TeV . \'s =7 TeV
CM frame e — = Awms =7 TeV (NLO) A} -
o L=22m7 Arumn =7 TeV (NLO) LL/RR - L=22fb"
‘ M, >3.0Tev Alupn =7 TeV (LO) ALURR B | — Observed
o , oo A =7TevV(LO) | Expected
p* A4 e Aiyan =7 TeV (LO) LO I Expected =10
—— Avyaa =7 TeV (LO) ; : Expected +2
..... Ajay =7 TeV(LO) ALurr i P °
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== AVviaa e |
sssesszsasses } Avv/an *
* - .
1+ [cosf Ain i
Xdl‘]et_l—‘cosﬁ*‘ ob i | | | |
2 4 6 8 10 12 14 16 5 10 15 20
» quark substructure at scale A will appear as ‘an A [TeV] lower limit
effective 4-fermion interaction
- enhancement of dijet production at large A = A¥, for (4.0, rr, rL) = (£1,0,0),
scattering angles (low ¥) A = Agg for (yir, rr, Mre) = (0,£1,0),
» data compatible with NLO theory predictions A = Ayy for (e, rr, mre) = (£1,£1,£1),
- test of QCD dynamics A = Ay, for (i, mrr, rL) = (£1,£1,71),
__ AT _
» excluded scale A ranging from 7.5 to 14.5 TeV| " = M- for (ne ke ire) = (0,0, £1).

- depending on the chiral structure of the
effective lagrangian
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s “FT T T T3 - exploit the mass spectrum
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3 o2t 1 1 » generic search for quark-quark, quark-
Qs e dl ll T 1 gluon, gluon-gluon resonances
z - J_ 1 » limits (with 1 fb! and 2.2 fb')
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8 CMS Preliminary E Zoawv
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» search for dark matter and large extra " m f L ENF
dimensions 1 BN Pl et R
» signature: one energetic jet and large MET 400 500 600 700 80%58900 1000
- pair production of dark matter particles Er ™ [GeV]

(MET) with initial/final state radiation (jet)

- associated production of a graviton
(MET) and a jet
» dominant backgrounds: Z/W+jet
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Number of Extra Dimension
» constraints on large extra dimensions

in the context of the ADD model
» constraints on pair production of dark
matter particles (y) in models with a
heavy mediator
- v 1s assumed to be Dirac fermion
- effective contact interactions with SM
particles (scale A)
- limits on A can be translated to limits
on Y-nucleon cross sections
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3 M \gortev [Lat=asm” » search for resonances decaying to two {eptons
10 preliminary
g +  DATA Za G
E 10* - 2l 'y : ( b KK)
5 10 SR o cter e epons » lepton selection
o : - pr(e) > 35 (40) GeV in barrel (endcap)
' - pr(n) > 45 GeV
» mass resolution
10" - di-muons: 6.5%(12%) @ 1 TeV (2 TeV)
10* - di-electrons: 1-2% above 500 GeV
10° » no excess found: limits on Ry
50 100 200 10° 2«10’ - excluded Z’ssym < 2 32 TeV
m(p*p’) [GeV]
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» W’ a heavy analog of W boson W' mass (GeV)
- in SSM (sequential standard model) W’ has similar couplings to W
» experimental signature:
- one high pr lepton | | My — \/2 pl S (1 — cos Ay,
- large MET (due to the escaping neutrino)
- search conducted on the transverse mass variable
» no excess found. Excluded (SSM):
- Wr M < 2.5 TeV
- WL M < 2.63 (2.43) TeV with constructive (destructive) interference to SM W
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» fermiophobic W’ with enhanced coupling to W/Z
» generic search for particles decaying to WZ (e.g
technicolor hadrons)
» experimental signature:
- 3 high pr leptons (2 opposite charge, same flavor,
consistent with Mz)
- large MET (due to the escaping neutrino from W)
» no excess found
- exclude SSM WM < 1.143 TeV
- exclude grc of 167-687 (180-938) GeV under

different model assumptions
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SUSY: Razor Framework

» novice approach to generic search for
pair production of heavy particles
- no assumptions on the model details
- complementary to MET-tail searches
» two or more reconstructed objects
combined into “megajets”
- event-by-event test of the hypothesis
that the megajets arise from the decay
chain of heavy particles
» razor variables
- Mr sensitive to the scale of new
physics
- R discriminating S/B
» search strategy
- Mr and R? falling exponentially
- extrapolate to signal region
- “boxes” based on number of leptons
» interpretation in the context of the
CMSSM parameter space
- exclude squarks and gluinos up to
1.35 TeV (Mmsquark~Mgluino) and gluinos
up to 800 GeV (msquark > Mgluino)
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{> CMS has completed a very large number of analyses with pp
collisions at 7 TeV

p more than 100 papers published
P more than 40 new results shown at Moriond 2012

p excellent understanding of the detector, even at high pile-up conditions

(> SM measurements of unprecedented precision
p important constraints on theory ingredients (e.g. PDFs) and backgrounds to searches
p Tevatron anomalies (W+2j, top charge asymmetry) not confirmed

O Fully deployed Higgs campaign
p excluded @ 95% CL the mass range 127.5 - 600 GeV

) interesting fluctuation at low masses (anticipating the 2012 run at 8 TeV)

{> Intensive search for BSM physics
) no sign of new physics so far

p impressive limits on model parameters
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