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Outline

« Data and pileup

* Higgs

« Jets and vector bosons
* Top physics

» Search for SUSY

» Other searches

* Future perspectives
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CMS DETECTOR

STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes
Overall diameter :15.0 m
Overall length ~ :28.7m
Magnetic field :3.8T

SILICON TRACKERS

Pixel (100x150 ym) ~16m* ~66M channels
Microstrips (80x180 pm) ~200m? ~9.6M channels

CMS Detector

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m?> ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels

Corfu 2013, Recent results of the CMS experiment, J.

Varela



Data taking in 2011-12

L=53fb'at7 TeV
L =20.7 fb'at 8 TeV

CMS Integrated Luminosity, pp, 2011, Vs =7 TeV

Data mcIuded from 2011-03-13 17:00 to 2011-10-30 16:09 UTC
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CMS Integrated Luminosity, pp, 2012, Vs = 8 TeV

Data included from 2012-04-04 22:37 to 2012-12-16 20:49 UTC
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Pileup in 2012

CMS Peak Luminosity Per Day, pp
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Lepton, jets, MET & pileup

CMS Preliminary 2012 s =8 TeV, L= 19.6 fb’
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Muons & electrons
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Higgs boson decays

5 decay modes exploited:

—

T

Exp Sig oy/M 8
@125.7 GeV §

* bb 220 10% &,
@

* TT 2.60 10%
- WW 530 20%
o« 77 710 1-2%
VY 3.90 1-2%

* and searches in Zy

Corfu 2013, Recent results of the CMS experiment, J. Varela
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CMS Experiment at the LHC, CERN :
Data recorded: 2012-May-27 23:35:47.271830 GMT

Run/Eannt: 195099 / 137440354 / )
Results from H—-ZZ—

HIG-13-002

’

Corfu 20(3, Recent results of the CMS experiment, J. Varela




Four lepton mass resolution

simulation simulation data
CS Simulaton cw:s Simulat{on | { | { | CMS Preliminary {s=7TeV,L=5.11fb" {s=8TeV,L=19.6fb"
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:1000_ RMScff:l’/Gev 300:— d(B ZOGLV } E g : FZ—286+051 047 GeV
0 L . = -
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: | ot T S
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L r ] 30F
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B 100F 4 20f
ool AU 0= 1.2 GeV g . E
L J ) 50:_ 4e° 0— 2 O GeV 10—
0._ ,g--;";;';.;;;:;-.':.-:;.v.-._:.'r.:.‘.»-"':"" \R&'_:.::;;---;_::;:?._,:;::;:;; OM| IR A |M E 1.4 =1
110 115 120 125 130 1:‘5 (G;\‘}? 110 115 120 125 130 135 140 %0 = 60 %0 0 0 100 110
N m,, (GeV) m,, (GeV)

4 lepton mass resolution = 1 - 2% with uncertainty: 20%

Validated in situ with Z(41)

Corfu 2013, Recent results of the CMS experiment, J. Varela 10
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Background modeling and event selection

« Background models:
— irreducible ZZ®*)

« Estimated using simulation

» Corrected for data/simulation scale

— reducible Z+jets, ttbar, WZ
» Estimated from control samples

CMS Preliminary 2012
20 T T

T T T
e Simulation (GG2Z2)
gg — ZZ — 2e2u

——— Shape Model, 2e2u

99 > 2Z > 4l

CMS Preliminan y Vs=8TeV,L=12.211fb"
800 LR I L R
700i 2P+2F‘ Region (PFC) I

Tz
600 [ wz E
500 Ca =

E [ Z+jets E

;_ e observed _;

) —— Landau fit —

control sample

900 150 200 250 300 350 400 450 500 550 600
m, [GeV]

Corfu 2013, Recent results of the CMS experiment, J. Varela

Event selection:

requires the highest possible
efficiencies (lepton Reco/ID/

|solation).

CMS Simulation, ys = 8 TeV

:u 0.1: — T LA S e T 7
& 0.09F . H—ZZ* - 4u =
oot PT my = 126 GeV 3
o Before analysis selection—f

After analysis selection —;

4 Pr E

,_'__‘f',f_!,:_-, g ,“%

60 80 100

[GeV]
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Four lepton mass spectrum

CMS preliminary

% | 1 1 | 1
. | ¢+ Data
S)) 30_ [ ] m,=126 GeV
~ L I 0 z&y,zz
n | B Z+X
c
s r |
W 2o |
Offline selection
cuts: i
5(7)GeVforu(e) 1o}
in |n| <24 (2.5).

200

Clean signal peak at

Ys=7TeV:L= 51f" 4
Vs=8TeV:L=1961b"

1L, -

800
m,, [GeV]

[

Very good
control of the
dominant ZZ
background

M(41)>160 GeV
Data 380
MC 364.5

~126 GeV

o(pp —ZZ, 8TeV) = 8.4+1.0 (stat.) = 0.7 (syst.) = 0.4(lum.) pb

Corfu 2013, Recent results of the CMS experin

Ggy(th) = 7.8 = 0.6 pb
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Kinematic discriminant

CMS preliminary Ys=7TeV,L=511fb" ys=8TeV,L=19.6fb"

?00 110 120 130 140 150 160 170 180

Data and signal eXpe@tation

Kp :[1+

Kp

Matrix Element Likelihood Analysis:
uses kinematic inputs for signal to background discrimination

fm.,m.,0.,0.,6%,®,0.}

Pbkg(ml, mao, 91, (92, (I), (9*, (I>1|m4g) -1

I

CMS preliminary Ys=7TeV,L=51f" ys=8TeV,L=19.6fb"
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Pgig(mla ma, 917 027 ®7 0*7 (bllm‘w)

For the signal use a fully analytic parameterization
« For the background use a simulation of the process qq — ZZ/Zy

K, distribution is similar for
different signal models:
J7=0% 07,17, 1%2% 00 2% mag
Several parameterizations
of matrix elements have

been studied with similar
results

13



Results on H—-Z2Z—-4l
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\s=7TeV,L=511b" {s=8TeV,L=19.61b"

Untagged (0/1 jets) and tagged (2 jet)
categories are used to measure the
couplings

CMS Preliminary Vs=7TeV,L=5.11" {s=8TeV,L=19.6fb"

> 12T
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Best fit o/o,, U
F
o/oSM (m=125.7 GeV) = 0.92 = 0.28
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CMS Experiment at the LHC, CERN
Data recorded: 2012-May-13 20:08:14.621490 GMT
Run/Event: 194108 / 564224000

Resul’t H—yy

" Corfu 2013, Recent results)‘of the CMS experimen‘tﬁJ. Varela 15



H— vy

Signature:

Relevant aspects:

» Photon identification/ background rejection
* Di-photon mass resolution

« Background estimation

* Primary vertex determination (pile-up!)

Corfu 2013, Recent results of the CMS experiment, J. Varela
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« Two energetic and isolated photons
* Narrow mass peak on top of a large
steeply falling background

r CMS Preliminary
B 4%7 Simulation Simulation
i BDT,, >= 0.91
B —— Parametric model
: ——— Oy = 1.36 GeV
r FWHM = 2.99 GeV
: ()
= ~1%
- Barrel
. Ll |
125 130 135 _ 140
m,, (GeV)
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H—yy analysis

« Two inclusive analyses:
MVA: photons selected with a BDT. Variable in the BDT: photon kinematics,
photon ID MVA score (shower shape, isolation), di-photon mass resolution.
4 MVA categories with different S/B
- Cut-based: photons selected with cuts. 4 categories based on: y in Barrel/Endcap,
(un)converted y. Each category has different mass resolution and S/B

« 3 VH channels (e, u and MET tag) + VBF (2 dijet categories)

MC 53 Hgg 125 GeV (s =8 TeV L = 19.62 fby”

v . .
S 25 = cuonrusion Output of the MVA validated using Z—ee
- — VBF
S [ =va (where e are reconstructed as y)
E 20 B B t+H
(] B BZZ D Shape Systematics E
5 C 20000 - —— Data (19.6fb )
S ,-r S DYJetsToLL MC
w 150 80000 - etsto
- 70000 E- MC with idmva0.01
10 :_ 60000 -
E s0000 -
S 40000 -
- 30000 -
S)‘I .0 -0. . /2 20000 2
10000 2
MVA event Categories ° 8 06 -04 02 0 02 04 06 08 1

di-photon BDT output
Corfu 2013, Recent results of the CMS experiment, J. Varela
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H—yy: p-values

MVA

CMS\s =7 TeV, L=5.1 1fb" s =8TeV,L=19.6fb"
E\ T T ‘ T 1T ‘ T T ‘ T T ‘ T T ‘ T 1T ‘ T T ‘ T \E
- - -.‘. -
o S 1 1o
S \ o lea
- V -~ 130
. CMS prefiminary ]
IR ..o m—H—yy obs. |
3 T == Exp.for SMH 3
- Vs =7 TeV J4o
- RSP AR e \s =8 TeV -
| | ‘ | | ‘ | | ‘ | | ‘ I T O A I

110 115 120 125 130 135 140 145 150
m,, (GeV)

Significance at 125.0 GeV:
3.2 0 (4.2 exp.)
New data, new analysis: Significance decreased compared to
previously published results
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CMS Ns =7 TeV, 19.6 fb"'
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Significance at 124.5 GeV:
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H—yy: combined mass plot

MVA
L I T T T T I T T T T | T T T T I T T T T I T T_]
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Each event category is weighted by S/(S+B)
only for visualization purposes
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MET — CMS preliminary
— (s=7TeV,L=5.1fb"
Electron | — Vs =8 TeV, L=19.6 fb"
Muon | M- —l- EventClass
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Best Fit o/o,
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19




CMS Experiment at LHC, CERN

Data recorded: Thu Apr 19 09:14:14 2012
Run/Event: 191721/ 76089774

Lumi section: 111

Orbit/Crossing: 28960009 / 815

Results from H - WW — Iviv

HIG-13-003

Corfu 2013, Recent results of the CMS experiment, J. Varela 20



H—- WW — Ivlv

Channel with very high c.BR

Clean signature:
— 2 isolated, high p; leptons with small
opening angle
— High Missing E;
— Analysis performed on exclusive jet
multiplicities (0, 1, 2-jet bins)
— Different Flavour, Same Flavour
leptons

 Discriminant Variables:

- p{, My, My, Ad
— VBF selections for the 2-jets case

* Cut-based and Shape analysis

/G/" $~__ good sensitivity to spin

v small opening angle between leptons

Corfu 2013, Recent results of the CMS experiment, J. Varela
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H -WW-—lvlv: backgrounds

mll (0 jet! DF)
All the backgrounds are

and ME- cuts
«  Wh+jets (with one jet faking a
lepton): lepton ID is important
 Top (tt and single top): b-tag 50
veto (or additional soft muon)

. WW: M(ll), M; and A¢ 25 ¢
15 E g
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H -WW-—lvlv: results
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Large excess at low mass compatible
with the expected Higgs signal Significance at 125 GeV:

ology at 125 GeV = 0.76 = 0.21 4.0 5 (5.1 expected)
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H — tv analysis

* Reconstructed T decays: e, U, T4

« Categorize events based on number of jets and 7 p; (VH,
VBF)

« Template fit to m« shape

- _ _ p .
Z—tt Embedding: < CMS i L Bl A 5 W+jets

Z—pu data, replacepr § C Ut o ool ) Shape f?om

with simulated 1 decay - 2500 ~ , [ | electroweak ] Slmlﬂathn
Normalization from ¢ : 1 aco L/ Normalization from
Z—uu data £ 2000 |- G bhg. uncertainty 41 control region

Syst: 5% Z 1 Syst: 10-20%

_——

QCD
SS data, corrected

for SS/OS ratio
Syst: 10%

IIllII ]
0 50 100 150 200 250 300 350

M., [GeV]
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dN/dm., [1/GeV]

Tt mass spectrum
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H — Tt results

First strong indication of
Higgs decay to fermions

CMS Preliminary, \(§ 7-8TeV, L= 243fb1
———
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e-1,e~7, 1T, ;7,7 4O @Bkg Uncertainty
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—@— Observed
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- electroweak -
3 acp -

Significance:

290 @ my=125 GeV

Signal strength:

u=1.1+0.4

my = 120*9,, (stat+syst) GeV

HEP Workshop, Sao Paulo 2013, CMS first results, J. Varela
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Results from VH —bb + X

« 2 central b jets plus V (W, Z) decaying into leptons
« Background from V+jets, VV, top+X
* Improved dijet mass resolution

 BDT shape analysis: jets and V kinematics, b tagging

”
D @

2

JeN/ / L

y)

00— >» @ .

.......... -

Z Te.

Vv

Jet

3 @

HIG-13-011 £

HIG-13-012
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weighted entries / 15

Dijet mass distributions

All channels combined All backgrounds, except VV, subtracted
: 'CIMIS Iprélil'nilnal ' I ' ' ' ' I ' .I IDatla | i ' ' ' I: LO T T T T | T T T T | T T T T | T T T T T T T T
500 (5= 7Tev,L=5.0 frby‘ =y oY ] y 80 . CMS Preliminary ¢ pata B
~ (s=8TeV,L=19.015" = 24 . @ . Vs= 7TeV,L=5.01fb" 4
aool PP V=R E WalBocg - = (5= 8Tev,L=19.0fb" M VH(125GeV) .
- : - I e i
- Sk, 1 | 0 gol PPoVHHoBE W N
- “ MCuncert. (stat) ] D B Sub. MC stat rt. |
300 =00 O ] E | up. stat. uncert. |
- . % i ——-—— Visible MC stat. uncert.]
B 4 = 40 ' N
200 - : il
o S e S -
ok I =
9,3 t —
E 1'51 i C | 1 1 1 | 1 1 1 1 | 1 | 1 1 | 1 I 1 1 | 1 1 | 1 |_
Oo5E 0 50 100 150 200 250
M5 [GeV]
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VH —bb results

\(s=7TeV,L=5.0fb" {s=8TeV,L=19.01b"

Combined CMS Preliminary my, =125 GeV
n=1.00+0.49
m 1 EI I I I | I 1 I I I I I 1 I I I 1 I I I I —E
= - E
© B e i
> ) L
& 10" E Z(vv)H(bb)
- - P 4 w=1.04+077
O D) B ._-_______.--\—‘i/ 7]
o10°g 3
— S E
T % Z(IT)H(bb)
= - =0.82+0.97
107 CMS Preliminary E 3
- Vs=7TeV,L=5.0fb" ]
104E /s=8TeV,L=19.0fb" | W(WH(bb)
E VH(bb), combined E W= 111+ 0.87
B —&@— Observed 1
10-5 = = 1 1 1 | | 1 1 1
E ---9--- Expected from SM Higgs § -2 0 2 4
0 ] Best fit o/0,,
10‘6 | l | 1 l | l Il l | | l 1 l 1 | | 1 | Il | | l | 1 |

10 115 120 125 130 135
my [GeV] At 125 GeV:

Significance= 2.1c
u=1.0%0.5
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ttH channel and combined fits

Res u It fro m CO m b i n ati O n 23 12 :tTH, H—»_bf/_yy:ObseNed C::MS Preliminary: \s=7TeV, L:55.0 fb'; VE:BTev, L=51-19.6 fo"
‘ttH(bb) and ttH(YY) g 10:_ ......... .Expected+10 ..............................................................
(u;: Py M Expected £ 20 b

1 1 1 1 1
130 135 140

T B B
MR PASTHIG13015 ™ moot

Fit to 5 Higgs channels:

CMS Preliminary s =7TeV,L<51fb' \s=8TeV,L<19.6fb"

i 5.0pm e .

< 455_ g RtV Bbr RO — Observed &

cﬂ 405_ - Exp. for SMH j _ _ _

o = | Higgs production via
3.0 1 1 gluon fusion and Higgs
25F 1| decay in two photons
1 1 | depend on Yukawa
1.0f 1 | coupling to top quark
0.5/ —§
OOOM; | ......... | ......... |. .......

couplin modlfler Kt‘ﬁ
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Higgs properties

HIG-13-005

Corfu 2013, Recent results of the CMS experiment, J. Varela

32



Higgs mass

CMS Preliminary {s=7TeV,L<5.1fb' \s=8TeV,L<19.6fb"

lllllllllllllll
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— Combined
— H-vyy
—H-ZZ

-2AInL

= N W s~ O O N 0 O
LI LU UL Ty rrrryeraa LU L

(&)
LI

H >ZZ-54l:

Mass estimation with m,,, KD and o(m,))

Very small systematics due the very good
control of the leptons scale and resolution:
m, =125.8 £ 0.5 (stat.) £0.2 (syst.) GeV

H —2>vyy:

Systematics on the extrapolation from the
Z>eetoH>yy (0.25% frometoy, 0.4%
from Z to H):

m, =125.4 £ 0.5 (stat.) £0.6 (syst.) GeV

m, = 125.7 + 0.3(stat) + 0.3(svst) GeV
=125.7 + 0.4 GeV
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{ oy : = n L]
R Consistency of signal with SM
u signal strength: ratio of 6.BR measurement and SM prediction
\s=7TeV,L<51fb" {s=8TeV,L<19.6fb" ls=7TeV,L<5.1fb" {s=8TeV,L<19.6b"
- Combined
Combined CMS Preliminary m,, =125.7 GeV omp 2080014 | CMS Preliminary m, = 125.7 GeV
u=080+014 | %*=32(p, =0.52) H— bb (VHtag) | 12=6.2 (p,, =094)
H — bb (ttH tag)
Untagged H— vy (untagged)
n=0.78+0.16 H— yy (VBF tag)
H— vy (VH tag)
VBF tagged H— WW (0/1 jet)
n=1.02+0.34 H— WW (VBF tag)
H— WW (VH tag)
VH tagged H— 11 (0/1 jet)
=1.02+0.
h=1022049 H — tt (VBF tag)
H — 1t (VH tag)
ttH tagged .
120154286 H— ZZ (01 jet)
| [ | H— ZZ (2 jets)
- ... PR S R R S SR I BT PR NS T
-4 -2 0 2 4 -4 -2 0 2 4
Best fit o/c,, Best fit o/,

u=0.80+0.14
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Couplings to bosons and fermions

« LHC XS WG benchmark models:
— Fermionic vs bosonic couplings modifiers: Ky, K;
— Search for asymmetries: Az, Ay, Ag
— Search for new physics in loops: K, Kk, BRggy

Couplings to V and F Custodial symmetry
CMS Preliminary s =7TeV,L<5.1fb" {s=8TeV, L< 1961t
) | 0 SMHiggs @ Fermiophobi; O Bkg. only | 5.0 ovs F:’r.ellir?irliefryl' is -7 TeVLSl 5.1 flb;“\'ls ZBTev.L< 195 flb-:_
< 45 ;_ ": — Observed 1
< : ----Exp. for SMH |
35 | :" -

]

(0]

V . .
K:[0.71, 1.11] @ 68% CL Awz[0.73,1.00] @ 68% CL
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Couplings to gluons and photons

CMS Preliminary {s=7TeV,L<5.1fb"' ys=8TeV,L<19.6fb"
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0.
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K,

Effective couplings to gluons and
photons.

['5sm = O.
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3.0F / s
2.0F / |BRgsy < 0
1.5F @ 95% C
1.0 4
0.5 3

CMS Preliminary ys=7TeV,L<5.1fb" {s=8TeV,L<19.6fb"

0 0.2 0.4 0.6 0.8 1

BRBSM

Loop-induced couplings free
(, , K, profiled).
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Summary of couplings

[s=7TeV,L<51f" ys=8TeV,L<19.6fb"

CMS Preliminary i 68% CL
== 95% CL
]
:*
*.
.*
.* pSM=0_12
Illllllll!lllllllllllIllIlIlI

0
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Higgs Spin-Parity

H— ZZ0) — 4]
CMS preliminary ys=7TeV,L=51fb" ys=8TeV,L=1961b"
o _III|IIII]IIII|III'.I-.|IIII|IIII_1
t 01 L0
+ -‘..l
E i 0 VS 0 0‘
0] r —_
) L
e}
o
S L
0 0.06F —
& =
0.04F .
I ] = 0
ool Cl,=0.16%

% 20 0 0 10 20 30
2xIn(L /L)
0 0

The data disfavours 0- (pseudoscalar)
hypothesis with a CLs value of 0.16%

CMS preliminary Ys=7TeV,L=51fb" ys=8TeV,L=19.61b"

01k

0.08/-

Probability density

0.06
0.04]-

0.021-

%0 -26:i ".-10 0 10 20 30
2xinL /L)

CLs values for 2* _(gg):

77 WWwW

1.4% 14%

Combined
0.6%

The data disfavours 2*_(gg) hypothesis

with a CLs value of 0.6%

The observations are compatible with the
SM Higgs expectation (scalar)
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Spin-Parity: 0* vs 0

» Kinematic Discriminant : D ,=Pg,,/(Ps),+P,p)
- Second observable: Dy, = Py /(P + Py) H - ZZ0) — 4]
P,y and Py, include the m,, parameterizations

» Likelihood fit of events to 2D distributions (D,p, Dy,)

CMS preliminary \5=7TeV,L=5.11b"\s=8TeV,L=19.6fb" CMS preliminary ys=7TeV,L=511f" ys=8TeV,L=19.6fb"

Events

7:“"'I"”I””l””l"”l'"'I""I””l””l”"‘: " _""I""l""l"':_'_‘.]l"'l""l
o ece ! L:, 01F 0 vs O Li0 1 The distribution of the likelihood
R JP;O'TmH=126GeV ] 5 I v ] ratio g =-2In(L,p/Lgy) is
5o [zzzy 1 % 008 obtained with generated
- Bz 18 samples of background and
- . § 0.06- signal of seven types (SM 0*
3_ I | ] al| and six JP) for m,;=126 GeV.
alfisl 1 oo _ More JP
2 BT & '1"1 - : 50.16%  hypotheses tested
1;_ .M.. : ' L hl_L_; 0.02_ ]P CLS
O:IHJI.I:'”J . . [ ] 0~ 0.16%
0 01020304 0506070809 1 T T T e e T 07 8.1%
Dy 2xIn(L/Ly) 2hge | 15%
; T 2t | <0.1%
The data disfavours 0- (pseudoscalar) hypothesis with 1_"" <01%
a CLs value of 0.16% 1+ | <01%
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Spin-Parity: 0* vs 2*

CMS preliminary ys=7TeV,L=51f" ys=8TeV,L=1961b"

+ : 2 oaf Lo’ .
CLs values for 2*_(99): 2 o =S '
Observed results at measured u £ o0 —OMSdata
ZZ WW Comb g I
1.4%  14% 0.6% - 008 —
0.04F .
« WW: observed results weaker than [
expected due to best fit y < 1 0.02]- ]
« /ZZ: observed better than expected T - f’_m T
due to a fluctuation 2xInlL,. o ILy)

The data disfavours 2*_(gg) hypothesis with a CLs value of 0.6%

The observations are compatible with SM Higgs expectation (scalar)
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Jets and vector bosons



3-jet to 2-jet cross section

First determination of ag at momentum
scales > 0.4 TeV

— Comparing the ratio in the range 0.42< <pq; ,>

<1.39 TeV to the predictions of perturbative
QCD at next-to-leading order

— Measurement dominated by TH uncertainty:
PDF & scale

as(Myz) = 0.1148 + 0.0014(exp.) £ 0.0018(PDF) ¥y 0000 (scale)

Y] ] L ™1 — T TT
o’ 0.2- 1 O o2 s
. 1 ~ = CMS Ry, : 0g(M,)=0.1148" -
0.18- - 3 022 CMS R,, -
i . . 5 0.2 E o &4 DO inclusive jets _:
0.16 - 3 5 - DO angular correlation m
0.14" | T 018¢ oo -
- N 0.16— ZEUS —
012 | E - .
C iy ] 0.14— —
0.1 % E 0.12 E
C Data (L,_=50") A - =
0'08: gﬁ CT1Oth:(MZ)=O.110-Min.VaIue ] 0.1 = =
. CT10a(M,) =0.118 : il -
0.06— { CT100,(M ) =0.130 - Max. Value | 0.08 - QCD-11-003 -
0 04 Clvv v b v b b b by _\ 006 :_ | | | _:
200 400 600 800 1000 1200 1400 ' '

| I 3
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Vector bosons

and ZZ cross sections at 7 and 8 TeV:

CMS
a E | ; | =
& — i W E § 7 TeV CMS measurement (stat®syst)
~ 105 ;_ i Z E $ 8TeV CMS measurement (stat®syst) _;
OQ = ! == 7 TeV Theory prediction 3
[ E21j _O_ ! ——— 8TeV Theory prediction ]
S 10*k ™ =1] ! —
2 = 22 = | ; ; E
s Fi = a0 =
N 10°E ! 23 | —o— Wy | =
0 E | > g —r— T 3
8 : i >4 = E : l i :
= ' ) ! : WW - !
O 10°E S 2N S D R
s fF. T v e ]
3 10 || Er >30 GeV | El>10Gev | o =N |
3 = | In*®1<2.4 | ARG.)>07 ! ' o 3
s e AT ] SMP-12-011
o e B E B 491" B 49" 3 SMP-12-013
= i 36, 19 pb E 36 pb i 35 fp" 1.1 53 fb"i 3 SMP'12-014
JHEP10(2011)132 PLB701(2011)535 CMS-PAS-EWK-11-010 (W2)
JHEP01(2012)010 CMS-PAS-SMP-12-005,
CMS-PAS-SMP-12-011 (W/Z 8 TeV) 007,013, 014 (WW Z2)
Measured o (ZZ)=8.4+1.3 pb Measured o (WW) =69.9+ 7.0 pb
SM (NLO)o (Z2)=7.7+£0.4 pb SM (NLO) o (WW) =57.3 £2.0 pb
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V + heavy quarks

W+c production with exclusive charm
tagging via full reconstruction of D*, D*,
and semileptonic decays

Direct access to the sirange-quark PDF

gluon
>
S C —
SMP-12-002 ¢
CMS Preliminary 5fb'atys =7 TeV
T T T I T T T I T T T | T T T | T T T | T T T
Total Uncertainty
CMS 2011
Statistical Uncertainty 84.1+2.0 (stat)£4.9 (sys)

mMSTWO08 =

78.7 +1.4

1.7 ppF
oCT10 deo
7.3 +6.2

8 3 5.2 PDF
vNNPDF23 —y—

782433,
ANNPDF23_ —_—

102.7 + 1.8,
P R RS RPN D P N B

0 20 40 60 80 100 120
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W+bb and Z+bb cross section
measurements:

o X Br(W—uv)=0.53+0.12pb @ 7 TeV
(p2%> 25 GeV), in good agreement with
NLO prediction of 0.52 + 0.03 pb

o X Br(Z—ll)=0.36 £ 0.07 pb @ 7 TeV
(pr°> 25 GeV) SMP-13-004

200FT
200F-
180F
160F
140f
120F
100f
80F
60F
40¢
20
050 100
SMP-12-026

Events / 20 GeV

150 200 250
M(J+J,) [GeV]
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VBF Z production

U

* First-time ever observed !
« Benchmark for VBF Higgs searches

« Dominant background from standard DY production
- BDT discriminant used to extract the signal

o =154 +24(stat.) = 46(exp.syst.) = 27(th.syst.) = 3(lumi.) fb

meas, uu+ee

210~ T T T T T T T 210’ T T T T T [
g - cMs prelilminary |uujj | K | g £ CMS preliminary eejj ' Ew:( 3 _
Z #[\Ns=7TeV,L=5.1fb" ooy ] Z L [\Ns=7TeV,L=50fb" ooy | Agreement with NLO
? =7 ] =72 7 prediction (o o=166 fb,
s = Sl ]yl < Mlken | \VBFNLO, CT10)
S ' 1 g ., ]
10 E 10 =
A i 1 7 TeV
e E e E
O 8¢ ] O 18 :— : ]
S 16 :"Esuzw" H S 1.6—:"Es":wn = .
i S S I - FSQ-12-019
8 . . 4.1 , 8 O e o o, WO
CH - 0
04 02 0 02 04 06 04 02 0 02 0.4 0.6
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Anomalous TGCs

Z(vv)y cross section: A&

o =213+ 4.2 (stat.) =
4.3 (syst.) £ 0.5 (lumi.) fb

V3

V2

In good agreement with the theoretical

prediction of 21.9 + 1.1 fb (BAUR). aTGCs in CMS:

q v
o bidden i S EWK-11-009 (Vy),
orbidaden in SMP-12-015 (WW,WZ)
| SMP-12-007 (Z2),
Z(ee, uu, vv)y combined: SMP-12-020 (Zy)
3 -3

%VO -05 ?'IQ I e Eﬁ- i<|1()\ LA L B IO B 7
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0.03F = lo . — - = lo ]
- £20 Z(eeiw,vv)y Combined 3 0.03 o Z(eequvv)y Combined 3
002t : E 0,02} =
0.01F 0.01F g \ ]
0F oF 3
001 0015 -
L N E ]
-0.02f E 0028 E

0 03; aTGC values outside contour excluded ] 0 03:_ aTGC values outside contour excluded ] SM P - 1 2 -02 0
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1 | 1 1 1 1 1 | 1 1 1 ‘ 1 1 1 | 1 Il 1 | 1 1 1 ‘ 1 Il 1
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Anomalous TGCs (cont.)
Charged TGCs Neutral TGCs

Feb 2013 Feb 2013
T T ] T T T T T _l_ ] T T T T T T | T T T | T T T .T . | T T T T
Sietene’ e e -
A o
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4 X z -1
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AR S s T S S I S PR SN TN TN W TN N ST SN SN SR NN S SO ST SO NN SR T T S SN S S S
-0.5 0 0.5 1 1.5 -0.5 0 0.5 1 1.5 x10°
aTGC Limits @95% C.L. aTGC Limits @95% C.L.
Feb 2013 Feb 2013
T T T T T T T T T T T T T A+LAé_Li_r]ni(s| T T T | 1 T 7T T T T T T T T A1I'LAé Lirlnitsl L }L‘ !
CP)A fian'irtT_"ls v CMS Limits —i
LEP Limit e+
Ak — WwW -0.043-0.043 4.6 fb™”
z — wv -0.043-0.033 5.0 fb™ R
e LEP Combination -0.074 - 0.051 0.7 fb™! f! 2 0.015-0015 46
A — WW -0.062 - 0.059 4.6 b’ 4 — 7z -0.013-0.015 5.0 fb!
z — ww -0.048 - 0.048 4.9 fb™! 1
— wz -0.046 - 0.047 4.6 fb” P 2z -0.013-0.013 4.6
— wv -0.038 - 0.030 5.0 fb™ 4 — 7z -0.011-0.012 5.0fb™"
Fod DO Combination ~ -0.036 - 0.044 8.6 fb »
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—i wWw -0.039-0.052 4.6 fb™” 5 -
Agf W 00850005 40 — 2z -0.014-0.014 5.0 b
— wz -0.057 - 0.093 4.6 fb! P — 7z -0.013-0.013 4.6 b
o DO Combination ~ -0.034 - 0.084 8.6 fb™ 5 4
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Top quark



Top quark physics

The top quark is an interesting object:

« The heaviest elementary particle (mass ~ 173 GeV, similar to tungsten atom)

« The largest Yukawa coupling to Higgs boson (y,=71)

« The only quark that doesn’t hadronize (z(had)~h/Aqcp~2 1024 s; 1(top)~h/T;,,~5 10-°s)

Top pair production: Top decay:
Consistent with SM predictions? Is V, = 1?
Charge asymmetries? Rare decays by FCNC to yq, Zq, qg ?
Resonant production? t—H*b?
» t W+ Top-Higgs coupling:
‘ Coupling to Higgs boson
,@, ; Vi as predicted in SM?
g t

Single top production: b ’ : L _H
V,, from cross-section /
t-channel, s-channel, g

associated production
. g Mass measurement:

Compatible with SM relation to myy ,,q My?
CPT invariance in top sector m,, = m
t

b g W
g g

CMS experiment, J. Varela b 49

anti-top?
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Top mass in the standard model
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® " | 68% and 95% CL fit contours mfin Tevatron avérage + ] t W H are reliate
9, r w/o M,, and m; measurements g 7
E; 80.45 —  68% and 95% CL fit contours —] at I 00 p I eve I
L wio M, m, and M, measurements _
- M,, world average + 16 4
80.4 —— ]
80.35 [ -
80.3 - -
— XY ’,."’ Y —
B g % €% —
80.25 — 7 o ST o -
[ > .~ o N
"; 1 1 1 1 1 1 1 '1' 1 1 1 J’l‘ l 1 1 1 I 1 1 1 1 I 1 1 1 1
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Correlation between m, and m,;, measurements
is not shown

Vacuum stability is
dependent of m,,,

Pole top mass M, in Ge

arXiv:1205.6497
165 =, :
115 120 125 130 135
Higgs mass M;, in GeV
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Top mass measurement

The CMS measurement has reached the same

precision of the Tevatron. o
0.5% precision

CMS Preliminary

CMS 2010 dilepton ' ¢ T755+46+46
JHEP 07 (2011) (L=36 pb’) (val. £ stat. + syst)
. —_—
CMS 2010 lepton+jets 1731+ 21+ 27
PAS-TOP-10-009 (L=36 pb") (val. + stat. + syst)
CMS 2011 dilepton ' - ' 1725+ 04+15
arXiv:1209.2393 (L=5.0/fh) (val. £ stat. + syst)
CMS 2011 lepton+jets E——" 173.5+04+1.0
arXiv:1209.2319 (L=5.0/fb) (val. + stat. + syst.)
CMS 2011 all-jets ' ‘ ' 1735+07+1.3
PAS-TOP-11-017 (L=3.54/th) (val. £ stat. + syst.)
CMS combination B 1734+ 04+0.9
up to L=5.0/tb (val. + stat. + syst.)
Tevatron 2012 combination =1 173.2+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]
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Top quark production

 Excellent agreement of Tevatron and LHC measurements with QCD
« Comparable experimental and theoretical uncertainties ~ £5%

q q
_ , Single top production ”
top-antitop cross section o owsEertev tetow' : )
© 600 Muon 2 Jets1 btag —e— Data ~
o g b
> I t-channel
o L w 500 [ £, s-channel, tW
£ L w ATLAS prelim. I+jets 8 TeV (5.8 fb) Il W/Z + jets, Diboson
= e CMS prelim. combined 8 Te (28fb) 400 QCD multijet
5 = m ATLAS prelim. combined (0 fb!

\
7-1.1
)

e CMS dilepton 7 TeV (2 3fb

o CDF combined (4.6 fb™) 300

102 O DO combined (5.3 fb')
C 200
" 100
Tevatron Approx. NNLO QCD (pp) e
Scale uncertainty -1 -08 -06 -04 -02 0 02 04 06 0.8 1
10 [ Scale ® PDF uncertainty NN output

,,,,,,, Approx. NNLO QCD (pP)
Scale uncertainty
I Scale ® PDF uncertainty

Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009
MSTW 2008 NNLO PDF, 90% C.L. uncertainty

t-channel 7 TeV :
=67.2+£6.1pb (CMS)
|[Vtb| = 1.020 + 0.046 (exp.) £ 0.017 (th.)

t-channel 8 TeV:
=80.1+13pb  (CMS-PAS-TOP-12-011)
|[Vtb| = 0.96 £ 0.08 (exp.) £ 0.02 (th.) pb
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Top pair cross section at 7 TeV

Dileptons:

CMS 2.3 fb"at\'s=7 TeV

[
ee,u

W, eu

T

I

* Data

= [l tisignal

[ non-prompt lepton

| | i | | | i 1
(20) (27 (22) (30 (31 B2 (B3 (=40 (=4,1) (=4,2)

jets’ je's)

Main systematics:
« Jet energy scale
» W branching fractions

» Lepton efficiencies

CMS Preliminary Ns = 7 TeV

7 TeV

CMS e/u+jets

Phys. Lett. B 720 (2013) 83
(L=2.2-2.3/b)

JHEP 11 (2012) 067 (L=2.3/fb)

CMS all-hadronic
arXiv:1302.0508 (L=35/tb)

CMS dilepton (et,ut)

(L=2.2/1b)

CMS t+ets
arXiv:1301.5755 (L=3.9/b)

[ Inwoacp
| |

@

CMS dilepton (e, ep)

——

——

Phys. Rev. D 85 (2012) 112007

e - —

[] NNLO+NNLL QCD, Czakon et al., arXiv:1303.6254

NNLQ

158+ 2+10+ 4
(val. + stat. + syst. + lumi.)

162+ 2+ 5+ 4
(val. + stat. + syst. + lumi)

139+10+26+ 3
(val. + stat. + syst. + lumi.)

143+14+£22+ 3
(val. + stat. + syst. + lumi.)

152+12+32+ 3
(val. + stat. + syst. = lumi))

0 50 100

150

200 250 300
o(tt) (pb)

Collider

Otot [ph]

scales [pb]

pdf [pb]

LHC 7 TeV

172.0

+4.4(2.6%)
—5.8(3.4%)

+4.7(2.7%)

—4.8(2.8%)
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Czakon, Fiedler, Mitov, arXiv:1303.6254

Most precise measurement at 7 TeV (CMS dilepton)
o4=162 + 2 (stat.) + 5 (syst.) + 4 (lumi.) pb

NNLO+NNLL predictions (mt=173.3 GeV)

+4 %

+4 %
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Top pair cross section at 8 TeV

* CMS preliminary measurements at 8 TeV are available
» Excellent agreement of Tevatron and LHC measurements with QCD
» Comparable experimental and theoretical uncertainties ~ £5%

3 T ons AR VeLRy!ts at 8 TeV:
~ L m ATLAS prelim. I+jets 8 TeV (5.8 fb') CMS PAS TOP-12-007
= e CMS prelim. combined 8 TeV (2.8 fb' )
T W ATLAS prelim. combined (O 7-1.1 fo') |
® CMS dilepton 7 TeV (2.3 fb ) - : :
) © CDF combined (4.6 fb ) 2 LHC CMS I+jets (e/u+ets) 228+ 9+2 +10pb
10— © DO combined (5.3 fb ) TOP-12-006 (L=2.8/fb) (val. £ stat. £ syst. £ lumi)
B CMS dilepton (ee,uu,ep) 227+ 3+11+10pb
TOP-12-007 (L=2.4/fb) (val. % stat.% syst. % lumi)
Tevatron
—— Approx. NNLO QCD (pp)
Scale uncertainty
10 B Scale® PDF uncertainty CMS combined 227+ 3+11+10pb
E _______ Approx' NNLO QCD (p'p) d (val.+ stat.+ syst.+ lumi,)
L Scale uncertainty
B I Scale ® PDF uncertainty
B Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009 ] Approx NNLO GG, Gacor st a. e 1111 8669 (2011 _
| MSTW 2008 NNLO PDF, 90% C.L. uncertainty E Aoiron ANLO GO, Langentad ot . PRD 80 (:008) 054005 (Sl arcotainy
I/illIIII|IIII|IIII|IIII|IIII|IIII|IIII ‘ ‘ | l
1 2 3 4 5 6 7 8 9 0 100 200 300 400

Vs (TeV o(th) (pb)
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R Top pair differential cross sections

Measurement of top pairs in different regions of the phase space at LHC
— Constrain MC predictions
— Contribute to PDF determination
— Sensitivity to new physics
Experimental aspects:
— detector effects unfolded allow direct comparison to predictions
— full reconstruction of top quark kinematics
— measurements are systematics dominated; full covariance matrix is provided

p+(t), I+jets p+(tt), dilepton m(tt), dilepton
3 CMS Preliminary, 12.1 fo'at ys=8 TeV B CMS Preliminary, 12.2 fb'at {s = 8 TeV o .
c 10i<l1loll|lllllllll[IIII|IIII|IIII|IIII|IIII [ | 25X'I101II|IIII|I"'|""|""|"" CMSPre“mlnary"lz.Zfbatﬁ:aTev
! - ; > T ; e 10" prr e e
E - e/u + Jets Combined ; ﬁzt:Graph .éo. r Dilepton Combined ; II\DIIG::Graph E [ Dilepton Combined ¢ Data
E ] = r = L — MadGraph
=4 - tes MC@NLO -Sl 208 o T.vy e MC@NLO e | 0 O TA\/ o
g|“%k = 8 TeV ----POWHEG 1 =t 8TeV --- POWHEG 2!0’5 1 8 TeV ,“fgﬁ,ﬁ'ég
o - e Approx. NNLO L

102 E

a3 \ ;

k (arXiv:1205.3453) 4

- N w b g OO N 00 ©
T[T [ IO [RTTT[T T[T TT 7T TTT

Lol b b b o L PR Ll P AT B s S 5
0 50 100 150 200 250 300 350 400 100 150 200 250 300

CMS-TOP-12-027 Py [Gev] CMS-TOP-12-028 PG
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Single top production

Multivariate techniques using full event
properties to optimize sensitivity

Main systematics:

* generator, ISR/FSR CMS(E=7Tev  L1a7n
(%) L L B L ]
e h- I © 600 Muon 2 jets1 btag —e— Data -
b ta g g In g q>) I t-channel ]
w 500 [ 11, s-channel, tW -
B W/Z + jets, Diboson 7]
t-channel single top quark production 400 QCD multijet .
oy T T T 3
a i B CMS preliminary, 5.0 b’ ) 4
o 2 ®  CMS, 1.17156 1" 300 CMS arXiv:1209.4533
10°F Y  D0,541b"
- A CDF 75" 200
4 +
100
1 0 - e NLO QCD (5 flavour scheme)

1 -08 06 04 02 0 02 04 06 08 1
NN output

== theory uncertainty (scale @ PDF)
Campbell, Frederix, Maltoni, Tramontano, JHEP 10 (2009) 042 :

E ewrmonemos t-channel 7 TeV : (CMS arXiv:1209.4533) \/tp uncert.
0 2 4 6 8 10 =67.2+x6.1pb (CMS)

(s [TeV] Vtb] = 1.020 + 0.046 (exp.) + 0.017 (th.)  +5%

t-channel 8 TeV:

: . 0,=80.1+13pb  (CMS-PAS-TOP-12-011)
SM Calc’“'fzt'on at 81?;/' Vib| = 0.96 + 0.08 (exp.) + 0.02 (th) pb ~ +8%
87.27 - (scale)"; > (PDF) pb

N. Kidonakis, arXiv:1205.3453
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Top pair associated production

Addltlonal jets from QCD radiation
— top mass measurement systematics
— background in searches for new physics

Additional heavy flavor jets in di-lepton events
additional bbar jets

(CMS-PAS-TOP-12-024)
o(tthb) /o (ttjj) = 3.6 £ 1.1(stat.) & 0.9(syst.) %

- larger than the predictions using MADGRAPH (1.2%)
and POWHEG (1.3 %)

Top pair associated to V and to Z
measures coupling between t and Z

d t

Corfu 2013, Recent results of the CMS experiment, J. Varela

Cross Section [pb]

o
~

0.2

o
(2}

CMS Preliminary, 19.6 fb'at \s = 8 TeV

@9 E T

3 Dllepton Combined p' > 30 GeV

s Data

MadGraph+Pyth|a =
- MC@NLO+Herwig
-- POWHEG+Pythia ]

8 TeV

CMS

L= 50fb'at(s=7TeV

o
©
I

rotiv (dllepton anaIyS|s)

| 04377 (stat) S

. 470

| NLO Calculations

®(syst)pb 0287

arXiv:1303.3239

[~ Cambell and Ellis, JHEP 07 (2012) 052

- Garzelli et al., JHEP 11 (2012) 056

ttz (trllepton analysis)

¥ (stat. ) (syst.) pb
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Ratio B(t—Wb) / B(t—Wq)

» Top events in dilepton channel

» Requires good understanding of b-tagging
efficiency and ISR/FSR background jets

« Background estimated from data

R = |V,,| with the assumption of CKM
unitarity and 3 generations:

B(t — Wb) v,
EBteW)

q=d,s,b

R =1.023" (stat.+ syst.)
R >0.945 @ 95% CL

| b| 1011+88}§(stat.+syst.)
V,|>0.972 @ 95% CL

Corfu 2013, Recent results of the CMS experiment, J. Varela

CMS preliminary, /s=8.0 TeV, [ L=16.7 b

8 TeV, 16.7 fb

8OOOIII\III\IlllllIII\IIHII\

j%2}

c ee € =

g Hu 2y 1 3 Ow
w7000 ] = ;

] 3 .Mum]etsN\l—HV
s000=CMS-TOR-12-035 T Wovers
5000 —; .ﬁv
4000 =l B

2jets 3jets _ .
3000 — |
2000 2" = | = [Jzon
E.— { 3 jet: L] 3
1000 3jets e 4j |7_ ® data
o 4jet = 4jet E
g 5 . : e
012340123401234012340123401234012340123401234
b-tag multiplicity
& 1. 5‘! IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
g 1 +++ +.'-o+ ity +*++ - g Paas + e +*+‘i
0.5 bbbt e bbbt o oot et

'''''''''''''''''''''''''''''''''''

0

0.2

040608 1 121416 18 2 22

..............
2222222222222222222

11: 1.023%) ¢ CMS-PAS-TOP-12-035 (2013)

1+j: 0.94 Y CDF Note 10887 (2012)

11: 0.981 o CMS-PAS-TOP-11-029 (2012)

5007
1j: 095 -0-07 D@ PRL 107, 121802 (2011)

11: 0.867 0

1j: 0.97°" D@ PRL 100, 192003 (2008)

1j: 1.03%" D@ PLB 639,616 (2006)

+031

1j: 10277
924 CDF PRL 95,102002 (2005)
: 141508

1j+110.94')> CDF PRL 86, 3233 (2001)

R=B(t— Wb)/B(t— Wq) [7]95% CL
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* In the SM, decay t — Zqg (q=u,c) is highly suppressed O(10-14)
* In some model (e.g. RPV SUSY) branching fraction O(10-4)

» Search for FCNC in top quark decays t — Zq
— Event topology: tt - Wb+Zq — Ivb + lig

Previous results in 2012 (7 TeV)
. CMS: BR(t— Zq) <2.1x10° 5.0 fb! CMS-PAS-TOP-12-037

— A350 T T T T T T T T T T T T T T T T T T T T
New result (CMS 8 TeV, 19.5 fb™1) S oMS Preliminary | ]
4 0 o 19.5 fb" at /s 5 8 TeV *]
BR(t—> Zq) < 7X10 at 95/0 CL \-:300‘_ * N
= T . 1
| Selection | data-driven estimation | SM MC prediction | S i o o
t — Zq (B = 0.1%) — 6.36 + 0.08 + 1.27 050 b
WZ 0.87 £ 0.10 + 0.62 L % . ¢ i
77 1.54 +0.12 + 0.74 0.07 + 0.01 + 0.05 - . . . .
Drell-Yan 0.00 + 0.03 4 0.02 I i i
ft 074 £070 £ 052 200 ; * . —
Ztt 1.09 +0.13 +0.77 i ' : o o i
Wit 160+4.96£044 | 09+ 0.05+0.06 i ! o 1
tbZ 0.33 +0.02 +0.23 1501 ; . K
Total background 314 +497 +1.17 3.19+0.72+2.26 L L ' b |
Observed events 1 —_ - -
Expected limit B(t - Zq) < 0.10% - . I I | I ]

Ob d ].lm1 B Z 0070/0 I I | | I | I I | I I | I I |

served Amit (t=2g) < 10000 150 200 250 300 350

my, (GeV)
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Search for top decaying in H*

» Search for decays of the top quark in
light charged Higgs
 Assumes BR(H*— tv)=100%

» Upper limits on the branching fraction CMS-PAS-HIG-12-052
B(t — H* b) in the range of 1-3 %

Vs=7TeV :eu, et tHets2.2fb";ut4.9 b’

— [ | T | T T ‘ T T ‘ T 1T | T TT ‘ T T ‘ T |7
£ 0.14- t > HDb,H > v CMS Preliminary—
7—"‘ I L 1,+Hets, e, ut , and ey final states ]
n _.I 012 L B(H+ - 1w)=1 —fll— Observed ]
H e E’ i BES Expected median + 16 ]
g - - Vr B o1 e Expected median + 26 ]
b ™ = :
th g 0.08- ]
_ b _ — - ]
t - vy O0.06 7]
Nololololololololololeied, < L _
W o 0.04 — ]
a 0.02 N
_ \ \

\\\I|IIII|\\\\‘\\\\‘Illlllll\ L1l 11 L1 11
%0 90 100 110 120 130 140 150 160
m . (GeV)
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Search for BNV in top quark decays

« Search for baryon number violating top-quark decays
— BNV occurs in several models of physics beyond the SM
— Searchfor t — bcu™ t — bae*

» CMS study of events with low ET one isolated lepton and five
jets, one of which is b-tagged.

— No significant excess is observed over SM expectations

miss

1L —

8 CMS Preliminary
. . . u\) 1.4 t=19.6fb™, Vs =8 Te' ata ]
Combined (electron+muon) limit of g | Jlmemtieeeny s
L%J 1.2~ Z +jets -

0.0015 at 95% C.L. on the branching
fraction of BNV top decay into a lepton _
and 2 jets 081

06F

- [ Single top
[ Dibosons
I tiv

[l acp .
----- Signal (BR =0.005) ]|
[ ] Systematic Unc. .

1

0.4f

CMS PAS B2G-12-023
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Angular distributions in top decays

Probing Wtb vertex:

— W helicity is sensitive to the V-A coupling

— Measure do/dcosB*, the angle between the
lepton and the b directions (in the W rest frame)

TdcosO* g(1+cose;)2FR + g(l—COSB;)ZFL + Zsin29;F0
4

W polarization fractions calculated at

NNLO QCD:
F, = 0.687 + 0.005 250

_ Czarnecki et al.,
F =0.311+£0.005 PR D 81 (2010) 111503 200
Fr =0.0017 = 0.0001 _

(Right-handed (+)) [ Left-handed (-)) [  Longitudinal )
+1 -1
IW+ 1W+ —Vv-po
1t Tt
a2 | Ib 12 | T 12 | fTo s 12
A +112 g ‘g
E -
Fr=0.0017 F.=0.311 Fo=0.687
—— ~—

Corfu 2013, Recent results of the CMS experiment, J. Varela

?!i,’il’w!ﬂ WW%WLW o

-
IIII

- it muon+jets
I it bkg

. Wijets & DY+jels

- Single Top

® Muon+jets

JD_M;H_TAIH:M_‘J

CEYH
g, % L2
i | Ll I |1 L1 | | I /I LI g

-0.8

-0.6 -04

02 0 02 04 06 08 1
cos(6*)
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W polarization in top pair events

e First LHC combination:
F,=0.626 + 0.034 (stat.) + 0.048 (syst.)
F =0.359 £ 0.021 (stat.) + 0.028 (syst.)

« CMS dilepton PAS-TOP-12-015

F, =0.288 +0.035(stat.) +0.050(syst.)
F, =0.698 +0.057(stat.)+0.063(syst.)
F,=-0.014+0.027(stat.)=0.055(syst.)

* Results are in agreement with
predictions from NNLO QCD

e i_ ~H N~
L= = (P, +{Pe)t W,

T o
G O+ PR Wy +he. | <

V2 My

Corfu 2013, Recent results of the CMS experiment, J. Varela

T | T T T T l T T T
ATLAS and CMS preliminary
Ns=7TeV, L =35pb”-221fb"
B NNLO QCD

Combination
o=+ Data (F_/F/F)

ATLAS 2010 (single lepton) e

ATLAS 2011 (single lepton) - .
ATLAS 2011 (dilepton) A
CMS 2011 (single muon) e A
LHC combination T - .
A R BT . N R
0 0.5 1

CMS PAS-TOP-12-025

W boson helicity fractions

ATLAS-CONF-2013-033

~ 1

o -

Re(g

0.4

0.2

o.sf— —

Exclusion limits on anomalous Wb couplings: o} LHc combination pretiminary  v,=1, V=0
- Ns=7TeV, L _=35 pb'-2.2fb"

I R BT B A

8% cL
[ Jo5% cL
* SM

o _lllllllllllllll
0'—%.4 03 -0.2 -0.1

01 02 03

0.4
Re(g))
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First measurement in single-top events

W polarization in single top events

CMS preliminary, 5.3 fb™' at Vs = 8 TeV
—e— data

Il t-channel
© tW-channel

600—
- - s-channel
L 8TeV i
L <" Di-boson
500— Bl W +Jets
C By /Z+Jets
- QCcD
Stat. Unc.

Number of events

1 11
02 04 06 08 1
cos(6")

F, =0.293+0.069(stat.) +0.030(syst.)
F, =0.713+0.114(stat.) =0.023(syst.)

FR

~0.006 +0.057(stat.) = 0.027(syst.)

7/ and 8 TeV, p+jets events
Helicity fractions and W+jets
contribution simultaneously extracted.
Consistent with the SM and with the
measurement in ttbar channels
B e nvomn(sorey e s 22"
* ooy 114t fo ey o0 |
RN N eieesil
Corfu 20 Fr

arela

CMS PAS-TOP-12-020
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Top polarization in top pair events

In the SM, in top pair events, the top quark is produce unpolarized

Some models that predict large top quark forward-backward asymmetry
have different predictions of the top quark polarization.

Distribution of polar angle of the charged lepton in the top quark’s rest

frame: Background-subtracted

W(cosb;) oc 1 + a;pcosb; and unfolded distribution
i ; - — SRR RARERARS LLLE AN RALN ULLE RARE RN Lp s
& Spin analyzing power (alepton_1) E\Dj 1: CMS Preliminary, 5.0 fb' at \5=7 TeV 1
g 08_— —%— ( Data - BG ) Unfolded _‘
Measurements of top polarization in % T Syst. Uncertainty ]
the helicity basis: g ool T mesparenie ]
(dilepton channel) e
0.4 :

p =-0.009 + 0.029 (stat.) £ 0.041 (syst.) I

0.2_— —
CMS PAS-TOP-12-016 i ]
III|III|III|III|III|III|III|III|III|III
0-1 -0.8-0.6-0.4-0.2 0 0.2 04 0.6 0.8 1
cos(6))
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Top spin correlations

SM predicts correlation of spin of the top and antitop

— Measured from angular distributions of the top decay products (in dilepton
events)

— Use A¢ between leptons which don’t require top reconstruction

— Sensitive to New Physics
CMS Preliminary, 5.0 fo'at Vs = 7 TeV

Spin correlation coefficient: 2000¢
4 NOD +NUY) = N(1) - N4 woE
N () + NOD + N (1) + N 1600F-
1400
1200;—
Measurement (helicity basis): 1000 [ A
800— | ; :
A= 0.24+0.02(stat.)£0.08(syst.) sobr ;ckg.+ﬁwnhoutcone|aﬁon
400 E_ ------- Backg. + tt with correlation
Standard model prediction: A=0.31 20l packoround —

0 1 1 1 1 l 1 1 1 1 [ 1 1 1 1 l L 1 1 1 l 1 1 1 1 I 1

o
o
)]
—
—_
[6)]
N
N
[6)]

CMS PAS TOP-12-004
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FB and charge asymmetries

ppbar collisions at Tevatron

Pair production dominated by qqgbar
annihilation

Forward-backward asymmetry of top-
antitop production

pp collisions at LHC

Despite symmetric collisions it is
possible to define a charge asymmetry

top quarks are preferably emitted at
larger rapidities than antitop quarks in
dq annihilation

charge asymmetry at the LHC can be
enhanced by selecting events with large
rapidities, large Mtt, and/or small P

Corfu 2013, Recent results of the CMS experiment, J. Varela

Tevatron

4 =
N(Ay>0)+N(Ay<0)

N(Ay>0)—N(Ay<0)

Tevatrond top
anti-top

o

n
LHC

A

_N(Alyl>0)-N(Alyl<0)
N(Alyl>0)+N(Alyl<0)

LHC A top
anti-top

Alyl= 1y, - |vi%\
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Charge asymmetries

Charge asymmetries with < o

O

—_

detector effects unfolded - jets

Good agreement with data

within uncertainties

To be followed in 2015 with

more statistics.

0.05—

__CIMSI Prellimilnarly -
| 47f " at Vs =7TeV

-0.05

—— Data ]

—— POWHEG Simulation

O 1 1

1 | 1 1 1
50

100 150
Phys. Lett. B717 (2012) 129 p_[GeVic]

CMS (7 TeV, 5 fb)

Di-leptons 0.050 £+ 0.043 *0:010 _ 1.9

Lepton+jets 0.004 £0.010 £0.012
SM 0.0115 + 0.0006

CMS PAS-TOP-12-010

Phys. Lett. B717 (2012) 129

Kuhn et al., JHEP 1201 (2012)
063
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B physics



A portal to physics beyond the SM

Forbidden at tree level

SM prediction
BR(B.—pp) = (3.56+0.18)x10°

Possible enhancements from new B Wi
physics via loop/box contributions. !

20

« 2HDM: BR(Bs/d—pp) o< tan* and m(H+)
— J. R Eliis et al, JHEP 05 (2006) 063

« MSSM: BR(Bs/d—pp) o< tantB
—  J.Parry, Nucl. Phys. B 760 (2007) 38

* Leptoquarks
- S. Davidson and S. Descotes-Genon
- JHEP 11 (2010) 073
* 4th generation top
—  Wei-Shu Hou, Masaya Kohda, Fanrong Xu,
—  Phys. Rev. D87, 094005 (2013).

MSSM-LL
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B.(uu) results

e The results:

~ B(B, — uw) = (3.0710,,¢) x 109

— B(By — ) < 1.1x 109

* Preliminary combination with LHCDb:
— B(B, — uw)=(2.9+0.7) x 10

CMS-L=5f"Vs=7TeV,L=20fb" {s=8TeV

—— data

— full PDF
B§_>M+M_

B8 B —=utw

----- combinatorial bkg
----- semileptonic bkg
----- peaking bkg
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BF(B’—u*w)

Significance:
4.30 (4.80 exp.)

2x1o'9 CMS {s=7 TeV, L=5fb™" Vs=8 TeV, L=20 fb”'
E : o 4.30 :
1.8 j 16 O 40 16 0 B
C 14F BF(BS_>M+M-)= - BF(B"—u'u)=
1.6— (3.O+1'0)x10'9 12 (3.5+2'1)><10'10
C 10f -0.9 30| 1F 18
14 ’
6 oF
- F 20 R 2.00 20
1.2— SM %S\M\
N 2 M * 10
r I x10° W I I x10°]
= 0 2 3 4.5 0 02 04 06 08 1
E BRI o BREu)
0.8
o6 / ;
Cio =
o4f: | ‘
S
0.2F
0: L ““1‘\ | | \l’l\"\ 11 ‘ 111 ‘\ 11 X10-9
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BF(BJ—u*w)
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Prompt J/¥ and Y Polarization

1t meas. of prompt J/W and Y(nS)

polarization at the LHC

— Now extended to W(2S) polarization

measurement

No evidence for large polarizations
— An issue for NRQCD that needs to be

resolved!
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Searches Beyond
the Standard Model



The standard model and

beyond

; 80-5 B T 1T | T 1T | T 1T | T ] T | L "J’ | T T ]
§ | Wampenenmen, ||t
Sta n d a rd M Od e I . E; 80.45 :— 68% and 95% CL fit contours —:
- w/o M,,, m and M, measurements .
80.4 B M,, world average + 1o . :
. . . £ 1 E
the astonishing brain power of : :
80.35 — —
a certain ape species : :
80.3 [— -
- ) -
80.25 — ,@,9?'( \"92‘ ,3“?'9" S ]
Sl ?§/ $f | | .
140 150 160 170 180 190 200
m, [GeV]

Savas Dimopoulos, CERN Colloquium, Sep 20, 2012
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Classical
I
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I
¥ +
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I

Higgs mass is a huge problem:

Miraculous cancelations are needed to
keep the Higgs mass <1 TeV

my =(mi)o - A2A?

16m2

+ ...
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The connection to cosmology

Precision cosmology measurements give
strong motivations for new physics:

et Galaxies rotations, accelerating expansion,
el CNMB uniformity, space flatness

) luminous disk

GaIaX|e§ rqfatfow

i’#}i =i

Cosm,lc thowave

R (kpc)

M33 rotation curve

26 DR e
04 o Supernova Cosmology Project 2: AngUIar Scale
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Search for SUSY



gluino — stop searches

~ o~ . ~ - -0

g-g production, g— tt
:IIllllllllII-IIIIIIIIIII[IIIII'IIII]IIIIIIIII:
_—bMS Prelﬁmlnary = SUS-12-024 0-lep (E+H,) 19.4 fb™'—

s SUS-13-004 0+1-lep (razor) 19.3 fb™

General SUSY searches:
Simplified Model Spectra (SMS)

I_ s=8TeV —— SUS-13-007 1ep (n  >6)19.4 fb'
- SUSY 2013 e §US-13-013 2-lep (SS+b) 19.5 b7
— — Observed = SUS-13-008 3-lep (3l+b) 19.5fb" ]

LSP mass [GeV]
(0]
o
o

.. Observed -1 otsh'g’,’y
- - - Expected )
N

--------

400

300 o

200
Assumption: 100
BR(§ — ttx?) = 100% 0

gluino mass [GeV]

CMS PAS SUS-12-024, SUS-13-007
SUS-13-008, SUS-13-013 _ _
1 lepton + =6 jets + 22 b jets
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gluino — sbottom searches

Search for gluino decaying to sbottom then bottom quarks
and neutralinos

g g productlon g—> b b x

S I | T

S 000 CMS Prellmmary ' observed -
g I \s=8TeV - Observed -10635Y |
OE_ - SUSY 2013 _ __ Expected -
2 800 |

600

400

CMS PAS SUS-12-024,
SUS-12-028 200

m— SUS-12-024 O-lep (E+H)) 19.4 fb” ,. n

— SUS-12-028 O-lep (o) 1.7 fb” 5 ]

s SUS-13-004 0-lep (Razor) 19.3 fb™! i _

: 1
200 600 800 1000 1 200 1400

gluino mass [GeV]
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Search for direct stop production

_ _ _ Tt production
° Slngle |SO|?ted, hlgh pT eleCt.ron or §500:C'M's' |5I|'ellllllnlil’lllall‘); T N B e o
muon, > 4 jets, > 1 b-tagged jet, large 5 405 =8 TeV —— Observed
missing ET and transverse mass (MT); E 400 SUSY 2013 "~ Expected
175} [ s SUS-13-004 0-lep+1-lep (Razor) 19.3 l1E>t %)
» Search using razor variables in events ™ 350F i sussorn 1op Geptoni sop10.5 7 (175
Wlth b'_] etS 300 g SUS-13-011 1-lep (leptonic stop)19.5 b (- b ¥, x=0.25)

Direct b/f pair production 250
200

150
100

50

IIII|IIII|IIII|IIII|IIIl|IIII|IIII|IIII|IIII|III

~LJIIIIIII|IIII|IIII|IIII|IIII

1

L}

L}
1
L}
(]
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IIIIIIlI

0100 ‘ 200 300 400 500 600 700 | l800
stop mass [GeV]
Limits depend on mass hierarchy:

cMs Pmlimin.y Ve=8TeV,[Ldt= 105" CMS Preliminary V5=8TeV,Ldt =195 fb"

Limits on the top-squark and neutralino
masses vary 10—-20 GeV depending on
the top-quark polarization.

CMS: PAS-SUS-13-011
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v*x" searches

Models with decays

into sleptons
e Trilepton + MET
« Same-sign dileptons

14
-0 14
Py XQ_.~" ~< -0
12 T Xa
B o
- X1
P, b«
/ “ . ~
v

Models with decays into W

and Z

o > +1+MET

o« Z2U+ W/Z>jet-jet + MET
* Four leptons

7 i'li"”--.fx—x—\—— G
A%

l; 800_IIII|IIII|IIII|IIIIIIIIIIIIIIIIIII_
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Search for RPV stop

R-parity violation

— No stable SUSY particle - less MET than conventional SUSY
>3 leptons+b

— Including up to 1 T=>had

CMS Preliminary \s=8TeV,L =195 fb"

[ Stop RPV A
1 2 122
00 observed 95% CLs Limits LLE122
—— Theory uncertainty (NLO+NLL)
------ expected 95% CLs Limits

- expected i‘Icexperimental

600

II|III|III|III|III|III|I1

II|III|III|III|III|III|

Excluded
400 region
200
SUS-13-003 700800 900 4000 4100 1200

m- (GeV)
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RPV Gluinos in 3 jets

CMS Preliminary 19.5fb" at Vs = 8 TeV

T TTTH

10

Search for RPV decays of a gluino in
3 jets (either qq'q” or bqq’)

EXO-12-049

CMS Pralminary 195%" at fs = 8 TeV

95% CL Limit o x BR(X = jjj) [pb]
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Searches for long-lived SUSY

Tra tks. - C nly CMS Preliminary Vs=8 TeV. L=18.8 fb”

« Extends HSCP search
to full 8 TeV statistics
+ 7 TeV reanalysis

« Background prediction

Use absence of
correlation between p+
spectrum and the mass
as determined from

10¢

Tracks / 40 GeV/c?

102
ionization

« Strong limits £ Fruwom’ '
4 10}
— Gluinos, stops, and & 27
staus e
» Use combination of w0l
tracker+TOF and o o puimandy
tracker-only analyses bl o ooy XA
10 i o0 1
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SUSY (no show) tables
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Other searches



(Data-Fit)/op,,,

10

107

hORLO AL

Dijet resonance search

EIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIllll
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Dilepton resonance search

10°g— — T e 7' e+e'/M+M'

> T T
8 10° CMS Preliminary, 8 TeV, 20.6 fb” ..
3 1o V]V « Data to almost 2 TeV, limits to
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Events / 50 GeV

W’—tb search

Heavy W
— Predicted by little Higgs, extra dimensions, technicolor, etc

Lepton+jets+MET signature

Use W,t mass constraints to solve for neutrino momentum and
reconstruct W’ mass B2G-12-010

CMS Preliminary, 19.6 fby" at (s = 8 TeV CMS Preliminary, 19.6 " at Vs = 8 TeV

— T |
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Search for tt resonances
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Upper Limit ¢, x B [pb]

New search for tt-resonances in the I+jets
+MET channel with full Run 1 data

— Optimized separately for low-mass
(non-boosted, M,, < 1 TeV) and high-
mass (boosted) regimes

— Sets most stringent limits today

102
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CMS,L=19.6fb", \s =8 TeV
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Event kinematics strongly depend on the mass of the

intermediate state

 Low mass analyses: standard tt reconstruction
 High mass analyses: top tagging from jet substructure

“G - Top Tagging R
. . S - CMS Simulation 0.12
8 TeV single lepton, all hadronic  s00fzo
~— :\l§= 7 TeV
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Monojets for

Dark Matter

Stringent limits on extra dimensions
and dark matter in the monojet

channel qJ Elastic Scattering (t-channel) Pair Production (s-channel)
X X Nuclear X Invisible
q g Recoil q DM
q X Direct Searches Collider Searches
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Search for Extra Dimensions

= (Can also look for evidence of
KK Gravitons

= ADD Extra Dimensions

| | |
CMS Preliminary

JL dt=19.51b", {s=8 TeV

CMS Preliminary
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Search for Top partners

Search for vector-like T quark in various
possible decay modes in the
combinations of |+jets and dileptons
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Exotica (no show) tables

q* (qg), dijet
q* (@W)

q* (@2
q*, dijet pair
q*, boosted Z
e, AN=2TeV
p,A=2TeV

Z'SSM (ee, pp)

Z'SSM (t1)

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

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

G (dijet)

G (ttbar hadronic)

G (jet+MET) kM = 0.2

G (yy) kM =0.1

G (Z(Z(qq)) 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

LQ1, B=0.5
LQt, p=1.0
LQ2, B=0.5
LQ2, B=1.0

LQ3 (bv), Q=+1/3, B=0.0
LQ3 (b1), Q=+2/3 or +4/3, f=1.0
stop (b1)

b’ = tW, (31, 2I) + b-jet

q’, b'/t’ degenerate, Vtb=1
b’ — tW, l+jets

B’ = bZ (100%)

T — tZ (100%)

t' = bW (100%), l+jets

t' = bW (100%), I+l

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

C.l., single p (HnCM)

C.1., incl. jet, destructive
C.1., incl. jet, constructive

Ms, vy, HLZ, nED = 3
Ms, yy, HLZ, nED = 6
Ms, I, HLZ, nED = 3
Ms, I, HLZ, nED = 6
MD, monojet, nED =3
MD, monojet, nED = 6
MD, mono-y, nED =3
MD, mono-y, nED =6
MBH, rotating, MD=3TeV, nED = 2
MBH, non-rot, MD=3TeV, nED = 2
MBH, boil. remn., MD=3TeV, nED = 2
MBH, stable remn., MD=3TeV, nED = 2
MBH, Quantum BH, MD=3TeV, nED = 2
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Future perspectives
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Luminosity [cm2s]

LHC projections
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Physics motivations

What’s beyond the Standard Model?

Nominal LHC beam energy (14 TeV) will allow the full
exploitation of the Terascale:

e search for SUSY, Extra Dimensions, etc.
 search for the unknown

High luminosity will allow very precise measurements of
the Higgs sector:

* look for deviations to the Standard Model at the
level of a few percent.
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CMS Upgrade phases

LS1 Projects:
*Completes muon coverage (ME4)
*Improve muon trigger (ME1), DT electronics
*Replace HCAL photo-detectors in Forward (new PMTs) and Outer (HPD — SiPM)

¢ Expected conclusion dates are indicated 201 4

LS1 LS2 LS3
< >
f f
Phase 1 Upgrades: Phase 2 Upgrades: scope to be
* New Pixels, HCAL SiPMs and electronics, defined in Technical Proposal (2014)
and L1-Trigger

* Preparatory work during LS1: » Tracker Replacement

* new beam pipe * Forward Calorimetry and Muons

* Further Trigger upgrade: Track Trigger

2018 2023
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Outlook |

« LHC achieved an astonishing performance in Run 1.

 CMS succeeded to meet all challenges, and to produce an
unprecedented wave of physics results.

* Many new measurements with full proton-proton dataset
collected in 2011-12 (~25 tb1).

« The agreement of data with the Standard Model is
Impressive.

* Inthe H — ZZ(41) channel, a signal significance of 6.70 is
now observed. In H — yy updated results on the signal
strength, y= o/og,, ~0.8 £ 0.3.

« Two independent determinations of the Higgs mass:
125.8£0.6 GeV, in H —» ZZ(4l); and 125.4£0.8 GeV, in H — vy.
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Outlook Il

« The pure pseudoscalar hypothesis is excluded at 99.8%
C.L. and simple spin 2 models are excluded with greater
than 99.4% C.L.

« Strong evidence is seen in H — tt channel (significance
~30).
 These measurements strongly indicates that the new

particle is a Higgs boson, responsible for the
Electroweak Symmetry Breaking.

 However they are still fall from the precision required to
rule out all BSM scenarios.

* No evidence of new physics in the 7-8 TeV data creates
a big expectation on the LHC restart at 14 TeV in 2015.
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