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¢ Introduction
¢ CMS operations

¢ Very short : Ingredients (Jets, Pflow, ...)

¢ High-pr QCD

¢ Incl jet cross section
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¢ Di-jet observables ; Lesapr
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¢ "Heavy” Quark production

¢ Strangeness and Quarkonia

PYTHIA (MSEL 1, CTEQ6LT) b -
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CMS Data

¢ Db-production SR T e B (GO

¢ top-production S B Mt

B Events with ee/uu/e u B 2y -1r

sk [ Single top N

¢ W and Z production ;

[__]b-tag uncertainty|

61 ®

¢ Conclusions

¢ Note:
Nothing on low-pt QCD, UE, FWD, Heavy lons.
Focus on the very recent results 0 1

Number of b-tagged jets
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SILICON TRACKER
Pixels (100 x 150 um?)
e ec o r ~im?*  ~66M channels

Microstrips (80-180um)
~200m? ~9.6M channels

~76k scintillating POWO, crystals

Silicon strips
~16m? ~137k channels

~13000 tonnes

Niobium-titanium coll 4 b ,
carrying ~18000 A | " v FORWARD
' CALORIMETER
Steel + quartz fibres

HADRON CALORIMETER (HCAL) ~2k channels

Total weight : 14000 tonnes Brass + plastic scintillator MUON CHAMBERS
Overall diameter :15.0m ~7k channels Barrel: 250 Drift Tube & 480 Resistive Plate Chambers
Overall length :28.7m Endcaps: 473 Cathode Strip & 432 Resistive Plate Chambers

Magnetic field 138 T
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Remember (for this talk):

e Large magnetic field
ixels (100 x 150 um?) . - . .
EtECtor Am?  ~66M channels High precision tracking

~13000 tonnes

Total weight
Overall diameter
Overall length
Magnetic field

Microstrips (80-180um) High granularity and resolution in ECAL
~200m? ~9.6M channels

~76k scintillating POWO, crystals

Silicon strips
~16m? ~137k channels

Niobium-titanium coil

carrying ~18000 A

: 14000 tonnes
:15.0m
:28.7m

1 38T

FORWARD
CALORIMETER
Steel + quartz fibres
HADRON CALORIMETER (HCAL) . Q GaCC R
Brass + plastic scintillator MUON CHAMBERS

~7K channels Barrel: 250 Drift Tube & 480 Resistive Plate Chambers
Endcaps: 473 Cathode Strip & 432 Resistive Plate Chambers

G. Dissertori : Recent SM Results from CMS



L o %

ETH Institute for

Integrated Luminosity 2010 (pp running) (D &

Total Integrated Luminosity 2010 (Mar 30 10:00 UTC - Nov 09 13:50 UTC)
3T T ————
. ‘| == Delivered 47.03 pb™' g ; g
2 10' | — Recorded 43.17 pb-’ ' '
- i ;

low-py
b-Physics

10'7 _.Jf-.. ..................... - -------------------- -

-8 s N N 1 N N N . N . . s . 2 : . P s s s
25903 12/05 25/06 08/08 21/09 04/11
Date

Reliable operations with 47 pb-1delivered by LHC
CMS recorded 43 pb-1. Overall data taking larger than 90%
~85% recorded with all subdetectors in perfect conditions.
Note: all subdetectors have at least 98% of all channels operational!
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The Ingredients for
the preparation of

our menu.

Trigger
and object reconstruction

Observed so far:
Excellent performance in Physics Object Reconstruction
(Tracks, Electrons, Muons, Jets, MET, Particle Flow)

in the following, only some statements about Pflow, since rather specific to CMS

iverpoo
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@ CalorimeterJet (calojet)

N

¢ from energy depositions grouped
HCAL & ECAL

¢ Jet Plus Tracks (JPT)

N

¢ Calorimeters jets corrected with

M
tracker momentum g ' l'g :
¢ Particle Flow Jets (PFJ): B
¢ Reconstructed particles using |
information from all sub-detectors; B oton
separate calibration per particle type e
¢ TrackdJets s

N

¢ from tracks only

¢ Jet Algorithms:

\J

¢ Default for p+p collisions is
anti-KT with R = 0.5

¢ Also implemented: KT, SiSCone

Liverpool
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@ CalorimeterJet (calojet)

N

¢ from energy depositions grouped
HCAL & ECAL

¢ Jet Plus Tracks (JPT)

\J

¢ Calorimeters jets corrected with

tracker momentum . .
neutral |
¢ Particle Flow Jets (PFJ): =
¥ Reconstructed particles using |
information from all sub-detectors; e
separate calibration per particle type )
¢ Trackdets 2o

N

¢ from tracks only

f Using different inputs allows CMS to
Jet Algorithms: study and constrain experimental

¢ Default for p+p collisions is systematics for good understanding

anti-KT with R = 0.5 of jet identification, resolutions and

I
¢ Also implemented: KT, SiSCone =NErgy stale
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CMS performance: PF jets D s

I CMS, December 2009, 2.36 TeV
4 Run 124120 / Event 6613074

=
N

= Particle Flow Reconstruction

Jet 1 p;=22 GeV/c Jet 2
pr=42 GeV/c

_  CMS Preliminary 2010 Anti-k; R=0.5
-\s=7TeV,DATA(6.2nb") P > 25 GeVic B Charged Hadrons

- .| ‘ . B Photons

Neutral Hadrons

T

Electrons

HF Hadrons

Mean Fraction of Jet Energy
o
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= -
(=2]
T T [ T 11

0.4 | HF EM particles
0.2
pr=38 GeV/c 0_ L L
-2 0 2 4
PFJetn
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CMS performance: PF jets D s

I CMS, December 2009, 2.36 TeV
4 Run 124120 / Event 6613074
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CMS performance: PF jets D s

[N CMS, December 2009, 2.36 TeV
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¢ Jet performance matches simulation very well, PF JEC uncertainties: 3-5 %
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High-Pt QCD

/' Jetlp, = 1.099 TeV
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Run 144112 Event 1189490855
M ;j~2.05 TeV

A high mass dijet event satisfying An< 1.3
Current highest mass dijet pair: ~2.7TeV in 3.1 pb* of data
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Inclusive jet cross section

© Inclusive jet pr spectra CMS preliminary, 60 nb1 \s =7 TeV
are in good agreement  1Q''E ——r T

=
with NLO theory forall @ ¢ ' on:;i?y?g})o(zfz)se) E
reconstruction types = 10° B ‘ . 1.0<lyl<1.5 (x64) =
_ L LDy N D, o 1.5<lyl<2.0 (x16) —
T Xiending O VEIVIOWRT kg 7 hnany, ¢ 20slyl<25 (<)
ANKS 10 NOVE T EoANDRINAY, ¢ 2.5slyl<3.0 (x1)  Z
reconstruction methods %s 3 E
(Particle Flow) S 10°F =
o C\_IO é_ & (X _é'
¢ Low pr reach limited 10°E y G =
from theory side by non- i e N\ E
perturbative corrections N I 3
10';‘ — NLO pQCD+NP* A E
=[] Exp. uncertainty A * -
Down to pt=20 GeV and 5% JES  1( %Antl -k, R=0.5 PF Qeb-10-011 é
I ] | I I | ] ] | I I |

Preliminary result being updated to 20 30 100 200 1000

full 2010 dataset and xt=p7//s=0.005 pT (GeV)

3% Jet Energy Scale
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How to reduce uncertainties? @O

Look at angular correlations as
function of di-jet mass

Kdijer = CXP (‘Jﬁ ~ yz‘)

probes parton scattering with

light dependency on PDF

« flat for t-channel gluon exchange

* new physics — excess at low

1/N dN/dy .,

(=]
-
'S

o

-

N
|

o
-
I

0.08F

0.06

0.04 :_ 1400 < Mii [GeV] < 1800
r — QCD NLO + non-pert.
0.02 -
C e QCD+CI 3 TeV + non-pert.
1 | 1 1 | 1 1 I 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
0722 "¢ "8 10 12 14 16

CMS Preliminary

Kdijet

no lumi uncertainty

very weak JES uncertainty

Sensitivity up to A=5 TeV with 2010 data;
Tevatron limits A > 2.8-3 TeV
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How to reduce uncertainties? @O
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¢ Look at angular correlations as " .
. - g 0.7 —+— data CcMS prelim
function of di-jet mass F [ — ocopregiction gl | NEW !
S i s Ihfgr_}fel;ncenalnty L=36pb”
= =
Xdij of = eXp (‘ yl — yZ ‘ ) -BE O.E_— . M, > 2.2 TeV (+0.5)

b ¢ Heri ith © [ - Corrected
probes parton scattering wi = [ voem <227eveos | fOT det.effects
light dependency on PDF 0.5/ L

m % ————— 'Ir"_ﬂl
« flat for t-channel gluon exchange -
* new physics — excess at low 04r 14<M, <18 TeV (+03
L — + '
5 0.14 - 1.1< M, <1.4 TeV (+0.25)
>‘<€ . CMS Preliminary oaf‘h—-ﬂ_ . * ———
O 0.2 L 0.85 <M, <1.1 TeV (+0.2)
pa [ N — —
; 0.1- B 0.65 < M, < 0.85 TeV (+0.15)
i 0'08;_ ‘- 0'2__ 0.5 < M, <0.65 TeV (+0.1)
0.06: : 0.35 <M. =0.5 TeV (+0.05)
0.045 1400 <M, [GeV] < 1800 0 1i\:==— e —
B QCD NLO + . ) L D.EE{MH =0.35 TeV
0.02|- nomper ?~‘E=-= . S |
L e QCD+Cl 3 TeV + non-pert. I T AT P AP T
S R T T, 2 4 6 8 10 12 14 16
%
_ _ K Good agreement with NLO QCD dlet
¢ no lumi uncertainty predictions in 0.25 < M; < 2.2 TeV
¢ very weak JES uncertainty Observed limit with systematics:
N>5.6 TeV
¢  Sensitivity up to A=5 TeV with 2010 data; Exnectefoliinit with systematics:
B2 Tevatron limits A > 2.8-3 TeV N>50 o TeV
Jan 11 G. Dissertori : Recent SM Results from CMS . 10
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D A .;E)di_',r'e.! =
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sensitive to higher order
QCD radiation effects

¢ High sensitivity to ISR,
much less to FSR

¢ Independent of luminosity

¢ Weakly dependent on
Jet Energy Scale

Liverpool
Jan 11 G. Dissertori : Recent SM Results from CMS 11



Correlations in Azimuth O

d Ag =|¢}- —Q ‘ o 105k ¢ p™ > 300 GeV (x10* CMS
dijet 1 et2 9 107 * P> eV (x10%)
- Jot - E - 260<p:ax<300 GeV (x10°) ] NEW !
. = - 5 B max R
sensitive to higher order Z| 5, [ & 140 <200 GeV (10 :
. ; _8 J 10 = o 110<p:1ax<140 GeV (x10) Corrected
QCD radiation effects O 0<p™ < 110GoV o | for deteffects
“le° 103_ L=29pb"

¢ High sensitivity to ISR, L o
much less to FSR 10° |
¢ Independent of luminosity 0 o

¢ Weakly dependent on
Jet Energy Scale 107"

QCD Predictions
- LO

- — NLO
1021 f, =t = p
- CTEQ 6.6
B | | | | | | | |
51/6 T
A rad
NLO predictions give a better agreement than LO, but they undershoot the (pdijet ! ]
data for Ag < 2a/3 (in this region 2—4 LO) — 9
A‘pdljet'n

Liverpool >mm<
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b Correlations in Azimuth D e

T

pI** > 300 GeV (x10%) CMS
0 200 < pI™ < 300 GeV (x1 0%
S s 140 < pT™™ < 200 GeV (x107)
S 10%E o 110 < p™ < 140 GeV (x10)
-06 o 80<p?ax<110GeV
b% 1 03 L=29pb"
\s=7TeV

D ﬁ@dﬁﬂl = |¢j&:f] _'-‘p_;'ﬁ.!..?‘ F'g 10°

sensitive to higher order
QCD radiation effects

NEW !

Corrected
for det.effects

deijet

¢ High sensitivity to ISR,
much less to FSR

¢ Independent of luminosity -

¢ Weakly dependent on
Jet Energy Scale

—— PYTHIA6 D6T
-------- PYTHIA6 Z2
RELIEE PYTHIAS8
HERWIG++
— — MADGRAPH

| | |
5n/6 T

NLO predictions give a better agreement than LO, but they undershoot the
data for Ag < 2a/3 (in this region 2—4 LO)

Pythia6 and Herwig++ are in reasonable agreement with data

MadGraph (Pyhtia8) predicts less (more) decorrelation than what is
observed in data. Both could be tuned to agree with data by changing the
ISR parameters.

Liverpool
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Hadronic Event Shapes

[ Central transverse thrust

Yice DL i)

D _iccP L

log7) ¢ =log(l =T ¢)

G. Dissertori : Recent SM Results from CMS
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CMS PAS QCD-10-013

robust against choice of jet
reconstruction, as well as
JEC and JER uncertainties
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Hadronic Event Shapes (D

O Central transverse thrust Eiec }Isl.i : T_):T‘
I'| ¢ = max— S
, nr ZieC Pl

robust against choice of jet
reconstruction, as well as

log 7, ¢ =log(1 — T ¢) JEC and JER uncertainties

CMS Experiment at LHC, CERN

Data recorded: Sun Jul 4 08:27:30 2010 CEST
Run/Event: 139365 / 65727014

Lumi section: 69

CMS Experiment at LHC, CERN
Data recorded: Sun Jun 27 08:20§)2 2010 CEST
Run/Event: 138750 / 114007131

| Lumi section: 599

Liverpool
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Hadronic Event Shapes

[ Central transverse thrust

ETH Institute for
Particle Physics

CMS PAS QCD-10-013 l

>iec |PLi - 7iT]
Ziec Pl

I'| ¢ = max
7'llrl.

robust against choice of jet
reconstruction, as well as

log 7, ¢ =log(1 — T ¢) JEC and JER uncertainties

CMS Experiment at LHC, CERN

Data recorded: Sun Jul 4 08:27:30 2010 CEST 0_25
Run/Event: 139365 / 65727014
Lumi section: 69
0.20
Q
-
© 015
=
O
S
Z
O 0.10
—|Z
0.05

0.00

NEW !

Corrected for det.effects,
using SVD unfolding!

Liverpool
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CMS Experiment at LHC, CERN

ata recorded: Sun Jun 27 08:20; 2
un/Event: 138750 / 114007131
imi section: 599

1 T 1 I 1T 1 “ 11 I T 1 | T 1 I T 1 I |
- anti-k;, R=0.5, P 1:;200 GeV/c
- Jets p_>30 GeV/c,n|<1.3

- —— Pythia6
e Pythia8
-- Herwig++
MadGraph+Pythia6
--- Alpgen+Pythia6
* Data

--------------

lIIlIIII|JlII|IIII|JlII—|'

CMS preliminary 2010
\s=7TeV, L = 3.2 pb"’

\III‘III||IIIII|IIII“II

-12

10 -8 6 -4 -2
InTLC

Similar conclusions to phi de-correlation study:
PY6, PY8 and HW++ predict data rather well.
ALPGEN and MadGraph overestimate the fraction of
back-to-back di-jet events, and underestimate 3-jet contrib.
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QCD: prompt vy production )l

arXiv 1012.0799

Yo(n-n) Discr. variable: o,
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in5x5 E
; .
07”2/77 _ Lroundmx w; =max|0,4.7 +ln( %5 )
E o, 5x5
crystal —i
é -1 T i ! ' L l L l L ] L L l L L
S 0f prompt | CMS 2010 B
:{g : \\jii; = ir 'I'(E‘\" :
;g 2500~ L=29pb™ .
= - |
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— 2000} B
- —— Data ]
100l — Fit result —
I B - Background ]
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1000~ B B
: / Bkgd from :
00 & decays E
-1 1 1 1 '1':1 1 l 1 1 1 | l S —

0.005 0.01 0.015 0.02 0.025 0.03
m
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QCD: prompt Y production )l

arXiv 1012.0799
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Production of
“heavy” quarks:

s = Quarkonia =2 b = top
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Strangeness Production NEw! ]

¢ Reconstruction of Kg, A\, =

3
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& Strangeness Production NEw! s

¢ Reconstruction of Ks, A\, =~
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J/p production cross sections (P e
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J/p production cross sections (P e
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J/xp production cross sections (e
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J/p production cross sections (P e
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Y P roduction arXiv 1012.5545 D partce Pryscs

& 2200 T T T & ; AL RARAL ML RARRL RAR
= 20005 h o cMs, s =7Tev 4 =700 CMS, V5= TTeV _ (28,38) VS .1S mass
S 1800- JL=310710 S oo Je=3tpb" difference fixed to
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Y P roduction arXiv 1012.5545 D partce Pryscs

giﬁﬂﬁ; h CMS, /5 =7 TeV {%m CMS, Vs=T7TeV (2_8’38) VS .1S mass
3 1800 J£=31p73 9 60 I e difference fixed to
2 1e00; Y(15):7825133 1 § "'1  PDG value in the fit
< 1400 Y(28):2279491 § 70 oo (Y(1S))
g 12000 Y (38):1324+84 1 400 . ;
& 1000 ] W 69 +2MeV
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8

20-7,, (Y (15)) =96+ 2 MeV ; Also measured: |
%859 05 10 105 11 115 12 Og““85 9 85 10 105 11 115 12 235/3S over 1S ratio
pt = mass (GeV/c?) putp~ mass (GeV/c?)

Polarization not included: +- 20 % effect

o(pp — Y(1S)X) - B(Y(1S) — u"pu~) = (7.49 £ 0.13(stat.) T 0-9 (syst.) £ 0.82(lumi.)) nb,

o(pp — Y(25)X) - (Y(25)=>y+y)—(193:|:008( t.) " 013 (syst.) £ 0.21(lumi.)) nb,
o(pp — Y(3S)X) - B(Y(3S) — putu~) = (1.04 £ 0.07(stat.) T 053 (syst.) £ 0.11(lumi.)) nb.
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o(pp — Y(1S)X) - B(Y(1S) — u"pu~) = (7.49 £ 0.13(stat.) T 0-9 (syst.) £ 0.82(lumi.)) nb,

o(pp — Y(2S)X) - B(Y(2S) — ptu~) = (1.93 £ 0.08(stat.) "7 (syst.) £ 0.21(lumi.)) nb,

o(pp — Y(3S)X) - B(Y(3S) — putu~) = (1.04 £ 0.07(stat.) T 053 (syst.) £ 0.11(lumi.)) nb.
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Also measured:
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Polarization not included: +- 20 % effect
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& B-quark identification D sz

¢ Identification with semi-leptonic decay into muons

¢ Low momentum (3 GeV) single-muon trigger thresholds at CMS g'l\,"HS:f(f:§67
startup; Method based on pt™®' of muon to nearest jet
¢ Can probe inclusive beauty production at low momentum
¢ Secondary vertex identification
¢ Exploit high precision of pixel tracker and long B hadrons lifetimes
¢ Efficient secondary vertex reconstruction for E1¢>20 GeV
: : : CMS-PAS-
¢ Excellent for b-jet studies at larger momenta BPH-10-009
¢ Inclusive secondary vertex finder as a powerful tool for angular CMS-PAS-

correlation studies BPH-10-010

¢ B-hadron exclusive decay reconstruction

¢ Competitive performance in J/yv X decay channels with J/y = mumu-

¢ First published result: B*—J/y K* differential cross section CERN-PH-
EP-2010-087

ICHEP2010 results

from: V. Chiochia, Pauli-Workshop, I
Zurich, Jan 2011 New results!

Liverpool
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& Differential cross sections ..., D=
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P > 6 GeV n,l <21

opytHIA = 1.8ub .
OMC@NLO — [0.841L0:19 (scale) T OOS(mb) T 004(pdf)] ]/lb (|JF=|JR=pT)

Experimental uncertainties (15-20%) dominated by modeling of fake muons and underlying event

MC@NLO: larger discrepancies at low pt™Y°" and central region
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B — J/P K* arXiv:1101.0131 (]) Hiss

¢ Signal extracted from simultaneous fit to invariant mass and lifetime
distributions

CMS \s=7 TeV

[T [T 1T T 1]
B CMS \s =7 TeV
pr°>5 GeV s on

10__ T | T | T | T | T | T

-
o

_____ rE— L =5.8 pb™

BF (3.5%) and Lumi (11%) uncertainties not shown

| BF (3.5%) and Lumi (11%) uncertainties not shown

e B yB|<2.4

> 5 GeV) [ub]

[
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> - e 7] o
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* o = . & o r
m | _
T S ETTrr—— | +
o |
210" = = I T S S
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¥ %\ ETH Institute for

arX|V 1 1 01 01 31 ‘[ Particle Physics

B — J/Y K*

¢ Signal extracted from simultaneous fit to invariant mass and lifetime

distributions
%l 10 __ T | T T T T | T T T T | T T T T | T T T |__ 3 T I ]|3 I T I T I T I T I T I T I T I T I T ]
= - - =, - = 7
S E__ i'\fssf ;17 TeV . =10-PT >5 GeV E“iss_fpb] TeV -
E ----- - BF (3.5%) and Lumi_(1 1.%)?mcertainties not shown: 8 L | BF (3.5%) and Lumi (11%) uncertainties not shown _|
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§' B MC@NLO (CTEQéM, m =4.75Gev) L —— ] B B MC@NLO (CTEQ6M,m =475GeV) . ]
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Experimental uncertainties (~7%) dominated by fit PDF shapes and tracking efficiency
BF (3.5%) and luminosity (11%) uncertainties not shown in figures
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Inclusive b-jet production ..., D =

CMS preliminary, 60 nb™ \s=7TeV
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¢ Experimental uncertainties (~20%) ¢ Generally good agreement with Pythia above
dominated by b-tagging efficiency and jet 40 GeV

energy scale ¢ Shape differences with MC@NLO at large pr

¢ MC@NLO uncertainties dominated by scale and forward region

variations (+40%,-25%) and b-quark mass
(+17%,-14%)

I\) [LLL

from: V. Chiochia, Pauli-Workshop,
Liverpool Zurich, Jan 2011
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B-hadron angular correlations NEW ! (] i

¢ Motivation:

*€c

What fraction of the b-quark cross section is given by collinear b pair production?
¢ How does this fraction evolve with the hardness of the scattering process?

¢ Experimental problem:

\

€

Measurements based on tagged jets have finite resolution due to jet clustering sizes

¢ New technique:

“€c

Reconstruct B-hadron momentum from primary and secondary vertices
Secondary vertex finder seeded with high IP tracks, jet independent
Tertiary vertices from chain decays (b—c) merged into a single B candidate

*€cC

N/
(7

<Large -opening angle- smal>

AR =/An* + Ag’ 4

Liverpool from: V. Chiochia, Pauli-Workshop,
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Angular correlations: results  NEW! (P e

CMS\s =7 TeV, L = 3.1 pb” CMS VS = 7 TeV, L = 3.1 pb”
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& Angular correlations: results ~ NEw 1 (s
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-g <]10 E o — Cascade Normalization region b 3.5 [n'ee9neiet| < 3.0
® En "f“—i—% ¥ E P CMS Preliminary | ~ [ CMS Preliminary
- - 3l v 3:—
104 +—;1—+ & 2 b"'zj -
' ,_‘;,_,—g—i =g ,ﬂm . — = 2.5
e . 5
3l —.— —- S C 2~
10 - . . o B 3 -
~ m Data (p"”'"" 556 GeV) x4 1 m-‘=_ ’_Dﬁ_ r
10250 Data (" 04 Gev) 2 '—i—"_é_ e L I i i = :
E . E:La‘i:‘ph”"“" >120 GeV) 4 — 15_ Pythia
i Normalization region '_l— 3: 0 5—— - MadGraph
10 2 ;f:i—T—I:;:‘ — T ¢ Data
E|1|1||||1||||||1||||||||||||||||||||||||| | 1:i—|‘—i_l T B r A 7 - o_llIIIIIIIIIlIIIlIIIIIIIIIIIIII]IIIIIIIIIIIIIII
0 05 1 15 2 25 3 35 4 % 05 1 152285 3 35 4 70 80 90 100 110 120 130 140 150
AR AR Leading Jet Pt (GeV)
. Ratio of collinear over
= nB)|<2, |n( )< -
pr(B)>15 GeV, [n(B)|<2, |n(lead.jet)|<3 atio of collinear ov

MC normalized to yellow region for shape comparison
in the collinear BB region

¢ Sizable fraction of total BB cross section from collinear B-hadron pairs

¢ Fraction of collinear BB production increases with leading jet pt

¢ Data points between Pythia and Madgraph MC. MC@NLO and CASCADE
below and above the data, respectively
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& Top prod. : Di-lepton channel

Phys. Lett. B 695 (2011) 424-443

Using 3 pb-! data sample

« Expect ~10 events signal

Dilepton features:
* less frequent but easy to see
« Clean final states, epu the cleanest

Cut and count method

Selection
Online: Single e OR u trigger

Offline
« Two opposite-charge leptons pt>20 GeV

Lepton isolation

Two or more jets (anti-Kt 0.5) with pt>30 GeV
MET > 30(20) GeV ee,uu (eM)

* Veto Mdilepton Near Z in ee,up: |[Mass-91| > 15GeV

Backgrounds
Non-W/Z e/u from j— | rate in QCD dijets
* “jet— e/y”: Includes fakes and b/c->e/u
DY in ee/yuy normalized to events near Z
MC for the rest: dibosons, tW, DY— 171
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b-jet x|
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~ Expected tt 7715
Dibosons 0.13 = 0.07
Single Top | 0.26:0.13

DY (1) 0.18 = 0.09

RS 08 o

~ Non-W/Z |0.1:052:0.3
Total Bkg 2.11.0

Total (incl. top) | 9.8+ 1.8

Phys. Lett. B 695 (2011) 424-443 D

ETH Institute for
Particle Physics

® Data
B tt signal
I Z/v*—I'T prediction
B2y
I single top
g
[ Non-W/Z prediction

[ Bekg. uncertainty

>4
Number of jets

3

2] ! !
S - CMs
D 12 31pblatVs=7Tev
- Events with eefup/ep
10 a
- 72(stat.) £ 24(syst.) -

o(pp — tt+X) =194 -

- 21 (lumi.) pb.

¢ The measurement is dominated by statistical uncertainty
¢ x10 more data available now ==> x2-3 more precision expected
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& Top-like properties of selected events (P e

11 events pass full selection: 3 ete™, 3 u*u=, 5 eTu-
2.1+£1.0 backgrounds

Nﬂ"\ T I I I | L I | T T | T T | I T | I T T ] ﬂ l I I
2 6 CmMS ] c 10 cwms @® Data —
> T 3.1pb™at \s=7TeV - @ [ 3sipplatys=7Tev [Eltisignal i
o L Events with ee/up/epn - L | Events with ee/up/en [l Z/v* —I*I i
O I B i ; .
& S5 A Data MWT i gl [ Single top _
% L ® DataKIN i " E vy ]
= | _ . e Wiy il
o 4 ® | 0 e Signal+bkgd. MWT - . ——
> 1 [ ]b-tag uncertaint
w - Signal+bkgd. KIN 6 ® < : R ‘.V_
3l A A@G Background MWT : :
I . I Background KIN - il
2 | g '
1- oi® ‘0 A A - 2~
B od - — K
0: . b iiarn 1n ok 2 Tannan e L-:...u._:
100 150 200 250 300 350 400 0 0 1 > 9
Reconstructed top mass [GeVlczl Number of b—tag_ged jets

¢ Reconstructed top mass: includes all event information, gives a global view of
consistency. Two methods of reconstruction (different type of constraints)
applied to find the solution.

¢ Multiplicity of b-tagged jets: confirms high rate of b-tags as expected from top

Liverpool from: S. Krutelyov, Pauli-Workshop,
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b, B
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& t-tbar : lepton+jets P sz

¢ Using 0.84 pb™' and requiring at
least 1 secondary vertex tagger
with =22 tracks;

*g " CMS Preliminary e Data ;
o " " _1 — -
¢ ~50% efficiency = 10° 5—0-84.pb atVs=7Tev EMt i 3

i [ ] vbb+x
B z/y*—I'T (+ light jets)
[ ] QCDiy+jets

¢ N(ets)=3

¢ 30 signal candidates over a P oco wnceramy
predicted background of 5.3 t ]

10

¢ ttbar rate roughly consistent with
NLO cross section

[ IIIIIII

¢ Up to experimental (JES, b- 1_
tagging) and theoretical i 1
(scale, PDF, HF modeling, ...) 1 2 3 >4

it Jet multiplici
uncertainties. plicity

based on early data PAS TOP-10-004 and update to it shown at HCP2010
Update coming soon....

Liverpool from: S. Krutelyov, Pauli-Workshop,
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W and Z production

CMS

Compact Muon Solenold

Compact Muon Solenoid

CMS Experiment at LHC, CERN T G CMS Experiment at LHC, CERN
Run 133483, Event 19046084 e CMS :{ Run 133877, Event 28405693
Lumi section: 331 / \ : {| Lumi section: 387 — \
/ \
\

" Sun Apr 18 2010, 13:03:43 C / \\ v Sat Apr 24 2010, 14:00:54 CEST
Electrons p+=34.0,31.9 GeV/c
Muon p. =22.7 GeV/c Pr

ME+ =37.6 GeV Inv. mass =91.2 GeV/c2 4
T— .
M+ =55.2 GeV/c? »

Liverpool
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CMS preliminary 2010

\s=7TeV
I I I 1 1 1 1 T 1

=25000 ]
a) B .
v B -
—20000F * % N
"9 - [] W-uv
ch B I EWK+tt -
515000 @& acp .
e B =
o i
- i
©10000-
QO
=
-
< 5000
0
0O 20 40 60 80 100 120
My [GeV]
x10° CMS preliminary 2010
S [T
s - - i
(09325__W—>e\/ 35 pb @\s-7Tevj
L‘\) : —e— data ]
2 20 N ] Woev
C ry —
o B EwWK+tt |
= B Qcp )
© 15 _
q_ B
) ]
O 1
o 10 =
= ]
c :
C 5 .
0

80 100 120 140
M; [GeV]

40 60
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CMS preliminary 2010 \s =7 TeV
= E | T Ll T I 1] 1 § T 1 ] T T T T =
F & — U .
s L dt = 35 pb
10°E E

e -+ data R
i B Z-op'w ]

B EWK

(]

||IIIII

number of events / 2 GeV
)

10-1 1
150 20

M(u'w) [GeV]

50 100

/D

CMS preliminary 2010 \s=7Te

| T 1 1 1 I T 1 T |l I 1 1 1 I =
s fL—ee :
4, 103L jl.dt=35pb'1 i
N
~~ - - data 1
..g B O z°se'e 5

2L [ EWK =
o 107 - E
> f =k ]
) N ]
‘5 - -
« 10 ) 3
o : i .
o : [frigt i
E B
= iIII i
c l |W
10+

50 100 150

M(e'e) [GeV]
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& W/Z cross-sections 10102466 D H5

¢ Published results for 3/pb, analysis of full 2010 sample ongoing
¢ Data-driven eff. and background estimations, such as T&P, isolation cut inversion

><103 CMS 2010
12 NN AL B AL AL B BN
29pb’ @\s=7TeV -

10k N
I —o- data i
3: ] Wouy
[ B0 Ewk+tt ]

B QcD

6 Selection —
I cut ]
40 ]

Background control -

2[ ! region for W N
0

0 0.2 0.4 0.6 0.8
Irel
comb

Jgg{n,, = { Z(pq-(tmcks) + Ep(em) + Er(had)) } /pr(n)

CMS preliminary 2010

\s=7TeV
I I T T

T T T

10

JL dt=29pb" -

S
T 8
—e— data-driven template n
2 i ===fzk== igolation inversion in data ]
- + QCD MC, isolated
@ 6 ¢ ]
c L
o | QCD
O 4t background
O L
c L
i) I
T 2[ .
S |
0 I L 1
I I 0 20 40 60 80
iverpoo M, [GeV]
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& W/Z cross-sections 10122466 D Fes

¢ Published results for 3/pb, analysis of full 2010 sample ongoing

¢ Data-driven eff. and background estimations, such as T&P, isolation cut inversion

100 cMsa00
12E 2.9 pb™ @\s=TTeV_:
10k ]

Source Worer, | Wy, |Z—sete | ZuTpu~ - daa
Lepton reconstruction & identification 3.9 1.5 59 0.5 8 B
Momentum scale & resolution 2.0 0.3 0.6 0.2 I _ —E
H 1 scale & resolution 1.8 0.4 n/a n/a 6 Setlecuon ]
Background subtraction/modeling 1.3 2.0 0.1 026 1.0 al e E
PDF uncertainty for acceptance 0.8 1.1 1.1 1.2 i ]
Other theoretical uncertainties 1.3 1.4 1.3 1.6 o [L Eaa?ggr%:m control
for > L3 > 2 pemEEie—
- 00 0.2 0.4 0.6 0.8
Irel .
~ com
[@ ACCG pt ~ 52'57 0/0 (40_43 %) for W (Z) == { Y (pr(tracks) + Er(em) + E'p(had)]}/m (n)

CMS preliminary 2010

\s=7TeV
T | '

T T T T T

¢ Estimated using POWHEG + CTEQG6.6

10

JL dt=29pb" -

¢ Acceptance: PDF syst. from comparing CTEQS6.6,

—e— data-driven template

<
>
&
MSTWOSNLO, NNNPDF2.0 N[t iy
£ 6F ¢ =
g | QCD
ﬁ o . o 4t background
¢ Note: x-sec results also reported within the finite o |
O L
acceptance only! 5 7
ol o
Liverpool 0 20 40 60 80
Jan 11 G. Dissertori : Recent SM Results from CMS I.""IT [GeV]



-Comparison with Theory

arXiv:1012.2466 D
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CMS 2010 \s=7TeV
' ' | ' T | ' T U T
NNLO, MSTWO08 68% CL prediction
J Ldt=29 pb'1 [with PDF4LHC scaling on uncertainty]
6.152 + 0.294 nb
W* ety o
5.93+0.07 _,+0.36_  +0.65 .nb
W* Ssuty HeH
5.84+0.07 _,,+0.18__ +0.64, .nb
W* S 17V (combined) HoH
5.86+0.06_  +0.17__ +0.64, .nb
I 1 1 1 I I 1 1 1 I
0 2 4 . 6
o(pp =W +X = I"v+X) [nb]
CMS 2010 \s=7TeV
NNLO, MSTW08 68% CL prediction
J Ldt=29 pb'1 [with PDF4LHC scaling on uncertainty]
1.435 + 0.044
W —ev e+
1.43£0.03_,,+0.08_
W — uv et
1.43+0.03_,, £0.05_
W — v (combined) HeH
1.43+£0.02_ +0.05_
0 0. 5 1 5

R, . =o(pp—>W X >

Liverpool
Jan 11

I v+X)/G(ppaW +X - IV+X)

G. Dissertori

Theory pred. from NNLO (FEWZ) + MSTWO08 PDFs
Theory PDF uncertainties : MSTWO08,CTEQ6.6,NNPDF2.0, PDF4LHC prescription

CMS 2010 \s=7TeV
— T — — T L —
NNLO, MSTWO08 68% CL prediction
J Ldt=29 pb'1 [with PDF4LHC scaling on uncertainty]
4.286 + 0.226 nb
W">5e Vv ol
414 +0.06 t_025 £ 0.46,, . nb
W">u-v HeH
4.08+0.06_,, +0.15 syst+ 0.45,,..nb
W™ - 1V (combined) HH
4.09+0.05_, ,+0.14 ysti045Iu mi NP
l l L L L l L L L l
0 2

4 6
o(pp—>W +X > 1"v+X) [nb]

CMS 29pb'at Vs=7TeV
NNLO, FEWZ+MSTWO8 prediction, 60-120 GeV
[with PDF4LHC 68% CL uncertainty]
0.97 = 0.04 nb
Z—ee et
0.96+0.04 = 0.06 +0.11,  nb
Z—pp et
0.92= 0.03,,, = 0.02, + 0.10,,; nb
Z—l (combined) H—e—H
0.93:0.03,,+0.02 =0.10, .nb
) A L L i L A | i L 1 L i i l M L i ] L " L 1
0 0.2 0.4 0.6
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0.8 1 1.2
olpp—=ZX)xB(Z— 1) [nb]
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by Comparison with Theory

arXiv:1012.2466 D

CMS 2010 \Vs=7TeV CMS 2010 \Ns =7 TeV
' T | T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
NNLO, MSTWO08 68% CL prediction NNLO, MSTWO08 68% CL prediction
J- Ldt=2.9 pb'1 [with PDF4LHC scaling on uncertainty] J Ldt=29 pb'1 [with PDF4LHC scaling on uncertainty]

6.152 + 0.294 nb 4.286 + 0.226 nb

W s5ety o W —eV ol

5.93+0.07 ,, £ 036, +0.65,  nb 414006 +0.25 _ +0.46, nb

W* Ssuty HeH W >u-v HeH

5.84+0.07 ,, +0.18_ _ +0.64,,  nb 4.08+0.06,,,,+0.15  + 045, nb

W™ 17V (combined) HeH W™ > 1°V (combined) HH

5.86 £ 0.06,,, +0.17_ _ +0.64,  nb 4.09+0.05_, +0.14_  +0.45, nb
| | , | | | , | | | | L | L 1 N N | | | | | | " " | L L 5 l
0 2 4 6 0 2 4 6

o(pp — W*+X = 1"+X) [nb] o(pp — W™ +X = I'v+X) [nb]

¢ Theory pred. from NNLO (FEWZ) + MSTWO08 PDFs
Wa and W- consistent Y PDF uncertainties : MSTWO08,CTEQ6.6,NNPDF2.0, PDF4LHC prescription

PDF expectations

Close to challenging global PDF \s=7TeV CMS | 29pb'at V=7 TeV
precision! NNLO, MSTWO08 68% CL prediction NNLO, FEWZ+MSTWO08 prediction, 60-120 GeV
lelted prlmarlly by +/_ eﬁ|C|ency [with PDF4LHC scaling on uncertainty] [with PDF4LHC 68% CL uncertainty]
ratio (Z statistics) 1435 0.044 0.97=0.04nb
W > ev —ot—| Z— ee et
1.43+0.03  +0.08 0.96 = 0.04 = 0.06 = 0.11, . nb
W — v HeH Z—pp —
1.43+0.03,,,+0.05 0.92 £ 0.03,,, = 0.02, , = 0.10,,, nb
W — Iv (combined) HeH Z — Il (combined) Heet]
1.43+0.02 ,, +0.05 0.93:0.03 = 0.02_,,+0.10, . nb
. . . . . ! . . . . L L 1 L . " ] L " . 1 . L " ] M . L L . " . 1
0 0. 5 1 5 0 0.2 0.4 0.6 0.8
R, . =o(pp—>W +Xe|v+X)/6(pp+W+X—>Iv+X)

. 1 12
olpp—=ZX)xB(Z— 1) [nb]
Liverpool
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& Comparison with Theory

arXiv:1012.2466 D

CMS 29pbT'at \s=7TeV
l lumi. uncertlainty: + 11% I I
GxB (W) = 0.953+0.028 , +0.048,
ox B (W) H—— 0.953+0.029,,, £ 0.045
i Clearly Lumi is the
———t—] 0.954 £ 0.034 ___ +0.051 , .
cxB(W) exp. shen. Lumi area with largest
error potential of
oxB(Z) H—e—H 0.960 = 0.036,, + 0.040,, improvement
Ruz —o—] 0.990+ 0.038,, +0.004
R, H——H 1.0020.038,,, +0.028
o6 ____ os 1 _____ 12 14
Ratio (CMS/Theory)
= . T _w 15 * ATLAS CMS
¢ W cross section non-lumi error 2.9% = © CMS, 2.9 pb” wo | = | osewt zom
@10 % DoRum W @ qopgeaeW
@ Z cross section non-lumi error 3.9% = F & uaz ' 15 4t :
, _ - v UAT . T W
¢  WI/Z ratio total error 3.8% - R [N - W
, _ | PP _ ' '
¢ Internally consistent across channels 'E / 1
: : - . o _
¢ Everywhere close to systematics i PP @ g ©
I|m|ted 107 - — 1_":”% o G A
E Theory: NNLO, FEWZ and MSTW08 PDFs E I i
B 1 1 1 1 | ll | ] 1 1 Il |- ll | | I
0.5 1 2 5 7 10 20 0-5 71 TeV
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& Z—)TT—>T-j et u (P i

Data recorded: Sun Aug 15 03:57:48 2010 CEST
i Run/Event: 142971 / 323188785

L \| Lumi section: 348

T | Orbit/Crossing: 91187947 / 2286

(EMS CMS Experiment at LHC, CERN
. \..\

No 12|||IIIIIIIIIIIIIIIIIIIIIIIIIIII_
S @ TTBar -
(0] 10 CIW o1ty
O ERZoup
o W - p v
» CJacp A
- 8 ! Bzt
& e DATA
C _
6 CMS Preliminary 2010 |
LL

L, =1.7 pb",\Vs =7 TeV

%20 40 60 80 100120 140 160 180

visible Mass[GeV/c?

<"

from: G. Rolandi, Paris, Dec 2010
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¢ The CMS experiment at the LHC
performs extremely well

¢ The first year at 7 TeV has already given us a sample
big enough to seriously test and challenge the SM

f"'

¢ The speed, at which the two experiments deliver
results, and their quality, is really impressive
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Gateway to collection of all CMS Results:
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults
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¢ Input taken from (talks by)
¢ G. Rolandi
¢ S. Krutelyov
¢ V. Chiochia
¢ M. Konecki

¢ Thanks to the organizers for the kind
invitation!!
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