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* SM well established except for missing
Higgs boson

 New physics expected at TeV scale

* Measurement and understanding of SM
processes important for:

* Commissioning and calibration of
detectors

* Understanding the background for BSM
searches; cross sections of SM orders of
magnitude larger than typical BSM
models, e.g. supersymmetry

¢ (nb)

* Indirect BSM searches by deviations using
precision measurements
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Measurement of strange particle mass resonances:

A baryon candidate: Two tracks of opposite charge; assign lower p_
to m_; secondary tracks: d, >3 o; SV

= baryon candidate: A candidate combined with 3™ negative
secondary track; SV of = separated from PV by > 4 ¢; points back to
PV within 3 o
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e Scaling of particle multiplicity (n) and average
momentum (p_) tests soft QCD

« All tested models fail to describe n and (p.)
distributions at all Vs (too few low momentum

particles)

- MC generator tuning needed
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* Rise of particle density
in data stronger than in
model predictions

* Reduced impact on high

p; physics
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Underlying Event

Leading track-jet

!

toward
transverse

60° < Ad < 120° transverse

opposite

e Underlying event (UE) = multiple particle interaction
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CMS preliminary

charged particles
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(MPI) + beam-beam remnants (BBR) ;

oL

 New 7 TeV data essential for understanding of UE 16“
and MPI at high scales (relevant for SM precision |
measurements and searches) g
o 1.2

* UE expected to increase with scale of leading parton % £
(smaller impact angles) and Vs (increasing parton 2 s

densities at given scale) =

0.6

—

. Tested models underestimate track mult. and Sp_at & o4/

low leading jet p. » MC generator tuning needed “ 02
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Run : 138919
Event : 32253996
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e Calorimeter jets: Uses only calorimeter deposition for

reconstruction

*

L8

Run : 138919
Event : 32253996
Dijet Mass : 2.130 TeV

CMS PAS EXO-10-001
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Jet 2 p: 557 GeV

o Jet+Track jets: Improves calorimeter jets by using
accurate measurements of associated tracks

 Particle Flow jets: Aims to reconstruct each particle in
the events using all detectors, prior to jet clustering
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Inclusive Jet Production

CMS PAS QCD-10-011
« Inclusive jet p. spectra for all three jet approaches used in CMS (Calorimeter, Jet+Tracks,
ParticleFlow)

e Systematic uncertainties dominated by luminosity (~11%) and absolute jet energy scale
(JES) uncertainty (~20% to ~80% depending on jet approach and p.); minor contributions

from relative JES and p_ resolution

e For particle flow jets the distributions can be extended down to 18 GeV !!!

All results in good agreement with NLO* theory
CMS preliminary, 60 nb1 \Ns=7TeV CMS preliminary, 60 nb1 \s=7TeV CMS preliminary, 60 nb1 \s=7TeV
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* NLOJET++ within fastNLO framework and CTEQ-6.6 pdfs
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b Jets Production

CMS PAS BPH-10-009

* Test of implemented b-tagging tools (here: high purity version of the SV Tagger)

e Purity of b-tagged sample extracted from fit to mass of the SV with templates

* b-tagging efficiency from MC; data driven uncertainty (~20%) from semi-muonic b-decays
using template fit

* Mistag rate from negative tails of the b-tag distributions

e Ratio of b-incl. to jet-incl. cross section cancels out common systematic uncertainties
Reasonable agreement with MC@NLO (CTEQ6M) but discrepancies in p; and y

shapes
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|CMS,~ | CMS Experiment at LHC, CERN
[—~x| Data recorded: Mon May 17 06:14:28 2010 CDT
z?f‘(J \ Run/Event: 135575 / 156337837

" | Lumi section: 943
Orbit/Crossing: 247039184 / 401

Event display of a u candidate:
hits in the muon system
matched to track
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e J/y reconstruction in y and e channel

e Total cross section for inclusive production in u channel:
Br(J/W — utp™) - o(pp — J/W + X) = (289.1 & 16.7(stat) + 60.1(syst))

(systematic uncertainty dominated by statistical precision of
the muon efficiency determination from data)

e Unbinned max. likelihood (ML) fit to transverse decay length
to disentangle prompt (direct production or decay from
heavier charmonium states) and secondary production (B

hadron decays)

e Cross section for non-prompt production in u channel:

Br(J/W — utu™)-o(pp = Y — J/W) =

(56.1 + 5.5(stat) £ 7.2(syst))

Reasonable agreement with prediction

CMS PAS QCD-10-002
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* Y(1S) resonance identified; Y (2S) and Y(3S) will be resolved with more statistics
(already: di-muon mass resolution 0=67 MeV/c? for |n [<1.0)

Total cross section (y,,,<2.0):

Br(T(1S) — p ™) - o(pp — T(1S) + X) = (8.3 + 0.5(stat) + 1.0(syst) + 0.9(lumi)) nb

 Differential cross section measured and compared with theoretical predictions

CMS

PAS QCD-10-003
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W/Z in u Channel

« Selection: Trigger P.>9 GeV/c; leading u (ID: tracker-u system match,

fit quality, punch through veto): |n|<2.1; P,>20GeV/c; rel. combined

isolation (tracker+ECAL+HCAL)< 0.15
W: Drell-Yan rejection (veto on 2™ u with P.>10GeV/c)

Z: looser ID and isolation (tracker only) for 2™ p

« W: Binned ML fit to M, with templates from MC (EWK) and data (QCD:

inverted isolation cut)

e Cross sections:

o(pp = Z(v*) + X = pp+ X) =
o(lpp = W+ X — pv + X) = (9.14 £ 0.33(stat) = 0.58(syst) + 1.0(lumi)) nb

3 CMS preliminary 2010 Ns=7TeV
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W/Z in e Channel

« Selection: Trigger P_(e)>15 GeV/c; leading e (ID: tracker-ECAL match, EM fraction, shower
shape, conversion veto): |n|<2.5; P.>20GeV/c; relative combined isolation
(tracker+ECAL+HCAL)<0.15; optimized for efficiency (W: 75% and Z: 90%)

* Cross sections:
o(pp — Z(7*) + X — ee + X) = (0.8847 0153 (stat) 90 (syst) + 0.097 (lumi)) nb
olpp > W+ X — ev + X) =(9.34 + 0.36(stat) £ 0.70(syst) == 1.03(lumi)) nb

e W signal extraction:

CMS preliminary 2010 Ns=7TeV CMS preliminary 2010 s =7 TeV
unbinned ML fit to MET >  [orrrrrrrr oS ET
distribution; shape of Bao0l @ W Jz dt=198nb’ 19 L[ Z jz dt =198 nb' |
EWK template from MC, © | - jo 0% day
QCD shape: modified 2 Woe o 48 [ E [0Z-ee -
Rayleigh distribution ! mow 16 1=t (A Rt Ho -

x2 E :E E e 1 I :
X ep ( 2(00 + 01 .X)Z) ;200 | ;10_1{
o, fitted from data = 12
2 100 | 3107
e Z signal extraction: ]
cut & count 1 103 ]
% 20 40 60 80 100 50 100 150 200

CMS PAS EWK-10-002 By [GeVi M(ee) [GeV]
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W/Z Cross Sections

CMS preliminary ICHEP2010 Ns=7TeV N -
1 T 1 | 1 1 1 | T T 1 | 1 T 1 | 1 T T | 1 1 1 | 1 CMS PAS EWK 1 0 002
) NNLO, MSTWO08 68% CL prediction . ..
L dt=198nb 10.44 £ 0.52 nb Systematic uncertainties: u channel
Source W channel (%) | Z channel (%)
W — v ¥ Muon reconstruction/identification 3.0 25
9.14+033__+058__+1.00, nb . o ,, )
>t = vt Trigger efficiency 3.2 0.7
[solation efficiency 0.5 1.0
W ev ki Muon momentum scale /resolution 1.0 0.5
9.34+036__+070__+103,_ nb : _
v E 7 scale/resolution 1.0 -
W Background subtraction 3.5 -
— IV (combined) —HH— carbainby ih Aee R " -
9224024 _+047__ 101, nb PDF uncer tau.‘nl} in auep‘lcm‘ce .,_.0 ZU
Y Other theoretical uncertainties 1.4 1.6
— 2' — "I é — El» — 1'0 — 1'2 TOTAL (without luminosity uncertainty) 6.3 3.8
G( pp — W+X —s lv+X } [nb] LLll‘I"lll‘lv’C}i-“.ll‘}-‘r 11.0 11.0
CMS preliminary ICHEP2010 Vs =7TeV . . .
— T T Systematic uncertainties: e channel
4 NNLO, MSTWO08 68% CL prediction, 60-120 GeV
Ldt=198nb 0.97 £0.04 nb Source W channel (%) | Z channel (%)
Electron reconstruction/identification 6.1 7.2
Z/y* —uu ¥ Trigger eft:i_ciency 0.6 -
0.88+010_,+004__+0.10, .nb [solation efficiency 1.1 1.2
Electron momentum scale/resolution 2.7 -
Z/yv* — ee - E 1 scale/resolution 1.4 -
0.88+012_ +008__+0.10,  .nb Background subtraction 22 -
PDF uncertainty in acceptance 2.0 2.0
ZIv* — Il (combined) H—@—H Other theoretical uncertainties 1.3 1.3
088+0.08  +004 _+010 .nb TOTAL (without luminosity uncertainty) 7.7 7.7
.| Luminosity 11.0 11.0

0 0.5

1 1.5
s(pp — ZI*+X — 14X ) [nb]

All cross sections for the e and u final state in agreement with NNLO prediction
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CMS preliminary 2010 \s=7TeV

CMS preliminary ICHEP2010 Ns=7TeV
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
L dt =198 b 1.43 +0.04

W — v —¥—
169012  +004__

W - ev —k—
126+0.10__ +0.05 oyt

W — Iv (combined) -
1.51-0.08_ +0.04_

O
o))

o o
N S

o

24th August 10

0 0.5

1 1.5 2
R, . =c(pp— WX = I'v+X )o( pp = W +X = [V+X)

do(t) /dn — do(—) /d
A(y) = /dn /dn _/’

do() /dn + do(=) /dn

Different parton content in protons (up, down)
2> Charge dependent production cross section

2 Lepton charge asymmetry as function of n:

lepton charge asymmetry

o
N}

[ | [
JL dt = 198 nb™ —

° W — uv data

A W — ev data

NLO+NNLL (ResBos+CTEQ6.6)
| | |

|
0.5 1 1.5 2 2.5
lepton pseudorapidity, |

Constraints on pdfs expected with 10 pb"’

CMS PAS EWK-10-002
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Selection:
o Trigger: P_(u)>9 GeV/c, P(e)>15 GeV/c

* Good primary vertex

« Exactly two prompt isolated leptons P.>20 GeV/c, |n|<2.5
(2.4) for u(e), rel. combined isolation < 0.15

e Track corrected MET > 30(20) GeV/c for ee/uu (eu)
 Z boson veto m, <76 GeV/c?or m,> 106 GeV/c?

o Anti k. (D=0.5) Jet-Plus-Track jets |n|<2.4, E>30 GeV/c b-jet m
. . 8 35F I | 1
Very small background (in particular for large  § | ER— | Ll
2 = L £ at\s=7 Tq¢ It
MET and additional b-tags) M3 Events with eefuyits — oL
: . - [Jaco
Recent luminosity update (250 nb' » 840 nb"): =L Ml ingle top
2f B Em—w

Still small statistics, but increasing number of :
candidates in all channels! 15F

.I.Il]IIL.I.Illlll.LI]IJII.II.lIIItIl.lI]I

ee/uu/eu channel
+2jets ’ -

CMS PAS TOP-10-004 Number of b-tagged jets
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Selection:

« Trigger: P (u)>9 GeV/c, P.(e)>20 GeV/c

e Good primary vertex

e Exactly one prompt isolated leptons
« P>20 (30) GeV/c, |n|<2.1 (2.4) for u(e)

* rel. combined isolation < 0.05 (0.1) for u(e)
o Anti k. (D=0.5) calorimeter jets |n|<2.4, E.>30 GeV/c

If additional b-tag required:

- very low background at high jet multiplicity

(N>3)

Recent luminosity update (250 nb' - 840 nb"):

Number of candidates in combined analysis in
good agreement with MC prediction!

CMS PAS TOP-10-004

e/u + jets channel
+ one b-tag (SV tagger)

10°L0.84 pbat\s =7 TeV

CMS Preliminary

e/utjets, ngglz 1

102k

10

1

LRI TP,

LI | rr1r|r[

T 1|r1r|||

—— Data

B

I W—stv (+ light jets)

|:| Ve(c)+X

] vobsx ]
Bz -1 (+ light jets)
[ ] acDhy+jets E
[777] aco uncertainty -

t

3 >4
Jet multiplicity
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S/ | CMS Experiment at LHC, CERN Er =44 GeV/c, p = 1.8
= / Data recorded: Sun Jul 18 17:44:17 2010 CEST
) T __‘/ij_‘ R.Jn.fE-;cr‘_‘.: 140385 [ 80009543

i Lumi section: 101
- ¥ Oruil-'C'-ussinq. 26434904 /101

p=61 GeV/c,n=-04,p= LI
b= ta.gged Jet

3D view of SVs
of b-tags

" }l/ ..
£

Electron p.= 41 GeV¥/c
n=04,¢p=-22

CMS Experiment at LHC, CE F-'.N l\
Data recorded: Sun Jul 18 17:44:17 2010 CEST

Er =44 GeV/c,p = 1.8

UM S 01
b-tagged Jet \|  OrbivCrossing: 26434804 f 10

MT=77 GeV | p:=109 GeV/c,n==-0.6,p==-1.7 £
p:= 61 GeV/c,
n=-0.4,c=11"%
\q~ cve o s VBl

CMS PAS TOP-10-004 A I

n=-1.7, =22

e One electron + four jets (two with good b-tag) j
+ MET .

e Survives all selection cut

 M_=77 GeV/c? compatible with W hypothesis E'E‘,;“";g, oea2
. p—73GeV/r.,r|— |3LP— =0.2

e Mass of two untagged jets: m, = 102 GeV/ c?
e Three jet mass: m,, = 208 / 332 GeV/c? // betagged Jet

pe= 109 GeV/c, 1 = -0.6, @ = -1.7
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Summary and Outlook

e LHC has started and is delivering data at rapidly increasing rate

e CMS is fully operational and all detector components show good
performance

 First QCD measurements have been performed: some of them to
understand and calibrate the detector, others are new measurements
at high energies which test MC generators and pdfs

» Electroweak gauge bosons have been produced and their cross sections
have been measured and compared to predictions for different
channels

e First top candidates have been reconstructed in various channels

* More data (X ~10) recorded than used for presented results and much
more expected in the future

e CMS is prepared for BSM searches (see plenary talk tomorrow by M.
Pierini and all the parallel contributions)

All shown results and much more can be found at:
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults

24th August 10 C. Sander - Recent Results from CMS


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

24th August 10 C. Sander - Recent Results from CMS 26



* Material budget from simulation in good

agreement with data

CMS PAS TRK-10-003

* Good agreement of data with predictions

for all studied distributions

T 1IIIIII|

Conversions/0.2 cm

T 1IIIIII|

102

T T I]II|

10

—— T
CMS Preliminary 2010

—=— Data

[ simulation: conversions
|:] Simulation: fakes

oy

iy

(MM 1

CMS PAS TRK-10-005 |

(]
8) o ‘T0-15>'<10"'..""'
S 105_ CMS Preliminary | © - CMS Preliminary | » Data. I
[ib) \s=7TeV - ; \s=7TTeV [ Pythia8 Tune 1||
(‘D 5 s Data ﬁ i
A 10 H
Y [ Pythia8 Tune 1{ ©
S S
®
Z 10° 2
- =
)
o 102 Z
o)
Q
E 10
pd
1 0
0 5 10 15 20 -2 0 2
Track p_ (GeV) Track Pseudorapidity

Number of Tracks / 0.005 cm

0.8

0.2s

0

06-

0.4

Conversion radius (cm) for |z|< 26em

Aot

T I T T T T | T T _
CMS Preliminary |
\s=7TeV

* Data |
[ Pythia8 Tune 1]

-0.1 0

0.1
Track dxy corrected by pvtx (cm)
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vy pairs / 0.010 GeV/c?
N 0
[ () ) (4] I

[ o] —
o — o
IIII|IIII|IIII|IIII'IIII|IIII|IIII|IIII|II

=

CMS preliminary Data\/s =7 TeV

ECAL Barrel s

6 =6.0%
S/B,, =0.44

|IIII|IIII|IIII|II-I-+I|IIII|IIII|IIII|II

0.3 0.4 0.5

0.6 0.7 0.8

vy invariant mass (GeV/c?)

e Using m%n — yy to calibrate ECAL

* ECAL response agree with simulation
within 1% in the barrel and 3% in the
endcap

CMS PAS EGM-10-003
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x10° CMS preliminary MC\/s =7 TeV
N . T | T 1T T T | LI T | T 1T T T | LI T | T T T T | T Lo

&) L i

= - ECAL Barrel .

E i g=25.8 af"o ]

o 2~ S/B,, =027 -]

E_ i i

o - -

— 1 5 _ o

m - -

= ¥ 4

© = i

Q. L i

= I .

:
D _ 11 | | I | 1 | 11 1 1 | | I | 1 | 11 1 1 | 11 1 1 | 1 |_
0.3 04 05 06 0.7 0.8 5

vy invariant mass (GeV/c)

‘ n¥ peak ‘ Data (MeV /c?) ‘ MC (MeV/c?) ‘ Data/MC - 1 ‘
EB— 134.53 - 0.03 135.14 £ 0.02 | (— 0.45 £ 0.03) %
EB+ 133.78 = 0.03 134.94 +0.02 | (— 0.86 £ 0.03) %

EB 134.16 = 0.02 135.07 £ 0.02 | (— 0.68 £ 0.02) %
EE— 138.5 = 0.3 1348 £ 0.3 (+28=£03)%
EE+ 137.0 = 0.3 134.2 4+ 0.3 (+21+£03)%

EE 137.8 = 0.2 13454+ 0.2 (+25+02)%

i peak | Data (MeV/c?) | MC (MeV/c?) Data/MC - 1
EB— 539.4 +-0.9 543.3 + 0.7 (—07+£02)%
EB+ 536.5 + 1.0 543.7 £ 07 | (—13+02)%
EB 537.8 + 0.6 5433405 | (—1.0+0.1)%
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 Muon identification efficiencies and kinematic variables have been studied in
detail using minimum bias events and dimuon resonances

 Distributions dominated by light hadron decay (red); excellent agreement with
MC prediction including heavy flavor decays (blue); small fraction of punch-
through (black) and fakes (green)

m _IIIIIIIIIIIIIIIIIIIIIIIIIIIII
c o CMS Preliminary [ —— Datz. 047 nb”
g 1 Jg = 7 Tey [ muons from heawy flavours
E [ muens from light hadrons
[ duficates
H =cron punch-through
10°

107

10

CMS PAS MUO-10-002

[T T I T T T T I T LI I T LI T 1T T
| CMS Preliminary [ —— Data, 047 nb

L WJs =7 TeV [ muons from heavy flavours
I mucns from light hadrens
[ duplicates

I hadron punch-through

muons

500

400

100

3{][] EE = IJ_:H?':!:!: 'i‘_'i':i;:i""!"i'-i‘_'." *::_i:i_fiﬂ'_i:-:;lﬁﬁ: h‘-':;!;!;, el o e v

200}

_|.IIII|IIII|IIII|

- CMS Preliminary | —— Data, 047 nt”’

[ «Js5=TTeV [ muens from heavy flavours
I mucns from light hadrons
[ duplicates

I hadron punch-theough

|IIII-I-
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CMS PAS JME-10-003

o Jet Algorithm: Anti k_ (D=0.5)
* Three different jet approaches implemented: calorimeter jets, jet + tracks, particle flow

» Jet Energy Correction performed using MC vs data on single particle response, dijet p;
balance, photon+jet balance

e Current physics analysis use a 10% (5%) JEC uncertainties for CALO jets (JPT and PFjets),
with an additional 2% uncertainty per unit rapidity

C T T | T T T T | T T T I T T T T | T T T T C T T T I T T T T I T T T T | T T T T I T T T T C T T T | T T T T | T T T T I T T T T | T T T T
o B Corrected CaloJets i o B Corrected JPTJets i o B Corrected PFJets i
= Residual Correction Applied alO o Residual Correction Applied J PT o] Residual Correction Applied PF
S 44+ . -4 8 44 . 4 S g4k i _
= . —e— 37 < dijat pfl'_" =60 GeV = . —e— 39 = dijet D:" =62 GeV = . —e— 43 = dijet p™ =< 68 GeV
E - —=— 60<diet D:" =75 GeV B E F —a 62 <diet D:" =75 GeV E s 68 <dijetp™ <85 GeV
5] |l —sT75< dij?T p;”L‘_U:.: 120 GeV _ ) | ——T75< dijcl—::[ pj:me: 120 GeV 5] | —+—85< dij%t pf”:; 120 GaV
— —x 120 = dijet p™ = 150 GeV —_ = 120 < dijet p™" = 150 GeV —_ —x— 120 = dijet pT <150 GeV
© " [ Uncenainty B « | [] Uncenainty CU " [_]Uncertainty
< 1.2 - = 1.2 +4 =12 —
O L . O L ()] L ]
L L I L
1 = i "!-‘ - ‘: = _+_$--- =t g e :‘f:_-j._%---
L —‘—_—__———‘____ | _—_'_‘_h—-—._._____\_
L CMS Preliminary i B CMS Preliminary i
0.8 | | | | 0.8 | | | |

Inl

Plots show Data/MC ratio for relative response optained from dijet dijet p; balance; MC jets
corrected with MC-truth JEC; Jets in data with additional residual correction of 2%

Assumed uncertainty on JES looks conservative
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CMS PAS JME-10-005

S“ 25_| T T | T 1T | T 17T | T T 17T | T T T | T T T T | T T 1T | T T 1 I_
> 107 e = & - —+ type2 calof; (Data) .
O : 5= - — type2 calof, (MC) _
@) Before cleaning I Z T

10° E o 20— —t tcE, (Data) —
S:‘_ ? After ECAL noise cleaning ? E T — tc, (MC) . ]
2] 10° & After HF noise cleaning — u B pfE; (Data) ]
S |5 15— pfE; (MC) -
G>'> - After HB+HE noise filtering - g L T _
w104 = =R - .
© - 3 N B
c 10°g = 10— —
-g = - B ]
Z = 51— |
0g E B \Vs=7TeV -
- - CMS preliminary 2010 -
1 g_ EE _I 11 1 | L 11 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 11 1 I_

0 50 100 150 200 250 300 350 40 DD 50 100 150 200 250 300 350 400

i LE. (GeV
Calo ET [Ge\/] Calibrated pfiE; (GeV)

e Three approaches on MET: calorimeter, track corrected and particle flow
e Excellent resolution and small non-gaussian tails

* Understanding all sources of erratic noise is very important for cleaning the
distributions

MET ready for physics
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e Four different b-tagging algorithms implemented:
* Track counting (TC): requires N tracks with minimum significance of impact parameter

CMS PAS BTV-10-001

* SSV: at least one secondary vertex from two tracks (“high efficiency”) or two tracks

(“high purity”)

» Jet probability algorithm combines information from all selected tracks in a jet

* Lepton based tagging algorithm identifies h-hadrons via semi-leptonic decays (low

efficiency but high purity)

Agreement of data and MC prediction generally quite close

b-tagging algorithms well understood and validated

CMSF'rellmlnaryzmﬁ WJ5=TTeV, L= 15ntJI

CMS Preliminary 2010
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