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* Data Taking overview

e Soft QCD, Jet production cross sections
* Onia (bb-cc) Production

* W and Z physics

* Top

* Conclusions & Overview of Searches

More details in the CMS ICHEP Talks during the parallel sessions and CMS PAS’es:

http://cdsweb.cern.ch/collection/CMS%20Physics%20Analysis%20Summaries?In=en&as=1
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CMS: Integrated Luminosity 2010

Data Taking up to ICHEP
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€ After recording, runs and Luminosity Sections are
validated to filter only highest quality data for physics
analyses. By July 19th:

280nb! of good data with looser requirements (muon
analyses) (254nb! of data validated with strictest
requirements for blind usage in any analysis)
(Recorded Lumi = 743nb! as of Aug 4t")
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Soft QCD & Onia
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Charged Particle Multnphmty N
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Comparisons with Theory

Discrepancy with expectations, all simulations
<« fail to reproduce particle multiplicity and average
momentum in agreement with data at all sqrt(s)
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Violation of KNO model confirmed

(KNO: higher order momenta
Cq=<n0I>/<n>OI independent of sgrt(s))



Underlying Event @m

CMS PAS QCD-10-010/005
Average Track Multiplicity in New technique (A.Cacciari, G.P Salam and S.Sapeta
Transverse region with respect JHEP, 04 (20010) 065) based on the median of
to Jet P;vs Leading Jet P: Jet P;/Jet Area ratio:

' : PT]
p = medlanjEphysical jets[{z}] ) C

J

T T T T T T T T T T T T © T T T T T T T T T T
1.21 CMS preliminary 7| & 3 of-cms Preliminary _:iz:'.+sxatz o _
i 12 F \s=09Tev < P Sensitivity to different
i 13 o ke R .
. i 2'5: InTI,<1.8,'pT>0.3 GeV - g;,tvhias ] PYTH IA Tunlng Of the
'e' - - r w— DET b . .
Jos8r T . 2ol ] UE Pattern of deviations
o - r 1
5 4 P Datar eV, ; Similar to results with
=~ 7t — PYTHIA-6 D6T, 7 TeV - I
N —PYTHIAG DB 0.9 eV Traditional (Track
B -6 DW, 7 N i
o 041 ~PYTHIA-6 DW, 0.9 TeV'| Multplicity) method
0-2:_ charged particles_:
- (pT > 0.5 GeV/c, Inl <2, 60° < IA¢l <120°) -
i L PRI AN R TN TR N N TN SO WA A M M NN N T RN RN RN | ] Lo v b v b v v b by v by by
00 10 20 30 40 50 00 02 04 06 08 10 12
Leading track-jet p_[GeV/c] p' [GeV]

(]

Underestimation of Track Multiplicity at Low leading Jet P in the predictions
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Inclusive Jet do/dP; @

CMS PAS QCD-10-011
Theoretical uncertainty: non pert effects (Pythia-Herwig),
Int Lumi =60/nb PDF’s (different DPF’s in CTEQ-6.6 Set),
Jet E; = 18GeV-100GeV Factorization/renormalization scale (P/2 and 2P;)
Exp uncertainty from Luminosity measurements CMS preliminary, 60 nb Js=7TeV
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Results on Jets and Event Characterization
for test of QCD calculations, models tuning

X
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b Jets Production @N

CMS PAS BPH’10'009 10° CMS preliminary, 60 nb' s =7 TeV
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b Production @

CMS PAS BPH-10-007
x10° CMS Preliminary
(- A N R LI B B B
5 - : . MS data
@ 3.5¢ S E An alternative approach uses template fits
§ 3 " cudog tompiate 1 to the distribution of P-(u)"": P; of muon
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2—_ lllllllll L=8.1 nb" _'
150 s
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0 3 A E c and b templates from MC, light flavor template from
5 _____________ : hadronic events (passing muon kinematics but not ID
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P [GeV]

o =(1.48 + 0.04(stat) + 0.22(syst) £ 0.16(lumi) ) pb.
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Di-muon Mass Spectrum @
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Onia: J/W Inclusive Production @m

CMS PAS BPH-10-002 CMS working at design specs!
YL i T — —_ ;|||/|||; ",
g’_ L NQ 120-_CMS Preliminary, \/s = 7 TeV Lnt =227 nb! = ; N, = 240219
= 0.055 - ot om datn g, - v data H:gh burityMuons & W= 2.07 =001 Govid'
100~ signal+back§round g - © =95 = 8 Mevie®
004 +— resolution from MC truth 8 [ -------_backg -only lyl <0.5 ] g
0.03+ ~ L ]
! 1-3% resolution 2 oo 1 . ectron
002 & wb E final state
0.01; - -
5 201~ . +
O s s 0 s s ; A, B R S
muon 1 96 27 28 29 3 81 32 33 34 35 m,[GeV/c’]
p* w invariant mass [GeV/c]
Direct/indirect quarkonia production & o~ e T [ e
Mechanisms. Direct production not 3 107} \ CASCADE 3 10° ,c_‘.\:l CASCADE
I R PYTHIA \ PYTHIA
fully understood B - —— cue e o — CM8 dats
E 10 AN E 10 \:_;—-
Results for 5 different polarization @ ; @ AN
. x x
Scenarios (20%-30% effect) o ! L_ - lyl<2.4 o ! W lé<lyl<24
. . . -g 1 \‘-. % 1 .
Dedicated HLT path with very high S0 = rev N O Eo7Tev .
.. . T -1 oSN
efficiency (~50K J/W per pb! up to E3! | =100 S S| =100 NG
107} CMS Preliminary : 10°} CMS Preliminary NSy
down to very Low P;)

¢ 5 10 15 2g~
Largest Syst from Lumi & Muon (GOWC)

Efficiency (Tag&Probe) Opnc, *BR= 289.1 +16.7(stat)+60.1(syst) nb (P, within 4-30GeV/c, |n|<2.4)

0 5 10 15 29 (ébV/)
evic

August 6th 2010 [laria Segoni - CMS First Physics Results 13



Events / (0.05 mmy)

J/W Production from B Decays @

Unbinned ML fit to transverse decay length to disentangle from prompt production
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Polarization measured by BaBar at the Y(4s) Taken into account in the

systematics (from difference wrt EVTGEN prediction)

RESULTS on J/W¥ Production cross sections:

O ¥BR=289.1 +16.7(stat)+60.1(syst) nb (P; within 4-30GeV/c, |n|<2.4)

Onon prompt BR=56.115.5(stat)+7.2(syst) nb
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Y Production @m
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x| CMS Experiment at LHC, CERN

| CMS Experiment at LHC, CERN MS i| Run 133877, Event 28405693
Run 123874, Event 21466935 ¢ Lumi section: 387
| Lumi section: 301 Sat Apr 24 2010, 14:00:54 CEST

Sat Apr 24 2010, 05:19:21 CEST

Clectrons p, = 34.0, 31.9 GeV/c

Electron p, = 35.6 GeV/c Inv. mass = 91.2 GeV/c?

MEy = 369 GeV
M1=71.1 GeV/c?

1
1
’
e s, \
iﬂ&;i “E__:‘.'::z
VY e ~
O - T
1ot "'-
ME; W and Z
)
CMS PAS EWK-10-002
CMS Experiment at LHC, CERN t CMS Experiment at LHC, CERN I
CMS /|| run 133875, Event 1228182 CMS /|| Run 135149, Event 125426133 _
i| Lumi section: 16 = s i| tumi section: 1345
Sat Apr 24 2010, 09:08:46 CEST q: s it a4 S et t Sun May 08 2010, 05:24:09
7,__'_-;';,-‘\ - —— -
Muon py = 387 GeVic i = RS Muon p,=67.3, 50.6 GeV/c
ME; = 37.9 GeV S R Inv. mass = 93.2 GeV/c’

=== == s

Mr= 75.369.V/c’ \
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W and Z in u channel @

Selection: HLT:P;>9GeV/c, | |<2.1. W(uv)):P:>20GeV/c, MuonlD (tracker-muons chamber consistency, fit
quality, punch through rejection), Drell-Yan rejection for W (veto on second Muon with P;>10GeV)

CMS preliminary 2010 \s =7 TeV
EPTTrack + EEfCAL + EE;-ICAL lozl [ L s e B B B B B | \-1w T ]
Combined Relative Isol = R<03 R<0.3Lepm R<03 ‘; 20z fL dt=198 nb™ ]
Py 8 | —e— data-driven template | Z%MM looser ID for
5 CMS preliminary 2010 \s=7TeV 0 451 ! —— QCD MC, isolated ] Z”d PT u. Track-based
c\|10E‘“\““\““\‘“‘\“‘w‘, ; ; --------- QCD MC, not isolated . .
P cdata ] 3 10} Signal extraction: cut
(e [[]W—uv | "6 5
g =l s | and count (bkg level
2t maco S 5| 0.3%)
o Q i
— [ L
[0 = -
O 102 , 0 - L. i
g 0 20 40 60 80 100 120
c M, [GeV]

W Signal Extracted with binned ML (Signal, EWK
0 01 o 03 04 05 BKG, QCD BKG). Shapes for EWK from MC with
rISOIaﬁon Variable . efficiency correction factor (0.98+-0.03), QCD from
Inverted cut for' data control sample, systematic from two MC
QCD control sample templates (3.5%)
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W and Z in pu channel Signal extraction @

CMS preliminary 2010 \Us =7 TeV CMS preliminary 2010 \s=7TeV
>150||||||||||||||||||||||| %So_l|||d||t|||||||||||||||||||||||_
i —-data
8 ~*data fL dt = 198 nb™ S fL dt =198 nb™
e W — v I N [ Z—uu
- I EWK %
{2 - [EacD =
S 100 D 20+
> | Q7 Out of the box
— o B .
S st B-Field map!!
3 € 1ol '
50 _
S L
C
{ TR
11 L1 Lol T
0O 20 40 60 80 100 120 60 70 80 90 100 110 120
My [GeV] M(u* ) [GeV]

With Particle Flow algorithm excellent angular (and energy)

resolution on MET allowing for unprecedentely seen separation of
processes with and without real missing transverse energy

o(pp > W + X) x BF(W—->pv) =9.14 £ 0.33 (stat.) nb

o(pp > W*+ X = p'v +X) =5.75 £ 0.26 (stat.) nb o(pp /(Y +X->uu+X)=0.881 +0.104(stat)nb
o(pp 2> W+X > uv+X)=3.39+0.15 (stat.) nb
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W and Z in e channel @

Selection: HLT: ECAL cluster with E;>15GeV. W(ev): E;>20GeV, |n|<2.5+ EB-EE transition region exclusion
Electron ID based on ECAl-Tracker measurements matching, EM Fraction, shower shape along
direction requirements. Conversion rejected with requirement on no missing hits in the first tracker
layers. Isolation (ECAI+ HCAL+Track) to reject electrons from (heavy and light) hadron decays

Selection optimized for 75%
efficiency on W and 90% for Z

CMS preliminary 2010
1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I

fL dt =198 nb™

\s =7 TeV

N
o

Z signal extracted with cut&count
W Signal extracted with unbinned ML (Signal,
EWK BKG, QCD BK)

—_
[6)]

—
o

< QCD shape (modified Rayleigh):
—e— inverted-cut sample X eXp( -XZ/Z(GO + 01 X)z )

fraction of events / 2.5 GeV [%]

5
detardriventemplate 1 o, determined from control sample (floated in
N A I A - oo oio] systematic studies (2.2%))
0 10 20 30 40 50
Er [GeV]

Ns, Nocp and o, free fit parameters
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W and Z in e channel Signal extraction @

CMS preliminary 2010 \s =7 TeV CMS preliminary 2010 \'s =7 TeV
> HEALLE L B L L > S e
> | ] O o0l 4
G 400~ det=198nb'1 — o 201 e data det=198nb1
o) i o\ . %
~~ -e— Data ; i Elz—ee
2 W= ev ] + 15F : :
c 300 B EWK g § : “" ECAL Calibration
> Hl acp o at 2% before
S 500 "§ 10k Collision datal!
S 3
= =
> 35 5b ]
c 100 c
0 ] % ! | ! ! | |
0O 20 40 60 80 100 0 80 100 120
. [GeV] M(ee) [GeV]

o(pp > W + X) x BF(W—->ev) =9.34 + 0.36 (stat.) nb
o(pp > W+ X 2e*v+ X) =5.18 £ 0.26 (stat.) nb
o(pp 2> W+X 2ev+X)=4.13 £ 0.24 (stat.) nb o(pp >/ (v +X->e*e +X)=0.884 +0.118(stat)nb
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CMS preliminary 2010 \s =7 TeV
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Systematics on the Cross Sections

Muon Channels

Source | W channel (%)
Muon reconstruction/identification | 3.0
Trigger effidency 3.2
Isolation efficiency 0.5
Muon momentum scale/resolution 1.0
¥t scale/resolution 1.0
Background subtraction 35
PDF uncertainty in acceptance 20
Other theoretical uncertainties _ 14
_ TOTAL (without luminosity uncertainty) | 6.3
Luminosity 11.0

Electron Channels

Source
Electron reconstruction/identification
Trigger efficiency
[solation efficiency
Electron momentum scale/resolution
¥t scale/resolution
Background subtraction
PDF uncertainty in acceptance
Other theoretical uncertainties

: TOTAL (without luminosity uncertainty)

Luminosity

Ilaria Segoni - CMS First Physics Results

| W channel (%) |
6.1
0.6
1.1
2.7
14
22
2.0
1.3
7.7

11.0

2

| Zchannel (%)

25
0.7
1.0
0.5

2.0
1.6
38
11.0

Z channel (%) |
7.2

1.2

21



CMs,

W and Z Cross Sections

CMS preliminary

CMS preliminar ICHEP2010 \s=7TeV
T T T I T T T I T T T I T T T I T T T I T T T I T
NNLO, MSTWO08 68% CL prediction
fL dt=198 nb™ 10.44 = 0.52 nb
W — uv W
9.14 +0.33 , + 0.58 syst £ 1.00,,., nb
W — ev ————i
9.34 +0.36 ,, = 0.70 syst = 1.03 . nb
W—lv (combined) —H@H—
9.22+ 024, =047 +1.01, .nb
A N S RS USSR R RSN
0 2 4 6

8 10 12
o( pp — W+X = v+X ) [nb]

ICHEP2010 \s=7TeV

fL dt =198 nb™!

W — v, Zy* —uu
10.38 + 1.34 . + 0.78

stat — syst

W —ev, Z/y* — ee
10.57 = 1.54 __, = 1.20

syst

W — |\/, Z/y* — |l (combined)
10.46 + 0.99 , , + 0.65

syst

NNLO, MSTWO08 68% CL prediction
10.74 = 0.04

H—Y—

H—@—H

0

5 - 10 15
Rwiz =0( pp = W+X — v+X )/o( pp —= Z/y*+X = I+X)

o x BR (pb)

10°

102

2

CMS preliminary

ICHEP2010 \s=7TeV
— .1 - - - - 1 - T & 1 T 1
NNLO, MSTWO08 68% CL prediction, 60-120 GeV

f L dt=198 nb™ 0.97 = 0.04 nb

Z* — uu
0.88 +0.10 ,, = 0.04 syst 0.10

—N—t
b

lumi n

Z/y* — ee

0.88 +0.12_,_. + 0.08

stat —

+0.10 nb

syst — lumi

Z* — Il (combined)
0.88 + 0.08 _,_ = 0.04

stat —

+0.10 .. nb

syst — lumi

0 0.5 1 1.5
o(pp — ZIy*+X = II+X ) [nb]

CMS preliminary 2010 W-n

CDF Run i
DO Run
UA2

UA1

W*— Iy

W —Iv

* > H o o

Z-1IT

Theory: FEWZ and MSTWO08 NNLO PDFs

CMS points do not include luminosity uncertainties.

Collidé‘roenergy (TeV)



CMS /|

W+*/W- Cross Sections

2

CMS preliminary ICHEP2010 Ns=7TeV CMS preliminary ICHEP2010 \s=7TeV
e e
L
’ NNLO, MSTW08 68% CL prediction NNLO, MSTWO8 68% CL prediction
fL dt=198nb 6.150.29 nb fL dt = 198 nb”’ 429+ 0.23 nb
W* -utv Wt W™ —u v
5.75£0.26 5y = 0.36 ;= 063, D 3.39£0.15 , = 0.21, , = 0.37,, nb
W* ety e el W —ev
5.18+0.26 , = 0.2, + 057, nb 413:0.24,,+034 =045, nb
W* = 1%V (combined) @ W™ = 1"V (combined) °
550 = 018,y = 0.29 ;= 0.61,, ND 3.60+0.13,, =0.19 = 040, nb
L L | L L L | L L L | L L L | L L L ) ) A ) ) ) { ) ) ) { | ) ) { ) ) )
+ -
o(pp = W7+X = 1"v+X) [nb] o(pp — W +X — I"v+X) [nb]
CMS preliminary ICHEP2010 \s=7TeV
L e L B B AL B B
NNLO, MSTWO08 68% CL prediction
fL dt=198 nb™ 1.43 = 0.04
W — uwv —V—
1.69 012, = 0.04
W —ev o
1.26 £ 010, = 0.05
W — v (combined) —@—
1512 0.08 , = 0.04
| . . . . | . | . . . . | . . . . |
0 0.5 1.

R,.=o(pp—

' 1
W X — IvX Yo

5 2
pp — W +X — |v+X)



Differential Lepton Charge Asymmetry
and Lepton Backward-Forward Asymmerty

2

_do™ ldn, - do® /dn,

A =——; o
do /dT]l +do /dTh CMS preliminary 2010 \s=7TeV
CMS preliminary 2010 \s =7 TeV T
T T T | e data det=198 nb'
> 0.6 fL dt =198 nb - 0.5 — POWHEG .
E { o | |
£ 0.4 - < , + , :
§ Q Ok ' -
(&) - i
S Q
c &)
S L a :C) 0.5—e®— .
S
el ° W — uv data
@ A W — ev data | .
0.2~ NLO+NNLL (ResBos+CTEQ6.6) | 4k N
I I I I L L L I L L L I L L L I L L L I L L L
0 0.5 1 1.5 2 25 40 60 80 100 120 140
lepton pseudorapidity, | M(uu) [GeV]
Asymmetry generated from different u/d Agg: from EWK coupling of LH/RH Leptons.
content in proton = Constraints on PDFs If deviation from expected values is found
(expected from ~10/pb) could be evidence for new neutral gauge

Boson in addition to Z/y.



First study of V+Jets associated production at 7TeV

N(W + = n-jets)

-
e

o
~
T

o
o

N(W += n-jets )
N(W += (n-1)-jets)

det=198 nb™ |

Er'>15 GeV _

N(W + = n-jets )

—— MadGraph

]

—— PYTHIA (P0)
PYTHIA (ProPTO)
normalization: MCFM NLO

| statistical errors only

o
L

N(W += n-jets )
N(W += (n-1)-jets )

MC Predictions normalized to NLO MCFM cross sections

August 6th 2010

inclusive jet multiplicity, n

Event Rate vs Inclusive Jet Multiplicity (Pflow Jets) after QCD and
EWK BKG (W,Z, top) subtraction from fit to the M(W)

CMS preliminary 2010

10"

W(lv)+Jets

—_
o
w

—_
o
N

CMS preliminary 2010
T T

10°E det=198nb'1_=

—_
o

102k Er'>30 GeV _

number ot events / 5 GeV

10E —— MadGraph

—_—

O |||||||

normalization: MCFM NLO

| statistical errors only

o
o
T T

——

o
T

inclusive jet multiplicity, n

[laria Segoni - CMS First Physics Results
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CMS preliminary 2010 \s =7 TeV
T T T I T T T I T T T I T T T I T T T

fL dt = 198 nb™"

—®— data

[ ] W-—ev,uv (MadGraph)
0 Ewk

I QCD +y+jet

1 IIIIIII‘

20

40 60 80 _ 100
leading jet E_ [GeV]

Raw leading Jet E;
(for WTMass>50GeV/c?)

Systematics dominated by JES
(10%-20% for Jet E;>30GeV)
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ttbar Event Selection @

Lepton + Jets di-lepton
HLT:P;()>9GeV/c, P-(e)>15GeV/c

HLT:P-(1)>9GeV/c, P+(e)>15GeV/c Excalty two prompt isolated Leptons P;>20GeV/c

Eﬁ((I:DaI;c;/O()GneV?rolrnplilséozllated lepton e: |m|<2.4, u: n|<2.5
e:P; EV/C, IMI< 4. Comb Rel Iso <15%

w: Pr>20GeV/e, [n|<2.1 Track Corrected MET> 30(20) GeV for ee/uu (ep)
Comb Rel Iso <10%(5%) for u(e) Z Boson veto in 76-106GeV/c?

AKt5 Calorimeter Jets |n|<2.4,
AKt5 JPT Jets |m|<2.4, E;>30GeV

E;>30GeV ,
b-jet et b-jet \M
14

August 6th 2010 Ilaria Segoni - CMS First Physics Results 1



u+lets candidate X

| Run/Event: 140124 / 1749068

CN‘I CMS Experiment at LHC, CERN
b Data recorded: Wed Jul 14 03:32:41 2010 CEST
7 | Lumi section: 3
S — -----

CM3 Expenmenl al LHC, CERN
%, Dalarecorded. Wed Jul 14 033241 2010 CEST
" RunfSvent. 140124 F 1749063

i Luml gection: 3

Jetp_=56.6 GeVic, n =0.389, ¢ =2. 38

ged Jet T h

p, = 8226eVIcn 179<p 1.03 !

muon pT = 30.6 GeV/c, n =-1.6

Jet p; =43.4 GeVic,

One high P; Muon

Four high P; Jets, one with tight b-tagging Top mass~210GeV
Di-jet mass (untagged jets): 104,105,151 GeV/c? M;(W) = 104GeV/c2
MET>100GeV

Jet p; = 43.4 GeVi/c, n 827 Q@ =
#,=119.0 GeV, ¢ =0.010 Jet p; = 152.2 GeV/c, n = 0354| ‘

August 6th 2010 llaria Segoni - CMS First Physics Results 28



2

e+Jets candidate

= - CMS Experiment at LHC, CERN
Er =44 GeV/c, ¢ = 1.8 gl

d: Sun Jul 18 17:44:17 2010 CEST
0385 / 90009543

CMS Experiment at LHC, CERN
Data recorded: Sun Jul 18 17:44:17 2010 CEST
‘. | Run/Event: 140385 / 90009543
\| Lumi section: 101

\‘OrbitICrossing- 26434904 /101

b-tagged Jet
p:=68 GeV/c,n=-1.7, ¢ = 2.2

Er=44GeV/c,p = 1.8
Orbit/Crossing: 26434904 / 101

p:=61 GeV/c,n = -0.4, @ = I.1 pe= 61 GeV/c,

n=-04,0=1.1
N 102

b-tagged Jet

p¢= 68 GeV/c,

n=-1.7,9=22
pt=73 GeV/c,n=-1.3, @ = -0.2

Electron pc= 41 GeV/c 7
n=04,@=-22 Electron p:= 41 GeV/c

n=04,p=-2.2
pt=73 GeV/c,n=

b-tagged Jet
p:= 109 GeV/c, n = -0.6, @ = - 1.7

Mt =77 GeV

b-tagged Jet
pe= 109 GeV/c, n = -0.6, @ = -1.7

One high P; electron Mass of the two untagged Jets = 102 GeV/c

MET = 44GeV Three-Jet mass (2 combinations): 208, 332 GeV/c?
M. (W)= 77GeV/c?

4HighPT Jets, 2 with good b-tagging

August 6th 2010 Ilaria Segoni - CMS First Physics Results 29



-0.3 -0.2 -0.1 0 0.1 0.2

[ | ]

CMS_ | CMS Experiment at LHC, CERN - -

~ Data recorded: Sun Jul 18 11: 10 CEST CMS,/ | CMS Experiment at LHC, CE

b Run/Event: 140379 / 136 [ ] 2%, | Data recorded: Sun Jul 18 1 22010 CEST
5 e —\| Run/Event: 140379 / 136650p

- Lumi section: 160 2 | Lumi sec tion: 160
)\ I .
Br =57 GeV/c, ¢ =2.2 \

E— .
b-tagged jet
pr=45GeV/c,n=-1.2,p =0.9

M}

b-tagged jet
pr=56 GeV/c, n = 0.7, ¢ = 0.0

u- pr=57 GeV/c, h = -1.4, @ = -2.1 ///> ﬁ H

cm

p* pr=27 GeV/c, = -2.0, @ = -1.9

4

Two High P; u, opposite charge M(up) = 26 GeV/c?
MET=57 GeV
Two High P; Jets, both with b-tagging

Multiple vertices event (pile up), Tracks associated
To Jets and muons originating from same vertex!

August 6th 2010 [laria Segoni - CMS First Physics Results 30



ttbar candidates in 254/nb

Raw rates requiring at least one secondary vertex b-tagged jet

" CMS Preliminary L
102253 nb" atNs =7 TeV BB ..o e
E - [ Vele)+X =
E u+j ets Evgm)x. B
L B Zyt ol (+light jets) |
[Jaco
10 é_ i 777 QCD uncertainty —g
1 ‘:
107
102
2 3 =4
Jet multiplicity
8 El‘lll'llll"l'lll"lll'l II.IIDIIII'I'lll
S o CMS Preliminary -z,a.:.a_,r[
w 12 254 nb"atys=7 Tev @single top
- Events with ee/uu/epn Ovv
1+ o o [z 1™t
- Di-lepton {a&v-w
N @7 signal
0.8 °
- combined
0.6
04
0.2
1 15 2 25 3 3.5 4
Number of b-tagged jets

"g 1 __CMS Preliminary - "2
Qo - 0.25pbat\s =7 TeV ; zm 3 [
B8} F - I Wb (+ light jets) ] 1 I.I>J
- etjets =T
[ ] vbbex
0 Fainaal
s sl (77 aco wceransy
1-
107 E
1 2 3 >4
Jet multiplicity
2} o l'I ‘I'v I h
£ | CMS Preliminary > ]
(©) 1 at\s = I
> 107 5_0'25 pb at\s =7 TeV -"w-h-wightjets) E
L o [ VelepX .
i e+jets and p+etsam oo
mbined Jacp k
10 7774 QCD uncertainty —
1F
' e+jets and
1] - - - 1
10" p+jets combined -
Augu 1 ? 3 =4 oni -

Jet multiplicity
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)4}

Searches for Di-Jet Resonances

2

CMS PAS EX0-10-001

Model Name | X | Color | J" | T/(2M) | Final-state Partons |
String S  mixed | mixed | 0.003-0.037 | a4, a4, g¢ and ag . .
Axigluon | A Octet | 1° 0.0 4d Properties of new particles expected
Coloron C  Octet 1 0.05 G4 . .-
Excited Quark | q* | Triplet | 1/2° 0.02 0z ¢m to have significant BF for the decay
Eg Diguark D Triplet 0’ 0.004 49 ; i i _
RS Graviton | G | Singet | 2° oo i into di-quark, di-gluons,quark-gluon
Heavy W W’ Singlet | 1 0.01 4
Heavy Z Z'  Singlet 1 0.01 449 = F12 == N I
- 0108 5% CL Upper Limit --- String =
~ E oee— .o Excited quark E
: o —e—gluon-gluon Axigluon 3
— 1 04 T T T T [ T T T T [ T T T T [ T § 8 5| —e— quark-gluon — - Eg diquark 7]
% Us=7TeV E § 10 ? —s— quark-quark o ;V | é
(2 10° anti-k; R = 0.7 CaloJets ] 0 ,0¢L RS Graviton ]
o M, > 354 GeV 3 S CMS Preliminary (120 nb™) 3
\% 5 |T|1,T]2|<1.3 . '-'3103; \Vs=7TeV N
10°E - 0] E Jethn,m) <13 E
= E —e— Data (L=120nb" 3 g C ]
o N ——— QCD Pythia + CMS simulation | n10°E =
@) 10 . =5 o E ]
N o) E [ ] 10% JES uncertainty 3 O C ]
- ] 10 E
15 E - ]
- E e 3
1 0-1 :E ?: '10'1 \: [ P ‘\\'\‘T\':.\J\\~ P iw\"*l\;
- 3 500 1000 1500 2000 2500
102 ;_ CMS Preliminary . Resonance Mass (GeV)
jotl L 95% Exclusion limits: String resonances with mass<1.67TeV
500 1000 1500 2000

DiJet Mass (GeV)
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Searches for Heavy Stable Charged @V
Particles (HSCP), stopped Gluinos 2
(MS PAS EX0-10-003/004

HSCP signature: large ionization energy loss rate (dE/dx) but still penetrating up to Muon
chambers. Stopped gluinos: search for decay signature in non-beam gaps
Data from dedicated runs after physics-fills or from special Triggers in gaps between BX’s

CMS Preliminary 2010 \'s=7TeV 198 nb™ \
—_ R T e R — 10
o : : : : o] //.
[} 4 [ Tracker - Only Theoretical Prediction 7] = L CMS Preliminary 2010 95% C.L. Limits
= 10" E= —a— Exclusion Stau ~ Stau (LO) = — 720 L Expected: 2.6 us Counting Exp.
S E —+— ExclusionStop Stop (NLO) E 9 Ldt=203-232n5" MMM Expected x1o: 2.6 us Counting Exp.
3 B ; i Giuino (NLONLL) B o 10° Expected +20: 2.6 us Counting Ex E
5,) 103 L —e— Exclusion Gluino Th. Uncertainty | ’[‘ 7 NI Obz 10° ; Céur.ltinlz; Exp g EXp. 3
= 5 H H = “ s=7Te . . 1
@ - = 3 ———— Obs.: 100 us - 1 hr Counting Exp.
§ o ] @ 7 My - Mo = 100 GeV Obs.: 2.6 us Counting Exp. 1
o 10°F = % 102 y/ ---------------- Obs.: 200 ns Timing Profile E
1ok ] X :
E E ) b
- E g 10 §
= = o
- ] e
107 E 5 T
o LS h ] v
107 3 107 7
10—3 B A T R R R ] 100
200 400 600 800

HSCP Mass ( GeV/c?)

HSCP: 95% CL Lower Limit on stable gluino mass: 284GeV(271GeV) with(without) muon id.
Stopped Gluino: 95%CL exclusion m(gluino) <229GeV (t=200ns) and <225GeV (t=2.6ms)
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Trigger Performance

CMS preliminary HLT L1ETM20
- e | o> NEERY e SN RURELE RUELN UL B R LALELAN I LB R
21 oo SMS Hreliminary, 7 Tev | rLdt=23 nb' s 1 h g . ! ]
:g_: ’ _:g ' EHLT_PholonIS Eﬂiciency_‘é :g i :»,_‘}y_m:;"_i_*:i: % 1'2; ":
LuO_QB— after L1IEGS “(]-,) 08 < 1__ 75 Y E
[k = . ; a2 ]
0.96] - e Muon 1 o.s:} { _
0_94: PT>3GeV/C- 0-5 } —:
0.4 :
0o —— Inl<1.442 <12 - o4l MET TRG 3
+ 1.56<(1|<2.23 _ i Ng—
P * 2.23<n|<2.50 _ 0.2_ B Simuiation 1 02} » Data
0.80"%10 "20 30 40 S0 60 70 80 90 100 X CMS Preliminary, Va = 7 TeV “i: G #{‘ .
Er (GeV) [o] N R B NI 20 40 60 80 100 120 140 160 180
0 6 8 10 12 14 MET [GeV]
>12 P, (GeV/c)
S CMS Preliminary L, =17 nb",v§=;7Tev
€ 1 T
i }, g Very High Efficiency, Steep turn-on curves
0.8/- ISR S—
i —-—HLT_J;eﬂSU
0.6 J - omeHLT Jet30U .
E I LT S0 —> most common triggers for shown results
0.4} L \L " in addition to MinBias trigger (soft QCD)
- el «\%% and Muon P;>9GeV/c (EWK)
: I L ) \6"
Om““-lun [N R R

10 20 30 40 50 60 70 80

pe® [GeVic]

Ilaria Segoni - CMS First Physics Results

36



UE with JetPt/Area Median Method

Measurement at 900GeV
CMS PAS QCD-10-005
New technique (A.Cacciari, G.P Salam and S.Sapeta
JHEP, 04 (20010) 065):
. P, _ hszj C= estimate of occupancy
p'=median ;. jets[{A—’}] €O (A;or= detector region)
j
Track Jets with K algo used(R=0.6), (grid of e
soft particles used to estimate Jet area) 2 O o = ]
S asp R

Sensitivity to different PYTHIA Tuning of the UE : -

o

o
T

|

Pattern of deviations similar to results with |:>
traditional (Track Multplicity) method

Systematics from TRK material bdg/alignment, ST

. . 0.0 02 04 O.6I I IO.8I I I1.OI I I1.2I I
modeling of the recontruction (VTX, Tracks) p' [GeV]

and selection, TracklJet response
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Jet performances

O 4 jet algorithms with energy corrections from MC (+data cross-checks):

» Calorimeter Jets
— uncertainty on Jet Energy Scale 10%

* Jet-Plus-Tracks
 Track Jets — uncertainty on Jet Energy Scale 5%

* Particle-Flow Jets

* 11 dependence of jet energy : 2% uncertainty, linearly increasing with n
+ Jet Energy Resolution 10% (s(p,)~10£1GeV for p,~100GeV)

» anti-K algorithm with D=0.5 (or 0.7)
= jet quality cuts (100% eff. p,>50)

= single jet trigger: L1 jet>6 GeV + HLT jet > 15 GeV (uncorrected)

O Rich set of measurements (next slides) — jet commissioning and test pQCD

S. Bolognesi — ICHEP 2010 [

August 6th 2010 Ilaria Segoni - CMS First Physics Results

)

2Steps corrections;
*Relative inn
*Absolute response

Track o(P)
= 1% at 100GeV

ECAL o(E;)=0.03/
sqrt(E)

HCAL o(E;)=1/sqrt(E)
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Particle Flow Jets

tu
" i H HCAL ;
' . Clusters
neutral .
hadron . H detector
; = '
' () b
- o
T
" & photon
charged .
ha:'ng)ns p_artlcle-flow H
S 20F " CMS Preliminary 2010 20 R :
3 : nary =2 :;t > “°F CMS Preliminary 2010
©. 18 —e— 7-TeV data, 7.5 nb™, PF eyl S 1ah : : —
—~ M Simulation. PE i O, 18 —e— 7-TeV data, 7.5 nb”, PF NS
£ > 160 ’ . B & . [0 —=— Simulation, PF o
w™ H —&— 7-TeV data, 7.5 nb™, Calo )_:8;;8:-1:»- %u % 16[] 7-TeV data, 7.5 nb™, Calo et
© 414 —=— Simulation, Calo :M:HE—- v 145 —=— Simulation, Calo o
u e » ==
121 . -
C =0 - ==
10 ~ ‘-Q-::Q:i gt P o 10 - A I T e ;i:
= o P i _._-I-"*' E ‘. '—0—s=.=r'!-"j"
8C o gl 8k e T
C E S S
O == :ﬁ:ﬁ:l:-":‘;:.;:.;u_ 6F o
- Minimum-bias events C —— i-iet e
) — af Di-jet events
I -
2 == 2k
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s,

Hadronic Event Shape

U Central transverse thrust D icc 1P L ﬁ.T‘
T 0 =max ————""—

iy z-a‘e(? Pl

logT, ¢ =log(l =T ¢)
I 1 (N ! V1] -g
I | | :-t-’.J: ! 3
f:,c.:nnb-‘ Vi 7TeV | L-} —

CMS preliminary 2010 | | 3

ol le
o= —

- Calojet | _1;. 3
JelP | =3
PHel * | =
Ikjel & |

f'."l l -
e ty
- -
2 s MENEREEEENEEE N RN
12 10

» 4 jet types in very good agreement [k i ses s socere | oo iy o]

| Cludets p_+a0 Geves, a1 B-TTOV, | L-TEn0

0 — PythaE B
0AQf -~ MabimphoPyihaf =4 ‘:

p>30 GeV, In|<1.3,
— JES dominant syst, JERand =

dN/dloge 1€
o

oo

" " e ApgsnePyiinf PETTE L — 3
Ul : La l H !
£ ¢ Duls =t i ' l ' g

position resolution (£10%) B
L3
L1

S. Bolognesi - ICHEP 2010 [



IS 1 1
b production

0 Understanding and testing b-quark production at 7 TeV

Flavor Creation

FTYYTY T .

UL R U U S —

b
~15 %

Flavor Excitation Gluon Splitting
ALLIRLS ey BERL L e
. e
it 5 b
._!l,’;j!_!z,';'-ﬂ-.c./_t _ 'E OaCOCO0C F}m/:,.-"f
~50% ~35% ¥ forp;20-100 Gev

FEX, GS are higher order effects but dominate at LHC

With available statistics:

» measurement of inclusive b production cross section with
2 independent methods (next slides)

With more statistics:
» test the relative fractions of the different production processes

* 3 muons angular correlation BB__,—J/y + p + X
» pixel precision would allow multiple Secondary Vertices reconstruction

S. Bolognesi - ICHEP 2010




CMS

BTagging @

Particle Flow Jets made with AKt5 clustering from 8-15/nb of data,
JetPt>20-30GeV and Jet |n|<2.4

Results from three b-jet identification algorithms:

Track Counting (TC): at least N Tracks with significance of signed Impact Parameter above a
threshold S (N=3 for high purity configuration)

Simple Secondary Vertex(SSV): at least one secondary VTX reconstructed (+ 2" VTX having
at least three tracks in the high purity configuration)

Jet Probability: assigns a probability that all tracks originate from the VTX based on
significance of Impact parameter

Lepton base Tagging

Very good Data-MC agreement in discriminators distributions for all methods

CMS PAS BTV-10-001
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CMS Proimrars U0, sxa 7 eV, Lalorb”
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4Dt
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---------- co=4a-c=c4hbt
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il J*I 1
52 30
TCHF Decrimirater

Track Counting Algorithm
tags jets containing N
tracks with Impact

Parameter (IP)
significance exceeding S

High Purity configuration: N=3

¥  Data/MC comparison for Tagging =<

Di iminat UuCSD
CHMS Proimrars 2010, sxa 7 leV, Lalorb” COOE Predminarg 2010, ~s« 7 leV, L= by
ol 4Dt ] 1= ‘ +iata 4
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Efficiency evaluated using

pre-tagged b-Jets using the

soft lepton method (muon decay of b,
requirements on muon pt relative to
Jet axis based on MC template)
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B-Tagging performance, cont’d
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fraction of events / 5 GeV [%)]

Event triggered by Level1+HLT , p,> 9 GeV

W—uv Selection
- ]

Selection Criteria :

CMS preliminary 2010 \Ns=7TeV

Muon p, > 20 GeV, |n| <2.1

Isolation (Zpy (tk)+ ZE; (had+em))/p;< 15%
ME; reconstructed using Pflow techniques
Drell Yan rejection (veto on events with a second

muon of p>10 GeV)
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Main source of BG: QCD (b hadron decays)

W Signal yield extracted through a Binned Likelihood fit
to the MT distribution (Signal + QCD & EWK BGs)

W Signal and EWK MT shapes modeled from MC
QCD MT Shape extracted from data (isolation inversion)
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W—ev Selection

Events triggered by Levell (ECAL) + HLT (E>15 GeV)

Selection Criteria:
Electron E;> 20 GeV
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0

electron of E;>20 GeV)

|n| < 1.4442 (Barrel), 1.566< |7 | < 2.500 (Endcap)
Isolation (independent cuts on track, em, had)
Drell Yan rejection (veto on events with a second
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QCD BG dominated by fake electrons
Unbinned Likelihood fit to the ME+

distribution

W Signal and ElectroWeak ME; shape

well modeled from Monte Carlo

QCD background is parameterized
through a modified Rayleigh distribution

with E; dependent resolution
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