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« Top-quark physics is a crucial component of the CMS physics program.

*  Why is the top quark interesting?

July 2010

— exceptionally large mass: ~173 GeV
1 atom of Au : mass=~180 GeV/c?

— LEP2 and Tevatron (prel.)
LEP1 and SLD

68% CL
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Top-Quark Physics Program at CMS

« Top-quark physics is a crucial component of the CMS physics program.

*  Why is the top quark interesting?
— exceptionally large mass: ~173 GeV

1 atom of Au : mass=~180 GeV/c?

Y7Au=118n,79p, 79 e
— large coupling to the Higgs

— large mass could indicate special
role in EWSB

— decays very rapidly — glimpse of
free quark b

Allows for measurements of:
- mass
- spin
- electric charge
- etc
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Top-Quark Physics Program at CMS

« Top-quark physics is a crucial component of the CMS physics program.

*  Why is the top quark interesting?
— exceptionally large mass: ~173 GeV

1 atom of Au : mass= ~180 GeV/c?

Y7Au=118n,79p, 79 e
— large coupling to the Higgs

— large mass could indicate special
role in EWSB

— decays very rapidly — glimpse of
free quark

— many signatures of NP share the
same signature or contain tops
themselves

— only observed at one facility by
just two experiments -- significant
opportunity for new physics
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Top Quark Production

F f
* Top quarks at the LHC are produced mainly in top-antitop pairs:
0=158 + 23 pb @ NLO (MCFM)
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gluon-gluon fusion ~85%

q-gbar annihilation ~15%

EWK production of single top quarks is also possible:
0=79%3pb

t-channel

s-channel 19


http://madgraph.hep.uiuc.edu/

Top Quark Decay

The top quark is predicted to decay nearly
100% of the time toa Wand a b

Top-quark pair events are categorized by
decays of two W’s

ttbar production

tt decay modes

all hadronic

Dilepton channel:
— twoisolated charged leptons (e or )
— MET
— two b-quark jets
Lepton + jets channel:
— one isolated e/u, MET
— four jets, two from b’s

All-hadronic
e Tau channels

tau + jets

tau + jets
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Top-quark The CMS Experiment

physics touches

nearly every part
of the detector! Y - Superconducting Solenoid
A A SiliconTracker €, U, jetS

Very-forward I~ ‘ / > Pixel Detector
Calorimeter ' ——

Preshower

Hadron
Calorimeter

Electromagnetic

2 R 4 | -1 | LA
“'u, ] \ o 2t | A :\k ( Ll | | " |
Calorimeter L

Comvpact Muon Solenoid

\' Christopher Neu



The CMS Top-Quark Physics Program

Early focus:
— top-pair cross sections
— dilepton and l+jets channels

Once established include

other measureables:
— differential cross sections
— top mass
— single top production
— tau and all-had channels
— charge, spin, BR, etc . . . .
Goal: Know the signature ' | 25106 | 31700 o4/t

Date

very well — use it for searches:

— X—ttbar, X—tb Disclaimer: |
Many new measurements in the

approval process at CMS were not

— t'searches, t - Wb

— charged Higgs searches, t — H*b available in time for Aspen.
Today I will talk about our earliest
dilepton and l+jets cross section

— Rare decays, FCNCs analyses.

A\ Christopher Neu [

— ttH production
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Cross Section Measurement in
the Dilepton Channel

L...=3/pb
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Top-Pair Cross Section: Dilepton Channel

* Three modes: ee, upu, e Published in Physics Letters B, Volume 695, Issue 5.

4

* Event Selection:
— Trigger: single electron (muon)
with pr > 15 (9) GeV/c MET
— Electron and muon selection:
* pr>20GeV/cand Inl<2.5

e Relative Isolation: Rellso < 0.15 in R=0.3 cone

» Two required, opposite charge

/4

— Z veto for ee, uu modes:
o If IM;;—M,| <15 GeV, veto event

— Neutrinos: missing energy in the transverse plane

\ 4

* Major bkgs Drell-Yan and QCD multijets have no natural source of MET
 MET > 30 GeV for ee, pp modes, MET > 20 GeV for ep
 Calculated from calorimeter; corrected for muon, per-track response

— Jets: Anti-k; clustering with R= 0.5 ; ;
. No b-tagging required
* Corrected for uniformity in 1), absolute response in py

V. Christopher Neu @ 24



http://dx.doi.org/10.1016/j.physletb.2010.11.058

Dilepton Channel: Example Event

Er=57GeV/c, @ =22

B b-tagged jet
b-tagged jet
pr=45 GeV/c, N = -1.2, ¢ = 0.9 pr=56GeV/c,n =07, g = 0.0
- |
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Dilepton Channel: Selected Sample

—— L = 3/ph EE———
Source Number of events N
Expected tt  (o0=158 pb) 77 +15 Drell- i
Dibosons (VV) 0.13 £ 0.07 Yan &
Single top (tW) 0.25 +0.13 \
Drell-Yan Z/~* — 11~ 0.18 - 0.09 Yibosgps
Drell-Yan Z/y* — eTe™, utu~ 144+05+0.5
Events with non-W /Z leptons 0.1+0540.3 ttbar

Total backgrounds 21+1.0
Expected total, including tt 98+1.8
Data 11

* Signal estimate: 7.7 events =1.5ee +1.7 uu +4.5 epn
— MadGraph + Pythia showering + GEANT detector simulation
— NLO cross section from MCFM assumed: 0 =158 £ 23 pb (scale and PDFs)

« Backgrounds:
— MC estimates used for dibosons, single top, DY Z/y*—tt
— Data-driven estimates for DY Z/y*—ee,uu and non-W/Z

 Predicted purity of selected sample is very high: ~79%

\' Christopher Neu @ 26



Dilepton Channel: Drell-Yan Background

M, dist before any MET, jet multiplicity requirements

Hard to model accurately
Use the rejected data
events from the Z-veto

CMS Preliminany

3.1 pb™” at \s=7 TeV ® Data

Events with ee/p /e Wz —IT
W Zy =t
[ Single top
[Ivv
I W—lv

I tt signal

window

— Subtract out the non-DY
contribution in vetoed

Events/(5 GeVic?)

events
— Use simulated DY events to
determine ratio off-peak to

near-peak Ymi
0 20 40 60 80 100 120 140 160 180 200

vetoed events by this ratio

Relative systematic uncertainty:
: : _ - 50% in each mode
DY contribution surviving - dominated by changes in yield for different

in selected sample selection criteria in jet multiplicity, MET

— Result: estimate of residual

\' Christopher Neu @ o7



Dilepton Channel: Non-W/Z Background

Spurious dilepton event candidates can W.|.] ets
come from
— WH+jets: MEE

* leptonically decaying W with one jet
faking the charged lepton

— Multijets:

* two jets fake the charged lepton ID, jet
mismeasurement provides spurious MET

Multijets

jet

,Y Christopher Neu ).
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Dilepton Channel: Non-W/Z Background

* Spurious dilepton event candidates can W.|.] ets
come from
— WH+jets: VEE

* leptonically decaying W with one jet
faking the charged lepton

— Multijets:

* two jets fake the charged lepton ID, jet
mismeasurement provides spurious MET

Multijets

jet
N
IIMETII
jet
e
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Dilepton Channel: Non-W/Z Background

Spurious dilepton event candidates can W+] ets \

come from
— WHjets: MET
* leptonically decaying W with one jet

faking the charged lepton
— Multijets:

* two jets fake the charged lepton ID, jet \
mismeasurement provides spurious MET e \
Hard to model accurately 4

Create superset of dilepton candidates in .
data — loosen lepton ID on both Mult1] ets N

Use a multijet dominated data calibration

sample, require one such loose lepton .

Determine tight-to-loose ratio, fnc of pT, n

\.

Apply to superset of dilepton candidates 07 k\ “MET”
— WhH+jets: one lepton fails tight criteria \\
— Multijets: both leptons fail tight criteria \ e \ /

A\ Christopher Neu ~
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Dilepton Channel: Cross Section Results

Simple cut-and-count analysis

Source Number of events

Expected tt 7.7 +£15

0.13 +0.07

0.25+0.13

0.18 +£0.09
144+054+0.5
0.1+05+0.3

Dibosons (VV)

Single top (tW)

Drell-Yan Z/~4* — 11~
Drell-Yan Z/y* — ete™, uTu~
Events with non-W /Z leptons

Total backgrounds 21+£1.0

Expected total, including tt 9.8 +138

Data 11

Systematics:

Source all

Lepton selection 4.4%
Energy scale 3.7%
ISR/ FSR 1%
Decay model 2%
Branching fraction 1.7%
Subtotal (no backgrounds, no luminosity) 6.4%

Backgrounds 11%

Total without luminosity 12%

Integrated luminosity 11%

|
CMS

3.1pb’at ys=1TeV
Events with ee/

}-‘Illllllllllllllllllll

\
\

Result:

[ Bckg. uncertainty |

| I

® Data
I it signal
I Z/y*—I'T prediction
[ Ziy* =™t
I Single top
1w
[ Non-WIZ prediction

Number of jets

o(ttbar) =194 + 72(stat)

+ 24(syst)+21(lumi) pb




Dilepton Channel: Cross Checks

CMS
31pblat\s=7TeV
Events with ee/upfep

I I
CMs ® Data

31pblat \s=7TeV [Ilttsignal
Events with ee/up/en N7/ —I*T
I Single top
[ Ivv

R w=lv
[---] b-tag uncertainty

A Data MWT
@ Data KIN
All simulation MWT

Events / (20 GeV/c?)

All simulation KIN
Background MWT
I Background KIN

= M "I"L--p--u: |
1 =2 200 250 300 350 400
Number of b-tagged jets Reconstructed top mass [GeV/c?]

In selected events, are the jets Are selected events consistent
consistent with b-quark jets? with top-quark production?

Use track-counting algorithm Two top mass techniques, one
— 80% efficient at 10% false-positive rate value returned per event

Good evidence for b-jets in sample  * Good evidence for top-quarks in
Fhese events

\' Christopher Neu [l




Top Quark Production in the
Lepton+Jets Channel

L,..=0.84/pb




Top-Quark Pairs: Lepton+Jets Channel

Not published — see TOP-10-004 in CDS.
b-jet

* Two modes: mu+jets and e+ets
« Event selection:

— Trigger: single electron (muon)
with p;>15 (9) GeV/c MET
— Muon selection:

jet

* pr>20GeV/cand Inl<2.1 *g
* Rellso <0.05 in R=0.3 cone |& .
— Electron selection: £ jet
+ pr>30GeV/cand Inl<24 |2
* Rellso <0.10 |F beiet

— Neutrinos:
* No cut on MET
* Prefer to reserve MET as a handle for estimating bkgds

— Jets: Anti-k; clustering with R=0.5 ; ;
. No b-tagging required
 Four expected, with p; >30 GeV/c and Inl<2.5 for initial studies.

* Corrected for uniformity in 1), absolute response in py

34
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Lepton+Jets Channel: Example Event

CMS Experiment at LHC, CERN
Data recorded: Wed Jul 14 03:32:41 2010 CEST

Run/Event: 140124 / 1749068
Lumi section: 3

b tagged Jet
p, =82.2GeV/c, n =-1.79, ¢ =1.03

Jetp_=56.6 GeV/c, n =0.389, ¢ =2.38

// -11soGeV<p 0.010
.f’" N g_i
Jet pr = 152.2 GeVlc, n =0.354, = -2.75 2 ’IT*\
/

b et

f

!

N /' Jetp,=43.4 GeVic, n =0.827, ¢ =-0.587

J

~ muon pT =30.6 GeV/c, n =-1.67, ¢ =-2.06

\'4 Christopher Neu
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agged Jet —
GeVic, n=-1.79, ¢ =1.03 S— f:

eVic, n =-A6Hp =206 - \'\\,':_ - i -
H " P\ Jot py = 43.4 GeVie, n H.aﬂ,m =l0ks7[7]

m

£, =119.0 GeV, ¢ =0.010 Jot p, = 152.2 GeVic, n = 0.354, ¢ = -2.75 |

==}

b tagged Jet
P, =822 GeVic, 5 =-1.79, ¢ = 1.03

LA

i e
A e
Jetp = !CGG.VIC.' 038&,@- =238 o\

"" ,h”& £,=119.0 GeV, ¢ = 0.010

—‘J 4 ‘Q*'
muon pT =306 GeVic, n =-1.67, p =-2.06
W = ’ o~
/ - Jot'p, nue Vic, n =0.827, ¢ =-0.587

Jet p, = 1522 GeVicyn = 0.354, @ = 2.75 »
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L., =0.84/pb

_Lepton+]ets Channel: Selected Sample

Jet -
multiplicity

tt Single top W+jets Z+jets QCD >MC Data

23 0.3 7.1 4.4 10 3 153
0.82 0.15 1.3 0.9 1.3 05 40

u+jets

0.24 0.06 0.25 0.18 0.15 0.07 11

Jet - . . .
multiplicity Single top W+jets Z+jets QcCD SMC Data
1.9 0.3 19 5 183
0.70 0.14 3.3 1.0 43

0.21 0.06 0.60 0.23 13

*  MC-only predictions:
— MadGraph+Pythia (ttbar, W/Z+jets) and Pythia (QCD w/ k = 2.0 and 50% error)
« Although 4 jets are expected...

— 34jet bin has not-insignificant amount of signal
— 3-jet bin is valuable for pinning down W+jets and QCD backgrounds
« Data-driven estimate for QCD multijets is preferred — and is implemented in the soon-
to-be approved results

 Predicted purity in > 4 jet bin is ~5006.¢leanly dgss than that of dileptons y




Lepton+Jets Channel: Yields

CMS Preliminary CMS Preliminary

0.84 pb'at \s =7 TeV

L+jets

—&— [Data

0.84 pb' at\s = 7 TeV
+jets, N_ 20 B

] ww
| S
I:] QCD+jats

? 1 QCDf+jets uncartainty

| | IIlI..Il L L LU

1L

RT

3 > 4
Jet Multiplicity

Data-to-MC comparison — impressive consistency for these early studies
Small backgrounds not included

Error band reflects just the 50% error on the QCD normalization, completely MC-
driven — temporary for these early studies

No fit or other signal extraction technique, so ttbar content exactly reflects the input
cross section we used (158 pb, NLO)

\'/ Christopher Neu 37



Lepton+]Jets Channel: With Tagging

= — « (Can examine the b-tagged jet
- CMS Preliminary e content of this selected sample
10?L084pbTatNs=7Tey MM P

-elutjets, N >1 E MMM ©  Flavor discrimination = need for
- 1 b-ta - I ¥ .
. — . more extensive V+HF samples

B 21T (+ ngmt jets)
[ ] QCDysjets
QCD uncertainty i PlOttEd here, the tOtal ]et

} multiplicity for events with 1 or
. more b-tagged jets

— ttbar will favor the 3,24-jet bins

— QCD, WH+jets the 1,2-jet bins
* Combined e/ptjets sample

* Necessarily 21 jet in all such
3 >4 events
Jet multiplicity s

Good agreement once again

Simple Secondary Vertex Algorithm
~55% eftficiency with ~1% false positive rate

\' Christopher Neu @ 38



Summary and Outlook

* The CMS top-quark physics program got off to a great start in
2010

— ICHEP: Establishment of presence of top quarks in our data sample
— First measurement of the ttbar cross section at the LHC, using dileptons
— Early studies of the lepton + jets channel encouraging as well

 This is only the beginning
— A rich suite of measurements and searches is envisioned

— Several new measurements using entire 2010 data sample will be
available in the coming weeks
« updated dilepton cross section
* cross sections in the e/u+jets modes, both with and without tagging
* first official top-quark mass measurements
* measurement of single top production cross section

» searches for new physics exploiting the m . distribution

— And then the abundant top samples expected in the 2011-12 run and
beyond

V. Christopher Neu @ 39



Additional Material
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Top Mass Measurement Techniques

* Two top mass measurement techniques

— Consider ensemble of possible values of jet energies and MET near
measured values, given their resolutions

— Solutions for the kinematic equations describing dilepton ttbar events
are solved for the ensemble of input values

— Neutrinos = underconstrained system
* Kinematic (KIN) method:

— apply constraint on the longitudinal momentum of the tt system
— assumption on longitudinal momentum has little impact on measured top mass

— many possible top mass values produced in a given event — most probable one is
returned as the per-event top mass estimator

* Matrix Weighting Technique (MWT):
— Kinematic system is solved for a spectrum of possible top mass values
— Weights are assigned based on the likelihood of each solution

— The mass for which the sum of the weights of all solutions is maximized is used
as the per-event mass estimator

\'4 Christopher Neu
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