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Outline

* the top quark - a peculiar particle

* from the Tevatron to the LHC

* top physics with first data

* the top quark as a calibration tool

* measuring top quark properties

+ the top quark as a probe for new physics
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Outline

* the top quark - a peculiar particle
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The top quark

* SU(2) partner of the b-quark, heavy brother of the up and charm quark
> fermion, electrical charge 2/3

+ discovered at the Tevatron in 1995
> completes the third generation of fermions in the Standard Model
> still the only place where the top quark was studied directly

+ heaviest fundamental particle known: m, =173.1+0.6 + 1.1 GeV
> precision of 0.7% |

* pair production cross section ~ 7 pb
> only a few ten-thousands tops have been produced so far

* the top can also be produced alone

> single top observation (5c) came only less than 2 months ago
from both DG (arXiv:0903.0850) and CDF (arXiv:0903.0885)

IPMO9 - Isfahan - 20 April 2009 4/36 Steven Lowette - UCSB




The Top Quark - A Peculiar Particle

Top pair production: the Tevatron versus the LHC

+ production through the strong interaction
> Tevatron: ~7pb .  LHC (14Tev): ~ 830pb

« at the kinematic threshold for top pair production: s, = x, x,s = (2m )’
> Tevatron:  xx,=0.034 -><x>~0.19 -> valence quarks dominant
>LHC (14Tev): x x, = 0.0006  -><x>~0.025  ->gluon sea dominant

* ttbar cross section is largest at the kinematic threshold
> Tevatron: dominated by ~ 85% qq->tt
> LHC (14Tev): the inverse: dominated by ~ 87% gg->tt

+ Tevatron measurement: gg->tt / pp->tt < 0.38 (95% CL) (CDF link)
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http://www-cdf.fnal.gov/physics/new/top/2007/topProp/ttProductionCombo/index.html

Single top production

+ produced through the weak interaction
* three distinct production modes

q q q q q t g ¢
W Et >wwv< tW-channel 3_{
% - i W N - b
b t g b 7 b b W

t-channel s-channel
* LHC cross sections (14TeV)
t-channel s-channel tW-channel
top o"9=153pb o"°=6.6pb "N°=60pb
anti-top o"°=90pb o™M°=41pb M°=60pb
Tevatron x 120 x 10 x 400

* processes with gluons in the initial state become dominant at LHC
> best possibilities in t-channel: large cross section + forward quark
> tW-channel within reach
> s-channel very difficult
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The top quark decay

+ Standard Model prediction
> lifetime 1= 0.4 x 10% s

> decay before hadronization
> BR(t->Wb) ~ 100% (|V .| ~ 1)

* note: this prediction assumes
> no additional quark families
withm_ +m <m, | ~
> unitarity of the CKM matrix . ‘(a b -iet\\
q jet

+ exploration of rare decays is a handle to new physics

+ some limits set at Tevatron, often statistically limited
> BR(t->Zq) < 3.7% (95% CL) (CDF link)
> BR(t->H'b) < 35% (95% CL) (DO link)
> BR(t->Wb)/BR(+->Wq) > 0.79 (95% CL)
|V, |>0.89 (95% CL) if 3x3 CKM is unitary (DO link)
7/36
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http://www-cdf.fnal.gov/physics/new/top/2008/tprop/TopFCNC_v1.5/index.html
http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/TOP/T61/T61.pdf
http://www-d0.fnal.gov/Run2Physics/WWW/results/final/TOP/T08A/T08A.pdf
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At the LHC, everything is "Large”

* "standard candles” are overwhelming
>W's: ~200/s ; Z's: ~50/s
* top quark rate huge: reaching 1/s

2 Tevatron: thousands
> LHC: millions!

Process

top pairs

single top s-channel
single top t-channel
single top tW-channel

Tevatron x-sec.
7 pb
0.9 pb
2.0 pb
0.15 pb

LHC x-sec. (14 TeV)
830 pb
11 pb
250 pb
66 pb

Tevatron fo LHC
x 120
x 10
x 120
x 400

* top quark physics at LHC allows
precision measurements

* top quark events become standard
candle themselves, providing
control and calibration samples
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From the Tevatron to the LHC

* o(tt) grows more rapidly than QCD, W and Z cross sections as a function
of the center-of-mass energy

* so backgrounds are expected negligible?
> no! argument only works inclusively...
s M. Mangano
« example: W+jets W+Multijet rates .
> 6(W) increases with
a factor ~10

> G(W+4j€'|'5) with LHC 3400 1130 340 100 28 7
a factor ~100 Tevatron 230 37 Lo ) 0.75 0.08 0.009

Er(jets) > 20 GeV , |n|<2.5,AR>0.7

oxB(W—ev)[pb]|N jet=1|N jet=2(N jet=3 N jet=4|N jet=5|N jet=6

* also LHC will need to
control QCD, W+jets,...

® Ratios almost constant
over a large range of
multiplicities

® O(w;) at Tevatron, but

a(2)/a(l) o(3)/o(2) o4)a() o(5)c(4) o(6)/a(5) much bigger at LHC
Bl LHC B Tev "
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From the Tevatron to the LHC

—
o

LHC Chamonix workshop aftermath
[ ratios of parton luminosities

* LHC will run at 10TeV c.o.m. energy [ at10TeVIHCand 14 TeVLHC |

* year-long run in 2009-2010:
deliver ~200/pb good collisions to experiments

* quark-initiated processes gain importance

o o
o o))

luminosity ratio
o
~
L l L] Ll

* how does the picture change for top physics?

o(tt) at 14 TeVv __ > 3
o(tt) at 10 Tev — =

> typical acceptances in ttbar found to be the same

* what about the backgrounds? only really relevant for lepton+jets

o(W) at 10 TeVv ——

> probably pessimistic; Tevatron rejects more with similar selection

but not clear how W+4 jets scales...

* bottomline: factor 2 loss in cross section for similar background rejection

+ all results in the remainder of the talk are for 14TeV collisions

12/36 Steven Lowette - UCSB
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Top Physics with First Data

Rediscovery of the top quark

* much more statistics with 10/pb than used for the original fop discovery

* but the detector and hence physics objects will not be well understood
> need simple, robust methods for event selection
- e.g. high thresholds to avoid not-well controlled noise
- MET and b-tagging will probably not be sufficiently understood

* a mass peak from lepton+jets is much easier to establish than a cross

section deviation as a function of number of jets
> but also here no advanced kinematic methods can be employed to select
which jets to combine, because JES will not be well known
> no mass measurement, so mass doesn't need to be at the right value

* top rediscovery with 10 pb in lepton+jets g  Cusromnyveim S
CMS PAS TOP-08-005 %
> hard isolated muon N
>4 hard jets
> angular muon-jet separation
> top mass from 3 jets with highest XE_ ) B
- yields ~35% correct assignment M3 [GeV/c)]
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Top Physics with First Data

Intermezzo: on measuring cross sections

* cross section measurements seem easy in principal
> select events with some cuts
> subtract your expected background contribution
> count the obtained number of events
> extract cross section folding in selection and trigger eff.'s and luminosity

+ event selection: not just a set of random cuts
> needs to be simple -> avoid unnecessary uncertainties
> but needs to efficiently reduce backgrounds and systematics

+ estimating backgrounds: the difficult part
> one should always aim for data-driven techniques
> defining and understanding control samples can be difficult, extrapolation
to signal region must be proved to work, uncertainties must be assessed

* translating back to cross section
> |ess difficult as long as you stick to default cuts -> efficiencies and
uncertainties will be obtained for you
> otherwise there's a lot of work in this as well, for instance in the trigger

15/36 Steven Lowette - UCSB
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* the result of a cross section analysis can

typically be summarized in 1 plot
> # events as a function of # jets,
comparing MC expectations to data
> proving signhal, backgrounds and
control regions are well understood
> a lot of work in 1 number and 1 plot!

Cross section measurements in early data

+ example: ttbar dilepton cross section with 10/pb

> ee, uu and ep channels each an analysis
themselves

> Z->dilepton is the main background

>0 and 1 jet bins crucial to prove
understanding of backgrounds
in control region

> expected statistical uncertainty O(10%)

> comparable systematics anticipated; work ongoing

16/36
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12005 , [+jets B i s sjets (8.3)ph

Cylcf Preliminary [
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a DYt
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I Multi-jet
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CMS PAS TOP-08-001
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Top Physics with First Data

Control of the QCD background

+ example of one background study as part of a cross section measurement

* QCD multijet events can look like top events
> when a real lepton within a jet looks as if it is isolated
> when weird jet or misreconstruction "fake" a lepton (esp. electrons)

* both effects are rare (but QCD cross section is huge!)
> impossible o model reliably in simulations
> need to estimate from data the amount of QCD passing the selection cuts

+ several methods being developed
>"ABCD": use low MET and/or bad Iso to predict high MET, low Iso
> similar: isolation vs P+ epton OF d

0,muon

> ad-hoc method of extrapolation of the Iso variable in the signal region
> all these methods have their drawbacks and limits, but can probably be
sufficient for this small QCD contamination, allowing large uncertainties

+ area of large activity! [also as part of the CMS V+jets group]
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https://twiki.cern.ch/twiki/bin/view/CMS/VplusJets

Top Physics with First Data

Cross section measurements with 100/pb

4 CMS Preliminary

» detector will be a bit better understood

2
@
3
- 2
z1
§1

> alignment and calibrations, MET cleanup, E:
first b-tag efficiency measurements 2 j:
* and 10x more statistics! oE
* both allow a much cleaner selection i3
of the signal events of interest X -
L s S
* example 1: CMS PAS TOP-08-002 E‘“’Ecms prellminary " g
> top -> dilepton, using b-tagging : 0 [ Z+jets

I W+lets

+ example 2: CMS PAS TOP-08-004 —

> top -> tau-jet + electron/muon
+ large MET

10 =
no. of jets

+ differentiation of larger jet multiplicities is interesting for MC tuning and
searches with multi-jets, like in SUSY
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Jet energy scale calibration using the W-mass constraint

* reconstructed hadronic W mass in lepton+jets events is sensitive to jet
energy scale of light quark jets

+ imposing the W-mass it is possible to determine the JES corrections down
to the parton level

* needed correction for true W mass scales linear with initial miscalibration

ur T I T TT I LI I 1T T T T T TT | | .:f" —| TTTT TTTT TTTT TTTT TTTT TTTT | TTTT I TTT Iu
= L ,:_’U._ 130 -
o B — o
3 300f | L] Good combinations - : CMS Note 2006/025
B - Wrong combinations = 120— —
" | Other i channels E; C ]
2500 T 110 ]
r & F
200 100 -]
C 90 -
150 - world average M
i 8o B
100 C ]
B 70 ]
50[- -
i 60— ]
- :|||||||||||||||||||||||||||||||||||||||||:
% 20 40 60 8 100 120 140 160 40 30 -20 10 O 10 20 30 4
o? AC. . (%)
my, (GeV/c?) applied

* top quarks will be the most important JES calibration sample at the LHC
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The Top Quark as a Calibration Tool [HME

Extension to calibration of b-jet energy scale CMS PAS TOP-08-002

+ full kinematic fit imposes W and top mass on 3 well-paired jets

* miscalibrations are applied on all 3 jets to scan for the JES corresponding
to the true W and top mass

* closure test on MC ok, no significant bias expected

* systematics
> pile-up -> can be monitored via
primary vertex count
> effect combinatorial and non-ttbar

-
=
I

|||||||||||||||||||||||||| TTTT ||||I_‘|‘
[ CMS preliminary 7

[ 5]
T
l

in
TTTTTT[TT]
l

light JES correction (%)
—
I
|

background negligible 3 E

> effect from jet energy resolution £ :

-lar Ve -

negligible 2 5s confidence

+ expected performance o -t ol E

> ~1% statistical uncertainty on JES for i :
lighT and b_\ie'rs - Edl|11|5|||11|d|||-!5||||[|l||||5|||||1|']||||1|5||le
... . . . b JES correction (%)
» this is inclusive, can be differentiated versus p_,|n|

+ detailed understanding of pile-up - JES interplay crucial
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The Top Quark as a Calibration Tool [HME][@]

B-Tagging Efficiency Measurement CMS Note 2006/013

* b-jet-rich samples are selected in ttbar e+mu, mu+jets and e+jets events
> challenges in selecting a pure b-jet sample come from both process
backgrounds and combinatorial background

* extraction of b-tagging efficiencies from b-jet samples
> apply any b-tag algorithm on a selected data sample -> fraction X, tagged

> estimate sample’s b-tag purity x_ and mistag probability ¢ from MC

from MC

‘ 1 shown not to contribute
_ additional systematics
from data, contributes Eb—x—|x+ag_€°{1_xbj| Y
statistical uncertainty l bl from MC, systematics
» determined as function

of likelihood ratio cut
* systematics
> by far dominated by uncertainties on initial state gluon radiation
> we will need LHC data or better Monte-Carlo to improve
> no systematics from misalignment -> this is in fact measured
> systematics decrease as the purity of selected samples is increased!
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« differentiation versus p_and n possible with 1fb™ of data

* three samples are exclusive and similar -> can be combined

o
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* top events will provide the most important b-tagging efficiency calibration
samples at the LHC

* new methods are in the works, especially to measure c-jet and possibly

light jet efficiencies simultaneously
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Top mass strategies in the golden channel

* lepton + jets event selection: efficiency ~6%
>1 isolated lepton and 4 jets, of which 2 b-tagged
> extra cuts on kinematic fit, jet combination likelihood and
signal/background separation likelihood

* mass reconstruction performed for the hadronically decaying top
> |eptonic side used for determination of the best jet association

CMS Note 2006/066

* estimators studied:

> Gaussian fit on the reconstructed top mass peak
» parameterized ideogram
- an event-by-event pdf as a function of the
top mass, with top mass uncertainty
calculated from fit and assumed Gaussian
> full scan ideogram : spectrum with
- the event-by-event fop mass resolution 200 kinematic fit
function is now built by scanning with an _
additional top mass constraint in the
kinematic fit &

) . 0 100 150 200 250 330 & 350
> details in the backup met, (GeV)
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Measuring Top Quark Properties

Systematics for the top mass in the golden channel
* most of the following table consists of ambitious detector systematics

Gaussian Fit

Standard Selection

Gaussian [deogram

Full Scan [deogram

-, e T,
(GeVie=) (GeV/ie=) (GeV/c+)
Pile-Up (5% On-0ff) 0.32 0.23 0.21
Underlying Event 0.50 0.35 0.25
Jet Energy Scale (1.5%) 2.90 1.05
Radiation (pQCD) 0.80 0.27 0.22
Fragmentation 0.40 0.40 0.30
b-tagging (2%) 0.80 0.20 0.18
Background 0.30 0.25 0.25
Parton Density Functions 0.12 0.10 0.08
Total Systematical uncertainty 3.21 1.27 I
Statistical Uncertainty (10fb™1) 0.32 0.36 0.21 |
Total Uncertainty 3.23 132 1.15

* main uncertainty from the b-jet energy scale

* to reach 1 GeV uncertainty we need a very good detector understanding
> the more recent CMS studies indicate that this should indeed be possible

IPMO9 - Isfahan - 20 April 2009
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Top mass from the di-lepton decay channel

» event selection similar to cross section

+ kinematics underconstrained, but indirect
mass reconstruction possible

* most important systematic from jet energy
scale (also neutrino modeling)
> expected 4.2/2.9/1.0 GeV for 1/10/>10 fb™

+ systematics dominated already for 1 fb™

Top mass from the fully hadronic decay

+ all kinematics measured

* needs to frigger on b-jets

+ jet pairing: 6 possible combinations after b-tag
* need to deal with multi-jet background

+ systematics the main problem, again...

CMS Note 2006/077

#events / 9.0 GeV
=] =
T =| T T T =|

=]
=]
P R

F -
[=]
1 ] T T

20

Legend
Signal

. Zjets

Liilbason

¥ i
#BIIJ 120 140 160 180 200 220 240 260 280

top mass [GeV/c®]

Amy GEWCEI
Pile Up 0.4
Underlying Event 0.6
PDF 1.4
IS/FS Radiation Q3D
Fragmentation 0.9
Jet Energy Scale C23 )
b-Tagging 0.3
Background ( Z.D
Statistical (1fb™) 0.6

due to pairing
ambiguities

mainly from
b-jet scale

* needs very good detector understanding and advanced analysis techniques
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Top mass from b->J/¥->un decays CMS Note 2006/058

for J/¥ and lepton from same top

+ top mass is correlated fom_ .,

+ “only"” involving leptons
> very good mass resolution
> orthogonal systematics, mostly theoretical: fragmentation, A _ ...

* but low statistics this time!l BR(tt->J/¥€X) ~ 5.5 10™* -> 4500 per 10fb™
> and don't forget trigger, reconstruction and pairing efficiencies
+ this mass determination only becomes useful at high luminosity

Top mass from b decay length hep-ex/0501043

* top mass is correlated to decay length of the B-meson decay in the b-jet
* currently gaining importance at the Tevatron
* "only" involving tracks

> orthogonal systematics, mostly theoretical: fragmentation, A _ ...

* not explored yet for CMS! statistics no problem, best at low luminosity
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CMS PAS in preparation
Constraining V_ through the R = t->Wb / t->Wq ratio

* test of the standard model (unitarity of the CKM matrix)
> sensitive to anomalous decays or a 4™ fermion generation

+ complement of the b-tagging efficiency measurement in ttbar events

+ analysis strategy
> standard event selection for ttbar lepton + 4 jets
> choose a working point for b-tagging
> determine the distribution of the number-of-b-tags (O up to 4)
> fit this distribution o the expectation, with R and mistag rate as free
parameters and b-tag efficiency from an independent measurement

* background subtraction can be made data-driven

* main systematics expected from the b-tagging efficiency and the jet
energy scale and resolution

+ analysis under review, public results expected soon
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Outline

+ the top quark as a probe for new physics
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The Top Quark as a Probe for New Physics [HMC][;}]

Top physics as integral part of a CMS discovery program

+ top events live in some multi-dimensional space of event requirements

* SM backgrounds populate a separate, but not completely disjoint region
* in a simplified picture, new physics can

> strongly overlap with the
core ttbar region (BSM1) T
p core" tt region, e.g.,
> be only affected by the @ 5Sh ew + MET + 2 b-tags
tail of ttbar (BSM2)

> be almost totally
distinct (BSM3)

C 4

* first task: prove to ourselves that we understand the control regions

* then ask: is the ttbar sample consistent with the ttbar hypothesis
> opens up a broad search for ttbar physics early on
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The Top Quark as a Probe for New Physics

New physics in top-related differential distributions
H

+ examples of such distributions include m_, P+ sopr Hr

+ the Tevatron provides constraints up to relatively low scales

* at the LHC we can go to scales of several TeV
> e.g. high-mass resonances in the m_ spectrum, from MSSM, RS....

> these are not necessarily long-term studies

+ at such scales we will need to deal differently with top quarks
> the high boost will collimate the decay products of top quarks into so-
called "top jets" -> can be reconstructed summing all energy in large cones
> leptons lose their isolation -> needs
different trigger approaches

+ first studies are proceeding
> last year a working group was started on highly-boosted top quarks in CMS
> currently the use of a dedicated boosted-top jet-algorithm is under review
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The Top Quark as a Probe for New Physics H[S

Charged Higgs observability in top decays CMS Note 2006/056
+ charged Higgs H: bosons arise in models with % Ef%%%g :
2 Higgs doublets, like MSSM £ P

> fully described at tree level by // . ( )

2 parameters: tanp and m

* channel of interest: wl ]
tt -> WbHb, W -> v

with H* -> v (BR ~ 98%) and t -> hadrons b 3

* selection: 1 muon/electron, 1 fau jet, at least 3 jets,  imgmurpmr o
exactly 1 b-tag, hard MET cut . : —

* systematics from b & tau tagging, ttbar knowledge,... I. S
> no data-driven methods yet though : T I

> analysis currently systematics dominated 0 s, 30 E

* the LHC will allow exploration up to the top mass Zg(
for high tanp 1of :
> smooth transition to m,>m OR150 200 250300 355 300 '-is'b"s'éb"és'eé

m,. (GeV/c?)
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CMS Note 2006/065

The Top Quark as a Probe for New Physics H[ﬂ

Search for an excess of same-charge top pairs

* corresponds to a search for a same-charge signal with ttbar kinematics

* fully leptonic final states considered: mu+mu, e+tmu and e+e
> simple selections: two leptons and two b-jets

* wrongly charged leptons can be fakes or charge mis-id'd leptons
> mu+mu is the most powerful channel
+ analysis looks for a deviation of
the R=N_ /N _ratio
>1fb™ R = 0.0027 £ 0.0007 (stat)
> most systematics cancel in ratio
> systematics from tau's and Z+jets

uncertainties negligible, and none expected
from knowledge of charge mis-id

significance vs. SS 1t x-sec.

I I I I I I I
:Grostection significance for 30fb™

Significance
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* same-sign signal reach depends directly on
integrated luminosity

10.1 111

u* e* channel

1 2
1.2pb

3 4 5 6 7 8
olpp —tt/tt) (pb)

* much better results can be obtained working in specific models
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The Top Quark as a Probe for New Physics [HME][@]

New physics in rare top decays CMS Note 2006/093

* beyond the SM, rare top decays through loops can become sizable

Decay SM two-Higgs | SUSY with R | Exotic Quarks | Exper. Limits(95% CL)

t—gq [ Hx 107" ] ~ 1077 ~107% ~5x 107 < 0.29 (CDF+TH)

t—yq | 5x 10718 ~ 1077 ~ 1075 ~107° < 0.0059 (HERA)

t—Zqg| ~1071% | ~ 1076 ~ 104 ~ 1072 < 0.14 (LEP-2) <0.037 (CDF)

+ selections devised to isolate ttbar events with one top in a rare decay
> need to select as little ttbar, single top.,... as possible

g :' T T rTTrT T T . “'& T T rTTTT L 7
E‘n_umz;— t->vyq E "\T‘o.uuzs;— + > Zq .
= 0.001F 3 Z o0k e
+ expected = { @ :
‘i OOBE 4 o005 e
sensitivity: o 000sF- 1 ]
= : o] 0.001 -
0.0004 1~ with systematics - - with systematics .
0.0002F- 0.0005— 3
fwi‘rlhou’r systematics N - without systematics |
o @ e B0 fo0 0“0 a0 e 80 100

L(fb™ L(fb™

+ statistically limited in the beginning, but great potential in the long run
35/36

IPMO9 - Isfahan - 20 April 2009 Steven Lowette - UCSB




Conclusions

* top quarks provide a very rich physics program at the LHC
> SM measurements in the top sector
> calibrations
> beyond the SM searches

+ early day top physics will be exciting
> many analyses become accessible in the first LHC year, some immediately
> ideal playground to acquire understanding of the complete CMS detector
* top quark physics should be seen as an essential part of an global CMS

discovery program
> top physics is omnipresent in CMS, as a signal, as a background or as a
playground for tools and calibrations
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PRODUCTION DECAY

cross section - kinematics W helicity
pair production - single top CKM matrix elements
spin-correlations jet physics anomalous couplings

heavy resonances X->tt b-tagging
fourth generation t'

new physics cascades (SUSY)
flavour physics (FCNC)

charged Higgs

top and W mass

0P

I constraints

PROPERTIES 1
L1 -> JES calibration

mass ([N isolated lepton

charge N -> trigger

lifetime and width taus

spin
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Tevatron March’09

Mass of the Top Quark (*Preliminary)

_ .

CDF-I di-I 167.4+10.31+£4.9

_ *

DO-1 di-l 168.4+12.3+ 3.6
. _ e —

CDF-Il di-I 171.2+2.7+£29
. _ ——

DO-1l di-l 1747129124

.
CDF-l 14 176.1£ 51+ 5.3
. ‘

DO-1 1+ 180.1£ 3.9+ 3.6
. _ e~

CDF-II 14 17210913
. _ e

DO-1l 14 173.7£0.8+ 1.6

. °

CDF-l all-j 186.0+10.0£ 5.7
. ) ———

CDF-II all+j 174.8+£1.7£1.9
. ®

CDF-II trk 175.31£6.2£ 3.0

-~

173.1£ 0.6+ 1.1

(stat.) £ (syst.
x/dof = 6.3/10.0 (79%)

150 160 170

180 190 200

Migp (GeV/c?)
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DO Run ll preliminary*

CDF Run ” F'rEIiminary‘

April 2008

I+jets (b-tagged and topological, PRL)
910 pb~’'

I+jets jfrom Bit—sWhb)/B{t=Wgq), PRL)
210 pb’

dilepton (wpologicaly
1050 pb™

I+track (b-tagged)”

1050 pb

tau+|aptﬂr1 |b-tagged)*
1050 pb™

tau+jets (baggen)

March 2008
HeH 7.42 053 046 045 pb
e 8.18 "% Las0 pb

—0.84

68 | ' -oipb

1 =0

|EI"-: na Pb

4 3 #07

~

380 pb
alljets (b-tagged, PRO)

410 pb

51 | +ipb

45 | w0opb

(=1at) (syst) (lumi)

JHEP 0404, 068 [2004)
PRD 68, 114014 (2003)
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8 10 12
o (pp = tt) [pb]

" O Cacciar et al. JHEP 0404-085 (2004)
[ Kidonakis Vogt PRD B8 114014 (2003}

Assume m=175 Gevic?

. %

LR oT0 b / 8.3+1.340.740.5
Lepton=Track; Vertex tag % 10.81.8+1.120 6
'D‘!{i‘fgﬂgé’iﬁ?; tag %ﬁfl B0.740.5

Dilepton o5 6.8+1.0+0.5£0 4

e

Lepton+Jets: Kinematic AN
(L=760ph )

‘Lepton+Jets: \ertex Tag
(L=1120 ph )

6.0+0.6+20.9+0.3

8.240.5+0.6+0.5

‘Lepton+Jets: Soft Electron T 3
(L=2000 ph )

(L=311pb )

All-hadronic: Vertex Tag
(L=1020ph ) /

'Comhined{ol_ SLT,all-had)
R, 7

‘Lepton+Jets: Soft Muon Tag q
{L=2000 pb ) f 87+ BOS+E05
AMET+Jets: Vertex Tag / G112 ig.giﬂ_ﬂr

7.842. 441 5¢0.5

B3+1 0+ 405

7.320.540.6£0.4

(stattisysid(lumi)

I
0 2 4 6 8
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A few words on kinematic fitting CMS Note 2006/023

+ using kinematic fit techniques, constraints (like mass, momentum
balance,...) can be enforced on the reconstructed event topology

* here a linearized least-square method with Lagrange multipliers was used
> part of the CMSSW PhysicsTools packages

+ example: top mass when W mass enforced in the t->Wb->qq'b decay

120~ — 120
- —— correct pairing |4 i
100 ———-wrong pairing | 1007~
80— . 80— .
N ~70% purity ] i ]
60_— ] 60— —
40_— ] 40— ]
20— — 201 -
-II i_ I_I 1 -I | I |-l | 111 I 11 I.-I L1l i--l I:‘_I:_i II_'I-L-I_T-;-l:: I-l: _I ! 1 I 1 11 I L1 1 I 111 | 111 | 111 | 1 a
foo 120 140 160 180 200 220 240 260 280 300 P00 120 140 160 180 200 220 240 260 280 300
m, (GeV/c?) m, (GeVrc?)

* to obtain the same precision without the fit, 5 times more data is needed
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More details on ideograms

+ For each event an ideogram I({pi}lmfop) can be defined as a probability
function to measure the observed parameters {p} given a certain mass m,.

+ method 1: this ideogram can be assumed Gaussian, with ¢ calculated

from the fitted jet covariance matrices:
> I({pi}lmfop) ~ exp[-0.5 (mm—mmp)z/o

2
. ]
m_fit
+ method 2: the ideogram can be scanned imposing different m,_hypotheses

as an extra constraint in the fit:
-)I({pi}lmmp) ~{P . (x.)} with m . =125,135, .., 225 GeV

m_tTop

1:—exan]ple —_— oS irucEd

--=- scanned

o for ] inclusion of b-jet kinematics in
the kinematic fit results in

a better ideogram resolution

150

2(!5 20
rec. hadr. my,
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+ to go from the experimental space m,,, to the theoretical space M., the

ideogram of an event is convoluted with a theoretically expected template
function T(mTOPIMTop):
>LM ) =J I{p}Hm ). T(m M, ) dm
* where
>T(m, M, )= Pl [ Pme BW(m,_|M, )+ (1-P=") . B=¥(m
+ (1-psignal)  Behamnel(py Y

top

)]

top

+ finally all the event-by-event
likelihoods are combined
i L‘ro‘r(M ) - IIi l"i(N\Top)

+ and the minimum of
v =-2In L. .

top

nr. of events (4.39 b

gives the best estimate

for the top mass |
Bl 2 -

100 150 200 250 300 80 "0 10 =200 20 300 350
reconstructed m, (Ge il (GeV)
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Top mass results in the golden channel

* comparison estimators: Gaussian fit, Gaussian ideogram, scanned ideogram

500

400

nr. of events (4.39 fh"]

300

200

100
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¥ I ndf 7.216 1 14 r
" Constant 77.79 +3.20 C
- = o Mean 1783 +2.1 C --%-- gaussian ideogram
Csigna ] s 80 Sigma  30.61+3.38 00
. other Tthar 2 - r ==de= scanned ideogram
| NEES Z  T0F 6000
60f- 5000F : + h
Z - 1
501 4000 |
spectrum with  4f - . 4
. e 30005 % ]
kinematic fit sof - \ /
- 20001 IK iz
201 c | !y
C 1000 \ ";!
10 C A
u - X,
0:||||||||—| TN T T T TR T T AT O T T A N 0_llllllll II'. I|III|III|II
150 200 250 300350 0 50 100 150 200 250 300 350 20 140 160 180 200 220 ,
m::p (GeV) reconstructed Top Mass (GeVlic') M, (GeVic)
Gaussian Fit | Gaussian [deogram | Full Scan ldeogram
Bias (GeV/c?) -0.8440.59 -4.3540.54 -2.5840.31
Pull 0.82 [.01 [.01
Expected uncertainty for 1fb=* (GeV/c?) 1.01 [.14 (.66
Expected uncertainty for 10fb™* (GeV/c?) .32 0.36 0.21
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CMS Note 2006/084

Single top t-channel cross section measurement
* best results at the LHC are expected in the process where a W is

exchanged in the t-channel = oo .
. . . . . ..9 r - E .
> distinct signature of a forward light jet 5 e e
. 2 oo i ;o .
> presence of a lepton, MET and b-jet £ ool #oh E
from single top decay 2 oosf e I 5 ]
> no ambiguity in reconstructing the top goosk [ | L,
. W 0.02F 3 |7 signal I
> backgrounds from ttbar, W+jets and S I "
. GO (kb §
QCD multi-jet % 1'4"".'3"".5"'-'1""6""1""'z'f"r'w's"l"'; S
[ I the light jet
+ selection involves nee o
> standard lepton, MET and b-jet cuts 5 Ezz — signal
> suppression of backgrounds with a ookl | |ee ftbar
forward jet requirement £ 0.0sf S
o Q F 3
> wide W transverse mass and top mass =N E
window cut 2 oosfl 3" E
. 0.02F} =
-).suppre.ssuon of.’rhe ttbar background N G R
in particular with a total transverse O e T e e
momentum requirement =1l (GeVie)
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* expected humber of events after 10fb™
*>signal ttbar Wbbj Wjj
> 2389 1188 195 402

* QCD estimated <8% of total background

* uncertainties for 10fb™
> statistical uncertainty: 3%
> estimation main systematics (theory, b-tagging, JES): 8%
> luminosity: 5%
* no background estimations from data yet, starts from theory calculations

Other single top channels

* tW channel: accessible at 10fb™
> both dilepton and semi-leptonic decays possible; di-lepton cleanest
> ttbar is the major background by far, several times larger than the signal

CMS Note 2006/086

* s channel: very challenging
> very large backgrounds from ttbar and single top itself

IPMO9 - Isfahan - 20 April 2009 46/36 Steven Lowette - UCSB




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46

