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llep quark itreduction

VWihat I1si interesting anoeut top physics (brier)

Tlop Physics programi as CVIS
s Emphasis on startup, status report




What is the Top Quark?

IHeaviest fitndamentall particle
s M, =172.6/-= 1.4 GeV

VWeak 1sospin partner of the b=quark, a heavier Version
of the: Up-guark

s S=14, Q=2/3, 1,:=V%

Completes the SMipicture of quarks and: leptons

= 3@ generation




VWhat do we knew: about the top quark?

Everythinglthat we: knew: directly abeut the top
guark comes! fromi lievatron experiments, (CDE
& DO)

VWas discovered inf 1994-5

Only a few hundreds toprquark events have
peen studied




[How! IS the top quark produced?

dominant at TeVatron

dominant at LHC




IHow! does the top guark decay?

Because V,, ~ 1, almost always t>Wb

The lifetime is short enough that the top quark
decays before hadronization (free quark decay)

The W is real
s Can decay W->Iv (I=e,u,t), BR~1/9 per lepton
= Can decay W->qq, BR~2/3




How does a tt pair decay?
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Fig. 22. Schematic diagrams of the three #f decay channels:
Left (A) the alljets channel; middle (B) the lepton + jets chan-
nel: right (C) the dilepton channel
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tt cross-section at the Tevatron
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Interesting Physics with Tfop Quark

\ass

Kinematical properties
s s there a X>1t?
x W polarization

s Spin Correlations
[Rare Decays

Single tep
Viere generally: top quark unusually: heavy

lepton. Maybe there isisomething different
about it? (Yukawa Coupling~1).




Tlop Vass

A very difficult measurement

Important net just per:se, but as:big
component ol precision: EVVKilt
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Xt

A popular New: Physics scenario
NG evidence!’ so far

CDF Run 2 preliminary, L=682pb'1
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4]
=
Vv
=Y
o

(b) DO, L=0.9 fb' —= Data

[ ]Z (650 GeV)

M

7 Wijets
Other MC

B Multijet

B
o

events/10GeV/c?

30

20f I SRR T OO S WU WS 10

IlII|IIII|IIII|IlIIIII]IlIIIIlIIlIlIlIIl

-

10 e O "%00 400 600 800 1000 1200
M; [GeV]

L *I | IHI *' [ | (I Ih
00 400 500 600 700 800 900 1000 1100 1200 12
Mﬁ [GeVIc’]




Angular distrioutions

\Vieasure friaction| ofilongitudinally:pelarzed
WS (= the Goldstone Boson degree of
freedom) Initep decay.

s SMipredicts i~ 70%

Vleasure the spin correlations: in production




Single top production

Evidence starting toremerge from llevatron
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|
, Tevatron

o(jets)
pri>0.01E
Tj j{ E om

VV-h (12Q GeV)

102
(TeV)

Compared to TeVatron, a top factory.
X100 the cross-section, much more luminosity




Tlop at CIVIS

Severall phases:
Establish tt at CMS

Basic study: of: tt
= Arewe really seeing tt? Is anything elsein

the tt sample
Jlep as a calibration tool
.  B-tagging, Jet energy: scale
Detailed studies;, single top; et




Establishing tt at CMS

The missioniof the LHIC isi o searchi for New
Physics

Initial tt studies shouldlbe in this context
s Demonstrate understanding off SV andl detector

tt Physics requires leptons, jets, MET, b-tags....
= Measure tt cross-section
s Vleasure kinematicall properties

Some of these measurements can be
considered as searches themselves

= There can be New Physics is the tt sample




- tt events live in some complicated multidimensional space of event requirements

"core" tt region, e.g.,
eu + MET + 2 b-tags




- tt events live in some complicated multidimensional space of event requirements
« SM backgrounds to top (e.g. W+jets, Drell-Yan, QCD) populate a separate, but not
completely disjointed region

"core" tt region, e.g.,
eu + MET + 2 b-tags




- tt events live in some complicated multidimensional space of event requirements
« SM backgrounds to top (e.g. W+jets, Drell-Yan, QCD) populate a separate, but not
completely disjointed region

"core" tt region, e.g.,

event selection region

The basic event selection for tt cross-section-type analyses encompass
a SM control region and is not limited to the core tt region




Event Selection for tt Analysis

The event selection; for tt analyses
Includest allarger SiVifcontroliiegion

Because the! tt signature: is not clean and
wellldefinedas, for example, a mass peak

Need toidemonstratesunderstanding of
control region befoe moving on to; it
stuadies

IRl practice, all SI\_/I BG have lower: Jet
multiplicity: than tt




Trevatron Analyses

D@ Runll Preliminary —

B i jets (8.3)pb CDF Run Il preliminary (1.2 fb'1)
T . Data
B i 1 (8.3)pb i o
Il single top dlleptons + 16 uncertainty
I Wee — " o
I wob o
= Wi I fake
Z-51T
I Multi-jet

1Jet 2Jets 3Jets >4Jets

>2jet HT>200+0S

It will also be crucial to look at higher jet multiplicities,
since tt+jets is an important background for, e.g., SUSY




- tt events live in some complicated multidimensional space of event requirements
« SM backgrounds to top (e.g. W+jets, Drell-Yan, QCD) populate a separate, but not
completely disjointed region
e Simplifying a lot, BSM can
- strongly overlap with the core tt region (BSM1)
- be only affected by the tail of tt (BSM2)
- be almost totally distinct (BSM3)

"core" tt region, e.g.,

event selection region




Studies of tt sample (1)

First: prove that we understand the controll regions

= this is a big task — most challenging part of a o(tt) analysis

Then, ask:

a Automatically a broad search for BSM physics.
s You may think: already: covered at the Trevatron. I'wouldn't bet oni it

= Regardless: needs to be done to establish good understanding of tt
sample for searches where tail of tt is a background.

= oftt) measurement comes out of this program

N practice. what dees it mean?

= Compare all sorts ofi kinematical distributions with tt expectations (ie, tt
MonteCarlo) + other BG

H-, P: of various objects, MET, P-(tt), M(tt)....

Some of these are more challenging| than others




Studies of tt sample (II)

We'll'see discrepancies. Viaybe even big ones. VWhat causes
them?

x Did we dosemething wrong? (most likely at beginning)
Wirong efficiencies? Wrong SM non-tt background? Simulation? .....
s Or something else?

Wirong| tt generator (eg), tails)? BSM?
IHow! caniwe tell?
Important tool: ability. to. play.tt channels against.each other

m etjets vs. utjets
m €€ VS. uu

m el VS. Ut
s |epton+jets vs. dileptons
Exploit the power ofi canceling systematics, by taking ratios, for example

25




Studies of tt sample (lI1)

Example: uw vieldlis off
a Off w.r.t what: off wir.t pe vield

» |FFdene judiciously, all systematics except T ID/BG vs el lD/BG cancel
Now you knew what you shouldibe checking

Example: tailfefithe [ on N, distribution doesnit agree
s We convinced ourselves that we have not made a mistake
= Is it BSM or is it Alpgen tt+jets that doesn’t work?

s Compare related distributions in l+jets and dileptons
Alpgen would make same mistake in both channels; BSM could contribute
differently in the twoei channels (probably....)

Consequence: desiagn event selections to facilitate_ comparnsons
s No'reasons for etjets andl ptjets kinematical selections to be difierent
Same for ee and! pu

n Other aspects of selections should be as uniformi as possible, eg,
consistent jet selections, same b-tag eperating points, etc.




A Woerd apeut b-tagging

Large samples of ttievents that wewill
collect will'enable Us te use it as a
calibration sample:

P-tagging efficiency, |et energy scale; ...




A slightly: different twist

Would like ter use b-tagginglas; ai prebe:

Isolate: tt signall with minimal b-tagging| requirements
(Gr noene).

Compareirates (and kinematics; ana:..) o events with
0,1,2,3.. b-tags: With expectations for: tt.
= Big part of program to establish whether data look like tt or:

not

= fithere is BSM mixed! into the tt signal region, this may
pe one ofi the most powerful tools that we have




P-tagging| as a probe, consequence:

INeed £(b-tagging) measured in aata iiem
sample orthogonall toi the tt sample.

x Otherwise: circularargument and you may: even
iealksoro BSM contribution; nte e(b-tagaing):

There is a program! to doithis using pp—=>bb
fellowed by b=




VWihere are we IR this pregramf?

VWhat are the' challenges?




Plan of action & status (1)
Design basic event selection, identify tools

that are needed;, identify challenges
egr triggers, lepton D levels, thresholds; ete
= WWillFefi course have to be re-evaluated with data

Survey expectation for tt + SM

= \WWhat dojwe expect CVIS, plots like the ones Below
o looek like?

” -
o8 hundl Ereliminery — DATA CDF Run Il preliminary (1.2 fb™)
Data

B - I4jets (8.3)pb ——
B i - 1 (8.3)pb dileptons -
I single top

0 wee

I wob

N wijj

| A

0 Multi-jet

0 1Jet | 2Jets 3Jets >4Jets |




Plan of action & status; (1)

Understand how: to fill out the non-tt SV
expectations injaata drven way (Where

applicanie)
RPlan the pregram: o Compansoens

Status
1 & 2 In' good shape
3 has started
NG real work on 4 yet




Dilepton Channel (1)

pp. > tt > Wih\Wi, both VW decay to
leptensi (I=eer W)
BR ~ 4/81

Signal: twehight P+ leptens, MEIR, = 2 jets;

poessible b-tags

SIVI'BG: Drell=Yan, WW, WZ, ZZ, \W+|ets
with fake: lepton
s Here fake lepton includes b=>1and c>]




Dilepton jet-counting, Ne b-tags
Isolated leptons, P+ > 20 GeV
REMOVE Z peak
Count jets with E-(corrected)>30/ GeV and |n|<2.4

For ey, MET>201GeV' (very leose)

For ee and ww, MET>30 GeV. and MET not anti-aligned with
di|ept0n PT missing Et vector

CMS Preliminary Drell Yan

| | | |
2 25 3
Missing ET.fF":




Dilepton jet-counting, No b-tags

Expectations;in 10 pb

CMS_PrEIimIinar'yr :
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Dilepton jet counting, withi b-tags

Same basic event selection but different details
x Different leptoniD
s light MET (50 GeV) cut in all channels
n [Require twoijets;to be b-taggead

Selection aimed at clean oft) measurement
Different details ofi event selection look ai bit
strange fron the outside, butinternally it Is
[easenanly nealtay

= Want to explore at this stage!




Dilepton jet counting, withi b-tags

[ fdieo

| BT

B ziets

B wiets

Il Cibosons{WW WZ.ZZ
B DOatas

i 6 7
Number of jets Number of jets

Expectations in 100 pbr!

6 7
Number of jets




Dilepton jet counting, comments

Without b-taggings clean signaliin ew, Drell Yan
packground in‘ee and [

Withr2 b=tags: very clean
Of order 100 events in 10 pb:’, no b-tags.

MIENF eritical tor control Drell Yan before b-tags
n Performance will be' monitored oni Z decays
n BG prediction for Drell Yan will'be tied to the Z peak
Seme BGifrem| VWets with iake! electron

a Datarariven to estimate being developed
Example in next page




Electron fake rate "measured” in \Vonte Carlo
QCD et events

[Fake rate applied to |[ets: in Viente Carlo VW+|ets
eventsi to “predict” rate of dileptons: in MEC
VWHjets events

Compare with -observed™ rate of dileptons in

VIG et events




Dilepton taulanalysis

pp ~ tt > Wh Wb, ene W=y and one
W=7y decay (I=e or )

BR ~ 4/81

Signal: ene highi P+ lepton; one ©, MEIF 2
2 |ets; pessible b-tags

SV BG: Drell-Yan, WW. WZ, ZZ, \W*|ets
withifake 7




Dilepton taulanalysis

Iselated lepton;, P+ > 20 GeV
Fauras namoew! et with' leading track P+>20 GeV.

Count other jets,with E-(cerrected)>30 GeV and! |n|<2.4
MET >60 GeV/.

10°

CMS preliminary

2
&
>
(4]
e
[=]
=]
c

Expectations ini 100! plr!

+
no. of jets




Dilepton taul analysis: fake tau estimation

Same approach as;for electron fakes
s "Measure” v fake rate in MIC QCD) events
x Apply torMC Wjets sample te prdict I+ rate
s Compare to |+7 rate measured i WHjets ViC

Good to about 30%

Table 3: Expected number of 1-fake events (from “data” and from MC expectations) in £ =
100 pb~1. Uncertainties are statistical only.
Method T-fakes from “data” | expected from event selection
THets
“all” jets
leading jet
next-to-leading

back-to-back
THets
A& a]]..ﬂ' i Ets-
leading jet
next-to-leading
back-to-back

1- or 3-prongs




Lepton + jets

pp ~ tt > Wh Wb, one W=1v and one
W=>qqg decay: (I=e or )

BR ~ 24/81

Signal: one high P~ lepton;, MET, 24 |ets,
poessible b-tags

SVl BG: WHjets, QCD (pp>multi-jets)

SR ji!l!_L
JALLRE, S8,
L L

U some W+2 jets some W+3 jets

\ W
: AL
Ty diagrams diagrams

SALRE




Lepton + jets Challenge

QCD isia challenge

s One fake lepton or one b=>1 + many: |ets

Atithe Tevatroni thisiisi almost eliminated by MET cut of
order 25 GeV.

The typical MET of a tt event is 40 GeV.

At CNVS, QCDreventsiwith 4 jets of E;=30 GeV have
typical MET of the same erderas the METF in tt

Instead: at the mement rely onihigh threshelds forjets
andilepton P-anaivenry tightiselation
» Loose quite a bit of efficiency.




Aside: a lepton + jets curiosity

llevatren WH+jetsiisithe main BiG

Going mom lievatron te: LLIHC:
s o(tt) increases by x100
x o(W)increases by x10

VWoula conclude: that WHjets s negliginle at
LHC

Wreng!




W+Multijet rates

oxB(W—eV)[pb] [N jet=I

N jet=2

N jet=3

N jet=4

N jet=5

3400

1130

340

100

28

230

37

5.7

0.75

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

Ratios almost constant
over a large range of
multiplicities

O(ox;) at Tevatron, but
much bigger at LHC

o2)/o(l) o(3)o2) o@)/o(3) o(5)o(4) o(6)io(5)

B LHC B Tev
Slide stolen from a talk by Michelangelo Mangano
o(W) increases by x10
o(W+4 jets) increases by x100




Why are TeV and LHC so different?

lLowest ender VW: production: qg-=>V.

At higher ordergglinitiali states alse contrbute
. [hese give W+jets

s Lumi(gg) highrat LHC, a let o QCD! radiation frem
gluens

I addition: emission off QCD radiation reguires
more ClVI energy ior parton=parton Interaction

s Andl parton-parton/ luminesities; fall'less steeply
around E:,~100 GeV at LHC compared with
Trevatron




Muon + Jets event selection

ISelated muon; P+>30 GeV.
s very tight iselation: enly 7056 efficient on VIC

Count jetsiwith E-(coriected)>40 GeV, |n|<2.4
s Leading jet must have E->65 GeV. (technicality)

Nor MIETF reguirement
INob-tagging yet




QCD BG expectation

‘Fake | rate dominated by B> and c>u
s Atileast, this s what the MC says

llake QCD BG expeciation fliom Pythia
n Withr alllitsi caveats




Expected jet counts, u + jets

CMS Preliminary @ 10pb™

3 4 >5
Jet Multiplicity




VWhat about electron+|ets?

Il progress.

Similar status as; u+jets.

BG here s more severe because of fiake
electrons in QCD/jets




Comments on QCD BG

Withrhighr E-/RP- threshelds and very tight
Isolation’ QCD hackgreund appears under
control

VWorking terdevelop method torestimate
QCD background Ini lepton+jets, directly,
fiomithe data




Eirst attempt to data driven QCD BG
estimates in lepton+|ets

etjets channell uses MET vs Iselation Tievaiien
methOd [Hn b-tag rnqulradi

s Assume MET, ISO uncorrelated $0000¢
0 Use lLow Met, bad ISO to predict  [EiLs
High MET, good ISO 70000 == stat, unc. on D

gOOd tO ~3OOA) E —m— Prediction {BxCrA)
s Still problems

more Werk needed
Viethoeds belng explored:

= [sovsd, (muons)
= [so vs Plepton
s Ad-hoc Iso extrapolation

a MO truth (D)




Comment on MET for tep

The v's intop events give a
MET ofi order 40 GeV. CMS Preliminary @ 10pb™

Multizjet QCDBGs have
VIETF that 1sicomparakble

Itis;a challenge to separate
QCDifrom tt and WHjets
witheutusing the neutrne
signature!




Next Step In lepton+jets

Separate tt from WHjets using kinematics

. 4
e Y nh CMS Preliminary @ 10pb”

u £
100 200 300 400 500

Mass of 3 jets with highest ~ H;=scalar sum of jet P; (u+4jets)
summed P; in p+4 jets

Working on defining optimal
strategy. Worry about MC

" hh..___-
Systemat|CS| 100 200 300 400 500 600

Hr (GeV)




Next-to-Next Step: b-tagging

Use b-tag efiiciency measured from
elithegenal sample toverin/ that tt sample
penaves asiexpected (and to searchi for BSivl)

Eventually, canjuse: tt sample to) calibrate: b-
lag efliciency.

Work on this will start this;summer:. Many
ISSUEsS torwory about, €.g., VWib:

CDF method




Conclusions

Withithe: startuprof the LIHC this summer, the top-
phRYSICS haten|Isi passing from Fermilab te: CERN

Iihe LHC Is a tep fiactory

Initially, hewever, the teprprogram ati ClVISiisi centered
towards preparnng| the experiment for the searnches

s Commissioning ol physics okjects In a complicated physics
signature

s Establishinglgooed understanding ofi Standard Model
processes at LHC

Detailed, high statistics;, precision measurement will
follow




