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Outline

e Single top production

e MVA
e Cross section measurements in 10 fb1
e \/tb

e Conclusions Tevatron

Reinhard Schwienhorst



Single top production
s-channel
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New physics in single top

New New Heavy boson,
Interactions or dark matter
modi_fied charged Higgs,
couplings: top quark partners
FCNC
q : t
q q W
Z,v,8 _
. t q b, DM

e W’, fourth generation quarks, charged Higgs

e gluon FCNC

e anomalous Wtb couplings

e Dark matter in association with single top

e measure s-, t-channel cross sections — sensitive to different new physics
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Tevatron single top history
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Tevatron single top history

Run | searches Run |l searches Run Il
measurements
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Tevatron single top history

Run | searches Run |l searches Run Il
measurements

2000 2005 2010 2015

Projected significance based on
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Tevatron single top history

Run | searches Run |l searches Run Il
measurements

2000 2005 2010 2015

Single top observation
CDF l+jets
Fr+jets
DO Il+jets
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Tevatron single top history

Run | searches Run |l searches Run 1l Precision
measurements measurements

2000 2005 2010 2015
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DO t-channel
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Tevatron single top history

Searches for
new physics

2000 2005 2010 2015

See Florencia’s talk on Friday
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. Search

. Search:

. Search:
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Single top with 10 fb"!

Tevatron s-channel combination PRL 112, 231803 (2014)
Tevatron s+t combination (PRL) arXiv:1503.05027
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Single top event selection

e Lepton + jets selection (CDF and DO)
- 1 Lepton, large MET
-2 or 3 jets
- > 1 b-tagged jet
- Veto “non-W", Z, dileptons,
conversions, cosmics

W + 2 Jets, 1 b-Tag CDF Il Preliminary 7.5 b’

e Expected signal events: 2 600 - COF Data '
~250 s-channel = =L
~400 t-channel 400 Bzoets [

M Diboson
£1Qcb

—e-

—e-

e MET + jets selection (CDF):
- Large MET, veto leptons
-2 or 3 jets
- 2 1 b-tagged jet
- Neural network to suppress QCD background
- ~250 s-channel events expected

1 05 0 05 1
Jet Flavor Separator
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Background composition

W, W/Z +jets

- W+jets Normalization and flavor composition from data
- W+jets shape from simulation

- Diboson from simulation Higgs Multijet

‘top pair production
- normalization to NNLO
- Shape from Alpgen

top pair

single
@ QCD multijet production top
- Normalization from data signal

- Shape from data

‘VH

e Total:
- 10° events (lepton+jets)
- 10% events (MET+jets)

W/Z + jets
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Discriminating variables
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Discriminating variables

th

M
N wob
W Wee

o wj
IOP QUARK RECONSTRUCTION W zbb
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- K EY

- IR i Bets
B Multijets
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Discriminating variables

th
M
N wob
W Wee
o wj
W Zbb
Zcé
Zjj
0 Dibosons
- K EY
- IR i Bets
B Multijets

i e
T T Otpementty

e Started from ~ 600 v ! E

 Considered ~200 for multiv: mm.m
* Chose 10-20 epenmg on me hod
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Multivariate Analysis Methods

Input: Method: Output:
discriminating variables multivariate analysis  signal likelihood

Event energy
Quark jet angle .
P 1
Reconstructed top mass ©®  P(signal)

Cut-Based Neural networks ~ Decision trees Likelihood
Boosted decision trees  Bayesian neural networks Neuro evolution Matrix Elements

=
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Multivariate Analysis Methods

Input: Method: Output:
discriminating variables multivariate analysis  signal likelihood

Event energy
Quark jet angle
Reconstructed top mass

O P(signal)

Cut-Based Neural networks Decision trees Likelihood

L)

Matrix Elements

Boosted decision trees
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.~ s-channel

MVA distributions D€ . ...
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MVA discriminant in METHjets

Signal region Two-jet 1T Signal region Two-jet TT
t-channel :s-channel

w
o
o
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(a) —o— Data
| [ 1s-ch single top
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L_Jeb
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1000

e s-channel optimized discriminant
e t-channel discriminant if NN(s-channel)<0.6

Reinhard Schwienhorst




Tevatron

Tevatron combined s-channel discriminant

S - s-channel single top quark, Tevatron Run Il, L <9.7 fo -
2 10* ¢ Data — Expected background 1983-2011
§ - [ SM signal Background uncertainty
T S T TIWIZ+X
| tt
107 t-channel
E Multijets
- = Higgs
10°E
— 20
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Discriminar—n output [Iogm(s/b)]

e Statistical analysis including all 600 bins of CDF and DO
discriminants
- 600 bins total

e Include all systematic uncertainties and their correlations
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Tevatron combined s-channel discriminant

S [ s-channel single top quark, Tevatron Run I, L <9.7 fb"’
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Discriminant output [Iogm(s/b)]
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Tevatron

'\ (/

Tevatron s+t discriminant

q )
2 - Single top quark, Tevatron Run I, L <9.7fb K 19g3 2‘011
Q - SM s-channel
> ¢ Data Z
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Discriminant output [(s-channiel — t-channel)/background]

X-axis units: t-channel s/b . s-channel s/b

Reinhard Schwienhorst




t-channel vs s-channel
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Tevatron

Tevatron Run |l single top quark summary

Measurement Cross section [pb]
s-channel: | N,
| 037 -2011
CDF ! '—'_' 1.36 *:032
! : +0.33
DO . @ 1.107,5;
| 0.26
Tevatron | -0 1.297,%,
t-channel: I
: i 0.38
CDF : — 1.657 5,
' : +0.54
DO : | —*— 3.07 7o
Tevatron E e 2.25%%
S+t !
! : 0.49
CDF : . ) 3.027) 4
: +0.60
DO | : —e— 4117,
Tevatron | —o— 3.30%%

0 1 2 3 4
Cross section [pb]

il Theory (NLO+NNLL) m, = 172.5 GeV
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Tevatron
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Summary

e Tevatron established single top and paved the way
- MVA techniques at hadron colliders
- Measurements with MET+jet

e Precision measurements of t-channel, s-channel, s+t
- Cross sections, Vi, width, couplings, new physics

e Tevatron single top program exceeded all expectations
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Backup slides
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Thanks!

e Tevatron physics for the informed public
http://www.fnal.gov/pub/today/frontier science_result

e Tevatron single top combinations
http://tevewwg.fnal.gov/singleTop/

e CDF top physics results:
http://www-cdf.fnal.gov/physics/new/top/top.html

e DO top physics results:
http://www-dO0.fnal.gov/Run2Physics/top/

Reinhard Schwienhorst



http://www.fnal.gov/pub/today/frontier_science_result
http://tevewwg.fnal.gov/singleTop/
http://www-cdf.fnal.gov/physics/new/top/top.html
http://www-d0.fnal.gov/Run2Physics/top/
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