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OUTLINE %

top quark pair production

top quark pair production cross section

Forward Backward asymmetry
spin correlation

ratio of branching fractions

electroweak (EW) single top quark production

cross sections and IthI measurements
search for new physics in top quark production
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PRD 78, 034003 (2008)

o=746"70% pb
for m,, =172.5 GeV




PRD 78, 034003 (2008)

EW single top production
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Top quark production at Tevatron %

PRD 81, 054028 (2010), PRD 83, 091503 (2011)

o=746",5 pb
for m,, =172.5 GeV

s-channel o =1.05+0.07 pb
t-channel o =2.10 =0.19 pb
both for m =172.5 GeV

+0.143 +0.186

O o = 746 45, (scales) “g15, (pdf) pb
ArXiv:1204.5201 (for a top mass of 173.3 GeV)

single top associated production Wt >

o ~ 0.2 pb, too small at Tevatron



Top quark decay

SM predicts BR(t— Wb)~ 100%  t < ¢ q

Top Pair Branching Fractions

“alljets” 46%

event topology determined
> by the W decay modes

t+jets 15%
b quarks are always present

Jet

1_‘.1 1n||'|rﬂ
i -ngfi::llﬂ Displaced tracks
e A% u+jets 15% Decay lifetime
‘kfs:r ¢ E'an:ﬂ;u 2l ’ " "‘%f :} e
. e+jets 15% _ ,
“dileptons™ “lepton+jets™ o~ b-quark jet id
2 isolated leptons 1 isolated lepton - exploit B-hadrons
high missing E, from 2 v missing E, from 1 v %1ftet1m.ih displaced
. _ , - jets with displace

2 b-jets > 4 jets (2 b-jets) vertices from IP



top pair production w

Why study top quark pair production ?

- top quark is a unique particle

heaviest of all known particles
decays before hadronizing

- provides @QCD and SM tests
- measuring the production cross section

N DATA ~ N Background

Acc IL dt

0.7 —

is the 1* step in understanding any selected ttbar sample

- new physics can change

overall production rate
rate in different channels

- top pair production is background for searches



- pre-tagged sample, NN discriminant

-measure R=o0,/0, .,

h
- extract o,; = R-0,"

>3 CDF Il Preliminary 4.6 fb™'

B data (7348 evts)

B top CDF
B W+jets
B acp

-

8-

0.8 09 1
NN output

top pair production (lepton+tjets) w

- kinematic and b-tags combination

Number of events

determine Xsection and background
(W+hf /W+1f) simultaneously

2000
DG, L=5.3 fb™ DO —-Data
1800 M i
1600 1+ > 3 jets M Other
1400 I Wijets
B Multijets

1200
1000
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400

200

0

0 1 >2
Number of b-tagged jets

CDF (4.3 fb~', m,= 172.5 GeV) pre-tagged
o,;=7.82%+0.38 (stat)=0.37 (syst)* 0.13 (th) pb

DO (5.3 fb™', m, =172.5 GeV) b-tagged
o,. = 8.13+0.25 (stat) ;o (Syst) pb

CDF (4.3 fb™', m, = 172.5 GeV)
o,;=7.70x0.52 (stat+syst) pb

DO (5.3 fb™', m,=172.5 GeV) g
o, = 7.78+0.25(stat) .. (syst) pb




top pair production

- dominant uncertainties: JES, b-tag acc., W + b-jet background
- in agreement with SM theoretical predictions
- consistent across channels, methods, experiments

CDF combination : 7.50+0.48 pb

i.e. 6.4 % precision

blue = 2010 results

CDF DO Run Il July 2011
MMM Cacciari et al., arXiv:0804.2800 (2008) ' ‘Assume m ;172_5 Gev}cz ] ]
V772222 Kidonakis & Vogt, arXiv:0805.3844 (2008) ! lepton+jets + dileptons (pLe) HeH 7.40 019 05T pp
[0 Moch & Uwer, arXiv:0807.2794 (2008) 54" -0.19 -0.50
i | :
) epton+tjets (topo + b-tagged, PRD) +0.25 +0.75
o 1 ) 7.40+0.58 + 0.63 + 0.45 5.3 o a ol 765755 lo57 PP
S dileptons (topo + b-tagged, PLB) HeH +045 +0.76
Lepton+jets (Eopological) 782+038+037+015 5 4 fb-! 7.27 —-0.45 -0.63 pb
(L=46fb ) ’ - - -
lepton+track (b-tagged) | ° 16 +0.9
Lepton+jets (b-t d) i 1p0 fb~! P B 50 14 Zog w03 PP
epton+jets (b-tagge + + + :
(L=4.31b 1) 7.32+0.36 £ 0.59 £ 0.14 tautlepton (b-tagged)* H—@— 7.39+134+120 pb
W€ 124108 T
b 227
A""(‘fjgg";b.ﬂ) 7.21£0.50 £ 1.10 £ 0.42 taujets (o-agged, PRO) nle 6.30 115072 .y 40 b
1.0 b : :
. alljets (b-tagged, PRD) +13 +1.4
i - 7.99+0.55+ 0.76 + 0.46 1o m- RO 89 L5 g e0e b
(stat) (syst) (lumi)
L
MET+2!3jets_1 711+ 049+ 0.96 + 0.43 m. =175 GeV . M. Cacciari et al., JHEP 0809, 127 (2008)
(L=5.7b) tat) + (svst) + (lum topCTEQB iy N. Kidonakis @nd R. Vogt, PRD 78, 074005 (2008)
(stat)  (syst) + (lumi) ’ S. Moch and P. Uwer, PRD 78, 034003 (2008)
| | ‘ | ‘ | | Lo b by o L b
5 6 7 : 8 ) 9 10 1 12 — 0 2 4 6 8 10 12
o(pp — tt) (pb) red = 2011 result

G (pp — tt + X) [pb]

all measurement limited o

by systematic

uncertainty




Forward backward asymmetry

Do top quarks follow preferentially the initial quark or anti quark
direction ?

- LO @QCD : no charge asymmetry expected

- NLO @CD : interference between quark- anti quark diagrams
prediCtS ~7 % asymmetry (JHEP 0709,126 (2007) & 1201,063 (2012), PRD84, 093003 (2011))

tree level and box diagram :

£ q ¢
positive asymmetry  P— P -
8
q t
initial and final state radiation : t
t 1 g
negative asymmetry = P—pw P & ==
q [

10

New physics could give rise to an asymmetry (Z', axigluons ...)



Forward backward asymmetry w

E+ p,
E—p,
- use the rapidity difference Ay=y,—y. of t—>Ivb and t— jjb

- reconstruct the direction and the rapidity of t and t quarks y = %ln

- subtract Background from Data CDF : background from MC prediction
DO : background fitted with likelihood discrimant

o Yiop Yibar IN Lab CDF Il Preliminary
Eosof- WA b, 5.41b" O [
g [ EWiets . E8E
200~ [ Multijet w | - B _ Dat
- o Data + . 40 dileptgn R N i
150 — lepton+jets i L5+ 1o emmor
N K [ Fake
n : oY
100 — .Z—m:
: 20 i 75| Mo i
50— 5
- o bl
’ Ay -2 -1 0 1 2
A ylﬂh
1

N(Ay>0)—N(Ay<0)
- extract the raw asymmetry  Apz =
N(Ay>0)+ N(Ay<0)

11
- correct for acceptance and resolution effects (unfolding) back to production level



The asymmetry in ~ 5 fb™

A, of the Top Quark
[ V. Ah t.al., July 2011
arXiv 1108 605141 (2011 ’ unclear dependence on M,; and Ay
(** submitted to a journal)
arkiu 1107 2606 ?5(?1&1”}': (* preliminary) Forward-Backward Top Asymmetry, %
Reconstruction Level
m. <450 GeV
CDF LJ
—i— &1582&0?4 (40,0724 0.017)
(5.37) 3 ' . '
DO, 5.4fb 7.8+4.8
—e—i
CDF DIL* Y CDF, 5.3 fb" -2.244.3
0.420 £ 0.158 (#0.150+ 0.050)
(51" m_ > 450 GeV
: @ |
DO, 5.4b™ 11.5+6.0
CDF combined™® —i— 0.201+ 0.067 (+0.065+ 0.018)
(+ stat + syst) °
CDF, 5.3 fb" 26.646.2
5. Frixione and B.R. Webber,
JHEP 06, 029 (2002)
| | | | | | | | | | | | | | | | | | | | | |
Do LJ** +0.018
——— s -10 0 10 20 30
| | | | |
-0.4 -0.2 -0 0.2 0.4 0.6 0.8
A CDF : PRD 83,112003 (2011), Conf notes 10436 & 10584
inclusive asymmetries exceed SM DO : PRD 84,112055 (2011) 12

prediction by ~1.5—-2¢



The asymmetry in ~ 5 fb™

A, of the Top Quark
[] V. Ahrens et. al., July 2011
arXIv:1106.6051v1 (2011) ’ unclear dependenceon M, and Ay
(** submitted to a journal)
arkiu 1107 2606 ?5(?1&1”}': (* preliminary) Forward-Backward Top Asymmetry, %
Reconstruction Level
m. <450 GeV
CDF LJ
—i— &1582&0?4 (40,0724 0.017)
{53 ) -1
D@, 5.4 b 7.8+4.8
—e—
CDF DIL* Y CDF, 5.3fb™ -2.244.3
0.420 £ 0.158 #0150+ 0.050)
(51" m_ > 450 GeV
: @ |
DO, 5.4fb™ 11.5+6.0
CDF combined™® —@—  0.201+f 0.067 (+0.065+0.018)
(+ stat + syst)
CDF, 5.3fb™ 26.6+6.2
5. Frixione and B.R. Webber,
JHEP 06, 029 (2002)
| | | | | | | | | | | | | | | | | | | | | |
DO LJ** +0.018
——— s -10 0 10 20 30
~3 0 away from MC@NLO prediction
| | | | |
-0.4 -0.2 -0 0.2 0.4 0.6 0.8
Ag CDF : PRD 83,112003 (2011), Conf notes 10436 & 10584
inclusive asymmetries exceed SM DO : PRD 84,112055 (2011) 13

prediction by ~1.5—-2¢



Asymmetry with the full dataset %

CDF Run Il Preliminary L = 8.7 fb™

ol [ —— l+Jets Data
. . © 1000 A = 0.066 + 0.02
CDF updated the 1+jets analysis @ [ == nio(acp+Ew i+ Big
. - t goof o

with 8.7 b ! § fe= ?\E? = -0.0066

" soo[ ——
use powheg + EW corrections - -
for SM predictions : .

200 |- — —
raw asymmetry at reconstruction level [ e
0-3 -2 -1 0 1 2 3

ALy =0.066+0.020

CDF Run Il Preliminary L = 8.7 fb™

) | —— |+Jets Data
g |  A,=0.162+0.047

[ NLO (QCD+EW) tt

after background subtraction =
2 [ A,=0.066 —y—
©

@)
and unfolding (correcting for ©
acceptance and resolution effects)

\

] i
A, =0.162 + 0.041 (stat) = 0.022 syst) | | —+—
AT

1= e ] | I I | | o]t ‘ I | =B = | I | | I | ‘ I |
0-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

T ]

151

——

Parton Level A
main systematic uncertainty from background size and shape arton Levelay



Asymmetry with the full dataset

CDF Run Il Preliminary L = 8.7 fb!

<E _ —— |+Jets Data
06f oy =(15.6+5.0)x10" /
. . . . - (Correlated Uncertainties)
-in SM A, increases linearly with M ; and Ay osp__ o (@CDEW) sl
. . oy =3.3x10 /I/
- BSM could show different dependencies *4E

than in SM 0% _ | / ‘

02}

after unfolding

— | | | | | | .
400 450 500 550 600 650 700 750

Parton Level M_ (GeV/c?)

slope
A.. vs M . A, vs Ay CDF Run Il Preliminary L = 8.7 fb"
arameter o B t HE i
p <E | —— |+Jets Data
o, = (30.6 £ 8.6)x10™
DATA (15.6 + 5.0) % 10~* (30.6 o 8.6) % 1072 06  (Correlated Uncertainties) .

| —— NLO (QCD+EW) tt =

| @, =10.3x10? | /
0.4

SM 3.3 x 107 10.3 x 1072 \ /
0.2_— —
T

best fit slope for observed data compared to I M
yo— o .

NLO prediciton 02 64 56 o Tz oA ie i 2
Parton Level Ay




Top anti top spin correlations

e~ |

spin ) t <@

top decays before hadronization
- spin information passed to decay product

Spin

top pair produced with definite spin state depending on production
mechanism i.e. spin 1 (qgbar annihilation) or spin O (gluon fusion)

g

- spin correlation measured from decay product angular distribution

lepton

1 do 1

— =—(1— CcosO, cos@ 2\0
0 dcosO,dcosf, 4 ! 2 q 5
- top quark
b qua rest frame
N.,+N,,—N.,, —N
: TT il Td i}
correlation strength : C= T SM NLO

" Ny+ N, +N; +N;

neutrino

+0.09

with C beam basis — 0.78_ 0.04

NPB 690, 81 (2004)



Top anti top spin correlation

200

—
—e— Data

B it SM spin corr.

[ 11t no spin corr.
[ Backgrounds

Template based measurements DJ L=5.4 fo

- make template for different C values!50
- compare to data using maximum £

—LIIII|IIII|IIIIIIIII|

likelihood fit L%’ 100
50
DO 5.4 fb' dilepton PLB 702, 16 (2011)
Cieam = 0.10 £ 0.45 (stat+syst) < -0.5 0 0.5 1
cos 6, cos 0,
CDF Il Preliminary I Ldt=51fb"
CDF 5.1 fb” dilepton CDF confnote 10719 _ [ e
d 1 00 s ....................................... ........................... M
—_ —_— = 5 : E+1aem
Crun =004 056 (tatssys) 3 L L -
c - oy
Qo B .I—u’!
LI>J 60 — [ wwiwz.
CDF 5.3 fb' lepton+jets CDF conf note 102 =
40
Cieam = 0.72 £ 0.69 (stat+syst)

limited by statistical uncertainty

consistent with SM expectation -1 -0.5 0 0.5 1
coso,




Top anti top spin correlations

Matrix element method

define P(x,H) ~ IdGO'(y,H) W(x,y) feoe(@:) feor(qz) dq.dq,

differential ~ detector Parton Density
Xsection response Function

with correlation H=1 and no correlation H=0 hypotheses

P(x,H=1)
P(x,H=1)+ P(x,H=0)

use discrimination variable R =

DO 5.4 fb' dilepton

£ 140 -
Ciean = 0.57 = 0.31 (stat+syst) 2 ] _+ Data D@, L=5.3 fb”
§ 120-] — ti SM spin corr.
] . 3 | ExmeEGR tt no spin corr.
DO 5.3 fb' lepton+jets < oo measured tt
] e
Cieam = 0.89 £ 0.33 (stat+syst) 1 mm Wijets
807 mmm Multijet
Combination PRL 108, 032004 (2012) 60
C,..n = 0.66 = 0.23 (stat+syst) 40-
C>0.26 @ 95 % CL 20_5
C = 0 excluded at 3.10 o ™ ™
0.4 0.45 0.5 0.55 0.6

1** evidence of non zero spin correlation !



Ratio of branching fractions R

BR(t—>Wb| _ V|

in the SM the ratio R =

by CKM unitarity to be R=1

BR(t-Wq) |V [ + |V + |V

—

R <1 could indicate new physics

measure R simultaneously with the ttbar cross section

dropping the assumption R=1

CDF 7.5 fb' (l+jets)

o,;=74*1.1 pb
R =0.91%0.09
V4| = 0.95+0.05

stat +syst uncertainties

DO 5.4 fb' (dilepton & l+jets)

0= 7742 pb
R =0.90+ 0.04
V,| = 0.95+0.02

vV, > 088 @99.7% CL

stat +syst uncertainties

—_
O

is constrained

PRL 107, 121802 (2011)



EW single top production

Tevatron Combination 2.76 *035 pb

_ + 0.58 Vi

o =2.76_,,, (stat+syst) pb preiminary |

Il B.W. Harris et al., PRD 66, 054024 (2002)
N. Kidonakis, PRD 74, 114012 (2006)

V| = 0.88+0.07 (stat+syst) N

0 2 4 6 8
Vs > 0.77 @ 95% CL o (PP — tb+X, tqb+X) [pb]
for m, =170 GeV

q t
- observed by CDF and DO in March 2009 v,
- direct access to the Wtb vertex W+
° 2 -, _ g _
- direct measurement of Vtb o ~ |th| q b g
s-channel t-channel
- final state within large background oy, = 1.05+0.07 pb o0, =2.10+0.19 pb
with uncertainties larger than signal both for m, = 172.5 GeV
- multivariate techniques mandatory Sinale Top Quark Cross Section -
| u | t
(BDT, BNN, NEAT) i | o
CDF Lepton+jets 326" |  HeH 2.17 ig:gg pb
(up to 3.2 fb'l) D@ Lepton+jets 2.3 fo E 3.94 iggg pb

Mip = 170 GeV

PRL 103,092001 (2009), PRL 103, 092002 (2009)




single top : s+t channel

cross section
DO 5.4 fb' update (l+jets)1 o

. .. . . - (e) DO, 5.4fb™ DO, 5.4 fb™
discriminating variables § ¢ [ T 20 - Data
[} [ . E | . - +
combined into MVAs : $ 102k S 15 =W+jgts
= : = t 1.
- Boosted Decision Tree (BDT) ¢ 10 b § 10 I Multijets
- Bayesian Neural Net (BNN) = ) E = 5 |
] : [T '
- Neuroevolution of Augmented & | IR f S
Topologies (NEAT) 109 02 04 06 08 1 %_3 085 09 095 1
Correlation ~ 70 % Ranked B,,,,,,, discriminant Ranked B, .., discriminant
~ o
nd
2" BNN used to construct 20 (@) DO, 541" 30 [(b) DO, 5.4 b
a combined discriminant & § |
for each channel S 15 S
@ @ 20
c = i
=3.43",7" pb g e i o8 m Multijets
Ogy = 9243 474 P > 58 = L | {
2 | ~ © NS
+0.69 > | . I EEae
= 0 -
0, =286 pb 08 085 09 095 1 %.3 0.85 09 095 1
. Ranked B, discriminant Ranked B, discriminant
— +0. 21
s -035 P PRD 84, 112001 (2011)




direct |V | measurement w

- single top production cross section directly > : .
. 2 = 2 (a) DO, 5.4 fb
proportional to |V | c : :
Q i |
- 15 /\
- can measure |th| assuming V-A coupling 5 g : §
but without assuming 3 generations E ] 5
or unitarity of CKM matrix and using 0 05¢
measured & 0 .. . !
2 _ s+t 2
|th| measured SM |th| SM 0 0.5 1 2
0-s+t I‘v“.;f!l_l2
- maintain the possibility for an anomalous > 5 (b) DO.54 fb-
strength of the left-handed Wtb coupling f % 4
T af
L 0.10 o 3
|th f1| — 1°027—L0.11 '% ok
- assuming f, = 1 and restricting to [0,1] - gt - 2
0 02 04 06 08 1

PRD 84, 112001 (2011) V|2

tb



Single top CDF 7.5 fb™" update ( + jets) : (@€l

cross sections and Vi,

- use NN with same input variables as the W+ Jets, > 1b-Tag __CDF I Preliminary 7.5 b
. . 800 ~+ CDF Data
observation analysis i

Il Single Top 10
O

- use NLO POWHEG for the MC single top

signal samples (s-, t-, and Wt channels)

Events

I W+HF
B W+LF

[ Z+Jets
Il Diboson
B aQcb

. +0.57
o-single top ~ 3'04— 0.53 pb
. . 1 05 0 05 1
- extract bounds on |Vt,,| using again : NN Discriminant
W+dJets, NN Discriminant CDF |l Preliminary 7.5 b
measured ..% 0.01F
2 _ s+t 2 C '
|th neured — S |th| M g ooogh  elZoTEESECL)
(02 >
s+t =
=
g 0.006 |~
o i
V| > 0.78  at95 % CL < ook
E L
@ 0.002f
V| =0 927" (stat+syst) =0.05 (theory) | © I
| — VeI _0.08 yst) = U. Yy

(= =)
wl
or
Ny
|
o[
i
o
or
~ [




single top s- and t- channel
measurement

s and t channel sensitive to different BSM physics

2 DO 5.4 fb
- construct a 2D posterior probability s 68% C.L.
[ [ - - 9070 c L
- - 143 [l =
density fu.nctlon for t- versus s- channel g |, 957 O L
cross section 8
2]
° <@
- extract t-channel cross section from 1D r
<
posterior by integrating over s-channel S
. G 2
(x-ams) - @® Measurement
I H sm"
[1] PRD 74: 114012, 2006 .12
~ [2] EPJ ¢49: 791, 2007 O Four gener?tlons
T chame = 2.90 = 0.59 pb | R st O Topfisvor”
| [l FCNCl
O hammel — 0.98 = 0.63 pb % ” 2
s-channel cross section [pb]

most precise measurement in t-channel PLB 705, 313 (2011)

>50 significance 24



Search for resonant ttbar production

looking at the M spectrum in the lepton + jets channel

—=—data

eV

) CDF 4.8 fb' = stnderamocei i 1 & 102 DO, 5.3 fb!  []M,=950 GeV
2 i ! O Bl i
o %S L [ W/Z+jets
5
= e Bl
s % | S
+ = | ' B —
S 400 600 800 1000 1200 200 400 600 800 1000 1200 <
c\] m_ [GeV] —
m_[GeV/c?] it 10
D~ tt
o o
< 2 _\1: 950/ CL t - 5 8
o0 - () interva R -1
A 8 14 s \ ________ expected Hmnt _ F
%‘ 1.2~ \\ —— observed limit -
SIS D 'CDF "4’"’8" fb b 1
04k -— 95% C.L. observed
0.2f- N e = - = 95% C.L. expected
%200 600 800 1000 2 1200 1400 1600 10%-200""600 800 7000 1200
m,; [GeV/c’] resonance mass [GeV]

topcolor leptophobic Z'—tt excluded at 95% CL with: .
M, <900 GeV/c’ M, <835 GeV/c’



Search for top+tjet resonances in ttbar + jet w

search for a heavy particle X produced in association withatquark: pp — X t = tqt

leading to a resonance in the t + jet system of t t+ jet events

select events in lepton+jets with at least 5 jets and 1 btag

CDF Run II Preliminary
CDF Run II Preliminary

o [
E C [=8 ) —_— . s
£ B Resonance (0.1 pb): _+_ Data 8.7 fb”! 2 T J. L di=8.7 fb I Observed limit
- I —— 300 GeV/c? I Top E LY e Expected
@ T 500 GeV/c? - I +- 1o
10° = = n— 200 GeV/c? . Wjets 2
= = T +2
= [:¥)
- -+ [l Other Bkg. 7 — Singlet (g,.g,) = (0.1)
- * = Triplet (g,.g ) =(0,1)
10 = -
- . o
- " e 2
L FIR ) P R T w1l
B @ 2 e S0
= e T .
éﬂ lz_ ....................................................................................... i
o
"E-l:_ . . . . . : 1{]'2—||||||||||||||||||||||||||||
= 100 200 300 400 500 600 700 800 900 1000 200 300 400 500 600 700 230[}
m, [GeV/c’] Resonance Mass [GeV/c?]

26



SUMMARY

. _l [ _I| |_ 1L __
cdfii_logo

- Tevatron provides precision measurements for top pair production
cross section

in most cases the measurements are now limited by systematics uncertainties

- Forward-backward asymmetry of top events keeps indicating a
discrepancy with current NLO QCD prediction

- Tevatron provides 1* evidence for non zero spin correlations

- Electroweak production of single top has been observed

new results on cross scetion measurements with precision < 20 %
observation of t-channel production

measurements and limits on V

- no evidence for resonant ttbar production

27



BACKUP




14 nations
60 institutions
~500 physicists

19 nations
79 institutions
~500 physicists

in=0 n=1.-

[ il_ e
Muon Chambers

@ silicon detector
@ COT: drift chamber
@ solenoid
@ calorimeters
central, wall, plug
@ muon
scintillator + chamber

@ 8 layers silicon (SMT)

@ 16 layers scintillating fibers

@ 2T solenoid

@ calorimeter:
central+endcap

@ 1.8 toroid

@ 3 layers muon scintillators

+ drift tubes 29



Multivariate analyses

Combine different kinematic variables with some discrimination power
into one variable with larger discrimination

L -1
~ 80 I-(a) D@, 5.4 fb
[ r * Data
g 60 L -tb+!qb
= i N W+jets
b [ + mt t
t 40 I Multijets
? i +
W 20
i) i
2 ol
= 50 100 150

Leading b-tagged jet P, [GeV]
~ % [ (b) DG, 5.4 fb™
o =
S [
=
@

F
>
.
o
o
>

0 50 100 150
W Boson Transverse Mass [GeV]
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all these methods have a training process where they learn
to discriminate between signal and background events
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Bayesian Neural Network (BNN)

Hidden
Nodes

- apply sequential cuts
keeping failing events

- Bayesian NN Input
averaged over
many network
improving the
performance

- performance is
boosted by averaging &
multiple tress produced @ 7 °
by enhancing
misclassified events

Neuro Evolution of Augmenting BNN Combination
Topologies (NEAT)

- Genetic algorithms - different BDT
evolve a population discriminator
of NN are combined
into one BNN COMB
- Topology of the NN

is also part of the
training NEAT
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Bayesian statistical analysis w

the prior distribution is average the likelihood over the background
updated by the likelihood uncertainties assuming gaussian prior
that depends on the data |

I I
plo] = = |'|LID|o, a,bl|m(c)|m(a,b) da db

\
\

update

LID|o, a,b)

[ ]
[ ]
L]
[ ]
[ ]
L]
[
L]
L ]
L]
L ]
L
[ ]
L ]
L ]

Prior probability

Posterior probability
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TABLE IIL

EW single top production

Expected and observed cross sections in pb for b,

tgb, and tb + tqb production. All results assume a top quark

mass of 172.5 GeV.

TABLE III.

Dependence on m, of the measured cross sections

in pb for tb, tgb, and th + tgb production, using the combined
discriminants for the assumed top quark masses. The predicted
cross sections [2] in pb are also included in the table and labeled

Discriminant Expected Observed
th production
BNN 108132 Lz
BDT 107041 0:681%:1
NEAT 1.061 03¢ 6 B
B, 1. 12t04s D.aR T8
tqgb production
BNN 2.49+076 292408
BDT 2.401271 30328
NEAT 2,36 1080 275595
B 2. 457%007 260
thb + tgb production
BNN 3,461 184 7 W I
BDT 3417 958 3017088
NEAT 3.3310%4 3.597 05
Bt 1gh 3.49107] 3431073

tiSM-‘.H

m, 170 GeV 172.5 GeV 175 GeV
th 120108 0.68%038 0.53+¢3¢
SM 1397700 1.041004 0.98*0.04
tqb 2.65+065 2.86+09 2.45108)
SM 2541002 i 216701
th + tqb ;707008 3437978 256163
SM 3461018 30t 3142018

From DO publication : PRD 84, 112001 (2011)
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D@ e/p+jets 2.3 fb’! o 3.941“8:22 pb
D@D T+ijets 4.8 b’ o 3.4792 pb
CDF e/u+jets 32 fo! @ 2.1770:25 pb
CDF MET+jets 2.3 fb-! o 5.0725 pb
Tevatron Combination - 2.767055 pb
DD e/p+jets 5.4 fb-! .- 3.7079-78 pb
Kidonakis PRD 74, 114012 (2006)
Lo L1
0 2 4 6 8

Otb+tqd [Pb]
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