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Motivation
tt production at Tevatron: top decay: . B
a t Q% , : - -
DODOK O’;‘O()()()(( 3
g\ e/ 8 N
q t 9 t

~ 85% ~ 15% B(t- Wb) ~ 100%
New physics — beyond SM - can affect the prod. cross section
z” ‘T«'ch
examples: NN a s

_ 7 b
g t

Why we measure cross section:
— top — produced with small a_test pQCD

— looking for new physics
— background for Higgs searches
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Methodology

N - selected candidate events

data

p N N N - estimated from MC
.= data”_ " bckg bke  _, data fit of discriminant variable
L A-L L — 1ntegrated luminosity

A — acceptance (inc. trig. , select.,
b-tagging™ eff.)
NNLO QCD predictions: (1 = 172.5 GeVic?)

Moch and Uwer Phys. Rev. D78 034003 (2008)  0.:=7.4615; pb
Cacciari et al. JHEP 09 127 (2008) o,.=7.14"27 pb
Kidonakis et al. Phys. Rev. D78 074005 (2008) = ¢,;=7.27 s pb
Ahrens, Neubert ef al. * arXiv:1003.5827v3 [hep-ph] 0, =6.30+0.19""2 pb

* NLO+NNLL ~ 35— 10 % uncer.

Measurements: topological (kinematic info) OF USiNg b-tagging
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b-tagging

Displaced 3 dl](‘fe rent app rOaCheS:
e “ - based on impact parameter d_
7 Secondry - secondary vertex
R 70 B - soft lepton tagger

Neural network:
— combine information of vertices and
Impact parameter
— CDF: include also information about
soft lepton 1nside jet

Prompt tracks
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Lepton + jet channel

Signature
high p_isolated lepton
large missing £ (MET)
N 4 jets (2 b-jets) ‘
S/B (4 jets)
Main background topo 1 b-tag
1) W+jets (W+hf, W+light) 2.3 4:1
— {1t the Data by shapes from MC (Alpgen)

2) multyjet (QCD)
— data driven method

3) elektroweak (using MC, normalized to NLO cross section)
— diboson, Z+jets — Alpgen, Pythia
— single top — MadGraph or CompHep
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Lepton + jet channel topological

Signal — background discrimination:
— differences in kinematic properties
- NN (CDF), BDT (DO) ... inputs: H_, aplanarity, sphericity, ...

Cross section
— 11t the discriminant output by the signal & background templates

s CDF Il Preliminary 4.6 fb*
ij >3

£ E
3 500 B data (7348 evis) / o N
f B La”[ pb|=7.68+0.31(stat) " ee (syst)
ZE C B W+jets ' J
400 @ aco
n + & (M = 172.5 GeV/c®) 8 soo—_w e Dats DO, L=5.3 fb"
300r ‘% 500 B [+>3jets
rel. uncer. 4001 Wejets
1 B Muttijets
9 q 300
- ~9% |
~ 200

100

o 01 02 03 04 05 06 07 08 09 1
NN output 0
e h - 0.1]
0| pb]=7.7120.37 (stat)£0.36 (syst) =045 (lumi) g o HAmerfrmiom N
N J o -0.1- +
“ o L | 1 1 1 | 1 ] 1 | 1 | 1 1 1 ] L | 1
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Lepton + jet channel using b-tag

b-tagging efficiency Olae, pe ‘g L >l e
e+ jeta jeta RIS GlOd3lG £ 26 2
- need to include to signal prediction Zijs i 2040 251
) . . Ot her 172418 Al+6 0+1
it 28 £ 27 BRI £ 30 T £ 14
- CorreC¥ W+J etS eStlmatlonS w Tatal ITEL + 124 B30 4+ 37 194 £ 16
CI/'OSS Sectlon Observed 1754 _ B6 Il'.]'!]

et djets W Hets [0 + 73 A1) 61

— binned likelihood fit using N, N Zrms QLT 642 130

JetS b-jets Other 3+ 4 8+1 240

£ s COF Run 1l Prfiminary L= 43 1" it 202 +£20 322431180+ 19
g 800 at least I b-tag Mo Tot al A57 £ 51 413 4 25 190 + 18
Y I Wror rel. uncer. Observed 500 L1 L)
- [l single Top
__ N ~ 1 1 %
Bw+Lr +0.99
i Rl Nos O_tt[pb] 8.13+0.25(stat)’ 0.86 (5y5t)
| Pz+ies
- Di-boson _ 2 /)] -1
i (M =172.5 GeV/c?) £ D@, L=5.3 fb I+ 3jets w
\ g
(7
"é —— Data
g LI
£ B Other
1 Jet 2 Jets 3 Jets 4 Jets =5 Jets C 0 W4jets
2 I Multijets
o,-| pb]|=7.22+0.35(stat )= 0.56 ( syst) +0.44 (lumi)
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Lepton + jet channel

D0 combination:

~ 350
. . S E D@, L=5.3 fb "
topological + b-tagging 5 300]
& ] [+3jets, 1 b-ta
rel. uncer. | & ogp- I, &
Utf[pb]:7.78f8_'gj(stat+syst—|—lumi) i 2505 —— Data
~ 9% 200 B
(M = 172.5 GeV/c?) ] EEOther

[0 Wijets

150
] [ Multijets

1007 |

CDF —tt/Z cross section:

Tl <O-Z)th (0,),=251.3%=5.0 pb 0 01 02 03 04 05 06 07 08 09 1
Z |exp Eur. Phys. J. C35, 325 (2004) RF discriminant

— reduces luminosity uncertainty

topo: 0| pb|=7.82+0.38(stat )£0.37 (syst)£0.15(Z theory )
b-tag o,:| pb]|=7.32+0.35(stat )=0.59 (syst )+ 0.14 (Z theory)

. . rel. uncer.
—, combination:  0.lpb|=7.70+052
~6.8%

26 Sept 2011 P. Bartos, Top 2011 8




Dilepton channel

q - Signature
,____i_‘__-_,. e 2 high pTisolated leptons
| e i large missing £ (MET)
b 2 b-jets
Main background S/B
1) Drell-Yan, diboson topo 1 b-tag
— using MC (Alpgen or Pythia) 31 151

— normalized to NLO cross section
— CDF — contamination of Z/y* — ee/ Ul — estimation from high
MET events in the Z mass window
2) multijets (fake lepton)
— estimated from data
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Dilepton channel

Signal — background discrimination:
- CDF: MET and H_ cuts

CDF' 1T preliminary (5.1 fb=1)

1 ©bF Fluln I Prellmlnlalry (G11b 1}: tt Signal Events per Dilepton Flavor Category before b-tagging
Source ee L e e
WW 3.0840.64 | 2.6840.56 5.96+1.21 11.7242.36
WY 1.56+0.25 | 0.98+£0.16 0.934+0.16 3.48+0.55
77 1.02+0.79 | 0.82-+£0.64 0.4240.33 2.25+1.75
Wy 0.4240.44 | 0.0040.00 0.004+0.00 0.4240.44
DY— 77 2.88+0.55 | 2.971+0.56 6.42+1.16 12.264+2.18
DY — ee + pup 11.54+2.22 | 8.4041.62 2.45+1.09 22.40+3.24
Fakes T.2342.29 | 12.85+4.22 | 33.20+10.25 53.27+14.70
Total background 27.73+4.28 | 28.6945.04 | 49.38+10.85 || 105.804+17.24
tt (o = 7.4 ph) 54.65£2.65 | 54.9242.65 | 127.55+£6.10 || 237.13+£11.30
Total SN expectation | 82.38-+6.63 | 83.61+7.46 | 176.93+16.80 || 342.92428.30
| Observed | 74 96 73 | 343

Djet 1 jet > 2jet HT>200+0OS

(M = 172.5 GeV/c?)

topo: o;| pb]=7.40+0.58 (stat)+0.63 (syst)+0.45(lumi) rel. uncer.
b-tag 0.l pb|=7.25+0.66(stat)+0.47 (syst )+ 0.44 (lumi) ~ 139%
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Dilepton channel

Signal — background discrimination:

— H_cut and NN b-tagging 240 |@@ DB, L=541b"
T :>j ee+2jet
Cross-section 300 [ Z(+jets): 13

Bl WW/WZ/ZZ: 3
Bt t: 46
e DATA:74

— simultaneously fitting NN distribution

and maximizing the likelihood func. 201

10;

o[ pb]|=7.36" % (stat +syst +Iumi)

_+_

rel. uncer, (M = 172.5 GeV/c?) 0

0 5 10
b-tagging NN discriminant
~ 11% ool
J output of 2 leading jets

Channel| Z— 0 Dibgon “STUEEE bl N, Ny, (Gbened

background Hiepuacind
ee+2jet 126+ 20 30 04 - 156453 | 6LI+7] 74 Lal+020
et 673 £ 0.7 51207 TEE12 Msx6.6 [1MEL 1T L4 RIEEINE!
ep+det |03 £42 8612 22786 MLHE 1882531+ 2.3 251 .11 +£1.13
eii+ljet [A00£4.8 20724 2584105 521404 [1300+165 180 LOS+0.16

L+J and DIL combination: o, [pb|=7.56"0% (stat+syst+Ilumi) | rel. uncer.

~ 8%
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All hadronic channel

Signature w
6 jets (2 b-jets) q D0 .t "~ .
S/B ... 1:2 a NG
Main background 6
Multijets

— estimated from data:

DO: attaching low pT jets from >6 jets
events to 4 and 5 jet events

CDF: - jet's tag rate evaluated using

4 jet events
— kinematic and normalization
estimated by applying the rate

to signal region
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arbitrary units

Events/(5 GeV)

5-jet events

+Data, 1 fb™
DBackground

600 800
H; (GeV/c)

200 400

CDF Run Il Preliminary (2.9 fb™)
ts, 0.50 < Nom <0.75

my;° templates, > 2 tags even

—}— Dana
ﬁ“’m

= N N
W O N
o O O

b

160
140
120

Bkg + 1T (M_ =175, AJES=0)

x2/Ndof = 35.2 / 36

100
80

x2 Prob = 0.508

60
40

# 4
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All hadronic channel

Signal — background discrimination
— CDF: NN, DO0: maximum likelihood
- 1nputs: H_, invariant mass, centrality, ....

CDF Run Il Preliminary (2.9 fb™)

<= 60 = 3 400
E K @ = 2 tags events m S l _ _+_ Data, 1 fb |
2 sof 2 I B 1t Signal
2 *F _ pae §’ $ [] Background
5 | Bl Fittea i ® 300 |-
a0 I Fitted Bkg
: - — 2
30| x2/Ndof = 20.2 / 22 200 - (M =175 GeV/c*)
i Prob = 0.569
20f .
. 100 B
10} - q q
| 0 [ 1 1 1 1 | | | | ;
° 0.0 0.5 1.0
100 150 200 250 300 !
m*° (GeV)
o,:| pb|=7.2+0.5(stat)+1.1(syst)*0.4(lumi) o .| pb]=6.9+1.3(stat)= 1.4 (syst)=0.4(Iumi)
(Mt = 1725 GCV/Cz) (]‘4t — 175 GCV/CZ)

rel. uncer. rel. uncer.
~ 18% ~ 29%
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Hadronic T + jets channel

semi-hadronic T candidate

— narrow jet, odd num. of charge tracks, T"'s low multiplicity

CDF: further 1solation and energy cuts, visible mass < 1.8 GeV

DO: T jets candidates (NN), sub-cluster + track in the EM calor. cluster
3 7 lepton types: — 1 trk, no EM cluster (7° =TV )

~ 1trk, > 1 EM cluster (7* = 7T* 71V )
~ 22 trks, 2 0 EM cluster (7 = 77* r*mr* (F) v _)
Background

Diboson, single top, Z+jet — theory cross section + MC acceptance
QCD — data driven method

| . fit of data NN output by templates
WHjets '

allow floating contribution of this two
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Hadronic T + jets channel

Signal — background discrimination:
— NN, inputs: MET, lead jet ET, HT,

Cross-section

— CDF: Poisson likelithood - funct. of cross section, -2In(L) minimum
- DO0: fit NN output by neg log-likelihood, use predicted branch. ratio

®
o

p0
- | o1
p2

[0}

N
o

12.29+2.688
-1.592 + 0.6388
0.09074 £ 0.03653

~

o
o

rel. uncer.

~ 8%,

)]

-log Likelihood (Arbitrary Units)
on ~

CDF Run Il Preliminary, 2.2 fb

-

A

o,:| pb|=8.8+£3.3(stat)=*2.7 (syst) |

J

26 Sept 2011

(M = 172.5 GeV/c?)
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5 102 ;_a) tau type 1 and D@, 1 fb-1 w
7} r
t C
g -
w 10 g‘l * Data
3 It +jets
- [ Otherftileptonic decays SR
1e [ Wsjets rel. uncer.
[ ] Multijet o~ 22% |
02 0 02 04 06 08 1
e NNSb Y
o,.[ pb|=6.3"17(stat)+0.7 (syst)+0.4 (lumi)
(M =175 GeV/c?)
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MET + jets channel

— comprise events with W — TV events with hadronical 7 decays
Events selection:

CDF Run 1T Preliminary, L= 5.7 fb"

> 1 b-tag
= - Top Pair - Single Top I. Diboson
2 P Multijet  [Z]W+LF CIwW+HF
g [Jz+LF  []Z+HF ~DATA |
o
— Large MET oo

— 2or3highp_jets (21 b-tag)

R NNQCD > -0.5 (reduce multijets bckg) -
Back ground

QCD - data driven method

— b-tag rate extracted from data o
sample with 2 or 3 jets T e B e
MET {50-70}, A® (MET, j )<0.4 . L

—— DATA

Other —» MC estimations
Cross section — binned likelihood method

0. | pb|=7.12"1%) (stat +syst) rel. uncer. ~ 16%
(M =172.5 GeV/c?)
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Tevatron measurements s ummariyf
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- Good compatibility between CDF and DO results

0 (pp-

=2011 result
=2010 results

red
blue

1Ct.
17

between the different channels and with SM pred

— consistency
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Conclusions

Tevatron measure the cross section in all possible top decay
channels:
- many measurements are systematics limited
- the best measurement — tt / Z

— relative uncertainty (~6.8%) less then in th. Predictions
- well understood tt sample

CDF + DO combination under preparation

Plan: study the final dataset ~10 fb™' (per experiment)
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