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What Make The Top Quark So Special ?

» That's the « youngest » quark of the Standard Model
— discovered in 1995 during the Run I of Tevatron
— many of its properties need to be studied in detail

» That's the heaviest elementary particle

— ~ 40 times heavier than its weak isospin
partner, the b quark 200

> QUARK MASSES
O,

— Yukawa Coupling to the Higgs ~ 1 150

— Large contribution in virtual fermionic loops | 1%
50

— Only quark to decay before hadronizing:
« nude » quark 0

up | g
down | 2
strange |* ¢
charm &
bottom (T ¢
top

— Does it play a special role ?

* The top quark physics is a rich, still developing field

— The top quark is currently only directly produced at Tevatron
F. Déliot, PIC 26-June-2008



The Tevatron

* pp collider at Vs = 1.96 TeV

— 36x36 bunches, bunch crossing every 396 ns
— 2 experiments : CDF and DO

* Data taking periods:
— Run T (1993-1996): L, 1.eq ~ 120 pbt / experiment
— Run ITa (2002 - March 2006): £ jivereq ~ 1.5 fb!

— Run IIb (Augus’r 2006 - 2009/2010): Logjpereg ~ 6 10 8 fb

Integrated Luminosity 4218.23 (1/pb)
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i . - In this talk:
Typical data taking efficiency: > 85% results with 0.8 fbl< £, 4.4 < 2.2fb

F. Déliot, PIC 26-June-2008



The RunII CDF and DO Detectors

* Top physics utilizes
every subdetector:

— tracking (vertexing, momemtum measurement, b tagging)

— calorimetry (jets, electron, missing transverse energy)

— muon detection
F. Déliot, PIC 26-June-2008 5



Pair Production

tt Cross Section
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Top Quark Pair Production

- Strong Interaction Production Mode:
Pair (tt) production: dominant at hadron collider

prcton

& r " t 9 Dutee Loy Q!
- < P (I
g7 F g [ 9 00000 Lo | t
antiproton W e
. proton - (anti)proton cross sections
Tevatron:  85% 15% m 0 ————————
LHC: 13% 87% Tevaron  LHC ]
|[l:i ;‘ ff__/
— Theoretical prediction: M,,, = 175 GeV (CTEQ6.5) ., n
Cacciari et al. arXiv/08042800, NLO+NLL T e
Tevatron: 6= 6.73 pb £~ 10 % g}
LHC:  6=908 pb+~10 % o oel> o0
— Typically : oy /
Tevatron : for 1 fb!, oxBrxA = 7600x0.3x0.15 (£ i)
~ 300 evts (lepton +jets)
107 F o,,5(M,, = 500 GeV)

LHC : same number of events with 10 pb-! 197 Bt

0.1
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Why Do We Want to Measure
the tt Cross Section ?

- o(tt) is an inclusive quantity that allows:
— test the SM :
compare the experimental measurement with the QCD NLO prediction
— extract the top quark mass comparing theory with measurement
— probe new physics :
- anomalous tt production rate >
- compare cross-sections in
different top decay channels

— background for Higgs and new phenomena searches

F. Déliot, PIC 26-June-2008



How_Do We Measure
the (tt) Cross Section ?

Event counting or Number of expected
fit of discriminating background events
variable shape \JL / Using Monte Carlo or data
r N\
O-ti ( Mt) _ N observed N background
e (M)L
tt

~

Signal selection efficiency
using tt Monte Carlo samples
Pythia or Alpgen

Recorded luminosity
Channel dependent
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tt Production Final States

- Top Decay in the Standard Model: - lq
BR(t —» Wb) ~ 100 % A‘f V. g
* Final State driven by the W decay modes : \

large statistics reasonable statistics

Reasonable bkg: W/Z +jets,
multijets

large bkg: multijets

6l =
SN
N v — v

" " low statistics
o 2 %} low bkg:

Z(tt)+jets

Challenging to identify

F. Déliot, PIC 26-June-2008
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b Jet Tagging

- utilize b-jets special properties to separate them from light/gluon jets:

(reduce multijet and W+jets bkg)
— long b-hadrons decay length (ct~0.5mm)
— high b quark mass compared the light quarks
— b-hadrons semileptonic decay: b—pvc Vvertex Tagging

(transverse plane)

- 3 main b-tagging algorithms:

="\ B
1) impact parameter based ‘Signed) Track ~ f Y
2) secondary vertex reconstruction Impact Parameter (dca) f
Hard Scatter Lengh (L,,)

3) soft lepton tag

W+2Jets 1Tag __ CDF Il Preliminary 2.2 fb”

»+ DO: 1 & 2 combined into a neural g _ i

network (NN): 5 02 o g

— ¢~ 55% for fake rate ~1% § I — We+We :

- CDF: 2 & NN jet separator ’ 0-1_-:];‘-':‘:#-_,—.\_,‘ s
o

-1 -0.5 0 0.5 1
F. Déliot, PIC KIT flavor sep. output 11



Lepton + jets Channel

) - Signhature:
e ‘_ High Pt isolated lepton
— & High Ef
_ 4 jets (2 b jets)
9 t
anteroton w- ¢ Branching ratio Signal/Bkg (4jets)

Qj

30% G
2:3 4:1

- 2 analysis strategy: w/obtag w/ btag

— topological: likelihood using kinematic variables
(aplanarity, sphericity, H+, angles, invariant masses, ...)
— b-tagging -Background:

— W + jets : MC, normalized to data
(before b-tagging)

— non-W (multijets) : fake lepton,
estimated from data

— diboson, Z+jets, single top : MC
F. Déliot, PIC 26-June-2008 12



Lepton + jets With b-Tagging

Wbb normalized in the 2jets-1btag bin ~ Wbb from MC corrected for eyt5(data/mc)

-1
08002 Run10.9b e data (1 b-tag) CDF Run Il Preliminary {1.12 16" , ..
5 Bl signal Em - -::;...m
o I bkg with leptons % 7 E’;:f“'““
[ -'ﬂll:h_l
E I bkg w/o leptons 2 — e
2 PRL 100, 5
£ 192004 (2008) E
=y
> z

3 >4 :
Jet Multiplicity

8 channels: 2 lepton flavors
x 3 jets-4jets x 1btag-2btag

data: 596, expected bkg: 208 + 10 data: 416, expected bkg: 75 £ 15
o(tt) = 8.0 + 0.5 (stat) + 0.7 (sys) = 0.5 (lumi) pb  o(tt) = 8.2 + 0.5 (stat) + 0.8 (sys) + 0.5 (lumi) pb

- dominant systematics: (luminosity : 6%) Ac/c ~ 12%
— b-tagging : 6 % (b-tag)
— MC Modeling: (W+jets, PDF, ...) : ~4%
— Jet Energy Scale : ~ 4%
F. Déliot, PIC 26-June-2008 13



Lepton + jets With Soft Lepton Tagging

soft u tag soft e tag
0P 8 ooy 2 ) _____CDF Runll Preliminary (1.7 fb)
1000 -:':;urptlr . :;z ST S - Iil:%:“ ?E.Fbr
B b W, Wi M ™ o=,
E e — oo f.g.gu:_ . e : 1 EE{EEF
i 2 :I :‘ = gEaE
§ &00 am:— — : — :"-:H::;
B 400 600 | : - E:n"::;p
3 . B WWWZZZ
= i e
Z 200 >
o j;t"hMuHiplT;E L i . 3 Mf.nmber cﬁ ﬁets
data: 248, expected bkg: 87 + 6 data: 121, expected bkg: 52 + 3
o(tt) = 8.7 £ 1.1 (stat) £ 0.9 (sys) + 0.6 (lumi) pb  o(tt) = 7.8 + 2.4 (stat) + 1.5 (sys) = 0.5 (lumi) pb
(M., = 175 GeV)

- dominant systematics: (luminosity : 6%)
— {-tag acceptance/€ : 8-15 %
— {-tag fake rate: ~ 5%
— W+HF prediction: ~4%

F. Déliot, PIC 26-June-2008 14



Lepton + jets with Kinematic Discriminant

Likelihood discriminant Neural Network
Fit the discriminant output in all channel to extract the cross section

Additionnal selection: @  cor preiminary 6005
. min
Ht = = P1( \]_161') > 120 GeV N Foe _muﬁ;: B Saio—
980 IDO Run 11 0.9 fb e R CAE) g m-_ ! Wejats mﬂ:}i%ﬁ'ﬁ;
§ tt signal : "';:-_ N ,;;“m
[ bkg with leptons | © - |
g [ ] bkz w/o Ie;lons “S g : N]“" =4 T‘:|'
= = 30— 1
Z = m_ —l_|7—1
§ 0 - —
) 0.5 oo 1> gn:ﬁ.'.'.'.'-:.'.'.'.'I.J."...“c.'.'.'.‘n.-,-.-.r.-.:-.'_.........-
L|ke|ihood Discr"-r"nant 01 0.2 6.3 0.4 05 068 07T 0.8 05 1
ANN cutput
4 channels: 2 lepton flavors x 3 jets-4jets
data: 2386, expected bkg: 1912+ 70 o(1T) = 6.0 £ 0.6 (stat) + 0.9 (sys) = 0.3 (lumi) pb
o(fF) = 6.6 + 0.8 (stat) + 0.4 (sys) = 0.4 (lumi) pb
(M, = 175 GeV)

- DO: combination with the b-tagging analysis:

6(1T) = 7.4 + 0.5 (stat) £ 0.5 (sys) + 0.5 (lumi) pb Ao/c ~ 117

Correlation: 31%

F. Déliot, PIC 26-June-2008 15



Top Mass Extraction From the Cross Section

* interest

— top mass in a well defined renormalization scheme

» compare cross-section measurement with theory computation
— for each Mtop, construct a joint likelihood =
theory likelihood (scale and PDF uncertainty)

x experimental likelihood (total uncertainty)
— integrate over the cross-section

M, =170 £ 7 GeV

in agreement with the world average value:

Miop = 172.6 + 1.4 GeV

PRL 100, 192004 (2008)
E 1 4: : : -« theory
2 13 C DO I+jets Run 11 900 pb™'
c - : 68% CL contour
o 12E 4 ’ 28544 world average top quark mass
R
/)] C
g 1 0
5 9
e 8E
7"
6 5
5t LSS 1 | |
150 155 160 165 170175 180 185
top quark mass (GeV)

F. Déliot, PIC 26-June-2008
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Simultaneous R and Cross Section Measurement

* Previous measurement assumed Br(t—Wb)=1 R~ 1inthe SM
— fit simultaneously and R and of(tt) w/o this assumption ¢ . peRunl——
_ Br(t > Wb) _ v, \ ; — i
=B o W wo——{
I"( q= (dqs 2) ‘ ‘ tS ‘ ‘ Z::O )
* channels: 0, 1, 2 b-tag, > 4 jets 200
(T) = 8.2°09 5 4 (stat+sys) + 0.5 (lumi) pb R N
_ +0.09 ;
R=0.97 -0.08 (STGT"'SYS) Correlation: -587% -
% pha PRL 100, 192003 (2008) . ' 4 D@ Run I L=0.9 b’
£ L=09fb" -D@Data | * dominant uncertainty: §
> = =
N :“ — R: statistics + b-tagging 10
= 400 other _ o
£ WWijets | — of(tt): statistics, lepton ID,
2 i Muitijet jet energy scale °
200 - ' 95% C.L
IV, ,[>0.89 @ 95% CL 6|  ggocoL.
o 1 ' - (unitarity + 3 families) R IR M Ry A
Number of tagged jets R

F. Déliot, PIC 26-June-2008



Dilepton Channel

4 - Signhature:
_proten = ~" 2 high Pt isolated leptons
High Ef
2 b jets

antiproton

v Branching ratio Signal/Bkg

e ¥
with £+1)

w/o btag
- complementary strategy:

— lepton + isolated track : need b-tagging to enhance purity

* Background:
— Z + jets : Z — {{ +fake B, : MC or data

— fake lepton (multijets) : estimated on data
— diboson (WW ,WZ) +jets : MC

F. Déliot, PIC 26-June-2008
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Dilepton Channel Results

g 80~ DO preliminary, 1.05 fb" EDF_H:_n Il Prefiminary (2 &)
i es ] ; data
g ® Data | =77 Bkgd £ 1o uncartainty™
Q M ; [_Iff{c=867pb)
060 Iz I WWwZizZ ]
s | [ Diboson - E:a ]
Qo | [ Fake P Al T il
E - r A B e
=40
z L
20

0 2 3

Number of jets et Vet Sehr - MEOeon
1.05 fbl: €2 + £-isolated track (w/ btag): 2 fb1: #2 (w/o btag): Ac/o ~ 17 %
o(tt) = 6.2 +0.9 (stat) + 0.8 (syst) + 0.4 (lumi) pb o(fF) = 6.8 + 1.0 (stat) + 0.4 (sys) = 0.4 (lumi) pb
(Myop = 175 GeV) 2 fbl: 22 (w/ btag):
- dominant sys‘rema’rics: o(ft) = 9.0 + 1.1 (stat) + 0.7 (sys) + 0.5 (lumi) pb
— Jeft energy scale : ~ 3% 1.1 fbt: L+track (w/o btag):
— MC normalization : ~ 3% o(tt) = 8.3 £ 1.3 (stat) + 0.7 (sys) + 0.5 (lumi) pb
— others of the order of 2-3% 1 fbt: €+track (w/ btag):

o(tt) = 10.1 + 1.8 (stat) + 1.1 (sys) + 0.6 (lumi) pb
F. Déliot, PIC 26-June-2008



DEJ (+jets/(L Cross Section Ratio

» using the measured €+jets/?2 cross sections:

o.(l + jets)

’ o -(L0)
— in the SM: R_=1

— deviation from 1 sensitive to the W disappearance : B(t — Xb)

ex: t - Hb with H* - ¢cs = R>1

- using the Feldman Cousins method:

R, =121+027 . (stat+sys)

— assuming m,.=80 GeV and Br(H*— cs)-=1

Br(t+—Hb) < 0.35 @ 95% CL

F. Déliot, PIC 26-June-2008
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Lepton + t Channel

- final state with taus: q
— challenging to identify

— but most sensitive channel to new physics
ex: MSSM: if m, <m;: t>H'b, H'— tv

- tau identification:
— hadronic tau decays :
(= K*) h=(z= K*)
’,l’ Fl
T 4»? > 0 /k® t _LQ% i
Vr Vo
— hadronic tau reconstruction :

3 neural networks

i I EM+HAD: 7+ EM+HAD: n+ EM+HAD: 7+
To 'denhfy 2 / EM+HAD: 7=
separately . @:/ - Q;v’ EM:2 18" %é EM+HAD: 7
1 track v: 1 track v >1track > M- 07

F. Déliot, PIC 26-June-2008 21



Lepton + t Channel Results

- background estimation:
— W+jets: normalized to data

— multijet: from same sign events

— other from MC

L=1fb"

D@ Run Il Preliminary

3
|I|

Number of events

8 8 8 3 8

S
[

€IIIIII

® DATA
I Multijet
= w :
@ Z — ptp ore*e
N Z v

B {{  lepton + jets
I {f - dilepton non-k
tt— l4t

before btag

100 120 140

160
Lepton P; (GeV),> 2 jets

D@ Run Il Prelimina L=1fb"
o 30C y _
c * DATA
s L @ Multijet
> = w
D 25— [ Z - 'y ore'e
"6 B Iz
- B . WwW, WZ
Q _r N {f  lepton + jets
9 20— [ i -, dilepton non-k
g = tt— I+t
Z 15 after btag
10F

40 60 80 100 120 140 160
Lepton P, (GeV), =1 tags, =2 jets

1 fb: (M,,,=1756eV)

o(tt) = 8.3"29 14 (stat) 14, (syst) + 0.5 (lumi) pb

- dominant systematics: (luminosity : ~ 6%) Ac/c ~ 287
— bkg/MC statistics : ~ 20%
— b-tagging : ~ 6%
— tau fake rate : ~ 4%

F. Déliot, PIC 26-June-2008



Full Hadronic Channel

8
roton G - Signhature:
g g ) 6 jets (2 b jets)
4 . b
q ¢
UL w- g Branching ratio Signal/Bkg
g 44%, 1:2
w/o btag
b-tagging necessary
Important combinatoric background
- Selection: - Background:
— 6 <Njet<8 — multijets : estimated on data

— signal/bkg separation: using a neural
network (jet invariant masses,
sphericity, aplanarity, ...)

(tag rate in the N._.=4 bin)

Jet

F. Déliot, PIC 26-June-2008
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Full Hadronic Channel Results

|_CDF Run |l Preliminary | Phys. Rev. D76, 072009 (2007)
8100 E [ CDF Run ilp-rnl[rnlnnr-,r ]
2 '|_ *  Observed rags1.02 fb") . @ a00 .—
A - 'l | Background ﬂ E * | —=— Datail0Im
8000 — B o = 5.3 pb,m,=175 GeVic') - ' Background
=00 E 8O0 — Biskground + sigiml (8.3 plb}
-muné— "o
3000 3 400
L - -
e o i Tt
1000 f— 20|
s _i. | = 1 |
o 3 7 a
Nt

data: 1233, expected bkg: 856 + 23
o(tt) = 8.3 £ 1.0 (stat) 20, 5 (sys) £ 0.5 (lumi) pb (M,,, = 175 GeV)

- dominant systematics: (luminosity : ~ 6%) Ac/c ~ 25%
— Jet energy scale : ~ 16%
— b-tagging : ~ 7%

F. Déliot, PIC 26-June-2008



Summary of tt Cross Section Measurements

D@ Run i preliminary*

March 2008

CDF Run Il emimnary

April 2008

I+jets (b-tagged and topological, PRL)
910 pb™"

I+jets (from B{t—Wb)/B(t-Wq), PRL)
910 pb™

dilepton (topologicaly

1050 pb™
I+track (b-tagged)

1050 pb”"
tautlepton (b-tagged)

1050 pb'
tautjets (b-tagged)*

350 pb!
alljets (v-tagged, PrRD)

410 pb”

Mgy = 175 GeV B Cacciari et al JJHEP

" Kidonakis an

g vaog

7.42 1053 10.46 10.45 pb

8.18 +0.90

gy 2050 pb

+1.2 +0.9

5 404
6.8 -1.1-0.8 pb
51 +1.6 +0.9

+0.3
14 08 pb

8.3 +2.0 +1.4

0.5
-1.8 1.2 pb

51 +4.3 +0.7

0.3
=35 -07 pb

20 14
45 -1.9 -1.1 105 pb
(stat) (syst) (lumi)
0404, 068 (2004)

jt, PRD 68, 114014 (2003)

0 2 4

6

6 (pp—>1t) [pb]

" [ Caerin od &l JHEP 0404068 [2004)
] Bisewnabes Wt BRI SR 114014 §2003)

‘Lepton+Track
(L=1070 pb )

Le Track: Vertex
L=1070 pb ) -

Gileplon: Ve

by
(L=2100 ph

LDd-Eplnn !
iL=210Hlpb ]}

Lepton+Jels: Sofl Electron T
(L=2000 pb ]

Ll.laptmh.lals. Soft Muon Tag
(L=2000 pb ] ¢

" Assume m=175 GeWic’

10.11.8+1. 0.6

901 B0 705

6.841.020.520.4

7.842.441.540.5

8.7+1.10.940.5

8,321.320.7£0.5

6.0+0.6+0.9+0.3

8.240.54+0.8+0.5

ET= -
R e 6.1:1.2 £ 2+0.4
All-bhadnonic: rax T: Fll v
(L=1020 pb - 8.3+1.0 +5 +0.5
‘Combinadiol SLT.ol-had) 7.340.5:0.6:0.4
:L—Tﬁ]'l;ﬂ e R
I I | | | | |
4 6 10 12 14
a{pp — tf) (pb)

F. Déliot, PIC 26-June-2008
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Perspectives

Run il preliminary April 2008

D@ lepton+tjets
topological and b-tagged
0.9fb!

H®-H 7.42 1053 +0.46 +0.45 pb

D@ dileptons + lepton+track
topological and b-tagged
1.0 fb™

6.23 2% 1978 038 pb

CDF lepton+jets
b-tagged
1.1

H-e+H 8.2 105 0.8 +0.5 pb

CDF dileptons
b-tagged
2.0 fb™

H—@—H  8.96 :1.12 :0.72 +0.52 pb

(stat) (syst) (lumi)

[ Cacciari et alj JHEP 0404, 068 (2004)
Kidonakis and'Vogt, PRD 68, 114014 (2003)

My, = 175 GeV

0 2 4 6 8 10 12
o (pp — tt) [pb]

— better current result: Ac(tt)/c ~ 11 % (~ theory uncertainty)
— systematic dominated (¢ +jets, full hadronique)
— perspective: end of runII

a 6 7% uncertainty could be achieved (need to improve systematics)
— LHC: 5-10% with 10 fb-! (luminosity uncertainty 5%-10%)

F. Déliot, PIC 26-June-2008
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Single Top Quark Cross Sections

F. Déliot, PIC 26-June-2008
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Single Top Quark Production

- Electroweak Production Mode

single top production H
. g t

q B
q t \/ W associated production
W W = 4
b : r
q b g S & |

b

s-channel t-channel L ¢ t y
Tevatron:  30% 65% 5% Leptonic decay of the W
(LHC: 3% 77% 20%) I
NLOG: 088+8%pb  198+12%pb  0.09+26% pb W
Final state: tvbb 2vbbq t —

— Theoretical prediction: M, = 175 GeV (CTEQ5MI)
Sullivan, Phys. Rev. D70:114012,2004, NLO

Tevatron: o = 2.9 pb + ~ 14 % (typically: for 1 fb-!, ~ 50 evts)
LHC: c=315pb+t~20%

F. Déliot, PIC 26-June-2008 28



Why Do We Want to Measure
the Single Top Cross Section ?

- Single fop cross section:

— predicted by the standard model: 7 e
heed to measure it

— direct measurement of V,, (c « |V,,[?) 5
test the unitarity of the CKM matrix

— sensitive to non standard process:
W' or charged Higgs, FCNC: tug, ... W

anomalous Wtb coupling: V+A WaVa¥a
— background for Higgs searches:
same final state as WH—Wbb
- Difficult measurement:
— low cross-section, high background (Wbb, tt, multijets)
S/B ~1/15
need multivariate techniques

F. Déliot, PIC 26-June-2008
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Event Selection and Background Estimation

- Event Selection:

— one isolated electron or muon (Pt>15-206GeV)
5 B> 15-25 GeV

— 2,3 or 4 jets with 1 or 2 b-tag (P+>15-256GeV)

* Background estimation:
— from MC: diboson, Z+jets and tt (+ single top)
— from MC and Data:

kinematics and flavor composition from MC

(+ additional scale factor for Wbb and Wct)

W+jets normalized from data before b-tagging
— from data: multijets

using sideband or non isolated lepton sample

F. Déliot, PIC 26-June-2008
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=
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Yield [Events/10GeV]

Event Yields

DOrero PEJ 09f1b
1,2 b-tags 2-jets 3-jets After b-tagging
[[] s-channel tb 16 8
B tchanneltgb 20 12
] W+light-jets 119 43
W+charm 151 85 Signal Acceptances
B W+bottom 261 120 CDF
B ti—dileptons 39 32 s-channel tb | 2.8%
B ti-lepton+jets 20 103 t-channel tqb | 1.8%
B Multijets a5 77
E“;::dmhn :;, ::: multivariate discriminant
heeded
DEJ ~ *Dgogfy |
300~ — s-channel o % @
[ ¥ M t-channel & !
[ Mt & |
200" W Wijets 8
i M Multijet 2
I e+u channel 3
100 1-2 b-tags
N 2-4 jets

50

M. (W) [GeV]

F. Déliot, PIC 26-June-2008

CDF preliminary 2.2 fb™

2-jets 3-jets
[[] s-channel tb 41 14
[l t-channel tgb 62 18

[] w+light-jets 340 102
W-charm 395 109
Il W-+bottom 462 141
[] Z+jets 27 1M
[] Dibosons 63 22
t 146 339

&0 21

Total prediction 1,585 777
¥ Data 1535 712

: C.DE Hpn .II Ere!irn_ina;}r _ 3.2 [I:I‘

electron+muon
2 jets
2 b-tags

(W)




Systematic Uncertainties

- systematics affect the normalization and/or the shapes
— correlation between channels taken into account

Source of Uncertainty D&Y Size Syst. Uncertainty Q Rate Shape
- - - Jet Energy Scale 0...16% A
Top pairs normalization 18% Initial state radiation 0..11% 2
: T : : _"Q0 Final state radiation 0...15%
W+jets & multijets normalization 18-28% Barton Dictibution Function - %
Integrated luminosity 6% MC Generator 1..5%
. . Event Detection Efficiency 0...9%
Trigger modeling 3-6% Luminosity 6%
Lepton ID corrections 2-7% NN Flavor-Separator 4
Mistag model A
Jet modeling 2-T% Q2 scale in ALPGEN MC A
0 Input variable mismodeling A
Other small components Few % Wbb+Wcc normalization 30%
Jet energy scale 1-20% Wc normalization 30%
) Mistag normalization 17...29%
Tag rate functions 2-16% Top-pair normalization & mtop 23% |

* the cross section uncertainty is dominated by the statistical uncertainty

F. Déliot, PIC 26-June-2008 32



Multivariate Techniques

Discriminating multivariate Statistical
variables discriminant analysis

Event kinematics
Object properties
Reconstructed top mass
Angular correlations

— Boosted Decision Tree

- ".
0 01020304 05060708089 1
Discriminant Output

— Boosted Decision Tree
— Neural Network

— Matrix Elements

— Likelihood Functions

— Bayesian Neural Network
— Matrix Elements
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DO Results

* First evidence for single top production in December 2006:
PRL 98, 181802 (2007)

-3 analyses: Boosted decision tree, Bayesian Neural Network, Matrix Elements (0.9 fb?)

10

Yield [Events/0.04]

Decision Trees

0.7

Bayesian Neural Networks

_ Matrix Elements for tb

combined s and t channel searches (assume SM ratio between them)

- Matrix Elements for tqb

DO0Sf - F M Do09f | T o DO0Sf | & 80, DO 0.9 fo
s-channel tb % = % 100 = .3 =3
t-channel tgb [l € 4 2 2
tt M :>j o Q
W+jets W = w, =
Multiets =~ g '© B 50 4 2
> = ' 4 >
08 09 1 b6 07 08 09 1 86 07 08 09 86 07 08 09 1
tb+tgb DT Output tb+tgb BNN Output tb ME Discriminant tqb ME Discriminant
tb+tgb Results D@ prD 0.9 fb!
DT BNN ME
Expected significance 210 220 190
Observed significance 340 310 3.20
- +14 +1.6 +1.6
Cross section 49 ,,pb | 44 _,pb | 48 _,,pb
(M‘rop = 175 GeV)
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CDF Results

* Large dataset analyzed : 2.2 fb-!

- 4 analyses: Likelihood function, Neural Network, Matrix Elements
Boosted Decision Tree (hew)

Likelihood Functions

COF predminang
-E 22"
o alechon s Mmoo
L 2 je1s
1 1 b-tag

t-channal

Meural Metworks Matrix Elements
COF pisbamaany | CGDF profmarany
221" Z MWL o
E Co o muan
2+3 jals
200 142 btags
541 Charmals

1 0.5 [} 05 1 g o RS i o :
0.6 » :[iimct Mol Fistwork Dukoul Mairix Element Discriminant
tb+tqb Results CDF preliminary 2.2 fb-1 g ;
LF NN ME BDT i &0
Expected significance 340 440 450 460
Observed significance 200 320 340 28¢c
Cross section 1.8 0%pb | 2.0 5apb | 2.2 0ipb | 19705, pb
(M, = 175 GeV) -1 05
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B Muttijats

CI:?F |:I|r-ullv'r;-nnr,' I
221" |

4] 05 i

Boosted Decision Tree Output



Combining the Results

* CDF: Neural network optimized using neuro-
evolution of augmentation topologies (NEAT)

* DO: Best Linear Unbiased Estimate (BLUE)

method

All Channels .

B0k CDF preliminary
§ ook 22fb
mw

% 01 02 03 04 05 06 07 08 09
NEAT Neural Network Output

1
0.66
0.64

1

DO correlation

matrix
o Bk
@& @8} L

0.66 0.64 \ DT
1 059 | BNN
0.59 1 ME

tb+tgb Combined Results
D@ PRD CDF prelim.
0.9 fb—1 2.2 b1
Expected significance 230 510
Observed significance 360 370
Cross section 47 +1.3 pb 22+0.7 pb

CDF and D@ tb+tgb Cross Section

CODF Decision Trees
E E 1.b‘ ! DSl W ST i |

(CEF Maitriz Elements
2217

CDF Meural Metworks
22

A

CDF Likelihood Funcs. !
\22 " '

CDF Combination '
preliminary ;

|
D@ Decision Trees |
0.9fo ;

|

D@ Malrix Elements
0.8am

Bayesian NNs
09"

D& Combination i
PRD 1

B N Kidonakis, PRD 74, 11
Z Sullivan, PRO 70, 11
1

2 [2006)
(2004)

+0.8
1.9 0.7

+0.8
EE—I:I?
+0.9
ED-J:IE

+0.8
1.8 iy

22 77
49 j:
48 :l'f‘l
4.4 :13
+1.3

4.7 43

pb

pb

pb

pb

pb

pb

pb

pb

pb

0

o (pp — th+X, tgb+X) [pb]
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Separate Measurements of s and t Channels

* DO: s+t channel decision tree where the s
and Tt channel cross sections are allowed to
float

- CDF: Neural network output templates for
s and T channels separately

2jet 1btag: 2D NN discriminant
DOprD 0.9 fb™

[

t-channel tgb cross section [pb]

O = A W & O O = o W
LR iR LLEY E

o1 2 3 4 5 6 T & 9 10
s-channel tb cross section [pb]

s-channel o(tb) =0.9 pb
t-channel o(tgb) = 3.8 pb

s-channel NN Output

1

0.5 -
0

-0.5

-

1 - 1
H g \
305 3 05 |
z z -
B 0 T 015
- £
e ®
£ -0.5 - 5-0.5
e ;
= . ; = 3 2 e -1 - - -
4 05 0 05 1 4 05 0 05 1 1 05 0 05 1
t-channel NN Output t-channel NN Output t-channel NN Output
2 ] ==
ERYE] Wbb+Wcc
z ]
CDF preliminary 2.2 fb™ 3 o
5 £
-
Data ® i s
4 1o . hOR———
= 4 05 0 05 1
20 t-channel NN Output
3g R

i

=k

SM =

t-channel igb cross section [pb]
[}

:::'r'".

1 2 3 4 2

s-channel tb cross section [pb)

s-channel oftb) =1.6 *)7 pb
t-channel o(tgb)=0.8 jg:; pb
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Measurement of the CKM Matrix Element V.,

- Wtb vertex: ¢ — _% v* [fiPr + fi* Pr]

- Extraction of V., from the cross section measurement: c oc |V, |2

- Assumptions:
— single top production with W interaction (no FCNC, ...)
— SM top decay: |V, ]2 + |V, |2 << |V, |2
— pure V-A: f,R=0
* No assumption on the number of quark families or CKM unitarity

-1 -

DO prL,PRD 0.9 fb CDF preliminary 2.2 fb™'
zt ' z
g £ -
& V| 2 0.68 g1 IVil2066
2 at 95% CL - kit
E 0= flat prior < 1 % 0 < fiat pror <1
@ o

95% 8% 68%
i vy I PRI ] i
0 02 04 0.8 0.8 1 0 02 04 TET |
Wil® Vil
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Summary of Single Top Cross Section Measurements

» Challenging measurements

* Both DO and CDF report evidence for single top production:
DO (0.9 fbY): o(s+t channel) = 4.7 + 1.3 pb (3.6 o significance)
CDF (2.2 fbt): o(s+t channel) = 2.2 + 0.7 pb (3.7 o significance)

* Perspectives:

Projected exclusion contours based on
DQ’s 0.9 fb~' single top analysis

t-channel tgb cross section [pb]

(M

top

-

= 175 GeV)

Projected significance based on

u,

| IR

Standard Model @
PRD&6, 054024 (2002)

Top-flaver (m, =1 TeV)
Ztc FCNC (g,,.=9;)
4th family (V,,=0.5)

Top-pion (m_= 250 GeV)
PRDG3, 014018 (2001)

Significance ¢

*H> &
O = N W s OO N OO O

10 CL with 0.9 fb™'
10 CL with 6.8 fb™'

CDF measurement
Median projection e
1 +10 on projection
3.2fb +20 on projection [
Median a priori expectation s

| T W T T N T T T

2

3

o

1

4 5 6

s-channel tb cross section [pb]

3 4 5 6 7 8 9 10
Integrated Luminosity [fb™]

LHC experiments will need ~ 10 fb-! to see the t-channel and to discover the
W1t channel. The s-channel will be more difficult.
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Conclusion

= - At Tevatron Run II, top physics has entered the
' precision area.

— statistics is not the limiting factor anymore for the tt cross-section
measurements (€ +jets, full hadronique) : Ac(tt)/c ~ 11 %

- Test of the Standard Model:

— tt cross section in all the possible channels
— evidence for single top (>3c)

* The Tevatron will deliver 6-8 fb-! by 2009/2010

— dilepton tt cross section limited by systematics
— work on reducing systematics

— single top discovery (s and 1 channels)

— surprises in the top sector?

see next talk for top properties results
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