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@J GOTTINGEN The Fermilab Tevatron

O the birthplace of the
top quark

O the highest energy
collider in the

world ...until

December 2009 i R e

= . - o DO

0O pp collisions at ' RS TevatronRing  “y'».
Vs=1.96 TeV . ) (Z4.miles)

O shut down on Sept. 30
2011

0 10.5 fb! of recorded
data per experiment

O current results - up to
6 fb-! of data
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—~p—"

CDF

O Multipurpose collider detectors

» high resolution inner detectors for precise
tracking and vertex reconstruction

» electromagnetic and hadronic calorimeters
» outer muon system
» magnetic field
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O Fites Top quark pair production

Main mechanism: pair production via strong interaction

Tevatron LHC
{ g X t
y/ [ P 9 BT ¢
g W 9 TUOO0 ———
85% | 5%

CP eigenstate
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C GEORG-AUGUST-UNIVERSITAT . o
O Fites Top quark pair production

Main mechanism: pair production via strong interaction

Tevatron LHC
y/ J o — t 9 oo ¢
O\ \ AYAVAYD
2 g t g voooo ¢
85% 5%

CP eigenstate

g t
NNLO.pprox for me = 172.5 GeV, CTEQ 6.6 PDF g % : t

Vs (TeV) 2 7 | 4
Ott (pb)| 7.46 160.8 | 886.3

q t
~20 larger than at Tevatron ~ : : "

LHC sample @1 fb' ~20,000 I+jets events 20%
full Tevatron sample ~5,000 |+jets events

~9% uncertainty

PRD 80, 054009 (2009)
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In Standard Model T's tt decay modes

46%

~100% v, q

CcS

all hadronic

lepton + jets

tau + jets

]

. ~¢ileptonl lepton + jets

N
\'A% dec.ay mode defines e w wUf e/u + Jet
top pair final state ""‘Ptg“(‘/l-') 34%
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AP corringe Motivation

4 . )
0 First step in understanding selected tt sample
0 Test of theoretical QCD calculations
. J
New physics in top quark production
7 q
VAVAVA
...and decay - N
y. 0 New physics can change
H+o v .
; et ’ » overall production rate
/ ¢ » rate in different channels
g - = o« o
3 t b 0 Precision measurements of
- A Cross section are important
: in different decay channels
. J
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@ Fes lepton+jets channel

Provides the most precise measurements

Q r Background )
’ 0
Signature ackgrounds

» one high pr isolated lepton

» large missing transverse momentum
» = 4 jets
» 2 b-jets

00010
1 » based on MC simulation

o

o
9 g
multijet
S/B (4 jets) _
q jet
topo | 1 b-tag
’). A
w5 » from data
- J J
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G o Finding top quarks: kinematics
p

) 4 )
0 exploit differences between 0 build a discriminant from

kinematic properties of signal these variables
and W+jets background _ likelihood

0 select discriminating variables - neural network

100 300 400 500 600 50800

G X - boosted decision trees
ém; ;:};n(mavm)
Lo Socs” > B signal
400; §0.i2 ‘ g
sof g o background
2002 Eo.oe

: ﬁ |

o8
4
® =

energy-dependent

0.02

D@, L=5.3fb"" % 51 02 03 04 05 08 0T 08 03 1
discriminator output

Events / 0.02

0 extract cross section from a
binned likelihood fit to data

0.4 045 05 Same idea.is used for Single tOP
Aplanarity Cross section measurements
L angular )L y
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O Fiers Finding top quarks: b-tagging

4 )
O Powerful tool to suppress 0O Neural network heavy flavor
backgrounds to top separator applied after SVX tagger
O Utilizes » separates b from charm and light
» long live time of B-hadrons » 25 input variables
» semileptonic B decays 0 Neural Network tagger
O Use as » combines properties of displaced
» cut on b-tagging algorithm \t/;?*ci::;lggd secondary vertex - /
output L )

» continuous variable

NIM, A620, 400
nEvents —e— data po— "
— — Light FI o
jjzz_ CDF Run Il Preliminary L = 2.7 b’ - BI(Ettom avor 2\_’ 80
= —— Charm
200 >‘ L
180F- O Loy
16o§_ qc, 60
1402— '6 .
120 - —
s = 50
pa W |
6052: "6 40i k
sof — ! p. >'30 GeV, || < 1.1
- Q 30 T 1
205__ | | | | | | | : pT >:15 GeV, LB
91 0.8 0.6 0.4 0.2 0 0.z 0.4 0.6 0.8 1 DOL il
KIT Flavor Separator 1 0_1 1 1 0

Fake Rate (%)
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@J OGN Cross sections: leptontjets
)

PRL 105:012001,2010

N. >3 COF Il Preliminary 4.6 fb”

0 both methods: NN and b-tagging £ soof- T
and their combination ol -

.

O take ratio to Z cross section

0 trade luminosity uncertainty for Z
theory uncertainty

8.8% relative precision with T,
Ium|n95ity u.ncertainty, 7% combined b-tag and NN methods
; with ratio to 0(Z) o5 = 7.70 £ 0.52 (total) pb
J
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@J OGN Cross sections: leptontjets
)

PRL 105:012001,2010 N >3  COF Il Pretiminary 46"
0 both methods: NN and b-tagging £ so0f- A el
and their combination i . i
O take ratio to Z cross section : .
0 trade luminosity uncertainty for Z
theory uncertainty
8.8% relative precision with ST ARAT AR B, A
. . o
I”m'”?s't)' uncertainty, 7% combined b-tag and NN methods
with ratio to 0(Z) 0.7 = 7.70 = 0.52 (total) pb
.
4 )
0 combined method ] o mlN PO AT
o BDT for background dominated o =2:, o +0.77
samples: nj=2, 3 0 b-tag, nj=3 | b-tag — i Ot — 7°78—0.64 pb
0 b-tag counting for nj>4, nj=3 2 b-tags ™ § oo 0oLsam
O systematics included as nuisance o o ;z
parameters in the fit AFdacrimient B
0 data constrains the uncertainties . i
. o 9-10% relative 100
O largest uncertainty from luminosity precision g —
\ Number of jets )
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@J OGN Cross sections: leptontjets
p

~
O Simultaneous measurement of O Kw,. =1.10+0.29 ‘
and background normalization Ky = 1.90 4+ 0.29

0O use NN flavor separator and Njets
distribution Kw,; = 1.57+£0.25

Kw,. = 0.94 £ 0.79

O measures K-factors for W+jets

\ J
| The Fit | CDF Run Il Preliminary 2.7 fb™ |
n -
= L= ® Data
B°F o (B 2 2 2 BIDBRE
27" = L K — i R R R RRR
00 mwe »w @» @» @» mewn  9%(15%) improvement
3 B 3 2 oz ogEgE k(Smime
250 5 CIEw =D D9 9N of stat (S)’St)
- [ lQCD ™ - wn o~ ™M < W

uncertainties compared
to the previous b-tag
counting result

05 — 1.64 £0.57 (stat+syst) £ 0.45 (lumi) pb 9 5% relative

m. = 175 GeV precision
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Dilepton channel

4 N\ [ )
O Signature 0 Backgrounds
» two high pr isolated leptons
» large missing transverse
momentum
» > 2 b-jets
|
w [
9 z t !v‘r \
YOO ° I
pu ~ ** W ‘r.‘“"’-'
q t Q‘,r X
s
S/B
topo | 1 b-tag o Statistically limited at the Tevatron for a
31 | 151 very long time
0 Low backgrounds motivate the methods
. AN

J
14/11/2011
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@ GOTTINGEN Cross sections:

dilepton

20
(

0 240 dilepton events

1

~N

CDF Run Il Preliminary (5.1 1b”) .
- n g

0 cut and count with and w/o ™ o oagts wancesits] 5 | |
b'taggi ng 7oo”_ — m’v;';’gb) E y
047 = 740 £ 0.58(stat)= 0.63(syst) + 0.45 (lumi) pb 2
Ot = 7.25 £0.66(stat)£ 0.47(syst) = 0.44 (lumi) pb Sm:‘_.
| 3% relative precision, with 1
luminosity uncertainty O et 2zt 20,08
. J
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A GoTTINGEN Cross sections: dilepton
4 )
D 240 dilepton events CDF Run Il Preliminary (5.1 b .
0 cut and count with and w/o : | +g*.:‘;,,.,(.,;,,m,,wj 5| fb!
b-tagging ™ S B
o7 = 7.40 +0.58(stat)+ 0.63(syst) + 0.45 (lumi) pb
O = 7.25 + 0.66(stat)x 0.47(syst) + 0.44 (lumi) pb
| 3% relative precision, with
luminosity uncertainty
. J
( PLB,704, 403,2011 )
0 Fit to b-tag NN discriminant distribution é | 1
. £ . () D@, L=54fb
O Variable: the smallest output value among 2 3150 . eu+2jet
leading jets, i.e. most light-like jet “ ] Z(sjets): 30
» 350 dilepton events in 4 channels 100 5}’::‘,’,“9,,,;323
O systematics included via nuisance parameters RENIELLG
0 largest uncertainty from luminosity |
o +O.90 o . o o 0
— 0 5 10
O = (.36 5 g 12% relative precision R T
. J
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Run |l July 2011

P l Cacciar et al., arXiv:0804. 2800 (2008) Assume m=172.5 GeV/c?
lepton+jets + dileptons (PLB) - 7 .40 01! D57 nh 223 Kidonakis & Vogt, arXiv.0B05.3844 (2008)
R . 18 ‘ ! 1 Moch & Uwer, arXiv 0807 2794 (2008)

lepton+jets (topo + b-tagged, PRD) Ho— 765025 075  op D"j*:‘j‘}) sui 7.40 £ 0.58 + 0.63 + 0.45
di'CptOﬂS (topo + b-tagged, PLB) He®H . S ’ pb Lep!:i):;]zzs;b{‘..?pologlca')? 7.82+038+0.37+0.15

lepton+track (b-tagged)* | o H 50 °! , 09 .4 pb Lep:onolelf;b{b-!ﬂgged1 7.324+0.36 +0.59 + 0.14

1.0t o (L=431) ' ' ' '
tau+lepton (b-taggedy o | 7.32 1344120 .,

; 2 1.24 -1.08 TV pb All-hadronic . . .

> (L=29 1) 7.21+050+1.10 £ 0.42
tall“‘jets (b-tagged, PRD) H——H 6.30 A 2 —

RRAGF ; :0.40 pb MET+>3jets

ot (Le 220 799+055+0.76 £ 0.46
alljets (b-tagged, PRD) - 6.9 04 pb

MET+2/3jets
(stat) (syst) (lumi) (L=571 )

7.11£0.49+£0.96 £ 0.43

(stat) + (syst) + (lumi)

B ' Cacciari eff@l, JHEP 0808, 127 (2008)

m,, = 175 GeV ; AR,
CTEQS.6M B N. Kidonakis @ihd R] Vogt. PRD 78, 074005 (2008)
s S. Moch and [ Uwer, PRD 78, 034003 (2008) 4 5 6 7 = B 9 10 1 12
¥ o(pp — tt) (pb)

* = preliminary 0 2 4 6 8 10 1 2
Dlve = 2010 resuits o (pp— tt + X) [pb]
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Run |l July 2011

—— (I (Z'.):r_n'n et al., arXiv:0804 2800 (2008) Assume m=172.5 Gt‘f\"v"(:"

lepton+jets + dileptons (PLB) o +0.19 057 223 Kidonakis & Vogt, arXiv.0B05.3844 (2008)

. 7.40 ;. 5¢ pb B Moch & Uwer, anXiv.0807 2794 (2008)
|th0n*jets (topo + b-tagged, PRD) He— 7.65 *0.25 *0.75 pb Oll&l‘ilf(; 11b '| 740+ 058 + 063 +£045
di|epton5 (topo + b-tagged, PLB) HeH 727" T o0 76 pb Lep:i)ngj?s;b{tooomguca‘j--% 7.82+038+037+0.15

a . 45 (L= ) 7

lepton+track (b-taggea) | - 50 *18 %09 .43 pb Lepton+jets (b-lagged) 7.32+036+059+0.14

10¢ . (L=431 ) ' ' ' '

B4
s “ J <
tau+lepton (b-tagged) [& 134120 .
‘ p (D-1agged) 7.32 124 -1.08 +0 45 pb Allkhadronic '

7.21+050+1.10 + 042

(L=291 )
tau"'jets (b-tagged, PRD) H—9 H 6.30 o an 'l h d 1 % ——
i 08 ) +>Jjels + + +
T 7.99 £ 0.55 £ 0.76 + 0.46
alljets (b-tagged, PRD) ey 6.9 04 pb no MET
101t MET+2/3jets
(stat) (syst) (lum) (L= 517fb"| 7.11 ' 049 096 4 043

(stat) + (syst) + (umi)

B M. Cacciarie

m,., = 175 GeV
. < B N. Kidonakis
CTEQG 6M
S. Moch and

@l., JHEP 0809, 127 (2008)

hd R! Vogt, PRD 78, 074005 (2008)
Uwer, PRD 78, 034003 (2008) 4 < 6 T 8 9 10 11 12

e ao(pp - tt) (pb)
* = preliminary 0 2 4 6 8 10 12

blve = 2010 resus o (pp —> tt + X) [pb]
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Run |l July 2011

—— (I (Z'.):r_n'n et al., arXiv:0804 2800 (2008) Assume m=172.5 Gt‘f\"v"(:"

lepton+jets + dileptons (PLB) o +0.19 057 223 Kidonakis & Vogt, arXiv.0B05.3844 (2008)

. 7.40 ;. 5¢ pb B Moch & Uwer, anXiv.0807 2794 (2008)
|th0n*jets (topo + b-tagged, PRD) He— 7.65 *0.25 *0.75 pb Oll&l‘ilf(; 11b '| 740+ 058 + 063 +£045
dileptons (topo + b-tagged, PLB) HeH 727 *045 +0.T pb Lep:f“}"gsfé‘.opo'og'ca"i" 782+038+037+0.15

a ; 45 (L= ) -

lepton+track (b-taggea) | - 50 *18 %09 .43 pb Leptonsjets (b-lagged) | 7.32+036+059+0.14

10¢ : (L=4.3f) ' ' ' '

tautlepton (b1agged) |£ - | 7.32°134+120 0 oo AR
. 1 24 .1 08 TVAS - Ic
2 ft ‘ (L=29M)
t'a.“ﬂets P H . H 6.30 +0.40 pb a'l hadr@nhe: MET+>3jets

7.21+050+1.10 + 042

) (Le 22 799+055+0.76 £ 0.46

alljets (b-tagged, PRD) ey 6.9 04 pb no MET

MET+2/3jets
(stat) (syst) (lumi) (L=571 )

7.11£0.49+£0.96 £ 0.43

(stat) + (syst) + (umi)

B M. Cacciarie
B N. Kidonakis
S. Moch and

@l., JHEP 0809, 127 (2008)

hd R! Vogt, PRD 78, 074005 (2008)
2 Uwer, PRD 78, 034003 (2008) 4 B 6 7 8 9 10 1 12
oy [ | a(pp — ti) (pb)

* = preliminary 0 2 4 6 8 10 1 2 MET-biets:

thoa = 2010 vesull 6 (pp — tf + X) [pb] interesting fc:‘r Higgs
searcr

m,, = 175 GeV
CTEQGE 6M
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Run |l July 2011
=
Ie-ptonﬂets + dileptons (PLB) - 7.40* pb
Igptonﬂ'ets (topo + b-tagged, PRD) H— 7.65 *02 pb
dl|0ptons (topo + b-tagged, PLB) }".H 727 ¢ pl)
leptqnﬂrack (b-tagged)* o H 5.0 ' .3 pb
tauflepton (b-tagged)* |£ - | 7.32°134+120 0 oo
tall_*‘jets (b-tagged, PRD) H . H 630 +0 40 pb
alljets (b-tagged, PRD) - 6.9 .04 pb
(stat) (syst) (lumi)
M, = 175 GeV B M. Cacciarie ?l . JHEP 0809 f 12?081 |
B N. Kidonakis @ihd R] Vogt. PRD 78, 074005 (2008)
CTEQGE 6M
S. Moch and B Uwer, PRD 78, 034003 (2008)

0 2 4 6 8 10
o (pp— tt + X) [pb]

12

* = preliminary
red = 2011 result
blue = 2010 results

14/11/2011

Sunday, November 13, 2011

Cross sections summary

l Cacclari et al., arXiv0804. 2800

(2008) Assume m=172.5 GeV/c’

; Kidonaks & Vogt, arXiv 0805 3844 (2008)

T+(lepton/jets): | | %, u

important for H+
search

Lepton+jets (topological)
(L=46" )

S

Lepton+jets (b-tagged)
(L=43 )

All-hadronic

(L=291 )
a'l hadr@ni@: MET+>3jels i
no ME-F (L=221b)

MET+2/3jets
(L=571h )

4 5 6 7

MET +jets:

interesting for Higgs
search

E.Shabalina - HCP 201 | - Paris

B Moch & Lwer, anXiv.0807.2794 (2008)

740+ 058 £ 063+ 045
7.82+0.38 +0.37 +£0.15
7.32+0.36 +0.59 + 0.14
7.21+050+1.10 + 042

799+055+0.76 £ 0.46

7.11£0.49+£0.96 £ 0.43

(stat) + (syst) + (umi)

8 9 10 1
o(pp — tt) (pb)

12
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*
Run | July 2011

. _ ‘ | 5o (D c:'.a..:‘.:.:u-. otal, arxiv :ns:x::.;:.iu_::_;’t:‘l::.,j‘; ASsume ma172.5 GeVic
Ie-ptonﬂets + dileptons (PLB) - 7.40 4019 D57 nh L :.:1:.;:::m.‘_'.‘,'.)_h:vx.\-n;m_.,;_.,.._.‘i-f:‘_xju-.‘x
j topo + b-tagged, PRD) s 0T 1 o Dileptor : N N N
Igpt?r\+;cts topo + b-tagged, PRD He— 7.65 102 S pb T*“QD'QQF\/]@QS)- "l‘ii ;1 ) 740+ 058 £ 063 +045
dileptons (topo + b-tagged, PLB) V045 +0.7¢ Important for H+ Lepton+jets (topological 7.82+0.38 +0.37 £+ 0.15
- H@ 137 2 pb search (L=46Mh) : : ' '
leptqnﬂrack (b-tagged)" —eo—BH 5.0 *18 %99 .43 pb / Leﬂltfg;lfj;f;é?l"ﬂggf’d' 7.32+0.36 +0.59 +0.14
tau+lepton (b-tagged)* JF__._H *134+120 _ ..
i 732 124 -106 2045PD I i 7.21%0.50 + 1.10 £ 0.42
taut+jets (b-tagged, PRD) H—t—H 6.30 o> 40 “ h ic: e
, 740 pb FORNIC. +>ials
101 . a ad ok ) T 7.99 £ 055+ 0.76 £ 0.46
il”thS (b-tagged, PRD) — i 6.9 +0 4 pb no MET o
1.0 ft MET+2/3jets 7 :
(stat) (syst) (lumi) (L= 517;“0"| E 7112049+ 0.96 + 0.43
R (stat) + (syst) + (umi)
M = 175 GeV B M. Cacciarie ?l , JHEP 0809 fl tZ?CSIr -_—
CTEQS.6M B N. Kidonakis @ihd R] Vogt, PRD 78, 074005 (2008) 4 ; 6 7 3 1 1
5 S. Moch and B Uwer, PRD 78, 034003 (2008) - - 9 0 1 12
Yo I | o(pp — tt) (pb)
.0 2 4 6 8 10 12 MET +jets:
= liminary
red = 2011 result — ry interest.ing for H|£S - -
blue = 2010 results Y (pp —>ft+ X) [pb] O- - 7 SO + 0 48 b
search tt SV =040 P
=
° ° . . o ° °
O Measured in all channels but ThadThad CDF combination: 6.4% precision!

O Agree between channels and method
5 ...exceeds Tevatron goal of 10%

Consistent with theory prediction
Challenges its precision
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Gz Electroweak top production

t-channel associated Wt production s-channel

b W u

W : b

b b g W d

: Cross sections at Tevatron, v/s=1.96 TeV, m=173 GeV A
2.1£0.1 pb 0.25+0.03 pb 1.05+£0.05 pb
\ N. Kidonakis, arXiv 1103.2792, 1005.4451, 1001.5034 NNLOpprox )
Observed by CDF and DO collaborations in 2009
14/11/201 | E.Shabalina - HCP 201 | - Paris
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Gz Electroweak top production

t-channel associated Wt production s-channel

b W u

W : N

l) b g \ "\l’ d

s Cross sections at Tevatron, v/s=1.96 TeV. m=173 GeV A
2.1£0.1 pb 0.25+0.03 pb 1.05+£0.05 pb
\ N. Kidonakis, arXiv 1103.2792, 1005.4451, 1001.5034 NNLOpprox )
Observed by CDF and DO collaborations in 2009
( \
o~ |th|2 Vud Vus Vub

VCKM = Vcd Vcs Vcb

Vi \\/td \/ts th )
t —&;’
Test unitarity of CKM matrix

4th generation
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Gz Electroweak top production

t-channel associated Wt production s-channel

b W u

W : b
b
b b g VW d
r , N
Cross sections at Tevatron, /s=1.96 TeV, m=173 GeV
2.1£0.1 pb 0.25+0.03 pb 1.05+£0.05 pb
\ N. Kidonakis, arXiv 1103.2792, 1005.4451, 1001.5034 NNLOpprox )
Observed by CDF and DO collaborations in 2009
( \ /!
T ~ [Vi|? Ve Vus Vb ;.
Vorus =|Ves Ves Voo N2
b Test unitarity of CKM matrix e b
4th generation i .
Sensitive to new physics
14/11/201 1 E.Shabalina - HCP 201 | - Paris
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Gz Electroweak top production

t-channel associated Wt production s-channel

b W u

W : N

l) b g \ "\l’ d

s Cross sections at Tevatron, v/s=1.96 TeV. m=173 GeV A
2.1£0.1 pb 0.25+0.03 pb 1.05+£0.05 pb
\ N. Kidonakis, arXiv 1103.2792, 1005.4451, 1001.5034 NNLOpprox )
Observed by CDF and DO collaborations in 2009
( \
o~ |th|2 Vud Vus Vub

VCKM = Vcd Vcs Vcb

Vib \\/td Vts \/tb ) "
t —&;’
Test unitarity of CKM matrix

4th generation

Sensitive to new physics

14/11/2011 E.Shabalina - HCP 201 | - Paris

Sunday, November 13, 2011




C GEORG-AUGUST-UNIVERSITAT
A GOTTINGEN

A challenge

q (o] b
7 1 We—
g Total inelastic
a -
= 10
§ T mb ]
g 10 bb 1-10’ ? o
g
~10° } ub w?
b
\W%
18 6,000 q g
b > 600
10
10 f / q i
tt 7 b
-12 =] w-
L
10" -
Higgs (ZH + WH)
- fb
1516
100 120 140 160 180 200
Higgs mass (GeV)/c?
14/11/201 | E.Shabalina - HCP 201 | - Paris

Sunday, November 13, 2011



|

C GEORG-AUGUST-UNIVERSITAT
A GOTTINGEN

A challenge

q g
2 | NReE— -
= Total inelastic \
)
= 10
ST mb ]
g 10 bb 1-10’ 4 o
g
~10° } ub w*
b
4 .
168 6,000 q g |
—r Vi 600
10
10 f / q i
tf , b
712 =1 w-
L
-14 . . .
10 o 0 Simple counting experiment
- .
1 tiggs (ZH + WH) cannot extract signal from the
1616 overwhelming background
100 120 140 160 180 200 U C L he back d
Higgs mass (GeV)/@ 0 Uncertainties on the backgroun
are larger than the signal

Use of multivariate techniques is mandatory
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@J GOTTINGEN s+t channels cross section

arXiv:1108.3091 [hep-ex]
O 400 signal events (s+t channels) g 1 00, 54"  _[(® _, DO 54"
~ i -1 S ; 20 * Data
» ~1000 in 0.7 fb-! at LHC 2 103; e | witb+tqb
O 20 times larger background £ a0 5 15, e
. .. . . = ; w - Multii
O Discriminating variables are z 10 s 108 N
combined into > 1 2 # |
» Boosted Decision Tree (BDT) 10702 04 06 08 1 8.8 l o " “095
. Ranked B, ,, ., discriminant " .85 ; .95 1
» Bayesian Neural Network tostab Ranked B,,,,., discriminant
» Neuroevolution of Augmented _ o= | |
Topologies (NEAT) S 20 (@ Do, 5417 & 30/(b) D024 fo
2 :
. S | t-channel | € | s-channel ° Data
O Correlation - 70% £ 15 2 Srenanne A
. . 8] ' 2
O Benefit from combination AT T + + —
s I _ o - m Multijets
h — N >
e a(pb) me = 172.5 GeV 88 085 0.9 8
nel Ranked B,, discriminant 8 08 09 09 1
4 0.73 Ranked B, discriminant
+ 3.437 5 21% relative ;
STC —0.74 precision g (d) + DO, 5.4 fb
hy
t 2.867 0 2 10
0.8 2 | S/B>0.24
. < 50
S 0.68Z¢35 S
>~
0340 160 180 200 220
Top Quark Mass [GeV]
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C
@J Independent s- and t-channel measurements

O Construct a 2D posterior probability density for t-ch vs s-ch cross section
» no constraint on the relative rate of t-ch vs s-ch production
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C
@J Independent s- and t-channel measurements

O Construct a 2D posterior probability density for t-ch vs s-ch cross section
» no constraint on the relative rate of t-ch vs s-ch production

O Extract t-ch cross section from 1D
posterior by integrating over x-axis

(s-ch)
» no assumption on s-ch rate

g

' DG,5.41b" (b)
- Blx1o
-t 20

2

PLB 705, 313 (2011)

(Data-Bkg)/Bkg [%]

0 02 04 06 0.8 1
Ranked t-channel discriminant

o(t-ch) =2.90 = 0.59 pb

DO 5.4 fb ™|

68% C.L.
== 90% C.L.
. 95% C.L.

® Measurement
i1
H sm
A 2
49: 791, 2007 Four gonornnons'
(&)
Top-flavor

t-channel cross section [pb]

1

' Fene'
% 2 a

s-channel cross section [pb]

> 5 O significance

the most precise measurement in t-channel

14/11/2011
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http://dx.doi.org/10.1016/j.physletb.2011.10.035
http://dx.doi.org/10.1016/j.physletb.2011.10.035

C
@J Independent s- and t-channel measurements

O Construct a 2D posterior probability density for t-ch vs s-ch cross section
» no constraint on the relative rate of t-ch vs s-ch production

[1] PRD 74: 114012, 2006

DO 5.4 fb ™|
68% C.L.

== 90% C.L.
. 95% C.L.

® Measurement

m sm'’

Four goncmltonsm

To;:»-llxwor“l
Fene '

2

4

s-channel cross section [pb]

O Extract t-ch cross section from |D s
posterior by integrating over x-axis g
(s-ch) g
» no assumption on s-ch rate s
X 6007 g 5.4 b (b) T EERER
B =)} - Blx1o 0
S @ 400  mi20
5 o= | 4
s @ 200
o 08 ‘
S - F
e 0 - i CDF Run Il Preliminary
: 1 j ] §- 45 El.
0 02 04 06 0.8 1 P
Ranked t-channel discriminant g -
a(t-ch) = 2.90 + 0.59 pb i e
the most precise measurement in t-channel o_; e
> 5 0) Signiﬁcance %0 05 1 15 2 25 3 35 4 45
\
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Best Fit

68.3% CL
95.5% CL
99.7% CL
SM (NLO)

SM (NNNLO)

5
s-Channel Cross Section c_ [pb|

O s-channel is very challenging at LHC
O can be the Tevatron legacy measurement

,L=3.21b"

o(s-ch) = 1.810-% pb

> 30 significance

the most precise
measurement in
s-channel
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Direct measurement of Vi

g )

mea3|2 _ Omeas |VSM‘2

VAV \JK‘ | th o9

oY

H — 7 gL L +h
] Witbh T~ f jl PL .fl PH}
Mw

(Pt — D»), W P, + f,'P n}}

O Assume SM production mechanism
» pure V-A and CP-conserving interaction
(fiR= fol= f2R=0)

» strength of the left-handed Wtb (f1})
coupling is allowed to be anomalous

> [Ved| | Vis|*<<[Vp|?

0O No assumption of 3 generations or
unitarity of the CKM matrix

14/11/2011 E.Shabalina - HCP 201 | - Paris

Sunday, November 13, 2011




C .
G Direct measurement of Vg,

£ g )
, { Measure strength of V-A
Vo / ; -
ol |Veas|? = Jmeas ySM 2 2 5@ DO, 5.4 b
.\ OSM r c | -
Q
g ~ =
g e
. LV §
Y [ , 1 [ eL R Lo , ., T R 7))
P = ”V@ Vi {7' W P+ fi'Pg] - M (Pt — Ds),, Mf P+ f, Pn}} L §
1.5 2
: : V. £
O Assume SM production mechanism t
. . . ’beL| —1 02—|—0.10
» pure V-A and CP-conserving interaction toJ1 o-0.11
(fiR= fal= f2R=0) ]
» strength of the left-handed Wb (f11) ,  ssume =]
coupling is allowed to be anomalous %" (b) DQJ, 5.4 fb "’
b Va2 |Ves2<<| Vi 2 £ 4
. . g o) |th|>0.79
0O No assumption of 3 generations or s 3 o
. : o @95% C.L.
unitarity of the CKM matrix T 2
\ J -tg' 1
E)I'evatro.n |Ve|=0.88 £ 0.07 a |
observation TR Y '
combination |Ves|>0.77 @95% C.L. b 02704 06 0'?\/ |21
tb
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G

of branching fractions

proton _

antiproton —

p_ BR(t—Wb) _ Vip|?

BR(t — W¢q)  |Via|? + [Vis|? + | Vi|?

0 SM: R=1I constrained by CKM unitarity

0 R<I could indicate new physics
» additional quark families

14/11/2011
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Ratio of branching fractions

a0 R BR(t — Wb) Vio|?
proton — ‘W:\ =V BR(t N Wq) H/th + ‘%8’2 + ‘V;ib‘z
A9 9 t@—_ d;s,b?
_ S o SM: R=1 constrained by CKM unitarity
antiproton " S ) - 0 R<I could indicate new physics
Sy » additional quark families
N J
4 . . . . . )
0 Drop assumption R=1 in dilepton and |+jets cross section measurements
» changes predicted fraction of events with 0,1 and >1| b-tags in |+jets channel
» changes the shape of the NN output distribution in dilepton channel
0 Measure simultaneously with tt cross section Phys. Rev. Lett. 107, 121802 (2011)
0.67 - T
O = 7.74—_%. =~ pb i aooogoa, L=53fb" 00 1 3| DB LSamT TR,
R=0.9040.04 (stat+syst) Ny timas | ‘ . 1tR=05
2000 S Bac;(ground 102 Background
the most precise determination of R | ;5 f | ——
assuming unitarity of 3x3 CKM matrix 1 ) § =
E——— . o
|th|=0,9510,02 (stat+syst) . R | |
|Vw|>0.88 @99.7% C.L. - ‘ 2, T 5 10
\ 29 NN output )
14/11/201 | E.Shabalina - HCP 201 | - Paris 24
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Anomalous couplings

4 p
—w“”
b’}/ @PL -+ RVpR tW + \/_ i dv (LTPL + RTPR)tWM_
W :
SM only left-handed vector coupling is non-zero: Lyv=Vp,~= | s @) - DB54 1"
O Single top event kinematics is sensitive to anomalous S L tbetgb
B N— R, tb+tgb
top quark couplings - s
O Assumptions: & 500 = Wejets
» production (SM and anomalous) only via W boson exchange D :ﬁ,u,tiiets
» CP-conserving interaction Wtb vertex > L T
> |Vied|?*+|Ves|2<<|Vib|? 50 100 1|soG 200
L » anomalous couplings in both production and decay Pr{l) [GeV] )
[4/11/201 1 E.Shabalina - HCP 201 | - Paris

Sunday, November 13, 2011



C
& Anomalous couplings

4 p
—ZO"qu B
b’}/ @PL + RVpR tW -+ \/_ MWV (LTPL + RTPR)tWM
SM only left-handed vector coupling is non-zero: Lyv=Vp,~= | s @) - DB54 1"
. —R, tbit
O Single top event kinematics is sensitive to anomalous QI L tbetgb
B N— R, tb+tgb
top quark couplings - s
O Assumptions: & 500 = Wejets
» production (SM and anomalous) only via W boson exchange D ;ﬁ,umiets
» CP-conserving interaction Wtb vertex > e
> |Ved|?+|Ves|*<<[Veb|? 50 100 1(IsoG 200
L » anomalous couplings in both production and decay P, [GeVl )
f p
g2000 (e) * D@5.4fb" N-_,»o's (a) ® DO54fb"
. . . % 1500 : RT tb-l'th (x3) ;.‘?. 04 é]i:% C.L.
O Pair the Lv coupling with one £ . ke | = B 90°% C.L.
. o wm Wajets 0.3 B 95% C.L.
non-SM coupling and assume 1000 =
.. T s Multijet
the other two are negligible S 500 .,
- (Lv, Lt); Lv=Lt=1;Rv =Rt =0 o ST
. . 0 02 04 06 08 1
includes the interference Ly+Lt BNN R, discriminant
- (Lv, Rv); Lv=Rv=I;Lt =Rt =0
- (Lv,R7);Lv=Rr=1;Rv = LT = 0 Coupling (Lv,L7) | (Lv,Rv) | (Lv,RT)
arXiv: 1 110.4592v |Vio * fx|? <0.13 <093  <0.06
- J
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Conclusions

C GEORG-AUGUST-UNIVERSITAT
A/ GOTTINGEN

0 The Tevatron keeps providing precise
measurements of the top pair production
cross sections in different channels

0 Electroweak top production in the t-channel
has been observed

O Legacy measurements from the Tevatron with
the full data set are yet to come

» top pair production cross section
» single top cross sections and |V|
» differential cross sections

0 So far all measurements agree well with the
Standard Model and challenge the precision of the
theoretical calculations
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@J GOTTINGEN Single top observation

Decision Trees Neural Networks Matrix Elements Likelihoods

Nodes 2
F :\"\‘e .'/':' "\\ (—-? ‘ \\\ Iy e /‘ :" \\
v = T~ > \
Output ?; T,
. Node A 0
— /¥ <
Y LN —® v
.;'/,')" ! )/_ t =
\‘\. NQ;@'L“
/\ / /o\ - a > e
2
o AV TUVE TUTE TP PUPIT PPPPTIVO POV T
J 010203040505 0702802 1

Discriminzant Output

DO: PRL 103 092001 (2009)
CDF: 103, 092002 (2009)
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Decision Trees

F -~ P
'™ < 352 1
F/NP B/ \P
|
//\\ /\\ /\
H [
O 500 ¢ Data 1
@ B b+ qb DG 2.3 fb
> B wbb
« 400 M Wwcc
5 Wij+Wej 150
> B Z+jets
w | TN
300 = It'::[ﬂcts 100
B Multijets
200 |- %0
86
100

0 0.2 0.4 0.6 0.8 1
Boosted Decision Trees Output
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Single top observation

Neural Networks Matrix Elements

v
W

March 2009: CDF and DO
reported 50 observation

Combination of many
channels and analyses

2Jets 1Tag CDF Il Preliminary 3.2 fb”
3 Misingle top| =
c 30 O 2
4 i I wbbewee| 2
w mWe_ 2
@ s .qu (=3
- ! i Diboson | =
g 20} [ Z+jets «”
ok . maco -
£ <] i 3
: a4 N
© s =
o [
10 c
o
- c
2
=

200 250
M (lvb) [GeV/c?

150

E.Shabalina - HCP 201 | - Paris

Likelihoods
2

r LAAAAAI,AL,,.AAILAAAAAIAA_,_AIAA,,AAAII,A,IAA\:.A,
J 0.10203040505070802 1
Discriminzant Output

High Signal Region — Q xn
D@ 2.3fb™

)
=

Ranked
Combination
Output > 0.92

ol
04 -2 0 2 4
Q(lepton) x n(light-quark jet)

Yield [Events/0.8]
o S

DO: PRL 103 092001 (2009)
CDF: 103, 092002 (2009)
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SQ-;J GOTTINGEN BOOSted tOP quarks

0 First measurement of this kind at 0
Tevatron W
0 Important for LHC ’ ‘
0 High pT top quarks can originate a
from decay of heavy objects All top quark decay products
are contained in one jet
Events with leading jet Mier ~ M
pr>400 GeV jet — Ttop

Lepton+jets decays:

all-hadronic decays: one jet with mass ™ 175, large MET

two tops with mass™ 175 6 fb!

CDF Run il Pnlimmar‘y
i n

-
>

CDF Run Il Prediminary

"o -, }uv.ncn-m. "0 Gewe "l e0r
Ll 1 0018

sol* W """, Data, L =5951b"

l. ot Bt B 0™ 5 800 Gewe W1 an?
" | " 0ata, L =595 1"

0016

’
1
.'_'> y
"

- 0,014 b§- .
—azal 2 = g
;2”- " -0.012; !.

- 4
0.01 ~
Sae . ] i,
E 1 “H0.0%0 3 -
%150 gt § .
., 0.006 -

:

0 150 200

w - '._‘ 0.002 ’ ™ GeVic")
0 60 100 160 200 250 J?o.;so a0 Y (le” mass vs ?T/ZET)

"' [Gevic™)

(jet] mass vs jet2 mass) O ¢t < 54 fb for top quark pt>400 GeV
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G

lepton+tjets - |

0 three measurements 0 b-tag | | b-tag| =2 b-tags
» b-tag counting combined 2 jets RF RF RF
» event kinematics method 3 jets RF RF b-tag
» combined method >4jets| RF b-tag b-tag
PRD,84:012008,2011
= 3000 T = 30 - background signal dominated
.\gzsoo _'._-D.ata ?2 300- PR dominated
Iz 2000- =gther 3 250? nj=3 I tag
I Wijets 200 a F
1500 I Multijets i ot A ol
1000- nj=3 0 tag = g _ > tag

0 01 02 03 04 05 06 07 08 09 1

0 01 02 03 04 05 06 07 08 09 1
RF discriminant

RF discriminant

O systematic uncertainties included in
the fit as nuisance parameters

0 data helps to constrain systematics
0 largest uncertainty from luminosity

>4
Number of jets

9-10% relative

WH+hf +0.19
precision =199

W i lf —0.21

14/11/2011
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G

\_

-

0 two methods

» b-tag counting
» event kinematics

0 measure Z cross section

» use same triggers
» same data set

0 compute the ratio of tt to Z cross
section taking into account correlations

O trade luminosity uncertainty for Z cross

section theoretical uncertainty
J

0 combine using BLUE
O statistical correlation 32%

o = 7.70 +0.52 (total) pb

/% relative precision, 8.8%
with luminosity uncertainty

14/11/2011
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leptontjets - Il

PRL 105:012001,2010

4.6 fb"!

CDF Il Preliminary 4.6 fb”

N, >3

B data (7348 evts)
B top
- W+jets
B aco

e

+

B e b P R bt ) III'

0.1

0.2

03 04 05 06 07 08 09 1

NN output

o5 = 7.82+0.38(stat)=0.37(syst)+0.15(th) pb

COF Run § Praliminary L« 43 00"

M oasts
Mo
B Single Top
.WQNF
.WQLF
W Noaw
.Zontl
Di-boson

Events

A\

1 Jet

2 Jets

3 Jets 4 Jets =5 Jets

O3 = 1.32+0.36(stat)£0.59(syst)=0.14(th) pb

31
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4! cormnaen Dilepton channel - |

. . Phys.Rev.D82:052002,2010
0 cut and count with and w/o b-tagging ‘
» 240 dilepton events for pretag * COF Run I Proliminery (5.1 fb")
900 -
» 140 dilepton events for b-tagged oo D558 Bl 16 uncertatty 5 | fb!
- = s
B DY
- li;\wfl\e 137) Gw‘ B Fake
40 Syst Uncent .m.. h.
2 | i (o = 7.4 pb 5500 :
g 30| .'|T‘~l0{l_ -Im u>.l4oo
g I | ' J l:: :1: :
.% 20 EF?KFE 3@2
g ! < A =
L ' . 1oo§
0 00 ‘2t?E§oEo’='-40o|_'IéHm 9 0 jet 1 jet >2jet  HT>200+0S
Hy (GeV)
SECRIREY R 79 = 7.40 + 0.58(stat)+ 0.63(syst) + 0.45 (lumi) pb
9 9 t :
(%) | (%) 0,9 = 725 £ 0.66(stat) 0.47(syst) + 0.44 (lumi) pb
Lepton ID 2.2 2.2
MC generator 1.9 1.9
Radiati 1.3 1.3 . :
T - - b-tagﬁlng increases uncertainty on the
SR | | signal but background uncertainty is
Color reconnection 1.2 1.2 mUCh Iower.
b-tagging - 4.1
Total 4.8 6.3
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Dilepton channel - Il

PLB,704, 403,2011

0 Fit to b-tag NN discriminant distribution

0 Variable: the smallest output value among
2 leading jets, i.e. most light-like jet

» 350 dilepton events in 4 channels

0 systematics included in the fit via
nuisance parameters

Statistical
Lepton ID
MC generator
Trigger
Jet scale and teco
Luminosity
Background
b-tagging

14/11/2011
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+0.50
+0.26
+0.34
+0.19
+0.25
+0.57
+0.34
+0.06

-0.48
-0.25
-0.33
-0.19
-0.23
-0.51
-0.32
-0.06

)

€ . (c) D@, L=541fb"
2150 ‘+ el+2jet

[ Z(+jets): 30

B Ww/wWz/z2Z: 9
Instrumental: 23

B ti: 192
e DATA: 281

0 5 10
b-tagging NN discriminant

o +0.90
Ot — 7.36_0.79

12% relative
precision
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