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C GEORG-AUGUST-UNIVERSITAT o
. @J GOTTINGEN The Fermilab Tevatron

O the birthplace of the
top quark

O the highest energy
collider in the

world ...until
December 2009 -

O pp collisions at | ' '( = TevatronRing "y a.
Vs=1.96 TeV - = hoAmie —

O shut down on Sept. 30
2011

0 10.5 fb"! of recorded
data per experiment

Results presented in this talk are legacy measurements that use all the data
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Strong production of top pairs

Top pair cross sections
Top quark mass

Asymmetries in production
top quark pairs
bottom quark pairs

Electroweak top quark production
t-, s-channel cross sections

V| measurement
W’ search




Strong production of top pairs

Top pair cross sections

R. Schwienhorst: Selected topics from top
mass measurements at the Tevatron (Top-1) TOP quark Mass

Asymmetries in production
“— top quark pairs
bottom quark pairs

C.Gerber: Selected topics from top
properties at the Tevatron (Top-3)

Electroweak top quark production
t-, s-channel cross sections

W.M.Yao: Selected topics from ttbar/single <—— ‘th‘ measu’rement
top production at the Tevatron (Top-2) VWV’ search




C JGEORG-AUGUST-UNIVERSITAT
A GOTTINGEN

—~ap—

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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Strong production of top pairs

Top pair cross sections




C GEORG-AUGUST-UNIVERSITAT . o
@J GOTTINGEN Top quark pair production

Main mechanism: pair production via strong interaction

Tevatron LHC
y/ t 9 oo
85% N\ t o oo —— ¢
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@J GOTTINGEN Top quark pair production

Main mechanism: pair production via strong interaction

Tevatron Phys.Rev.Lett. 110 (2013) 252004

O  Full next-to-next-to-
leading-order (NNLO)
accuracy in the strong
coupling constant «s,
including the resummation
of next-to-next-to-leading
logarithmic (NNLL) soft
gluon terms

i me = 172.5 GeV, MSTW2008NNLO PDF
Vs (TeV)| 2 7 O Uncertainty from scale variation and PDF
Oz (pb)| 7.35 | 177.3 O ~4% uncertainty for Tevatron

LHC: ATLAS 7TeV (5 fb'') sample ~ ~29,000 I+jets events
Tevatron: DO full sample ~2,700 |+jets events

Dramatic difference in statistics! Can we still learn anything from Tevatron data!?
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C GEORG-AUGUST-UNIVERSITAT o
. @J GOTTINGEN lepton+jets channel

Top Pair Branching Fractions

‘alljets" 46%
~~ 0O Signature

» one high pr
isolated lepton

p large missing

t+jets 15%

, : -, o transverse
Ly S PP RIS 5% momentum
" X ' "'.‘ 10 1
"dileptons” r = 4.let5
» 2 b-jets
O “Golden channel” at the Tevatron > 4 jets
» good rate pretag =1 b-tag

» manageable backgrounds

Provided the most precise measurements
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Top Pair Branching Fractions

GEORG-AUGUST-UNIVERSITAT

dilepton channel

alljets” 46%

u+jets 15%

0 Backgrounds

Ltjets

02/09/2015

"lepton+jets”

O Signature

W Jf"‘”#
t+ets 15% q z L }df \ P two hlgh PT
Mdans ™ ¢ isolated leptons
AW Vv, E ' - . .
[; \ igee » large missing
o " \ transverse
Ny momentum
» > 2 b-jets

pretag =1 b-tag

Low backgrounds but

diboson statistically limited at

the Tevatron
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T /| GEORG-AUGUST-UNIVERSITAT . .
- [krer Finding top quarks

( . [ \ ( [ \
0 Exploit differences between O B-tagging:
k'ndeg‘atl'c P'”OPC?'”'C'eS of signal - long life time of B-hadrons
dnd backgroun - semileptonic B decays
0 Select discriminating variables 0 Use as
0 Form a discriminant from - cutoff on output of b-tagging
these variables algorithm or as a continuous
variable
9 signal
g " . 8 O Neural Network tagger
%; L background » combines properties of displaced
3 tracks and secondary vertex
2™ il ﬁrLL
0.04 ~ (h) D2 Preliminary 9.7 fb™

1+3 jets

Entries
2

O e

RESAERE SO EBRE T saidein 0 e
0 01 02 0. 04 05 06 07T 08 09 1
discriminator output

0 Extract cross section from a
binned likelihood fit to data

o
. . . E “-;: ---- -"!H!H,!“l.-.
Same idea is used for single top 05
quark cross section g 0.5 josa.
\ Y, \_ b-1D mva Y,
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. @J GOTTINGEN Cross section

. . .
Combined measurement in |+jets and dilepton channels 50 Note £453.CONF
o Uses events with nj = 2,3,>4

o BDTG to separate signal in [+jets channel

0 includes kinematic and b-tagging MVA variables in 6 channels

0 b-tagging MVA variable in dilepton channel 10
o Systematics included as nuisance parameters in the fit

10° = (f) D@ Preliminary 9.7 fb™
u+ >4 jets

Entries

10°

1
o Data in background dominated regions constrains the § HIH . IH { H{{ IH
uncertainties &é p HHEH }IH
-1 -0.5 0.5 1
2 10°: (b) D2 Preliminary 9.7 b 1 T°P°|°9lca| MVA output
PR = -. eus+ > 2 jets
Uncertalntles (@ 1025& 5 _3 10° - (c) D@ Preliminary 9.7 fb
i B = e+ >4 jets
0 largest uncertainty from OSENEali i ialighll
modeling of parton shower = = ‘{
0 luminosity -
o modeling of b-jets 5 1-31‘,_@%!
0.5" I 1
0 0.5 1 2 14f
’b-lD mva g 1:3 !aﬁ}ﬁLI{—I-}»}I—ﬁI—I{]#Il}r{%
o = 7.73 & 0.13(stat) £ 0.55(syst) pb = e

. Topological MVA output

/.3% relative precision
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Strong production of top pairs

Top quark mass




C GEORG-AUGUST-UNIVERSITAT .
Bl (o oo Top mass history

First measurements from the Breakthrough ideas:
top discovery papers » matrix element method
199+19 (stat) + 22(syst) » in-situ JES calibration using hadronic W decay
67 l
17 events DG
)
é 4
@
0100 200 C i
Fitted Mass (GeV/c?) — Qungg
5 I T T T i '
19 events b-Jet/N 200 | . -
~ 4} CDF _ o Z
% < 160 [ TG ﬁﬁ it Iﬂ] 31 : % '}'?I‘ # Fome ]
o 3| = s 1 :
5 2 120 (1] 14 LA 1
= : -0 + Tevatron j
olL Bl ey a0l L1 m— 1
80 120 160 200 240 280 - I 1
Reconstructed Mass  (GeV/c?) ozl....:l....l....|....|....
176:|:8(Stat) :|: 10(SySt) 1990 1995 2000Year 2005 2010 2015
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Ci‘ GEORG-AUGUST-UNIVERSITAT .
| G comnicen Matrix element method

O General and widely used technique at Tevatron (top mass,VV helicity,
single top search, top resonance search,Ars dilepton)

O Calculate the event probability on an event-by-event basis:

Pe'vt X fPsig(mt) _I' (1 — f)Pbgr

Pgig(my) o< [ ...dogg(my)
doyg(mg) o< [Mg|?(my)
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Ci‘ GEORG-AUGUST-UNIVERSITAT .
| G comnicen Matrix element method

O General and widely used technique at Tevatron (top mass,WV helicity,
single top search, top resonance search)

O Calculate the event probability on an event-by-event basis:

Pe'vt X fPsig(mt) _I' (1 — f)Pbgr

Pgig(my) o< [ ...dogg(my)
dog(my) o< |Mtf|2(mt)

Probability
Probability
Probability
Probability

Top Mass

O Advantages:
» Maximal use of kinematic information, thus maximum statistical power

O Disadvantages:
» Computationally challenging
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Phys. Rev.D 191, 112003 (2015)

O ~2800 events with 4j and > | b-tag @1'06[1 D@ 9.7 fb"
» 67% purity of top pairs = Pl s (AN
0 Data split into 4 run periods to L s i (0
accurately account for changes in F
detector response 1.02- 18
O ME includes gg—tt and qq—tt as well L o= iy
0 10 dimensional integration [Kang 5 N0 TO0E
» low discrepancy sequences e has 12 v
O In-situ JES calibration Myop [GEV]
O ks is factorised from ME calculation 3 900" Do 07 fb" < o
. . o 1 +jels
O Reduction of computing time by 2 ook oy
O( I OO) g -:Av’l':ll 1
» Larger calibration samples 5 200}
» Smaller statistical component of :
systematics L
0
O1.5F | e :
ﬁog; : @W
I L . . ’
0 100 200 300
m e [GeV]
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. @J ggﬁiﬁgﬁgusnumvmsnm ME |n |+]ets

Source of uncertainty Effect on m, (GeV)
O ~2800 events with 4] and | b-tag Signal and background modeling:
» 67% purity of top pairs Higher-order corrections +0.15
oD lit i 4 iod Initial/final state radiation F0.06
ata sp Ilt Into I’U? Perrl]o S to Transverse momentum of the 77 system —0.07
gccurate y account tor changes in Hadronization and underlying event +O.26|
etector response olor reconnection +0.
O ME includes gg—tt and qq—tt as well  Mvluple pp interactions —0.06
as spin correlations Heavy-flavor scale factor F0.06
’ . . . Modeling of b-quark jet +0.09
O 10 dimensional integration Parton distribution functions +0.11
- Detector modeling:
’ |C?W dlscrepa.n <y sgquences Residual jet energy scale +0.21
O In-situ JES calibration Flavor-dependent response to jets F0.16
O ks is factorised from ME calculation ?,gggg‘:g of b jets I(()).(l)(l)
rigger .
O Reduction of computing time by Lepton momentum scale +0.01
O( | OO) Jet energy resolution +0.07
» Larger calibration samples Jet identification efficiency —0.01
o Method:
» Smaller statistical component of Modeling of multijet events 10.04
systematics Signal fraction +0.08
MC calibration +0.07
measurement of tOP mass Statistical uncertainty +0.58
Total uncertainty +0.76
my = 174.98 4+ 0.41(stat) £ 0.41(JES) & 0.49(syst) GeV Amg/my = 0.43%
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tt MC

(mjj

(1)

Bg Template method

Invariant

I+ VY mass mwy
\
Kinematic
fit
T+ = 1TN¢
b-tag t ¢
[JES constraint]
W \/
I q
\ Invariant
—, Mass mw
' q

e Y O Rt W s O i
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Data Bg Template method

Invariant

W*.
tt MC ‘}

™My — TNg
b-tag i .

CDF Run Il - All Hadronic M,__ - Preliminary (9.3 fb'1)

top

0.1—tt m{e¢ templates
| =2 tags events (AJES = 0.0)

0.08~ - M,,, = 167.5 GeV/c?

[JES constraint
W \/

Fraction of Events/(2.5 GeV/c?)

i - M,,, = 172.5 GeV/c? - N q CDF Run Il - All Hadronic M, _ - Preliminary (9.3 o)
- ‘ . NQ - tt mizc templates
0.06 L Mtop =177.5 GeV/c2 I % 01 | =2 tags events (M‘op =172.5 GeV/c?)
r 1} L
I — Ps(mtec I Mtop’AJEs) - < 008 B pEs=-20
0.04 q :\_,2/ [ asEs= 00
I reconstructed 2 006 :;ESI 20 s
top mass from 5 0 T e
0.02~ 2 Ft g 0.04_—
i X reconstructed| § |
I W mass from | * ooz
o rAS R AN TR S A BN 1 I 2 ﬁt i
100 150 200 250 300 X % 40 60 80 100 120 140 160 180 200 220
2
m*® [GeV/c] mice [GeV/c?]
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C GEORG-AUGUST-UNIVERSITAT o o
@J GOTTINGEN Result in all-hadronic channel

CDF Run Il - All Hadronic Mtop - Preliminary (9.3 fb™)

‘ C\;(: 200;— > 2-tag events
O 180F -1
. . 0] n —— Data (9.3 fb™)
O Select events with 6 to 8 jets S 1eof B Fitted Bkg + 1
. . 3 140F Fitted Bkg
O |3 variable NN to separate signal from background 5 120f
o o L 100:
O Split sample into | and =2 b-tags i
O Final selection: cut 2 of tructed t d
Inal selection: cuts on X“ or reconstructe Oop an :
40F
WV mass and NN output N
%0 | I40I | I60I | I80I I1'0(5'1'2(")I‘1I4CI)I‘1I6CI) 180 200 220
mie° [GeV/c?]
CDF Run Il - All Hadronic M, - Preliminary (9.3 fo™) : i

g 800;— 4 Data Source O\ frop ((nj\' [e*) |

E\i —ooF. I Bkg +t(M_=1725 GeV/c2:AJES= 0.0) Sample Noos | S/B Residual bias / Calibration b+

£ : Bkg > Generator (hadronization) 0.29

] -

o °%F 050 NN, - 21,50 Initial / Final State Radiation 0.13
500%* Sims 7890 | 1/3.2 b-jets Energy Scale 0.20
400:_ 1-tag b-tagging 0.04

- Saop || 4130 | 1/2.2 | Residual Jet Energy Scale 0.57 |
3005_ Parton Distribution Functions gy~
200;— Sies 1758 | 1/1.2 Pileup 0.22
1003_ 2 2-tags g 901 1/0.75 Color Reconnections 0.32

- | | | L '. Phitop /0. Templates Statistics 0.34

8.5 06 07 08 09 1 11 1.2 | Trigger Simulation 0.61 |
NN, Data Luminosity 0.15
. L +1.55 tf Cross Section 0.15
m; = 175.07 & 1.19(stat) "] .o (syst) GeV S o1
Amt/mt — ]_ . 1% Total 4 :13
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Mass measurements

|+jets channel

O Uses It and 2™ best reconstructed mass by X2 fit
O Measure JES through dijet mass

my = 172.85 £+ 0.71(stat + JES) £ 0.85(syst) GeV

02/09/2015

350 -
:gg CDF Il Preliminary 300l CDF Il Preliminary
«rgsooi e Data (8.7 fb“) o ' D_ata (8.7b )
> Signal+Bkgd >250- Signal+Bkgd
8250— Bkgd only 32007 ‘ Bkgd only
5200 , Al S 150l )
§1507 %5 2/ ; ..q:.;
2 N B ,
‘P :}xf“m;‘n’zﬁ_u 1‘__:_«""_' ‘%%:{é PP
00 150 200 250 300 350 2660 70 80 90 ,100 110 120
miee° (GeV/c") m (GeV/c)
Source Systematic uncertainty
esidual jet energy scale 0
Signal modeling 0.57 |
b jet energy scale 0.18
Phys. Rev. Lett. 109, b tagging efficiency 0.03
152003 (2012) Initial and final state radiation 0.06
Parton distribution functions 0.08
Gluon fusion fraction 0.03
Lepton energy scale 0.03
Background shape 0.20
Multiple hadron interaction 0.07
Color reconnection 0.21
MC statistics 0.05
Total systematic uncertainty 0.85

Amt/mt = 0.64%

Tevatron mass combination
Mass of the Top Quark

. 2

CDF-Il dilepton *

July 2014

(* preliminary)

170.80 +3.26 (=1.83=269)

D@-Il dilepton

CDF-Il alljets *

CDF-Il MET+Jets

—_— —

CDF-Il lepton+jets

D@-II lepton+jets

Tevatron combination *

(Run | and Run 1)

l

L — ]

_— ==

—_—

- -

174.00+2.80 (:2.36+ 1.49)

175.07 £1.95 (=1.55=1.19)

173.93+1.85 (£1.26=136)

172.85+1.12 (1052 098)

174.98 £0.76 (0411 0.63)

174.34 +0.64 (20372 052)

(+ stae syst)

/do! = 10.8/11 (46%)

l I

165 170

175

180 185

M, (GeV/c?)

my = 174.34 -

Amt/mt

- 0.64(total) GeV
= 0.37%
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_ &

arXiv:1508.03322v2

: o B o w
O Neutrino Weighting method .. Sl v D3, 9.7 b
O Assign a weight based on agreement between SO o - R "‘E';)
the calculated neutrino pt and the measured Gl ol T
missing Et @ a0 Dz
a W(mt) — HUw, Ow 20} : f}
O Optimised to minimise statistical uncertainty olaca i
© Selection (565495 datatop events) =
O Parameters of the method O T T 2007 %20
O JES calibration from |+jets channel ’
CDF Run Nl Preliminary (8.8 o) Source Orm, Ge
7 - Jet energy calibration
N:G +" » FI+2Jets+§,, tagged events Absolute scale :F047
>5 e Flavor dependence F0.27
. 34 B 0 thepe) o Bxp ‘5“%8 S(E)l;api\i/fsn &S, Residual scale +0.39
3 B oo b quark fragmentation +0.10
$ 2 Signal modeling
"4 Higher-order effects -0.33_|
ISR/FSR $0.15
60 80 100 120 140 160 180 200 pr(tt) -0.07
M (Gevic') Hadronization -0.11
_ . Color reconnection —-0.22
. Mhyb - We'ghte.d Sum of re.c.onstructed Multiple pp interactions ~0.06
mass and a variable insensitive to JES PDF uncertainty +0.08

m; = 173.32 & 1.36(stat) £ 0.85(syst) GeV

relative systematic syst o
uncertainty Amy"" /my = 0.49%

my = 171.46 £+ 1.91(stat) £+ 2.51(syst) GeV
PRD 92 032003
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Strong production of top pairs

Asymmetries in production
top quark pairs
bottom quark pairs




C GEORG-AUGUST-UNIVERSITAT o .
- [krer Asymmetry in production

4 )
O Asymmetry for tt produced via qq initial
state (NLO)

» Top quarks are emitted preferably in the
direction of incoming quark, anti-tops - in
the direction of incoming anti-quark

top
anti-top

Tevatron

Theory prediction: (9.5%0.7)%
NNLO+EW corrections

arXiv:1411.3007

n

» In SM predicted asymmetry is small

» Exchange of new particles (Z° or axigluon)
could modify it

» Much smaller effect at LHC due to small
qq fraction
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C GEORG-AUGUST-UNIVERSITAT o .
- [krer Asymmetry in production

4 )
O Asymmetry for tt produced via qq initial
state (NLO)

» Top quarks are emitted preferably in the
direction of incoming quark, anti-tops - in
the direction of incoming anti-quark

top
anti-top

Tevatron

Theory prediction: (9.5%0.7)%

NNLO+EW corrections

4 N

O QObservables:

d » lepton asymmetries
» In SM predicted asymmetry s smaII. e _ N(aeme > 0) — N(qeme < 0)
» Exchange of new particles (Z* or axigluon) FB ™ N(qeme > 0) + N(geme < 0)

could modify it VA A
» Much smaller effect at LHC due to small e _ N(An > 0) = N(An < 0),
qq fraction N(An > 0) + N(An < 0)
\ J An = 1] — 15
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C GEORG-AUGUST-UNIVERSITAT o .
- [krer Asymmetry in production

4 )
O Asymmetry for tt produced via qq initial
state (NLO)

» Top quarks are emitted preferably in the
direction of incoming quark, anti-tops - in
the direction of incoming anti-quark

top
anti-top

Tevatron

Theory prediction: (9.5%0.7)%

NNLO+EW corrections

4 N

O QObservables:

d » lepton asymmetries
» In SM predicted asymmetry s smaII. e _ N(aeme > 0) — N(qeme < 0)
» Exchange of new particles (Z* or axigluon) FB ™ N(gene > 0) + N(gene < 0)

could modify it VA A
» Much smaller effect at LHC due to small e _ N(An > 0) = N(An < 0),
qq fraction N(An > 0) + N(An < 0)
\ J An = 1] — 15

\. J

i N(Ay >0) — N(Ay < 0) o
[» forward-backward asymmetry A" = N(Ay > 0) 1 N(Ay <0)’ AY = Yt — Yi j

02/09/2015 E.Shabalina - LHCP 2015 - St. Petersburg



C GEORG-AUGUST-UNIVERSITAT o o
. G S Leptonic asymmetries

Dilepton channel

tt > I'Mr+2jets + E, CDF Run Il Preliminary (9.1 fb™) DO, L=9.7 fb’’
3 ' . . y - ¢ Data
0.3 4+ Data 30-—MC@NLO
0.2F <4 — Fit - — Model 1 —
= ~.E e - —Model 2
g 01 L1 }— 3 POWHEGHE | _ 20
— et 1} ——— . a0 0 i
— 0 ]” """"" e Uncertainties | < | — e
25 0.1F + (+10) < 10
02F Stat. : ? L |po =97’
: - [E— o
-03 e | Stat+Sys 0_ ‘é{' 5: I?Aacta@NLO 30’ +_
[ "+ Model 1
0 0.5 1 1.5 2 . \ o Model2 2o
am| 0: | o prosan et jol* SMNLO -~
0 0.5 1 1.5 2 | W g
AL, = (7.24+6.00% g x| ke
D@, L=9.7 fb’’ 5_ " ®
tt > I'Tr +2jets + B, CDF Run Il Preliminary (9.1 fb™) . ¢ Data [: Ao
r . T 30-—=MC@NLO me— L /& '
- -+ Data . —Model 1 S/
G Fit - —Model 2 | -
. - A" (%)
—— 1~ POWHEG tt 9
 Uncertainties =_
: (+10) <
i © PRD 88, 112002 (2013)
' Stat.
. 0 Stat.+Sys.
2 3 it
lAnl -01015i115é . .
jAn| Consistent with

A* = (7.6 £8.2)%
PRL 113,042001 (2014)

NLO calculation
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G S Leptonic asymmetries

Lepton+ijets channel

" pg, 9.71b" Combined with
15:_Production level dilepton channel
A L J
o ..k PRD 90,072001 (2014) ’
& 10 AL = (4.2 +2.4)%
m -
< S5F lye| < 1.5
" . s MC@NLO 3.4
o*
.SE-l'lll.‘ll,‘.lll‘l‘..lllllgl.lj
0 02 04 06 08 1 1.2 14
ly,
A, from CDF

App = (4.2750)%, lye| < 1.5

CDF Combination

—o— 9.0}
COF Cond. Noto 19035
03|~ POWHEG + /+JetsData  —— Fit Aqy,)
| Uncertainties: 1 +1o(stat. +sys.) mmm +1o(stat.)
— COF L+J (94 1))
CDF Run Il Preliminary [£ =9.4/fb —®—~ 941+241+ %2
0.2} 8 Phys. Rev. D88, 072003 (2013
4 slal. +sys

op
< COFDIL (9.1 10"
e T2 + 52 + 3.0
COF Cond. Note 17035
+ stal. + sys.
NLO SM Calculabon
~01} PRD 88,072003 (2013) | L Ty
| | 1 | J
—040 0.2 0.4 0.6 0.8 1.0 1.2 20 10 0 10 20 30
1ay,| Ars (%)
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@J GOTTINGEN Leptonic asymmetries

Lepton+ijets channel

4 )
Summary of all
2 pg, 9.71b" 1 Combined with measurements
15:_Pfoduction level dilepton channel
- |
- L ]
0 10: PRD 90,072001 (2014) P Lepton am Asymmetry (AFB)
&~ 10 Arp = (4.2 1+ 2.40)% CDF Leptonsjets (9.4 fb') 9.4 + 32
. E 5:_ |,y£| < 1.5 PRD 88, 072003 (2013) —— T & 90
E CDF Dileptons (9.1 fb”
E s St eo— ? MC@NLO 3.4 PRL 113, 342021 :2\:.142 ) o T 72 T 60
o | ,
- DO Lepton+jets (9.7 b™) 34
x PRD 90, 072001 (2014) S G— 50 i 3.7
Sk , 1
Y EPEPRTE IR Il B a3 T [E R Al PO i I DO Dileptons (9.7 fb™)
0 02 04 06 08 1 12 14 ;,Roas_,,fmm(az, e 44+39
| ] I
) A trom COF Lepton An Asymmetry (A_)
£ _ +2.9 CDF Dileptons (9.1 fb™
App = (4.2750) 7%, [ye| <1.5 | . 76182
I— &= 900 DO Dileptons (9.7 fb)
' PRO 88, 112002 (2013) ’ ——— 123 = 56
—— POWHEG ¢+)ets Dat — FitA
I ; ++1J:(;ataiys) _ itl ((Clyi)) NLO SM, W. Bernreuther and Z.-G. Si, PRD 86, 034026 (2012)
- COF RUA T Preliminary JZ =947 CDF L+J (9.4 1)) 041244 22 , NNLO SM, M. Czakon, P. Fiedier and A. Mitov, arXiv:1411.3007
LT o Phys. Rev. D88, OT2003 (2013 + olot, 4 ays. A A A A
-20 0 20 40
go Asymmetry (%)
< COFDIL (9.1 1b") S
poe Gl + stal. + sys. \ )
NLO SM Calculabon
-0.1r PRD 88, 072003 (20 I 3) i ;vh’?é;@r:“@g‘gc?mm Consistent With
L 1 | 1 | | .
—0-4% 02 03 ?d?ll 0B 0 13 20 10 o 10 20 30 NLO CaICUIatlon
£ Ar; (%)
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At = (10.6 £+ 3.0)%

GEORG-AUGUST-UNIVERSITAT
GOTTINGEN

At = (16.4 + 4.7)%

>

Conf.Note |1 161

CDF Run Il Preliminary (9.1 fo™)
tt— "1 + 2jets + §,

TTTTTTTT T

m F T -
035 Dgy, 9.7fb™! < 0.6f —— CDF Data, 9.4 fb" l
: i 0 Y -1
0_3? + Data oo oiAy_(25.3_6.2)x10 P 0.4 i
" I — tt Prediction -
0% —MC@NLO oaf oy =07 1.5)x1072 - 0.2 o
'{E 02~ ---Fittodata ~ F _7/ WY Raend
0.15} 0.3f < [
0.1 4 : 0= ]
'+ 0'25_ —— | 3 —4— CDF DIL ~ DO L+d -
o ii 0.1 | ~02F | ——coFomuncarm MMNLOSN .., -
0= A 1 A 1 i 1 . 1 F—— ‘ ‘ : ——— CDF LeJ V14113007 :
0 05 1 1.5 3 00 0.5 1 1.5 2 T
|Ay| Parton-Level IAyl 0 0.5 |A1Y | 1.5 2
t
PRD 90 ,072011 (2014) PRD 87 092002 (2013)
tt
Tevatr.on‘ AFBLvs. |Ay| slope «
ey gl 0.253 £0.062
Ub Eepton < f 5 ] 0.140 +0.150
COF Pubic Note 11161
CDF combination (9.4 fb™)
COF Pubic Note 11161 —— 0.227 +0.057
DO Lepton+jets (9.7 fb™)
PRD 90, 672011 (2014 0.154 +0.043
NNLO SM, M. Czakon, P. Fledler and A. Mitov, arXiv:1411.3007 & private comm.
-0.2 0 0.2 0.4

o
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GOTTINGEN

At = (10.6 £+ 3.0)%

*3 D, 9.7b"* ,
93 ¢ Data
025~ — MC@NLO
R 0~ ---Fittodata ~ .-~
< 015k 3 #
01'— /,'{,
0.05 i
¥ Za
0 N 1 2 1 f 1 & 1
0 0.5 1 15 2 -
|Ay|
PRD 90,07201 I (20|4)
0.6F 1
- D@, 9.7fb
o.4:—
0.2} o el
o - >0 FRET . IR e
$ of__r_i—;iii
: ‘
0.2~ ¢ Data —MC@NLO
" --Fittodata —PRD 86, 034026
0.4
306..5516..‘.“.). .4.56..506. ‘656“@“656.‘%(”5‘ .556..

02/09/2015

m; [GeV]

GEORG-AUGUST-UNIVERSITAT

p=

At = (16.4 + 4.7)%

m F
L [ —— -1
< 0.6F CDF Data, 9.4 fb
: 0, = (25.3 = 6.2)x107
05E — 1 Prediction //
0_43_ 0,y = (9.7 = 1.5)x10° pd
0.3
0.2 =
- — |
0.1
- <z
-~
0 | |
0 0.5 1 1.5 2
Parton-Level IAyI
PRD 87 092002 (201 3)
m
< [ — CDFData, 9.4 fb™
ay, = (15.5 = 4.8)x10™ (GeV/c?)"
061" — { Prediction /
i ay, = (3.4 = 1.2)x10* (GeV/c?)" e
04
0.2
B : 47|Z"1£
| | | | | | |
350 400 450 500 550 600 650 700 750

Parton-Level M (GeV/c?)

Conf.Note |1 161

CDF Run Il Preliminary (9.1 fo™")
ft— 11"+ 2jets + §,

04
o 02
£
0 [

3 —4— CDF DIL - DO L+d -

™ NNLO SM 7

—'0.2 - + ~ CDF DIL linear fit Czakon, Fledier, and Mowy ™)

B —— CDF L+J wXv:1411.3007 .

i PURT W W W SR W W W VA S VN S A W N S S T i

0 0.5 1 1.5 2

Ay |

t

t
Tevatron A vs. |Ay| slope «
CDF Leptomjcts (9.4 fb')

PRD 87. 092002 (2013 0.253 +0.062
CDF Dllepton (9.1 fbo')

COF Pubi« 11161 0140 LO150
CDF combmatlon (9.4 o)

COF Public Note 11161 —— 0.227 £0.057
DO Lepton+jets (9.7 fb™) 0.154 +0.043

PRD 90, 072011 (2014)

NNLO SM, M. Czakon, P. Fledler and A. Mitov, arXiv:1411.3007 & private comm.
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GEORG-AUGUST-UNIVERSITAT
GOTTINGEN

p=

Conf.Note | 1161
A" = (10.6 £ 3.0)% A" = (16.4 + 4.7)% CDF Run Il Preliminary (9.1 fb)

tt— "1 + 2jets + §,

. — . <
035 Dgy, 9.7fb™! ‘ < 0.6f —— CDF Data, 9.4 fb" i
-~ - _ . -2 [ T
03 4 Data i oiAy_(25.3_6.2)x10 P 0.4
[ B ~F — tt Prediction =
I —MC@NLO E ay, = (9.7 1.5)x10? -~ -
: . 0.4f s 0.2
E 02’: F't tO data P o’ k - _7/ — E -
< 015 03f- ") 80‘ < [ -
- P14 - ° 0 -1
0.4 e - ! -
! J 0'25 —— | s —4— COF DIL ~ DO L+J R
o ii 01f- , ~02F | ——coFomuncarm MMNLOSN .., -
0= A 1 A 1 A 1 s 1 — : = CDF L+J IS0 :
0 0.5 1 15 2 % 0.5 1 15 2 —_—
|Ay| Parton-Level IAyl 0 0.5 |A1Y | 1.5 2
t
PRD 90 ,072011 (2014) PRD 87 092002 (2013)
tt
3. 9.7 £ [<coroamean Tevatron A vs. |Ay| slope «
) | Beot - ay, = (15.5 = 4.8)x10™ (GeV/c?)" CDF Leptonsjets (9.4 fb 1)
0.4~ 06" — {f Prediction / PRD 87, 092002 (2013) 0.253 +0.062
[ i oy = (3.4 = 1.2)x10™ (GeV/c?)’ e ' .
02—_ _______.-"'“ i ! CDFDI|eptOn(91 fb) 0140'0150
@ F _ i-% ........................ 04l COF Pubic Note 11161 ' o
o T T = 1240 CDF combination (9.4 fb™)
o - = COF Pubiic Note 11161 0.227 +0.057
- 1 [ DO Lepton+ 7 fo’
02f- $Data  —MC@NLO 02|~ PE—— DO Leptonsiets (9.7107) & . 0.154 +0.043
-0.4:— --Fittodata —PRD 86, 034026 - | NNLO SM, M. Czakon, P. Fledler and A. Mitov, arXiv:1411.3007 & private comm.,
W | W FWRTE FWRTE FUREY SRTTY PRRTE FTRTY STWTE S
300 350 400 450 500 550 600 650 700 750 .-+ %50 460 4éo 560 séo 660 séo 730 750 _0 2 O 0 2 0 4

m; [GeV] Parton-Level M, (GeV/c?) o

The most significant
deviation from SM
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C | GEORG-AUGUST-UNIVERSITAT . .
- [krer Arg and polarisation

D, 0 ./

Simultaneous measurement of asymmetry and o v
polarisation in dilepton channel

» Polarisation: due to parity violating electroweak :
contributions to the production (<0.5%)

» BSM models change production mechanism T
» Both asymmetry and polarisation can be affected

A _ N (cos 6% > 0) — N(cos % < 0)
" N(cos 8= > 0) + N(cos £ < 0)

kP = AL — AY

K: spin analysing power, K~1 for leptons
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C GEORG-AUGUST-UNIVERSITAT . .
. @J GOTTINGEN Ars and polarisation

Simultaneous measurement of asymmetry and ’ 9/;;:-- ¥
° ° . [ I, A
polarisation in dilepton channel N\ { & 7
» Polarisation: due to parity violating electroweak - 7 f
contributions to the production (<0.5%) 7
— /
q | b

» BSM models change production mechanism

» Both asymmetry and polarisation can be affected N N
. . A _ N (cos 6= > 0) — N(cos 6= < 0)
» Matrix element technique used for event " = N(cos 6= > 0) 1 N(cos 6% < 0)

reconstruction

kP = AL — AY

g 301 : e, 7_6@;@;:—;}{,*; K: spin analysing power, K~1 for leptons
% 205 Axigluon models T \ 5 4 )
R "‘gggﬁ e % = Simultaneous measurement
3 < ~ i '
10>~ m200R . E A" = (15.0 + 8.0)%
5 m200L X W ]
oF- m200A g o & kP = (7.2 4+11.3)%
- Y Standard Model L : . ..
105 o  Measurement = Assuming SM polarisation
_ . 68% CL region Seeraieett -
'20:_ ------- 90% CL region B APt = (17'5 + 6°3)%
_:.1,111..1.,.,1“1.1.,..11..,1,,: . . . .
%o 20 10 0 10 20 30 Combination with |+jets channel
Atf (%)
tt
arXiv:1507.05666 [hep-ex] L Al mbinea — (11.8 £ 2.8)%
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C_ J GEORG-AUGUST-UNIVERSITAT .
AT GOTTINGEN Inclusive AFB summary

Tevatron A',fB
CDF Lepton+jets (9.4 fb™)

PRD 87, 092002 (2013) L — 16.4 = 4.7

i 1
CDF Dllepton (9.1 fb) L 12 + 13
CDF Public Note 11161 1) L
CDF Combination (9.4 fb°
CDF Public Note 11161 R 16.0 = 4.5

DO Lepton+jets (9.7 fb™) 10.6 = 3.0

PRD 90, 072011 (2014)

DO Dileptons (9.7 fb™) | 175 + 6.3

arXiv:1507.05666

DO Combination (9.7 fb™)
arXiv:1507.05666 p—— 11.8 2.8
NLO SM, W. Bernreuther and Z.-G. Si, PRD 86, 034026 (2012)

-~ | NNLO SM, M. Czakon, P. Fiedler and A. Mitov, arXiv:1411.3007
1 1 |

|

-20 0 20 40
Asymmetry (%)

02/09/2015 E.Shabalina - LHCP 2015 - St. Petersburg



C GEORG-AUGUST-UNIVERSITAT o T "
. G S Asymmetry in bb production

O Low-mass axigluon models were proposed to explain Arg ‘
» Heavy axial-vector boson with mass below tt threshold and broad
width
Predict asymmetry of pair production of b-quarks
Production dominated by gg fusion Conf. Note 11161

Enhance gq@ — bb fraction
High and low mass m,; measurements in diiet events
CDF Run II Preliminary, JLdl =6.91b", Apg(bb)

low mass

vV Vv Vv WV

PRD 92 032006
e, CDF Run [ Preliminary [£=95Mm" 6_ ¢ A Dala
} B NLO SM (PRL 111, 062003)
20 [ e e —— S 5—
: 15 s
High mass = ¢
. ] 3F L
: : ’ =
ST |
T e T !
T NLO SM [ m———
10 ! === (PRL 111 062003) PN S S S S S S WS IS S ST S S ST ST SO S ST S S ST
- @ Axigluon 200 GoV/c? 50 100 150 200 250 300
. \xighoon 345 GeV /e particle-level M . [GeV/c?]
19 325
bb mass [GeV/c?| Abb — (1.2 + 0.7)%
. . . L. bb 0.04
Consistent with both zero SM prediction: Ay = (0.30 £ 0.07775)%
and with the SM predictions Grinstein, Murphy PRL |11 062003,2013
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Electroweak top quark production
t-, s-channel cross sections

V| measurement
W’ search




Electroweak top production

t-channel associated Wt production s-channel

b W

W § N

- N
Cross sections (m=172.5 GeV)
Tevatron
Js=196Tev  2.10£0.13pb 0.25+0.03 pb 1.050.06 pb
\LHC, J/s=8TeV 87.843.4pb 22.4%1.5 pb 5.6+£0.3 pb )
Observed by CDF and DO collaborations in 2009
’ \ q ’ t
0 ~ V|2 Ve Vus Vb w
- Vekm =\ Vea Vs Veb
t Vi \\/td \/tS ‘/tb) _
b Test unitarity of CKM matrix b
4™ generation Sensitive to new physics
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C GEORG-AUGUST-UNIVERSITAT o
- [krer s-channel observation

0 Combination of DO and CDF measurements @

\
CDF I|+jets channel
Single Top s-channel in Lepton+Jets, COF Run Il Preliminary ( 9.4 fb”)
g } . s Data
$ [ Alleptons TT selection | singletop sety
= | Twotightbtags ‘ . Wec
| , [ Wece
‘§ 40+ 1.1 T I w+bb
;E; | ’ “ | 0 wWelt
< 1 . Higgs
| 38 SD [ ] Single top (t & Wt)
[ N
[ Z+jots
. 2z
. wz
ww
[ Multijet
—I:!’.' 0 02 04 oe o8 1
Final Discriminant Qutput
PRL 112 231804
CDF MET+jets channel
Single Top s-chamnel In E,+jets, COF Rum Il Preliminary, L = 9.5 fib"
s. : a . * Data
§ o SowmenEeT o TT selection |
§ L—<86nghfop:~ch
m »
| .smglofop!-ch
i Dt!
v
20t .mbooo
. 1 Dwrzqm
|. ‘OCOlmmiﬂ
Flnoa:NN Ol.ctlm.i:um Output
\ PRL 112 231805 )
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GEORG-AUGUST-UNIVERSITAT
GOTTINGEN

| @

0 Combination of D0 and C

DF measurements

s-channel observation

@ D

N ([ : )
CDF I+jets channel DO |+jets channel PLB 726, 656 (2013)
ngle Top s-channel in on+ un Il Prelimina " Py 104 - gy
Single Top s-channel in Lepton+Jets, COF Run Il Preliminary ( 9.4 fo") § _ (a) DO 9.7 fb g 50— (b) 9?,‘3.7 -
§ .| Aotom TT selection |~ Sigitop s<h S 10° $ 4 37SD ==
3 Twotight o tags | — vt = E 30 o it Diboson
R . e e g 10° > -
éE’ ‘ i =":";"’ w w 20 = Multijets
. 38 SD I i [:lS-h:lolop(t&M) -2 10 %
! =§.;m 2 > 10
. 2z > 1
’ 1 0oz  ~08 "09 * M
I Multijot 10‘1 . o i
i 0 02 04 06 08 1 Rankeds-channel discriminant
9 Ranked s-channel discriminant )
v ’ ’ ;i‘nal Di:ct:imina:l: Olnput‘
PRL 112 231804
CDF MET+jets channel
' Single Top s-chamnel In E,+jets, COF Rum Il Preliminary, L = 9.5 fib"
S sl Somairegion et TT TT selection t
g L<Slnglofopt-¢h
.&nghfopl-ch
i Dt!
| T
0 .omow
' 1 I:IW(Z'M.
[ = o | acomunge
’ “ “ Final NN Discriminant Output '
\_ PRL 112 231805 )
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C GEORG-AUGUST-UNIVERSITAT o
. @J GOTTINGEN s-channel observation
@

0 Combination of DO and CDF measurements

4 . )
CDF I+jets channel ) DO I+jets channel ~ PLB 726,656 (2013)
Single Top s-channel in Lepton+Jets, COF Run Il Preliminary ( 9.4 fb”) g. 104 : (a) Dg 9.7 fb -1| 'g— 50 [ (b) Dg 9.7 fb -1
. - Data o d - ® Data
§ .| Alleptons TT selection | singletop sy r 10° @ - 37SD =,
= Two tight b tags I Wec) ‘é’ - 0 Wajets
3 —— it s 10° g 30 — ZujetsiDivoson
§ “ — T w o = Muitjets
= B Higgs e
. 38 SD [:ISh:b!op(llVﬁ) o 10 %
= Zejots 2 > 10
. 2z > 1
20 B wz 0
= i B 10" 0.7 0.8 0.9 1
ol 0 02 04 06 08 1 Rankeds-channel discriminant
9 Ranked s-channel discriminant )
y y 0 02 04 oe o8 1
P SO v s-channel single top quark, Tevatron Runll,L_<9.71b"
PRL 112 231804 PRL 112,231803 (2014) Measuroment Cross section [pb)
CDE MET+jets channel % ~ s-channel single top quark, Teva:lrg«;l:un L, <97f" COF I+jets | - 1.41° u
' Single Top s-channel in g, +jets, COF Run Il Preliminary, L = 9.5 b L% 10 !E:Ap:icgl:glbackground CDF L.*[Gts ety . 11?"' ’[
5 . ) * Dsta .
I R TT selection [ | singetop scn 0 eckground uncer@™! COF combined o 13873
; $-C 1 SE'
3.8 SD @ [ sseror D0 /+jets —— 11005
“l [u Tevatron combined - 1.29"0 %
) oo . |
'T]-; . Theory (NLO+NNLL
20 Diboson 1.05 £ 0.06 pb [PRD 81, 05402t
| | Em.,... IO; ol Ad?~o“;o~2~‘b 1 ] I e 3
Fo - 'E | ﬂoco-.um Discriminant output [log, (s/b)] m,, = 1725GeV  Cross section [pb]
' " " Final NN Discriminant Output . s—ch +0.26
_ PRL |12 231805 y ‘ 6.3 SD observation ‘ o, = 1.297,5,pb
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C GEORG-AUGUST-UNIVERSITAT o o
. @J GOTTINGEN Inputs to t-ch combination

" [+jets channel A
O Selection:

PLB 726, 656 (2013)

g 10° () D@ 9.7fb"| _

, ' d Tt
» High pT lepton % i % 60 + = ?f;,.-sv?"b
» =2 jets, = | b-tags S § 0 =
» Large MET % 10 g

O MVA technique to separate 2 s %

signal from large W+jets o W50
bac kg round 107 0 02 04 06 08 1 Ranke.d t-char;nel disc}'lmlnant
» DO: ME, BNN and BDT combined Ranked t-channel discriminant

» CDF: NN

J

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

B Single Top 100
Ot

I W+HF
B W+LF
N Z+Jets

1
M Diboson T .
J |
3 () Sl  — 3 :‘
T U

1 -05 0 0.5 E

NN Discriminant
PRL 113,261804 (2014)
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C GEORG-AUGUST-UNIVERSITAT o o
. @J GOTTINGEN Inputs to t-ch combination

" [+jets channel A

PLB 726, 656 (2013)

O Selection:

g 10° () D@ 9.7t _ I
. DO 9.7 b
» High pT lepton 7 2 % e + = o
» =2 jets, = | b-tags S § 0 St
» Large MET = 10 <
O MVA technique to separate 2 s %
signal from large W+jets 0 M0
1 . . .
bac kgl’OUﬂd 10 0 02 04 06 08 1 Ranked t-channel discriminant
» DO0: ME, BNN and BDT combined Ranked t-channel discriminant
» CDF:NN y
4 COF Run Il Preliminary, L= 9.515" )
W+ Jets, > 1 b-Tag CDF Il Preliminary 7.5 fb" arXiv:1410.4909 [hep-ex] g ”'_ EWK region é?ﬁg:&&l’ogg
0 + CDF Data $ Twojet TL e Bawoson
= EtsilngleTop 100 ol | :w‘.’,."%,“
i mwiLr MET+jets channel | ek me

M Z+Jets

M Diboson ' . i
. e, . O Selection: '

» Veto on high pT lepton =}
» 2 or 3 jets, =2 b-tags ]

° 1 | 1

— e — L » Large MET °
1 -05 ':N o 05 t‘ 0 NNaqcp to suppress multijet background
ISCriminan
. | .
PRL 113261804 (2014) . NNVjets, NNttbar combined in quadrature )
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C GEORG-AUGUST-UNIVERSITAT . .
. G e Tevatron combination results

arXiv:1503.05027 [hep-ex] R | Single top quark, Tevatron Run I, L <9.7 fo"
. . . . . . s 39 0 &
O Likelihood fit to binned distribution 8
of final discriminants 2 |
£ 2.5¢
0 Combination via product of s | e
. . c 2 '
likelihoods g
= 1.5F
O For t-channel measurement s-channel |
: . SM val i [] FCNC [6,52]
Cross section iIs set to value F oM
- easurement 1s.d. ¢ Fourgen.[51]
________________ 0.5~ & SM[9,12] 2s.d. O Top-flavor (6]
D oy, 8388 A Toponi
&b - d - R - B WA S Y S S Y-
= - Single top quark, Tevatron Run Il, L . S 9.7 fb s-channel cross section [pb]
o - + Data " SM s-channel
W 10 | § SM t-channel |
i EXpeCted b&Ckgl’OUﬂd Tevatron Run Il single top quark summary
- Background uncertainty W/Z+X Deteliament . S
= it s-channel: ; e
sl : . CDF [25) o s
- . & Higgs Tevatron [26] o 120 e
- t-channel: -
102k N COF (21 - 16553
- o DO (22} P —e— W 17 i
: § 5 Tevatron [this paper) + 2.25 q' 3,“
| [ GHs vongs . SRttty oo A s+l! .
10 E Q\;] s -. s 2 ‘ng? S e 444 3 CDF [21) + 302|::;
el S o e DO [22] P —e—4,11"0%
1 1 ‘?‘?‘,:‘ ;l 3 : Tevatron [this paper) —0— 3.30 ': :g
e e S R
: s b ‘-‘-‘-.-':’:::" e . Cr1oss szectioan [pb1
St oo e ol e : e et S § Theory (NLO+NNLL) [9,12] m, = 1725 GaV
-7 -1 -0.2 0 0.1 0.3 0.6
Discriminant output [(s-channel — t-channel)/background] t—ch __ +0.29

02/09/2015 E.Shabalina - LHCP 2015 - St. Petersburg



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

O Assume SM production
mechanism

» Top decay exclusively to Wb
(IVedl**+[Ves|*<<|Ve|?)

02/09/2015
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No assumption of 3
generations or unitarity
of the CKM matrix

Assume SM production
mechanism

» Top decay exclusively to Wb

=

(Pt — ps), j// P +/¢/ PH}}

With —

A {,\:u flL P; %pﬂ} _

N

(IVedl**[Vis|*<<|V|?)

Pure V-A and CP-conserving
interaction (fik= f2l= f2R=0)
J

E.Shabalina - LHCP 2015 - St. Petersburg
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I

U

g N . R 1ot

(pc —py), [Py + F2Pg) }

Strength of the left-handed Wtb (f1%) coupling is allowed to be anomalous

O Consider uncertainties on SM
predictions for s- an t-channels

02/09/2015

r probability density
nNo
r T

- Single top quark, Tevatron Run I, L_ <9.7 fb*

—

—

[ !\ Posterior probability density distribution
- e N K X
1 .4:_ ..'::".f:: |V!bl2 =1.04 g:g g

+0.06
lvlbl =1.02 -0.05

T

1=/ Posterior for |V | < 1
S0.8f ¢ IV,[>0842a95% CL. A

206~ |Vel>0922t95%C.L.

sie

P

0.4
0.2}

C Ll A A 11.3-% | TR AN ANONVRN
b 02 02 06 08 1 1.

-

No assumption of 3
generations or unitarity
of the CKM matrix

Assume SM production
mechanism

» Top decay exclusively to Wb
(IVedl**+[Ves|*<<|Ve|?)

» PureV-A and CP-conserving
interaction (fik= f2l= f2R=0)

arXiv:1503.05027 [hep-ex]

+0.06

[Vio| = 1.02 2405
O With [0,]] prior
|Ve|>0.92 @95% C.L.

‘ No indication of sources
73 of new physics beyond SM
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PRL 115061801

O Benchmark W’ model with left-right symmetric
coupling
Two scenarios: allowed or forbidden W’ —{v decay

Analysis strategy similar to MET +jets channel single
top search

» W’ signal instead of single top is used for NN training

q 5
CDF Run Il Preliminary L=95fb"

g 102 " CDF951b"’ — = Theory, W'-» Iv forbidden

< W-—tb, CDFRunli Preﬁml:t:ry. L=95fb" ‘f— = ngar:ee‘ipected == D0 2.3 fb" observed
ing = () Median expected 10— . CMS 19.5 fb"' observed
o 60 No-lepton signal regio = o toP = 10 (] Median expected {20 .
. | n signal region ==, E pe -.=.« ATLAS 20.3 fb" observed y
S R = | » Exclude W’ with mass
— D multijet .

£ —RWSe| 3 below 860 (880) if W’
o } axBR=3p 0 . .
2 b leptonic decay is allowed

o))

(forbidden)

A A A ' | A A A 'S l A A A A l ' A A A
300 400 500 600 700 800 900
M, [GeV/c?]
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PRL 115061801

O Benchmark W’ model with left-right symmetric

coupling
q : :
. t O Two scenarios: allowed or forbidden W’ —{v decay
W O Analysis strategy similar to MET+jets channel single
top search
) » W’ signal instead of single top is used for NN training
q E
CDF Run Il Preliminary L=95fb"
g 102 " CDF9.51b" — = Theory, W'-» Iv forbidden
4 .?;’ ~e- Observed
!V' »tb, CDF Runll Prellmlnary.LIQ.Slb_ : — Median expected S DO 2.3 fb" observed
g 60 é%ﬂ;letop = 10 (0 Median expected + 10— . CMS 19.5 b observed
o. | No-lepton signal region igv}"’ .g = [ )Median expected * 20 <. ATLAS 20.3 fb" observed ‘ > ExcludeW’ With Mass
- Two-jat TT — S ittiet r - e o ’
£ s R e below 860 (880) if W
m f ax - o = e ' . .
> | & e leptonic decay is allowed
o] P - .
Ll R > (forbidden)
30 400 500 660 700 800 900
E O N N N N N N N N Mw.[GeV/CZ]

Most stringent limits for a charged resonance
within 300-600 GeV mass range decaying to tb
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I (A corncen Conclusions

0 The Tevatron experiments are completing legacy
measurements

» Precise cross section measurements
» Precise measurements of the top quark mass

» Final measurements of asymmetries in quark pair
production

02/09/2015 E.Shabalina — LHCP 2015 - St.Petersburg



C Yl GEORG-AUGUST-UNIVERSITAT .
I gé?‘ GOTTINGEN Conclusions

0 The Tevatron experiments are completing legacy
measurements

» Precise cross section measurements
» Precise measurements of the top quark mass

» Final measurements of asymmetries in quark pair
production

0 Electroweak top production measurements are
complete
» Combination of t-channel cross sections
» Observation of the s-channel production

0 Many measurements are complementary to the
ones from LHC

No significant deviations from the standard model are found
Our hopes are on LHC!
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BACKUP
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C GEORG-AUGUST-UNIVERSITAT o
- [krer s-channel evidence

PLB 726, 656 (2013)

(@ D@ 9.7fb"

O [|+jets channel
» 2 or 3 jets, | or 2 b-tags

2

50

(b) DG 9.7fb"

O 635 signal events (s+t channels) $ 10° e il " ous
» ~1000 in 0.7 fb' at LHC B | -
=aum§m

S/B between 1:14 and 1:88

O Discriminants
» Boosted Decision Tree (BDT)
» Bayesian Neural Network
» Matrix element

O All three combined into final D

O
)

Yield [Events/0.04]
Q,
Yield [Events/0.04]
]

10 : 0.7 0.8 1
0 02 04 06 038 1 Ranked s-channel discriminant
Ranked s-channel discriminant

O Statistical analysis

m: = | 72.5 GeV
— » form binned likelihood as a
chan 3 (pb) product of 4 channels
nel obs (exp) » D and D:;are used
+0.60 | 4% relative simultaneously in a joint
s+t 4‘]']'—0.55 Pr?ecision discriminant

» 2D posterior probability density
is constructed as a function of
05 and O:

t  3.07705%  7.7(6.0)
s 1107937 37(37)

Evidence for s-channel production
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G S ME method implementation

[ DO matrix element technique in I+jets final states }

[ b tagging-based weight to identify relevant jet-parton assignments ]

ﬂ [ Integration over phase space (10 dim) |

l 24 Ie
P, = pr; Z W; f dpdm%dM%dm%dM%dp(jdq’l‘dq)l’dq’édqg

obs =1

'/ \ £/
z |Mﬁ|2 f (ql )f ((12) (l)()W(.-\', V. kJES)
flavors, v ﬁ J( Tlaﬂq?qg)z . ’7731117732 ﬁ O\
)

LO matrix element
PRD 53, 4886 (1996) [ Phase space factor ]

_ PLB411,173(1997)

D@ Coll.,

PRD 84, 032004 (2011)

Transfer functions (TFs) to map
parton level quantities y to reco level quantities x
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Mass in different epochs

D@ 9.7 fb™ l+jets
e+jets Run lla & 1.000 +0.023
u+jets Run lla + @ 0.986 =0.022
e+jets Run lib1 @ 1.016 = 0.019
u+jets Run lib1 & + 1.038 = 0.019
e+jets Run lIb2 —@— 1.034 = 0.012
i+jets Run lib2 —@— 1.032 +0.012
e+jets Run IIb3 @ 1.027 +0.008
u+jets Run lib3 —@— 1.025 = 0.010
I+jets Run Il (9.7 fb™) H@H 1.025 = 0.005
TR PR o
0.95 1 1.05 1.1
kJES

E.Shabalina — LHCP 2015 - St.Petersburg




Top event reconstruction: dilepton

‘0 Neutrino weighting (VWT)

O assign a weight based on the agreement between the calculated
neutrino pt and the measured missing Et

Eo.16f @ DO, VW
0
=

— U1Us))2 . m=170 GeV
W(m¢,m1,n2) Z H exp|— Ek QUp(];ng)lQ 2)) ] 0.1 |

solutions k=x,y
0.05["

O integrate over neutrino phase space

3L .
W(m,) = / dnidnap(ni|me)p(nzama)W(me, n1,m2) ™ s ce |

J

\_

Sept 28,201 | E.Shabaina - Top mass extraction techniques —Top 201 |



Dilepton channel systematics

Source |a,,“ GeV]
et energy calibration /

Absolute scale F0.47
. Flavor dependence F0.27
. . -1 Residual scale +0.36
CDF‘ Run II P.rcluumar:v (9.1 fb™ ") b auark fragmentation +8310

Miop Measurement in the tt Dilepton Final St.m.(" ~Object reconstruction
Source Uncertainty (GeV/ c’) Trigger —0.06
[ Jet_energy scale 2.17 | Electron pr resolution +0.01
NLO effects 0.67 Muon pr resolution F0.03
Monte Carlo generators 0.50 Electron energy scale +0.01
Lepton energy scale 0.41 Muon pr scale +0.01
Background modeling 0.39 Jet resolution F0.12
Initial and final state radiation 0.38 Jet identification +0.03
gg fraction 0.31 b tagging F0.19

b-jet energy scale 0.30 ‘Signal modeling

Luminosity profile (pileup) 0.27 Higher-order effects —0.33
Color reconnection 0.24 ISR/FSR +0.15
MC sample size 0.20 pr(tt) —0.07
Parton distribution functions 0.16 Hadronization —0.11
b-tagging 0.05 Color reconnection —0.22
Total systematic uncertainty 2.51 Multiple pp interactions —0.06
Statistical uncertainty 1.91 ___ PDF uncertainty +0.08

Total 3.15 Background modeling
Signal fraction +0.01
Heavy-flavor scale factor +0.04

. Method

Mf;}“ = cz\/al’gl) (L2, b2) ; Template statistics +0.18
bi B, Calibration +0.07
Total systematic uncertainty| =+£0.85

Sept 28,201 | E.Shabaina - Top mass extraction techniques —Top 201 |
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4! GoTriNGEN Systematic uncertainties
Cross section measurement

TABLE III: Sources of systematic uncertainties. The pre-fit uncertainty in percent from each source on the
inclusive cross section is given for the £+jets and the £¢ channel. “Type” refers to a systematic uncertainty affecting
the shape S or the normalization N of a distribution. The numbers presented for shape dependent uncertainties
represent averages across the entire distribution.

Source of uncertainty Piietss 20 O ienss o Type S/N 8p s Jo by J0 Type S/N
Modeling of signal
Alternative signal model +10 —-10 S +4 —4 S
Hadronization +8 —8 S +4 —4 S
Color reconnection +2 —2 S +2 -2 S
ISR/FSR variation +2 -2 S +2 -2 S
PDF +7 -7 N +1 -1 N
Modeling of detector
Jet modeling & identification +8 —8 S +3 -3 S
b-jet modeling & identification +5 -5 S +12 —12 S
Lepton modeling & identification +3.5 —-3.5 S +6 —6 N
Trigger efficiency +5 -5 N +2 -2 N
Luminosity +4.7 —-4.7 N +4.3 —4.3 N
Sample Composition
MC cross sections & branching ratios +0.9 -0.9 N +1.3 —-1.3 N
Z|W pr reweighting +1.5 -1.5 S +4 —4 S
Multijet contribution +23 —23 S/N +15 —15 S/N
Z [~ +jets scale factor +25 —25 S/N +2 -2 S/N
W +jets heavy flavor scale factor +17 —23 S/N n.a. n.a. n.a.
W +jets light parton scale factor +3.5 —1.8 S/N n.q. n.a. n.a.
MC statistics n.a. n.a. n.a. +3 -3 S/N
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4! GoTriNGEN Systematic uncertainties
Cross section measurement

TABLE IV: Sources of systematic uncertainties. The post-fit uncertainty from each source on the inclusive cross
section is given for the combination. The last column shows the shifts in units of SD on the combined inclusive cross
section due to a particular source.

Source of uncertainty Uncertainties Shift in units of o
6combincd7 pb

Modeling of signal

Alternative signal model +0.09 +0.2
Hadronization +0.25 +0.7
Color reconnection +0.11 +0.2
ISR/FSR variation +0.06 —0.3
PDF +0.08 -0.5
Modeling of detector
Jet modeling & identification +0.06 -0.3
b-jet modeling & identification +0.16 +1.3
Lepton modeling & identification +0.02 -0.7
Trigger efficiency +0.01 —0.2
Luminosity +0.20 +0.3
Sample Composition
MC cross sections & branching ratios +0.03 +0.6
Z|/W pr reweighting +0.16 +0.9
Multijet contribution +0.09 +0.1
W +jets heavy flavor scale factor +0.15 -2.0
W +jets light parton scale factor +0.05 +0.8
MC statistics +0.01 < 0.0
Total systematic uncertainty +0.55
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\_

N
0 two methods

» b-tag counting
» event kinematics
O measure Z cross section

» use same triggers
» same data set

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

0 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

02/09/2015

E.Shabalina - LHCP 2015 - St. Petersburg

leptontjets - |

PRL 105:012001,2010

N. >3 CDF Il Preliminary 4.6 fb”
B data (7348 evts)

B top
E W+jets
@ aco

-+

500

.. /bin

-

IIIT]]IIIITIIIII

08 09 1
NN output

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

0 01 02 03 04 05 06 07

A
A\

0
1 Jet

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

2 Jets 3 Jets 4 Jets =5 Jets

61
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. @J GOTTINGEN Dl|epton Channel

. . Phys.Rev.D88:091103, 2013
0 cut and count with and w/o b-tagging e ’

CDF Run Il Preliminary (9.1 fb™)

» 576 dilepton candidate events for pretag a00f- [ i
» 246 dilepton candidate events for b-tagged 1200f haa e etessim
9.1 fb-!
Source
S/B =12.6
signal acceptance 48 48
pretag ' '
b-tagging 5
total acceptance 4.8 6.9 | |
| Dilepton Candidates CDF Run Il Preliminary (8.8 fb)
background model /.1 2.1 T o *("Eﬁ{,‘,‘:w
Total 8.6 7.2 . "S/B=10.6 Baitia-ram
‘e . W=t
» luminosity uncertainty 6.1% g« | br —He 8.8 fb-!
me= 1725 GeV %, |
a.p_retag . W v & 4
tt = 7.61 £0.44(stat) £0.52(syst) £0.47(lumi) pb
tag

O.:f =7.09 £0.49(stat) £0.52(syst) £0.43(lumi) pb

b-tag measurement has better precision: 9.4%
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