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DES The top quark

* Top is the heaviest fundamental ° Strlngent SM self—con3|stency test

. " - : I
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DO Production modes

* Theoretical production cross sections (NNLO): . .
: : [Kidonakis]

_Pairs Single top quarks
tt [pb] tb [pb] tqb [pb] tW [pb]

TEV [.24 1.04 2.26 0.30

LHC8 | 248.50 9.95 87.20 11.50

| t
gq annihilation
9 3y t s-channel

t-channel

f |Tevatron can compete and is
~—— [ |complementary (pp versus pp)

f g
tW-channel

) gg fu3|on
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The top quark

» Tevatron vs. LHC:
(1.96 TeV 7/8 TeV)

qq: ~85% ~15/13% (~10%, 14 TeV)
~85/87% (~90%, 14 TeV)

gg: ~15%

t — Wb~ 100%

different W decay channels:

e

dileptonw

antiproton

—» : — : - BR, b
Tevatron is the gg machine B decregse
] :
O lepton+jets -
Top Pair Branching Fractions i \.»
proton
"alljets" 46% T b
/ \ b
o t
antiproton b q
ttHjets 15% 7
All hadronics, =
o ;, M
/ proton
A u+jets 15% BR, bg b
L o+iets 15% Increase J
"dileptons” "lepton+jets” antiproton r
q
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— Selection of results, focus on most recent and/or precise results
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DI Single top production

» Combine CDF (I+jets and MET+jets) & DO discriminants (I+jets)
» [nclude all systematic uncertainties and correlations

s-channel single top quark, Tevatron Run I, Lint <9.7fb"

* First observation of s-channel single

Measurement Cross section [pb]
CDF I+jets e 14155
top (6.3 s.d.) Phys. Rev. Lett. 112, 231803 (2014) . ;
CDF E,+jets — L1255
S - s-channel single top quark, Tevatron Run Il, L <9.7 fb & CDF combined —e— 13673
'%‘ 10*s ¢ Data — Expected background DO I+jets —— 140443
L = [ JW/Z+X Theory (NLO+NNLL)
_______________ ﬁ 1.05 + 0.06 pb [PRD 81, 054028, 2010] }
N . B B
10°E t-channel 0 1 2
i Mul tlj ots My, = 172.5 GeV Cross section [pb]
: % H|gg$ %‘ 10° |- S-channel single top quark, Tevatron Run Il L <9.7 fb™
3 . F Background only Expected Stgnlflcance 5.1s.d.
1 02 A L sy % 10 : gm 2fg:gl;dbackground Observed significance: 6.3 s.d.
E St IS — +0bser\.red Significance
L e 1 1s.d.
L o = . 3s.d.
- . : Sey 5s.d.
o N e 103 " ' “‘
10 oL . ' E 4
- -0.6 -0.4 -0.2 0] 108 :
B e e NN A s - ;
- = ' ' 107 l
-3 -2 . o -1 0 CHTITEOIOEE: W TR TN TETRTUTIR
Discriminant output log, (s/b)] A e e 4 L
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http://arxiv.org/abs/1402.5126

DI Single top production

. . . C t b
» Employ s-, t-channel discs for combination ~ Measurement ross section [pol
. 1 +0.37
» Not assuming ¢ /d. SM value COF % 0z
s t DO 1.107035°
* Agreement with the SM, no indications Tevatron .29°028
for non-SM contributions tchannel:
CDF T 1.657 5
E - Single top quark, Tevatron Runll, L <9.7 fo DO e 3.07 540
c 390 ] i Tevatron o 2.25%0%
S _ ! .
= - S+i: :
8 3- CDF —— 30200
S F DO —e—4.11%0%
g 2.5:— o (arXiv:1503.05027) Tevatron + 3.30%0%
3 arXiv: : " >3 .
C +Q. 0 1 2 3 4
% 2 3 Cross section [pb]
E B Theory (NLO+NNLL) m, = 172.5 GeV
- 1.5; & - Single top quark, Tevatron RunIl, L <9.7fb™
B ® L. Data ™ & SM s-channel
- Y 10" = Expected background §SM t-channel
1} 1 ECNC 10; Background uncertainty ﬁ"’lz:xt
- @ Measurement 1s.d. ¢ Four gen. 3 & Higgs
0.5 & SM 2 s.d. O Top-flavor 102
n 3 s.d. /A Top pion :
O_IIII|IIII|JIII|IIIIIIII||IIIIJIIII|I| 10§
0 0.5 1 1.5 2 2.5 3 3.5 S
s-channel cross section [pb] d-
0.6
Discriminant output [(s-channel - t-channel)/background]
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http://arxiv.org/abs/1503.05027

DO Single top productlon

» Measure CKM matrix element V

q’ q
Vud Vus  Vap W
Vexkm = Vea Ves Ve Va t
Via Vis Vi g/ . . i
b

* Do not assume: 3 generations, unitarity, SM ratio of s- to t-channel
> Assume: SM top decay, Pure V-A interaction, CP conservation

E Single top quark, Tevatron Run II, Lint <9.7 fb’

—

:_’ Posterior probability density distribution

- IV P=1.047008

IV 1=1.02%0%
tb -0.05

— _/| Posterior for IV, I <1

v IV, F>0.84 at95% C.L.

IthI >0.92 at 95% C.L.

||V, |>0.92 at 95% C.L.
th
_ +0.06
|th| =1.02 —0.05
[arXiv:1503.05027]

—
N A~ O

—

—

o O
(o N

Posterior probability density

N =

b [ L

0.4 \‘

* Concludes single top Tevatron program \
T T '
v F
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http://arxiv.org/abs/1503.05027

D5 Differential cross sections

» Detailed studies & tests of pQCD

» Measured: m(tf), p_(t/t) and |y(t/t)

» Corrected to parton level

Phys. Rev. D 90, 092006 (2014)

_ i ol Stringent tests qf QCD |
Via matrix untolding Study new physics models: no signs
< 0.1 3
e - (@) DO ¥ =97fb 1 . (b) DO ¥ =971
| —e-Dpata Al ! I '
2 o0sf 7 Clmuano | gl i
- - approx.NNLO w =+ AXi2000L ){!
= i (m =173 GeV) - , — AXi800A
) 0 06 - e Phys. Hr;u_nﬂz__ﬂmn {2010) ﬁ 2 R Axi200R = Axi12000A
5& t = --- approx.NNLO o — - == AXi2000R — 7'220
= i i-m- 3 J. High Energy Phys. 09, 097 {2010} o) s
E“ 0.04 = 4 ,_i_: o
S b T
: froeee
| PRI rmrerairicd WO i | |
0 100 200 ;’i?}ﬂ 400 0 0.5 1 15
pT [GCV] |yt0p|
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http://arxiv.org/abs/1401.5785
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D Top quark asymmetries

» Interference appears at NLO QCD

— Only occurs in gq initial state; gg is fwd-bwd symmetric

JHEP 1402 (2014)

» This is a forward-backward asymmetry at Tevatron  °%°[ T

» At LHC only anti-quarks from sea — t more central

SM predictions at NLO (QCD+EWK)
— Tevatron: AFB~ 8-9 % vs. LHC: Ac~ 1 %

— Update: 10% at NNLO+NNLL

K

Models from:

PRD B4 115013,

JHEF 1109 (201

1) 0977

Tevatron4 top top

Ay =y, -y, Aly| =1yl = ly] n

_N(Ay >0)-N(Ay <0) A Ny > 0) — N(Alye| < 0)
FB N(Ay >0)+N(Ay <0) N(Aly:| > 0) + N(Alyt| <0)

A, / |
o
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http://inspirehep.net/record/1266254/plots

DO Top quark asymmetries @

> DO larger phase space, improved object
identifications, new top quark reco

» Combine several channels (different purity) &
unfold to parton level

+» SM @NNLO"‘NNLL ~10% (Czakon, Mitov, et al.)

—[Do: A_= 10.6+3.0(tot) %
Phys. Rev. D 90 072011 (2014)
— DO agrees with SM within uncertainties
—>

CDF-A_

= 16.4 £ 4.5 (tot.) %
PRD 87 092002 (2012)

— CDF higher than SM predictions

Deviation

&6d o
, ORNpOD

Events

Data/Exp
::j Jo——y

F 3] 2bt
200F S ame

150F
100F
50F

D@, 9.7fb"

(e)

s N
TT

TR ﬁi;ﬂwm‘i{-%
‘-'z q 5
Ay

- —— CDF Data, 9.4 fb"
SE A =0.164+0.047

- — {i Prediction
- Aq = 0.066 + 0.020
: 4|=’=:0:_*_
- ——
- —+—
- |
*I ] ! 1 1 1
- 1
- ——t + 1
e+
6 | | | | | |

-1 -0.5 0 1 1 5 2
Parton Level Ay
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http://arxiv.org/abs/1405.0421
http://arxiv.org/abs/1211.1003

D Top quark asymmetries

» CDF and DO measure the kinematic dependence of A__

-0.2

-0.4

300 350 400 450 500 550 600 650 700 750 ---

- D@, 9.7fb

:- ¢ Data
- —PRD 86, 034026

—MC@NLO
¢+ CDF Data

m . [GeV]

0.6 DY, 9.7

o5 ¢ Data

o —MC@NLO
- ¢ CDF Data -

0.3 1

W A

ol . %

Ozrl—1f‘£:% : | | l
0 0.5 i 15 2

|Ay|

» Kinematic dependencies larger than “currently” predicted by SM
» Good agreement of DO data with most recent pQCD @NNLO

E A. Jung
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DO Top quark asymmetries

> New measurement by DO in the dilepton channel employing the
matrix element method:
— assign a likelinood per event for most probably Ay (x) value
» Systematic uncertainties dominated by signal modeling, in
particular hadronization & showering, and method calibration

DILEPTON D@ Preliminary, L=9.7 fb™
i~ F i ” .
S 60: AL.=11.3% | Data-Bkg: 480
B - - MC tt: 458
T 50 ANCt-4.0%
@
2
> 40—
< -
) E
% 30—
20 —
10
:. Fiod ISRV
054

DO Conf. note 6445

Test SM or test for BSM, but need to
consider unknown polarization in calibration

—[A_= 18.0+6.9 (tot.) %

FB

A= 18.0+6.9 (tot.)
+ 5.1(model) %

E A. Jung
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http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/TOP/T104/T104.pdf

DO Top quark asymmetries

tt Ay Asymmetry (A" )

. . —
CDF Lepton+jets (9.4 fb™) .
D57, 035002 (2014 16.4 + 4.7 All Tevatron results
DO Lepton+jets (9.7 fb') 10.6 + 3.0 use full data sets
oo O B0 D e Expect final results
DO Dileptons (9.7 fo™") -NEE ) 18.0 + 8.6 P
DO note 6445-CONF (2014) b = and Tevatron
I . .
Lepton gqn Asymmetry (A_) combination very soon
CDF Lepton+jets (9.4 fb') 94 + 32 « Agreement with latest
PRD 88, 072003 (2013) ¢ T = 29 th d t
CDF Dileptons (9.1 fb™) 72+6.0 eory predictions
PRL 113, 042001 (2014) * e = M
DO Lepton+jets (9.7 fo 3.4
PRD 90, E?znm (]2014)( ) o 50 T 3.7
DO Dileptons (9.7 fb™) 44+39

PRD 88, 112002 (2013)

Lepton An Asymmetry (A')

CDF Dileptons (9.1 fb™)
PRL 113, 042001 (2014) ¢ 76 __l_ 82
DO Dileptons (9.7 fb™) _ 123+586

PRD 88, 112002 (2013)
NLO SM, W. Bernreuther and Z.-G. Si, PRD 86, 034026 (2012)

NNLO SM, M. Czakon, P. Fiedler and A. Mitov, arXiv:1411.3007

| | |
-20 0 20 40
Asymmetry (%)
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DEm(t). matrix element method

» Use full event kinematic information by applying matrix element method
» 2D measurement of a calibration factor and the mass
* lepton+jets decay channel

» |[n-situ calibration by constraining hadronic

decay of W to known W mass

r-l.\.l

calibration factor

105
; D@ Collaboration -
1.0af

1.03}

ki
o
N

Phys. Rev. Lett. 113, 032002 (2014)

tt—lepton+jets |
. L=9.7 b

~173 174 175 176 177

top quark mass (mt) [GeV]

E A. Jung
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http://arxiv.org/abs/1405.1756

D m(t): matrix element method

Single-most precise measurement !

—»|m = 174.98 + 0.58 (stat.) + 0.49 (syst) GeV | Most precise LHC measurement
by CMS: m = 172.04 + 0.77 GeV

° R, =1.008 + 0.0195 (stat.) + 2957 (syst.) 100

m =174.98 £ 0.76 (total) GeV ~ om/m, =0.43% (dm/m, = 0.45%)
Phys. Rev. Lett. 113, 032002 (2014)
SystSematic uncer:[;inties: Applying results (o, JSF, m) to MC:
» Signal model & jet energy scale ‘
» Statistical component: E 400" - (b) DO QL;::; - Data
0.25 — 0.05 GeV o - it
% 300:_ Other bgs
> Detailed PRD, e.g. cross-check of @ - -w::}f
the b-quark jet energy scale: E 200;_ I Multijet

= 0.031
@ Subm. to PRD [arXIV 1501 07912] 0
Most precise CDF measurement: oc 0 gz Z 2z
m =172.85 + 1.12 (total) GeV “200 400 600 300 1000
dm/m. = 0.65% PRL 109 152003 m. [GeV]

E A. Jung Top quark physics at the TeVatron 19


http://arxiv.org/abs/1405.1756
http://arxiv.org/abs/1501.07912
http://arxiv.org/abs/1207.6758

DO m(t): Tevatron combination

e | atest Tevatron combination
» Using BLUE, include correlations

- m =174.34 + 0.64 GeV
(stat. + JES + syst.)

ESmt/mt = 0.37%

[arXiv:1407.2682]

Mass of the Top Quark

July 2014  (* preliminary)

CDF-II dilepton * 170.80 +3.96 (£1.83+2.69)

Mass of the Top Quark in Different Decay Channels il llegton 174.0042.80 (:236%1.49)
[ S —
_— =
Lepton+jets 17417 £0.66 (+0.38+ 054) :
CDF-Il MET+Jets 173.93+1.85 (£1.26+1.36)
Dilepton * 171.95+1.97 (+1.611.14) Wi
CDF-II lepton+jets 1728541 12 (:0.52+0.98)
&
Alljets * 175.63+1.85 (+1.23+ 1.39) —
Dg‘" |ept0n+jet$ 1?4‘98 i0.76 (;0_41_| 0.63)
&
MET+Jets 17419+1.77 (+1.29+1.21) o]
Tevatron combination * 174.34+0.64 (£0.37=052)
——_—— {(Run | and Run I} (+ stat + syst)
Tevatron 174.34+0.64 (+0.37+ 0.52)
combination * (+ stat + syst) y?/dof = 10.8/11 (46%)
| | |
165 170 175 180 185
I I I I I I I I I I 4
168 169 170 171 172 173 174 175 176 177 178 179 M, (GeV/c?)
M, (GeV/c?)
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http://arxiv.org/abs/1407.2682

D& Tevatron Legacy & Outlook

> Finished Tevatron single top program, including First Observation
of s-channel single top quark production

» Detailed measurements of differential top pair production

> Top quark Asymmetry ?
— DO close to SM, CDF larger than SM, both agree as well.

* Precision measurements of the top quark mass:
m = 174.34 + 0.64 (tot.) GeV m/m =0.37%

» Expect more results to come...

Only small limited selection of results shown, more information:
CDF Top Web pages DO Top Web pages

Thank you

E A. Jung Top quark physics at the TeVatron 21


http://www-cdf.fnal.gov/physics/new/top/public_tprop.html
http://www-d0.fnal.gov/Run2Physics/top/index.html

Backup

E A. Jung
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D m(t): matrix element method

Modifications compared to the

previous ME result: Sifi-ul‘('_‘,e of 1.1ncer‘t-aint}-' | Effect on m; (GeV)
Phys. Rev. D 84, 032004 (2011) Si.g;tmf and backgmund:' modeling:
Higher order corrections +0.15
° More data 3.6/fb — 9.7/fb Initial/final state radiation +0.09
* Improved object IDs (e, u, b) Hadronization and UE +0.26
@ Accelerated ME method Color reconnection +0.10
Multiple pp interactions —0.06
Heavy flavor scale factor +0.06
Typical statistical uncertainty: %ﬁg m':'detng , ig'??
[ ~0.25GeV — ~0.01-0.05 GeV |, .~ """ WY -
etector modeling:
Residual jet energy scale = b |
e Factorize out previously Flavor-dependent response to jets +0.16
double-counted effects b tagging +0.10
Trigger +0.01
Lepton momentum scale +0.01
_ o Jet energy resolution +0.07
» Signal model uncertainties Jot 1) efficiancy _0.01
are dominant Method: )
Modeling of multijet events +0.04
Signal fraction +0.08
MC calibration +0.07

E A. Jung Top quark physics at the TeVatron 23


http://arxiv.org/abs/1105.6287

DEYm(t): matrix element method @

||||||

w0 - -1 N
Q = -e— Data B -1
:E 400_— Do 9|+j79:5b i E 400__ D@ 9.7 fb e Data
< - Other bgs = E ¥+ .. bies=0.95
I B W+hf . 300 j.es_
» WIf B — bjes=1.00
- B Multijet 2005 & ---bjes=1.05
: 100-| "
| o 0e .
- 0 1 2 3 4 5
p Ry,
: 1 b-tag: bjetl 2 b-tags bjetl |, bjet2
0 1 2 3 4 5 (pézctl n pgzetz)/g ' p{gctl +pf}:ict2

Rb to light jets
» Measure ratio of b-jets to light jets — sensitive to b-JES ('ATLAS method')
» Template fit including dominant systematic uncertainties

+|R,,=1.008 +£0.0195 (stat.) £ 8323 (syst.)

» Important cross-check of b-JES; after all corrections applied ~ 1.

E A. Jung Top quark physics at the TeVatron 24



@D World combination

» First World Combination of top mass measurements

[arxiv:1403.4427]

» Detailed study of inter-experiment & inter-collider correlations

Tevatron+LHC m,,; indiv. comb. - March 2014, L =3.5fb"-8.7 fb" ATLAS + CDF + CMS + DO Preliminary
ATLAS + CDF + CMS + DO Preliminary CDF Runl, ljets i B
l+jets el 173.29 £ 0.80 (0.23 1 0.24 £ 0.72) . e
& CDF Hunll di-lepton . 08
O dilepton ; Pt 172.74 £1.15(0.43+£0.06 + 1.07) . :
s CDF Hunll all jets . 0.5
© alljets —_— 173.17+1.20 (0.65+0.30  0.96) CDF Runll, E™4jets -
S e 173.93+ 1.85 3 .
o5& — el il . oot TR B, DO Fiunll l+jets B e
g CDF P T — 173.19 £ 1.00 (0.52+0.44 + 0.73) DO Hun” dEiepibn I -
O Do 0174.85+1.48 (0.78+0.48+ 1.16) ATI_AS 2011 l+jets - 0.8
C—g ATLAS e i S 172.65 %+ 1.44 (0.3110.411 1.34) ATLAS 2011, di-lepton I 02
,'E>2 CMS S - R — 173.58 + 1.03 (0.29 + 0.28 + 0.95) Clmsléf;ﬁ l+jets 0.2
'—g Tevahen o—i-= " 173.58 4 0.94* 0.44+0.36 + 0.74) CMS 2011 di-lepton . 0.6
— LHC R 173.28 £ 0.94 (0.22 + 0.26 + 0.88) CMS 2011 , all jets | 0.1
Word comb. 2014 ———— 173.34 +0.76 (0.27+ 0.24+ 067)
¢ £ Tevatron March 2013 (Run |+11) e @ et 173.20 £ 0.87 (0514 0.36 + 0.61)
3 Tevatron + LHC m,,, comb.
8 35 LHC September 2013 e e 173.29 + 0.95 (0.23+0.26 + 0.88) M ;
I | | . total | (stat. | syst.) | | | | | ‘ ‘
170 172 174 178 180 5 4 3 -2 -1 0 1 2 3
Miop [GeV] Pull
— > =
m = 173.34 + 0.76 (stat. + JES + syst.) GeV 0.44% rel. unc.
E A. Jung Top quark physics at the TeVatron 25



http://arxiv.org/abs/1403.4427

DS Electroweak fit

NH 10 L I I | | I I | I I I I I _]
S S S fitter|su: 3 .
_ [ SM fit w/o m, measulements = ©
8 — SM fit w/o m, and M, lIneasurements —
, = 8- min world average [arkiv:1403.4427] E
— HEH mkin DO measurement [8rXiv:1405.1756] -
6 =07 mP°® from Tevatron G =
5 m° fromCMS o_[arX =
= m{® from ATLAS o_[ar =
O il baieisuiainiuint. ity il — 26
= Latest CMS =
3 A —
2 — E
1 :— --------------------------------- — 16
0 - | | | ] | | | ] | |. | | | | / | | | | | | | | | ] -
160 165 170 175 180 185 190
m, [GeV]

— Internal DO-CMS study group to understand differences & correlations of
systematic uncertainties, effort is towards new world combination

E A. Jung Top quark physics at the TeVatron 26




DO m(t): matrix element method

Updates compared to last publication/measurement:

» More data 3.6/fb — 9.7/fb (full Run II)
* Improved object IDs (e, u, b)
» Faster method:
» Random number generation
> Modify treatment of KJES
— Verified that method gets
same result as with “old”
method, but factor of

~ 100 faster

* Allowed dramatic increase in
MC statistics

_>

E A. Jung

Typical statistical uncertainty: |

~0.25 GeV — ~ 0.01 - 0.05 GeV

Top quark physics at the TeVatron

Higher-order effects +0.25

ISR/FSR = £0.26

Hadronization and UE 8 +0.58

Color reconnection § +0.28
B Multiple pp interactions g +0.07
Modeling of background < .16
W +jets heavy-flavor scale factor 2 +0.07
Modeling of b jets 3 +0.09
Choice of PDF © 1024
Residual jet energy scale 2 $0.21
Data-MC jet response difference o +0.28
b-tagging efficiency +0.08
Trigger efficiency +0.01
Lepton momentum scale +0.17
Jet energy resolution +0.32
Jet ID efficiency +0.26

27



http://arxiv.org/abs/1105.6287

DEIm(t): Single Particle Response

» Improves MC description of jets and reduces sample-dependency
» Resulting F___for different jet flavors and their uncertainties

D@ I |<04 (a) D@ M <04 () | . [ DB |04 (0

9 80.02" ot 1 58002 ot 1 8002 -
LL i LL i LL

L ___.__-——-——'_'__—_—__'__ L

0.00r g 0.00r g 0.00 ]

-0.02- ] -0.02- -0.02F .

_0'04? — Correction _ _0'04? — Correction _ _0'04__ " — Correction _

i Statistical Uncertainty 1 ; i Statistical Uncertainty 1 ; g y. . Statistical Unc. -

~0.06: Systematic Uncertainty - 0'06: Systematic Uncertainty | 0'06: Systematic Unc. -

IS S T Y N Y T N T T S N T A I S T T S Y T I T S B A " AR TR VR S B

20 40 60 80 100 120 20 40 60 80 100 120 20 40 60 80 100 120

p, [GeV] p, [GeV] p, [GeV]

» Small correction to light quarks (u,d,s,c), several % for g and b quarks
» Without that correction, the measurement (see 1\fb result) suffers an
uncertainty for the b/light response ratio of 0.83 GeV, by far

dominant source
Phys. Rev. Lett. 101, 182001 (2008)
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DS m(t): methods

* Matrix Element method (leading order) calculates

event probability densities from do/dX
P, my) =

my) dgidqa f(q1)f(q2) Wy, z, kigs)
LO ME PDFs Transfer function

* ldeogram method event likelihood based on Breit-Wigner (signal)

convoluted with detector resolutions

n
L (sample|my, JSF) = H (Z Pyt (i) (Z;‘} HItt|HIt JSE) x Pj(myy; |myg, JSF) ))

events i=1

°* Template method compares histograms in data
to simulations (including detector resolutions)

» Depend on MC — We measure “MC mass”

* Alternative methods (“End-point”, J/¢ , “0”)

Wevent

W boson fully reconstructed:

— In-situ calibration, Constrain
reconstructed m, to m,

E A. Jung Top quark physics at the TeVatron
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DEJ m(t): single particle response
» JES does not distinguish quark and gluon jets

* Employ y+jets events to calibrate response in MC to data

o Derlve da COITeCtIOn faCtOT Fcorr fOr MC ° Response in calorimeter
for data or MC for particle i

s % data inside particle jet
1 ._ Zz L t Ri « Matching with dR < 0.25
- 1 pPMC
7 SITWI I8 AR -

* Preserves standard JES calibration
» Calibration by using:
» Reconstructed jet p_ with offset correction: p_*"

FEC}I‘I‘ —

s p, of EM cluster with tight photon ID: p.’
» Calibrate ratio p_*"/p_"

R

Assuming the single particle composition as in MC

E A. Jung Top quark physics at the TeVatron 30



D m(t). matrix element method

DO l+jets, 9.7 b’
I+jets Run I '+' 1.025 - 0.005, x*/DOF=6.0/7
u+jets Run lIb3 ---- 1.025 - 0.010
e+jets Run lIb3 -—I—- 1.027 = 0.008
utjets Run lIb2 -——-—' 1.032 - 0.012
e+jets Run lIb2 -—n-o—- 1.034 = 0.012
utjets Run lib1 -——'—' 1.038 = 0.019
e+jets Run b1 ——— 1.016 = 0.019
utjets Runlla st 0.986 - 0.022
etjets Run lla -—-—- 1.000 = 0.023
| e § fg ol g0 p o8 8.0 py 8 i
0.9 0.95 1 1.05 1.1 1.15
kjes
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D m(t). matrix element method

160

DO l+jets, 9.7 fb!
l+jets Run Il -..- 174.98 - 0.58, /DOF=5.3/7
w+ets Run 1Ib3 ._..._... 174.79 = 1.23
e+jets Run IIb3 -t—o—- 176.61 = 1.15
w+ets Run 11b2 ._.._. 174.46 = 1.51
e+jets Run lIb2 .—.—.-. 173.44 - 1.51
.+jets Run llb1 —— 173.76 = 2.37
e+jets Run lib1 .—.--.—. 174.54 = 2.28
w+jets Run lla ——t 172.67 = 2.74
e+jets Run lla P — 177.65 = 2.60
t o pa o selassalbh sepeloena fa;
165 170 175 180 185
M, (GeV)

E A. Jung

Top quark physics at the TeVatron
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DI  m(l): template method

 Dilepton decay channel using Hybrid method to reduce JES uncertainty
o mteff =W rntreco + (1-W) mtalt’ with: e CDF Run Il Preliminary (8.6 fb) —

+ﬁ—> II+2Jets+E, tagged events

mtreco sensitive to true m, (nW o oF T IR mtalt
less sensitive to m, 3w —
but does not use jet energies 5 20;:

na

II|\II|III|III‘iii
100 120 140 160 180 200 220 240 260
M (GeVic?)

— > |m,=170.80 £ 1.83 (stat. + JES) £ 2.69 (syst.) GeV 199 rel unc.

» All-hadronic decay channel: ) PR Akotmth, PO 6D gy -y 03
» Data driven bg model R S
» S/B ~ 1 for =2 2 b-tags et -
» For each event reconstruct W mass and I o |

t mass by minimizing x’ b A T I\
» Hadronic W decay for in-situ JES cal. "}I_ e H*»,m
e e, O e

— > |m =175.07 £ 1.19 (stat. + JES) £ 1.56 (syst.) GeV 4 1 ¢ rel. unc.
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DO  Single top production

Single top quark, Tevatron Run Il L =9.7 fb”

- s-channel single top quark, Tevatron Run |l L £9.7 fo!

> B >
g 1.6__ -% 1'83 = Posterior probability density distribution
o = !\ Posterior probability density dlstrlbutlon > 1.6F o, - 129208 o
1.4F . B i g
E - \Nk Ithlz =1.04 T4g \% § ::E # 6SM = 1.05 £ 0.06 pb
S12F _ 10270 ‘ 512
8 N thbl =1.02 -0.05 § g 1 |
g_ 1:— _/| Posterior for IthI <1 \ g o.a;—
= 0.8F ¢ IV, [>084at95%C.L. \§\ . :
“— B o N i =
2l L §\‘ 0/ 701, R |, | .,
B N 0 02 04 06 08 1 12 1.4 16 18 2 22
0.4 §§ d Cross section [pb]
- R
0.2 § .
- N
0_ [ R A N N N N N B NN \4 \\\k [ 0 \|\ S
O 02 04 06 0.8 1 1.2 14
vV P
tb
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DI Single

Yield [Events/0.04]

2

=

DO, 9.7fb""

P P2 04 o6 B8 1
BDT tb discriminant

N

- Data
tb
B tgb
o Wijets
Z+jets
Diboson

Bl i
B Multijets

Yield [Events/0.04]

Yield [Events/0.04]

10°}

107

10°|

10

uction

Top prod

DO, 9.7fb""

BNIN

0 02 04 06 08 1
BNN tb discriminant

l

BNNComb tb discriminant

DO, 9.7fb""

ME

]

Yield [Events/0.04]

3

0 02 04 06 08 1
ME tb discriminant

~

Pe, 8787 BNNComb
N b L LA L L L L 5
.7 1S 300 .
P 'E, "
’ e |
. 1S 200 .
= :
'S 100 -
_ . > :
0 02 04 06 08 1. : °07 "08° 09 1.

BNNComb tb discriminant

“------------------

-

R4

A. Jung
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D Top quark charge

» Fully reconstruct top pairs in 160—0C¢- BY FRD-RC [andv:1407.4837]

lepton+jets decay channel 140F- D, 5.3 " * Data
° |dentify b-jet charge by jet 120 . BSM

charge algorithm
* Exclude -4/3 hypothesis with 5 s.d.

1 = T I T I T I T 1

D@, 531" -SM |

llllllllllllllil111111111111

Number of top quarks
(0 0]
o

3
na
|

I

o

4

[ab]

.1

Probability
=
r

i i % 0.5 1 1.5 2
8L i Q. [e]
B i 1
R A L S N 085 DG, 53 10" _
-100 -50 0 2093 50 100 T
Ln(A) o 0.6 ;
» Fraction of BSM quarks “ oaf :
Fooy < 0.46 @95% C.L. 02 2
ot

s g 05 @ 1 185

» Confirmed earlier measurements fo
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http://arxiv.org/abs/1407.4837

DI Top quark asymmetries

» Interference appears at NLO QCD: TevatronA top
anti-top
——<— (YT
+ 17 +
—>— T — ’
Positive asymmetry Negative asymmetry A
— Only occurs in gq initial state; gg is fwd-bwd symmetric Y=Y =Y
» This is a forward-backward asymmetry at Tevatron N(Ay > 0) - N(Ay <0)

» No valence anti-quarks at LHC — ¢t more central FB N(Ay >0)+ N(Ay <0)

- SM predictions at NLO (QCD+EWK) LHC 4 A
— Tevatron: A__~ 8-9 % vs. LHC: A_~1 %

— Update: 10% at NNLO+NNLL

-
n
» Experimentally: Asymmetries based on decay leptons N(A|yt| > 0) — N(Aly:| < 0)
or fully reconstructed top quarks  «casier’ = N(A|y:| > 0) + N(Aly| < 0)

“harder”
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DO Top quark asymmetries

> New measurement by DO in the dilepton channel employing the
matrix element method: DO Conf. note 6445
— assign a likelinood per event for most probably Ay (x) value

DILEPTON D@ Preliminary, L=9.7 fb"
,‘:_ 80— = Data: 542
% E_ Il Dibosons: 7.222
2 70: [ | Fake bkg: 18.2
Q>J 60 — DZ—>"136.6
Q = =
= B t1: 458
- 50—
o) -
L 400
300
20
10
:I 11 | | |
5 -4

» Control distributions show reasonable data
modeling by MC — extract asymmetry
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DEY Top quark asymmetries

> New measurement by DO in the dilepton channel employing the
matrix element method:
— assign a likelihood per event for most probably Ay (x) value

Source of uncertainty

Uncertainty on Ay (%)

Detector modeling

jet energy scale 0.14
jet energy resolution 0.17
flavor-dependent jet response 0.03
b-tagging 0.11
Signal modeling

ISR/FSR 0.32
forward /backward ISR 0.36
hadronisation and showering —» 1.08
higher order correction 0.80
PDF 0.60
Background model

fake background normalization 0.35
fake background shape 0.35
background normalization 0.53
Calibration

Ay model —p 2.7
calibration statistics 0.4
Total 33

dP/dM (events/8.33 GeV)

DILEPTON D@ Preliminary, L=9.7 fb?
ast =0 Data: 542
a0h Il Dibosons: 7.222
[ Fake bkg: 18.2
35?F I Z—:36.6
30 E = - t T: 458
E
25
20-‘F
E
15 r:
10F
E
5|
E._ _
300 350 400 450 500 550 600 650 700 750 800
M, (GeV)
__ DILEPTON DO Preliminary, L=9.7 fb"
* E [ Data: 1084
O 70— Il Dibosons: 14.44
& | Fake bkg: 36.4
S 60F I Z - I: 73.21
€ 5ol Bl t7:915.9
= e
L &
o 40F
© -
7 M
20F
103

0 50 100 150 200 250 300 350 400
p, (t]) (GeV)

E A. Jung
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DES Differential cross sections

» Detailed studies & tests of pQCD

Phys. Rev. D 90, 092006 (2014)

s : : : g
Corrected to parton level V|a0n11atr|x unfolding Z @ po Zz-orm?
% il (@ DO £ =9.7fb ! 2 [ (@ DO Z-97fb ! i i
& 10 —e-Data Alpgen @) [ @ Data @ Alpgen 8 i —.= MC@NLO
= et MC@NL'?NLO <. 0.08 -.= MC@NLO = 10} i approx.NNLO
g e " i approx.NNLO = -‘"i"i (m_ =173 GeV)
= 102 = (m,, =173 GeV) B —t—1—.—. = -
@ % 0.06 oy Phys. Rev. D 82, 114030 {2010} ..6 ........... ! i Phys. Rev. D 84, 011504(R) (2011)
= *é: -1 -= approx.NNLO L J_ -
E Al e 3 '““":__ . J. High Energy Phys. 09, 087 (2010} 5_ !
$ w0 oot FIE; | kR
O I T ) §
10 - f ............ 0.02 ;--‘--1 0- g ™
- .v.r.v.-r.nl 1 1 1 1 1 1 1 1 1 L
e s T : —— 0 0.5 1 1.5
240 500 1000 % 700 200 300 400 [y*>®|
m(tt) [GeV] pr" [GeV]
3
L (b) DO £ =971
. - -+ Axi200L Axi200A
Stringent tests of QCD s - AxizoogL. — AXi400A
Study new physics models: no signs o 2r AXiZ00R  — pxiz0008
(o) r ===AXi2000R =—=7'220
o L
2 i el
T C o
T #
i e
_u P T R B! | L
0 0.5 1 1.5
e
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http://arxiv.org/abs/1401.5785

AXxigluons and Z'

» Various axi gluon models with different couplings, differential cross
section predictions (. Falkowicz, et al.)

(b) D@ £ =971 L (b)) D@ ¥ =9.7fb1
@ Compare various models to ~ -+ Axi200L Axi200A 6 ~ -+ Axi200L Axi200A
unfolded cross sectiondata & | - AxigoopL. AR | g T -+ Axigo00L AR
using full covariance matrix:. o 2 AXi200R  __ piro00n | O s AXi200R  _ Axi2000A
; i o === AXi2000R == 7’220 o 4+ === AXi2000R — 7’220
= Z(y — )i covi s (Y —p); g | [arxiv:1401.2443] | | E [
i '.5. s ..‘E i
. Q: 1 . i . i [ e T —— m 2_
» Models with masses of 0.2 to _I_-.__I_.-‘—L‘-iné ! I
2 TeV for L (left), R (right), A I :
I T N S O N B | ! PRI I T T NS T T N SRR I AR
(axial) | 0 0.5 1 1.5 400 600 800 1000 1200
» Models are constrained by |ytoP| m(tf) [GeV]
a(tt), A_, and high tail of _ S— (
da/dm(tt) at Tevatron and LHC M(t8) */ndf]  pp® [X*/ndf]  |y*°P| [x*/ndf]
axi200L 0.96 1.07 1.20
@ Some models are in tension e teied .
with the presented data ! axi2004 085 359 388
' _ axi400A 0.44 2.65 3.26
— Z', some axi gluons AxiSO0A 0.97 2.86 3.23
axi2000L 0.58 1.27 3.78
Tevatron data adds sensitivity at low mass | axi2000r 0.43 1.94 2.75
o : axi2000A 0.88 3.56 4.11
— specific models constrained 7990 405 597 743
E A. Jung Top quark physics at the TeVatron 41


http://arxiv.org/abs/1401.2443

DEJ Accelerator & Detectors

Vs=1.96 TeV

@ Peak luminosities: 3 —4 x 10°2 cm™s
» ~10 fb-'/experiment recorded
@ Tevatron shutdown September 2011
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