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* [ntroduction
- The top quark
- Tevatron and DO

e Selection of events
- Signatures
- Lepton+jets events
- Dilepton events

e New results
- Inclusive cross-section
- Mass
- A, and Polarization
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Top quark matters asipanticlexoiaiEi
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The heaviest knownielementryasaIiicIE

- Withm~175 GeV, top quark is as heavy as a gold atom

quark

down
quark

electron

Comparison of particle masses. The volume of each sphere is proportional
to the particle mass. The mass of the neutrinos is too small to be visible
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The heaviest knownielementryasaIiicIE

- Withm~175 GeV, top quark is as heavy as a gold atom

 Large Yukawa couplings to Higgs boson
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The heaviest knownrelementayas=igitIE

- With m~175 GeV, top quark is as heavy as a gold atom

« Large Yukawa couplings to Higgs boson
« Large effects in loop corrections

- Top mass is key parameter for SM
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The heaviest knownrelemeniaiyasaigisie

- With m~175 GeV, top quark is as heavy as a gold atom

Q
O
« Large Yukawa couplings to Higgs boson §A £
« Large effects in loop corrections =
- Top mass is key parameter for SM |
consistency check F W vaceum A
?
- May play a major role in electroweak ..
symmetry breaking mechanism. 200 Instability
= Eg in dynamical electroweak symmetry -
breaking > ay
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- May define the stability of our universe g 190 SRS g
= Larger top masses yield EW vacuum instability & [ E’:
50 Z
. JHEP 1208 (2012) 098
[ll B I‘S;[}I h lI{IH]l - .Iﬁi]- N -.’«1[-}[1

Higgs mass M, in GeV
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Top quarkipRysIcs

e Large top mass implies
- Mass is a key parameter of SM
- May be a proxy to new physics at the TeV scale
- Decays before hadronization since m x g, > /A .,

= Access to bare quark properties, e.g. spin
e So there are many things we can study

, Branching ratio
Productlon rate Rare decay
Productl.on mpcham;m Non SM decay
Production klnemths Mass Anoralous coupling
Resonant production Width v,
Liftetime
Spin/Polarization
Charge
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_______ Tevatronandps
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The Tevatron proton=aRtipProLEINcI I EYs ﬂ

Birthplace of top quark in 1995
n pp collisions
in Runlat 1.8 TeV
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The Tevatron proton=antiplotoRNCIiEBE; m

aaaaaa

Birthplace of top quark in 1995

in pp collisions

mmRunlatl.8 TeV &
DO p mEEEy - {EmEm

1.96 TeV i
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The Tevatron protonEantipoloNcIIIdEY; a

Birthplace of top quark in 1995
in pp collisions
inRunTat 1.8 TeV

3 400~ D@ 9.7 fb’ - Data
6 Run || 'ntegrated Luminosity 11871.03 (1/ph) ° I I+jets -gtherbgs
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MASS (GeV) c o 2005 &S 0.5--FHT=" =
5 2,000 2003 2004 / 0 100 ZDDhad 300
e 47 - | ! ‘2002 2003 2?2005 2006 2007 2008 2009 2010 2011 2012 " t [GeV]
3.1 HL | s —————— :
2% Jl:l ‘ 1762 13 GeV The results of today
2 rely on the full data set
o F#F & with thousands of events -
B =2 | Tevatron Run II: (2001-2011)
VO sy, ¥ ™ A decade of successful running ;
------------------------------------------------------------ . Improved in performance over time
A handful of events . ~12fb" delivered per experiment
- ~9.5 fb for analysis :
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D0 detectoriin

21 Solenoid

Fiber Tracker

2t ]

| Silicon u-strip Tracker ¢
Preshowers
Forward Muon
f_____.', = « Tracking+Trigger
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CEA - Saclay

Tracking and vertexing
- 2 Tesla Solenoid
- Silicon (|n] < 3.0, r~10cm)
- Fiber (|n| < 1.7, r~50 cm)
Calorimetry

- LAr/U
* |n|<4.0

Muons:
- Drift chambers/Scintillators
- In| <2.0
Typical coverage
* Muons |n|<2
- Electrons
= |nl<1.1
= 1.5<|n[<2.5
- Jets|n|< 2.5
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Top quark: productioRiERCRGECHY,
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Top mostly produced by pairs S [ fmembiee T(S0E)  ATLASHOS Preliminary Sepzots |
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- | won't talk about EW single top £ 10°F 1 gusesmey e =

: = ined ey* -5.320.3 10" =

production today B [« aasecromvimy ;

w ~ e CMSeu*13TeV (L=42pb’) 1

8 - & ATLAS ee/upu* 13 TeV (L=85 pl?:) -
= O ATLAS l+jets* 13 TeV (L=85 pb™) I
(] I~ O CMS hjets* 13 TeV (L=42 pb") 1000
. '= * Preliminary -
21 L
Nowadays LHC is by far THE top ¢ 10%: |
'® - 800
quark factory 3 F |
C - i
- n 6001

——— NNLO+NNLL (pp) [ . . L

10 ——— NNLO+NNLL (pp) 13 Vs[Tev] |

= Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 =

H Oweve r — | | tho: :71‘ TIEI.Z (;EZV, I!'BMI':@] g uncertainiie? according to PPF4LHC n

 Initial state is different at Tevatron: 2 4 6 8 o 12 @rre\;14
- We are probing quark-antiquark annihilation into top-antitop

- LHC is probing gluon-gluon fusion gz : t
q g t g t_'

9 oo {

q ot g0 —— |
high purity (~85%) qq at Tevatron >85% gg at LHC

 We have a well calibrated and understood data set to perform
precision measurements
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Top pair productionsigatine

> Top decays into Wb (~100%).

W+
Vi
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Top pair productionisignatil;

> Top decays into Wb (~100%).
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> OK 99.82% to be more precise
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Top pair productionisiymaui;

> Top decays into Wb (99.82%). Then W— ev or pv or 1tv or jets.
Decay products with high momenta, large angular separation
Expect to reconstruct energetic objects: e, |, jets, E

- Tagging of b-quark jets to improve purity

T miss

u+jets
15%

All jets
445/

Channels
22%
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Top pair productichiSignEtune m

> Top decays into Wb (99.82%). Then W— ev or pv or 1tv or jets.
Decay products with high momenta, large angular separation
Expect to reconstruct energetic objects: e, |, jets, E

- Tagging of b- quark jets to improve purity

T miss

AII jets channel
‘Large QCD background
Huge combinatorics problem
in tt reconstrution

utjets
15%

AU N6 etjets
44%

I ENIES
with T
22%
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Top pair productionisiymaui;

> Top decays into Wb (99.82%). Then W— ev or pv or 1tv or jets.
Decay products with high momenta, large angular separation
Expect to reconstruct energetic objects: e, |, jets, E

- Tagging of b-quark jets to improve purity

T miss

utjets
15%

AU N6 etjets
44%

Channels
with T
22%

'l‘ are hard to indentify.
‘Many sub-channels

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll |
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Top pair producticnisSIgiR=tDl; ﬂ

> Top decays into Wb (99.82%). Then W— ev or pv or 1tv or jets.
Decay products with high momenta, large angular separation
Expect to reconstruct energetic objects: e, |, jets, E_ .

- Tagging of b-quark jets to improve purity Lepton+jets channels:

-Large yield but

utjets
15%

All jets
4450

I ENIES
with T
22%
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Top pair productichiSignEtune m

> Top decays into Wb (99.82%). Then W— ev or pv or 1tv or jets.
Decay products with high momenta, large angular separation
Expect to reconstruct energetic objects: e, |, jets, E

- Tagging of b-quark jets to improve purity

T miss

utjets
15%

All jets etjets
44% 1570

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

~ .- Pure, but low yield (4.5%).
. M - Kinematic underconstrained :
Channels ‘because of 2 neutrinos :

22%

/
L//ET:{/
\l
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Top pair productichiSignEtune m

> Top decays into Wb (99.82%). Then W— ev or pv or 1tv or jets.
Decay products with high momenta, large angular separation
Expect to reconstruct energetic objects: e, |, jets, E_ .

- Tagging of b-quark jets to improve purity Lepton+jets channels:

--Large yield but
sfair amount of background :

utjets
15%

All jets e+jets
44% 15%

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

~ - Pure, but low yield (4.5%). :
Sl T - Kinematic underconstrained :
Channels & =

22%
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I.

b-jet tagging to increasepurtyAIASE:

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

B hadrons are long lived particles: ct~0.5 mm.
EB -hadrons can decay semi-leptonically: b — pvc

L L L L L T T T L T T T T LT T T T T LT T T T L T T LT T T T LTI LTI

Can make use of:
- High impact parameter of tracks
==> light quark Jet Probability
- Secondary vertex reconstruction (SVX)
- Lepton tag
- b-jet kinematics (large B-hadron mass)
- Combination of above with multivariate techniques
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b-jet tagging| to increaselpurtanE

' ] , jet Jet
wamulatlon, P >30GeV,|n |<11
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NIM A 763 (2014) 290

MVA Performance ~ €=60% for 1.5% mis-tag @ P.=50 GeV
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Selection off candidatelevents
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e Event signature:
Central, spherical
Hight p. lepton
Large E; miss et
3 or more jets (2 b-quark jets)

Acceptance:

10 — 20%

Signal simulated with
= Alpgen+Pythia
= MCatNLO + Herwig

« Selection: e Backgrounds

Single lepton and lepton+jets + WHjets (Wbbj, Weej, Wijj)
trigger * Determined with MC
Isolated lepton p.>20 GeV (Alpgen+Pythia)

= Large uncertainty on the
In(W)|<2.0, [n(e)[<1.1 cross section ~20%:
E.  >20GeV normalized on the DATA
3]&3; 0.>20 GeV - Non-W (QCD: fake lepton)

.

= Determined from data
- WW + jets using MC
e Further S/B enhancement

b-tagging
Kinematics
- Analysis dependent
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Leptons (e;[l)Hjetsichannels

. Typical yield E 10005 (c) D Preliminary 9.7 fb™ ‘
+< 800~ l+=4 jets = pata Singletop
= - B ti(1+jet) Z+jets
3jets 4djets 3jets 4jets wl 600 -g(u) =$:'flf-|-jetts
- i +jels
. O] | hen - i tboson .Mult;iet
tt signal ~2500 ~2400 ~2000 ~2000 400
- g ho b-tag
200
purity in ~12% ~40% ~30% 65% -
signal 0
=} T
W-+jets ~65% ~45% ~50% 20% F 1 T L
background T o5
100 200 300 400 200
H; [GeV]
3 jets =>4 jets
Source e+jets p+jets e-+jets {1+ jets
Wjets 1741 £26 1567 £ 15 339+£3 295+ 3
Multijet 494 £7 1283 147+L4 49 £+ 2
Other Bg 446 £5 378 +2  87+1 73+ 1
tt signal 1200 +£25 817 +£20 1137+ 24 904 + 23
Table from polarization analysis  Sum 3881 £ 37 2890 £ 25 1710 £+ 25 1321 £+ 23
1 b-tag requirement Data 3872 2901 1719 1352
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Dilepton channels

e Event signature:
. Cer_1tra|, spherical v
2 hight p_ leptons
large E.
2 b-quark jets

e Selection:
High p_ (di)-lepton trigger
Isolated leptons p.>15 GeV

In(W)I<2.0
In(e)|<1.1 or 1.5<|n(e)|<2.5

E > 20 GeV

T miss

2 jets p.>20 GeV

e Further S/B enhancement
- Topological cuts based on
HT=Zi|pTi|’ ETmiss ’ 7T miss
significance
b-tagging
- Analysis dependent

Acceptance:
10— 15%
Signal simulated with
= Alpgen+Pythia
= MCatNLO + Herwig

Backgrounds:
Z — |, ee, TT + jets
= using MC
- WW, WZ + jets
= using MC
- WHjets, QCD ( fake lepton)
= Determined from data
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Dileptonichannels

: : 7] _ :
« Typical yield @ 10°L (b) D@ Preliminary 9.7 fb
- S I+ =1 jets
H+2 jets H+2 jets ._ﬁ u . }Eno b-tag = E{E:It}a
. ] . -
ept1 jet 1 Loz 10 ~ Diboson
tt signal ~600 ~460 Z -l
2 Multijet
10
purity in ~55% ~88%
signal T i
Z+jets ~28% ~7% 1 I
o
background 2 15— b — .
3 [DO,L=07%7  —Data: 542 T H ; e . + ........... —
C1a0f B Dibosons: 7.2 ) -
%12{] N (g) [ Instrumental: 18.2 200
tF C3Jz > 11:36.6
E'iﬂﬂ C + -t t: 458.0 MET [GEIV]
. ¥4 dof=0.73
80 -
60 1 b-tag stage
405 (from AFB analysis) Z — /{ Dibosons Instrumental tf — £{jj Total expected Data
. pp 1065703 L7071 00Ty, T93%g  9LT g, 92
200 ep 1303702 37H05 164707 2831700 316, z+1 T
u{'.l_ 50 100 150 200 250 300 350 400 450 500 ce 12. ‘]2+H i lqtgi ISTHH: 9. F+H ?’ 112. 1+ 1 : 104

H, (GeV)
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Measurement of productioniCToSSEFSEIs1i N
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Strategy to measure CroSSESECIIN

« Simplest method: “cut and count” o =

« Disadvantages:
Issue when background suffers from large uncertainty.
= Need to be constrained by (same) data
- Mix together regions of phase space pure v.s. less pure in signal

e QOur method:
- Separate into different channels using lepton flavor, jet multiplicity
= Different S/B, different background composition
Use shape of continuous discriminants which separate signal from
background
Cross-section extracted from a likelihood fit with profiling
- Systematics treated as nuisance parameters

Perform simultaneous fit of signal and[nuisance parameters
= Backgrounds with large uncertainties (\WW+jets) are constrained by data
Reduces impact of systematic uncertainties thanks to correlation across

channels.
. . . N F'"'rl;-inﬁ e —ij Ngvys 92 XQ
_ ij —
o0, 8,8 < n @) = [T T iy S <[] e B
=1 j=1 ! k=1
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Leptontjets mutivanateranalysis

e Large background

« Use multivariate analysis to discriminate signal against background

Train separately MVA according to jet multiplicity and lepton flavor
Try to reduce dependence of acceptance as a function of top mass
hypothesis
Use ~ 30 variables, well modeled by MC

H., aplanarity, sphericity, M_(jets), lepton p., b-tagging ..

T!
Mix kinematics information and b-tagging
Use “gradient boosted” decision tree.

D0 MC Preliminary e+ 3 jets

kinematics

+b-tagging \’

\

o©
\l

b- taggmg only

o
S 06 : :
= kinematics ,Only
© 05
=
04 —BDTG
8_ 0.3l —BDT

' —BDTG_NObID
% 0.2 —BDT_NODbID
£

—bID_mva_max

0/ 011 012 0:3 0:4 0.15 0:6 017 018 019 1
false postive rate
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Signal vs backgrounuiSepaicaiio

o {+jets: use MVA mixing kinematics and b-tagging

-=- Data Singletop
Bl tt(1+jet) Z+jets
i) Bl Whf+jets
W Diboson [ Wif+jets
B Multijet

Entries

Ratio

(f) DT Preliminary 9.7 b
u+ =4 jets

P I

* Dilepton: use b-tag discriminant

-= Data

()

2 Diboson
Z =l

B Multijet

Entries

Ratio

10°L (c) D2 Preliminary 9.7 fb’* 2 10°
e+=4jets =
]
= w
10?
10
1 1
1.4 S — o 14
] i s S £ e 08
-1 -0.5 0 0.5 1 -
Topological MVA output
10°E (d) D Preliminary 9.7 fb" b
up+ = 2jets -E
10 w
ola
10
1
107 °
1'§| it 1 i E
0.5 . : 2
0 0.5 jmax
b-1D mva

1 -05 0 0.5 1

Topological MVA output

10°E (b) D Preliminary 9.7 fb™
eu+ =2 jets

lmax
b-ID mva
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Inclusive crosSSESeclion

Simultaneous fit of dilepton and lepton+jets channels

Source of uncertainty Uncertainties

o(th)= 7.73 £ 0.13 (stat) £ 0.55 (syst) pb i
(fOr mt =172.5 GeV) Modeling of signal

Alternative signal model +0.09
00/0 =7.3% Hadronization +0.25
Color reconnection +0.11
i .,ES:SSEE_6453 ISR /FSR variation +0.06
. PDF +0.08
Modeling of detector
5 ———— Jet modeling & identification £0.06
SRAR L [ i ML b-jet modeling & identification +0.16
. mm::::jm“ . i—— Lepton modeling & identification +0.02
vE H Trigeer efficiency +0.01
- Luminosity +0.20
; 1'1; g i — Sample Composition
3ttty LI e MC cross sections & branching ratios +0.03
' M“’"f‘,’,;-"?:';;i.mmm.. et ZIW pr reweighting +0.16
5oy TEL Multijet contribution £0.09
" W4jets heavy Havor scale factor +0.15
, o . W4jets light parton scale factor £0.05
LR == e LY S R MC statistics +0).01
6 wf® Dz,,:e,mmm,.b Total systematic uncertainty +0.55

-
"
=
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Inclusive crosSS=Seclion

Simultaneous fit of dilepton and lepton+jets channels

o(tt)= 7.73 + 0.13 (stat) + 0.55 (syst) pb
(form =172.5 GeV)

00/0 =7.3%
D0-Conf-6453

e Dominant uncertainties
- Signal model (hadronization)
« Luminosity
* Sensitivity limited by systematics

- Not a large improvement relative
to 5.3 fb' result (7.56+£0.59 pb)

* Result in good agreement
with theory:
- 0,=7.35+0.25pb
assuming m=172.5 GeV

Baernreuther, Czakon & Mitov
PRL 109, 132001 (2012)

D

CEA - Saclay

Source of uncertainty

Uncertainties

ﬁtumhi ned 4 |]]1

Modeling of signal

Alternative signal model +0.09
Hadronization +0.25
Color reconnection +0.11
[SR/FSR variation +0.06
PDF +0.08
Modeling of detector
Jet modeling & identification £0.06
b-jet modeling & identification +0.16
Lepton modeling & identification +0.02
Trigeger efficiency +0.01
Luminosity +0.20
Sample Composttion
MC cross sections & branching ratios +0.03
Z|W pr reweighting +0.16
Multijet contribution +0.09
W 4jets heavy Havor scale factor +0.15
W 4jets light parton scale factor +0.05
MC statistics +0.01
Total svstematic uncertainty +0.55
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Top mass frrom  CroSSFSErtion

» Exploit dependence as a function of top mass
- Measure cross-section for different top mass hypotheses
= Dependence due to variation of acceptance
- The theoretical prediction depends on the top “pole mass”
= Use NNLO+NNLL pQCD calculation top++

« Construct a Bayesian posterior probability of the top mass
- Flat prior on top mass

« Extract top mass f.___ 14l D@, L=9.7 fb '
- Advantage: well defined “pole mass”, as = [\ Preliminary

opposed to “MC mass” obtained in
direct measurement

m, = 169.4+1.2 (theo) £3.5 (exp) GeV
m =169.4 £ 3.7 GeV

dm /m =2.2%
DO0-Conf-6453
* Improvement over the 5.3 fb' result

- === Measured o(pp— tt+X)

— —— Measured dependence of o

167.572 , GeV (PLB 703, 422 (2011)) due ar
' i —NNLD+NNLL
to reduced dependence of measurement oL . . a1
160 170 180 190
VS Mass Top quark pole mass (GeV)
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Direct measurementontheNnass
N dileptonfevents
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Method to measure topimassSHnG i CPHIEVEIiiSEs

 Kinematic underconstrained because of two neutrinos

 Extract sensitive information with
“neutrino weighting method”
e For each event
= Fix a top mass hypothesis m "ypotesized

= Assume a given pseudorapidity for the neutrinos (use a Gaussian prior)

= Solve kinematics and corrépute likelihood measuring agreement between
calculated and observed E..

= |ntegrate over neutrino directions
« — Obtain a likelihood (or weight) as a function of m "ypothesized

< Example of event
0.121- D@, 9.7 fb™

e Extract 2 observables per event
Mean and RMS (y,,,0,,)

of weight distribution 0.08)

[ P : I
100 150 200 250 300
n,':wputhemzed [GEV]
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Templates for massimeasurEens

 Mass extracted from a fit to the data using 2D templates of the
observables (u,,,0,,)

- Templates produced at masses from 150 to 200 GeV

D@, 9.7 fb™

o
il i

—
|

o o
K

g
i

Probab;lig Density E’/o]
o =Y

eu channel

2D signal template @ m=172.5 GeV

Events / 5 GeV

Ratio

U template for different m,

(o]
o

~ -e-Data -1
[ —1T,m=172.5 GeV [_)g, 9',7 ,flg

- - tf,m=165 GeV tt— ¢2vevbb
[ --- {1, m=180 GeV

- [JInstrumental

(b)

200 220
K, [GeV]
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Optimization ofiSystematiClnGCeAITHES

A dominant uncertainty due to the scale of the jet energies: JES
JES calibrated in y+jet events has ~ 2% uncertainty
- A 2% shift on JES yields ~1% shift on the top mass in dilepton events

« Simultaneous measurement of top t
mass and JES scale factor kJES and in
{+jets channel

JES constrained in-situ using dijet mass
from W — qq' decay

~

M ~ 80 GeV
m=174.98 +0.76 GeV 5 1050 DO Collaboration
kJES= 1.025 + 0.005 dm/m =043% 8 . | - i Slsptomsiots)

: : = [ ] a a ] n = :
PRL 113, 032002 (2014) 2 o3l ]

PRD 91, 112003 (2015) 5
T 1.02 -
- kJES factor propagated to the dilepton 5 | sl
channel 2 1.011 -
 Reduce by ~ 4 the JES uncertainty = [m=174.98 £0.76 GeV |

172 173 174 175 176 177

top quark mass (mt) [GeV]
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DO dilepton toprmassmeEaSUEENRL

 Maximum likelihood fit of 2D templates

 Use JES calibration from DO {+jets

measurement ., soo
c

= D@ Preliminary, 9.7 fb ™
250 °

2001

150 .
100 \./

| | | | |
150 160 170 180 190

m, [GeV]
m =173.32 + 1.32 (stat) + 0.85 (syst) GeV

arXiv:1508.03322 om/m = 0.9%
submitted to Phys. Lett. B
 Dominant uncertainties

- JES (stat) uncertainty from {+jets measurement
- Residual JES
- Higher order effects

Cli

Saclay

Source

T |GeEV]

Jet energy calibration

[_Absolute scale F0.47 |
Flavor dependence F0.27
| Residual scale H.36
b quark fragmentation +0.10
Object reconstruction
Trigger — (.06
Electron pp resolution +0.01
Muon pr resolution F0.03
Electron energy scale +0.01
Muon p scale +0.01
Jet resolution F0.12
Jet identification +0.03
b tagging F0.19
Signal modeling
[ Higher-order effects —0.33 |
ISR/FSR +0.15
pr(tt) —0.07
Hadronization —0.11
Color reconnection —0.22
Multiple pp interactions —0.06
PDF uncertainty +0.08
Background modeling
Signal fraction +0.01
Heavy-flavor scale factor +0.04
Method
Template statistics +0.18
Calibration +0.07
Total systematic uncertainty| =£0.85

« Smallest systematic uncertainty in dilepton measurements

(including LHC)
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Tevatron masses

e Latest Tevatron combination, July 2014

Mass of the Top Quark

= +
m =174.34 + 0.64 GeV July2014  ( preliminry)
om/m = 0.37% CDF-Il dilepton * i B i )
&
D@-ll dilepton 174.0042.80 (:236:1.49)
 New DO dilepton measurement to be CDF-1l alljets * 175.0741.95 (1552119
included il
m, = 173.32 + 1.32 (stat) + 0.85 (syst) GeV RS RRE 17393185 (1262156
Smt/mt =0.9% CDF-II lepton+jets 172.85+1.12 (:0.52+0.98)
e
- Large improvement over DO 5.4 fb DQ-1l lepton+jets 174.98:40.76 (:041% 069
dilepton result: 174.0 £ 2.4 +1.5 GeV ||
- Systematic uncertainties reduced due to Tevatron combination * o S
JES Callbratlon {Run | and Run Il} (+ stat + syst)
- Also improved statistical uncertainty due ldot = 10.8/11 (46%)
to optimization of neutrino weighting | | |
method
165 170 175 180 185
M, (GeV/c?)

arXiv:1407.2682 |
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Forward-backward asymmeuaacaiicyn) aideaiiisld
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Forward-backwardiasymimeira/aiwy

top
. QCD + EW theory predicts positive asymmetry in ~ 1€Vatron antitop

tt production: top quark tend to go in the same N

direction as incoming proton at Tevatron m
—— ; q t
q 3 t :;
4 ‘\t . . .
_ 1 g = g B = Main positive contribution due to interference

q —ft q t between born and box diagrams
t
q t q g
>'8’"€‘ S8 + Negative contribution in ISR/FSR
q t q t interferences
......... t
q 'y t 9
B 71 ! 7/ = Also non negligible impact of interferences
i e q Y N\ between QCD box and electroweak diagrams
t : L
1  New Physics could affect quantitatively the
asymmetry
q NP i - Eg axigluon models
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BN History

_ _ N(Ay>0)—N(Ay<0)
e Observable: Arpp = N(AZ>0)+N(Ay<0)

tt forward-backward asymmetry

AY =Yt — Yp SM, 2006 « |
f+jets
D@, 0.9fb” 7 S S——
* A lot of excitement in the past years: CDF 19fb_12
. , . 7k L
Tevatron {+jets analyses were
showing departure from SM - CDF. 536" e
expectations ‘ {
 Nowadays: _ DG, 5.41t o
- SM expectations evaluated to be - /
. SM, 2014
higher: ~9.5£0.5% (arXiv:1411.3007) ‘ {_ ’
- CDF, 9.4fb]| +—e—
More data, more refined ‘ { .
analysis: latest experimental | D9, 9.7 e
results are lower than before L . i
0 0.1 0.2 0.3

« Inthis talk: A_;in dilepton channel

First publication in dilepton channel
Complete the set of Tevatron measurements

Difficulty: reconstruct the tt kinematics given 2
escaping neutrinos
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Top polamzation

» Polarization affects angular distributions of top decay products
e Simplest decay product to study: lepton B, "

o _1 (1 + kP cos@i) /\

_ b
dcosf* 2 g g

Beam axis

|

Beam basis: use proton beam boosted in tt rest frame as quantization axis
Helicity basis: use tt axis in tt rest frame _

Transverse: use cross product (beam x top) in tt rest frame

Lepton direction measured in parent top rest frame

K= spin analyzing power of lepton ~0.99 as predicted by QCD

« Within SM, top quarks are expected to have a very wealé_

polarization (in all basis)<1%. !
= Need a parity violating effect to yield longitudinal polarization
= eg : Axigluon models with right-handed couplings B NP
= Contribution from SM Z boson negligible q {

= Small QCD -induced transverse polarization <1%
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A_. and polarizationNNIEINESIS

Polarization is slope of cos(f*) distribution 0.06f

- This is also 2 x asymmetry of that distribution  o.os- f
Polarization in beam basis is 0.4
~2x asymmetry of y(£*)-y(t) distribution o0t |example distribution
So one has 3 asymmetries 002t for 20% polarization

. fory(t)-y(t) — Ay "ol

- for y({*)-y(t) — polarization of top L Y R S

. for y(£)-y(t) — polarization of antitop
Acceptance and reconstruction effects create correlations between
the three measured asymmetries.

A_; measurements depend on actual polarization

First measurement of A_; in dilepton channel was suffering from a large
model dependence mostly due to polarization (DO 6445-CONF)
~ MA_~ 5% for 20% polarization

Note that effects are weaker in {+jets channels
We now perform simultaneous measurement of A_, and polarization
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Q$

Kinematic reconstrictionNniuil SRV iis

 Use same kind of Matrix Element integration as for DO mass in {+jets
channel

1 n — —
L. ~ Ao Z / | W (z, 2)W () fepr(q1) frpr(q2)d°ons (x)dpldg™ dg dgs
tot

A .
flavor8$7Q1)q2,p§§>¢tf \ .¥ . .
d®o(x) differential cross-section

f,.-(q): parton density function

W(x,z) transfer functions to relate
W(p,): pdf for ttbar transverse momentum

reconstructed quantities z
to true 4-vectors x
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Kinematic reconstruictionNnicil S iGHEVELS

Qa

 Use same kind of Matrix Element integration as for DO mass in {+jets
channel
But: Insert a o function for any parton-level kinematic variable K (eg K=Ay /)

L.(K) =7 -10t0t 2 / 6 (K(x) = K)W (z,2)W () feor (@) fror(ga)d®ons (x)dpide' dgi dgs

flavors

tt t
L,4q1,92,P 1 ’¢tt

We obtain a likelihood function of K for each given event

« With this method: obtain likelihood functions for Ay, cos 6+, cos 0-

DO Correlation=61.2% DO Correlation=68.1%

Ay

S

& 0.8

S Resolution = 0.4
0.4
0.2
0
0.2
0.4
0.6
0.8

- 1
3 2 1 0 1 2 3 1 -08-06-04-02 0 0.2 0.4 0.6
Ay

true

Resolution = 0.69

0.8 1
cos(6")

true
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dN/dcos6* (events/0.03)

ﬁ
L/

« Accumulate likelihood= Reconstruct distribution of Ay., cos 6+, cos 6-

20
18
16 -
14
12f
10}

O N &~ O
TT T+ TTTT

D@, L=9.7 fb"
T At _gr 9o
- Araw=5-2% £ Data-Bkg: 480
- AMCH_g 39, [CImc tt: a58

dN/dcos6” (events/0.03)

1 08060402 0 0204 0608 1

coso”

’%Pbeam — Abeam

 Measurement from background subtracted data
Extraction of raw polarization (beam basis): 8.7£5.3 (stat)%
Extraction of raw A_,

20_

T G 'y
o N A O oo
TT T

8
6
:
oF
0_

; - ARL,=-3.5%
- ANCT-.0.5%

D@, L=9.7 fb™

.1 Data-Bkg: 480
|:| MC ti: 458

Abeam

Arp =

1080604020 02040608I1

cosf’

N(cosf* > 0)

'“‘60

dN/dAy (events/0.1

- A% =11.3%

- AMCt_4. 0%

D, L=9.7 fb™

.| Data-Bkg: 480
|:| MC fi: 458

— N(cos* < 0)

N(cos% > 0) + N(cosf* < 0)
N(Ay>0)—N(Ay<0)

:11.3 £ 3.4 (stat)%

N(Ay>0)+N(Ay<O0)

« Raw measurements need to be corrected for detector (resolution &
acceptance) effects
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2D measurement offATS ARG NGl

e Correct raw measurements for
reconstruction and acceptance effects

- Use 2x2 calibration matrix Al Al
() e () v

- Obtained from reweighted tt MC

- Closure tests with BSM models kP

KP.

T of IASRANRFoARRASAPY
% - Axigluon models . ., .

 (Corrected results 20 5 m2000R S =
« A, =15.0+ 6.4 (stat)+ 4.9 (syst) % - O m2000A ! -

10 m200R [ -

= KP = 7.21+10.5 (stat) £ 4.2 (syst) % - o m200L UL SR

- Correlation (A_,,KP)= -56% 0 © m200A RN

.jof- Y Standard Model . -

- ® Measurement e, -

_20:_ .............. 68% CL region RRCTPIRY S B

 Main uncertainties: S 90% CL region -
+ Statistics W2 00 10 20 30

- Hadronization A,; (%)

- Model dependence=response to different BSM benchmarks
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» Polarization measurement as a test of SM: £ o :
« Constrain A_; to SM prediction of 9.5£0.5% 2 o IS e ]

= Ignore BSM response uncertainty 10 EEE%A A

kP =11.3% 9.1 (stat) £ 1.9 (syst) % Fomm e

= First measurement of polarization (beam basis) at Tevatron ™| * Meswemen | 7 7

200 90% CL region B

'393:0' 20 A0 0 0 20 30 .

- A_, measurement as a test of SM fro 09
= constraining kP to SM value of -0.19%, ;;* 3°E‘Axiglumodels ST Lee7

= |gnore BSM response uncertainty “p o mooor R

100 m200R Lo %N T

A= 17.5+5.6 (stat) = 3.1 (syst) % B SEEANIER LY

_10§_ \{ hSntandard Model \ _E

L SEChredon e

« Combination of A_; from dilepton and {+jets e ectegen
- DO f+jets A = 10.6 + 2.9 (stat)t1.1(syst)% B Wy 2

= Different dominant sources of systematic uncertainties.
= Also big statistical uncertainties
= Correlation with dilepton <10%

= BLUE weight 83% for {+jets, 17% for dilepton

A= 11.8+26 (stat) £ 1.2 (syst) % arXiv:1507.05666
Phys. Rev. D 92, 052007 (2015)
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Tevatron forward=hackWarEaSyIniiiEWIES

* This new measurement complete the set of measurements

performed at Tevatron Tevatron Top Asymmetry

 Results consistent with SM tt Ay Asymmetry (A" )

« Working on combining DO+CDF CDF Lepton-jets (9.4 o) 16.4 + 4.7
iy —§ 12+ 13
DoLsponseis 07 R 10.6 £3.0
DO Dieptons (9.7 1) . 17563

Tevatron AEB Lepton qn Asymmetry (A_ )
CDF Lepton+jets (9.4 fb™) 164 + 4.7 CDF Leplon+iets (0.4 ) L 0.4+ 32

PRD 87, 092002 (2013)

CDF Dilepton (9.1 fb™) 12+ 13 CDF Dileptons (9.1 b . 7.2+6.0
CDF Public Note 11161 - PRI 119, 042001 (2074 ) R
CDF Combination (9.4 fb™) 16.0 £ 4.5 DO Lepfonwjets @710 1 50+ 37
CDF Public Note 11161 Ve Do D'”e tons (9.7 fb) '
DO Lepton+jets (9.7 fb™) 10.6 + 3.0 o 58, 110008 Gory — 44+39

PRD 90, 072011 (2014)

]
DO Dileptons (9.7 fb™) Lepton An Asymmetry (A_)

. 17.5+6.3
arXiv:1507.05666 ; CDF Dileptons (9.1 o) 7.6 +8.2
DO Combination (9.7 fb™) 118+28 PRL 113, 042001 (2014) 0 = O
arXiv:1507.05666 it DO Dileptons (9.7 fb™ 123 +56
NLO SM, W. Bernreuther and Z.-G. Si, PRD 86, 034026 (2012) PRD 88, 112002 (2013) B
[T NNLO SM, M. Czakon, P. Fiedler and A. Mitov, arXiv:1411.3007 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 A 0 . 20 40 |
symmetry (%) 20 0 20 40

Asymmetry (%)
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Polarization measurementSNn eSS IAIsIE] ﬂ

 Enhance signal with b-tagging requirements
« Use multivariate likelihood to determine signal vs background composition

- Reconstruct full tt event with kinematic fitter
Same kinematic fitter as for {+jets A_, measurement (PRD 90, 072011 (2014))

« Also reconstruct events with 3jets +1lost jet (Demina et. al NIMA A 788,128, (2015))
* QObtain lepton angular distribution in different bases
* Create MC templates for 100% and -100% polarization

) .
= D@ 1 (14 P=0 nom. [0 Wi+jets

S 600 () “ 9.7 fo [ Non W+jets [l Multijet

> 500 Preliminary === f P=+1 temp.='=t{ P=-1 temp...
LLl o @ Data [ 1Syst. Unc.

087708 06 0402 0 02 04 06 08 1
t cosb,, (transverse)
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Polarization measurementSNn eSS IAIsIE] ﬂ

» Fit data with fraction f* (1-f*) of template of 100% (-100%) polarization
+ Polarization= 2f* - 1

. 49 - . T P=0 nom +jets
+ Wijets background model tuned & 600= (&) 09, 97%" 4_jotg T, mme
on data control sample & 500 TR Yes o "o TPt tomp. < Pt tem.
- Separate templates according to 400 TS Loy
lepton flavor x jet multiplicity 3008 [ L® el
200wt 0 TTTre
100=wese o>/ — . @
O 1.2 ;
% 1 \W\\\\\\\\x«+«««««««««««w;www?“»\\\T\\\\\\i\\\\\\‘}\\\‘&\\\}&\
8 08775806 0402 0 02 04 06 08 1
coso, (helicity)
N - . - +iets 491600 1 It P=0 nom. [ W+jets
£ 600 (®)DD.971" 4_jetg Gir-trn e S 14005 (& 02977 3 ]et S EINon vl e
g Preliminary ser i P41 temp. ==l P=-1 temp > Preliminary === {f P=+1 temp. == {f P=-1 temp.
L 500 @ Data .Syst. Unc. ’ L|J1200 """ : @ Data R Syst. Unc.
e 1000 e ' === -
800F T e
600 =i
s00E. e
200 ------
QO 9, CEJ 1.2
% 1 ‘Qﬁ\“\\\\\\i\\\““f****\*f“ﬂAefec\c\ew\F\\ww*w\\\\\1\\\\\\?\\\Q‘\\ NN B 1
% 087 08060402 0 02 04 06 08 1 & 0-8708-06 0402 0 02 04 06 0.8 1

+ cosB,, (beam) cos®, (helicity)
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Polarization measurementSHnt] EiSacHtiiiE e

CEA - Saclay

Source Beam Helicity Transverse
. - g . Signal and background modeling:
¢ D0m|nant uncertalntles Alternate signal +0.009 £0.014  £0.003
« Statistics Initial /final state radiation +0.008 +0.003  £0.003
Color reconnection +0.003 £0.007  £0.003
- Jet energy scale Multijet background +0.001 4+0.008  £0.002
- b-ta in Background normalization +0.004 +£0.003  £0.002
gging b-jet fragmentation +0.001 £0.001  £0.000
J g
- PDF [ PDFE uncertainty F0.013 £0011 _ £0.003 ]
Top quark mass +0.002 £0.005  £0.003
Instantaneous luminosity +0.000 £0.002  £0.002
* Results in agreement with SM Detector modeling:
. - . - (313 L)
expectatlons Flavor-dependent jets response +0.009 40.008  +0.007
[ b-tagging +0.009 £0.014 — F£0.005 ]
- + + o - o Trigger efficiency +0.002 £0.005  £0.001
Beam I:)b 7055 A) (SM 0.2 A)) Lepton momentum scale +0.002 £0.008 £0.001
He||C|ty P=-102+6.0 % (SM_O4%) tt transverse momentum +0.005 +0.001  £0.002
Jet energy resolution 00: 00! 00!
h Jet gy resolut +0.003 +0.005  +0.005
Transverse |:>t =+40£34% (SM:+1.1%) Jet identification efficiency 4+0.001 4+0.004  £0.003
Lepton identification +0.006 £0.016  £0.002
Vertex confirmation +0.004 £0.002  £0.004
DO0-Conf-6471 ., "
W 4jets calibration +0.002 £0.003 £0.001
I Sample composition +0.012 +£0.007  £0.004
°
FIrSt measurement Of transverse MC template statistics +0.001 +£0.001  £0.001
polarization at hadron Colhder App uncertainty +0.005 +0.000 £0.000
Total systematic uncertainty +0.030 +0.041  £0.015
| Total statistical uncertainty +0.046 £0.044  40.030 |
Total uncertainty +0.055 £0.060 £0.034
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B S snrrary —

 Twenty years after discovery, Tevatron data provides valuable insight
Into top quark physics.
- Precise measurements
- Complementarity with LHC using the pp initial state

« Latest DO measurements to complete the picture
 Inclusive cross-section
- Extraction of pole mass from cross section
- Mass with reduced uncertainties in dilepton events
- Forward-backward asymmetry
- Polarization in different bases

» Latest measurements are in agreement with Standard Model

e |n particular:
- New mass measurements favor lighter top quark mass,
i.e., favor stability of our universe

« Still more top-quark results expected soon from DO
= Spin correlation
= Mass with dilepton events and matrix element method, Mass from all-jets events
= Mass from differential cross-section
= Combination with CDF for mass and A_

= Combination with LHC for mass

DO top web page: nttp://www-d0.fnal.gov/Run2Physics/top/top_public_web_pages/top_public.html ——
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A__ dileptoniuncertaue

Main contributors:

-~

D

t

Source of uncertainty

Uncertainty on A" (%) Uncertainty on P (%) Correlation (%

Detector modeling

eHadronization
Model dependence
«Statistics

Jet energy scale 0.13 0.50 -100
Jet energy resolution (.03 (.06 100
Flavor-dependent jet response 0.02 0.06 —100
b tagging 0.14 0.43 - 9
Signal modeling

ISR/FSR 0.16 0.41 -100
Forward /backward ISR 0.10 0.07 —100
Hadronization and showering 3.28 1.94 —100
Higher order correction .02 0.71 -100
PDF 0.12 0.30 - 98
Top quark mass 0.03 0.21 -100
Background model

Instrumental background shape 0.16 0.53 100

Instrumental background normalization 0.29 0.01 100

Background normalization 0.44 0.18 100
Calibration

Ay, model 1.28 0.11 100

MC statistics 0.60 0.61 -39
Model dependence

Maximum A" variation 2.91 2.35 ~100
_Maximum £F varjation L4 2.08 —100
Statistical uncertainty 6.40 10.53 - 50
Total systematic without model dependence 3.02 2.40 -4
Total systematic 4.88 4.24 - 83
Total 8.05 11.35 — 50
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Tevatron CrossSr

e Summary of measurements
(not including this new one)

Tevatron Run II,\/s=1.96 TeV

CDF dilepton
8.8 fb™

o —

CDF ANN lepton+jets  pH—e—i

4.6 fb™

CDF SVX lepton+jets j—j—e—i—i

4.6 fb™

CDF all-jets
2.9 fb

CDF combined
< 8.8 fb

DO dilepton
5.4 fb™

DO Ieg;omjets
5.3 fb"

D0 Combined
<5.4 fb™

—_— e —f

H=—H

M

e

e

Tevatron Combined o

< 8.8 fb'm=172.5 GeV

7.09 = 0.83
+ 0.49 = 0.67

7.82 + 0.56
+ 0.38 + 0.41

7.32 + 0.71
+ 0.36 = 0.61

7.21+1.28
+0.50+1.18

7.63 = 0.50
+ 0.31+ 0.39

7.36 + 0.85
7.90 = 0.74

7.56 = 0.59
+ 0.20 + 0.56

7.60 = 0.41
+ 0.20 = 0.36

Phys. Rev. Lett. 109 (2012) 132001

o(pp — tt) [pb]
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Tevatron mass compination

» Latest Tevatron combination on July 2014

Mass of the Top Quark in Different Decay Channels

Lepton+jets

July 2014

—_—— =

Dilepton *

Alljets *

MET +Jets

Tevatron
combination *

(* preliminary)

17417 £0.66 (+0.38% 0.54)

171.95+£1.97 @1.61+1.14)

175.63+1.85 (+1.23+1.39)

—_—

17419 +1.77  (#1.29+1.21)

174.34 +0.64 (+0.37% 0.52)

(+ stat + syst)

I N I

168 169 170 171 172 173 174 175 176 177 178 179
M, (GeV/c?)

mt = 174.34 + 0.37 (stat.) £ 0.52 (syst) GeV
m =174.34 £ 0.64 GeV

Eimt/mt =0.37%

Does not include recent updates from CDF dilepton, all-jets channels
Does not include new DO dilepton measurement

Mass of the Top Quark

July 2014 (* preliminary)

CDF-II dilepton *

170.80+3.26 (+1.83=2.69)

D@-1l dilepton

CDF-Il alljets *

CDF-Il MET +Jets

D@-ll lepton+jets

{Run | and Run 11}

CDF-Il lepton+jets

Tevatron combination *

174.00+2.80 (12.36+ 1.49)

—_—— T

175.07 £1.95 (155 1.19)

_— —

173.93+1.85 (=1.26=1.36)

Bt

172.85+1.12 (£0.52* 0.98)

i

174.98 £0.76 (£0.411 0.63)

P

174.34+0.64 (:0.37£052)

(+ stat + syst)

¥°/dof = 10.8/11 (46%)

165 170

arXiv:1407.268

175 180
2M (GeV/c?)
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World combinationtViarcianzidg:

Tevatron+LHC m,,, combination - March 2014, L =3.5fb"'-8.7 fb"
ATLAS + CDF + CMS + DO Preliminary

COF Runil. I+jets NP 172.85+ 1.12 (0.52 + 0.49 + 0.86)
oL S — 170.28 + 3.69 (1.85 F3.13)
C.Dfﬁt'm -all jets F ——— - 17247 + 2.01(1.43+ 095+ 1.04)
COF Runll, E™*+jets _

. : b —— 17393+ 1.85(1.26 + 1.05+0.86)

DO Runll. [+jets Pt 174.94 + 1.50 (0.83 £ 0.47 £ 1.16)

0 Runll. dHepton - * =0 174.00 + 2.79 (2.36 + 0.55 + 1.38)
ATLAS 2011, l+jets — 10t =t 172.31+ 1.55(0.23 + 0.72 4 1.35)
ATLAS 2011, dl-epton _— = 173.09 + 1.63 (0.64 £ 1.50)
CMS 2011, IHjets — et —t 173.49 + 1.06 (0.27 + 0.33 + 0.97)
N - (et —_— — 17250+ 1.52(043  +1.46)
CMS 2011, alljets —_— = 173.49+ 1410068  +1.23)
World comb. 2014 /™ =310 =i 173.34 £ 0.76(0.27 £+ 0.24 + 0.67)

25 TevatonMarcn2013 (Run i+l riosa 173.20 + 0.87 (0.51:0.36 £ 0.61)
20 Lhe September 2013 T O i 173.29+ 0.95(0.23+0.26 + 0.88)
- | | | ToTaJ (stat. syst.)

165 170 175 180 185
My, [GeV]
m, = 173.34 £ 0.76 (total) GeV arXiv:1403.4427
om/m = 0.43%
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LHC (direct)ime

March 2015

oo -1 -1
ATLAS Preliminary m,,, summary - Mar. 2015, L =4617-2031
in
M, * tob. (stat. £ JSF £ bJSF £ syst.)
I
all jets 100082 bl ] 1751 £ 1.8 (14 t12)
Ly =461 X
|
. N . |
single top fON;Zg}gPﬁ e el 1722 +21 (07 +20)
I
|
- l+jets EVX‘V:EO:)?“” = K = 172.33 1 1.27 (0230254 067+ 1.02)
int = % 1
I
> dilepton 15567 n—l:-a-n—l 173.79+1.41 (054 -130)
int = \
I
I
|
N A Eur. Phys. J. C74 (2014) 3103 g 25
oftt) dlleptonLmﬁwy_zo_:w1 e 1729 t 5
I
offs et - ! 1737 5
I
|
;
|
ATLAS Comb. Mar. 2015 (arxiv:1503.05427) !
172.99+ 091 = B World Comb. 10
World Comb, M | stat. uncertainty
olrm 35T0.76 ar. 2014 wicwnasszy i stat. ® JSF © bJSF uncertainty
o : total uncertainty
Tevatron Comb. Jul. 2014 (aiv:i407.2662) I *Preliminarv. = Inout to ATLAS comb.
174,34+ 0.64 - el
I
| | L |
mtop [GGV]

a

ATLAS, CDF, CM5, DO

1
-~ )\ | o\ ) P
ASUICTIICInS >,
September 2014
197" (8 TeV) + 5.1 10" (7 TeV)
T | T T 1 | T T T 1 | | | 1

CMS Preliminary

CMS 2010, dilepton ® 175.5 + 4.6 = 4.6 GeV

JHEP 07 (2011) 049, 36 pb”™’ (value * stal = syst)

CMS 2010, lepton+jets ® 1731 £ 21 = 26 GeV

PAS TOP-10-009, 36 pb™ {value = stat = syst)

CMS 2011, dilepton ® 1725 0.4 = 1.4 GeV

EPJC 72 (2012) 2202, 5.0 fb” (value = stat = syst)

CMS 2011, lepton+jets - 1735 +0.4 1.0 GeV

JHEP 12 (2012) 105, 5.0 fb™' (value = stat = syst)

CMS 2011, all-hadronic . 173.5 £ 0.7 £ 1.2 GeV

EPJ C74(2014) 2758, 3.5 fb” (value = stat = syst)

CMS 2012, lepton+jets ® 1720 +0.1 0.7 GeV

PAS TOP-14-001, 19.7 fb™ (value = stat = syst)

CMS 2012, all-hadronic . 1721 £ 0.3 0.8 GeV

PAS TOP-14-002, 18.2 b (value = stat = syst)

CMS 2012, dilepton . 1725 +0.2 = 1.4 GeV

PAS TOP-14-010, 19.7 b (value = stat = syst)

CMS combination : 17238 + 0.10 + 0.65 GeV

Septembear 2014 (value * stat * syst)

Tevatron combination . 174.34 £ 0.37 £ 0.52 GeV

July 2014 arXiv:1407 2682 (value * stat = syst)

World combination March 2014 —i— 173.34 £ 0.27 £ 0.71 GeV

{value = stat = syst)

165

170

175

180

m =172.99 + 0.91 (total) GeV

m =172.28 + 0.66 (total) GeV

m, [GeV

Smt/mt =0.53%

Smt/mt =0.38%
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(I:MS

| | | [ [ | [ | I I | I | | [ | [ [
CMS combination, lepton+jets 172.45 + 0.15 £ 0.47 GeV
This analysis (value = stat + syst)
CMS combination, all-jets . 172.42 + 0.24 + 0.59 GeV
This analysis (value * stat + syst)
CMS combination, dilepton : 172.71+ 0.20 + 1.07 GeV
This analysis (value + stat + syst)
CMS combination 172.44 + 0.13 £ 0.47 GeV
(value + stat + syst)
l | I A | I N | | I A | [

m, [GeV]
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CDF measurementsiunezZoig’

Combination with BLUE method Mass of the Top Quark
Recent update to be included March 2014  (* CDF preliminary)
e Dllepton RU n I I CDF-I dilepton * 167.40 +11.41(+10.30 + 4.90)
170.80+3.25 — 171.5+3.14 ——
) CDF-Il dilepton * 170.80 £3.25 (+1.83¢ 269)
. Alljets .
N unchanged CDF-l lepton+jets 176.10 £7.36 (£5.10 5.30)
-
CDF-ll lepton+jets 172.85 +1.11 (:0.52+ 0.98)
@
CDF- alljets 186.00 +11.51(10.00 2 5.70)
i
CDF-Il alljets * 175.07 +1.96 (+1.19% 156)
CDF-Il track * 166.90 +9.46 (+9.00% 2.90)
-
CDF-Il MET +jets 173.93 +1.85 (+1.26+ 1.35)
m=173.16 £ 0.57 (stat.) £ 0.74 (syst) GeV |
m=173.16  0.93 (total) GeV wor comoneten” e
+2/dof = 5.6/7 (58%)
| | | | | |

150 160 170 180 190 200
M, (GeV/c?)

CDF Conf. Note 11080
om/m, = 0.54%
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_________ 2Dcalibration

Determine relation between raw measurements and true (A_.,Polar).

FB’
Reweight MC@NLO tt MC
- Reweight lepton angle (in beam basis) distribution

1 4 Polar®®™¢? . (cos @+ — cos§~) — SpinCorr - cos 0 - cos 0~
1 4 Polar®™™4l . (cos §+ — cos#~) — SpinCorr - cos 0+ - cos

Reweight Ay with a dedicated function

= Fit differential asymmetry A(Ay) with
the function [B.(tanh(Ay/a) + (Ay/y)?

w(cosOT, cosh™) =

A(Ay)
o
o|1I T
g
Q

—e— MC@NLO

: . , 0.5—=— Alpgen+Herwig
= Use this functional form to reweight +— Alpgen+Pythia

MC@NLO events and obtain pseudo 0.4+ Axigluon m2000R
samples of different A_, —o— Axigluon m200A

1+% X 3 X (tanh(%)
w(Ay) = Y
148 % tanh(a)+(7)

_I_
—~
>
<
~—
w
N——
o
N

",III|IIII|IIII|

o
(=)
($)
—h
—h
(3
o .
N
(3]
‘<w||||||||||

= This reweighting preserves the shape of the
differential asymmetry, but enhance its magnitude

(®))
|
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Old DO results usingic

Alternative mef ods

» Mass is convention dependent:

L] L] —
Depends on the renormalization scheme 2 .4l DO, L=5.3 fb "’
* Direct mass measurement is close to the pole . . PLB 703,422 (2011)
Mass © sol \
s Derive m f’:"e from intersection of measured o,
and theoretical predictions: 10—
g
Theoretical prediction | mP® (GeV) AmP™ (GeV) = AN,
1 GEE oD g MC pranle MC _ = E
MC mass assumption |m; = m, m, = m, —e— Moasured o(pB—» tisX)
NLO [11] 164.8° .,-1 ~3.0 | H“;:ﬁ"ﬂd “F':{T:'m;“f“ R
T ‘ o i m— approx onakis
NLO+NLL [12] 166.5 52 ~2.7 —— NNLO approx Moch and Uwer
NLO+NNLL [13] m.s.n' v 3.3 NLO+NNLL Ahrens et al.
Approximate NNLO [14]] 167.5152 2.7 2 150 160 170 180
Approximate NNLO [15]]  166.7753 —2.8 Tﬂp quark pﬂle mass (Gev}

—|m. =16/.5+5.4-4.7 GeV
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Top mass from CroSS=SE Ai]on s LrlC

Vs = 7 TeV, uﬂim;_:- 0. 1134

o, (pb)

CMS: 176.7 3.0 GeV (7 TeV)
PLB 728 (2014) 496 + corrigendum .

S —
= CMS,L=23fb"
w==e Top++ 2.0, ABM11
- == Top++ 2.0, CT10

Top++ 2.0, HERAPDF1.5 —
oo« Top++ 2.0, MSTW2008
~ Top++ 2.0, NNPDF2.3

300

Cross-section [pb]

250

ATLAS=1729+2.6 GeV (7 & 8 Tev) **

— MSTW 2008 NNLO _

— e MSTW 2008 NNLO uncertainty

— CTIONNLO

------ CT10 NNLO uncerainty

— NNPDF2.3 NNLO

— « NNPDF2.3 NNLO unﬂrtﬂfnlr
O \s=7TeV,d5m" } m

'N“-“. \s=8TeV, 2031

I:II.|IJII|JII

EPJC74 (2014) 3109 5
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DO €+jets massiwithimatiaxee] EYEINITEIL a

2D-likelihood fit to extract top mass

1.05[
1.04|
1.03]
1.02

1.01f

in situ calibration factor

m, =174.98 + 0.76 GeV

D@ Collaboration |
= =« =« « ttolepton+jets ]
. L=9.7 b

172

173 174 175 176 177

top quark mass (mt) [GeV]

Source of uncertainty

Ettect on m; (GeV)

Signal and background modeling :
Higher-order corrections
Initial/final state radiation
Transverse momentum of the /7 system
Hadronization and underlying event
Color reconnection
Multiple pp interactions
Heavy-tlavor scale factor
Modeling of b-quark jet
Parton distribution functions

Detector modeling:

Residual jet energy scale
Flavor-dependent response to jets
Tagging of b jets

Tngger

Lepton momentum scale

Jet energy resolution

Jet identification efficiency

Method:

Modeling of multijet events
Signal fraction
MC calibration

+0.15
F0.06
—0.07
+0.26
40,10
—0.06
F0.06
+0.09
+0.11

+0.21
.16
F0.10
=0.01
=0.01
=0.07
~0.01

+0.04
=008
=0.07

Total systematic uncertainty
Statistical uncertainty

=0.49
=058

Total uncertainey 2076

PRL 113, 032002 (2014)
PRD 91, 112003 (2015)

Smt/mt =0.43%

Main systematics from residual JES,
hadronization and underlying event

m =174.98 + 0.58 (stat+JES) + 0.49 (syst) GeV
m, =174.98 + 0.76 (total) GeV

Comparable uncertainty to Tevatron+LHC 2014 combination

D
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Asymmetry measurementsSiataeyaidon

* Observable: App = ﬁﬁﬁg;g;;%ﬁﬁg;ﬁ; Ay =yt — yi

- Directly related to the tt production asymmetry

* QOther observables: lepton based asymmetries

0 _ N(An>0)—N(An<o0) AN = Mg+ — M-
Apg = N(An>0)+N(An<0)

tt Ay Asymmetry (lepton+jets)
CDF 9.4 fb™
AL — Ny(gxn>0)—N,(gxn<0) * 16.4+ 4.7 %
FB N¢(gxn>0)4+Ng(gxn<0) D

- Can be affected by effects at the top or
VV deCay VertiCeS Lepton gn Asymmetry (lepton+jets and dileptons)

— 9.0, %

i 4,2+2.4%

Lepton An Asymmetry (dileptons)

& 7.6 £8.2%

g 12.3+5.6 %

Bernreuther & Si, Phys.Rev,, D86 (2012) 034026
0 5 10 15 20

Asymmetry, %
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