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. What makes top so interesting?

. Compellmg arguments that new physics can show up

in the top sector:
- Top is the heaviest quark discovered so far

- Its Yukawa coupling is 0.996%0.006

. Special role in EWSB?
- Since 19 years, our measurements
have been consistent with SM predictions
in the top sector within uncertainties

- DO and CDF collected thousands
of tt events, enabling precise
studies of top properties

« There are recent measurements
displaying tension between

Tevatron data
and the SM predictions (A.g)
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LIGHT HEAVY
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A wealth of top properties
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%\/f t&:ﬁ?ﬁi The birth place of the top quark

All measurements shown today use
the full Run Il dataset of 9.7 fb'
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.%\/f T Initial state @ Tevatron (and LHC)

FUR PHYSIK

. Initial state for top-antitop pair-production rather
different between Tevatron and LHC:

pp initial state 2 CP eigenstate pp initial state

centre-of-mass energy: 1.96 TeV centre-of-mass energy: 7 (8) TeV
Initial state: qq (~85%), gg (~15%) Initial state: qq (~25%), gg (~75%)
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FUR PHYSIK

. Initial state for top-antitop pair-production rather
different between Tevatron and LHC:

pp initial state 2 CP eigenstate pp initial state

centre-of-mass energy: 1.96 TeV centre-of-mass energy: 7 (8) TeV
Initial state: qq (~85%), gg (~15%) Initial state: qq (~25%), gg (~75%)

. Dramatic differences for single top production:

q q

b9 b t
s o

LHC: pp (7 TeV) 4.6 pb 64.6 pb 15.7 pb
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Differential tt cross section

- R
. High-profile measurement:
- Tevatron legacy @ Vs=1.96 TeV in p-pbar with 9.7 fb-*
- Low acceptance effects due to centrality of events

- Verify and potentially identify issues with modeling
- Search for new physics like e.g. axigluons via my,

ol arXiv:1401.5785 [hep-ex], submitted to PRD
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Differential tt cross section
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. High-profile measurement:
- Tevatron legacy @ Vs=1.96 TeV in p-pbar with 9.7 fb-*

- Low acceptance effects due to centrality of events
- Verify and potentially identify issues with modeling
- Search for new physics like e.g. axigluons via my,

. Selection overview:
- Exactly one tight isolated electron or muon with: Jet
+ Pr>20 GeV, INmuonl <2, INetectronl < oupiacoatacks |
- >1 jets with cone parameter R=0. 5 and // =

Decay ldehme %econm et
. pr> 20 GeV, leading jet p; > 40 GeV

Primary vertex

- Reject multijet events with /

. pr > 20 GeV .
. Topological cuts

- One or more b-tagged jet (g, = 60%, €5, = 1.2%)

to further reject backgrounds
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> (@ DO Z=97fb" -(b) DO ¥ =97}
U 10 —o—Data @ Alpgen Z
g -.= MC@NLO Z
o) —— approx.NNLO
.&‘ 10_2 ----------- J. High Energy Phys. 09, 097 (2010) x.
< 1077w o I PR R
:: Q - T i = I [ o
-.g 108 % L %
~ [ el
el
s ] 3
10* R U -
L L | ! ! L 1 | ! m 0 L L | ! ! L ! | !
240 500 1000 240 500 1000
m(tt) [GeV] m(tt) [GeV]
Source of uncertainty Uncertainties, % Regularised unfolding USing
Oincl |0aise| the L-curvature method in TUnfold
Signal modeling +e-2 4.0 — 14.2
PDF 29 0.9 — 4.4 do: ]\ unfold
Detector Modeling 9 3.1 — 13.7 LA L
Sample composition +1.8 28 — 9.2 dX Y .-B-AX;
Regularization strength +0.2 0.8 — 2.1 . .
Integrated luminosity 61 61— 61 arXiv:1401.5785 [hep-ex], submitted to PRD

Total systematic uncertainty oo 8.5 — 23.1 11lel%) Oleg Brandt & * 1
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. N\/f FOR PHYSIK Differential tt cross section
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Tevatron combination o
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. Using up to 8.8 fb- Tevatron Runll @ +-
. Various analySiS CDF dilepton _ e = 7.095{(})‘.251)3t . 8.8fb
techni ques CDF ANN leptons+jets e o 7.82 ii g-.ggi o 4.6 fb™
« Consideri ng CDF SVX lepton+jets @] 7.32 f g.?:lg . 4.6 fb™
correlations of CDF all-jets R S G R— 7.21+1.28 2.9 b
. +0.50 + 1.18
SySte matl C CDF combined - e - 7.63+0.50
uncertainties +0.31+0.39
Utilizi the Best D@ dilepton F———A 7.36 £ 0.85 5.4 fb™
o nzing e beSs
Li near U n biased D@ lepton+jets I 7.90+ 0.74 5.3 fb™
Esti mate (B LU E) D@ combined — o —i 7.56;*‘{?..253i -
Tevatron combined e - 7.60 £ 0.41
m, = 172.5 GeV +0.20 + 0.36

[Uncertainty: 5.4%!J 6 7 8 9

pp — tt cross section (pb) at\s=1.96 TeV

arXiv:1309.7570 [hep-ex], accepted by PRD
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.%\/f NsTITUT Single top s channel evidence

. Single top history: '3
« 2009: s+t channel observation S
« 2011: t channel observation §
« 2014: s channel evidence - today! q
- Note that s channel is difficult to observe at the LHC
« > So far only upper limits exist @ LHC q q
. Selection similar to tt, categorise into: 2
: w S
= e (20r 3jets) x (0, 1, >2 b tags) ¢ S
° ° O
S . Control region: 2 jets & 0 b-tags y -~
% . Sensitive to s-channel: 3 jets & >2 b tags ¢ B
3 > 3000]-(a) DO 9.7fb" X " (b) DG 9.7fb"| I [ (c) DO 9.7 fb"
S 9 } . = v g 1500 %, % 2000/
- [ > W.bb c N I
~ @ 20000, ° =i S 1000 Yy 5
(g 5 : — ;7.{+jets/Diboson !'.IE", — P L%’
E .uj. 1000 _ I Multijets E 500 5 1000 [
-~ 3 - 9o -
. 9 - - > '
» > i
> 0=""50 100 150 200 "2 0 2 *a 050 200
Q Missing E_[GeV] Q(lepton) x n(light-quark jet) Top Quark Mass [GeV]
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. Strategy:
- use three multivariate analyses

« Matrix elements (ME)
- Boosted Decision Trees (BDT) > Combine!
. Bayesian Neural Networks (BNN) | (p;; = 75%)

- Train separately for s (left) and t (right) channel
. Simultaneous extraction!

\

10°

g (@ D@97 T ;pe s, () DI 9.7fb" "g
g 103 — 5 02 - "9’. %
5 10% qc, 1 See, L
> > _ “eg .
! W 10 _ <
e 10 = | M
2 [ Q
> 1 > 1 £
, 3

1 -1 .

107 02 04 06 08 1 107 02 04 06 08 1 g
Ranked s-channel discriminant Ranked t-channel discriminant Q
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s channel cross section [pb]

Phys. Lett. B 726, 656 (2013)
27.08.2014
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g 1 SD
34 3 5
o [ [(F
w3 | @
© o ©
O | © A @® Measurement
D 2r B swm
c - {> Four generati
% i O Top-flavor
1_ 2
L I /\ Top pion
el ] FCNC
_l L1 1 l 1 1 1 1 I L1 11 l L 11 l 1 1 1 l L1
D I Y N -

Recent results in the top sector from DG

Single top s channel evidence

21.4F (b) DO 9.7 fb"

% 1'2;_ 0expected

T 1.0t =1.07% . pb

O 0 8;_ 0'observed

q,06;— =1.10%>>pb

204

< 0.2- i\
0.5 1 15 5 55355

s channel cross section [pb]

t channel normalisation!

No assumption about ]

Final s

channel result:

| o(pp — th+ X) = 110753 pb, |

Significance: 3.70
First evidence for single

top in the s channel!

Oleg Brandt




Single top s channel observation
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. Tevatron combination:
- D@ measurement using 9.7 fb-1 (just shown)

- CDF measurements using 9.4 fb! PRL 112, 231805 (2014)
. Similar analysis strategy in the lepton+jets channel

« In addition: +D
E_ miss 4 jets channel g - s-channel single top quark, Tevatron Run Il, Lim <9.7fb"
T . 3 10t ¢ Data — Expected background
to increase § - SMsignal . Background uncertainty
acceptance L TN ., CIW/Z+X
. S i
« Result: o 10° | t-channel
-0,=1367,3,(420) E G S 7 W Multijets
- = Higgs

- Expected: 3.40
. . . . 1
- Combine discriminants o
- Consider all systematics

n
o

oased IIHH]

. . 10— ey
+ their correlations o e
C e ————— =
-3 -2 A 0
Phys. Rev. Lett. 112, 231803 (2013) Discriminant output [log, (s/b)]
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Single top s channel observation
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% 18 - s-channel single top quark, Tevatron Run I, L <9.7fb - s-channel single top quark, Tevatron Run Il, Lint <9.7fb"
§ 1 .6 - = Posterior probability density distribution Measurement Cross section [pb]
> 1.0 g
£ r = 1.09+0:2 , :
8 1.4F !OS 9024 PP CDF [l+jets e 1.41%9%
8 F 1ofM=1.05=+0.06pb
s 1.2 ‘ CDF E +jets —— 1.12°0%
o - :
g F . CDF combined —e— 1.36 05
§ 0.8 . ;
0.6 E— § DO l+jets + 1.10 +ggi13
0.4 : Tevatron combined o 1.29%02
0.2 ‘ '
- | | | : | | Theory (NLO+NNLL) _
%0204 06 08 1 12 14 16 1.8 2 22 0°=006pb[PADET, 054026 20104
s channel cross section [pb] 0 1 2

s channel cross section [pDb]

. About equal contributions from both experiments
. Negligible dependence on m;

« Observed significance: 6.30

- (Expected significance: 5.20)
Phys. Rev. Lett. 112, 231803 (2013)
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.N\/f itﬁﬁ Colour charge asymmetry, I+jets
« Theoretical predictions (Tevatron-specific!):

- At LO, completely symmetric

- At higher orders, interference terms influence
t and tbar production asymmetrically, e.g.:

(> TTT—— )

w ,. \ T

[ q Q \
00, T
SEEEOTH \ SEESOT
_ 3 ) ) —<00000003—< )
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.N\/f itﬁﬁ Colour charge asymmetry, I+jets
« Theoretical predictions (Tevatron-specific!):

- At LO, completely symmetric

- At higher orders, interference terms influence
t and tbar production asymmetrically, e.g.:

(> TTT—— )

w ,. \ T

[ q Q \
00, T
SEEEOTH \ SEESOT
_ 3 ) ) —<00000003—< )

- New physics contributions
to enhance asymmetry?

. Massive axial vector gluons
. Massive vector gluons

e Z’, W’

. Technicolour

o ?
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.ﬁ\/f Colour charge asymmetry, |+jets
. Theoretical predictions (Tevatron-specific!):

- At LO, completely symmetric

- At higher orders, interference terms influence
t and tbar production asymmetrically, e.g.:

" g Q N\ (> OEEETy—>— )
99, 000
Q] \ Q0] Y A \ (60001
1 Q ) 00000005 Y
- New physics contributions q ? t
to enhance asymmetry? ¢
. Massive axial vector gluon
« Massive vector gluons
o Z’, W’
« Technicolour
¢ ? t
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« Form observable: Ay =y —
NAy>O . NAy(O

Afb =

NAy>O + NAy<0 p =
- Use b-tagged events # rest frame
. Use kinematic fitter for reco

t
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KIRCHHOFF-
.N\/f FORPHYSI Colour charge asymmetry, I+jets

« Form observable: Ay =y —
NAy>O . NAy(O

Ao = NAy>0 L NAy<0 p > p
- Use b-tagged events # rest frame
« Use kinematic fitter for reco
200 !

DJ, 9.7fb

|

backward




KIRCHHOFF-
.N\/f FORPHYSI Colour charge asymmetry, I+jets

« Form observable: Ay =y —
NAy>O . NAy(O

Aep =
8™ Nay>0 f NyAy<o - =
- Use b-tagged events # rest frame
« Use kinematic fitter for reco # N
*2 200 I D@, 9.7fb™ 1 Tevatrond top
) 5 anti-top
kT 1505b P (d)
100;_ acrwar
- >
505 LHC A top
o r anti-top
x 1.
s
© O.
0
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« Form observable: Ay =y —
NAy>O . NAy(O

A =
8™ Nay>0 f NyAy<o - =
- Use b-tagged events # rest frame
. Use kinematic fitter for reco
) —
£ 200¢ g.0%, 971" | X
o 150F ( d)
- r N
_ backward Raw result (not unfolded),
100 - after background subtraction:
o} ' i MC@NLO prediction:
3 190 2 prediet
© 1t
s 0.5
o
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. Typically, Ag at generator level will be diluted at
reconstruction level due to

- Limited detector acceptance
- Limited resolution on Ay (=0.7)
. - Unfold Ay to generator level

- Bin migrations particularly relevant close to Ay =0
. Use sufficiently fine binned, [D@, 9.7 Z% « Data

regularised unfolding 0.4f 1 dN » — MC@NLO
 Correct for possible biases oaf Nyt dAy -

with ensemble tests “ 2

e \ 0.2

Result: A.g = 10.6 + 3.0% :

) s 0.1

r ) S onnrrrrrrannrrre conns

Theory AFB - 50 = 88(y0 0' . 1 . ] . 1 . ] " ] .

X J ) 2 -1 0 1 2 3

arXiv:14056.0421 [hep-ex], submitted to PRD Ay
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Asymmetry would be enhanced: arXiv:1405.0421 [hep-ex]
- For high my, for an s-channel resonance

- For high |Ay| for a t-channel anomaly

0.6

035" D@, 9.7fb"! Py - D@, 9.7fb
03 ¢ Data et 0.4:—
0.25- _ MC@NLO e g : Cee--
I e o2 bl
E 0.2 -_ - Fit to data » e .. - E ; \“““5\‘
< 0.15 el " < OF
] ) : |
[ 02 ¢ Data —MC@NLO
B [ --Fittodata =:PRD 86, 034026
—_.. O 4 : ............................... . IIIII
75 32 .. 300350 400 450 500 550 600 650 700 750 -
4y s m,; [GeV]
Measured slope 0.154 4+ 0.043 Parameter Predicted Measured
Slope, a 3.8-1074 (3.9+4.4) -107*
Expected slope (.080 Offset, Ao 5.3 1072 (11.9 + 3.6) - 102

Consistent with SM and CDF results
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.N\/f Colour charge asymmetry, |+jets
. Tevatron: tt events are produced centrally
- > very small polarisation
- = A g is passed on to the decay produces of top
Define forward, backward events viaq,y,<0,q,y,>0

2 : 1 : 2 1 .
E 40 0297 2+3jets E 200} D@, 9.71b | 2+4 jets
> onk : 3 150 !
W 300 L

100;

Q Q
» 1.5 - 1.5 " +
% 1 \\‘\\&l‘m&«.ﬂ.’m.m........,. “,...@wm % \;\\’\‘“‘m;w.,.i..Qw..w,\.iw\i,‘\\\%
S 15 -1T-05 0 05 1 15 8 15 -1T-050 05 1 15
9y, qY,

- Bin migrations around Ay=0 are tiny for leptons
- unfolding straight forward

- Use same selection with A, for consistency
27.08.2014 Recent results in the top sector from DG Oleg Brand1
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Colour charge asymmetry, |+jets

. Final results are consistent with SM prediction by

MC@NLO (and with CDF results):

arXiv:1403.1294 [hep-ex]

14F o_ N
12_0@ 9.7 fb™! T D@, 9.7 fb’
10| Production Level, ly|<1.5 15'_P"°d“°t'°“ level
8l : [ : !
= 0 »
°\° 6 l o~ 10:_
@ 4r B . g
- 2© 1 MC@NLO34 | g S5F
oF 4 B . ¢ 4 MC@NLO3.4
- 0-=._
2 N
-4 ;— - -
-6:_11|-:_I]|ll|||11]|“||1‘||lllllllIA|I.| -5"_1--ll|lllllllnnulnnnlnlll...l.
20 30 40 50 60 70 80 90 === 0 02 04 06 08 1 1.2 14
Lepton p_[GeV] ly]
l A%‘Ba %

l Arp, % |yi| range Data MC@NLO
pr range, GeV Data+1 . MCQNLO ™5 "¢ 125 0.5 + 6.1798 0.2
Inclusive 4.2+2.3%50 20 0125 - 0375 0.5+ 4.413 0.9
20-35 —03+4.1+3.6 16 0.375 - 0.625 2.6 +4.7717 1.8
35-60 4.8+35157 23 0.625-1 1.9 +4.6+29 2.7
> 60 9.3+3.723 3.1 1-15 13.2 +£6.5728 3.7
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.%\/f s Top quark mass - motivation

. The top quark is special.

- Itis the heaviest quark .
of the SM! Overconstrain M,,, m,, and MHiggs

- Consistency check of the SM!

« Why is it so heavy?
. Does it play a special role

in EWSB?
- My related to m, & My = sos - CF 67 COll., EPJC, 72 2005 (2072)
% [ [J] 68% and 95% CL it contours | miin Tevatron average + N
t O, B w/o M,, and m, measurements 7
W . W E; 80.45 B 68% and 95% CL fit contours ]
L w/o My, m and M, measurements -
. " " ':‘ \" " " : 80.4 N M,, world average + 1o ’f i e
2 80.35 -
A'V‘IW w2 Mtop B .
H - .
80.3 — —
W W : iy ]
80.25 - O a2 : —
f““"\.‘ \d “.@" v'\ - ““?‘1' 1/", l | ; :
AM.. = |InM 140 150 160 170 180 190 200
W H m, [GeV]
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KIRCHHOFF-
WG Top quark mass

. Matrix Element (ME) technique:

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

Pevt(mtop) X fPsig('rntop) + (1 — f)Pbgr

Psig(mtop) X /"'datf(mtog)

doy; |Mtt‘|2(mt0p)

- Advantages:

. Use 4-vectors with maximal kinematic and topological
information > maximal statistical sensitivity

- Disadvantages:
. High computational demand

Phys. Rev. Lett. 113, 032002 (2014)
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. We use the neWJet energy scale (JES) callbratlon

2 aF | Epcri S =

-:’; s DO 3.0 fb N E -g : E

j - 3 - F{cone =0.5 4 £ 3 3 =

© - 4 © - .

—~ 5 2r 4 5 2F -

A g O = . 'S} N .
™~ c 1‘_ . c 1; — =
a - - 41 2 - . o
~ E ; ; ; " " " E E " ; ; R ' ' : E S
AN 4.—_. meas — 100 GeV ] 4; meas = 100 GeV = 0:
) F P = (b) = L (b)) =
= - ] - . ©
oy 3 - 3 3 E Y
© - ] - . ©
N 2 — 21 = 0
< : z z { =
g 7 7 2
s : 7 F——— = d O
D 4 e 4F p™= =400 GeV — Total E 3
§ - ] - T o
S g ] E Response { @
N 2 — Showering 2f — Showering{ Q@
—~— - . 5 ] ®©
g U3 3 1 9
) - D . - I o
— 1 1 | SR o 30 1 1 1 L ' ' SPN STV STl I 1 4 3
% -3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3 kS))
P ndet ndet L

E/* 32

0

.h
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. perform an in situ calibration of the JES:
- Constrain energies of the two jets from W to be
consistent with M,,

- Maximise the likelihood in m; and in the overall scale
factor for jet energies k ¢!

b-jet jet > My~ K e

Phys. Rev. Lett. 113, 032002 (2014)
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KIRCHHOFF-
WG Top quark mass —

« We numerically calculate a 10 dimensional integral
Identical to the 3.6 fb-' [1] result except:

. Use low-discrepancy sequences
for the MC integration

Uncertainty (GeV)

- Deterministic sequence of points igég
in our 10-dim parameter space +0.58
providing optimal convergence +0.28

. Factorise the JES factor k 5 from fg:%
the ME calculation +0.07

- Include it via the transfer function +0.09

*0.24
- Reduction of calculation time by 0(100)

. . . +0.21
. Increase the size of calibration samples! +0.28

- Typical statistical component from finite MC stats:

=0.25 GeV > =0.01-0.05 GeV!

Phys. Rev. Lett. 113, 032002 (2014) [1] D@ Coll. PRD 85 032004 (2011)
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Excerpt from the table of systematic
uncertainties of the 3.6 fb-" analysis [1]
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Results of three years of hard work and countless studies...

(2014)

2

Phys. Rev. Lett. 113, 03200

04.04.2014

Uncertainty (GeV)

+0.25
+0.26
+0.58
+0.28
+0.07
+0.16
+0.07
+0.09
+0.24

+0.21
+0.28
+0.08
+0.01
+0.17
+0.32
+0.26

+0.14
+0.10
+0.20

Result using 3.6 fb': D@ Coll., PRD 84, 032004 (2011)

Source of uncertainty Effect on m; (GeV) Source
Signal and background modeling: Modeling of production:
Higher order corrections™ 0.15 Modeling of signal:
Initial /final state radiation™ 0.09 Higher-order effects
Hadronization & UE* 0.26 ISR/FSR
Color reconnection™ 0.10 Hadronization and UE
Multiple pp interactions 0.06 Color reconnection
Heavy flavor scale factor 0.06 Multiple pp interactions
b-jet modeling 0.09 Modeling of background
PDF uncertainty 0.11 W +jets heavy-flavor scale factor
Detector modeling Modeling of b jets
Residual jet energy scale 0.21 Choice of PDF
Data-MC jet response difference 0.16 Modeling of detector:
b-tagging 0.10 Residual jet energy scale
Trigger 0.01 Data-MC jet response difference
Lepton momentum scale 0.01 ‘ 1,02 GeV b-tagging efficiency
Jet energy resolution 0.07 igger efficiency
Jet ID efficiency 0.01 Lepdsg momentum scale
Method: Jet energ)\yresolution
Modeling of multijet events 0.04 0,49 GeV Jet ID efficien
Signal fraction 0.08 thod:
MC calibration 0.07 Multijet contamination
Total systematic uncertainty 0.49 Signal fraction
Total statistical uncertainty 0.58 MC calibration
Total uncertainty 0.76 Total

+1.02

Recent results in the top sector from DG

Oleg Brandt
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Top quark mass — result

1.05———— 11— - -
@ (a) D97 350;(b) DO 9.7 fb™ S
X o l+jets | ¢ 300" I+jets S
1.04 o oot _L S
- 1SD u"j 150" S
1.02/ 5 5p a 3
- 3SD : s e 100- 4
.01 ,=174.98 = 0.58 GeV - - 50" -
kJEs_1025 + 0.005 : - v L 2

172 173 174 175 176 177 0 04 05 06 07 =

Ly

m, [GeV] Om, [GeV] @

g

Final result in I+jets using 9.7 fb-! of data: S

m; = 174.98 £+ 0.58 (stat + JES) £ 0.49 (syst) GeV,

Total uncertainty: U

- most precise single measurement of m,
Phys. Rev. Lett. 113, 032002 (2014)
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. + B * July 2014 (* preliminary)
<

CDF-II dilepton * 170.80 +3.26 (+1.83+2.69)

-—

DO-Il dilepton 174.00+2.80 (236 1.49)
——

CDF-ll alljets * 175.07 +1.95 (2155 1.19)

————
CDF-Il MET+Jets 173.93+1.85 (+1.26=1.36)
—_—
CDF-ll lepton+jets 172.85+1.12 (<052 0.98)
_— =
D@-1l lepton+jets

174.98 +0.76 (+0.41= 0.63)

= 1174.34 +0.64

Tevatron combination *

(Run | g ®

y2/dof = 10.8/11 (46%)

165

170 175 180

m, (GeV/c?)

185

(+0.37 = 0.52)

(= stat + syst)

Top quark mass: Tevatron combination

Done using the established BLUE
technique, various cross-checks

Taking into account correlations
between uncertainty categories

Expect further improvements as
new measurements enter the game

Most precise determination of m,
comes from the Tevatron (yet)

0.37%

Otal uncertainty)

arXiv:1407.2682 [hep-ex]

FOE

Oleg Brandt
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FUR PHYSIK

Tevatron combined values (GeV/c?)
M; 174.34
In situ light-jet calibration (1JES) 0.31
Response to b/q/g jets (aJES) 0.10
Model for b jets (bJES) 0.10
Out-of-cone correction (cJES) 0.02
Light-jet response (1) (rJES) 0.05
Light-jet response (2) (dJES) 0.13

Lepton modeling (LepPt) 0.07
0.6 Signal modeling (Signal) 0.34
Jet modeling (DetMod) 0.03
b-tag modeling (b-tag) 0.07
Background from theory (BGMC) 0.04
Background based on data (BGData) 0.08
0.4 Calibration method (Method) 0.07

Offset (UN/MI) 0.00
Multiple interactions model (MHI) 0.06
Systematic uncertainty (syst) 0.52
Statistical uncertainty (stat) 0.37
Total uncertainty 0.64

|weight | /' |weight |for all measurements

0

Analysis

27.08.2014 Recent results in the top sector from DG
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. The era of precision measurements in the top quark
sector has begun!
. Many exciting new/updated analyses:
- Precise differential measurements of ¢, in good
agreement with the SM

First evidence of single top production in s channel
comes from DD

Observation of single top production in s channel
at the Tevatron

Remarkable progress at pinning down colour charge
asymmetry A g

World’s most precise single measurement of m,
comes from DG

- World’s most precise experimental determination of m,
comes from the Tevatron
B * 39
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We are looking ahead to more

exciting measurements from the Tevatron!

Top Properties at the Tevatron 4 * 41

26 August
2014
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. DO top physics results:

. Tevatron top-antitop combinations (mass, o, etc)

. Tevatron single top combinations

. Tevatron physics for the informed public

E/* 42

Oleg Brandt
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Differential tt cross section
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|
_/

_8 [ (@ DO ¥ =97fb"1 _g 600 (a) D@ Z=9.7fb!
£ 300 - Data - i N - Data
lﬁ - $ M ti(l+jet) = i ? M ti(1+jet)
- tt(ll) w tt(ll)
200 W Diboson 400 B Diboson
B Singletop Singletop
- Z+jets 3 M Z+jets
- W+|q_ts L W Wijets
100 M Multijet 200 M Mulitijet
of
2 15 1 S
x 1 ¥ > < :
0.5¢ : . : . OF , . , ; !
0 200 400 600 800 1000 1200 0 100 200 300 400
m(tt) [GeV] prP [GeV]
o (@ DO =971 Process u+jets e+jets
= -« Data Multijet 31.1 +10.0 75.1 + 13.0
Iﬁ M ti(1+jet) W+jets 164.9 + 3.1 1488 + 2.6
; e on Diboson 9.1+ 0.3 10.5+ 0.3
Singletop Z[y" +jets 11.9+ 04 124+ 0.4
=§ﬂ?‘8 Single top 16.1+ 0.2 21.84+ 0.3
jets ~
M Multijet tt, &4 22.6 + 0.2 33.5+ 0.3
> bgs 254.4 +10.5 302.1 +13.3
tt, £+jets 838.7+ 3.2 1088.7 + 3.8
S (sig + bgs) 1093.1 & 11.0 1390.8 + 13.8
o) F Data 1137 1403
= 1.5
e 1
0.5 arXiv:1401.5785 [hep-ex], submitted to PRD

N 0 02 0.4 0.6 08 1 1.2| ;tfpl' from DO Oleg Brandt | B * 44



Tevatron combination oy
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CDF DO Tevatron

Central value of o3 7.63 7.56 7.60
Sources of systematic uncertainty Correlation

Modeling of the detector 0.17 0.22 NO 0.13
Modeling of signal 0.21 0.13 YES 0.18
Modeling of jets 0.21 0.11 NO 0.13
Method of extracting o:; 0.01 0.07 NO 0.03
Background modeled from theory 0.10 0.08 YES 0.10
Background based on data 0.08 0.06 NO 0.05
Normalization of Z/+™ prediction 0.13 - NO 0.08
Luminosity: inelastic pp cross section 0.05 0.30 YES 0.15
Luminosity: detector 0.06 0.35 NO 0.14
Total systematic uncertainty 0.39 0.56 0.36
Statistical uncertainty 0.31 0.20 0.20
Total uncertainty 0.50 0.59 0.41

arXiv:1309.7570 [hep-ex], accepted by PRD
26.08.2014
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FUR PHYSIK

Tevatron Run Il,< 8.8 fb

—e— Measured o(pp— tt+X)

Py rrTr ey r T T errTr T i e i T rrielel 77 81 sl T 1T TTTPETTA
I l l I RS R I

6
- Measured dependence of ¢
L NNLO+NNLL QCD
1 1 I 1 | | l 1 1 | l l | 1 I
o 170 172 174 176

arXiv:1309.7570 [hep-ex], accepted by PRD Top quark mass (GeV)
26.08.2014 Recent results in the top sector from DG Oleg Brandt
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FUR PHYSIK

g [ (d) DO 9.7 fb"! g  (e) DO 9.7 b g ) DO 9.7fb"
S a0l 2 g-_tags L ;g S 800 aatr<17sGev| 8 o0 H, >300 GeV
€ | 2-3 jets -W+b5 g s A 1 b-tag s 1-2 b-tags
] =g £ 600 - 2jets| £ 3 jets
ﬁ [ ¢ -Z_+jets/Diboson o - o
© 200 . Multijets ) 400 - @ 100
@ i ° ' ° S
> o 200- ® —

i > i >

0 0

0O 02 04 06 08 1 0 50 100 150 00 50 100 150

Leading tagged jet b-ID output W Boson Transverse Mass [GeV] W Boson Transverse Mass [GeV]

TABLE I: The numbers of expected and observed events in a data sample corresponding to 9.7 fb~ ' of integrated luminosity,
with uncertainties including both statistical and systematic components added in quadrature, before the fit to the data. The
s- and t-channel contributions are normalized to their SM expectations for m; = 172.5 GeV. The ratio S(tb):B is the ratio of
the number of s-channel signal events, S, to the total number of background events, B, including the ¢ channel, and S(tgb):B
is the ratio of the number of ¢t-channel signal events to the total number of background events, including the s channel.

Number of jets 2 2 3 3
Number of b tags 1 2 1 2

s channel 112423 83+19 3347 29+7

t channel 248+50 23+5 75415 3247
it 585+100 275+52 10444207 767158
W+jets 4984+369 715+96 1395+120 300+£39
Z+jets and diboson 544467 79+10 156418 365
Multijet 479+73 65+10 188433 56+9
Background sum 65921395 11344110 27844242 1160164
Backgrounds + signals 6952+399 1240+112 28914243 1220164
Data 6859 1286 2725 1233
S(tb):B 1:61 1:14 1:88 1:41

27.S(tgb):B 1:27 1:52 1:38 1:38

Y ——
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Single top s-channel evidence

20

0.7

Yield [Events/0.04]
3

(b) DO 9.7fb"

® Data
tb

— Wb
+jets
Z+jets/Diboson
. tt
B Multijets

10 o
bty o
o |

0.8 0.9 1
Ranked s-channel discriminant

2]
o

Yield [Events/0.04]
N =
(=] o

00.7

(d D@ 9.7

® Data

Z+jets/Diboson
I tt
B Multijets

0.8 0.9

1

Ranked t-channel discriminant

27.08.2014

Relative Systematic Uncertainties

Components for Normalization

Integrated luminosity [45] 6.1%
tt cross section 9.0%
Parton distribution functions 2.0%
Trigger efficiency (3.0-5.0)%
Jet fragmentation and higher-order effects (0.7-7.0)%
Initial and final state radiation (0.8-10.9)%
W/Z+jets heavy flavor correction 20.0%
W +jets normalization to data (1.1-2.5)%
Multijet normalization to data (9.2-42.1)%
Components for Normalization and Shape
Jet reconstruction and identification (0.1-1.4)%
Jet energy resolution (0.3-1.1)%
Jet energy scale (0.1-1.2)%
Flavor-dependent jet energy scale (0.1-1.3)%
b tagging, single-tagged (1.0-6.6)%
b tagging, double-tagged (7.3-8.8)%

Recent results in the top sector from DG Oleg Brandt
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TABLE III: The expected and observed single top quark cross sections and p values for the individual ME, BNN, and BDT
discriminants, and the combined BNN discriminant D™®, Here, Z is defined such that a Z standard-deviation upward
fluctuation of a Gaussian random variable would have an upper tail area equal to the p value.

Channel Expected o (pb) Observed o (pb) Expected p value Observed p value Expected Z Observed Z
ME, 1.05+038 1.12+938 81x10* 3.7x107* 3.2 3.4
BNN, 1.0619:41 1.611943 3.3x 1073 1.5 x 1075 2.7 4.2
BDT, 1.061033 1.56103 5.4 x 107" 2.3x10°° 3.3 4.6
Deomb 1.07+9:32 1.1019:33 1.0 x 1074 1.0 x 10~ 3.7 3.7
ME; 2271023 2.1519-22 6.6 x 1077 2.8 x10°° 4.8 4.5
BNN, 2.311+0-54 2.4110-55 2.4 %1077 1.4 x 1077 5.0 5.1
BDT: 2.3610%5 3.7019:6¢ 5.4 %1078 34x107"° 5.3 7.8
Dgomb 2.331+0-47 3.07+9:34 1.0 x 1079 7.1 x 10715 6.0 7.7
Dgop® 3.34*0%% 411705
-1 — -1
2 1.0F () DO 9.7t 209 (g) DO 9.7 fb
7 - 5 » 0.8 5
5 0.8 expected 5 0.7 expected
T | 2.337,/pb| T 0.6F 3.34%) > pb
_9 B observed .Q o' 45 observed
e - +0.54 = .45 +0.60
© 04 3.0754,Pb @ 0.3- 11555 PD
8 0ol 8 0.2:
VAN L N ST T 0.% ....... : i h Y Y PN PR
1 2 3 4 5 6 7 8 9

tgb cross section [pb] tb+tqb cross section [pb]



Single top s channel observation
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Systematic uncertainty CDF DO Corre-
Norm Dist Norm Dist lated
Lumi from detector 4.5% 4.5% No
Lumi from cross section  4.0% 4.0% Yes
Signal modeling 2-10% o 3-8% Yes
Background (simulation) 2-12% e 2-11% e  Yes
Background (data) 15-40% e 19-50% e No
Detector modeling 2-10% e 1-5% e No
- . — b-jet-tagging 10-30% 5-40% e No
-*Z; 10° |- S-channel single top quark, Tevatron Run ll, L <9.7fb™ jgg 0-20% e 0-40% e No
2 N —Background only Expected significance: 5.1 s.d.
2 10°F --SMsignal + background pceneq significance: 6.3 s.d.
= — 1 SM expected
@ | +Observed Significance
° 1 1s.d.
o — [ P 3s.d.
L e ~ 5s.d.
10° e 1 A
108 E L,
10° :
DR, AR T S T
-100 -80 -60 -40 -20 O 20 40 60 80 100

Log-likelihood ratio

FIG. 5: (Color online) Log-likelihood ratios for the
background-only (solid green line) and SM-signal-plus-

background (dashed blue) hypotheses from the combined
measurement. DO Oleg Brandt E * 50
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FUR PHYSIK

wn F - Top pairs
= - ,|++,‘ D, 9.7 fb B fop p
- ’ [] W+jets
g) 1 000 R [] Other bg
LLJ B Multijet

« Data

500=3i0b | 3i1b  3j>2b 24j,0b 24j1b  24j>2b
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D@, 9.7fb”

Events
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3 3
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W 400} w
200F
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MRS M . %
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Y Y il
o (=] -2 0 2
Ay
£ onnk D@,9.7f6" | £ D@, 9.7
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3 055 — 0 2 8 055 0 2
Ay Ay

FIG. 3: (Color online). Reconstructed difference between the
rapidities of the top and antitop quarks, Ay. The left column
shows [+3jet events, and the right column shows [+2>4 jet
events. Rows from top to bottom display events with 0, 1,
and >2 b tags. Overflows are included in the edge bins. The
ratio between the data counts and the model expectation is
~shown in the lower panels, with the hashed area representing
the systematic uncertainties.

Colour charge asymmetry, |+jets

£ (a) Doo7h’ | £ | D@, 9.7f"
e I Top pairs 2 200}
S [ W=jets w [
[ Non W+jets [
B Multijet 100f
e Data i
g1 g1
E 1 ¥ E 1
= 200 600 800 S
m,. [GeV]
2 D2,97f" | £ nnf
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@ 300 () | & 150k
200 100F
100 50F
2 15k 2
3 o4 3 A4l
8 " 200 o600 800 I 400 600 800
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£ 150f D2, 976" | € f ¢ D@, 9.710"
2 F 2 150F
i} s i} -
100F 100f
50F 50E
2. R
o 200 600 800 I

m [GeV] m [GeV]
FIG. 4: (Color online). Reconstructed invariant mass of the
top quark—antiquark pair, m;z. The left column shows (43 jet
events, and the right column shows [+2>4jet events. Rows
from top to bottom display events with 0, 1, and >2 b tags.
The ratio between the data counts and the model expectation
is shown in the lower panels, with the hashed area represent-
ing the systematic uncertainties.
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Colour charge asymmetry, |+jets
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2
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. 10
- -—
-2F 10°
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FIG. 5: (Color online). Production-level bins for the 2D
measurement in the (m,z, Ay) plane, overlaid on the distribu-
tion in these variables predicted from mcanvo. The shading
reflects the predicted event density in arbitrary units. The

solid and dashed lines denote the production-level bins. The
solid lines show bins that are used for the final result.

27.08.2014

Recent results in the top sector from DG

0.03- ., DO * MC@NLO SM
e + « Madgraph SM
0.02F . g
- e = m=02TeV
0_01:_ e, . " = m,=0.4TeV
(7)) o . 7 . + m,=08TeV
© of MO g v ma—2TeV
5 F o+ w=0.925 ’..A_Nje °. &
-0.01F W=l m g S
- + w=1.075 e .’o' ¢
-0.02F ¢ w=1.15 e
o 5=1,a=0.22 Tl
-0.03 + =3, a=0.48 +
off BT BT AT TS SPETETEE B AP A AT ST ETErE BPEr RS SrErErare i
-03 -0.2 -0.1 0 0.1 0.2 0.3 0.4
AFB

FIG. 6: (Color online). The bias as a function of the input
Arp. Axigluon scenarios are indicated in the legend by the
mass of the axigluon, m,. The toy models are labeled by pa-
rameters w, a, and § of Eq. 8. Unless stated otherwise w = 1,
a = 0, and § = 1. For each set of a, 4, and w, the value
of p is varied to produce different input asymmetries. The
dashed line indicates the calibration applied to the inclusive
measurement and the dotted lines indicate the assigned cal-
ibration uncertainties. The point significantly outside of the
dotted lines corresponds to an axigluon mass of 0.4 TeV and
is discussed in the text.
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TABLE IV: Systematic uncertainties on Apg, in absolute %.
For the 2D measurement, the range of changes in Arp over
the six m;; bins is given.

Reco. level Production level
Source inclusive inclusive 2D
Background model +0.7/—-0.8 1.0 1.1-2.8
Signal model < 0.1 0.5 0.8-5.2
Unfolding N/A 0.5 0.9-1.9
PDFs and pileup 0.3 0.4 0.5-2.9
Detector model +0.1/-0.3 0.3 0.4-3.3
Sample composition < 0.1 < 0.1 < 0.1
Total +0.8/—-0.9 1.3 2.1-7.5

27.08.2014 Recent results in the top sector from DG Oleg Brandt
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L

- D@, 9.7067
0.9F N e
08  [17T

Q:J -

0 7: ------ >4 jet, PRD 84, 112005
' : —— >4 jet, new kinematic fit
0.6 — — 3 jet, partial reconstruction
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PN S T T S P B R R
0 0.5 1 1.5 2 2.5 3
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FIG. 1: (Color online). The probability to correctly recon-
struct the sign of Ay as a function of the production-level
|Ay| for the algorithm of Ref. [27] used to measure the Arp
in Ref. [4] and the algorithms used to reconstruct I4+>4 jet
events and to partially reconstruct /43 jet events in this pa-
per.

27.08.2014 Recent results in the top sector from DQ E * 55

Oleg Brandt




KIRCHHOFF-
.N\/f FOR PHYSI Colour charge asymmetry, I+jets
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FIG. 5:  The asymmetry of leptons from W-+jets production as a function of |y;| for (a) the inclusive sample, (b)
20 < pir < 35GeV, (c) 35 < pr < 60GeV, and (d) pt > 60GeV. The points show the data from the control region, after
the subtraction of the non-W+jets contributions, and the dashed line shows a fit to the functional form y = axz. The empty
circles and solid line show the nominal W+jets simulation and its fit to the same functional form. The error bars and shaded
regions indicate the statistical uncertainties on the data and simulation.
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N

tt Ay Asymmetry
CDF 9.4 fb™
16.4 + 4.7 %

Lepton+jets

Lepton gn Asymmetry

Lepton+jets —_—— 9_4*23;)2 %
Dileptons ® 7.2 : 6.0 %

5.0 %% %
4.4 +3.9%

Lepton+jets ——@—
Dileptons ®

Lepton An Asymmetry

® 76 +8.2%
® 123 +5.6 %
Bernreuther & Si, Phys.Rev., D86 (2012) 034026 |

Dileptons

Colour charge asymmetry, |+jets

Forward-Backward Lepton Asymmetry, %

D@, 9.7 fb™
Production Level

'3 jets, 1b tag

3 jets, =2 btags |

211 jets,' 1b t'alg

=4 jets, =2 btags | :
Combined: (4.2*22)%
MC@NLO 3.4 w2IN.D.F.: 8.1/3 °°
| \ 1 1 1 | 1 1 1 1 | (| 1 | 1 1 1 1 | 1
-20 -10 0 10 20

Absolute uncertainty, %
Reconstruction level Prod. level

0 5 10 15 20
Asymmetry, %

27.08.2014

Source Prediction Measurement Measurement
Jet reco —-0.1 - -
JES/JER +0.1 +0.1/-0.3 +0.2/-0.3
Signal modeling - —0.2 +0.6/—0.4
b tagging +0.1 +0.5/—0.8 +0.8/-1.1
Bg subtraction n/a +0.1/-0.3 +0.1/-0.3
Bg modeling n/a +1.4/-1.5 +1.3/-1.5
PDFs - +0.3/—-0.2 +0.1/-0.2
Total +0.1 +1.5/-1.7 +1.7/-2.0

Recent results in the top sector from DG
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o If this is not enough, the top quark mass is
a fundamental parameter of the SM

. The fate of our Universe depends on m,!
- Consider the Higgs Lagranglan

L= (() —igW " —ig—Bp) ¢| + 1Poto — ANo'o)?,

2

- The quartic Higgs self-coupling
term \(¢ip)? is responsible for the ,’m""*"(’a'»
mexican-hat shape of the potential !

- This works only if A is positive...

04.04.2014
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« Areceives radiative corrections from all particles of
the SM, mostly from the top quark!

- We can evolve these corrections using running group

equation to Planck scale: Degrassi et al.

0-10 | | | | | | | | I | | | | | | |
« A should remain positive! '
008l M, = 125 GeV
) 30 bands in
_ M,=1731%0.7 GeV
5 006 as(My) = 0.1184 + 0.0007
o0
= L
With the current world’s best % 0.04F
values for m; and my;.: P
o o = -
- Our Universe is only metastable! S 002 ‘
& [ NG - M =1710GeV
E 0.(X) r \\ : e . - J
[ My)=01205- - -
—002| TS ~o_ay(Mp) = OT163 ]
ooal M;=1753GeV |
The calculation includes NNLO effects 10* 10* 10° 10° 10 10™ 10' 10% 107 10%
RG equation at NNNLO RGE scale s in GeV

04.04.2014 Top quark mass in I+jets using 9.7 fb-! of D@ data



.ﬁ\/f T Jet energy scale (JES) calibration

FUR PHYSIK

« We calibrate jet energies at detector level to particle
level (in data and MC)

. Calibration procedure in a nutshell:
- Calibrate EM energy scale with Z—>e*e-

- Correct energy scale for electrons to that of photons

- Use y+jet events to calibrate major components of JES
. Expect momentum balance in transverse plane

[fmeas _EO
R-S

Eptcl _

- Use y+jet and dijet events to extend calibration in p1,n

Top quark mass at D@ Oleg ] * 60
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FUR PHYSIK

.ﬁ\/f T Jet energy scale (JES) calibration

« We calibrate jet energies at detector level to particle
level (in data and MC)

. Calibration procedure in a nutshell:
- Calibrate EM energy scale with Z—>e*e-
- Correct energy scale for electrons to that of photons

- Use y+jet events to calibrate major components of JES

. Expect momentum balance in transverse plane
T

- Use y+jet and dijet events to extend calibration in p1,n

Top quark mass at DD Oleg B * 61
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.ﬁ\/f T Jet energy scale (JES) calibration

FUR PHYSIK

« We calibrate jet energies at detector level to particle
level (in data and MC)

. Calibration procedure in a nutshell:
- Calibrate EM energy scale with Z—>e*e-

- Correct energy scale for electrons to that of photons

- Use y+jet events to calibrate major components of JES
. Expect momentum balance in transverse plane

- Use y+jet and dijet events to extend calibration in p1,n

Top quark mass at DD Oleg B * 62
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.ﬁ\/f Top quark mass (post-fit* plots)

Selection similar to differential o, measurement
- main difference: require exactly 4 jets (LO)

2 -(a) D@ 9.7 fb” > “(b) DO 9.7 fb™
& ; l+jets ~Data S 400" l+jets ~ Data
o 400— Mt o - Mt
™ - Other bgs ® 300- Other bgs
F B W-ht a B Whf
= I Wif 'S 200C Wf
t 200_ B Multijet = - B Multijet
w0 "' 100
0 of
2 .2 o 2
= 1.5: = 1.5
"0 “200 400 600 800 1090
m,. [GeV]

(More data/MC comparisons in backup)

* Measured o, m, and overall jet energy scale factor are used

Top quark mass at D@ Oleg ] * 63
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KIRCHHOFF-
. g\/( NsTUT Calibration of method response in
D@ Run lIb2 Preliminary D@ Run lIb2 Preliminary
o 10— = 10— : :
. & /PO 080006 e § /PO 070:007 ,{,/*'
x 9 Lp 093:001| s et 1.03:0.01]
6 Gn ~ -
L ":'% a S sl ya ®
e = L )
3 -g 25 /// g 2: /// %
I - L
2 F o S Callbrate S/ N
Q. ) r yaam iets -2 /’.’ Cecntjets ==
-2p +H€ -
8 i // w/o JES prior mt & 0 -4f /i w/o JES prior <
& 4t S S g )z o I S
Cti -6:/)/ ° k“:Q_1 I . -6: / Eg=! I %
= e 8 £
I 1;/ S
! Qe .. 08 6 -4 2 0 2 4 6 8 10 0
S Yo 8 6 4 2 0_2 4 1S5 [Ge\;]o Similar procedure e my, 1725 [6V] S
% 1D6@ Run lIb2 Prellmlnary for kJES (not ShOWI?) D@ Run lib2 Prellmlnary T
g 160 3 161 S
NI PO 1.18=0.01 £l PO 1.17-001 g0
~  E 14 | 2 14f & 8
S 2., I ‘o Q3
<+ s 1.2; ® ¢ ) ® % 1.21 - Py 2 . E -
‘; E o0 E ! o O
= . 5 L >
S Calibrate & S Q
P i e'l'jets i u+jets _C'E §
Cti 0.8 w/o JES prior 0( mt) 0.8 w/o JES prior q:_) %
% 0.6 * Kipe=t | i * kice=1 I % Q
3 61 0.6/ O
: : S5
g 0'flI(iII-BH‘-6”|-4H|-2‘H0|”2H|4H|6H|8|H10 0':lI()III-BH‘-6|H-4HI-2‘HOIH2HI HIGIHBIH m ,I\
True m,,-172.5 [GeV] True m-172.5 [GeV]
Top quark mass at D@ Ole
04.04.2014 Pq g B %] o4
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Keep in mind that, for a given uncertainty, we cite:
- max{ statistical uncertainty, |face value of systematic| }

KIRCHHOFF-

FUR PHYSIK

INSTITUT

Improvement from

Source of uncertainty

Effect on m; (GeV)

Source

Uncertainty (GeV)

Signal and background modeling:

Modeling of production:

Modeling of signal:

Method:

-_

~

~

S

Q

V-

(=)

S

AN

Higher-order effects +0.25 g
ISR/FSR +0.26 -
Hadronization and UE +0.58 §
Color reconnection +0.28 Q
Multiple pp interactions +0.07 e
Modeling of background +0.16 Q.
W +jets heavy-flavor scale factor +0.07 ~
—

Modeling of b jets +0.09 o)
Choice of PDF +0.24 O
Modeling of detector: Q
Residual jet energy scale +0.21 Q
Data-MC jet response difference +0.28 -
b-tagging efficiency +0.08 e
Trigger efficiency 40.01 )
Lepton momentum scale +0.17 0’)
Jet energy resolution +0.32 o)
Jet ID efficiency +0.26 S
%))

S

=

S

7))

)

Qc

stat. component:
Multijet contamination ~1/4 GeV +0.14

Signal fraction +0.10
MC calibration +0.20
Total +1.02

Higher order corrections™ 0.15
Initial/final state radiation* 0.09
Hadronization & UE”* 0.26
Color reconnection” 0.10
- Multiple pp interactions 0.06
C  Heavy flavor scale factor 0.06
QE) b-jet modeling 0.09
¢  PDF uncertainty 0.11
S Detector modeling:
% Residual jet energy scale 0.21
o Data-MC jet response difference 0.16
&  btagging 0.10
. Trigger 0.01
IE Lepton momentum scale 0.01
Jet energy resolution 0.07
Jet ID efficiency 0.01
Mod 1 ¢ s{f:t/%tlcaltcomponent 0.04
odeling of multijet events .
Signal fraction 0.01 GeV 0.08
MC calibration 0.07
Total systematic uncertainty RS
Total statistical uncertainty
Total uncertainty
21.05.2014 Top quark mass at D@

Brandt

Oleg
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Use new JES calibration including flavour-dependent
response correction:

Y. D@ M <04 (@ | ¢ [ D@ <04 (b) "-‘;-,00
9 80.02} - 50.02" - 11
e S —] W[ gluon jets
0.00F - 0.00} : 0.0
oo U d, c s CIuarkjets_: _0_02:_/_: 0.0
0.04} ] 0.04) 1] 00 — Comection
[ — Correction ] [ — Correction ] BB Sintictical Unc. ]
- I Statistical Uncertainty - I Statistical Uncertainty - 0.0 LS
-0.06‘; Systematlc Uncertainty — -0'06:— Systematlc Uncertainty — yo L ASy?tfame‘mlc U‘n?‘l:
20 40 60 80 100 120 20 40 60 80 100 120 20 40 60 80 100 120
p, [GeV] P, [GeV] p, [GeV]
- =2 Uncertainty from flavor-dependent response:
« 0.16 GeV (was 0.28 GeV)
- This uncertainty accounts for JES difference between
light quark jets and b quark jets
1  E; - R{*
Feorr = F | Zz l; RzMC
< >'y+jet Zz 1" LYy
Top quark mass at D@ Oleg
21.05.2014 S B % ]ee
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Constrain ISR/FSR by studying Drell-Yan events

. Measurement of p(Z) using ¢* variable [1]

- Vary ISR/FSR via CKKW renormalization scale in
alpgen (ktfac), as suggested in [2]

. ktfac variations by *1.5 cover excursions of MC from data

N

~

QO

o

o

N

Q

N

N

N

O

o0

o Q

o, ce,yi<1)| DO preliminary |, L(w yi<1)] D@ preliminary Ty

® F v QN )

f 7.3 b1 £ 7.3 1ISRup =3
2 2 -

s F 3 b own | : N2

ol £ { ( Also tune in other | = S

Pl 5 ' | kinematic regions:| < 5

2 i o 1<ly|<2 S a

~0.9F 9F -

):y2 =25.66,%2 = 19.57 o,su X2  =18.53,%%=13.90 ° |YI>2 8:_ 8

0.8 [0,1] - [0,1] (cf backu ) N

o7find | =2.44,%=2.09 0.7P Xy, = 237, x* = 2.17 ' P J = 83

06 %2, = 12.82,5 =10.29 06 %2 = 20.77,x* = 16.93 8 g

ol iiil ] osE bl Q

102 10" 1 (P* 10 10 1 (P* E‘§

Top quark mass at D@ Oleg
21.05.2014 S E/* 67




Improvement from

KIRCHHOFF-
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Constrain ISR/FSR by studying Drell-Yan events |
. Measurement of p(Z) using ¢* variable [1] _ o

- Vary ISR/FSR via CKKW renormalization scale in =
S

alpgen (ktfac), as suggested in [2]
. ktfac variations by *1.5 cover excursions of MC

e In addltlon reweight tt simulations in p,(tt) to data™ > %
3 I DO Preliminary 9.7 fb™ 3 2005 DO Preliminary 9.7 fb™ 2 8
+= i --Data += - -»-Data
I.I=J 200 __II e+jets M tt(1+jet) ﬁ E II ”+jets M tt(1+jet) g ‘\!

" Other bgs 150_‘} Other bgs o
B Whf+jets C B Whf+jets — E’;
- Wit+jets 100E Wif+jets S
100; B Multijet - I Multijet o 3
50 =<
) ) B
9 L 9 2
= Z -] >
g - i . & B | o
5t gl T L |t 05— s T IS L . O
0 20 40 60 80 100 0 20 40 60 80 100 N
p,(tt) [GeV] p,(t}) [GeV] g

- Effect may be related to ISR/FSR mismodelling

Top quark mass at D@ Oleg
Brandt

oy
* X
&

21.05.2014




KIRCHHOFF-
.}\/ﬁ ENiE Improvement f.

. Factor out the component from different JES
- Evaluate using the momenta of particle level jets
matched to detector level jets with AR=0.25
- Apply default selection at detector level
. 2 Minimize bias from acceptance etc.
. We also factor out the effect of different p(tt) in:

« Default (alpgen+pythia)
. Alternative model (alpgen+herwig)

- Achieved by reweighting default simulation in pT(ﬂ) to
match the alternative model

- This effect is already taken into account in ISR/FSR
uncertainty

. — Hadronization and underlying event uncertainty:
- 0.26 GeV (was: 0.58 GeV)

Top quark mass at D@ Oleg ] * 69
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.ﬁ\/ﬁ ST Top quark mass: Tevatron combination

FUR PHYSIK
« Current World average:

m; — 173.34+0.76 GeV

arXiv:1403.4427 [hep-ex]
. Assuming no statistical correlation between this

result and the combination
« Taking full uncertainty for the Tevatron average
. Taking statistical uncertainty only for this measurement

- Consistency at 1.71 SD level (p-value of 3.1%)

27.08.2014 Top quark mass in I+jets using 9.7 fb- Oleg Brandt E * 70
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N op quark mass: Tevatron combination
RunI published Run II published RunII prel.
CDF DO CDF D® CDF
£+jets £E all-jets £+jets £f £+jets Lxy MEt £+jets £e £L all-jets
fﬁ dt 0.1 0.1 0.1 0.1 0.1 8.7 1.9 8.7 9.7 5.4 9.1 9.3
Result 176.1 167.4 186.0 180.1 168.4 172.85 166.90 173.93 174.98 174.00 170.80 175.07
In situ light-jet cali-
bration (iJES) n/a n/a n/a n/a n/a 0.49 n/a 1.05 0.41 0.55 n/a 0.97
Response to b/q/g
jets (aJES) n/a n/a n/a 0.0 0.0 0.09 0.00 0.10 0.16 0.40 0.18 0.02
Model for b jets
(bJES) 0.6 0.8 0.6 0.7 0.7 0.16 0.00 0.17 0.09 0.20 0.28 0.20
Out-of-cone correction
(cJES) 2.7 2.6 3.0 2.0 2.0 0.21 0.36 0.18 n/a n/a 1.65 0.37
Light-jet response (1)
(rJES) 3.4 2.7 4.0 n/a n/a 0.48 0.24 0.40 n/a n/a 1.72 0.42
Light-jet response (2)
(dJES) 0.7 0.6 0.3 2.5 1.1 0.07 0.06 0.04 0.21 0.56 0.46 0.09
Lepton modeling
(LepPt) n/fe njfe n/fe n/e njfe 0.03 0.00 n/a 0.01 0.35 0.36 n/a
Signal modeling
(Signal) 2.6 2.9 2.0 1.1 1.8 0.61 0.90 0.63 0.35 0.86 0.96 0.53
Jet modeling
(DetMod) 0.0 0.0 0.0 0.0 0.0 0.00 0.00 0.00 0.07 0.50 0.00 0.00
b-tag modeling
(b-tag) 0.4 0.0 0.0 0.0 0.0 0.03 0.00 0.03 0.10 0.00 0.05 0.04
Background from
theory (BGMC) 1.3 0.3 0.0 1.0 1.1 0.12 0.80 0.00 0.06 0.00 0.30 0.00
Background based on
data (BGData) 0.0 0.0 1.7 0.0 0.0 0.16 0.20 0.15 0.09 0.20 0.33 0.15
Calibration method
(Method) 0.0 0.7 0.6 0.6 1.1 0.05 2.50 0.21 0.07 0.51 0.19 0.87
Offset
(UN/MI) n/a n/a n/a 1.3 1.3 n/a n/a n/a n/a n/a n/a n/a
Multiple interactions
model (MHI) n/e n/e n/e n/e n/e 0.07 0.00 0.18 0.06 0.00 0.30 0.22
Systematic uncertainty
(syst) 5.3 4.9 5.7 3.9 3.6 0.98 2.82 1.36 0.63 1.49 2.69 1.55
Statistical uncertainty
(stat) 5.1 10.3 10.0 3.6 12.3 0.52 9.00 1.26 0.41 2.36 1.83 1.19
Total uncertainty 7.3 11.4 11.5 5.3 12.8 1.12 9.43 1.85 0.76 2.80 3.26 1.95
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N s Top quark mass: Tevatron combination
FUR PHYSIK
Runl published Run II published RunII prel.
CDF DO CDF D® CDF
£+jets £e all-jets £+jets £8 £+jets Lxy MEt £+jets £e £e all-jets
CDF-I £+jets 1.00 0.29 0.32 0.26 0.11 0.49 0.07  0.26 0.19 0.12 | 0.54 0.27
CDF-I £¢ 0.29 1.00 0.19 0.15 0.08 0.29 0.04 0.16 0.12 0.08 | 0.32 0.17
CDF-I all-jets 0.32 0.19 1.00 0.14 0.07 0.30 0.04 0.16 0.08 0.06 | 0.37 0.18
D®-1 £+jets 0.26 0.15 0.14 1.00 0.16 0.22 0.05 0.12 0.13 0.07 | 0.26 0.14
D®-1 £¢ 0.11 0.08 0.07 0.16 1.00 0.11 0.02 0.07 0.07 0.05 | 0.13 0.07
CDF-II £+jets 0.49 0.29 0.30 0.22 0.11 1.00 0.08 0.32 0.28 0.18 | 0.52 0.30
CDF-1I Lxy 0.07 0.04 0.04 0.05 0.02 0.08 1.00 0.04 0.05 0.03 | 0.06 0.04
CDF-I1I MEt 0.26 0.16 0.16 0.12 0.07 0.32 0.04 1.00 0.17 0.11 | 0.29 0.18
D®-11 £+jets 0.19 0.12 0.08 0.13 0.07 0.28 0.05 0.17 1.00 0.36 | 0.15 0.14
D®-11 £¢ 0.12 0.08 0.06 0.07 0.05 0.18 0.03 0.11 0.36 1.00 | 0.10 0.09
CDF-II £¢ 0.54 0.32 0.37 0.26 0.13 0.52 0.06 0.29 0.15 0.10 | 1.00 0.32
CDF-II all-jets 0.27 0.17 0.18 0.14 0.07 0.30 0.04 0.18 0.14 0.09 | 0.32 1.00
RunlI published Run II published RunII prel.
CDF DG CDF DO CDF
£+jets £e all-jets £+jets £L £+jets Lxy MEt £+jets £L £L all-jets
Pull 0.24 —-0.61 +1.01 | +1.09 —0.46 | —1.64 —0.791 —0.24 | +1.60 —0.13 | —1.11 0.39
Weight [%] | —2.6 —0.7 —0.4 —-0.1  —0.14 | +28.8 +0.1 +5.5 | +67.2 —2.9 | —0.66  +6.0
Parameter Value (GeV/c?) Correlations
ll—jet t+jet
Mt et e ppMER
11—jet:
M8 175.63 + 1.85 1.00
£1jet
METES 17417 4 0.66 0.21 1.00
Mtee 171.95 £ 1.97 0.21 0.41 1.00
MEt
M, 174.19 + 1.77 011 023 018 100 Oleg Brandt | B %] 72
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Top quark mass: Tevatron combination

N

Mass of the Top Quark in Different Decay Channels Mass of the Top Quark
July 2014 (* preliminary)
. o
July 2014 (* preliminary) CDF-I dilepton 167.40 £11.41 (1030 = 4.90)
D@-| dilepton ¢ 168.40 +12.82 (+12.30 + 3.60)
. . ————
Lepton+Jets 174.17 £0.66 (+0.38 + 0.54) CDF-II dilepton * 170.80 +3.26 (+1.83 = 2.69)
D@-II dilepton 174.00 +2.80 (:2.36 + 1.49)
@
Dilepton * 171.95+1.97 (+1.61=1.14) CDF-I lepton+jets * 176.10+7.36 (2510 5.30)
D@-| lepton+jets 180.10 +5.31 (+3.90 = 3.60)
@ -
Alljets * 175.63+1.85 (+1.23+ 1.39) CDF-II lepton+jets 172.85+1.12 (20,52 0.98)
D@-1l lepton+jets ‘ 174.98 +0.76 (:0.41= 0.63)
@ . °
MET+Jets 17419 £1.77 (=129 1.21) CDF-l alljets 186.00 +11.51 (+10.00 = 5.70)
CDF-ll alljets * T 175.07 +1.95 (+1.19+ 1.55)
+ ‘
Tevatron 174.34 +0.64 (:0.37= 0.52) CDF-Il track 166.909.43 (:000+282)
H H * + +

combination (= stat = syst) CDF-Il MET+Jets T 173.9321.85 (1262 1.38)
Tevatron combination * 174.34 +0.64 (:0.37 = 0.52)

(= stat = syst)

2/dof = 10.8/11 (46%)

I I I I I I I I I | I I I I |
168 169 170 171 172 173 174 175 176 177 178 179 150 160 170 180 190 200
M, (GeV/c?) M, (GeV/c?)

27.08.2014

Recent results in the top sector from DG

Oleg Brandt




Colour Charge Asymmetry (Agg)
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Forward-Backward Top Asymmetry, %

Reconstruction Level Forward-Backward Top Asymmetry, %
| . , Reconstruction Level
CDF, 5.3fb 7.5+3.7(stat.) m. < 450 GeV
tt
e
) . . D@, 5.41b™ 7.8+4.8
D@, 5.4fb 9.2+3.7'05
——
S.Frixione and B.R.Webber, CDF, 5.3 fb™ 2.2+4.3
JHEP 06, 029 (2002)
| ) ) | ) | ) ) L ) | ) L ) )
0 5 10 15 m; > 450 GeV
Forward-Backward Top Asymmetry, % : ® |
D@, 5.4fb 11.5+6.0
Production Level
I @ i
L . o CDF, 5.3 fb™ 26.616.2
CDF, 5.3fb™ 15.8+7.2+1.7 S.Frixione and B.R.Webber,
JHEP 06, 029 (2002)
l 1 1 1 L l L1 L l 1 1 1 1 l 1 L L 1 l 1
-10 0 10 20 30
H . H
D@, 5.4fb™ 19.646.07,5 ,
= There is a new measurement of Agg
S. Frixi R. , i/ -1
e by CDF (a/.’le. 1211.1003, 9.3 fb. )
o - comparison plots are not available yet

— 10 20 30
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.N\/f uo Strong charge asymmetry (DO0)
« Strong Colour charge asymmetry (DO, 5.4 fb")

D2,541b" [
(@ [ Waets

70F ki D@, 5.4 fb™

3 [ Wsets ()
s [ Multijet

[g 190 Do,541" ¢ 2
> 160 (b) Ewsets | S

I Muttijet

e Data 10’

20 40 60 80 100 120 140 160 180 200 0 10 20 2 4 5 6 M W 9,
Leading b-j t#?&w 2 of kinematic fit =% % Discriminant
c€a -1€ O €matc 11 . L. scriminant
&P Pr o X iscriminant, Ay<0
2 F DO, 541" T §1m_ DO, 54 " Wit WA D@, 5.4 fb*
[ 1o © Ewsets |3 [ ++ @ [ Wajets 2 [ wiets ()
- [ Multijet sof [ Multijet [ Multijet

+

e Data e Data ¢ Data

+

0 01 02 03 04 05 06 07 08 09 1
Discriminant

60 80 100 120 140 160 _ 180
M, [GeV]

i ) 1 Discriminant, Ay>0
Ay>0 Ay<0
A=(92%367)% <> AAMC@NLO)=(24+037)%

26.08.2014 Measurements of Top Quark Properties at the Tevatron

120 40
K2 [GeV] M
Tmm .e
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+2>4 jets e+>4 jets p+>4 jets [+4 jets [+25 jets
Raw Ng 849 455 394 717 132
Raw Ng 732 397 335 597 135
Nie 1126 £39 622 1 28 502 £ 28 902 £ 36 218+ 16
Nwtjets 376 £39 173+ 28 219 +27 346 + 36 35116
N 79+5 56+ 3 8+2 66+ 4 13+£2
Arg(7) 92437 8.9+5.0 9.1+£58 122443 -30£79
MCANLO Apg (%) 24£07 24107 25409 3.9+08 —29+1.1
[+2>4 jets e+2>4 jets p+>4 jets [+4 jets I[+2>5 jets
Raw Nk 867 485 382 730 137
Raw Ng 665 367 208 546 119
N 1096 £ 39 622 1 28 474 +£27 881 + 36 211+16
Nwjets 356 =39 173 £28 198 £27 323 £+ 36 31%16
Abg (%) 142438 16.54+4.9 9.8+5.9 15.94+4.3 7.0+8.0
Mc@NLO Abg (%) 0.81+0.6 0.7+£0.6 1.0+0.8 21£0.6 —38+1.2

26.08.2014

Recent top physics results from D@
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. Colour charge asymmetry in // channel, DO (5.4 fb™")
- Use lepton-based observables:
- Experimentally more robust

- No full kinematic reconstruction of tt system necessary
. “Classical” forward-backward asymmetry:
AL = Ne(Q-n>0) — Ne(Q - <0)
Ne(Q-n>0) + Ne(Q -1 <0)

. Longitudinal asymmetry in spin orientation relative to
proton beam direction:

4t — Nev(n>0) — Np-(n < 0)
P Ny (n > 0) + Ny-(n < 0)

- Sensitive to s-channel exchanges of heavy non-scalar
resonances with CP-violating couplings to quarks

- Not sensitive to possible Pand CP-violating effects from an
s-channel exchange of Higgs bosons

arXiv:1207.0364 [hep-ex] (2012)

26.08.2014 Top Properties at the Tevatron E * 77
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Events
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_

L

Colour charge asymmetry, I

Antilepton n

arXiv:1207.0364 [hep-ex] (2012)

26.08.2014

Events

Top Properties at the Tevatron

40f

60}

20t

ok

AL _ Ne(Q -1 >0) — Ne(@Q - 77<0) — Data v
TN(@-n>0)+ Ne(@-1<0) ) Mt :
£ = I Background
Q 100}
L ;
50f
of
Qxn
_ rAe Ng+(7’}>0) T]<0] I
100- DOL=5AR" L Ne+(77>0)+Ne M<0) )] — Dpata
i 801 M ]
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 Final results:

Predictions at NLO in pQCD + EW corrections:
Bernreuter and Si, Nucl. Phys. B 837, 90 (2010)

Raw Unfolded Predicted
Atp| 314+43+08 58+51+13 4.7+0.1

AfLp| 1.8+43+1.0 -1.8+51+1.6 —0.3+0.1

. Combine with the |+jets channel:
ALn = (11.8 £3.2)%
AL (predlcted) (4.7 £ 0.1)%

Predictions in [+jets updated to include EW corrections

- Relative contributions: 64% / 36% for I+jets / dilepton
- Consistency: 68%
- Disagreement with prediction: 2.2 SD

arXiv:1207.0364 [hep-ex] (2012)
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Study of the longitudinal polarisation of top quark:
- In the SM, top quarks unpolarised in tt events

- Many BSM models with enhanced Ag also predict
non-vanishing longitudinal polarlsatlon of the top

---------

N\ 200F D@L=5.4f" —— Data .

+ + i ] -ﬁ ]

o /\ cosf = cosO* + cosO|  isof| dilepton |, 722z m-s00cev

N é’ B Background

t :>J’ 1002 ;

tt rest frame >0

n 400F D@ L=5.4 fb" "_.'_'9515 """ —:

R " soof|_Hets | 7z M=800Gev -

Reconstruction of tt N I . Beciroune

system with neutrino |- ~/_\\ o 2
weighting method 6 100

< Vo
arXiv:1207.0364 [hep-ex] (2012)
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i

Tevatron Combination

Tevatron combined values (GeV/c?)

m; 173.18

;JJFIEESS \ In's_'tu J_ES (())(?;3 < 65 Top Quark Mass Uncertainty
calibration ~ 1/\/N S [ 4 Hjets D@ measurement

bJES 0.15 é SN A Combined D@ measurement

cJES Size of calibration 0.05 %‘ i A Tevatron combination

dJES / Samples ~ 1/\/N 0.20 g 4”_‘\ Projected future uncertainty range

rJES 012 § |

Lepton pT Various signal 0.10 ? al

Signal «— modeling uncert. 051 & [

Detector Modeling ~ \brain effort 010 % 2:_

UN/MI 0.00 & _

Background from MC 0.14 § 1:_

Background from Data 0.11 g C | Run 1 AM <1 GeVic?

Method 000 = '

MHI 0.08 10" 1 L 1o

Systematics 0.75 . Integrated Luminosity (fb)

Statistics 0.56 Relative uncertainty: 0.54%

Total 0.94 Expect this limit to be improved...
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N

-w Indirect measurement of I',,

F(t — Wb) «— ['(t - Wb) = o(t—channel)

I'(t = Wb)gy,
(t channel )gp

PLB 705, 313 (2011) D@ 5.4 fb ™

68% C.L.
I 90% C.L.
BN 95% C.L.

Ft —
B(t — Wb) «— measured in tfevents
= 3000
s DO, L- 53fb1:za;a1
=200 L ‘i R=0.5
| A T tt R=0 [
r 2000‘ Background |
Assume: 500> DS

Wtb coupling identical
in production & decay

-

o
Phys. Rev. D 85, 091104 (2012)6 !

1000

500

PRD 84, 012008 (2011) |

t-channel cross section [pb]

World’'s most precise (indirect)

determination of I', to date

\.

'y =2.001055 GeV
T = (3.2970-29) x 107° 5
26.08.2014

Recent results in the top sector from D@

® Measurement
i
[1] PRD 74: 114012, 2006 B sm @
- [2] EPJ C49: 791, 2007 ¢ Four genel;g]tlons
[3] PRD 63: 014018, 2001 i
| [4] PRL 99: 191802, 2007 O Top f'?4‘]’°"
l O FCNCI
0 2 4

rProperIy correlate o(t—channel),
B(t — Wb) > measure I'; from
LH based on t-channel discriminant

s-channel cross section [pb]

/

Oleg Brand1
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The CDF and DO detectors

in=0
|
i ': " Muon Scintillators |

e—— =
|Muon Chamberd
; EEEEERccoTe e E—
‘ i {

Soleneid

EM calorimete
Hadron calori ete\\

T S [

AR | RO NSRS Y] [P NRES | 0[S S US| | S [N [ |N | [IO |V (S [ ||

CDF DO
EM calorimeter 14%/NE + 1% 22%/NE + 4%

Hadronic calorimeter 70%/\E + 5% 68%/VE + 5%
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Analyzed dataset

. Tevatron has shown a great performance in FY 2010!
. We keep enlarging our calibration samples

26 August

2014

- Better handles on experimental uncertainties:
. e.g.Jet Energy Scale (JES), Jet Energy Resolution, etc.
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WG
« We are interested in parton-level quantities for our top
measurements
- Map the energies of reco-level jets
particle jets (DO) / partons (CDF)
- This is referred to as a
Energy Scale (JES) corr’n

- With the current size of
samples:

. s(JES)IJES ~1.5% (DO)

. s(JES)IJES ~ 3% (CDF)

Experimental Challenges

__________ - —— E—— -
. And many more: z :
- Lepton ID, p; scale g
&
e __ SN
26 August
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