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GEORG-AUGUST-UNIVERSITAT ) _
. @J GOTTINGEN What makes top so interesting?

« Compelling 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 17 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, R-ratio)
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C GEORG-AUGUST-UNIVERSITAT =
. @J GOTTINGEN A wealth of top properties
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6]’ Rare decays

Anomalous couplings

[ Color flow ]

Branching ratio
CKM matrix element |V,
New physics contributions

[ Whelicity ]:>W+\ @\ y

b ~\<; j[ Mass, charge, width ]
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& -@ Spin correlation
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4 QCD charge asymmetry A.g

Cross section . ..
Top polarisation

Differential cross section
Production mechanism
Lorentz invariance violation

\New physics contributions Y

O

[ + electroweak single top production ]
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. @J GOTTINGEN A wealth of top properties
\

-

\Y) Anomalous couplings
6]’ Rare decays
Branching ratio
CKM matrix element |V,
New physics contributions

[ Color flow ]

[ Whelicity ]:>W+\ @\

b ~\<; j[ Mass, charge, width ]

iﬁ Spin correlation
4 Cross section N QCD charge asymrpetry Acg
: : : Top polarisation
Differential cross section

Production mechanism [.)
Lorentz invariance violation
\New physics contributions Y

[ + electroweak single top production ] ,
€& cf. talk Yun-Tse Tsai

Top Properties at the Tevatron 4

2/27/113




C JGEORG-AUGUST—UNIVERSITAT

GOTTINGEN More about the top birth place...

A
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C GEORG-AUGUST-UNIVERSITAT . u
. @J GOTTINGEN Initial state @ Tevatron (and LHC)

. 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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(Y| GEORG-AUGUST-UNIVERSITAT .
. @J GOTTINGEN Initial state @ Tevatron (and LHC)

. 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

q' b g b g t
e

LHC: pp (7 TeV) 4.6 pb 64.6 pb 15.7 pb
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. G gé?if&éléSUST‘UN'VERS'TATw Top mass in Il final states

« Top mass in dilepton final states with, DO (5.4 fb")
- Dilepton final states provide a clean signature

« Measure m,, in this clean experimental environment

« Transfer the in-situ JES calibration from I+jets channel

- Properly account for event topology, run period
dependence, etc.

- Extract m,, using:

« Neutrino-weighting technique
. Matrix Element technique

- Properly combine the two methods (60% statistical
correlation) to maximise statistical sensitivity!

- Final result:

| my=173.9 4 1.9 (stat) & 1.6 (syst) GeV |

Most precise m,,, measurement in |l final states @ Tevatron!

Phys. Rev. D 86, 051103(R) (2012)
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m,,, with templates in I+jets

. Template method in Iepton+Jets final states, CDF (8.7 fb)
- Reconstruct the event kinematics by minimising a x?-like

quantity depending on e.g.:

- matching between reconstructed and fitted momenta
. Wmass constraint for in-situ JES extraction

- top quark mass constraint for m,,, extraction

- Consider jet-parton assign-

ments consistent with 400
: 350

b-taggin —
99ing £300
- Form templates from: gzso
« m!®® : best jet-parton £200
assignment £150
e m°°?): second-best  &100
assignment 50

° 771jj

Phys. Rev. Lett. 109, 152003 (2012)
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- [CEcl | m,, with templates in I+jets

« Final result:

0.61 J_L. L1 | B N . N I . | L. L1 | I . | I | 1lllJL]144Ll]1 il
5 A log(L) = 0.5
[ & I s Alog(L)=20 |
0.4 CLLLL LT sun A log(L) = 45
— :‘:' J’. -
~ 0.2 = (
I
& I " ", . =
S n 4, "4, .
- 0 A"'\_ -t *e \ ..’.
“ i e : ‘. -
0.2 ' w ........... »
" iCDF lliPrelimiinary 8.7 fb™ T I S
-4 0.1 .1 | P . N T | Ty . L L4 1 L
1705 171 1715 172 1725 173 1735 174 1745 175

Mmp(GeVIc
| Miop = 172.85 £ 0.71 (stat.) £ 0.84 (syst.) GeV |

Most precise m,,, measurement @ Tevatron

Phys. Rev. Lett. 109, 152003 (2012)
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Top mass at the Tevatron

Mass of the Top Quark
June 2012
) ®
CDF-I dilepton 167.4 £11.4 (+10.3 4.9)
@
D@-| dilepton 168.4 +12.8 (+12.3+ 3.6)
. —_—— e —

CDF-II dilepton 170.3 + 3.7 (+2.0+3.1)
u—.—u

D@-I1 dilepton 1740+ 2.8 (=242 1.4)
@

CDF-I lepton+jets 176.12 7.4 (+51:53)

®
D@-I lepton+jets 180.1+ 5.3 (+39+36)
0=

CDF-II lepton+jets 173.0+ 1.2 (+06=+1.1)
) 0=

D@-1l lepton+jets 1749+ 1.5 (+0.8+1.2)

@
CDF-| alljets 186.0 +11.5(+10.0+ 5.7)
. a
CDF-Il alljets 1725+ 2.0 (+ 1.4+ 1.4)
@

CDF-ll decay length

CDF-Il MET+Jets

166.9+ 9.4 (+9.0+28)

1723+ 26 (+1.8+18)

Phys. Rev. D 86, 092003 (2012)

Dominant uncertainties:

In-situ JES calibration:
0.39 GeV, ~ 11N
Residual JES calibration:
0.19 GeV, ~1~N
b quark jets energy scale:
0.12 GeV, ~ brain effort
Signal modeling:
0.51 GeV, ~ Vbrain effort

~

Tevatron combination

(173.18 + 0.56 (stat) £ 0.75 (syst))

| | | |

é/dof = 8.3/11 (68.6%)

| |

150 160 170 180
m,,, (GeV/c?)

2/27/113
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World’s most precise m,,, measurement!

Relative uncertainty: 0.54%
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C GEORG AUGUST-UNIVERSITAT |4 .
. @ GOTTINGEN r1 Direct measurement of I

. Direct measurement of I',,,, CDF (8.7 fb):
- Ansatz:

. reconstructed distribution in m, is sensitive to I

top

top
2 - £ 01
50.09f— 5 F
e F e
< - < |
0081 — I, =1.5GeV 0.081— — Iy, = 1.5 GeV
0.07 ;— i
0.06 i_ —_— I‘top =5.0 GeV 0.06 '__ —_ I"top = 5.0 GeV
0.05 -
= — l"top =10.0 GeV i — I“wp =10.0 GeV
0.04F- 0.04|—
0.03F- i
0.02 i— 0.02 __
0.012— i
0o 10 200 250 300 3%0 T '1sl,o' — lzclmol %0 350
miec° (GeV/c) m{°°° (GeVIc )

- Use same x2%-based reconstruction as for Mo,

CDF Note 10936
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« Final result:

GEORG AUGUST- UNIVERSITAT 1

Direct measurement of I',,

CDF Il Preliminary 8.7 fb™

10
g_
8- Data
7_
S 6 =_=.
] .=
S s==
3 =
measured 5 === 68 % CL (stat+syst)
NLO SM prediction 17é_ T %% Cl{stateysh
=t ——l | | 1 | 1 |
% 1 2 3 4 5 6 7 8 9 10
rmeas(GeV)
+1.46 +1.12
[ Liop = 2.217 g (stat) ;a5 (syst) GeV
The only direct measurement of I',,, to date
CDF Note 10936
2/27/13 Top Properties at the Tevatron 13
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. @J GOTTINGEN w Indirect measurement of I', |

P(t I Wb) «<— ['(t =+ Wb) = o(t—channel) (¢t = Wb)sm
Ft = o(t—channel )sp

B(t — Wb)

PLB 705, 313 (2011) D@ 5.4 fb ™

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

fAssume:

Wtb coupling identical
in production & decay

t-channel cross section [pb]

® Measurement
i
[1] PRD 74: 114012, 2006 B sm .2
- [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

s-channel cross section [pb]

2/27/13 Top Properties at the Tevatron 14




GEORG-AUGUST-UNIVERSITAT .
. @J GOTTINGEN w Indirect measurement of I', |

Ft:

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

= 3000

s " Tg, L- 53fb1+za:‘1

= 2500 “ tt R=0.5
............................... tR=0

2000- Background |

r ° :--.--.‘...4......_‘_‘_*;
Assume: S w

t-channel cross section [pb]

Wtb coupling identical ] PRD 84, 012008 (2011)
in production & decay 1000
s00f T
0 ; e —

2/27/13 Top Properties at the Tevatron

I'(t = Whb)gy,
o(t—channel )sp

B(t — Wb) «— measured in tfevents

PLB 705, 313 (2011) D@ 5.4 fb ™

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

® Measurement
i
[1] PRD 74: 114012, 2006 B sm .2
- [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

s-channel cross section [pb]
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. @J GOTTINGEN w Indirect measurement of I', |

I'(t = Whb)gy,
o(t—channel )sp

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

Ft:

B(t — Wb) «— measured in tfevents

= 3000 e y— y
o | DO, L 5.3 fb™ 3;‘1 2 | PLB 705,313 (2011) D@ 5.4 b
> ; — L=
2500 - Ra0.5 s o S8%CL.
o tf R=0 = L
r 2000‘ Background - § 4 [ 95 /O C-L.
Assume: 1500 }——=—— w g § w
Wtb coupling identical 5 PRD 84, 012008 (2011) | ©
in production & decay 1000 2
: -. ---------- c 2
500 : - g ® Measurement
- v O B su"
R [1] PRD 74: 114012, 2006 .2
0 l e - [g} 5;%%;90:353202501 ¢ Four generg]tlons
0 1 22 | ol PRL 99: 161802, 2007 © Top-fl?4\]lor
Ntag 1 O FCNCl
% 2 4

s-channel cross section [pb]

rProperIy correlate o(t—channel),
B(t — Wb) > measure ['; from

\LH based on t-channel discriminantJ

16
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. @J GOTTINGEN w Indirect measurement of I', |

D(t — Wb)ay,

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

I = o(t—channel )sp
B(t — Wb) «— measured in tfevents
+« 3000 —
5 | D@, L -5.3 fb"! : 08;31 8 | PLB705, 313 (2011) D@ 5.4 fb !
Z" 2500 tmoos  FE 68% C.L.
A A R=0 -2 W= 90% C.L.
r 2000‘: Background | § W 95% C.L.
Assume: 1500} —* w o w
. . ) O
Wib coupling identical : PRD 84, 012008 (2011) | ©
\in production & decay |10001 T
500 . — E ® Measurement
R i L L O [} SMU]
) “— S A [1] PRD 74: 114012, 2006 2
o3 T o0 O Tonmr
Phys. Rev. D 85, 091104 (2012) 1 20 | B 0 :Z:g?gor
World’s most precise (indirect) 0 2 4

s-channel cross section [pb]

determination of I', to date

) +0.47 rProperly correlate o(t—channel),

I't = 2.00 —0.43 GeV B(t — I.ﬂ[..f"b) - measure ['; from
Ty = (3 29+8 gg) x 107%° g \LH based on t-channel discriminantJ
2/27/13 Top Properties at the Tevatron 17




. @ gg?_l;IGNglEJISUST UNIVERSITAT R BR(t%Wb) I BR(t%Wq)

« Measurement of R-Ratio in I+jets, CDF (8.7fb")
- Defintion R-Ratio:

Bt — Wb) Vi |?

R = —
2 2 2
CAnsaty: | BED W) [V + Vil + Vil
. Use relative yields in different b-tagging bins
CDF Run Il Preliminary 8.7 fb™ Lepton+Jets Final State
2000
"""" — —— L+Jets Data
Background
- -==- tt, R=1
00 — L,
19007 == tf, R=0.5
@ tt, R=0.1
§ 1000 — T : R - Bt = Wb) N
i ] J---eeomeee s : B(t—~Wq) 3
i ' S
: T~
500 — : >
] i ST prooany >
) LTt T S L
. e ST Q
1-Tag3jets 1-Tag4jets 1-Tag= 5jets 2-Tag 3 jets 2-Tag 4 jets 2-Tagz 5 jets O

2/27/113 1
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R = BR(t>Wb) / BR(t>Wq)

C o GEORG AUGUST- UNIVERSITAT 1
‘ GOTTINGEN ‘

- Relative changes in b-tagging bins also affect
the total tf cross section:
- = simultaneously fit R-ratio and tf cross section!

12 . . .
uncertainties into - .
account via nuisance |

parametersinthe 5 107

final LH fit = LT
bQ.

6 T sy vedd e §
. Final result: _ | I~
0.6 08 N B1(t—>Wb)1'2 14 %
[ R =0.94+0.1(stat+syst) ] ~B({t> Wa) 2
. L
o4 = 7.5£0.95 pb. [ [Vi| > 0.89 at 95% C.L.| q
2/27/13 Top Properties at the Tevatron 19
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W boson helicity

. Study the V-A nature of the Wtb coupling
- Deviations from SM would indicate new physics

f =30.1% (NLO)
e epton "\ f,. =0.04% (NLO)

b quark 0" e f—fo=69.8% (NLO)—]
tauark | = 145 Left-handed , l
y, W boson N o nght'handed
- 1.
, / rest frame £ 1:
neutrino o
k Z r Longltudlnal
<. 0.8
g 06 SM
5
ey 04—
0.2
7 |

| l Ll 1 L1 l L1 1 1 L1 | 1
008 -06 -04 -02 -0 02 04 06 08 1

cos@”

20
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. G W boson helicity

« W helicity measurement in I+jets, CDF (8.7 fb-):
- Use the matrix element technique

« Include not only the cos &* of the leptonic Wdecays, but
also in the hadronic decays despite the sign ambiguity!

- Extract the polarisation fractions by maximising the LH:

T Pe(®s fo, £4) o~y P(2)
Lo fu @) =110 @ o 7o + O~ VA o)

- The clue:
o Use the LO matrix-element
4
IM|? = %ngFh(Z — B%sin%8,,)

- to express P,
- to mtroduce the dependence on the W boson polarisation!

2T
F, = 20w f"(zE;2+3Ebme,,+mb>( (1+cos8")f+
3mtI‘t

+%(1 — cos? 6%) fo + g(l —cos0*)*(1 — fo — f+))-

CDF Note 10855

N
-
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C GEORG AUGUST-UNIVERSITAT | 4SS\ _
. @ GOTTINGEN r W boson hehCIty

« Final result:

Data Fit: CDF IFlun Il Preliminary (8.I7 fb'1)
| e BestFitand 1o Uncertainty
Joint 10 Coverage in 2-dimensions
| = Standard Model Prediction

0.1 —

0.7 0.8

fo

fo = 0.726 £ 0.066(stat) £ 0.067(syst)
f+ —0.045 + 0.043(stat) + 0.058(syst)

CDF Note 10855

2

N
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(Y| GEORG-AUGUST-UNIVERSITAT
. @J GOTTINGEN w Witb AC from prod’n

. Most general, lowest-dim, CP-conserving Wtb vertex

L = Tbﬂ“i w(f&Pr +fVPR)1‘” . Underlined\
P couplings
—S2b——(fE P + £ Pr)tW, + h.c. (are0inSM!,

Phys. Lett. B 703, 21 (2012)

2/27/113 2
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(Y| GEORG-AUGUST-UNIVERSITAT
. @J GOTTINGEN w Witb AC from prod’n

. Most general, lowest-dim, CP-conserving Wtb vertex

( 7 7 —
L= %b?‘“mb(f\lpr + JEPR)?L*W“ Underlined\
'( o, v couplings
—S2b——(fE P + £ Pr)tW, + h.c. (are0inSM!,

V2 My
. Extract Witb AC from single top production using:
- shapes of kinematic distributions
- event rate (overall, s-channel vs t-channel)

. Few assumptions:
- Single top quarks produced exclusively via a Wboson

Veal® + [Vis|* < [V |?

Phys. Lett. B 703, 21 (2012)

2/27/113 2
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o Obtained limits:

Limits on Wtb AC from single top production

(o 05 « 4 o 0.5 )
- -VE ® D054 -. I ® DO541D" -, -9 ® DO5.4fD"
NV f, 2 e £V fo P« s & HV o 12 Do
> 04t tb Ly [168% C.L. >‘ 3l tb "v [Jes%c.L. >" 04 tb v [Jesxc.L
- - [ 90% C.L. = I [ 90% C.L. - - [ 90% C.L.

0.30 [ 95% C.L. [ [ 95% C.L. 0.30 [ 95% C.L.

- 2t :
D& 02
L 0.1

% 2 3 2 0.5 15 2

L IthvaF Ivmfl,,F y

Phys. Lett. B 703, 21 (2012)
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. @ zaaiﬁ;e‘;swm; Wtb AC from

« Wtb AC will alter:

- single top production
(see previous slides)

- fractions of W bosons
in the 3 helicity states

Phys. Lett. B 713, 165 (2012)

2/27/13 Top Properties at the Tevatron 26




. @ Sé?'iﬁ;é‘éﬁ““w Wtb AC from

« Wtb AC will alter:

- single top production
(see previous slides)

- fractions of W bosons
in the 3 helicity states/

« Assume:

- Single top production through
Wtb vertex exclusively

N Vid|? + [Vis|? < [Vin|?

. Use the LH from W helicity meas’t as prior for single top
- Compute LH over all possible analysis channels

- Remove overlap between selections
Phys. Lett. B 713, 165 (2012)

2/27/13 Top Properties at the Tevatron 27




. @ Eé?i.ié‘éﬁ“”w Wtb AC from

Combination of single top + W helicity

[U':’; 13E []68%C.L.| S+ [ DO,54fb" [168%C.L.| &+ | DO,54fb" [168% C.L. |
04r V W% CL.| o4 fL2 W90%C.L.| 04l 1FRP I 90% C.L.
X [95% C.L. I [95% C.L. X [95% C.L.
0.3F ® Best-fit value 0.3F ® Best-fit value 0.3 ® Best-fit value
0 25 * SM value - * SM value - * SM value

0.1
Y
9 If|
Phys. Lett. B 713, 165 (2012)
2/27/13 Top Properties at the Tevatron 28




. @ gaaiagﬁﬁmw Witb AC from

Combination of single top + W helicity

u.o- o U.D o U.D )
AIAE [168%C.L.| =~ [ DO,54fb" [168%C.L.| o~ [DO,54fb" [168%C.L.
04r V W% CL.| o4 fL2 Woo%CL.| o4 <R M 90% C.L.
[95% C.L. T [95% C.L. T [95% C.L.
0.3r ® Best-fit value 0.3r ® Best-fit value 0.3r ® Best-fit value
025 * SM value - * SM value - * SM value
0.1
P T N
5 4
\ IfVI
C— 0.5 ® D054 «, 4 ® DO54TD"
“eod IV T, Prsn % IV fo P
20.4F % C.L. 8 R % C.L.
204 ' Jeer > o TV gomar

0.30 [ 95% C.L. w- 95% C.L.
: 2

15 2
|vmevF v f P

2/27/13 single top production




C GEORG-AUGUST-UNIVERS -
. @J GOTTINGEN 2 * Colour charge asymmetry, l+jets

. Theoretical predictions (Tevatron-specific!):
- At LO, completely symmetric

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

" q Q N\ —>—TETn—>— )
99 IR
LA \ GEGHT Y A \ UGG

Colour charge asymmetry @ CDF > cf. talk by J. Wilson
2/27/13 Top Properties at the Tevatron 30




C GEORG-AUGUST-UNIVERS -
. @J GOTTINGEN 2 * Colour charge asymmetry, l+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, a1
QLI \ QI Y A \ (G000
- New physics contributions
to enhance asymmetry?

. Massive axial vector gluons
. Massive vector gluons

e Z’, W’

. Technicolour

o ?

Colour charge asymmetry @ CDF > cf. talk by J. Wilson
2/27/13 Top Properties at the Tevatron 31




C GEORG-AUGUST-UNIVERS -
. @J GOTTINGEN 2 * Colour charge asymmetry, l+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 ——AT—— )
199 000
GEGE0T \ QI Y A \ (G000
L1 Q )\ 0000000 )
- New physics contributions q ? t
to enhance asymmetry? =N ¢

« Massive axial vector gluons:
 Massive vector gluons

.2, W’ &

« Technicolour |
. ? o q [
Colour charge asymmetry @ CDF > cf. talk by J. Wilson
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C GEORG-AUGUST-UNIVERS -
. @J GOTTINGEN 2 * Colour charge asymmetry, l+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
i »
Phys. Rev. D 84, 112005 (2011) @ CDF - cf. talk by J. Wilson

2/27/13 Top Properties at the Tevatron 33




C JGEORG-AUGUST—UNIVERS
AT GOTTINGEN

« Form observable: Ay =y —
NAy>0 _ NAy<0

S * Colour charge asymmetry, |+jets

/

A =
7b NAy>0 L NAy<0 p > P
. Use b-tagged events tt rest frame
« Use kinematic fitter for reco
0 — }
£ ssof AT | DO, 541" | 7
St m
w r
200 [
C orward
150
100
50—
3 2 -1 0 1 2 3
Phys. Rev. D 84, 112005 (2011) a
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« Form observable: Ay =y —
NAy>0 _ NAy<0

A =
Jb NAy>0 _|_NAy<O p > . p
- Use b-tagged events # rest frame
« Use kinematic fitter for reco # N
g 250 :_ : DO, 5.4 p! i - Tevatron A top
e anti-top
w r
200
- orward
150F »
- LHC A top
100~ anti-top
505—
5 3

3 2 1 0 1 2
Phys. Rev. D 84, 112005 (2011) Y. n




C JGEORG-AUGUST—UNIVERS
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/

« Form observable: Ay =

NAy>0 _ NAy<0

Afb =

S * Colour charge asymmetry, |+jets

Yt — Yg

. Use b-tagged events
. Use kinematic fitter for reco

tt rest frame

(" Raw result (not unfolded), A
after background subtraction:

App=92437 % |

MC@NLO prediction:
2.41+0.7

m -—
2 oF W | DO, 541" | 3
Q — .
o £ CWiets
200 [ Multije
C e Data back orward
150
: N
100 g
50— \
-:; -2 -1 0 1 2 3
Phys. Rev. D 84, 112005 (2011) i
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. Asymmetry would be enhanced:
- For high my, for an s-channel resonance

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

€ =)
leB ((%Il)
Subsample Data MCQNLO
mer < 450 GeV 7.8+£4.8 1.34+0.6
mqg > 450 GeV 11.5 £6.0 4.3+1.3
|Ay| < 1.0 6.1 4.1 1.44+0.6
|Ay| > 1.0 21.3+£9.7 6.3£1.6
\C 4

Phys. Rev. D 84, 112005 (2011)
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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, regularised unfolding
. Correct for possible biases with ensemble tests
. (Cross-check with coarse-binned unfolding consistent)

(- -\
A (%)
Reconstruction level Production level
Data 9.24+3.7 19.6 6.5
MCANLO 2.44+0.7 5.0£0.1
\ -/

Phys. Rev. D 84, 112005 (2011)
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. @J GOTTINGEN 2 * Colour charge asymmetry, l+jets

. Migrations around Ay=0 are tiny if lepton-based
observables are used
- - define forward, backward events viaq,y,<0,q,y,>0

Phys. Rev. D 84, 112005 (2011)

2/27/113

w
o

Top Properties at the Tevatron




GEORG-AUGUST-UNIVERS .
@ GOTTINGEN B * Colour charge asymmetry, |+jets

. Migrations around Ay=0 are tiny if lepton-based
observables are used
- - define forward, backward events viaq,y,<0,q,y,>0
%160 —
o 10 [ Wejets

[ Multijet
e Data

+ DO, 5.4 fb!

120
100
80
60
40

II||II|I|||I|||I|||||I|||I|

=

~

@)

Nt

X9

()

®)

20 N

~

-1.5 - -0. ) 1.5 -

ay, g

s . A Q
;4:1[;‘B ((%)) >.

Reconstruction level Production level Qq:)

Data 14.2+ 3.8 15.2+4.0 cg‘
MCOAQNLO 0.84+0.6 2.14+0.1 A
\: ) Q
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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 -m>0)— Ng(Q-7m <0)
Ne(Q-m>0)+ Ne(Q-m < 0)

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

4t — Nex(n>0) — Ny-(n < 0)
P Nyt (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)
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AL _ Ne(@-1>0) = Ne(@ -1 <0) | = Data =
FBTNQ >0+ Ne(Q-1<0) | IR+ :
£ = I Background
Q 100}
- :
50
of
Qxn
(e _Ne>0=Ne(n<0) ]
100- DOL=54f" | Ne+(77>0)+_Ne—(77<0)J —— Data .
i i 80f- B -
; (b) I Background

60[

Events

40}

Events

20}

ok

Antilepton n
arXiv:1207.0364 [hep-ex] (2012)
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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
Aftp| 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:

Abp = (11.8 £ 3.2)%
Af(predicted) = (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

vvvvvvvvv

N 200F D@ L=54f" —— Data .

+ + 1 . ]

6 /\ [ cos6 = cos6* + cos@| _ x| dilepton |, 72z m-soocev -

N %’ ’ B Background
t :>J’ 1002
tt rest frame %0

'-: 400F D@ L=5.4fp' ——Data {

I\ ° 300:_ |+jets 772 Z’ M=900GeV

. - C B
Reconstruction of tt N E | B Beckground

system with neutrino |- ~/_\\ @ 2
weighting method v, 100

< Vo
arXiv:1207.0364 [hep-ex] (2012)
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 JCE P *] ] Summary & Outlook

. The era of precision measurements in the top quark
sector has begun!

. Many exciting new/updated analyses:
- World’s most precise m,,, comes from the Tevatron
- Competitive limits on anomalous Wtb couplings
- The only measurements of top decay width

- Further steps towards pinning down
strong colour charge asymmetry Ag

- First study of top quark polarisation

. We are looking ahead to more exciting
measurements from the Tevatron:
- Final, most precise measurement of m,,

- Detailed measurement of tf production in pp collisions
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We are looking ahead to more
exciting measurements from the Tevatron!

27 February
2013

Top Properties at the Tevatron
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C GEORG-AUGUST-UNIVERSITAT )
. @J GOTTINGEN A wealth of top properties

V . Typically: we measure top

q g properties in tt events
\/ _ Dilepton channel: low backgrounds,
\ but underconstrained kinematics
W \ and low rate
[ t - I+jets channel: good compromise

d between kinematic reconstr’n,
high rate, and backgrounds

branching ratio, very high
« W- backgrounds from

s b QCD multijet production
V - + other orthogonal channels...
\Y
- Single top: high backgrounds,

9 moderate rate, direct access
to some observables (e.g. V,,)

w»g. - All-hadronic channel: highest
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; B 1 | | | I 1 ) 1 | I I I 1 1 I | - I | I | | I I l 1 | | I _

0] C E fitter lsuls || 10 band for B

o - ) ‘| Tevatron m 7

ek 80-5 [~ (b) : top o —

3 : .

= Z
80.4

80.3 _:

68%, 95%, 99% CL fit -

contours excl. M, m

80.2 [0 ¢ —

o :

E TR B N S ‘!"‘: T B SR IS S N N R S N T

140 150 160 170 180 190 200
m, [GeV]
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. @J GOTTINGEN rmtc,Io with templates in |l and I+jets

. Template method in lepton+jets final states, CDF (8.7 fb)
- Reconstruct the event kinematics by minimising:

5 (])ég‘f'it . pé_,‘-mea.S)Q (UJf’Lt _ Uj-mea.S)Q
X == Z'i=€,4jets 5 + Ej=:r.,y 5
o; o
(Mj; — Mw)? (Mg, — Mw)*  (My;; —mie©)*  (Mpp, — mie®)?
FQ + 1’\2 + FQ + FQ
\ i‘V \ v’ J t y t f
JES constraint MET constraint my,, extraction
- Consider jet-parton assign- 4oof o
ments consistent with 3501 COF |l Preliminary
) N§300— e Data(8.71b )
b-tagging 2250 Signal+Bkgd
5250 izizics
- Form templates from: ©200l oz [ Bkgd only
. " g
e mpeC best jet-parton ass’ts150-
- m.°°?): second-best ass’t @100 22
. M : dijet invariant mass 90 g#
o 150 200 250 308”350
Phys. Rev. Lett. 109, 152003 (2012) mi=° (GeV/c
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Bl o e D Measurement of [V,

. Toextract |V, |, use again t-channel discriminant
. Form the LH as before but analyse

Vi 2B(t — Wb)o(t—channel) gy, Vip| =1
« Form Bayesian posterior density: 5

2 DS D@, 5.4 fb "

- IV, 1>0.81at 95% C.L.

[Vip| > 0.81 at95% C.L.

No assumption that t=>Wb exclusively

or on relative t to s channel rates

Posterior density
- N W -I]h Q1 OO N

~02 04 06 0.8 1
IV P
tb
Phys. Rev. D 85, 091104 (2012)
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—0.033 £ 0.034 (stat.) & 0.031 (syst.)
chi?/Npoe = 8.82/4, p-value = 6%

0 02 04 06 08 1

Dilepton & I+jets comb’d Tevatron combination:
Define channel-dependent - CDF + DO combination
templates in cos0* (leptonic W) ; L=27-541"
and |cos0*| (hadronic W) + LH fit 09 $ Gombined resu
o I O CDF l+jets
T F (b) 0.8~ O CDF dilepton
= DO.L=5.41b" C A DO
R 0.7k
0.8 « Best.fit val C
- *. est-lt value - . .
ooF N\ xsuvawe o L. somours
ol | w 0.5 PRD 85, 091104 (2012)
023_ 0—3”"-ol.z"”-01'"'o”"of'”oz""o.a
T f,
o | = 0.722 £+ 0.062 (stat.) & 0.052 (syst.
L PRD 83, 032009 (2011) [f ° (stat.) b2 (syst.)

f+
f,

Simultaneous 2-D fit results:
[ fo = 0.669 4 0.078 (stat.) 4 0.065 (Syst.ﬂ
f )

L = 0.023 £ 0.041 (stat.) +0.034 (syst.
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Combination of single top + W helicity

or o U o~ UL )
UorIFRE [l6s%cC.L.| Ir [ DO,54tb" [168%C.L.| &~ D@, 54t [168%C.L.
04r V Wo0%CL.| o4 fL2 Moo%CL| 04 cRR M90% C.L.
[95% C.L. T [95% C.L. T [95% C.L.
0.3r ® Best-fit value 0.3r ® Best-fit value 0.3r ® Best-fit value
. 25 * SM value 0 25 * SM value - * SM value
0.1 0.1
R B T R m_l_l_l_l_l_
3, N B R S S—
If- 12 If- 1
\_ v v
Scenario onl onl combination
y y
W helicity [single top
——
312 0.62 0.89 0.30
fE|? 0.14 0.07 0.05
R |2
fr 0.18 0.18 0.12
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. Study the V-A nature of the Wtb coupling
- Deviations from SM would indicate new physics

f =30.1% (NLO)

0.04F | |
0.02

4 epton f, = 0.04% (NLO)
b quark 9* t quark fO — 698(y0 (NLO)
/7 W boson -
/ rest frame Q 0_12;_
k ¥ neutrino / g‘ 0.1;_
§ 0.08;—
£ 0.06F

frT
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Forward-Backward Top Asymmetry, %

CDF, 5.3fb™

D@, 5.4fb™

Reconstruction Level

L ® :

7.51+3.7(stat.)

9.2+3.7'0

S.Frixione and B.R. Webber,

JHEP 06, 029 (2002)
I I 1 i 1 I

L
0

Forward-Backward Top Asymmetry, %

5 10 15

Production Level
i * f
CDF, 5.3fb™ 15.8+7.2+1.7
H - H
D@, 5.4fb™ 19.646.07,5
S. Frixione and B.R.Webber,
JHEP 06, 029 (2002)
| L L | L L L L | N L L L
0 10 20 30

2/27/113
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Forward-Backward Top Asymmetry, %

Reconstruction Level
m; < 450 GeV
—e—
DQ, 5.41b™ 7.8+4.8
—e—
CDF, 5.3fb™ 2.2+4.3
m; > 450 GeV
: ® -
D@, 5.4fb™ 11.546.0
L 4
CDF, 5.3 fb™ 26.616.2
S. Frixione and B.R.Webber,
JHEP 06, 029 (2002)
l L L 1 L l I . L l 1 1 L 1 l 1 L L 1 l 1
-10 0 10 20 30

There is a new measurement of Agg
by CDF (arXiv:1211.1003, 9.3 fb')

- comparison plots are not available yet

Colour Charge Asymmetry (Agg)
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« Invariance under Lorentz transformation is a
fundamental property of the SM

- Thoroughly tested in the leptonic sector and for first
generation, some tests for second generation, b-system

- Quantify Lorentz invariance violation (LIV) in the top
sector using in the SM Extension formalism:
M2y = PFF + (8P)FF + P(OF)F + PF(0F)

P @ prod'nvertex F.@ decay vertex o Dependence on SM
extension coefficiencts

[D. Colladay and V.A. Kostelecky, Phys. Rev. D 58, 116002 (1998)]
[V.A. Kostelecky, Phys. Rev. D 69, 105009 (2004)]

« Parametrise LIV fsug(t) in terms of coefficients 't
- fsme(t) = Cu RY(t) R (1)AYP
- Non-zero C),, will result in time dependent tf production
due to the rotation of the Earth!
arXiv:1203.6106 [hep-ex], PRL acc’d
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siderial day >’
- Use time stamp

\C_ J G?ORG-AUGUST—UNIVERSITAT - - - -
AP GOTTINGEN Lorentz invariance violation
- 1 Solar day
- ' q) Wside (
to check perodicity! o(t) = Oave |1 + fSI\.,IE(t)]J

o Xiv:1203.6106 [hep-ex], PRL acc’d
. The period is 1 or Y- AR [hep-ex], PRL ace
~ 0.997 siderial day
.

AT /AT )
_R- o 1 (*‘Ni/i\'tot 1) - N
,.l p— — -1 m x [ -1
fs \L; / Lint y ‘ DO, 5.3 fb 0 F (b) w DO, 5.3 fb

tf / e-channel tt / u-channel
0.4F 0.4F
0.2F | o2 T 11 T
N —— N ———
L — -
0 : A 0 E
-0.2| T T -0.2 T W o
-0.4F + -0.4F
0.6 SM: flat! -0.6F
- i 1 L I 1 1 I 1 1 I 1 1 - B 1 1 I 1 1 I 1 1 I 1 1
0'80 0.25 0.5 0.75 1 0'80 0.25 0.5 0.75 1
\_ Sidereal Phase / 2n Sidereal Phase / 2n )
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T f@  DO54fDT 53 400 * DO 5.4 b
S1500 3¢ — L;ib+igb (<5) S ML, +L, thb+tgb
2 --== L, tb+tgb (x5) 300 :
€ v ibitdb € B WHjets
21000  Wiijets 2 200 M i
w, . it o, I Multijets
T . I Multijets g
o 500 [}
2 _ £ 100
— n 1 Lawn) UUO
S 0 * DO54fb 3 () - [R)atgAtf%‘
- i R, tb+tgb (x20) - B v ib+tq
15007 e | Vibstgh 20) | @ 10O L, th+tqb
£ | tbdb E = Woets
210008, == Hets ! it
— : = Multijets
5 [l smm Multijets o 200 - U
Q = Q
g 500 $ 100
=czuul) 3 = aul 3
S () ¢ DO54fb S f) * DO 5.4 fb
$1500- ===, th+tgb <5) | & L, tb+tgb A
c I Ly tb+tab S 1300 m W+ijets g
w, I _k 200 m Multijets —
) I P Multijets k) -
2 500 2 =,
> i > 100 >
0 X
0 02 04 06 08 1 96 o7 o08 09 "1 ®
BNN R; discriminant BNN R; discriminant T

)]
o
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o Obtained limits:

Wtb AC from prod’n

Limits on Wtb AC from single top production

|f”|2\

1.5F

ar 1
> [DO,5.4fb

If- 12

[ 168% C.L.
B 90% C.L.
[]95% C.L.
® Best-fit value
* SM value

Single top only

Do, 5.4 b

[ ]68% C.L.
B90% C.L.
[]95% C.L.
® Best-fit value
* SM value

Single top only

If7°

0.8}

D0, 54 b

0.6}

0.4

[ 168% C.L.\
- B90% C.L.
[]95% C.L.
N ® Best-fit value
[ * SM value

Single top only

Using events orthogonal to W helicity meas’t ONLY

[arXiv:1110.4592]
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Wtb AC will alter:

- single top production
(see previous slides)

- fractions of W bosons
in the 3 helicity states:

SV 'DO, 5.4 fb™
1.2 w— o 4F Likelihood
« "“F D0, 5.4 fb" — 04" density
- - [0.05 [0.7
1~ 0 _ 0.3p 1 1
- i —95% CL
AN - 0.2
— mwAs . >
o6 oL + 1520 0'1;
04~ | N r20 g-,_”' DO, 5.4 b
S e = 04f
0.2 fal -
- — 0.3f
0 X
- 0.2f
-0-2 -—l- PO YT SN T T TN T U N N TN TN T TN TN M N NN U M AN AN i
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« Wtb AC will alter:

o1.2
— I DO,5.4fb" « Best-fit value]
- single top.produ.ctlon b DES -ovae
(see previous slides) i | —R%CL
. 0.8 m fv;go
- fractions of W bosons F O\ - L
1 HP.- 06— 4 . fT?‘—'O
in the 3 helicity states Y. '- v 820
o4 | T
. Assume: o2t | N
- Single top production through N
Wtb vertex exclusively Y T S S S T
9 9 9 -0.2 0 0.2 04 06 038 1 f1 2
- I‘/z‘d| -+ |‘/ts| < |‘/tb| ¥

« Use the LH from W helicity meas’t as prior for single top
- Compute LH over all possible analysis channels

- Remove overlap between selections
arXiv:1204.2332 [hep-ex], PLB acc’d
62
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The period is 1 or 2
siderial day
- 1 Solar day
~ 0.997 siderial day °

- Use time stamp &P
to check perodicity! e (U(t) R Tave [1 + fSl\"‘IE(t)D

TABLE III: Limits on SME coefficients at the 95% TABLE IV: Limits on SME coefficients at the 95%

C.L., assuming (¢ )y = 0. C.L., assuming (cg ) = 0.

Coefficient Value £ Stat. =Sys. 95% C.L. Interval Coefficient Value & Stat. & Sys. 95% C.L. Interval
(cQ)xxss —0.124+0.11 £0.02  [-0.34,+0.11] (cv)xxas  0.10+0.09 £0.02 [—0.08, +0.27]
(co)vvss 0124011 £0.02  [—0.11, +0.34] (cv)yvas —0.1040.00 +0.02 [—0.27, +0.08]
(c@)xyss —0.04£0.11 £0.01 [—0.26, +0.18] (cu)xvyss 0.044+0.09 £0.01 [—0.14, +0.22]
(cQ)xzsas 0.15+0.08 £0.02 [—0.01, 4+0.31] (cv)xzss —0.14£0.07 £0.02 [—0.28, +0.01]
(co)yzss —0.03+0.08 £0.01  [—0.19, +0.12] (cv)yzss  0.014+0.07 £<001  [-0.13,+0.14]

[arXiv:1203.6106]
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Strong charge asymmetry (DO)
Strong Colour charge asymmetry (DO, 5.4 fb")

@
D2,5.41b" [ ) g np L D@, 5.4 b
>
w

(@) [ Wajets 3 W wsets (@)
[ Multijet
3 * Data

[g - DO,5.41" [ £
> 160 (b) [ Walets

I Multijet
e Data

¢ Data

20 40 60 80 100 120 140 160 180 200 220 01020304090507000901

Pt [GeV]

Leading b-jet p; %2 of kinematic f1t

0 01 02 03 04 05 06 07 08 09 1

Discriminant

iscriminant, Ay<

[
g s DO, 541" [ E ool 0O, 541" WiT = D@, 5.4 fb”
| 100} © Mwsets |3 [ + @ [ Wsjets z Dwsets ()
- Il Multijet sk I Multijet [ Multijet
e Data C + e Data e Data +

0 01 02 03 04 05 06 07 08 09 1

ﬂok"*'[&V] Discriminant
9 k min M, ) 1L Discriminant, Ay>0 )
Ay>0 Ay<0
A=(92%367)% <> AMC@NLO)=(24+037)%
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+2>4 jets e+>4 jets p+>4 jets [+4 jets [+25 jets
Raw Ng 849 455 394 T17 132
Raw Ng 732 397 335 597 135
Nie 1126 =39 622 + 28 502 £28 902 + 36 218 +16
Nwtjets 376 £39 173 £28 219427 346 £ 36 35116
Nua 79+5 56+ 3 8+2 6614 13+£2
Arg(7) 92437 89+£5.0 91+£58 122443 -3.0£79
MC@nLO Apg (%) 2407 24107 25409 3.9+08 —29+1.1
[+2>4 jets e+>4 jets p+>4 jets [+4 jets [+25 jets
Raw Nk 867 485 382 730 137
Raw Ng 665 367 208 546 119
Nex 1096 39 622 + 28 474 £ 27 881 + 36 211116
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 (%) 0.8+0.6 0.7£0.6 1.0£038 2106 —38+1.2
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. Template method, 4.7 fb-1 (DQ):

- my,, free parameter - dilepton events are
kinematically underconstrained

- Use the so-called neutrino-weighting algorithm:

« Postulate eta-distributions of neutrinos from MC
. Calculate weight distribution vs. m,,
. Use 15t and 2"d moment of this distribution to form
templates
- Apply in-situ JES calibration from I+jets channel:

1.013 £ 0.008(stat)
. Caveat:
k,es can be final state-dependent, so we derive a
dedicated response correction

- Final result:
[mt — 174.0 £ 2.4(stat) £ 1.4(syst) GeV |
arXiv:1201.5172 [hep-ex] (2011) Best Tevatron dilepton result!
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. @J corrmaen o Tevatron Combination

Mass of the Top Quark

July 2011 (* preliminary)
CDF-I dilepton g 167.4 +11.4 (£103£ 49) gs“f
D@-1 dileptan ¢ teaar1zewasan | o o oF .
COFlGiepton  — B ossanueman| B Total uncertainty
D@-I1 dilepton 2" 1740+ 31 (£18£25) g 04— be|ow 1 GeV
_ >
COFtleptonsjets T wemrawsne| #for the first time!!!
D@-I lepton+jets 180.1+ 53 (£39+36) .?; l
CDF-Il lepton+jets T 173.0+ 1.2 (#06x1.1) E’
D@-Il lepton+jets 1749+15 (x08+12) 5 °
= P
CDF-I alljets 56.0211.5 2100£57) I of @
CDF-Il alljets * n | 1725421 (£14£15) s 0 Analysis 7
CDF-Il track ® 166.9+ 95 (£9.0£29)
CDF-ll MET+Jets = @~ 1723+ 26 (£18£189)
Tevatron combination * - [ 1732+ 0.9 (+06+08)
l l I | (zf/dof =R :2855‘::)’ —
150 160 170 180 | MNgop = 173.2 £ 0.6 (stat) £ 0.8 (SySt)]

My, (GeV/c?)
arXiv:1107.5255 [hep-ex]

67

2/27/13 Measurements of Top Quark Properties at the Tevatron




. @J corrmaen o 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 SENC A Combined D@ measurement

cJES Size of calibration 005 2 | A Tevatron combination

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

rJES 012 § |

Lepton pr Various signal 0.10 3 3l

Signal «—— modeling uncert. 051 & [

Detector Modeling ~ \brain effort 0.10 T,

UN/MI 0.00 & _

Background from MC 0.14 § 1:_

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

Method 000 F U

MHI 0.08 10 1 L 1o

Systematics 0.75 . Integrated Luminosity (fb7)

Statistics 0.56 Relative uncertainty: 0.54%

Total 0.94 Expect this limit to be improved...
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C GEORG-AUGUST-UNIVERSITAT . i}
. @J GOTTINGEN Top-antitop mass difference meas’t

CPT is essential for a locally Lorentz-invariant QFT
- m I=m - CPT violated!
« Top is the only quark where this test is pc™ = (3.3559) x 107" 5
- D@ measures directly and mdepende My e, (ME):

particle antiparticle

S [ DO361'S [ (B DQ36fb1
8180?(?1)-: DR 'e+jets 8 8180_1—('3_)1 . u+]ets 1
4 : o ./‘D’;Té\‘ ______ : - : Lo /_.N\ .o 1 ~
= SR AR N I s S T S
175 . & SN 4 175 . L & o A -] Q
- ' Bt ] i S Y -~
e o RREDOE N
D'-l] To- .a El’D D';E' g Q\\
._ \—n & O g‘;ﬂ' u‘l. ] i \'\mg__lz_l_g,a//. . S 8
A== I SR
1700 N RS0  1T0R o Tso s o=
- N
MRS RCE S TR U TR S S T SRS BT [T T (T SR T S T NN T TN TS TN (Y S 2 V.\'\
170 175 180 170 175 180 OOS
Q
<1% relative precision! M, (GeV) M, (GeV) T %
x ©
L Am = my — my = 0.8 +1.8 (stat) + 0.5 (syst) GeV ) ih
S
mg + myg _ . 2o
Am Lt =172.5 GeV 20
2 Q-
Am = —1.95£1.11 (stat) £ 0.59 (syst) GeV 87f7)) 3
- AT U -, \AART A
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C GEORG-AUGUST-UNIVERSITAT ; ) )
. @J GOTTINGEN Top-antitop spin correlations

- 7+ = (3. 3+ ) w 1025 g< hadronisation time
- becay proaucts carry into about spin of tt system

q q 1
+ 15, (15%
- In this form possible only at the Tevatron: /ﬂ‘ @1
. High qq fraction (LHC: ~10%)
. production at threshold dominates
- Correlation strength (frame dependent):

= Nt Ny = Nyp = Ny
 Npp+ Ny + Ny + Ny b/
- Analyse it using angular info:

1 o 1
‘ —(1 — C'cos#; cosbs)

o dcost 1 d cos - 9 4 (for dilepton channel case)
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GOTTINGEN

C GEORG-AUGUST-UNIVERSITAT . . :
. @J " Spin correlations w. matrix element

« How can we adopt the superior matrix element” (ME)
technique for the spin correlation measurement?
- Melnikov and Schulze (PLB 700, 17 (2011))

,- P,.(x,H=1) — :
R( X) = ,. | -~ No spin corr. | DD |
| P.(x,H=0)+P,(x,H=1)| —sMspincorr. | i. |

- Construct templates in R > 0.1} I

- Observable: . .
« Fraction of events with spin corr.: |

= N,.(w./spin correlation)
sz( G”)

- Translates into C > f* Cg, L .
0.3 0.4 0.5 0.6
. i.e. SMpred’'nisf=1 R
* | will discuss the ME technique in detail in the context of m,,, meas’t
Here: it gives probability P(x,H) that a given event came from the process
described by the ME, given observed kinematics x and hypothesis H

-------

7"
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GEORG-AUGUST-UNIVERSITAT
GOTTINGEN

L

2 1 }‘H gs 2 2 gs —
‘M) FF(2—p°s,)-H—FFA
« H=1: correlated spins 2 ;
« H=0: uncorrelated spins z"émo{ —— Data DO, L=5.41b
- Perform measurement: | T WSMspincorr.
80— " tt no spin corr.

. Dilepton channel
« mc@nlo generator
. dataset as 2 slides ago

- Use binned LH fit with
nuisance parameters
« We obtain:
- £=0.74 £ 0.41 (stat+syst)
- §>0.14@95% CL

Spin correlations w. matrix element
. Take ME from Mahlon & Parke (PLB 411 173 (1997)):

60

40-

| B measured tt
- [l Background

0 0.3

20

035 04 045

- =0 excluded at 97.7% CL (99.6% exp.)

. 30% more sensitivity!

0.5

055 0.6

R

2/27/113

- But still statistically dominated (0.27)
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(Y| GEORG-AUGUST-UNIVERSITAT . ) _
. @J GOTTINGEN Spin correlations w. matrix element

. Straight forward to extend the lepton+jets channel:
- Same ME, mc@nlo as generator
- Splitin 4 and 4+ jet bins
- Require two b-tags to reduce combinatorics (+ purity 90%)

- Regard the other two hightes p; '
jets as light jets

- - four permutations

« Combine with dilepton result:
- £=0.85 £ 0.29 (stat+syst)
- < 0.34 @ 95% CL
- £<0.05@99.7% CL _
. f=0@3.1SD!! 0l

« First evidence for non-vanishing
spin correlations!

DOL=5410" |

0.8

S

04

fmeas preliminary
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C GEORG-AUGUST-UNIVERSITAT . :
. @J GOTTINGEN Spin correlations Tevatron

tt spin correlations C

beam
CDF, 2.8fb — 0.32,>
(dilepton template) '
D@, 5.4fb™ —— 0.50+0.45
(dilepton template)
D@, 5.4fb™ =1 0.57+0.33
(dilepton ME)
| o |

CDF, 5.3fb™ ! '0.72+0.69
(I+jets template)
D@, 5.3fb" imi H* 0.89+0.33
(I+jets ME) (preliminary)
D@ combination, 5.4fb" F1 o 0.66+0.23
(dilepton + I+jets ME) (preliminary)w.gernreuther et. al

Nucl. Phys. B 690, 81

4 2 0 2 4

2/27/13 Measurements of Top Quark Properties at the Tevatron



. @J corcen Colour Flow in tt events

. Use colour-connections as selection tool w
- H — bb: coloursinglet, 4 _ ppcolour octet
- tt events provide clean samples of W

bosons (colour-singlet) and b-jets (colour-octet)

" A
Sl :
e ol
l . 4 = P\}F)
Fraction of W in singlet configuration
fSinglet = 0.56 &£ 0.42
) — 1(SM 11 bl
JSinglet (SM) [arXiv:1101.0648] .
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. Gl e The CDF and DO detectors

in=0
|
i ': " Muon Scintillators |

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

Solenoid
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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GEORG-AUGUST-UNIVERSITAT .
. @ GOTTINGEN The birth

24 Feb. 1995:

- Simultaneous

PRL submnssuonl
by CDF and DG

CDF (67 pb™) :
- 0=6.8"3-6, , pb, :
- observed 19 events, expected 6.9 bkg

. bkg-only hypothesis rejected at 4.80

- My,,=176%13 GeV
« DO (50 pb):
- 0=6.4%2.2 pb,
- observed 17 events, expected 3.8 bkg

« = bkg-only hypothesis rejected at 4.60
- My,,=199%30 GeV
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GEORG-AUGUST-UNIVERSITAT .
. @J GOTTINGEN The birth
s
[ ]

24 Feb. 1995:

- Simultaneous

PRL submission
by CDF and DG

CDF (67 pb™) :
- 0—6 8+3624pb | .
- observed 19 events, expected 6.9 bkg 100 200

Fitted Mass (GeV/c?)
. bkg-only hypothesis rejected at 4.80

Events/(20 GeV/c?)

3 IS e —
- My,,=176%13 GeV ol —
. DO (50 pb): g
- 0=6.4%2.2 pb, é 3 .
- observed 17 events, expected 3.8 bkg 2 2 I+ =
. > bkg-only hypothesis rejected at 4.60 20 rﬂ'- 1. B g
- My,,=199%30 GeV e [

0 Ll
80 120 160 200 240 280
Reconstructed Mass (GeV/c?)
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. @J gs')???r\]glérSUST-UNNERSITAT Analyzed dataset

. Tevatron has shown a great performance in FY 2010!

. We keep enlarging our calibration samples
- Better handles on experimental uncertainties:

. e.g.Jet Energy Scale (JES), Jet Energy Resolution, etc.

80.00 12000.00

Delivered: 10.5 fb" ‘ ] 1 000000

00w - Recorded: 9.5 fb! }t \‘ L |
Data taking eff.: >90% | N 1 8000.00
.l IIIIIIIIIIIII 6000.00

>

4000.00

00 i f
)=

b

AT | H H | M

5 35 65 95 125 155 185 215 245 275 305 335 365 395 425 455 485 515

Week #
(Week 1 starts 03/05/01)

Weekly Integrated Luminosity (pb)
Run Integrated Luminosity (pb')

2000.00

Shown today!

I w— Y eekly Integrated Luminosity ~—&— Run Integrated Luminosity ]

27 February
2013
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GEORG-AUGUST-UNIVERSITAT
. @J GOTTINGEN and Decay

In the SM: Top Pair Branching Fractions

- |V =0.9990-0.9992 46%
@ 95% C.L. assuming
3 CKM generations
« Characterise tt final
states by top decays!

ttjets 15%

"dileptons”
. MET
h b-jet i
b-jet =S J b-ie b-jet
e, e jet jet jet
Dilepton Lepton+jets All-hadronic

(BR~5%, low bckg) (BR~30%, moderate bckg) (BR~46%, huge bckg)




C GEORG-AUGUST-UNIVERSITAT . )
. @J GOTTINGEN Typical ttbar preselection

Dilepton Lepton+tjets All-hadronic
2 high-p; leptons 1 high-p; lepton (>20 GeV) No leptons
Missing E; Missing E; (>40 GeV) No missing E;
2 jets 4 jets (> 20GeV) 6 jets
= 0 b-tags = 1 b-tag = 1 b-tag
S/B:

jet jet

b-jet

b—'e%

e, jet jet
Dilepton Lepton+jets All-hadronic
(BR~5%, low bckg) (BR~30%, moderate bckg) (BR~46%, huge bckg)

Top Mass Measurements at the Tevatrocbleg Brandt, Géttingen/FNAL @J 2t



. @J corrmaen o Experimental Challenges

« We are interested in parton-level quantities for our top
measurements
- Map the energies of reco-level jets J:___
particle jets (DO) / partons (CDF) CH
- This is referred to as a
Energy Scale (JES) corr’n

- With the current size of
samples:

. S(JES)/JES ~1.5% (DO) EM

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

2
[«3)
5,
-t
(<))

e
* FH
-
-

<
<
o

__________ | m——— el -
. And many more: z :
- Lepton ID, p; scale <
&
e s W
27 February
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