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See talks by: Cecilia Gerber

DED Introduction - Recap i ias

» Top is the heaviest fundamental parficle
discovered so farm = 1/3.3 £1.1GeV

s Lifetime: 1 = 5x10%°s, charge: +2/3e

» D@ has collected a large statistics top
sample allowing wealth of precise
measurements

» Tevafron has access to quantities that
are harder to measure at the LHC,

because of the initial state: gg vs. qq % s
"dileptons” "lepton+jets

Top Pair Branching Fractions

“alljets” 46%

ttjets 15%

L+jets 15%

+

i

w* v

» Experimental technigues: —QF . . b

» Sample classified according fo W- ) ;
decay: dilepton, lepton+jets, all jets =4 *

w- q

Qi
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I¥D Mass of the Top Quark

> Maftrix Element method (ME) calculates event probability densities
(PD) from differential cross sections and detector resolutions:

P(x,m) = : /S:da(yamt)dﬁhd% flq1)f(q2) W(y, x, kys)

g (mt ) LO ME PDFs Transferfunction

» The Transferfunction relates the PD of
measured set x To the partonic sety

s K . Is a global factor for the Jet Energy Scale

» Selection of [+jets events, use b-tagging to
iIncrease purity of the sample
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XD Mass of the Top Quark=

> Maftrix Element method (ME) calculates event probablll’ry densmes
(PD) from differential cross sections and detector resolutions:

P(x,m) = : /S:dg(yamt)dmd% flq1)f(q2) W(y, x, kys)

g (mt ) LO ME PDFs Transferfunction

» The Transferfunction relates the PD of o 1.06F
measured set x To the partonic sety ~® 1.05F

s K . is a global factor for the Jet Energy Scale 1-045

» Selection of [+jets events, use b-taggingtfo "%
increase purity of the sample 102p ©
» Measurement is dominated by systematic 1.01¢
uncerfainty :
0.99F

0.98 = >
9?70 172 174 176 178 180 182

—» Most precise D@ mass measurement (3.6 fb™: m, GeV
m, = 174.9 + 0.8 (stat.) + 1.2 (sys.+JES) GeV
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¥D Mass of the Top Quark

» Apply Matrix Element method (ME)

» Select dilepton events (ee, pu, ew: 2T | D@L =54bY
Very clean sample, limited in statisfics | } Preliminary |
» No in-situ JES as both W bosons decay |
leptonically —
*» Measurement is dominated by *
systematic uncertainty s
j ]
0 —%0 70 T80 " 190
my,, (GeV)

_» Most precise measurement in the dilepton channel (5.3fb™);
m, = 173.6 + 1.8 (stat.) + 2.5 (sys.) GeV
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¥ Mass of the Top Quark

DQ * = preliminary March 2011

Run | dileptons 0.1 H @ H 168.4 +12.3 +36 GeV
+12.8 GeV

Run | lepton+jets 0.1 " H—e—+ 180.1 36 3.9 GeV
+ 5.3 GeV

Run Il dileptons * 5.4 b H-@H 173.6 1.8 25 GeV
3.1 GeV

Run Il lepton+jets * 3.6 HOH 1749 108 x1.2 GeV
*1.5 GeV

D@ combination *march 2011) HOH 175.17 +0.82 +1.23 GeV
+1.48 GeV

World average (July 2010) HeH 173.32 £ 0.56 +0.89 GeV
+1.06 GeV

Run Il o(l+jets) * 53 —e— 167.5 +5.4-4.9 GeV

(not in the combinations)

1 I | I 1 l 1

160 170 180

Top Quark Mass [GeV]
—» lotal error of top mass measurement is well below 1%

Basically all of them are systematically limited!
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¥D Mass of the Top Quark

» VVery short lifefime of the top quark, fop decays before hC]dI’OﬂIZOTIOﬂ
» Allows to test CPT invariance at the quark level

— T et T . . L R B — [T T T | T T T T

> L (a) D36 S S (RkY DO 3.61b"
8180;_(8_')_; LD edjets 8180i(.b)i ... utets. -
~ = -Preliminary: | ~ | - - Preliminary -
s-l-l e .\/ ] \, ...... S-I—' _ /'-' F— \- :_
S/ ;'S'“"é.“‘f,i o S Qe b N N
175- 7.4 A W - 175 .4 Che A .-
i in.D 1 EE':'I 7 .. --‘n I‘:l +1T10b -i .o ]
':'-D oo - @ I:L‘D Oma =« - - -
N\ o v 0 og«l .. .. ' N empOOn.d =/
.;. . \n EL.';'_L:,'-B“/ ..... ; ; e e s \'Ln o I:I’n\/i - ;
170 w70
........ - B " . | - 'I_ _'I M " | " " " " \ bl 1 1 1 T i I'_
170 175 180 170 175 180
M, (GeV) M, (GeV)

_» Measurement uses 3.6 fo':
AM, = 0.8 £ 1.8 (stat.) £ 0.8 (sys.) GeV
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DD Width of the Top Quark

» Total width: ['(t — Wb) From t-channel single top cross section measurement
b B(t — Wb) BR measured using tt decays

« [ and lifetime 1 = 1/l fundamental property of the Top quark

*» Assume same coupling:
production: decay:
q' q

W+

b
» Extract partial decay width from:

126GeV | -
t
['(t — Wb) = o(t—channel) = Whlsy

-
2.14 = 0.18 pb — "

(t—channel)SM
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DY Width of the Top Quar

» Total width: B ['(t — Wb) From t-channel single top cross section measurement
b B(t — Wb) BR measured using tt decays

« [ and lifetime 1 = 1/l fundamental property of the Top quark
» Assume same coupling: 5 o3
' : : O " 7777 Expected T, =1.32:052 GeV
Fq)rOdUCTI?nl deCOyl ‘E 1 U000 Observed T, = 1.99%"%° GeV
v, t t th § 0.8:
Q -
g ” b ‘go.sj
] n' B
» Extract total decay width from: 04
B(t — Wb) N
ANy . SS——
— % 05 1 15 2 25 3 35 4

0.09
0.9770 02 I, [GeV]
Ty, = 1.997052 GeV

—» Most precise (indirect) determination of I
Clm=(3.3505) x 1077 s
Phys. Rev. Lett. 106, 022001 (2011) t 3_0.9
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X5 W Helicity in Top Decays

» Direct test of the "V — A" nafure of weak interaction
* Fraction of W bosons produced in fop decays:
f, longitudinal), T_ (leff-handed) and f, (rght-handed)

. —_ — _ A - B
s SM: fO = 0.698, f_— 0.301 and f+ =4.1x10 3‘0.12:— b — Lefthanded
» Calculate cosB”for |+jets and dilepton: £ 0 ™ Longitudinal (a)
808 @ = Right-handed
0 U.Vof
0 B s LT L1 =
W boson e, f g 0.06F| ..
down
rest frame 0.045 ot
S AR () Y S R 0.027, &
a4 05 0 05 1
coso*
up %51205_ | | | D@, L=4.3fb"  (a)
o 100 s | ~- DO data
E T ) Slgnql + bkg.
I.ICJ 80 | l 5gll:/é§|gnal+bkg
60§ | L4
[
40__ T
-1'"-0|.5""(|)”"0:5""1
coso*
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X5 W Helicity in Top Decays

» Direct test of the "V — A" nafure of weak interaction
* Fraction of W bosons produced in fop decays:
f, longitudinal), T_ (leff-handed) and f, (rght-handed)

s SM: f,=0.698,f =0.301 and f_=4.1x10*

o1.2[
» Calculate cosB-for I+jets and dilepton: 5 ., ®
1? . DO,L=541f
W boson e, U, fdown 0.8
rest frame - * Best-fit value
0.6 * SM value
Do RRRRRTRSEERE (RN o RECLILEREES B
0.4
W up 0.2 |
» Use likelihood tfemplate fits to derive f. . o S .
—» Result consistent with SM: 02l b
fo = 0.669 4 0.078 (stat.) £ 0.065 (syst.) f,

= 0.023 £0.041 .) £ 0.034 :
fr = 0.02340.041 (stat.) +0.034 (syst.) Phys. Rev. D 83, 032009 (2011)
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X5 Spin correlations

» Very short lifetime prevents spins from being offec’red by The
fragmentation process: Spin correlafions affects decay products
» Easier to access at Tevatron because of IS: qq

> NLO QCD predicts: C = 0.78 + 0.03 - 0.04 s PO T
. E ;
q : A 2 0.1:— i —
¢
a t- ;gs/ltzpin corr.
_ 1501 [ JNo spin corr.
\Y

[ Backgrounds -

€e, €Y, Uy

Events
)
o

—» Correlation strength 5.4 fb™": 7 cos 6,086,
C =0.10 £ 0.45 (stat.+sys.)

http://arxiv.org/abs/1103.1871
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DEJ Asymmetry A,

» Forward - backward asymmetry due to NLO QCD

» Easier to access at Tevafron because of inifial state:
qq vs. gg (fwd-bwd symmetric)

» Difference between rapidities of the top-quarks is a measure of the
asymmetry

» Measure Ay = y; — y; and define asymmetry:

£ 2501 D@ Run Il Preliminary
) NAy>0 _ nNAy<0 l%m_ L=43fb"
Jo = NAy>0 + NAy<0
100 -
» Working on an update sof

—» Forward - backward asymmetry (4.3 fo'):
A, =8=x4(staf.) £ 1 (sys.) %
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DI Colorflow in tt events

° Partons are carrying color charge, that provides additional information:
» Singlet: H° — bb or Octet: g — bb
» Choose tt decay channel as an optimal playground:

‘ |

W — qq & - :
(singlet) _ | 7
! rel | : jj]]]
b-jet (octet), color TN g
connected = /| jmn il
to the beam ,*_r/
[ i
M
» Fraction of events with light jets coming from singlet W: f (=1in SM)

Singlet
» Total systematic uncertainty is 0.22, statistically limited

—|f. . =0.56 £ 0.38 (stat.+sys.) £ 0.19 (MC stat.)
http://arxiv.org/abs/1101.0648
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D5 summary

» Presented a wealth of measurements of fop properties showing:
Tevatron is Complementary and Competitive to the LHC

Qutlook:

s Final D@ sample will have 2-3x the statistics

> Many new & more precise results in near future
» Tevatron is an exciting place 1o do Physics

» Tevatron is building up its legacy

| D@L E5.4fbt

&
L . .
‘ Preliminary
0
O =T w70
m,, (GeV)

> DO 2.3
12 /777 Expectedr, = 1.32°3 GeV

>
1 ObservedT, = 1.99:°% GeV
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DY Backup
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XD Mass of the Top Quark

» Top Mass Measurement is Source Uncertainty (CeV)
dominated by systematics Physics modeling:
. Signal modeling:
» Total systematic error close to be higher order effects +0.25
below 1GeV, already only 0.7% SR/FER _ 020
. . hadronization and UE +0.58
9 Wl” gO IﬂTO The |egC}Cy Of The color reconnection +0.50
TeVG-I-rOn CO”' d er multiple ha.dronl interactions +0.07
Background modeling +0.03
W +jets heavy flavor scale factor +0.07
b-modeling +0.09
PDF uncertainty +0.24
Detector Modeling:
Residual jet energy scale +0.21
Data-MC jet response difference +0.28
b-tagging efficiency +0.08
Trigger efficiency +0.01
Lepton momentum scale +0.17
Jet ID efficiency +0.26
Jet energy resolution +0.32
Method.:
Multijet contamination +0.14
Signal fraction +0.10
MC calibration +0.20
Total +1.02
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XD Mass of the Top Quark

» Mass is conventfion dependent:

Depends on the renormalization scheme 2 _ - DO, L=5.3 fb "
» Direct mass measurement is close to = Preliminary
the pole mass ° ol
» Derive m P°®from intersection of [
measured o, and theoretical 100 N
predictions: 8:_ .....................................
Theoretical prediction | mP°' (GeV) AmP® (GeV) T NG T,
: MC _ pole _ MC _ __MS 6— N
MC mass assumption |m; ~ = m; my ~ = My - —— Measured o(pps fi+X) N
NLO [11] 1648757 ~3.0 - —— Measured dependence of 6 ..
s 4— —— NNLO approx Kidonakis
NLO-+NLL [12] 166.5 2 —2.7 ~ —— NNLO approx Moch and Uwer
NLO+NNLL [13] 163.075 5 3.3 i NLO+NNLL Ahrens etal. |
Approximate NNLO [14]| 167.5532 —2.7 2150 160 170 180 190
Approximate NNLO [15]|  166.7552 —2.8 Top quark pole mass (GeV)

—>|m, =16/.5+54-4.7 GeV
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