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The Top Quark

> needed as isospin partner of
bottom quark

couplings

> large coupling to Higgs boson ~ 1:
important role in electroweak
symmetry breaking?

» short lifetime: T~ 5 :10%s < A‘lQC :

D
— decays before fragmenting
I-t =1/ — observe “naked” quark

Is the top quark the particle as predicted by the SM?
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Top quark couplings

q \Y,
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Measurement of Branching Fractions

Vud Vus Vub
R=B(t—>Wb) VCKM: Vcd Vcs Vcb
n rd M I B<t_)WQ) Via Vis Vi
VI R changes fractions of
2 _ 5 .
e =y ,[~1 b-tagged jets:
|th| +|st +|th|f = DG R
s un |l
! @ 0.8
unitarity of CKM matrix 9 H1 tag
(o8
beyond g 09
S
M: R+1 g 04

e.g. decay into 4™ generation
quark: R<1

sensitive to b disappearance ) 02 04 06 08 1
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Measurement of Branching Fractions
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Simultaneous Measurement of o and R

Maximize total Likelihood function simultaneously for
branching ratio R and top pair production cross section

Phys. Rev. Lett. 107, 121802 (2011)
S S

| L ! L !
= 1; DO, 5.4 fb
1 68% CL
195% CL

0.6—: 99.7% CL

0.8
[R= 0.90+0.04 (stat+syst) ]

0.4
3 using unitarity of CKM matrix:

0.2-

[0.90 <[V, | <0.99 @95% C.L. ]

oA

R meas

= agrees with SM
within 2.50

+0.67

-0.57

[th = 7.74 (stat+syst) pb]
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Top Decay Width

* indirect determination (direct extraction not sensitive enough)

t—-channel cross section:

g(t-channel) = 2.26 = 0.12 pb
approximate NNNLO, m = 172.5 GeV

P
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Top Decay Width

* indirect determination (direct extraction not sensitive enough)

-channel cr jon: rtial width:
o(t-channel) = 2.26 + 0.12 pb Nt—Wb) = 1.33 GeV
approximate NNNLO, m = 172.5 GeV NLO, m = 172.5 GeV

P

W

t t
" ) th
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Top Decay Width

* indirect determination (direct extraction not sensitive enough)

-channel cr jon: rtial width:
o(t-channel) = 2.26 + 0.12 pb Nt—=Wb) = 1.33 GeV
approximate NNNLO, m = 172.5 GeV NLO, m = 172.5 GeV

P

W

> combine both measurements
> assume that coupling in top production and decay is the same
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Observation of t-Channel Production

> remove s/t channel
constraint which could be
changed by new physics

04]

2000

signal region
DO 5.4fb™

> train multivariate analysis for
t-channel

> measure t-channel and s-
channel simultaneously

Yield [Events/0
o o o
(- Q o
o o o

Phys. Lett. B 705, 313 (2011)

O 02 04 06 08 1

observation with 5.50 Ranked t-channel discriminant

o(pp — tgb + X) = 2.90 &+ 0.59 pb

o(t-channel) = 2.26 = 0.12 pb
approximate NNNLO, m, = 172.5 GeV

m, =172.5 GeV

05/07/2012 Top Quark Properties - Christian Schwanenberger - ICHEP 2012, Melbourne 13 MG

sssssssssssssssss



Top Decay Width

t—-channel cross section: rtial width:

o(pp — tgb + X) = 2.90 & 0.59 pb [ R= 0.90+0.04 (stat+syst)]
m =172.5 GeV

P

! —+

| ~
<
O

T2 D@, 5.4 b b
i 1E Expected I,
+0.39

.%‘08_ E =1.39 -0.35 GeV
c I § Observed I,
806 L \2.0078 Gev
.g 0.4 i -0.43

() b

‘a 0-2_ F {:“t‘,\

o i

o . R N —— [T

05 1 15 2 25 3 35

Phys. Rev. D84 012008 (2011)
0.47 — +0.90 —25

—> most precise determination
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Top Decay Width

t—-channel cross section:

o(pp — tgb + X) = 2.90 + 0.59 pb
m_=172.5 GeV

partial decay width:

[ R= 0.90+0.04 (stat+syst)]

t
) th

Posterior density
—_ NW OO

- |V, | >0.81at 95% C.L.

'Vip| > 0.81 at the 95% C.L.

DY, 5.4 b b

~ 0.2 04 06 0.8 1

A

tb
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Top Decay Width

o(pp — tgb + X) = 2.90 £ 0.59 pb
m =172.5 GeV

[ R= 0.90+0.04 (stat+syst)]

W

t
) th

Posterior density
—_ NW OO

- |V, | >0.81at 95% C.L.

~02 04 0.6 0.8

|V
tb

DG, 5.4 fb"’ b

4™ generation b' quark:
My > My — Mwy

1 Vidl, [Vis| < 1
2 Vir |2 = 1 — |Vg|?

Vip| > 0.81 at the 95% C.L.

2

< 0.59 at 95% C.L.
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Search for FCNC in Top Quark Decays

€

Lrone = 2 sin Oy cos vz = az75)q2" + hec
+
Z .
7\ t

w— g
D g 4

5+ FN\—

k.,

> select 3 leptons, missing transverse momentum, 2 jets
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Search for FCNC in Top Quark Decays

= C
o i T
B - {11 1 FONC, B(t—Zq)=5%
i i
a, 30 i —=— Data
[75) /+
t 5 : WZ
S N
q w > ; -1 z -
v @ 20 - 77 DQ, 4.1 fb
B q
" t
i - Other backgrounds q
10 g . b
L g f
B 'BEBEEEEEREERRRERRERERREE!
= z EEEEEEEERE R R W_ I_
aq Z
! v
% T T % D@, 411" | 3 [D@, 4.1 |
& ‘D@, 4.1 1b [ tt FONC, B(t—Zq)=5% s o [ &t FONC, B(t—Zq)=5% g DY 4. [ &t FONC, B(t—Zq)=5%
§ -l —— Data § 4__ —— Data § I FEE ? —=— Data
= 20— - w2 #
: O L m e 2
g8 [ I zz 2 | Hidd Iz g [ il Bz
F-% - -Other backgrounds L% 2__ -Other backgrounds L% 1- ﬁ% %j‘? ' -Other backgrounds
T : L
- : i - Gl
[ o . ‘ = iy ()
% 200 400 600 800 1000 % 200 400 600 800 1000 % 200 400 600 800 1000
H, (GeV) H; (GeV) H, (GeV)
3 leptons + 0 jets 3 leptons + 1 jet 3 leptons + 22 jets
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Search for FCNC in Top Quark Decays

N
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Excluded Regions by Colliders

T
»
»
0]

excluded at 95% C.L.

m, = 175 GeV,c . = 6.90 pb
Az = Viez = Az = Kth( =0

DO, L = 4.1 fb™

0.1

e

0.5

world's best
limit

05/07/2012 Top Quark Properties - Christian Schwanenberger - ICHEP 2012, Melbourne 21 MEoaa

chchchchchchchchchchchchch



Excluded Regions by Colliders

excluded at 95% C.L.

m, = 175 GeV,c . = 6.90 pb
Az = Viez = Az = Kth( =0

DO, L = 4.1 fb™

world's best

//////%/// 2 o — limit
AN,

IKt

/

0.2

5

!

n»r-p»

ar Xiv: 1206. 0257
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Conclusions: Top Quark Properties

@ many high precision measurements
@ competitive (mass) and complementary (spin correlations, FB asymmetry) to LHC

Property | Measurement SM Prediction | Lumi (fb™") _
oy (for M, = 172.5 GeV) pp— i CDF: 7.5 £ 0.31(stat) £ 0.34(syst) £ 0.15({theory) pb | 7.467; % pb up to 4.6 F. [EI | Ot
DO: 7.5670% (stat + syst + lumi) pb 5.6
Oibq (for M, = 172.5 GeV) PP — tE CDF: 0.8 0.4 pb (M, = 175 GeV) 2926 +012pb | 3.2
D0: 2.90 £ 0.59 pb 0.4
o (for M: = 172.5 GeV) Pl — th CDF: 1.87%7 pb (M. = 175 GeV) 1.044+004pb | 3.2 FCNC
DO: 0.68715% pb 5.4
R = B(t — Wb)/B(t — Wq) CDF: > 0.61 @ 95% CL 1 0.2
D0: 0.90 £ 0.04 5.4 4—
|Vas| CDF: [Vis| = 0.96 -+ 0.09(stat + sys) =+ 0.05(theory) | 1 7.5
DO: 0.81 < [Viu| < 1 5.4 -
o(gg — tt) /o (pp — ti) pp — tt CDF: 0.071] 03 0.18 1
o4z, (for M, = 1725 GeV) PP — thy CDF: 0.18 - 0.08(stat + syst + lumi) pb 017+003pb | 6.0
M, Tewv: 173.2 £ 0.9 GeV - up to 5.8
M, — M; CDF: —1.95 + 1.11(stat) £ 0.59(syst) GeV 0 8.7
DO: 0.8 & 1.8(stat) £ 0.5(syst) GeV 3.6
W helicity fraction Tev: fo = 0.732 £ 0.063(stat) £ 0.052(syst) 0.7 up to 5.4
Charge CDF: -4/3 excluded @ 95% CL 2/3 5.6
DO: |g| = 4/3 excluded @ 92% CL 0.37
I, CDF: < 7.6 GeV @ 95% CL 1.26 GeV 4.3
DO: 199700 GeV up to 2.3 D ——
spin correlation pp —+ tf, beam CDF: (.72 + 0.64(stat) £ 0.26(syst) 0.777Ho0i 5.3
DO: 0.66 + 0.23(stat + sys) 5.4
Charge asymmetry pp— tt CDF: 0.162 £ 0.041{stat) £ 0.022(syst) 0.06 8.7
D0: 0.196 £ 0.065 0.4

T rk behav redi M
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Top Quark Width

3

LO: Iy = 87/2

I

M2\ ? M?2 20, (212 5 b
NLO: ,=19{1-—%) {14+2=—7} [1- e

™M m; 3w \ 3 2

Ft — 126 GeV fOI' mt — ].70 GeV
CDF Conf erence
Not e 10035 X X
CDF . u.é :— 2-tag: 214 evenis % :: 2-tag: 214 events
n % B o Data g - . Dlata
[ <72.5Gev | B | T vt
(2-dimensional - _J ul e
template fit) " EreR e ), it
o ._._._._-:::::::::::::.:.:. ________________ e == o - _.::::E:E:E:E:E:E:E:E:E 4 e e T

e (GeV/c’) m, (GeVic®)

—> model independent but not really sensitve
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Sensitivity to New Physics (1)

b

o (t—channel) I'(t — Wb)gy

I =
"7 B(t —» Wb) o(t—channel)sym
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Combined Method

Source o7 [phl Offset [pb’ +o [pb] —a [ph!
Statistical only 7.58 +0.24 —(.24
Muon identification —0.04 +0.05 —(0.05
Electron identification +0.14 +0.12 —(.12
Triggers -0.09 +0.09 —(.11
Background normalization +0.00 +0.07 —(.06
Signal modeling —0.06 +0.23 —0.21

b-tagging —0.14 +0.12 —0.12 -——
Monte Carlo statistics —0.01 +0.06 —(.06
Fake background —0.01 +0.06 —0.04
fu —0.00 +0.02 —(.02
Jet energy scale —0.03 +0.00 —0.00

Jet reconstruction and identification +(.18 +0.18 —(.17 -*——

Luminosity +0.12 +0.51 —0.44 <-——
Template statistics +0.00 +0.03 —(0.03
Other +0.01 +0.14 —0.13

Total systematics @ET —@
Fit result 7.78 +OTT =0
+0.77
O, = 7'78-0.54 (stat+syst+lumi) pb 19%

m =172.5 GeV
top
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Sensitivity to New Physics (1)

example: charged Higgs withm, <m - m,

t-channel cross section:

L't

o (t—channel) I'(t — Wb)gy

B(t — Wb) o(t—channel)gp

b

branching ratio B(t—Wb):

e 05/07/2012
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Sensitivity to New Physics (1)

example: charged Higgs withm, <m - m,

t-channel cross section: branching ratio B(t—Wb):
b
q t C
t H* B S
D 0O 0O 0 Q _ b
q €
larger *1 w v

o (t—channeDA (t — Wb)gy
B(t — Wb) o(t—channel)gp

Ft:
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Sensitivity to New Physics (II)

example: 4" generation b’ quark withm_ > m - m_

t-channel cross section: branching ratio B(t—Wb):

assume unitarity of the new 4x4 dimensional CKM matrix:
IthI2 + Ith,I2 =1land |V_|, [V | small

using a flat prior for0 < |V _| <1

Vi | < 0.59 at 95% C.L.| first such limit
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DO Run ll * = preliminary

August 2010

NEW

I+jets (topological)* private extrapalation
43"

I+jets (b-tagged)® vy eyizar e
4.3 fo™"

I+jets, dilepton, t+lepton (PrD)
1.0

dilepton (topological)*
5.3 fo~"

I+track (b-tagged)*
1.0 o

tau+lepton (b-tagged)
2.2

tau+jets (b-tagged, PRD)
1.0 fo™

alljets (b-tagged, PRD)
1.0fb™

B M. Cacciari e
[ N. Kidonakis gnd R
S. Moch and

My, = 175 GeV
CTEQ6.6M

1@+
.| +0.46 +0.66 +0.54
@+

+0.33 +0.51 +0.49
7.25 753 J039-043 PP

7.93 +0.30 +0.89 +0.54

2030 -0.77-0.47 PP

7.84 2045 —0'54-0.46 PP

8.23 +0.52 +0.85 +0.65 b 9

—0.51-0.80-0.57

50 1% 02 i3 pb

7.32%1 34" 20 1045 pb
H 6.30 '] 15 "0 12 s040 pb
—— 6.9 13 "4 104 pb

(stat) (syst) (lumi)

I., JHEP 0809, 127 (2008)

Vogt, PRD 78, 074005 (2008)

er, PRD 78, 034003 (2008)

rDilepton

(L=4.3fb")

-Lepton+Jets (ANN)

(L=4.6 fb")

—PrLepton+Jets (SVX) iy

(L=4.3fb")

All-hadronic

(L=2.9 ")

CDF combined
v%/DOF= 0.60

[l Cacciari et al., arXiv:0804.2800 (2008)
Kidonakis & Vogt, arXiv:0805.3844 (2008)
[ Langenfeld, Moch & Uwer, arXiv:0906.5273 (2009)

7.27+0.71-0.46+0.42

(stat) (syst) (lumi)
7.6310.37+0.35+0.15
7.1410.35+0.58+0.14

7.21:0.50+1.10+0.42

7.50+£0.31-0.34+0.15
m,=172.5 GeV/c’

0 2 4

8 10 12

o (pp — tf + X) [pb]

all channels measured except forT, . T, .

5

o(pp — tt)
NEW MET+2, 3, > 4 jets (orthogonal)

9 10

combination: 6% !

= good agreement with SM in all channels
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