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Latest news

Hadron Collider Physics Symposium 2012

HCP2012

The Hadron Collider Physics Symposium 2012 will be hosted by Kyoto University, in Kyoto,
The 23rd conference in this series, this meeting will showcase ﬂmhmmﬂuﬁnmdrlHC,TmR}[[Cuﬂlm

November 12 - 16, 2012
Kyoto University
Kyoto, Japan

H czo 1 2 - Higgs Coupling 2012

hitp://www.icepp.s. a—tokyo.ac. ip/he2012/

A satellite workshop of HCqu_'iz (Kyoto in Japan, November 12-16)
to discuss measurements relatfd to Higgs boson particle with
the latest results of Higgs searches from LHC and Tevatron.

L-l November 18-20, 2012
WS ICEPP, The University of Tokyo
Tokyo, Japan
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Brief history of the top quark

* 1976: Discovery of Upsilon at Fermilab
2 Contains a 5" quark: the b-quark

= Structure of the families suggested existence of the 6" quark:
the top

" From here on the race to find top quark begun

a

Q

a

Petra (e*e): m, > 23.3 GeV in 1984
Tristan (e*e) in Japan: m, > 30.2 GeV in late 80s

SPS (p pbar): discovery of W and Z in 1983

UALl: m, > 44 GeV in 1988 (after having access in 1984 which they
thought was evidence for the top)

LEP (e+e-): m, > 45.8 GeV in 1990
UA2: m, > 69 GeV which closed down channel

= W- t b search closed down
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Brief history of the top quark

" Searching again for ttbar production with top mass above

W boson mass

a0 1992: first lower limits on top from CDF (m, > 91 GeV)
2 1994: first lower limits on top from DO (m, > 131 GeV)
* Electroweak fits from LEP/SLS/Tevatron data:

o 155 GeV < m, < 185 GeV

= Early 1994;
“Evidence for top at CDF”

m,, Constraints from EW Data

vvvvv

— no m, constraint
1— include m, constraint

exclusion

ey

—

ClL 68%

10

2
10 10
m,, [GeV]
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Top-quark discovery

* February 24" 1995: Simultaneus 17 events _
submission of top discovery papers % .
to PRL by CDF and DO g
0 50 pbt at DO .
= m, =199 + 30 GeV = _
= 0,=6.4=*22pb o 200
Fitted Mass (GeV/c?)
= Background-only hypothesis rejected 5 . . .
at 4.60 13 events CDF

0 67 pb! at CDF
= m =176 + 13 GeV

= o, =6.8%_ pb

Sl |
L +l.. - - ]
= Background-only hypothesis rejected rﬂ—l:l- e

at 4.8c %0 120 160 200 240 380

Events/(10 GeV/e®)
Lsd B

[ |

| |
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Top quark mass measurement

2'40 | ' . I | | |
:Electrcweak
- th¢o
200 - e
_— »
1] 1 HHW“IH?“
S 160 H1 T _
@ - ' 1M, =1732+£09GeV;
g .*. Tevatroh combined |
g 120 | E_ CDF, D@
h - -
BU: J'--- Top discovery -
A in 1995
4{}f'|. A . P B S | P
1990 1995 2000 2005 2010
Year
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Single top-quark production

Final Discriminant

= 2009: Observation of top quarks

.. . - DG 2.3fb"
In single top production B ol ]
= ata #
1 50 by CDF & DO! 2 oof -
o Multijett; =
£ 200/

02 04 06 08 ‘1
Ranked Combination Output
" Sin g le to p: very C hallen ging Single Top Quark Cross Section December 2009
channel D@ o/p+ets 2370 i 3.94 1082 pb
2 Low signal: similar signature like |pg < s 50 34 ¢ pb
w +jets ! CDF e/p+jets 3210 e 217 tggg pb
0 Counting only: Uncertainty on CDF f+jets 21f" | 50 25 pb
background larger than expected Tevatron Combination | 276 %258
SIghna | S !
- B, Harris @l al., PRD 66, 054024 (2002)
B N Kidonakis, PRD 74, 114012 (2008) Mygp = 170 GeV
L1 | ] ]

0 2 4 6 8
21 Novembe 6 (PP - th+X, tgb+X) [pb]
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Top-quark pair production

= Most properties measured in tt events

= At Tevatron:
proton

85% + 15%
= At LHC: | ;
14 TeV: 109% antieroton +90%
7TeV: 15% + 85%

* Production cross section (@Tevatron):
approximate NNLO: = 7_46ig"g§,pb @ m =172.5GeV

= 20 times higher @LHC (7TeV): 0= 164.6f}§j§ pb
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Final states in ttbar

tt-=W*bW'b : Final states are classified according to W decay

B(t—W*b)=100%
pure hadronic:
Top Pair Branching Fractions 26 jEtS (2 b'jEtS)

"alljets" 46%

dilepton:
2 isolated leptons;
High missing E_

tHets 15%

from 2 neutrinos: . 1‘{3,% lepton +jets:
. T+ T .
2 b-jets ’t:f\fﬂf‘*jﬁ,w 155 1 isolated lepton;
xe TATe . . .
LT s 15% ~ Missing E_ from neutrino;
"dileptons" "lepton+jets" T

>4 jets (2 b-jets)
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What we study about top-quark?

anomalous couplings
rare decays
branching ratios
CKM matrix element |Vy|
new particles

spin corrt.elat!on mass, mass difference, charge,
top polarization t 41_‘;':—‘ width, lifetime
charge asymmetry Ag
color flow

W helicity

production cross section

production kinematics W~
resonant production -l Vo,
production mechanism b

new particles
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Measurements from Tevatron

Property

Measurcement

Tuminosity (b 1)

o, (for M; = 1725 GeV)
Fihg (for My = 172.5 GeV)
o [for M, = 172.5 GeV)
Charge asvmmetry
spin correlation

My

dtf-,r

|Ven|

R =DB(t—+ Wb)/B(t + Waq)

o(9g — tf) /o (pp — tI)
M; — M;

W helicity fraction
Charge

Ty

CDF: 7.5 & 0.31(stat) £+ 0.34(syst) + 0.15({theory) ph

D0: 7.567) % (stat + syst + lumi) pb
CDF: 0.8 +£ 0.4 pb (M; = 175 GeV}
D0: 2.90 £ 0.59 ph

CDF: 1.822-7 pb (M, = 175 GeV)

DO: 0.68+°0 ;i rh

CDF: 0.158 £+ 0.074

D: 0.196 £+ 0.065

CDF: 0.72 + 0.64(stat) + 0.26(syst)

D0: 0.66 + 0.23(stat 4 sys)

Tev: 173.2 +09 GeV

CDF: 0.18 £ 0.08 pb

CDF: [Vi] = 0.01 + 0.11(stat + sys) + 0.07(theory)
DO: |Vis| = 1024218

CDF: > 0.61 @ 95% CL

- 090 +0.04

CDF: 0.07 ) o7

CDF: —3.3 & 1.4[stat) £ 1.0(svst) GeV
DO0: 0.8 + 1.8(stat) & 0.5(syst) GeV

Tev: fu = 0.732 £ 0.063(stat) 4 0.062(ayst)
CDF: -4/3 exclnded @ 95% CL

D0: 4/3 excluded @ 92% CL

CDF: < 7.6 GeV @ 95% CL

DO: 1991050 Gev

746T0 T b,
2.26 + 0.12 pb
1.4 + 0.04 pb
0.06
0.7770.27

0.17 + 0.03 ph
L

0.18

0.7
9/3

1.96 GeV

up to 4.6
5.0

3.2

54

3.2

54

5.3

5.4

5.3

5.4

up to 5.8
6.0

3.2

54

0.2

54

1

5.6

3.6

up to 5.4
5.6

0.37

413

up to 2.3
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Top-quarks at LHC

1”7 R | |
10 Fient
|_' R -
= evatron LHIC
100"
100"
ﬁl:l-
100
100
1007 o B W sd20]
-= 10 T
— ﬁz
= N In ’
. (E ' = 100 Seww)
| [
(. i
Loy o,
[  JE T = Usra)
Lo B Tragek M., = 150 Ge)
10" B, (W, = 500 GeW)
Loy + o ==l

v Te™w)
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Top mass measurement

@ Measurements done according to the decay channel

Decay channel CMS ATLAS CDF DO
Dilepton 50fb—1 | 47t~ | 20fb~1 | 43!
Lepton + Jets | 5.0fb=" | 1.0fb=" | 8.7 fb~1 | 3.6fb~!
All hadronic 35fb~1 | 20fb—" | 5.8fb— —
@ Experimental signature
e, _ .
g Y MET jet jet
b-jet _ b-jet
%/' ) b-jet b%’
\1‘
el jet jet
dileptons lepton + jets all hadronic
Dilepton Lepton+jets All hadronic
Branching Ratio Low Medium High

Background
Kinematics

Tiny (mainly Z+Jets)
Underconstrained

Moderate (mainly W+Jets)

Constrained

High (mainly QCD)
Constrained

21 November 2012
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Top event reconstruction l+jets

-~

g
Over constrained
kinematic (-2)

O |8 variables
O |7 measured quantities

O 3 constraints
L )

b-tag

Invariant mass
mwv
two V solutions

~

0O |2 jet configurations X 2
neutrino solutions = 24

O b-tag: 12 permutation
0O 2 b-tags: 4 permutations

N

<

nDoF: 3ny-5

Invariant mass
mwvy

Presence of hadronic VWV allows to
i constrain JES

Elzbieta Richter-Was
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Top event reconstruction: all hadronic

'8 Ty
Over constrained
kinematic (-5)

O full reconstruction of
kinematics is possible

b-tag

-~

0 90 jet permutations
O b-tag: 30 permutations
O 2 b-tags: 6 permutations

.

o

Invariant mass nDoF: 3nv-5

mw

Invariant mass
mw

Presence of hadronic VWV allows to
constrain JES

Elzbieta Richter-Was
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Top event reconstruction |l+jets

t Simple reconstruction - hadronic top
—_— — E 25/ ATLASPrkminary  + e 7Tevoen ) )
8 e O take three highest pr jets
T £ % ¢ Mz - to build top mass
_ q Lﬁ 15_ | :\‘N‘WZZWJ' .
e Bl cco
1D-__ JL=3spb

b a&w

o if | b-tag in triplet take two
jets with no b-tag to build
W mass

Q if 2 b-tags in triplet drop the
event

0 if no b-tag take two jets
with min AR

5

DEI 100 200 300 400 500 600 700
s [Gev]

ATLAS-CONF-2011-033

Elzbieta Richter-Was
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Top event reconstruction l+jets

Simple reconstruction - hadronic top

3 25 AmiasPoimnay + veootevam ) '
8 | e, O take three highest pr jets
g® .+ mmme | tobuild top mass
& 15 :::u:'w‘v -
: Bl cco
N e Jrose
o . 5 :
g J,/ | : -0 W mass window cut:
% 100 200 300 400 500 600 700 60<mw<100 GeV
mee (GeV)
45%(36%) of correctl
. o 3 [anasdomn '+ limes ] Feconstructed V(top
o if | b-tag in triplet take two o % 1723600
jets with no b-tag to build 5 25 N B — o I : \
W mass £ wees . | o Disadvantages:
[ « 1T WW.ZZWZ ] :
o if 2 b-tags in triplet drop the 5 . | . oo : » loss of efficiency
Sl o |t 1 _J““"b‘ : » jet resolutions are
O if no b-tag take two jets 5 g not tak::en into
with min AR : E’Exh Il TS ACERN
R 0 150 200 250 i

mee [GeV] ATLAS-CONF-2011-033

o e I MNS VW N 1 1T IR | o \J ol
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Top event reconstruction l+jets

t Simple reconstruction - hadronic top
— A,
{ ™
? O consider light jets pair with 50<mw<100 GeV
A e | o combine with b-tagged jet
b =;§§--‘~~~-N.MH? O select combination with highest pr as a top
QA < E / quark candidate
-
— N 0 perform kinematic fit of hadronic W candidate
| EI'V = .
e MI2 %5001 o A e =
(5 I reliminar - \-_.'Te:.r_:_-nﬁl\;:..||.\ i
Ex(l—a)] [Exal —a) | [Mp(ay,az)—my | 2t et gl = L8 ]
Yana) = + + 5400 i ]
o o2 Fw 8 | -
“ 300| "
ATLAS-CONF-2011-120 - " S 1
0O determines O and X2 _—
O recalibrates jet energies 100
O improves m; resolution i E
. S 0100 150 200 250 300 350 40

me” [GeV]
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Top event reconstruction l+jets

p
0O X? minimization
O takes into account reconstructed objects resolutions in pr

O approximates W and top Breit-Wigner lineshapes with Gaussians

| mlnlmlzed with respect to all parton level kinematic quantities
and ™M, " for each jet-to-parton assignment

2 2 2
W2 = (Mo = Mw)”™ | (may - Mw)* | (mjz —mi)®  (mes —mi*)
o 2 2 2 2
r2, r2, 2 I3
(pa‘,fg't B pi1m353 UE Jit UE,MEGS)Q
D
i={,4jets i j=z,y UE?

0O definition in all hadronic channel is similar

\
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Top event reconstruction l+jets

7

0 X2 minimization

O approximates W and top Breit-Wigner lineshapes with Gaussians

O minimized with respect to all parton level kinematic quantities
and ™M, for each jet-to-parton assignment

2 = (mj; — Mw)® 4 (me — Myw)? 4 (mgge — ’"e")g (mevy —mi*)?
'Y I 7 T2
(p i,fit i, meas)z UE ,fit p?E,meas)z
> = ) P <A1
i=£,4jets i j=m,y UE

O definition in all hadronic channel is similar

O takes into account reconstructed objects resolutions in pr

~

-

A

O uses Transfer Functions to correct reconstructed objects to
parton level

0O loose cut on hadronic W mass: 40 GeV<mw<140 GeV before
the fit to reject some permutations

S.Snyder, Ph.D. thesis, SUNY, Stony Brook, 1995

<
O more sophisticated X? minimization - HitFit DI &‘L:Z

21 November 2012
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Matrix element method

= Use full event kinematics = most precise method

» For each event calculate probability to belong to certain top mass
Psig(x;mt) « [ PDF X Matrix element x Transfer function

b_ Jet

-
Proton

Antiproton 8

= Perform likelihood fit of event probabilities

b " Jet

* Probability depends on top mass (& JES for in-situ fit)

= Used in |+jets & dilepton final states

21 November 2012
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Top event reconstruction |l+jets

O Kinematic Likelihood fitter (KLfitter)
ATLAS-CONF-2011-033

J uses Breit-Wigner
P

lineshapes for top

°°0 Iop) - BW(E,, E,, Ei¢;,4'rrriﬁ;°, liep) ) and W

BW(Ejc,1, Ejer 2, E jer, 310
KTF(E;msﬂﬁx'v} x TF(Erm-sﬂﬁy_y] 4 T[‘(EHE{) .

~\

L = [B\VIEJ',:L[, E}cl'gimu', [w)- B\V[_E{, E-,-\mu.-,. [y -
ec

Y
4 4 4
| | TR Eici B - | | TROpeiiens) - | | TF(@jecilieci) - S(b-tagged jet | b-quark).
i=1 i=1] 1=1 -

' ] ‘\1 @ T 1
O Transfer Functions to correct Bizoo ATLASPrelmnay  uezdjtsug) |
reconstructed objects to parton level:  Jumsomes L8

» energies and angles of light and b-jets =§LE‘“‘M“‘“
» the energy of the charged lepton
» two components of the missing Er ]
O b-tagging information can be use as a cut .
. or as a weight 2 NUTTSUTTUNR |
log(L)
21 November 2012
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Template method

= Construct mass dependent template, fit to data

= LA NN e B B i
5300— ATLASP;ElImInary I:I o -7 Te 2011 Dt A
. . . . 3 0.70 W+ jits (DD} ]
= Alljets and |+jets: Take info from hadronically ¢ P i
decaying W mass to constrain jet energy scale =

CDF Run Il Preliminary (58 B

] M
= n
= [=]
| |
N,

\i:

al

SEé

]

s

=)

2
| |

'Eu_us [ tEm™ templates, 1 tag events (AJES = 0.0} ﬂ‘:;.; ' = 2-tag events
ggﬂﬂ?;—. B ., =500 g“'u:_ . 1 — Data
I B w, =128 18, 120 U Fitted ti
Eu'“;_ M, = 1850 % 100k Fitted Bkg o g .
g0t L | Ndot = 38.2/31 100 150 200 250 300 350 400
En.uag— : Prob = 0.174 Migs” [GeV]
0.03- “F 3"-:‘" CMS preliminary ' 5
u_uzf— 4-0;— q}: -36 pb” m:::?TeV %B
I'.I.U‘IE— 20}~ 25 _:1-:::;:3* nt:GeWe‘ q
|:|E- A T e L u: | " Lol I Tt L i3
e 150 200 zﬁ;-[mv,:%u 20 40 60 80 100 120 140 :ﬁlﬁneangﬁ 20:_|E:M i 4
15: F’:F'.J/_jl i -raun. s ||:w.E|
= Dilepton: Construction of templates more : + g
complicated due to presence of two neutrinos o + :
= Neutrino weighting, Matrix Weighting,... |

100 125 150 175 200 225 250 275 300
Reconstructed Mass (GeV/c

21 November 2012
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Top-quark mass combinations

@ Each experiment combines their own Top Mass (GeV)

results Tevatron | 173.2 + 0.6 == 0.8

@ CMS-ATLAS and CDF-D@ also combine _LHC 1733 +05+1.3

Leptens+jete Run (I CDF HOH 173.00 £ 065 £ 1.06 GeV ; p
Leptonsjels Run Il D@ | . 17454 3 083 % 154 Ge¥ LHC m,,, combination - Jun§ 2012, L, =35pb -491b
Leptonsjels Run| CDF e 171 4 51 453 GeY BTLAS 2010 1eiais ATLAS + CMS Preliminary s = 7 TeV
- —_—— 169340+ 4.9
Leptonsjels Run| D@ ——a— 18001 % 368 % 3@ GelV Lo _: - i GFR LIE =y
Alljets Run Il CDF o ITZAT 2 143 T 140 GeV . _ﬁ:i“] i ejets —al— 1745+ 06+ 2.3
Alljsts Run| CDF + - + 1850 %100 % 57 GeV ATLAS r_u11.E\|_U-'.':i 17494214 3.9
Dileptons  Run (I CDF e 17oze + 1.85 £ 313 GeV '
LAE L AR
Dileptons Run Il D& H—a—H 174.00 £ 2.36 £ 1.94 GeV ® 175.5 4.6 4.6
Dileptons  Run| GCDF 1674 £ 103 & 48 GeV ) —_—— = 1731+ 21+ 2.7
Dileptans Run| Do - 1684 %123 % 36 Ge¥V -‘Jr'."l':'-f.:‘l' c 1733+ 12+27
Ereicts Run I CDF el 17232 & 160 t 182 GeV CMS 2011 wsiats
Decay length Run (I CDF B 16580 £ B.00 £ 252 GeV 8 GRL. UE nyat ® 1726204+ 1.5
LHC June 2012 - 1733+05+1.3
Tevatren Combinatien 2012 L] 17218 £ 0.56 £ O.FF GeV Tevatron July 2011 e 1732+ 0.6+ 0.8
* I dof=8.3711 | | | | £ (s1a1) 5 (syst)
150 160 170 180 190
160 170 180 190 m,,. [GeV]

Mass of the Top Quark [GeV]

@ Measurements from different experiments with different methods agree
well with each other

@ LHC-Tevatron combination under discussion

21 November 2012
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LHC top mass combination results

: om
LHC m,__ combination - June 2012, L_ =35pb'- 4.9 1o’ Uncertai nty source S
ATLAS + CMS Preliminaryhs = 7 TeV (G EV)
in-situ JES 0.38
—t—
. . rJES (CMS) 0.06
° 175.¢ : light-jet response (2) 0.07
— 17: | el e b 068 |
| detector model 0.19
LHC June 2012 —— 1733+ 0.5+ 1.3 underlying event 0.47
'gva['c’l"' el = 17a2s 3.—'.[? e radiation 0.69
e 10 e 10 'gomlw (GeV] color reconnection 0.55
MHI 0.25
me=173.310.5(stat)x1.3(syst) GeV - del 00|
epton mode :
X%/NDF = 2.5/6 . ig o ol
5 e oo ackground da :
robability = 87%
X“P 24 2 background MC 0.01
method calibration 0.13
Combined result is 9% more statistical 0.47 |
precise than the best measurement Total T 40

21 November 2012
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Tevatron top mass combination results

Leptonsjels Runll COF »Ju 17300 & 055 £ 1.06 GeV Uncertainty Sou rce
Leptonsjels Runll D@ 0 17454 ¢ 083 £ 1.24 GeV
Leptonsjets Rum| COF [ 1761 ¢ 51 %53 GeV
Lepionsjels Run| D@ P e 1801 £ 36 %30 GeV in-situ jES 0.39
Alljets Run I COF o 17247 £ 143 £ 1.40 GeV . .
o g g e light-jet response (1) 0.12
Dieptons  Runll COF et 170284 195 % 313 GeV light-jet response (2) 0.19
Dileptons  Run il D@ =i 17400 ¢ 236 144 GeV .
Dileptons  Runl CDF 1 ® 1674 £103 249 GeV model of b-]EtS 0.15
Dileptons  Run| D@ * 1684 £123 £ 316 GeV .
G Eeri 1 ki iy response to b/g/g jets 0.12
Decaylength Run il COF  #———#———+ 16690 ¢ 900 2 282 GeV out-of-cone correction 0.04
Tevatron Combination 2012 - 17318 ¢ 0.56 £ 0.7 GeV Total |IES 0.49
Lo signal model 0.51
S jet model 0.11
Mass of the Top Quark [GeV]
lepton model 0.10
Mt — 173.1 810.56(51'.&1:)10.75(5)’51’.) GeV background data 0.11
g -
X“/NDF = 8.3/1'| e e 0.14
2 HF = o,
X PrObablllt)’ = 69% method calibration 0.09
Combined result is 25% more precise statistical 056 |
than the best measurement Total 0.94

21 November 2012
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Top quark mass: what we measure?

* What is theoretical interpretation of the measured

parameter?

9 We extract top mass based on Monte Carlo - is it the pole mass?
= Alternative method: extract mass form the

measured cross-section for ttbar production

9 Assuming MC mass = pole mass or MSbar mass

" Take difference as systematics
o Calculate o, as function of pole mass; compare to measured o, as
a function of pole mass

= Extract pole mass:
m, = 167.5%? _ GeV (DO)

m, = 166.4"*  GeV (ATLAS, 35pb?)

21 November 2012
27
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Inclusive cross-section: |+jets pre-tag

» Analysis with 0.70 fb-'.

._ ) 2400, S I

» No b-‘l‘qgg"]g requesf % 3Jete ATLAS Preliminary -« Data2011,Vs=7TeV 3

lied = 2000 [Ldt=0.7 b~ | B QCD Multijet 5
apple w 0 W+lets W Other EW

» Make use of kinematical
differences between ft
and W+jets:

» Jikelihood discriminant
based on 4 variables
lepton n, leading jet py,
event aplanarity and
fransverse momenfum

of all jets but the two - -
leading ones 0 20 40 60 80 100

> FH' in_ 6 chqnnels: 3; 4 cmd Likelihood Discriminant
>= Jjets in e and pu ch.

» Main systemafics:

* signal modelling (choice 7% uncertaintv!
of sigml MC generator, % ty

ISR/FSR) and jet energy
scale (JES)

U+ Jets e +Jels

%
&
ﬁ'II|III|III|III|I

Ratio Data/Fit

:E-—
Illlélllh

o = 179.043.9 (stat)£9.0 (syst)£6.6 (lumi) pb

ATLAS-CONF-2011-121

L1 INUVCIIIVCTI £V l1lZ
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Top mass from cross-section

* The result is not competitive in 1.1fb”
precision but:;

£
9 Provides the top quark mass value inan =
exact definition of the mass-pole o

CMS Preliminary, Vs=7 TeV, L=1.14 b

approx. NNLO x MSTWOSNNLO:
| Langenfeld et al.
= Kidonakis

0 Important cross-check, complementary
to direct top mass measurements e

= Likelihood fit on the mass
dependence

" Uncertainty of the theory includes:

H H H H 8 Measured cross section __'--____1
- Va rlat.|0n Of the renorma“satlon’ @ Cross section corrected for rn:”" (Langenfeld et al.)
factorisation scales I

Ahrens et al.

200

Measured cross section dependence on m"®

t
a |

2 Error due to experimental uncertainties wo im0t o e
in the PDFs ey
o Variation of the strong coupling constant _Approx. NNLO x MSTWOSNNLO | 1™ / GeV' | n} / GeV
in the PDF Langenfeld et al. |7] 17037 | 163178
Kidonakis [8] 1700778 =
Ahrens et al. [9) 167.6:%? 159'8f§;§

21 November 2012
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Top anti-top mass difference

Do top and anti-top have equal mass?
= If not: CPT violation!
Using template technique

= CDF (Assume average top

mass of 172.5GeV)

m - m. =-3.3£1.7GeV (5.6fb 1) PRL 106. 161801 ?m '

A My, tagged

o
320‘)

8180
Q

"i'IEO
C 140

E 120

5o

150
A mm {GEWI:: )

> gy  DO36fb"
= Using Matrix Element technique (DQ) <_-—,180fm; ... edets -
_ | S Y SR |
2 Psig(x,mﬂr m.) instead of Psig(x,mt) 5175._; it ;,Sﬂﬂ'g‘é\\- .
¢ . SRR .
m, - m.=0.8+1.9GeV (3.6fb™) 1106206 i %%g :

L u"'q, D':r'f o
« Still statistics limited 170 NGEELT

= Good agreement with the SM! 170 175 180
M, (GeV)

21 November 2012
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Top anti-top mass difference

CMS Preliminary, 1.00 fo' atvs = 7 TeV [ Th
> - ' | ' ' -WFE;
= Select events with a muon and o [ Esngerop
multi-jet in the final state g™ P i
“ The muon charge allows to split 2 :
the data sample in two sub- ol :
samples, where top or anti-top o A :

quarks decay hadronically

30 40 50
Fitted Top Mass Sigma (GeV)

* Ideogram (approximate ME) 8 oo
method is used to measure mass s f
of the top quarks. ﬂ B

® Many systematics cancel with 3 o
the subtraction sof-

orld best limit!

Ammeasured — 1 50+ 1.21 (stat) -

GMS Praliminary, 1.09 fb” at\s = 7 TeV [ [T J
‘SR LA L L

30 40 50 [
Fitted Top Mass Sigma (GeV)

- 0.47 (syst) GeV




Jets multiplicity in tt events

» Motivation: jet mulfiplicity » Main uncertainties:
measurement gives the = atf low jet multiplicity (4 jets):
possibility to constrain ISR at QCD and W+jets backgrounds
m,,, energy i = C}TI high jet mlulﬂplici’ry: J'ES

» Analysis based on 0.70fb in & [ A e {::"”“"' =
|+jets channel SRR E

» QCD and W+jets - :5::»; S
backgrounds estimated from i -
data | Bmovoms 3

» Jet multiplicity distribution S _ <
affer background subtraction @1:; <
compared to different MC 3 08F )N
predictions: =0 3 oot

= ISR varied within the e S T
uncertainty Present uncertainty:

no discrimination is possible
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ttbar charge asymmetry: ppbar

LO: No charge asymmetry expected

NLO QCD: Interference between qq diagrams

Tree level and box diagrams:

= Positive asymmetry

t
P—e— P
t

= Initial and final state radiation:

q t
>-g"< t o
q t
= Negative asymmetry 9 8 f 7
t 3 + 3 g
P— p — _
) q t q

q
q

t

= Sensitive to new physics, e. g. Z' & sensitive to theory modeling

21 November 2012
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ttbar charge asymmetry

Tevatron: pp is CP eigenstate —» pp (LHC) is not
- different way to measure the effect at Tevatron and LHC

i N(Ay>0)-N(Ay<0) y _N(Aly[>0)=N(Aly|<0)
T N(Ay>0)+N(Ayp<0) T N(AlYF0)+N(Aly|<0)
Tevatronh top Tevatron‘_ll E+p. LRC LHC 4 top

anti-top y==In( i3 _p_) anti-top
AY=Y. -Y: Alyl= 1yl - |y /\ "

n

n

LHC: gqg fraction only 15% - asymmetry smaller than at Tevatron

Requires reconstruction of tt system - Kinematic fitter

All experiments: results in [+jets; CDF: result in dilepton

21 November 2012
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ttbar charge asymmetry:

ppbar

MC@NLO MC o

— - - - —
Eﬂﬂﬂ ——— D@l facd Ao OSF e 00D
ST T Shg el o= 0,075 = DCAE
H H —&—— {f Parton A= AEE = 00732
- re I‘ IOI 1 rOI I I SO0 P af Pt o= =0 AT B CF CHOER

Ay, of the Top Quark 200
24 M Kmqllfllghd. I July 2011 Z00
[ W Ahrens ot al., (" submitted to a journal) 1o
arkiv:1T1E G005 1w1 (2071} L.
1 wW. Haollik ard D Fagani, {t prﬂlll’l’lll’lﬂr_‘f} o 2 =
arkiv: 1107 2606 (2011 A¥ =w, - ¥,
' 60 ¥eop ¥ i Lab COF Il Prefiminary
CDF LJ D —— 0.158 %+ D.OTA (+0.072+ 0.017) = 5 [rat=sim® | _pu
: (5.3 ) E B El'fmmr
w40l (e
- (=) 8
.. Phys. Rev. D83, 112003 B =
GOF DIL* : - i e
: 0.420 % 0158 (+0.150 + 0.050) o0l
(5.7 m7) =
COF combined® —_— 0201+ 00687 (cooes + 0.a18) o 2 1 0 1
: (4 stat = spnt) = =
-] F
3
DO LJ** © e—m— 0196+ 0080 t2018 200
: (5.4 ) -
150 —
arxaiv:1107.4995 -
| | | | | JE
=04 =0.2 ] 0.2 0.4 [0 5 o8 -
Ao 5 1

Ay
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ttbar charge asymmetry: ppbar

* Measurements at LHC already becoming system

* Mainly modeling of signal

= CMS: using v instead of y

= Another measurement done using A(y?)

Forward-Backward Top Asymmetry, %

Production Level

ATLAS-CONE-2011-106

Elzbieta Richter-Was

HeH
Atlas, 0.7fb" -2.4+1.6+2.3
(I+jets) A =0.6%

theo
o
CMS, 1.09fb™ -1.63.0774
[+jets;
(Fjets; ) A =1.3%
theo
40 20 0 20 40

CMS PAS TOP-11-014
21 November 2012

atics limited

1000—1 | | T | T | T | T T
g | ATLAS Preliminary B+ 4jets (btag) |
w =1 -+ data
- |L=0.70 ; -
[t ME
BOO— Wehots —
F W Z+jats MC
L - Diboson MC iy
L i M Single topMC
@ moaco
800— e Uneartainty
400
200 -
1Y Y5
: L |||||_||.||||| Tr[rrrrprrrrprrrorprrrr
= 045 cms Preliminary —— Data
i £1.09fb" atys =7 TeV 4 NLO prediction

o
o
L

- A=-0.016+0.030
—THets

1o dm’d(hJ
o
(5]

0.25-
c FIM !
0.2F !
- =
0.15
01




W helicity in top quarks decay

i Longitudinal
W+
q{]

+1/2 1‘ b

+1/2

PRD 81 (2010) 111503 NNLO " Fo=0.687
1 do 3 3
o decosO* e— 4

Fo+F +Fg=1

product of W (lepton, d-, s-quark) and reversed

Angle between the momenta of d-type decay
b-quark momentum in W boson rest frame

(" Left-handed (-))
4

lrW+

(Right-handed (+))

+1
Tw
Tt
+1/2 l b

-1/2

Jt
14 1‘ b
+1/2
Fi=0.311
"

i

Left-handed

Arbitrary Normalization

- =
- -
T

3O

Longitudinal

FrR=0.0017

i

3
—(1— 00329*)F0 + g(l — cos 9*)2FL + g(l + cos 9*)2FR

Right-handed

cosg”
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W helicity in top quarks decay

= Template fit of cos6* in |+jets and dilepton

@ single lepton channels
mEENEEEN RN RERE L I LI B R
— ATLAS Preliminary -

« f,f,f ;indilepton f fixed

g
=

E C JLdt:D.?orb" E%%Z;%sm
« Float f_.r fof f+ with f-+f0+f+=1 (|+JEtS) m: i
f =0.57+0.07(stat)£0.09(syst) N

f,.=0.09+0.04(stat)£0.08(syst) -t

200

= Fix f =0; combined dilepton & I+jets:
f =0.75£0.08(stat+syst) ATLAS-CONF-2011-122 7

= Systematics limited;
main systematics - modeling of sighal & ISR/FSR

= Consistent with SM prediction

21 November 2012
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W helicity in top quarks decay

a 1.0 fb"! [+jets and dilepton channels [

» 12,100 candidate events

A LN,

5

» create cos0” signal templates for Fo = |, F. = |
and Fr = | (Protos MC) and background

template

O 2.2 fb! y+jets channel
» 4,570 candidate events

CMS /|
=

» different helicity configurations are created by
event-by-event reweighting that uses

generated cos0* value

O Fits to data performed

» with Fo, FL as free parameters, Fr = |-Fo-FL

» with Fr=0

Results of the model independent fit

Fo

FL

ATLAS 0.66 +0.06 +0.07

0.33 £0.03 +0.03

CMS 0.567 +0.074 +0.047

0.393 #0.045 +0.029

22000

£
51800

1600
1400
1200
1000
800
600

400,

200
0

JHEP 1206 (2012) 088

single lepton channels

® Data

—— Best fit

coo SM exp.
Bkg best fit
Unc. best fit

& 0.5 0 0.5 1
cos 0*
CMS PAS TOP-11-020 ——
oG oy | e

W1

+
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Top quark charge

(o SM predicts that top quark as a
fermion with q=+2/3
W* 15
+2/3
t
o 1/3

%

~

O Exotic top-like quark models
predict g=—4/3

—4/3

7

products

O Discriminate t?=W'b vs t=W™

» determine W charge (based on charge of
lepton from WV decay)

» determine b-flavor
» presence of a soft muon in a jet
» weighted charge of tracks within a jet

» perform W-b pairing
» kinematic reconstruction

O Measure top charge by studying its decay

% q.| ﬁ .a)'| x = weighting factor

L

; a = jet axis

| ﬁ = track momentum

Z (p,.a)

21 November 2012
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Top quark charge

‘0 670 candidate double tagged
[ +jets channel, 5.6 fb!

COF Run Il preliminary L = 5.6 Ib” .
180

LL BwHr

[ IMisiag

160 | -
| |Single Top
140 ‘ M piboson
+ Tlaco
12 " tievents
" f. =083

ey W *MIKe| " data strongly
o J ‘| favor SM

over XM

Events
2

1.0 I 0.5 0.0 0.5 1.0
Q(W) * Q(b-jet)

The exotic model is excluded at 99% CL

\.

o 2,100 candidate I+jets events, 0.7 fb" )

- A ) & Dala 201 1
o | JILdl=ﬂ.?D '] [uslets Come
F;’ 0 B Soglelop
cE

it B 7+ jets ]
o it [ Wejels (0D)
w 25 4 |4l o4z uncertainty =]
A [ \ ! fupilic i
Ty 20 Mol amas
L -' | Preliminary 1
’; 15 ﬁ g +

IFI-IIOT-ANOD-SYLLY

y,

Exotic hypothesis is excluded at
99.9% CL by CMS, >50 by ATLAS

21 November 2012

Elzbieta Richter-Was

41



Electroweak production of top quark

For the first time evidence at Tevatron in 2010 ( s+t channel)

It is challenging even for LHC, in particular s-channel observation
IS a long shot (background)

All diagrams have V, vertex

t-channel s-channel

!

y @ : ] t b
B [tchannel schamel wt
Tevatron (1.96 TeV) 2.26+0.2 1.04+0.1 0.3+0.06 X-SeC
LHC (7 TeV) 642424 4.6£0.2 15.7+1.1 in pb
LHC (8 TeV) 87.8:3.4 5.620.3 22.441.5
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Why look for single top quarks?

= Test of the SM predictions 5
2 Does it exist? YES Vfb e VC% n V}% =1

0 Establish different channels
separately

0 Cross-section ~ |V, |’

® Test unitarity of the CKM matrix,
e.g. hints for existent of the 4-th

generation
" Test of b-quark PDF: DGLAP
evolution? q p
= Search for non-SM
phenomena W’

o

q?

21 November 2012
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Final state

Final state is 1
characterized by
r W+ 2-3jets

»t channel: 2-3 jets
(1 forward), 1b jet

» s channel: 2 b jets

» 2W+1 b jet (Wt channel) antiproton

Single top ins and t
channel has a final state :
topology resembling WH

» Important for Higgs

sear*chejs in associate
production

» W*, H*

proton

21 November 2012
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Finding the needle in the haystack

2-jet d-jet
variable I-tag 2-tag l-tag 2-tag
low S/\VB Suse MVA o A
) M v v
» This was done by CDFV i R
DO at the Tevatron ar SR
» Detailed studies of large 59* ) ‘o
number of variables i /
p v o
» ATLAS and CMS: i_;".;. .
»both cut-based and MVA cost y ‘o
analyses ot y
» Signal extraction easier for o P
t-channel " P
» MVAs are an additional tool E;F v v
51;.)“;;111; v
V3 v
Centrality v

Jet flavor separator v v
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Electroweak production of top quark

t-channel single top quark production

g [ w oMSSTV prelmnans0®’ | Vtb direct measurements 1 —
e B B ATLAS 8 TeV (preliminary), 5.8 f' November 2012
° 10°F o ST U 0.16 40.03
B i o SR (L=1.2 ")
! ATLAS Wt 1.0313 13 +0os
10 E e NLO QCD {5 flavour schemme) E wElaw
E m—— {heory uncertainty (scale @ POF) ] CMS 8 TeV DgﬁiDUB‘_"OGE ;-,081 @ g5 9, CL
: Campbell, Frederix, Mallori, Tramonano, JHEP 10 (2009) o4z | [L=SU fb1j
1L NLO+NNLL OCD CMS 7 TeV 1.02+0.05+0.02 >0.92 @ 95 % Cl|
E s th&ry uncertainty (zeale & PDF) (L=1.2b")
B Kidaonakis, Phys. Rev. D 83 (2011) 091503 o
bbbl et TLAS 8 TeV 1.04+0.10+0.02 >0. % CL
0 5 Z 6 8 10 A[Lnglgf;)_._ 04+0.10£0.02 =080 @ 95 % C
Vs [TeV] ATLAS 7TV | g.1.13£0.14£0.02 >0.75 @ 95 % Cl]
L=1.0fb"
s channel (Tevatron only) i
Do | @ 1.12431340.05 >0.79 @ 95 % CL
CDF=1.81+0.63 pb (L=5.4 fb")
- v 0.92+%1%0.05 >0.78@ 95 % Cl
D0=0.98+0.63 pb 7567 ]

Wt (LHC only, 7 TeV) 5 1 15 2 25 3

ATLAS 16.8+5.7 pb S ' C 10% orecie
mi stay a % precision
CMS 16+5,, pb p YT g

for some time

20 November 2012
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tty cross section

ATT.AS-CONF-2011-153

e Search for tf + prompt photo

e Distinguish prompt from hadron fakes E - det=1_m,b-1 — prompty
e |solation (pT°°"62°) § 0.8~ ATLAS Preliminary — hadron fake -
* Photons Et > 15 GN s ]
i+ 0.6 —
__g LNLEL N LN LN L SN LI BB LI LB Ly E |
;% 50 J.Ldt:1_04 fb' e—:lft:ata -~ %’ 014:__ _:
ATLAS Preliminary Ity . 5
40 [ non-tf bkg — hd i
B bkg tiy ] w020 N .

[ electron fakes

B hadron fakes = / i — |
- 00 2 4 6 g8 10 12 14 16 18 20

—; pf:rnne20 [GeV]
1 e« Background data driven estimation

» Largest uncertainties: JES, ISR/FSR
and photon ID efficiency

30

20

10

00- 2 4 B 8 i0 12 14 16 18 20
pizroneED[GeV]

(047 = 2.0 £0.50 (stat.) = 0.70 (syst.)  0.08 (lumi.) pb)
e Significance: 2.7 ¢ » Photons pt > 8 GeV
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E. Richter-Was 47




Search for ttZ production

» Search for ¢t Z events S, gpF TR fTH.S(OT“ml'l'ﬁ
 Three leptons in final state S Dol
e One from leptonic W and two from Z 210 ILdl=4.?fb'1.\s=?TeVEZZHelS
5 10¢ -t\}gﬂets
c M (B2 +1bZ)+X

[ ] Other

70

80 90 100 110 120

m, [GeV]

* One candidate event found

» Signal expectation of:

0.85 £ 0.04 (stat.) & 0.14 (syst.)
B . Background expectation of:

0.28 &+ 0.05 (stat.) & 0.14 (syst.)

e Limitat 95 % C.L.:
(G'tfz < 0.71 pb (SM : 0.14 pb))
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Summary

The SM top quark

— Top mass measurements from LHC comparable to Tevatron -
precision ~1 GeV

— Cross sections
* tthar more precise (dilepton 5%), almost compable to theory
* Single top 10%

— Differential cross section: keep them coming
* Already being used in improving signal modeling uncertainties

— Many measurements of other properties are now systematically
limited: W helicity, top polarization, spin correlations

21 November 2012
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Next topics

» 28.11 - Dibosons and anomalous couplings
» 5.12,12.12 - Higgs

»19.12 - SUSY

» 9.1 - other searches for New Physics

» 16.1 - B-physics programme

» 23.1 - heavy ion programme

14 November 2012
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Measurements from Tevatron

Property

oy (for M, = 1725 GeV) CDEF: 7.5 £ 0.31(stat) £0.34(syst) £ 0.15(theory) pb  7.467 ¢ pb up to 4.6
D0: 7.5610 52 (stat + syst + lumi) pb 5.6
Othq (for My = 172.5 GeV) CDF: 0.8+ 04 pb (M =175 GeV) 2264+012pb 3.2
D0: 290 £ 0.59 ph 54
oy, (for M, = 172.5 GeV) CDF: 1871 ph (M, = 175 GeV) 1.4+004ph 32
DO: 0.68* )5 pb 54
Charge asymmetry CDI: 0,158 £ 0.074 0.06 b3
D0: 0.196 £ 0.065 54
spin correlation CDF: 0.72 + 0.64(stat) + 0.26(syst) ﬂ.?’?’?tﬁ:gi; 53
DO: 0.66 +0.23(stat + sys) 5.1
M, Tey: 173.2 £ 0.0 GeV : up to 5.8
D s L3 %V 32 ) R 7 R
[Vl CDF: |Vis| = 0.91 + 0.11(stat + sys) +0.07(theory) 1 3.2
| D0: V| = 1.02+0.10 54
R=B(t - Wb)/B(t = Wgq) | CDF: > 0.61 @ 95% CL | 0.2
DO0: 0.90+0.04 54
a(gg —+ tf) /e (pp — 1) CDF: 007335 0.18 1
M; — M; CDF: —3.3 £ 1.4(stat) + 1.0(syst) GeV 0 5.6
DO: 0.8 + 1.8(stat) +0.5(syst) GeV 34
W helicity fraction Tev: fy = 0.732 = 0.063(stat) £ 0.052(syst) 0.7 up to 5.4
Charge CDF: -4/3 excluded @ 95% CL 2/3 b6
D0: 4/3 excluded @ 92% CL 0.37
I CDF: < 7.6 GeV @ 95% CL L.26 GeV 43
DO: 1.09%0 % GeV up t0 2.3

Measurement

SM Prediction Luminosity (fb~!)

Good agreement with
SM

51



Measurements from Tevatron

Property Measurement SM Prediction Lum

15
oy (for M, = 172.5 GeV) CDF: 7.5+ 0.31(stat) + 0.34(syst) £ 0.15(theory) pb  7.467( % pb up o = ]
DO: 7.56* 52 (stat + syst + lumi) pb 5.6 8 g
Tihq (for M = 172.5 GeV) CDF: 0.8+ 0.4 pb (M: =175 GeV) 226+0.12pb 3.2 o 10
DO: 2.90 £0.59 pb 54 &N .
oy, (for M, = 1725 GeV) CDF: 1.8+07 pb (M, = 175 GeV) L04+004ph 32 _?5_, :
DO: 0.680% ph 5.4 5 5|
Charge asymmetry CDEF: (.168 £0.074 0.06 5.3 -
DO: 0.196 £ 0.065 54 W _
EEERININNN T Shews gu =~
spin correlation CDF: (.72 £ 0.64(stat) £ 0.26(syst) bl 5.3 0 20 40 60 80 100120140160180
DO: 0.66 +0.23(stat + sys) 5.4 Lepton ET (GeV)
M, Tev: 173.2 0.9 GeV - up ta .....

CDF: 0.18 £0.08 pb 0.17 £0.03 pb 6.0

b UL | Fin| = WL z : E
DO: |Vis| = 102431 5.4
R = B(t - Wb)/B(t » Wq) | CDF: > 061 @ 05% CL 1 0.2 2
D0: 0.00 +0.04 5.4 First evidence for tty
a(gg — tf) [o(pp — 1) CDF: 0.0713:38 0.18 1 .
M; — M; CDF: —3.3 + 1.4(stat) & 1.0(syst) GeV 0 5.6 P rod UCt! on!
DO: 0.8+ 1.8(stat) + 0.5(syst) GeV 16 — Well in agreement
W helicity fraction Tev: fo=0.732 £ 0.063(stat) £ 0.052(syst) 0.7 up to 5.4 W |th S M
Charge CDF: -4/3 excluded & 95% CL 2/3 5.6
DO: 4/3 excluded @ 92% CL 0.37
1 CDF: < 7.6 GeV @ 05% CL 1.26 GeV 13
DO: 199752 GeV up to 2.3
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Measurements from Tevatron

Property Measurement SM Prediction Luminos: 5_ ]
.z (for M, = 1725 Ge : 7.5 £ 0.31(stat) £ 0.34(syst) £ 0.15(theory) pb  7.4670 2% pb up to 4.6 e r .
7 (Tor M, = 1725 GeV) CDF: 7.5+ 0.31(stat) = 0.34(syst) = 0.15(theory) pb _ 7.4670% pt 16 (b) DJ, 5.4 fb
DO: 7.5610 %2 (stat + syst + lumi) pb 5.6 E" 4
Othq (for M = 1725 GeV) CDF: 0.8+ 0.4 pb (M: = 175 GeV) 2261+0.12pb 3.2 0
thiq t ' b g u u |V | : 0|79
D0: 290 +0.59 ph 5.4 g tb
g (for M, = 172.5 GeV) CDF: 1.31*;;: pb (M, = 175 GeV) L04+004ph 32 S | @95%C.L.
DO: 0.68*%% pb 5. 5 2-
Charge asymmetry CDF: 0,158 £ 0.074 .06 5.3 "a L
DO: 0.196 £ 0.065 5.4 o 1
spin correlation CDF: 0.72 + 0.64(stat) + 0.26(syst) T F vl 53 o
DO: 0.66 +0.23(stat + sys) 5.4 ——w L S
M, Tev: 173.2 £0.9 GeV - up to 5.8 02 04 06 08 1
T CDF: (.18 + 0,08 ph 0.17+£003pb 6.0 |V h[z
] CO: V| = 001 T 0.11(stat + sys) T 0.07(theory) 1 %) t
DO: [Vig| = 109010 5.4 _ '
R=B(t>Wb) B(t 2 Wgq) | CDE: > U6l @ 5% CL L 0.2 Tlght constraints
D0: 0.90 £ 0.04 5.4
: s from Tevatron
al(gg —+ tE) /o (pp — tE) CDF: 0071318 0.18 1
M, — M; CDF: —3.3+ 14{stat) + 1.0(syst) GeV 0 56 — LHC should catch
DO: 0.8 + 1.8(stat) £ 0.5(syst) GeV 3.6
i e up soon
W helicity fraction Tev: fy = 0.732 = 0.063(stat) + 0.052(syst) 0.7 up to 5.4
Charge CDF: -4/3 excluded @ 95% CL 2/3 b.B
DU: 4/3 excluded @ 92% CL 0.37
T CDF: < 7.6 GeV @ 95% CL 1.26 GeV 43
DO: 1.9940 %% GeV up to 2.3
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Measurements from Tevatron

Property Measurement SM Prediction Lumino
o, (for M, = 172.5 GeV) CDF: 7.5+ 0.31(stat) £0.34(syst) £ 0.15(theory) pb  7.46%,%> pb up to 4.6 & 3000 ' gy :
DO: 7.56*28 (stat + syt -+ lumi) pb 5.6 zE DO, L=53th" _ o,
Oehq (for My = 172.5 GeV) CDF: 0.8+ 0.4 pb (M; = 175 GeV) 2264+012pb 3.2 25001 e IR0 |
D 2.90 +0.59 ph h4 == {f R=0
o, (for M, = 172.5 GeV) CDF: 1.8*27 pb (M, = 175 GeV) L04+£004pb 32 s - i Background
DO: 0.68+2% pb 5.1 . E i
Charge asymmetry CDF: 0.158 £ 0.074 10.06 5.3
DO: 0.196 + 0,065 5.4 10001 _
spin correlation CDF: 0.72 +0.64(stat) £ 0.26(syst) T it 5.3 a
DO: 0.66 + 0.23(stat + sys) 5.4 500 by
M, Tev: 173.2£0.9 GeV i p 10 5.8 —
% CDF: .18 +0.08 ph 0174+003pb 60 0 5 i SEe. 5
[Ven| CDF: |Vie| = 0.91 £ 0.11(stat + sys) £ 0.07(theory) 1 32 = ng
5.4
R =B(t — Wb)/B(t = Wq) | CDF: > 0.61 @ 05% CL ;
DO: 0.90 +0.04 i World's best
algg — tt) o (pp — tf) CDF: 007458 0.18 1
M, — M; CDF: —33+ 1.4(stat) + 1.0(syst) GeV 0 5.6 measurement of R
DO: 0.8 £ 1.8(stat) + 0.5(syst) GeV 3.6 — limited by
W helicity fraction Tev: fp = 0.732 £ 0.063(stat) £ 0.052(syst) 0.7 up to 5.4 .
Charge CDF: -4/3 excluded @ 95% CL 2/3 5.5 systematics
DO: 4/3 excluded @ 92% CL 0.37
¢ CDF: < 7.6 GeV @ 95% CL 1.26 GeV 43
DO0: 1.99+0% GaV up o0 2.3
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Measurements from Tevatron

Property Measurement SM Prediction Lumino
o, (for M, = 172.5 GeV) CDF: 7.5+ 0.31(stat) £0.34(syst) £ 0.15(theory) pb  7.46%,%> pb up to 4.6 & 3000 ' gy :
DO: 7.56*28 (stat + syt -+ lumi) pb 5.6 zE DO, L=53th" _ o,
Oehq (for My = 172.5 GeV) CDF: 0.8+ 0.4 pb (M; = 175 GeV) 2264+012pb 3.2 25001 e IR0 |
D 2.90 +0.59 ph h4 == {f R=0
o, (for M, = 172.5 GeV) CDF: 1.8*27 pb (M, = 175 GeV) L04+£004pb 32 s - i Background
DO: 0.68+2% pb 5.1 . E i
Charge asymmetry CDF: 0.158 £ 0.074 10.06 5.3
DO: 0.196 + 0,065 5.4 10001 _
spin correlation CDF: 0.72 +0.64(stat) £ 0.26(syst) T it 5.3 a
DO: 0.66 + 0.23(stat + sys) 5.4 500 by
M, Tev: 173.2£0.9 GeV i p 10 5.8 —
% CDF: .18 +0.08 ph 0174+003pb 60 0 5 i SEe. 5
[Ven| CDF: |Vie| = 0.91 £ 0.11(stat + sys) £ 0.07(theory) 1 32 = ng
5.4
R =B(t — Wb)/B(t = Wq) | CDF: > 0.61 @ 05% CL ;
DO: 0.90 +0.04 i World's best
algg — tt) o (pp — tf) CDF: 007458 0.18 1
M, — M; CDF: —33+ 1.4(stat) + 1.0(syst) GeV 0 5.6 measurement of R
DO: 0.8 £ 1.8(stat) + 0.5(syst) GeV 3.6 — limited by
W helicity fraction Tev: fp = 0.732 £ 0.063(stat) £ 0.052(syst) 0.7 up to 5.4 .
Charge CDF: -4/3 excluded @ 95% CL 2/3 5.5 systematics
DO: 4/3 excluded @ 92% CL 0.37
¢ CDF: < 7.6 GeV @ 95% CL 1.26 GeV 43
DO0: 1.99+0% GaV up o0 2.3
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Measurements from Tevatron

Property Measurement SM Prediction Luminosity u 07
a7 (for M, = 172.5 GeV) CDF: 7.5 £ 0.31(stat) + 0.34(syst) £ 0.15(theory) pb  7.46*7 %" pb up to 4.6
D0: 7.560€2 (stat + syst + lumi) pb 5.6 0 06-— ------ Gluon-rich
Otbq (for M: = 1725 GeV) CDF: 0.8+ 04 pb (M; = 175 GeV) 226+0.12pb 3.2 T I — No-gluon
D0: 2.90 +0.59 ph 5.4 ] ] ]
ag (for M, = 1725 GeV) CDF: 1.8+07 ph (M, = 175 GeV) L4+004ph 32 2 0.05
DO: 068403 ph 5.4 € 0.04 L corn
Charge asymmetry CDF: (.158 £ 0.074 0.06 5.3 w - un Il Preliminary
D0: 0.196 £ 0.065 5.4 i El 11"
spin correlation CDF: (.72 + 0.64(stat) + 0.26(syst) 0.7rrHoo 53 2 0.03-:
DO: 0.66 +0.23(stat + svs) 5.4 ¢
M, Tev: 173.2 00 GeV ; wwoss 2 0.02
L~ CDF: 0.18 + 0.08 ph 017+003pb 6.0 T
|Vas| CDF: [Vie| = 0.91 +0.11(stat. + sys) + 0.07(theory) 1 3.2 0.01¢
DO: V| = 1.020:10 54 ,
R = B(t - Wb)/B(t = Wgq) | CDF: > 061 @ 05% CL 1 0.2 o é 1|6 15 2"0 '2'5' 'é'n' '35 20 45 50
DO: 0.00 +0.04 5.4
CDF: (07238 . Number of low p; tracks
1 — Mg DE: =33+ 1.4(stat) + 1.0(syst) GeV l h.b
DO: 0.8+ 1.8(stat) = 0.5(syst) GeV 3.6
W helicity fraction Tev: fy =0.732 = 0.063(stat) £ 0.052(syst) 0.7 up to 5.4 . I
Chargo CDF: -4/3 excluded @ 95% CL 2/3 5.6 Fra ction won't be the
DO0: 4/3 excluded @ 92% CL 0.37 same at LHC
I: CDF: < 7.6 GeV @ 95% CL 1.26 GeV 43
DO: 1.09%0 % GeV up to 2.3
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Measurements from Tevatron

Measurement

Property SM Prediction Luminosity (fb~7)
g (for M, = 1725 GeV) CDF: 7.5+ 0.31(stat) £ 0.34(syst) £ 0.15(theory) pb  7.467 2 pb up to 4.6
DO: 7.561063 (stat 4 syst + lumi) pb — —— g e
Ot (for My = 172.5 GeV) CDF: 0.8+ 0.4 pb (M; = 175 GeV) 2.26 4+ 0.12 pb :i; - (b) - 'D@3.61b"
DO: 2904 0.59 pb (o180 -5 .. u+jets. -
o (for M, = 1725 GeV) CDF: 1.8%07 ph (M, = 175 GeV) L44004ph 0 p o S
DO0: 0.684)5; pb E R ;,“’a,? 'I%-EI'-}“\. 1
Charge asymmetry CDF: 0.158 4 0.074 0.06 175- e b B & d
DO: 0.196 £ 0.065 i 1° B Ob 5y 1
spin correlation CDF: 0.72 + 0.64(stat) + 0.26(syst) Ty Tab _ { E"‘E!._El - Q,E':: ,: ]
DO: 0.66 + 0.23(stat + sys) : c N a8 e ]
M, Tev: 173.20.9 GeV 2 170- .. B b4 5
L CDF: (.18 £ 0,08 pb 0.17 £0.03 pb e &' B X B W s B !
|Vas| CDF: |Vi| = 0.91 + 0.11(stat + sys) +0.07(theory) 1 R T
R = B(t - Wb)/B(t = Wgq) | CDF: > 0.61 @ 05% CL | rnt (GeV)
DO0: 0.90 £ 0.04 b1
algg —+ t) /a(pp - tf) CDF: U.mtg-ﬁ?, 0.18 1 Fi -
. irst time done at
M; — M; CDF: 3.3 4 1.4(stat) + 1.0(syst) GeV 0 56
DO: 0.8 £ 1.8(stat) £ 0.5(syst) GeV 3.6 Tevatron
W helicity fraction Tev: fo = 0.732 = 0.063(stat) £ 0.052(syst | 0.7 up to 5.4 , PR .
— statistics limited
Charge CDF: -4/3 excluded @ 95% CL 2/3 5.6
DU: 4/3 excluded @ 92% CL 0.37 — CMS recently
T CDF: < 7.6 GeV @ 95% CL 1.26 GeV 13
E o : released more
D0: 1.9975 .y GeV up to 2.3

precise result
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Measurements from Tevatron

Property Measurement

a5 (for My = 1725 GeV) CDF: 7.5+ 0.31(stat) + 0.34(syst) £ 0.15(theory) pb
DO: 756103 (stat + syst + lumi) pb -

Othq (for Mr = 172.5 GeV) CDF: 0.8+0.4 pb (M: = 175 GeV) I CDF + D4 preliminary combination
D0: 290+ 059 pb Ly L=27-541"

aw (for M, = 1725 GeV) CDF: 18%7 pb (M, = 175 GeV) : B:— ke el
DO: 0.68%) 5 pb et * SM value

Charge asymmetry CDF: 0.158 £ 0.074 L o CDF l+jets
DO: 0.196 + 0.065 0.6/ \ . o CDF dilepton

spin correlation CDF: 0.72 + 0.64(stat) + 0.26(syst) i i 68% and 95% .“u\ 4 D@
DO: 0.66 +0.23(stat + sys) 0.4 ; C.L. contours

M, Tev: 1732+ 0.0 GeV i |

oy, CDF: 0.18 £ 0.08 pb 021

|Ven| CDF: |Vig| = 0.91 £ 0.11(stat + sys) £ 0.07(theory) i :
DO: |Vi| = 1_mf3:i‘i U_‘ Lﬂdf"m

R = B(t - Wb)/B(t — Wg) | CDF: > 0.61 @ 05% CL I AHREEYY  Amma T
e e

al(gg —+ tf) /e (pp — ti) CDF: 0.0713:38 f

My — M; CDF: —3.3 £ 1.4(stat) + 1.0(syst) GeV T
D0: 0.8 + 1.8(stat) £ 0.5(syst) GeV 3.0 .

: i Good agreement with

narge UE: -1/ 4 excluded & Yo7 Ni SM

DO: 4/3 excluded @ 92% CL 0.37 L.

T CDF: < 7.6 GeV @ 95% CL 1.26 GeV 13 — Eq ual statistics
DO: L90%53 GeV up o 23 and systematics error
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Measurements from Tevatron

Property Measurement SM Prediction Luminosity (fb~7)
o (for M, = 172.5 GeV) CDF: 7.5+ 0.31(stat) + 0.34(syst) £ 0.15(theory) pb  T.46%] > pb up to 4.6
DO: 7.56102 (stat + syst + lumi) pb 5.6
Fihg (for M = 172.5 GeV) CDF: 0.8+ 0.4 pb (M: = 175 GeV) 2264+ 0.12 ph CDF Run Il preliminary L = 5.6 fb”
DO: 2.90 + 0.59 pb 180 £ Wi
aw (for M, = 1725 GeV) CDF: 18+07 ph (M, = 175 GeV) LOA£004ph o F Eistsg
DO: 0.68%;5; pb - [single Top
Charge asymmetry CDF: 0.158 £0.074 0.06 140 ; M piboson
DO: 0.196 £ 0.065 - Sﬂcﬂ
spin correlation CDF: 0.72 + 0.64(stat) + 0.26(syst) ﬂ.?’?’?fg:ﬂi; ] C E . g:t:ems
DO: 0.06 + 0.23(stat + sys) S 100
M, Tev: 173.2+0.0 GeV ; o 80-SM like XM like
Tt CDF: (.18 £ 0,08 pb 0.17 £ 0.03 pb C i
|Vin| CDEF: |Vie| = 0.91 £ 0.11(stat + sys) £ 0.07(theory) 1 Eﬂ:—
DO: [Vis| = L0220 -
R=B(t - Wb)/B(t = Wgq) | CDF: > (.61 @ 05% CL L =
DO: 0.90 £ 0,04 )
a(gg — tF) /o (pp — tf) CDF: 0.07+2:35 0.18 0 5e A 0.0 0.5 1.0
My — M; CDF: 3.3+ 1.4(stat) £ 1.0(syst) GeV 0 Q(W) * Q(b-jet)
DO: 0.8 = 1.8(stat) £ 0.5(syst) GeV s
W helicity fraction Tev: fy = 0.732 = 0.063(stat) £ 0.052(syst) 0.7 up to 5.4
CDF: -4/3 excluded @ 95% CL : . :
S Confirmation of SM
Iy CDE: < 7.6 GeY @ 95% CL 1.26 GeV 43 ch a rg e
DO0: 1.9970% Gev up to 2.3
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Measurements from Tevatron

Property Measurement SM Prediction Luminosity (fb~T)
a7 (lor M, = 1725 GeV) CDF: 7.5+ 0.31(stat) £ 0.34(syst) £ 0.15(theory) pb  7.467, ¢ pb up to 4.6
DO: 7.56'0 %% (stat + syst + lumi) pb RR
Ttbq (for M = 1725 GeV) CDF: 0.8+ 0.4 pb (M: = 175 GeV) 2.26 £ 2.tag Lepton.|.,je't s
D0: 2.90 + 0,59 ph 8 01=
ag (for M, = 172.5 GeV) CDF: 1827 ph (M, = 175 GeV) 104 +( E i
DO: 0.68+9% pb i
Charge asymmetry CDF: U.lBgJ:: 0.074 0.06 gam__ T FWP = 1.5GeV
D: 0.196 £ 0.065 L
spin correlation CDF: (.72 + 0.64(stat) + 0.26(syst) 0.7 ﬂ.ﬂﬁ_— — th =10.0 GeV
D0: 0,66 £0.23(stat + sys) -
M, Tev: 173.2 £ 0.0 GeV E i — Tm =20.0 GeV
L CDF: 0.18 + 0,08 ph 0170 0.04-
Vi) CDF: |Vio| = 091 + 0.11(stat +sys) + 0.07(theory) 1 I
DO: [Vap| = 1.0225:3 0,09
R = B(t - Wb)/B(t — Wq) | CDF: > 0.61 @ 05% CL L il
DO: 0.90 £ 0.04
algg — tf) [ (ph — tf CDF: 0.07+)4 0.18 00—l
AL = M;m e CDF; -3.3 1017 A(stat) + 1.0(syst) GeV 0 1 2 2 ﬁo GeVi §90
D0: 0.8 + 1.8(stat) = 0.5(syst) CeV ¢ (Gevie)
W helicity fraction Tev: [y = 0.732 = 0.063(stat) £ 0.052(syst) 0.7 up to 5.4
Charge CDF: -4/3 exeluded @ 95% CL 2/3 b6
DO: 4/3 excluded @ 92% CL 0.37 S
T; T OOV BT L W a— Very precise indirect
DO: 1.00*08? Gov up 0 23 determination!
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Top mass

Elzbieta Richter-Was
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