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evatron and Top Physics

Lominosity (p6)  Tevatron was shutdowned
R < Have > 10 fb' in each experiment
 LHC accumulated more than 5fb-1
of data
*» Order of magnitude larger top events

« Tevatron top physics
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op quark mass

« Top quark mass is not predicted by SM

« Can constrain SM Higgs boson mass
< Important contribution in radiative correction of W
“ Important test of SM
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Jet energy scale (JES)
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CDF lepton+jets

» 5.6 fb! data — 1263 events o
*» We select events having 1 lepton ;:
(pr>20GeV/c), four jets (E;>20GeV), and  {-
large missing energy (MET>20GeV) =
*» At least one b-tagged jet :
< Additional NN based selection B I
« Matrix element (ME) technique
< Transfer function was parameterized by eta igz:z_
and jet mass for b-jet and light jet 0af
» In situ JES calibration o
_ _ _ -0_2;_—A(\n L)=-05
* This is the most precise top quark 0aE ) s
measurement to date T (e

PRL 105 (2010) 252001

173.0 £ 0.7(stat) = 0.6(JES) * 0.9(syst) GeV/c?
=173.0 + 1.2 GeV/c?
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CDF lepton+jets

. CDF Run II Preliminary, 5.6 fb™ T feestevonn
R Se|| Systematic source | Systematic uncertainty (GeV/c*)
(Pr>20 Calibration 0.10
large ‘ MC generator 0.37
s At leas ISR and FSR 0.15
KX Additio‘ Residual JES 0.49 d
_ b-JES 0.26 (cevie
* Matrix el Lepton Pr 0.14
< Transfd Multiple hadron interactions 0.10
and jet PDFs 0.14
_ Background modeling 0.34
* Insitu J Gluon fraction 0.03 >
e Thisist ‘ Color reconnection 0.37
Total 0.88 SES
MeaSulérrerrero—oeee T (GeVic?)
PRL 105 (2010) 25200¢

173.0 £ 0.7(stat) = 0.6(JES) * 0.9(syst) GeV/c?
=173.0 + 1.2 GeV/c?
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DO dilepton channel

5.4 fbl data — 479 events

3 o ]
“* We select events having 2 lepton % 5[ g
(p+>15GeV/c), at least two jets (E;>20GeV), S
and large missing energy (MET>40GeV) £
“* No b-tagging requirement E 5 ,onser: 1302010
ME technique 2 7 ooz
Dominant uncertainties {5 [posat”
< Overall Jet energy scale and b-JES . l
This Is the most precise top quark | /\
mass measurement in dilepton channel o5y =
to date | J,.F \
ele aie L Ml el
PRL 107 (2011) 082004 '@ 10 i, (GoV)

174.0 £ 1.8 (stat) + 2.4(syst) GeV/c?
=174.0 + 3.1 GeV/c?
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Jets (no lepton) channels

 All Jets channel (5.8 fb?)
* Six jet final state

* Neural network training to reject
dominant multijet background

*» ~1 S/B ratio for 2tag (~300 signal)

 MET+Jets channel (5.7 fb1)
*» Large MET+four jets final state

** NN selection for dominant multijet
background rejection

% Large acceptance of tau final state

L0

L0

Mean 157.2
RMS 38.12

“‘E 0.1 tt mP templates, > 2 tags events (AJES = 0.0) . o o

3 0 Hadronic top (tri-jet) mass
-M =160.0 S
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3008 - M,,, = 1725 [Entrles 7129
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w Mt 172.5 GeVic”

e .
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cdfnote 10456 i arXiv:1109.1490

172.5x1.4(stat) £1.0ES) £1.1(syst) 172.3+1.8(stat) +1.5JES) +1.0(syst)
=172.5+2.0 GeV/c? =172.34+2.6 GeV/c?
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Mass of the Top Quark
July 2011 (* preliminary)
CDF-I dilepton ¢ 167.4 +11.4 (+10.3+ 4.9)
D@-I dilepton * 168.4 +12.8 (+12.3+ 356)
CDF-Il dilepton — 170.6+ 3.8 (224 3.4)
D@-Il dilepton N o 174.04 3.1 (£ 185 28)

CDF-l lepton+jets 176.1+ 7.4 (£5.1+5.3)
————

D@-| lepton+jets 180.1+ 5.3 (£3.9+3.6)

CDF-Il lepton+jets W 173.04 1.2 (£06+1.4)
D@-Il lepton+jets s 1749+ 15 (£08+1.2)
CDF-l alljets ?35‘0 +11.5 (£10.0£ 5.7)
CDF-l alljets * n | 17254 2.1 (£ 144 15)

CDF-Il track ® 166.9+ 9.5 (£9.0+2.9)

CDF-Il MET+Jets * -
8-

172.3+ 26 (£18+18)

Tevatron combination * 173.2+ 0.9 (+06+08)

f=atal = syst)

y2/dof = 8.3/11 (68.5%)

150 160 170 180 190 200
My, (GeV/c?)

173.2 £ 0.6(stat) £ 0.8(syst) GeV/c?

evatron Combination and future

Tevatron average = 173.2 + 0.9 GeV/c?

~0.54 % Precision

All results are consistent each others

i CDF Top Mass Uncertainty

(all channels combined)

10—

N, L 1fb" 2fb" 5fb' 10"
S bl
0o r ¥

[

2

= S, .. MU
<] v CDF Results

N Run lla LJ goal (TDR 1996)
A(stat) scales as 1NL, A(syst) fixed
SRR Altotal) scales as 1AL
---------- AMJM, = 1GeV/c?
II| | IIIIIII| | \IIII\Il

102 10° 10*
Integrated Luminosity (pb™)

< 1GeV precision in each experiment
Still having extensive effort to improve

machinery and systematic understanding
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Global EWK fit and Higgs constraints

LEPEWWG, http://lepewwg.web.cern.ch/LEPEWWG/plots/summer2011/

6 July 2011 — mLi:.-nit =‘161 GeV 80_5 JulyZ()11I . . | .
1 ph — LEP2 and Tevatron
5 - 1 Adpg = il: | -+ LEP1 and SLD
_ — 0.02750A0.00033 689 CL
31 0.0274940.00010  §f
4- it incl. low Q* data  #f¢ -
2 3 | @ 8044 | |
3 >
1 2
2+ - £
1 ] [ [ N S
| 80.3
0 Excluded i |
30 100 300 155 175 195

m, MGeVN m, MGeVN

m, =92'® Gev/c? My <161 GeV/c® (95% CL)

m, <187 GeV/c® (95% CL)
With direct limit from LEPII
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t and t mass difference

 If CPT is conserved, AM,,

should be zero (SM) o ()11 TGRSR o L(b) Bose Y
E 175 5 Jffll;n;é:: ] 31?5 = .Ilr‘;é:é'é—\éu;;ih; : :-
_ _ & b 3:} ol e P \ %%‘é‘.::ﬁl
* We test this assumption by moblERRRL I T B EEREL A T
m, (GeV) m, (GeV)
- We use similar technique Matrix element technique
with mass measurements but allow different mass
of top and anti-top .
Lepton+Jets 3.6 bl |Lepton+Jets

Kinematic reconstruction
AM,,, =-3.3 £ 1.7 GeV/c2 AM,,, = +0.8 £ 1.9 GeV/c?

top

PRL 106 (2011) 152001 PRD 84 (2011) 052005
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op quark width

 [tis intrinsic parameter of SM

** Very precise estimation using NLO calculation (~1% precision)
% 1.3GeVatM,, =172.5 GeV/c?

top

« Deviation from SM indicate new physics
% Charged Higgs decay, FCNC, and other exotic models

b e dors

- HY z w
top quark decay top quark decay top quark decay
* Resolving Top quark life time

T = F Short life time (decay before hadronization)?
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op quark width

Direct measurement

0.025

Probability

o
o
=

- I'=15GeV

=100 GeV

I=20.0 GeV

200 250 5
m;e°(GeV/c”)

Reconstructed top mass

I's =

« Use reconstructed top quark
mass (RMS distribution)

* No assumption of SM

4.3 tb1
0.3< T

I’

PRL 105 (2010) 232003

top

top

< 7.4 GeV @ 95% CL
< 4.4 GeV @ 68% CL

Indirect measurement

e Assume SM

 the single top t-channel

Cross section

Ratlo of t-Wb/t -W(q

s
O‘(t — Ch) F(t — bW)SM
Br(t = bW) o(t —ch)sm
[yop = 1.99 7005 . GeV

Tiop= 3.3 "3, ,10725seC < Thad

PRL 106 (2010) 022001
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Spin Correlation

« Top quark decay before hadronization — Spin information
of top quark passed to decay products

N..+N, —N. —N
SM prediction K = m W N ) ~ 078
Nop+ N +Ny + N,

« K Is related with angles of decay products

2
1 do 1-xcosé, cosb,
o dcosédcosé, 4
\' u
 where N oy - or N - d
.............. \.:l;/."'.-./..j:ej,.-------_ __--_--_--____\._./."'.-.-_\_ej/.-_--_--_
t Incoming parton t Incoming parton

Top Rest Frame Top Rest Frame

/
/S
/
g b
1/
»
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Spin Correlation

« Top quark decay before hadronization — Spin information
of top quark passed to decay products

N..+N, —N. —N
SM prediction K = il v I al ~ (.78
Nop+ N +Ny + N,

D Run II preliminary Dilepton Lepton+Jets
S . 025 e T T TN
2 0.25— : teoy I _ % 1 =\
2l B E * _|_|-_!: """ tT, Pythia SM spin corr. [ [_] Unpolarized sample -
¢ g ' | — OH basis templat A
% 0.2 [ 7 — tf, Pythia no spin corr. 0.2t as-ls empiate NO Spl.:n N |
-lz. - - — SHbasis template correlation
015 Spln. No Spin 0.15} . K=0
- correlation..,.. Correlated . Spin
- i~ - Correlation Anti spih
0.1 K=1 Lot _ 0.1+ - E
; soh K=0 ‘ _ H correlation
- : | K— 1 :
0.05:— o e 0.05-_ KK=-1 |
0 foass | L1 | L1 l L1 1 I L1 l L1 l L1 I 11 |-|--|--|"l"|' :F %
-1 -08 -06 -04 -02 0 02 04 06 08 1 0 [P DS DS D DU DO
COS(el)COS(ez) -1 -08 -06 -04-02 0 02 04 06 08 1

cos(9, ) cos(6, )
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Spin Correlation

w Dilepton =nm L€Dton+Jets

mIIIIIllIllIIIIIIIlIIlIIIIIlIIlIIlIIIIIl

200:_ DBLBAT | e Dlat; C B oF- CDF Run llpreliminary L=53 6" [ ] Opposite Spin
) B SM spin corr. 0 5.3fb-1 B same Spin
150~ 5.4fb-1 [_]No spin corr. ] 0 [ ] Backgrounds
% E [ Backgrounds E 0 —e— Data
o 100 0 K: 0.72 +/- 0.64 +/- 0.26
u>J - '0
- 0
50} 0
i i
O 0.5 0 0.5 1 :
cos 0, cos 6, 0 T
PLB 702 (2011) 16 4 08 06 04 02 0 02 04 O gstﬁduéanﬂﬂd}
K=0.1010-45
0.1077% ¢ 45 k=0.72 + 0.62 * 0.26
=2 Dilepton || 5 gfph Ky =0.78
P K=O.32+O.55_0 78
CDF note 9 824. PRDS83 (2011) 031104
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Spin correlation with ME method w

e Define R K.Melnikow and M. Schulze ,

PLB 700 (2011) 17 i —
R = Pﬁgn{H = ¢) 1l -
Piw(H = u) + Py(H = ¢) s -
« Calculate probability using LO ME
for spin correlation (H=c) and spin
uncorrelated (HZU) o1 0z 03 oF.;t 05 06 07
Dilepton ; Lepton-+Jets
T Data DO, L=5.4 fb —
[ B tt SM spin corr | o PoRa R
80— ttno spﬁn corr. 5-4 fb_l ;E 120—: . Sﬁﬂ‘ss,i’ul{'c‘;’r’rf' 5.3 fb-l
] measured tt 100 = measured tt |
£ 60 - HEE Background 1 o Wijets
H ] 80 mmm Multijet
= 40 60
] 40—
60 == 5
20—_“ -
0

03 035 04 045 05 055 06 0 0.4 0.45 0.5 0.55 06

K=0.57 T0.31 kg, =0.78 £ =1 fmeas_1 15 0.42
PRL 207 (2011) 032001 (f is correlation fraction)
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Combination of lepton+jets and dilepton

1

:IDQI 15415 |
hos_ {arXiv:1110.4194
0.2_ Yo C.L.
b %o C.L
% C.L. ]
1 0 fmeas 1 2
£>0.34 (95% CL)
f ...=0.85 *0.29
£>0.05 (99.7% CL)

First evidence (3 standard deviation) of spin correlation
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W Helicity

 The SM top decays via EW interaction

* Top decays as a bare quark = spin information transferred to final

state particles

* V-A coupling predict

sl

% f, = 0.7 (longitudinal polarization)
* f, ~ 0 (right handed polarization)
* f. = 0.3 (left handed polarization)

* Measuring the fraction of Iongltudlnally polanzed W

bosons ) z[%
+» Reconstructed coso6*

Spin=1/2

l,q

v, q

= |eft handed

— lon gtd al

%0.6_—

cos 0
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W Helicity

-o- DATA

140; 5 . 6%-1 (Entries : 608)
E |

- Diboson

- DY — ee+up

E’ DY —= 11
*— -Fakes

-1 08 -06 -04 -02 0 02 04 06 08
o *

°
Dll epton CDF Run II Preliminary (5.1 f&)

th (M_ =175 GeV)
Top

-
.

Entries/0

1

Lepton+Jets & Dilepton

120
1001 } iy |5°4fb
80
so;— +
4o;—
-1 "'05”"0""05'”5'61
coso*

f, =-0.09+ 0.09
f,= 0.72%+ 0.19

cdf note 10541

LSM) =01 f,=0.02 £ 0.05

f,(SM)=0.7

Lepton+Jets
f., =-0.20 = 0.09
f= 0.90 £ 0.12

PRL 105 (2010) 042002

2.7 fb

f,=0.67 £ 0.10

PRD 83 (2011) 032009
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Tevatron combination

L]
- B CDF + DO preliminary combination
1 L=27-5.41fb"
0.8 ® Combined result
T * SM value
_ o CDF H+jets
0.6 . o GDF dilepton
- | 88% and 95% .. a DO f, I 0
0.4 E C.L. contours f - 07
- 0SM ™ .
0.2 ’
o .
- Boundary of allowed region
_I 1 1 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1

-0.2 0 02 04 06 038

f, =-0.013+0.035 *
f,= 0.685 + 0.057
Consistent with SM
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Forward backward asymmetry (Agg)

Forward:
0 _
—@—»z\:«A@— ’

Backward:
o— )St\( P
L
1. E +p,
=—In— - Ay = i AT
ymRlE T, MY
A N(cosfO>0)—- N(cosf <0) A_Nmy}g)_hrmy{g)
N(cos@ =0)+ N(cosf <0) - N(Ay >0)+N(Ay <0)
"‘H..""-.,f-k AT ~5% + ?? :: e NeW phySiCS

L - o AT b
" 2 . S - L
OO0, + OO,
. . P . ! v i




Arg

Lepton+Jets

E :l T T T I T T 11 | LU I LI Am==l:|_|]5?'i|:|ﬂ2,a E —
2 4505_ ——daia Appq=-0011:0003| G250 W it
- 400F m gkghkg A,=-0013+ 0002 I.?i [ W+jetz
E Ay, = 0,005 + 0.008 Multijet
350 + [ B * oo0F [ MMultij
o & [ata

-3 -2 -1 0 1 2
Ay=y,-y

3

PRD 83 (2011) 112003

Dilepton

In Lab

CDF Il Prellmlnary

60 —

Events

40

20

-1 0 1
cdf note 10436

‘[Ldl 51fb

?1fb1

2
A ylab

;rXivz1{O7.119925

— Data
O«

#=+ 10 error
[ Fake
DY

; BEZ-m
{ |l @mwwwzizz

4y

DO, 541" |

)

i

A, of the Top Quark

[ V. Ahrens et. al.,
arXiv:1106.8051v1 (2011}

[ w. Hollik and D. Pagani,
arXiv:1107.2606 (2011)

CDF LJ

CDF DIL*

CDF combined*

July 2011
(** submitted to a journal)

(* preliminary)

0.158 £ 0.074 (20.072+£0.017)
(537

0.420 + 0.158 (20.150+ 0.050)
(517

0.201+ 0.067 (+0.065+0.018)
(+ stat + syst)

DO LJ* 0.196 + 0.060 i
(541"
| | | |
-0.4 -0.2 -0 0.4 0.6

e,

Korea University
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Arg

Lepton+Jets Forward-Backward Top Asymmetry, %
Yo [F—data _ Reconstruction Level
05 = MLO tt + bkg
. : mg < 450 GeV
04 ——
E D@, 5.4fb" 7.8+4.8
02 ———
- CDF, 5.3fb" -2.244.3
01
oF } e e e m_ > 450 GeV
- ; ® |
-DI ﬁ | 1111 | 1111 | 1111 I 1111 | 1111 | 1111 I 1111 | 1111 I 1111 D®5 5-4 ‘fb-1 11-51_6-0
350 400 450 500 550 600 650 VOO 750 BOO
Mg lGeV/ic)
L
CDF, 5.3 fb" 26.6+6.2
S. Frixione and B.R.Webber,
JHEP 06, 029 (2002)
I | | | 1 I 1 1 1 | I | 1 | 1 I | | | 1 | |

-10 0 10 20 30
« CDF has clear dependence of Az for m, .. but, DO has not
Update with full data set will be interesting — stay tuned
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Conclusion

« Top quarks properties are well being studied at Tevatron
** We are performing rigorous study for top quark
** Unique/Complementary measurements to test SM and new physics

« Tevatron’s legacy on top physics is still ongoing

** We have twice of data and will update interesting top property
measurements soon

“ Itis not only adding ~x2 data but also improvement of machinery

http://www-cdf.fnal.gov/physics/new/top/top.html
http://www-dO.fnal.gov/Run2Physics/top/top_public_web_pages/top_public.html
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http://www-cdf.fnal.gov/physics/new/top/top.html
http://www-cdf.fnal.gov/physics/new/top/top.html
http://www-cdf.fnal.gov/physics/new/top/top.html
http://www-d0.fnal.gov/Run2Physics/top/top_public_web_pages/top_public.html
http://www-d0.fnal.gov/Run2Physics/top/top_public_web_pages/top_public.html
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