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w @ Top Quarks in a Nutshell G0

g QUARK MASSES

¢ discovered in 1995 at the Tevatron
200

¢ heaviest known elementary particle: 150

o 173.2 + 0.9 GeV 100

50

e large coupling ~1 to Higgs boson

ol

u
down | £
strange "¢
charm

- special role in electroweak symmetry
breaking ? 6

¢ short lifetime of 5 - 10” s less than 1/A -

[ |
17 events D&

- top quarks decay before hadronization
- observation of a bare quark

100 200

¢ started with a handful of events in 1995; Fitted Mass (GeV/c?)
now 1000s of them _ j_19leve;“s " @ |
e precision measurements g 3 -
e excellent tool to search for new physics E j: ]

0 21111 |
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Reconstructed Mass (GeV/c2)
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http://arxiv.org/pdf/1107.5255.pdf

Top Quark Production

e ()

¢ top quark pairs are produced in strong interaction via
e quark-antiquark annihilation (85%)

e gluon-gluon fusion (15%)

with a theoretical NNLO_  cross section of antiproton

G, = 7.46 pb @ m = 172.5 GeV (PRD 78, 034003 (2008))

t

¢ single tops arise in weak interaction (PRD 74, 114012 (2006)) 7 (3
e S-channel : G, = 1.04 pb @ m = 172.5 GeV

e t-channel : G, = 2.26 pb @ m = 172.5 GeV

o tW-channel:c_=0.30 pb @m_=172.5GeV 9 "00000 |
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Top Quark Decay =

as Br(t->Wb) = 100% final states classified according to W decay

alljet channel : Top Pair Branching Fractions w v CZ—J.

“alljets” 46%

¢ largest branching fraction

¢ huge multijet background

THjets 15%
lepton+jets channel :

¢ good branching
fraction of ~35%

L+jets 156%

. . ctjets 15%
dilepton channel : "dileptons"” "lepton+jets"

¢ moderate background
¢ smallest branching .

mainly W+jets and
fraction of ~5%

multijet events
¢ small background, .

mainly Z+jets events,
misidentified leptons

“golden channel”
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Tevatron Balance @

¢ after 26 years of operation,
Tevatron turned off 30" September 2011

e 10 years of data at Vs=1.96 TeV

o ~10 fb' recorded per experiment

Tevatron

oo -

¢ birthplace of tOp quark ; M Inje&tor. ‘s

(new)
= b "_-.---“;

¢ 14 years later discovery of single top
¢ but compared to LHC

e 20 times more top pair events then at the Tevatron

- What can we still learn from the Tevatron?

|
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w @ Outline ¢S89 %

¢ Top Quark Production at Vs=1.96 TeV
¢ Measuring and Understanding the Top Quark Mass
¢ Unique Top Properties at the Tevatron

¢ Exploring New Aspects in Top Quark Events

|
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Probing Tops at a Different Center-of-Mass Energy:
Top Quark Production at Vs=1.96 TeV

|
1°** March 2012 Alexander Grohsjean 7



w @ Top Pair Production Cross Section @

¢ measure if production rate is as predicted by NLO QCD

¢ measurement requires: g DO, L=5.3 fb" ~ Data
> 4 tt
e well understood background e 1 B Other
S [ W+jets
o o ° o Multii
o clean signal region to extract cross section £ _ W Multijets
=}
° ° ° ° 2
- divide samples using b-tagging or
multivariate techniques 102

¢ additional tricks:

] L] [ [J id 0 1 22
e comnstrain systematic uncertainties from data fit

o Number of b-tagged jets
e comsider ratio R of Z->1l/tt cross section Nep23  COPHPrelminary 46"
';'_ 500— B data (7348 evts)
o _:R.O_theo o F B o
. 1 tt Z : B W+ets
¢ DO l+jets 5.3fb: : @ aco

& #

o, =778 _(stat+sys) pb (PRD 84,012008 (2011))

¢ CDF l+jets 4.6 fb': .
0, = 7.82 * 0.55 (stat+sys) pb (PRL 105,012001 (2009))

100

ok

¢ limited by systematic uncertainty

o o 014 02 03 04 0O 06 0. 08 09 1
¢ total uncertainty comparable to theoretical one ? ! NN output

|
1°** March 2012 Alexander Grohsjean 8



w @ Comparing Different Final States KCGZ)

¢ cross check of different final states interesting
e new physics may affect different final states in a different way
o different parts of phase space

o different kinds of background

__CDF Run Il Preliminary, 2.2 fb" "2 . (©) DO, L=5.4 fb™
._g 30 7 —=— CDF Data 7 d>’1 50__ ‘+" eu+2jet
— [ ] L -
‘% 25 _ - QCD multijets 44.49% — L E Z(+jets): 30
= ! . Everything Else 59.21% ] B WW/W2Z/ZZ: 9
b 20 _ ] 100 [ Instrumental: 23
15| Bt 192
: ® DATA: 281
10
o
%2 0 02 04 06 08 1 12 ™0 5 10
NN output b-tagging NN discriminant
2.2 fb' T+jets events: 5.4 fb' dilepton events:
0. = 8.8 + 4.3 (stat+sys) pb o .=736" _(stat+sys) pb

-0.79

(PLB 704,403 (2011))
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July 2011

oo (650

¢ experimental results well consistent with theoretical predictions
DO Run i

Top Pair Cross Section @ 2 TeV

ty (~6%)

e PDFs for theory

1Inosi

e tt modeling

¢ main systematic uncertainties from
e Jlum
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H—e—

+0.40 pb
04 pb
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3 -14
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-1.3

6.30
6.9
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(2008)

[ R

8

nd R. Vogt, PRD 78, 074005 (2008)

&

B

=

H—10—H

B M. Cacciari ef al., JHEP 0809, 127 (2008)

S. Moch and P. Uwer, PRD 78, 034003

N. Kidonakis

1011 W1

¢ CDF/DO combinat

f 5%

precision o

10 12

6
o (pp > tt + X) [pb]

[ Cacciari et al., arXiv:0804.2800 (2008)

Kidonakis & Vogt, arXiv:0805.3844 (2008)

[ Langenfeld, Moch & Uwer, arXiv:0906.5273 (2009)
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DS @ Measurement of Branching Ratios =0

|

¢ cross section measurements can be extended . 3000 ——

to extract R 5 o500 ] DG, L=5.3 10" thaFt::
_BR (t— Wb) _ v, [ 2000 o :: 2:3-5 :_
BR(t—Wq) |V +|V S +|V,[ froeeeceneas Background |
¢ SM predicts R=1 (unitarity of CKM, 1800
BR(t->Wb) = 100%) 1°°°‘; .
¢ smaller values could indicate new physics 500 .

e.g. 4" generation quarks 0

¢ strategy

o l+jets: split into 0,1 and = 2 b-tagged jets = 1032 I
e dilepton: use b-tagging NN distribution mz;
¢ D0 5.4 fb™: N
R =0.90 £ 0.04 (stat+syst) (PRL 107,121802 (2011)) |

1- =

¢ limited by systematic uncertainty

e main from b-jet identification o

¢ worlds best measurement of R NN output

|
1°** March 2012 Alexander Grohsjean 11



¢ first measurement of tt +y cross section

¢ order of magnitude smaller than top
pair production rate

¢ well understood photon identification
and background modeling required

¢ CDF 6.0 fb™" of l1+jets events:

e 30 tt +y candidates where 26.9 * 3.4
are expected

e 0., =0.18+0.08 pb (PRD 84, 031104 (2011))

¢ result well consistent with prediction
ofo o 0.17 £ 0.03 pb (arXiv:0907.1324)

¢ 3 SD for background-only hypothesis (0.15%)

Evidence for tt+y Production

)

Tevatron Run Il, pp Vs=1.96 TeV

- 10° B Theory
'g_ [J CDF Preliminary
~10° w---------------------------l-C-DF-P-uinshed--
=
c o z
Q
o 10°
P vy
o ww _
O 10 » i wz _?"‘lsle i
[v] 199s
s 2 % ZZ 20740 Gev
= 1 * U
g tty
k<] -1
010
L=
o

102
‘w2l w2 s Wat' 24, "H’st,

CDF Run Il Preliminary 6.0 fb’

> 20 ' ¢ Data(e+) -
0 B :
o Wfake b-fag |
- Bjfakesy
w10 fake VE, -
2 BEWK |
c 1 fake y

g 5 e fakey

1]

0

50 100
Photon E; (GeV)
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w @ Single Top Quark Production @

¢ took 14 years from tops to single tops:

(o]

¢ needed multivariate techniques
to extract small signal from large
background 3 V7N

CDF Run Il Preliminary, L = 3.2 fb"

¢ direct probe of Wtb electroweak -
interaction g Gsinglo Ton = 233 Pb
DO 5.4fb": o (s+t) =3.4+0.7 pb = b
CDF 3.2 fb": o (s+t) =2.3 £0.6 pb £
¢ IthI extraction 2 E |
o O (s+t) ~ IV_I° assuming only SM * S Topcroesectaniont ©
sourcing single tops and %’ Z?(b) D@, 5.4 fb™
2 2 2 c N
IV IP+IV P << 1V ] S 5 IV,[>079
DO 5.4 fb': S | @9s%cCL
IV 1 =1.02+0.11 (PRD 84, 112001 (2011)) 2 i
(o] C
CDF 3.2 fb: SRS I
IV_| =0.91 & 0.13 (PRL 103, 092002 (2009)) 02 0408 0%

tb
|
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w @ Separate t- and s- Channel Production @

¢ 2-dimensional measurement of s- and t-channel o CDF Run Il Preliminary, L=3.2 b
g | " e BestFit
e t-channel sensitive to anomalous couplings Bl = sasoL
.g 4 | - 5%
e s-channel sensitive to resonances 8 as | - o
. 8 3| B SM(NNNLO) |
¢ strategy: train separately for s- and t-chanel S s |
¢ CDF 3.2 fb": § 12 :
e 0(t)=0.8% 0.4 pb (PRD 82, 112005 (2009)) 1]
0.5
— 0.7 AW e ‘
e 0(s)=18" 05 pb 09005 1 15 2 25 3 35 4 45 5

s-Channel Cross Section o [pb]

¢ D054 fb™":

e 0 (t)=2.90 + 0.59 pb (PLB 705, 313 (2011)) g Dg f‘i be "
c % C.L.
e 0(s)=0.98 % 0.63 pb ~§ o 0% C.L.
¢ t-channel observation with 5.5 ¢ at D0 3
e main systematics from background E.i
¢ s-channel evidence with full data set § S Meagurement
e s-channel (~4x) not as enhanced as others (>25x) — % 3

s-channel cross section [pb]

e more challenging at LHC
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Very Challenging:
Measuring and Understanding the Top Quark Mass

|
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w @ Top Quark Mass from Template Fit @

¢ 1dea:

o
-

At m{*® templates, > 2 tags events (AJES = 0.0)

_ Ps(m‘m | M‘OP,AJES)

e construct mass dependent templates 3 B .. - re00
. . 3008~ [ m, =1725
using MC simulated events 5 M,, = 1850

G 0.06—

e determine mass from a comparison
to data
0.02_—

¢ apply calibration from MC to correct for any bias|

e

(=]
s
I

4|

¢ channels with hadronically decaying W boson(s) T
allow in addition to fit a global jet energy scale
correction constrained by the W mass

o
o
©

g E— tt m{°° templates, > 2 tags events M, =172.5)
W v & 0.08 B sEs=-20
proton %0.07:— [ agES = 00
q g t b ::;0_06:_ AJES = 2.0
a = b 20.05} —— Py(m{® | M,__AJES)
4 t B o.0at
antiproton @ q = 0.035_
q o.oz:—
¢ l+jets energy correction can be applied NI A »
in dilepton events to reduce main systematic i tGevie)
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w @ Matrix Element Method 0 %

*b——‘

Proton

¢ calculate per event the probability
to arise from LO tt production for , .. ...,
different hypotheses of mass/JES

M (y;H)

Ptt(X;H)OCfd€1d€2fPDF<€1)fPDF(€2) c es W(XsJ’)dq)s
1€

f ppr : Partondensity functions
M (y; H): ME under hypothesis H for partons y
W (x, y): transfer functions for measuring y as x

¢ calculate main background probability similarly and combine them

Pevt(x; mtop:JES):fsgnPsgn(X; mtop)JES)—l_(l_fsgn)Pbkg(X;JES)

|
E L g z E
- W = n- i E
i : g se 8 :
= E- & E
U;To e EE EE) eI T 0 T T80 100 “'-"Tq. B T T FET] (7] 160 190 ETT)
Top Mame |Gevic] Top Mans [Galtic?) Toz Woma [Sovic?] Top Mazs [Cn'ic?)
Event 1 Event 2 Event 3 Event n
17
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Latest Mass Results &0

¢ Template method:
o CDF l+jets 8.7 fb™ (m,_ ', m
op top
e CDF all jets 5.8 fb™ (mtop‘“’"’xz, m_ X2 m,_ =172.5 + 1.7 (stat+JES) * 1.1 (syst)

@ m_ ) m =172.8 = 0.7 (stat+JES)% 0.8 (syst)
ii top

o CDF dilepton 5.6 fb™ (mtop("“’A)): m, = 170.3 + 2.0 (stat) + 3.1 (syst)

o DO dilepton 5.4 fb™ (w__): m, = 174.0 + 2.4(stat) + 1.4(syst)

¢ Matrix Element method:

e DO dilepton 5.4fb™: m, = 174.0 + 1.8(stat) + 2.4(syst)

e DO l+jets 3.6 fb™': m,_ =174.9 + 1.1(stat+JES) * 1.0(syst)

e CDF l+jets 3.6fb™": m,_ = 172.4 + 1.4(stat+JES) + 1.3(syst)
¢ almost all results limited by systematics

¢ true challenge: understanding systematic effects

e remaining jet uncertainties
o tt modeling (hadronization and UE, NLO, ISR/FSR, CR)

|
18
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http://www-cdf.fnal.gov/physics/new/top/2012/TMT_p38_public/cdf10761_TMT_8.7_public.pdf
http://www-cdf.fnal.gov/physics/new/top/2011/TMT_AH/cdf10456_AllHad_TMT2D_P28_Pub.pdf
http://arxiv.org/abs/1105.0192
http://arxiv.org/abs/1201.5172
http://arxiv.org/abs/1105.0320
http://arxiv.org/abs/1105.6287
http://arxiv.org/abs/1108.1601

Tevatron Combination

oo (650

combination as by summer 2011

¢ all results consistent

¢ total uncertainty < 1 GeV

Mass of the Top Quark

July 2011 (* preliminary)
CDF-I dilepton e 167.4 +11.4 (+10.3+ 4.9)
D@-I dilepton g 168.4 +12.8 (+12.3+ 3.6)
CDF-II dilepton ® 170.6 + 3.8 (+2.2+3.1)
DJ-II dilepton r 174.0+ 3.1 (+1.8+25)
. —_—————
CDF-I lepton-+jets 176.1+ 7.4 (+5.1+53)
DJ-I lepton+jets . 180.1+ 5.3 (+3.9+3.6)
CDF-II lepton+jets g | 173.0+ 1.2 06+ 1.1)
DJ-II lepton+jets > 1749+ 1.5 (+08+1.2)
CDF-I alljets ?86.0 +11.5 (+10.0+ 5.7)
CDF-II alljets * ® 1725+ 2.1 (+1.4+1.5)
CDF-II track ® 166.9+ 9.5 (+9.0+2.9)
CDF-Il MET+Jets * < 1723+ 2.6 (+1.8+1.8)
. . * L

Tevatron combination 17304 0.9 (+06+08)
(+ stat + syst)

x2/dof = 8.3/11 (68.5%)

I I I I | |
150 160 170 1 820 190 200
m,, (GeV/c?)

n |‘||\||\||\|1r|\’,|.~|r||‘
80.70 [ experimental errors: LEP2/Tevatron ’(toda'y) =
L 68% CL light SUSY]
L 95% CL B !
8060~ 99.7% CL~ o
> 80.50 ; MSsM| -
g L |
= i i
= L
80.40 —
80.30 g
[ MSSM [ 161 Gev
80.20 both models [T | @ {20l My = 161 Ge
’ Heinemeyer, Hollik, Stockinger, Weiglein, Zeune "11 7 i
Ly vy ey v by ey oy oy 1 Aa(S)_
160 165 170 175 180 185 5 _ . had — ]
m, [GeV] :% — 0.02750+0.00033
i+ 0.02749+0.00010 ]
4 - 1i-- incl. low Q? data —
c\l>< 3 1
<
2 - —
1 -] —
0 Excluded S o
T T T
30 100
my, [GeV]
electroweak fit yields:
m .. < 161 GeV @ 95% C.L.
iggs

(w./ new CDF W mass: 145 GeV)

m .
Hig;

gs=92+34—26GeV

[
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w @ Mass Interpretation G0

¢ second challenge: theoretical interpretation

e How close is the measured mass relying on MC to the pole

mass? _
¢ different approach: % 14;— DG, L=5.3 fb
e assume MC mass to be once pole, TS ]
once MS mass NG
e calculate cross section as a . -----------------------

Tean e
SOET

...........
__________

function of well-defined mass

—e— Measured c(pp— tt+X)
—— Measured dependence of ¢

e compare result with measured

c
o
-y

—— Approximate NNLO

—— NLO+NNLL
| | |

1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1
17 0t e 150 160 170 180 _ 190
¢ D0 5.3 fb" 1+jets: Top quark pole mass (GeV)

e m " =167.5%_ GeV (PLB 703, 422 (2011))

" = 160.0"  GeV

cross section function

e IN
top

¢ pole mass closer to direct results

|
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pp is not pE :
Unique Top Properties at the Tevatron

|
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¢ even tops are not produced in polarized state, the spins are correlated

Spin Correlation

e ()

¢ the correlation strength A

A— NTT+Nil_ NTl_NlT
Ny +N,+N +N,

q>wn<t b=') 'Vt

L] et

t

b

g t

(€='s) t

7
g“:‘#jfz‘ﬂg

e depends on the production mode - different for Tevatron and LHC

e choice of spin basis (here beam basis)

¢ due to the short top lifetime the spin does not flip and is reflected in

the angular distributions of the decay products

1

do

1

Py Gi:§(1+oc,-cos 0,)

with a = 1 for charged leptons and down-type quarks

¢ thus spin correlation can be measured by studying e.g.

1

d’ o

o dcos 8l dcos 9 2 B

%(I—Ccosﬁlcosez)

whereC=Aa, a,

v

@
/\

b-jet

1* March 2012
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% @ Angular Template Based Results Cei)

200 ]
¢ DO 5.4 fb' dilepton : | D@L=5.41b" — Data _
. B i SM spin corr. ]
Cbeam =0.10 £ 0.45 (Stat+SySt) 150:_ [ ]t no spin corr._:
(PLB 702,16 (2011) ) % 100;_ I Backgrounds ;
¢ CDF 5.1 fb'dilepton : oo :
C__=0.04 + 0.56 (stat+syst) S0f ]
¢ CDF 5.3 fb'l+jets : —
C __=0.72 £ 0.69 (stat+syst) cos 8, cos 6,
¢ all measurements limited by 220¢  CDF Runl preliminary L=635" [ ] Opposie Spin :
statistical uncertainty 5 5 Z:Zc: ::ds E
¢ results consistent with SM g 0 e .
expectation of i 3
C_=0.78 +0.04 @NLO QCD o E
(Nucl. Phys. B 690,81 (2004)) . E

-1 08 06 04 02 0 02 04 06 038 1
cos(d)'cos(B,)

|
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w @ Matrix Element Approach G0 %

¢ MEs can be used to discriminate no correlation (H=0) and SM spin correlation (H=1)
2
M(y;H
Pti(X;H)OCJ. dEldEZfPDF(El)fPDF<€2) | (y )| W(XsJ’)dq)ﬁ

&8
¢ as correlation needs set of events, construct discrimination variable from MEs :
P,(x,H=1)
P.(x,H=0)+P,(x,H=1) (PLB 700,17 (2011))
¢ D0 5.4 fb! dilepton :
C, .. =0.57%0.31 (stat+syst)

bea:

R(x)=

£ _ A
¢ D0 5.3 fb 1+jets : z; 100 ——Data D@, L=5.4 fb
C,_=0.89 £ 0.33 (stat+syst) 1~ tSMspin corr.

bea - I tt no spin corr.

¢ 30% increased sensitivity = E‘;@E&'{&‘j’r}é

¢ excellent agreement with SM 60_
¢ combining statistically independent results:

C, .._=0.66*0.23 (stat+syst)

bea

. C<0.26@95%C.L.and C<0.04@99.7%CL. [l
e C=0@3.10SD (PRL 108, 032004 (2012)) 03 035 04 045 05 055 0.6

=> first evidence for non-vanishing spin correlation !

R
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DES @ Top Asymmetry A_ G0 %

. . . q t
¢ at NLO top pair production is supposed
. . +
to be asymmetric because of 1nterferences
from contributions symmetric and pos. gsymmetry
asymmetric under top exchange
¢ measurement sensitive to new physics: %{ M
neg. asy etry
e SM extension with Z' and warped extra dimension increase, axi-gluons
decrease the asymmetry

¢ different definitions (frames, objects) but all go back to the same idea:

e count the number of tops (anti-tops) into the direction of the

proton and see whether there is any difference or not
i@ N/—N, N(AYtt>0)_N<Ath<O>

¢ " NN, N(Ayy>0)+N(Ay,<0)
_ E+
t P withy:%IH(E_l;i)

e less resolution dependent: lepton based definition

Al — N(QIYI>O)_N(QIYI<O)
’ N(qul>0)+N(CIlyl<O)
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w @ Measurement Strategy and Results =Y

A, of the Top Quark

¢ kinematic fitters used to reconstruct event

£ v Abvens ot . July 2011
¢ background asymmetry subtracted from data - W:HI:;: ;;52;?:” E;:::I'::;:" a journal)
¢ raw value unfolded PRD 83,112003 (2011)
e correcting for reconstruction and selection CDF LJ —e— 01560074 coorz=00m
e CDF': 4x4 matrix-inversion o
DO0: regularized unfolding (50-26 bins) CDF DIL* o
¢ results can directly be compared: (s1 )
e MC@NLO: ~5% CDF combined* —e— 02015 0.067 toses o0t
e Ahrens et. al. NLO+NNLL): PRD 84,112055 (2011)
~7% (arXiv:1106.6051) DO LU e 0960060 33
e Holik et. al. (NLO+ QED cor.) :
~9% (arXiv:1107.2606) o _0|_2 _L 0'_2 0{4 0{6 -
¢ measurements higher than prediction A

¢ even larger difference for A_":
o DOl+jets: A '=14.2 + 3.8 % where MC@NLO :A_'=0.8 0.6 %
o CDF dilepton: A “"V =217 %
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DES @ Dependencies of A_ eSS %

¢ asymmetry depends on several variables like m, |yl

e e.g. new physics could lead to a different mass dependency

Forward-Backward Top Asymmetry, %
Forward-Backward Top Asymmetry, ' orvar w pASY Y, 7o

Reconstruction Level Reconstruction Level
VG - DY, 5.4fb” m. < 430 GeV
0.8 g i parton-levell l ——
| CPFdaas3fy |Ay|<1 6.114.1 D@, 5.41b 7.84.8
™= #t NLOQCD
0.6 —
—o—
L | a | 1
Parton Level | . | CDF, 5.31b 22443
0.4 |Ay|>1 21.3+9.7
1 - m.> 450 GeV
S.Frixione and B.R.Webber, | A |
02 | J'l*Ef’“G; °2|9‘|2°°|2) o DO, 5.4f0" 11.546.0
Bb i 10 0 10 20 30
Lt ’ CDF. 5310 26.616.2
10 R 3 0 from B 020,
4 S. Frixione and B.R. Welber,
MC @NLO JHEP 06, 029 (2002)
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w @ New Physics and Prospects G0

¢ prediction is sensitive to modeling

" , —— NMC@NLO 3.4
e.g. transverse tt momentum <03
. 2R e PYTHIA 6.425 S0A-Pro
- better understanding needed i\
015 % == PYTHIA 6.425 D6-Pro

¢ in addition to SM corrections, many
new models try to explain

discrepancy (see e.g. S. Westhoff) N
02 e
e axigluons (FCNC at tree level) e -
e 7' (excluded by CMS same sign ouE e
- ° ° ° :lllI|lIlIIIIIIIIIIIIIIIIIIIIIlIIlIl lllll ]'.l'ilnl.l
tt production limit) 0 10 20 30 40 50 60 70 8 90

tt transverse momentum [GeV]
¢ to better understand asymmetry:

e many models predict very different Aﬂott and Aﬂ)1
- need to measure both with full data set in 1+jets and dilepton

¢ many models couple only to right-handed top quarks

- need to study top polarization 1_do :1(1+ p
odcosO. 2

|
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http://pos.sissa.it/archive/conferences/134/377/EPS-HEP2011_377.pdf

Taking Advantage of the Clean Environment:
Exploring New Aspects in Top Events

|
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DES @ Color Flow in tt Events =

¢ pairing of color connections in

decays depends on decaying particle Singlet ——p-
(singlet e.g. W,H,.. or octet, gluons)

- good to separate e.g. ZH - Zbb from Z+jets

¢ jet pull (vectorial sum of all calorimeter cells within
a jet) useful to describe color-flow (PRL 105 022001) p=>.

¢ jet pulls point more towards each other
for jets from singlets

¢ study how often hadronic W boson o 4 .J'_a..
is identified as color singlet BEa2 s "

¢ DO 5.3 fb' 1+jets :
g = 0-96 £ 0.42 (stat+syst) s

(PRD 83, 092002 (2011)) {
¢ expected: W boson octet exclusion @ 99% C.L.
observed: can't be excluded @ 95% C.L. "

f[aim
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DES @ Searches and Exotics =

¢ well understood tt events allow to search for

e resonant tt production (e.g. Z')

Resonance (0.1 pb): _+, Data 8.7 fb™!

Events/bin

by studying invariant tt spectrum . O0GVIE 1 op
° ° 102 e eV/c2 -W+jets
e heavy new particles decaying : L e =S

to tops (e.g. t',b',W')

e tops decaying to new particles (H)

5
yoeed RN e T

LI IIIII||

e new couplings (e.g. FCNC, |
vector/tensor couplings)

en

U P —
o 07 tzz'mﬂ{‘,’,’z/_%}’//}
< i

=

)

R . . . . Wil a7
100200 300 400 500 600 700 800 900 1000

¢ all searches well consistent with SM

/ m, [GeV/cz]
1 Q{G
FCN |DO0 (4.1 fb" |BR(t - Zq, q=u,c) < 3.2% O
z  [po [5.3m" [m, <835 GeV excluded @95% C.L. ‘&
t' DO |5.3fb" |m, <285 GeV excluded @ 95% C.L. %

Z' - ttj |[CDF 8.7 fb" [0.02 pb < ¢ < 0.61 pb for 200 < m_ < 800
t' CDF|5.7 fb* m,, < 400 GeV excluded @ 95% C.L.
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http://arxiv.org/abs/1103.4574
http://arxiv.org/abs/1111.1271
http://arxiv.org/abs/1104.4522
http://www-cdf.fnal.gov/physics/new/top/confNotes/cdf10776_ttj.pdf
http://arxiv.org/pdf/1107.3574v1.pdf

DES @ Prospects G0 .

¢ more highlights expected with full data set L

= 9r
& . D@ Runll
. . = O 23fp" — 3o li
¢ legacy still needs to be written 8 O Mmagened
@ I ® 54" observed
e most analyses use only half the data £ © W 54" oxpected
€ 5 — apriori projection
R % R Vlumi projection
¢ many analyses different between LHC 3 40t Lo
c 3: Tl
and Tevatron I /
6 2- .
w EA B

°°

2 4 6 8 10 12
Luminosity [fb™]

6
< [ Tevatron Top Quark Mass Uncertainty 210p ' \ \
i CDF Top Mass Uncertainty > ! 4+ Mjets D@ measurement -% Spin Correlation Strength Uncertainty
(all channels combined) g 5? 4  Combined D@ measurement % i
10 > r _— 3] i A DO dilepton template
F B 4 Tevatron combination c | Runi A DO dilepton ME
~ F 1fb* 2fb" 5fb" 10fb” " 4'_ Projected future uncertainty range =) Vs=1.8TeV P )
§’ r O © D@ lepton+jets ME |
- et
8 | g r ° A D@ combination/projection
a3 L
i) 8 3 ik |
o S | r ]
§ = | Run Ii
e | [ =1.96 TeV
< 1; Y  CDF Results E 2- ; )
- % RunllaLJgoal (TDR 1996) < N = l A MIM<1%
L A(stat) scales as 1AL, A(syst) fixed E' F i ‘\
oo A(total) scales as 1AL - 1,_ T AM< ;-é-e-wc-z- — L
---------- AM/M, = 1GeV/c? 3 [ | Runit
N ) 1 | oL Tm o'
11 1 1 1 11111 1 1 1 11111 n | ) Ll ‘ ) L1 )
10? 10° 1 10* 10" 1 10 10" (l) . é ‘ 15
Integrated Luminosity (pb S .
g v (pE) Integrated Luminosity (fb) Integrated Luminosity (fb™)
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DES @ Summary =

¢ after 17 years:

e mMany aspects very precisely measured (e.g. Amt0p<1 GeV)

¢ many new aspects of top quark physics pioneered
e excellent environment to search for extensions of the SM
¢ so far everything consistent
¢ only small tensions: A w iy e ity
e statistical issue, underestimated O\
effect or new physics?

¢ many things I couldn't cover
(e.g. width, charge, W helicity):

[ DO Muon : 4 GeV_< ]ethe ;EITT

- Tevatron still an interesting place for top quark physics!

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