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H Production
® Top quark Productlon and | oo section|
decays provide a wealth of [ Resonant
. . production
Interesting measurements.

— Top width
nita
@ Several have reached high Temsa == m w
.. op Spin Top charge]
precision. p [or chared

a

\

Example: m; known to 0.8 % Anomalous
couplings
= Deviations from standard
model prediction would
indicate new physics. _ q

@ Signature of new physics

W
is often exactly the same

as SM tt — signal could
be hidden in SM q’
measurements. :

Note: In this talk | reference several techniques to reconstruct the top quark mass. See related talks for details.
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tt resonances (CDF) — Analysis |

L=1f"1

chen Cammin (UR)

Resonances from Z-like new objects,
Kaluza-Klein states of Z or gluon,
axigluons, topcolor.

Assume narrow resonance with
Mm, =0.012mz:.

{+jets channel, > 1 SVX b-tag.

Choose combination with best x2 for
myy, My, My, M,.

Reconstructed my; for m,, = 750 GeV
‘Constramed Invariant Mass Spectrum for M,=750 |
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Binned MLL fit to extract signal fraction.

‘Upper Limit on Resonant tf Production at CDF|
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= Exclude topcolor Z' < 720 GeV
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tt resonances (CDF) — Analysis 1l

CDF Runll Preliminary 1.9 fb?

£L=19fb"" *
% 70 KS=42.3%
3 —e— Data (Nev=371)
- T Keo ] Top
Assume massive gluons G — tt S B £w & Single Top
= 50| [ W+Light Flavor
u>.|40 [ Non-w

= w+charm

L [ w+Bottom
g G I be
9% % A *a% 5256 500 G0 B66 000 1600
tf invariant mass [GeV/c?]
q Q q Q

Example: ¢ = 0.05- Mg

[
[e]
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diagrams interfere CDF Runll Preliminary 1.9 fb™*

0.3r T r -o0sMm,
. . + [ Expected 95% C.L. upper limit +1o
@ /(+jets selection, 0.2F [0 Expected 95% C.L. lower limit +10
>1 SVX b-tag. <
@ Final state reconstruction 0.1F
with Dynamical Likelihood r
Method (does not use the < O
matrix element). s
. . -0.1
@ No assumption about width. r
= Set limits on coupling A '0'2; o2 95%,C.L Excuded Regons
in a range of widths 0 [ | == Oocened 550 C.L lover mit
Mg = 0.05-0.5 - Mg. 2400 500 600 700 800

M, (GeVic?)
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tt resonances (DQ)

L=21fb"" 2 4 jets
@ Assume narrow width Z’ — tt,

é 70F () D@, L=2.1fb? = Data
_ > F - [Jz(650 Gev)
= E Prel
rmz, 0012mz/ g 605 H reliminary 3
H . - S 50 Single top
@ Search in {+jets final state. 2 or biboson
30; WHiets
@ 4 or 3 jets (at high mz jets can f Zujets
b d 20 W Muttijet
e merged). b
_ ; _ ""T300 400 600 800 1000 1200
@ > 1 b-tagged jet (NN b-tagger). i
@ Direct reconstructlon_of mg 3 and > 4 jets
from jets, lepton, ET'. S ———
— Expected limit 95% CL 3
reconstructed myz with uncertainty band 3
-+ Observed limit 95% CL
gg.izz— @ ﬁ J——— — Topcolor ' (CTEQ6L1)
{9 — X-.ti M=450GeV 3
E 0.14F ' X M =650GeV D@, L=2.1 fb* 3
go12e ' — Xl M=1000GeV Preliminary 3
[ 0'1? D@ Preliminary 3
0.08F 3
0.06F 3
E ot E
004f 1 gty #*# L e 3
0.02F Wﬁﬁ*ﬁj ‘ W 400 500 600 700 800 900 1000 1100
0 7200 400 600 800 1000 1200 M, [GeV]
M. [GeV]

'

= Exclude topcolor-assisted technicolor Z’ < 760 GeV‘ (subm. to PLB)
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Supersymmetric top quark pairs (CDF)

L=27"

The scenario Analysis procedure

@ Supersymmetric top-pairs could lead
to same final state signature as SM
top-pairs.

@ Search for stop quarks in dilepton
final states. Identical with
tt — dilepton siganture.

") my < my in supersymmetric
electroweak baryogenesis scenarios.
Assume my+ < my — mp, SO that
H — bXIr has 100 % BR;

72(1) is LSP, &, 7,7 are heavy.

@ Reconstruct stop mass a la top mass
with neutrino weighting.

@ Use stop mass as discriminant.

@ B-tagged and anti-b-tagged samples.

Reconstructed Stop Mass, B-Tagged Channel

> [ T T CoF Run 1l Preii inary (2.7 ) T T N

® X decays to X 4+ v via feiEte T En ]
g o ~ 1

G- Wf(*) — R+t a3 =MW) ]
X1 *)X1+H HX?“FZ“FV, 15 o z+LightFlavor 1
5=+ — O+ 0+, o I viosons E
5ot =t ‘ e ]
)2%%)2?+Gi(*)—>>2[1)+é+1/. 3 E

200 250
T Mass (GeV)
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ymmetric top quark pairs (CDF)
Source ee S ep [43
anti-tagged
stop 1.1+0.5 1.3+0.4 2.9+ 0.6 54+1.5
SM total 22.8+4.3 18.3 £ 3.3 26.0 + 4.0 67.2 +10.3
Data 24 10 25 59
b-tagged

stop 1.1+0.3 1.4+0.4 3.0+ 0.7 55+ 1.2
SM total 14.2+2.0 124+ 1.6 29.4 + 3.8 56.0 £ 7.3
Data 15 12 30 57

stop signal for my = 135 GeV, met = 125.8 GeV, meo = 58.8 GeV, BR = 0.3

1

Using reconstructed mass, set limits for 115 < m; < 185 GeV,

43.9 < my < 88.5 GeV, 105.8 < met < 125.8 GeV in my—
1

m =+ = 105.8 GeV/c?
1

Observed 95% CL

CDF Run Il Preliminary (2.7 fb)
M(Eﬁ):ws.a Gevic?

BR(,~¥b)=1

133 TR AR AR NRRORIAIIN N
120 130 140 150 160 170 180
M(t) Gevic?
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MO Gevie?
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m ~, plane.
X3

m_1 = 125.8 GeV/c?
X1

Observed 95% CL
CDF Run Il Preliminary (2.7 fb)
M(()=125.8 GeVic®
BR(, - Q:b):1

155 _160 165 170 175 180 185
M(t) Gevic?

135 140 145 150
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Supersymmetric top q

—1
L=1f )
@ Consider my < my, chargino and A §
neutralino close to experimental limits. g
1
@ stop/chargino masses 175-145 GeV and w*
135-105 GeV. : ——
0 bW
Lepton+jets final states. " PN
06 A 1Te
@ Kinematic fitter to reconstruct final states.

Likelihood discriminant for o2
signal/background.

Hitfit reconstructed top 1 mass Likelihood for stop 175/135
Aaany:

, —daa
871 pb™ —stopx10
T

D@ Preliminar
2 0.2¢ T T T T T @ T T T T T (175/135)
D.18F E £ D@ Preliminary Mtar
g) F —Stop E 5 ? Y mwbb
.16 —Top E 5 Wee
w  F Wiets E e Wip
0.14F e E W Zsjets
E E Msingletop
0.12F = diboson
0 1 = Qcb
0.08F E
0.06F E
E ] E
0.04 J el =
0.02f =
B | |
CU 50 100 150 200 250 300
mass[GeV] Likelihood
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Supersymmetric top quark pairs (DQ)

@ Set limits on cross section.

etjets 013 pb™ ptjets 871pb" combined
= D@ Preliminary ) ® DO Preliminary = DO Preliminary
=l =] =
- o= ° o= ® observed
' expected
® theoretical
] ° °
° u °
| . We ®
" = n [
s n "nomoa g
]
=i T7S/05 1751120 175135 oS oS ‘TASIEGS To0n0S 16020 1751105 1781120 TTSTS

stop/chargino mass [GeV]

stoplchargino mass [GeV]

@ Cross check with ensemble tests.

stop/chargino mass [GeV]

+ +]
e+jets 913 pb 1 pets 871 pby 1 combined 871-913 pb™
9 T T Ggof T T T T T g T
=99 i D@ Preliminary = D@ Preliminary g20p ' D@ Preliminary
Sgof \ E o70F . E s H
s I S ‘doof- '
= 70F : E =60 ' E B '
3 : E sof : E 8oF i
< : 7 4o ' E 60f :
sof i E i i
i 0k i E i
30F : k| : 40 :
20F | E 20F ! E :
10F : E 3 ! E 20k |
L i L L i L L L L L L i i i L
2 6 8 10 12 14 2 4 6 8 10 12 14 2 a4 6 8 10 12 14
a[pb] o [pb] o [pb]

@ Larger observed limit compatible with SM fluctuation.
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Top-like objects (t’) (CDF)
£L=28fb"

Massive 4th-generation, top-like quark predicted in several models
(Little Higgs, Beautiful Mirrors).

@ Search for ' — Wq (no b-tagging) wz.ii:smd o rimney |
Assume my > my, my — my < Myy,. =ach) eV
1 t
@ Template fit method based on K f
minimal x? to find correct 10
combination of final state. 20 400 60— 800
Hr (GeV)

@ Use Moo and Ht in 2D binned MLL
fit to extract t’ signal.

CDF Run 2 (2.8 b))

TE. ’ Preliminary
CDF Run 2 (2.8 fb!) = t—-Wq, > 4 jets
Preliminary = Hy vS Mreco
102F 1
— M(t)=300 GeV ‘s
wil o4 observed
} observed 1
1008t theoretical prediction
[ ngets Bonciani et al.
1 _,
1ok QCD 200 300 200 500
100 200 300 400 500 t' mass (GeV/c?)
Mreco (GeV)

| = t' excluded up to 311 GeV © 95% C.L.
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ttH’: Limits on a Light SM Higgs Boson (D®)

L£L=21f"1

Use Hr =>4 pJ;tf to discriminate

@ ttHO discovery channel at LHC for signal and background.

“low mass” Higgs.
@ Can measure top Yukawa coupling. 3 jet bin, 1 b-tag

DO Runll 2.1 fb™* Preliminary
==4 jets, ==1 tag

@ Tevatron: very small cross section,
but contributes to overall sensitivity
(at low masses).

@ 4 and >5 jets; 1, 2, and 3 b-tagged
jets (in ¢+jets final state).

"] o'pﬁﬂtfHo ~7fb (mHo =115 GeV)
but could be enhanced in BSM O7S0TI00 150 200 250 300 30 400 420 500
scenarios such as 2HDMs (MSSM).
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ver
Q

Ny
U

>5 jet bin, 3 b-tag
DO Runll 2.1 fb™* Preliminary o daa

e . . — 100x(iH->6ib5
H >5 jets, > &
N Number of jets H =5 jets, >3 tag 0 ets
g e
b o writs z diboson
oef Clubar E B single top
b ol Weiets 2 B multiets
od [Joco
B 03f
5 .
q, T rewortem
a,
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ttH’: Limits on a Light SM Higgs Boson (DQ)

Set limits on cross section using modified frequentists approach with LLR test statistics.

10 T T T ! \‘ T T T T T n:OA T T T T T T T T T
D@ Preliminary —o.3 D@ Preliminary 3
ttH - ttbb -

ttH - ttbb

3
010? E o
-~
8
3 -0.
=]
B -0.2}
10 — Expected limit —— Observed
Expected, b-only
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Run 203038 Evt 60788494

Triggers:

mu particle et 66,88
wiefor
™ parice et 1803

a

Higgs Mass (GeV)

Run 203038 Evt 60788494

€ scale: 75 Gev
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Cross check from simultaneous fit to
o and OFHO using number of jets
and b-tagged jets.

D@ Run Il Preliminar

3 T T
3 —=— Expectedlimit 85% CL/Theory.
10
z <ee-aeee. Observed limit 95% CLITheory
]
i
L L L
100 B 20 30 Ta0 50

Run 203038 Evt 60788494

ET scale: 91 GeV
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@ A lot of interesting physics in tt production and decays.

@ Current precision motivates to search for deviations from the SM.

@ Plenty of room for new physics.

Analysis Luminosity Method Results Comment

Z' — tt (DQ) 2.1 fb~ T direct mz < 760 GeV

Z' — tt (CDF) 1.0 fb! X2 fit mz < 720 GeV (topcolor leptophobic Z”)
Z' — tt (CDF) 1.9 fb~! DLM limits on A

stop (CDF) 2.7 fb~t v weight limits on Mz — MX? dilepton

stop (D) 1.0 fo~! kin. fit limits on oy 04

t' (CDF) 2.8 fb~1 X2 fit my > 284 GeV

ttHO(H — bb) (D®) 2.1 fb~1 kinem. discr.

OHox gr/Tsm < 64 myo =115 GeV

(all limits given at 95% C.L.)
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vatron Performance

pp collisions at /s = 1.96 TeV

36x36 bunches, bunch crosssing 395ns
Peak luminosity: 2.85 - 1032cm—2s~1

Run Il Integrated Luminosity [ tomprit2002-20suy2008 |
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CDF and D@ Experiments

Both detectors significantly updated for Runll
@ New silicon vertex detector
@ New tracking system M

@ Upgraded muon chambers

\  Calorimeter )/
N ) S

@ New solenoid and preshower detectors

@ New innermost SMT layer (Runllb)

Silicon Teacking

@ Upgraded L1 triggers (Runllb)
@ CDF: New plug calorimeter and ToF
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