A brief history of the Top Quark
- an overview -

Arnulf Quadt

J GEORG-AUGUST-UNIVERSITAT
oA GOTTINGEN

Tevatron at Fermilab) ¥  Workshop on Top Physics
From the TeVatron to the LHC
18-20 October 2007, Grenoble

LHC ot CERN _

8. October 2007: A Brief History of the Top Quark - Arnulf Quadf — Grenoble Page 1




Oultline

*» Infroduction

» Strong interaction of the top quark

Production (SM, anomalous) & spin correlations

* Weak interaction of the top quark

single top production & W-helicity in fop decays

* Electromagnetic interaction of the top quark

» Top Quark Properties

Mass, charge, spin, lifetfime

*» Conclusion

18. October 2007: A Brief History of the Top Quark - Arulf Quadt - Grenoble Page 2




Infroduction

18. October 2007: A Brief History of the Top Quark - Arulf Quadt - Grenoble Page 3




Top Quark in the Standard Model

Why is the Top Quark so interesting ?
x completes the quark sector

s 2 -+ charge, mass, ... ?
x large mass m 170GeV / c + weak and shong fop physics

T~5:10%s < A" _ N

x sensitive to physics beyond the Standard Model
x Higgs-Boson coupling to fermions: g ~m

x m ~v/V'2, Yukawa coupling A ~1

Only “recent' discovery

x short lifetime

indirekte top-Masse aus EW.Fit

x standard candle’ at'the LHC 5 commissioning

; ' direkte top-Massen Messung
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Top Quark Properties

Tevatron results

dm/m ~1%

e [t"s massive

+ Spin=1/2
-4/3 excluded by D@ (p = 0.78%) and CDF (87%CL)
e Charge=+2/3
4 Not directl
e |[sospin=+1/2
1 bW
at 20%
e V-A decay -
at 10%
» FCNC B
€c1<52.5um @95%C.L.(CDF)
e Large I'=1.42GeV (m,,M,,a .EW corr.) I, < 12.7 GeV/c? (CDF)

I short lifetime, observe “free quark decay’

first discover the Higgs

e Yukawa coupling ?

The TEVATRON is probing better than ever the top sector...
The LHC will allow precision measurements of Top Quark Physics
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Top Quark Physics

Tevairon Run | : iop quark cliscovery (1999)

11 Proclienon Cross-Sacor]

it Proclterion Vil iz, Zasoriclnec s
=W singlz=100 orocluciior)
Proclteriorn namaics GUSY, FCHNC)
Soln PolafiZeliorn, solr corrzlailons

Run Il &LHC :
* Why is top so heavy ?

Wirn nign precision cnswer ...

* |s top/third generation special ?
*|s top involved in EWSB ?
*|s it connected to new physics ?

Too Mlelss
Too Widlir, -
Too Soir)

* Precision measurement of couplings

Anorncllotus Colglirie)s
CP Violeiior)
Relrz/rion=5 Dacelys

242

fy“(l—y5)thbWu

) . Yol g2=0.67

sielriernlrie) Zelrlos .

_)\ °) 3 th_l

I, m,,,>m,, ( phase space)

foo Chiclre)z (o)
\

b

WAEIGIIY
criclicjacl rlicje)s 7

Commiissioning: trigger studies
jet enery scale
b-tagging effi.
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The TEVATRON ait Fermilab

Main Injector
& Recycler

p ..
s =1.8 - 1.96 TeV, At = 396 ns
Run 11987 (92)-95 L _~ 125 pb’
Run 11 2001-09(?) 4-9 b’

18. October 2007: A Brief History of the Top Quark - Arulf Quadt - Grenoble




The TEVATRON at Fermilab

Run Il Integrated Luminosity | 19 April 2002 - 5 August 2007
Equivalent lumi for CDF ...
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: ! 7=
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pEw. - .. =
: 0.0 == [

S =1.8 = 1.96 Tev, At = Apr- Jul- Oect- Jan- Apr- Jul- Oct- Jan- Apr- Jul- Oct- Jan- Apr- Jul- Oct- Jan- Apr- Jul- Oect- Jan- Apr- Jul-

Run 11987 (92)-95 L~ 1 CbF 5 DO deta ek « <90
Run Il 2001-09(?) 4 inge ~
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The Large Hadron Collider - LHC

The Large Hadron Collider:

* proton-proton collider (no p)
> 2 separate beampipes

- first collisions in 2008

* high energy: Vs = 14 TeV

* 40 Mio. collisions per second

= 4 experiments:

*  ATLAS, CMS, ALICE, LHC-B

* 10 fb™' per year
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The Large Hadron Collider - ATLAS
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Strong Coupling of the

Top Quark

* ftbar production
(fotal Xsec, differential Xsec, gg->tt fract., forw.-backw. asymmetry)
* spin correlations
* possible admixture to tt via H*, stop, narrow resonances ...
* study of tij, tijj, ttb, ttbb
b @CD (m, viat) as well as background for tth(h-» bb)
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Decay Topology in 7 7

Top quarks decay predominantly top decay 22 %

) [] T+HX 4%
(~100%) to a W-Boson and! aib-quark o +jefs
Ll etjets
Top-Antitop Signatures: Hete

B e+|.l 14.8 %
0 p+ 1.4% 1.4% 14.8 %
B hadronic 2.8 %

“dilepton channel'
5%: 2jets, 2 charged leptons, 2 v

'lepton+jets channel'

30%: 4 jets, 1 charged lepton, 1 v
‘all-jets channel’
40%: 6 jets

always 2 jets are b-jets
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Top Quark Production

10 t pairs per day @ Tevatron 1 tt pair per second @ LHC
qq ~>1t: 85% gg->1t: 87%

~87 %

X

fop pairs

* NLO cross-section oN-° =833 pb ~8M events/10fb-"

Some references (not a complete list!): (top pairs) N.Nason et al. Nucl.Phys. B303 (1988) 607, S.Catani et al. Nucl.Phys. B478 (1996) 273,
M.Beneke et al. hep-ph/0003033, N.Kidonakis and R.Vogt, Phys.Rev. D68 (2003) 114014, W.Bernreuther et al. Nucl.Phys. B690 (2004)
81-137 (single-top) T.Stelzer et al. Phys.Rev. D56 (1997) 5919, M.C.Smith and S.Willenbrock Phys.Rev. D54 (1996) 6696, T.M.Tait

Phys.Rev. D61 (2000) 034001
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interaction rate

Top Quark Production Rates

proton - (anti)proton cross sections

Comparison
with other
expenments

bb

109
Belle/Babar

SF—=pe

107 LEP

W—ev, v

2 =2

108 FNAL

WW—evX 1B
tt e 104 Tevatron
] H({130GeV/c2) 4x103 7
,f\f - H({700GeV/c?) 2x103 7

o E TH > +s/20)

Zw % , Top pairs

o (E;"> 100 GeV) ' Year | Max Lumi | Produced

Top pairs(l+j)
after selection
/day /day

! 2007 | 10% 7 000 ~20-100
v 2008 | 10% 70 000 ~200-1 000

o (B > s/ g
(B> 54 5 2009-

gz My = 150 GeV) 2010 | 10% 70 0000
Suaee(M,, = 500 GeV) / : e establish top signal
T T ®* measure cross section as QCD test

Vs (TeV) e cross section & topology close to Higgs physics

18. October 2007: A Brief History of the Top Quark - Arnulf Quadt - Grenoble Page 15

~2 000-10 000




Run |l Top Cross Section - Sumnary

) 14— sfafus Oct. 2007
B 1 2 o + Run | COF (:) Run Il CDF {prel., Y60 pb'1‘,|
© * Run | D2 I_JIJ Run il D2 (prel., 910 ph"}

10 — +Flunlt:omhine~d

2 o ._____—_I N.Kidonakis, R.Vogt EhYeRm T84 Lis e

M.Cacciari et al.

J.High Energy Phys. 04,88 (2004)

o;(pb)  Source f Ldt (pb™!) Ref. Method
83+1.3 DO ( 910 [30] £ + jets/vtx b-tag
81+1.0 DO (91 31] £ + jets/0-2 vtx b-tags
73120 DB ) [32] € + jets/soft u b-tag
63112 1D @ [33] # + jets/kinematics
h.1+44 DG 350 [17] 7 + jets

6.241.2: D@ [34] €€ + £4+track/vix b-tag
P wig DO 160 35] ept/vix b-tag

S.CI-'__E‘E D& 3710 [36] €+track/vtx b-tag + ep
83+23 DO ‘ 16 @ b-tag
1214+6.7 D@ 360 9] allgets/vtx b-tags
71712 DB 220-240 37] combined

oY e CDF( 1120 > [38] € + jets/vtx b-tag
7.8+2.0 CDF 760 [39] € + jets/soft u b-tag
6.0+1.1 CDF 760 [40] £ + jets/kinematics
6.24+1.4 [41] €¢

83+1.6 142 @ k
24 B B S [43] £+track+b-tag

83132 [44] all-jets/kin+vtx b-tags
7309 [45] combined

18. October 2007: A Brief History of the Top Quark - Arnulf Quadt - Grenoble

1750 1300 1350 1900 1950 2000
Vs (GeV)

* Many channels, both exp.s consistent (> 1fb™")
.. with NLO SM prediction for 1.96 TeV of ~7 pb’
* approaching ~12% precision, syst. dominated
* Forward-backward charge asymmetry (8%)
O first results (CDF & D®@)
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Ttbar Charge Asyrnmetry

CDF Il Preliminary CDF Il Preliminary

-8~ CDF Data -8~ CDF Data

by ~ - o
M ssymmetry: | S expect about Afb 5-10% at NLO
— MC@NLO + bkg — A5 — MC@NLO + bkg — As5%
== rew. Pythia + bkg + -- A=28% - - rew. Pythia + bkg + -- A=28% » |+jefS in ] 4 7 fb- ]

Welight s N =4 et » N

EW bk o5 * study Arapidity * lepton charge

)
non-W bkg
B EW bkg
ets ™
Il W-+charm Il W-+charm I

)
non-W bkg
W4bb W4bb

CDF Il Preliminary L=1.7fb"

@ CDF Data
T oy Inclusive asymmetry (corrected) :

w MC@NLO

bg subtracted

A

A =0.28 +-0.13 (stat.) +-0.05 (syst.)

................................... D@ uncorr.: 0.12 +- 0.08 (0.9 fb™")
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¢> Tibar Production via Resonances

Does something new (harrow resonance) produce ttbar pairs ?
2 Lepton + 2 4 jets with 2 1 b-tag in 900 pb [ * Lepton + 2 4 jets (with b-tagging) in 1 fb™'
 kineratic fit to ttbar hypothesis 2 %? kinematic fit
* assume SM rate for SM ttbar production * SM ftbar, diboson, @CD rates free parann.
? no significant excess observed ? no significant excess observed

Total Invariant Mass of the tt System |

CDF Run Il Preliminary, L=955 !
—=— Data
M
n-top Background

DG Run ll Preliminarv1

— 197.0 data

L =09 fb"! 1084 zpimerso
4 7 .
=D

0127272

0.31 Wz
1.00 WW
2.35 tbq
1.09tb
3.58 Z+jets
I 9.20 Wbb
5.01 Wee

# tagged events

Number of Events

I 3.90 Wip
B 5.27 Multijet

~ 800 1000 1200 800 900 1000 1100 1200
M, [GeV] M. [Gev/c)]

cO

Inferpretation of o, * BR(X~1t) limit CDF: m, > 720 GeV evs%cL

in ferms of mass limit of a Z' in DG:rm. > 680 GeV eswcL
topcolor assisted technicolor hep-ph/9911288) ‘
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Spin Correlations in 7 7

Test production mechanism and QCD predictions:

In gq annihilation, opposite-helicity (b) production dominates
in gg annihilation, equal-helicity (c) production dominates

e < (b) ot (©)
Three helicity basis: )/ J//,

—>(——qQ q—>L«—q

1% =1 15" "

$~ Ko

near threshold above threshold intermediate energies
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Spin Correlations at LHC

The best way to access the top spin is to study the
angular distribution of;its decay products:

t— Wb — JV(]L]Q)Z)

N(tpty, + tptp) — N(trtp + tat ‘
A== ,( el + teln) = N(tplp + trlr) measure asymmetries
N (thL + tfgf-g) + j\f(thR + fRfL)

1 2N 1
- —_ = 1 —
N dcos 6 dcosb, 4( Ak kg cos 61 cosfq)

K; spin analyzing power
TeVatron result (DD)
k>-0.25 @ 68% CL

PP at 4/5 = 1,96 TeV pp at /5 =14 TeV
Dilepton  Lepton-Jet  All-Jet Dilepton Lepton-Jet All-Jet
-0.471 -0.240 -0.123 0.219 0162 0.083
-0.3252 -0.1868 -0.080 0,226 0,158 0.076
0.928 0.474 0.242 (' 0.005) W.Bermreuther ef al.,
0. erY 0.370 0.1786 (-0.072) Nucl.Phys. B690 (2004) 81
0.937 0.478 0.244 (-0.027)
0.782 032 o i i (-0.089)

Events /(0.170.1)

TopReX, partons

TopRex, S.R.Slabospitsky and L.Sonnenschein,
Comp.Phys.Commun. 148 (2002) 87

Main systematic uncertainties: parton generation (PDFs and Q2 scale), FSR, b-jet

energy scale and top quark mass uncertainty

Both CMS and ATLAS have sensitivity for observing spin correlations after 10 fb-!
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Weak Coupling of the

Top Quark

* Electroweak single top quark production (“evidence™)
- in SM
- in alternative models (W' (m>630-790 GeV), FCNC, ...)
* W-helicity in top quark decays
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Electroweak Single Top Quark Production

single-top || 4 single-tops per day @ Tevatron <> 30 single-tops per minute @ LHC

- P " -
\ s-channel r 4 — ~q x,\\isksomated tW Gy & Oy TOL € qual
\ t th‘ b\,
fl E“M%f_ t-channel f*tw S 5 oNO(total) =373 pb
q 4 \\t: b[ B ‘{\ 0 ~3.7M events/10fb!

F L
o

o0 = 6.6 pb oNO =153 pb oNO =60 pb - top production
LHC gvo=47 pb oMo = 90 pb oMo =60 pb - an‘g-lt:,)op production

TeV 0%°=075pb oM°= 147pb o™°=0.15pb

Some references (not a complete list!): (top pairs) N.Nason et al. Nucl.Phys. B303 (1988) 607, S.Catani et al. Nucl.Phys. B478 (1996) 273,
M.Beneke et al. hep-ph/0003033, N.Kidonakis and R.Vogt, Phys.Rev. D68 (2003) 114014, W.Bernreuther et al. Nucl.Phys. B690 (2004)

81-137 (single-top) T.Stelzer et al. Phys.Rev. D56 (1997) 5919, M.C.Smith and S.Willenbrock Phys.Rev. D54 (1996) 6696, T.M.Tait
Phys.Rev. D61 (2000) 034001
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EW Single-Top Production

If t-channel, there is 2o gl e glo]p] (S RI=1 L1 (A=W (e Wo || {=T{=1g| #[e[gle]

[ = ,
an extra light quark

y* <= High P_muon * heavy W’ - s-channel
*FCNC - t-channel
* H* - Wi-channel
b <— High P _b-quark > W(HO—) bb) - s-channel

vV <— High P neutrino

b <e—— b-quark jet

Also directly related to |1V, | to percent level

(s-channel preferred, t-channel dominated
by PDF scale uncertainties of ~10%)

proton

antiproton
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Evidence for Single-Top DES
’K 3.4c excess Dec.2006

o prob. 3.5E-04 .
D@ Run Il preliminary 0.9 fb~
Decision trees ’_Z 4.9 j': pb
Matrix elements o— 4.6 +1§ pb
Bayesian NNs ! *— 50 "0 pb  combination (07):
| | 3.6G, prob.=0.014%
I N. Kidorjakis, PRD 74, 114012 (2006), m, = 175 GeV c=4.7 1.3 pb
Z. Sullivian PRD 70,8/14012 (2004), m, = 175 GeV
M | |

| | .
December 2006 () 5 10 15
c (pp — th+X, tgb+X) [pb]
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3.1c excess 2.7c excess

prob. obs= 0.09% prob. obs=0.31%

exp=0.13% exp=0.20%
] /il Preliminary, L=1.5 fb™

. 95% C.L.
B 6% CL

]

| |

CDF 11 Data
SM Prediction
' Top-Flavor (m =1 TeV)
T.Tait, C.P.¥unan Zic FCNC (th'C:gZ)
] PRDEI 014018 A 4th Family (V,_=0.5)
o % 16 “ Top-pion (m=250 GeV)

Single top Gross Section [pb] Multivariate ||keI|h_ood
function
Summer (LP) 2007

-log(Likelihood)

_30+12pb _

GSingle top

ME + template method 5
Summer (LP) 2007 ; _ | £

=
w
-
QO
0o
>
=
e}
o
O
O
o
L -
0
| -
]
et
0w
O
o

5 10 51 15 2 25 3 35 4 45 5

Single top Cross Section [pb] 5, (pb)

IV, 1 =1.02x0.18 (exp)  0.07 (theory) IV, 1=0.97 0.2 (exp) + 0.07 (theory)

18. October 2007: A Brief History of the Top Quark - Arnulf Quadt - Grenoble Page 25
D N W W W W W W W W S S S S S S S S S S SSSSSSSSSSSSS




Single-Top Xsec at LHC

S-channel (10 fb) t-channel

CMS Note submitted ‘full’ simulation ATLAS ATL-PHYS-PUB-2006-014
‘ ‘ e e ' ' CMS Note submitted ‘full’ simulation

)
9
=)
&

(8] III\‘IHI‘IIII‘HI\lllllll\\\‘\llll\l\\

T T T T T T
Significanice vs luminosity (2b0j)

Heamd MDY window
T L) El

S/B ~ 14%

+~channel (&

- s+channel (¢*
eErRanAal (e

vent (Normalized to 1
o
&

- signal
===+ ttbar

E
o
o
(S

‘I\\I‘IIII‘\\I\lllllll\\\‘\llll\l\\-ﬂ

— (L1l

n of the light je

A
—J"t = 2. 7%(stat) @ 8.1%(syst) ® 3%(lumi) = 9.
t

theory, JES, b-tagging R

A

20 = 12%gtat = 10.1%exp + 8%belcgd theo & 5%lumi ATLAS

A (30fb™")
® = 18%(stat) ® 31%(syst) ® 3%(lumi) = 36%  cms

s

different freatrent of bck uncertainties (10fb™")

Wit-channel (10 fb™")
» Ao/o (di-lepton): 8.8 (stat) £ 23.9 (syst) + 9.9 (MC stat) %
» Ao/o (semi-lepton): 7.4 (stat) + 17.7 (syst) £ 15.2 (MC stat) %
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Weak Top Decay - Helicity of the W

V-A  pspin=1/2
Top Standard Model weak decay - 2\/’ SR -y v,ew,

V-A coupling as it is for. all the other fermions hopIn o2 %”
W+ spin=1

Suppressed by the
V-A coupling

: W Left-Handed W, Longitudinal w, Right-Handed
0108050403 0 03 04 06 65 1 fraction F fraction F, fraction F,

cosl

w(cos Cbzb):F—'%(l—COS C.bzb)z"'Fo'%

In SM

Helicity of W manifests
itself in decay product
kinematics

... for any V, A combinations ...
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* Charged leptons from ...
... left-handed W opposite foW' b softp. C amels DI T 00

: : - — s I+jets (V-A)
& IonngUdlnql W frqnsverse 1.0 W b hqrd pT B DQ Run " Preliminary SR 2N I+jets (V+A)

CDF Il preliminary, 1.7 fb’ 2 | []background

_@ 1

0.9
0.8
0.7
0.6

0.5

0.4 cosH*

(b) di'epton w —®- DQ data, 1 '

D@ Run Il Preliminary — ft= 11 (V-A)

C- - 1l (V4A)
+l [ background

0.3

0.2
0.1

%IIIIIIIIIIIIIIIIII

= IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

First simultaneous fit:
f0 = 0.61 £0.20 + 0.03 and

f =-0.02 +0.08 % 0.03
f, <0.07 @ 95%CL
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Eleciromagnetic Coupling

of the

Top Quark

re'e » y* 3 it D ILC ...
* fty production @ LHC with 10 fb7* (coupling ® charge)
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Top Quark Properties

... Charge & Mass ...




Top Quark Mass Measurements at Tevatron

Neutrino weighting (n = ¢) y 1-dim. fit
Phi-weighting (¢ < n) D 1-dim. fit
P (i) method & 1-dim. fit

ME weighting D 1-dim. fit
ME method ® 1-dim. fit

Template method in m,. after kinematic fit,
iopological or b-tag, with internal or external
JES constraint D 1- or 2-dim. fit

Matrix Element/Dynanical Likelihood Method,
iopological or b-tag, with internal or external
JES constraint, complex analysis » 1- or 2-dim. fit

dilepton

Ideogram rmethod (W-mass @ LEP), compare signal
and background mass spectrumn, x> weighting
(kine fit), with internal/external JES constraint D 1- or 2-dim. fit

Decay Length Method, compare transv. Decay length
spectrum with expecation from ct(B) » B(rn, )y(m,_) & 1-dim. fit

 alljets W Kinematic fit & ideogram, little sensitivity O 1-dim. fit




Top Mass Surmnmary/Combination

systematics limited: JES, ttbar/W+j modelling, ... ’K TevVEWWG (Mar/2007):

Mass of the Top Quark (*Preliminary)
e (Gc\-‘r,ﬁ'cz] Source fﬁdt Ref. Method Measurement M

[GeV/c?]
170.0 £5.1 > Runl 110-125 [70] DO combined CDF-l di-l - " 167.4+11.4

top

169.0 4 58778 Run 1T 230 [73] £+jets/topo, TM ;
— . . e +

170.6 £ 4.2 + 6.0 ) Runll 230 73] £+jets/b-tag, TM D&-I dil 168.4x12.8
170.5+254+1.4 DG Run 11 910 [T4] £+jets/topo, ME(TV — j5) CDF-1l di-l 1645+ 5.6
170.5 £ 2.4+ 1.2 DO Ranll 910 74] €+jets/b-tag, ME(W — jj)
176.6 £ 11.2+ 3.8 DO RunIl 370 [75] £¢/b-tag, MWT Da-II  di-I* 1725+ 8.0
177.7+ 8.8+ 45 DO Ran Il 835 [76] e, MWT ,

173.7 £ 5.4 + 3.4 DO Ran Il 1000 [77] €€, n(v) + MWT CDF-l 4] 176.11 7.3
9 - = 1N £E+jet 4

166.1 £ 5.7£58(th) DO RunlIl 1000 [66] oy 7o DB ] 1801+ 5.3
17414£9.145.1(¢th) DO Runll 1000 [66] o
17214£154+19 DO Run 1411 1000 [67] DO combined CDF-Il' l+j* 10t 1709 25

170.9+£2.2+ 1.4 CDF Run I 940 [81] é+jets/b-tag, ME(W — j3) DI I+ 17051 2.7
1698 £ 1.642.2 CDF Run 11 955 [82] é+jets/b-tag, ML CDF-| a”_j 186.0+11.5
1716 £2.1+1.1 CDF Run II 1700 [83] £+jets/b-tag, TM(TW — j7)
170.4 £ 3.1+ 3.0 CDF Run 1T 1800 [84] £¢, ME CDF-Il all-j* 17111 43
169.77 55 £ 3.1 CDF Run 11 1200 [85] £, p.(#F)

£
1707742 £ 2.6 £ 2.4(¢th) CDF Run II 1200 [85] €€, p. () + o(H) CDF-II Ixy 183.9£15.8
172.0153 £ 3.6 CDF Run 1T 1800 [86] €€, n(v) ,
156 4+ 20 + 4.6 CDF Run 1T 1800 [65] €¢. Pr(€) ¥~ /dof = 9.2/10
174.0 +£ 2.2+ 4.8 CDF Run 1T 1020 [87] all jets, TM
1711437+ 2.1 CDF Run I 943 [88] all jets, TM+ME(W — j7) Tevatron Run-I/II* 1709+ 1.8
170.5+ 1.3+ 1.8 CDF Run I+11 110-1000 [89] CDF Combined

] x = 1
17254+ 1.5+ 23* CDF.DO (I411) 110-1000 publ. results, PDG best 150 190

1709 L 1.14 1.5 CDF.DO (I4+11Y 110-1000 [68] publ. or prelimn. results
: Sk (481 pbl, enp hep-ex/0703034
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Top Mass Outlook at Tevairon

Lepton+jets channel (CDF+DO0 combined)

- only DO, in I+jets

b oo et i et e Bl e e e el e o

N
T

L
Error Sources:
. statistical error

18
B -bsolute JES E
I b jet response g6
I JES pT dependence [

b tagging 8

QCD modeling

Wi jets modeling

Statistical uncertainty i .
B b fragmentation
H - - ISR/FSR

JES systematic uncertainty (from M,, only) B ——
Remaining systematic uncertanties - —

—— Total uncertainty

N
N
m, uncertainty (GeV)

e
n

Projected Am, (GeV)
e

2
T

6 7 8 9 10
integrated luminosity (fb™)

> Tevatron could reach
Amtop=] GeV/c?in
combination of all channels

and both experiments if ...
D in-situ calib. » correl. withm,

B> ultimate precision in fop mass
from LHC and Tevatron
expected to be comparable;
limited by mapping exp. > mass

. . -1
rated Luminosity (fb )
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Transverse Decay Length Tagged W+<2 jet Events

* Top quarks at Tevairon produced nearly aft rest

> boost of the b-quark alfunction of m,__ CDF Run 2 Preliminary - 695 pb”

250

tT(m = 185)

B single top (s-chan)

single top (t-=chan)

Wb
WcE
We

Qco

* Measure tfransverse decay length of B-hadrons oo
from top decay b infer on top quark mass ; ~® oo 0ua

ransverse Decay Length K.S. Prob =32.1%

Tags
o
h
(=]

confrol sample
g

g

uh
(=]

=130 GeV | 0l
P 130 GeV 05 0 05 1 15 2

Transverse Decay Length Tagged W + > 3 Jet Events

CDF Run 2 Prellmmary 695 pb1

100

single top (t-chan)

Whb
. WeE
20 25 We

L., [mm] a [ Qco
= 5 - I Mistags
* Select | + 2 3 jets events with 2 1 SecVix tag in [ ~e~ CoF Deta

695 pb' > 456 pos. SecVix tags in 375 events : — ++++++ . K.S. Prob = 3.8%
m,,,=183.9 foe(stat) £5.6(syst.)GeV Ic” e — $00te0epe o ..
(JES)=0.3GeV I ' | | S temi
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Top Mass in L+Jets Channel

* Based on ‘fast’(‘full’): simulation *  Three top quark mass estimators :
* Jet pairing via angle (b,lepton) > ~82% % Gaussian fit (CMS Note 2006/023) on
“ In-situ jet energy calibration (W= jj) m’e° spectrum > mSmele
* Mass estimator viaifit on spectrum 7 s :

. . g = convolution with Gaussian
* Alternative: kinematic fit (m,, & m=m__..)

, L parametrized ideogram - m,Paremideo
* Reduces systemaltics due to radiation . _ :
* convolution with full scanned

Ideogram - m,fullideo

o
(=]
(=]
[

width of peak
10.6 GeV

n
o
o

[ ]signal

[ other Ttbar
B W+ets

-
Il
-
-y
(=

=
yﬂ)
@,
=t
T~
7
-
=
L
-
(S8

nr. of events

Internal Systematics ATLAS dm; (GeV)
light jet energy scale 0.2
Initial State Radiation 0.1
Final State Radiation
b-quark fragmentation 0.1
Combinatorial background 0.1

0 100 200 Total < 0.6

om,(stat) ~ 100 MeV (10fb™")

0

Statistical error 0.1 100 150 200 250 330' ~ 350
" — . s (GeV)
b jet energy scale 0.7xx% sctrum with kinematic fit-

also: pileup, JES, ...
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Top Mass in t =5 + J/P¥ X Channel

“fromft =>4 +J/¥y+ X decays :

n(e)

Events/2GeV/c?

ep-ph/9912320
CMS Note 2006/058

‘full’ simulation

e

* no jet related systematics
s e * 2 GeV uncertainty after 2 years of LHC running

R T I~ * conservative estimate; most syst. Uncertainties

related to theoretical modeling of events
* ultimately, a 1-1.5 GeV uncertainty feasible

- 100 fb’' gives after selection

~ 1,000 signal events (S/B > 100)
- large mass of J/WY¥induces
strong correlation with fop mass

ATLAS Eur.Phys.J C39 (2005) 63
‘fast’ simulation

| Systematic uncertainties M. ,"*(GeV/c?)

~ easy fo identify, clean sample
% BR(overallin tf) ~ 5.3 x 105

b-quark fragmentation
Background
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Top Mass in Dilepton Channel

full'event reconstruction via y° fechnique
- sef of equations from kinematic consfraints

- solution is found in 98% of the selected events
- m,(stal) ~ 300 MeV (10fb")

B mean weight

> small systemafics due fo radiation
(swiltching on/off ISR/FSR)

T
Legend

ATLAS Eur.Phys.J C39 (2005) 63 = ‘fast’ simulation
CMS Note 2006/077 = “full’ simulation

source of uncertainty =~ ATLAS Amy| (GeV)  omy (GeV)
Statistics and reconstruction method 0.3 ]
o [ most |
b-jet energy scale 0.6 0.6 - likely
b-quark fragmentation 0.7 0.7 - m y:
Initial state radiation 041 20% 0.1 20k

Final state radiation 2.7 0.6 I

Parton distribution function 1.2 1.2

Signal

. Zjets

Diboson

. ttbar non dilepton

# events /9.0 GeV

=1
o
T T T T

‘?OD 120 140 160 180 200 220 240 260 280
top mass [GeWcZ]

< 1 GeV/c? total precision appears feasible @ 10 fb’
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Top Quark Lifetimne

* First direct limit on the lifetime of the fop quark

* top quark lifetime inSM 5« 10 s (ct =3+« 107'° um)

* sedrch for anomalous fop production via new, long-lived parficle
" lepton + 2 3 jets with 21 b-tag in 318 pb-1

> 97 etjets candidates
L> 60 u+jets candidates

* measure impact parameter dO for lepton tracks

* use max. likelihood fit with templates of arbritrary lifetime (incl. track resolution)
Electron BG Template Impact parameter of lepton BGS' f“: CT = 0 l.lm

- __CDF Run 2 Preliminary [ CDF Run 2 Preliminary, upper limit: Ct < 53 l‘“-'-.

- 318 pb”

&
§10

—+— data: RMS=33.4+19p @ G
[] best fit (RMS=41.3

ry
Events/5 um

_ kine.fit (1 fo™):
g I <127 GeV@95%CL

Combined Likelihood: 1-tag + 2-tag events

arbitra
—
cI

2200 200 400 : o
Track d[) (um) c; | ‘ . CDF Run Il Preliminary (1 fb™)

Erl R B | L [ N I
20 40 60 80 _ 100
r*mp =-4.86 GeV e (GeV)
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Top Quark Charge

_ Sirelize) Vs
SM: Top Charge *23e *measure g(i+y) @ LHC (10 "
Other models predict -4/3 e ne @ Tevatron

Standard Model : Alternative Model :
e.g. exotic 4™ generation + Higgs triplet
‘, 'Ci) -1/3 e s.Chang et al., Phys Rev D59, 09153 (1999) | 'Ci) -1/3 e
+2/3e ? -4/3 e

Oe
+le Q

10Q
Analysis :

0) associate lepton and b-quark to top quark

use a kinematic fit for ttbar hypothesis Present Z= 1l and Z= bb data

b) determine charge of b-jet not inconsistent with -4/3 e
p, weighted sum of charged tracks top quark of mass 270 GeV/c*

associated 1o a b-jet
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Top Quark Charge at Tevatron

* discriminate b and bbar with jet charge algorithrmn D@ Run Il Preliminary

0.6
:4iPri

quW ,pT>0.5 GeV & AR> 0.5

Arbitrary Units

@ calibrate Monte Carlo with data using two jet heavy
flavor sarple with opposite jet tagged with p flavor

TR A
corected for bsample %
Bmixingand 9=-1/3
with charge =-4/3 e ... charm fraction

5 exclude the hypothesis of an exotic quark

DG Run Il Preliminary

1 — Q(top)=2e/3 w

1 — Q(top)=4e/3
= Data

-1
L}
|

CDF (1.5 fb™', I+jets and dilepton)
exclusion at 87% CL, at 94%, sensitivity b=99.9%

Number of Events

DD (365 pb', I+jets, double-tag)
p-value(exotic model) = 7.8%, sensitivity 91.2% : . ' T

Reconstructed Top Charge [e
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Top Quark Charge at LHC

© Q =-4/3 (14> Wb instead of t »>-W*b) ?

* Method 1: Measurement of radiative top production and/or decay
nr. events

X ~1ty) is proportional to , 2
2 PR 7 e Q=4
* After selection+reconstruction (10 fb') pptty | 80 | 250 |
o (Q=-4/3) > 6 (Q=2/3) m—— B2 Ckgrouna

* Method 2: Measurement of daughter particle charge

* Associdate b-lepton pair from the same top

* Compute the charge of b on a statistical basis:

% Separaie the 2 Q,  hypothesis needs less datathan Method 1 (~1 fb)
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Top Quarks as “Standard Candie'

The top mass peak will be one of the first signals fo detect and the

cross section one of the first relevant measurement to be performed.

| Commissioning W-mass ]

few hours of data-taking

a0 - " T

“'9hours = 30pb- ‘ I

70 ; ol

801

S0 60

40). -

30 40—

H : a0 |

10— ! B

’ ..'-# = OO, i
UU n UU &0
© AR N Ll LD s LR RN RN RRRR R
[('E 0.1 4:_ —— alsisc.lute un:ertgint\,;for Ifo.L:-"
[ | —=— relative uncertainty for 1 i
-E‘ 0.1 2:_ -----a--—- absolute un:ertai:::\,rfor o’ [ . 4
T 041 o velative uncartainty for 10 " . AJ Es — 2 -30/0 in fl rs‘l' yeqr
Q 008t CMS Note 5 y »
5 " VEER Ac(b-tag) = 3-4% with 1fb
< 0.04F “ -
0.02; 3

40 60 80 100120140160180200
Calibrated E; b-Jet

ATLAS ATL-PHYS-PUB-2005-024

| Commissioning 1-mass |

erijrﬂﬁ

B

TR A

m, (GeV)

First day results with 30pb' : c(m) ~ 3 GeV and c(m,,) ~ 1 GeV
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Conclusion

* Top quark physics at TeVatron a large field
- dlready now many analyses systematics limited

- SM measurements and many tests fro new physics

- Top quark physics at LHC © high precision SM measurements
> high sensitivity for new physics

> much wider range of topics

"Top in year 1" Commissioning detector and physics
Top in year 2" Standard Model Processes and Phenomena
-Top in year 3': Exploit Sensitivity to New Physics
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Backup Slides
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Further Studies on Top Quark Pair Production

it and t1jj Xsec measurements are very important ...

- as QCD tests
- probe suppressed t » tg radiation due to large top mass

- determine mass from cm/cﬂ o ?
- stfudy/understand ti(H »> bb) background from data

spin correlations ...
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Object & Event Reconstruction (I+jets)

Kinematic fit techniques (Least-Square methods with mass constraints)
... here hard m  consiraint ...

CMS Note 2006/023 CMS Note 2006/023

—— correct pairing ——-= before fit: 181.3 + 1.3

—---— Wrong pairing -emeee after fit: 174 8 + 0.6

~70% purity 80

60

40

20

?

__II 7- I_dl IHIJI | L1 1 | | | | L1 Ih-i L1 1 i--ll I-I“_I-r-i II_FTL-I\_T_-I-I_I:?: 1 | L1l | L1 1 | L1 1 | | | | L1 1 1 1
P00 120 140 160 180 200 220 240 260 280 300 P00 120 140 160 180 200 220 240 260 280 300
m, (GeV/c?) m, (GeVic?)

precision equivalent fo....
... ho fit with 5 fimes more daia ...
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Object & Event Reconstruction (Il & all-jets)

rmrr1rrrrr CMS Note 2006/077

Di-leptonic channel:

Mass window around the Z boson
mass rejects basically all Z+jet events

Diboson

# events / 3.0 GeV

o
o
=
S
[e]
=1
=7
o
o
j=4
(o]
=1

CMS Note 2006/077

— 1t fully hadronic

100 150 200 250 30(
invariant mass [GeV/c’]

Fully hadronic channel:

Neural Network output combining the
@ information of several topological obervables
R (scaled to effective cross section)
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Top Quark Pair Cross Section

* Shape analysis (identical a la DO in Phys.Lett. B626 (2005) 45)

combine the topological/kinematic information of several event observables
| e DO data

O tt

O] W+jets

B multijet

CMS Note -
2006/064 ClW+jets e

Events/0.1

Phys.Lett B626 (2005) 45

00 01 02 03 04 05 06 07 08 09 1
Combined Likelihood

not as powerful as at the Tevatron (CMS Note 2006/064 & ATLAS Eur.Phys.J.C39(2005)63)

= Simple counting experiment (high S/N) > precision:

di-lepton: (e/n) 0.9 (stat) £11 (syst) 3 (lumi) % (10fb")

(1) 1.3 (stat) £ 16 (syst) % 3 (Ilumi) % (10fb-")
leptontjet: (e/n) 0.4 (stat) £ 9.2 (syst) =3 (lumi) % (10fb) B §
fully hadronic : 3 (stat)£18 (syst) £3 (lumi) % (10fb-")
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Top Quark Pair Cross Section

* Breakdown of total uncer’rqlnty (CMS Note 2006/064)

Simulation samples (€, )

Simulation samples (Feim )

Pile-Up (30% On-Off) | 3.2% 3 conservative

Underlying Event \

Jet Energy Scale (light quarks) (2%)

] oy Scale (heavy quarks)

Radiation (Agcp, ()2)

Fragmentation (Lund b, 7,) 0% 0%

b-tagging (5%) = Tevatron ~2% 7.0% conservative

Parton Density Functions ' 3.49, 3.4%

Integrated luminosity

Background level

Statistical Uncertainty )

Total Systematic Uncertainty 10 |
_. - .

~10% @ 10 fb™'

Total Uncertainty

dominated by uncertainty on b-tagging efficiency which is conservative
when assuming 2% (rather than 5%) ' fotal uncertainty ~ 7% (10fb:")
2-3 GeV uncertainty on m, is feasible via cross section measurement
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Top Quark Pair Cross Section

IR (R (o] R pylell AC/C ~ 5 Am/m, B 5% on O gives 2 GeV on m,

|
pp — tt, VS=14 TeV
o (pb) (0,) at NLO + NLL QCD

6m/m=0.21 déo/0

systematics dominated by the uncertainty on the
luminosity

Number of events Ao/ o (stat) : 7 i
at 10% Cross-section sensitive to renormalisation and

2x10° 2.5% factorisation scale, and to the choice of PDF

1 "month" 7x10* 0.4% (Parton Density Function)
1 "year" 3x10° 0.2%
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Spin Correlations at LHC

ATLAS Eur.Phys.J. C44 (2005) 13-33

‘fast’ simulation

“full’ simulation

CMS Note submitted

Ratio TopRex/PYTHIA

PYTHIA (excl. spin corr.)

TopRex (incl. spin corr.)

partons

TopReX/PYTHIA

PYTHIA, partons

1"0+L°0)/ SJUSA3
T13A3IT NOLiVd

TopReX, partons

g &
(L°0<L"0) SJUBA3

13A31 S1ND+OD3d

TopReX/PYTHIA, reconstruction + cuts

i
L
=]
[&]
+
c
Qo
=
[*]
=]
=
w
0
[*]
]
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<
I
[
5
o

o
+=
[97]
P
o]
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1y <f
0 oo
e
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+ |
o
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3
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I
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1
<

TopReX, reconstruction + cuts
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026
055 (syst.)

10fb-")
good agreement with TopRex in i IS EREEN (R X RS IR A R CIZT R

(CMS

results
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Spin Correlations at LHC

also fit:the single differential distribution of the opening angle between two spin analyzers

ATLAS definition of C and D (incl. k,factors):

1 dN 1
— = —(1 — Dcos
N dcos® 2( COQ(P)

1 I:I‘-EJNT 1, .
—————— = —(1—Ccosf cosb;
N d cos #d cos th 4(' €05 6 €05 6z)

Results Standard Model result Sensitivity | Precision

(ATLAS, 10fb ") IR 0.181 + 0.010 (stat) + 0.040 (syst)
: 0.168 + 0.010 (stat) = 0.034 (syst)

-0.142 + 0.006 (stat) =+ 0.018 (syst)
20.127 + 0.006 (stat) = 0.024 (syst)

Main systematic uncertainties: parfon generation (PDFs and Q? scale), FSR, b-jet
energy scale and top quark mass uncertainty

Both CMS and ATLAS have sensitivity for observing spin correlations after 10 fb-!
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First Direct Medasurement of th

Vud vus Vub
VC KM — Vcd Vcs Vcb
th Vts th

- previously only indivect Iim its: | |= 0999127 + 0.00026 (1o CL)

CKM Fitter Group for Beauty 2006

= assume: [V 12+ IV [Z« ] |
*assume: pure V-A and CP-conserving Witb interaction

* no assumption on quark families or CKM maitrix unitarity

068< |V _|<1 (95% CL)
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Further Single-Top Interpretations at LHC

Tait,Yuan PRD63 (2001) 014018 lllustration of the Physics Potential:

Standard Model .

Top-Flavor

(my =1 TeV)

Z-t-¢c FCNC

(87 = &)

4th Family

(V,=0.5)

H* _

(Mj; =250 GeV) 1c-bands ( 6°*)
| L=30fb"1

--

S 10 15 20 25 30 35 40 45

G, (pb)
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