Top Quark: discovery, %&resent and future

&
( ‘1.

JOpQuarky PDG,50" A



oy

A
5
FEFreres I

Chasing the Top Quark

Gell-Mann, Zweig uds quarks postulated ('64)
GIM mechanism requires charm quark ('70)
1974 discovery of the charm quark (SLAC,BNL)
1977: discovery of the b quark at FNAL

1984: PDG says _
JADE: forward-backward asymmetry in b-b

gives weak isospin=-1/2 for the b quark
CLEO, PETRA: no FCNC observed
TOP HADRON SEARCHES
top should exist _) 1984PDG par_t_lal IIStmg

TE SEARCH FOR TOP HADRON PRODUCTION IM (Es E—) COLLISONS
TE A HNOMNE ECM=22-31.&6 GEV BARTEL1 7% JADE R
1E B HNONE ECM=22-31.6 GEY HARTELZ2 78 JADE %=
TE C  HONE ECHM=31.4 GEY BARBER TP MREJ R,=5=,=T=
TE 0 HONE ECH=22-31.6 GEVW BERGER T8 PLUT R,«<8=,=T=,HU
TE E MHONE ECH=30-3& GEV BARBER 80 HRKJ B,=T=,MU
. TE F NOME ECM=12-31.& GEVY BERGER BO PLUT MU
Searches at Tristan, PETRA TE G NOWE ECN-33-338 Gy SARTEL 81 oAbk Mo
) ) TE H NOME ECM=14-3&4.7 GEV DRAMDELIE B2 TASS R
. TE I MNONE ECM < 358.54 GEV CL=.9%  ADEVA1 83 MRKJ R,=T=, (MUs+HU-X)
SPPS, SLC : top not found T, ¢ NONE ECH < 38 Gev ADEVA2 83 MRKJ  PT(HU},<T=
1E COMMENTS
TE ALL ABOYE MEASUREMENTS ARE DONE AT DESY-PETRA. THE LAST COLUMM
TE SPECIFIES MEASURED QUANTITIES.

Rev. Mod. Phys., Vol. 56, No. 2, Part Il, April 1984
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Top search at the Tevatron

Top mass limit kept going up: Tevatron p-p collider starts in 1985.
\ (s)=1.8 TeV. Top should be there

Petra (Desy) > 23.3 GeV/c? 1984

Tristan (KEK) >30.2 ° 1990 Present Tevatron Configuration

SppS(CERN) >450 “ 1984 —

CDF (FNAL) >77.0 °“ 1991

CDF (FNAL) >91.0 °“ 1992

At this point (1992) it is clear xR L=
that top decays into a real W / G4 Tevatron 3
Tevatron Upgrades in 2001: '_*‘-“-9-*"‘%___&.-:—?“"‘ Main Injector |

& Recycler =

Main injector and recycler added.
Energy upgrade to 1.96 TeV.
Luminosity upgrade to > 1032

— L ——
— w1 —
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Tevatron Run | Detectors -_

CDF detector in 1992 D@ detector in 1992
¢ Large radius CTC (B=1.4T) ® Compact detector
+ Silicon detector (4 layers) ® Finely segmented
+ Limited muon coverage calorimeter to [n| < 4.2
¢ Calorimeterto |n| < 4.2 ® No magnetic field

® Muon Spectrometer to |n|<3
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Top Production and Decay

t t Production at the Tevatron:
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Lina Galtieri, The Top Quark, PDG 50™ Anniversary. Sept. 23-2006

Top is heavy: decays very fast!
tT >W bWhb

[(t > Wb) ~ 1.5 GeV, t=4x10*sec
No hadronization

tt topologies

W
| + 4jets

2l + 2)ets

Top found preferentially in events
of the type: W+23jets + MET (v)



CDF Top quark Search
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Some Interesting events start appearing in '92-93 analyses
: Ry DPF event, Oct. 22-1992: e y + b-tags

. i | , '\; \N
€ iz 'ﬁ RS
e/ S R e

\ e 50/10p at
=y \d: e i 1 / 1 O GeV

fitneutrino ~ jet #3  jet #1

ST

Silicon detector (SVX) .
allowed secondary vertex
b-tagging, thus W+jets

and QCD background N
reduction. e

-+— 3 melers ——»

Tracking View
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D@ Event 417

e-y event with large P+ for both e and p and large MET

CALATAD R-I VIRW 21-4IX-1508 (9113 Fr 5074 Dverk !:1'10-:.‘1.:—199! 11241

Max £U-  50.1 ooV ' 4 (=8
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VX o F= =L [ [ CENNT T —0.02 ‘- - 50.0
1
I icere 11 < i
—_—— — &) '
Py oS b R [ mzez 20 = —0.04 + - 25.0
F) s ' "\ . 1
F; / . % \ R & i
A [  Rete sy ~ .
B - —c.06 4 , ° - 16.7
I s-E = {a) Data
Y ] t
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- ) =¥ -
L.':':*:‘ ;-::- .,-‘-a -—
.:'l.-‘a'--tl":_ . . o T
3 —0.02 - _-._.i;.!""_,r;: - 50.0
(%] - -
} ) i T
Yy —0.04 | o om. .. — 25.0
e g -
& et L . D
< —0.06 | |-+, = - _ 16.7
- HE s (b} tt MC
"?ana -__:__u-:'_'-_‘ _-_: ____________ — 12.5
T |
o 50 100 150 200
E' (GeV)

D@ debated on whether to publish this event, but it could be
background from W+jets. Decided to wait for more events.

From E. Varnes, HCPSS, FNAL, Aug. 15-2006

Lina Galtieri, The Top Quark, PDG 50" Anniversary. September 23-2006 7



Top quark: D@ Run |A

Spring 1994: D@ had 15 pb-1of @ Good muon+calorimetry systems

data. Observe 3 events: 2 DIL, allowed tagging b jets with

1 lept+jets. Expect N = 5.91+1.7 muons (SLT) from b decays.

events from background. No

evidence for top. Result: @ Reduced backgrounds, but low
top efficiency (~20%). Could

Miop >131 GeVic> @95%CL release kinematic cuts.

D@ col., PRL 72, 2135 (1994)

DO

131 GeV/c?

Cross section {pb)

80 100 120 140 160 180
Top mass (GeV/c")

From E. Varnes, HCPSS, FNAL, Aug. 15-2006
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CDF Top quark evidence (1994) -

Significance 2.80 P=0.26%

Type observed background

DIL 2 events O.56t8‘?§ Integrated &£ = (19 pb-1)
SVX 6tags 2.3+0.3 61
SLT  7tags 3.1+£0.3 64(M=174)=13.9 4,5 pb
total 12 events -

SLT: soft lepton tag

My, = 17421015 GeVic?

Proper time for b-tags N(ev)-vs-N(jets) ‘Top mass recostruction
10 [ T T T T ] 36 F
W+ > 1 Jet Tass ¥  Dataafter SVX/SLT tagging | I %
r . . v o e SVX tagS Background SVX + SLT 1 7 eve ntS -g »
8 :_ % W + =3 Jet Tags . | - EM
7 E_ —— B Monte Carlo | . ] . B %33
§ J & > Y
S M 5 S Elvine b loniidens L
= b, O 150 160 170 180 190
S R '8 10 - E 2
= = E ] 5 Top Mass (GeV/c”)
E = ] E
5 ] @
3 B ]
1 E L 1 I L L
: i v—# 7:‘:7 . L‘—_‘_ I léumber ofJ;ts =
0 —()I,:" -0.2 -0.1 (4] ) 0.1 0,‘2I I 0.3 I 0.4 0 | R R
ctT (cm) 100 150 200 250 300

Top Mass (GeV/c?)
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The Top quark in PDG 1994

PDG 1994 listing The standard model predicts the
MASS LIMITS for ¢ Quark n o7 Colldons top mass from EWK measurements

These experiments are based on the assumption that no nonstandard decay mod
such as t — bMT are avallable, except as shown In the comments, Mass limits a

now sufficiently high that decay Is expected to occur before hadronlzation. INDIRECT MASS LIMITS for t Quark from Standard Model Electroweak Fit
VALUE(GeV)  Cl¥% EVVS DOCUMENT 1D TECN = COMMENT The RVUE valees are based on the data described in the footnetes. Earlier RWUE's
>131 95 8 ABACHI a4 Do £E -+ Juts, £+ Jets are superseded bot have been left in the Lstings to show the pragress,
13 . T "
1‘!4t101'u 7 9 ABE 94e CDF & + brjet “OUR EVALUATION" beow Is for cur fit o electroveak data described in the “Stan-
e & o We do not use the following data for averages, fits, limits, etc. » o » dard Model of Electroweak Interactlons” sechion, This At result daos?ndzujt inchuds direct
>118 95 9 ABE 94e CDF ¢ mexsurements of my. The second eror corresponds to mﬁr:.’.m"_'m GeV.
> 91 9 19 ABE 92 CDF L0, £ 4 bjet VALUE (GeV) % DOCUMENT i TECH  CUMMENT
I aLiTTI 9z Uaz  t— bHT, HT —m T ememET
TV 169+ 16+ 27 OUR EVALUATION
= 60 a5 12 ALBAJAR 918 UA1  t — bHF;
Ht — ) s s s Wedno nat ug? the ‘nllowing data for averages. fits, Imits, etc. o o #
13 BAER 918 RVUE ¢t — ) ¥{ - "
> 72 95 14 ABE 908 CDF ¢ + Lt gt b 19 ABREU 34 CLPH 7 parameters
> 77 95 15 pge 90c CDF ¢ + Jets + missing E7 L3 20
> 69 95 16 AKESSON 90 UA2 e -+ jets + missing Ep 158 Thp £ 18 ACCIARRL 34 L3 7 parameters
= &0 95 ALBAJAR 908 UA1 e or - jets, pp -+ Jet 540 424 31
AKERS 94 QPAL Z eters
17 RARGER 90 RVUE ¢ — BbHT 1% " 4318 ? paramEsset
> 41 95 18 ALBAJAR 88 UAL  eorp 4 Jets 13415‘5}1{; 22 guskULIC 94 ALEP Z parameters
ks 23ELLIS 94 BVUE Electrowsak
1,200 B Gl4464 19 24 AL TON 93 OPAL £ paramelers
D 122+ 3 190 25 ADRIANI 9313 7 parameters
(& = -
207 95 2EALTARELL 93 RVUE Z5E verlex
+13 v o
143 BLOMDGEL 93 RVUE £ parameters
150 II —18 .
1 1?4*'%;*';; 2B gusKULIZ 93) ALEP  Z parameters
| o — 3227 -
I <238 o5 29 RUSKLLIZ  93MALEP [[Z - bB)
Rzt 3 ELLIS 938 RVUE
100[— LEP+SLAC+v+M,, wnn+ 30419 I manMTA~MA @3 BUIIE 7 anramatare
-

Prediction

0| T 1994 PDG EWK fit:

. - e*e-, pp Limits _ +16+17 2
. Initia Iuessl— | | | Mtop 169 _ 18 _20 GeV/C

1974 1982 1990 1998

Year
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Top quark observation (1995) =+

'

, March 1995:

' The Tevatron strikes gold!

Both CDF and D@ discover the top
quark:

significance at the 5 o level

CDF M,,,=176 £ 8 + 10 GeV/c?

DO M,,=199 +20+22 GeV/c?

average: M. = 180 * 12 GeV/c?

top

Lina Galtieri, The Top Quark, PDG 50" Anniversary. September 23-2006 11
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Top quark discovery: CDF

67 pb-1 of data, P=4x10-7 (5.00)
P(event excess) = 1x10°

Type observed background

DIL 6events 1.3+0.3
SVX 27tags 6.7+2.1 P(mass plot) = 4x10

SLT 23tags 15.4+2.0 ~ . .136
total 43 events -—- o(M=176) = 6.8 24 pb

37 tagged ev. inlept.+ = 3 jets Miop=176 £ 8 + 10 GeV/c?

N(jets) distribution Cross-section Mass reconstruction
' E 6 DIL 19 i
: events = ||
{0 PI‘Op_Gf time NN 27 SVX tags 5| g, W
3 for silicon tags RN 23 SLT tags oL T
E 6 L 160 170 180 190
Z, _ Top Mass (GeV/c™
2
-q.é E Prope?Time ([5)5) :E 0 = § baCk
zZ | 6 I RN g — top
° Excess over g 20
e e ° | background f R
o e L in 3,4 jet bins 7 N
1 ;_ | | | mlz h.m(,;: ,Ccrlc«vlﬁ»,ill‘v.gv.‘j von r\m.lvc,. | L ' | | | | 5

2 3 > - 20 140 160 180 200 220 240 26
= 100 120 140 160 180 200
Number of Jets 5 Reconstructed Mass (GeV/c?)
Top Mass (GeV/c)
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RAKELEY

DY Top Discovery

Type observed background | |50 pb-1 of data, P=2x10% (4.60)

DIL 3events 0.65+0.14 | includes only P(event excess)
l+jets 14 events 3.1 £0.5

o(M._=200) = 6.3 + 2.2 pb

I+jets events(8) had 24 jets, + +20 ,
cuts on Aplanarity and H.. Soft Miop=199 %22 GeVic

lepton-tag events(6) had = 3 jets

top

Cross section versus top mass

25
199* (stat.) +22 (syst.) GeV ) 7 D@

-l ((} ) (syst.) H cut removed & 20-
2 (a) (b) g I Il Theory
> 11 events £ 1s _E.,‘;;
4] 4 - q.\ J.-:,’ v 5’:’%
o] . v
N L . E 10_
'% 2 - :*x‘,& ) &)
% ';““ B . . 5_

Ve e e e 0

100 200 100 200

140 160 180 200 220
Fitted Mass (GeV/c?) Top Mass (GeV/c?)
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Top Physics at the Tevatron now .

Tevatron luminosity ~2x1032. Delivered ~ 20 x Run | integrated L.

Delivered 1.9 fb-1, plan to get 4-8 fb-1
CDF and D@ detectors have improved. bg has added magnetic field

and silicon detectors.

o
Production cross section in QCD: qq (85%), gg (15%)

Single Top production via EWK processes
Top Decays: t —Wb expected ~ 100%, W helicity (V-A)
FCNC decays expected to have BR ~ 10-14
& Large Mass: 00175 GeV/c?: Special role in EWSB?
[ =1.5GeV >>/\y-pno hadronization
Can probe charge and spin of bare quark
& Physics Beyond the SM?
X-tt (£, topcolor...), W tb, efc.

Will show some results from CDF and D@ shown at ICHEPO6

Lina Galtieri, The Top Quark ,PDG 50" Anniversary. September- 23-2006 14



Top quark today: t t production

oy

Cross section measured in many channels
by both experiments. Preliminary averages
show agreement with QCD expectation. —~—

=N
N
T

o(pp — tt) (ph)
=

Example of lepton+jets measurement: i
D@ uses 365 pb! of data. Top signal T o

GeVIEs L

:068 (2004) m=175 GeV/c?

mostly in 3 and 4 jets bins (209 events). T

I I | I I I I | I L I I | I I I I ]
1850 1900 1950 2000

s (GeV)

o(tt) = 8.1 £ 1.2(stat+sys) £ 0.5(lumi) pb —

[L=750pb )

D@ Run Il Preliminary

events
[*]
c
=

all channels use | .o

Njets=1,2 used to check backgrounds. o s s e TSOu

(21 kidonakis,vogt PRD 68 114014 (2003)  CDF Preliminary
TLIE
’léli P _
//// 8.3+1.5+1.0+0.5
7

—— i
CDF results: t“"‘zz*;;ﬂ rema6D 6.0:0.6:0.9:03

///
riex Tﬂﬁf/ 8.2+0.6+0.9+0.5

ng.oftapgged
=] L*1]
= L=
H
LLL B B ]
EOEFERLES:
Ba

E= up to 760 pb-1. ol
(RS Good agreement |

180 : "MET+Jets: Verta:"l'; /// 6.141.2 +144:0.4
among the six Sy tyat
e
100 b o . .
measurements Alractonic verex W8 g,0.4.7 13310.5
e
50 ///
"Combined
//// 7.3£0.5+0.6+0.4
0 1 2 T

3 4

jet multiplicity

LeptOI Jets: Soft Mu Unfﬁﬁ(; 53+3.3 +1 3+0 3

(O'Neil, ICHEPOB) | ™

77
&

: (staf) £ (syst) + (fun)
II|III|III|III|III

0 2 4
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EWK Single Top Production

Production via s and t channel
w ' o(t) ~ 2.5 smaller than oftt)
Can measure V,, directly

Can reveal new physics

Q(Iep) * rIno-tag-jet

D@ Run Il Preliminary, 370 pb™

Signature: lepton, 2 jets, M(

MET, 2 1b-tag. S/B=1/20 , e 3 T Tehannel x10)
Main back.: W+ets, ttbar, i, = fE7LE.  je gt
Z+jets, mistag etc. “ “

14-16 variables used in “F

likelihoods or NN to "y | o

separate S from B. Rt T S e

t-channel s-channel both+other EXPECT
Theory (inpb) 1.98+0.25 0.88+0.11 2.95+0.16 TOSEEIT
CDF (695 pb1) <29 <3.2 <34 SOON
DG (370 pb ") <4.4 <50 (Wagner, ICHEPO6)
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Non-standard Top production

Search for resonant t t states In Single top sample search for
pp —X0 —>tt W —tb
Reconstruct the t t system by ME In s channel analysis add SM
techniques, then test for excess and W' interference. Use
) M(Ivbj) as discriminant
390 > (b) - D@ 230pb"
Raop- 4 — W' 600 GeV
-7 O R N DN SO % 10 ; == W' 700 GeV
SO T N P 5 I
- > J s+
- 4 ! il I W+tjets
.3 370 pb- B . B Multijet
g T 1000 1500
%00 200 500 600 700 800 900 1000 11001200 @ Exclude 200-650 GeV range

M, [GeV/c’]

, for W' with SM like couplings
Exclude topcolor Z' (I'=1.2%M,) o G(W')<1.8/1.4/2.2 pb for

for My < 725 GeV/c? @ 95%CL M,y = 600/700/800 GeV
(Wagner, ICHEPOG)

Lina Galtieri, The Top Quark ,PDG 50" Anniversary. September 23-2006 17
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Top Decays : ~ 100% into Wb~ =~

t - WD

o B> W) V|
Bit—>Wg |V, +|V,| +|V,[

w b Assuming 3 generations:
WN< Vip|~0.99  R~0.998

[

D@: 2D fit, N, (with b-tag) vs R

260"
240
220
200
180
160
140
120
100

D@ data 230 pb’

+0.19

R=1.03",7

95% O Consistent
68% C.L. | with SM

1 15
R

®
2
[$)]

(Wicke, ICHEPO0B)
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Search for:
t — H*Db

Dilepton and lepton+jets
events are used.

Using a set of parameters
for the MSSM, can evaluate
the H* BR's for each mass.

CDF: red regions of M,

%
are excluded @ 95%CL.
t — H" b search CDF Run Il Preliminary
% = 2 = -
160 Fxcluded 95 %CL m= 175 GeV/c [ Ldt=192pb 160
C —— SM Expected -
140 [ ] sM+1 o Expected — 140
— - 22 [ Excluded CDF Run i z2 -
o ) K= =
9120 %g [ Exciuded LEP §,§, 120
o [ 8 g8
o100 F£ € 100
| -
= 80 - 80
LEP (ALEPH, DELPHI, L3 and OPAL) |
60— Assuming H 1w or H: > ¢S only — 60
L | 1 L 1 L | L 1 1 I I

10°

-
o. T

tan(p) 10

18

A
5
]
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W helicity in Top Decay

Standard Model predicts V-A couplings in top decay, t — Wb

LI
|

Left hand. Longitud. Right hand.

F—=0.3 F9=0.7 F*=0
FO+F=+F+=1

Both CDF and D@ have
tested the SM using
different methods.

So far no evidence for
V+A contributions.

Lina Galtieri, The Top Quark ,PDG 50" Anniversary. September 23-2006

Left handed W
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Events
e — —

Results: assuming F9=0.7

D@ dileptons CDF lepton+jets

F*<0.24 @ 95%CL F*<0.10 @ 95%CL

CDF Run Il Preliminary

3 -

DO Preliminary —®-D@data | |2 [ [+ F.= 0.0 (SM)

ka'; -
Clia—n(v-A) | 8 § Ly =955 pb” o FL 00055 (stat)
== ft— Il (V+A) 5 2L
— | JI background :

=20 - - -

(Wicke, ICHEP06)  1g




Top charge and Lifetime g

Q(top) = +2/3 in SM [, =1.5GeVin SM
Test exotic +4/3 charge cT = 1.3x10-10 ym
Add up observ.ed charge Of Difficult to measure. Impact
decay products: lepton + b-jet parameter of lepton from W
DJ in l+jets excludes provides upper limit.
+4/3 charge @ 94%CL cT <53 um @ 95%CL

D@ Run Il Preliminary

Impact parameter of lepton |

15

W
QL 4 . =
= 1 _ lté;ti 2/%e :EL 16: CDF RL;n 2 Preliminary;,
= i z
i { — Q=473 E’.ﬁ 14:_318 PP — & data AMS=334 +1.9 um
7 1T b= 1210 1 bestfit(RMS=41.3 um)
10 o -
_ DO g CDF
i : -1
j 365 pb- 8l 318 pb
3 6F
_ Jr 4
] 20
O T T L] T | T L] 1 T L] T T L] | T T L] L . : J{ J{ |
0 0.5 1 1.5
Reconstructed Top Quark Charge [2] -SDD 100 . Lt d (Mr%[)m
0

(Wicke, ICHEP06)
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Top quark mass

Reconstruct top mass from tt — W bW b + background

Many channels, depending on decay of the two W's
Events in 1 fb-1 after optimized selections
m Dilepton : 2 leptons, missing energy (2v), 2 jets
~ 50 signal events , purity ~65% (no b-tag)
m | eptontjets : 1 lepton, missing energy (1v), 3 jets
~ 230 signal events, purity ~90% (with = 1 b-tag)
m Alljets: 06 jets
~ 250 sig. events , purity ~30% ( = 1 b-tags + NN selection)

Main challenge: reconstruct mass at the parton level

@ We do not measure neutrino's. We measure jets, not quarks.
@ Major systematics is in jets — parton reconstruction:
detector effects, absolute E-scale (JES), etc.

Lina Galtieri, The Top Quark, PDG 50" Anniversary. September 23-2006 21



Top Mass Measurement

Many measurement made for all topologies. Two methods:

® Template method: reconstruct top mass for each event, then
compare to MC templates at several masses.

® |\atrix element analysis: evaluate t t and background
probabilities for each event, then multiply probabilities.

Best CDF measurement: I+jets, ME analysis 37—
940 pb-1, 166 cand., = 1 b-tagged jets <<\
2D fit: M., and JES (jet energy scale from Wjj) -

top

M=170.9+1.6(stat)x1.4(JES)x1.4(sys) GeV/c?

Best D@ measurement: |+jets, ME analysis
370 pb-1. 175 cand. 0, 1, 2 b-tagged jets
2D fit: My,, and JES (jet energy scale)

M=170.3%£2.5(stat)£3.5(JES)x1.5(sys) GeV/c?
(Canelli, ICHEP06)

Lina Galtieri, The Top Quark, PDG 50™ Anniversary. September 23-2006 22
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Top Mass results: July '06

# Top mass average of best

reSU|tS Of CDF and DO Tevatron Run Il Preliminary (July 2006)
' . T
. . A"(';':ztgbgﬁ': 1740+ 5.2 Al
a All Corretlatlons taken into oispon: o 645+56 A
dCccount.
Dieptor: D0 *~178.1:83 A
M,..= 171.4 + 2.1 GeV/c?
P Lept0n+J§ts: CDF Lxy ?839 +15.8
(695pb”)
dMp= 1.2% My, Leoplonieis:COF #4709+ 25 A
Lepton+Jets: DO — 170.3+ 4.5
OM(stat) = + 1.2 GeV/c? (370p")
——
SM(JES) = + 1.4 GeV/c? Tevaton 171.4£2.1 A
6I\/I(Sys) = = 10 GeV/C2 15|0 'IE‘|30 17|0 'IE|30 19|)0 2(!)0

Top Quark Mass (GeV/c2)

# \/alues obtained from 3 different

channels agree at the 15% level A New results

(Glenzinski, ICHEPOG)
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Top quark in the SM (LEPEWWG) L

Standard Model relates my;, my,,, my, via radiative corrections
t H | M,
~|n —=t-
W M‘Q"’\‘ W ~ mtgp + /I:I"‘\ \\ ’l MW

EWK fit with new Mtop | LEP295% CL excluded
80.5 "M LEP 1 and SLD .

° MH _ 85?2: GeV/CZ % -é_;zg:fnd Tevatron (prel.)

O

~ 80.4 _
® my < 166 GeV/c2 (95%CL) 5
e add LEP2 m;>114 (95%CL) ws| & & &

m, < 199 GeV/c2 (95%CL) 15'0_«@*" S L 2;}0
m,,, (GeV)

(C. Parkes, ICHEPO0G)
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Top at LHC

g,

A
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H‘I.

Top production is very large at the LHC (1 tt/sec at 1033), while

the background is increasing at a lower rate.

Farmilab

S o Tev LHC ratio
R I = oty ~7pb ~850pb x120

| I@m f Background (W+jets, QCD jets) ~x10
L /“:%f‘ Jor o gg—tt(90%) and qq —tt (10%)

1 b - - % -1
b ]2 | S e
- I 1" & Top signal can be 520 —
Ciml fﬁ/ . § seen without b-tag. G L pfy Fetsmietonly

- w2 | /14 & Can be used forinitial 3 B s eceno)
- 4 30—
" ek o(top) and M(top). B | .
1pb | - . . o, [\ ++n "r;‘;t"sI (:\I::igtlan)
o e Detector calibration, & i |+ cmbnstorie
| e JES, b-tagging etc. i, bo
1 1 ! v .y 0 S,
0.001 o0 {;.1 Tavtn 10 100 ijj (GEV)
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Top Physics at LHC

¢ Plenty of statistics for precision measurements:
production, decays, couplings, asymmetries, etc.
@ Search for new physics

» Top Mass: preliminary studies |
by ATLAS and CMS estimate " | W
6Mt0p < 2 GeV/c? | wema o134 Gev
(R. Chierici, ICHEPO06) I
_ 2M2
» Top Yukawa coupling: g2 t =1

Y] tTH with H > bb

(m:[ N Old plots, more background expected
;}1 W<W LR Wb -t ATLAS

+‘ ‘ﬂ

%
Pt
;I:{‘.H’Jrﬂ

Expect 20-30% precision on g;

with 300 fo-! for M, < 150 GeV

(B. Resende, ATLAS, TOP2006). (F. Beaudette. Moriond EWK '05)
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Top at LHC: new physics

Examples of sensitivity to new physics in top production and decays

Single top cross sections (CMS)

Tait,Yuan: PRD63,2001

400 v
i
360

320 |

o, (pb)

300 |

280 |

%0 | e e '
| {
240 |

220

G (pb)

Standard Model

w  Top-Flavor

(mg =1TeV) J
Z-t-¢ FCNC
(&7 = &) =
4th Family

(V,,=0.5)

H' ;
(M;; =250 GeV)

35 40 45

1o-bands (o5M)
L=10fb-!

0 > 10 15 200 25 30

(A. Onofre, ICHEPOS)
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Flavor Changing Neutral Currents
SM: t -Zg~ 1014, t -yq ~10-14
NP can bring BR's to 104, 10-5

~ | =———— ATLAS 50 sensitivit
B i Yy
N SSSI ;
- CDE <N\
‘E‘ 0 7L %‘Egl&’ ‘\‘ 95% ]
) 1 Ep ~~ ——|EXCLUDED:
= = CDF21bh ) 5 REGIONS ]
-2__ ____________ 1 \\ =
”E = ;
- : :
3 1
i |
10 Eamasom!y &1
- - - . ZEUS—
B 1 | | p—— [q= ; =
70 '4:_ : L (630 ph I~
:_: I'i ATLA{SI .
SPL b aoon by l
IO | - | L1l | L LLULT I T T | el
-5 -4 -3 -2 -1
10 10 10 10 10
Br(t vq)

(A. Onofre, ICHEPOG)



The TOP QUARK: SUMMARY

What do we know?

M=171.4 2.1 GeVI/c? |
Large I' predicted (1.5 GeV) 8%
No deviations from SM seen so fa &
t t cross section agrees with SNy- e T
t >Wb ~100%, V+A<10% at -~ 3¢ Elfess
Charge=+2/3  +4/3 excluc ﬂ*eﬁ 4%C
; SR o | .

oy

new exciting res
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