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Heavy Flavor and the Standard Model -"

The Standard Model of particle physics has been very successful at
explaining all the data at hand. Includes 3 generations of lepton and

guarks iso-doublets
(Ve) (VH) VT
€ u T
u C { d
(d) (s) (b) o 2 2
Generatio™

With strong, EWK, electromagnetic interactions specified by
SUS)L x SU(2)L x U(1) symmetry

However, many unanswered questionsremain:
why 3 generations? What is the physics that sets masses and mixing?
What phenomenon causes Symmetry Breaking? And so on....
NEW PHY SICS must be around that explainsall these questions
We will review some aspects of Heavy Flavor Physics to search for NP.

Lina Gadtieri Simposio in onore di Romano Bizzarri, Roma 10 Febbraio 2004



-,

FreEroerrr |||‘
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History of progress. charm to top

'.

1964 2000.: '
Y PN L CP violation
CF VIOIaUOlT discovered witl' KaOolls .
iIn B mesons
1973: A
Kobayashr& Maskawa offer exptamatior,
predict 3 generation of quarks _
1988 Z physics at LEP
1977:
Y—=bbmesomdiscovered
I | I I I | I I
| I |_/ I | I | I |
1965 1975 : 1985 73.995 > 2005
550 1979- CLEO \
Y (4S) discovered ’ E—
\ 1995 top at ' - .
. 1000+ physicists studying
- 1983: | the Tevatron
1974 Jpsi W-ard=discovered B mesons ... but why?

1999: Ly
citestart

Updated from atalk by S. Bailey (Harvard) at LBNL, Jan. 04
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The CKM matrix o p

guarks mix
d| =d, cosBc +5 9N6c

1964: CP violation discovered in K decays

1973 : Kobayashi and Maskawa propose a 3x3 quark mixing matrix
that can be complex, thus incorporating CP violation in the SM.
Thisrequired athird generation (charm was not discovered yet!).

The CKM matrix relates the eigenstates of the quark masses to those of

the weak current.
d’ Vud Vs Vub d
SI — vcd VCS Vcb S
b' th Vts th b
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CKM explanation of CP Violation === 5

'.

Wolfenstein parameterization

(@ [ 1-1x2 A AX3(p \ [ a)

= ) — 202 s

. \AA3(1—p@ —AN? 1 )\ b )

Where A, A, p and n are determined from experiments.
Vus=A = €inb¢

|s CP violation the result of asingle weak phase in the
CKM matrix or i1sit due to new physics, beyond the
standard model? Or both?

Experiments will have to test expectations from the CKM
hypothesis
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The Unitary triangle o 0

From a unitary complex matrix. We expect

Vudvjb + Vcdvgz; + thV{Z =0 a=arg thth
b w Vcchb
. B =arg —VchCb
ViqVip
Viud Vub
y=ag-
_ Vchcb

Lo CPviolationin bsystemif
’ a,B,y#0
Standard model with CP violationrequiresa + 3 +y =

Red side of triangle measured by measuring B-B mixing

Amy  obtained from time dependent mixing in BO-BY

Amy - obtained from time dependent mixing in BO-BO

0,0 o)
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Overall game plan eeend]
g p

B+0 j'c+j'c_ (BaBar/Belle,
CDF + Theory)

p Tl

b—-=ulv
(CLEO, B
factories)

B-B, mixing
(CDF/DO + Theory)

/\/

0
B++ D° KI_ (BaBar/Belle/CDF)  (BaBar/Belle/CDF/DO0)
BSJ._-— DS_K+ (CDF eventually??) (still interesting?)

+ —
B.=~K K (cpF) B— ¢K?
(BaBar/Belle/CDF?/D0??)
(very interesting!!!)
Courtecy of P. Macsimovic (JHU)
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Bd Mixing

Bd mixing measured with great
precision mesures of Dmgy

t

d .
B ) Wi

b7 of

Vib~1

Re(Vig)»0.0071

Ba-bar and Bell measure Dm using
hadronic B decay

1

< | BABAR k):
0.5 =
m\‘ —dh-q_____'_,_;

0F —% _
S IS (R T R
AU (ps)

-,

. .

LY
Frrecoeesc|
BERKE |.

World average now dominated by
Babar and Belle

I ' I '
ALEPFH . 04 600260019 ]::l.s'1
{3 analyses)
" -1
DELPHI |.|_._‘.{ 0.519:0.018+0.011 ps
{5 analysex)
0.444:H0.028+H0.028 ps
OPAL - 0479H0.018H0.015 ps'l
{5 analyses)
0.495+0.033+0.027 ps
BABAR " M 0.500+0.008+0.006 ps™*
{3 analyses)
0.50 6+0.006:+0.008 ps™*
average of above H 0.502+0.007 ps™
after adjustments
1
ARGUS+CLEO }_._{ 0.493-0.032 p=
{xd measnurements)
world average |_,_| 0.502-0.006 ]:J.s'1
[ R I
0.4 045 05 055
average 1
i smg(ps)  From HFAG LP0O3

Bd fully mixes in about 4.1 lifetimes

Amg = 0.502 £ 0.006 ps-1
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my/Am, .

Towards Bs Mixing =1

REELEY La@

Measurement of Ams helps improve our 3';” World average (orety T ]
knowledge of CKM triangle. T 2F | dntio a ossCLimitisant .
. .. . . - [ ---* LedSc - sensitivity 187ps”
Combined world limit on Bgmixing 15| & amsveso ﬁ PR
- [ data+ 1645  {stat only) i i
: Al

Ams>14.4ps 1 @95% CL ' y H _
Bsfully mixesin <0.15 lifetimel! ™ 2~ H M 7
Bs oscillation: much faster than Bg ’ WWHW \ [ L M
because of coupling to top quark: 05 | Jffid
Re(Vts)»0.040 > Re(Vid)»0.007 1 | ‘
-1.5 | Ll [ Ll Ll -

I A Ll Ll

0 2.5 5 7.5 10 125 18 175 20 225 25
-1

Am (ps )

Combined Iimit comes from 13
measur. from LEP, SLD & CDF Run |
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Unitary triangle status

V’Lbd Vfu,s VUb 1.5 I B N B
Vea Ves Vep : _
Vudvjb i
Via Vis Vi T V.
Unitarity: 05 | Ams & Amy 1
VudVp + VeaVe, + ViaViy = O 5
E b N R e S |
Measure in as many ways I : .
as possible: **f .
0ls CKM right at all? : |
0 Don hysics ph ? b .
R '
15 I T S T R S ST S S T AR A T M T R T (T T
-1 0.5 i 0.5 1 1.5 2
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CKM angles: sin2B with JP Ky eeeeiy »

T
BO " J/YKg
\ /'
BO
)

Time dependent BB mixing — time dependent interference

JyKg 1ISCP = -
JyK| 1sCP=+

v

Tag other b decay as BO (g=+) or BO (g=-1)
Measure decay time difference At (tcp — t1ag)
& = CPeigenvalue

Acp(t) L sin2f3 sin(Am t)

v

v

v

Lina Gadtieri Simposio in onore di Romano Bizzarri, Roma 10 Febbraio 2004
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Ba-bar and Belle sin28 from Jy K, /\|\

Sin2B (New 2003 World Av.) =0.736x0.049

’z]
e,
&
=
% 100 %)
£t 2
= @O
N =
=
o . —
= 0 L
Eu.s ( :P +
I N i
< 0
x
=
o

0.5

Bad tags

f1ps

Raw Asymmetty

- =)

i n
| 1 ‘ T T T T l_
- o [=3u N

—1 2 g9

i —*— _'...\ T
L ., "‘ 4

Entiies

I
W

‘*0.5421.0 — - ++

@)
3

(NqE—_1_Nq‘E=+1 };{th:z—'l +Nq;:+1 )

0 _,,4’:‘#’“ \\\\\\\\\

1 ohty e k| Good tags

0 ‘“‘\\hr W ﬁ +?|>

0 | 05| '
05| | | + = 8 -6 fl4 I2 0 2 4 6 8
5 0 5 At(ps)
At (ps)
Sin28 (BaBar 2002, 81 fot)= Sin2B (Belle 2003,140 fb?) =
0.741+0.067+0.033 0.733+£0.057+0.028
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New Physics?

Values of sin(2f3) are expected tobethe  Penguin diagramin ¢ K
same independently from the decay b “ s

¢

g OPALOS ] 5
L 32! ,+05 : ' B u, C, 2
O ALEPH 00 1 . H 1
= 084 %4018 ' : C ' g
E CDF00 . ; . 8
= 0.79 _gas v i ) K
o BABAR 02 ] .
£  0.741+0.067+0.034 ! ' -t
S Belle 02 : i — J — J
¢ 0719+0.074+0.035 : v u, u,
Average (charmonium) 0 I
0.734 +0.055 : H —
BABAR 02 i L : b b
R¥ -0.1810.51£0.07 f . — ! - SS
) c o Fi <
—0.73+0.64+022 | - o :
BABAR 03 : : .
Y ooerosizocs 1 | New physics from heavy
= Belle 03 005 . .' 1
0.71+0.37 " o : i . .
L Beleos " .- particlesin the loop
< 0.49+0.43" 7 to - : i : P
Average (s penguin) g g d
rie * : lagram
Average (All
0.701 ig0.0(53 ) i i &
P S S HNE S IR IR S Lo bk oy
-3 -2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2

sin(2p)

Inthe SM: sin(2P)# (B — @K =sin(2B) (B - Jy Ky)
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New Game in town: B, mesons \

B < ELEY LA

B, mixing

(CP violation in B, - J/Y@ is new physics

* Not made at B factories (BaBar and Belle)
— After LEP, we need Tevatron or BTeV, LHC

o Several important B, measurements: fully reconstructed hadron
decays possible at the Tevatron. For BO-BO_ mixing expect:
50 sensitivity for Am=18ps* with 1.7fb-! data

5o sensitivity for Amg=24ps! with 3.2fb-! data

Lina Galtieri Simposio in onore di Romano Bizzarri, Roma 10 Febbraio 2004
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Bs Yields: CDF Bg—Dsrt™ 7

REELEY La@

First observation of B - D_m

CDF Run Il Preliminary, L = 119 pb :

ol 5 CDF Run Il Monte Carlo
O 50:—N(Bs)=84i1‘I No 80: W e°5D.x
% . S 700 M B -D.K
= - Q - W B, >D.p
40+ = 60 [ B ->D,x
- E B » DI
A 30 1C—> 50 % oi‘Ler oY
¢ U S 40
O 20f £ 30|
s | - E 20,
w 10p 2 10f
j:::::::::::::ii__________,____‘_ .... S o - -
o= 50 55

. RN
50 55

. . ' 2
D.n* Mass [GeV/c 2] Candidate Mass [GeV/c ]

Bs— Dgnwith Ds - @t and ¢ KK

BR(Bg » DgTt) = (4.84 1.2+ 1.8+ 0.8+ 0.6) "10°F
A A A A
New measurement ! (Sat) (BR) (sys) (idfg)

Previous limit set by OPAL: BR (BsaDsp* ) < 13% BR result uses less data
than shown in plot.

Lina Gadtieri Simposio in onore di Romano Bizzarri, Roma 10 Febbraio 2004



-,

Btohhat CDF
* Mixtureof many channels, use TU'TU hypothesis
B; — Kt fo [ o A iy
[y +
B, — T ol *++ |
B; — KK 4%
Ht
Use dE/dx to separate channelson a Fb
statistical basis. L arge statistics M c "
exnected T SR
Mode Yield 2 fb~" | Yield 3.5 b~
B; — KT 6700 11,725
B, — 1rn 1770 3097
B; — KK 4040 7070 | Measuresy ?
B; - Kn 1070 1870

Lina Gadtieri Simposio in onore di Romano Bizzarri, Roma 10 Febbraio 2004
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Observation of Bg -» KK _,'

65 pb-1of data mode Yield (65 pb?)

First observation of B,Kkk  |B'-Km |l48sl7(stat )x17(sysi)

B tut 39+14(stat.)£17(syst)
Includes error on fg/fd

B.oKK | 90t17(¢tat.) +17(syst)

B.- KTt 3+11(stat.) £17(syst)

BR(B, —» K*K¥)
BR(B; — K*r¥)

=2.71 = 1.15

Most of the systematic error comes from DE/dXx
(work by the Rome group)
Will improve as statistics improves

Lina Gadtieri Simposio in onore di Romano Bizzarri, Roma 10 Febbraio 2004
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B Physics Summary T
=y

» CPviolation in the B system is center ed around
measurements of the unitary triangle parameters
(B factories, soon the Tevatron)

» Measurement of sin 23 is now a precision measurement
» First hint of new physicsin B - @K, (loop diagram)
» Many modelsfor possible new physics have been developed

» Measurements of the a and y angle are being pursued

» B¢ physicsat the Tevatron can help under stand the situation

» Longterm: BTEV, LHCB

Lina Gadtieri Simposio in onore di Romano Bizzarri, Roma 10 Febbraio 2004
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reerroerec|

Top Physics at the Tevatron

Evidence for top in 1994 (CDF)
Observation by CDF and DO in 1995

t t Production at the TeV:

P g’ N i
_ 4/ 4 r
P

Top quark is heavy: decays very fast!
I'(t— Wb) =15 GeV, t=4x10%sec

Nocp = 100 Mev, N1=10% sec

No hadronization:

No top mesons or baryons

+ -
tt W bW Db

{i Event | Run 162820 Event 7050764 Sun May 11 16:53:57 2003
SVXDisplay — FE U ok Peliminary /A0 3
CDF —
Displaced vertices
from b decays ae gOOd / u TCL34.8 GeV _
signature for top events \ —
o . R R N A TS

Lina Gadtieri Simposio in onore di Romano Bizzarri, Roma 10 Febbraio 2004
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The Top quark ey

Tevatron only source of top quarks for several years

0=53+12pb a 1.80TeV (100 pb™ of data)
6.5+1.5 pb at1.96TeV (200 pb'1 of data so far)
expect 3-6 fot by summer of 2008
Top decay: t — W+b ~ 100%

€ Deviations from this;
NEW PHY SICS

W + JETS

First measurements of:

pair production cross section
decay properties

mass

single top production limit (V)

2l + 2jets

20
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Top Cross section Run | and || (CDF+DO0) r\l\\

— TS .

i ~ -1 .
Run 1 cross section results ~100 pb Run |1 preliminary ~200 pb-1

P ] R
(IHD_‘?’@%%E%@ —— 5.9+1.7 pb ol S B0 Biytns 0.107
CDF combine 117 3 ; Heptons 200 p
(m = 175 Gech ‘i S § F § --------------
DO Liets S L& I4+jets/CSIP 45 pbr™
(topologlcal) R 4.112.1pb E‘E — :k i L LjersiSVE 4 pb
CDF Litiets " [ \\ L0 Lijersitops 92 pis
—— 51£1.5 Pb g — §MH L1 L+jets/soft uon 92 ,ub'!
CDF L‘l‘jEtS F 07443 Pb Re T E§_~ L& L+jets combined 32 ,ub_f
o g B %\ COF Ltfets/SVX 108 b *
D@ L+jets B 8.343.6 5b - CDF Ltjers/HT 195 b
(Soft Lepton Tag) 2] 2L 3 . . -4
15 = : COF L+ietsSVERine 108 pb
CDF Hadronic 0 767 pb g -
& o b L1 Combined Y- 107 pir™
. S | ¥ ahike gy
D# Hadronic i 7.143.2 pb N
S " 6 5 10 15
: 2 :
CDF Dilepton BN ,.| . 8.4&5 pb T (pb)
1357 9H0BI5 Channels use different luminosity

0,; (pb)

Within statistics all channels agree with expected cross section

Lina Gadtieri Simposio in onore di Romano Bizzarri, Roma 10 Febbraio 2004
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Top Cross section /\|\

R < ELEY LA

Run | and preliminary Run Il cross sections agree with QCD
expectation

CDF and DO Run Il Preliminary

R | [ Kidonakis NNLO-NNNLL+ (hep-ph/0303186)
© | Cacciciin' et al. (Ehep—ph/(]éﬁ’ﬂ.?{]&‘}' ) |

T S BN S S T

e

e

............................

“‘ ““‘\‘ ‘:\
mi‘:“‘ s
-

e
""“‘F‘““‘ :

““‘g‘t““w“‘““““e%%—
< --%Ms&&“\\
I i . v C})FRun H (i) Yy DD Iéun 11
0 —ﬁ--(%,ZBF-R&n-iJ -------- +--C%DF—-Run-l;}-(J+jers)ir--¢--9@-1%un-l -----
| 1750 | 1800 | 1850 | 1900 | 1950 | 2000 |

Vs (GeV)

1
Larger statistics and more channel measurements already available

Lina Galtieri Simposio in onore di Romano Bizzarri, Roma 10 Febbraio 2004
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Single Top Production ey

4 0 —»—/ LEN -~ l
T Ry Sl
/i ih | // \\ﬂ

b ~— 4 L

Electroweak top production: can measure Vip
Different sens tivity to new phyS| CS. CDF Run Il Preliminary

t channel: anomalous couplings, FCNC & = o e A
o =1.98+ 0.24 pb T graetr 4
s channel: new charged gauge bosons 13 “sm 3
0=0.88+0.11pb |
Analise separately the two channels. Use £ 3
total energy in event, H. 2 N 3

Find 28 events and 25 resp. , compatible
with background.

GeV

HT(GeV)
o(combined)<13.7pb @95% C.L.

Lina Gadtieri Simposio in onore di Romano Bizzarri, Roma 10 Febbraio 2004
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+ erceet]
Top Mass Run | (CDF+D0)

Several recongtruction methods have been used to measure the top mass.
M. =174.3+ 5.1 GeV/c?

top
e 1733 + 7.8 Gev/c* D@ Lepton+ijets
- Lepton - 4Jets _ J_ 172.1 £ 7.1 GevV/c? DY Combined
> Di i f
DI | ept0n3+ ZJ ets — - 167.4 + 11.4 GeV/c*CDF Dilepton
> 6]ets ; ,
—— 175.9 £ 7.1 Gev/¢® CDF Lepton+jets
; — |186.0 £ 11.5 Gev/c"CDF All—Hadronic

2 Major systematic error:
jet energy measurement

e 176.0 £ 6.5 Gev/c* COF Combined

+ 1743 + 5.1 Gev/c” Tev. Combined

ndl New DO value

III|IIII|II:II|IIII|IIII

150 1860 170 180 190 200
Mep (GeV/c?)

New preliminary DO measurement:
M, = 180.1 + 3.6 (stat) + 4.0 (syst) GeV/c* = 180.1 + 5.3 GeV/c?

itwas  173.3+ 7.5 GeV/c?

Lina Galtieri Simposio in onore di Romano Bizzarri, Roma 10 Febbraio 2004

24



-,

Run |1 Top mass measurement: lepton+jets -'

Kinematic fitting of event to > Find 22 candidate events
tt =W bW-b (12 combinations) Expect 5.9+-2.1 background

W = e+v > Likelihood comparison of fit
1 high PT lepton, high MET, 1 b-tag events with templates from MC

Jets (1-3) E;>15 GeV, Jet (4) E;>8 GeV, All eventsuse sametemplates

M = 177.5+%7 (stat) £ 7.1(syst) GeV
CDF Run Il preliminary 108 pb'1

CDF Run Il Preliminary

50.07 CDF Run Il Preliminary (~108 pb'
3 |:| Mistags + non-W M, =1775+127/-94 (s‘t{a(t.) += ;).1 esyst)
0,06 = )

- W + heavy flavor
- Single top, s channel
- Single top, t channsl

45

; D Data (22 evts)

; % Signal + Bkgd

8

7

6E 2

55_@ Bkad only o]

45— _/% oi:muonns 0190 200 210 22¢
3F ,//

2

1

%

Fraction
o
=]
1]
|
-A Ln(L

0.04]

Events/(15 GeVic?)

15 0 170 18
Top Mass (Ge\ﬂcz)

i

100 150 200 250

Reconstructed mass (GeV/c 2)

Background mass template

0 100 120 140 160 180 200 220 240 260 280
Reconstructed Top Mass, Tagged Events (GeV/c 2)
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Test for new physicsin tt production

-,

Model independent search for a narrow resonance X —tt

C DF Prellrruna ry
= 20 r—r——————— : e —
& = Z" — tt Simulation
3 18 | & 2 rod )
T L M. = 500 GeVic
ury SXar '=0.012 M.
= - -
E 16 E -1
-— (&%)
E 250 |+
= 4 -1
12 e 7y —
Reconstrocted M (GeWVic™)
0 = -
- ® (CDF Data (63 events)
8 3 -
tt and W+ jets Simulations (63 events)
0 e n
. | Wijets Simulation (31.1 events)
4 -

300 = 7‘ i ) g 600 ?DO 800 IUDD
Reconstructed l\vlﬂ (Gt\- it )

DS Preliminary

e Dau

B Signal + expected Backgrounds
m SM o+ Wietshuulijers
Wjets/multijets (0.78:0.22)

JEqrsarproraprrary
3530 400 450 500 550 w0 ElSCI T"EEI T"SCI SCICI

Exclude a narrow, leptophobic X boson with

my < 560 GeV/c2 (CDF) and my < 585 GeV/c2 (DO)

Lina Galtieri Simposio in onore di Romano Bizzarri, Roma 10 Febbraio 2004

BERKELEY LaB

ALY
%

26



-,

Top Quark Mass in the Standard M odel -"

* The Standard Model predicts the Higgs mass once the W and Top
mass are measured with high precision.

* In Run Il we need to improve the systematic error on the mass,
working on this aggressively: jets, methodology, etc.
. Expect dM,,=2-3GeV  dM,, =20-30 MeV

M(top) = 174.3+ 5.1 GeV CDF+DO0 comb.

CDF Top mass measurement
Ob1T—— 1T 17— _ \
1 —LEP1, SLD, VYN Data - or /
] 20— -
- - 3
8051 68%CL Run I : %"5_ \ /
- ] S s — |
% \ 3 \./
(24 804 g N (iﬁj L;G 175 2:;0
= S0 M,,, (GeVich)
= b=
4
80.3 @
| m, [Ge _
802 .1.1 IIIIIIIII Plrelllmllnalry -
130 150 170 190 210 0L : : —

lhﬂ 150 200 250 300 350

2
m, [GeV] Reconstructed Mass (GeVic")
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Standard Higgs Search ceceen? .

'

Direct search: average of all LEP experiments:

t.ﬂ]. EIIIIIIIII||||||||||||||||||||||||=
o~ - A S
L2 LEP  4=200-200 Gev Loose O .
T A0 LEP
@ + Data 10 =
C.'J 20 B |:| Background B
e [ [ Signal (115 Gevic)) 2
) 10 = =
wn E
‘E 15 H all > 109 Gevic 3 Y | .
g | Data 119 17 10 '3__ —— Observed i _
= [|Backgd | 1165 158 E Expected for 1 3
10 HSignal 10 7.1 B background
L ar
10 = =
5 s i [114a4
10 = . 1153 —=
0 — =i e .6: L
0 20 40 60 80 100 120 10 Coa b b b b Lo [ I A,
100 102 104 106 108 110 112 114 116 118 120

m,,rec (GeV/e?
e { ) mH(GeV/cz)

M(Higgs) > 114.4 GeV at 95% CL

Lina Gadtieri Simposio in onore di Romano Bizzarri, Roma 10 Febbraio 2004
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Summer 2003 LEP-SLD EWK WG Fit

-,

rererrrnomr

Fit includes ALEPH new My, 6

measurement. |

Does not include NuTeV results 4_' A

Mfit = 91 Gev & |

My < 202 GeV at 95% CL 74 g

x2/dof =16.8/14 probability 26.5% | X _
0 EXCI.Ud?d. . Preliminary

20 100
Results consistent with direct my [GeV]

Higgs mass limit

Lina Galtieri Simposio in onore di Romano Bizzarri, Roma 10 Febbraio 2004
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Consistency of data /\l\

-,
A

R < ELEY LA

The Chanowitz argument (PRL 87,2001)

Summer 2003

Measurement Fit

0 1

|Omeas_ofit|/0meas
2 3

A(SLD)
Sm:l);f’(\().s)
my, [GeV]
I, [GeV]
m, [GeV]

sin®6,,(VN)

V

91.1875+£0.0021 91.1875
2.4952 +0.0023  2.4960
41.540 £ 0.037 41.478
20.767 £ 0.025 20.742

0.01714 + 0.00095 0.01636
0.1465 + 0.0032 0.1477

0.21638 + 0.00066 0.21579
0.1720 £ 0.0030  0.1723
0.0997 +0.0016  0.1036
0.0706 +0.0035  0.0740

0.925 £ 0.020 0.935
0.670 £ 0.026 0.668
0.1513 + 0.0021 0.1477
0.2324 +0.0012 0.2314
80.426 + 0.034 80.385
2.139 + 0.069 2.093
174.3 £ 5.1 174.3
0.2277 £ 0.0016 0.2229
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Discrepancy between LR asymmetry
from SLD and the LEP FB asymmetry
for the bottom channel: different M,

T T T T T T T T T
0.2325 + 4
hadr. asymm
0.232 - m=169.2.G8V " : :
p /////’
He 1743 GeV
2% . P
& 7
% . ///// : 179.4 GeV
4 ;;’f«lorld,av.
0.2315 =
/
/
lept. asymm
0.231 H .
1 1 1 1 1 1 1 1 1

50 100 150 200 250 300 350 400 450 500
My [GeV]

Taken from P. Gambino L P03 (8/2003)
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Consistency of EWK data: new physics? =« »
without Apg(b) , the My fit isvery good,
Mp=42 GeV, Mpy<120 GeV at 95%CL

but somewhat in conflict with direct lower bound Mpy>114.4 GeV

8 |sit adtatistical fluctuation, or a systematic effect not included?
@ Doesthisindicate new physics?

H true, not diffieult to- find NP that mimies a light 70iggs.
Won-trivially, SUSY can do that with light sleptons, tanB>4
d!g !!o, @2 !o J/’ ézo !o éz ﬁo ,@dﬂ_w
JHEP 2001
Statistically weak : is 5% probability for MIC >114 GO small enough ?
Oery sensitive to- Ny
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Top mass precision is crucial ceece] B

A shift of thetop massby 1 s(to 179.4 GeV) to higher masses
and the above inconsistency would be alleviated.

Similarly a5 GeV shift would shift the 202 GeV upper [imit
for the global fit to 280 GeV.
A factor 2 improvement in §M,would lower the upper bound

on M, by ~35 GeV

= o
8 g
.F"l
M=179.4 GeV
\\174.3 GeV . 2 -
169.2 GBV._ 1
||||||||| I
0 3 [:
[GeV]
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Top Quark : what we have learned?

* Production cross sections: agrees with Standard M odel
* Top decays. no deviation from the Standard Model

* Very large mass: Y ukawa coupling at its maximum (=1)
Miop = 1- 0N 2 = Higgs vacuum expectation value

* Why the top quark couples so strongly to the Higgs?

* Thetop quark may be awindow to the origin of fermion
Masses.

* EXpect at least 50 times more eventsthan in Run |.
Need a factor two smaller error on thetop mass. Stay
tuned!
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