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Parity Violation in weak interaction
C.S. Wu et al. (1957)

Spin of Co all aligned Co® — Ni*"e v, n—>pev, N
p decay of Co™ . ASMMETRY (a1 PUSE,)
Recording the direction of the e- emitted ] EXGHANGE
g G .10 GASl IN
z|5 X
. . © 1,00 ®
. Polarisation of Co 2|e "
Polarisation of Co E|Z
P 5|= 090 =
ﬂ 83
(&)
T vV 0.80 —
l e- ST T T
e- TIME IN MINUTES

Emissi ; ; tially in the directi Observation of an asymetry forward/backward wrt
MISsion of e- preterentially In the direction direction of Co spin. if P conserved - no

opposite to the Co spin ! asymmetry

In fact the « strange » particles have been also fundamental for pointing out for the first time the fact
that the parity is not conserved in the weak interaction...

Tt (=0, P=+1) Experimentally
0 — 7t 10 (=0, P=-1) The mass and the lifetime of la ©
and 0 are identical.

The parity of T and of 0 arq_giH@{g@tc_e
If 1=0=K




-Violation of the parity in the weak interaction (1956 experiment-Wu)
-The neutrino has helicity left (1958 experiment-Goldabher)
-The helicity of the antiparticule is opposite to those of particules

P and C are maximally violated in weak interaction.

|
|

v right v left v right

CP was thought to be conserved

</



Keep it in mind PCQL =P,, PCQR =P,, P,+P,=1 P,P,.=0 11—y, (O Oj
— — P = -
Ve, =Py v, =wh, - 2 01
Ver = BrlV Wer =WHy PCR.ZI_H/5 2(1 Oj
Pay' =v"FPg Ry’ =7"Fy ’ -

Take yy“y  electromagnetism Vector current »*
wr'v =y (P + Peg ) 7" (Pey + P )V =

&PCLyﬂPCLl// + %;PCRVNPCL‘// + l;PCLyﬂPCRl// + l/_/PCRyﬂPCRl// =
Ve Ve, + Vel "Ver

VI =V Ve t Vel Ve Select Yo, Ve

Take yy* (1-75)y  weak current Vector-Axial  y*(1-y;)

w7 (1=75)w =y (Poy + P ) 7" (1= 75) (Poy + P )W =

2&(PCL + PCR)Vﬂ (PCQL "‘PCLPCR)W =

2Py Py + 29 Py Py = The structure V-A gives v left only
27" Pog Pyt + 20 7o,

wy" (1-75)w =2 r"ve  select only y, !



Behavior of Neutral Particles under Charge Conjugation

M. GELL-MANN,* Depariment of Physics, Columbia University, New York, New York
AND

A. Pars, I'nstitute for Advanced Study, Princeton, New Jersey
(Received November 1, 1954)

Some properties are discussed of the K° a heavy boson that is known to decay by the processK'—=rt4-7".
According to certain schemes proposed for the interpretation of hyperons and K particles, the K°possesses an
antiparticle K’ distinct from itself. Some theoretical implications of this situation are discussed with spema]
reference to charge conjugation invariance. The application of such invariance in familiar instances is
surveyed in Sec. L. It is then shown in Sec. IT that, within the framework of the tentative schemes under
consideration, the K°must be considered as a ‘“‘particle mixture” exhibiting two distinct lifetimes, that each
lifetime is associated with a different set of decay modes, and that no more than half of alK’’s undergo the
familiar decay into two pions. Some experimental consequences of this picture are mentioned.

Known:
1. K® can decay to n*n-
Hypothesized:
In terms of quarks: us vs. us
Claims:
1. KO (KO) is a “particle mixture” with two distinct lifetimes
2. Each lifetime has its own set of decay modes

3. No more than 50% of K° (K°) will decay to n*n-



Observation of Long-Lived Neutral V
Particles™

K. Laxpg, E. T. Boors, J. ImpepucLis, AND L. M. LEDERMAN,
Columbia University, New York, New YVork
AND

There is a HUGE difference
between K°—nr and K° - nnn
in phasespace (~600x!).

W. Cuixowsky, Brookhaven Nalional Laboratory,
Upton, New YVork

(Received July 30, 1956)

Phys Rev 103,1901 (1956)

At the present stage of the investigation one may
only conclude that Table I, Fig. 2, and Q™ plots are
consistent with a K'-type particle undergoing three- ) )
body decay. In this case the mode wer 1s probably The huge difference is because
prominent,’ the mode mur and perhaps other combina- Myg — 3m_ =75 MeV/C2
tions may exist but are more difficult to establish, &
and wta 7" is relatively rare. Although the Gell-Mann-
Pais predictions (I) and (II) have been confirmed, long
lifetime and “anomalous” decay mode are not sufficient
to identifly the observed particle with K°, In particular,




CP|K°) =7 E°> e s repre

K')=n|K")

CP

— KO and K° are not CP eigenstates, but

(mOn® , m* )
P=(-1) =
si I=L=0
P=(-1)3(-1)=-1 -

C=(-1)"s =(-1)”"

C=+1

Prod
K°) S=+1

If CP is conserved

—0
K > S=-1

K§> — 27

P(nm)=+1

CP Violation in the Kaon sector - 1964

CP=+1

)= 3 (1) [&)
)= 5 (%))

CP=-1

Decay T

|Ks)  CP=+1 ~10™"

|K,) CP=-1 ~5.107°

KI? > — 37 Long lifetime because of the reduced space phase



If K, »2n there is CP violation.

Level of CP violation is :

A(|K?) > 27)

= : . — . _3
.| = A([K) > 27) (2.27 +0.02)10
Water
Cerenkov
PLAN VIEW

i foot

F ,? Cof!tmuforzzz
. - - _-‘v.0;0;0;0;0;0;.;»;0;0:6;6: '.'.;u;*;-':;" P
Lm o

57 Ft. to +=—

internal target Helium Bag

water
' ' Cerankov

cos =1 cos <1

484 <m* < 494 410
ﬂ“ﬂnf’“ﬂm T signal
30

120

494 < m*< 504 | 0

NUMBER OF EVENTS

504<m*< 5|4 110

ALy el U],

0,9996 0.9997 0.9998 0.9999 1.0000

cos B

2-body decay : the two &

are back-to-back: |cos0|=1
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CP-Violation in the Renormalizable Theory
of Weak Interaction

Makoto KOBAYASHI and Toshihide MASKAWA

Department of Physics, Kyoto University, Kyoto

(Received September 1, 1972)

In a framework of the rencrmalizable theory of weak interaction, problems of CP-viclation
are studied. It is concluded that no realistic models of CP-violation exist in the guartet
scheme without introducing any other new fields. Some possible models of CPovialation are
also discussed.

Naxt we cormider n Splel model, another anleceating model of CFviolalion
5u:-:|.qﬁl that G-plit with -\:lurgn (00001, 01, 31} is decomposed lnte
Sl et 2y multipleds g3 2+28+ 2 gnd 151+1+1+1+1 for beft nnd right com-
poneends, respectively,  Just as the ease of (A0, we have a sisnilar expression
for the charged weak surresd witha 523 instead of 222 ymilaey madrix in Eq,

ThrEE 'I:am.ll.leﬂ Df qua rks (B}, AS wad pointed oul, in thd fade we canssl abaosh all phmses of mabris

elements inte the phase converiion and can deke, for example, the following

was mentionned at the end of expression.

ene =it @y 2o sim ) sis 0,
the paper among few [
— sind sindy  co= 6 oin & cos $4 con @ gin e co= 0 ain G ein 8 — oo 0; s ™ |
other possibilites a3

sindy, cosly ooy cosdy cos B —sindysinde™ cos ) cor 4y sin &y + sin & cos fe' |
Thep, we have CPviolating effects through the mterference among these different
eprrent compsnents,  An inberesting featgre of thie moded ta that the l!:'f"-l\.'iulllting
effeors of lewest arder appear only in A5 non-leptonie processes and in the
semi-lepionie decay of neudrnl strange mesons [we ore not concerned with higher

stabem with the mew guantum nomber) and sof in e other semi-legEomic, A= i
nodelipnie and pure-leptonic proceses,



d
—Lw = %(—L L) 7" V(CKM) (Si) W, + h.c.

is a 2 x 2 unitary matrix. As such, it generally contains 4 parameters, of which
one can be chosen as a real angle, 0., and 3 are phases:

cos Oc e sinf¢ e'?
—sinfc €7 cosfp el—ath+y)

V(CKM) = (

By transformation V’(CKM) = P, V(CKM) P*d
We eliminate the 3

With ot 1 phases from the
Py = v ] Py = Ji(—a+8) mixing matrix !
Namely we redifine the mass eigenstates vy g — Py,uj g and di. r — Pydp R,

cosfB simbc
—sinflc  cosf¢

differences(*) between the elements of P, and those o
P4, and three phases in V(CKM). Consequently, there
are no physically meaningful phases in (CKM).

(*) e [ 3 b e _ 3 o) b o A1)
0 e )lec d/No e

i) d e—f‘(@;—;@)

. C €
BUT: (9, ~2,)=(9, ~ 1)+~ 2,) = (g~ 1)

Notice that there are three independent phase (

I choose ¢ —y,
} I choose ¢, — 7,

I choose ¢, -y,



[
— 9 (o & T ' +
—Ew—ﬁ( L e )7 v(ckm) st | W, +he

\ b
is a 3 x 3 unitary matrix. As such, it generally contains 9 parameters, of which three

can be chosen as real angles, 0,,, 6,5 6,; and six are phases. We may again reduce
the number of phases in the mixing matrix V by redefining the phases of the quark

mass eigenstates: ’ -
g V’(CKM) = P, V(CKM) P*,

The crucial point is that there are only FIVE independent phase differences
between the elements of Pu and those of Pd, while there are 6 phases in V(CKM)
Consequently, the mixing matrix V(CKM) contains one physically meaningful phase

There are 2n—1 reducible phase



IGenerally for a rotation matrix in complex plane

Quark families # Angles # Phases # Irreducible Phases
n n(n-1)/2 nin+1)/2 nin+1)/2-(2n-1)=(n-1)(n-2)/2
2 1 3 0
: @,
4 b 10 3

If 3 families the CKM matrix is complex

What are the consequences of a complex coupling ?

d- v, /N
} cp |
)
uovd
T |
)

CP (T) violation < er‘ # V;

i.e. Complex elements




Example of CP violation in decay

0 id alters sign under CP
A=Ya-e%" 4 5
j

CP-conjugated ( A =AB —f) (weak phase)

amplitudes : A =AB 1) '&F _ Zaj o <9 CP invariant
j

i (strong phase)

CP violation if |A]? = |A|?

2 B Ar 2
2 n Ar 2

> aa;-sin(6 -6, )-sin(4 - ¢,)
Acp = ”

- > aa;-cos(q —6,)-cos(4 —¢,)

rB—f)-T(B—f)
I'B-o>f)+I'(B—>f)

Ace

I >

Direct CP violation requires at least two amplitudes

with different weak and strong phases



Next we consider a 6-plet model, another interesting model of CP-violation.
Suppose that 6-plet with charges (Q, O, Q,0—1,0—1,0—1) is decomposed into
SUgeax (2) multiplets as 24242 and 1+1+1+1-+1+1 for left and right com-
ponents, respectively. Just as the case of (A,C), we have a similar expression
for the charged weak current with a 3x 3 instead of 2x 2 unitary matrix in Eq.
(5). As was pointed out, in this case we cannot absorb all phases of matrix
elements into the phase convention and can take, for example, the following
expression:

cos @, —sin 6, cos s —sin 6, sin 6,

sinf; cos By cos f; cos @ cos f; —sin B, sin fhe™ cos B, cos B sin G+ sin 0; cos ™ |.

sinf,sinf: cos 6 sin 0 cos B+ cos B:sin fe™  cos 6, sin O: sin B — cos 0 sin Oee®®

13)

Then, we have CP-violating effects through the interference among these different
current components. An interesting feature of this model is that the CP-violating
effects of lowest order appear only in 450 non-leptonic processes and in the
semi-leptonic decay of neutral strange mesons (we are not concerned with higher
states with the new quantum number) and not in the other semi-leptonic, 45=0
non-leptonic and pure-leptonic processes.

Product of three rotation matrix (3 angles + 1 phase with 3families) B (v,

V=R, (9.

i f'l! S,'IEEIJ G "

Rlz(‘gu-"ju}: _Slzé_m Cia 0
0 0 1 _.

kl #ij = mn
only 1 phase
V(std.) =R ;(%,,.0)xR (4
(

3'.'

012613

—S5.,C

12723 12723713

i6
S12893 T C55,3513€

st('gzs-‘?zs}:: 0 Ca3

There are 36 possibilities

~8)xR,(9,.0)

id
—C,,5,.5,,€

CP Violation = 3 families
Cabibbo Matrix = CKM Matrix

V.V, \(d

ud ~ us

u c t) V., V.V, |ls
( )| Vg Voo V,

(1 0 0 ) (e, 0
Ri(&3.65)=| 0 1

—id

?13 EL}

10 _-923'3_” Ca3

[ (3%2) X 3520 X 2 5os1 |

perm.

Standard Parametrization

S C Ky —o \

12713 €

13

id .
012633 - 312S23S13€ 523613

i6
8230 T 512623513 Cp3Cy3 )

'{\5;?' ) X ka (Lgk > (Skf ) X an (Lgﬁrm 2 5;;:?:) \Va Vis Vo )\ D

[TE

8138
0

Cy3
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Observation of a Dimuon Resonance at 9.5 GeV in 400-GeV Proton-Nucleus Collisions
S. W. Herb, D. C. Hom, L. M. Lederman, J. C. Sens,® H. D. Snyder, and J. K. Yoh
Columbia Universily, New York, New York 10027
and

J. A, Appel, B. C. Brown, C. N. Brown, W. R. Innes, K. Ueno, and T. Yamanouchi
Fermi National Accelevator Labovratory, Batavia, lllinois 60510

and

A. S. Ito, H. Jostlein, D. M. Kaplan, and R. D, Kephart
State University of New York at Stony Brook, Stony Brook, New Yovk 11974
(Received 1 July 1977)

Accepted without review at the request of Edwin L. Goldwasser under policy announced 26 April 1976

Dimuon production is studied in 400-GeV proton-nucleus collisions, A strong enhance-
ment is observed at 9.5 GeV mass in a sample of 9000 dimuon events with a mass m+,-
>5 GeV.,

Excess larger than the experimental resolution =
presence of more than one resonance

25 L T T T UL L B R R B L L L
2,0 ° Today..... more comments later :
g 20F : .
= i on B-factories ]
= ' 4 ]
.E Br ot ]
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S K
¢ w(u
T _ uK
S s

m~1.02 GeV 1'~0.004 GeV

The qqg resonances and the R ratio
u

m~0.77 GeV T1'~0.15 GeV

cl @ alc

Z

C hadrons
u Forbldden because
u J/\V <2 m D0
E
e/ ut ['~70 keV hadrons
I'(ee)~S keV
J
/v _>WVV< C(uw)~5 keV
C e /W
Iz b g Bo
Y (1S) b>Nww< T (4S) W( d _,
b & B 5




_ c(e’e” — hadrons)
* The Rratio: R = —
o(e'e > u'u)

CEi q;°

|

2V (1Y (1) (2) (1) u
=|=| +|=| +|=| t|=| +|=| =—= x3colours
3 3 3 3 3
u d S Cc b
(sensitive to the number of colours)
L I I T T || I I I 1T T || I T T | _|
s Sy T V4 ]

10 w(25)

All articles about the
J/hy discovery start
mentioning that an
increase of the cross

_~ section around 3.2
GeV was already
observed
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V4
o and R in eTe~ Collisions O r e S
[ B BN ]

107? o |i¢ J/\V W(ZS) ‘ 25 L B | L B AL L R R B L
Tl p/\ ‘ Tooa 1y ' CESR |
P o 5 g 20F : OCLEO A
S .r S i — [ b 1
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il LS NS Y@ o Y4S 3T sl
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il © Mass (GeVic)
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te E The Y(4S) is just
'{'I' | | | i heavy enough to
10 L] I N I | 1 L1111 | I I |

1 10 10° decay to BOBO and
Vs (GeV) +D- .
Figure 39.6, Figure 39.7:  World data on the total cross section of ete™ — hadrons and the ratio R = a(eTe™ — hadrons)/a(ete™ — ptp—, B B m eson pal rS!

QED simple pole). The curves are an educative guide. The solid curves are the 3-loop pQCD predictions for o(ete™ — hadrons) and the - .

R ratio, respectively [see our Review on Quantum chromodynamics, Eq. (9.12)] or, for more details, K.G. Chetyrkin et al., Nucl. Phys. (NO addltlonal pa rthleS!)
B586. 56 (2000), Eqgs. (1)-(3)). Breit-Wigner parameterizations of .J/i, ¢/(25), and T(nS),n = 1.4 are also shown. Note: The experimental

shapes of these resonances are dominated by the machine energy spread and are not shown. The dashed curves are the naive quark parton

model predictions for o and R. The full list of references, as well as the details of R ratio extraction from the original data, can be

found in O.V. Zenin et al., hep-ph/0110176 (to be published in J. Phys. G). Corresponding computer-readable data files are available

at http://wwwppds.ihep.su/~zenin o/contents plots.html. (Courtesy of the COMPAS (Protvino) and HEPDATA (Durham) Groups,

November 2001.)




The t lepton discovery

* In 1975 at SLAC (e*e)

e'e” > r'r” > e'u" + missing energy

e'e 7't

> uv,v. and 7 —>ever,

24 e events among 35000.

» Complicated analysis !

Example of discriminating variables :
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3 FAMILIES

One of the fundamental results from LEP :

There are 3 generations of neutrino (left-handed, active) with mass < M(Z)/2.

o (nH)

3/
30|
25/
20
15

10]

LEP :
ALEPH,DELPHI,OPAL,L3

HADRONS

Ny=2
Ny=3 —
N, =4

" o TSIV T e " " " . r—
89 90 91 92 93 94 95 96

ENERGY (GeV)

20



The expected B meson lifetime I

1 PS(b—u)|
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/ 3 ;
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i m | :.5| PSLH—I—E}+|

L )
3108 2.8
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Surprise: the B meson lifetime

Messurement of the Lifetime of Bodtomn Hadrens
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The fact that B lifetime is t(B)~1,6 ps
makes most of what we will tell you possible...

Decay of the B hadrons

Secondary vertex
B decays




MAC paper

T,=(1.840.6+0.4)x 10" gee,

Mark-1I paper

In summary, we have measured the average
lifetimes of bottom hadrons and found 7, = (12,0733
£3.0)= 107" gee, This lifetime represents an
average over bottom-hadron species, weighted by

where the first error quoted is statistical and the produet of their respective production cross
the second is systematic. This is the first non- sections and semileptonic branching ratios. Our

zero result reported for 7,. .

meagurement of T, is consistent with the value
recently reported.'” The bottom-hadron lifetime

In terms of the mixing angles of Maiani,” the imposes significant constraints on the mixing-
standard-model prediction for r, is given by'? matrix parameters,' and consequently has rele-

vance to OF nonconservation and the top-quark

1 W m & mass,"? The bhottom-hadron lifetime has been
— ~1,08x 10 ETE;{F_ related to the KM matrix elements by Gaillard
B and Maiani™:
2. - -1
#[2,75 sin®y + 7.60 8in®3 ) sec 7, 7o =T ORI U 2 7T ).
With the assumption m, =5 GeV /¢, and in com- Here 7," =71 (n /m,)," where 7, iz the muen life-

bination with the measured upper lnmt of 0. -L'IEE-

for the noncharm branching fracti

time and m,/fm, 15 the ratio of the muon and b-
quark masses. From studies of the lepton spec-

| : i trum in b decay,'* it is known that | U, |* < 0,02
cles,'® our result for r, implies ||siny [=0.04 «| U, [*, se that the U, t-erm in the expreasion
+0,01. for the lifetime igpas me put v, =5

V. ~0.22 gmaller than that of the analogous matrix element
us M- whieh describes strange-particle decay, U/,
=0.22, the sine of the Cabibbo angle.
. ; ] TB)~1l.6ps ct~450um L™3mm

This fact is also very important and allow (B)~1.6p H .
to perform B physics, since the B mesons =g ¢; {31;‘3"

' A

5

can be identified (their lifetime measured)

arhier e the er-

GeV/e?, we find |, =n.u53rgﬂ,ﬂ,

ror is statistical oM Ueis appreciably

v

t{B)~0.05ps ct~15um L~100um  &®
]
o
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Fliz. 1. The efficiency-corrected momentum spectra
for (a) electrons and (b)) muons from B-meson decay,
The curves are Monte Carlo calculations of the lepton
specira based on model 1T (described in the ext). The
primary lepions are produced directly in semilepionic B
decays (b — clvl, and the secondary leplons are pro-
duced in semileptonic decavs of D mesons produced in &
decays. Also shown for comparison are the calculated
specira for semileptonic B decays by § — wiw.
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L. Wolfenstein, Phys. Rev. Lett. 51 (1983) 1945.

Parametrization of the Kobayashi-Maskawa Matrix

Lincoln Wolfenstein
Department of Physics, Carnegie-Mellon University, Pittsburgh, Pennsylvania 15213

Received 22 August 1983

The guark mixing matrix (Kobayashi-Maskawa matrix) is expanded in powers of a small parameter A equal
to sinB =0.22. The term of order A? is determined from the recently measured B lifetime. Two remaining
parameters, including the CP-non conservation effects, enter only the term of order A and are poorly
constrained. A significant reduction in the limit on £/& possible in an ongoing experiment would tightly

constrain the CP-non conservation parameter and could rule out the hypothesis that the only source of CP
non conservation is the Kobayashi-Maskawa mechanism.
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We observe that :
Approximate Parametrization

A\Y Vv ~0.2
Each element of the CKM matrix is _ us ., Ced

expanded as a power series in the Vg Vi ~4x102 Vi, Vg~ 4x103
small parameter 4=V [~0.22

1 % 2 23 u c t

v 3><d Y

same 1-2 2-3 1-3

familiy d > b
Wolfenstein parametrization Parameters A A, p and 1
[ 1-2212 p AV (p—in))
-y 1-1°/2 AX° +0(A%)
AV (-p—in)  —AX 1 )




Wolfenstein parametrization
4 parameters : A ,A, p, N

b
- N
U 1-A2/2 A AA(p=in) h—
Vubﬂvcb
>
C —A 1-A2/2 AMN?

d,
d Ejf____f: 5 The b-Physics plays a very

- important role in the determination

of those parameters .



To have a CKM matrix expressed with Wolfenstein parameters valid up to +8

2 —id 3 .
WE" dEme - lSllE — ;L- . 523 — 14)'.— '.-'S']_EE e — Ai (!(} - FJ}?)

{ \
1-A%/2-A%/8 A AL (p—in)
215 2
a+ A a2p)—i s 25n 1-22/2- 20+ A7
2 g 2
. . ’11/14
AL (A== 12(p+in) —AL A=A /2DA+ A (p+in) 1-- ;
In particular the corrections to V_ are at A’

7 8
toV_are at o

Vy=dA2 (-p=in) . pm)=01-21"/2)p(n)

Which we will see will allow a generalization of the unitarity triangle in p and 1 plane e



S S SR PSS
We o QW g=t,c,u . Aa=teu
IR Ay b
t—T: oc M2V V| t—T: oc mZ2A°
c—C: oc M VoV i c—-C: oc mA°

c-T,c—t: ocmmV,V,V,v,” c—T,C—-t: ocmmAa’
Dominated by top quark mass (GIM!):
BBY mixing: ARGUS. 1987  Phys.Lett.B192:245,1987

| First hint ot a
really large !

directly observed in 1995




Vo

,
1 2

Am, ~oooooz( oy /Cj X:A_m~000003[ m, ]
r e/c

T ~1.5ps

X gi\7e the number of oscillation in a lifetime

I[f m, would be order of 10 GeV/c?, B mesons would
decay long before they have the chance to oscillate. ..

BYBY mixing: ARGUS, 1987  Phys.Lett.B192:245,1987

| First hint of a
really large m, !

directly observed in 1995
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Discovery of the Top Quark: CDF & DO, 1994/5

FERMILAB-PUB-94/115-E
CDF/PUB/TOP/PUBLIC,/2595
June 13, 1994

Evidence for Top Quark Production in fip Collisions at /2 = 1.8 TeV

Abstract

We summarize a search'l| for the top quark with the Collider Detector at
Fermilab (CDF) in a sample of gp collisions at \/s= 1.8 TeV with an integrated
luminosity of 19.3 pb~'. We find 12 events consistent with either two W bosons,
or a W boson and at least one b jet. The probability that the measured yield is
consistent with the background is 0.26%. Though the statistics are too limited
to establish firmly the existence of the top quark, a natural interpretation of
the excess is that it is due to ¢ production. Under this assmmntion constrained
fits to individual events yield a top quark mass ¢ 174 + 1073 GeV /c*./ The ¢
production cross section is measured to be 13.97; pb. ‘

t-Quark Mass in pp Collisions

Tha r quark kas baen obsarved. Its mass is sufficiently high thae decay is axpactad
to occur before hadronization. GUR EVALUATION s an AVERAGE which incorpo-
rates correlations between systematic errors of the fre different measurements. The
average wis doew by a joint CDF /D@ working group and & reported in DEMOR-
TIER 99, an FNAL Tedhnical Memo. They repont 1743 £ 324 4 0 GaV, which ylelds
‘OUR EVALUATION" when statistical and systamatic ercrs we combined. When
the most recant CDF Ileuu —+ jv!“. result & combined with the ether CDF and D@
resalts. the combined result given a5 “OUR EVALUATION® is urchanged from the
DEMORTIER 94 result after rounding

Fee aarliar sazech limits sea the Roview of Particle Physics, Phys. Rov. D541 (1005)

VALUE |GeV) DOCWENT A0 TECH  COMMENT

174.34 5.1 OUR EVALUATION

1761+ 51+ 53 . LAFFOLDER 01 CDF  bpton + jers

16744103+ 43 23 ABE 99 CDF  dilepton

16844123+ 36 4 ABBOTY 980 D0 dilepton

1733+ 66+ 55 4 ABBOTT 98F DO kpton + jets

166 +10 + 57 25 agE 97R COF 6 or more jets

e o o We do not use the fallwing data for swerages, fits, lmits, etc. e s @

1761+ 6.6 O AFFOLDER 01 CDF  kpton + jers, dileprons
al-jors

17214 524 490 FABBOTT 90c Do di-lepron, leprend- s

1760+ 6.5 38 AgE 998 COF  dikpton, lepton+jets,

< aoxl all jets

17590+ 484 53 <9 ABg 08E CDF  kpron + jers

161 +17 +10 2 ARE 98F CDF  dilepton

1721+ 52+ 49 10 BHAT 988 RVUE dikepton and kepton-+jers

1738+ 5.0 11 gHAT 968 RVUE  dilepton, lepton-+jets,
aewd all jors

1755+ 66+ 62 4 ABACHI 9TE DO kpton + jets

190 110 12 ABACHI 05 DO kpton 4 jets

176 = 8 *10 ABE S6F CDF  lbepton + bjet

174 10 *13 ABE 04E CDF  kiptan + bjor

174 GeV |
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The fact that the top 1s so heavy implies that it cannot hadronize.

Top hadrons do not exist :

T(top) = m>(u)/m>(top) t(n) ~ 2 X102 sec

Lifetime 1s too short to form aggregate

b 1s the heaviest quark forming hadrons
¢ 1s the heaviest 2/3 quark forming hadron

33



The Quantum path

The indirect searches

look for “New Physics”
through virtual effects from new particles in loop
corrections

..Or the heavyness of the top quark...seen by B physics

Before the top discovery, the top mass was predicted to be larger than
150 GeV within an error of about 30 GeV.
Through the radiative corrections it was even better known at about 10 GeV error.,
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The quarks C D and t were discovered in an indirect
way by using rare decays, and more precisely FCNC, such as

K°= uu, K, = mn and B oscillations

~1970 charm quark from FCNC and GIM-mechanism K%= up
~1973 3™ generation from CP violation in kaon (g,) KM-mechanism

~1990 heavy top from B oscillations Amg
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