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Meson theory
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avgfyfstr,a mcle ‘ e

GIM mechanism

b String theory >
e QCD
Evidence of neutral current Supersymmetry
Discovery of J/psi Kobayashi-Maskawa
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Figure8. Layout of Fermilab Fixed Target beams. Properties of individual
beams are given in Table 2. ‘



Nakano/Nishijima/Gell-Mann D=
Strangeness & Iso Spin MDES{Z

Q=1L+ (B+S)2

Example:
1, B S
Proton 1/2 1 0
Neutron -1/2 1 0
A 0 1 -1
Tt 1 0 0
K -1/2 0 -1



e

Table 6A-1
Stable and Metastable Particles®
Mass Mean lifetime,
Family Particle Mev mg sec
Photon Y 0 0 %
Leptons v 0 0 °©
et 0.510976 + 0.000007 1 oo
p 105.655 + 0.010 ©206.77  (2.212 + 0.002) x 107¢
Mesons x0 135.00 + 0.05 264.20 (1.9 + 0.6) x 10716
T+ 139.59 + 0.05 273.18  (2.55 + 0.03) x 107°
K+  493.9 + 0.2 966.6 (1.224 1 0.013) x 107
o KP: (1.00 + 0.04) x 1071°
K 497.8 + 0.6 974.2 o +1.6 s
KS$ "Am.a N :vx 107
Baryons P 938.213 + 0.01 1836.12 %
n 936.507 + 0.01 1838.65 (1.013 + 0.029) x 10°
A° 1115.36 £ 0.14 2182.80 (2.51 + 0.09) x 10710
+ -
z* 1189.4 + 0.2 23217.7 Ac.ﬁ M m.“mv x 10710
z0 1191.5 + 0.5 . 2331.8 <0.1 x 1071
_ +0.10 10
p) 1196.0 + 0.3 2340.6 1.61 _ ' 0o )x 10
=0 1311 + 8 2566 ~1.5 x 10719

+0.4 -
- 13184 : 1.2 2580.2 AH.w um wvx 10710




Sakata Model & Quark Model DLt

e Sakata Model e Quark Model

e P N,and A e u,d,ans s
= (PN) P = (uud)
K=(PA) N = (udd)
Y= (PNA)  X'=(uus)
= = (PAA) = = (dss)

elc. | etc.



~ Quark OERT 1
~ QuarkoBaryon Number = 1/3

u-quarkdl; =1/2  strangeness = 0
d-quarkol; =-1/2  strangeness =0

s-quarkol; =0 strangeness = -1

u-quarko B# = 1/2 + (1/3 + 0)/2 =2/3
d-quarkdRH#H =-1/2+(1/3 +0)2=-1/3
s-quarko &% =0+ (1/3-1)2=-1/3




'Han-Nambu

ud
Q=1 0
Q=1 0
Q=0 -1

Quark Q&R I

S & Tk

Q= 2/3 -1/3 -1/3

Gell-mann/Zweig

u d S

Q= 2/3 -1/3 -1/3

Q= 2/3 -1/3 -1/3
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The beautiful success of the quark model in explaining

many features of hadron physics gives a somewhat

urgent touch to the question: why have .cuarks never

e

been seen? , ;

"It is unfortunate that until now no completely
satisfactory answer has been suggested. Some

possibilities are the following.
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FIG. 2. Electron-positron mass spectrum: do/dm
per nucleon versus the effective mass. A linear A de-
pendence is assumed. Note bin-width changes.



E288 Discovery of Upsilon

P + Be — Upsilon + X

_|+t++ b

. METERS

FIG. 1. Plan view of the apparatus. Each spectrometer arm includes eleven PWC’s P1-P11, seven scintillation
counter hodoscopes H1-H7, a drift chamber D1 and a gas-filled threshold Cerenkov counter &, Each arm is up/
down symmetric and vgoo accepts both positive and negative muons.
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Run II Parameters

RunIla

RUN 1b (1993-95) RunIla

(6x6) (36x36) (140x103)
Protons/bunch 2.3x10" 2.7x10" 27x10"
Antiprotons/bunch 5.5x10° 3.0x10° 4.0x10°
Total Antiprotons 3.3x10" 1.1x10° 4.2x10"
[Pbar Production Rate 6.0x10° 1.0x10" 2.1x10" b
Proton emittance 23 2r 201 mm-nwad
 Antiproton emittance 13n 151 151 mm-mrad
1B 35 35 35 cn
Energy 900 1000 1000 [GeV
Antiproton Bunches 6 3% 103
Bunch length () 0.60 037 037 m
{Crossing Angle 0 0 136 pirad
Typical Luminosity 0.16x10" 0.86x10” 21x10” —n%so._
Tntegrated Luminosity’ 32 173 y) [pb weck
Bunch Spacing ~3500 39 132 nsec
Interactions/crossing 25 23 19

"The typical luminosity at the beginning of a store has traditionally translated to integrated luminosity with a 33% duty factor. Operation with
antiproton recycling may be somewhat different.

June 17, 2002 Run IIb Accelerator Upgrades



