fHOK2  What Are the. Buillirg Blaks of
Our Universe. ?
From fhe. pe/&peoﬁ‘w; of” reductisnuyn sos
~ Biology — Complionded infeerchons of~ themscall
Chemistry — ayan«Cafed m/em A of cofferent
aloms (ebments Eed
Physica = Complianted interactions of &, Py NS Ts#his
a Complefe wnderstnding®  From R decay, we
Rnows one more particle L _(reutnro) .
From Direcs equation C?acznfzm /hedmucg+'8p€oa5? refafidty )
— @ DY A5 L bces @ The @
S 000 Are thede parttls adld weneaal fo @@?@naﬁﬁmﬁe@

D Medem view of interaction . Th modem PAysiea, interachon
between two particdks are mediated by ancther partidk . for

insterce, EM iderachons ate mecliated by photons, The graph
e e %S calfed Féy/\mcm dla@n:zm a convenent
theorehca® oo but Shouldl rot be confaredt
¢/ T Vg  asthetre trgectmes
phofon .

Yukowa earned hig 1942 Nebel Pize tor Cocking ap the 15
%eory of nacQQa/v@rCQ /'/e postukated thal the inferactons

D betweon TWo Nucons can be
dexcnbes by C’)(C/’W@Q
p meSOﬂS g0 71:/ .

meson = ! mickelle "+ on_beaause Myc” = 140 MY '.g
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To extimale. the maas of plons, one Can make
woe of the wuncertrinty prirnciple.
LAEAt ~ K& AE > -mpo?®n-the presenc

,, OF virfuaX pion.
i R '?'%E "The existence of the pion would Vioate the energy
Conservation acwo (£ the. pcwﬁoQo. existed [Br a fime inferval
éoge/\#m At = R /ae = B/mec® Bearuse the pion arnnet

fravel taster than the Speed of Gight, the masximum dlistance Ut
= CAt . The refation betweon My & & &

can travel o
it B, B _ (l.os5x5° \Ts)(sx,d?m/s)
= T At £ s’ m

2 ~H
—&—m S X 10 =~ 200 Me :
TR 3axto T v the inferachon range &

The extimate. fiom the uncertaunty principle. (S ouite clase.
o the measwred volue W |

D Claxsifiaation of particles.  Sorfing the particles by their
rmasses into three_categories Baryons, Mesons, Lepions..
38,3 MeV Ok, So Cife seoms a bt

Laryonss P
N WBreMel  wore compbicated] row. But,

Tt 139.6 MeV the nightmenre begins oo
T® (350 MeV e Sz’wffo fincl more baryors,
& sl M A TETC AMATN. A
< severleN 4. ’“"’ﬂ and soon OO

LMesons &

onS 8

P
Ard he Sfory goex onandlon.. More me&msmwe@,f_fj,kf
WSOO‘A. /Uofscapn‘sf/g@, we allso finel more @%Dfm

AL, b, T, 1. Basicaldly, we fe o eq
,%M We Shaxlel not W #)em 1’0 be Enclament.
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(et us infrocluce. and Lepfon
Q%bﬁcw(éﬂ o /\eﬁp 172 C@u\@ @fﬂ@ 7‘/\6 200 -

L Antipartics Rewe. opposite
&~ .
pn-- | 1 |0 B and L.
Tr:tT[p O ) ‘ \ N \
13 1t ¢y Quite interexting thad
Al e R both B and L are conseved

e 200 physical procossed ¥ Here ix the simple demo ¢
e Baryon# 1= 1+0+O v’
Lepton # = OrdFELY &

7 SWIDOIHCQQ&. But the conservation Gaws oF B ard /.

do not Seem o explain all procomed.  For xampl, kaons (K
mexons ) are simikar To pions  many axpects. Beause there,

& 1o Consecvation €agy o IneSong, ONe oy expect that any

# OF Kaons Can be produced 7 1HiS fears out fo be. WRONG.

p+pP —> p+p+ /<++ K~ A new Quanicen # > i order

p+p —> P+h+/<++ Kk© Kt k°(s=1) ba;yon/\o (S=-1)

prp—> PrAT KT X K Re (8=-1) 9~ Shewgeren S &
emge/sezmﬁcpm,mvoafea@zzem IHwnsoaH/w“

Ore can arrange the mexons and the baryons afo the charf's,
Q=-1 Q-0 Q=1 Q=-1 @0 Q=1 & What cbes cf

sof‘n -O Mesons
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In 194, o waa Sc%eofavf .lha’qoenclento by Geelmann
andl Zwejg that the charts azn be expluned by fhze.
Quarks _call (), ch = | Sire (8).

u_ +§/ 5 i - anfiguayRs
aa— &l &

d —l/4 Va O -

S ~l3 B -1 Q,B,.S ¥
Because. B=% f3r a Quark, baryons consistof? 3 quaks.
wud Q='§-+3Q--\§’~=J., B=1, 8S=0 — p (profon)
uddl CP=:3%—31-;3L=OJ B=1, @=8 == N {fedfers)
uds ~ Q=35-3-

=0, B=1, S=-1 = A" strange particle.
You can bagicaQOy work cut the. baryon Chart #hiswaw . 7o

avoid complications, I intertionaldy Skip the Composihion ruke.
of Spins because they are Guantum vectors.

W/"uaf aboaJ mesons ° A quark CZ/\O{C’/LHC?CQ/‘/Q wiP olo he

=—+—’-=1 S=0 — Tr ol
CLOI ©) 3 39_ S— anbiparhdles &y
g Qg3 ~41 S~o = T
—_ /
A5 Q=-3"3 = B

AR other mesons Gen be worked cut in Simibar nay.
Qeark moclel previden the c@meof %emy o 8/725/6 Inferaction.

Departm({?n{t of Physics National Tsing Hua University



Page S
D Starckurd medlel  So, U Seems that we firally

firdl the. buileling blocks of” owruriverse.: U, d, S
Quarks. Hum .- rot cuite. The Zoo of particles
Can be dexcribed by the. So- catlbed " Starclerd
ModeQ * coith 3 Jerertions of quarks andl the
Comesponding Cptons. The. inferachions are. mediated by Sone

13t§enemﬁcm ;L> (iﬁ) Sauge bosons &
- % §(Fuony— Streng
2~ Genefahon (S) u) Y (Dobn)  EM

ot (1) (5] B T o

anrd the rentty fens H — H[ggg boSon, ACcatenting the
Origin of the masped for the particles g

A@‘&xg/» the. Standard Modlel ¢ Juite SuacensZd on ®§D&‘r\:‘/8

many expenmentalobita . It doey rot explain gravity. In
additon,  doey not_explain the £ neutninos. At His

point, we are rot complefeldyy lear about how To oexcribe
alQ fendamenta® inferactions ¢~ a asherent Vorva

é;« 7B KBRZ,
[ D04 06 |O
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