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PARTICLES

Force Carriers
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of Matter

[Fig: Fermilab]
F— IR FDEE

photon in 1923 Compton Scattering
gluon @ PETRA in 1979

Z,W bosons (~90 x proton mass) @ SPS in 1983
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photon in 1923 Compton Scattering
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Z,W bosons (~90 x proton mass) @ SPS in 1983
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IR BENEBIZZEZIRVIRIE = STV I TPV ZEAREICYT DIRME
Lorentz SIMELIN ST RIVF—ZZZRWVMRIEES > THRL
[Coleman-Mandula Theorem]

ex) Lorentz dFN4E: X = A x,
IZOMEZEIE: O =exp(ia) @
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Y (SIREEZHS (Neither theorem)
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IBET DI ETEDAFDOIINED T COEIRMENIEE=ND,

« BE., REY = Lorentz XM MED T TOER

o BEAHDER = B U(1) (BEHRD T COER

o NUAVE =/NUAY UQ) BEBRO T TOER
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L7 Y DFEEREE

L7 bV DOHEEERIX(BEDEVZRE) 3HAFEF (Lepton universality)

-1 @ @ ©
-0 @ @ ©

ex) W, Z Y Y DERIEN KL
Br(W+t—et+ve)= Br(Wr—ut+v u)=Br(Wtr—=>1++v )=11%
Br(Z—e+t+e )= Br(Z—>u*t+u-)= Br(Z— 1t *+17°)=3.4%

Lepton universality (& W, ZIRV YV ELT VD 3 fI8EERA®D
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[E5I(CIE quark D& U B58WEEER & lepton HNEXU S5 VWVEEERDREHREIU]
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Mesons qq

Mesons are bosonic hadrons

These are a few of the many types of mesons.

-— A\
l L >> fm (‘_1EP (;j Symbol| Name | Quark | Electric | Mass |[Spin Symbol| Name [ Quark | Electric | Mass |Spin

7 content| charge | GeV/c2 , [content| charge [ GeV/c?2
‘m‘ Tt pion ud +1 0.140 | 0 proton uud 1 0.938 | 1/2

Baryons qqq and Antibaryons qqq

Baryons are fermionic hadrons.
These are a few of the many types of baryons.

P
K kaon su -1 0494 | 0 p |antiproton| uud -1 0.938 | 12
p rho ud +1 0.776 | 1 n | neutron | udd 0 0.940 | 12
l B’ | B-zero | db 0 5279 | 0 A | lambda | uds 0 1.116 | 1/2
N eta-c cC 0 2980 | O Q~ | omega SSs -1 1.672 | 3/2
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Higgs DEZHAFEL B =

62DV A—VHEE
3DODFEEBELINVEE

3DV A—VEAE

1 DDOREITHDOERMME = /MK - &) II4Z1E
1 D ® Strong CP phase

Force Carriers

[+3DD=Za—KU/EE

1 T

Three Generations of Matter + 3 P, 0) I/ 7 I\ 5 /J:b | %
+3 DD RETIDERMME ]

AR TIEI LD 19 (+9) BED/INTA-FZRONIEETD
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Higgs BNEDH\ D AN nHhdDH ?

VIhl= A(|h[2-v2)2 /4 v [E55VEEERDRIED SR SNTWS
R (v=174GeV)
Vih] —H A FRADESTELHT Higgs BE%E RS
2
MH=AV
% Higgs INE DA S>TEEANH B E A BHHS

> | N (& Higgs D#SIR & 24 (CRARk

complex h plane

cf.ADNT KODRDKRELE Higgs DMEEHFDTTRENM !
A DV E L & Higgs ERZRFRR T |
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High energy physics NOEFXX—> 3V

1. Gravity
>I\N\< M ~ E2/Mp 2
t (MpL= (8MGN) /2 = 2.4x108GeV)
graviton

SNIFE>Mp  CTEEHLEFRG LD |

E > Mp. R TIZ(E New Physics B\&i59 B39
— String Theory?
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High energy physics NOEFXX—> 3V

2. Unification
SESEID DD T IV A Y
SU(3) SU(2) u(1)
1,2,3
gi* = (“ﬁ/zlg) 3 2 1/6
L
g2 3 - -2/3
D123 3 _ 1/3
I, = (:L) - 2 1/2
L
E R B B 1

HD &EL5k
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High energy physics D

2. Unification

SU(3) x SU(2) x

EFNR—/ 3y
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2. Unification

Resolution [cm]
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3. Neutrino Mass
L Fermion= - YLHTLLER

lepton MH |

0 [CX>TEEZRFTDDIE charged
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=yrv(l=e, U 1)
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3. Neutrino Mass

SXREAEE{F

JDE A (seesaw-mechanism) !

L Fermion= - YLHTLLER -(HL)(HLY) /A

cho-(9)

[C&X>T Neutrino HBE %=1 TR
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Neutrino = = Majorana Type D&=
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4. BEYE., BEIRIL¥—
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Energy of the Universe

e[ EIEIN::}
\/ fE/—J I\ %7? 73% Dar

Y = | =1 —] < = = Bl
v FEEERSOMSEOEHH B o
v Z8HLVUX

= - N PP 4% Standard
v FEOXRREESHK Model

\‘/ S ) L/_ ‘\J 3 )V particles




ZERBEDEICHDIHD

High energy physics NOEFXX—> 3V
4. BEYE., BEIRILF—
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F & D184 EE
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