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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) @
IZOIECAZTH: &' =U & [ U [FIRLE1TH ]

Y (SIREEZHS (Neither theorem)
XN (CHESREZEE—RZICEREMER>IN., BRF=5DEG%
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
« FPAYVREY =SU(2) [IFMEDT TDOEE

« NS5—1F = AHS>5—SU(3) [WINED T TDET
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PIZE3 RBEERZB LK DEVWNFICARIET D
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L7 Y DFEEREE

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

- @ @ @
- @ @ O

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

Lepton universality (& W, ZIRV YV ELT VD 3 fI8EERA®D
G EHNEBTHD 2R LTS,

[E5I(CIE quark D& U B58WEEER & lepton HNEXU S5 VWVEEERDREHREIU]
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ee = qq RIGHTETE
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KrEIEDLL et u+ql
O.e+e_—>hadrons )
R — 0—€+€_—)'u,+u_ - NC Z eq
q e- ,U-- q
Zq O.e"‘e_—)q(j — O.e"’e_—)hadrons’
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Se-nl(5) +(5) + () +(6) + ()
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At Z peak :

| —>

have to include also

"5 couplings to Z

6 quarks,

:r » 3 colours (45/9)
|

5 quarks,

=l
—+ => 3 colours (33/9)
- 3 5 quarks,

1 colour (11/9)
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(cf. BFZEDXWIRMEDST —I K[ F = spin2 graviton)
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ZRFTZIR LN |
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#l) top quark : 173GeV — yiop = 1
bottom quark : 4.5GeV — ypottom = 0.026
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CMS Preliminary 35.9 b (13 TeV)
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PHRIFICODNIEADIRILF—BIICHF

Mesons qq

Mesons are bosonic hadrons
These are a few of the many types of mesons.

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

Symbol| Name | Quark | Electric [ Mass |Spin Symbol| Name | Quark | Electric | Mass |Spin
content| charge | GeV/c?2 content| charge | GeV/c2

Tt pion ud +1 0.140 | © p proton uud 1 0.938 | 1/2

K~ | kaon su | -1 0.494 | 0 p |antiproton| mad | -1 0.938 | 112

Pt | tho | wd | 41 [ 0776 | 1 n | neutron | udd | 0 | 0940 | 12

B | B-zero | db 0 5279 | 0 A | lambda | uds 0 1.116 | 1/2

Ne | etac cc 0 2980 | 0 Q™ | omega | sss -1 1.672 | 312

vy A1V AR

BEODITIL—AVYHLEDNSHLLTH
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Higgs DEZHFECEE (21E)

6D A—VEE
3DDOHMELINVEE

32DV A—=VEE

1 DDRETHINDERMME = IV - f8)1|1218
1 D ® Strong CP phase

PARTICLES 3OS — JEEA TR

Force Carriers

I II III

Three Generations of Matter + 3 i, 0) I/ 7 I\ \/ 5]%%%

[+3DD=1— KU/ BE

+3 DDEEITHIDERAMNA ]

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

V[hl= A(|h[2-v2)2 /4 v ([X85WVEEERDEIENSEISNTLS
. (v=174GeV)
vih] —F A BRADEESEHT Higgs BBZ RO
=)
mHz}\v
Higgs REDHD\ > TEEHN DD E N HDHD

> | 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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1. Gravity
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2. Unification
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2. Unification
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2. Unification
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3. Neutrino Mass
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3. Neutrino Mass
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4. BEYE., BEIRIL¥—
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