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Force Carriers

[Fig: Fermilab]
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photon in 1923 Compton Scattering
gluon @ PETRA in 1979

Z,W bosons (~90 x proton mass) @ SPS in 1983
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Force Carriers
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gluon @ PETRA in 1979

Z,W bosons (~90 x proton mass) @ SPS in 1983
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N5 ZenEoeFmEBUBREL DTS,
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DE— REFICXTIET Do )

BOaFmlcl < & N BEWLSEEN Hamiltonian HhSHANSD |



RRALF3

DA

N{RB B3R F%(boson) SF5DIE5H (boson)
BBE x (=1---N) BSeE ¢t %)
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TRILF—BEBEIREE
Fock space (1B URIFEISIEE)

1P EXIBR R
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Fock space ({ERDRALTFE)
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(cf. weak bosons are heavy! = weak
interaction)
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XTFRE  EBENEKAEZEZRVMRE = ST S VI P VEAREICT DRME
Lorentz SFVELIAN ST RILF—ZZEZRVREEE>THRL)
[Coleman-Mandula Theorem]

ex) Lorentz 3FN4: X = A x,
IZONMEZEIR: O =exp(ia) @
IZOIECAZTHE: &' =U & [ U (FIRL 1T ]

YN (SIREEZHS (Neither theorem)
XN (CHESREZE—RRICER EMER>IN., BRNF=5DEG%
IBET DI ETEDAFDIINED T COEIRMENIEESND,

« B2, REY = Lorentz {HED T TDER

o BHRADER = B U(1) (MABEIRD T COER

o JNUAVE = )NUAY UQ) MEEIRO T COER
e PAYVREY =SUQ2) JINEDT TDEMG

o« HS5—fa = HS5—SU(3) IINED T TDETR
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LRV DFEEREE

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

-1 © @ O
- @ @ O

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

Lepton universality (& W, ZIRV >V ELT RV D 3 tBEERD
BTN EBTHD 2R LTV,

[E5I(C(E quark BNREU253LWEEERA & lepton BNEXU BB WVBEERDEEH[E U]
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ee = uu RIGKTEIE
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have to include also
3 couplings to Z

6 quarks,

O-€+€_—>M+M_ _ 47T()égm _ 86.9nbGeV? 1~ 3» 3 colours (45/9)
3s S % ,,22352{5; (33/9)
ee — qq }iﬁﬁl}i{ﬁ@*ﬁ . 5> ?ggiﬁr&(wg)
O_8+€_—)qq — 47T043m ech — 869 anGvQ 62NC 1 Vs (Ge\;g o’
3s 1 s 4
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O.eJr e~ —hadrons )
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q e- M- Qg
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2\° 1\° 1\> [/2\° 1\? 11
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#ll : Photon (FBEZHFIC/RL)
L=- FwFwv/4, (Fu=3A/,-3A.)
o (dAv-adAL) =0, >A,=0
ZCDIEFRE U(T) 7 —I M
Au— A=A+ dA
5D |
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W, Z RV VIFEBEZF >TLWBAHNT—IRFEUTERLRZL,
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Nt ERD DD D, INZERTINED BRI E LD,

ZOEFICH VT, EEXFIRILF—DFRERIREE UTEERSND,
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HUEBEZE(CHWTOSHDEINEDSBaZi>/eighsElL Tund &
ZOXIFEFBRVICIENTWR Z E(CHD !




RN FIRERE

B A& DR DAY

V[®]= (0] - v2 )2
V[D]= (D2 - v2 )2
[O]= (@2 - 2) Vo)
4 V[P]
\ )

® > @ >
v

complex ® plane
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BRI INEDIRNIE R DS —15(= Higgs &) DEHE Tl

ZTDEZFHFEDAD DS E
= Higgs #F |

(v+h(x)/\/2)elé®

VID]= A(|D|2 - v2)2/4

4 VIO]
D(x) =

VIO] = A\2v2h2? : Higgs RIFISBE%FD |
R 1 SUQ2) x U(1) DIFE XD UEMIENERIZR U
LHC ([CHWTERRIC Higgs fiFHAFEEINT !
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JTIL=SAVEDBEERE

L Fermion = l|)Jri0pD“ P - YUHQLUR - YDHTQLER - YLHTLLER
Yu,DE : 3x3 175 DIRE

(0) [C&oTITIINZAVEEEERD |
<H>=
74 ms =VrVv

Ev I REDHBERBORS (=5 BEFREH) (CX>TEED
RESHRED !

#31) top quark : 173GeV — yiop = 1
bottom quark : 4.5GeV — ypottom = 0.026

(SDFF) LHC TEAISNTWAEY I REDT T ILZAVOEBEEE
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58 U\IE G EFE D2 Epb At

o corstone SERBD SUR) T —IBEER (FEEREN BEN
i BEERBLBEO>TITKHEZF D,

o CEmaBYB B4)

02 NS —aZzfFolefFZ ~fm M LS| ZEEERL |
0.1- Energy ~ GeV x (L/fm)
e Ho5—FRALADSN., NS —PHER
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[http://nobelprize.org/nobel_prizes/physics/laureates/2004/public.html]

m Mesons qq

Mesons are bosonic hadrons

l L >> fm (: 1$ (;“g— 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? content| charge | GeV/c2
‘m‘ n+ | pion | ud +1 0.140 | 0 P | proton uud 1| 0938 | 172
K kaon su -1 0.494 0 ' 1] 'f'amiprmoni tud -1 | 0.938 1/2 |
P | rho | ua +1 0.776 1 n | neutron udd 0 | 0.940 n 12
l | B [Boeo | ab | 0 |529 | 0| ["A |lambda | uds | 0 | Lil6 12
e | etac | c& | O | 2980 | 0 Q | omega | sss | -1 | 1672 |32

OO0 OO0

Fﬁg » N\ 2 - ~

= L—A VA BDIOHNS5HELT
HENSY 4 — IRERDELTZDDONS— REODIN—AYDRDIONSELTH
PRI T CAPNEANIRILE—HIC1E F[EU7EL,
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Higgs DEZHARFELBE

6D A—VEE
3DDOWMELINVEE

32DV A=V EE

1 DOEETHDOERMM = I - ) 1I11Z1H
1 D® Strong CP phase

PARTICLES 30T VIAES

[+3DD=-a— KU /EE
+3DDLTMNVIERA
+3 DD RETIDERMME ]

AR TIEI LD 19 (+9) BED/INTA=FZRONIEETD
VIEEZTE TROSNDS |

MRFEERDERZ T ICRERSRBAEKXTWS | |
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Higgs NEDH\D AN nhdDH ?

_ _ v (FS5WLWEEERDRIENSHISNTULD
VInI=A(hiz-v2)2 /4 (v = 174GeV)
A
vin] —7 A ERADBEEHT Higgs BEZRS
=)
My = AV
Higgs EDH > TEEHN DD D E N H'OHD

> | N (& Higgs D#S)R & 24 (CRAR

complex h plane

cf.ADN T KODRDKRELE Higgs HMEEHFDOTEENM: !
A DV E LV E Higgs ERPZRFRR T |

LHC DR L TULVD 125GeV RE D Higgs (SN LY N (SXFhy
K DODTERNFE LTD Higgs HhYRESNTLD |

HE 3 A Higgs I FDBRICHDMIEBNSEDORNERERE | |




DERBIDE(CHDEHD

High energy physics NOEFXX—> 3V

1. Gravity
>NV\< M ~ E2/Mp 2
1 (Mp = (8MGN)1/2 = 2.4x1018GeV)
graviton

SHIFE>Mp CEEBEFRLZ LIRS !

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

2. Unification
SESFEID D T IV A Y
SU(3) SU(2) u(1)
1,2,3
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2. Unification
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3. Neutrino Mass
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3. Neutrino Mass
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