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B 2 A6 K I AR, (R IR 1 2 2 3R A R A ik B
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FlWeinberg (19674 HL 4 AH B AE F A1 55 41 B 1F
G —oF ik, B0 g9 FEAG. AP A A, G, 59 Rk A
AH L AE 2 FH OB Y B0 ok AR, JLAH R R
SUQB)e xSUQR) x U(ly. AR EATATREH —

A LEM R AN EReAs R —Hik, B
HIGHE IS U(S)ELS 0(10)5%. #EMHL 3, Kgi—1)E X
AWM (1) MTEHBEAERKBS —; ) K% —B
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KRR FRE TG, AF BN =K TS —
B R — R ANEIE S| g, 5] &7 2
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(R 2A% B bR, DR, P sk EVE 2 KI5 KA N
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Gi—. KRG MR, w4 Orbifold K 45 —H AU I 5% A
RS SRR AR (AR 55, ) R DA B i T R A
KM SIS IE S ARG — R A 5% K gt — A
SR 2E I 2 H AR, BT CA— € A 2 AT 46 TLAR
VB SRR 5E A DT SR AT R SEIG AR IR, kT
AeIb TR B RN BI% 1t 2k, 55— 5 T, Weyl(19294F),
Stuekelberg(19394) F1Wigner(19494F)#¢ i B T #5718,
B EHEIS 2 FE E T Reines® NNF-1954 418
oSSy A T T A R BR 4 1.4 x 101845
A x 107! 4£. WHEiE 7, Sakhrov T 1967454 T fif g
AR 7 EFAWOR. KRG —Eigdt 5,
FURTFED, BIEE KRG B RT3 K%
BERTE—, IFiEATE R TR 722K EERY
HE L
1 FRAEERRI GRS % g —

WL EL AR A R IR AR TP AR T 2
5] (R AE ELAE . AR R PR A 2 2 T, e s/ R A
GBI, TA W R L EAMUTU = 1N x NE
5B M RUN) & IE BE, 3N > 1, oAb 47 5] 50
B N1 5 BRdetU = 18 BURR IR L IE BF, SUN)EE.
N = 1B, A BUOB, BE S B AR L
HN > 1, ALK UW) I iR NS UWN) x UL). BT A i
ELIERZEAFOT0 = 1IN x NAEFEF R OW)SE IE AT
BE,CUN > 18, HA A7 51 A BE 91 BEdetO = 14
FSCRE TR S E AC HES O(N)BE. 28 1 AT DU 4% X8 42 6 49 2K,
HARUR: (1) Ay, BIFREER X IEFES UN); (2) By, RISE
IEZZFES OQN + 1); (3) Cy, BIEHES p(N); (4) Dy, BISE
EXZHES OQRN); (5) B 415, Gy, Fa, Es, E;FEg. TEKI
FYE T, — R HBIUQ), SUWN)FIS ORN)EE. TEiH 5%
BERY ) 3% v, 30 B B S BEEg, E7MEs. XF T — A
BG, \TUL 5l NH R () EaE R, R — 2R
Hrabr o, WXTSUMN)MSON)#E, a =1, 2,---, N;
() IR R, R — DN EREARIR LR g,
XISUNYFISON)EE, a =1, 2,---, N; (3) A SOQN)EE
A PAGI NG R FROR, HYE BN, e R on v Lo g
fe B Fie g RN, H4EE AN s o0y £ F
A F e mRoRI4EE 257! = 16; (4) SKEFRR, AT LA
W 2 N ZEARBR AR W pas F b . I R B A AT £

R, AT SRR AR, Wiy T BAAMRNN Fr
Fobar = pa TR T bay = —pa WS UG FAS
FRFRAEIE RS x 4)/2 = 10,

50 et R A B % T 2 1 A
{1 FE B 6 03 P 25 640 P A Casimic 58 7 5 7 7 4T 19
A T ), 51 34 AR R St S A bR (e
B A B RO RS P R, . 55 A
T R A RS LS 9 SR 3k, HC I 0 9 B
RSUG)e x SUQ)L x ULy, ¥ FATRIHI% SR T 1
BT R

0;:(3,2,1/6); U; - (3,1,-2/3); D : 3,1,1/3);
Li:(1,2,-1/2); Ef : (1,1,1); Nf : (1,1,0), (1)

HihQ, US, D, L, EFING S BI R FE T H A A
FLMEwE, AFMEER, EFRTHS AT
i LR A T 1. 31X R F AR K48, BT A
[ SR TR F1. 75 RS — R, AR B
KT CHIN AT R ZEhn_E MY oK 14 T s 5 A
RRBIOKTE)IETHEL MRS — G 2 HAR
. HS b KRG — BRI NI UR R 3% ) e AR T IH =
W EL T A ok T & 78S U TR, A G
HRCEE R KRG — VSR 2 SRR, B, ¥ 50
PR AR 7 R 48— B R IR n s 74 7R bR ifE
R e 555 AR08 A A EL A T 3 1 A X o A 0 R B
B TUM) ey FBHER AR . 9T AIRIEAR 280 Rk,
5| AN¥r&EHigegshi ¥ H, HEFHIT:

H:(1,2,-1/2). )
L Higgs %
V= §(| H|? =%, 3

7E 3 68 /MBI 32 %, Higgshi 7t itk 4 515 3 2758
BB, SUQ)L X Uy XS BRI ER B U (1) pag, FHBL )
G B (7 WHRIZOSRAZ L i, JF H4h 5 s Rl e 1
.

H20124-7 H Higgs K F BN R I 5, Rl 4
HESETE100 GeV/A 44 /& — AN IEH L. A T W AUl
HH bR AR Y (R P B, T R T AR R A ASE AR A o g R
o A ASE TR (1) 2 L ) A 2R R 4 Y ) R 36 2
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e . R 2 5T TR R S (1) TR Be . H A
FH T W EUE A ~ 10712 My, Hoh My R 291
f{JPlanckBEFR, 2.43 x 10'® GeV. {H & brifERE AL b [ kL1
SRR E T, A ST SRENE T8
1E, HEE 7 KT H A ) i 5 6 2 5L R g
ATTAS B A RE SR A P 5555 68 Rk s R 2 T ) 52 2
e (GRE)H HIAv* 72) R0 ERL 55 X Bk P A Bk 2 5 O HiggsHE
T B A B DT R ) 5 i R R G) AR
13 B BI-ACHY*2) K0 ARTH, BPRAT A 4 645 2 a0
A (3)HIHiggs#. F bt AT REMRE A 4 T2
Fo e N IEF IR, BAKRTE WOCHER [2]Weinberg 3T
B T MR, W B O T R AR R
J& TR0 B AR A AR B ) AT B AR AE — 8 ik, W
U i) AN P 22 (2) RIVUAE S ) . AE A AR Y
i, Higgshi T2 bn b 7. HRE T HE & IER
A IR B {2 & Higgs bl 7 51 & b 204k [fPlanck BE F&
N6 TSR, (3) ik FE Aef HEE A1 4[] S S (CP) ) . DA
HH Y E A AR HE R, SRCPAH AL /N T-10710. (4) bR AR
B SROK B S G 8, a0 R AT Atop®E T T & L L
TR RSN EHE. FEN AR () MG B
I8 —. (2) 9K F 80 Yukawailli & 5 S04 —. (3)
SUB)exSUR) xU)y FIEHEE & BAE S REFR A 5t
—. (4) B E T L KA Higgs )i & 2125 GeV, Fr
DA AR R A A P ) R, RS AR R Y Higgs PO
VR TR 1) 2 B0 KRR 10" GeVAR 1, i 35 H 25 A fa
SE. [FIIT FRATTE A bR AR B 1 L 4 A5 TR AR
VI WS BEREE. P THESES. ETR
X FR(Baryon Asymmetry) 1K 2K SE. DL _E 3 2 ] g
HT A AT DATE R G B CRR 2 R TH B R
HIEEXT R G —H ) ff .

S 55 FIER A7 AH ELAE A RLVE AR ELAE L BRI E
A — NI E R —ASmReds i K g —2 e, HM
TR — AP RERE. FOVE A — A 4,
FTlASUB)e x SUQ)L x Uy FVE#E A H BAE = e b
WG —, R

= g3, where g7 =kyg, “)

Hodky e 5 B, gy, g2Mgsr Al ZU)y, SUQ)L
FMSUBCHI L & W EL XN FESEH KE — B
BT 30), B RU)y B9 IE N IH— 1L Fhky = 5/3.
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I A R AL R Ak, T DLAIE BA A o R A A B R A
WHAE S RER AN ARG —1E — 2. 4R, fESU(6) Orb-
ifold K 4t — B2 v, W LA 21U 1)y i 3E 1E 0] — 16 B
Thy = 4/3. RURGHBNRAE T bR AL VSR A
WHOT LA —1E4.3 x 10" GeV . {HZE A A E I
A,

DR, TEA 4R K — B AL 2 |/, 8 o 0 2 9 R0
WHEFERGE — ATHIAREHEFE LS —, X
FGrand Desert Hypothesis: M HL55 45 2] K 48— Bebr
VA B R A AR BRRL . 75 W JG VA AT
RS ZAE A Rk, RAETeVAERR 2 47 51 N R 7.
B B R A T DA U A R (1 AR 1 1] R
TR I SRR A AS LT R A BT S R AR AR 19 B .
— M &, AT RBPNER S FE S —, Uy, SUQ)L,
S UQB)c 1 Pl FHBEATERIBER Kb, , by M3 2 W1 F
KHEA P

by — by

by — b,
X H IR T, MUy, SUQ)FISUQB)e 1—
el B A AL BE B RR B TTRR € SLNADy, Aby FIADs. T
RAby = Abs, A EATHEH KRN

~14. 5)

8
Abz = Abg ~ Ab] + g . (6)

N H R AT BT RS A B g — 1 LR R
SRR bR AR

(D f BNSGUTL 5] A 2K K & 2% K T(X0°,
XQ)FI(XDe, XD), Ha T4t F:

XQ:(3,2,1/6); XO° : (3,2,1/6);
XD:(3,1,-1/3); XD°: (3,1,1/3). (7

FERE B K 48— RE AR K MEA22.24 x 10 GeV. ¢ 5 72 41
HmE P AR HERR AL LA SRR B PR T (XN, XNO), BT
HIRK & WK T K HiFlipped SU(S) x U()x BRI R
SORIL0, DAI(TO, —1) F7%. 3 F J5e o 26 (9 {00 R K
iR

(D) #AINSGUT-IL 5| N6 Higgs ~HZ, H & T
HON(1,2,-1/2). MR HR S —Rebs K210 GeV. N
7 R S5 T R AR A PR ], 38 25 FE Trinification R 1,
X FRIERES UB)e x SUB)L X SUB)k.



(1) #& BNSGUTIL 5] N % &K & % XK
T(XQ°, XQ), Wt FUe, DFH . EATNE T %W
T

US:(3,1,-2/3); D¢ : (3,1,1/3); H': (1,2,-1/2). (8)

AHRL K G — Bedn KAEAZT x 1015 GeV. A% AL (1) L 55
F2 0T AR W] DLLEAE R ) S5 AR 56

B T B A2 0 R 9 K - 2 TR RN R . FE
XIFRAS 4 N, OK TSI O, RZIRR. N E
WEG 1T K R, oK F B A XHiges ki 1 1 & 1 1&
TEAHYH, BT LR R B SRR R T R S G ] L[] B
TE 68 B B A, 0 5 X BRI A w5
BOH BN E, WL E > H g R T 5 R Eon) i, B
H4 204k 18 B 5 e B B A 380 6 6 BR A5 5k BE AL (E HE
X FR AR AE AR AL o, 9 K 7 G0 T N AR TR R O PR A
1872 H e NORISquarks A1Sleptons, HiggsHi 2 Xt AR
FEAB 2 H i A 1/2/)Higgsinos, KU 37 H 8 Xt Fr £ 18
F& H e N1/28Gauginos. #% #E S 3 B8 B i
Kahler# 418 ¥ it MHiggsE 17 ) 2R L. M3 Re
IR FE R 7 B RE T, R 35 R Yukawafl & Tl.
i 2 4 2l ek KO HORIYE S H AT K, BT AR
5| NP MHigeshi 7H, M H,, ) 3% B 50 m R %
T/ AR T ANEARHEBL R, 7 X AR bR AE LY
vh, AT R A R R R EBURIRI T T3, 9 T AR
JR TR, 5l NZy RTFR. FRaE B AR 1 IR T FR
9 IE, T R FRORL - B R FR 9 . i A5 1) 8 X R L
AT LA RS I 2 5K 1 P i e 2. A R O RS AR Y
i, JE W] DAS BTG RE G g —, IF HoA§s X AR AT
DA 38 iod 4 St 1 T 2 A0 B Vi A SR . AR ) 2 LT R
GG —mHER TR — A, R, X FR AR
TEAS TR AN A R 1 A R ASE Y ) 00 5 20 1) R, T L A
T HL3E 5 ) L

2 geRg— A

PR HERR L U, R Ge— 108 SCH PR (1) BEEAH
HAEHBISG—; (2) 9Kk T 5 — B Yukawafi & 0% H(4i—.
HIEM PR T4 — & =RICK TG —, HIVEHER
K, 41S O(18)%%. TR Jit [H], A SCAN T FR AR A,
Fi R 7 50 R L >R 87 B 2 DU 4 K 48— 5 2.

2.1 Pati-Salam & %!

PatiflISalam!® T~ 19744 % [8 9 K 74—, B 5Lie
1 Pati-Salam B, HATEHE NS U4)exS U(2) xS U2)g.
UK R AEFRKTE — 3 — 13, 2, DE
ANFE = (Q, LW, #— A F oK TAAEFhicr
Gi—F|—AE, 1,28 RFR = (U¢, DS, ES,NOW, IFHE
A — AN AR IR R AE — i, AR R IR

FF:(4,2,1); FR:(4,1,2). )

9 i B L, R E R R N TS U@ e x
SUQ) x SUQ)pHFL TG XT TR 1 1 6 2] A B 8L T R
P, 5] NHiggshi T-&, OFIT, H 5] NTH) R H =2 A
T 4O @ Higgshi 1 i &, [FI 5] AARHERS R Higgshi
FHA—AFRAERE R SR 7S . IR LR T RoR R

D:(4,1,2); &:(4,1,2); T:(6,1,1)
H:(1,2,2); S : (1,1,1). (10)

fEPati-Salam# A i 8 3 p 38 K T Yukawall & T
sey  FFHFR, TS T 28 =403 K T (top Sbottom
% o Meiz ) I Yukawadl & # R —, Wy, = v, =
yr = y33. RN Pati-SalamBE RG4S UB)e x SUR2)
TUAHEAE G —, Pt DO R 1 328 e A
TR AR,

2.2 Georgi-Glashow S U(5) 15 #!

Georgifl1Glashow!” T 19744F 2 & T8 AH H.AF I
iR TSUGEY. K4S UQ)L S UR) TERFRIE
B TS US) BT RRIME

SUQB)c X, Y,)

SUGs) = |
(X, Y)) SUQ).L

. (11)

HHU)y & TS U5) T (Traceless) %t 1 7t 34 7, 3F H.
AWEIRS UB) e x S U)X BRI, BI AT =43 E 5 —
SR ANEE, I eI T X, MuX &S

I 1 111
TU(I)y = diag(—g,—g,—g,z,z) . (12)
B, B EUA)y I — AL T

5
ky = 2 X Tl T, 1 = 3 - (13)
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A B fE K G — Be bs, FRAT A 8 E M YE BB
FX MY, Je AL HE, e AT b AR AR B & Ao
H(3,2,-5/6)F(3,2,+5/6).

TESUGS)K G — LR p, AR A — R 2 oK 7%
S US)HISFI04E K 7R, 73 il id N i F,, e AT BAk
YRR

fi= (D L) 2 5 Fi= (US, Qi ES) < 10 (14)

() % FEAEHEATFRS USRI, T RS U(S) I
St A4 A v R30G5 Bk P, 51 A\ Higgs ki T OAIH,
HSUG)ETHWT:

d: 24, H:5. (15)

HOU)y J7 [ AR R T W A
111

3., . 1 1
(D) = \/;V(pdlag(—g,—g,—— 5 3)> (16)

3°2°2
FS UGS TEXTFRMEB B EIS UB)e xS UR) xU(1)y. .
HAEHTH ZHER R ER A Higes ki1, EHS U2)Lx
Uy BTSRRI U (1) p g FRBERT R
NTHRS U (SR 13 5 A1 ]
() SUGEERITE 1 IEH 5 TR A&
3

sin® Oy = 3 17)

Q) SUSE TS T 18 K —fetr 26 = %K

T o Hbottom % 5 ML 1 ) Yukawakh & BUHI 58—,
By, = y,. X5 525645 F A H B A B A S, H
A8 USRI AR AE R AR 2 oK 1 ot & 0] R DR A i
RBCK T NS e Ay R B =R /N, B BLFR AT
57

Pe 04 (18)

m,  my
HFme, my, mgMim 3 Al R HF uf NSRS
W R, X 5SR-S, N T @t in) @, vy eLg)
N A 4R IR I Higgs i T 45 X SR 7 i &, FLAR R
HIR RN

me  1mg

~ — , 19
my, 9 my (19)

X5 LIRS R A
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(3) Higgshi THIY . =HEE /R E HZ 1
HE, HEHAS S EEME KMEKRS —find
H2.0 x 106 GeV, 1M — H 25 47 & B bR #E A B Higgs b 7
BURER, KMEAE 55 REARZI 100 GeV. itk FRATT 7 2
KHE(10%)2/(10'0)2 ~ 10~ 28 FRKS 24015 .

4) SUGIEBITI S T M EMX, MY, M a1 5
BN N6 T F AR, 7 e —E SR,

(5) BINGF-HLT, AT L@ i B AR AL R
7 AR &, FF18 i Leptogenesis Al fill fif B¢ 5 1 [
STFR.

(D) FXTFRS UGS AL g T 448 U(5)HN 3 H fitk Bk
FSUQB)e x SUQR)L x Uy, FLATH IR 51 N £ Bl 3£
244 Higgs ki T &. 5B FRS UG A, B4
R 4 1) 2 Al PR R A, FRATT R 225 A Higgs i

F5uAl5,
[ HC ] : [ H_C ]
5, = 55 = i (20)
H, H,

Hor H FH g2 768 568 FR b 4 B2 o i) — X Higgs ki 1
TEA. BXRRS UG 5 A RS UG A )
F BRI A E S AE X FRS UGB i, SHE
AHiggshi 15, M55 45 (i (I Higgsitd 3 H ATH, 1 1)
WAT 2 RHEN NS T HEEp - v,K. Kk, =,
A S ) U e, B H R A 25 B SRR K
gi—fehr. BIE WA & EG RIS RS
— AR NONSHI R T3 AL, SUGIE R =, =5
543 24 0] R R U 5 %8 & Missing Partner HL 1. I 2
MG N E 4 Higes b T, B R A B =85 EEA E
. Y EHigeshi 75 A E S Higgshi FIRA, HT 1L
H A Higgshi 1~ () — H A% AT Partners, HUE N KA TE
i .

2.3 Flipped SU(5) x U(1)y H%4

PRl D 3 2 i R B B BAA S 24 8 6 BRFlipped
SUS) x Uy A B101 ZEH S US)EEh, ZiflGeorgi-
Glashow S U(S)RRY, 5 LU F U (1), AT

. 1 1 111
Ty, = diag (—g,—g, —g, 3 5) . (21)
AT R A g H
1
Oy = 3 (Ox - Qy) . (22)



FRAERE A = AR # K741 iFlipped S U(5) x U(1)x W1~
Fi=(10,1), fi=(5,-3),  =(,5), (23)
NSRS AR T
Fi=(QnD{.N)). fi= (Ui L), i = Ef.  (24)

N T B BFlipped S U(S) x U(1)x 8 X B 1 Al e 55
B 6 #R M, 51ON P X Higgski F, ‘& 11 BIFlipped
SUG5) x U xR T

H=(10,1), H = (10,-1),
h=(5,-2), h=(5,2). (25)

Hovb 1 H A Higgs B RS i 4045 8 o B o v A 7
HHiggski —HAH,MH,.

2B AR R AT B ARl o e B AR AL
#ill(missing partner mechanism)fi #ht —. = H 25532 ]
B, VLR R0 OS5I 3 AR T L {HL R AR IR O
K& A BT 1) Yokawadi & RE04—. B2,
EARFlipped S U(5) x U(1)x B H 56 5 1 ML & 5 2
Gt —, 1A Yukawatl & RE S8 —, {52 & 6 H fif 5
(1104 % 7R [T Higgs L+ HRTH RS BB 6 X6 B i, =] i
BN AN e =, ZEA R, P&
NS 5 AR 0] L WA 5 A R R IR AL ST
FE 2 i RAETeVAEFR 5] NN R SRR EHR 1

XF = (10,1), XF = (10,-1), (26)
X1 =(1,-5), XI = (1,5). 27)

Al BLFE AR G 1)K 48— BE AR K 2 x 10'° GeVig
BISUQB)e x SUQ)IEHE G 4 —, 15 - L Rebr
KHES x 107 GeVIHREIS U(S) x U x LR & H B 58
—[~131 53 A ZEFlipped S U(5) x U(1) SR 45 #i 5
1 Ry VG 35 € 7 S BUK B N6 i T 5848

24 SO(10) A

TES OO B v, — AR K Fn B4 Frh 7
S O(10) 1) 164 JiE 2 32 7, #S O(10)H AL 2 3 IE & X
MR G A, RIS T YA B g — R —
RFK TG —. SON0VAE WA K THE: SUGB) x U(1),

FSO06) x SO@) ~ SU@A)c X SU2), x SU2)x, ENPati-
Salam FLILH#E. X FS0(10) —» SUGB) x UQ), 1 LA
P16 0 &R IR N

16 — (10, D@ (5,-3) @ (1,5) . (28)

W R K B (1,5F o2 A F T, 13 #Georgi-
Glashow SUG)EE . 41 2R K 25 (1, 5% B2 A
F-lf i T, 13 FFlipped SU(5) x U(L)x#E 8. [ ik,
Pati-Salam#% %, Georgi-Glashow S U(5)# % FlFlipped
SUGXU()xBAL R EES—£1S O(10)#EHL. IS 0(10)
R — R BAK T RIS —, FTLAE KRG — B REAS
B 55 = A 2K F 1 Yukawaflh & % 1 40—, By, =
yp = Y. [RVEF AT DL i 525 W B (sliding singlet) AL il
siDimopoulos-Wilczek L il fiff th = = F 25 73 ¢ ] i@l
AN, FES OOV oy, A7 F (X, Y, X MY, RV BY
O PRI RN N6 BT T AT,

3 E4EOrbifold K& — A Y A 52 A Y

f5 4EOrbifold K 4t — 155 A B fift vk DU 4 K 48 — #5%
AU 32 e 0420 TR R, WA AR
YN = LB X FRS UG Bon S'/(Z, x Z5) Orbifold.
FEN = LEXFREN T WH4EN = 28 XK, 52
4k 7 8] % A FAE 9 K 7. i idZ, Orbifold Projec-
tion, 7] LK FLYEN = 1 X BR A 0 31 DU 4EN = 138
XFAR, JF HAF 2 DY 48 FAE 2% oK 5. A HIZ, Orbifold
Projection, T] LIS U(S)FI i X % P B Sk 2] b #E A2
BSUB)exSUQR), x Uy MIEXFRIE. [FII fEHiggs A
555, R A5 38 i & WH, M H, Higgshi F.
HARMRT = ZHE» N8, DN ASHIR
TAREAR ) . R REMNFE, HREAS TG R DR E Ly,
MFH, REER TR U/ ECBE Q. W T4k 7 (]
FEGIANNRTKR T ZEHES. XKERMR T 4RSS
— AR B[P BOK TR AL B 2, = 4EOrbifold K 48—
BB LR AT AR 7T, FEMR o 7 DU 4E R — B AL 3=
B[] .

SZERIR N I IE B R T B AR B R ST A A AR
KL, H R RANB IR T B AR 7. AW A%
(23S 3 (0% F VR FIEE X AR 0% 388 R 52 3. 3%
R AN B PO e A AT RE A H AR T, 1R
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SEERVR TR, SCH RV R I A I S 4 4k, IE L
TSR EVA T 4EE a2 2 e, e ReRe g — 2+ —
YE P BLAE B AR5 T 2 M- B8 R a2 L 2 B R
— ] e R IR = T 5] SR EEE, R 0 ] 7 R 5% HE e
HH R 3 Ao S 25 S Xof R 7 A 28 B K PR K e — #E
T — AR B R 2 R ) 3 B
WIR: (1) PRAFATTR0M 2 6 i 2 2 B 2 DU 4, Fr DU
5% PRSP AN (0 7S o Bl 2 A ) 2 R 6 2 AR N, K
METESZREARS x 1017 GeV. $0 %= by A4 =% ) 4 FE 75 22
KEUL; ) FRUERITL R I ATA PR T _ FAE TR T, ik
HHEAL G T EARINULEN = XS FREES. 19854E A4,
R SZ AR A i R B R IR T A R 5L E X Es. JR K2 Eg g
R B S5t 38 K 58— A5 2R R s v A 2R R S % B e, L)
FRPERL BRE Bk

Es — Es — SO(5) — SU(5)
- SUB)eXxSUR). x U(l)y . (29)

H A REs x Egff 1Y F F A3 Calabi-Yauii ¥ %
A, Orbifold % 2 b, DU 4k 9F oK 2 BE AL 19954
DA, BE DI & I, B TDIEE bl B A #E X Fr
P, BT DA AR B8 74 i Type TIHE 52D A5 . 8 54D fi £
BEZWA3 K MDA, 1E 7 S DB AL,
Gepner#t . 20084 LA J5, FF UG M IEF- g i Y. F-3E
WAl LA B B A — A28 61 Axion-Dilaton3 1) 5 %
4 M Type UBHE5Z 6, BARE R LT Ll o2+ =
PR, WA 2 JF H EL B B sE AR B I R (1)
F A% Eg x Eg (LEM-Hiton S /Z,) I Calabi- Yauifi £
FOrbifold Xk, F ERALZS U(5), S O(10)FIEo 157,
(2) VYo Ze oK R A AL, 32 BEARE AL AL T A v AR 2
R HATERE RS UB)e x SUQR), x U()y x UQY",
Pati-Salam#% % fIFlipped SU(5) x U(D)x#E A, &
S 1K B AN T B 5N i 4EHiges kL TR ¥ & H
(0 X R PR A B B bR o R R T AR (3)
Type TIAH A2 DA AR Y, 3= B2 Y & Pati-Salam A% Y, Jii
A £ Yukawa il & T2 U(4) e X U2), x U NEEI]. (4)
F-BRg AL, F EA RS US)IEAL, Flipped S U(5)5
RMISUB)e X SUQR)L x SUQR)g x U(1)p- HALZE. T34k
EAM-F i on Gift TR &5, 5L IR 1) il 2 b2 R
H AR S B K G0 — RO X AR PR Al B, A R DO 4 K 48—
PR AR ., AR, 3R ) A g
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ERE AL

4 WIKG—HH

BEE RS UB)e x SUQ)L x ULy # 8 #5&H B i)
A5 B IR, T 2 5K T 199 14E L s v A 7R 0 T R
WHAE SRR I A R —E . N T BRI A
WG —, BRI EARE, BT VAR 5] NFT I
BT, X R AT 8 TR K Y 5 o AL B DR SR AT
R 2 T2 (10768 0 o 0 L AT R ) R A 1)
— [ E AL 1Bk 250 2 =X (5)F(6).

WK G8— MY S LRG0 A2 R T R, SU(S)RE
MRS T 8 = X, Y, 000 3 7 3 800 =4 61
T 3EARp — et A AR T R 7

4
MXM/ Y,

(30)

Tposermd ~ gl
HrpgsSUG)G— IR G HEL, My, )y, /& X,/ Y, RTEIL
7 B & B R G — BeAR, myse 0115 & 7E19804F /i
A, BT A BRI ARG O AN T, SR
HSUQ), x Uy MGG H G — 1t EH RE—he
B, Z17E10' GeV, JETUE T 5 173 fird.5 x 107174,
Bl /N F2.25 x 10314, KRG — B AR
HRMHE IR E X, P VR R SEAH LK 58, Irvine-
Michigan-Brookhaven(IMB )= 4 2H 221119834 & #il Jii
TR T 10%24E, HHERR T eI 4G SUS) AL, [R] I
TE X FRSUSIE A 1, 5 F574EHiggs % 7 i) = 5
AHiggstBHHAH, KT 2512 =M NS R T
BAp - v, K. SEBR E, SN D FRSUS) B 4 HEBR
1) i R 3 2 VU AR S i g — S E AN NS R T = AR
Z I BIP JE. 245R, X /N R FRSUS) I B BE A4,
1t i) R R AT g ke

B NOM R T 3% Bp — ernOFE AN NSH R T
®%p — v,K"fESuper-Kamiokande SE 46 o O &8 i AT
T3, I B TR T A R IR LT x 1044
F15.9 x 1034 231 Jif 1 FE 42 % 5K /£ Hy per-Kamiokande
S5 th B — P AT SR, T RRAE BRI 1 5 A i
R PR A3 502 1.2 X 103 4F(90% B 15 JE) (8.0 x 103 4,
30) FI2.8x 103 4, (90% BEAFE) (2.5x 103 4, 30) 241,
DUNE (deep underground neutrino experiment) K %} Jii



FHAFp — e*n FMp — v, K+ 17 FHL. DUNE 5256 %
JRF R — et nO A KBUR, XT3 Lp - v,k fE
25 th Lt Hyper-Kamiokande 256 W& i3 4 — s (R B3 T 75 A
B PR — MK G5 — 5 A i 6 AR O G — B AL T 1Y
Ji ¥ 75 iy lbHyper-Kamiokande S 36 fIDUNESE 56 T 11
0B 1 R 51 o 0 PR G 38R PR A2 X R SR 5 e
TR G R, A Be ik B LART RS2 56 5 bR, Bk 568 X R
KRG — BB RT3 38. 9K, 18 JERE PR br v AR 2
b, AT DASIONE 24 R Te VREAR [ HTRL T, SR I8 Tl F32 1K
RS —RebR, LRARET 175 i, MOXFloRZ8— B
7] LA7EHyper-Kamiokande SZ38 FIDUNE 5256 A 4G 56

KRG — LRSS US)ELS O(10) B kB, m] L= AR
KRG — W T, ORI B Bl 1 B ) R F= FE b
B, AT HEAAAE TR AR 2 . 2% B Callan-Rubakov
Process, 1X JE i B0 1 110 2508 A2 03805 7~ %5 4%, Super-
Kamiokande= 46 Xf #H 56 o i1 Flux gk A7 I &, {2 &%
JE I T e R UK, A19~55 MeV. FRATIEAE #3474
KM FT, H-45 2 H fEHyper-Kamiokande 5236 FIDUNE S
56 R MN0.5 GeV A A B i1 FINTE 5% 2k S 36 Hh 4R
MO.5 GeV e A ¥ I HL 145

5 w5ES

KRG — BB HIR T H IR FEAFAE (4RN 3 A B AR

H: 5, 55 B A G] A BAE . B 9 b v A Y
(3N BEYE R & i B = B AR AN Re gt —/E — i, BT DA
S B T AT AR BRGNS W G —. BRU)
1E M H—4k Al -F M1Grand Desert Hypothesis, fETeVAEFR
FE A5 5N HT 0RL T SR A5 21 b 1 455 2L 0 0 R A )
Gr—. IX FAEAY Y SR AR R b oA S AL AR E M e,
G P TR R bR HE A L. 7E DY 4E K G — 1A
H, 40 1 Pati-Salam S U(4)¢c X S U(2), x S UQ)p 5L,
Georgi-Glashow S U(5)# %!, Flipped S U(5) x U(1)x#&
RUFIS O(10)AE B, o rp VE 4R A 21 T A S5 Bk R R Xt
FRSUGBL R, FEihie 7 H IEH M S, 77511
BRI T EMAFRELE LFANAT &
HEOrbifold K 4t — A5 8 kG 5% M 8L, & Jig 8 1 ]
WIF KRG —H: 7EXH AL - F-HB R A ok 7
R R O T 5 AR TR I RS R Y S 56 4G 365 LA K AT
TR 77 . B BT3RO G0 — AL IR 2 2

AL E SR G — BT F BT 8RS FORL Ty
P, ] e 75 B I8 R ORI 98 1 X 8 HL(FCChp) B
2% J5i T Jii T %} ## Hl(super proton-proton collider, SPPC).
() N T HEF K7 AL, 7 AE 2 G HHyper-
Kamiokande fIDUNER K] S8, &z, K& — Al
HER 5% K Gt — A1 2 W) 3 2 ) 260 B b, SCe AT e
LSRR BN S IR AW N E AR
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Summary for “ K4t —H g i FH2”

Grand unified theories and proton decay

Tianjun Li'-?

U Institute of Theoretical Physics, Chinese Academy of Sciences, Beijing 100190, China;
2 School of Physical Sciences, University of Chinese Academy of Sciences, Beijing 100049, China
E-mail: tli@itp.ac.cn

There exists four fundamental interactions in Nature: strong, weak, hypercharge, and gravity interactions. Based on the
conjecture that all the fundamental interactions have the same origin, physicists have explored the Grand Unified Theories,
which describes the most fundamental laws in the Universe. From the historical point of view, the first unification was
done by Newton, who unified the celestial and terrestrial gravity. The second unification was done by Maxwell, who
unified the electric and magnetic interactions into an electromagnetic interaction. Nordstrom, Kaluza, and Klein for the
first time proposed the extra dimension(s), and tried to unify the known gravity and electromagnetic interaction into a five-
dimensional gravity. This idea is indeed great, but unfortunately does not describe Nature. The third unification was done
by Glashow, Salam, and Weinberg, who described the electromagnetic and weak interactions via an electroweak theory.
Therefore, how to construct the Grand Unified Theories to describe all the fundamental interactions is a very important
and fundamental problem. As we know, strong, weak, and hypercharge interactions are gauge interactions, whose gauge
groups are S U(3)c XS U(2), X U(1)y. Thus, we believe they have the same origin: a high scale Grand Unified Theory with
gauge group S U(5) or S O(10), etc. Exactly speaking, there are two kinds of definitions for the Grand Unified Theories:
(1) Gauge interaction unification; (2) Fermion unification. In this paper, we only consider the first definition, and do
not consider the Grand Unified Theories which unify three generations of the Standard Model fermions. However, the
Grand Unified Theories do not include gravity. Especially, gravity quantization is another important problem in physics.
Right now, the most promising theory for quantum gravity is string theory. Therefore, the models, which can unify all the
four fundamental interactions in Nature, are probably the string models. In particular, string models can solve the major
problems in the four-dimensional Grand Unified Theories naturally. Thus, the Grand Unified Theories and string models
will give us a Theory of Everthing. In principle, it can explain all the phenomena in the Universe, and thus it is the final
goal of the physics. Historically, many great physicists such as Einstein et al have studied the Grand Unified Theories.
Right now. we have constructed various Grand Unified Theories and string models, and thus need further experiments
to test them. In this paper, we first briefly explain the Standard Model and its problems. With the canonical normalized
U(1)y and Grand Desert Hypothesis, we can achieve the gauge coupling unification by introducing new particles around
TeV scale. Especially, we explain the supersymmetric Standard Models in details. We discuss the four-dimensional
Pati-Salam SU4)¢c x SU(2), X SU(2)g models, Georgi-Glashow S U(5) models, Flipped S U(5) x U(1)x models, and
S O(10) models. We explain the non-supersymmetric and supersymmetric S U(5) models in details, including its correct
predictions, the main problems and solutions, as well as proton decays, etc. We also briefly discuss the high dimensional
orbifold Grand Unified Theories and string models. Finally, we study how to probe these models: searches for the new
particles with predicted properties at the colliders, as well as the current and future proton decay experiments and possible
new proposals.

grand unified theories, proton decay, fundamental interactions, standard model, supersymmetry
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