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Flipped SU(5)
[= SU(5) X U(1),]

= A maximal subgroup of SO(10),
(if U(1), charges properly normalized )

1 1,1
Y =——Z+ X,

2 5 5

where E=iliﬂg.(3 T T T3 )




In Flipped SU(5),

[Barr, Antoniadis etal.]

* Broken to SM gauge gp. by tensor Higgs <10,>, <10* >.
* Doublet/Triplet splitting simply works. [missing partner mech.]

* No unrealistic mass relation. [eg.m, #m,]

* Explanation for Unification orU(1),normalization needed.




R parity violation
in Flipped SU(5)

10,,10,10,5*, — <ve,>{qd°|, + d°d°uc}
: eff. dim. 4 R-parity viol.
: eff. dim. 4 R-parity viol.

10i 5*j 5*k 1| — dciucjuckec| : dim. 5 proton decay




Dim. 5 proton decay
induced by heavy triplets

If there is an additional heavy pair of {5, 5*:};
96={Dgs Lg}, 9% = {D%;, L}

Winwanted = 10;10;9¢+ 10, 5* 5%+ 1,5% 5.+ M5:5%
= (dc{kvcj}'l'q{iqj}'l'ecmucn) DG + (dc{iqj}'l'ecmln) LG

+ (duc+q,l) D% + (quus+vel) L

{Dg, D%} mediate (1/Mg)(q;q,q,l, +d°ucuc.ec.).



To avoid d=4,5 proton decay,

In Flipped SU(5),

e 1010 105* and 10 5* 5* 1 should be forbidden.

* Onlyone pairof {5,,5% }should be there.




F theory

[Vafa]
Type 1B string theory = elliptically fibred F-theory,
in which
T(=C,+ie®)= complexstructure of the torus

« Ellipticeqn.: Y2 = X3 + f(Z)x + g(2), xy} € CxCY, {7 B

(shape of the torus varies on B)

e Discriminantlocus, S, ={4f+27g>=0} : 7 branes
e Shape of the singularity = gauge group of the 7 branes

* E, gauge groups are possible.




F theory model of SU(5).

y2 * Alxy ¥ A3y =x’+ AZX2 . A4X + AG; {x,y} € CxC!
E; — SU(S) x SU(5) | A, = holomorphic sec. of K;™
bm =N-m C1
Al - - b5 + O(Z)

A,=h,z+0(z%
Ay=-by7* + 0(Z%)
A =D, 23+ 0(z%
As=Db, z° + 0(z9)

(Eg is unbroken if A;=A,=A;=A,=0.)




F theory model of SU(5)..

E, — SU(5) x SU(5) |
248 —» (24,1) + (1,24 ) +{(5*,10 )+ (10,5 ) +c.c.}

boUS + b, USV2 + b,U2V8 + b,UV4 + b V=0,

Describing the commutant
Z=P(Ks+0) F) Seur group SU(5) |

{u,v}<{o,0.}, 0,=0+T1*C, 0NO,=0

b.,=n-mc, n < H3(Sgpint.)
1st Chern class of
6C1_t

tangent sp. of Sgyr




For obtaining Flipped SU(5),

E; — SU(5) x SU(5) |

248 > (24,1) + (1,24 ) +{(5*,10 )+ (10,5 ) +c.c.}

SU(B) , — SU4) , xU(1),
[ So Eg—{SU(5)x U(1),}xSU@4) , ]

24| —>15,+1,+4,+4*
10, - 6,+4,
5L—>41+1_4 x=(1111;‘4)XN5_L




For obtaining Flipped SU(5),

Flipped SU(5) multiplets weights of SU(5) |,
(5%,6), : (d,H) t +tj
(5%,4) 3 : (uS L) L+t
(1074)1 : (dcy Q7 VC) ti
(10,1) , : exotic, & 45 of SO(10) t

i,j=1,2,3,4

(boU* + b,USV + b,U2V2 + b,UV8 + b,V*)(U+d,V) = 0,

where byd,+b, =0, spectral cover (4+1) factorized !




R parity ?

Unfortunately 10 10 10 5* s allowed.

o+t + gt (ty+s)

— More factorize the spectral cover eq.




Structure Cover

STU3)xU(1),x U(1),] is described by

ClChCW =
(a,U3+a,UV+a,UV2+a,V2)(b,U+b,V)(d,U+d,V) = 0,

b,=d,=1 [trivial sec.] to be consistent with 6d GS rel.
[K. Choi ]
. a,=-ay(b,*+d,) [SU(), traceless condi.]

aj/ag~t +1,+ 1
a,/a, ~ t,t, + tt, +tot,
az/a; ~ tibty
b,/by~ 1,
di/dy ~ 15




Field Spectrum (matt. curve)

10, = Mt—0 3 E. — SU(5) x U(1), x SU(4
101; . {4_) O ; 8 ( )X ( )XX ( )L
55 ¢ Thi{t+t) >0 ; 248 — (24,1)g + (1,15) * (1,1),

5*_3’ . t4 + t5 o O ; + {(1!4)5"' (10; 4)1+ (10;1)_4
+(5,6%),+ (5%, 4),+c.c.}
1. : Tit-t)—>0 ;

' 2 ums20 X=(1,1,1;1; -4)
5_2 . T-Kj (-ti-tj ) — O ;

5% Ti(t+ty)) > 0 ; Z=(1,1,1:,-3; 0)

1, :T{t)—>0 ;

10, : t—0 : where t,t={t,1), 1}




Field Spectrum (matt. curve)

10, = Mt—0 3 E. — SU(5) x U(1), x SU(4
101; . {4_) O ; 8 ( )X ( )XX ( )L
55 ¢ Thi{t+t) >0 ; 248 — (24,1)g + (1,15) * (1,1),

5 ¢+ t,+t.—>0 +{(1,4);+ (10, 4),+(10,1) ,
? o +(5,6%),+ (5% 4);+c.c.}

1. : Mit-t)—>0%

1, .

WIETOOT O X=(1,1, 1515 -4)
5, 1 T () —>0 ;
5%, Ti(t+t,) =0 Z=(1,1,1,-3; 0)




Field Spectrum (matt. curve)

101 . ﬂiti_)O

00 4o E, — SU(5) x U(1), x SU(4) ,

4,1), + (1,15)g + (1,1),
T {(1!4)5 + 10’ 4)1+ (10’1)-4
+(5,6%),+ (5%, 4),+c.c.}

5, &+ T {t+t)—>0 ;
55 ¢« t+t.—0 ;

1. : Tit-t)—>0 ;

7t W20 X=(1,1,1; 1; -4)
5_2 . T-Kj (-ti-tj ) — O ;

5% Ti(t+ty)) > 0 ; Z=(01,1,1:;-3; 0)




Field Spectrum (matt. curve)

10, = Mt—0 3 E. — SU(5) x U(1), x SU(4
101; . {4_) O ; 8 ( )X ( )XX ( )L
55 ¢ Thi{t+t) >0 ; 248 — (24,1)g + (1,15) * (1,1),

T {(1!4)5"' (10! 4)1+ 10’1)-4
+(5,6%),+ (3%

5. ¢ t,+t.—>0 .
’ v ,4) 5+ c.c.}

1, @ Mi{—t)—>0;
2 ums= 0 1,1, 1; 1; -4)
5_2 . T-Kj (-tl-tj)—>0 ;
5%, ¢ TI. (t+t,) > 0




Field Spectrum (matt. curve)

10, = Mt—0 3 E. — SU(5) x U(1), x SU(4
101; . {4_) O ; 8 ( )X ( )XX ( )L
55 ¢ Thi{t+t) >0 ; 248 — (24,1)g + (1,15) * (1,1),

T {(1!4)5 + (10! 4)1+ (10’1)-4

55 ¢« t+t.—0 ;
+(5,6%),+ (5%, 4),+c.c.}

1. : Tit-t)—>0 ;
. : t,-t—>0 ;
5_2 . T-Kj (-ti-tj ) —> O ,
5%, T (t+t,) > 0 Z=(1,1,1,-3; 0)




Field Spectrum (matt. curve)

101 . ﬂiti_)O ’ F. —
10, : t,— 0 ; g — SU(B) x U(1)y x SU(4) |

5*_3 Tl (ti+ ts) -0 s 248 — (24,1), + (1,15), + (1,1),
- ’ ) 9%, 4)3 + C.C.}

1. : Tit-t)—>0 ;

2 ums= 0 X=(1,1,1;1; -4)

5_2 . T-Kj (-ti-tj ) — O ;

5%, 1 TIi(t+t,) > 0 Z=(1,1,1;-3; 0)




Flux for 4d Chiral Spectrum

Turn on fluxes only on C@ and C® to preserve SO(10) structure:

I'a — )\{30’ — T * (n—3C1)} + T * §/3 with T, : C@ — Sg
rb — —Trb* C with 1T, : ch _, SGUT (traceless)

- 10_, remains vector-like.

Flux quantization condi. : 3(1/2 + A) € int.

—(A=1/2)n + (BA—-1/2)c, + T/3 = H2(Sgp.int.)

[Blumenhagen etal.]




Flux for 4d Chiral Spectrum

Riemann-Roch-Hirzebruch index theorem:

n(R) = Ny — nNe,= index iV = J; tr F

=X NTl,




Field Spectrum (# of Families)

10, : T;t—0 ’ —(An -1/3) - (n— C1)+C1 g=7
101’ . t4—)0 ’ C1 'C = ?

5% ¢ Milt+t) >0 5 —(An-g/3)- (n-8c,) + ;- =72
55 1 Kttt >0 cC,-¢ =7

1, MmE-t)—0 -(An-2¢/3)-(n-8c,) +c,-q=7
1, t4_t5_>0 ’ C; ¢ = 7

5, : Tl (t.t,) 0 ; -(An+21¢/3) - (n-3c,)




Flux for 4d Chiral Spectrum

For {10,,5*5,1:} =3, {5.,,5%} =1,
and {10,", 5*.5°,1;'} =0,

Require )\n‘ (l] _3Cl)=_7/3’ n'c=2, C1'<=O,

Flux quantization condi. satisfied by taking

A=1/6 and (N+ QI3 € HZAS.p2)




Field Spectrum (# of Families)

10, : T.t—0 ; -(An-24/3)-(n-3cy) +c,-C=3
10,/ : t,—0 ; c;-¢ =20

55 ¢+ Milt+t) >0 5  _(An-g/3)-(n-3c,) +c, - =2
5, 1 tH+t,—>0 ¢, ¢ =0

2 i~ =03  —(An-¢/3)- (n-3c,) + ¢, =3
1, t4_t5_>0 ; C, =0

5, I, (tltj) 0 ; —(An + 2 7/3) (n_3C1)=1
5%, Ti(t+t) >0 ~(An +2/3) - (n-3c,) = 1




Base Manifold

Require)\n‘ (n _3C1) = _7/3 ’ n * z - 2 y C1' c = O y

Flux quantization condi. satisfied by taking

A=1/6 and (n+Q)/3 & H?(Sgyn2)

All the condi. satisfied only if S ;= dP, ,

[H'H=1 , Ei°Ej=_6ij’ H'Ei=0]

Global embedding is easily done !! [Blumenhagen etal]




Dim. 5 proton decay?

10, {t,,t,,t} ; 9% 5 {t+t, t+t, t+t)
W D 10,10,10,5* , + 10,5* ,5* .1,

are forbidden,
because (+t,) is missing.




Field Spectrum (Higgs fields)

To avoid dim. 5 proton decay,

Require Absolute # of {5__2, 5*2} = 1.

In principle, it is possible.

W D 1 0 5_25*2 (C“pterm’) ,

where we have five 1,s.

The bare p-term (M 5_,5%, ) is forbidden.




Field Spectrum (Higgs fields)

Net # of 10, = 3

Regard 1x{101, 10*_1} as {1OH’ 1O*H}'

W D MG1OH1O*H + (1OH1O*H)2/MG + -,
Assume <10,> = <10*,> ~ M, at a SUSY vacuum.

In the strongly coupled heterotic string theory (" " heterotic M),
the fundamental scale becomes coincident with the GUT scale.
F-theory is dual to the heterotic M theory.

VEV distinguishes 10, and 10;..




U(1), normalization

S0(10) normalization for U(1),
gives
the MSSM gauge coupling unification
with sin%0 =3/8,

underwhich X — X/ (40)%/2
l.e.
101/\/40 ’ 5*-3/\/40 y 15/\/40
9.5/\40 19% 240 €tC.




U(1), normalization

In our case, at first glance,

U(1)x & SUP) .
1(2,2,2,2,2) |2/ L(5%) = [(1,1,1,1;-4) |2/ L(5* )
=40 = 1/N,.2

tr.T*T0 = L(R) 52

L(F) = % for SU(n) so X— X/ (40)1/2
when U(1), < SU(5) |

.« MSSM gauge couplings unified
giving sin%0,=3/8.




U(1), normalization

In our case, at first glance,

U(), C SU().,
Indeed, U(1), & SO(10),

" U(1), is the common intersection
between SO(10) and SU(5) |

SO(10) x SU(4), C Eq
SU(5) x SU(5), C Eq




Consistency of U(1),

From Chern-Simions interaction of Type IIB th.,
j C, N\ exp(iF/2m),

S ~ trX2 | s Fy A O I sC(L) A w,

induced

In our case, L, = 0, and so
the U(1), gauge boson is masselss.

U(1), anomalies are free.




Summary

To prohibit the dim. 4 and 5 proton decay,
the structure group in F-theory GUT should be SU(3) |
or smaller, and there should be
only one pairof { 5, ,5*% }.

We proposed an F-th. model of the Flip. SU(5)
considering them,
in which sin®6,,= 3/8 at the string scale.
We turned on fluxes only on the flavor branes.
So the gauge coupling unification shown
in the MSSM can be protected in the model.
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F theory model of SU(5).c

E, — SU(5)x SU(5) |

248 —» (24,1) + (1,24 ) +{(5*,10 )+ (10,5 ) +c.c.}

boUS + b,USV2 + b,U2V8 + b,UV4 + b Ve =0,
b,/by=Z;t;=0 (traceless) , b,/by=2Z; t;t;,
b3/ by = Zi<j<k LYt b,/ by = Zi<j<k<| Lt Ly, bs/by = titytstts

bo TT, (s +t) .o =bys®+b,s*+b,s3+bss?+b,s+b.| .= b, =0, wheres=U/V,
5, ~{t,t,t;t,t;} : weight, position of the flavor branes

S 20={s=0}N{b;=0}




Elliptic equation
for Flipped SU(5)

y2+ A Xy + Ay =x3+A x>+ Ax+ A,

A, =-ab,d, +0(2)

A, = (a,b,d,+asb,+a,d,)z + 0(z)
A,=-(a,b,d,+a,b,+a,d,+a;)z*> + 0(z°)
A,=(a,b,d,+a,b,+a,d,+a,)z3+ 0(z*
As=a,z°+ 0(z°)

In the limitofd, — O,
the gauge sym. is enhanced to SO(10).

[{10_,, 10*,} become massless. ]




Field Spectrum (homology class)

With
claceCcd = (a,Us+a,U2V+a,UV2+a,Vv2)(U+b,V)(U+d,V) = 0,

* Solve the equations for

c@nrC@:c@ntCh: cantCd. cONrCh ; CONTCH;
CYN1C : ete., and

cench; cenca; cnc, droppingV=\V2=0.

* Read off the homology class of the solutions.



Field Spectrum (homology class)

C@ N 1C@; U(a,U?+a,V?) = V(a,U%+a.V?) =0,
U=a,=0; ¢ N n*(n-3¢,); (10,3),
agU?+a,V2= -a (b, +d,)U’+a;V2=0;
(m*n+20)N(m*(n-c,)+20) - 20.,NT*n

=(20+m*n) N 1*(n-3¢,) ; (5*,3%),

C@ N 1C®: U-b,V=a,U%+a,U?V+a,UV>+a,V3=0 ;
0N IT*(r]+30) (5*',3),

Similarly, from C@N1CY9: 0 N m*(n+30);(5*,3) 5

Consideralso C®N1C®), C®N1C(d), CONTCH),
c@nc® , c@NC, and CINCW .




Field Spectrum (homology class)

10, : Tt—0 ; o N m*(n-3c,)
10, : t,—>0 ; o N m*(-c,)

5:-3 P T (G+t) >0 o N m*(n—-3c,)
55 1 K+t >0 o N m*(—c,)

I, : Tit-t)—>0; o N m*(n—3c,)
1t 4y-t—>0 o N m*(-c,)

5, ¢+ Tij(44)—>0 ; (20+1+n) N T*(n—3C,)
5% I (t+t4) -0 o N m*(n—-3c,)

L M) —>0 o N m*(n—-3c,)

10+ =0 ; o N m*(-c,)




Effective superpotential

W, = (10,,10,,5,+10,,10,5,)+10,105,
+10*,10*,5* S’ /M,

+(10,5% 5% +S5,5* }+105* 5% +15*5,
+10*,10*,,10,10, /M,

* Sand S’ are diff. linear combi. of the five 1,s.
 Lepton flavor violation (technical prob.)




