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Grand Unified Theories

2 Unifications  theoretically interesting
Gauge Interactions

SU(S) D) SU(3)C X SU(Q)L X U(l)y
Matter D SU(5)

Q Up By Dy L

10 + 5+ 1 =

Experimental supports for both unificatiop$ \
:> GUT Is promising




Grand Unified Theories

Unification of gauge interactions
quantitative evidence:
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Unification of matters

(Y,)i;10;10;55 + (Y4);10:5;55 + (%,)1;5:5;545x

gualitative evidence:
10;(Q;) have stronger hierarchy than 5,(1)

E> hierarchies of masses and mixings

lepton >>quark (in hierarchies for mixings) 7\
ups >> downs, electrons >> neutrinos (in mass hierarchies)




Two Problems of GUT

The doublet-triplet problem (the most serious)

Unrealistic relations for Yukawa couplings due
to unification of matters.

Y. =Y! Y”10105 +Y”1055 +Y”515
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In SU(5)
Y, =Yy =Y, =Y, Y'1616]10,
in SO(10)
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Doublet— Triplet Splitting

Minimal mulitipletin SU(5)
Sp= (e Hy) by = (He, Ha)

(Mo = Mg + g2v > 3 X 1017 GeV: the proton
Mpy = Mg — g3v ~ 100GeV

\ & NAgopr ~ 2 x 1010GeV ~ v
W = 55(Mo + 9244)5  SU(5) — Gsu

\

10 Finetuning g ~ 107 a0 = (%" 9 )

How to realize this large mass hierarchy without finetuning?

n
Higher dim. Int. Sg( __ ) 24,5y must be ccﬁtro led.

n<?Y7

MPlanck



Several attempts

1, Missing partner mechanism
2, Sliding singlet mechanism
3, Missing VEV mechanism

4, Pseudo Nambu-Goldstone
5, Orbifold GUT(5 dim.)

6, Others, ..., etc.

But it is difficult to solve this problem naturally in 4D.
In most models, int. allowed by symmetry is omitted by
hand. and/or verv small couplings are assumed.



Missing VEV mechanism

Dimopoulos-Wilczek 82

SO(10) A 45

H H :10=5+5

[

\

W = HAH' + M H'H'

5 5u

5H( 0 (4 )
5,0\ (A4) My,

)

0)

W(A) = A% + A*

x (B_T,

x HH, x HH'

v (He)
0 (Hu, Hd)

7\

SO(IO) — SU(3)0XSU(2)LXSU(Q)RXU(I)B_L



An Issue

Must introduce additional Higgs fields to break
SUR)pxU(l)p- = U(l)y €16

To obtain the VEV (A) C:16 24 4 1
(C,C) andA must be separated o
W=W(C,C)+W(A) w=(a e v

0

But then Pseudo Nambu-Goldstones appear
(A) SO(lO) — SU(?))OXSU(Q)LXSU(Q)RXU(l)B_L
(3,2)s+(3,2)1 +(3,1) 2 +he

(©) = (C) §0(10) = SU(5)
(3, 2)% + (3, 1)_% +(1,1)1 + h.c.+(1,1)p \

(C,C) and A must be coupled each other



N.M.01

Natural GUT N.M.&Yamashita,02
(Anomalous U(1) GUT)

Important differences ( the previous models <{==) ours)
Dvali,Hall-Raby,
Berezhiani-Tavartkiladze,---

1. Doublet-triplet splitting problem is solved with
generic Interactions (incl. higher dim.
Interactions) with O(1) coefficients.

2. Natural gauge coupling unification. I i

of gauge coupling unification in MSSM.



Natural Grand Unified Theory

Problems of SUSY GUT are naturally solved.
We use the word “natural”’, because we

Introduce all the terms which are allowed by the
symmetry with O(1) coefficients

(incl.linfinite higher dimensional interactions.)

. . A . A
Gravity scale is not far from the GUT scale. A—G > V/‘(e“"
Pl G

We have to consider higher dim. Interactions.

We can define the model only by determining the
symmetry of the model(except O(1) coefficients). The
parameters for the definition are mainly about 10
U(1) 4 charges for the fields.

The predictions are expected to be stable under the/ \
guantum corrections or gravity effects.




Anomalous U(1) Symmetry

U(1) with FI-term 2 [d*V,, (€2 < N?)
Dy=€2 - |02 5 (©)=¢=A\ A~0.22
0 — —1 small letter charges

Anomalous U(1) is broken just below the cutoff.

: : : Froggatt-Nielsen 79
Hierarchies of Yukawa couplings Ibanez-Ross 94

W= (%)q T QiU;Hy — T4 TheQu; H,
(Yu)ij ~ AT (V)5 mo AGFTEGTA - (Ye)y5 ~ AT eI TR
Criticism: Any mass spectrum can be obtained.
But mixings (VCKM)z’j ~ Mai—ail Viz ~ VioVo3

i .y H,)? -y
In neutrino sector (y,,,);; ~ Alith+2mldu (v oy n Al
2
(Vog)% ~ Aaﬁzl ~ A2 (LMA), N3 4(SMA),\o(LMO), N1 (vAC)
atm
Vosl 007 053 0.3 A 0.1 x 005 x*

EXPp. N.M.01



Natural GUT

Basic assumption for FN mechanism here:
All interactions allowed by symmetry are
iIntroduced with O(1) coefficients.

This basic assumption is applied to the

GUT Higgs sector in addition to Yukawa
sector.

It IS reckless because infinite number of
terms must be considered.
7\



How to control infinite # of
generic interactions?

SUSY zero mechanism




Bando, N.M.01

VEV determination <Z>_{o 2> 0

A7 z2<0
An example Z+(i=1---.n.) AN=1
7-Gi=1--n) W2
oW

~ =0 ny +n_—1 gauge inv. of W

oz, ) (Z,)~0(A)
\DA:§2+Zi Z |2:O
Whenn, <n_, <Zi+> =0 can be a solution.
oW

oz M omm) (7)se

LDA:§2_|zi‘||Zi‘|2:() / \

N\

.




VEV determination

All the coefficients are determined by the
anomalous U(1) charges.

=) VEVs are determined by the charges.
O z >0
A7 2<0
Z GUT gauge singlet
Holomorphic zero (SUSY zero)

(Z) =

N=1

The terms with negative total charges are forbidden.

vy 42 <0 — NTTYEEXY 7

Important in solving DT splitting problem naturally.



How to control generic interactions?

Only terms WZ;r linear in positive charged fields Z,é‘"
are important to determine the VEVs of negative
charged fields Z_. (finite # of terms in W+ 1)

W o ztzh — Wz =0

L ozT
8WZ_|_
azi =0, Dy =0 determine the VEVs of Z,
1
N_|_ > N_ — 1 Overdetermined meta-stable SUSY breaking
Kim-N.M.-Nishino-SakuraiO8
N_|_ — /N_ — 1 Generically no flat direction (all massive)

N + < N_ — 1 Flatdirection (massless modes appear)/ \



SO(10) Higgs sector

A minimal model (in addition to ©(6 = —1, +))

SO(10) negative positive
45 Ala=-1,-) Al(ad = 3,-)
16 Clc=—-4,4+) C'(d =3, -)
16 Cec=-1,4) C(d =6,-)
10 H(h=-3,4) H'(W =4,-)

1 Z,Z(ZZZZ—Q,—) 7'(' =5,4)
To determine the VEVs
W = WAI —|— Wzl —I— WO/ —I— W(_;v/ ‘I‘ WH/
Wx includes only terms linear in X

It Is surprising that such a minimal model inclydeQ
the structure to realize DT splitting.



SO(10) Higgs sector
W = WAI + WHI + WZ' + WCI + WC_I

SO(10) » SUB) ¢ X SU2), X SUR)g X U(1)5_;

Wy, + Wy, realizes DT splitting by Dimopoulos-
Wilczek mechanism.

W,, fixes the scale of (CC) ~ 17¢~¢.
W., + W, realizes alighnment btw (4) and (C)&{C).
SU2)p X U(1)g_y > U(L)y 7/ \

-1 0

W,, fixes the VEV ) = ( 0 1) ®(

oo o
oo g O
SO OO
o OO O O
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Missing VEV mechanism

Dimopoulos-Wilczek mechanism

SO(10) A 45
H,H':lO=5—|—5
[ v \
1 v 0
(A)z(_l )@ v X @B-L,
0 0
\ 0,
- / / /
W = HAH _I_MHIHH XHH,XHH,
517 bp
5H( 0 (A)) <A>:{v (He)
5\ (A) My 0 (Hu, Hy)
\ (A) H / \

SO(IO) — SU(3)CXSU(2)LXSU(2)RXU(l)B_L



An Issue

Must introduce additional Higgs fields to break
SUR)pxU(l)p- = U(l)y €16

To obtain the VEV (A) C:16 24 4 1
(C,C) andA must be separated o
W=W(C,C)+W(A) w=(a e v

0

But then Pseudo Nambu-Goldstones appear
(A) SO(lO) — SU(?))OXSU(Q)LXSU(Q)RXU(l)B_L
(3,2)s+(3,2)1 +(3,1) 2 +he

(©) = (C) §0(10) = SU(5)
(3, 2)% + (3, 1)_% +(1,1)1 + h.c.+(1,1)p \

(C,C) and A must be coupled each other



WA’ — )\a-{-a’A/A 4 /\a/+3aA/A3
[ )

1 v 0
(A)y = ( 1 )@ v x Qp-L
0 0
\ 0 )
% =0 — )\a’—l—ami(l + :U,L-Q)\Qa’) = 0 forall ¢
= x;, =0,\7¢ only two solutions
GUT scale is determined by anomalous U(1) charges.
SUSY zero forbids A’A2L+1 ([ > 2)
If it is allowed, % = 0 have more solutions (less natural)
Usual symmetry cannot forbid them.

Anomalous U(1) plays an essential role! 7/ \

SO(].O) — SU(?))CXSU(Q)LXSU(Q)RXU(].)B_L




W = Avtath g A (4220 772)

OW O—><Hc>:O

OH —
SUSY zero 517 5y
Ew\‘@ (AY N R +a
5\ (A)NFh ta \2H

v (Hp) Missing VEV mechanism
(A) = { 0 (Hu, Hy) (Dimopoulos-Wilczek)

Only one pair of doublet is massless (DT splitting).
Proton decay Is naturally suppressed. A2 o \htath
Effective colored Higgs mass

Mgff ~ )\Qh/\ > N\ If h < O to forbid /h/ﬂ\

[A) ~ N



W, = N Z'(1 4 xeteCe )
0% =0 — (CC) = A= (et9)
D-flatness condition — <C> — <C_'> — )\—%(C‘FE)

Again VEVs are determined by the charges.
Half integer appears
(important in realizing bi-large neutrino mixings)
SU(2)r breaking
SUR)rxU(1)p—r, = U(1)y
7/ \



=/ | =/ | |

W = C/(ANCTATCA 4 \CT2TC7)C

W —0— (\Qp_; +I\2Z2)C =0

oC"

16 — (3,2,1) (3,1,2) (1,2,1) (1,1,2)
1 1

@B-L 3 -3 -1 1

SU(?})C X SU(Q)L X SU(Q)R X U(l)B—L
(CC)#0 — (Cp) #0
= AWQL_ 4+ N (Z)=0
— (C;) = 0@ # f)
Alignment can be realized. (Barr-Raby 97)

f=(1,1,2) isrequired to obtain our world.
These terms make PNGs massive. /7 \
CA'C,CA’AC are forbidden by SUSY zero.



a= —1

Mass spectrum . _-

Mass spectrum does not respect SU(5) symmetry.

WA’ — )\a—l—a’AlA + )\a,’+3a,AlA3
A_(GtB X
o\ X W + B
Mg = My, = Mp ~ (A\*F 20+ ~ (32,)?)

X and X are absorbed by the Higgs mechanism.

My ~ 220 N6 ¢ 220" 472
This may spoll the success of gauge coupling unification

—> No one have considered such a possibility lﬁtok us.



Mass spectrum of superheavy fields

Mass spectrum does not respect SU(5)

=) Naively, it spolls the success of gauge coupling
unification in minimal SUSY SU(5).

MW and /\G

5+ 5 or 10+ 10
My expectation was

“There must be a tuning parameter because the
rank of SO(10) or E6 is larger than SU(5).”

But the fact was more exciting than my expectation.

7\



Mass spectrum and GUT scale are determined by
the U(1) charges

== We can calculate the running of gauge couplings
The procedure is as follows.

* From the fact that in MSSM three gauge couplings meet
at a scale /\¢; , the gauge couplings o;(Ay)(i =1,2,3)
are obtained as functions of \g; @G .

« Calculate all the scales by the charges and /\

« Calculating 1 loop RGE, rewrite the unification conditions

a1(Au) = az(Au) = az(Au)
— <( N\ ~ A The scale of the theory
\ h ~ 0O h determines the mass of triplet Higgs
All the charges except doublet Higgs's are cancelled

We do not use any concrete values of the ch/arg\es,
the cutoff, and A, aq

The same freedoms as the minimal SU(5) GUT.




Natural Gauge Coupling Unification

New Explanation for the success _ N.M. 01, N.M-Yamashita 02

60"t uffl

Fix a model

407+

with A\

20¢

Calculate o;(Ayy)

A

4 6 8§ 10 12 14 16 logu(GeV)

Calculate o, ( 1) ol o’ MSSM
with a,(Ayy) N
Always meet at zz ]
a scale /\ A

6 8 10 12 14 16 loapu(GeV)

Ay <N\ ~Aeo~2x 1010 Gev



Proton Decay

Unification scale becomes lower.
/\U ~ )\_a’/\G < /\G
m==) Proton decay via dimension 6 op.
5 x 103* years (a = —1/2)
4 x 1033 years (a = —1)
Texp (P = em) > 1 x 10°* years
A ~ Sin 90 ~ 0.22

Generic interactions<:> AT < 1\

T(p - em) ~



Sufficient Conditions

Simple Group -
- z <0
RS ()~ { 0 2> 0

Below a scale, MSSM(+singlets) is realized.

Independent of how to realize DT splitting

j> Anomalous U(1) charges
gauge group

SU(5) or SO(10) or FEg

7\
Application: Generalized gauge mediation

Kawase, N.M. Sakurai




Eg extension of Higgs sector

N.M.-Yamashita 02,03

Fg — SO(10) —

78 A, A 45 A, A
27 H O/ 16 C, C,
== A 16 C, '
Unification of Higgs sector
27 — 164+1041
78 — 454+16+16+1
ADAH4C
A > A4+
also breaks £
vl 6 / \

C'>C' +H



What happens
If adjoint Higgs Is chargeless?
Infinite number of interactions cannot be

controled. , . ;
W, =A"+A "+ A" +--
oW, oo .
A =0 has infinite number of solutions.

=) unnatural to obtain DW VEV.
It spolls the gauge coupling unification by

dO2f (AW. W&  (f(A)=_2
[ do? f (AW, Wy (1) 42 \




SO(10) Matter sector

A minimal (Higgs&Matter) sector

SO(10) negative / pc,)S|t|ve
45 Ala=-1,—) Ald=3,-)
16 Clc=-4,+) C'(d=3,-)
16 Cie=-1,4) C'(€=6,-)
10 Hh=-3,4) H'(W=4,-)

1 Z.72(z=z=-2,—-) Z'( =5,4+)
16 ¥ (¢1 =§:+);9U2 (1/12 =§,+),‘P3 (1/13 =%,+)
10T(t=2,+)
Superpotential for Matter (4)?™ ~ 172" = v, = V!
Awi+¢j+h‘Pilf’jH 4+ A¢i+¢j+h+2na142nlluillujH
+ AV, C@, C + AV EHCY TC + 2202
One of 4 5 fields (57, 5y,) becomes superheavy with
5, field. > Y, # Y,



SO(10) Matter sector

Superpotential for Matter sector

Alpi-l_l/)j-l_hqjilij 4+ A¢i+¢j+h+2naA2nqjiqjo

+ AWV, C@, C + AVIHEHCY TC + 2202
Terms with 4 avoid Y; = Y! because of (4) ~ 17¢

One of 4 5 fields (57, 5y,) becomes superheavy with

5'1" f|e|d — Yu * Yd 16 9”1(1/J1=§:+);9U2 (¢2=%)+):W3 (1/)3 =§»+)
10 T(t =2,+)

5

¥y

ST(/1¢1+t+C<C>, /11p2+t+c<C>’ A¢3+t+c(6), /121,“) <?Pz>

3

5

(glpl, gT +AA§lP3,§lp2) A= t—ll)g +? — 2.6 \



SO(10) Matter sector

/16 /15 /13 /16 /15.5 /15
Yu~|25 2% %), Yo~ Yo~Yy~[25 2*5 3
/13 AZ 1 AB /12.5 /12

A8 2> 23

MVR ~ )2¥3t+cC—cC YR LY

3221
thy—1 2 A2 1)

Mv _ Yv MVR Yv(Hu) ~ /14-—21/)3+C—(,T 11.5 A /10.5 (Hu>2/A

A A% 1

A~ 2x10'% GeV, (H,) ~ 200 GeV
> m,, ~ 0.04 eV, m, ~ 0.008 eV, m,, ~ 0.002 eV

_h=21/)3=C_C_+6



SO(10) Matter sector

16 /15 /13 /16 /15.5 /15
Yu~(25 2% 22), Ya~Ye~Yy~|25 %5 24
/13 /12 1 /13 /*[2.5 /12
/12 /'[1.5 y)
Mv ~ /’14-—21/13+C—CT Al'S y) AO.5 (Hu>2/A
A 2% 1
1 () 23 1 295 @
Vekmn ~{ 2 1 22, Vyns~| 2% 1 A%
3221 A A% 1

(10y,, 10y , 10y, ) and (5y,, 57, 5y,) are important.
—Prediction (Vo)1 ~ Vins)1z, Which was confirmed in 2012.

7\



An Issue of SO(10) natural GUT
</16 /15 AB) <A6 AS'S AS>
Yu~125 2% 22), Ya~Ye~Yy~[25 2%5 3
/13 /12 1 AB AZ'S AZ

/12 /11.5 y)
M, ~ A*2¥ste=C( 315 3 205 |(H, )2 /A
y) /10.5 1

1 A A3 1 29> 2
Vekmn ~\V 2 1 22|, Vyns ~| 29> 1 295
A3 221 A 205 1

An important term for Vo, — A¥1t¥athtcrccyw woHC
SU(2)r breaking term is needed to obtain Vi gy,.

) c+c=-5
A=t—P;+—=2.5 2Ws=c—C+6
t>—l/)3—C

Smallest 3 =% — h = —3 # 0 —coupling unification is ngt natural

although superheavy particle masses with O(1) coefficients (1/2-2)
can recover the gauge coupling unification.



1St summary

Natural SO(10) GUT solves various problems in SUSY
GUT with natural assumption that all interactions
allowed by symmetry are introduced with O(1)
coefficients, and as a result we obtain a realistic GUT.

It gives new explanation for gauge coupling unification.
Important predictions

Nucleon decay via dim. 6 op. is enhanced.

Verm)1z ~ (Vyns)1s: confirmed in 2012.

An issue : There Is a tension between correct size of
Neutrino mass and gauge coupling unification.

/| \



Spontaneous SUSY breaking In
natural GUT



Sp. SUSY breaking with U(1) 4

Kim, N.M.,Nishino,SakuraiO8

N, > N_ —1 meta stable SUSY breaking
N, = N_—1 no flatdirection
N, < N_ —1 flatdiretion (massless mode)

A simple model : N, =N_=1

7\



A simple model with U(1)»

Fayet, lliopoulos 74

Superpotential W = S0°

S (0)
F and D flatness conditions U, | s 1
ow _ 05 = 0 UDg | 2 0
9S
ow _ s—1 _
—— sSO =0

Dy =—g4(*+5s|S|1*—10]*) =0
are not satisfied.
Global minimum of V = |F|? + |Fg|? +%Dj is at
(S) =0, (0) = 4,

(Fs) ~ 25, (Fg) =0, (D)~ =272
A

7\



A simple model without U(1)»

Kim, N.M.,Nishino,SakuraiO8

Superpotential W = f(50°) S 0
F and D flatness conditions U(1), s -1
2 = f1(50°)0° =0 SUSY vacua
)4

—5 = f/(§8%)s$0°71 =0 (S)~0(1), (©) ~0(1)

Dy =—ga(§ +5sISI? —16°) =0 ov
are satisfied because f'(50°) =0

and D, =0 are satisfied. v
The global min. in the previous model S
becomes local min. at 0 N
(ISI) = 0> 525*2, (@) ~ A, 6

7\

(FS> =~ /15, (F@) =0- 5/15_1(|S|), (DA) ~ giAZs—
A



No sizable gaugino mass

Sfermion masses m, ~ % ~A° -5~ 19(A ~ AgyT)

. ASF
Gaugino masses  my s, ~ —

~ 1%° too small
[ 0225 SW,W® = 2525 2,4

gauge mediation too small
ms/2 Fs
16m%  16T*Myp)

anomaly med. m, ,, ~

SUGRA m1/2~ m3/2 ~ 1\5_5 ~ 10_21’)10

Dl

High scale SUSY unnatural v \
my,, ~ 1 TeV,my ~ 10°TeV - s ~ 17



Sp. SUSY breaking in natural GUT

Higgs sector of SO(10)

S0(10) negative positive
45 Ala=-1,-) A'(a’ =3,-)
16 Clc=—-44) C'(c' =3,-)
16 Cic=-1,+) C'(c’=6,-)
10 H(h=-3,+) H'(h =4,-)

1 z2X(Z=%X=-2-), Z'(z' =5,+)
Let us decrease one negatively charged field.
One Fof w,, =C(A+2)C’, Wg =C'(A+ Z)C IS not vanishing.

oW~y = 1. 73 9
——=(A+2)C ~ 26 %2679 = 33 ~ (2 x 1013GeV)  too large

SUSY breaking scale can be smaller by choosing larger ¢’

7\




Gauge messenger gives

sizable gaugino mass?
Massive vector multiplets do not respect SUSY (F, # 0)

Generically they induce m, , ~ ¢ :‘—RF—C 10~?my(gauge messenger)

Unfortunately, induced gaugino masses are guite small.
because of approximate U(1)z symmetry.

S0(10) negative positive
45 Ala=-1,-) A'(a' =3,-) (A) # 0
16 Clc=—-4+) C'(c'" =3,—-) (Fcp) = 0
16 Cic=-1,+) C'(¢c’=6,-)
10 H(h=-3,+) H'(h' =4,—) massive chiral multiplets do not
1 Z(Z=-2,-), Z'(z’=5+) respectSUSY butm,, ~mg/A
U(1)g 0 2(F:0) Very small (Z'), (F,)

Very small U(1)y breaking like A€ +¢ ¢ ¢’ must be picked up for gaL}q'rho\(Qass.
Anomaly mediation gives m;,, ~ 10™>my,.
15 years ago, we gave up to build model because of too small gaugino mass.



SUGRA etftects induce m, ,, ~ mgz/,

N.M.-Omura-Shigekami-Yoshidal7
R symmetry breaking (W) gives larger
contribution to gaugino masses

SUSY breaking spectrum becomes

18 200 TeV 2TeV 2000TeV
19 40 TeV 400 GeV 400TeV

High scale SUSY is predicted.

(D, dominates in a simple model.)

Roughly m, ,, ~ 1 TeV, my ~ (100—)1000 VeV
No SUSY flavor and CP problem.



“Direct” signature for GUT

D term dominates sfermion masses.

fii2, ~ (g ’ %) D, + Dy S0(10) o SU(5) x U(1)y
., (957
ms ~ 222DA+(32 —3)Dy
universal different

0= =®
&) =) =

Sfermion masses respect SU(5) unification!

They can be a direct signature of unification of matter |n\SU(5)
GUT. (RGE effects can be negligible.)

Sfermion masses are fixed by D, and D, .



Predictions from E, GUT

Ec ©S0(10) x U(1)y, has 3 D terms
Bando-N.M.01

ﬁi%o ~ (;,%,Z) Dy + DV, + DV N.M.-Yamashita 02
99 7
i ~ <§,§,§> D, + (1,—2,1)Dy + (=3,2,—3)Dy

Ec x SU(2)r has 4 D terms NML02

2 3 1 Ishiduki-Kim-N.M.-Sakurai 09
Mig ~ (4;4‘; E) Dy+ Dyr+ Dy + > (1,—1,0) D N.M.-Muramatsu-Shigekami 14

1
mz ~ (4,4,4)D, + (1,—-2,1)D,r + (-3,2,-3)Dy + - (L1, -1)D5

The sfermion mass scale is much smaller than the G? sg;de,
although it is too large to reach by experiments in near future.

Various GUT can be tested.



More rigid prediction Is possible

D term dominates F term.
—Various D can be written by D,.
For example in natural SO(10) GUT,

DV=

More rigid prediction is possible.

7\



An Interesting prediction

Long-lived heavy electron(R-parity odd)
Lightest particle in Higgs sector is ES + ES in 16, + 16,

Roughly we take 5
mg ~ 1000TeV,m; /, ~ 1TeV, myc ~ 1TeV %f,,<
Decay mode is TV Yo or u“vij,  Ej X

A
<
a o

y = Ac’+1/12+t, 16C1161/)210T — EI%LI,DZ LT ¢
4

—6\ 2 5
Tpc ~ 0(1)sec (10 ) ( 0 ) (1Tev) sec
R y 1000TeV/ | mpe
T < 1 1s heeded for BBN.

LHC gives a constraint for long-lived charged particle.
mgS > 574 GeV (CMS 1305) 7\

LHC may find this particle.




Summary and discussions

(Good points Bad points
SUSY and GUT breaking in a model High scale SUSY needs finetuning.
(just by decreasing a singlet). Itis caused by A ~ A; K Mp;, which
No R-axion. Constant superpotential is IS required to explain the success of
allowed by symmetry. (No U(1)z.) RGE gauge couplings.
It produces gaugino mass by gravity Artificial discrete symmetry and
mediation. High scale SUSY! singlets.Otherwise, SUSY vacua

appear by fixing the SM Higgs VEV.

mq/;y ~Ma2sn ~ 1TV, my ~ 1000TeV. . o
1/2 = 773/2 0 (E6 GUT may avoid this issue.)

No SUSY flavor and CP problems Artificially large U(1) , charge.
Interesting phenomenology. Gravitino problem
Long lived charged lepton appears. Bino LSP (overproduction?)

5
4 [1TeV -
Tpc ~ 0(1) Sec( Mo ) ( € ) The upper 2 bad points are based on

1000TeV the assumption of O(1) coefficients.

Suppression factors from extra

LHC may discover it. . . .
, _ _ ~_dimension may avoid these.
“Direct” signatures of GUT in sfermion / \

mass spectrum
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