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Introduction

There are many “evidences” of new physics:

anomaly-free conditions miraculously satisfied
In the Standard Model (SM)

(Origin of SM gauge groups)

31g hierarchy between Planck scale and EW scale
(Origin of EW scale)

Dark matter

etc.



SUSY GUT can explain those mysteries:

Origin of SM gauge groups

(Gauge coupling unification)

Origin of EW scale

Dark matter



Typical scenario of SUSY GUT
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Typical scenario of SUSY GUT

E[GeV]

1019GeV There are many SUSY particles,
many possibilities of the spectrum.

Planck scale

GUT scale 101°GeV
(spins are different.)

SUSY particles SM particles

gauginos
(gluino,wino,Bino)

gauge bosons

Higgsino Higgs

stop top




Typical scenario of SUSY GUT

E[GeV]

We could finally specify
“realistic spectrum”,

Planck scale

1019GeV

GUT scale 1019GeV

according to the LHC results!

(spins are different.)

SUSY particles SM particles

gauginos

(gluino,wino, Bino) gauge bosons

Higgsino Higgs

stop top



Relevant | HC results

Direct search at LHC

model-dependent but...

Y

Mgluino 2 1.0 TeV, Mgquark < 1.3 TeV

Y

Mstop > 700GeV

MSSM prediction

m; < M cos® 23 +

iggs mass is around 125 GeV

2

mj (m? ¢ — i/ tan B

stop’

loop correction

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

Status: Feb 2015 Vs=7,8TeV
Model euTY Jets EN™ [Laiiv™) Mass limit Reference
MSUGRA/CMSSM 0 26 jets Yes 203 1.7TevV 1405.7875
7. 0 26jels  Yes  20.3 850 GeV' en. 3)=m(2" gen. ) 14057875
2 1y O-1jet  Yes 203 250 GeV mi@-m) = mic) 1411.1559
ﬁ o 2-6 jets. Yes 203 1.33 TeV m(])=0 GeV' 1405.7875
5 —qgti —qgW*i] leu  36jets  Yes 20 1.2TeV m(F!)<300 GeV, m(F*)=0.5(m(F}) +m(z)) 1501.03555
&z goaaCt/tr R 2ep  03jets - 20 132Tev miif)=0Gev 150103555
@  GMSB(INLSP) 1274010 02jots  Yes 203 16TeV  tans>20 1407.0603
@ GOM (bino NLSP) 2y - Yes 203 128 TeV m(E)>50 Gev ATLAS-CONF-2014-001
3 GGM (wino NLSP) Teusy - Yes 48 619 GeV. m(it)>50Gev ATLAS-CONF 2012144
£ GGM (higgsino-bino NLSP) Y 1h Yes 4.8 900 GeV m(i1)>220 GeV. 1211.1167
GGM (higgsino NLSP) 2eu(2) 03jets  Yes 58 MINLSP)>200 GeV/ ATLAS-CONF-2012-152
Gravitino LSP 0 monojet  Yes  20.3 | FV2scale 865 GeV. MG)>1.8 % 107 eV, m(z)=m(g)=1 5TeV 150201518
PR S 0 3b  Yes 201 | 1.25TeV m(i4)<400 GeV. 1407.0600
%'3 ot 0 7-10jets  Yes 203 | 11 TeV. m(i) <350 GeV 1308.1841
= E goan Olen  3b  Yes 201 |& 1.34 TeV m(i)<400 GeV 1407.0600
e Otepn 3 Yes 201 |& 1.3TeV m(})<300 GeV 1407.0600
@e b bi-bt) 2b Yes 204 |By 100-620 GeV m(il)<90 GeV 1308.2631
XS hiby,bioiki 2e,u(S8)  03b  Yes 203 B 275-440 GeV. 2 14042500
£ bi; 12ep 126 Yes 47 | 7[i0AI6TIGEV 230-460 GeV 12092102, 1407.0583
&8 i, ii—whi) or i) 2ep  O2jets  Yes 203 | 90-191 GeV. 215-530 GeV 1403.4853, 1412.4742
S8 A o) Oley 12 Ys 20 |# 210-640 GeV @ 1407.0583,1406.1122
88 i, ik 0 monojevctag Yes 203 | 90-240 GeV/ mif,)-m(F})<85 GeV. 1407.0608
T % i (natural GMSB) 2eu(@  1b  Yes 203 @ 150-580 GeV/ m(})>150 GeV 14035222
R, i +Z 3eu(@  1b  Yes 203 | 290-600 GeV. m(})<200 GeV 1403 5222
frlig, -8 2ep 0 Yes 203 |7 90-325 GeV m(E)=0Gev 1403.5294
TXY X () 2en 0 Yes 203 |k} 140-465 GeV' GeV, (. 7)=0.5(m(¥)}sm(¥}) 14035294
5 A o) 27 - Yes 203 |8 100-350 GeV 1407.0350
E L BV L), L) 3en 0 Yes 203 [FE 700 GeV .l jem(i)) 1402.7029
S G -wizy) 28eu  02jets  Yes 203 |F 420 GeV. m(E)=m(i2), m(E})=0, sleptons decoupled | 1403.5294, 1402.7029
TR WL, hobb/WW/re/yy €HY 026  Yes 203 |FEE 250 GeV m(E})=m(E2), m(})=0, sleptons decoupled 1501.07110
W5 ok dep 0 Yes 203 | 620 GeV m(Z. 7)=0.5(m(E)sm(¥)) 1405.5086.
Direct ¥{ ¥; prod., long-lived ¥j ~ Disapp. trk 1 jet Yes 203 |# 270 GeV m(¥;)-m(F})=160 MeV, r(¥)=0.2 ns 13103675
& Stable, stopped g R-hadron 1-5 jets Yes 279 z 832 GeV' m(P1)=100 GeV, 10 ps<r(£)<1000 s 13106584
S5 Stable g R-hadron K - <19 | 1.27TeV. 14116795
DT  GMSB, stable 7, 17 fpsr(e.) 120 - - 191 |8 537 GeV. 10<tang<50 14116795
S 2 GMSB, ¥/-yG, long-lived ¥ 2y - Yes 203 |# 435 GeV. 2<r(iY)<3 ns, SPS8 model 14095542
3, ¥ —qqu (RPV) 1p,displ. vix - - 203 |@ 1.0 Tev. 1.5 <cr<156 mm, BR(:)=1, m(¥})=108GeV | ATLAS-CONF-2013-092
LFV pp—¥e + X, Ve + 2ep - - 46 |5 1.61TeV 1212.1272
LFV pp—¥r + X, Frreu) + 7 Tepst - - 46 | 1.1 Tev 1212.1272
> Bilinear RPV CMSSM 2e.u(S8) 0-3b Yes 203 . 1.35TeV 1404.2500
& TR WRLE e, et dep - Yes 203 | 750 GeV' 1405.5086
T AW e ers, BensT - Yes 203 |F 450 GeV 14055088
[ 0 67jets - 203 |& 916 GeV ATLAS-CONF-2013.091
oohit, 71 b 2e4(SS) 03b  Yes 203 |& 850 GeV/
Other Scalar charm, z—ct| 0 2¢ Yes 203 |& 490 GeV I m(F)<200 Gev. 1501.01325
Vs=7TeV V5 =8TeV -1
full data full data 10 1 Mass scale [TeV]

y a selection of the available mass limits on new

es or phenomena is shown. All limits quoted are observed

1o theoretical s|

nal cross section uncertainty.



Relevant | HC results

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

Status: Feb 2015 Vs=7,8TeV
Model euTY Jets EN™ [Laiiv™) Mass limit Reference
MSUGRA/CMSSM 0 2-6jets Yes 203 (23 17TeV  m(@)=m(z) 1405.7875
Ggt) 0 26jets  Yes 203 |d 850 GeV m(E)=0 GeV, m(1* gen. g)=m(2" gen.q) 1405.7875
n 8 —q¥) (compressed) 1y Otjet  Yes 203 |d 250 GeV mi@-m) = mic) 1411.1559
-g g 0 26jets  Yes 203 |& 1.33Tev m(E)=0 GeV 1405.7875
& F-qgkt s ggWHE lep  3Bjets  Yes 20 |z 12Tev m(F)<300 GeV, m(F*)=0.5(m(¥})+m(z) 1501.03555
3 Boaqlt /vyt 2ep  03jets - 20 |z 1.32TeV miE)=0Gev. 150103555
2 1SB (/ NLSP) 1-27+0-1¢ 0-2jets Yes 203 z 1.6TeV tang >20 1407.0603
G GGM (bino NLSP) 2y - Yes 203 [ 1.28TeV miF})>50Gev ATLAS-CONF-2014:001
3 GGM (ninoNLSP) Teury Yos 48 m(E}50Gev ATLAS-CONF 2012144
£ GGM (higgsino-bino NLSP) 1h Yes 4.8 m(¥})>220 GeV 1211.1167
GGM (higgsino NLSP) 2eu(2) O0Bjets Yes 58 mNLSP)>200GeV ATLAS.CONF-2012-152
Gravitino LSP 0 monojet Yes 203 | FVEscale 865 GeV. m(G)>18x 107 oV, miz}=m(g)=1 5TeV 150201518
e zobht) 0 3ab  Yes 201 |[& 1.25TeV. m(i)<400 GeV. 1407.0600
g3 ,;ﬂ“xz 0 710jets  Yes 203 |& 11TeV m(i?) <350GeV 13081841
= E i Oten 36 Yes 201 |& 134 TeV m(E4)<400 GeV 1407.0600
@ bt Olen  3b  Yes 201 |& 13TeV m(if)<300 GeV 1407.0600
c 0 2h Yes 201 |y 100-620 GeV' m(¥})<90 GeV 1308.2631
£s 204(88) 036 Yes 203 |hy 275-440 GeV 14042500
S35 12en 126 Yes 47 @ v 12082102, 1407.0583
8] i Wil or it 2ep O02jets  Yes 203 |h 90-191Gev 215530 GeV. 1403.4853, 1412.4742
S8 i, fl 0ep 12b  Yes 20 |@ 210-640 GeV/ 1407.0583,1406.1122
88 i it 0 monojetctag Yes 203 | 90-240 GeV/ mif,)-m(F})<85 GeV. 1407.0608
= £ 77\ (natural GMSB) 2eu@  1b Yes 203 |# 150-580 GeV/ mE})>150 Gev 14035222
, ' ' O ‘ - e e n e n u @ 3en®  1b Yes 203 | 290-600 GeV' m(#})<200GeV 14035222
e o o 2en 0 Yes 203 |7 90-325 GeV m(E)=0GeV 1403.5294.
2eq 0 Yes 203 [¥F 140-465 GeV/ m(E)=0 GeV, m(Z. 7)=0.5(m(¥)sm(¥}) 1403.5294.
s g 27 Yes 203 | 100-350 GeV -0 GeY, iz, 5)-0S(mid it 1407.0350
e 3es 0 Yes 203 | FE 700 GeV S(m(E; yem(@l)) 1402.7029
S 12 23eu  O2jets Yes 203 |¥hAA 420 GeV sieptons decoupled | 1403.5294, 14027029
SoWHILT), hobb/WWize/yy ©HY  02b  Yes 203 = 250 GeV. 1501.07110
T 5 Tt dep 0 Yes 203 | By 620 GeV 14055086
Direct ¥{¥; prod., long-lived ¥;  Disapp. trk 1 jet Yes 203 |# 270 GeV 1310.3675
§ @ Stable, stopped g Rehadron 0 15jets  Yes 279 |& 832 GeV m(¥)=100 GeV, 10 us<r(z)<1000's 13106584
=G Stable g R-hadron trk - - 191 & 1.27 TeV 14116795
2T aMsB, stable 7, )~ r@irte ) 124 19.1 537 GeV. 10<tan<50 14116795
S 2 GMsB, ¥1-yG, long-lived £ 2y Yes 203 435 GeV 2<r(¥})<3 ns, SPS8 model
o 3, ¥ —qqu (RPV) 1 p, displ. vix - 203 1.0 Tev. 1.5 <cr<156 mm, BR(:)=1, m(¥})=108GeV | ATLAS-CONF-2013-092
l u Z n 0 ° ° LFV ppsvs + X.Frove 4 2em - 46 1,,-010, 1,,,-0.05 12121272
N 7 N LRV ppsie + X Fome) +7  Tepst - 46 =010, 1i31=0.05 1212.1272
S Biinear RPV CMSSM 2¢u(8S) 08b Yes 203 |@k 1.35TeV. m(@=m(@), crisp<t mm 14042500
QB WK e, e, dep - Yes 203 |FF 750 GeV miE)>0.2xm(F 14055086
E oWl Do, Benst - Yes 203 |8 450 GeV m(E)>0.2xmit), 1405.5086
&499 0 67 jets - 203 & 916 GeV BR(1)=BR(b)=BR(c ATLAS-CONF-2013-091
i fi—bs 2cu(88) 03b Yes 203 | 850 GeV. 1404.250

Many scenarios excluded!!
ly, 1t Is getting very difficult
e EW scale in SUSY!
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One possible spectrum is

Specific SUSY spectrum can realize

€X .
) K 125 GeV Higgs mass and EW scale.
Bino | Wino [gluino 20 , .
1.5TeV |+ —— == No hierarchy between Higgsino
r B and EW scale.
| TeV—T— -
RH-like . , ,
( i ) — No fine-tuning in Higgs potential.
—
200GeV—T= “Naturally EW scale is realized!”
100GeV ——
We can prove this kind of scenarios

(Abe,Kobayashi,Kawamura,YO) by direct stop/gluino searches at the LHC.



Another possible spectrum is

High-scale SUSY (Split SUSY | Simply very large SUSY scale can realize
For 125 GeV'Higes | 25 GeV Higgs mass.

A and LHC constraints
other SUSY particles Blg hierarchy between Higgsino
100TeV —— Higgsino, stop, etc. Gnd EW SCGIe.
— Require fine-tuning in Higgs potential
. . o . €€ ° ° - ° ')’
ITeV —— (gauglnos (Bino,Wino, Glumo)) The EW scale is given by the very ﬁne tuning.
For realization of GUT and DM
100GeV —T—

(Arkani-Hamed, Dimopoulos, 04’;Giudice, Romanino 04’;

Cabrera, Casas, Delgado, | I’; Guidice, Strumia, | 1’; Hall, Nomura, | I’;
Arkani-Hamed, Gupta,et.al, | 2°; Ibe, Matsumoto,Yanagida, |2’
Hisano,Kuwahara,Nagata, |3’

Hisano,Muramatsu,Shigekami,YO, Yamanaka, 14’, 16’; etc..)



Another possible spectrum is

High-scale SUSY (Split SUSY | Simply very large SUSY scale can realize
For 125 GeV'Higes | 25 GeV Higgs mass.

A and LHC constraints
other SUSY particles Big hierarchy between Higgsino
100TeV —— Higgsino, stop, etc. and EW scale.
— Require fine-tuning in Higgs potential
Tev - (gauginos (Bino,Wino, GIuino)) “The EW scale is given by the very fine-tuning!”
|
ocey | | OF realization of GUT and M How can we prove this kind of scenario?

(Arkani-Hamed, Dimopoulos, 04’;Giudice, Romanino 04’;

Cabrera, Casas, Delgado, | I’; Guidice, Strumia, | 1’; Hall, Nomura, | I’;
Arkani-Hamed, Gupta,et.al, | 2°; Ibe, Matsumoto,Yanagida, |2’
Hisano,Kuwahara,Nagata, |3’

Hisano,Muramatsu,Shigekami,YO, Yamanaka, 14’, 16’; etc..)



Another possible spectrum is

High-scale SUSY (Split SUSY
For 125 GeV Higgs

Simply very large SUSY scale can realize

125 GeV Higgs mass.

A and LHC constraints
other SUSY particles Blg hierarchy between Higgsino
100TeV —— Higgsino, stop, etc. Gnd EW SCGIe.
— Require fine-tuning in Higgs potential
. . o . €€ ° e - * '))
ITeV —— (gauglnos (Bino,Wino, Glumo)) The EW scale is given by the very ﬁne tuning.
| ( N
ocey | | OF realization of GUT and BM 1 How can we prove this kind of scenario?
— We propose flavor physics in this talk!

(Arkani-Hamed, Dimopoulos, 04’;Giudice, Romanino 04’;

L

Cabrera, Casas, Delgado, | I’; Guidice, Strumia, | 1’; Hall, Nomura, | I’;

Arkani-Hamed, Gupta,et.al, | 2’; Ibe, Matsumoto,Yanagida, |2’

Hisano,Kuwahara,Nagata, |3’

Hisano,Muramatsu,Shigekami,YO, Yamanaka, 14’, 16’; etc..)



There are several hints in high-scale SUSY GUT:

Yukawa unification.

SO(10) and E6 GUTs predict extra gauge symmetry.

- We discuss the SO(10) GUT which realize the realistic
Yukawa couplings.

-+ /' Interaction from SO(10) relates to the hierarchy,
and GUT could be tested by flavor physics!



Setup



Standard Model (SU(3)cxSU(2).xU(1)v)

spin-1/2 spin-1 spin-0

quarks su(3)echarged EM-charge gy(3). gauge Higgs

Y c t e C((((((Q H

gluon
| SU(2)ux U(l)y  breaks

; 3 b a7 | , SU(2)x U(T)y
I 3 pto e .  massive

v, Vu Vt 0

............

carry forces



---------

SO(10) Embedding: su).x SU2), x U(1)y xU(1)x: — SO(10)

L4

--------

extra
spin-1/2 spin-1 spin-0
guarﬁs SU(3)c-charged EM-charge SU(3)e gauge Higgs
2 - t +2/3 ((((. .
gluon
, SU(2)cx U(1)y
d S o -1/ L w
: : Extra Higgs
[eptons ‘
G y,
Vv, Y Vs 0 breaks

SU(2)x U(1)v

------------

7 Extra
gauge boson




---------

SO(10) Embedding: su).x SU2), x U(1)y xU(1)x: — SO(10)

L4

--------

slightly extended SM

spin-1/2 spin-1 spin-0
M\ Su(wd (—E%-chargfsu(:%)c gauga 4 Higgs )
u C t |+2/3 ((((((. ‘

gluon
SU(2)ex U(1)v

0 s o | -1/5 ] | )
: ' Extra Higgs
lleptons : ‘
1 | J
) Vi Y 0 breaks
SU(2)ux U(T)v |-|c

S SFCE au::*;;oh‘ h
In S0(10) GUT, | | | L\/J

16, 16. 16, Gsono 10

matter also unified



This looks elegant and we expect the GUT exists at the high scale.

But we can easily notice that

it is not simple to realize the realistic Yukawa couplings in the GUT.

4 only 3 matters h oredict same mass matrices
1 6 1 6 1 6 - | O (U.C.1), (d.S,D).(€, 14, T)
1 2 3
. ) _ ho CKM mixing y

Couplings for Mass matrices are

yij16°16710y B 4QLU Hy +y QLD Ha +y L' By H,
can be diagonalized same structures of Yukawa (Mass matrices)
m; d z
Yii = — 0 R Yii R Y

o psinB



Rough sketch of our scenario

E[GeV] minimal SO(10) GUT

16

1,2,3

T
i :

300GGV Non-realistic Standard Model

GUT scale

t b

EW scale



Rough sketch of our scenario

E[GeV] improved SO(10) GUT

'I 2,3 'I 2,3
GUT scale 1016 GeV * j \
Other SUY particles

x3

EW scale 1 OOGeV Standard Model



Rough sketch of our scenario

E[GeV] improved SO(10) GUT

16

1,2,3

10

GUT scale

heavy modes

100TeV
Other SUY particles

Light modes

_Gaulinos
['TeV
100GeV [ Standard Model ]

EW scale




Rough sketch of our scenario

ElGeV] improved SO(10) GUT
6, 10, @
1,2,3
GUT scale 101°GeV *
heavy modes &
100TeV — ) @ (7
Other SUY particles |
X3
m Light modes
I'leV *

EW scale 100GeV | Standard Model )




Rough sketch of our scenario

E[GeV] improved SO(10) GUT

16 10

1,2,3 1,2,3

GUT scale 1019GeV

heavy modes = 1
100TeV ‘ 7

Other SUY particles | |

" Gaulinos | l Light¢modes *

eV

EW scale 100GeV | Standard Model )




Rough sketch of our scenario

E[GeV]

Gauge Symmetry breaking chain

SO(10)

10'°GeV

Other SUY particles

100GeV

GUT scale

EW scale



Rough sketch of our scenario

E[GeV]

Gauge Symmetry breaking chain

SO(10)

v \

SM%U( | )x{ Z' resides here.

10'°GeV

Other SUY particles

_Gaufinos
['TeV

100GeV Standard Model

GUT scale

J

EW scale



Rough sketch of our scenario

E[GeV]

Gauge Symmetry breaking chain

SO(10)

v \

SM%U( | )x{ Z' resides here.

10'°GeV

Other SUY particles

GUT scale

Y
Interestingly,
Z’ interaction becomes
inos olating!
oV flavor-violating!

EW scale 100GeV Standard Model



This Is because

( )

d and 'di carry different U(1)x charges

. J

from 16 rep. from 10 rep.

U(1)x-charge states




. . (YO, J. Hisano, Y. Muramatsu, Y. Shigekami,M. Yamanaka)
This 1s because

( )

d and 'di carry different U(1)x charges

. J

from 16 rep. from 10 rep.

U(1)x-charge states

mass eigenstates

down—type quarks ' _
s >= Uyl > +U -2 >
d«
c - < (d)sm|Qx|(dR)sm >pk G

d Flavor violating!



The detail shown
in Shigekami’s poster

Left-handed leptons and right-handed down-type quarks have FCNCs
corresponding to the fermion mass hierarchy.

f nite Z-Z’ mass mixing predicted

E ) é
_/ N
A

Our Predictions

d4r (e4L)

(eiL) dir djir (ejL) (e2L) d2R

Roughly speaking, oc mf’l X m;.i’l

For instance, (b,s) element is relatively large



Flavor Physics



Relevant processes

(el) dr a4 (ed)
-
(eiL) dir A:“ djir (ejL)



Relevant processes

AF=2 processes

€k is most sensitive.

The deviation of Bs-Bs mixing
is also relatively large.

(eiL) dir




6(AMg)

Deviations in B)-Bis)
compared to the SM predictions

Actually, there are free parameters to fit all experimental data.

MZ’ ~ 100TeV MZ’ ~ 361eV
0.015} : - 0.04} _
Sere| < 0.3 |  |dex| < 0.3
0.010} | %
0.02}
0.005/
“@
0.000} = 0.00
QS
~0.005/ |
_0.02}
~0.010}
~0.015} ~0.04}
20.01 000 001 002 003 004 _0.05 000 005 010 015 020
5(AMBS) 5(AMBS)

The deviation of Bs-Bs mixing reaches 10 % if Z’ mass O(10) TeV.



Relevant processes

(eiL) dir

(See Shigekami’s poster)

AF=2 processes

€k is most sensitive.

The deviation of Bs-Bs mixing
is also relatively large.

How about other processes?



Deviations In rare K decay

KL—mov vwill be measured by the KOTO experiment.

SR >— dr

BR(Kt — ntvw) = 1.737142 x 10710 (E949, 0903.0030)

BR(K; — mvp) < 2.6 x107° (E391a, 0911.4789)



BR(K* = mr*vv)x10™

Deviations In rare K decay

KL—mov vwill be measured by the KOTO experiment.

MZ’ ~ 100TeV MZ’ ~ 36 TeV
0.830} — 0.845}
|5€K| < 0.3 ' : . |5€K’ < 0.3
0.829| .
| 0.840}
0.828} =
| o
I X
0.7l S 0.835
: +
. ke 1
0.826} T 0 830 %
N = #,
< :
0.825 0
0.825!
0.824 ‘
0.823| ! 0.820|
0.2430 0.2435 0.2440 02445 0.2450 02455 0.2460 0230 0235 0240 0245 0250  0.255
BR(K, - °vv)x10™ BR(K, » m°vv)x10"°

deviations of KL= pY,He, K=TT0VV are at most O(1)%.




Relevant processes

(eL) dga

(eiL) dir

(See Shigekami’s poster)

AF=2 processes

€k is most sensitive.

The deviation of Bs-Bs mixing
is also relatively large.

How about other processes?

very small because of the
constraint from &«



Releva nt prOcesseS (See Shigekami’s poster)

AF=2 processes

€k is most sensitive.

The deviation of Bs-Bs mixing
is also relatively large.

How about other processes?

(eiL) dir ) very small because of the

tJ constraint from &k
i
’ ’ | epton Flavor violation

H— 3e, U-e conversion are
the most important.




U —3e

MZ’ ~ 36TeV

Mz ~ 100TeV

SINDRUM |

- ----a-

10712}

SINDRUM |

el T )

10712}

|O€x|

| O]

Future experiment (Mu3e) could reach our region!
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Summary and Discussion
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. In SUSY SO(10) GUT,

| 25GeV Higgs mass

flavor violating
O(100)-TeV Z

realistic Yukawa

* This setup can be tested via K and u physics.

€K, U= 3e and H-e conversion are relevant.
(Mu3e and COMET experiments may discover.)

deviations of KL— UM, e, K= Ttovvare at most O(1)%.

* It Z' has lower mass, B and T become important.
deviations of AMss can reach 10% if Z’~30 GeV, but AMgd less than 10%.

deviation of B(s)— MU is a few percent.
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DM models in bottom-up approach

We build some simple BSMs with WIMP DMs,
E[GeV] and find some correlations among
direct search at the LHC, DM and flavor physics.
(T. Abe, J. Kawamura, S. Okawa, YO)

GUT scale 10'9GeV

Interaction between quarks and DM

darkmatter

(extra qug di —— - -- DM

extra quark

EW scale




DM models in bottom-up approach

The same diagram contributes to DM and Flavor physics.

DM
di —— - DM di—— di
extra quark ’ extra quark
dj ——M------- DM di di
DM
contribute to contribute to
annihilation and AF=2 processes:

direct section of DMs. K-K and B(s)-B(s) mixing.



Correlations among the LHC, DM, flavor physics
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O(1)-O(10)% Deviations of the AF=2 processes are predicted!



SUSY GUT (SO(10)) Myl

(J. Hisano, Y. Muramatsu, YO, Y. Shigekami, M. Yamanaka)

The setup predicts flavor violating processes.
K and Y physics are the most important.

dark matter models
(T. Abe, J. Kawamura, S. Okawa, YO)

There are correlations among LHC, DM, and flavor physics.

HDM K. Tobe’s talk

(YO, E. Senaha, K. Tobe) Bottom-up approach:
Many free parameters.
Based on the experimental results,
we are studying how to prove the models.




Backup



Detall
In extended SO(10) symmetric superpotential,

h'716; 16,10y +¢"710; 16,164 -I-,u 10, 10;

In effective superpotential (SMxU(|)x symmetric superpotential),

quark sector break extra U(1)x from 16+

h9QrUg Hy +h9Qr ;D% Hy +g”D}§ZDRJ + ) Dhe DS

MSSM down-type

Di, = (O0)sff) + Wp)sDF;

QU Hy + (hUD) ZJQLZ.Hd +u D, DY,

Hierarcny'is given by the mixing



Detall
In extended SO(10) symmetric superpotential,

h'716; 16,10y +¢"710; 16,164 -I-,U 10, 10;

In effective superpotential (SMxU()x symmetric superpotential),

lepton sector break extra U(1)xfrom 16+

W LiNg ;Hy +h LiEg ;Ha 49" L Lij{(1 )|+ pio L)L

MSSM lepton

Li = (Up)ifL; Jr (U1)i; LY

Hierarcny'is given by the mixing



