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Introduction

e Grand unified theory (GUT) is one of promising extension
of the Standard Model (SM)

e All SM particles are embedded into larger multiplets
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Introduction

e Grand unified theory (GUT) is one of promising extension
of the Standard Model (SM)

e All SM particles are embedded into larger multiplets
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Introduction

e Some of SM parameters are unified

‘/ Yu kawa COupllngS (7,7 : generation indices)

SU(5): (4u)ij10:10;55 + (Yd,c)i;10:5;51 . .
Note: for SM fermion mass hierarchy,
SO(10): (y#)i;16,16,10p these will not be “minimal” Yukawa’s

v gauge couplings
gy , G2 ,9s — (5  for SU(5) GUT case

SM can be obtained from fewer parameters

e This feature is interesting, but GUT has challenging issues

SM fermion mass hierarchy, doublet-triplet splitting, hierarchy problem,
gauge coupling unification, nucleon decays, ...
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e Gauge coupling unification
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e GQUT scale ~ 101> GeV — scale of heavy particle masses

CIUite heavy! bUt, Sllghtly “”ght” for nucleon decayS (depends on gauge coupling)
another issue: huge hierarchy, Mz <<<< Mgut!!!
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Introduction

e Supersymmetry (SUSY): symmetry of fermion < — boson

example: __ spin | 1/2,1 1/2,0 1/2,0
fermion B Q. er H,

boson B Q; €er H, SUSY particles

e SUSY requires the same mass for fermion and boson

mQL:vaL, meR:ng,~

[No light gauginos, sfermions, Higgsinos]

e SUSY should be broken at low energy scale

v How to break?
v What’s the origin?



Introduction

e Soft-breaking terms in minimal SUSY SM (MSSM)
1 1

Lsote = _iMaAa)\a — éawkgbigbj¢k — §bw¢i¢j + C.C. — (m2);¢j oF

A% . gaugino, ¢;: any scalar

e Lots of parameters, and they are arbitrary can ve real andior complex



Introduction

e Soft-breaking terms in minimal SUSY SM (MSSM)

1 1 .. 1 .. ok
Lsoft — _iMaAa)\a — éawkgbiqﬁj¢k — §bw¢i¢j + C.C. — (m2);¢j ¢z

A% . gaugino, ¢;: any scalar

e Lots of parameters, and they are arbitrary can ve real andior complex

v these lead to SUSY flavor/CP-violating processes

e.g.) K-Kbar mixing (figure from )
S S% j* 1 3 S% dv* 7 — g* dv* 7
5 _°R, O9R_ d S SR O9R_ d 5 SR 9L d
g g g g g g
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Introduction

e Soft-breaking terms in minimal SUSY SM (MSSM)

Lsoft — _iMaAa)\a — 6a23k¢i¢j¢k — §bw¢i¢j + C.C. — (m2);¢j ¢z

A% . gaugino, ¢;: any scalar

e Lots of parameters, and they are arbitrary can ve real andior complex

v these lead to SUSY flavor/CP-violating processes

e.g.) K-Kbar mixing (figure from )
S S% J* 1 3 S% dv* 7 — g* dv* 7
5 _°R, O9R_ d S SR O9R_ d 5 SR 9L d
g g g g g g
d dr SR s d dr,  SL S d dr, SR s

—___x___

e Soft terms are constrained by flavor/CP violating physics
when sfermion masses are close to the weak scale

(collider experiments increase lower bound of the SUSY scale > O(1) TeV)


https://inspirehep.net/literature/448462

Introduction

e SUSY breaking mechanisms (with mediation)

@ Gravity mediation
- it is straightforward from supergravity

- there is still SUSY flavor problems, due to long running of parameters

@ Anomaly mediation
- high predictability, low SUSY breaking scale

- dangerous negative sfermion mass square, color-charge breaking minima

® Gauge mediation
- safe from SUSY flavor problems, low SUSY breaking scale

- vacuum structure will be complicated, (heavy) messenger sector is required

v Also, it’'s possible to break without additional sector (see, e.g., Maekawa-san’s talk)
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@ Gravity mediation
- it is straightforward from supergravity

- there is still SUSY flavor problems, due to long running of parameters

@ Anomaly mediation
- high predictability, low SUSY breaking scale

- dangerous negative sfermion mass square, color-charge breaking minima

m) ¢ Gauge mediation

- safe from SUSY flavor problems, low SUSY breaking scale

- vacuum structure will be complicated, (heavy) messenger sector is required

v Also, it’'s possible to break without additional sector (see, e.g., Maekawa-san’s talk)



Introduction
e We focus on gauge mediated SUSY breaking (GMSB)

The key feature: gaugino and sfermion masses generated at Mmess
due to SM charges of messengers

e.q) My~ g%A m2  ~ 2 é4A2+§4A2+§i4A2
9. 2 — 1672 L Qr — (167T2)2 393 D 492 L 5 6291 Y
< AL, p: related to the messenger scale Mmess

(figures from
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Introduction
e We focus on gauge mediated SUSY breaking (GMSB)

The key feature: gaugino and sfermion masses generated at Mmess
due to SM charges of messengers

e)vag%A m2  ~ 2 é4A2+§4A2+§i4A2
9. 2 — 1672 L Qr — (167T2)2 393 D 492 L 56291 Y

AL, p: related to the messenger scale Mmess

e Introduce 5+5 as messengers
minimal model: 10;, 5;, H, H, E;[5 = (¥p,¥r), 5= (\PD,‘PL),J%]

scalar and auxiliary components get VEV, leads to SUSY breaking

e In the viewpoint of GUT, these messengers contribute to
RGE of gauge coupling

but expected to be unified, because of vector-like messenger



Introduction

e We are interested in the prediction of proton decay

our main focus is p = K+V (dim. 5 operator, mediated by Hc)
but also check p — 11 e (dim. 6 operator, mediated by X)

e Check the current Super-Kamiokande (SK) bound

most of interesting parameter space is safe, but some of it not



Introduction

e We are interested in the prediction of proton decay

our main focus is p = K+V (dim. 5 operator, mediated by Hc)
but also check p — 11 e (dim. 6 operator, mediated by X)

e Check the current Super-Kamiokande (SK) bound

most of interesting parameter space is safe, but some of it not

e Also check the future prospects (@% c.L., 10(20) years running)

v Hyper-Kamiokande (HK): 3.1(4.8) x 10°* years
v Deep Underground Neutrino Experiment (DUNE): 2.2(4.2) x 10°* years
v Jiangmen Underground Neutrino Observatory (JUNOQO): 0.96(1.8) x 10** years

Most of parameter space can be tested!


https://inspirehep.net/literature/2165706

Model

e Visible sector ... minimal SUSY SU(5)

9 )\, 3 — — H : fundamental Higgs superfield
WViS — METIZ —|_ gTrZ _l_ /’LHHH _I_ )\HZH H : anti-fundamental Higgs superfield
Y. : adjoint superfiled
h , 10 , 10 H h_ , 10 5 ﬁ 10; : matter superfiled (Qr, u%, €3)
T ( 1O)ZJ v J T ( 5)2'] vt 5; : matter superfiled (Lp, d%)

hio, hg are Yukawa couplings for SM fermions

e Scalar component of the adjoint acquires non-zero VEV
SU(5) = SU(3)cxSU(2)xU(1)y
(¥) =V -diag(2,2,2,—-3,—-3) with V =4ux /N
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e Visible sector ... minimal SUSY SU(5)

9 )\, 3 — — H : fundamental Higgs superfield
WViS — METIZ —|_ gTrZ _l_ /’LHHH _I_ )\HZH H : anti-fundamental Higgs superfield
Y. : adjoint superfiled
h , 10 , 10 H h_ , 10 5 ﬁ 10; : matter superfiled (Qr, u%, €3)
T ( 1O)ZJ v J T ( 5)2'] vt 5; : matter superfiled (Lp, d%)

hio, hg are Yukawa couplings for SM fermions

e Scalar component of the adjoint acquires non-zero VEV
SU(5) = SU(3)cxSU(2)xU(1)y
(¥) =V -diag(2,2,2,—-3,—-3) with V =4ux /N

e This VEV scales GUT scale fields as

GUT gauge boson : Mx = 5g5V ; color triplet Higgs : My, = 5A\V ;

5!
color octet of 2 : My = 5)\/‘/ gs is unified gauge coupling


https://inspirehep.net/literature/1929098
https://inspirehep.net/literature/2826971

Model

 Matching conditions for gauge coupling unification

11 12, Q@ Q1
FQ EQ 55 My, x| ¢
1 1 1 [ Q Q] .
— — |2In— — 6In — | — 3¢, 12,3 : oM gauge couplings
BQ) 2@ &My UMk ’ withi%§<5/3)5% g
L1 L[, _ ¢ @ 9
200) — 22(0) - g2 _ln Mo, + 31n M 41n MX] + 2e,
- 8dV L
e ¢= - Is a contribution from Planck suppressed operator:
P
d
A
Weﬁcg — M—PTI' [EWW]

with W = WAT#4 (SU(5) field strength superfield)

This contribution should be included because of the fact that V/Mp ~ 10~2
— it is comparable to one-loop threshold corrections!
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Model

 Matching conditions for gauge coupling unification

1 1 1 [2 Q Q) ]
= 4+ — (= 1In —10ln —/— | — €,
91(Q) g5(Q) 87? |5 Mpy, Mx
1 1 1 [ Q Q ] .
— 4+ —— [2In — — 6ln —— | — 3¢ g1.2.3 : SM gauge couplings
2 2 2 9 1<y
92 (Q) 95 (Q) 8m i M, Mx with g7 = (5/3)g%
1 1 1 [ Q Q Q ]
= + —— |ln +3Iln— —4In—| + 2¢,
93(Q)  g:(Q) 87 | Mg, My, Mx

e With this €, we can find viable model ... 2 d.o.f. (3 fixed)

Without €, the proton lifetime tends to be short | )

1 3 2 3 Q

Colored Higgs mass is determined by 20 — 2(0) + 2(0) = 102 In M. +12¢

11
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e With this €, we can find viable model ... 2 d.o.f. (3 fixed)

Without €, the proton lifetime tends to be short | )
1 3 2 3 Q

Colored Higgs mass is determined by 20 — 2(0) + 2(0) = 102 In M. +12¢
: 5 3 2 6 15 . Q
: — = — ——In—2 —18
» Other constraints: G+ 20~ @) ~ 2@ 22 "t ™
5 .3 2 _ 3. QF
9i(@Q) 9(Q) g3(Q) 212 M3 My,

11
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Model

e Messenger sector ... introduce 5 + 5 messengers
Wmess — (ML + kLZ)\IjL\IJE + (MD =+ kDZ)\IjD\IjD _ gZZ

Uy : SU(2)r doublet; Wp:SU(3)c triplet; Z : singlet superfield

12



Model

e Messenger sector ... introduce 5 + 5 messengers
Wmess — (ML + kLZ)\IjL\IJE + (MD =+ kDZ)\IjD\IjD _ gZZ

Uy : SU(2)r doublet; Wp:SU(3)c triplet; Z : singlet superfield

* After integrating out messengers, we obtain all gauginos
and scalar masses as

9 9 9
g1 2 3 g2 gs
My ~ —A —A Mo ~ ANr, My~ A
" 1672 (5 Pt L)’ 2T aer2 ) TP T 1em2 Y
kr.p kL,
2 | | 3 Ao =an 2 =50,
mii ~ (1672)2 [03(2)9§A% + Ca(i)ga AL + ngz:QgilA%f A2 _EAQ L o2 |
Y_5 D 5 L

N2 -1
2N

Quadratic Casimir invariant for SU(N): Cn (¢) = (fundamental), N (adjoind)

* These are generated at messenger scale, Myess ~ M1, p

§z

12



Proton lifetime

[ D — K+ﬂ |S relevant More details:
L ijki . Kl o
Wp—decay — 2 ZJ €Cabce (Q Q ) (Qk Ll) + CU €Cabc (uiaejukbulc)
zgkl \/g \/g

hioi€" 6”Vihs, and Cop” =

Each coefficients: C ——h10,:Vij Vi hs e

B MHO MHC’

e Qur choice for Yukawa basis:
(h10);; = %6 h1o,; , (hs);; = Vishs,j -

¢; - GUT phases with ¢1 + ¢ + ¢p3 =0
Vi; © CKM matrix elements

13
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Proton lifetime

e p — KTvis relevant o aetals:
1 o
_ Jkl ijkl o
Wp—decay — 2 Cabc (Qa Q ) (Qk Ll) - C ] Cabc (uiaejukbulc)
i 3 ,L Z 3
Each coefficients: &} = ]\Z hio,€" 6 Vihg, and CUY = Mi ho,VijVishg.e”

e Qur choice for Yukawa basis:
(h10);; = %6 h1o,; , (hs);; = Vishs,j -

¢; - GUT phases with ¢1 + ¢ + ¢p3 =0
Vi; © CKM matrix elements

@ Running down to QCD scale by RGE

m m2\ 2
70
p

Summing up all neutrino flavors, taking inverse gives lifetime

—1
T(p— KTp;) = (ZF D —> K+VZ)> > 5.9 x 10%° years @90% C.L.
1=1

13
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Proton lifetime

e p — K amplitude More et

(A(p = K+55) =Crp, (K (us)ndulp) + (K* [(ud)rsnlp))

+ +
. + Crr, (K™ |(us)rdr|p) + Crir, (K \(Ud)RSL\PD
Approx. form of coefficients: Hadronic matrix elements:
Cup, e 202 mally oy i (Hei(%%)mcvmms) (K| (us) Ldp |p) = 0.041(2)(5) GeV?,
sin 26 mijy Mre Msysy miViaVis ) (K*|(ud)psi|p) = 0.139(4)(15) GeV?,
2 2
Cru > = e Vi VasViae™ (1)) = —0.049(2)(5) GeV2,
sin® 28 my Mac Msusy (K| (ud) psy|p) = —0.134(4)(14) GeV?2.
2 2
Criy =~ ——go— AT ey 1, e

>
sin® 23 My Mue Miygy
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Proton lifetime

e p — K amplitude Vore details:

(Alp — K*7) =Cu, (K |(us)dilp) + (K (ud)oselp)
. + Crr, (K7 |(us)rdr|p) + Cri, (K |(ud)rsL|p)

Approx. form of coefficients: Hadronic matrix elements:

2
- el (AT (1+ez’<¢2¢3>m0%d%8> (K*|(us)rdp|p) = 0.041(2)(5) GeV*,
sin 20 my Mo Mgysy miVeaVes ) (KF|(ud)psp|p) = 0.139(4)(15) GeV?2,
2 2
Cru > = e Vi VasViae™ (1)) = —0.049(2)(5) GeV2,
sin® 28 my Mac Msusy (K| (ud) psy|p) = —0.134(4)(14) GeV?2.
2 2
Criy =~ ——go— AT ey 1, e

*
. 1 > tb
sin® 28 myy Muo Mgygy

* Longer lifetime needs small coefficients ... means

v Large Myc ... we cannot choose small A
v Large Msusy ... determined by stop masses, not so small (O(10) TeV)
v Small M2 ... determined by AL, smaller tends to longer lifetime

v Small p ... numerically determined, difficult to control

14
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Numerical analysis

* We have eight free parameters of the model:

tanﬁ ; AD , AL ) Mmess 9 >\7 )‘/ 9 ¢2,3

 Parameter setting for analysis

tan (3 :

AD,L .
Mmess :

AN
¢2,3 :

ratio of two VEVs, choose tan 8 = 5 from previous work
inputs of analysis

messenger scale, choose Mo = 1500 TeV

determine My, My, choose A = 0.6 and \' = 107 in analysis

in range of 0 < ¢2 3 < 27, and find longest 7(p — K )

15



Numerical analysis

* We have eight free parameters of the model:
tan/B 9 AD 9 AL 9 MmeSS y )\7 )\/ ) ¢2,3

 Parameter setting for analysis

tan § : ratio of two VEVs, choose tan 5 = 5 from previous work
Ap 1 : inputs of analysis
M ess : messenger scale, choose Mpess = 1500 TeV
A\, XN @ determine My, Ms;, choose A = 0.6 and \' = 1077 in analysis
¢2.3 : in range of 0 < ¢33 < 27, and find longest 7(p — K 7»)

e Check list:
Proton lifetime, SM Higgs mass, EWSB, collider bound, ...
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Numerical analysis

* We have eight free parameters of the model:
tan/B 9 AD 9 AL 9 MmeSS ) )\ ) )\/ ) ¢2,3

 Parameter setting for analysis

tan 8 : ratio of two VEVs, choose tan 5 = 5 from previous work
Ap 1 : inputs of analysis
M ess : messenger scale, choose Mpess = 1500 TeV
A\, XN @ determine My, Ms;, choose A = 0.6 and \' = 1077 in analysis
¢2.3 : in range of 0 < ¢33 < 27, and find longest 7(p — K 7»)

e Check list:
Proton lifetime,(SM Higgs mass) EWSB, collider bound, ...

Requires Ap = O(108) TeV

Note: Using FeynHiggs to calculate the Higgs mass

[DM pheno., muon g-2, ... — future work]

15


http://inspirehep.net/literature/1190354
https://inspirehep.net/literature/1413098
https://inspirehep.net/literature/1671789

Numerical analysis

* We have eight free parameters of the model:
tan 8 =05, Mpess = 1500TeV, A=0.6, N =107,

¢2.3 -+ optimized for longer 7(p — K"v), Ap -+ inputs
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Numerical analysis

* We have eight free parameters of the model:
tan 8 =05, Mpess = 1500TeV, A=0.6, N =107,

¢2.3 -+ optimized for longer 7(p — K"v), Ap -+ inputs

e Other setting for calculation

> Gaugino and scalar masses are given at messenger scale Mmess

A-terms and B parameter are set to be zero at messenger scale

> Non-zero A-terms are generated via RGE from messenger to SUSY scale
B parameter at low scale is determined by EWSB conditions

v

v

v

lterate until U is converged (bottom-up <—> top-down)
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Numerical analysis

* We have eight free parameters of the model:
tan 8 =05, Mpess = 1500TeV, A=0.6, N =107,

¢2.3 -+ optimized for longer 7(p — K"v), Ap -+ inputs

e Other setting for calculation

> Gaugino and scalar masses are given at messenger scale Mmess

A-terms and B parameter are set to be zero at messenger scale

> Non-zero A-terms are generated via RGE from messenger to SUSY scale
B parameter at low scale is determined by EWSB conditions

v

v

v

lterate until U is converged (bottom-up <—> top-down)

|

g1(Mgur) = g2(Mgur) || Mag=---, m3, =+ ;
e e . . et My 23 m%andAf : .
check unification Ay =0 (just assumption) 5 e S INputs: gi,23

use analytical solution
for RGE to QCD scale

% RGE w/ ~ RGE w/o \‘// M RGE \\4
messenger messenger /—\
e e B S S

MaguT Mmess Msusy Mz

Nacb

16



Numerical analysis

e Resul
esult Higgs mass bands (1o and 20)

p > KV [10% years] /
L A
| M Mines = 1500 TeV | :

7000~ o

6000 Several future prospects

| (dashed: 10yrs; dotted: 20yrs)

5000

Constrained by SK/; :
3000

2000

4600 4200 4400 4600 4800 5000 5200 5400
Ap [TeV]

Y. Shigekami Proton Lifetime in Minimal SUSY SU(5) with Gauge Mediation 17



Numerical analysis

p - KV [10> years] |

( Mines = 1500 TeV]

4600 4200 4400 4600 4800 5000 5200 5400 _
Ap [TeV]

e Result
Small Msusy
7000
>
-,
~J
<
Y. Shigekami

Proton Lifetime in Minimal SUSY SU(5) with Gauge Mediation

| Large Msusy

Relevant combination:

Mo or 1
MHCMS2USY

17



Numerical analysis

* Result [Higgs mass ... determined by stopsa

p - KV [10™ years] |

7000

( Mipes = 1500 TeV]

A, [TeV]

| For small AL, stop mass is almost
| determined by Ap

L
< =
=

\ z
4000 4200 4400 4600 4800 5000 5200 5400
Ap [TeV]

Y. Shigekami Proton Lifetime in Minimal SUSY SU(5) with Gauge Mediation
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Numerical analysis

e Result

N\, [TeV]

Y. Shigekami

7000;" .
6000
5000
4000l
3000}

2000+

[Higgs mass ... determi

ned by stopsa

p - KV [10™ years] |

[ths=1500TéVjé

For this region, both AL and Ap

\_

L
< =
=

contribute to stop mass

For small A., stop mass is almost

T determined by Ap

4000 4200 4400

4600 4800 5000 5200 5400 _
Ap [TeV]

Proton Lifetime in Minimal SUSY SU(5) with Gauge Mediation
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Numerical analysis

* Result [Higgs mass ... determined by stopsa

N\, [TeV]

Y. Shigekami

 poKV[10Fyears]

(Mies = 1500 TeV]_:

7000~

| For large AL, radiative corrections
| from stop mixing parameter affect mn

Xy = Ay — p/tan B

For this region, both AL and Ap
contribute to stop mass

| For small AL, stop mass is almost
| determined by Ap

L
< =
=

\ z
4000 4200 4400 4600 4800 5000 5200 5400
Ap [TeV]

Proton Lifetime in Minimal SUSY SU(5) with Gauge Mediation
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Comments

e We do not check,
Dark matter (gravitino LSP)

- minimal model of GMSB suffers from the gravitino problem

anomalous magnetic moment of muon

- since most of relevant particles are heavy (O(10) TeV), Aa, = O(10-12)

u-B, problem in GMSB

- it is better than gravity mediated model and non-SUSY GMSB, but still need to be tuned for p

e Go beyond the minimal, what happens for proton decay?

additional fields will change RGE
light sleptons and/or light bino or wino will change lifetime

19



Summary

e We explore the proton lifetime in SU(5) SUSY GUT with
gauge mediation, 5+5 messenger case

¢ Mmess = O(1000) TeV leads to Msusy = O(10) TeV
v This results in reproduction of the SM Higgs mass ~ 125 GeV!

* Focus: p = K+V, bounded by SK (exclude small region)
v Most of parameter space can be tested by HK, DUNE, JUNO

e Further extension will be required for several issues

> DM pheno., gravitino problem, muon g-2, u-By problem, ...

[ Thank you! ]

20



Back up



Future prospects of proton decay

90% CL exclusion reach for 10410 years runtime

HyperK| .,
!
| (b/Mton-year = 15; ¢ = 47%)
(b/Mton-year = 0.25; € = 50%)
DUNE (b/Mton-year = 1; € = 50%)
(b/Mton-year = 2.5; ¢ = 50%)
----- Current 90% CL limit
(b/Mton-year = 1.0; € = 36.9%) p — etn?
JUNO (b/Mton-year — 1.5; € = 26%) p— VK"
""""" | RARRRLLELY R BLLLLLLLE BLLLLELLE] BELEELLE] L BLLLLLLLE BLLLLLLLL] BELLELLLE] LEELELLLE) R

0 1 2 3 4 5 6 7 8 9 10 11 12
7/Br [x10%* years]

95% CL exclusion reach for 10410 years runtime

HyperK :
| (b/Mton-year = 15; ¢ = 47%)
i (b/Mton-year = 0.25; ¢ = 50%)
DUNE (b/Mton-year = 1; ¢ = 50%)
E (b/Mton-year = 2.5; ¢ = 50%) S
----- Current 95% CL limit
(b/Mton-year = 1.0; € = 36.9%) p — etn?
JUNO (b/Mton-year = 1.5; € = 26%) p— VK"
""""" LAARALARL) LALMAALA] LAMAALLAR) LALALALM LAMLALALA! LLAALLLAL) LALAAAALM LLAAALALA) AAALARM) LALMALAM] LALLM

o 1 2 3 4 5 6 7 8 9 10 11 12
7/Br [x10°* years]

Fig. 4.1 of

21


https://inspirehep.net/literature/2165706

Breaking of explicit GUT relation

Messenger sector: should be coming from GUT interaction
W ness = (ML —+ ]{,’LZ)\IJL\IJE —+ (MD -+ k’DZ)\IfD\IJD
— MYV + kZU0

Basically, there is no large hierarchy btw. AL and Ap

Ap ~ 4500 TeV, while smaller AL is favored for longer proton lifetime

Adjoint field helps to split AL and Ap with term of
W D )\\p\IJZ\I/ — )\\p\lf<z>\if

:> ML:M—?))\\I/V; MD:M+2)\q;V

Appropriate choice of M, Ay, k reproduces desired (AL, Ap)
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(GGravitino mass

* Rough estimate

ms /o Fz 16 keV Ap Mo =
3/2 — V3M, 4500 TeV 1500 TeV kp

¢ CosmOIOg|Ca| Iy, Seve rely ConStralned : Hook, McGehee, Murayama [PRD98(2018)115036]
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Muon g-2

e In minimal GMSB model, muon g-2 tends to be small

125 GeV Higgs requires Mmess ~ O(1000) TeV
— naively, all sfermions and gauginos are heavy
— muon g-2 is suppressed

e Additional Higgs soft squared mass will help

. 't d 't . | ‘t X Y Mness = 2000TeV, Ap =1250TeV N5 =1
INtroduce two sSINglets A, - 577@[ - 577?%(1 :I2'8I>< 10'7(;6\'/2 |

Koo ﬁ

WD DZX"+ Mxy XY + AX H, Hy NoEWSS

30 - ~__ 1lo /

= | =
e For large tanf3, there is a chance :*|¢

to explain the discrepancy! wf —nl)

15 |

10 | | | | | | | |
0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1

kL
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u-By problem

 Tree-level equations for EWSB:
m2, B ) m%[u tan? 3 — m%{d . B 2B,
2 ~lnl” = tan? 8 — 1 , SN2 = 2]/1]2—|—m%{u —I—m%{d

e |In GMSB models, one obtains By = WA (msor ~ g2/(16m2)xA)

for large A, it is straightforward By >> 2« cannot satisfy both

e Lots of attempts to solve the problem

e.g.) Higgs superfields Couple to mesSenger (Ou, Oq include messenger field(s))

See, e.g.,

W o> AN, H,O, +\gH O

e Contributes to y, By as well as mnu2, MHg2
taking A\, < A\q helps to satisfy both equations for EWSB!
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