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Introduction : LHC results

LHC > SUSY > 0(1) TeV

mn = 126 GeV g, g &K
= t=0(1-10)TeV = §,g>1-2TeV

4$]+
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Introduction : LHC result

LHC > SUSY > 0(1) TeV

100 TeV collider

DeEIIZR[E], ssrmcsrs.
(THFHA......o )

10/



LHC > SUSY > 0(1) TeV

R1EDHE
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Introduction: Muon g-2 W2&HDRAS 1 F ( gu-2\ |
“ B )

Muon g- 2 (anomalous magnetlc moment) 2
SM (HLMNT 11) Hei a?M = (116591828 £49) x 10~
Expm (BNL 04)3 e o aP*P = (116592089 £63) x10~1
Hagiwara, Liao, Martin, Nomura, Teubner [1105.3149] 3 , 30 d |SC repa ncy

Lopez, Nanopoulos, Wang [ph/9308336 ]

SUSY with e e
O(100)GeV electroweakino.
LV, X° X*)

7 \ 2 2
)/ 5("0 \ aSUSY (%0, ) ~ mu sgn(U)tan B+ ---
\ 7
H boacSacacas H g (4m )2 soft
g2 m:
a; ™" (X, V) ~ S5 ——sgn(W) tan B
( ) soft

u

W > uHyHg4 (Higgsino mass term), tanB = (Hy)/(Hqg),
Meoft : SUSY-particle mass-scale, gi : Gauge couplings. 1 3/52
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Introduction : LHC results

LHC

mn = 126 GeV d,

> SUSY > 0(1) TeV

g
= t=0(1-10)TeV = a’ §j> 1-2 TeV




Introduction : Current situation
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Introduction : Current situation

m [TeV] K< HBEM:
10 SYUSY 188350 ?
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Introduction : Models for “Light EWKino, Heavy Colored”

o BFI BRI TIZEE (CMSSM, mGMSB)
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[constrained MSSM]
[minimal gauge-mediated SUSY breaking]
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Introduction : Models for “Light EWKino, Heavy Colored”

o BT ER TIREE (CMSSM, MBMSB)
®GMSB + Extra Quarks (at gen., vector-like)

Endo, Hamaguchi, Sl, Yokozaki [1108.3071]

| ! | ' | ! | ' | ' | ' |

Extra g contrib.

Q) Q)
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<

0.1

sleptons

sl 1 1 87t
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Introduction : Models for “Light EWKino, Heavy Colored”

© B8R TIXE (CMSSM, mMGMSB)
®GMSB + Extra Quarks (at gen., vector-like)
> g BT‘G@T“E& LM Endo, Hamaguchi, Sl, Yokozaki [1108.3071]

Endo, Hamaguchi, Ishikawa, SI, Yokozaki [1212.3935]

' t Extra g contrib.

0.1 4

/ sleptons %M,

sEglE 1 3 Qe
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Introduction : Models for “Light EWKino, Heavy Colored”

o BT ER TIREE (CMSSM, MBMSB)
®GMSB + Extra Quarks (at gen., vector-like)
- J ERTH LS.

@ N UG M fomunersatgauginomassl

» CMSSM ¢
M( ) \7T$§ﬁu

(mo, Ao, sgnu, tang,
M1, M3, M3)

> 3

Ghilencea, Lee, Park [1203.0569] E

> Flavor & CP [ERE. |

=E%T Beo

S Eeer . § yivy


http://arxiv.org/abs/1203.0569

Introduction : Models for “Light EWKino, Heavy Colored”

o BT ER TIREE (CMSSM, MBMSB)
®GMSB + Extra Quarks (at gen., vector-like)
- J ERTH LS.

@ N UG M [Non-universal gaugino mass]
> CMSSM T |
M; %NS RS8O

(mg, Ao, sgnuy, tan g,
M1, M3, M3)

> 3

Ghilencea, Lee, Park [1203.0569] E

> Flavor & CP &R, }

=E%T Beo

parameter set

/ sleptons %M,

xEEIE 1 D Y75
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Introduction : SUSY CP problem

@ CP a8 ?

» MSSM: Many complex parameters (Aude M1,2,3, 4, B)
> Phase OA—E > CP-violation

EDM o< Im

[electric dipole moment]
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Introduction : SUSY CP problem

@ CP a8 ?
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> Phase OA—E > CP-violation
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Introduction : SUSY CP problem

@®CP [El=8 ?

» MSSM: Many complex parameters (Aude M1,2,3, 4, B)
> Phase MA—% > CP-violation
» 0(100)GeV SUSY TIEARAEDRIRE,
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[electric dipole moment]

>H&

g— 2 < Re

>HE

0(100)GeV %5

-

\
| ~)

[

—

5<-'0

50

o

\

O(100)GeV !

ACME collab. [1310.7534]

<8.7x10 %%ecm
(electron)

AO <107 3-1074

_ fine-tune

24 s



ACME Collaboration, Science 343 no. 6168, (2014) 269–272 [arXiv:1310.753

Introduction : SUSY CP problem

@ CP (=8 ?
» MSSM: Many complex parameters (Aude M1,2,3, 4, B)
> Phase DA—2X > CP-violation
> 0(100)GeV SUSY TlEArE DR,

>BEEE LT
CP-safe gravity mediation

v SUSY CP [E&@%Z - L,
v NUGM-like scenario H'EIHATHE,

> 0(100)GeV SUSY DIERBES(TLT,
(loAf : (9—2)y anomaly)
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Introduction : SUSY CP problem

@/Scalar mass (M3)y DERF & A

RN T WML,
> Flavor 95E 4 DORSE, ters (Auad,e M1,2,3, U4, B)
RIEHC AR T BRHET Y.,
\\ (OR: mg =0 DAEEM) LR

\ SHREF LT
CP-safe gravity N diation

v SUSY CP iRE%& »5s v BRULNM =,
v NUGM-like scenario H'EIHATHE,

> 0(100)GeV SUSY DIERBES(TLT,
(loAf : (9—2)y anomaly)
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1. Introduction
2. ¥ CP ldBENh50Dh

3. CP-safe Gravity Mediation
4. g-2 \ODuA L 14TeV LHC

Reference)
S.l., Tsutomu T. Yanagida, Norimi Yokozaki [1407.4226].
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-hy.) N =

¥ CP 3NS5 DH

Reference)
S.l., Tsutomu T. Yanagida, Norimi Yokozaki [1407.4226].
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Polonyi model

£=Jd29d2éK(<I>,<f>)+(f d26W(cI>)+h_c_)+...

@ f5l) Polonyi model
SUSY %z % superfield

perfields

Visible sector (D% Y MSSM)

Hidden sector

(zzt (Z) # 0 &moTSUSY Bih3)
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Polonyi model

L= J d?0d26K(®, &) + U d2o W(%) + h_c_) P

@ f5l) Polonyi model

SUSY Z#E5 superfield

perfields

ici b
Hidden sector Visible sector (D% Y MSSM)
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Polonyi model
L= J d?6d?0K(®, &) + (f d2oW(®) + h.c.) 4 oo

@ f5l) Polonyi model

\2\2 +|Qal?

w @ War
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CP-safe Gravity Mediation

Reference)
S.l., Tsutomu T. Yanagida, Norimi Yokozaki [1407.4226].
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CP-safe gravity mediation: Simplest example

® CP-safe gravity mediation :

Shift sym. of Z & SUSY In K

, Izawa, Kugo, Yanagida [1008.4641]
(Z—>2Z+(R) (ReRr)

= (Z) eR
4 % 2

< S € R: EMZEE

- SUSY breaking

W=C+ W\/is
K S

ME—@D complex

Note for professionals: R(HyHy) = 2. 33/52



CP-safe gravity mediation: Simplest example

® CP-safe gravity mediation :

Shift sym. of Z & SUSY In K

Z—-Z+ (R €
( +IR) (Re® = (Z) eR

4 * 2
K=s(Z+Z7)+|Qq]

< S € R: EMZEE

- SUSY breaking

B4

s(x) = -3+ ciz+ cox? + csx® + cqxt
with co = 3¢3/8cq, T68¢] + 64cicsct — 3¢5 > 0.
— (x) = —c3/4cy.

Note for professionals: R(HyHg4) = 2. 34/52



CP-safe gravity mediation : EEICEBBLNTHS

Scalar potential V [Z DWW T DA

oV
(V) =0 (vanishing cosmo const), <a_Z> = 0 (Z-stationary cond.)

ML, M, Ao, B/UERR& B,

oW N ow W
0Qa  0Qq M}
where z = (Z+ 7).

5 / 2 W|2 5
V = of/Mp s'(z) _3 | K/M?
(mvw —2) 5+

s'(z)? 0 s'(z)?
= 2( //) — 3’ /S ) = 0.
g | Mzs" (x) ox s"(x)
Bu/“ _ 2m3/2e—z arg C
< AO _ 3m3/26—z’ arg C
L mg = mg/z where m§/2 = |C\268/M12°/Mf5
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CP-safe gravity mediation : EEICEBBLNTHS

Gaugino mass term:
1 Z
d6 ki— | W
£9/ (4g§+sz)WWa
Shift sym. ICKWRLE. i, e R
(fefc LB SR%0)

(Z) # 0 = shift sym. BlEh 3,
= shift sym. @ anomaly &KV HTL %,

Fy) MpC*
— M, = k; 2 = —3k;g°
9i Mp gi;msj/2 S’(ﬂj‘)
/BM/NJ _ 2m3/26—z’ arg C
< AO _ Smg/ge_i arg C
L mg = mg/z where m§/2 = |C\268/M12°/Mf5
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CP-safe gravity mediation : EEICEBBLNTHS

Gaugino mass term:

1 Z
d*0 ki—— | WOW,
EB/ (493 + sz) “

Shift sym. ICKWRLE. i, e R

(Z) # 0 = shift sym. BN 3,

(Te 72 LAEIERFD)

= shift sym. @ anomaly IC&WHETL %,

Fz) MpC*

:Mizki2< — —3k;q° i

9 s g;ms/2 S’W
/BM//,L _ 2m3/Ee—i arg C |

< Ap= 3m3/Ee—iargC_' (unphysical phase)
_ mg=mip,  where m], = |CPet/Mr M
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g-2 "D & 14TeV LHC

Reference)
S.l., Tsutomu T. Yanagida, Norimi Yokozaki [1407.4226].
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CP-safe gravity mediation : Parameters for phenomenology (-ists)

Parameters: M;, tan B, sgn u

ki € R
(Ffe 2 L{EIESRED)
(Z) # 0 = shift sym. lEh 3. > Parameters
= shift sym. @ anomaly L&KW HTL %,
Fz) MpC*
M 1 g2 2 g g2
— k g, MP 3k g;ms3/2 3’(3;‘)
] BM//'L = 2'm,3/2€_i arg “~
. A — Smg/ge_i arg C i
mg = mg/Q where 7’/@%/2 = |C\263/M12°/M§;

N e e e e e e - - - ———

> EWSB &4hHh6Rr% 5,
39 s
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CP-safe gravity mediation: Simplest example

® CP-safe gravity mediation :

Shift sym. of Z & SUSY In K

/

-

K=s(Z

+

+ Z*) F404)2

1+01(Z+Z*)+ azx(Z+ Z*)?

1Qq?

r

W — C+ W\/is (r_1+a'1\><}0(2x)

Kahler ZZ®D T real,
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CP-safe gravity mediation: Simplest example

Parameters: M;, tan (G, sgn u

/

-

K=s(Z

+

and mcz)

X 2
+ 27 ) Q=
1+0{1(Z+Z*)+0'2(Z+Z*)2|O 2

r

VV — C+ W\/is (r_1+a'1\X}a2x)

Kahler ZZ®D T real,
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ZlchHsETWBDL

Parameters: M;, tanB, sgnu and mg
mo = 300 GeV,
Mi1=4 V o
1 00 GeV, ea\"i 0
M, ~500GeV, = 0
M3 =2000-5000GeV
—~ RGE A
O(100)GeV (v, Xi'ol _)heaﬁq (~ 5TeV)
large u _ 126 GeV
= large [ —[r miX. Higgs
ﬁL—ﬁR’J—-’ (Note: Ap < lr‘—rf\vl)

RN BED NUGM TlE
> (9-2), N,
L ’B" R
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14 TeV LHC, HL-LHC "DHAfF L £ 5

I~ S S

® (g—2), + Universal (e, u, T) mass

»pp— Ll DIEWDD, FEE, s rmrTssEsy.

»pp— XX 1 KE, LHL TIdiT7EEHSB,
E50oT T ERBD?
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Summary

® CP-safe gravity mediation

K=5s(Z+Z*)+|Qql|?
W=C+ ins

= Shift sym. of Z & SUSY In K
® SUSY CP Fnﬁin%b‘ﬁbjﬁgi;&o (Ay,d,e, M1,2,3, U, B)

—> e O(100)GeV SUSY
e Non-universal M;

ZRIODLTEZASHIEDTES,

—> Bl : (g— 2)y fERETEE !

[ Message

CPV 7z L & Light EWKino ¥R > o & ZDER! | J
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