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Higgs mass in the MSSM Okada, Yamaqguchi, Yanagida (1991) etc.

tree one-loop level (top-stop)
2 .4 [ 2 2 2 ]
o _ 9 SGwmy 1 ey (a® —6) -3
My ~ Mz 2 9 11 9 !
T2 myiy, ms; 12

where o = A;/m;.
(stop mixing parameter)

{1—2 TeV  (a~=£+6)

mp=126GeV — m;~ 0(10)TeV (a ~ 0)

Ibe, Yanagida [1112.2462]
Draper, Meade, Reece, Shih [1112.3068]

P~

gd,gJ searches = q,g > 1-2TeV
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Mt. Fuji:

| am...
| ...

We...
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SI1 2011
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Giving up
SUSY@LHC.
6/32



Don’t give up;

there’s a hope,

(9—2)u.



Muon g-2 anomaly and SUSY as a solution ( gy — 2)
7]

Muon g- 2 (anomalous magnetlc moment) 2
SM (HLMNT ' 11) He— H =(116591828 +£49) x10~ !
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 Cratspachyey Motk (o 2serat
O(100)GeV electroweakino
(L v, x° xH)

7 \ 2 2
)/ 5("0 \ aSUSY (%0, ) ~ mu sgn(U)tan B+ ---
\ 7
H boacSacacas H g (4m )2 soft
g2 m:
ax>Y (X5, V) =~ o7 7~ sn(mtanp.
( ) soft

u

W > uHyHg4 (Higgsino mass term), tanB = (Hy)/(Hqg),
Meoft : SUSY-particle mass-scale, gi : Gauge couplings. 8/32
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SUSY status as of 2014

1-2TeV (o~ x4/6)

=12 Vv T~
mn 6GeV = my; {O(lO)TeV (0t~ 0)

g,d searches = §,g > 1-2TeV

(9—2) = (L V,¥X°%x%x")=0(100)GeV
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~—] SOLUTION [

m [TeV] I 1-2TeV (o~ £4/6)
10 E10(10)TeV (a ~0)

= q,g > 1-2TeV
= (1, v, X% X7) = 0(100) GeV
— FAQ

Do you have models
for such spectra?

!

<
=<1
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Models for “Light EWKino, Heavy Colored”

@ Difficult in CMSSM, mGMSB.

[constrained MSSM]
[minimal gauge-mediated SUSY breaking]

10

0.1

11



Models for “'Light EWKino, Heavy Colored”

@ Difficult in CMSSM, mGMSB.
@ Possible in CMSSM w. non-universal M.

Large M3 contrib. {

1

N
- N
N A
~
— ~
N ~

_—
[ ———
. . — —

||||||||||||||||

Ghilencea, Lee, Park [1203.0569]

" N U G M (non-universal gaugino mass) mOd el !

q,9
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http://arxiv.org/abs/1203.0569

Models for “'Light EWKino, Heavy Colored” Ghilencea, Lee, Park [1203.0569]

@ Difficu
® Possib

But...

tin CMSSM, mGMSB.

e in CMSSM w. non-universal M.
" N U G M (non-universal gaugino mass) m'dﬂ"

parameter set

» Just a “parameter set”.

» Flavor & CP problems.

13/32


http://arxiv.org/abs/1203.0569

Models for “'Light EWKino, Heavy Colored” Ghilencea, Lee, Park [1203.0569]

@ Difficu
® Possib

But...

tin CMSSM, mGMSB.

e in CMSSM w. non-universal M.
" N U G M (non-universal gaugino mass) m'dd"

parameter set

>[Just a “parargfer set” }

» Flavor &E CPp

Iems.}

We made a model with CP-problem solved.

14


http://arxiv.org/abs/1203.0569

1. Introduction
2. CP? Why broken?
3. CP-safe Gravity Mediation

4. Muon g-2

Reference)
S.l., Tsutomu T. Yanagida, Norimi Yokozaki [1407.4226].
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CP? Why broken?

Reference)
S.l., Tsutomu T. Yanagida, Norimi Yokozaki [1407.4226].
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What is SUSY CP problem?

®CP problem?

» MSSM: Many complex parameters. (Au,de M1,2,3, 4, B)

» Unaligned phases - CP-violation.

» Generic problem in O(100)GeV SUSY.

EDM o< Im

P~

AT

N\

ACME collab. [1310.7534]

<8.7x10"%%ecm

Ry (electron)
[electric dipole moment] / XO \\ clectron
— % -
[, X° =0(100) GeV = phase misalign. $1073-107%.

g— 2 < Re

= [, x°

| ~)
/

7 =0 \

= 0(100) GeV
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ACME Collaboration, Science 343 no. 6168, (2014) 269–272 [arXiv:1310.753

Polonyi model has SUSY-CP problem

_ £=Jd26d2éK(<I>,<f>)+(deGW(¢)+ h_c_)+...
® Ex.) Polonyi model

superfield to break SUSY

rfields

Hidden sector Visible sector (i.e. MSSM)

18/32



Polonyi model has SUSY-CP problem

_ £=Jd26d2éK(<I>,<f>)+(deGW(¢)+ h_c_)+...
® Ex.) Polonyi model

z , ;
K =|REZ| + |Qql
-
<

W _|_W.
L Eg@@

- unalighed phases.

19
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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

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

= (Z) eR

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

< S € |[R : complicated function

- SUSY breaking

W =£+ W\/is
K Only one phase.

Note for professionals: R(HyHg) = 2;
msz/2 = O(100) GeV., 21/32



http://arxiv.org/abs/1008.4641

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 : complicated function

- SUSY breaking

Example:
s(x) = -3+ cix+ cox? + csx® + cqx?

with ¢y = 3¢ /8cy, 768¢3 + 64cicsc: — 3¢z > 0.
— (x) = —c3/4cy.

Note for professionals: R(HyHg) = 2;
ms3,2 = O(100) GeV. 22/32



CP-safe gravity mediation : Analysis r = (Z 1 Z*) I

Calculate M;, Ag, B/u :

= (0 (vanishing cosmo. const.) < M2 (z)
2% 0 s'(z)?
“— V=0 (Z-stati . = 0.
<aZ> 0 (Z-stationary cond.) <= Dz 5 () 0
—\ | oz CF 8'()
(Z) € R (- shift sym.), (Fz) = —e*/?Mp M2 57 (z)

oW N OK W |?
Q. ' Qg M3

5 / 2 W|2 o
V — oK/ME s'(x) _3 | K/M?3
‘ (M% @) °) ME T
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CP-safe gravity mediation : Analysis

Calculate M;, Ag, B/u :

(V) =0 (vanishing cosmo. const.) <=

07

oV .
— ) =0 (Z-stationary cond.) <=

Sf($)2

M3s" (x

)

9 s'(z)2

Ox s"(x)

j‘> (Z) € R (.7 shift sym.), (Fyz) =

x=(Z+ 7%)|

=3,
= 0.

S/2M2 C* s (33)

M2 ”(:L').
4 —targ C
BM/N — 2m3/2e &
m% m§/2 where m§/2 = |C\268/M12’/M§
K/Mz( 8K W)(8W+8KK)*
Q. 8Qa M) \9Q. ~ 9Q. M
2 8I/VVlS 8VVVlS |O|2
oI/ ME 2
(e s ) |
/32




CP-safe gravity mediation : Analysis r = <Z 1 Z*) I

Calculate M;, Ag, B/u :

1 A
%0 | — + k;— a
EB/ (4% N MP) e

from anomaly of (broken) shift sym.

(. ki€ R)
4 —rarg C
BM/M — 2m3/ ) € &
< AO _ 3m3/ e—'i, arg C
L mg = m?)/z where m§/2 = |C\268/M12:’/M§
FZ> Mpr—;
M—k@ 2< . k‘@ 2 i 2argC
and 9N 3Kig; 5 (@)

25/32
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Muon g-2

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

Parameters: M;, tan (G, sgn u

Unknown - regarded as parameters.

Fixed by EWSB conditions.
[ )

By /p = 2mgze”t ¥8C

< AO = Smg/ge_i arg ¢

\ mg — m?)/z where m§/2 — |C\268/1‘4P/M§)
FZ) Mp .
[\/iz — k?, 2<— — —3]@& 2 ?’argc
g?, MP gz m3/2 S’(w)e

27/32



CP-safe gravity mediation : Resultant MSSM parameters

Parameters: M;, tan (G, sgn u

and mcz)

4 * 2
K=s(Z+2Z") +Cal=

1+ 01(Z+Z*)+ax(Z+2Z2*)?
+
< l1+a1<Z+2Z*> +ar<Z+ Z*>2

W=C+ W\/is
-

1Qql?

with a; € R (.- Kahler).
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Summary
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Summary K=s(Z+Z*)+|0Qql?

® CP-safe gravity mediation =ttt
= Shift sym. of Z & SUSY in K

v SUSY CP problem mostly solved.

> A strong support|for (Aude M123, 1, B)
e O(100)GeV SUSY,

e Non-universal M;,
il such as (g — 2),-MSSM.

tan 8 =10
M =400 GeV
mo = 300 GeV

i 0000

4000 CP-violation from sfermion (mg);
: still remains.
il i - should be solved
2500 (g {75 e together with flavor problem.
] (OR: m2=07?)

300 400 500“ 600 700 800 900 1000
Me [GeV] 3 2 /32

Ms [GeV]




Gaugino Mass in Detail
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Gaugino mass in Detail

1 A
L d20 k,— | WeW,,

Forbidden by shift sym.;

> SUSY ((Z ) breaks shift sym.
> Generated by anomaly of shift sym.
(. ki € R)

M1, My K M37?

.. depends on “above-GUT"” structure.

Ex.) SU(5)x U(3) — SUl(B) x SU(2) x U(1) x SU(3) x U(1)

— SU(3)C X SU(2)|_ X U(l)y

k5+k3 /<.5 k5+k1
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Gaugino mass in Detail

1 A
L d20 k,— | WeW,,
9/ (492'2 N MP)

Postponed the origin of M; to “above-GUT".
< M, tells us “above-GUT"” structure.

sk €R
My, My < M3? el

... depends on “above-GUT" structure.

Ex.) SU(5) x U(3) — SUi(B) x SU(2) x U(1) x SU(3) x U(1)

— SU(3)c x SU(2). x U(1)y

k5-i—l<3 k.5 k5:|-k1
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Phenomenology in Detail
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Phenomenology: Why muon g-2 is explained.

Parameters: M;, tan B, sgnu and m

mo = 300 GeV,
M1 =400 GeV,
M, ~ 500 GeV,
M3 =2000-5000 GeV

2
0

a\N 9
= e

0(100)GeV 1V, X”*'Ol

large u

= large [ —[r miX.

RGE —>heavy q

@ (~ 5TeV)

126 GeV
Higgs

~ o~ (Note: Ag £1TeV)
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(Mo, M3)  X5,%F L kA & X AaSUSY x 10'0

(460, 3300) 333 329 348 182 400 150 125.3 18.8 (0.90)
(1000,5000) 774 578 365 247 589 142 126.5 11.2 (1.90)

Ms [GeV]

5000 “"ﬂ”,ru —
ook k-
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4500 ARV AT
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B (D . 14000
3500 NS A L .
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13000

2500 :E.:

: *&H*H***H' $ s sss s s s ses & 4 s wes '**H**:
+ ook e e e ok
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Ms [GeV]
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Ms [GeV]
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Prospects of 14 TeV (and HL-) LHC

I~ S S

® (g—2)y + Universal (e, 4, T) mass

Ms [GeV]

> pp — L

: Silver bullet, but less events.

» PP — XX : Many events, but t-signal.

5000
tan =10

C
M1 = 400 GeV 2
mo = 300 GeV @"3’
<

4500

4000

15000

14000

—43000

Mo [GeV]

Considered constarints

o 20+ Et ATLAS [1403.5294]

o pp — lrlir
o pp— XX~ (WW)
o pp— XtX (0.5-slep med.)

2T+ Ev ATLAS [1407.0350]

°© pp — T1,2T1,2

o pp— XX~ (WW)

o pp— XTXx (0.5-stau med.)
3/, )+ ET ATLAS [1402.7029]

o pp — X*x° (0.5-slep med.)
20+ Et and 3(Z, T) + ET

o pp—XTX° (W2)
M+ Bt ATLAS [1405.5086]

42,

o pp — XaX5 (0.5-slep med.
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