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@ A Standard Model-like Higgs particle has been discovered.
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Mitiges = 126.0 + 0.4 + 0.4[GeV](ATLAS) Migiges = 125.3 & 0.4 % 0.5[GeV](CMS)
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Fine-tuning problem in the Standard Model

2 _ Ce
mHzggs mbafrf’ A cCUT T+

If the cut-off scale is of order GUT scale,

(125 [GeV])* ~ (10'° [GeV])? — (100 [GeV])?
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Fine-tuning problem in the Standard Model

2 _ Ce
mHzggs mba,?“f’ A cCUT T+

If the cut-off scale is of order GUT scale,

(125 [GeV])? ~ (10 [GeV])* — (100 [GeV])?

In the MSSM,

, Acur

2
mHzggs‘ _ mba’re (AC’UT ACUT) + msoftlog
TMsoft

One of motivations for SUSY; Solution of the fine-tuning problem.
4/15



SUSY little hierarchy problem in the MSSM
(Fine-tuning problem for EWSB)

1
2 _ 2 2
Mz = —|p]" =my +--- (tanf >> 1)
my - --Z boson mass [t - --higgsino mass

mp, - --SUSY breaking soft term of H,,

(Hu)

tanfd = ()

We need 1 ~ mpy, ~ O(my) toavoid the tuning problem.  _



We examined the possibility to
realize ~125 GeV Higgs

and

avoid the SUSY little hierarchy problem.
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[1]M. S. Carena, M. Quiros and C. E. M. Wagner, Nucl. Phys. B 461 (1996) 407.

In the MSSM, lightest CP-even Higgs boson mass is evaluated as[1]

m; ~ mycos”(23) at the tree level

3 m 3 myt |1 1 [(3my
m,% ~ mQZ COS2(2,6) (]. — g—t) + 4—71_2? [§Xt +1+ 167’(’2 (5 7)2 - 3271'053 (Xtt + tz)

mg, - ~-left handed stop mass

t = In(m?2/m;? my - -+ top mass
( t/ ) t m%ﬂ - --right handed stop mass
3
A = ) u( )Cot p
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[1]M. S. Carena, M. Quiros and C. E. M. Wagner, Nucl. Phys. B 461 (1996) 407.

In the MSSM, lightest CP-even Higgs boson mass is evaluated as[1]

m; ~ mycos”(23) at the tree level

3 Mg’ 3 mit[1 N 1 [/3m?
82 2 2 1672

m; ~ my cos(2/3) (1 — ——t) + —— | =Xi + ¢ 52 T 327ra3) (Xt + tz)]
v

There are two possibilities to realize ~125 GeV Higgs.
(D High-scale SUSY breaking( 72; >10 [TeV])

mp, - -left handed stop mass

t = In(m? /> ™y - -+ top mass
( t/ i) ¢ P m%% - --right handed stop mass
------ > SUSY little hierarchy problem A, = Aj(my) — plmy) cot B
2 S 2 — 2 2
1m2 = —|ul? — m? Sm2 _3yt 2 g Acur mp = \/mUs(mZ) sz(mZ)
= )UJ‘ my o TTLH( ~ —QTTL; Il
9 L Aé ° my
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[1]M. S. Carena, M. Quiros and C. E. M. Wagner, Nucl. Phys. B 461 (1996) 407.

In the MSSM, lightest CP-even Higgs boson mass is evaluated as[1]

m; ~ mycos”(23) at the tree level

3 m 3 mit[1 1 [/3m°
m; ~ my cos(2/3) (1 — g—t) + = [§Xt +1+ G2 (5 v; — 327ra3) (Xt + tz)]

There are two possibilities to realize ~125 GeV Higgs.

mp, - --left handed stop mass

_ 2 /o — :
t = In(m;/my*) my - -+ top mass m%j - --right handed stop mass

Ay = Ay(mz) — p(mz) cot B

2 =\ Jmi,(mz) md,(mz)

3
|l

@ Large stop mixing
|At’ . .
r,=— ~+/6 X,(r,) is large. Higgs mass

Ty . .
t is maximally enhanced.
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@ Large stop mixing A,
How do we get the large stop mixing ? m;
After running a one-loop RG eq. from the GUT scale to the EW scale,

At At(mz) ~ —O.O4M1(TTLGUT) — O.21M2(7TLGUT) — 1.90M3(TTLGUT) + -
mg,(mz) ~ —0.02M7(mqur) + 0.38M;(meur) + 5.63M5 (meur) + - - M, - -Wino mass
m?]g(mg) >~ 0.07M12(7TL(;UT> - O.QIMS(MGUT) + 4.61M32(mGUT) + -- M3 . .Gluino mass

M - -Bino mass

Ratios of the gaugino masses

My (meayr) Ms(meaur)
r = , To =
Ms(mgur) Ms(mgur)
If we tak L0 4.8
we tage 1o =~ 0—2 ~ 4.

= md,(my) < m, (my), AZmy)

= r,>1

6 8 10 12 14

r

Stop mixing is enhanced due to the RG effects. ———)> Higgs mass is enhanceiio./15



@ Large stop mixing
Solution of the SUSY little hierarchy problem.

After running a one-loop RG eq. from the GUT scale to the EW scale,

M - -Bino mass
M, - Wino mass my, (mz) ~= 0.17M3F(meur) — 3.09M3 (meur) + -

M5 - -Gluino mass

_ M 309
ngﬁs_ ﬁ_ .

= dm7y; (my) is suppressed.

SUSY little hierarchy problem is relaxed due to the RG effects.
Gaugino mass ratio is almost same as the large stop mixing. 11/15



Higqgs mass and tuning

There are the parameter spaces which realize the 125 GeV Higgs and avoid the tuning problem.

Input parameter at the GUT scale
M5 = 385[GeV], tan = 15,
A, = |M|2 Bm%, 100 (%) (3rd.generation, H,, H;) = 200[{GeV], A; = —400[GeV]
2mz Olul ™ 1Al (1st. and 2 nd. generation) = 1500{GeV]

Tuning parameter

no EWSE region

Universal
no EWSB r Gaugino
masses

6 8 10 12 14
I r 12/15



Sparticle spectrums

Reference point : (r.7:) = (13.5.4)

mp, [GeV] mpg [GeV] ma [GeV] mp+ [GeV]
126.0 1639 1639 1641
100 x [AZY (%) | Mi(mz)[GeV] | Ma(mz)[GeV] | Ms(mz)|GeV]
11.48 2063 1709 1104
sparticle | mass [GeV] || sparticle | mass [GeV]
U1 2209 €1 2302
Us 2324 €2 2456
C1 2204 i1 2301
Co 2320 12 2439
ty 752.1 71 1735
to 1457 T2 1936
di 1903 %, 2064
do 2326 % 1713
51 1874 % 187.4
5y 2322 0 192.2
by 1071 i 189.4
by 1436 X3 1713

In Summary, LSP is Higgsino.

Wino is heavier than gluino.
Stop is relatively light.
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SUSY breaking mechanism

There are two interesting candidates to realize the nonuniversal
gaugino masses at the GUT scale.

i) Moduli mixing( in the higher-dimensional theory)

Moduli mediation

/SU(3) gauge field
Moduli( Volume) Nonuniversal gaugino masses

I

iif) Mirage mediation

Moduli mediation + Anomaly mediation

%

Nonuniversal gaugino masses 14/15



Summary
Nonuniversal gaugino masses at the GUT scale

¢

We can realize ~ 125 GeV Higgs and avoid the SUSY
little hierarchy problem at the same time.

10'g

Universal

-S,
Gaugino
10 masses 2
<15 <10 -5 O 5 10 15 6 8 10 12 14
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Appendix



RG eq. Casmir Invariant

dm? 1 /8 3
Q 2 2 2 2
oL - Mal2 + 221 Mol2 + — 2| M; |2 — —
dt 172 <393| 3| 92’ 2’ 91| 1| 918>
1 1 u U 1 u u U u U u
to (§y (y")'mé + Smay" (y") + y'mi (y")" + (mi, )y (y") + A"(A )T)
dm% 1 8 5 2 5
T (§93|M3| —91\M1| + 915
1 1 U U 1 u u u u u u u U
15 (5(3/ Vg mi, + §mU(y My + (y") 'mdy" + (m3y ) (y*)'y" + (4")T A )
dm7, 1 /3,
u . _ (= M 2 M 2 2
T (292| o+ oM - S )
3
+y"mi (y" )“rm Yy + AM(AMT)

Casmir Invariant, gauge couplings and the value of Yukawa coupling
determine the ratio of the gaugino masses.



mo,(mz) ~ —0.02M7 + 0.38M;5 — 0.02M; M; — 0.07MyMs + 5.63M;
+(0.02M5 4 0.09M35 — 0.024,) A,
—0.14m7;, + 0.86mg,, — 0.14mg,

mg, (mz) ~ 0.07TM; — 0.01M My — 0.21M5 — 0.03M; Mz — 0.14MyMs + 4.61 M5
+(0.01M; + 0.04M, + 0.18M3 — 0.054,) A,
—0.27m3;, — 0.2Tmg, + 0.73mg,

Ai(my) ~ —0.04M; — 0.21Ms — 1.90M5 + 0.18 4,

my, (mz) 2 —0.01M My + 0.17M7 — 0.05M, M3 — 0.20Mo My — 3.09M;
+(0.02M; 4 0.06 My + 0.27M5 — 0.07A;) A,
+0.59m7;, — 0.41mg, — 0.41mg,.



CCB breaking minima

CCB breaking minima exist unless the following condition is satisfied.
2 2 2 2 2
Ay|* < 3(mp, +my, +my, + |ul°)
In the case of r, >~ v/6 is dangerous with satisfying meo, = My,

In our parameter region, |A;(mz)| ~ mg,(mz)

and 0 < my,(myz) < mo,(mz)

This inequality is guaranteed.



