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* Short review of little hierarchy problem and solutions

» Current status of Non-Universal Gaugino Mass(NUGM)
scenarios at LHC

* Summary
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Short review In supersymmetric model

SUSY breaking Higgs mass

dynamically generated

2R M=) S
Supersymmetric Higgs mass I 2e T AM

@Hqu

maybe effectively
generated

depends on models

EW scale are predicted by the SUSY scale

1
oMz

SUSY -STSY
But fine-tuning is required, if SUSY scale is too high.

<m (0(100)GeV)? = (O(10)TeV)? — (0(10)TeV)?  when |m3;, | = (O(10)TeV)?, |u* = (O(10)TeV)?

should be satisfied!! (0.01% fine-tuning) “Little Hierarchy Problem”
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m, [GeV]

A-te rm bEh aViOr (Carena,Quiros,VWagner, 95")

one-loop upper bound on Higgs mass
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mHu etc.(SUSY scale) are constrained by

|') direct searches at the LHC

M, > 1.5TeV, mgop = 600GeV

naive guess
Mg and mstop relate to mju Vi Mg

20(1)TeV

’LLf\J

2) 126 GeV Higgs mass

h™4 term given by gauge couplings
loop correction should be large

S o 20 | A (s A = UEn S

stop’

loop correction and naive guess

47292 ms;

2
e (mst§p> +eee @ A — p1/ tan 5 350 Mstop =, 10 TeV (12056197)

bflive guess

7 my. £ 0(10) TeV

maybe require 0.01% fine-tuning against H



Relation between mx. and SUSY scale

RG flow from GUT scale to Mz
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Relation between mu. and SUSY scale

RG flow from GUT scale to Mz

—9m?2, (M) =5.45M2+ 0.470Mo M5 — 0.433 M2
TR : 3 2

+0.0677MzM; — 0.00975M7 + 0.0135M7 M,
+A¢(0.773M5 + 9.168 M5 + 0.0271M; + 0.214A;)

—1.31m¥%_ + 0.690mg, + 0.690mg;,

not so simple

cancel each other in some models

(small facter) x M3

when M =5 x M;



—om?, (Mz) —-5 A5 M2 + 0.470 Mo M — 0.433 M2 |

:+O.O677M3M1 — 0.00975M7 + 0.0135M; M.

dominant
—|—At(0773M3 + 0.Q68 M5 + 0.0271M7 + 0.21414,5)

N~ T | When gluino is I TeV at EW scale,

20 -

e 'my (Mz)] 0.1 x (1TeV)?

10 -

]

X Im3, (Mz)] < (100GeV)?

EW scale is naturally realized

M, /M3

5 %
1 Ms(u) = Ms(p) green bands predict degenerate

20 L

1 (Mz < p < 1TeV) gaugino masses below eV scale.



Samples of the concrete models
for the Non-Universal Gaugino Mass scenario

Mirage Mediation

Choi,Jeong,Kobayashi,Okumura, 05’, 06’
Kitano,Nomura, 05’

Lebedev,Nilles,Ratz, 05’
Abe,Kawamura, 14’

Gauge mediation %]

Dermisek,H.D.Kim,|.W.Kim, 05’

Brimmer,Buchmtller, 12’
Brimmer,lbe,Yanagida, 13’
Yanagida, Yokozaki, 13’

Kobayashi,Omura, 14’

GUT Feng, 13’

etc.



Our approach is bottom-up

We assume that we succeed in constructing a model satisfying

My /M3 ~ 5 at GUT scale which very relaxes the fine-tuning

Abe,Kobayashi,Omura, 07’; Abe,Kawamura,Otsuka, 13’

study the current status of Non-Universal Gaugino Mass scenario (NUGM)
based on 8-TeV and 13-TeV datas at the LHC.

Abe Kawamura,Omura, 15° Kawamura,Omura, 16’
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Predictions of the NUGM scenario

|) EW-scale mj; is realized by heavy wino (M2),
and origin of the EW scale is explained.

4-5 TeV wino > O(1) TeV gluino



numerical result for 126 GeV Higgs (#vekavamurayo)

A 1= 150GeV, 125GeV < mp < 126GeV
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Predictions of the NUGM scenario
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2) Wino (and Bino) are heavy and supersymmetric Higgs mass
is EW-scale

Light Higgsino predicted

Lightest chargino and neutralino are Higgsino-like
and mass differences are O(1) GeV



This is because

neutralinos are linear comb. of Bino, Wino, and Higgsinos.

chargino are linear comb. of Wino and Higgsinos.

mass difference are suppressed by heavy Wino and Bino

M2
Myr, = 4+ O Z)
S 3 (Ml,Q

M2
—u+O<M2>




M dass diffe rence (Abe Kawamura,YO)

= 150GeV, 125GeV < my < 126GeV
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very small mass difference  Am, < 2GeV
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Predictions of the NUGM scenario

|) EW-scale m3; is realized by heavy wino (M2),
and origin of the EW scale is explained.

4-5 TeV wino > O(1) TeV gluino

2) Wino (and Bino) are heavy and supersymmetric Higgs mass
is EW-scale

Light Higgsino predicted

Lightest chargino and neutralino are Higgsino-like
and mass differences are O(1) GeV

3) Light Right-handed stop are predicted



Light Right-handed stop caused by RG flow

top Yukawa | = | light stop

left-handed heavier
because of SU(2)L

heavy WiNo| ==




Typical mass spectrum
in NUGM scenarios

Non-Universal Gaugino Mass

A
other
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Bino glUINO
| 4TeV —4——— —
| TeV —1— i
(RH-like)
stop
500GeV —1—
Higgsino chargino
|00GeV —— neutralino
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Non-Universal Gaugino Mass
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Typical mass spectrum
in NUGM scenarios

Non-Universal Gaugino Mass

ATLAS Preliminary 203 fb™", {s=8 TeV Status: Feb 2015
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Stop search
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Stop search
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Our stop decays to
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Stop search

(Abe,Kawamura,YO;Kawamura, YO)

Our stop decays to

~ ~

et te..

( 7 j\rm..m_j /( X+J

> Signals

pp—tt = tt missing
={bb missing

— t b missing




Stop SearCh ReSUIt (Abe,Kawamura, YO;Kawamura,YO)

, : Based on ATLAS-CONF-2015-066,1308.2631,1506.086 | 6
Branching ratio

125.5 GeV < myp < 126 GeV

BR(t — b missing) > 0.5
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Gluino search

Our gluino decays to

~~

(Kawamura,YO)

g\ g\

~\>

. t
Wt
X

mp Signals

pp—g g — tt tt missing
— tt bb missing



Gluino search Result

Based on ATLAS-CONF-2015-067,1407.0600
125.5GeV < my <126 GeV

(Kawamura,YO)

tan 8 = 15
mop = 1TeV

| 3-TeV already exceeds the 8-TeV result!
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125.5 GeV < mj, < 126.1 GeV | Combined Result with i = 150 GeV
tan 0 = 15

n = 1 Te (Kawamura,YO)
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125.5 GeV < mj, < 126.1 GeV | Combined Result with i = 150 GeV
tan 0 = 15

(Kawamura, YO)
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Higgs mass ~ |25 GeV

Direct search at LHC

SUSY scenario VG D5 TETHED .

Non-trivial Z& SUSY spectrum HDYE /]



SUMMARY

Non-Universal Gaugino Mass scenario

My /Ms ~ 5 at GUT scale

(large A-term can be realized by large M2)

=LA
light Right-handed stop

LLml

degenerate neutralinos and chargino

stop search: ¢ —¢ by T m= > 700 GeV
P ' g t (my > 1.8 TeV)
oluino search: g — tix mg > 1.6 TeV

Let’s discuss what the underlying theory is!

END



A term for Higgs mass
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