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Supersymmetry

SUSYのご利益
Fine Tuning の問題を解決できる（というか、そのため
に導入されたのですが）
繰り込み可能
重力に拡張可能

力の大統一

ダークマター候補
光子、Z、２つのヒッグスの　　　　　　　　　　　　　　　　　　　　　
スーパーパートナーが混合して　　　　　　　　　　　
ニュートラリーノという質量の　　　　　　　　　　　　　　　　　　　　　　　　　　
固有状態
一番軽いニュートラリーノ
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Figure 8.4: RG evolution of scalar and gaugino mass parameters in the MSSM with MSUGRA boundary
conditions imposed atQ0 = 2×1016 GeV. The parameter µ2+m2

Hu
runs negative, provoking electroweak

symmetry breaking.

family squarks and sleptons are nearly degenerate with those of the first family, and so are not shown.)
Variations in the model parameters have important and predictable effects. For example, taking larger
values of tan β with other model parameters held fixed will usually tend to lower b̃1 and τ̃1 masses
compared to those of the other sparticles. Taking larger m2

0 will tend to squeeze together the spectrum
of squarks and sleptons and move them all higher compared to the neutralinos, charginos and gluino.
This is illustrated in Figure 8.5(b), which has m2

0 ≫ m2
1/2. [The MSUGRA parameters used to make

this graph were m1/2 = −A0 = 320 GeV, m0 = 3200 GeV, tan β = 10, µ > 0.] In this model, the
heaviest chargino and neutralino are wino-like.

The third sample sketch, in fig. 8.5(c), is obtained from a typical minimal GMSB model, with
N5 = 1 [and boundary conditions as in eq. (7.7.21) with Λ = 150 TeV, tan β = 15, and sign(µ)= + at
a scale Q0 = Mmess = 300 TeV for the illustration]. Here we see that the hierarchy between strongly
interacting sparticles and weakly interacting ones is quite large. Changing the messenger scale or Λ
does not reduce the relative splitting between squark and slepton masses, because there is no analog
of the universal m2

0 contribution here. Increasing the number of messenger fields tends to decrease the
squark and slepton masses relative to the gaugino masses, but still keeps the hierarchy between squark
and slepton masses intact. In the model shown, the LSP is the nearly massless gravitino and the NLSP
is a bino-like neutralino, but for larger number of messenger fields it could be either a stau, or else
co-NLSPs τ̃1, ẽL, µ̃L, depending on the choice of tan β.

The fourth sample sketch, in fig. 8.5(d), is of a typical GMSB model with a non-minimal messenger
sector, N5 = 3 [and boundary conditions as in eq. (7.7.21) with Λ = 60 TeV, tan β = 15, and sign(µ)= +
at a scale Q0 = Mmess = 120 TeV for the illustration]. Again the LSP is the nearly massless gravitino,
but this time the NLSP is the lightest stau. The heaviest superpartner is the gluino, and the heaviest
chargino and neutralino are wino-like.

It would be a mistake to rely too heavily on specific scenarios for the MSSM mass and mixing
spectrum, and the above illustrations are only a tiny fraction of the available possibilities. However,
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◆LHC Run 1 …Discovery of 125 GeV Higgs
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“Heavy Higgs”

The observed Higgs mass is
explained by heavy stop mass.

This term is maximized at                      .
The observed Higgs mass is explained by
light stop mass and large A-term.

(High-scale SUSY) (Natural SUSY)
Naturalness

◆LHC Run 2 … Null result
Masses of new colored particles are severely constrained.

Implications from LHC
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Gluino	decays	to	bb+LSP	

ICHEP2016,	Aug	9,	2016	 Searches	for	SUSY	 10	

Gluinos:	highest	SUSY	producCon	cross	secCon	
•  can	give	access	to	other	sparCcles	via	decay	chains	
•  here:	consider	decays	to	two	quarks	and	the	LSP	

Hadronic	search	with	b-jets	
•  ≥4	jets,	≥3	b,	no	lepton	(this	model)	
•  key	variables:	#b-jets,	MET,	meff,	mT,	large-radius	jet	masses			

ATLAS-CONF-2016-052	 Other	results	
•  CMS-SUS-16-014	
•  CMS-SUS-16-015	
•  CMS-SUS-16-016	

mg̃ & 1.9 TeV “Heavy gluino”
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Heavy gluino makes
stop heavy at low energy.

◆One-loop RGE for sfermion masses
(gaugino mass contribution)
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co-NLSPs τ̃1, ẽL, µ̃L, depending on the choice of tan β.

The fourth sample sketch, in fig. 8.5(d), is of a typical GMSB model with a non-minimal messenger
sector, N5 = 3 [and boundary conditions as in eq. (7.7.21) with Λ = 60 TeV, tan β = 15, and sign(µ)= +
at a scale Q0 = Mmess = 120 TeV for the illustration]. Again the LSP is the nearly massless gravitino,
but this time the NLSP is the lightest stau. The heaviest superpartner is the gluino, and the heaviest
chargino and neutralino are wino-like.

It would be a mistake to rely too heavily on specific scenarios for the MSSM mass and mixing
spectrum, and the above illustrations are only a tiny fraction of the available possibilities. However,

105

dm2
s

d lnµ
= � 1

16⇡2

X

A=1,2,3

8g2ACA(s)|MA|2

Natural SUSY is a critical situation.



daijk

d lnµ
=

1

16⇡2

X

A=1,2,3

4g2AY
ijkCA(k)MA + (k $ i) + (k $ j).

Key concept
◆Two-loop RGE for sfermion masses

◆One-loop RGE for A-terms
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Light stop can be realised despite heavy gluino.

If there are extra matters much heavier than gauginos, 
one-loop contribution can be cancelled.

Extra matters are nothing to do with A-terms.
Large A-term is realized owing to heavy gluino.

The observed Higgs mass is obtained by light stop and large A-term.

“Heavy gluino” “Light stop”

“Heavy Higgs”
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Figure 3: General extra-dimensional setup, with defects of reduced dimensionality. These may
be thought to have a thickness much smaller than the typical size of the compact space, denoted
by L. Some fields, denoted here by Q and X , may be restricted to propagate on such “branes”,
while other may propagate in the bulk of the space.

tional background on which various fields propagate is a solution to the 5D Einstein equations,

possibly sourced by bulk fields. One can also write a 5D cosmological constant term,

S5 =

∫

d5x
√
g

{

−1
2
M3

5 (R5 + Λ5) + other fields

}

. (4)

The only constraint we have on Λ5 is that the effective 4D cosmological constant should be very

small:

M2
PΛ4 ∼ (contribution from gravit. background) + (contribution from Λ5)

+ (contribution from other sources, e.g. Casimir energies) ! O(10−3 eV)4 .

One may envision two extremes here:

1. The various contributions have a natural size of order M4
5 , but they cancel out almost

precisely. This cancellation is just the well-known cosmological constant problem, which

so far seems to necessitate an extraordinary fine-tuning (even if the final understanding is

based on “anthropic considerations”).

2. Perhaps, for some unspecified reason, Λ5 is very suppressed so that the extra dimensions are

essentially flat. Note that the “contribution from other sources” can be expected to contain

6

gauge
extra matters
(Higgs)

◆gaugino mediation

mvec � M1/2

realization of light stop

at the input scale,
m2

0 = 0, A0 = 0

suppression of FCNCs

We consider the model including a pair of extra          multiplets.5+ 5̄



Result
While stau is LSP in broad parameter space, we found that

• If Higgs soft mass parameters have non-zero value at input scale,
Higgsino-like neutralino LSP is realized

• If we assume non-universal gaugino mass at input scale,
wino LSP is realized

with 125 GeV Higgs and around 1 TeV stop.

Detailed spectrum and plots are shown in my poster.

Prease come to see !


