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I will talk random topics related to 

Standard Model Landscape.
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(F-theory)

: 6 or 7 dim compact spaceX

Standard Model + Einstein gravity
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(F-theory)

: 6 or 7 dim compact spaceX

Standard Model + Einstein gravity

X × Y

(Standard Model + Einstein gravity) on Y
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Standard Model + Einstein gravity, 

(Standard Model + Einstein gravity) on Y = S1, T2, ⋯

Standard Model Landscape  String Landscape⊂

Apply Swampland conjectures to constrain 
SM parameters.



Talk Plan
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1. Neutrino masses

2. Black string in Standard Model



Talk Plan

6

1. Neutrino masses

2. Black string in Standard Model



Non-SUSY AdS conjecture

• Conjecture: All non-SUSY AdS vacua are unstable. 
(as long as low energy action is Einstein gravity with finite number of fields) 
                

[Ooguri, Vafa ‘16]

Motivation: It is unnatural that non-BPS state saturates WGC 
under quantum correction.
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https://arxiv.org/abs/1610.01533


AdS vacuum in SM

Motivation: It is unnatural that non-BPS state saturates WGC 
under quantum correction.
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Depending on neutrino mass and type (Dirac/Majorana),  appears.AdS3 × S1

(Standard Model + Einstein gravity) on . 
Periodic b.c. for fermions.

S1

: raidus S1 R

Dirac neutrino

Majorana neutrino always 
leads to .AdS3



Bound from Conjecture?

Motivation: It is unnatural that non-BPS state saturates WGC 
under quantum correction.
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If  is stable, it is contradiction.

→ Potential Bound on neutrino masses. [Ibanez, Martin-Lozano, Valenzuela ‘17]

AdS3 × S1

 (Normal),         (Inverted)mlightest < 7.7 meV mlightest < 2.56 meV

https://inspirehep.net/literature/1605759


Bound from Conjecture?

Motivation: It is unnatural that non-BPS state saturates WGC 
under quantum correction.
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If  is stable, it is contradiction.

→ Potential Bound on neutrino masses. [Ibanez, Martin-Lozano, Valenzuela ‘17]

AdS3 × S1

 (Normal),         (Inverted)mlightest < 7.7 meV mlightest < 2.56 meV

Decay rate is 

estimated in [Mirbabayi, Villadoro ‘25].

However, we find [YH, Shiu ’17] 

https://inspirehep.net/literature/1605759
https://inspirehep.net/literature/2933266
https://arxiv.org/abs/1707.06326


Multiple point principle (MPP)
• Hypothesis: 

The parameters of the theory are tuned so that many vacua are 
degenerate in energy.


• Possible principle to extract predictions  
from vast landscape.

[Froggatt, Nielsen ’95][Bennett ‘96]
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MPP as an alternative

Motivated by an analogy with statistical mechanics.

Similarity to theory of Euclidean wormhole [Coleman ’88, YH, Kawai, Kawana ‘15].

Hypothesis: parameters are tuned so that multiple vacua degenerate in energy. 
successfully predict Higgs mass, and postdict top mass.

[Froggatt, Nielsen ‘95]

Higgs potential
GeVmt ≃ 171

GeVmt < 171

GeVmt > 171

https://inspirehep.net/literature/261806
https://inspirehep.net/literature/1394149
https://arxiv.org/abs/1610.01533
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[YH, Shiu ’17]

Prediction of equality

,         .m2
2 − m2

1 = 7.53 × 10−5eV2 |m2
3 − m2

2 | = 2.44 × 10−3eV2

Normal: ,


Inverted: 
∑ mν = 7.1 × 10−2eV

∑ mν = 1.0 × 10−1eV

https://arxiv.org/abs/1707.06326
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Will be tested soon?



Talk Plan
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1. Neutrino masses

2. Black string in Standard Model
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From now on, 

I will talk about something different from so far.

So far
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AdS3/CFT2
 for neutrino vacua?AdS3/CFT2 [Arkani-Hamed+ ‘07]

SM on AdS3 × S1

https://arxiv.org/abs/hep-th/0703067
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AdS3/CFT2
 for neutrino vacua?AdS3/CFT2 [Arkani-Hamed+ ‘07]

SM on AdS3 × S1 SM on 4d
Same physics at 
high energy

https://arxiv.org/abs/hep-th/0703067
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AdS3/CFT2
 for neutrino vacua?AdS3/CFT2 [Arkani-Hamed+ ‘07]

SM on AdS3 × S1 SM on 4d
Same physics at 
high energy

CFT2

AdS3/CFT2

This should contain all information 
such as dark matter, inflaton, …

https://arxiv.org/abs/hep-th/0703067
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AdS3/CFT2
 for neutrino vacua?AdS3/CFT2 [Arkani-Hamed+ ‘07]

SM on AdS3 × S1 SM on 4d
Same physics at 
high energy

CFT2

AdS3/CFT2

This should contain all information 
such as dark matter, inflaton, …

Consistency conditions of  is strong.

New pathway to BSM physics?

CFT2

https://arxiv.org/abs/hep-th/0703067
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Peculiar features.

1: Huge central charge


c ∼ ℓAdS3
M3 ∼ ℓ2

AdS3
M2

4 ∼ ( M4
mν )

4

∼ 10120

2: Wilson line of  is slightly massive,


,           .


 Very small anomalous dim. , and huge gap above it.

AEM
3

V ∼ e−me/mν cos (∫ AEM
3 ) e−me/mν ∼ e−109

→

: , 


: 3(4)d Planck mass

ℓAdS3
(AdS3 radius) ∼ M4/m2

ν

M3,4
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I don’t know how I can study such CFT.


Instead, I will talk about new object  
suggested by holography/Swampland.
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IIB string on .AdS5 × S5

AdS/CFT

Potential
Positive contribution from flux.

 RadiusS5

Negative contribution from curvature 

r*

near horizon of  
black 3-brane
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Extremal Black Hole
4d Einstein-Maxwell on .S2

Potential
Positive contribution from flux.

 RadiusS2

Negative contribution from curvature 

r*

Extremal BH is a solution interpolating different dimensions.


ds2 = − f(r)dt2 + f(r)−1dr2 + r2dΩ2

f(r) = (r − r*)2

r2

AdS2 × S2

Flat 4d
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Do we have 
extremal black 
object?

Yes.

[Arkani-Hamed+ ‘07]

[Yu Hamada, YH, Kimura ‘25]

https://arxiv.org/abs/hep-th/0703067
https://inspirehep.net/literature/2867070
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ℝ≥0

S1

. Periodic for fermions.

Cobordism Conjecture:  

 can shrink without singularity.


ℝ1,3 = ℝ1,1 × ℝ≥0 × S1

S1

Relation to Swampland

S1

aa
aℝ≥0



Extremal case
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Metric ansatz:





Einstein equation reduces to 


,              .


where  ,    .


 is determined by first equation. Then,  is fixed by second equation.

ds2 = A(z)2(−dt2 + dx2) + M2
P

m4
3

dz2 + R(z)2dϕ2

R′ ′ + γR′ = − ∂RU(R) A′ 

A
= − R′ 

R
− R′ 2

R2 −
V(4)

1
M2

4

∂RU(R) = R
M2

4 (V (4)
1 − 1

2 R∂RV (4)
1 ) γ = − 2 R′ 

R
+ R′ 2

R2 −
V (4)

1
M2

4

R(z) A(z)



Shooting method
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where  ,    .

R′ ′ + γR′ = − ∂RU(R)

∂RU(R) = R
M2

4 (V (4)
1 − 1

2 R∂RV (4)
1 ) γ = − 2 R′ 

R
+ R′ 2

R2 −
V (4)

1
M2

4

classical mechanics w/ friction  and potential .
γ U(R)

We consider Majorana  
w/ normal hierarchy.

ν



Numerical solution: R(z)
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: horizon.

: away from string.

z → − ∞
z → + ∞

Near horizon geometry is 
AdS3 × S1


ds2 → e
2 MP

m23
z

lAdS (−dt2 + dx2)
+dz2 + (Rext

0 )2dϕ2

ds2 = A(z)2(−dt2 + dx2) + M2
P

m4
3

dz2 + R(z)2dϕ2



Deficit angle   ∼ 2π
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Most space region is cut off by the black string.

Opening angle .θo ∼ 2π × 10−2 × m3/MP

Incompatible if it exists now.



Extremal solution and  vacua AdS
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(Charged) black hole black string

Near horizon geometry: AdS2×S2 Near horizon geometry: AdS3×S1

Effective potential Effective potential

T

V (T )

 radiusS2

a

 radiusS1



Non-extremal
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Non-extremal solutions are constructed too.



Summary/Outlook

- Landscape of the Standard Model.

- Prediction of neutrino masses from MPP.

- Black string in the Standard Model, predicted by 

cobordism conjecture.
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