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Congratulations!!



3

碁：Go

“黒先” 
The pronunciation is “Kuro-Saki”. 
Meaning is “The player with the 
black stones makes the first move”.

Martin is the excellent “Go” player.
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1. Visiting for Valencia
-  Summer Institute 2009 (13th - 20th Aug. 2009) @Fuji-Yoshida
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1. Visiting for Valencia
-  Seminar (10th Mar. 2010) @IFIC

The first visit !
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1. Visiting for Valencia
-  FLASY11 (11th - 14th Jul. 2011) @ IFIC

The second visit !!
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1. Visiting for Valencia
-  We published two papers
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1. Visiting for Valencia
-  We published two papers

NH
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1. Visiting for Valencia
-  We published two papers

IH
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1. Visiting for Valencia
-  FestiValle (26th Jul. 2013) @ IFIC

arXiv:2312.09255

The third visit !!!
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1. Visiting for Valencia
-  Hirschfest (23rd - 24th Jan. 2024) @ IFIC

The fourth visit !!!!
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・Gauge coupling unification

2. Recent Interest

・The CDF collaboration reported the W boson mass anomaly

・The average of the W boson mass:
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We focus on the real SU(2) triplet scalar in order to explain the W boson anomaly.

2. Recent Interest
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SM Higgs and real SU(2) triplet Higgs (Y=0)

Lagrangian for the Higgs sector：

2. Recent Interest



16

Higgs fields take the VEVs：     ,

Lagrangian for the Higgs sector：

2. Recent Interest
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W boson mass：

2. Recent Interest
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Gauge coupling unification

The real SU(2) triplet scalar contribute only SU(2) gauge coupling

black：SM

red：real triplet Higgs

2. Recent Interest

The gauge couplings 
are not unified.
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We introduce vector-like fermions in addition to the minimal SU(5) GUT model.

Vector-like fermions:

3. Our Model Y.S. and S. Takeshita, Nucl. Phys. B 994 (2023) 116290
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In order to forbid the SM particles and vector-like fermion interactions, 
we introduce      symmetry.

Yukawa interaction for SM fermions：

Yukawa interaction for vector-like fermions：

3. Our Model Y.S. and S. Takeshita, Nucl. Phys. B 994 (2023) 116290
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Yukawa interaction for vector-like fermions：

3. Our Model Y.S. and S. Takeshita, Nucl. Phys. B 994 (2023) 116290

Schechter, Valle ’80, Mohapatra, Senjanovic ’81

Seesaw mechanism:        
（type-II：SU(2) triplet boson）
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The scalar mass eigenvalues：

3. Our Model Y.S. and S. Takeshita, Nucl. Phys. B 994 (2023) 116290
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Vector-like fermion masses：

3. Our Model Y.S. and S. Takeshita, Nucl. Phys. B 994 (2023) 116290

Type-II seesaw-like mechanism
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3. Our Model

Vector-like fermion masses：

Y.S. and S. Takeshita, Nucl. Phys. B 994 (2023) 116290
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3. Our Model

Vector-like fermion masses：

Y.S. and S. Takeshita, Nucl. Phys. B 994 (2023) 116290
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Vector-like quark masses：

Charged Higgs masses：

Heavy nutral Higgs masses：

The experimental constraints

3. Our Model Y.S. and S. Takeshita, Nucl. Phys. B 994 (2023) 116290
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Theoretical limit：

Allowed region for the mass

3. Our Model Y.S. and S. Takeshita, Nucl. Phys. B 994 (2023) 116290
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Gauge coupling unification

3. Our Model Y.S. and S. Takeshita, Nucl. Phys. B 994 (2023) 116290
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We propose an SU(5) model with Vector-like fermions.

Thanks for the additional vector-like quarks and SU(2) triplet scalar, 
the gauge coupling is unified.

The CDF collaboration W boson mass anomaly is explained by using the 
VEV of a real SU(2) triplet scalar coming from the 24 representation Higgs.

4. Summary

Vector-like fermions get the masses through the type-II seesaw-like mechanism.
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Congratulations!!

Martin’s 60th birthday


