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The standard model of particle physics 
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Some problems of the standard model 

Å triviality 
 
Å hierarchy problem 
 
 
Å too many parameters 
Å existence of dark matter 
Å smallness of neutrino mass 
Å matter/antimatter asymmetry 
Å vacuum stability 
ΧΧ 

The SM may be just an effective field theory. 
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Effective field theory and the rho parameter 
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Gasser-Leutwyler QCD chiral Lagrangian for pseudoscalar mesons 
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Electroweak chiral Lagrangian without the Higgs boson 

[Appelquist, Wu. 1993] 

p^2 order: 

p^4 order: 
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Another equivalent formulation of electroweak chiral Lagrangian 

[H.H.Zhang, Q.Wang. 06] 
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Electroweak radiative corrections can be categorized into two classes 

Oblique corrections (gauge boson propagator corrections) 

Direct corrections (vertex, box and bremsstrahlung corrections) 

Oblique corrections can be treated in a self-consistent and model-independent 
way through an effective lagrangian to incorporate a large class of Feynman 
diagrams into a few running couplings  [Kennedy & Lynn, NPB 322, 1 (1989)] 
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Electroweak oblique parameters 

[Peskin, Takeuchi. 1991] 

Peskin 
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Electroweak chiral Lagrangian with the Higgs boson 
and the oblique parameters 

p^2 order terms include: 

p^4 order terms include: 
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[Djouadi, hep-ph/0503172] 



[Sikivie, Susskind, Voloshin & Zakharov, NPB 173, 189 (1980)] 
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Custodial symmetry in the standard model 

tensor language 

The custodial symmetry is explicitly broken by the Yukawa couplings of fermions 
 at loop level. 
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Custodial symmetry in the SM in matrix language 
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Relations among the rho parameter, the oblique parameter T,  
and the electroweak chiral Lagrangian 

Usually it is obtained by the 1-loop Feynman diagrammatic 
calculation. 
 
In this work, we propose a simple nondiagrammatic calculation 
method. 
 
H.H.Zhang, Eur.Phys.J. C67 (2010) 51-56. 
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What are used in this method? 
 
Å path integral 
 
Å electroweak chiral Lagrangian 
 
 
Å Schwinger proper time method 
 
 
 
Å Consider the scalar source s as p^0 order  
   rather than p^2 order. 

֦ ̔ Seely Dewitt Ҭ ₮ ң  
̆ rho ˻ 

ᴰ  ױֲ̆҉
ҹץ ױ p^6 

̆ ╠ ֲ
῏ Ȃ 
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Hypothetical heavy fermions: 
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Chiral decomposition: 
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Schwinger proper time method 
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SeelyςDeWitt expansion 
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Effective field theory and dark matter 
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҅ү ᶡ  

ω ԑᵬ ꜚ ԍ ׃ ̆ 

ԑᵬ ץ Ȃ 

ᶛ̔׆ ‰ Ą  



ωᶏ ̆ ̆ 

ҍ ῏Ȃ 

Wilson  

Ҍ ῃ ԍҌ Wilson ̆ᵖ ᵞ  
≢ Ҍ Ȃ 
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ω ױ№≢Ẋ ҹ 0, 1/2, 1  3/2  
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ѿ  
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Nucl.Phys. B854 (2012) 350-374 
Nucl.Phys. B860 (2012) 115-151 
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ҿ 3/2  
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Minimal dark matter 
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Ӈ ԅ 
SPIRES̆ľ Ŀ  

ҹָӇ ѿҩ Ṝ ̔ ̙ 
 

ѿҩ ̔ M̆ΐ ˻ 
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 (minimal dark matter)  

[Cirelli, et al., hep-ph/0512090] 

ω ‰ ҉ ῀ѿҩ SU(2)L ¦U(1)Y  

ω Ҭ № Ṝ  

44 



 (minimal dark matter)  

ω ‰ ҉ ῀ѿҩ SU(2)L ¦U(1)Y  

ω Ҭ № Ṝ  

ω ḱ ᶏ № Ҭ №  

ω  n ̆  

ᴪ ҍ ‰ ̆ᶏ  

            ̔n җ 5          ̔ƴ җ т 

       ѿ Ẽ  (accidental symmetry)̆  

ֲҹ ῀ Z2 ѿ ⱴ  

[Cirelli, et al., hep-ph/0512090] 
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Å ῀ᴪ  g2 ꜚȂ  

  g2 ѿ ⌠ ᾥ Ҍ ⌠ ̆ ץ  

 ₮ n ҉ Ȃ 

        Majorana ̔n Ů 5      ̔ n Ů 8 

Å Ҍ ̆ ’ Ӈ Ȃ  

  ԑᵬ ץ̆ ҍ Higgs ԑᵬ Ȃ 

Å  [Hamada, et al., arXiv:1505.01721]  ̆  

  ҂ ԑᵬ  108 GeV 

  ᴪ ⌠ Ȃ 

Å ױ ѿ ԅ ָӇ ’Ҋ ץ  

   ⌠ ҉Ȃ             Phys.Rev. D92 (2015) 115004 
46 



҈  

҂  

ꜚ  

47 



ל  

Higgs ̆ ԓ ᴪ ⌠҂ ҉̔ 

 m0 >> mZ ̆ѿ ♥ ҹ 

    ҹ ̆ (relic density) ṿ ԍ 

               m0 = 8.8 TeV ( ) 

               m0 = 25 TeV  ( ) 

ѿ  
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̂ ˻̃ 

‰  beta ₱  
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ҹԅ ̆ ῀1ҩ҈ 1ҩ 
ԓ ̆ҍ҂  Yukawa  

7-3-5  

҈ ԋ  type-III seesaw └ 

 beta ₱ ̔ 

51 



ױ ̆y ꜚҍ g2 ꜚ ῏Ȃ  y  
 
ṿҹ                                   ̆                              Ȃ ↕ 
 
 y ԍ g2 ₮ Ȃ ᾛ  

∆ṿ̆ ⌠                   Ȃ 
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 y ∆ṿ̆  1014 GeV̂  
ᵞԍ ̃̆↕ ᴆ 
└҂  
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 LUXȁ  Fermi-LATȁ  

ᴆ └ 
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Composite Higgs and dark matter 
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QCD and spontaneous breaking of chiral symmetry 

QCD

1
( ) ,    with   

4
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Since              , the Lagrangian has an approximate SU(2)L¦SU(2)R 
global symmetry. 
 
Strong dynamics leads to 
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Technicolor 

Technicolor is a scaled-up version of QCD  (Weinberg 79, Susskind 79) 

2 2 2 2 2
3 2 2

TC QCD

( ' )
10 ,    246GeV,   ,    

4 4
W Z

g F g g F
F M Mp p
p

+
L L = =

No Higgs! 



Dugan, Georgi, Kaplan 1984 

Techinfermion condensate could be a mixture of its 
Goldstone limit and technicolor limit 



1401.2457 

Various symmetry breaking patterns 



General model setup 



Sp(2N) group: brief introduction 



ѿ ֟ └ 

̆ ױ ₮ԅѿ ֟ ҍ └̆ ѿҩ
SU(6)/Sp(6) ԅ └ ΐᵣ Ȃ 
 
ü C.F. Cai, H.H. Zhang* , et al, Higgs Boson Emerging from the Dark, Phys. Rev. Lett. 
125 (2020) no.2, 021801. 



ױ ʹ ̆ ԅXENON1T ᵬ
ᵌ ₮Ḥ Ȃ 
 
ü C.F. Cai, H.H. Zhang* , et al, XENON1T solar axion and the Higgs boson emerging 
from the dark, Phys.Rev.D 102 (2020) no.7, 075018. 
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pseudo-Nambu-Goldstone dark matter 
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pseudo-Nambu-Goldstone Dark Matter 
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