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What we learned from 
the Higgs discovery



From Fermi to EBH
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20121933

 SM is the UV theory of Weak Interactions

𝑚𝑚ℎ = 125 𝐺𝐺𝐺𝐺𝐺𝐺Missing energy 
in radioactivity



Higgs boson as the origin of masses
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Standard Model is a well-designed 
framework based on 
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 Renormalizability
 Symmetry principle
 Gauge theory
 EBH mechanism
 Broken/unbroken local/global symmetries
 Mysterious flavor structure

Is this the final story?



SM is an “effective” model
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 SM Higgs sector:
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 Need further confirmation:  measure Higgs self-couplings.
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Tao Han



Is the SM valid up to a high scale Λ?
 𝐻𝐻 2 is not protected:

 NP better be close to  TeV.
(You define “being close”)
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Is the SM valid up to a high scale Λ?

Weihai 2016-08-18 "New Physics"     EJChun@KIAS9

 Do we live in a metastable vacuum?

 Maybe an indication of NP below ~ 1010𝐺𝐺𝐺𝐺𝐺𝐺.

Degrassi, et.al., 1307.3536
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Where is New Physics?



Era of Desperation
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A theory of ambulance chasing
1603.01204



Additional bosons at TeV
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 Guaranteeing the vacuum stability.

Tao Liu



Ex) Triplet Higgs for neutrino mass
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ℒ = 𝑓𝑓𝑖𝑖𝑖𝑖 𝐿𝐿𝑖𝑖𝐿𝐿𝑗𝑗Δ where Δ = Δ++,Δ+,Δ0 with 𝑣𝑣Δ ≪ 𝑣𝑣𝐻𝐻

1209.1303



WIMP DM at TeV
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 Any TeV-scale DM coupled weakly to SM can “naturally” 
have a right thermal relic density (miracle of easiness).

Freeze-out:
𝐻𝐻 > Γ𝜒𝜒 = 𝑛𝑛𝜒𝜒〈𝜎𝜎𝜎𝜎〉

Ω𝜒𝜒ℎ2 ∼ 0.1
1𝑝𝑝𝑝𝑝
〈𝜎𝜎𝜎𝜎〉

MET @ LHC
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Indirect Detection

Yu-Feng Zhou



Direct detections
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Neutrino masses from 𝑇𝑇𝑇𝑇𝑇𝑇 ~ 1014𝐺𝐺𝐺𝐺𝐺𝐺
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 From Weinberg to …

?1979 1998
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Shun Zhou



 Seesaw particle contribution to Higgs mass: 

 Type I: 

 Type II:

 Type III:

Weihai 2016-08-18 "New Physics"     EJChun@KIAS20

Low-scale seesaw around 𝑇𝑇𝑇𝑇𝑇𝑇

Farina, Pappadopulo, Strumia, 1303.7244



High scale seesaw above 109𝐺𝐺𝐺𝐺𝐺𝐺
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 Motivated by GUT.
 Maybe linked to other NP at an intermediate scale.
 Good for Leptogenesis – Davidson-Ibarra bound:

𝑌𝑌𝐵𝐵 ≈ 10−10 ∼ 𝜖𝜖
10 𝑔𝑔∗

𝜂𝜂𝑤𝑤𝑤𝑤 < 10−3 3𝑀𝑀
8𝜋𝜋𝑣𝑣2

Δ𝑚𝑚𝑎𝑎𝑎𝑎𝑎𝑎
2 𝜂𝜂𝑤𝑤𝑤𝑤

⇒ 𝑀𝑀 > 109𝐺𝐺𝐺𝐺𝐺𝐺



Axion at around 1011 𝐺𝐺𝐺𝐺𝐺𝐺
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 Strong CP problem – gauge invariance allows a CP-odd 
term in QCD dangerously contributing to EDM:

 Dynamically resolved by axion – a pseudo-Goldstone 
boson of an anomalous U(1) symmetry

“Unnaturally small”

 QCD phase transition generates the axion potential:



Axion DM
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 Superlight axion

 Axion coherent oscillation – another good CDM 
candidate for 𝐹𝐹𝑎𝑎 ∼ 1011𝐺𝐺𝐺𝐺𝐺𝐺.

 Constraints from star cooling and dark matter density

𝐹𝐹𝑎𝑎 ≈ 1010~ 1012 𝐺𝐺𝐺𝐺𝐺𝐺



DM axion detection
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1510.01015



Flavor Physics above 104~108 𝐺𝐺𝐺𝐺𝐺𝐺
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 Difficult to consider flavor beyond CKM around TeV 

Ying Li



Supersymmetry
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 Ensures “natural” EWSB and a light Higgs.
 Protects any new physics scale.
 SUSY breaking may occur a bit far from TeV.

JinminYang



Epilogue
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Nature may not be kind enough any more, but
Do our best and wait with more patience.

盡人事待天命
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