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Disclaimer
• I will try to be balanced but I don’t know how I 

can stay well balanced …

• …without knowing the right direction..

• This is time for discussing new ideas rather than 
listening other people’s un-proved/wrong ideas.

• Again, ask questions! Let’s discuss!



Plan

• A theorist’s introduction to LHC physics 

• Physics learned from the LHC so far 

• Some speculations about BSM 

• Conclusion 
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The uncertainty principle
GeV

★~1970 reached strong scale 10-13cm≈(1/M) e-2pi/as b0 
★~1900 reached atomic scale 10-8cm≈1/(α2me)

eV

★~2011 reach weak scale 10-17cm ⇐LHC here!#

TeV
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Why hadron?

lighter, more efficient!

Q. Why proton rather than electron?



Proton
• proton is NOT an 

elementary particle but 
a composite state of 
many colored particles  

• p={u,d,s,g,ubar, dbar…}  

• It is highly dynamical! 

• Q. Is this good or bad?
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D.B.Leinweber



Only a small fraction of the proton energy !
is actually participating the scattering processes ..
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MRST

Hadron collider !
= Infinitely many colliders with different CM energy



but complicated…..
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Answer:

Q. why can we use hbar=c=1?



LHC~TeV ~10-17 cm
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What’s Physics  
of 10-17 cm?

•The distance scale for electroweak 
symmetry breaking… (Q. what is EWSB?)

•In the SM, the Higgs mechanism is 
responsible for EWSB …(Q. any other 
idea?)

•=> excitation of Higgs field (=Higgs 
particle) can be seen.

•The LHC discovered a Higgs boson!
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• Induced by quantum fluctuation (1-loop)
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Various Higgs production mechanisms



Data vs SM



The Higgs or a Higgs?
• In the minimal SM, only one Higgs doublet field is introduced ..  

• ..actually it is enough to count EWSB as well as the masses for 
fermions & gauge bosons 

• Good and economical 

• However, many extended models including multi-Higgs 
doublets are introduced to count other physics.. (e.g. 2HDM, 
MSSM, LH..etc) 

• It is worth checking if only the SM limit is consistent with the 
observed data! (in any case H-AA is not the same in DATA)



Chang, Kang, LeeX2, Park, Song [arXiv:1210.3439, JHEP 1305 (2013) 075],!
                [arXiv:1310.3374]

SM
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Chang, Kang, LeeX2, Park, Song [arXiv:1210.3439, JHEP 1305 (2013) 075],!
                [arXiv:1310.3374]

SM

best fit

It is pre-mature to claim that !
it is the Higgs boson!
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(1)

P. Higgs “My life as a boson” (2010)



Who coined the name?
(2)

S. Weinberg (2012) The New York Book Review 

Steven Weinberg..

Refs in S. Weinberg [Model of Leptons] 1967

wrong order..
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The value of 
discovery of a Higgs

•The first discovered spin-0 elementary particle 

•=> theoretically problematic..(later more)

•Completion of the SM 

•=> does not mean that particle physics ends.. 
(later more)
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[reminder] 
The SM in a single page

• spacetime = 4D, Lorentz symmetric, (gravity ignored. why?)

• gauge symmetries: G=SU(3)CXSU(2)LXU(1)Y,     Y=T3-Qe 

• Matter s=½: Weyl spinors (not Dirac? Why?) (Where are 
neutrinos?)

• [Q~(3,2,yQ), u~(3,1,yu), d~(3,1,yd), L~(1,2,yL), e~(1,1,ye) ]X3 gen

• Complex scalar s=0: H~(1,2,yH) with negative mass term for EWSB 
(why not fermion for EWSB?)

• QFT with 4D Lorentz invariance, local gauge invariance (how?) 

• keep only relevant (D=<4) operators. Why?)
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• The Higgs mass is now 
determined: ~125 GeV

• The Higgs quartic 
coupling, λ, is 
determined as v is 
known : ~1/8

• According to QFT, 
couplings `run’ with 
energy :renormalization 
group

[arXiv:1205.6497]

@2-loop



[arXiv:1205.6497]
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We live at the boarder of stability 
and metastability!

If the SM is true all the way …
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New (& old) questions

• If we want to believe that the SM is valid up to 
superheavy energy scale, the measured value of the 
Higgs boson seems to indicate that the Universe is 
meta-stable only below 108-10 GeV …

• This is inconsistent with conventional picture with 
(SUSY) GUT, which takes place 1013-15 GeV ..??

• Does it indicate the break down of the SM below 108 
GeV??

• Any reason why we need to think of BSM at 1 TeV? => 
The hierarchy problem



A big beautiful 
hierarchical 

structure

SM: 

what’s wrong with this?



A big 
hierarchical 

structure
tends to collapse

unless there is a 
mechanism protecting the 

structure 
⇒New Physics 
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But keep in mind hierarchy  
exists in nature

Solar Eclipse: angular size of the sun is the 
same as the angular size of the moon within 2.5% 
(pure coincidence!)

Politics: Florida recount, 2,913,321/2,913,144 
=1.000061 (!!)

Numerology: 987654321/123456789 
=8.000000073 (!!!) 

(Food for thought: is it really numerology?)

http://1.bp.blogspot.com/_4vRogN8rBoI/TC7z3Od0d4I/AAAAAAAAAYE/JUIjmV1Mh1g/s1600/Hierarchy.jpg
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The hierarchy problem 
in the Higgs sector

• The Higgs mass is quadratically sensitive to UV 
physics unless new physics comes in at ~TeV to 
soften the sensitivity

• The naturalness problem is often stated in terms 
of the one-loop corrections to the scalar mass



The 1-loop Higgs mass

bare parameter 
(in Lagrangian) cutoffphysical

~17 digits tuned

~natural!



The 1-loop Higgs mass in 
dimensional regularization

only sees “log divergence” not “power divergence”

Q. where is the quadratic divergence?



Criticality

scattering at E*:

for scalar mass:

Why so small?
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BSM at TeV
• For many years since 1970s, the hierarchy 

problem (i.e. MGUT/Mw >>1  or Mp/Mw >>1) has 
been regarded as the clue of BSM above 1 TeV

• Many BSM models have been proposed …Low 
scale SUSY, extra dimensions (= new strong 
dynamics, technicolor), no-Higgs models…

• Most of them predicted new particles at around 
TeV



SUSY

Exotica!
(XD, ..)

Top

CMS publications



SUSY



DM, W’, Black hole,!
t’, G’, ….

Exotica



Supersymmetry
• Make a scalar and its (chiral)fermion partner in a same symmetry 

multiplet .. (S, F) 

• If SUSY exact: MF = MS 

• A symmetry forbids the fermion mass term => A scalar mass term (=the 
counter term for 1-loop correction) is also forbidden by SUSY 

• Ms is associated with the SUSY breaking scale below which SUSY does 
not protect the scalar any more! 

1+(-1)F =0 
#



#
1.     Minimal SUSY without fine-

tuning predicts the Higgs mass 
close to the Z boson mass, that is 
about 90 GeV. (ruled out)!

2.     Minimal SUSY ignoring fine-
tuning predicts the Higgs boson 
lighter than 160 GeV. (fine-tuned)!

3.     Non-minimal SUSY in general 
makes no predictions about the 
Higgs mass. (many people are 
trying now..)





Higgs=PNGB
• Higgs mass is protected by a global symmetry 

• A la AdS/CFT, the model can be naturally implemented in 5D 

• Bulk gauge symmetry ~ global symmetry @ boundary 

• In Randall-Sundrum model, large warping factor provides a 
reason for light Higgs. 

#

• L=size of XD, k=curvature of AdS 

• Predicting KK excitation of the SM particles + KK gravitons



 CMS collab. Phys. Lett. B 720 (2013) 63-82



KK-top effect and Higgs physics
ATLAS/CMS combined

Physics Letters B 728 (2014) 262–267	


Flacke, Kong, SCP [Physics Letters B 728 (2014) 262–267]	






so..

• Impressive progress in NP searches.. 

• but the LHC only excluded a big chunk of 
parameter spaces in these models.. 

• what’s the interpretation?
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• New physics is just around the corner, once again… LHC13 

and LHC14 will see new particles!  Q. why LHC7/LHC8 
didn’t see anything other than the Higgs boson?

• Maybe the new physics scale is still too high to be seen in 
LHC8…Q. why the new scale is at least O(10-100) bigger 
than the EW scale if the new physics is responsible for the 
hierarchy problem? (little hierarchy problem)

• Maybe the new physics has so degenerate spectrum so 
that the LHC detector could not identify the soft signals.. 
(e.g. stop/top degeneracy) Q. Why so degenerate?  Is it 
simply due to that GOD is cruel to us?
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Interpretation-2
• “The hierarchy problem”  may be just an artifact generated by 

trouble-making theorists? 

• If one takes the Higgs mass problem serious, what about the 
cosmological constant problem, which is a way more serious … 

• (Mp/Mw)2 vs (Mp/cc)4 ~(Mp/Mν)4

• Can anthropic argument be the (only possible) solution to the 
CC problem ? 

• Maybe we have not reach the proper level to understand these 
problems?



other clues
• We still have empirical reasons why BSM exists.. 

• Dark matter : no candidate for CDM exist in the 
SM => indicating ~TeV physics 

• Baryon asymmetry: CKM picture does not 
provide enough CP violation  

• Neutrino oscillations : may need RH neutrinos?  



Interplay with 
astrophysics

• New generation of astrophysical observations based on 
cosmic-ray detection and CMBR measurement started to 
give us new data about our universe.. 

• IceCube (neutrino), Fermi-Lat(photon), Planck (CMBR) etc..  

• Very interestingly, newly obtained data often suggests that 
what we know is only a small fraction of the whole story 

• (Energy of unknown source)/(Energy of known source)~ 
(95%)/(5%) …the SM is only responsible for this 5%! 

• New source for cosmic ray may call for our attention..



IceCube PeV neutrinos



IceCube PeV neutrinos



Superheavy Dark matter and Dark radiation

J.C.Park, SCP, [Physics Letters B 728 (2014) 41–44]	
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Conclusion

• Thanks to the LHC, we now start to probe the physics of 
10-17 cm

• A Higgs boson (not yet the Higgs!) discovered thus the 
SM is completely established

• The quartic coupling is now determined (~⅛) at low scale 
but it calls new attention at high energy since it falls 
down below zero at 108-10 GeV! 

• Also the hierarchy problem (still) lead us BSM at 1TeV 
scale ..

• ..LHC already ruled out a big chunk of parameter spaces 
for BSM@TeV



• However, we already know that the SM is not the 
end of the story! 

• DM, Baryogenesis, neutrino masses … 

• DM, in particular, seems to indicate NP at around 
TeV in the framework of Big-Bang cosmology.. 

• The LHC13/14 + new Astro/Cosmo observation 
may be able to see some clues to BSM soon 

• Let’s be optimistic!

$60


