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Connecting Flavour & EWSB: 
A Heavy Q and a Light D(ilaton)
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Outline
I. Intro:   Higgs, Anderson, and all that ...

4G/D Loophole;  VBF’15?      Run 2 Verdict

II. Yukawa Couplings & Nondecoupling

“Empirical”/Source of Flavour;   10−5 to  1  ⇛ 4π [NDA strong

III. Yukawa-dynamic EWSB
Scattering to Self-Energy;   Mass Gen. @ Extremum

Beyond NJL     No-scale ⇛ D Allowed

IV. Flavour & CPV
Bq → μ+μ−;  KL →π0νν;  ϕ1/β;  ϕs ~ 0; CPV-4-BAU (!)

V.    Discussion and Conclusion

Connecting Flav-EWSB: Heavy Q & Light D

λu λt λQ
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I. Intro:     Higgs, Anderson, and all that ...
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Sheldon Stone @ ICHEP2012

R.I.P.

125 GeV Higgs observation “kills off” 4G? 
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Sheldon Stone @ ICHEP2012

R.I.P.

125 GeV Higgs observation “kills off” 4G? 

Why?
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Enhanced Bd ➙ m+m- ? George W.S. Hou (NTU)         15/5/2013, LHCP2013 @ Barcelona   6

Sheldon Stone @ ICHEP2012

R.I.P.

Flavor  people should 
keep CKM-extension
in mind.

Higgs does not enter
these loops ;

and,  126 GeV boson
could be “dilaton”

still ...

Keep on Searching

w/ Gusto!

WSH, Kohda, Xu, PRD’2013

However, SM Higgs is flavor-blind
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Nothing wrong with 4G quarks,

except this Higgs cross section.
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υ/f

R.I.P.
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Phil Anderson (91+): 
“If superconductivity does not require an explicit Higgs in the Hamiltonian 
to observe a Higgs mode, might the same be true for the 126 GeV mode?”

...                               “Maybe the Higgs boson is fictitious.”

Higgs mode from the “Squalid State”

2Δ ~ 2m in  NJL 
R.I.P.
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Phil Anderson (91+): 
“If superconductivity does not require an explicit Higgs in the Hamiltonian 
to observe a Higgs mode, might the same be true for the 126 GeV mode?”

...                               “Maybe the Higgs boson is fictitious.”

Higgs mode from the “Squalid State”

~ 2m in  NJL 
R.I.P.

2Δ
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Our “Higgs”: Production⊗Decay

cgυ/f ≃ 1 cgcg ≳ 1

Product Measured (~ SM), but not individual coefficients

Vector Boson

Fusion (VBF)

Coupling determined by

BEH Mechanism in SM

Need Direct Measurement

υ/f
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cgυ/f ≃ 1 cgcg ≳ 1

Product Measured (~ SM), but not individual coefficients

Vector Boson

Fusion (VBF)

Coupling determined by

BEH Mechanism in SM

Need Direct Measurement

υ/f

Dilaton still?

Dilaton Dilaton

Trace Anomaly

Our “Higgs”: Production⊗Decay

Dilaton :  Goldstone boson of SSB of Scale Invariance
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...

ATLAS+CMS Higgs Combo @ LHCP, St. Petersburg 
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...

ATLAS+CMS Higgs Combo @ LHCP, St. Petersburg 

•  This is really just “VBF-like” production* ...

•  How does one combine (potential) bias(es)?

•  Source of EWSB Too Important to be cavalier !

 Await Run 2 Verdict

*backup
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II.  Yukawa Couplings  & Nondecoupling

Pursuits of my youth ...
WSH, Willey, Soni, PRL’87                         WSH, Willey, PLB’88

figure doctored from C. Langenbruch
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Yukawa Coupling Empirical: “Goldstone” from Gauge

Intuitive:
(ca. 2009)

From left-handed (vector) gauge coupling:

[live in massive world]

Empirical !

“Empirical”

Not Trivial 

g disappears (cancels)
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Yukawa Coupling lQ of Goldstone Mode G Expt’lly Established,
Independent of H iggs Boson Existence

complex doublet in Standard Model

Yukawa Coupling Empirical: “Goldstone” from Gauge

Intuitive:
(ca. 2009)

From left-handed (vector) gauge coupling:

[live in massive world]

Empirical !

“Empirical”

Not Trivial 

g disappears (cancels)
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Yukawa Coupling: Not Understood, but Dynamical

Yukawa Coupling lQ of Goldstone Mode G Expt’lly Established,
Independent of H iggs Boson Existence

complex doublet in Standard Model

(Lagangian)     

N.B.  Yuk. coupling, modulated by Vij, is Source of Flavour/CPV.

The Enigma:      10−5 to    1 ⇛ 4π (!?)
λu,d,e λt λQ

NDA strong (“extremum”)

 Why Not

From left-handed (vector) gauge coupling:

Not Trivial 

Q:    t′ ∻ b′ near deg. when heavy

(EWPO) 
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III.  Yukawa-dynamic EWSB

Around Extremum of λQ ~ 4π :  Emergent
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(Strong Yuk., UBV)
unitarity bound

Scattering

~ 1/MW “long-dist.”
(vs 1/mQ)  

lQ

2009
In Pursuit of 4th Generation

Strong Yukawa:  QQ Scattering, Dynamical EWSB

lQ

summer 2010,

Self
Energy

q 2

lQ

“Gap” Equation?

q 2

_
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Strong Yukawa:  QQ Scattering, Dynamical EWSB
_

q 2

lQ

“Gap” Equation?

q 2
<

<

Reminiscent of NJL (Nambu‒Jona-Lasinio)



S.D.

(Strong Yuk., UBV)
unitarity bound

Scattering

~ 1/MW “long-dist.”
(vs 1/mQ)  

lQ

2009
In Pursuit of 4th Generation

lQ

summer 2010,

Self
Energy
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Strong Yukawa:  QQ Scattering, Dynamical EWSB
_

<

<

(Strong Yuk., UBV)
unitarity bound

Scattering

~ 1/MW “long-dist.”
(vs 1/mQ)  

lQ

2009
In Pursuit of 4th Generation

lQ

summer 2010,

Self
Energy

lQ

“Gap” Equation?

arXiv:1201.6029
(Chin. J. Phys., 6/2012)

can replace Higgs for υ gen.

a Pairing Mechanism

Mimura, WSH, Kohyama
arXiv:1206.6063  → JHEP 1311
numerical sol. to Gap Equation

Strong Yuk. Mass Gen.

➙ DSB from Strong Yuk .

lQ ~ 4p mQ > 2 TeV!!

q 2

summer 2011: No New Physics
[integrate up to 2mQ]

Reminiscent of NJL (Nambu‒Jona-Lasinio)
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Strong Yukawa:  QQ Scattering, Dynamical EWSB
_

<

<

Reminiscent of NJL (Nambu‒Jona-Lasinio)

lQ

“Gap” Equation?

arXiv:1201.6029
(Chin. J. Phys., 6/2012)

can replace Higgs for υ gen.

a Pairing Mechanism

Mimura, WSH, Kohyama
arXiv:1206.6063  → JHEP 1311
numerical sol. to Gap Equation

Strong Yuk. Mass Gen.

➙ DSB from Strong Yuk .

lQ ~ 4p mQ > 2 TeV!!

q 2

summer 2011: No New Physics
[integrate up to 2mQ]*

Scale

Empirical, Self-Consistent 

No-Scale Equation (def. integr.)

Allows Dilation, D, to Emerge.
numerically self-consistent *

* backup
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The True Agent of Mass, 
and the 125 Boson as New Physics

QQ Condensation

Dilaton

“New Physics Within and Beyond SM”

by Strong Yukawa

don’t quite know why
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IV.  Flavour & CPV

what 4G was “purposed” for ...
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Bd → μ+μ−, KL → π0νν & sin2ϕ1/β

WSH, Kohda, Xu, 1411.1988 (PLB’15)
10−10

pink:  ΔmBd

Bd → μ+μ−

~ 4 x 10−10 ?!
(“1” in SM)

‒ 0.010 ± 0.039 
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Enough CP Violation 4 Matter Asymm. of Universe!
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V. Discussion and Conclusion
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Could we have 2nd chance
w/ non-QCD strong Yukawa?

G ~ QQ ?

p-N took Path of QCD:
stringy resonances/hadrons

q
2

Q

Fermi-Yang Redux:  EWSB by Mass Gen.?

lQ
pointlike

exact

“NDA Strong”

p ~ NN ?
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Example

WSH, PRD’2012 [arXiv:1206.1453]

Intriguing: QQ  → n VL “EW Fireballs”

data

Analogy

Boundstate may help

➨

O(10)

T
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Conclusion
l

Despite 125 GeV particle, as well as “VBF-like” signal at
Run 1, a consistent picture may emerge from confluence
of measurements in the next few years [“LHC Run 2”].

Perhaps it would be 4G, rather than SM Higgs ...

•  High Purity VBF “Verdict”:   Higgs/Dilaton –ID.

This is serious, as much as you think it unlikely !
Agent of EWSB is No Light Matter.

•  New “Flavour Anomalies”:  Bd → μ+μ−, KL → π0νν

•  EW Fireball (may have to await higher energy collider)

•  What is Direct Signature of Heavy 4G Quarks?

CPV-4-BAU!

http://www.ntu.edu.tw/chinese/PageN.php
http://www.ntu.edu.tw/chinese/PageN.php


Flav/EWSB: Q & D George W.S. Hou (NTU) LIO, Lyon, 26/11/2015 32

http://www.ntu.edu.tw/chinese/PageN.php
http://www.ntu.edu.tw/chinese/PageN.php


Flav/EWSB: Q & D George W.S. Hou (NTU) LIO, Lyon, 26/11/2015 33

To be pure, one had insufficient statistics for Run 1 (2011−2012);

to gain statistics, a MVA multi-channel impure analysis was done …

Priority Analysis 2015+,  but with clear Conscience,

Run 2 and Vigilance.

Tools:   large mjj,  large Dhjj;      Dqjj

low jet activity in h gap

So far, “VBF-like”, really

Vector Boson

Fusion (VBF)
υ/f

~  synchrotron radiation

j

j

Very Energetic and Forward
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1-2-3 of 2011:  No New Physics
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“Mass” = B/A Dropped “Higgs”; 

if dilaton, υ2/f2

suppressed.

➜ self-consistent

Gap equation for large Yukawa in the ladder approx.

w/ m0 = 0
(and neglect gauge couplings) 

Self-energy
momentum-dep.G

lQ

Gap Equation: Scale-inv. Strong Yukawa

(gauge inv.)

N.B. Retain Higgs, 
mQ much higher!!

✔

✔

Mimura, WSH, Kohyama, JHEP 1311

Consistent with dilaton; permits a dilaton.
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So, 

We find, numerically,                                            ≳ 1.4

➜ ➜

Gap Equation: Scale-inv. Strong Yukawa
Higgs or not, absorbed in

scale invariance used in solving

!!

Mimura, WSH, Kohyama, JHEP 1311
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