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Two Maxims‘
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0. Our impasse

Physicists’ Nightmare Scenario:

Adrian Cho

The Higgs and Nothing Else

Many fear the LHC will cough up only the one particle they've sought for decades.
Some would rather see nothing new at all

fear nothing more than the possibil-
ity that you were wrong and the par-
ticle doesn’t exist, right? Not exactly.

Many particle physicists say their
greatest fear is that their grand new
machine—the Large Hadron Col-
lider (LHC) under construction at the
European particle physics labora-
tory, CERN, near Geneva, Switzer-
land—will spot the Higgs boson and
nothing else. If so, particle physics
could grind to halt, they say. In fact,
if the LHC doesn’t reveal a plethora
of new particles in addition to the
Higgs, many say they would rather it
see nothing new at all.

That may seem perverse, but put
yourself again in the shoes of a parti-
cle physicist. In the 1960s and 1970s,
researchers hammered out a theory
called the Standard Model that, in

ASIoP Colloquium

With a bang. Spotting
just the Higgs boson,
shown in this simulation,
could bring collider

physics to an end.

: '..‘7V0..‘7V'ew Physics
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George W.S. Hou i &R

If it has the right mass, the
Higgs and nothing else
“would be the real five-
star disaster, because
that would mean there
wouldn’t need to be an

new physics.”
—Jonathan Ellis, CERN

Adrian Cho
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M(Q): extra top Yukawas p,, and p,, ~ 1 and complex, can drive EWBG, Fuyuto, WSH, Senaha PLB’18
z Higgs quartic self-couplings n; at @(1), i = 17, provide 15*OPh [t (— primordial GW?!)
Kanemura, Okada, Senaha, PLB’05

M@®@: CPV @ O(1) needed for EWBG > vulnerable to eEDM (ACME’18 & JILA’23)
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Higgs-y-y* insertions
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the flavor code?
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Search for heavy Higgs bosons with flavour-violating
couplings in multi-lepton plus b-jets final states in pp
collisions at 13 TeV with the ATLAS detector
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Table 3

Observed (expected) lower limits on m, at 95% CL.
For the scenario without interference, the limits on
my; and m, are the same.

Observed (expected) mass limit [GeV]

without with with
interference interference interference
mA or mH mA mH

ptu
0.4 920 (920) 1000 (1000) 950 (950)
1.0 1000 (1000) 1000 (1000) 950 (950)

Ptc
0.4 no limit 340 (370) 290 (320)
1.0 770 (680) 810 (670) 760 (620)
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The elevated current H, A, H" search program @ CMS.
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Glimpse of coming[New Flavor Era]in G2HDM
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Glimpse of the New Flavor Era
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V. Discussion & Conclusion
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V. Discussion & Conclusion

Thus, our Decadal Mission:
“Find the extra H, A, H" bosons; o
Is this it 2!

Crack the Flavorcode, | 10e/pal ~ 20! |

the flavor code?
Solve® the Mysterious B.A.U.!”

" We are also conducting a Lattice study of

O(1) quartics for 1*OPhTr > New Scale? DEE ., L
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Up to Nature whether our “Wish for @iscovery” is Granted ... or Not ...

Thank You!
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Our Lgfe & Times
h(125) v New Physies X
No SUSY, No Nothin’!

EWBG ought to be pursued while LHC is still running!

Beyond CKM CPV
EW BaryoGenesis (EWBG) “ tension . LHC
- more testable - - No New Physics -

Fuyuto, WSH, Senaha, PRD 101 (2020) 011901(R)
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Soaring to the Starry Heavens
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Decadal  The “God” Particle: the Origin of Mass = v/ (i'¥);

h(125): observed 7/4/2012 _
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“alignment”
@ small

+ .
General 2HDM Before Top Quark was Discovered: WSH, PLB’92 (PSI-PR-91-34) H iA
0 Quartlc QQ.!.J.DJ.LD.ES. Correction on formulation with “SM”-like Higgs h: Chen, WSH, Kao, Kohda, PLB’13

PHYSICAL REVIEW LETTERS 129, 032001 (2022)

Search for Flavor-Changing Neutral Current Interactions of the Top Quark and
Higgs Boson in Final States with Two Photons in Proton-Proton Collisions at \/s =13 TeV

A. Tumasyan et al.” CMS
CMS (ATLAS similar) (CMS Collaboration) o
World BeSt Bound: M (Received 3 November 2021; accepted 13 June 2022: published 13 July 2022) 1 |
t —ch < 0.00073 Proton-proton interactions resulting in final states with two photons are studied in a search for the

signature of flavor-changing neutral current interactions of top quarks (7) and Higgs bosons (H). The
analysis is based on data collected at a center-of-mass energy of 13 TeV with the CMS detector at the LHC,
corresponding to an integrated luminosity of 137 fb~!. No significant excess above the background
prediction is observed. Upper limits on the branching fractions (B) of the top quark decaying to a Higgs
boson and an up («) or charm (¢) quark are derived through a binned fit to the diphoton invariant mass
spectrum. The observed (expected) 95% confidence level upper limits are found to be 0.019% (0.031%) for

B(t — Hu) and 0.073% (0.051%) for B(t — Hc). These are the strictest upper limits_vet determined.




So, How “Steered”?
2017 was “a Good Year”.

1705.05034 Physics Letters B 776 (2018) 402-406

Explaining @}ctr@al@rynesis driven by extra top Yukawa couplings
BAU Kaori Fuyuto®*, Wei-Shu Hou ", Eibun Senaha° | EWBG Driven by )“tlmptd

* Amherst Center for Fundamental Interactions, Department of Physics, University of Massachusetts Amherst, MA 01003, USA

® Department of Physics, National Taiwan University, Taipei 10617, Taiwan Grand M0t|vation !

€ Center for Theoretical Physics of the Universe, Institute for Basic Science (IBS), Daejeon 34051, Republic of Korea
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Article history We study electroweak baryogenesis driven by the top quark in a general two Higgs doublet model
Received 19 August 2017 ) flavor-changing Yukawa couplings. keeping the Higgs potential CP invarniant. With Higgs sector coup
+ A and the additional top Yukawa coupling i all of O(1), one naturally has sizable CP violation that
H Amilstile ;nlmc ., l)c(cn-\btl 2017 the _cosmic_baryon _asymmetry. Even if g, vanishes, the favor-changing coupling g can still leq
Editor: M r“.m;" - successful baryogenesis. Phenomenological consequences such as t—= cli. T —» iy electron electric dipole
H + iA moment, h — y . and hhh coupling are discussed.
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