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Rotation Speed

* Dark Matter Candidates?
* Dark Energy?

* Gravity?

* Fermion Generation?

* Strong CP problem?

* Neutrino mass?

* Muon g-22

* Hierarchy?
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- NEW PHYSICS BEYOND SM
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_EXTRA HIGGS CAN BE ONE ANSWER FOR NEW PHYSICS

S

Extra Higgs how to answer New Physics

* One complex scalar for Aa,/,
* A Light Scalar Explanation of g — 2,,and the KOTO Anomaly
* A Light Higgs at the LHC and the B-Anomalies

How to looking for extra Higgs

* Long Lived particle search at HGCAL
* Triple Higgs search at LHC



./ ONE COMPLEX SCALAR FOR Aa
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- Direct CPV

- FCNC : highly suppressed decay
“BR (SM) : 3x 10"
- Small theoretical uncertainty (~2%)

decay

— Good probe for new physics search
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LIGHT SCALAR FOR g — 2 AND KOTO ANOMALY
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\/A LIGHT SCALAR FOR g — 2, AND KOTO ANOMALY

+PROBLEM:
*KOTO signal
 Bkg = 0.34(0.08), obs=3 — BR(K_ —1°vv)~
2x10-°
*NAG62/E949 constraints
« BR(K*—11*wv) < 1.85x10-10
*Nir-Grossman bound
* isospin symmetry
» Using lifetime of charged and neutral Kaons,
BR(K°—m%w) < 4.3 BR(K*—=11* W)

SOLUTION:

* Long-lived particle with mass around 140 MeV, due to the

bkg K+ — 7t7°

* Short-lived particle with life time around 0.1ns ~3 cm. It

decays inside the charged Kaon experiment, thus vetoed in
measurement of K™ — ztorv (KOTO ~ 3m, NA62 ~ 150 m)
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A LIGHT HIGGS AT THE LHC AND THE B-ANOMALIES
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ALIéHT HIGGS AT THE LHC AND THE B-ANOMAL\I/ES
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./ TRIPLE HIGGS SEARCH AT LHC

- arXiv:2012.00773
* Counting the number of d.o.f. in CPX 2HDM

V =Y H{H, + Y,H}H, + [Yge_mHIf% + h-c-}
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7 7
+ é(H{lef + 72(}12*1{2)2 + Zs(HIH))(HYH,) + Z,(HIH,)(H Hy)

7. . | .
+ 75@—2“7(}111[12)2 + Zee "(HIH,)(HI Hy) + Zze ™ (H}H,)(H Hy) + h.c.

* Minimization condition in the Higgs basis:
1 1

Y1 = _EZ]_UZ Y3 == _5261]2
* Zy Symmetry: Haber+collaborators: 2001.01430
(Z1 — ) [Z34 2y — Za 25 — 2o + 22 Z67)| — 2225 (|1 Z6|? — | Z4]2) =0 —

* Free parameters: /

{Y5,21,25,23,2,} = {Y5, 21,73, 24}
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* Free parameters:

{Yz»Zg;ZLZs;Ze, Re[Z,],Z,} |:> {mhl;mhzr Mp,, 012, €, Z3, My+, RE[Z7], v}
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* Alignment Limit:
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* Casel: ¢,,= 21025 = 0,6, = {O,E},Im [Z,] = 0

* Case 2: 923 = 7'('/2 ) 912 ~ {0,71'/2} , Im[Z7] =
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* CP conservative and Alignment Limit CTHDM
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* EXTRA HIGGS IS AN IMPORTANT MESSAGE FOR NEW PHYSICS.
* EXTRA HIGGS CAN BE SEARCH AT LOW ENERGY EXPERIMENTS.

* EXTRA HIGGS CAN BE SEARCHED AT LHC VIA
. hg — hghl — hlhlhl

. LONG LIVED PARTICLE SEARCH
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