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1. Motivation

Very plausible signal of NP in the Fermilab muon g-2

Fermilab National Accelerator Laboratory (FNAL) Muon g — 2 experiment

2104.03281, 2104.03247

Aa, = a, P — aiM — 251(59) x 101,

For the hadronic vacuum polarization

& hadronic light-by-light (HLbL) scattering,
data-driven (R-ratio) methods.

NP signal at 4.2¢



Active studies of NP effects in a very short time

1. SUSY:
2104.07597, 2104.03839, 2104.03284, 2104.03262, 2104.03245, 2104.03274, 2104.03302,
2104.03491, 2104.03489, 2104.04458, 2104.03691, 2104.03259

2. two Higgs doublet model:
2104.03367, 2104.03227, 2104.03275, 2010.03590, 2103.10632, 2010.02799, 2003.03386,
2104.03249

3. leptophilic boson model:
2104.07680, 2104.03701

4. three Higgs doublet model:
2104.07047

5. leptoquark model:
2104.06656, 2104.05685

6. L, — L, model:
2104.05656, 2104.03340

7. B—L or B — 3L gauge model:
2104.03542, 2103.13991

8. flavorful scalar model:
2104.03238

9. 2HDM with a singlet scalar model:
1909.03969



Study must go on!

Aay, = a5 — ap™ = 251(59) x 10~

Observation — Limiting a NP model

In fact, we are super-rich!



We have a vast amount of experimental data in particle physics.
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No assumption but all the constraints
for each NP model

Type-X (Lepton-specific 2HDM)



2. Type-X 2HDM

Basic theory setup

2HDM N

Ww;

(I)i: Uz‘|_hz‘|_277@ 9 i:1727
V2

where v = \/v%—kvg = 246 GeV.
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2. Type-X 2HDM

Basic theory setup

2HDM N

(I)i: Uz‘|_hz‘|_277@ 9 i:1727
V2

where v = \/v% +v5 = 246 GeV.
A discrete Z9 symmetry for no tree level FCNC:
(I)l — (I)l, (I)Q — —(132

Ve = m%l@J{CIH + m§2<1>§<1>2 — mfg(@h)z + H.c.)
1 1
FoN(B]B1) + Ao (@]85)% + X (@]@1)(@f02) + Ay(@] ) (1)

1
+5%s [(clf{cbz)? + H.c.} |



Higgs precision data require the Higgs alignment limit.

Aa, = huge tg & light M4

ATLAS Preliminary —--- SM
VS =13 TeV, 24.5 - 139 b~ --== Expected 95%CL
- Qbserved 95%CL
my =125.09 GeV, |yy| <2.5 x  Best Fit Obs. :
2HDM Lepton-speciﬁc cos(f—a)= —0.009,tang =0.091
o 10 RN
c A
S \\ \\\
100 } :
; "
10—1 ....................................
-1.00 -0.75 =050 -=0.25 0.00 0.25 0.50 0.75 1.00

cos(B — a)

ATLAS-CONF-2020-027



Model parameters and basic setup

{myo, Ma,

normal scenario (NS)

MHi,Mz, tﬁ}

inverted scenario (IS)

hSM — h, 900 — H
thM =1, SB—a = 1
A 1 A 0
i @ o Vi Gyl Fis

Yy

hSM:Ha @O:h

thM =1, SB—a = 0
A 1 A 0

yr <0



Theoretical stabllities require strong constraints due to chain reaction.

Al = 0—12 Migs 4| 1 (m?po —Mzﬂ :
M= m§25+%(mgpo )|
A3 = v_12 Mos —mio —M2+2M134 :
Ay = 0—12 M?*+ M35 —2M7. ],
A5:v—12[M2—M3],

M?* =mi,/(sgca)




Theoretical stabllities require strong constraints due to chain reaction.
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Theoretical stabllities require strong constraints due to chain reaction.
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Theoretical stabllities require strong constraints due to chain reaction.

A = v—lz migs + 14 (m2o — M?) |,
&:gém%+%0@wwﬂ>7
A3 = /0—12 Mos —m?po —M2+2M134 :
Ay = 0—12 M?*+ M35 —2M7. ],
A5:v—12[M2—M31],

My~ Mp+ ~ M ~mo.



3. Muon g-2 in Type-X 2HDM

Two kinds of contributions

1-loop Barr-Zee 2-loop



Very large tang is required. And CP-even scalar cannot explain the observed muon g-2.
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A light pseudo scalar A are required.

ts=100




4. Other constraints

Scan strategy in 3 steps

Step I: Aq, at 20.

Step II: Theory+EWPD after Step I

L.

2.
Step III:

L.
2.

Theoretical stabilities:

Higgs potential being bounded from below, unitarity
of scalar-scalar scatterings, perturbativity, vacuum
stability:.

Peskin-Takeuchi electroweak oblique parameters.
Collider bounds after Step II

Higgs precision data by using HiggsSignals.

Direct searches for new scalars at the LEP, Tevatron,
and LHC, by using HiggsBounds.
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HiggsBounds provide powerful checkup.

HiggsBounds currently incorporates results from LEP [1-15|, the Tevatron [16-50|, and

the ATLAS [51-123| and CMS [124-194]| experiments at the LHC.
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The inverted scenario has much stronger constraints from the collider data.

e For each scenario, we obtained 5 x 10° parameter sets
satisfying Step I11.

o After Step III,

— Normal scenario: ~ 80% survived.

— Inverted scenario: ~ 1.8% parameter sets survived.



5. (1) Results in the normal scenario

Other constraints play an important role.
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The other parameters are also limited. (i) Not too heavy MH and charged Higgs
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Exotic Higgs decay removes light A.
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5. (2) Results in the inverted scenario

Slightly stronger constraints for the inverted scenario
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The other parameters are also limited. (ii) LEP search for Ah was crucial.
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5. (3) Electron anomalous magnetic moment

In Type-X, the same contributions to the muon/electron g-2 except for mass.
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The electron g-2 observation is consistent with Type-X.
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5. (4) hadro-phobic new scalars at the LHC

For the final surviving points, new scalar bosons are hadro-phobic,
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Two golden channels at the LHC.
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Four tau lepton channel: very promising
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Two tau lepton plus missing ET channel
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6. Conclusions

e In the normal scenario

— tg 2 90 and M € mj25/2,145] GeV;
— My € [130,245) GeV and My < [95,285] GeV.

e In the inverted scenario

— tg 2 120 and My € [70,105] GeV;
— My € [100,120] GeV and Mg € [95,185] GeV;
— Ma + Mp, 2 190 GeV.



