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Outline

• Light leptophilic bosons  
in 2HDM of type-X
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• Muon g-2 and Lepton Universality

• LHC and ILC tests

𝑨

T.D. Lee, 1973 D. Chang, et.al, 2001
Glashow, Weinberg, 1977



Leptophilic 2HDM

2021-05-21MAW@SNU        EJChun@KIAS                             Muon g-2 in 2HDM 3

• 2HDM of type-X:

• 2HDM Higgs bosons: ℎ(125), 𝐻, 𝐻±, 𝐴

• In the alignment limit:  

• Muon g-2 favored (2𝜎):

ℒ𝑌 = 𝑦𝑢 𝑞𝐿Φ2
∗𝑢𝑅 + 𝑦𝑑 𝑞𝐿Φ2𝑑𝑅 + 𝑦𝑙 𝑙𝐿Φ1𝑒𝑅 + ℎ. 𝑐.

𝑚𝐻 ≈ 𝑚𝐻± ≫ 𝑚𝐴 ≳ 10 𝐺𝑒𝑉, 𝑡𝛽 ≳ 35

sin 𝛽 − 𝛼 → 1; cos 𝛽 − 𝛼 → 0, or 2/𝑡𝛽

with A. Broggio, M. Passera, K. M. Patel and S. K. Vempati: 1409.3199
J. Kim: 1605.06298

ℒ𝑌 =
𝑚𝑓

𝑣
ҧ𝑓ℎ𝑓 +

𝑚𝑞

𝑣

1

𝑡𝛽
ത𝑞 𝐻 ± 𝑖𝛾5 𝐴 𝑞 +

𝑚𝑙

𝑣
𝑡𝛽 ҧ𝑙 𝐻 + 𝑖𝛾5 𝐴 𝑙  Leptophilic at large tan𝛽

Φ2 → 𝑠𝛽 𝑣 + ℎ − 𝑐𝛽𝐻 − 𝑖𝑐𝛽𝐴

Φ1 → 𝑐𝛽(𝑣 + ℎ) + 𝑠𝛽𝐻 + 𝑖𝑠𝛽𝐴



EWPT and 𝑩𝒔 → 𝝁+𝝁−
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1/𝑡𝛽 𝑡𝛽

𝐻, 𝐴

∝
1

𝑚𝐴
2 ⇒ 𝑚𝐴 ≳ 10 GeV

Wang, Han, 1412

1409.3199



LU in 𝒁 → 𝒍𝒍

• One-loop corrections mediated by 
extra Higgs bosons. 
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with correlation +0.63

LEP EWWG, 0509008

𝐻,𝐴,𝐻±
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Constraining large tan𝛽
and big hierarchy: 

𝑚𝐴 ≪ 𝑚𝐻 ≈ 𝑚𝐻± and 𝑚𝜙 ≫ 𝑚𝑍

Hollik, Kuehn, 1991



LU in 𝝉/𝝁 Decays
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• Tree-level contribution from 𝐻±.

• One-loop corrections mediated by 𝐴,𝐻,𝐻±.

Krawczyk, Temes, 0410248

𝜏 → e𝜈𝜈

𝜇 → 𝑒𝜈𝜈
,
𝜏 → 𝜇𝜈𝜈

𝜇 → 𝑒𝜈𝜈
,
𝜏 → 𝜇𝜈𝜈

𝜏 → 𝑒𝜈𝜈

(𝜏 → 𝜈𝜋/𝐾)

(𝜋/𝐾 → 𝜇𝜈)

HFAG, 1612.07233



Muon g-2 in L2HDM
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WP20:  Δ𝑎𝜇 = (279 ± 76) × 10−11 FNAL:  Δ𝑎𝜇 = (251 ± 59) × 10−11

𝐵𝑠 → 𝜇𝜇

𝑍 → 𝑙𝑙

𝜏/𝜇 decays

Δ𝑎𝜇 = (262 ± 85) × 10−11

1409.3199; 1605.06298



𝝓+L2HDM
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(∗) Leptophilic limit 𝜃𝜙2→ 0: 𝜉𝑙 ≡ 𝑡𝛽 𝜃, 𝜉𝑞 =
𝜉𝑙

𝑡𝛽
2

• 𝜙-𝐻/ℎ, 𝜙-𝐴 mixing 

• Effective 𝜙𝑓𝑓 coupling:

• If allowed kinematically, generically sizable ℎ → 𝐴𝐴,𝜙𝐴, 𝜙𝜙

(*) 𝜙 as a portal to DM:  

ℒ𝜙𝐴 = 𝑖𝜇′ 𝜙 Φ1 Φ2
+ − ℎ. 𝑐.

ℒ𝜙ℎ/𝐻 = 𝜙 𝜇1Φ1 Φ1
+ + 𝜇2Φ2 Φ2

+ + 𝜇3(Φ1 Φ2
+ + ℎ. 𝑐. )

⇒ 𝜃𝜙1, 𝜃𝜙2, 𝜃𝜙𝐴

ℒ𝜙𝑓𝑓 =
𝑚𝑞

𝑣
𝜙 ത𝑞 𝜃𝜙2 +

𝜃𝜙1

𝑡𝛽
± 𝑖𝛾5

𝜃𝜙𝐴

𝑡𝛽
𝑞 +

𝑚𝑙

𝑣
𝜙 ҧ𝑙 𝜃𝜙2 + 𝑡𝛽𝜃𝜙2 + 𝑖𝛾5 𝑡𝛽𝜃𝜙𝐴 𝑙

ℒ𝜙𝜒 = 𝜙 ҧ𝜒 𝑦𝜒 + 𝑖𝛾5 𝑦𝜒
′ 𝜒



Muon g-2 with a singlet pseudoscalar

2021-05-21MAW@SNU        EJChun@KIAS                             Muon g-2 in 2HDM 9

FNAL:  Δ𝑎𝜇 = (251 ± 59) × 10−11

𝜏/𝜇 decays

𝑍 → 𝑙𝑙

𝜉𝑙 = sin𝜃 tan𝛽

2104.03701



LHC Searches

• 𝑝𝑝 → 𝐻± 𝐻 + 𝐴 → 4𝜏, 3𝜏

• 𝑝𝑝 → ℎ → 𝐴𝐴 → 2𝜏2𝜇

• 𝑝𝑝 → 𝐻±/ 𝐻 + 𝐴 → 𝐴𝐴(2𝜏2𝜇)
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1707.07928

1507.08067

1807.05379

CMS 1805.04865𝑔ℎ𝐴𝐴/𝑣 ≲ 0.008 for 𝑚𝐴 = 15 − 62 GeV

tan𝛽 = 50



ILC Study

• 𝑒+𝑒− → 𝜏+𝜏−𝜙 → 𝜏+𝜏−(𝜏+𝜏−)

• 𝑒+𝑒− → 𝜏+𝜏−𝜙 𝜏𝜏

𝜙 𝜏𝜏 = 𝜇± + 𝑡𝑟𝑘∓(𝜇∓/ 𝑒∓/ℎ∓)
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1909.09515

2104.03701
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ILC Reach

2𝜎

5𝜎
5𝜎

2104.03701



Summary

• L2HDM can accommodate a  light pseudoscalar which explains the 
muon g-2 anomaly.

• LHC searches from 𝑝𝑝 → ℎ, 𝐻±(𝐻)𝐴 → 𝐴𝐴(2𝜏2𝜇) for sizable 𝑔ℎ𝐴𝐴, 
or Br(𝐻± 𝐻 → 𝑊± 𝑍 𝐴).

• Lepton Colliders will unambiguously rule out or discover such a 
leptophilic boson through the Yukawa production.
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