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Outline

• Type X (lepton-specific) 2HDM with a light CP-odd boson 
𝐴 and large 𝑡𝛽 as an explanation of muon g-2.

• Strong constraints from lepton universality tests in 𝑙 →
𝑙′𝜈𝜈 & 𝑍 → 𝑙𝑙.

• LHC probe of the model:  a light 𝐴 mainly decaying to 𝜏𝜏.

𝑝𝑝 → ℎ → 𝐴𝐴(∗) → 4𝜏; 𝑝𝑝 → 𝐻0,± 𝐴 → 𝐴𝐴 + 𝑋 → 4𝜏 + 𝑋
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Cf) A mini-review: 1511.05225



Type X (lepton-specific) 2HDM
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−ℒ𝑌= 𝑦𝑖𝑗
𝑢 ෩Φ2𝑞𝑖𝑢𝑗

𝑐 + 𝑦𝑖𝑗
𝑑Φ2𝑞𝑖𝑑𝑗

𝑐 + 𝑦𝑖𝑗
𝑒Φ1𝑙𝑖𝑒𝑗

𝑐 + ℎ. 𝑐.

Decoupled/aligned limit
cos 𝛽 − 𝛼 → 0

≈

RS
WS

Ferreira, et.al, 1403.4736; 1410.1926

WS

RS

ATLAS 1509.00672

125 GeV

→
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𝑦𝜏 = −
𝑠𝛼
𝑐𝛽

= 𝑠𝛽−𝛼 − 𝑡𝛽𝑐𝛽−𝛼 ≈ ±1



Leptophilic 2HDM (L2HDM)

• Type X 2HDM at large tan𝛽: extra Higgs boson couplings 
to leptons (quarks) ∝ tan𝛽(1/tan𝛽).

• Being leptophilic (hadrophobic), significant (negligible) 
contribution to leptonic (hadronic) processes: 

Elusive at the LHC;

ത𝐵 → 𝑋𝑠𝛾 puts no bound on 𝑚𝐻± for 𝑡𝛽 > 2;

𝐵𝑠 → 𝜇+𝜇− not affected if 𝑚𝐴 ≳ 15 𝐺𝑒𝑉.

• The Barr-Zee 2-loop can be enhanced enough for light A 
to explain the muon g-2 anomaly:
Strong limits from lepton universality 

in 𝑍 → 𝑙𝑙, 𝑙 → 𝑙′𝜈𝜈′. 
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Cao, et.al., 0909.5148
Broggio, et.al. 1409.3199
Wang-Han, 1412.4874
Abe, et.al, 1504.07059
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Muon g-2 from two-loop

• A concrete 3𝜎 deviation:

• Barr-Zee two-loop with a light 𝐴 & large tan𝛽:
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𝑚𝜏
2tan2𝛽

𝜏

𝐻, 𝐴
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Cf) For  complete two-loop contributions: 
Ilisie, 1502.04199
Cherchiglia, et.al. 1607.06292



Limiting L2HDM for muon g-2

• For 𝑚𝐴 < 𝑚ℎ/2, the decay 
ℎ → 𝐴𝐴 needs to be 
suppressed by 𝜆ℎ𝐴𝐴 → 0.

Lisbon  2016-09-09 6

𝜆ℎ𝐴𝐴𝑣 ≈ 1 + 𝑠𝛽−𝛼𝑦𝜏 𝑚𝐻
2 − 2𝑚𝐴

2 − 𝑠𝛽−𝛼𝑦𝜏𝑚ℎ
2

electron g-23σ 1.4σ

𝑚𝐻 = 200 𝐺𝑒𝑉

arXiv:1409.3199

𝜆ℎ𝐴𝐴 → 0
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ℎ → 𝐴𝐴 ℎ → 𝐴𝐴∗

RS: 𝑦𝜏 ≈ +1 ⇒
𝜆ℎ𝐴𝐴

𝑣
≳ 𝑦𝜏

WS: 𝑦𝜏 ≈ −1 ⇒ 𝜆ℎ𝐴𝐴 → 0



Constraints from EWPD
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𝑀𝐻± ≈ 𝑀𝐴

𝑀
𝐻
±
≈
𝑀
𝐻

arXiv:1409.3199

 The “𝜌” parameter bound on the split mass spectrum:

Generalized custodial symmetry
Gerard-Herquet, 0703051
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Vacuum stability & perturbativity
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𝜆5𝑣
2 ≈ 𝑀𝐻

2 −𝑀𝐴
2

𝜆4𝑣
2 ≈ −2𝑀

𝐻±
2 +𝑀𝐻

2 +𝑀𝐴
2

𝜆3𝑣
2 ≈ 2𝑀

𝐻±
2 − 1 + 𝑠𝛽−𝛼𝑦𝜏 𝑀𝐻

2 + 𝑠𝛽−𝛼𝑦𝜏𝑀ℎ
2

𝜆2𝑣
2 ≈ 𝑀ℎ

2

In the limit of tan 𝛽 ≫ 1 & sin 𝛽 − 𝛼 ≈ 1,

𝜆ℎ𝐴𝐴 ∝ 𝜆5 − 𝜆3 − 𝜆4 ≈

1 + 𝑠𝛽−𝛼𝑦𝜏 𝑀𝐻
2 − 2𝑀𝐴

2 − 𝑠𝛽−𝛼𝑦𝜏𝑀ℎ
2 < 𝜆1𝑣𝑀ℎ

𝑀𝐴 ≪ 𝑀𝐻 ≈ 𝑀𝐻± ≲ 250 𝐺𝑒𝑉 (RS)

≲ 4𝜋𝑣 (WS)
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Lepton universality in Z decays

• Precision EW 
measurements on Z 
poles determine

• One-loop corrections 
mediated by extra Higgs 
bosons can be sizable 
for large tan𝛽.
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with correlation +0.63

LEP EWWG, 0509008

𝐻,𝐴,𝐻±



L2HDM corrections

• Large corrections to Z → 𝜏𝜏 at large tan𝛽:

• Deviation from lepton universality:
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Hollik, Kuehn, 1991
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Large correction for larger hierarchy: 𝑚𝐴 ≪ 𝑚𝐻 ≈ 𝑚𝐻± and 𝑚𝜙 ≫ 𝑚𝑍



Lepton Universality test by HFAG 

• From pure leptonic
processes:

• From semi-hadronic 
processes:

• Correlation matrix:
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HFAG, 1412.7515

Note) Only two ratios are 
independent:
The redundant direction 
should be projected out.
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𝜏 → e𝜈𝜈

𝜇 → 𝑒𝜈𝜈
,
𝜏 → 𝜇𝜈𝜈

𝜇 → 𝑒𝜈𝜈
,
𝜏 → 𝜇𝜈𝜈

𝜏 → 𝑒𝜈𝜈

(𝜏 → 𝜈𝜋/𝐾)

(𝜋/𝐾 → 𝜇𝜈)



L2HDM corrections 
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• Tree-level contribution 
from 𝐻±:

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

Krawczyk, Temes, 0410248
𝛿𝑡𝑟𝑒𝑒 =

𝑚𝜏
2𝑚𝑙

2

8𝑚
𝐻±
4 𝑡𝛽

4 −
𝑚𝑙

2

𝑚
𝐻±
2 𝑡𝛽

2 𝜅(𝑚𝑙
2/𝑚𝜏

2)

𝛿𝑙𝑜𝑜𝑝 =
𝑚𝜏

2𝑡𝛽
2

16𝜋2𝑣2
1 +

1

4
𝐻

𝑚𝐴

𝑚
𝐻±

+ 𝑠𝛽−𝛼
2 𝐻

𝑚𝐻

𝑚
𝐻±

+ 𝑐𝛽−𝛼
2 𝐻

𝑚ℎ

𝑚
𝐻±
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Results
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Tau decay

1 and 2𝜎 regions for 
constraints from 
the muon g-2, 
Z and tau decays.

Allowed region larger
than in the previous 
studies: 1504.07059, 
1507.08067.

Poor 𝜒𝑚𝑖𝑛
2 ~12

for tau decay;
SM about 2𝜎 away
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Tau-rich signatures at LHC

• h(125)  AA  4 tau 
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arXiv:1507.08067 
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Search for ℎ → 𝐴 𝐴 → 𝜇𝜇 𝜏𝜏
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ATLAS, 1505.01609

BR(ℎ → 𝐴𝐴)



𝑝𝑝 → 𝐴𝐻 𝐻± → 𝐴𝐴 → 4𝜏
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Overlapping di-tau



Benchmark study
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Needs HL-LHC to probe the favored region



Conclusion

• L2HDM with large tan𝛽 and light 𝐴 is a viable 
option for the muon 𝑔-2.

• Lepton universality tests in Z and tau decays 
strongly limit the parameter space 𝑚𝐴, tan𝛽 .

• No region  is allowed at 1𝜎, but  large region opens 
up at 2𝜎, particularly, for 𝑚𝐻 = 𝑚𝐻± = 200 −
400 𝐺𝑒𝑉.

• It can be tested through tau-rich signatures: ℎ →
𝐴𝐴(∗) → 4𝜏 2𝜇2𝜏 ; 𝐻0,± 𝐴 → 𝐴𝐴 → 4𝜏 (2𝜇2𝜏)
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