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OUTLINE
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• We revisit the dark matter annihilation as a source of the positron excess 
updated by AMS-02 (2019).

• The portal to DM is assumed to be a light leptophilic (pseudo)scalar 𝜙𝜙
decaying to muons and leading to Sommerfeld enhancement. 

• The scenario is worked out in the framework of 𝜙𝜙+2HDMX with large 
tan(beta) which may explain the muon g-2 anomaly for 𝑚𝑚𝐴𝐴 ≪ 𝑚𝑚𝐻𝐻 ≈ 𝑚𝑚𝐻𝐻±.

• The singlet boson 𝜙𝜙 is required to be in the mass range 1-3.5 GeV, and 
can be searched for in the SM Higgs decay, ℎ → 𝜙𝜙𝜙𝜙,𝜙𝜙𝜙𝜙, or through 
Yukawa productions, 𝜏𝜏 → 𝜏𝜏𝜙𝜙,𝐵𝐵 → 𝐾𝐾𝜙𝜙, at Babar/Belle/LHCb.

(*) ILC study: Talk by Tanmoy Modal



AMS-02 positron data 2019

PRL 122, 041102; 101101

Dark Matter
Astrophysical
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Our fit: 𝝌𝝌𝝌𝝌 → 𝝓𝝓𝝓𝝓 → (𝝁𝝁+𝝁𝝁−)(𝝁𝝁+𝝁𝝁−)

𝝈𝝈𝝈𝝈 𝑨𝑨𝑨𝑨𝑨𝑨 ~𝟐𝟐× 𝟏𝟏𝟎𝟎−𝟐𝟐𝟐𝟐 𝒄𝒄𝒎𝒎𝟐𝟐/𝒔𝒔 ~ 𝟏𝟏𝟎𝟎𝟐𝟐 𝝈𝝈𝝈𝝈 𝒇𝒇.𝒐𝒐. - Still viable?
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PLANCK 18 

𝜎𝜎𝜎𝜎 𝐶𝐶𝐶𝐶𝐶𝐶 ≲ 3 × 10−24𝑐𝑐𝑚𝑚3/𝑠𝑠 ~ 0.1 𝜎𝜎𝜎𝜎 𝐴𝐴𝐶𝐶𝐴𝐴
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Fermi-LAT 16

𝝈𝝈𝝈𝝈 𝝉𝝉𝝉𝝉 ≲ 𝟏𝟏𝟎𝟎−𝟐𝟐𝟐𝟐𝒄𝒄𝒎𝒎𝟐𝟐/𝒔𝒔 ~ 𝟎𝟎.𝟎𝟎𝟎𝟎 𝝈𝝈𝝈𝝈 𝑨𝑨𝑨𝑨𝑨𝑨
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Combination

𝝈𝝈𝝈𝝈 𝑨𝑨𝑨𝑨𝑨𝑨 ~ 𝟏𝟏𝟎𝟎 𝝈𝝈𝝈𝝈 𝑪𝑪𝑨𝑨𝑪𝑪

Elor et.al. 1511.08787

1 𝑇𝑇𝑇𝑇𝑇𝑇
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We are here

Require 𝒎𝒎𝝓𝝓 < 𝟐𝟐𝒎𝒎𝝉𝝉



Freeze-out, Sommerfeld, Local clump
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𝝈𝝈𝝈𝝈 𝑨𝑨𝑨𝑨𝑨𝑨 ~ 𝝈𝝈𝝈𝝈 𝑭𝑭.𝑶𝑶. × 𝟏𝟏𝟎𝟎𝟎𝟎 × 𝟏𝟏𝟎𝟎 ~ 𝝈𝝈𝝈𝝈 𝑪𝑪𝑨𝑨𝑪𝑪 × 𝟏𝟏𝟎𝟎

Arkani-Hamed et.al. 0810.0713

𝑆𝑆𝐸𝐸~
1
𝜖𝜖𝜙𝜙

=
𝛼𝛼𝜒𝜒𝑚𝑚𝜒𝜒

𝑚𝑚𝜙𝜙
saturated for

1
𝑚𝑚𝜒𝜒𝜎𝜎

≳
1
𝑚𝑚𝜙𝜙

𝜎𝜎𝜎𝜎 𝜒𝜒𝜒𝜒→𝜙𝜙𝜙𝜙 ~ 2𝜋𝜋 𝛼𝛼𝜒𝜒𝛼𝛼𝜒𝜒′

𝑚𝑚𝜒𝜒
2 ~ 2×10−9

𝐺𝐺𝐺𝐺𝑉𝑉2

𝑚𝑚𝜒𝜒~ 1 𝑇𝑇𝑇𝑇𝑇𝑇 𝜎𝜎𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 ~ 10−3 𝑆𝑆𝐸𝐸~100

𝑚𝑚𝜙𝜙 ≳ 1 𝐺𝐺𝑇𝑇𝑇𝑇 𝛼𝛼𝜒𝜒~0.1 𝛼𝛼𝜒𝜒′ ~0.01

𝜖𝜖𝜙𝜙 =
𝑚𝑚𝜙𝜙

𝛼𝛼𝜒𝜒𝑚𝑚𝜒𝜒

𝜖𝜖𝑣𝑣 =
𝜎𝜎
𝛼𝛼𝜒𝜒



Our framework: 2HDMX+𝝓𝝓
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• Singlet portal couplings: 2HDM−𝜙𝜙 −DM

• ℒ𝜙𝜙𝜒𝜒 = 𝜙𝜙 �̅�𝜒 𝑦𝑦𝜒𝜒 + 𝑖𝑖𝛾𝛾5 𝑦𝑦𝜒𝜒′ 𝜒𝜒

• ℒ𝜙𝜙𝐻𝐻 = 𝑖𝑖𝜇𝜇 𝜙𝜙 𝐻𝐻1 𝐻𝐻2+ − ℎ. 𝑐𝑐.

+ 𝜙𝜙2 𝜅𝜅1 𝐻𝐻1 2 + 𝜅𝜅2 𝐻𝐻2 2 + 𝜅𝜅3 𝐻𝐻1𝐻𝐻2+ + ℎ. 𝑐𝑐.

• 2HDM Higgs bosons: ℎ,𝐻𝐻,𝐻𝐻±,𝜙𝜙

• Type-X in the alignment limit:  

ℒ𝑌𝑌 = 𝑚𝑚𝑞𝑞

𝑣𝑣
1
𝑡𝑡𝛽𝛽

�𝑞𝑞 𝐻𝐻 + 𝑖𝑖𝛾𝛾5 𝜙𝜙 𝑞𝑞 + 𝑚𝑚𝑙𝑙
𝑣𝑣
𝑡𝑡𝛽𝛽 ̅𝑙𝑙 𝐻𝐻 + 𝑖𝑖𝛾𝛾5 𝜙𝜙 𝑙𝑙

• Muon g-2 favored: 

𝑚𝑚𝐻𝐻 ≈ 𝑚𝑚𝐻𝐻± ≫ 𝑚𝑚𝐴𝐴 ≳ 20 𝐺𝐺𝑇𝑇𝑇𝑇, 𝑡𝑡𝛽𝛽 ≳ 30

• 𝜙𝜙 − 𝜙𝜙 mixing:  𝜃𝜃𝜙𝜙𝐴𝐴 ≈ 𝜇𝜇𝜎𝜎𝑐𝑐2𝛽𝛽/𝑚𝑚𝐴𝐴
2

• ℒ𝜙𝜙𝑓𝑓𝑓𝑓 = 𝑚𝑚𝑓𝑓

𝑣𝑣
𝜉𝜉𝑓𝑓 𝜙𝜙 ̅𝑓𝑓𝑖𝑖𝛾𝛾5𝑓𝑓

• Generically sizable ℎ → 𝜙𝜙𝜙𝜙,𝜙𝜙𝜙𝜙,𝜙𝜙𝜙𝜙

𝜉𝜉𝑙𝑙 = 𝑡𝑡𝛽𝛽 𝜃𝜃𝜙𝜙𝐴𝐴; 𝜉𝜉𝑞𝑞 = 𝜃𝜃𝜙𝜙𝜙𝜙
𝑡𝑡𝛽𝛽

= 𝜉𝜉𝑙𝑙
𝑡𝑡𝛽𝛽
2



Indirect/direct DM detections
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Searching for a light leptophilic boson

2021-3-27HPNP 2021       EJ Chun       Leptophilic boson portal to DM 11

Babar

LHCb
Orsay

E137

SeaQuest

NA64

SHiP

Belle2

tan𝛽𝛽 = 30

LHCb, Belle2, SHiP
𝐵𝐵 → 𝐾𝐾𝜙𝜙(𝜇𝜇𝜇𝜇)

involving 𝜉𝜉𝑞𝑞 = 𝜉𝜉𝑙𝑙/𝑡𝑡𝛽𝛽2



OUTLINE
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• We revisit the dark matter annihilation as a source of the positron excess 
updated by AMS-02 (2019).

• The portal to DM is assumed to be a light leptophilic (pseudo)scalar 𝜙𝜙
decaying to muons and leading to Sommerfeld enhancement. 

• The scenario is worked out in the framework of 𝜙𝜙+2HDMX with large 
tan(beta) which may explain the muon g-2 anomaly for 𝑚𝑚𝐴𝐴 ≪ 𝑚𝑚𝐻𝐻 ≈ 𝑚𝑚𝐻𝐻±.

• The singlet boson 𝜙𝜙 is required to be in the mass range 1-3.5 GeV, and 
can be searched for in the SM Higgs decay, ℎ → 𝜙𝜙𝜙𝜙,𝜙𝜙𝜙𝜙, or through 
Yukawa productions, 𝜏𝜏 → 𝜏𝜏𝜙𝜙,𝐵𝐵 → 𝐾𝐾𝜙𝜙, at Babar/Belle/LHCb.

(*) ILC study: Talk by Tanmoy Modal
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