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Electron recoll events in XENONI1T
XENONITT, arXiv:20060.09721
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-Solar axion/hidden(dark) photon
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-Solar neutrinos + extra interactions (e.g. magnetic moment, vector portal)

- Axion/hidden photon DM

-Boosted DM (Two-component DM, semi-annihilation, self-annihilation (3—2),
Nearby DM clump)

-Exothermic DM

-eT1C.

-Many interesting ideas on production or boosting DM (e.g. Sun-/CR-
heated DM, stellar basin), avoiding the stellar cooling bounds, and
Implications for other experiments:-:
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2. Axion dark matter
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Axion (ALP) DM
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Direct DM search bounds on g_,

10-10 . _
EDELWEISE-I1I ’C - zgaea\If€75\I!€
10-11
The excess favors a
mono-energetic peak at
% 10-12
o m, = 2.3+02keV
10-13 XENONI1T gae ,QJJ 3 X 10_14
(S2-only) XENONIT | S
10-14 (this work) with 3 o significance
over background.
101 100 101 104 XENON1T, arXiv:2006.09721



e, e — —
i - — - = E—

| Can we really have ALP DM with
m, ~keV and g, ~ 10714?

Pr——

N— e T

—

ey, iR -—
Y



FT, Yamada,Yin 2006.10035
AnOmaIy-free ALP DM Nakayama, FT, Yanagida 1403.7390

see also Pospelov, Ritz, Voloshin 0807.3279

The axion generically has an anomalous coupling to photons
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The X-ray obs. constrains the lifetime to be longer than 1028 sec.



FT, Yamada,Yin 2006.10035
AnOmaIy-free ALP DM Nakayama, FT, Yanagida 1403.7390

see also Pospelov, Ritz, Voloshin 0807.3279

The axion generically has an anomalous coupling to photons
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The X-ray observations tightly constrain the axion-photon coupling
in the keV range, and we would need gge < O(1071°) 11
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Thus, we are led to consider the anomaly-free ALP DM.



FT, Yamada,Yin 2006.10035
AnOmaIy-free ALP DM Nakayama, FT, Yanagida 1403.7390

see also Pospelov, Ritz, Voloshin 0807.3279

Integrating out electrically charged SM fermions, we obtain
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The decay Iinto photons is significantly suppressed, satistying the bound.
Also, the rate is universal for various anomaly-free ALP DM models.



FT, Yamada,Yin 2006.10035
AnOmaIy-free ALP DM Nakayama, FT, Yanagida 1403.7390

see also Pospelov, Ritz, Voloshin 0807.3279
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-DFSZ-like ALP (based on type-l 2ZHDM, PQ = hypercharge)
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Results
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ALP production

- Misalignment mechanism

oy s o0 (00) (C\P(_falce \ 2
ALP 7 "TH S | To) 4 1010 GeV
Tp
W { (106 }éev) for TR SJ TOSC Tosc ~ 106 GGV( M )1/2

m 1/2 > 2 keV
(7%e7) for Tr 2 Tosc

ALP 1s cold and can explain all DM.

-We need Try = 10°GeV to get the right abundance for C.= O(1).

MN\Y

For Try < 10°GeV we need to invoke the clockwork to get C.>> 1

Y

or use the anharmonic effect.



ALP production

- Thermal production
fh m
Q(th) 2 0001 R a
aph” ~0.0 (3 X 10° Ge\/) (2 keV)
v fa'/ce —QZ Cfmf/ce ;
1019 GeV - 1 GeV

ALP is warm DM and can explain about 10% of DM (or less).

The reheating should be low if the ALP i1s coupled to heavy fermions.
If the ALP i1s coupled to only e and mu, it can be as high as 108 GeV.



Why m_ ~ keV and f, ~ 6(10°) GeV?
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- ? Daido, FT, and Yin 1702.03284, 1710.11107
ALP — DM — InflatOn ‘ FT and Yin,1903.00462, FT, Yin, Yamada, 2007.10311

The mass and coupling hinted by XENON 1T and stellar cooling
anomaly are consistent with the prediction of the ALP inflaton model |
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m¢[keV] FT, Yin, Yamada, 2007.10311



3. Hidden photon DM
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Hidden photon DM
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Hidden photon DM®D%5#,
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on HP DM.

Alonso-Alvarez et al 2006.11243
An, Pospelov, Pradler, Ritz, arXiv:2006.13929

Stellar cooling bounds
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v UVANDERAR 7&implicationd D (inflation, flavor, WGCZ)
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