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ALP DM explanation of Xenonl T excess.
Bosonic dark matter
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From seminar on 26th June
Michelle Galloway for XENON | Zooming in on Axions in the Early Universe by M. Galloway for XENONETT




ALP DM explanation of Xenonl T excess.
Bosonic dark matter

| Is ALP DM with m, ~keV and g, ~ 10714 — 1071
* consistent with cosmology/astronomy?

— — ——— _—
e e———————— o = = —_— e . ————— e —— ——
— - — o — — ——

ES ol  —— B e —— S o

4.0 O local signiricanCe

3.0 ¢ (global).

e —— A &= — = == = —==

Taken from Galloway’s

Michelle Galloway for XENON | Zooming in on Axions in the Early Universe SI Ide




. about

1. ALP must be U(1)pq~U(1)g\y-U(1)gy @anomaly-tree.
Model-independent X-ray line signal predicted.

2. Close to the stellar cooling hint,
and better agreement it ALP Is subdominant DM.

3. The DM abundance naturally obtained by misalignment.
(Thermal production is also natural for subdominant DM.)



ALP DM coupled to electron

It the axion Is only coupled 10 electron,

an anomalous coupling to photons is predicted. !
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However, the X-ray observations tightly constrain the axion-photon
coupling in the keV range, and we need g.. < O(107'%) I
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Anomaly-free ALP DM

It the axion Is only coupled 10 electron,

an anomalous coupling to photons is predicted. !
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However, the X-ray observations tightly constrain the axion-photon
coupling in the keV range, and we need g.. < O(107'%) I
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Thus, we are led to consider the anomaly-free ALP DM.



Anomaly-free ALP DM

Takahashi, Yamada, WY, 2006.10035
kayama, Takahashi, Yanagida 1403.7390
(See also Pospelov, Ritz, Voloshin, 0807.3279)

Since the axion of keV mass is lighter than any (electrically charged) SM
fermions, we can integrate them out to obtain
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The decay Iinto photons is significantly suppressed, and moreover,
the rate Is universal tor various anomaly-free ALP DM models.



Parameter region of anomaly-free ALP DM
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Consistent DM abundance with ¢, = 0(1),6. = O(1)
50
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Suppression of thermal produced one
is needed. (UV models exist.) =1-2,q,=2-4.




Q —dependence: Q /Qpy = 1
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Q —dependence: Q /Qpyv = 0.5
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Q_—dependence: Q /Qryv = 0.07
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Favored region, cooling hints, and misalignment prediction
coincide If Q = O(1 — 10) % Qp\,

Excluded Excluded
by RG+WD by X-ray
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<D
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E
&
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- U & 5 10 20
If DM is under-dense by 10% around the Earth,
the coincidence happens with Q, = Qp,,.
m, [keV
Stronger X-ray line signal predicted In this case. a [ ] 6’1‘ =1-2, e = 2—4



CO“CIUS'O“S Takahashi, Yamada, and WY, 2006.10035
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. Robust prediction on X-ray line SIgnaI

. Naturally explains DM abundance.
. Close to the stellar cooling anomaly,

pbetter agreement it ALP Is subdominant.
(Thermal production Is also:natural to get subdominant DM.)



Daido, Takahashi, and WY 1702.03284,

Anomaly-free ALP DM=Inflaton? 171011107

Takahashi and WY 1903.00462

The mass and coupling hinted by XENONI1T and stellar cooling
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Back-up slides



“Plon decay problem”

Sutherland, 67; Veltman 67; Bell, Jackiw 69; Adler 69; Fujikawa 79
See also Weinberg, The Quantum Theory of Fields, VolumeZ.

In the mid-1960s, the theoretical estimation of = — yy decay rate was much smaller than

the observed value. If shift (chiral) symmetry is only broken by 0(m?) (x m, +m)),
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The puzzle was solved by the discovery of a chiral anomaly by Bell and Jackiw:
the shift symmetry is not only broken by m_but also by anomaly
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General anomaly-free ALP model:

The shift symmetry of « Is only broken by its potential
from hidden sector.

d a . . m?>
I = C.—PL Py ¥+ O(1/f2),  VECNP) D=
eff — 'y Zf 194 SM a’’ eff

Since this is a general effective theory, any UV completion can be
reduced to this form with certain field-redefinition.

(Strictly speaking: the anomalous couplings to W,Z boson are OK to avoid the X-ray constraints.

Color anomaly should be avoided, since there would be z-a mixing leading to photon coupling.)
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In the effective theory, there is generally flavor-violation.
This may be confirmed from u — ea.
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https://arxiv.org/abs/2006.04795

In the effective theory, there is generally flavor-violation.
This may be confirmed from u — ea.
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https://arxiv.org/abs/2006.04795

Lyso-ECAL
wo O

Figure 5. The proposed MEGII-fwd set-up. A Lyso-ECAL detector of 10 cm in diameter is placed
along the muon beam line 1.5 m downstream from the stopping point. The muon polarization P,
is in the opposite direction than the detected positron.

Calibbi et al, 2006.04795
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ALP production

- Misalignment mechanism
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ALP Is cold and can explain all DM.
We need Try > 10°GeV to get the right abundance for g = O(1).

Y

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

N\

From Fumi’ slide



ALP production

. Thermal production
1 m
Q(th) 12 001 R ( a )
ALP U0 3 x 105 GeV ) \2 keV
« fa/% _22 quf/q€ }
1010 GeV - 1 GeV

ALP Is warm DM and can explain only about 10% of DM.

The reheating should be low It the ALP 1s coupled to heavy tfermions.
If the ALP Is coupled to only e and mu, it can be as high as 108 GeV.

From Fumi’ slide (z, b contribution In the broken phase is also of this order.)



Asymptotic

d red giant
d

10,000 — N
\ Planetary nebula ejected

Jary < 0.66 x 10719GeV ™!

Ayala et [al§1406.6053 MOHZOMI&'

=

= branch

-§ Hellum re ignites. Red giant

2 T 13
8 gaee < 4.3 x 10~

g a et al, ol 1. lbb9
d

CA\A/N\
| ‘ Lokt e
a' 5 { |

—13 |
Kgaee < 28 X ].O y Main Sequencé\ CT IAXO

Miller Bertolami et al, 1406.7712 White dwarf
.0001

| |
=1
30,000 1 0,000 6000 3000 Andriamonje et al (CAST) "07
Surface temperature (K)

-r Hotter Cool_

g Jayy < 0.88 x 107 0GeV ™!

From Fumi’ slide


http://inspirehep.net/author/profile/Miller%20Bertolami%2C%20Marcelo%20M.?recid=1320739&ln=ja
http://arxiv.org/abs/arXiv:1406.7712
http://arxiv.org/abs/arXiv:1406.6053
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Viaux et al, 1311.1669
FIG. 2. Absolute I-band brightness of TRGB in cluster Mb5.
Red band: Observations with 1o error, dominated by distance.

Green band: Theoretical prediction, depending on the axion-
electron coupling, with 1o systematic error, dominated by the

bolometric correction.
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From Fumi’ slide



Hints for extra cooling?
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Giannottiet al, 1512.08108

Those hints for extra cooling can be explained by axion (ALP) with

o [ Ithin th h of futur riments.
From Fumi’ slide couplings within the reacn of Tuture experiments






