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XENON1T and new physics
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Signal is smeared with a Gaussian of width
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ABC (      ) + Primakoff (       )ga�gae
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+ Iron transition line

DFSZ models: axion couples at tree level to electron (ABC dominates)
KSVZ models: axion couples to electrons through loops (Primakoff dominates)

20
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Bosonic dark matter

Assume DM is an axion-like particle (ALP) in the keV mass range 

This particle is not the QCD axion that can solve the strong-CP problem!

Assume DM is a vector-like particle in the keV mass range 

<latexit sha1_base64="4q2WLOo+f+pkmiRxJ6qi4ITy2/8=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjK2ProrunFZwT6gHUomTdvYTBKSjFCG/oMbF4q49X/c+Tdm2goqeuDC4Zx7ufeeSHFmLEIfXm5peWV1Lb9e2Njc2t4p7u41jUw0oQ0iudTtCBvKmaANyyynbaUpjiNOW9H4KvNb91QbJsWtnSgaxngo2IARbJ3U7I6xUrhXLCG/muEMzkm56giqBKhchoGPZiiBBeq94nu3L0kSU2EJx8Z0AqRsmGJtGeF0WugmhipMxnhIO44KHFMTprNrp/DIKX04kNqVsHCmfp9IcWzMJI5cZ4ztyPz2MvEvr5PYwUWYMqESSwWZLxokHFoJs9dhn2lKLJ84golm7lZIRlhjYl1ABRfC16fwf9I88YNTH91USrXLRRx5cAAOwTEIwDmogWtQBw1AwB14AE/g2ZPeo/fivc5bc95iZh/8gPf2CTgzj5E=</latexit>    parametrizes the mixing between
the photon and the dark photon
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Constraints on couplings for ALP (top) 
and vector (bottom) DM

The XENON1T limits (90% C.L.) are 
shown in black with the expected
1(2)σ sensitivities in green (yellow)

Limits from other detectors or 
astrophysical constraints are also 
shown for both the pseudoscalar and 
vector cases



DM+nu forum at TDLI/SJTU                                                  Luca Visinelli, 26/04/2021



DM+nu forum at TDLI/SJTU                                                  Luca Visinelli, 26/04/2021
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µ⌫ < 2.8⇥ 10�11 µB from Borexino

If                              then neutrinos are Majorana
<latexit sha1_base64="GAkY18vGKbp4rXuNpDTZ2gfBHig=">AAACCHicdVDNTgIxGOziH+If6tGDjcTEg5KugMqN4MUjJoIkLJJuKdDQdjdt14RsOHrxVbx40BivPoI338YuYKJGJ2kymZkvX7/xQ860QejDSc3NLywupZczK6tr6xvZza2GDiJFaJ0EPFBNH2vKmaR1wwynzVBRLHxOr/3heeJf31KlWSCvzCikbYH7kvUYwcZKneyuJ6KOJyPo9Y1NCeiim/jILY29w8SpdrI5lC8nOIFTUihbgoouKhSgm0cT5MAMtU723esGJBJUGsKx1i0XhaYdY2UY4XSc8SJNQ0yGuE9blkosqG7Hk0PGcN8qXdgLlH3SwIn6fSLGQuuR8G1SYDPQv71E/MtrRaZ31o6ZDCNDJZku6kUcmgAmrcAuU5QYPrIEE8XsXyEZYIWJsd1lbAlfl8L/SeM475by6LKYq1RndaTBDtgDB8AFp6ACLkAN1AEBd+ABPIFn5955dF6c12k05cxmtsEPOG+flLuZEg==</latexit>

µ⌫ & 10�15 µB

We expect                            for massive SM neutrinos
<latexit sha1_base64="ipsQCkSJZ300JRmqwfO6bngZYZM=">AAACBXicdVDLTgIxFO3gC/GFutRFIzFxoaQD+GBHcOMSE0ESBkmnFGhoO5O2Y0ImbNz4K25caIxb/8Gdf2MHMFGjJ7nJyTn35t57/JAzbRD6cFJz8wuLS+nlzMrq2vpGdnOroYNIEVonAQ9U08eaciZp3TDDaTNUFAuf02t/eJ7417dUaRbIKzMKaVvgvmQ9RrCxUie764mo48kIepoJ6KKb+KiAxt5hIlc72RzKlxOcwCkpli1BJRcVi9DNowlyYIZaJ/vudQMSCSoN4VjrlotC046xMoxwOs54kaYhJkPcpy1LJRZUt+PJF2O4b5Uu7AXKljRwon6fiLHQeiR82ymwGejfXiL+5bUi0ztrx0yGkaGSTBf1Ig5NAJNIYJcpSgwfWYKJYvZWSAZYYWJscBkbwten8H/SKOTd4zy6LOUq1VkcabAD9sABcMEpqIALUAN1QMAdeABP4Nm5dx6dF+d12ppyZjPb4Aect08CCJej</latexit>

µ⌫ ⇠ 10�20 µB
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How can we detect dark energy?

To date, very little is known about DE (compared to DM) 

A cosmological constant      could serve as DE if 

However, theory expects a much larger value 

A scalar field     of mass         would also behave as DE today if 

                                              (see e.g. LV&Vagnozzi 19)
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The picture is not as simple as expected

e.g. DE model with e.o.s. 

Data do not favor a CC

w(a) = w0 + wa(1� a)

Mismatch between the  
coming from early- and late-
time measurements 

(Planck18)

H0
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Baryon - dark energy scattering

A scattering term between baryon and DE is allowed in cosmology 

Sunny Vagnozzi Olga Mena David Mota
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Baryon - dark energy scattering

Matter power spectrum at z = 0CMB temperature 
power spectrum

kmax ⇡ 0.1hMpc�1Reliable up to

Vagnozzi,LV+20↵xb = �xb/�T
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Baryon - dark energy scattering

What can we learn from collider searches? 

DE is modeled as a scalar field      of mass  

Possible scattering operators:
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M1 & 200GeV M2 & 1.2TeV; (Brax+16;ATLAS19)

↵xb ⌧ 1We generally expect
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Baryon - dark energy scattering

Sunny Vagnozzi Philippe Brax Anne-C. Davis Jeremy Sakstein
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Baryon - dark energy scattering

Direct detection: chameleons 

The chameleon is characterized by a density-dependent mass 

m� = m�(⇢)

Ve↵(�) = V (�) + ⇢ exp

✓
�m�

MPl

◆
The mass results from the effective potential

V (�) Bare potential 

�m ⇢Chameleon coupling with the species of density 
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Chameleon production in the Sun

Chameleon production in the Sun differs from the axion case
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In practice, the disformal case is irrelevant in most of the space

Production through Primakoff effect (Brax+11)
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Vagnozzi,LV+21
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Chameleon production in the Sun

Mostly occurs within a narrow region  
at the Solar tachocline                    R ⇠ 0.7R�
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Detection of solar chameleons

Cross section ��e = ��e, disf + ��e, conf

The conformal coupling is negligible
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Vagnozzi,LV+21
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Detection of solar chameleons
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Detection of solar chameleons
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Stellar bounds

Chameleons are not affected by stellar cooling bounds 
because of the density-dependence of their mass: 

Chameleons are not produced in the cores of stars 
because of kinematic suppression m� � Tcore

The axion interpretation of the 
XENON1T excess is disfavored 
once the best-fit region is 
compared to what is expected 
from stellar production in RGB 
and white dwarfs

di Luzio+20
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Conclusions

The dark energy section can be probed in the future by: 

- Cosmological probes 
- Collider searches 
- Direct detection experiments 

The chameleon model 
could already be 
accessible in the next 
generation of DD searches 

Its unique features could 
lead to an identification 
using complementary 
searches (ADMX)


