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- Sun as a laboratory for fundamental physics
- Light DM particles : axions and HPs
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Modeling the Sun
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Accurate solar models but...

. D . ™
Models of Solar interior 1: numerical evolution of 2: Inversion of oscillation
agree quite nicely stellar structure until now frequencies
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However, a small discrepancy
persists: solar abundance problem
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Sun as a particle lab

- WISPs are emitted by plasma interactions -> New direct Energy loss
- Eloss provided by faster nuclear reactions 4p — He+2v +E

but we still have to observe the same external parameters L, R, He and Z abundances, etc...

Presolar He abundance needs to be smaller

core Temperature needs being larger TR T e O Aiaaatt=t

favors ppl" chain ) l.e more *Bu's search for large neutrino fluxes!

T-proﬁ[e and SOUHdSpEEd change search for deviations of soundspeed profile!
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Sun as a particle source

but what particles are we interested in?

light DM candidates ... ?
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light DM 2 : Hidden Photons < —%FWF’W

- HP DM scenarios .
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Hadronic axions
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the A from ABC axions

Redondo JCAP12(2013)008

Atomic de-excitation and recombination : cumbersome atomic physics (all Z) in a plasma (E-levels, f-factors, etc...)

Solution!

axion emission «—> photon emission

2
Zsz‘asf l./\/i(e;; 2 of T (1)| - 1gc21(3 wz
1 — = a 5
3 2 Dosisy M€ 2 ep +9)2 2 €2 mg
[P W (approximations: NR, sep,multipole) Dimopoulos ‘86, Pospelov "08
r s, | . fmmE, and ...in local thermal equilibrium
axi0o — deexcitation xiorecombination
sa ca photon emission «<—> photon absorption (opacity!!)
1, ( I, (
Abs = Z 1 Prod
g / § . Fv —er Fv

¢ bremsstrahlung

- Can be also used with Bresmstrahlung to cross check

Compton
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different opacity codes
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HPs from the Sun

Redondo 08, An 13, Raffelt 13
HPs are produced in photon-oscillations

Medium effects

Transverse polarization

X2m4

(m? — Rellr)? 4+ (ImIlp)?

Prod _ 1 Prod
r _F,YT X

Longitudinal polarization (sotropic, NR medium (171" = 355, 11, =117 )
2,4 / 2,22
Prod Prod X m _ 1 Prod X m-w
L =15 x =1, X

(m? — Relly,)? + (Imlly )2 (@2 — Rellr)? + (Imlly)2
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A model of refraction and absorption

Redondo 08, An 13, Raffelt 13

We need 11 inside the Sun to compute the emission

I1 = Rell +iImIl = m?2 + iw(I* — ')

refraction  absorption(emission)

. Aram, Arany w? (w? — w?)
.  Rell = ~ .
Refraction e - o % : (@2 — w22 (w2
free electrons (>0) neutral H Z,KK...

250
200 -

V Rell 150

100 -

/ m = v/ Re]] ——> resonant (on-shell) conversion of T-modes (all Energies!)
m = 100eV

I | I I I
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50 -

T-HP emission
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A model of refraction and absorption

Redondo 08, An 13, Raffelt 13

We need 11 inside the Sun to compute the emission

IT = Rell +¢ImIl = m? + iw(T* —T')

refraction  absorption(emission)

. Aram, Arany w? (w? — w?)
.  Rell = ~ .
Refraction e - o % : (@2 — w22 (w2
free electrons (>0) neutral H Z,KK...

250

200 -

/ w = VRell =———> resonant (on-shell) conversion of L-modes (one energy)
vV Rell 150 w>m

100 \ m = 100eV

50 -

I | I I I
0.2

L-HP emission
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A model of refraction and absorption

Redondo 08, An 13, Raffelt 13

We need 11 inside the Sun to compute the emission

II = Rell + 2Imll

refraction  absorption(emission)

. Aram, Arany w? (w? — w?)
.  Rell = ~ .
Refraction e - o % : (@2 — w22 (w2
free electrons (>0) neutral H Z,KK...

250

200
V Rell 150

100 -
i low mass ...
neutral H

plays a role

50 -

T-HP emission
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A model of refraction and absorption

At low temperatures, densities
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A model of refraction and absorption

Redondo 08, An 13, Raffelt 13
We need 11 inside the Sun to compute the emission

II = Rell + 2Imll

refraction  absorption(emission)

. Aram, Arany w? (w? — w?)
.  Rell = ~ .
Refraction e - o % : (@2 — w22 (w2
free electrons (>0) neutral H Z,KK...

m > 290eV  resonant (on-shell) conversion not possible (T and L)

; w > 290eV  resonant (on-shell) conversion not possible (L)
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Prod Prod 2
F’Yép NFVT XX
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A model of refraction and absorption

Redondo 08, An 13, Raffelt 13

We need 11 inside the Sun to compute the emission

IT = Rell +¢ImIl = m? + iw(T* —T')

refraction  absorption(emission)

. Aram, Arany w? (w? — w?)
.  Rell = ~ .
Refraction e - o Er : (@2 — w22 (w2
free electrons (>0) neutral H Z,KK...

Absorption/E: ImIl = HBremsstrahlung 4 HCompton 4 HAtomic,H 4 HAtomic,Z o

standard formulas calculated taken from OP

Completely irrelevant for the Sun-average emission

L(r)
))?

X ... = independent of I’

/ W “Rell(r)? + (I (r)?
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Atlas of solar HP emission: T-modes

Redondo arXiv:1501.07292
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Atlas of solar HP emission: L-modes
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Atlas of solar HP emission: L-modes
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Constraining Solar Axions
.. An 15, Raffelt 15, Vinyoles arXiv:1501.01639

Solar models with Axion (hadronic, L-HP emission)

Solar 8B neutrino flux sound speed profile (obs-model)
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Constraining Solar Axions

.. An 15, Raffelt 15, Vinyoles arXiv:1501.01639

Solar models with Axion (hadronic, L-HP emission)
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Constraining Solar HPs

.. An 15, Raffelt 15, Vinyoles arXiv:1501.01639

Solar models with Axion (hadronic, L-HP emission)

Solar 8B neutrino flux sound speed profile (obs-model)
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Constraining Solar HPs
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caveat ... solar abundance issue
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Constraining Solar HPs

... An 13, Raffelt 13, Vinyoles arXiv:1501.01639

: [ Sun-L glod. fit

Sun-T (nu) from Raffelt 13 j
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log x
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Constraining HPs from HB and RG

... An 13, Raffelt 13, Vinyoles arXiv:1501.01639

-_ [ Sun-L glod. fit :
: Sun-T (nu) from Raffelt 13 j

_10 =

log x

g Thermal DM
excluded

12 E

~14

(also by DD)
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Helioscopes

Detect solar WISPs with Earth-bound Experiments

Sunday, 31, May,2015



Axion Helioscopes

Detect solar Axions in a strong B-field (coherent along the length)

hadronic axions
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Axion Helioscopes

Detect solar Axions in a strong B-field (coherent along the length)

non-hadronic axions
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Next generation (proposed) IAXO

Parameter  Unit CAST- NGAH1 NGAH2 NGAH3 NGAH A4
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Next generation (proposed) IAXO

Parameter Unit CAST-1 NGAH1 NCGCAH 2 NGAH 3 NGAH 4
[ ]
Boost parameters to the maximum A N S T
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HP Helioscopes

Detect solar HPs in vacuum vessel (only T-modes)

CAST

Redondo ‘08

SUMICO (visible)

Inoue ’13

SHIPS (dedicated visible)

Schwartz ’15

= \ALPS II
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HP Helioscopes

Detect solar HPs in with DM detectors An’13
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Conclusions

- Sun as a laboratory can help us finding light DM candidates

meV mass axions with IAXO

falGeV]
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HPs with DM detectors &or solar precision fits

Loglo X

- Nice complementarity but we need more DD experiments!
Many things are happening... ask me!
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