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Meta-introduction: BSM and the Sun

* The usual picture (e.g. CAST):
1. Sun produces new particles
2. Particles fly away
3. Look for them on Earth




Meta-introduction: BSM and the Sun

« for very minimal assumptions, this
picture can change dramatically!




Meta-introduction: BSM and the Sun

« for very minimal assumptions, this
picture can change dramatically!

« My talk:

« Assumption: The mass of the particle is
around a keV

* Result: Formation of a stellar basin




Meta-introduction: BSM and the Sun

« for very minimal assumptions, this

picture can change dramatically! /// >
&
$\
\!

e Jae’s talk:

« Assumption: Particles undergo rapid
number-changing reactions

* Result: Dark solar wind




Meta-introduction: BSM and the Sun

« For very minimal assumptions, this
picture can change dramatically!

« My talk:

« Assumption: The mass of the particle is
around a keV

* Result: Formation of a stellar basin

e Jae’s talk:

« Assumption: Particles undergo rapid
number-changing reactions

* Result: Dark solar wind



hep-ph:2205.05700

Hunting for axions in the solar
basin

W. DeRocco,! B. Grefenstette,? J. Huang,3 K. Van Tilburg, > S. Wegsman#

IUC Santa Cruz
2Caltech
3Perimeter Institute
4New York University

SFlatiron Institute

August 19th, 2022 INT Workshop 2022



Outline

* Introduction: What is a stellar basin?

 Part |: Axions in the solar basin

e Part ll: Data and results

INT 2022 William DeRocco (UCSC)



Outline

* Introduction: What is a stellar basin?

e Part I: Axions in the solar basin

e Part ll: Data and results

INT 2022 William DeRocco (UCSC)



Motivation

« Stars are well-known to
be excellent sources of
new particles

INT 2022 William DeRocco (UCSC)




Motivation

« Stars are well-known to
be excellent sources of
new particles

 Most analyses focus on
escaping flux
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Gravitational trapping

* Low-velocity particles
cannot escape
gravitational well
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Low-velocity tall
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Stellar basin

e Particles accumulate to
form “stellar basin”
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Production

 Electron coupling 1
« Compton scattering: e - --=--a - § — ¢

dominates for m, > 5 keV

* Electron-ion bremsstrahlung: y
contributes at m, < 5 keV VVWWN—— - — 1

Compton Electron-ion bremsstrahlung

* Photon coupling / ----a

* Primakoff process:

: Yayy 3
dominates for —%= = 10°g4ce

GeV—1

Primakoff



Non-relativistic tail

e Electron couplin
P g Axion Production Rate
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Formation of a basin

basin
« Accumulation phase: axions
are slowly accumulated for a accumulation - sun
basin lifetime phase —
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Formation of a basin

basin
« Accumulation phase: axions
are slowly accumulated for a accumulation . sun
basin lifetime phase —
« Lifetime set by axion decays
e =71
Uifetime = ldecay
» Steady-state phase: axion basin
decay rate matches injection
rate —1
steady state _
phase —
———
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Indirect detection

photons

« Axions produced in solar
core accumulate around
the Sun for ~ axion
lifetime

« Decay to two photons is
observable
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Decay signatures: energy spectrum

« Sighal maximized at m, ~
temperature of solar core

« Lower mass harder to trap

« Higher mass Boltzmann-
suppressed

Counts

« Axions decay near rest

« X-ray line at ~ keV energy

g =Ma Photon energy
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Decay signatures: spatial template

 Integrated line of sight
doubles at solar limb

photons = .-
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Decay signatures: spatial template

 Integrated line of sight
doubles at solar limb 4

« Characteristic S

073 o« R™* falloff |
1-~JI

 Profile with ~ arcmin-

scale features solar limb
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0 = angle from solar center
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NuSTAR specs

« Orbital X-ray telescope

« Energy: i
« 3-78 keV Deployable Mast

« ~200 eV resolution \ ‘
. Focal Plane/
« Angular resolution Detectors

e ~0.3 arcmin
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Backgrounds

Boltzmann suppressed

0.01

. NuSTAR Background components -
« Background well-characterized "

« Dominant background in relevant
range due to stray X-rays entering
detector (aperture)

103

Counts/s/keV

« Solar lines are subdominant

https://www.astro.utah.edu/~wik/courses/astr5590spring

2020/slides/NuSTARintroWik.pdf

5
Energy (keV)
mass range of interest
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NuSTAR solar observations
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Limit-setting

Method Requires Does not require Uses spectral Uses spatial Not
signal background model information information computationally
model intensive
Poisson ~ v X X v
ClLs ~ X v v ~
Yellin (optimum ~ v v v X
interval)

« Poisson: For total number of observed events, how large can signal be?
« CL,: For best signal and background model, how large can signhal be?
* Yellin: For the largest underdensities in the data, how large can signal be?
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Results: universal coupling

m
L; gaee=_"

Universal coupling: gayy =

107

« Universal coupling relates
photon and electron
couplings

108

 Yellin clearly outperforms
Poisson

10°

axion decay constant f[GeV]

« CL, places strongest
constraint at higher mass Jgi0{ = Poisson

— Yellin
I CLS

3 5 10 20 30 40
m[keV]
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Results: photon-only coupling

10-9 Photon coupling limit @ 90%CL

 Electron coupling taken to
zero = production via
Primakoff

107194 \ horlzcrhl branch star cooling
+ Yellin clearly outperforms %
Poisson B
10714
« CL, places strongest
constraint at higher mass T oo
CL.
10-%2 . : . .
3 5 10 20 30 40

m[keV]
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Outline

* Introduction: What is a stellar basin?

« Stellar basins arise when slow-moving particles trapped on bound orbits
accumulate in the gravitational well of a star.

 Part |: Axions in the solar basin

« Axions can collect in the Solar basin and decay to two photons,
producing a characteristic signal.

e Part ll: Data and results

« Multiple limit-setting methodologies constrain couplings well below an
order of magnitude beneath existing bounds.
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Thank you for listening!
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