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Moral flexibility Feebly Interacting (Non)Particle
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Supernova are a “hO'r“ labora‘rory THEORETISCHE PHYSIK

Supernova Galactic B-field

Axion-like
Particle

https://science.nasa.gov/toolkits/spacecra ft-icons
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Supernova are a “hO'r“ labora‘rory THEORETISCHE PHYSIK

Supernova Galactic B-field

https://science.nasa.gov/toolkits/spacecraft-icons

What's new?

« Use SN background (i.e. all past SN)

« Better SN control (different masses)

* Fermi data (spatial distribution etc)

« Take into account O(20%) effects
(gravitational red-shift, alpha particles...)


https://science.nasa.gov/toolkits/spacecraft-icons
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https://arxiv.org/pdf/2110.03679.pdf
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The CO"S"'r‘ai nt TREORETISCHE PHYSIK
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Other couplings

» Also allows to constrain other couplings
* For example:
Combination of
proton coupling (efficient production)

+

electron coupling (decay to e+e-pairs,
of which the e+
ST annihilates with

' background)
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SN envelope

https://arxiv.ora/pdf/2112 08382 pdf



The constraint
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B Gal.
. M Ex—Gal.

— 30 MeV
---10 MeV

L I " L P

https://arxiv.org/pdf/2107.02186.pdf
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O.'.h er FIPS THEORETISCHE PHYSIK

Sterile Neutrinos

https://arxiv.org/pdf/2112.08382.pdf
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IAXO hOngUlIY Coming THEORETISCHE PHYSIK

“Light shining through a wall”
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LOOk 01' SpeC'rr'um THEORETISCHE PHYSIK

Total flux
—— Primakoff conversion
Electron processes
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Stellar hints

Measure ~
electron and photon
=> coupling separately
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https://arxiv.org/pdf/1811.09278.pdf
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Could also do nucleon coupling? TR
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University

Solar Cooling

=== BabyIAXO Primakoff
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https://arxiv.org/pdf/2111.06407 .pdf
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Look inside sun and measure content eac

University

—— Primakoff conversion
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—— Electron processes
——— Redondo 2013
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Axionic/ALPy Dark Radiation

Many (string) models feature a

This reheats the Universe — S M

Significant branching ratio into axions/ALPs

These o are effective degrees relativistic of
freedom visible in BBN and CMB

LU + . | . Fhitps://arxiv.org/pdf/2203.08833.pdf
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The dark radiation problem

+ String models usually have

- Reason: Long-lived volume modulus ®» dominates
the Universe before reheating it

Fqﬁ —aa 1
o Fb—>SM + Fb—>CLCL 1+ 222 (

But: AN.g < 0.2 — 0.4



Possible Solution: Decay to Higgses
- SUSY breaking generates coupling to Higgses

. an actually not so long calculation. ..

=> Problem reduced

(or at least pushed to inflationary sector)

https://arxiv.org/pdf/2203.08833.pdf
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Inflaton may be longes-lived modulus TEGEH)

+ Inflaton decay now slower than volume modulus

—4 2 —2.5
I'infaton ~ V Z Fqbb ~ Cloopv

* May dominate Universe

1

BR(inflaton — a+ X) ~ n
T

O(1)-0(100)
work in progress”

*Thanks to Michele Cicoli for crucial ideas



* For example in IAXO

Physics potential of the International Axion Observatory (IAXO)
IAXO Collaboration « E. Armengaud (IRFU, Saclay) et al. (Apr 19, 2019)
Published in: JCAP 06 (2019) 047 - e-Print: 1904.09155 [hep-ph]

CaB Landscape
Garyy = ng
me < 1 nev

. DMRadio

Cosmic axion background
(UC, Santa Cruz and UC, Santa Cruz, Inst. Part. Phys. and UC, Berkeley and LBNL, Berkeley), Hitoshi

Murayama (UC, Berkeley and LBNL, Berkeley and Tokyo U., IPMU), Nicholas L. Rodd (UC, Berkeley and LBNL, Berkeley)

1073

* Might be interesting to think beyond scalar
photon couplings!
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New 1’00' o pr‘Obe Rehea"‘ing THEORETISCHE PAYSK

+ This dark radiation may allow to get
access to information about reheating

-8.0 -7.5
logo[E/GeV]

Figure. 1. The differential flux of the messenger particle,
d*®/dlog,, EdQ. CASE A (¢ once dominated the Universe)
and CASE B (¢ never dominates the Universe and decay in
the radiation dominant epoch) are shown in red and black
lines, respectively. We also show the flux for CASE C where
a subdominant ¢ decays in the matter dominant era as the
blue dashed line. https://arxiv.org/pdf/2102.00006.pdf
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New 1’00' o pr‘Obe Rehea"‘ing THEORETISCHE PAYSK

+ This dark radiation may allow to get
access to information about reheating

Measures
me
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Figure. 1. The differential flux of the messenger particle,
d*®/dlog,, EdQ. CASE A (¢ once dominated the Universe)
and CASE B (¢ never dominates the Universe and decay in
the radiation dominant epoch) are shown in red and black
lines, respectively. We also show the flux for CASE C where
a subdominant ¢ decays in the matter dominant era as the
blue dashed line. https://arxiv.org/pdf/2102.00006.pdf
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Figure. 2. The reheating flux dependence on the decoupling
effect: Ty = 400 MeV (red-solid line) and T, = 200MeV
(blue-dashed line, CASE A). We take g,, gs» temperature in-

https://arxiv.org/pdf/2102.00006.pdf
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Poincare Symmetry Violation
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P o i n C a r‘ e SY m m e ? r‘y THEORETISCHE PHYSIK

* Lorentz Invariance (=»Kostelecky et al)

- Time Translation Invariance
= Energy Conservation

+ Space Translation Invariance
= Momentum Conbservation



Looking at PV QED

-+ Simple implementation: Time varying couplings

Z(x) Z(x)

L = 18, — m(zy — im(ayy ™ — o) Fy R — DO e




Looking at PV QED

-+ Simple implementation: Time varying couplings

Z(x) Z(x)

L = 18, — m(zy — im(ayy ™ — o) Fy R — DO e

* What's new?
- Consider broad range of time-variations (future)



Looking at PV QED

-+ Simple implementation: Time varying couplings

L = @I, — m(z)dy — it(z)Pr*y — @FF B @FF "




Looking at PV QED

-+ Simple implementation: Time varying couplings

L = @I, — m(z)dy — it(z)Pr*y — @FF B @FF "
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Breaks Lorentz invariance, too neE S

+ Time varying couplings have

0,07 (x) # 0
* Non-vanishing Lorentz vector = Lorentz

symmetry is broken, too

> Need to specify rest frame
2> We take CMB rest frame
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LOOkS li ke (pSZUdO-)SCQlar‘ DM? THEORETISCHE PHYSIK

* One origin of oscillation could be scalar DM

0Z(t) ~ go(t) ~ ggo(t) cos(mt)

- We want to be more general
(less constrained by reason)

- DM predicts specific do(t) ~a=?/?

vs. we consider ¢o(t) ~ const
- No gf‘GViTGTiOl’lal clumping (+fixed frequency spectrum)
- No particle excitations

=> astrophysical energy loss bounds gone
- No forces from a particle exchange

= no fifth forces
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Results TS

- “Standard" limits from varying constants
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Results TS

» Oscillating Forces in experiments moving with
repect to the rest frame (a la DM)
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Particles from nothing

* An 0Z ~ cos(wt) is like an oscillating driving
force for photons

=> Photon creation

(analog to resonant DM decay)

+ Visible Photons, too much energy created etc.
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Results TS

» Particle creation from vacuum (foo much)
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Ene r'gy vi 0 l G"'i on in scatter i ng events THEORETISCHE PHYSIK

+ Energy violation in scattering possible

e+y (F)—e+~v (FE*+omega)

+ Expect (because of phase space)
o(F - F—w) <o+ w)

> Net energy gain on average

> For example Sun would ,gain™ energy



Results

* Energy conservation in Sun (TBCarified))
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Results: Better for pseudoscalars

* Energy conservation in Sun (TBCarified))
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Conclusions
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- Astrophysical limits continue to improve
- Supernova rich source or FIPs
- Consider variety and combination of couplings

+ Cosmic, ,Dark Radiation"™ of FIPs interesting for
detection + probing cosmology

* Crazy Things like Poincare Violation/Energy
Violation/Momentum Violation should also occasionally
be tested

= Might be interesting to search for

variations/driving forces with non-
trivial spectrum



