
 

Make it stars as BSM factories

why stars and their remnants

temp 10 Kev stars or 1 Mev SNe

implies possibility of light particle production
volume age rare processes that couldn't be
keen elsewhere e g colliders

observability luminosity ubiquity stars
or proximity sun

Will rare light physics even have any impact
overwhelmed by SM processes No

Mo 1030kg Ron 109m for 1 91cm
most mass is in protons 10 neutrons

similar to H2O

Mp 1024 cm same for electrons charge neutral
meanwhile Thompson Of is 154cm

rate of scattering of photons or electrons
5 nov 10 second photon scatters every

10 s

travelingImp I cm K Ro

photons need to random walk out Ar Ñlmep
stepshere N 10 steps takes 10 s or 104yearsRo c 1 second

SM is slow at transporting energy in stars
exception neutrinos BSM neutrinodegeneracy possible
possible differences in temp densitydependence are subtle



Meanwhile there are BSM mechanisms for producing particles
with long mean freepath including

Axions L'iqaynaalnob.at 9ee2uate88se gaoralE
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N

5
tn EEEELmZfPrimakoff Compton Atomic

Millicharged particles includingneutrinos L Qx8̅ An
nothing 10 aboutthis also includes possible darkphotonmediator

my
x ̅ SM analog has been

observedME
in stars

in a plasma photonshave mass candecay Needto care about
thermalfieldtheory

dark photons e g kinetically mixed
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stickelberg masscan performfieldredefinition Higgspossible too
to rotate away kinetic mixing

A
computingemission rate is nontrivial involves

nymph a fair bit of thermal field theory
transitionresonant perhaps a future TASI lecture topic
Whenma MA
emissionpeaked stellarradius



So what can we even observe about stars

parallax distance II IT a

spectral flux density energy time area frequency
measured

fry
integrate over v to get total flux

ahhhhhhaybody
combine w distance Luminosity

energy timeseffective blackbody temp Tx surface

Tellarradius
fluxTingeoutof blackbody can also get

directly formass stellar binaries on Keplerian orbits eclipsing
binariesd

Yelocitiesorbital period semimajor stellar radiiaxes Borbital spectroscopic
eclipsinginclination oreclipsingastrometric
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How will BSM energy transport influence stars

Need to understand governing dynamics Wogt Russell
uniqueness

pressure balance dm pdv padr once mass β
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reactions
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regarding Egra virial theorem
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so energy loss Etot K T
not stellar
cooling

These are global considerations but what about local
energy transport

conduction mainly relevant for NS WD
radiative diffusion always active not efficient
convection efficient conditions not always right
alsoaffects composition throughdredge up effects

g
7 9 Many stars have a mix of

9 9 radiative convective depending

ff III
onconditions.in for convection

gg.vn
to occur ask whether chunk

of plasma moving upwards
will float or sink

convective challenge show that for
adiabatic expansion withTtdt

convectionI
p

d de SE I P occurs if
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p 8p index
dr

1 P TI p otherwise radiative transport is the
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energyrelativeto i shell
density Nsteps time

Imap to so If 4 7 0 per
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can get emitted and change E
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T dependent or density dependentBSMornuclearprocessesgravitational
energy storage release

this is a headache and we didn't even go beyond the
spherical cow description put it on a computer MESA

GARSTECThis is especially true once stars leave MS not reallyin hydrostatic equilibrium new nuclear processes turn on
Storytime
stars run out of It in core loss of lumi temp pressuregradient contraction due to lack of support tempincreases virial theorem outer layers previouslyat too low of a temp for fusion now have fusion
in a shell overall lumi increases more volume in shell



Shell gains new source ofpressure puffs up radius

of star increases Tea decreases since Jeff
2 dominatesred giant branch overl

core continues to contract heat up until eventuallywe get to the temp where triple α 3 He C
becomes resonant tip of the red giant branch influence

byThen we go to helium burning horizontal branch BSM
Eventually we run out of helium in core so qualitativelya similar thing happens that gives RGB except nowwe have double shell burning on the asymptotic giant

branchThis whole time due to puffed layers we have lowsurface gravity mass loss
It Teacausing a planetary nebula

f M 8Mo core virial temp doesn't get hotenough to ignite carbon contraction of core occursuntil quantum degeneracy pressuregives us white
Slow to cool suceptible to BSM dwarf



f M 8 Mo we get a repeat of giant branch for
obsequent nuclear reactions

onion skin stops w iron

the most tightly bound atomic
nucleus costs energy to fuse
to heavier elements

superhigh T My T is high
photons in high energy tail

gfagfffnfyeyffnypeaeg.es
Ve can leave

carry away energy30th of these energy loss channels mean loss of
support collapse higher densities temp more

neutronization and iron photo dissociation repeat
cycle

eventually we get core collapsesupernovaif core mass 2 3 Mo we get a neutron star supportedby neutron degeneracy otherwise a black holeprobably accompanied by soft gamma ray burst99 of
energy emergingfrom CC SNe is in neutrinosdue to their long m7p ripe for BSM


