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Neutrino evolutlon equatlons in dense env1ronments
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* BBGKY hierarchy : mean-field and beyond
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neutrino-matter neutrino self-interactions
hmat = \/§GF,0€ non-linear term
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Volpe Vaa,nanen Espinoza. PRD 87 (2013)
Volpe «Neutrmo quantum kmetlc equations », Int. J Mod. Phys.E24(2015)

Beyond this framework pa1rmg correlators helicity (spm) coherence, collisions.




I Most general mean—fleld equatlons 1nc1ude contr1but1ons from correlators w1th
helicity change due to the neutnno mass. ' '

Z <a a > '{f'-- = = CIJ"coupleS vwith™

- —helicity (or spin) coherence
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-\ Vlasenko, Fuller, Cirigliano,
CRand ’J—[have heIIC|ty = . PRPB9(E014)
and flavor structu re (2 7\/ X 27\/) . Somean e BB OD (2014)

l Toy model shown the p0851b111ty of non-hneanty enhancement through
non—hnear feedback o ~ -

Vlasenko et al 1406 0724
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Bmary neutron star merger remnants

I In b1nary neutron star merger remnants an electron ant1neutr1no excess,, :
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I Matter and self—mteractron potent1als can cancel Matter—Neutrmo Resonance
S . - - Ma.lkus etal PRD86 (R012), 96 (2016)
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Matter neutnno resonance and hel1c1ty coherence -

B Evolution for the matter—neutrlno resonance (mostly) adlabatlc
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B Two ﬂavors 4 conditions possible. Resonance cond1tlons for helicity coherence ==
s1m11ar to the matter—neutnno resonance.
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Helicity coherence and non- 11near feedback

I Performed detailed 1nvest1gat1on on numerous tra]ectorres based on detalled
' ___'51mu1atlons of b1nary neutron star rnerger remnants Both Dlrac and Ma}orana
neutrinos studled = = =
: Non—hnear feedback not sufﬁc1ent for ad1abat1c evolutlon
. .

,‘atter -Neutrino- Resonance S8 _ =
Perturbative analySis shows matching
conditions between matter and self-
_interaction terms require peculiar
~matter densities.

TeESV
AYres,

goe T b : ~ Results hold for core-collapse supernovae.
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Chatelain, Volpe, PRD 95, (2017)




u I -resonance : MSW like resonance due to a cancella’aon between standard and non—standard
matterterms ' ’ = ——— = =
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Esteban—Pretel A et al Phys Rev D81 (2010) Stapleford et al Phys Rev D94 (2016)

B The -,_I-Zres'Qnanee Canoccur .'also_ in presence of neutrino "s'elf;'inte'ractions. -
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It can be seen also as a synchromzed MSW
resonance, where all effective spins in flavor space
‘ _-undergo the resonance coherently |

Chatelam Volpe PRD98 (2018)



http://inspirehep.net/author/profile/Esteban-Pretel%2C%20A.?recid=830983&ln=fr
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Neutrinos influence the neutron richness
and determine Ye in neutrino driven winds.

The impact on r-process nucleosynthesis
in neutrino-driven winds in kilonovae
needs to be assessed. |
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Mattér-Neﬁtrin'o resonance location
- Frensel et al., PRD95 (2017)
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Chatelain, Volpe, PRD98 (2018)
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~ « Fast » deeS, Wu et al., PRD96 (2017) :

(assuming flavor equilibration though)
- see S. Abbar’s talk




Reconstructmg the grav1tat10nal blndrng energy
. utthe newly formed neutron star
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erehhood analy51s for a neutrlno s1gnal from a galactrc superneva :

| Comblnlng inverse beta decay, elastlc scatterlng_

;‘gravrtat1ona1 brndlng energy at a few percent
}‘ accuracy 11% in Super-Kamrokande
= 3% in Hyper—Kam1okande |

see A Gallo Rosso S talk

Fit to numerous EOS for NS
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(b) Mass—Radius constraint

Gallo Rosso, Vlssanl Volpe
]CAP 1711 (2017)




Late t1me neutrmo 81gna1 and the bmdmg energy-radms relatlon

| The late t1me neutrmo 51gna1 can be approxrmated by a black—body emlssron

Coehng model of' Reddy and Roberts used as reference [ 47w“¢ R2 -’_‘4 T4

— GR
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- fhe BBeR relation depends on the Determination of the neutron star radius
= neutron star equatlon of state and — =

potentlally TR - with neutrinos alone difficult.

e . Gallo R("_)'sso,_Abbar, Vlssam, Volpe, ] CAP 1812 (2018).




Conclusmns and perspectwes

Hel1c1ty coherence does not produce s1gn1f1cant ﬂavor mod1f1cat1on in dense
3 env1ronments (blnary neutron star mergers and core collapse supernovae)

A perturbat1ve argument shows that non—llnear feedback does not enhance
ad1abat1c1ty, wh1le for other resonances (matter-neutrmo resonance) it does

Non—standard 1nteract10ns can produce the I resonance also in presence
Tof neutrmo self—1nteract1ons ‘

;The effect of neutr1no flavor evolut1on in neutr1no drlven W1nds in l<1lonovae
,stlll needs to be assessed

Reconstructlng the neutron star rad1us from the late t1me neutrino s1gnal complex
: Eb R sens1t1ve to neutron star equat1on of state, l1ttle extended theorles of grav1ty

‘ Constramts on the p1nch1ng of the neutring fluenc1es can be obtained by
| ?'-.'_j-c 1mplement1ng reasonable Values for the neutron star radii.




