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A. HOW DO NEUTRINOS INTERACT WITH
DENSE MATTER IN COMPACT OBJECTS?

1. Why neutrino interactions are important in
compact objects?

2.Why neutrino interactions are complicated?

3. Description of v opacities using RPA

4. Uncertainties of v opacities

5. Constraints for v opacities




WHY v INTERACTIONS ARE IMPORTANT?

Neutron Star (NS)

2, =
/R
RN A it
- .“'f'.‘g'?»?,}‘.:?z) ®. b
§ A e YA ﬁ
ey el A T
A Yty f &
% i YLt y
< 6\,; oo

Core-collapse Supernovae (CCSNe)




WHY »-NUCLEON INTERACTIONS ARE IMPORTANT?

X.Du et al. (2021)
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WHY NEUTRINO INTERACTIONS ARE COMPLICATED?

(We focus on neutrino-nucleon interactions today)

Density

Because of “in-medium’’ corrections

4



An 1llustration of “‘in-medium effect”

S(q 0> q) at mean field level.
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At MF level, such a correction mainly result from conservation laws & Pauli Blocking @



DESCRIPTION OF v OPACITIES USING RPA
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FROM NUCLEON-NUCLEON T0 v-NUCLEON

PARTIALWAVE
ANALYSIS OF N-N
SCATTERING
[Nljmegen]

Astronomical observations] Constrain Provides Input ‘.‘

EoS ‘

EoS serve as a bridge connecting the
Lab observables of astronomical observations/nuclear
nucleus properties experimental measurements with

‘ neutrino-dense matter interactions




An Example
(v opacities from RPA
consistent with NRAPR EoS )



MANY-BODY EFFECTS BASED ON EXACT DYNAMIC
RPA STRUCTURE FACTORS

0° S dQd
%
aQaqO (q()l q) qO

T'ransport IMFP =

0%0
1 — ()
| 3650 * (1 = cos8) + S(ao, a)d0da

Many-body correction is just a weighting factor.... @
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IMFP/IMFPq(Transport NC vector)

IMFP/IMFP(CC vector)
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Sv(g-0)
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MANY-BODY EFFECTS BASED ON EXACT DYNAMIC
RPA STRUCTURE FACTORS

T=20 MeV, E,=30 MeV RPA, T=20 MeV

N = 1.2
1.0 =S=====eeeo S B T
= TSse L X S0P e Tl
< 08F 0 SRaa 0 X 2 LT el T
@ [ X y [ S~
@) r o) 08_ \N\\
Z i Q I =S,
< 0.6/ & | —— E1=5MeV
o 5 ST © 0.6
LEL 0.4-_— RPA ~ t(; _ 10 MeV
& | == RPA transport & 0.4 A 30 MeV
= 0.2:‘— MF % 0.2F -~ eomev
- MFt rt LEL :—Stt'Stt Fact
0.0E_. R A - = 0.0b_ A R e -
0.001 0.005 0.010 0.050 0.100 0.001 0.005 0.010 0.050 0.100
n [fm~3] n [fm™>]
Many-body effects on IMFP Many-body effects for different E ;s

#Many-body effects on Transport IMFP Are different (12



DYNAMIC 3(Q0, Q)+ KINEMATIC CONSTRAINT

~ N(Log[Syx®(q0.Q)))

] |1.0
] 0.8

0.6

Lepton Constraints:

EU(PU) Eyr /e(Pv’/e) = o

IMFP =

j 9004, *?dﬂdq"

50 100 150 200 250 300
q [MeV]
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qo [MeV]

DYNHMIC 5(00, Q)+ KINEMI{TIC CONSTRAINT
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qo [MeV]

DYNHMIC 5(00, Q)+ KINEMRTIC CONSTRMNT
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qo [MeV]
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UNCERTAINTIES OF v OPﬂCITIES

J.D. McDonnel et al. 2015
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CORRELATIONS BETWEEN v OPACITIES & EOS
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CONSTRAINTS FOR 6’ FROM GTR
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The area covered by GTR peak 1s strongly
Correlating with G’
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AN MCMC CONSTRAINING 6°
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10 - — Pb208 GTR Constraint
Zr90 GTR Constraint
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The EoSs giving similar M-R of NSs may seem very different to

neutrinos
ooy \': .:V
)< > E"@ﬁ‘
Ny —
EoS 1 EoS3 EoS4

For NSs, there are no difference since they are all gummy bears

For v s, they are quite different since v see
the color of gummy bears...
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It is important for us to construct
Nuclear EoSs

that not only reasonably describe
spin-independent properties

but also spin-dependent properties
because they determine important

things like neutrino opacities/pion
condensations/... in NSs



CONCLUSION

1. We compare RPA NC static structure factors with ab-initial
calculations at densities around v sphere. The agreement 1s
good.

4 We constrain G’ by using Gamow-Teller Resonance
experiments in a MCMC simulation
5. Construct new EoSs with better description of spin-

dependent quantities may be important for future study of
NSs/CCSNe/mergers



Before we are lucky enough to get a galactic CCSN...

Expt. Ref. [39]
Expt. Ref. [40]

Ral These indirect multi-messengers
may be the only constraints we
Y can use for v-dense matter
Wk, THEA T opacities... @







E_nu=30 MeV, T=10 MeV

E_nu=30 MeV, T=10 MeV
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Z.Lin et al. (2022)

Main Results: 2) Relative uncertainty of IMFP
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Landau-Migdal Parameters
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