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llective Effect and Luminosity Variation
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ctive effect

Hannestad et al 2006




Evolution Equation :

Ensemble of relativistic neutrinos and Antineutrinos.
Evolution equations are

Op = _i[Hv IO] , Op = —i[H, /5]

Hamiltonian of a neutrino/antineutrino in the ensemble.

H = Hyocvum + Hysw + Hy
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Bloch vector and E.O.M:

For a 2<2 Hermetian Matrix M
1 _

Whereos Pauli spin Matrices anth (m,, m,,, m,) IS called the Bloch
Vector.

Bloch vectors corresponding 1o, p , Hyocvum » Hysw » Hy, are
P,P,B,L, D respectively.
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E.O.M for neutrino and antineutrino polarization vectornfel

P=(wB+ AL 4 puD) xP

-/

P =(—wB+ AL + uD) x P
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E.O.M for neutrino and antineutrino polarization vectornfel

P=(wB+ AL 4 puD) xP

-/

P =(—wB+ AL + uD) x P

AQ

B = (5in20,0, —cos20) : w = o

Sovan Chakraborty JIGSAW 2010 26 February



E.O.M for neutrino and antineutrino polarization vectornfel

P=(wB+ AL 4 puD) xP

-/

P =(—wB+ AL + uD) x P

L =(0,0,1)" ; X=+V2GrN.
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E.O.M for neutrino and antineutrino polarization vectornfel

P=(wB+ AL 4 puD) xP

-/

P =(—wB+ AL + uD) x P

1 /
D = dE(nP — nP
(NVe —l_ NVJ: —|_ Npe —l_ NDJ:) / ( )

M — \/iGF(NVe —|_ NV:B —|_ Npe —|_ Nlja:)
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n=mn, +Nn, ; N="Ng +N,,

wheren,’s are the effective number per unit volume per unit energy
and given by

D(r) La
2rR? (E,)

Ne(r, B) = U(E),

N,'s represent the total effective number density ofdite species.

N, = /dEna
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Initial Energy Distribution :

Effective number density for theth species per unit energy

D(r) L

na(r, £) = onR2 <Ea>¢(E)a
Fermi-Dirac ;
(8% OtE
Vo”(E) o ﬁeﬂa(g == 1)

where the inverse temperature parameters are

B, =0.315 MeV~t, B, =0.210 MeV ™!

B,. = By, = 0.131MeV .
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Pinched Energy Distribution :

Effective number density for theth species per unit energy

(1, B) = 5y 7 D

Pinched spectra for different simulations are parameddras

\Ija(E) —

(14 ¢)" e [ B, \% XD (—(1 + (o) <§Z>>
(14 Ca) ((E@) (Ea) ’

where(,, Is the pinching parameter
Different simulation models have differeqt and(FE,,)
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The initial flux (¢, = L+ ) is another important input parameter.

(Ea)

Total emitted SN energyiz = 3 x 10°% erg) puts a constraint on
flavor luminosities.

E
L, + Ly, +4L, = =%
-

wherer Is the luminosity decay timescale.We took 10 seconds.

Thus the initial fluxes of different flavors are also consteal

oo (E..) + o5 (Es,) + 49, (E,,) = 3 x 10>

Ve
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Initial Neutrino Fluxes
If the ratio between the initial fluxes of different flavorear

o . 0 . 0 __ . .
¢1/e' Ve ° I/x_¢7z;e° ;e°17

whereg;, , ¢, are positive numbers.

Ve

O (0 (E) + oL (Ep) + 4(E,,)) = 3 x 107

The parameters are initial relative fluxes

0 0
ol o,
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Three representative models motivated by SN simulations.
2 Garching simulations (G1, G2) and 1 Lawrence Livermore)(LL

Another ‘plausible’ choice, say ‘G3’.

Fitting Parameters

by o
Model | (E.,) | (Ez.) | (Ev.) | Cu. | Co Ze:ﬁ Ee:ﬁ
(MeV) | (MeV) | (MeV) | =z,
LL 12 15 24 3 4 2.00 1.60
Gl 12 15 18 3 4 0.80 0.80
G2 12 15 15 3 4 0.50 0.50
G3 12 15 18 3 3 0.85 0.75
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Multiple Split Spectra ‘G3’
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Luminosity Variation

1 L, 1 L;
- < —=<2; =< —=<2
2=1I1, "’ 2°1L,

1(E,,) <o < o8Bu) . 1{Bu) <o < o{Bw.)

2 <EV6> <EV6> 2 <E176> <E176>
MOdel <EVe> <E77e> <EV33,5$> ?I;e;ll Ze;ul ge;ll ?I;e;ul
LL 10 15 24 1.20 4.80 0.80 3.2
G1/G3 12 15 18 0.75 3.00 0.60 2.4

We Study in the range

05< ¢ <50 ; 0.5<¢, <35.
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Survival Probability (P)
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rocess and Collective Effect :



-Process Nucleosynthesis

= Heavy Neutron (n) rich nuclei (beyond Iron group) are
synthesized by rapid neutron capture,

n+Y(Z A-1)—-Y(Z A)

® r-Process=- Rapid process of neutron captufe, v) <beta
decay life time {z).

® r-process requires high neutron(n) number density (>

10°cm )

m Possible site= “v driven wind” ahead of “hot bubble” in SN.

Sovan Chakraborty JIGSAW 2010 26 February —p.26



-Process Nucleosynthesis

® Heating by neutrino driven wind coming from neutrino-sgher

Vet Nn=e +p,; Vot+tp=€e +n

® Important quantity whose evolution should be studied is

Electron fraction (;) = 32 ‘;f; e

» For Neutron rich condition¥, < 0.5 (Preferably < 0.45).

= This is minimal requirement, other constraint on Entropy,
Temparature.
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-Process Nucleosynthesis

The expression foY, involves reaction rates

Avon 1
)\Ven _|_ >\17€p 1 —|— Vep

Ve'n

Y, ~

where,

L, de OuvN fl/( )
7R [dE E [,(E)

)\I/N

N can be either p or n.
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-Process Nucleosynthesis

Electronfraction

1
Ye o~ o
1 _|_ Vep

Al/en

In terms of the initial relative fluxy;, andg;,

_ o oup (BN (r, E)¢}, V5, (E) + (1 — Py (r, )V, (E))dE
I 0y n(E)(PS(r, E)3, 9, (E) + (1 — P (r, E))¥,, (E))dE
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-Process Nucleosynthesis

Aﬂep

(r) = fooo O,;ep(E)(Pge(r, B¢y Vs
howo B

Ve

[ 00 (B) (P (1, B)9}, W, (B) + (1 — P (r, B)V,, (E))dE

0 Ve

The cross section used are

E, + O\
ovn(E,.) = 9.6 x 1074 ( ;\;—V p) cm?
e

ED _An :
05.p(Ep,) = 9.6 X 1044< — p) cm?

Nnqp(1.293 MeV) is mass difference between neutron and proton.
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-Process Nucleosynthesis

o o5 (BE)(F, (r, B)¢, Vs, (E) + (1 = P (r, E)V,, (E))dE

P, (s, £) =0
Pt fo Op p(E)\Ijvx (E)dE
(r) ,
Avon fo o,.n(EV, (E)dE
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o ovn(E)(PL(r, E)¢r, P, (E) + (1 — P (r, E)
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-Process Nucleosynthesis

Jo_ oop(E) (P, (r, E)¢}, Vs, (E) + (1 = 5, (r, E)) ¥, (E))dE

M) = [ 0o (B) (P (v, E)ot, 0y, (E) 1 (1— P (1. )

() = do_Tren(E)05 W (E)AE
Aven fooo Ovn(E)@}, U, (E)dE
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Electron Fraction ()
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Different than active-sterile oscillation.

IH the parameter space Iis more constrained than NH.

For successful r-process all initial relative fluxes are not
allowed.
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THANK YOU !
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