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MOTIVATION

@ Previous study found that the neutrino mean free path (NMFP) of
neutrino scattering (neutral current) is larger than that of the
neutrino absorption (charged current) !

o Also they found that the propagation of neutrino in neutron matter is
longer in medium than in vacuum.

o A few attempts were made to calculate neutrino differential cross
section (DCRS) by consider weak magnetism (tensor part) and form
factors in order to describe more realistic situation 2. However they
used free (vacuum) form factors of the nucleon

e From experimental side, such in-medium modification are strongly
implied by several experiments 3

°

1
2

3S. Strauch [E93-049 Collaboration], et al., EPJA 19 (2004) and reference
therein
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FORMALISM OF MATTER MODEL

To describe the constituents interaction in matter, here we use effective

relativistic mean field (E-RMF) model. The effective Lagrangian density of
E-RMF 4 3 is defined as

Le_rmr = Ln+Lum (1)

where for nucleons, the Lagrangian density is taken up to order v = 3, is
defined by

Ly = & ["(Ou+ T+ igoby + 18 Vi) + 84713 — M + go0| ¥
ﬂ)gpl/_}B;wU”Vl/}
_ peprmwT ¥ 2
4M @)

4
5
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FORMALISM OF MATTER MODEL

where
- ) seasracn
3 = 3 (0,6~ @,8) =3, where &= exp(i7(x)/f)

!l

+7(x) b, = Dub, — Dby, + igy [ By, b |

N

1
D, = 0O,+iv, Vu=0V,—-0,V, UWZE[VHKYV]

v = d+g+b (3)

where v is the power of fields and their derivatives, d, n and b are
respectively the number of derivatives, the number of the nucleon fileds
and the number of the Goldstone boson fields in the interaction.
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FORMALISM OF MATTER MODEL
For the meson Lagrangian is defined as
1 - 1 _
Ly = R |0, 0010) + T out - } 000" 0

B %Tr {I_JWBW} _ EVMV VHY gpm2f7§T [bWV“ }

8o0 nzgg 2 1 2 2
+ 5 1+ 1w+3 M2 meMV“—FECogw(VMV“)
2 2
w] _ 2 2 K3 800 | Ka 850
+ { }Tr{b | = m2o l1+3! et
(4)
where U = €2 and Dy, = Oty — Oy, + i [U, )] = —i [3,, 3.
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PARAMETER SET USED IN THE E-RMF MODEL

In this calculation we used the GWM parameter set ©. By taking 11, 12,
Co. 1, and f, equal to zero, we obtain the same EOM as in standard RMF
models.

Parameters GWM
my /My 0.554
(g5/my)? 9.148 fm?
(go/myu)?  4.820 fm?
(8,/m,)? 4.791 fm?
K3 0

R4
o
m
2
Tlp

O O O O o
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EOS PREDICTION OF THE E-RMF MODEL

Pressure, Eg = 16.30MeV, Effective mass M*/M = 0.77, saturation
density po = 0.15 fm?, compression modulus K = 219 MeV which has an
excellent agreement with the experimental data K = 210 +30 ’and
symmetery coefficient = 36.8 MeV
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FRACTION OF MATTER

Here we show the fraction of matter with/without neutrino trapping

dlenldenning n S
i N S
i P 1
0.1 | . P .
o E

ICIL 0.01 3 Neutrino trapping
o g I with Y}, = 0.3 ]
0.001 ¢ Neutrino free ¢ 1) 3

0.0001 1 1 1 1 1 1 1 1 1 1 1 1 1

0051152253354 005115225 3354
Pr/Pa Pr/Po

This result is similar as obtained in Ref. [6].
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NEUTRINO INTERACTION WITH MATTER

The interaction neutrino with matter can be described by the Lagrangian

density, that is 8

o=

int

where

Wj
I

EMj
Iy

(#T0) (3420) + T (0T ) (5050)

8
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ELECTROMAGNETIC FORM FACTOR NEUTRINOS

The electromagnetic properties of Dirac Neutrinos are described in terms

of four form factors f1,,, g1, f, and g, (Dirac, anapole, magnetic and
electric form factors, respectively :

pu
2 (7)

where m,, and m. are the neutrino and electron masses, respectively.

= flml/V“ + glI/YM'YS - <f2y + ig21/75>

my

fmn = f1y+( )fzy PH — fH 4 kM (8)

e

NOTE : In this work, we calculate the general formulation for neutrino
interaction in matter by considering the neutrino form factors.
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ELECTROMAGNETIC FORM FACTOR NEUTRINOS

In the static limit, the reduced Dirac form factor, f;,, and the neutrino
anapole form factor gy, are related to the vector and axial charge radii

(ry) and (r3) :

flu(qz) = g(rv)q2 g1y(q2) = g(ff\)qz (9)
where the neutrino charges radius is defined as
rPo= () +(rd) (10)

In the limit of g — 0, f5, and g», define respectively the neutrino
magnetic moment and the Charge Parity (CP) violating electric dipole
moment:

ty = fu,(0)ps and = g2, (0)us
po = w4 (11)
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TARGET PARTICLES WEAK FORM FACTOR IN
VACUUM

Weak form factors in the limit of g> — 0. Here we use
sinfw = 0.231, g4 = 1.260, 1, = 1.793 and p, = —1.913 °

Reaction FV Ga FV
-0.5 -ga/2 - (p — pn)/2 - 2 sin Oy iy
0.5 -2 sin ga/2  (ip — pn)/2 - 2 sin® Oy pp
Ve€ — Vg€ 05+ 2sin?6y,  1/2 0
Vulh = UVl 05+ 2sin?0y,  1/2 0
Vyre = vyre <05 4 2sin?fy  -1/2 0
Vyrlt = Vyrpt =05 + 2sin6y,  -1/2 0

For anti-neutrinos, we replace Gi\ — —Gi\
In Medium modification, Ga — Gy, Fopn — F3, , and Y - Fj.

9
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Electromagnetic Form Factor in the limit g> — 0 10

Target FEM  FEM

n 0 n
p 1 Kp
e 1 0
I 1 0

p Vogel and J. Engel, PRD39, 3378 (1989)



TARGET PARTICLES FORM FACTOR IN THE MEDIUM

In Medium modification, Ga — G}, Fapn — F3, , and FV — F5. This
results are calculated using the Quark-Meson Coupling (QMC) model 1.

1.2 F
1
0.8 t 2
I — GL0)/GA0)
===+ FZ (0)/F3,(0)
0.6 T e i
....... F;‘M((\)/’FZ,,(())
[ == B0/ (0)
0.4 L
0 0.5 1 15 2 2.5 3

pB/Po

This in medium modified nucleon form factors will be used as an

to neutrino interaction with matter.
11
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DIFFERENTIAL CROSS SECTION OF NEUTRINOS

Using the Lagrangian density, the differential cross section is obtained as

1 d0 \ . 1E (GF>
Vd2QdE, ] 1672 E,"\2
n <4M>2
q2
8GF7T04
12
23 ] (12)

where the weak coupling, G = 1.023 x 1075/M?, where M is the nucleon
mass.
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WEAK, EM AND INT CONTRIBUTION
The neutrino tensors for the weak contribution is given by
L) = g 2k — (K'q” + K q") + g™ (k.q) — i ko k|
(13)
LLVEM) = 4(f7, + g )2k K" — (K*q” + k' q") + g™ (k.q)]
— 8ifmugr e (kaks)

f2 4 2
R m2g2” (k.q)[4k"k” — 2(k"q” + q"k") + g"q"]

e

(14)
and for the interference contribution:
LA/ UNT) = A(frny, + g10)[2kMKY — (K1 K” + K q") + g (k.q)
i€ ko k] (15)
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THE POLARIZATION TENSORS

The polarization tensors [M#” for the weak (W) , electromagnetic (EM)

and interference (INT) terms, which define the target particles, can be
written as

MW7 = (R + ehnyg
2
- (ij + o F1W1F2Wf> Mg,

2 (RG+ mEG n
F,\2
MZ

2

2, 9 2 CI2 Vj
(m” + 2-)(a g — quaw) — 8%4 (16)
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The polarization tensors M for the electromagnetic (EM) can be written
as

ner(EM)J _ F]_EMJZHL/J
q2 EMj —EMj H Aj
+ 5 MFl Fy MY g
EM_/2 P
e )(q Guv — Gua) — Y]

g8

(17)

«O> «F>r «=)r « =) o>



THE POLARIZATION TENSORS

The polarization tensors for the interference contribution can be written as

2
m i Wj -EM; q Wi EMj i
M = (RYRY + s R RN
L [REEE L@ (RYEE s )
4 M2 4m?2 4mM

X (ng/w - qﬂql’)nAj + (MF2EMJ Gy — Fy JGﬁ‘) nﬁ\b/v &
(18)

where j = n, p (nucleons), M is equal to M* and M is the nucleon mass,
while for j = e, u~ (leptons), m is the lepton mass.
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THE POLARIZATION TENSORS

Due to the current conversations and translational invariance, the vector
polarization /7Y of every contribution consists of two independent
components which we choose to be in the frame of ¢* = (qo,| ¢ |,0,0).
The explicit forms of My, M, Mya and M4 for nucleons 2are

1 q* q2
Ny = ——[(M?+ ——+~ |(EF—E
4qu|[< 4112 2 ( )
2 2
doq 2 %2 q 3 %3
+ (B2 -F?)+_— _(E2 - E
z‘q‘g( F ) 3“7‘2( F )]

This result is similar as obtained in Ref.[12].

12
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THE POLARIZATION TENSORS

For the Longitudinal and vector-axial and axial polarization ternsors:

2

q 1 * qO *2 *3
N = ———=|-(EF—E E2—E —E
/q *2
Mn = Ef—E EF — E*
VA 87T‘_;’3{(F ) + qo(EF )}
Ny = — M*2(Ef — E¥) (20)
271" ]

This result is similar as obtained in Ref.[12].
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THE CONTRACTION POLARIZATION AND NEUTRINO
TENSORS

The contraction of every polarization and neutrino tensors couple L**T1,,

are 13
(LrnmyM - = —8q® ST (A (T, + ) + By, Iy
J=np.e”,pn”
+ By My + Gyl
. (EM) . . .
()™ — @S A (M)
j:n,p,e*,,u*
+  BlenVr + BieyMial
L im\ UNT) .
(Lff wa) = —4¢ Y [AINT( +|_IJT>

Jj=n,p,e”,u”
+ By + By A + Clyr Ml (21)

13
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THE CONTRACTION POLARIZATION AND NEUTRINO
TENSORS

For weak contribution, the function in front of every polarization terms in
Eq. (21) are given by

j 2E(E — q) + 39° Wj2 2 R
AJW:< 2 Flj +G,14_ 2

| g 2 4My,
Wj2 >

' wj2 2 F7°q
Bl = [Flf + Gy — z/\/’?v 1

. ) 2 . ) ,_-Wj2 2
BJ — GJ2 + q FWJFWJ _ 2 q

2w A 2m/\/IN 1 2 4/\/’/2\/ (1+%)

Cl, = —2(2E — qo) [Flv'/jGXVj + JF2WJG£\] , (22)

N
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THE CONTRACTION POLARIZATION AND NEUTRINO
TENSORS

For EM contribution, the function in front of every polarization terms in
Eq. (21) are given by

, 2E (E — qo) + 342 1
=[5 221 (- o)

FEM2 ,_—2EM2jq2
T T
N
, 1 . FEMJQ 2
j __* 2 EMj2 T2 q
Blew = — (b4 +a) |F TV
. 1 q2 . . ,_—EMJ2q2 qz
j _ - 2 EMj cEMj _ T2
Biewm = 5 (b + 3) T YMERE i\ )

£2 2
where a = 4(f2, + g7,), b = 72”;?” and ¢ = f,, + g1
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THE CONTRACTION POLARIZATION AND NEUTRINO
TENSORS

For INT contribution, the function in front of every polarization terms in
Eq. (21) are given by

' 2E (E — q0) + 39° Wj —EMj P W EM
q N

. . 2 . .
Binr =c¢ lFlmFlEMJ + 3 FszzEMJ]

4My
M) Wi pEMS | W pEM)
B FMER (@) (RYEM 4+ R FEM)
2INT 4M3, 4m? 4mMy
. m . . . .
Cint = ¢ (2E — qo) VNFfMJ Gy — F1EMJGi\] (24)

2 2
where a = 4(f2, 4+ g2)), b= G”%gg” and ¢ = f,, + g1

j%
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The g1 = 2.5 MeV, E, =5 MeV in neutrino-less matter for pg = 0.5 pp.
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The g1 = 2.5 MeV, E, =5 MeV in neutrino-less matter for pg = 1.0 pp.
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The g1 = 2.5 MeV, E, =5 MeV in neutrino-less matter for pg = 1.5 pp.
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The g1 = 2.5 MeV, E, =5 MeV in neutrino-less matter for pg = 2.0 pp.
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The g1 = 2.5 MeV, E, =5 MeV in neutrino-less matter for pg = 2.5 pp.
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NEUTRINO MEAN FrREE PATH

We consider only neutrino mean free path (NMFP) of the neutrino
scattering, but not the NMFP of absorption. This is because the NMFP of
neutrino scattering is larger than the NMFP of the neutrino absorption.
The inverse mean free path of the neutrino is straightforwardly obtained by
integrating the differential cross section over the energy transfer go and
the three-momentum transfer | g |. The final expression for the NMFP as
a function of the initial energy at a fixed baryon density can be written as,

1 2E,—qo 2E, | C_i ‘ 1 d3O'
- d|g d 2= 2
ME) /qo g |/0 Ve A O

where E,, E/, = E + qq are the initial and final neutrino energy,
respectively. More detailed explanations for the determination of the lower
and upper integral limits 4,

14
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The g1 = 2.5 MeV, E, =5 MeV in neutrino-less matter.
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CONCLUSION AND OUTLOOK

@ We have studied the impact of in-medium modification of the weak
and EM form factor of the nucleon and the preliminary result looks
very interesting and promising

o We found that the effects of medium modification of the nucleon
waek and EM form factors on the cross section are more pronounced
at higher densities

@ The impact of the in-medium modified of the nucleon form factors is
more clear on the neutrino mean free path

e With increasing baryon density, this would be interesting to include
more matter constituent such as A and ¥ or other baryons with
medium modification form factors of baryons.

@ In the next work, it would be interesting to consider neutrino form
factors and baryon form factors in-medium in neutrino scattering
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