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OUTLINE

➲  The Aim of Research

➲Formalism (Model of matter, 
Neutrino interaction with matter)

➲Results and Discussion

➲Conclusion
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➲ In  Standard Model neutrino have zero charge 
radius (R), zero m agnetic m om ent (µν)  and 

m assless.
➲ However, there are experim en tal evidences 

found that µν <  10 −10 µΒ at the 90% 
confidence level [ Z. Daraktchieva et al (MUNU 
Collaboration) PLB 564, 190 (2003)]

➲ LAMF experim en t also found that neutrino have 
R2 = (22.5±67.5)×10-12 MeV-2 [P.Vilain et al, 
PLB 345, 115 (1995)]

➲ According to this results  

MOTIVATION 
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 OUR AIM

1. We observe  the effect of neutrino and an ti- 
neutrino electrom agnetic form  factors on  neutrino 
m ean  free path  ( λ ).

2. We also observe effect the weak m agnetism  of 
nucleons on  neutrino m ean  free path  
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RELATIVISTIC NUCLEAR 
MODEL

● The Effective Lagrangian of E-RMF Model
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RELATIVISTIC NUCLEAR 
MODEL

R. J. Furnstahl, et. Al,  Nucl. Phys. A. 598, 539(1996); 
Nucl. Phys. A. 615, 441 (1997)
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RELATIVISTIC NUCLEAR 
MODEL

R. J. Furnstahl, et. Al,  Nucl. Phys. A. 598, 539(1996); 
Nucl. Phys. A. 615, 441 (1997)
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PARAMETER SET

A. Sulaksono, C. K. Williams, P.T.P. Hutauruk  and T. Mart 
Phys Rev C73, 025803(2006)
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Why we choose this parameter sets ?



PARAMETER SET
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Because G2
* parameter set predicts a soft EOS at 

high density and has coincides with the direct URCA 
prosess threshold.

Shaded region  data experiment from P. Danielewicz 



LAGRANGIAN DENSITY

● The Lagrangian density of  neutrino matter 
interactions for each constituent
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j=n, p, e-  , µ−



FORM FACTORS OF 
NUCLEON

P. Vogel and J. Engel, PRD 39, 11 (1989)

For neutrinos, while for anti-neutrinos the sign are 
changed,  gA                                  - gA
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µ
p    

= 1.793     g
A   

=  1.260          
µ

n    
= -1.913    sin 2Θ

W    
= 0.231
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FORM FACTORS OF 
NEUTRINO



FORMALISM

➲ Neutrino and Anti-Neutrino Differential 
Cross Section

➲ Neutrino and Anti-Neutrino Mean Free Path

A. Sulaksono, C. K. Williams, P. T. P. Hutauruk and T. Mart ,  
PRC 73, 025803 (2006)
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LEPTON TENSOR OF 
NEUTRINO
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f1ν ,  g1ν , f2ν , g2ν are Dirac, anapole, magnetic, electric form factors respectively 



POLARISATION TENSOR
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CONTRACTION RESULTS

16



CONTRACTION RESULTS
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CONTRACTION RESULTS
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CONTRACTION RESULTS
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RESULTS AND DISCUSSION

●   ν e and  ν e Mean Free Path Results 
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 νe  mean free path is bigger than νe              the effects of weak 
magnetism of nucleon. 



RESULTS AND DISCUSSION

●  ν e and  ν e Mean Free Path Results  
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If the Eν increase, neutrino and an ti neutrino decrease. The 
effect m om en t m agnetic and charge radius is too sm all 



RESULTS AND DISCUSSION

● ν τ and  ν τ   Mean  Free Path  Results
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RESULTS AND DISCUSSION

● ν τ and  ν τ   Mean  Free Path  Results
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RESULTS AND DISCUSSION

●  νµ and  νµ  Mean  free Path  Results
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RESULTS AND DISCUSSION

●  νµ and  νµ  Mean  free Path  Results
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CONCLUSION

● The effect of electromagnetic form factor depend on 
the moment magnetic and charge radius of neutrino 

●  The effect of weak magnetism make a differentiable 
for neutrino and anti neutrino mean free path. 
[similar  results of C.J. Horowitz. et.al.PRC68,025803 
(2003)]

● Neutrino and antineutrino mean free path decrease if 
energy neutrino increase.

● In general, the neutrino and anti neutrino have 
influence on neutrino and antineutrino mean free 
path but too small.
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ν τ  ,  ν τ  <  νµ ,  νµ <  ν
e , ν e
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THE END
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