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Why
electromagnetic

…Why
electromagnetic 

properties  of

provide a kind ofprovide  a  kind  of   
window / bridge

to   
NEW   Physics ?



… in spite of 

results of terrestrial laboratory experiresults  of  terrestrial  laboratory  experi
on                   EM      properties 

as well as

data from astrophysics and cosmology 

are  in  agreement  with “ZERO”         EM

… However, in course of recent development o
k l d i i d illknowledge on          mixing and oscilla



Carlo Giunti, Alexander Studenikin :
“N t i l t ti ti ”“Neutrino electromagnetic properties”
Phys.Atom.Nucl. 73, 2089-2125 (2009) 
arXiv:0812 3646 v5 Apr 12 2010arXiv:0812.3646 v5,   Apr 12, 2010

A.Studenikin : 
“Neutrino magnetic moment: a window to new“Neutrino magnetic moment: a window to new 
physics”
Nucl.Phys.B (Proc.Supl.) 188, 220 (2009)Nucl.Phys.B (Proc.Supl.) 188, 220 (2009)

C. Giunti, A. Studenikin :
“Electromagnetic properties of neutrinElectromagnetic properties of neutrin
J.Phys.: Conf.Series. 203 (2010) 012100
arXiv:1006.3646  June 8, 2010

C.Giunti, A.Studenikin : “Theory and phenomen
of neutrino electromagnetic properties”

,

of  neutrino electromagnetic properties
Rev.Mod.Phys. (in preparation)



Carlo Gi nti Ale ander St denikinCarlo Giunti,  Alexander Studenikin

“N t i l t ti“Neutrino electromagnetic prop
Phys.Atom.Nucl. 73, 2089-2125 (2009) 
arXiv:0812 3646 v5 Apr 12 2010arXiv:0812.3646 v5,   Apr 12, 2010



exhibits  unexpected  properties  (p

E.Fermi,
1933“ “ 1933                     

…recent claims f
new experimenta
bounds on

Pauli   himself   wrote   to   Baade:
bounds  on 
continue  chain  
of   puzzles…

“Today  I  did  something  a  physicist  should 
I predicted something which will never beI  predicted  something  which  will  never  be  
experimentally...".



…the present status… p

to   have visible

is  not  an  easy  task  for 

theoreticians 

and experimentalistsand  experimentalists 





… much  greater  values  are  desired

f t h i l lfor  astrophysical  or  cosmology 

visualization  of 





… importance   of               studies

If diagonalIf    diagonal                        

were confirmedwere    confirmed

then
Dirac

then  

… for                   
non-diagonal = transitional

Majorana … progress 
innon-diagonal = transitional in   
experimental       
studies  of 



Studies of ν-e scattering  - most sensitive 
method of experimental investigation ofmethod of experimental investigation  of   

Cross section:Cross-section:

where the Standard Model contribution

T is the electron recoil energy a

for anti-neutrin

to incorporate charge radius: 



Magnetic  moment  contribution  is  dominated  at  lo

il i h drecoil  energies  when                                              and
… the lower the smallest measurable electron recoil ene
th ll l f b b d i tt ithe smaller values of             can be probed in scattering

from 
A.Starostin
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GEMMA  I  2005 - 2007

BOREXINO (2008)

was considered as the world best const
Montanino,
Picariello,
Pulido PRD 2008

…was considered as the world best const

Pulido, PRD 2008
based on first release of 

BOREXINO data
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till 13 J 2010 d i i 23 A t…till 13 January 2010 and again since 23 August 
best  limit   on             magnetic moment
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… quite recent claim
that ν-e cross section

H.Wong et al. (TEXONO 
Coll.), arXiv: 1001.2074, 

?that ν e cross section 
should be increased by 
Atomic Ionization effect:

), ,
13 Jan 2010, 
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Neutrino 2010?Atomic Ionization effect:Neutrino 2010 
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PRL 105 (2010) 061801PRL 105 (2010) 061801

…new 
b dbounds 
…



…much better limits on       effective magnetic m
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?
… atomic ionization effect  accounted for …

061801
Neutrino  2010  Conference, 

Athens however
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Athens

?
… however … 

(GEMMA Coll. ),
arXiv: 1005.2736, 
16 May 2010

… atomic ionization effect  accounted for …
?

e tt i f l t… ν-e scattering on free electrons … 
(without atomic ionization)
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No important effect of AtomicNo important effect of Atomic 
Ionization on  cross section in    
experiments once all possible 

final electronic states accountedfinal electronic states accounted 
for  
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Neutrino-impact ionization of atoms in      
in serarch for

p→
q→

scattering on atoms (Ge) at low energy t

in serarch for

p
p→'

T ~ few keV and lower so that                  
Ge atom recoil energyGe  atom  recoil energy                         , 

interaction with nucleus is neglec

Four momentum transfer

scattering on atomic   e is  importa

Four momentum transfer
q = p – p 'Kouzakov, 

energy and   spatial  momentum 

,
Studenikin, 2010;
Kouzakov,
Studenikin gy

transfer from neutrinos 
to atomic electrons

Studenikin,
Voloshin, 2011



Double  differential  ν-e   cross  
sectionsection

Kouzakov, 
Studenikin, 201Studenikin, 201
Kouzakov,
Studenikin,
V l hi 2011

where dynamical structure factor (Van Hove, 1954)
Voloshin, 2011

and

summ is over all states           of electron system,    



For single-differential inclusive cross section measured 

transversal contribution 
practically for most       p y

is negligible SM  electroweak  contribution  to  cross  section

nonrelativistic  limit
For   free  electron

,

… the same  for  electron   bound  in  atom …free  electront e sa e o e ect o bou d ato
approximatio
is  valid (ν-e scattering on free electrons)



charge dipole magnetic and electric
e.m. vertex 

function
4 form factors

anapole

charge dipole magnetic and   electricfunction

anapole 

EM properties               a way to 
di ti i h Didistinguish Dirac

and Majorana ( ):and Majorana ( ):

electrically In extensions of enhancement of

Limits from reactor ν-e Limits from astrophysic

e ect ca y
millicharged 

In extensions of  
SM enhancement of 

magnetic moment, even

Limits from reactor ν-e
scattering experiments (2009, 2010):

A Beda et al

Limits from astrophysic
star cooling (1990):

G R ff ltA.Beda et al. 
(GEMMA Coll.) G.Raffelt
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16th Lomonosov Conference on Elementary 
Particle Physics

MSU M A t 22 28 2013MSU, Moscow, August 22-28, 2013
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i th t fis the centenary of 
Bruno Pontecorvo birth

… our 3 
proposals:

16LomCon will be dedicated 
to the memory of Bruno 
P t

proposals:

Pontecorvo
Scientific programme of 
16LomCon to be devoted16LomCon to be devoted 
to neutrino physics
astroparticle physics and 

1913-1993
p p y

related subjects



To establish  

International Bruno Pontecorvo 
Centenary Council

for preparing celebrations 
(conferences workshops etc)(conferences, workshops etc) 
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Bruno Pontecorvo heritage
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