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New mechanism of electromagnetic radiation

Coritiion

2. Spin light of electron in matter

1. Spin light of V in matter

\) and @ quantum states in matter

> New approach to particles in matter



A.Studenikin,J.Phys.A:Math.Gen.39(2006)6769; Ann.Fond. de Broglie 31 # 2-3 (20006)

A.Studenikin, Phys.Atom.Nucl. 70 (2007) 1275; ibid 67 (2004)1014
A.Grigoriev, S.Shinkevich, A.Studenikin, A.Ternov, |.Trofimov, Phys. J. 6 (2007) 66;

A.Grigoriev, A.Savochkin, A.Studenikin, Phys. J. 8 (2007) 66;
A.Studenikin, A.Ternov, Phys.Lett.B 608 (2005) 107
A.Grigoriev, A.Studenikin, A.Ternov, Phys.Lett.B 622 (2005) 199;

Grav. & Cosm. 11 (2005) 132 Phys.Atom.Nucl. 69 (2006)1940
K.Kouzakov, A.Studenikin,  Phys.Rev.C 72 (2005) 015502
M.Dvornikov, A.Grigoriev, A.Studenikin,  Int.J Mod.Phys.D 14 (2005) 309
S.Shinkevich, A.Studenikin,  Pramana 64 (2005) 124
A.Studenikin, Nucl.Phys.B (Proc.Suppl.) 143 (2005) 570

M.Dvornikov, A.Studenikin, Phys.Rev.D 69 (2004) 073001
Phys.Atom.Nucl. 64 (2001) 1624
Phys.Atom.Nucl. 67 (2004) 719
JETP 99 (2004) 254 JHEP 09 (2002) 016

A.Lobanov, A.Studenikin,  Phys.Lett.B 601 (2004) 171
Phys.Lett.B 564 (2003) 27

Phys.Lett.B 515 (2001) 94
A.Grigoriev, A.Lobanov, A.Studenikin, Phys.Lett.B 535 (2002) 187

A.Egorov, A.Lobanov, A.Studenikin, Phys.Lett.B 491 (2000) 137
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I . R.N.Mohapatra, A.Y.Smirnov,
Neutrino mass and New Physics, Ann.Rev.Nucl.Part.Phys. 56 (2006)

“Recent discovery of

flavour conversion of

solar, atmospheric, reactor and accelerator
neutrinos have conclusively established that

and they mix among themselves
much like quarks, providing the first evidence of
new physics beyond the standard model.”



A/e“-f"l'no /mass

__> m., # O '
/‘/ eu*rrno magne'h'c. momenTVG
M, #0 ¢ ®{é‘““'}g§

...Massive neulfrino e'fec'l'romagndc‘c
properhies ...




Electromagnetic

properties of v



@'Efedromagnefa'c Y Broggv'h‘es

szo .::> ik'ferdc‘fu‘on Wl""\b/ X

enti reg {rom poop y v

e'”cc‘l’f ‘Hn rou h Wcalt

intevactions with cLargcol PJr4.'¢f¢g:
Y 37




Theory ( Slandard Model w.th Vp )
3e€ -19 e
J{e =§%_.?F; m‘é 4..3-'0/6(_;:_‘:)3‘ ﬂbzi—n;;
S TCE I g P
In the Standavd Model : My =0
“um. (S no V ’ ::...>

Y c = R

maahe’l' ¢ moment M,=0.

ThuS,/u\,#O *-geyorw‘ the S M .



The mos'f 3enem7 S'{'ua/J o)( '//ve

masgiIve heu’frinb Ver‘fex {unc'f{on

( incTuJinJ electric anol maaneﬁ'c

fovm factorg) in arl:Hrarg R gduje
O PN W\W\XM\/\-

h the con‘fex'fo-f the SM+ S(/(Z)-S.‘rg?c'f

Yp accoun'lcng for masses of particles

th po'lavi 3ation 7oofs \\\(



M DI/DV'H rkov., A.S‘fucleni,(ih X

@ Phys Rev. D 630130012004,

Q-gauge
“Electvic charge and maghetic ,v‘LVV"
moment of mastive neutrine ahd
JETP 426 (2004) #3 4
@ “Electr oméghe'fc. fo orm factors 2
of a massiv heutrino” Cq #0)
AN

v S

t‘nl"‘l maanckc ynomenT

A (1) S(g’)b’ ¢ T (?.) v?r B
;a,:) I A (w(gx t;,.&’)b}

olectrie et moment anapole moment



B Dt R




VRV )
A/a (1')'2 tos O “)““’ (%) 1—:-%4?
v : gV L
E { g = Shle )?'“ op My gxd , Jb

X"Z Sﬂf-eneﬁz Jt’dﬁ\fams

wW
X w @)
A o r"., 2
{ ,’ 4 ) 7! \“"V/
” (o)
\ 2 4 b’ 5 EZ |
(:\;ay% 5‘\05“
¢ Py *© (i) M) ..5®
:. " % b’ S oNE
b ' capchaies SN dih
p U (9 ey
z f:
f=u et d, S‘[;



@ m, <m, < My light v He Y1 m‘é
BGF 3
1, = m,
W 2 YAl = a)

=(2 - 7a + 6a* — 2a*Ina — a”)

® . <m, <My INntermediate \%

M.Dvornikov, b= ( o )2
A.Studenikin, % My
Phys.Rev.D 69 (2004)

073001;

JETP 99 (2004) 254 o me < My < m, heavy V




Status of Experiments on the
Neutrino Magnetic Moment Measurement

...stolen from the talk of
Alexander Starostin (/ITEP)

given at the
13th Lomonosov Conference on

Elementary Particle Physics
(Moscow, August 23-29, 2007)



MUNU experiment at Bugey reactor (2005)
/Jv < 9 x 10_11/&3 ‘

TEXONO collaboration at Kuo-Sheng power plante (2006)
p, < 7% 10—11;@\

v v 1s presently known to be in the range

107 up < H, < 107" g
I,

provides a tool for exploration possible physics
beyond the Standard Model.



Experiment
GEMMA

(Germanium Experiment for measurement

of Magnetic Moment of Antineutrino)
ITEP — LNP JINR Dubna
[Phys. of At. Nucl.,67,/Nel1(2004)1948]

» Spectrometer includes a HPGe detector of
1.5 kg installed within Nal active
shielding.

 HPGe + Nal are surrounded with multi-
layer passive shielding — electrolytic
copper, borated polyethylene and lead.

« Circuit noises were discriminated by
means method of frequency analysis of
signals.




Preliminary result of the 1st year

 (anti)neutrino magnetic moment:
| p, < 5810 pg (90% CL) !
- Avallable as
» Compared with the TEXONO experiment
u, < 7.2.107" pg (90% CL)

Alexander Starostin, talk given at
13th Lomonosov Conference on Elementary Particle Physics,
Moscow State University, August 24, 2007



Main results of our previous studies
_ Spin oscillafions f 2
1994-1997 @, Ve, n B, (B B (am69)

1998-2000
\/ VLH\)P. th arbdnrg e.m.f«‘e?dl‘,

20002002V V) e Vo in moving matter,

1995-2002 i .

\)e &>V, in moving maﬁ'er.

20032005y “Spthn 7!'3“ of neutriny” in matfer
and e.m.fields and qravidational {eelds

2004-2006... \/ quantum theory of neutrino motion in
background matter

These studies are performed within
the Standard Model of Interaction



magnetic moment evolution
in matter and external fields

V
@/‘/ev/ edfects: ,,,

hep-pl\ /04070410, ’
‘ enilkn: NMeulring im =
é’eﬁx'n:‘a'sn:ﬁc fieTds and mo¥ing }

P;;:.tf;:;n,yuc?, ¢1(w5) 1024, 2009,

oscillations,

The four new effects in neutrino
Nucl.Phys.B (Proc.Suppl.) 143 (2005) 570
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V spin evolution in presence of general external fields

M.Dvornikov, A.Studenikin,
JHEP 09 (2002) 016

General types non-derivative interaction with external fields

—L = gss(x)ov + gpm(x)0y°r + g,UV“‘( )0y + g AR (x) Dy, v+
+LTHvo v + %H“”vauy%v,

scalar, pseudoscalar, vector, axial-vector, s 7, V# = (V‘):I?),A“ = (Aongf),
tensor and pseudotensor fields: DN e A YA L)

Relativistic equation (quasiclassical) for spin vector:

= 2, { VG, x 7] - eI, x A - ﬁmu (Aﬁ)[ < A}
429, {[C, > Bl = E ()G x B+ [ x @< A} +
+2ig,{[C, x & — 52— (FDE, x B - [ x [dx B}

@ Electromagnetic interaction ® SMweakinteraction E——
T.=F,=(E,B) Guw=(-P,M) p5_ —~[F x Al



\)‘-—)V and ))e—ﬂ) e’

(heu‘}h no Ea_h Qha’ 'ma(/ow ost?aLons)
th movm; and Eo'fardeo' ma'ﬂe"'

“maﬂer motion can significantly
ﬁahge the neulrino oscillateon paﬂern



Mew mechanism of

em. Y'do' J'LOH e; \) chn maﬂer
an J o.m. _{ ce (ol S, ahd 3r&Vn+aJ:t0hal‘e 4s

VeV + ¥
“ ,/SPll’l LtaH of A/eu‘fn I’IO SL

A.Lobanov, A.S.,
Phys.Lett.B 564
(2003) 27



Quasi-classical theory of spin light ST

of neutrino in matter and gravitational field

A.Lobanov, A.Studenikin, Phys.Lett. B 564 (2003) 27,
Phys.Lett. B 601 (2004) 171;

M.Dvornikov, A.Grigoriev, A.Studenikin, Int.J.Mod.Phys. D 14 (2005) 309
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... Consistent approach to

A.S., “Neutrinos and electrons 1n background

matter: a new approach”,
Ann.Fond. de Broglie 31 (2006) no. 2-3

@ We present a rather powerful method for
description of neutrinos (and electrons) motion
in background matter which implies the use of
modified Dirac equations with effective matter

potentials being included.



Vande

@

A.Studenikin, A.Ternov,
Phys.Lett.B 608 (2005) 107;

hep-ph/0410297,
“Neutrino quantum states in matter”;

hep-ph/0410296,

“Generalized Dirac-Pauli equation
and neutrino quantum states in
matter”

A.Grigoriev, A.Studenikin,
A.Ternov,
Phys.Lett.B 608 622 (2005) 199

In matter being treated within
the method of exact solutions
of quantum wave equations -

«method of exact solutions »

A.Studenikin,
J.Phys.A: Math.Gen.39 (2006) 6769;

Ann. Fond. de Broglie 31 (2006) no. 2-3,
“Neutrinos and electrons in background
matter: a new approach”




Interaction of particles in external electromagnetic fields
( Furry representation in quantum electrodynamics )

Potential of electromagnetic field e — e+

evolution operator

Ap(x) = z;lﬁ,(x) + A (@)

quantized part
of potential

Up(ts,ts) —Tea:p[—é / j“’(a:)Aﬁ(x)dx]

to

i1

charged particles current el % (U, U]
)

Dirac equation in external classical (non-quantized) field A5 (x)

{w (10, — AL (2)) - me}\llp(:c) 0




Modified Dirac equations for @€ and WV

(containing the correspondent effective matter potentials)

+

exact solutions (particles wave functions)

g

a basis for investigation of different phenomena which

can proceed when Neutrinos and electrons move in
dense media

(astrophysical and cosmological environments).



2003-2004-2005

Spin light of neutrino in matter

2005-2006
Spin light of electron in matter

@ We predict the existence of a new mechanism of the
electromagnetic process stimulated by the presence of
matter, in which a neutrino or electron due to spin

precession can emit light.



New mechanism of

electromagnetic radiation



Neutrino — photon couplings (1)

v
1% E,M_/
7 ‘\v
Y decay in plasma

V decay, Cherenkov radiation

Vv, Vi

y 1%
1] Iy y
€/N e/N

Scattering Spin precession

external
source



Neutrino — photon couplings (I1)
Vr

broad neutrino lines
account for interaction
with environment

“Spin light of neutrino in matter”

...within the quantum treatment...



Quantum treatment
of neutrino
IN Matter

A.Studenikin, J.Phys.A: Math.Gen 39 (2006) 6769
A.Grigoriev, A.Studenikin, A.Ternov, Phys.Atom.Nucl. 69 (2006) 1940
A.Studenikin, A.Ternov, Phys.Lett.B 608 (2005) 107

A.Grigoriev, A.Studenikin, A.Ternov, Phys.Lett.B 622 (2005) 199

Grav. & Cosm. 11 (2005) 132
|.Pivovarov, A.Studenikin, PoS (HEP2005) 191



Standard model electroweak interaction of a flavour

neutrino in matter (f =e)
—_——

Interaction Lagrangian (it is supposed that matter contains only electrons)

m===> Charged current interactions contribution to neutrino potential in matter

® AL =V2 Gp<é"}/‘u(1 + 75)e> (:767“1 % ye)

2

=== Neutral current interactions contribution to neutrino potential in matter

ALY = —%<€’Y“’ (1 —4sin65) +7s5)e >(Ve’}’ 11;751/6)




Modified Dirac equation for neutrino in matter

Addition to the vacuum neutrino Lagrangian

ALeff = ALgf —+ ALeff — Jw(

where fH =

vl

matter
current

Y
- /\H)‘ _ matter
Lpolarization

It is supposed that there is a macroscopic amount of
electrons in the scale of a neutrino de Broglie wave
length. Therefore, the interaction of a neutrino with
the matter (electrons) is coherent.

A.Studenikin, A.Ternov, hep-ph/0410297,
Phys.Lett. B 608 (2005) 107

L.Chang, R.Zia,’88; J.Panteleone,’91; K.Kiers, N.Weiss,

M.Tytgat,’97-°98; P.Manheim,’88; D.No6tzold, G.Raffelt,’88;

J.Nieves,’89; V.Oraevsky, V.Semikoz, Ya.Smorodinsky,89;
W.Naxton, W-M.Zhang’91; M.Kachelriess,’98;
A .Kusenko, M.Postma,’02.

This is the most general equation of motion of a
neutrino in which the effective potential
accounts for both the charged and neutral-
current interactions with the background matter
and also for the possible effects of the matter
motion and polarization.




Stationary states

ere the matter density parameter 1

X =

2v/2

GF— ;

2\/'

—Grn~1eV 037 em 3

for n =1

X i

nergy in the background matter depends on the state of the neutrino
al polarization (helicity), i.e. in the relativistic case the left-handed
t-handed neutrinos with equal momenta have different energies.

J.Panteleone, 1991
(if NC interaction
were left out)

density of matter
in a neutron star



Neutrino wave function in matter (ll)

/ \/1 T Es —am \/W \
—i(E-t—pr) s./1TF \/—
l]:ja,l:)}s(l',t) _ - \/ E-—am

A.Studenikin, A.Ternov, hep-ph/0410297,;

Phys.Lett.B 608 (2005) 107; n :Slgﬂ(l m) 0 = arcta,n (pg/pl)
A.Grigoriev, A.Studenikin, A.Ternov, TN 2
Phys.Lett.B 622 (2005) 199 E. —am = 5\/ 92(1 n Sa—) +m?

The quantity ‘5 — - 1 ‘ splits the solutions into the two branches that

in the limit of vanishing matter density, |(X — O,

reproduce the positive and negative-frequency solutions, respectively.



Spin  Light

of Neutrino In matter

Quantum theory of

@® A.Studenikin, A.Ternov, Phys. Lett.B 608 (2005) 107;

O A.Grigoriev, A.Studenikin, A.Ternov, Phys. Lett.B 622 (2005) 199,

hep-ph/0502231, hep-ph/0507200;
© A.Grigoriev, A.Studenikin, A.Ternov, Grav. & Cosm. 11 (2005) 132;

A.Grigoriev, A.Studenikin, A.Ternov, Phys.Atom.Nucl. 69 (2006) 1940,
hep-ph/0502210, hep-ph/0511311,
hep-ph/0511330;
A.Studenikin, A.Ternov, hep-ph/0410296, hep-ph/0410297



Quantum theory of spin light of neutrino (I)

Quantum treatment of spin light of neutrino in matter
showns that this process originates from the two subdivided phenomena:

the shift of the neutrino energy levels in E’Z
;\/\é the presence of the background matter, ﬁ)/
which is different for the two opposite >

neutrino helicity states, E

‘E = -\/IDQ (1 - S(I:T—T) ’ +m? + mn‘
! the radiation of the photon in the process of the
s = +1 % neutrino transition from the “excited” helicity
state to the low-lying helicity state in matter

A.Studenikin, A.Ternov, Phys.Lett.B 608 (2005) 107;

A.Grigoriev, A.Studenikin, A.Ternov, Phys.Lett.B 622 (2005) 199;
Grav. & Cosm. 14 (2005) 132;

Geutrino-spin self-polarization effect in the m@ hep-ph/0507200, hep-ph/0502210,
hep-ph/0502231

A.Lobanov, A.Studenikin, Phys.Lett.B 564 (2003) 27;
Phys.Lett.B 601 (2004) 171



Quantum theory ofSpin light of neutrino > SLv

Within the quantum approach, the corresponding
Feynman diagram is the one-photon emission

diagram with the and final neutrino
states described by the “broad lines” that

account for the neutrino interaCtiOn‘VMGr./

Neutrino magnetic moment interaction with quantized photon

the amplitude of the transition ?,D% - wf

‘f‘ = iw{ [E X %] -+ ?Z’}/‘SE}‘ el — (w, k)’% — k/w momentum
?

e™® polarization

of photon



Spin light of neutrino photon’s energy

transition amplitude after integration :

Sy = =iy | 2 2m0(Ey — Ei+ ) [ 000 T )00

4
Energy-momentum conservation
P: A0
‘Ei:Ef+wa pPi =P+ '
For electron neutrino moving in matter composed of electrons . . P
= 701— > O
~ 2amp; [(E; — am) — (p; + am) cos 0] V2 om

(E; — am — p; cos6)* — (am)”

photon energy
*In the radiation process: S; = — 1 |:> Sf = +1 | neutrino self-polarization

* For not very high densities of matter, Grn/m < 1, in the linear approximation over «

p wo = i neutri di
_ 0= —nf eutrino speed in vacuum
“ 1 — 3 cos 6~ V2 ‘/{ ]




Spin light transition rate (l11)

transition rate for different neutrino momentum @

. 1 - n
and matter density parameter o = mGFi > ()
* “relativistic’ case

m

> m . ‘
b 8 ?adp*m, for v < 1,
_ 2.2...2 m D
I = 4pam‘p, for <o o
4u’am?, for a > L.
% “non-relativistic” case
<M
b Q—4u2a3p3, for o < 1,
\ [ = 212 2 alp?, for 1 < a <,
[ neutrino 4uam?, for a > %
momentum
mass _
neutrino magnetic moment

J




Spin light radiation power 3¢

SLy T
| 74 radiation power angular distribution : ” .
P

/
. - = sin @
T=12 [ WA BF + 1)1 - yeost)—(F + F)(cosd — y)] —r—dg
Jo L+ 0"y
- ptam B ' —am _ w—pcosh _ E—am—pcosf_,_ 2amp [(E — am) — (p+mn)cc‘)s€]
f= E—am’ g = E — om, Y= % , K= am Y (E = am —pcos)’ = (am)*
* “relativistic” case %b u2a4p4’ for a < m
e I = gpzazm p?, for & < oz << st
4 otm?, foroz>> ek
% non-relativistic” case @/fo/lp‘l, for o < 1.
p<m I = 10324u2ap : for 1 < a <,
4 atm?, for a > .




Spin light photon average energy

. ] See also:
radiation power A.Lobanov,
<(,d> — — Phys.Lett.B 619
transition rate (2005) 136

* “relativistic” case f %7
p>m (w) == 4 for &t <o < L

\ for a > L.

% “non-relativistic” case Ina, for o« < 1,
p<m (W) ~{  Hpa?, for | < o<,

am, for a > %.

a<L B ) i energy range of
o =7
w =237 10 (1030(2777,—3) (my) i <:: span up to gamma_r@




Spatial distribution of radiation power

maximum in

radiation power
Iﬂ" X distribution
neutrino : for = 10° and = 100
[momentum matter density ] p/m =10 N .
mass n~ 10*em =3

increase of matter density

projector-like distribution ‘ cap-like distribution



Propagation of spin light photon in plasma

A.Grigoriev, A.Studenikin, A.Ternov, Phys.Lett.B 622 (2005) 199;
Grav. & Cosm. 14 (2005) 132

. 4re? | € = aqep
Only photons with energy that exceeds plasmon frequency |wp = —— ﬂni:rfsrfacrffre
can propagate in electron plasma. €

The case of relativistic neutrinop > m

and rather dense plasma % < a < L: Angular distributions
of photon energy

and radiation power

m

\fhoton energy
102} : T
o3 \. xplasmon frequency
* 2 m ] \‘fqdiation power
COS mea.’rz — 1 ﬁ COS Q’H’LCLIII = 1 - gag 10-5 . )
1/2 6
> 4 n 10
P > Pmin = 3.5 X 10 (10300?71—3) eV

v

\ 2x10®  4x10® 6x106  8x106 10-5

max




Polarization properties of SL1 photons (lI)
y

* Radiation power of circularly polarized photons: P 0
™ 4 ' /
W : L o
10 =2 Sysin0df| g_r-om z_rptom NP
1 + Bly , E' —am ? E—am?
0 w — pcosf E —am —pcos6
y = ., K =
' P’ am )
where 2(E —am)(Kp —1)
1 “ T K21
S — 5 (1+18)(1+18) (1 —lcosh) (1 +ly)
l — 1 correspond to the photon right and left circular polarizations .
Y In the limit of low matter density o <1 Ey = \/p? + m?

64 4, 4 p
I o~ ?NQOK p (1 —lm) ’ ]Hl) > ](_13) however [(+1) ~ (=1 .

Y Indense matter (o > o for p > mjand a>1for p<m) :

D~
7D~

<= nadense matter SLV is right-circular polarized




Experimental identification of SLv
from astrophysical and cosmological sources

A.Grigoriev, A.Studenikin, A.Ternov, Phys.Lett.B 622 (2005) 199, hep-ph/0507200

- B.Zhang, P.Meszaros, Int.J.Mod.Phys. A19 (2004) 2385;
* Fireball model of GRBs TPiran, Rev.Mod.Phys. 76 (2004) 1143,

Gamma-rays can be expected to be produced during
collapses or coalescence processes of neutron stars, owing to SLUY in dense matter.

* Another favorable situation for effective SLv production can be realized during

a neutron star being “eaten up” by the black hole at the center of our Galaxy .

For estimation, consider a neutron star with mass Mg ~ 3M® Mg = 2-10%g

> n~8-10% em™ | matter density parameter v ~ 23
if m, ~0.1¢eV ,

Then for relativistic neutrinos (p > m)

the §,5'L 12l photon energy <w>r\.}%p <: totally polarized> gamma-rays.



It Is possible to have| 7 = % << age of the Universe ?

For ultra-relativistic WV

with momentum p ~ 10%eV P > Myplasmon
and magnetic moment p ~ 107z
In very dense matter n ~ 10%em =2 recently also
from discussed by
_ A.Kuznetsov,
F_ 4“ o’ m,/p N.Mikheev, 2006
A.Lobanov, A.S., PLB 2003; PLB 2004
A.Grigoriev, A.S., PLB 2005 am, = LGFn(l + sin’*fw)
A.Grigoriev, A.S., A.Ternov, PLB 2005 2v2

It follows that
1
—— =15x10"°
T F S




Spin  Light

of Electron In matter

... a method of studying charged particles

Interaction in matter...
A.S.,
J.Phys.A: Math. Gen. 39 (2006) 6769

Grigoriev, Shinkevich,
Studenikin, Ternov,
Trofimov, hep-ph/0611128,
lzv.Vuz.Fiz. # 6 (2007) 66.



Standard model electroweak interaction of an electron
In matter (e, p, n)

Interaction Lagrangian (for matter composed of electrons, protons and neutrons)

4sin’ Oy + 5)e| Z,

Neutral current interactions contribution to electron potential in
electrically neutral matter ( n. = n, )

N~ N A NN matter
/ current
. 9 5
(€) _ 1 —4sin" 0y + v
) o - ()
Gp, !
where fH = ﬁ(—];’f + AP,

A.Studenikin, J.Phys.A: Math. Gen. 39 (2006) 6769



Modified Dirac equation for electron in matter

where

matter
current

It is suppose that there i1s a macroscopic amount of
neutrons in the scale of an electron de Broglie wave

length. Therefore, the interaction of electron with This is the most general equation of motion of
the matter (neutrons) is coherent. an neutrino in which the effective potential

accounts for neutral-current interactions with

the background electrically neutral matter and

also for the possible effects of matter motion
and polarization.




Quantum theory of spin light of electron ()

Spin light of electron in matter S L e
originates from the two subdivided phenomena:

the shift of the electron energy levels in the E’Z

presence of the background matter, which is ﬁ)/
different for the two opposite electron >
helicity states,

Ly

the radiation of the photon in the process of the
electron transition from the “excited” helicity
state to the low-lying helicity state in matter

A.S., J.Phys.A: Math. Gen. 39
Qectron-spin self-polarization effect in the ma@ (2006) 6769




Theory ofGpin light of electron> S [ ¢

The corresponding Feynman diagram is the one-
photon emission diagram with the and

final electron states described by the “broad

lines” that account for the electron interaction
with matter.

Electron interaction with quantized photon

thelamplitude of the transition % - wf
ezkw

vV 2wl3

| a— (w) k);% = k/w momentum

e*  polarization of photon

= ze\/_/d s (z)y e,

——=1;(7)




Order-of-magnitude estimation :

R =

T

L Sle

T

L SLv

mY

62

then for L~ 10_1Ou0

under these conditions

IS more effective than

and

w~bH MeV

AS.,
J.Phys.A: Math. Gen.
39 (2006) 6769

SLv



From exact calculations of

n ~ 10 = 10% cm3 _ Lsre »
p ~ 1+10° MeV : - Teyr,
m, = 1 eV Isr
~10 — €
p=10""po
ISLU

Grigoriev, Shinkevich,
Studenikin, Ternov,
Trofimov, hep-ph/0611128,
lzv.Vuz.Fiz. # 6 (2007) 66.




The developed approach to V and €

O Modified Dirac equations for neutrino and electron in matter
(background environment)

@ Exact solutions of modified Dirac equations in matter

® wave functions and energy spectra in matter

@ Spin light of neutrino in matter

@® transition rate, radiation power, photon energy
@ spatial angular distribution and polarization

@ Spin light of electron in matter
... Applications to astrophysics and cosmology ?




New mechanism of electromagnetic radiation

of neutrino

? Why Spin Light In matter.

of electron [ SLe

Arta?ogfes with :
# classical e?n'lrolanamrcs
an object weth charge Q=0 and

maano'kt. momenf H’%ZQZE‘}:]¥O

c'l.l 'Y
o i
I " m magnefcc ofipﬂe

vadiation power



