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Neutrino Production in Extreme Conditions

massive neutrinos with magnetic moments
in strong magnetic field and at high energy hadronic
collision
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I. Electromagnetic Vacuum Instability
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2. Pair Creation of Neutral Fermion with
Magnetic Moment
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Pauli Interaction

* Neutral fermion with magnetic moment :

Dirac-Pauli Lagrangian

E = i\/p,? + (v/m2 + p? £ uB)?



Instability due to imaginary part of
effective potential

L Hectrve potential, Voff :
4 Jdgf Ve)q(/') = Jdi}(xl#fﬂ‘)‘(/-f 1&0,,;_”
- 7) gom T 157
- o, .
=2 VE{/ = ‘fJ;_;J_fe-.LSM fr((ifeésffz’)_

Vo o
(’{/e -1:5(/{'3' J"J“/f;u){z>)



s ‘O(b( ’
aﬁ pra})erf)r Madu{a Y—-ma-}rfces:

Pawli
Minimol

V x g —> "Vécﬁ)
T.E <—> XA
7xA

- Ir; :Magenerzf/ of magnetic freld
plays analosous vole of oloctrec field
cC Jre

= Pair creation _due lo E‘nhmagené’fly

B < 8c(= 5
b (- 2%



— /Uaﬁ
Vef =~ w*j [jo‘f(f-?)e pan$s
'-_f':.. L --u"lﬁ)] -.x.ms

2z

Sn(Veff) = '—@Sdza-r)n - FP ]
= g (Yabl- ) C Yult3m) O (16 -M) |

- B <Bc i Mo pair creation

B 2 Bc : pavr creation in Uniform
magh otrc field

ej. 8=28c

I () = _._é:-/m
4LF (T



. Energyy of §round s~F-1‘e‘ plunge

Eoy /

inlo jero. m
E, = mM-MB ,[...3

= Puir croation AE’)’O}"{ Be _...--Ic —>B

(Bc = %)

. m:ﬁmaﬂ c,oufﬂ'r{é ( ferwax) 3
E = i/ﬁ #m"deﬁ!(.wﬂ._ s-‘za(e-).;)

E, —o fo W-aaﬁm

[+ ]

> Unstible Yans- Mills miade
Sa VUFJ/ 97, MNMielSew- Olesen 78



Pair Creation as Magnetic Effect
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3. Pair creation of Majorana neutrino with
transition magnhetic moment

Neutrino:
1. electrically neutral(beta decay)
2. massive(neutrino oscillation)
3. flavor mixing (neutrino oscillation)
4. Dirac or Majorana ?
5. magnhetic moment ?
6. physics beyond standard model



Dirac-Pauli Lagrangian for
Majorana neutrinos with transition
magnetic moment

* Mass eigenstates,
M:m1+m2 Am:ml—mg

* Magjorana )
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Summary(I)

* Theoretical and experimental bounds on
neutrino magnetic moment «, < /077~ 107" My

. o4 . . 1§ '?ﬁg__ IO-?/“E
Critical magnetic field 5, ~ /0 ¢ (75 )
» Slow process ~(7m,/7.)
» Continuous source of neutrinos
/0% s E"—jf_ YAy
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* Production in mass eigenstate
* Model for neutrino magnetic moment

+ Effective lagrangian for strong
magnetic field; U, > 70™Mg




IT. Neutrino Production in High Energy
Hadron Collision

» High energy hadron collision

LHC& T
E,, ~ 0 eV

pUHER > 10" TeV
cM

* Neutrino pair creation in standard model
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Neutrino pair production through Pauli
interaction
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» Angular distribution
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* Production in mass eigenstate ﬁgd}h
Y = CoBY, +sinbl, V!
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» Back-to-back correlation of charged lepton
production.
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T M) — Ve ldp)

v, = M) = M) _ opse-sn
My the) + Mo Up)




Possible Observabilities with Neutrino
Magnetic Moment

-Neutrino production in
Ultra-Strong Magnetic Field, B > 10°{15}6G

(Soft Gamma Repeaters,
Anomalous X-Ray Pulsars, Neutron stars,
Black holes, ...)

-Enhancement of neutrino production in high
energy hadronic collision (LHC, UHECR)

(Angular distribution, Back-to-back
correlation, ...)
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