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Abstract. A one loop gauged unparticles contribution to the anomalous neutrino magnetic and
electric dipole moments is presented and a prescription is proposed.

1.Introduction
A Dirac neutrino of type “i” with standard model interactions within the standard model has a
magnetic dipole moment given by [1]-[2]:

my,;

ev

oy = 3,107 (2 (1)

Where ug = e/2m, is the Bohr magneton.The observation of a magnetic moment larger than that of
eq.(1), would be an indication of new physics beyond the standard model. From the practical point of
view, the Borexino experiment, gives upper bounds at 90% CL,u,, <5810 ' ug, Hy, <

15107 %, and My, <19 107 [3]-[5]. Recently the authors of ref.[6] have derived an upper

bound on the Dirac neutrinomagnetic moment within a low energy effective theory u, < 107 p;. In
all the above cases experimental or theoretical and others which are not mentioned here, the derived
upper limit is several order of magnitude larger than the one of eq.(1). Moreover, all particles exist in
states that may be characterized by a certain energy, momentum and mass. In the standard model,
particles cannot exist in another state with all these properties scaled up or down by a common
factor.Electrons, for example, always have the same mass regardless of their energy or momentum.
But this is not always the case: massless particles, such as photons can exist with their properties
scaled equally. This immunity to scaling is called "scale invariance".The idea of unparticles comes
from Georgi [7]-[8] by conjecturing that there may exist "stuff" that does not necessarily have zero
mass but is still scale-invariant, with the same physics regardless of a change of energy. This stuff is
unlike particles, and called unparticle. These unparticleshave not been observedso far. This means that
if it exists, it must couple with normal matter weakly at observable energies. One of the great hopes
for the LHC is to try to give signatures to these unparticles through their contribution to the observable
physical quantities like the neutrino magnetic moment or others. Moreover, unparticles are like
neutrinos interact weakly with the particles of the standard modeland we can infer their presence only
by calculating the "missing" energy and momentum after an interaction that would not be detected by
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the experimental apparatus. If such signatures are not observed, bounds on the model can be set and
refined. Moreover, according to scale invariance, a distribution containing unparticles would become
apparent because it would resemble a distribution for a fractional number of massless particles.
Recently, many interestshave been devoted to the so-called gauged unparticles which carry the
standard model quantum numbers[9]-[11].In this work, we present a contribution of gauged
unparticles to the neutrino electric and magnetic dipole moments (EDM respect. MDM).

2. General Mathematical Formalism

In what follows, we assume that the gauged unparticles carry the standard model quantum numbers
and they come into pairs in intermediate states (via loops, vertices etc..) and the interactions U;Uyy vy,
Uy,Uzviand UgUpvi(U and | stand for unparticles and charged leptons respectively) are the same as
those of the standard model. However, those with the photon (wavy line) that is YUy Uyy. Here s and
v; denote charged scalar and neutrino of type | respectively. The new contributions of the gauged
unparticles to the anomalous electric and magnetic dipole moments come from the diagrams of types

(a),(b),(c) and (d).
| - it ]
(a)

(b) (c)

e

(d)

If we denote by D = 4 — 2¢ (using dimensional regularization prescription),q = p3 + P4 ,P3,53 , Sa,
Das Hug, Hups Huy, » €4(q) are the 4-momenta of the incoming photon, the momenta and spin of the
outgoing neutrino and antineutrino and the masses of unparticles charged scalar, leptonic and W boson
and the photon polarization respectively than:

i)Contribution of diagram type (a):
In this case, we have in the intermediate state two charged scalar unparticles Ug (dashed line) and one
charged lepton unparticle U; (solid line). The corresponding transition amplitude denoted by M, is:

9%ut Dy _
My = — 8Téffﬁu(m. s3)(1 = y®)Ay,(ps + k) (A = y*)IF (k. @) Ay, (k) Ay (q +
k)u(ps, sa)et(q) (2)

ii)Contribution of diagram type (b):
In this case, we have in the intermediate state two charged leptons unparticles U; (solid line) and one
charged vector unparticle Uy (spring line). The corresponding transition amplitude denoted by My is:

2 D
Mlsy = =L [ aps, 5207 (1~ YAy (T (K, )y, (o3 + Y7 (1~ y)455 g +

(2m)
k)u(ps, s4)e(q) 3)
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iti) Contribution of diagram type (c):

In this case, we have in the intermediate state one charged leptons unparticles U; (solid line) and two
charged vector unparticle Uy (spring line). The corresponding transition amplitude denoted by M)
is:

2 dPr _
Mgy = =% | G5 p3,55)7” (L= )y, (ps + 0y (1 = y*)ulps, s)"“F (k, q) A5, (g +

K)A5" ()& (q) @)

iv)Contribution of diagram type (d):
In this case, we have in the intermediate state two charged leptons unparticles U; (solid line) and one
charged scalar unparticle Ug (spring line). The corresponding transition amplitude denoted by Mq) is:

g%ut Dy _
My = ~ gzt J Gryp Pa5)(L =98y, UL (k) Au, (s + k) (L = v*)Ay, (g +
k)u(pa, sa)et(q) (5)
where
Ady ,-1/2) i
_ f 12 L (6)

ur ™ 2cos(mdy ) (k—uf)lg(k,uf)

Aldyy) i

Us ™ 2sin(mdy) £§(K.us) @
) kpky
#V: "A(duv) (_g”v+k—2 ) (8)
U 2sin(mdy,) ~ Z5(k.up)

IF(k,q) = S [y* (55 (k + q) + 25 (k) + (2k + q — 2) (2k + q)*2{ (k. q) ©)

r}(k,q) = (2k + q)* 25 (k,q) (10)
L7 (k q) = [(2k + q)* 9”23 (k. @) + (q — k)P g*' 23 (q,q + k) + [(—2q — k)" gP*2i(q + k. k)
(11)
with
s _ 2sin(mdyy) 55(k+q)-25(k)
ik, q) = Ay Gra)ik? (12)
Zf(k ) _ 2cos(mdy) 2£(k+q)—2£(k) (13)
16q) = A(du5—1/2) (k+q)%—k?
2a
s (eoup) = (w2 —k2)7 (14)
s _ 2 2\2-dy
5 (kopp) = (us? — k2 (15)

Now, using the following asymptotic forms of the scalar I (k, q)fermionic I}” (k,q) and vector

r}P? (k, q)vertices:

Zsin(n’dus) (-1)%"%us (2—dy ) 2k+q)#
Aldyy) ((k+q)2—ps?)us ™"

Ik q) = (16)
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2cos(rcduf) (—1)3/2_duf2(2—duf)

rf(k,q) = - (17)
! A uyrr2) (G ay2-y )™
and
p.o _ 2sin(mdyy) _1\2-d _ k+q)HgPv (q-Kk)Pg*v
I, (k,q) = Ay, =(—1)"%us (2 dus)[((k+q)2—u52)dus_1 + ((ct20)2—pg2) Tus 1

(=2q9-k)"gP*
((2k+q)2—ps2)tus™1

] (18)

Now, using the integrals results:

D
_ (. 9%k (kH* _ i 2\D/2 (_ ,2\a—f F(ﬁ_“_E)F(ﬁ)
10af.0) = | G Gy = Gopr (O ) = (19
and
dPk (k*)*kHKY _ gV
[ G ey = 5 1D a+ 1.8,0) (20)
and the identity
4 D\ _ (=D*'(1 &
(1-3)r(3-a-2) =55 G+ w@+1) @D

where 1(z) is the Digamma Euler function, one can easily determine the sum of the above amplitudes.
Summing over the neutrino spin in the final state and averaging over the photon polarizations, one can
obtain the new contribution to the neutrino electric and magnetic dipole moments and make a
phenomenological study for this new physics (Work in progress).

3. Conclusions

Through this paper, we have shown the possible loop contributions of the gauged unparticles to the
neutrino dipole moment. The observation of a significantly larger magnetic moment will provide a
clear signal of new physics beyond the standard model. The current experimental limits on the
neutrino magnetic moments are orders of magnitude larger than the prediction with the standard model
interactions. Comparison with these data, may give some constraints on the masses and couplings of
the unparticles (More theoretical and phenomenological studies are under investigation).

Acknowledgements
This works supported by the Algerian Ministry of education and research and DGRSDT.

References

[1] Aboubrahim A, Ibrahim T, ItaniA and Nath P 2014 Phys.Rev.D89055009

[2] Cérsico A H, Althaus L G, Miller Bertolami M M, KeplerS E and Garcia-Berro E 2014

JCAP08054

3] Borexino Collaboration 2010 Physics Letters B 687 (4-5) 299

4] Borexino Collaboration 2012 Physics Letters B 716 (3—5) 401

5] Borexino Collaboration 2014 Phys. Rev. D 89 112007

6] Bell N F, Cirigliano V, Ramsey-Musolf M J, Vogel P and Wise M B 2005 Phys.Rev.Lett.95
151802

[7] GeorgiH 2007 Phys.Rev.Lett.98 221601

[8] Chen S L, He X G 2007Phys.Rev. D 76 091702

e



1st Franco-Algerian Workshop on Neutrino Physics IOP Publishing
Journal of Physics: Conference Series 593 (2015) 012016 doi:10.1088/1742-6596/593/1/012016

[9] Aliane I, Mebarki N and Delenda Y 2014 Phys. Lett. B 728 549

[10]Aliane I and Mebarki N 2013 9" international Conference in Subatomic Physics and applications
(CIPSA) Mentouri University, Constantine, Algeria, Sept.30"-Oct. 02"

[11]Aliane I, Mebarki N, HaouchineM2011 AIP Conf.Proc.1444 171





