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Abstract.

The quantumn gravity may have strong consequence for nentring os-
cillation phenemomenon. We found a significant modification of nentrino
oscillation due to guantmmn gravity effects in specific case. We also assume
that just above the clectroweal scale nentrinoe masses are degenerate and
their mixing s co-bimaximal .Quantmn gravity { Planck scale effects) leads
to an effective SU(2), = U(1) mvariant dimension-53 Lagrangian involv-
ing, neutrino and Higes fields, On syimmetry breaking, this operator gives
rise to correction to the neutrino masses and mixing. The gravitational

teraction { My = M) demands that the element of this perturbation

matrix should be independent of flavor indices. In this paper.we com-
pute the deviation of the three nentrino mixing angles due to Planck scale
effects m a co-binaximal scheme. We found for degenerate neutrinos the
- - e . planck ro pplanck i o
modified neutrine mixing angle 675 th2 £+ 3.15%.644 13 + 0.08

anid 9.5’;“““" = flag + 0,127
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1 Introduction

A Reivew of the phenomenology of quantum gravity is given in [1.111 recent
vear the subjeet of quantum gravity phenomenology has rapid growth [2] com-
plementary to theoretical work. One of the main challenge in nentrino physies
is to explain the explicit form of the nentrino mixing and mass pattern.We
have already known well known neutrino mixing matris,bimaximal mixing and
tribimaximal mixing but now all of the mixing matrices are inapporiate,when
conforomded to the recent experiment dataespecially a mixing matrix angle
f1ais reported by T2K[3] colloaboration and Daya Bava [4] colloaborations. In
[5] Ma,proposed a new mixing matrix which is known as Co-bimaximal mixing

- " b
by assimming mixing angle # 0° = 10°, 023 = Z. tanfli, = %.9 2
) & £ ang 13 Va3 = 7. 12 3 1

34% and Dirac phased = =35, Additional effects,which modify the above pre-
dections,must exist so that the final predection are close to the experimental

determined values. The quantimm mechanical phenemenon of neutrinos, propa-

gating in gravitational field has be discussed by many author [6.7] The outline
of the article is as follows. In Section 2, we briefly discuss about neuatrino os-
cillation parameter due to Planck scale effects. In Section 3, we discuss about
oscillation due to quantum gravity effects. In Section 4, mumerical results. In

Section 5, we present our conclusions,
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2 Neutrino Oscillation Parameter due to Planck

Scale Effects

il

It is imperative to explore all mechanism which can alter Co-bimaximal
mixing pattern.A natural source for this change are the correction induced by
quantum gravity effects. The effective gravitational interaction of neutrino with
Higes field can be expressed as SU(2);, x U(1) invariant dimension-3 operator
8],

Aas

I [} _1 I [} 4
Lgraw = E(ﬂ»‘,ﬁaf‘w;}(?ub (VBgerp®p) + h.c. (1)
i

Here and every where we use Greek indices «, 4 for the lavour states and
Latin indices i, j. k for the miniass states. In the above equation g, = (va, o )is
the lepton doublet, é = (¢, ¢°)is the Higes donblet and My = 1.2 x 10"%GeV
is the Planck mass A is a 3 ¥ 3 matrix in a Havour space with each elements
O(1). The Lorentz indices a,b = 1,2,3.4 are contracted with the charge conju-
gation matrix C' and the SU(2)y, isospin indices A, B, C, D = 1,2 are contracted
with € = 79, am(m = 1,2,3)are the Pauli matrices. After spontanecons elec-
troweal svmmetry brealing the Lagrangian in eq(1) generated additional term
of neutrino mass matrix

L‘mas.? = —)\e::_i'iuac_ll",ﬂ, (2\'
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where v = 174GeV is the VEV of electroweak syimmetric brealing.  We
assune that the gravitational interaction is"Havour blind” that is A,z is inde-
pendent of a, 3 indices. Thus the Planck scale contribution to the neutrino

mass matrix is

1 1 1
pA=pl 1 1 1 |, (3)
1 1 1
where the scale pis
v’
= —— =25x 107%V. 4)
I J"L-'I,Jg o e (4)

We take eq(3) as perturbation to the main part of the nentrino mass matrix,
that is generated by GUT dynamics. To ealeulate the effects of perturbation
on neutrino observables. The caleulation developed in an earlier paper [9]. A

natural assumption is that unperturbed (0% order mass matrix) M is given by

M = U*diag(M;)U?, (5)

where, Uy; is the usual mixing matrix and M; | the neutrino masses is
generated by Grand unified theory. Most of the parameter related to neutrino
oscillation are known, the major expectation is given by the mixing elements

Uga. We adopt the usual parametrization.

|er-2|

— — tanfla, (6)
|Ue]|

U,
| r,u.il — tanflaz, (7)
Ul
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\Uea| = sinths. (8)

In term of the above mixing angles, the mixing matrix is

U = diag(e'’t, €12, €T3 R(023) AR(015) A* R(612)diag(e®!, %% 1).  (9)

The matrix A = dz'ag(e%,l.,e_Tw] contains the Dirac phase. This leads

to CI* violation in neutrino oscillation ay and as are the so called Majorana
phases, which effects the neutrine less double beta decay.  fi, fo and fq are
usually absorbed as a part of the definition of the charge lepton field. Planck
scale effects will add other contribution to the mass matrix that gives the new

mixing matrix can be written as [9]

U =U(1+i56),

Ue] U;':Q ’ITE‘g

U Upr U

[’re‘léﬁfg + L'reS 69;3 Uelé‘el‘;? + LTE!SO-HE:}? Ue15913 + 'Ue?.éﬂﬁg
ti | Up2d0iy + Uuadsy,  Upidfia + Upad0ss, Upidfia + Upadfyy | - (10)

Ur2087y + Urgdllyy, Upidbia + Urgdflys, Up1d6i3 + Uradfiyg

Where §6 is a hermition matrix that is first order in p[9,10]. The first order

mass square difference .-ﬁﬂ-f% = ﬂ-ff — ﬂ.—f_:?,g‘{*‘r. modified [9,10] as
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ﬂu:-j = Ay; + 2(M;Re(my;) — M Re(my;), (11)
and
m = plU'AU, (12)
where
o2
=T, = 2.5 % 107 %V.

The change in the elements of the mixing matrix, which we parametrized by

86[9], is given by

-iRr.—‘.(m-j_,-}{ﬂ-fi + ;"if_;:l —_ Im(m”}{ﬂL — ﬂfj)

50;; = .
! AM;

(13)

The above equation deterinine only the off diagonal elements of matrix 66,;.
The diagonal element of 46;; can be set to zero by phase invariance.
Using Eq(10]. we can calenlate nentrino mixing angle due to Planck scale

effects,

'
Uea| : :
—5= = tanfl,,, (14)
U1 |
U,

13 tanby, (15)
|["73|
U, = sinfq (16)

For degenerate neatrinos, Ms — My =2 My — My = My — My, becanse

Asgy = Ags 3 Agy. Thus, from the above set of equations, we see that U,y and
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-

" o o
Uga ave much larger than U.g, U,g and U_g. Hence we can expect much larger
change in fy5 compared to f13 and a5 [10]. The vest of this paper provides detail

on large scale changes due to quantum gravity effects on neutrino oscillations,
3 Neutrino Oscillation Parameter due to Quan-
tum Gravity Effects

The quantum mechnical phenemenon of nentrino oscilation in vacinum is a di-
rect consequence of non zero nentrino masses and mixings. The flavor eigenstate

of the neutrino is related to the inertial mass eigenstates via linear combination

|”|:t >= Z {-"Tctflyt' >,

i=1.2.3

where « is the neutrino weal-flavor eigenstate index | a=e, p, 7, —index 1

relates the inertial mass eigenstates vy >,

va >, |y >with masses my, moand
marespectively and Uyis the 3 x 3standard unitary neutrino mixing matrix [11].
The standard formula for the transition probability between two flavor states o

and 3 has the following form

Plv, = v,) = %33’?1-22912 (1 — o8 (ﬁ;;:)) i (17)

2 - - - - -
where Agp = ms — -m% = 0is the mass square differences and L is oscillation
lentgh. There are three flavors of neutrinos and they mix to form three mass

eigensates. This mixing is given by

e /i
rjp _= L‘r ]}2 [ J_ q :|
vr V3

where mixing matrix U parametrized as
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U = R(fl23)11R(613)I1" R(f12). (19)

In the above mixing matrix, ITis a diagonal matrix containing the CP violat-
ing phase 4 and R(#;;)is is the form of rotation matrices. The mass eigenstates
v; have eigenvalues m; . Neutrino oscillation probabilities depend on the two

e e oo/ N D 2 2 : T
mass squared differences Aoy = m3 — mi1.Agy = mg — my , the three mixing
angles g, fog, f1a and the CP violating phase 4. Using Eq(10], we can caleulate
nentrino mixing angle due to quantum gravity effects, For degenerate neutrinos,
Mg — My = My — My 3 Ms — My, becanuse Agy 22 Ags 3 Agq. Thus, from the

r ]

o1 and U,

- ¥
I

- v
above set of equations, we see that U o are much larger than U, U

IR

and U_g.

4 Numerical Results.

From Eq.(25) that the correction term of oscillation parameter depends on
the type of neutrino mass spectrim.  For hierarchical or invertes hierarchical
spectrim the correction of oscillation parameter is negligible. We consider a
degenerate neutrino Mass spectrum and take the common neutrino mass to be
2 eV, which is upper limit of tritium beta decay spectrum [13]. From definition

of the matrix m in Eq{12), we find

miy = pe' 2 (Upg + Upt + Uri)?

mog = gmfzaz (Uea + Upa + U,—g]g

The contribution of the term in the Planck scale correction, € = 2(M; Re{mqq)—

M; Re(mag), can be additive or subtractive depending on the values of the phase
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a1, az and phase f;. In our caleulation, we used mixing angle 3 = 107, a3 =

1—3sind-, . .
tanfi, = —5"13 @15 = 34° and Dirac phase § = +5. We have taken

I
Agy = 0.002eV2[14] and Agy = 0.00008¢V2[15]. For simplicity, we have set the
charge lepton phases fi = fa = f3 = Oand 4 = £5 Number of experiments
constrained it from above sin26;,. <E 0.17 limit was obtained by CHOOZ ex-
periment [16] and similar limit was given by Palo verde [17] (both reactor ex-
periment). sin®26y3 < 0.26 limit was given by K2K [18] and the following limit
sin?2013 < 0.15 was given by MINOS [19] both being accelerator experiments.
The T2K experiment [20] in a five vear v, run at the full J-PARC beam inten-
sity, will be of the order of sin2f5 < 0.006( 90 %CL). The Day Bay project in
china could reach a sin?26;5 sensitivity below 0.01,while the RENO experiment
in Korea should reach a sensitivity arround 0.02.In table (1) table(2).We list

the modified neatrino oscillation parameter for some sample value of a1 and as.
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| q | g | flioin degrees | flagin degrees ‘ fl13in degrees |

0” 3715 45.00 1000

457 36,46 44.96 9.94

90° 33.99 4487 9.96
1357 SER 44.91 10.02
180° 3715 45.00 1000

0° 36.34 45.04 0.87

45° 35.59 45.00 9.51

90° 33.19 44.91 0.584

1357 3407 44.95 9.90

1807 36.34 45.04 0.87

0° S0 45.12 9.93

45° 33.31 45.08 0.87

90° 31.07 45.00 0.89

135° 31.586 45.03 9.95

1807 S0 45.12 9.93
0° 3466 45.08 10.05

45° 3403 45.05 9.99
90° 31.72 44.96 10.02
135° 32.45 45.00 10,08
1807 3466 45.08 10.05
R 0” 37.15 45.00 10,00
S0 45° 3646 44.96 9.94
30 90° 33.99 44 .87 9.96
S0 1357 BER 44.91 10.02
1807 | 1807 37.15 45.00 10,00

Table 1: The modified mixing angels term for various value of phases. Input
alue are Agy = 2.0 x 107%eV2, Ay = 8.0 x 107 %eV?2, Mixing angle 3 =

T : 1—3sindi, . -
107,603 = 7. ta-r:rﬁ’jlg = 28 fi5 = 34° and Dirac phase §d = Z.
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| aq | a9 | fl10in degrees | flagin degrees | fl19in degrees |
0 0° 3715 45.00 10,00
0° 45 34.77 44.91 10.02
0° 90° 3405 44 .87 0.98
0° 1357 306.52 44.96 0.94
0 1807 3715 45.00 10,00
450 0e 34.66 45.08 10.05
45° 45° 32.42 45.00 10.08
45° 90° 31.78 44.96 10.02
457 1357 34.09 45.05 09.99
457 1807 34,66 45,08 10,05
a0° 0° 3400 45.12 0.93
an° 45° 31.83 45.03 09.95
ane a90° 31.12 45.00 0.89
a0 135° 33.38 45.08 0.87
90° | 180° 34.00 45,12 9.03
1357 0 36.34 45.04 0.87
135° | 45° 3404 44.95 9.90
135° | 90° 33.25 44.91 0.84
135% | 1357 30.66 45.00 0.51
135° | 1807 37.15 45.00 10,00
180° 0 3715 45.00 10.00
1809 | 457 37T 44.91 10.02
180° | 90° 3405 44 .87 9.96
1809 | 1357 36.52 44.96 9.94
1807 | 1807 3715 45.00 10000

Boson Journal of Modern Physics
E-ISSN: 2454-8413

Table 2: The modified mixing angels term for various value of phase. Input
alue are Agp = 2.0 x 1072%eV2, Ay = 8.0 x 107%V?2, Mixing angle 63 =

2

10°,895 = §. tanflyy, = & fi2 = 347 and Dirac phased = —3F.

5 Conclusions

We have considered the effects of an effective dimension-5 operator due to
gravity on neutrino mixings in the Co-bimaximal scheme. On electroweal syim-
metry breaking this operators leads to additional mass terms. This model predict
a value for the modified neutrino mixing angle 875" % =0, +3.15° 972" F —g,, +
a value for the modified nentrino mixing angle 67, 12£3.15%. 0, 13

lanck o
0.082 and 05" = fla5 + 0.12? which is correspondence to Planck scale M, =
. [ e . . R R
2.0 x 10"°GeV. This oceurs.of course for degenerate neutrino mass with a com-
mon mass of about 2eV . Hence large correction to the Solar mixing angles are
possible and has to be taken into account,while doing global analysis with co-
bimaximal scheme.

Volume 7, Issue 1 available at www.scitecresearch.com/journals/index.php/bjmp 34



Boson Journal of Modern Physics
E-ISSN: 2454-8413

References

[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]

[10] Bipin Singh Koranga Mohan Narayan and S Uma Sankar Phys.Lett.B665 63 (2000).

Don N Page and C D Gelker Phys.Rev.Lett.47 979(1981).

G Amelino Camelia, Lect. Notes Phys.669 59 (2005).

T2K Collaboration, K.Abeet al., Phys.Rev.Lett.107 (2011),041801.
Day Bay Collaboration, F.P Anet al., Phys.Rev.Lett.108 (2012),171803.
E.Ma,Phys.Lett.B755 (2016) ,348-350.

D V Ahluwalia and C Burgard Gen. Rel. Grav. 28 1161 (1996).

D V Ahluwalia and C Burgard Phys. Rev D 57 4724 (1998).

S Weinberg Phys.Rev.Lett.431566(1979).

F Vissani et al., Phys.Lett. B571 209 (2003).

[11] S R Coleman et al., Phys.Rev.D 59 116008 (1995).

[12] Bipin Singh Koranga Mod.Phys.Lett.A25 2183 2010.

[13] C Kraus et al., Eur.Phys. J 33 (2004).

[14] Super-Kamiokande Collaboration, J Hosaka, et al., Phys. RevD 74 32002 (2006).
[15] KamLAND Collaboration J Hosaka et al., Phys.Rev.Lett. 94 08180 (2005).

[16] Y.Abe et al., Phys.Lett. B723 (2013) 66-70.

[17] Guo X et al., hep - ex=0701029.

[18] T.Kajita,Pramana 67 (2006) 639-654.

[19] MINOS Collaboration,P Adsmson et al., Phys.Rev.Lett 101,131082 (2008).

[20] M Apollonio et al., Phys.Lett B466 415 (1999).

Volume 7, Issue 1 available at www.scitecresearch.com/journals/index.php/bjmp

35



