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In this work we extensively apply the EHNS postulation to neutrino oscillation problems. Namely, we try to
apply quantum mechanics violatig@MV) effects induced by the quantum gravity of black holes to under-
stand neutrino oscillation phenomena. In addition to the original EHNS postulation, especially, the Lorentz
transformation property of QMV is taken into account. The possibilities for observing such effects in neutrino
experimentgin progress and/or accessible in the near fytare discussed. Of them, an interesting feature is
outlined.[S0556-282(99)05113-9

PACS numbeps): 14.60.Pq, 03.65.Bz, 03.75b

[. INTRODUCTION and then the authors ¢7,8] reexamined and formulated the
effects with more care, and refreshed the bounds on the pa-
It is known that neutrino oscillation is a very possible rameters ofsH for QMV were obtained. .
solution for the long-standing puzzle of the “deficiency” of ~ Based on the same conjecture, the authof9pdiscussed
the solar neutrino fluk1] and atmospheric neutrino problem the possibility of observing the effects in tB2-B° system.
[2]. Neutrino experiments are difficult but progress has beefhe authors 0f10,17 tried to study such effects on neutrino
achieved steadily recently. For instance, the Superoscillation. In general relativity, the kinetic energies and the
Kamiokande Collaboration is collecting solar and atmo-masses at rest stand on the same footing in the stress-energy
spheric neutrino events with a very high rate since it begafensor, no matter whether the neutrino masses are zero or
operation, and some evidence for neutrino oscillations haB8nite (a tiny nonzero mass has not been ruled out. y&tus
been reported recenthd]. In addition, as planned, several the energy of neutrinos should play a role similar to mass in
long-base-line neutrino experiments for the oscillation inthe K-K system almost at rest in the stress-energy tensor
matter are in progress. when considering gravity effects. Therefore we adopt this
Hawking, based on the principle of quantum mechanicgonsideration in choosing the parameterg, y appearing in
and gravity, proposed a very interesting conjecture that théhe extra term of the modified Schiinger equation in
guantum gravity effects of black holes may cause it to emitEHNS notation.
particles in a thermal spectrup]. According to this conjec- EHNS [6] suggested that,B,y are proportional to
ture, a black hole may create particles in pairs and one 0®(E2/Mp|) whereE is a typical energy scale of the system
them may fall back into the black hole while the other oneynder discussion. Meanwhile, a serious problem about the
will escape “away” thermodynamically; thus part of the in- |orentz convariance of the formulation was raised, espe-
formation about the state of the system would be lost. Becially for the neutrino case where a very small mass is con-
cause of these effects, a quantum mechanical system inggrned and all subjects are extreme relativistic. This point
pure quantum state may transform into a mixed one; i.e., ihas been discussed in detail by SredwifkP]. With the
may manifest quantum mechanics violati@MV). constraint of keeping the Lorentz convariance of the formu-
To describe a mixed quantum system from a pure state tition, we assume that, 3,y are proportional t&/M ;; so
a mixed one, instead of the wave function, a density matriX, e can writea, 8,y=EX (&, B,y) wherea, B,y are univer-

description has to be adopte{ﬁ]. In such an evolution, sal and dimensionless, whikeis the typical energy scale of
where the QMV effects are involved;P, and probably o gvstem under discussion. Thus a simple extension can

CPT, can be violated due to nonlocal quantum gravity ef-yaep ‘the modified Schdinger equation Lorentz convariant
fects. Thus Hawking’s suggestion has received careful COMNsee below for more detalls

sideration. Now the neutrino experiments with matter as the medium,

At first, more than ten years ago Ellis, Hagelin, Nanopo-,q g_called “long base-line” experiments with very differ-
ulos, and Srednick(EHNS) were motivated to track the op; gistances on Earth, are under construction and will be

“sources” for CP and CPT violation, and proposed t0 0b- .4rieq out in the near future. We think that there might have
serve the QMV induced by quantum gravity effects in thegome advantage to observe the QMV effects: at least, it is

KO-K© system with additional reasonable assumptipBls  interesting to consider them and to see the effects that
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happen to the neutrino experiments quantitatively. Thus, irBecause of the QMV effects being induced by the concerned
this paper, considering the present and planned neutrino extuantum gravity, EHNS introduced a non-Hermitian piece to
periments we will extensively apply the EHNS formulation Eq. (7):

to the neutrino cases, and discuss the effects of QMV affect-

ing various neutrino oscillation observations. isHp=—h%play—hi% 0;—hlg;pl. (8)
To follow the notation of EHNS, let us repeat briefly their o _
formulation for later convenience. Since probability is conserved, and its entropy should not

To describe such systems which may turn a pure state intgecrease, it is required that
a mixed one, commonly instead of the wave function, it is 0f _ ni0_
convenient to employ the density matrix. The density matrix h®=h""=0.
of a pure state can always be written as

Ppure:|¢><w|i D d
S o ik ] K Rif A
while a mixed state then should be in the form dtp 2eTHplom—hlpla.

The modified Schrdinger equation can be in the form

. Sinceh" is proportional tow, 8, y, the equation retains Lor-
pmix:é Pa|fa)(sal  with ; Pa=1, @ entz conva?ianpce as the oﬁg?nal eqﬂati(ﬂ) as long as
a,B,y are of the formE X (a,3,7).
where[y) andy,) are the regular wave functions respecting EHNS[6] and the authors of Ref7] applied this modi-
the ~superposition rule and normalizatiofy|¢)=1,  fieq Schidinger equation to th&°-K° system. By “putting
(thaltha)=1 (not to sum ovewr). Note that on” different conservation laws on the effects! would be
nstrained. If hysical ntity i nserv i rre-
Tr(Ppure) =Tr(pmi) =1, @ ggoﬁtd%gegpera?og )r/r?ucsatl c%l?mtu?e 3vi(t:r? tﬁi I—?gﬁilttsorfigne
but and requiresl/dt(TrOp)=0. Hence

Tr(p2ue) =Trppud =1,  THp2)<l. (4 Tr(OSHp)=0.

The Schfdinger equation for the density matrix is accord- EHNS and the authors ¢7] assumed= o which cor-
ingly written as responds to strangeness being conserv&@8=0) in the

neutral kaon system:
. d _ _
i=rp=[H.pl, (5) (KOoy|[K%=—1 while (K% oyKO)=+1.

where p can be eitherp,,re OF pmix. Indeed so far it is Thenh,, of Eq. (8) can be written as a4 matrix:
exactly equivalent to the regular form of the Safirger

equation for the wave functions. It is easy to prove that with 00 0 ©
Eqg. (5) one has 0O 0 O 0
h, =2
g v 00 —a 8| €©)
el Y N

namely, pure and mixed states never interchange. Howeveif) addition, EHNS also proposed an alternative parameter set
as EHNS suggestdd], Hawking’s quantum gravity effects by assuming that the conservation operatdDis o3, and it

may violate quantum mechanics, i.e., modify the Sehrois the case that energy and some of the other quantum num-
dinger equation significantly. For simplicity, here we derive bers such as leptonic number, etc., are requested to be con-
all formulas for a two-energy-level system as an illustration.served. Thus the matritt,, reads

Generalizing the Schdinger equation of a two-energy-level

system, one can expand the2 matrix form ofp andH in 0 0 0 O
terms of oy and o, whereo is a 2x2 unit matrix and 0 —a —-B 0
oi(i=1,2,3) are the well-known Pauli matrices, i.e., h, =2 (10
" 0 -8 —y O
p=poootpioi, H=Hgoo+Hjo;. (6) 0 O 0 O
Thus, in addition to the triviab, component, Eq(5) can be Note that here we have added an extra factor of 2 in front
recast into a tensor form 4g] of the matrix in Eq.(10) which is a different parametrization
g from the notation given ifi6], the reason being to make the
O ikgiik (i form similar to that in Eq(9) where the authors d6] had
'dtp 2¢THple™ (1,].k=1.2.9. @) put a factor of Zsee Eqs(2.3) and(3.15 in [6]].
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For the parametrization of EL0), to avoid systems hav- With the postulate, let us turn to the scenario for neutrino
ing complex entropy, Tp> can never exceed unity; so it oscillations.

requires Quantum gravity effects play a certain role in all quantum
systems, but the crucial problem is if they are observable or

PaHappp=0, not, and in which system first. The neutrino oscillations
and thus among different species neutrinos should be really affected
by the concerned QMV effects and neutrino experiments are

a>0, y>0, ay>p2 (11 planned to observe oscillations at very different distances in

o ) ] a “vacuum” and in matter as well; thus one may expect that
By fitting data ofe and the semileptonic decays of the  {here are some advantages for observing the QMV effects in

system, EHNS obtain . I . —
4 &b neutrino oscillation systems than in th€’-K° system or

a+y=<2x10"% GeV, elsewhere. In the two-generation neutrino oscillation case,
. ) the h,,, has just the form as Ed6) in the basis of Pauli
while Huet and Peskifi7] updated the values as matrices, whereas in the three-generation neutrino oscillation

case it becomes more complicated; namely, the Pauli matri-

— —19
p=(32£2.9 X107 GeV, ces will be replaced by the §8) Gell-Mann matrice$10].

y=(-0.2+2.2)x10"2! GeV, In this work, as stated above, for simplicity_ we will r_estrain
ourselves only to formulate the two-generation neutrino case.
and recently Elliset al. renewed the estimate £3] We will only consider the form obH given in Eqs.(9) and
(10). It certainly is interesting to note here that besides the
a<4x10"Y GeV, |B|=3x1071° Gev, expected effects, the lepton number is allowed to be
violated® even if the neutrinos are massless. Furthermore,
y<7x10?" GeV. (12 one will see that the effects themselves may induce a certain

attern of oscillations; so they are observable in neutrino

scillation experiments accessible at present or the near fu-
ture.

The physical picture may be imagined as follows. As neu-
no v; interacts with a “micro black hole” and due to quan-
tum effects, the black hole will create a neutrino-antineutrino
pair of a certain species, the neutrino-antineutrino pair inter-
acts with the incoming neutrino in a certajpoherent or

Indeed, the only important issue quoted here is the order
magnitudes of &, 8,y) and the concrete coefficients are not
of much significance.

Since the QMV effects considered here are caused bYri
guantum gravity, EHNS suggested first that B8, y be
proportional toE2/M pl» WhereM , is the Planck mass arl
is an energy or masén the rest framgscale of the con-

cerned physical Process in the cc_)ncern_ed quantum SySteﬁ’i'coherenl manner, and afterwards, a neutrino and an an-
(neutral kaon or neutrino under discussi¢B]. As argued 0 rino will fall into the black hole but the other will es-

above, tq retain Lorentz convariance, we formulate the Pazape away. The escaping neutrino does not need to be the
rameters: same species as the incoming one, and which one will es-
_ nan cape, besides by chance, depends on its coupling to the mi-

(a,8,7)=BX(a.,5,7). cro black hole via gravity. For two different species# b)

According to general relativity, the energy-momentum tensothe neutrinos have different couplings to the black hales
plays the same role in all gravity effects, so does the QMV,# ¥ in QMV terms.h;; of Egs.(9) and(10) indeed reflect all

no matter what the neutrio system or tiesystem; thus the the facts. . . _ o
neutrino system and th¢ system may have the same “tex-  Thus we can apply this scenario to neutrino oscillations.
ture” in h,,, the parameters of the systems have the sam@ bald assumption was suggested befi#], but there the
connection to the energy-momentum tensor. Correspond-Orentz convariance constraint was not kept, so that the for-
ingly, in this expression, having put the parameters on thénulation and numerical results somehow may be of prob-
same footing, &,3,) should be dimensionless and univer- Iem§. Now,.taklng into account the Lorentz convariance con-
sal; so if it is true, we can relate the neutrino parameter§tralnts seriously and making an assumption of the form of

B, to those for the kaon systena(3, 1 the parameter&,ﬁ,y as disc_:ussed above, we are to stu_dy
(a@.B.7), y B:7)x the possible phenomenological effects of QMV on neutrino

E, flux detection.
(a.B.7)= (@B, 7). Note that the parameters can be very different from those
K listed above, but we just assume them as a reference for later
and the values ofd, 3,7)« are given as in Eq12). discussions. If assuming the solar neutrino deficit is due to

neutrino oscillatior{ 13,14), the parameter set, E¢L2), will
be restricted by data. Later on we will show that the solar

1So far the problem of the QMV is open totally; the relation
between the systems of kaons and neutrinos in their parameters, we
take here, should be considered as a guess essentially. In fact, heréHere the lepton number is violated due to the interaction of the
we should consider it as a reasonable working assumption. black holes.
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neutrino and other neutrino experiments on Earth may setansition between different flavofbecause the expectation

some substantial constraints on the parameters. value of gy is zero for all flavors
Now let us discuss the meaning of the solutions obtained Namely, if neutrinos are massless and considering(Bg.
from Egs.(9) and (10). only, we havem,=0, andv,,v, are exactlyv, v, , but with
the extradH p in the evolution equation, where different cou-
Il. ASYMPTOTIC BEHAVIOR OF QMV EVOLUTION lengS stand lrhW in Eqg. (9), and different “flavor” neutri-
OF THE NEUTRINO SYSTEM nos manifest: the oscillation is still expected. Thysandv,

_ . . have different behaviors as they propagate in an environment
It is easy to realize that the expressiof® and (10)  full with micro black holes and “oscillations” between them
would lead to different behavior for the neutrino oscillations. appear.
(@) With the form of 6H given in Eq.(9), one has the (b) With expression(10), we have the solutiofiL5]
solution that a probability for &, transition to another, in

vacuum & can bew,r or a sterile neutrino flavor 1 A
P, ., ==sif26,/1—-e (@"Mlcog —L||. (14
11 el 2 2E,
P, ., ==—=€ "cog26, ,
e 22 Note that to obtain the above result, we have assumed that
1 A (a,B,7),<Al2E,.
— e st 26, co{—L), (13 In fact, the exact result depends on whether the facfor
2 2E, is greater, equal, or smaller than zero with the definition

where A=|m> —m? |, L is the distance from the produc-

tion spot ofv, to the detector, and, is the mixing angle of K?=4
ve and v, in vacuum. To obtain the above formulg®

<a,y is assumed. In fact, this approximation is not neces- =, o
sary, but here it is only for demonstration convenience; oth!f «° is less than zero, the oscillating form of EQ4) re-

. . . 2 .
erwise, the formula would become tedious. In the work ofSults; whenx® is greater or equal to zero, the expression

AZ
a—y)?+4p%— —|.
(a—y)°+4pB T

14

(15

Ref.[11], more precise numerical results were given. turns intp a purely damping solution. The precise version of
It is noted that in the basis of mass, becaysg) Ed-(14)is
= (cosh,|vy)+sin6,|v,)) and |v,)=(—sin6|v)
+cos6,|v,)), so we have PVe‘}Vx: Esinz 20\/[ 1—e (atnL a . y(e""’z— e <L)
(ve|o1|ve) =2 sing, cosé,,
1
+ _(eKL/2+ e KL/Z)H ) (16)
(v,loq|v,)=—2sinb, cos, . 2

. — . Indeed, wherk?<0, « is imaginary, and the solution con-
0- 0 . ! . ! . ! . . .

As In thti ctafic,e of thé"-K syst%n:hthe confdert\)/anontofl ii tains an oscillatory factor; otherwise, it is attenuative.

means that flavor conserves and thereé would be no ranstlion v il giscuss the phenomenological significance of

among different flavors. In fact, since the original Hamil- Egs. (13) and (14) later on

tonian does mix the flavors for massive neutrinos, although ™ '

the SHp term does not, the new terdH causes the transi-

tion attributed to the original Hamiltonian to be strengthened !!l- EQUATIONS  (13) AND (14) LEAD TO COMPLETELY
or weakened. One can see that in this case an exponential DIFFERENT ASYMPTOTIC LIMITS

factor exists in front of the harmonic oscillation which is our ASr—o (OR L—®)

familiar expression of neutrino oscillation in a vacuum. Thus ¢ exponentially damping term in E6L3) would wash
this extra factor changes the oscillation behavior, but doe%ut any information of neutrino mixing as long as the detec-

not cause fit. , o tor is placed far enough from the source. In that case,
When the neutrinos are massless, it is another story. Thep (t—w=)=1 for two generations and, if generalizing
Ve_”}u il

the mixing disappears, i.e§,=0, and then(ve o|ve) .
=(v,|oq|v,)=0. It implies that the two states are the result to ther-generation structurgl ],
degeneratein the regular QM framework. But as long as 1 1
there are extra terms such as the QMV, the degeneracy is P, ., (too)==, P, ., (tow)=—,
broken and an oscillation can occur due to the new effects. e w n T n
Hence, in this caser; conservation does not forbid such a
1
PVT‘_’VM(t_mo) = ﬁ
SEven though they are degenerate for the QM scenario, they are

different due to their different couplings to quantum gravity, so thatOn the contrary, Eq(14) would lead to a different conse-
oscillations still may be realized in this case. quence as
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1 11
Py(ﬁvﬂ(t—mo)zzsm2 26, : Py == e
i.e., the mixing angle between, andv , is still there. For the _ 1 n-1 —9L
: . s . PV —V + € 1 (18)
three-generation case we will have a similar result; only the e’’e n n

simple “Cabibbo-like” angle#d, should be replaced by the
“Kobayashi-Maskawa-like” entrie$10].

All the above expressions can apply to the— v, case
with a,b being any pair ok, i, 7 as long asa#b.

where SUG) for n neutrino species should replace @)for
two neutrino species.

Indeed it is interesting to examine if such an oscillation
probability alone is enough to solve the solar neutrino prob-
lem without requiring nonzero neutrino mass.

IV. SOLAR NEUTRINO PROBLEM VS QMV EFFECTS First of all, it is realized thaty cannot be a constant;
(@ For A=105 e\? ie. Mikheyev-Smimov- otherwise, thev, suppression is energy independent which

Wolfenstein(MSW) solution for the solar neutrino puzzle, disagrees with the solar neutrino dat]. By dimensional

one expects the averaged effect of oscillation term@nalysis, one may assume=yxE,~E,/My, for massless

cog(A/2E )L ] vanishes. Therefore the transition probability N€ULrinos. With this assumption we see that the larger neu-
can be rewritten as follows. trino energy corresponds to a larger suppression fastar

(i) In the case of Eq(9), thus, in the solar neutrino experiment t8 neutrino is
suppressed most, which isnl/The 'Be neutrino is sup-
1 pressed less but very close talthe pp neutrino is sup-
P(ve— vo)= =[1+(1—2X)e~ " cos 26, cos 26], pressed least which is betweem Bnd 1. After careful study
2 we find that the solar neutrino data can be fitted best with
(17) n=3. Hence we will discuss the three-species neutrino case
in more detail10]. We adopt the standard solar mofigah-
where 8, is the neutrino mixing angle in the center of the ¢all and BasuBP98 [17]] for our discussion. The predicted
Sun. X is the jumping probability from one neutrino mass Neutrino flux for HO experiments is, fove— v, , v oscil-
eigenstate to another in the MSW resonant region. For th&tion,
large angle solutioiXx=0 and for the nonadiabatic solution it +0.19
can be close to 1. From E(L7) we may see tha "">1 is ol = ( 221
not favored to fit the solar neutrino data in addition to vio- —0.14
lating the condition Eq(11). In this case we obtain a con-
stant suppression 0.5, and it is disfavoféé]. As a result,
the boundyL <1 is enforced. IfyL <1, the violation effects 4+0.19
are negligible. So only foyL~0O(1) should the MSW so- q;}[l‘ 02(2_01
lution for the solar neutrino problem be modified. Hérés 2 —0.14
T;:f;%rl%e kt;ffvf.een the Sun and Earth. Generally we get The observed flux CIDﬁ{;% is 2.42+ 0.0Gijégx 10°
(il) In the case of Eq10), the new effects are averaged to €M °s * from Super-Kamiokande[3] (note that 2.80
be zero over the distante The situation is exactly the same *0.19+0.33<10° cm ?s™* from Kamiokandg The ratio
as the MSW solution without the QMV terms. In this case‘szd@ﬁ;% is estimated to be 0.920.17 and 0.84:0.17 for
one cannot obtain any information about QMV from fitting ,_— v,,v,, and ve—v,,vs oscillations, respectively.
the solar neutrino data. Theory agrees with the experiment withir1
(b) With the vacuum oscillation solution to the solar neu-  The neutrino capture rate in the chlorine experiments is
trino problem,A~10"1° eV? is requested and in the case gbtained as
the oscillation term is not averaged to be zero. The transi-
tional probability is given in Eq913), (14), and(16). Again Sh=2.6£04 SNU. (21
we obtain the boundlL,yL=<1 in order to solve the solar i -
neutrino puzzle. And only forL,yL~O(1) should the pa- 10 compare with the observesf”=2.55+0.25 SNU[18],

rameter region of the vacuum oscillation solution be modi-the ratio is estimated:
fied. Sh/S2P=1.0+0.1. (22)

x10° ecm?s71, (19

and forve.—wv, v oscillation (v is a sterile neutring

x10° ecm?s L. (20)

V. VERY INTERESTING FEATURE So the the_oretical expectation is in very good agreement with
INDICATED BY EQ. (13) the experiment. , , ,
For the gallium experiments, if the parameter falls in
Even if neutrinos are massless, the micro-black-hole efthe region (1.5-3.7¢10°8 km™*, we will obtain the cap-
fects can induce a neutrino transition from one flavor state teure rate as
another. For am-flavor neutrino case, the oscillation prob-
ability could be simplified as SC.=(68-79 SNU. (23
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This agrees with the experimental value (7837) SNU change had been observed. In the experimeRt,
[18] at the 1o level. At the 2o level y, can be taken as a ~27 GeV andL~0.6 km. Considering the errorsal|

value of (0.66-5.4x10"8 km™1. must be smaller than I6. This constraint requires
VI. SCENARIO FOR THE “ATMOSPHERIC NEUTRINO” (a,B,7),<3.3X 1022 GeV,
PROBLEM

With three-generation neutrinos agdyiven in Sec. V, by (a,B,7)<6.2x10"8 MeVkm 1~1.2x10"%,
fitting solar neutrino data at the level ob2errors, we may (29
estimate some of the observables further for the atmospheric
neutrino observations. Combining Eq.(25) with the enhancement factoE(/My)

The up-down asymmetries gf-like ande-like events for  —54 it indicates that

cos®>0.2 (down) and co¥<—0.2 (up), where ® is the
zenith angle, are denoted b,Y, . In the present scenario
Y. is always close to 1, independent of the energy and the
traveling distance of the neutrinos. It is in agreement with the _ )
data Y(sub-GeV)=1.13+0.08 and Y (multi-GeV)=0.83  This number is much below the upper bounds given by the
+0.13[3]. HoweverY , is estimated as 0.62-0.98 and 0.5 authors of7,8]. If this is the case, the violation effects of
for multi-GeV and sub-GeV events, respectively; i.e., at theduantum mechanics would hardly influence éhealue in the

1o level, it agrees with the measured,(multi-GeV) neutral kaon system. This constraint also excludes the
=0.54+0.07, but at the & level with the measured VeV, V- Oscillations discussed in Secs. V and VI. Hence a
Y ,(sub-GeV)=0.78+0.06. Itis a little more involved to cal- sterile neutri.no must be introduced and 'djeeutrino must
culate the ratio of the totat-like ande-like events. Here we De treated differently from the other species.

only give a rough estimate on the double ratio by approxi- However, as pointed out above, the parameters for the
mating that the downgoing neutrino flux is almost unsup-Neutrino and neutral kaon systems do not need to be as as-
pressed, while the upgoing and the horizontal neutrino flux i§umed here; so this comparison is interesting for further
suppressed by a factor of 1/3. They are estimated to be 0gudy of the problem.

and 0.5-0.6 for sub-GeV and multi-GeV events, respec-

tively, vv_ith the scenario. This is also not bad but in agree- \/;;; SCENARIO IN LONG-BASE-LINE EXPERIMENTS

ment with the measured ones 0#60.03=0.05 and 0.66

+0.06+0.08 [3]. We conclude here that our scenario with  In the planned long-base-line experiments, KEK-Super-
zero neutrino mass can fit all the measurements of the soldamiokande (250 km), CERN-GranSass¢730 km), and

and atmospheric neutrino experiments, exc¥pt (sub- ~ Fermilab-Sudan (730 km), the average energies of the

(a,B,7)k=6.2X10%* GeV.

GeV). beams are approximately 1 GeV, 6 GeV, and 10 G2W.
Accordingly, the suppression facter *- for the experiments
VIl. CONSTRAINTS ON THE PARAMETER SET shou:cd cause OthIOL:jS tch?ngei? of theb rlfatu;mnt(r)] quxI on thfe
BY PRESENT DATA way from source to detector. If we substitute the values o

(a,B,7y) given in Eq.(12) into the formulation for the three
As estimated in the previous sections, QMV effects carexperimental setee™“" turns out to be very small, so that
serve as an alternative mechanism for the solar and atmahe transition probabilityP,,eﬂx—% (x#e) for the three-

spheric neutrino flux shortage, if assuming generation case. But if there exists a sterile neutrino, the
£ probability would differ from 1/3.
v By contrast, if we take the lower bound ¢fgiven in Eq.
(aaﬁly)vz(QIB!Y)K<M ) (24) y ~ a0 — 23 o H b
K (26) as (a,B,7)~1.2<10 <, then the suppression factors

for the three experiments are
The factor €,/M) appearing here is due to the conjecture
that there could be a simple relation between neutrino and 098 0.76. 064 (26)

KO-K® systems for the QMV effects induced by quantum
gravity. Namely, as discussed above, to enforce the Lorent
convariant form of the modified Schiimger equation, we

will have (a,8,y)x*M for theK°-K° system and a similar

parametrization for neutrinogy( 3, y) ,<E, . Thus the factor

(E,/My) appears in Eq(24). In the solar neutrino case, 0.0067, 0.077, 0.12.

E,~0.3-10 MeV, the factor suppresses,3,v), by a fac-

tor of the order of 103-10 2. This postulation should be QMV effects should be either observable in these long-

tested by experiments on Earth. base-line experiments or observation in the experiments will
The data orw,— v, oscillations by the CHARM Il Col- make more stringent constraints on the parameters of the

laboration[19] claimed that no evidence of the neutrino flux effects.

2r’espectively; the corresponding transition probabilities
P,_, are

Ve x
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IX. SUMMARY as suggested by He and his collaboraf@d, the distance is
ﬁufﬁciently large; then according to the above analysis, the

The problem discussed here is an interesting subject i b onal h oh ) N
both aspects: first, the conclusion would indicate, even indiOPServational prospect of such phenomena is optimistic.

rectly, if there are the mysterious micro-black-hole effects [N summary, neutrino oscillation experiments may put a
and, second, if this picture is valid. It is pointed out thatStronger bound on the QMV effects than teneson system
existence of the effects may be non-negligible in certainf the E, dependence postulation which retains the Lorentz-
physical processes, especially, the neutrino oscillationsonvariant property of the evolution equation is valid. Even
would be affected and the resultant neutrino-flux attenuatiof neutrinos are massless, the QMV induced by micro black
may become observable at the planned long-base-line expefioles may “cause” neutrino oscillation. We find that this
ments. o ] ) oscillation has an interesting prediction for solar neutrino
Moreover, as we indicated above, i (3,y),>A/4E, in  and atmospheric behavior. Moreover, long-base-line experi-
Eq. (15), the harmonic oscillation form would turn into @ ments on neutrino oscillation may provide us with valuable
purely exponential damping form. o information about the neutrinos and QMV effects. Anyhow,
The Ansdze(9) and(10) lead to different asymptotic lim-  the physical picture of micro black holes has phenomeno-

its ast—oe, with a#b for P(v,—wp). If the distance be- |ogical significance, especially to the neutrino oscillation
tween detector and source is large enough, this difference ¢froblem. It is worth further and better studies.

Egs.(9) and(10) is distinguishable.
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