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BuneHbKuu c. M., HMAepMaMep . = E2 81-47
Boamomuuu MeToa NpoOBepKMU CP'MHBapHaHTHOCTM
B ocuunnﬂuuﬂx HequuHo .

ﬂpennomeH meTtop nposepku CP- MHBapMaHTHOCTM B ocuunnﬂ-
“umAax HeMTpMHO. MeTop ocHoBaH Ha cpasHeHuu: ‘/Hac HeKOTODOM
paccroauuu oT: ucTquuKa/ MOTOKOB' HEWTPUHO ¥ aHTuHeuT MHO,

nonyueHHsx 0T pacnagos K -me3oros. ﬂoxasauo, 470 '8 cnyuae, |

ecnu pa3HOCTU MOTOKOB HENTPUHO W AHTUHENTPUHO OTNWUMM OT
-HYnA, WX u3MmepeHue noasonuno 6w nposeputs CPT ~uHBapUaHT=-
HOCTb " nonyuurb uumopnauun 0 uucne Tunos HeMTDMHO.
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PaGora BHﬂOﬂHeHa B naﬁopaTopuu TeopeTuuecxou ¢M3MKM
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Bllenky S.M., Nledermayer F _ - : E2 81-47

A Possible Test of CP Invarlance in Neutrlno
05c1|lat|ons L .

A method is proposed for testlng CP Invariance dn neut— o

rino oscillations. The method is based on-the comparison
(at- some ‘distance. from source) of fluxes of neutrinos and
antineutrinos obtained from Kiy-decays. Moreover, it is
{shown that 'in the case when properly normalized differences
|of ‘neutrino and antineutrino fluxes are nonvanlshlng, their
measurement would allow one to test CPT" invariance and to
" |get information on the(number of neutrino types. -

. . The |nvest|gat|on has been performed at the Laborato-
) ry of Theoretlcal Physics, JINR

' Preprlnt of the Joint Institute for Nuélear kesearch. Dubna 1981

1. The hypothesis of neutrino oscillations was made by
B.Pontecorvo more than twenty years ago’l/, The verification
of this hypothesis would allow-us to answer ‘such fundamental
questions of neutrino physiecs - as those of nonvanishing of
neutrino masses, of néutrino mixing and of CP violation in
the leptonic sector, etc. -, -

All -these problems become of spec1a1 1mportance w1th the
progress in grand unified theories.

Only recently experiments searching for neutrino osc111a—

‘tions have been carried out’/2’, Quite sensitive experiments

are being performed (and planned) at present/s/ Experlments
on neutrino beams obtained from K, decays are also in. pre-
paration/4’ In this note we would 11ke to draw attention to
a very favourable way of testing CP-1nvar1ance 1n neutrlno )
osc111at10ns with the help of such beams." :

2. To start with let us introduce the necessary relatlons
based on the phenomenolog1ca1 theory of neutrino oscillations.
The charged current ‘of the. standard weak. 1nteract10n theory

is g1ven by ‘the expre331on B . ; e

a e=§4“;pf.,;o;.lq!‘yazL ' Rl o : '(ql)
If neutr1no mixing takes place, we have N

oL =E Up vy : @)

Here vi'ls the f1e1d operator of (D1rac or MaJorana) neutr1—
nos with mass m;,and U 1s a unltary mixing matrix. For the
amplltudes of ue-*ue,and 17 *VE' oscillationsAweAhaye,-
respect1ve1y,
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where Eiz\;m%+p2 ’and'p ‘is the neutrino momentum (|p|>>m ).
By comparlng express1ons (3) and (4) 1t is easy to see that’
(R P) - 13 (R, P) - T (5)
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Here P, .., (R, p) is the probability of finding.r,, at a dis- ;

tance R from the source of vy . Relation (5) is the consequen-— N

ce of CPT invariance’ /87, :

" If CP invariance holds, the matrix U is real, and from (3)

and (4) it follows/5/:

PV -V(R"p) = “-1; ;(Rrp)r

ete et _

(for £’=f this relatlon is satisfied due to CPT 1nvar1ance)

- We mention that relations (6) could hold even for.a com~ -
plex matrix U. Indeed let us assume -that

(e £2) (e

mi?‘-.mz1 <<m2 m21, 1=1,2,..,0-1, ‘
(m <m2<...<m ) " , ol . ~
and that . P . S ]
R . R
(@=-m?)R" - : ’ . - ) : .
_--‘-—-‘-2--«1, i#£n).- v Lo 7N
" 2p. : : . . .
In this case for the oscillation probabilities we have s v .
(m2-nf)R SR
P, (R D=2/, 1 UG, 12 ¢ —cos—E—L) = A €0, -

Consequently, relatlons (6) are valid if rnequa11t1es 7 are
satisfield. In the case of two neutrino types only one neutri-

no mass squared difference enters into the amplitudes, and g
relation (6) is always satisfied. We also mention that if the :
cosine. terms do vanish on averaging over the neutrino spectra,:

over the distance from the neutrino source to the detector,

etc., we have

- NE 2_ ,
Py 3 10y 10, 15~ B5, 13, | )
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Large CP violating effects in neutrino oscillations could be )
expected provided the phases of U are not small. We shall
consider just such a case.

3. The neutrino beam obtalned from K| decay is a mixture
of v , Vo s s, and U . . Neglecting small (- 10"3 ). CP violating
effects in the K, decays, the number of Ve(v ) is equal to R
the number of ¥, Ve, @, ). It is -just the CP—symmetry of the ini- ‘ ‘ _
tial .state of such a beam which makes it an ideal tool in ol
searching for CP violation in neutrino osc1llat10ns. For this .

‘we have to compare the fluxes of vg's and V(l s in the detec-
- tor. The correspondlng asymmetry 1s C

Hence relation (11) isa test.of: CPT invariance.

I Rp-l; Rp) . T @, ,,Z( .p);P(Z ROy, (p)
| 4 VZ
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Here 1 Z(R p)(l (R p) is-the intensity of ug s (y's)y .o
L=e, p, 1y Wilh momentum p, at a distance R from the neutri-
no source, and (p), (¢ =e,px) +is the initial 1nten51ty of.
v 'S, .
Should it turn out that for any ‘£ (e or p or ry.. )the

‘ asymmetry Ag is different from zero, this would mean that:

1) Neutrino oscillations take place (1fA ‘#0 or'A. #0,then
v 2v, ~oscillations, if A, #0,then y, ey and/orv L v, os—, .,
clllattllons), v -
2) CP invariance is violated in the. osc111at10ns, :
3) The number of types of effectlvely oscillating neutrlnos

is 3 or larger and at least two neutrino mass d1fferences en—

e

“ter into the ossillation probab111t1es..

Should the asyxmnetry A (R p) be different from. zero, the
asyxmnetry A# (R, p) would have to be different from zero as
well. Using CPT invariance (relation (5)), we get

i - 10
V (R,p) lue(R'D) _ V’L(p) ) | . S an
L,RD-1; R L @

If there exist three types of mneutrinos (vg, v,,v, ) then
the difference from zero of asymmetries A, (or A ) means
that the asymmetry A, 1s also nonvan1sh1ng. JIn this.case we i
have. :

v RD)-I5 (R,D), 13# ® -1y @)

I,; R,p)- I—# (R,p) V ® :

This relatlon is the consequence of un1tar1ty of the m1x1ng .
matrix u.. Indeed ~we have

Coa2)
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For the case under con51derat10n 1t follows from (13) that*i ;

- . . . . ‘:};:J
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* After, hav1ng completed thls work we got the preprlnt of
V. Barger et al DOE-ER/00881-177 where these relatlons were‘:; .
obtained using the Kobayashi~Maskawa parametrization of the
mixing matrix. -
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Dye®:p)==D, (R,p) =D, (R,p) B ¢ )

(in the general case of oscillations between n types. of neut-
rinos the number of independent quantities Dg.p is equal to
(n-1) (n-2)/2, and it coincides with the number of phases of
the matrix U entering into the oseillation probabilities).
Making use -of (15) the relation (12) is easily obtained. A

test of ‘(12) in principle yields some information on the num-

ber of neutrino types effectively oscillating. = - ’

We emphasize that the relation (12) is based on assumption
that ‘there are only three types of oscillating neutrinos v
vy » vy . However, even if, say, oscillatibns“VéZ!v’ were
aﬁgeht, oscillations'vez v, might take place.“Shoufd‘in this
case the asymmetry A, be different from zero, this would ~
mean that there exists a fourth type of neutrino and/or the

- so-called second class oscillations %LZ DhL~occur/6/."

e’

4. Summing up; we would like to emphasize once more that

the measurement of asymmetries in neutrino beams obtained from

K, decays would be a direct method of searching for CP viola-
ting effects in neutrino oscillations. For the ratio of the -
number. of £*s to the number of £7°s (f=e,pu,r,...) we have

’ 0
N fo- (E) 3 P. _(RE) (E)dE
L e T M (16)
N s p 0 :
- f 9, & =P (R,E) IVQ SE) dE .
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Here o3, (0, )°
_.B_'_(B_;’B_'_Xl:g.
from R=o; /Uvg
no oscillations. o S

In conclusion we mention that the above considerations
apply also to neutrinos in beam dump experiments (if the )
main source of neutrinos are the decays of D and D mesons).
In the last beam dump experiments at CERN the ratio™N ,/N _
has been measured’/?/.The errors of data do not allow bne # B
to draw definite conclusions, but one should keep in mind i
that the CDHS group observed an excess of negative muons over
positive ones (whereas the expected value was'0.48 (Fon /bv’)
the Steinberger group obtained the value 0.06+0.10+0.06. “by *
the method of extrapolation to infinite target density and
the value 0.2810.05+0.07 by the subtraction method o

We wish to express our deep gratitude to B.Pontecorvo,
S.Petcov. and G.Micelmacher for fruitful discussions.

is the cross section of the process v (¥ )+N5
The ratio'Ny+/N,- could be different
only if CP invariance is violated in neutri-

.
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