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New physics effects irB—K®*)yp decays
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We present a model-independent analysis of exclusiveBadecaysB—K®*)yy. The effect of possible
new physics is written in terms of dimension-6 four-Fermi interactions. The lepton number violating scalar-
and tensor-type interactions are included, and they indteek *) v (v7) decays. We show systematically
how the branching ratios and missing mass-squared spectrum depend on the coefficients of the four-Fermi
interactions]S0556-282(199)00421-X]

PACS numbd(s): 13.20.He

[. INTRODUCTION conjugated field of the left-handed neutrinos. In the SM, only
one operator with the structur& ¢ A) quarkeX (V —A) neutrinos
The flavor-changing-neutral-curredECNC) processb  contributes to the process. In extension of the SM, but still
—svr is a theoretically very clean mode in the standardwithin chirality conserving four-Fermi interaction, another
model (SM) [1]. However, it might be extremely difficult to ~ Structure ¥+ A)quaneX (V= A)neutrinos IS possible. Further,
measure precisely the inclusive moBe-Xvv because it ~including the chirality changing interactions, the lepton num-
requires to reconstruct aX, (together with two neutrings ~ Per violating operators with the typeSyars< Sheutrinos (S

Experimentally it could be much easier to measure the ex=Scalar-type —interactions and  Touans< Treurinos (T
clusive modes8— K *) 7. The corresponding processes in — l€Nsor-type interactionsare also possible. The scalar and
K-meson system ark, —#°»7 andK*— =" v, and the VECLOr interactions were studied in the contexKef: v in

expected branching ratios are 0 to 107! [1,2]. Com- 2 left-right model in Ref[7]. . o
pared with the rare decays of the meson, the branching Thus the most general model independent Lagrangian is

fractions of theB-meson decays are much larger, and theglven by

theoretical estimates are 10 ° for B—K* vv case and

~10 8 for B—Kuvv case[3,4]. The form factors of the de- V2Gea ., _ v — _

cay processK—mvv in the SM are related to the well L= . {(CLjSLyubLt CrijSryubr) (Vi v w)
known K3 decay with isospin symmetij]. In the B sys-

tem, while the form factors oB— p(7)vv are directly re- +(CRijSLbr+CPSRbU (w11 Sy ]

lated to those oB— p(w)lv decay, forB—K®*) vy pro- as . ms

cesses they are only related to thoseBof: p(7)l v in the +(CrijSLbrt CLiSRDU VL (1)) 7]

SU(3) limit [4]. Therefore, we still have to rely on models to T = TC uv,,

estimate the form factors. Although this may introduce some +Cij(Sro b (vii)“ o v ]

model depgndence of th_e hadronic fo(rr? factors, it is still +C1R—ij(§0',uva)[V_LiU"uv(VLj)C]+H-C-}. 1)

worth studying the exclusive decaBs-K'*’vv. Because of

the higher statistics, we could study not only the branching

fraction but also the distributions, such as missing masswhere the neutrino species are denoted, lpy From Eq.(1),

squared spectrum. we note the following pointsi) C)/, C} terms contribute to
In this paper, we investigate the possible new physic8— Ky process,(ii) C?, C3, C[ terms contribute tdB

effects on the branching ratio and the spectrum Bf -~ process, andiii) CS, CS, C; terms contribute to

s . iy _ : o
—K™ vy decays. The spectrum is sensitive to the types og_, i, process. In the Appendix, we derive the statistical

the interactions and is useful for discriminating the varioustytors for the production ofeven theoretically indistin-
new physics effect$5]. We assume that the new physics g ishapie final state neutrinos, i.e8—K®*)y.», and B
effects are parametrized by dimension-6 four-Fermi interac- t

; e T K
tions. (See Ref[6] for the most general analysis of inclusive gl
decaysB— X/ *17.) Further, we assume that the right-

handed component dantineutrinos is supplied by charge Il. FORM FACTORS
First we write the form factors fdB— K case as follows:
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TABLE |. Parameters of the fit;(q?) =f;(0)/[1— 01,0%+ 0,q%] to theB— (K,K*) transition form factors in the GI-OGE model.

Ref. f.(0) f_(0) s(0) g(0) f(0) a.(0) a_(0) h(0) 9-+(0) 9-(0)
01 g1 g1 g1 o1 o1 o1 g1 01 o1
g2 g2 g2 g2 o] 02 02 o] g2 02
GI-OGE 0.33 —-0.27 0.057 0.063 2.01 —0.0454 0.053 0.0056 —0.3540 0.313
0.0519 0.0524 0.0517 0.0523 0.0212 0.039 0.044 0.0657 0.0523 0.053

0.00065 0.00066  0.00064  0.00066  0.00009 0.00004  0.00023  0.0010 0.0007  0.00067

_ f — -1
(K(p")[S0,,bIB(p))=i m—L[<p+p'>M<p—p')V (K*(p’,€)[Sysh|B(p))= L [(€5 P +as(e-p)
—(p—p").(p+p)]. X(m3—mi,)+a_(e*-p)g?].

From Eq.(2) the scalar form factor is obtained: 1

For numerical calculations of thB8—K,K* transition
form factors, we use a dispersion quark model calculdi&n

' =Y _ 2 2 2
(K(p")[sb[B(p))= m,— mS[f+(mB mic) + 107 in the whole kinematic range @f° with the parametrization
4
D=
In the rest frame of theB meson, p=(mg,0) and p’ ' 1-010°+ 00"
_( [~12 2
=(Jp""+my.p’), and In Ref.[8], the authors adopt the quark masses and the wave
) — functions of the Godfrey-IsguiGl) model[9] for the hadron
p+p’=(mg+ \yp"“+mg,p’), spectrum with a switched-off one-gluon exchai@&E) po-
tential. It is found that the resulting form factors are in good
q=p—p’'=(mg—+p'?+ mi,_p')_ (5) agreement with the lattice simulations at laxgfe For con-

venience, we present the simple fit results of the GI-OGE

The matrix element of the tensor operator in Beneson Model,fi(0), oy ando, in Table .

rest frame is given b
9 y Il. MISSING MASS-SQUARED SPECTRUM

i o AND BRANCHING RATIOS
(K(p")[sa®b|B(p))=—2ip"'fr, (6)
Here we assume the mass of neutrinos to be zero, and
where all the other components are zero. Therefore, near ttiberefore, we neglect possible effects of neutrino mass in the
zero recoil the tensor form factor is suppressed by a factor ggpectrum and the branching ratios. Now let us derive the
(p'/mg) compared with that of the scalar operator. The formmissing mass-squared spectraifi/dg?. In this Section we
factors forB—K* are written in the same way, show the results for the different flavor cases, iB.,
— K (i#]), BoKEDW (i#])), andB—K*) 'y
(i#]). For the cases=j, we then get the following results.
For B—K®)yp, the results are the same as the case ith
#j. ForB—K®)pp andB—K®*) 3y, the results should be
_ — . multiplied by the statistical factor two. The derivation of the
(K*(p",€)[sy,sb|B(p))=Tej +a. (e -p)(p+p'), statistical factors for the production ¢theoretically indis-
+a_(e*-p)(p—p'),., (8) tinguish.able final state neutrinos is givgn !n the Appendix.
We first studyB— K case, and the missing mass-squared
o _ spectra are given as
(K*(p',€)[S0,,b[B(P)) =g+ €pinoe " (P+p)” ,
dl'(B—Kwvy) Gga?

+gfe,uv)\06*)\(p_p/)g qu - 967T5 |CI\_/+C\R/’|2f%r|p,|3! (12)

+h6/.w)\0'(p+ p,))\

(K*(p’,€)[Sy,bIB(p))=ige,,,,€* V<p+p'>k<p—p'>(;3

dI'(B—Kvp) GZa? s s, Ipld?
X(p—p')’(e*-p). 9) a7 5565/ CLT CHR mZ(m—my)?
From Egs.(7),(8), we obtain the scalar and pseudoscalar X[f,(m3—m2)+f_g?]?
form factors, respectively, ) )
P e, a9
(K*(p' ,€)[sb|B(p)=0, (10 48m> " mg T
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dr(B-’KVV) G2 2|C:S ~CS|2 |p!|q2 X100:8 x167®
oy ea— 6
dg? ~ 256m° Rl mg(mp—mg)? ]

X[, (mg—mg)+f_g?)?
2 2 f%
pr 5ICE|2 z|p [, (14)

where |p’| is the three-momentum magnitude kf in the
B-meson rest frame and can be written as

NG or

p'|= 2mg , (15 os | °01:Z

04 = S| or2s B

where \(a,b,c)=a%+b?+c?—2ab—2bc—2ca. The fla- 02 b TR
vor indices inC’s are suppressed and should be read as 0 P | 0075 ¢
Clij=C{ (i#]), Crij=Cr (i#]), C[;;=C{ (i#]), Cgy 02 F oo
=Cg (i#]), CL,J—CT (i#j), CRIJ—CT (i#j). Summing 04 Dol ST ok

all three contributions, Eq$12)—(14), the total differential
decay rate is given by
FIG. 1. g° (in Ge\? scale dependence of various factorized

dI'(B—K) —1cV+ Y2V, (2 functions(in GeV ! scalg for (a) (B—K), (b) (B—K*), (c) and
do? =[G+ Crl*Vi(a?) (d) (B—K*)+. The functions are defined in Sec. Ill. See text for
o the details.
+(|CE+CRI>+|Ci+CRI») Sc(0?)
+(|C[|2+ |CE|2)TK(C12), (16) the end point of the spectrum, the first derivativg o.f t.he spec-
trum due to the scalar interactions becomes infinity while
where that of the other spectra becomes zero. The sharp rise of the
spectrum of the scalar interaction near the zero-recoK of
Gﬁ 2 meson is related to the fact that the back-to-bdak-
V(%)= 9675 f2p’ I3, (17 ti)neutrino and(antineutrino have zero total helicity. The
suppression of the spectrum occurs for the vector interactions
2 2 Ip’1q2 bquqse the back—to—pqck antineutrir_m and neutrino ha_l/g
Sc(g?) = . 5 helicities and the helicity conservation cannot be satisfied.
256> mg(mp—m) As for the spectrum of the tensor inter%ction near the zero
2 2 212 recoil, there is a suppression factor |pf | compared with
X (f (Mg =mi) 7497, (18 that of the scalar interaction.
G 2 f2 We now turn to B—K* case. By settinge=e¢_
Te(?) = e —2|p'[Pq% (19) =(|p’|,0,0E_K) (longitudinal polarizatioh or = er (trans-
487° m verse polarization we can show that the following matrix

elements vanish:

The end points of the phase space, ig®=0 and g?
=(mg—mg)?, correspond to |p'|=(m3—m3)/(2mg)
(maximal recoil and|p’|=0 respectively(zero recoil. The (K*(p’,€.)[Sy,b|B(p))=0,
characteristic dependence on the kinematical variabfes
and|p’| in Egs.(17)—(19) can be seen in Fig.(d). V«(g?),
S«(g?) andTk(g?) correspond to the solid, dashed, and dot- (K*(p',ep)[Sysb|B(p))=0. (20)
ted line, respectively. Ignoring the momentum dependence of
the form factors, near the minimum of the missing mass-
squared, the spectrum due to tensor- and scalar-type interagiyst let us consider the case of longitudinally polarizet
tions linearly grows ag)® increases while the spectrum of
vector -type interactions approaches a nonzero constant as
q2—0. This is related to the fact that the collinear neutrino dr (B—K*vp) GZa? Ip’|

and antineutrino have zero total helicity while the collinear 4 = 384m =|CY— CYl>——

(anthneutrino andantneutrino have— (+)1 total helicity. q BmK*

At the maximume-recoil limit of the&k meson, the conserva- / 2 21171272

. o X[f(mgE'—m;,)+2a,m ,
tion of the total helicity cannot be satisfied for the case of [F(Me r) +mglp’|"]
two neutrinos or two antineutrinos in the final states. Near (21
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dl' (B—K*7p) G2a? Ip’ 392 sharp rise of the spectrum for the vector- and tensor-type
T = 5565 |CS | oy Sy pe——" interactions is observed while the spectrum of the scalar-type
q Migx (M + m)? interaction is suppressed.
2 292 Now we turn to the case of transversely polarikgd For
x[f+a. (mg mK*)+a,q ] this case, the vector- and tensor-type interactions contribute
Gz 2 Ip’|q? to the process:
+ 8 1O e N
B K* dF(t)(B—>K V;)
2
X[, (MaE' +mi.) da
+g_(MgE’ —mZ.) +2hm|p’ |22, _ GEa? |p'|d?
- 5 2
x|(CY+C¥)2gmg|p’| = (C/—CHf|? (28
dl' (B—K*vy) Gia? TS TS Ip'[q? | oIP’ I
dg? ~ 2567 R mige (my+mg)? dl(y(B—K*vD)
d 2
X[f+a, (ma—mg,)+a_g?] a
2 2 ’
G2 2 G |p|
+ 5| | [P’ |q 5|CT| 2 {29, mg|p’|
48 R mBmK*
_ 2N 2
X[g. (MgE’ +m2, ) =[g: (Mg—my)+9-°1}, (29)
+g_(mgE' —mZ,)+2hma|p’|?]2 dr(t)(B_;K* V)
(29 a9
2
The total differential decay rate, EqR1)—(23), is given GF |p |
by Y rate g9, 15 0 5 ICH* 7 20 melp
dr(B—K*), dI'(B—Kio) . o i[g+(m3—m.<*)+g_q2)]2, (30
dq? = do? =|C —Cgl*VL(a?%)
where|p’| andE’ are theK* three-momentum magnitude
+(|CP—C3?+|CP-C31%)S.(g?) and energy in th&-meson rest frame.
T ; The total differential decay rate, Eq28)—(30), is given
+(|C{|*+[CRrIA)TL(?), (249 by
where dI'(B—K*), dI'(B—Kj_,,)
d 2 = d 2
2\ G'Z:az |p | ’ 211272 ) V] ) V]
VL0 = 35475 iz, |T(MeE' Myx) +2a,mg|p’ 2], = |CY[2Va(q?) +|CHI2Va(a?)
(25 +Re(C{Cx*)V3(q?)
o gy OFC Pl +(IC[P+ICRATL(@®), (3D
L(07)= 556, Mg (Mp+ Mg)? X
dI'(B—K*)_ B dI'(B—Kj-_1)
X[f+a, (ma—mg,)+a g2, (26) d? dq?
& o'l =|CYI?Va(0?) +|CRlVi(g?)
2 ’
L(q )— 48qr5 m2m i* [9. (MgE’+mp,) +Re(C/CE*)V3(g?)
+g_(MgE’ —mZ,)+2hmg|p’[2]2. (27) +(IC[[P+[CRHT_(g?), (32
In Fig. 1(b), we showV,(q?), S.(q?), andT,(g?), which  Where
correspond to the solid, dashed, and dotted line, respectively. 2 o |p’ |q
For the large-recoil limit, i.e.g?>—0, the spectrum is similar 2y— —
1(g9) = 384 384 g —5—(2gmg|p’[—T) (33

to that of theB—K case. Near the zero-recoil point, the
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Gra? |p'[g?
V,(g?) = 38475 —m2B—(29m5|P’|+f )2,

(39

GEa® |p'|9?
3847° m3

2(4g*ma|p’|2—12),
(35)

V3(g?) =

Gta? [p'|
T.(g)= yT m—§{29+m3|p'|

+[g,(m3—m2,)+9_g*}2 (36)

o
(&)
QLU L L

02
o [=]
N O
(&)
o
.
p
F g
LN
S

In Figs. 1c) and (d), we showV,, V,, V5, T_, andT, . o
V1(9?), Vo(g?), Vi(g?), and T_(g%) correspond to the 0.125

solid, dashed, dotted, and dot-dashed line, respectively, in
Fig. 1(c), and T, (g®) corresponds to the solid line in Fig.
1(d).

Note that in real experiments we cannot be able to distin- =
guish the transverse polarizatibs= +1 fromh=—1 due to
the nondetection of the two neutrinos. Therefore, we have to
add two transverse polarizations

-0.5

FIG. 2. The dependence of the branching raties BR(B
—K), (b) BR(B—K*)_, (c) BR(B—K*);, and (d) BR(B
—K*) on the coefficients Cx. The dependence onCyx
=C/ICY(SM), CE/CY(SM), CFICY(SM), andC[/C)(SM) corre-
(37) sponds to the solid, dashed, dotted, and dot-dashed lines, respec-

tively, whereC/=C)—C/(SM).

We note that Eq(37) is symmetric under the interchange of
the variablesC, and Cg. Thus, we cannot distinguish the
interactions with the opposite chirality structure using the
spectrum. This contrasts with R¢k], where the asymmetry and
betweenB—K}_,, and B—K}__; is assumed to be ex-
perimentally observed, thus leading to the measurement of
the C, andCg separately.

dl'(B—K*)r _ dI'(B—Kj_.,) N dl'(B—Kj- 1)
dg? N dg? dg? '

m5==(1.62+0.06) X 10 *?sec

Tg0=(1.56+0.06) X 10~ *?sec.

Figure 3 shows the dependence of the r&iof produced

K to Kf mesons, defined in Reff5] as
IV. EFFECT OF NEW INTERACTIONS

In order to show the sensitivity of the branching ratios to — BR(B—K) (39)

the new physics effects, we show the dependence of the BR(B—Kp__1)+BR(B—Kf_ ;)
branching ratios on each coefficient. For the numerical com- _
putation of the branching ratio, we assume that there aren the Cy, respectively. Here CX=C\L’/C\L’(SM),
three flavors of neutrinos; , ,, and the interactions in Eq. C#/C/(SM), CP/CY(SM), andC[/C/(SM), and the depen-
(1) are universal and diagonal on the neutrino flavors, i.e.dence on these coefficients corresponds to the solid, dashed,
CLrij=CLrS; and EL’R”:E;L’R(s” . Therefore, we multi- dotted, and dot-dashed lines, respectively.
ply three for thev final states and multiply six= 3% 2) for In Figs. 4-7, we show the dependences of the differential
the vv(vv) final states(See the Appendix for the statistical branching ratios on the variation ¢& Cy=C)/C(SM),
factors of theoretically indistinguishable neutrinos. (b) C‘Fﬁ/C‘L’(SM), (©) Cf/C‘L’(SM), and(d) C[/C\L/(SM) for

The dependence of the branching ratib®(B—K), decays ofB—K (Fig. 4), B—K}_, (Fig. 5, (B—K}_.,)
BR(B—Kj_o), BR(B—K{_.1)+BR(B—Kj__y), and 1 (B_K*_ ) (Fig. 6), and B—K* (Fig. 7). The thick
BR(B—K{_ 1)+ BR(B—Ki-_1)+BR(B—K}_s) on  solid line always indicates the SM case. In Fig. 4, the depen-
the coefficientsCy are shown in Figs. (), 2(b), 2(c), and  dence of the differential branching ratios as a function of the
2(d), respectively. Here, the dependence 0€x  missing mass squared is shown R K decay. In Fig. 4a),
=CYIcY(sMm), c¥cl(sm), cPcY(SM), and the dashed, dotted, and dot-dashed lines correspond to
C[/CY(SM) are corresponds to the solid, dashed, dotted, an@,’/C)'(SM)= —0.7,0.7,1.0 cases, respectively. In Figh)
dot-dashed lines, respectively, Wh@ézc\L’_c\L/(sm)_ In the dashed, dotted, and dot-dashed lines correspond to
order to calculate the branching fraction of each process, wen/CY/(SM)=—0.7,0.7,1.0 cases, respectively. In Figc)4

use the averaged lifetime &~ andB° from Particle Data
Book [10],

the dashed and dotted lines correspondCC)(SM)=
+0.7+ 1.0 cases, respectively. In Fig(d4, the dashed and

094007-5



C. S. KIM, YEONG GYUN KIM, AND T. MOROZUMI PHYSICAL REVIEW D 60 094007

® .5 L
. L
1.5 ’/l Bamimrg-bamyopaeboeqmyglipay
F ; 5 10 15 30
: ()
1 —
os L
o :.-3-1:t-;-'—;—'.“'|“':":”.'].: R I | LU e ) S U 0 TN
-1 -08 -06 -04 -02 O 02 04 06 08 1 0 5 10 15 30 0 5 1 15 20
Cx (c) 9 (d) .
FIG. 3. The dependence of the raio[defined in Eq(38)] on FIG. 5. The differential branching ratios foB(~K*), as in

Cyx. The dependence onCy=C)/C/(SM), C¥/C/(SM), Fig. 4.
CJ/CY/(SM), and C[/C)(SM) corresponds to the solid, dashed,
dotted, and dot-dashed lines, respectively. In Fig. 5, the dependence of the differential branching
ratios as a function of the missing mass squared is shown for
dotted lines correspond 6]/CY(SM)=+0.7,-1.0 cases, B—Kf-o decays. In Fig. &), the dashed, dotted, and dot-
respectively. We can see that the vector-type interactiondashed lines correspond t&€)'/C)(SM)=—0.7,0.7,1.0
change the spectrum near the large-recoil limjt--0),  cases, respectively. In Fig(i9, the dashed, dotted, and dot-
while the scalar- and tensor-type interactions increase thdashed lines correspond tﬁ\é/CY(SM):—l.O,—O.?,O.?
spectrum in the center of the phase space and do not changases, respectively. In Fig(d, the dashed and dotted line
the spectrum at the large-recoil limit. correspond tch/C\L’(SM): +0.7,£1.0 cases, respectively.
In Fig. 5(d), the dashed and dotted lines correspond to
C[/C/(SM)=+0.7,+1.0 cases, respectively. In this case

x10° x10°
012 0.12 =
o1 BT o1 BT x10° x10°

0.12

0.2 02 ¢
0.18 0.18
0.16 0.16 F
0.14 0.14 E

Ex mredeepbadopaag

0 5 10 15 20 35 0.04

0 ¥« T
5 10 15 320

(b) 9

0 5 10 15 20 325 0 5 10 15 20 35

ORE (@) 1

FIG. 4. The differential branching ratios foB~K) depending
on(a) Cx=C\/C/(SM), (b) CK/C/(SM), (c) C/C/(SM), and(d)
CE/C\L’(SM). The thick solid line indicates the SM case. See text FIG. 6. The differential branching ratios foB(-~K*) as
for the numerical variation o€y . Fig. 4.

n
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x10° x107° With dimension-6 four-fermi interactions, not only th#
035 035 —K®) 3 decay but also the total lepton-number-violating
S I 03 | B—K®)pp or B—K*)pp decay may occur. Using the form

factor of Ref.[8], we have shown how the branching ratios
and the missing mass-squared spectrum depend on the new
interactions. We can infer from the Figures that the branch-
ing ratios and the spectrum are useful for discriminating the
various new physics effects systematically.
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FIG. 7. The differential branching ratios foBK*) as in

Fig. 4.

APPENDIX: STATISTICAL FACTORS
too, the vector-type interaction changes the spectrum for the FOR THEORETICALLY
large-recoil limit. However, the sign of the contribution of INDISTINGUISHABLE NEUTRINOS

Cg is different from that of thdB—K case[see Fig. B)]. . . -
The scalar-type interaction enhances the spectrum at the cen- Wﬂjerlve the relative statistical factor_s . the .de.Bay
ter [see Fig. &)] and the tensor-type interaction enhances ~ K7i7j(iv;) for the case of thetheoretically indistin-

the spectrum near the zero-recoil Kt [see Fig. &d)]. guishable neutrinos=] as compared to the case of the

In Fig. 6, the dependence of the differential branching(theore_tically distinguishable neutrinos# | (and vv). First
ratios as a function of the missing mass squared fr ( W& define the neutrino field as
—K§_ )+ (B—Kf__,) decays is shown. In Fig.(8), the
gashed, dotted, and dot-dashed lines correspond to l//L:E [apup, exp(—ipx)+b;§uLp exp(ipx)], (A1)
C/Ic!(sSM)=—-0.7,0.7,1.0 cases, respectively. In Figh)s P

the dashed, dotted, dot-dashed, and solid lines correspond t% is 1  spi hich h N the |
cY/CY(SM)=—1.0,-0.7,0.7,1.0 cases, respectively. Figure"" ¢ cutp IS four-component spinorwhich has only the 1ow-

. . est two componentszf,) nonzero:u,,=(0,7,)". By defin-
6(c) shows that there is no dependence on (ﬂfe In Fig. ing the finpal twodp)antineutrinoLp st(atensp) a$p{‘ p2l)

6(d), the dashed and dotted lines correspond to_ Vit jt .
C[/C/(SM)=+0.7,+1.0 cases, respectively. = Dy1bp2/0), we obtain
In Fig. 7, the dependence of the differential branching

i 92il4C ——iS U t _
ratios as a function of the missing mass squared Bor (PL',p2'y545]0) = — i ;UL (P2)"y2 youLi(P1)
—K* decays is shown, i.e., the sum of Figs. 5 and 6. In Fig. +iupi(pl)t U (p2 A2
7(a), the dashed, dotted, and dot-dashed lines correspond to L(PL 270U (P2) - (A2)
ClIcY(SM)=—-0.7,0.7,1.0 cases, respectively. In Figh)7 =i(1+ ) ugi(p1) y2your; (p2).
the dashed, dotted, dot-dashed, and solid lines correspond to (A3)

cy/C/(SM)=—-1.0,-0.7,0.7,1.0 cases, respectively. In Fig.
7(c), the dashed and dotted lines correspond td/Ne can see that the matrix element for the indistinguishable
C>/IC/(SM)=+0.7,+1.0 cases, respectively. In Fig(dJ,  neutrinos is enhanced by a factor ofahd, therefore, a fac-
the dashed and dotted lines correspondCrEjC\L’(SM)z tor of 4 for the amplitude squargdompared with the matrix
+0.7+1.0 cases, respectively. As one can see from th&lement for the distinguishable case. After including a factor
Figs. 4—7, the various new physics interactions have theit/2 from the indistinguishable phase space, the decay rate for
own characteristic nature for the missing mass-squared spe#€ indistinguishable neutrinos is twice larger than that of the
trum. Therefore, these spectra can be used to discriminate ti§éstinguishable neutrinos. Even though experimentally all the
various new physics effects. neutrlnos.are practically mdstmgmshable in tho;e environ-
To summarize, we presented the possible new physicents, this factor two applies only to the theoretically indis-
effects onB—K*) v decays in a model-independent way. tinguishable case, i.eB—K®*) ;1 andB—K®) ;.
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