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Possible supersymmetric effects on angular distributions iB—K* (—K )"~ decays
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We investigate the angular distributions of the rBrdecay,B— K* (—K)l *1 ™, in general supersymmetric
extensions of the standard model. We consider the new physics contributions from the oji&ygtpssin the
small the invariant mass region of a lepton pair. We show that the azimuthal angle distribution of the decay can
tell us the new physics effects clearly from the behavior of the distribution, even if new physics does not
change the decay rate substantially from the standard model prediction.
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[. INTRODUCTION (I"17). In the low invariantm,+,- region, electromagnetic
operator terms are dominated and the decay amplitude for
Rare decays of thB meson, e.g.b—sy andb—s|™I~,  the whole process is proportional to

are the most suitable candidates for the study of new physics

beyond the standard mod@M). Since their branching frac-

tions are usually very small within the SM predictions, they AC, exp(—i¢)+BCirexp+i¢g)+C,
can sometimes show up new physics with unexpectedly large

values of decay rates. The deday- sy, which already has

been measured by the CLEO Collaborat{dl, has shown \herea, B, andC are the real functions of the other angles.

that there is not much extra parameter space for its branching |, this new method we can distinguish the new physics
. : el

fraction from new physic$2]. The decayo—slI™1 ™~ suffers  conripution from that of the SM even if the branching frac-

from severe backgrounds 0fy andy’ resonance contribu- iqp, of the decay is similar to the prediction of the SM: In the

tions in the measurement of the branching fraction, and so 'I%—>K* v decays the probability of thB meson decaying to

may not be easy to uncover new physics cledBlly How- 5 - ) . . )
ever, a number of methods have been discussed to detect m!:‘E\}/\f/t handed(or right-handefi circular polarizedk™ is pro

physics through the details of the decay process, sucPas portional to 7| (or |C7g|"), and therefore the polarization

" : . .
asymmetnyf 4], forward-backward asymmetry or polarization measurement k™ andy is useful fo_r ex_tractlng the ratio of
effects[5—7). |C-.|/|C+grl|. Even though the polarization of a high energy

Recently a new method utilizing the angular distribution real photon cannot be measured easily, we can still get some
of B~K*(—K )1~ has been proposd@]. Imagine the useful information through the azimuthal angle distribution

decay configuration wheK* is emitted to the direction of in the low invariant mass region of dileptons fds

+z and y* is emitted to the opposite direction in the rest —K*(—Km)I "I~ decay. This is because the decay prod-

frame of theB meson. Herey* is an off-shell photon and it ucts ofK* and the virtual photony* are responsible for the

further decays intd “1~, andK* subsequently decays into polarization measurements. In the SM, the operé&gr is

K. If we ignore the small mixture of the longitudinal com- dominant and the operat@-y is suppressed b§(ms/my).

ponent, the angular momentum Kf is eitherJ,=+1 or In this case, the angular distribution of the decay products is

J,=—1, and the corresponding production amplitude is pro-a flat function of the angle) in the small lepton invariant

portional toC- or C,_, respectively. Suppose the findl  mass region. If there is a new physics contribution, the con-

meson is emitted to the direction of{, ¢) in the rest frame tribution of both operators can be equally importEsit We

of K*, wheredy is a polar angle ane is an azimuthal angle can distinguish the new physics signal easily from the angu-

between the decay plane oK) and the decay plane of lar distribution of the deca— K* (—K)I "1, while the
measured branching fraction f8r— X4y can still be accom-

modated.
*Email address: cskim@mail.yonsei.ac.kr, http:/ In this paper we extend this method to calculate the an-
phya.yonsei.ac.Ki¢skim gular distribution ofB—K* (—K)I "1~ in generalized su-
"Email address: ygkim@yukawa.kyoto-u.ac.jp persymmetry model§GSUSYS. In addition to the operator
*Email address: lucd@mail.ihep.ac.cn O,r, We also consider the new operat@gg andO;pr. In
$Mailing address. the following section we derive the general formula for the
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various angular distributions including the new operators.
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H’Elz(aR_CR\/X)-

Section Il is devoted to the numerical analysis and discus-

sions in GSUSYSs.

Il. ANGULAR DISTRIBUTIONS OF THE DECAY
B—K*(—=Kam)l I~

We start with the general effective Hamiltonian for the

correspondind—sl|™1~ decay[9]:

10

T GF « o
Hertb—sl™17)= = 2 VWi 2 (CiOw+ CieOrn).
(1)
The operator®©; relevant for us are
em, —
O7L:4_7T2(SLO';LVbR)F'qu (2
em, —
O7R:F(SRauva)F’uva (3)
T
_ s o uvTa a
OSL—mmbSLU T bRG,uV’ (4)
_ s o _uvTa a
OSR_ mmbSR(f T bLG,uV' (5)
Og.=(sb) (I, (6)
Ogr=(sb)r(I1)y., (7)
O1q.=(sb) (1A, ®)
O10r=(Sb)r(IN)a, ©)

where in addition to the SM operato@;, , Og, , O, , and
O, We include new operatof3,g, Ogr, Ogr, andOq -

The new physics effects can originate from any of the above

operators. The operat@®-g has already been introduced in
Ref. [8], while the operator®©ggz and O,z are newly intro-
duced in this paper. The operatdg is a chromomagnetic
dipole operator.

Relegating the details to Rd#8], we introduce the helic-
ity amplitudes for the decay

B—K*[—K(px) +7(p)1+1"(p)+17(p-),

which can be expressed by
HS =(a +c M),

HElz(aL_CL\/X)a

HR = (ag+cry\),

P-L b\

with P=px+p,, L=p,+p_, p=+P? I=yL? andx

=(m3—p?—1%%/4—p%%  And ag, bg, cg and
a_, b, c_are given by
a =-C; [2(P-L)g; +L*(g:+g-)]
(Cg-—Cyo)f ,
"r‘Z—rnbL , (11
Cyg_—Cyp)a
bL=—2C7,(g+—L2h)—wL2, (12)
My

Cy,—C
CL=—2C,.q, + Sor~C10-), (13

My

ar=—C7_[2(P-L)g, +L*(g, +g-)]
(Co-+Cyo)f
+2—rnb|_ , (14
Cy_+Cyp)a
bR:_2C77(g+_L2h)_wL2, (15)
My

Cq,.+C
CR=—2C7+g++(9+m—lo+)gL2, (16)

b

where the form factorg, g, g_, f, h, anda* of B—K*
transition are defined in Refl8,5,17. We introduce the Wil-
son coefficient$C;_ 7, 9— g4 10- 10+ AS

C7-=Cr=Cr, C7,=Cprt+Cq,

Cg-=Cor=Cor, Cg4=CortCq,
C10+=Cior+CioL -

Ci0-=Cir=CiaL,

Using the above helicity amplitudes, the angular distribu-
tion of B—K*(—K)l "1~ is expressed by
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d°T _ @PGEGRey NPPME| ViV
dp?di?d cosfcd cosd, d¢ 64X 8(2m)mal2[(p?—mi, )2+ mi, T2, ]

X {4 cog Osirt 0., (JH|?+|H5|?) +sirf O (1+cog 0, ) (|H |2+ |HE 1|2+ |HR |2
+|HR,|?)— 2 sirfégsir? 6, [cos 26 Ra(HT  H® + HY  HY% ) —sin 2¢ Im(HT  HR%
+HY  HY)]—sin 26sin 26 [cos¢ ReHT HE* + HR HE* + HY (HE* + HY  HE*
—sing Im(HR  HY* —HR HE* + HY  H§ *—HElH )12 sirffgcosh. (JHT,|2—|HR,|?
—|HY 412+ |HY,]?) + 2 sind, sin 26, [ cosg Re(HT  HE* —HR HE* —HY HE* +HE  HE*

—sing Im(HE H5* +HE HE* —HY  Hg* —HE  HE*) ) (17)

Here we introduced the various angles @&s is the polar
angle of theK meson momentum in the rest system of the Fx=
K* meson with respect to the helicity axis, i.e., the outgoing
direction ofK*. Similarly 6. is the polar angle of the posi-
tron in they* rest system with respect to the helicity axis of . I mMyex 2 2
the y*. ¢ is the azimuthal angle between the planes of the im = 2 TP M), (2D
* * |- Tie—0 (P7= Mig )"+ Mis i
two decayK* —Km and y* — |71
If we integrate out the angleg and 6, , we get the¢

2
Okx Kk 7 MK
487

we can perform the integration ovef and obtain the double

distribution differential branching fraction with respect to the dilepton
mass squaretf and angle variables,
dar a?GEGn N PPME|Vip V2
dé ) 9x16(27)8m3I%[(p2—mz,)2+m2,T'E, ] dBr a®G2: _ m? , -
d|2d¢: 5\/_ 3|2|Vtsvtb| {lH |
X{IHGI2HHR 2+ [HR 12+ [ Hg 2+ [HY 42+ [HE 2 384m
— cos 26 R HR  HR% + HE  HYY) +HE 2+ [HR 2+ [Hg |2+ [HE 12+ [HE |
L
+sin 24 IM(HR HRS + HY  HY)Hdp2dI2. (19) —c0s 2 Re(HT HY +HE HY
: R L
Similarly, we can get th&x and #, angular distributions as +sin2¢ Im(HT,H™ + HE HEY)), (22
following:
dBr J— \YAY; 2 cofo(|HR|2
dr _J (ZW)QZGFQK*Kw\/—pzm§|thst|2 d|2dCOSt9K 384{775 | 1sVipl? { cos k(|Ho|
dcosfy 8m312[ (02— m?2. )2+ m2. T2
K 3X64(2m) mB| [(p mK*) +mK*FK*] +|H0| +sm20K(|H 1|2+|HR1|2+|H 1|2
X R|2 2 2
{2 coZOx(|HY2+ HE|?) + sirP o (|HT | FHY, ), 23)
+HE 2+ [HY 2+ [HE 4 [3)}dp?d1?, (19
dBr a?G: _m?
and d|2d0089+: 384775\/— 3|2|Vtsvtb|2 {25|r]20+(|HR|
dr _f (27) @*GEGr i, VA PPMR| Vi Vi +|H5[2) + (1+cosa, ) 2(JHY 4|2+ |HR ,|2)
dcosf, 8m3)2
+ 6><64(27T) mpg I [(p mK*) +mK* K*] +(1 C030+)2(|HL1|2+|H 1|2)} (24)
X{2 sirt6, ([HR|2+|H§|?) + (1+cos, )? and
X ([HY 412+ |HR |2+ (1—cosb.,)?
X ([HE 2+ [HY 43} dp*dI?. o 9B 2GZJ— ™ 2 VisV |G+ HE 12+ [HE ]2
1 1 — =TT + +
d|2 384{775 tsVitb 1
Taking the narrow resonance limit 6 meson, i.e., using 5 5 Lt
the equations +[Hg|?+[H 1| +[HE 4%, (25
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where g is the lifetime ofB meson, and we replace alby my» due to thes function.
Finally, to eliminate the constant factors in E§2), we define the normalized distribution,

/

dBr
dl?d¢

r(¢,s)=

dBr 1 _cosz¢Re(HElHR*;+H51HL*;)—sin2¢|m(H'§1HR*1+HL+1HEﬁ)
diz| 2m [HEI2+ [HE 1|2+ [HE |24 [Hg 2+ [HE |2+ [HE

] (26

wheres=12/mZ. The distributionr(¢,s) is the probability susy
for finding theK meson per unit radian region in the direc- (Mw) 9\/_G (5d3)RRM3(X)
tion of azimuthal anglep. Therefore, the normalized distri- FM

bution r(,s) oscillates around its average value given by ng
1/27=0.16. +(Ori Ma()|,

lll. GLUINO MEDIATED FLAVOR CHANGING NEUTRAL csusy mas [ g (1
CURRENT AND ITS NUMERICAL ANALYSIS (Mw) = J2G. e (8239)rR| zM3(X)+3Ma(x)
F t

In this section we consider the flavor changing neutral mg (1
current (FCNC) in generalized supersymmetric models. In +(5(2‘3)RLH) 3Mi(X)+3Ma(x) |,
GSUSYs, the soft mass terms for sfermions can lead to po-
tentially large FCNJ 10]. In the mass insertion approxima- 167 a
tion [11], one chooses a basis for fermion and sfermion CSUSY( W)_— 5d3)RRP1(X) (29)
states, in which all the couplings of these particles to neutral 9\/—GF
gauginos are flavor diagonal. Flavor changes in the squark
sector are provided by the nondiagonality of the sfermionWith \;=V{Vy,. The functionsM; i(x) and P4(x) are de-
propagators, which can be expressed in terms of the dimeriined as
sionless parameterﬁi‘{)MN ,

1+ 4x—5x2+ (4x+2x%)Inx
2(1—x)4 '

82 _(min M,N=L,R (27) m
(8i))mn= = (M\N=L.R), 25—4x—x2—|—(2—i-4x)|nX

2(1—x)* ’

M,(X)=—X

where (nf})fy are the off-diagonal elements of temass

squared matrix that mixes flavoyj for both left- and right- M () = — 1+9x+9x*— 173+ (18x*+6x%)In x
S(X) =

handed scalars, and is the average squark mass. The ex- 12(x—1)° '
pressions for the Wilson coefficients M, scale due to the
FCNC gluino exchange diagraris0] are —1—9x+9x?+ x3—6(x+x?)Inx
M 4(X) = — 15 ,
6(x—1)
csusy 8mas
(Mw)=——=—=5— (5d3)LLM 3(%) 1—6x+ 18— 10— 3x*+ 12¢In x
912Gem P1(x)= BT ,

(30

+(5d3)LR My (X) |,
wherex=mZ/m? andny is gluino mass.

In addition to the above GSUSY contributions, the usual
SM contributionsC3M, C3M, C3V, and C3} are already
known for yeard8,9], which we will not show here. Includ-
ing the QCD corrections, we obtain the Wilson coefficients at
m, scale as

s 1
Cs 5 My = \/Ega‘r"nz)\ [(523)LL(§M3(x)+3M4(X)
FM7A¢

mg (1
+(6g3)LRm_E(§M1(X)+3M2(X)> ,
Co(my)=—0.31+0.67C3”5Y(My) +0.09C5 "% (M),

SUSY 16m 6d P ) (31)
(M) =g e P P9 B C(my = 06T (M) + 00T (M), (32
and Cor(My) =C5l'(mp) +C5> (M), (33
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TABLE I. Form factors in zero momentum transfer and parameters of evolution folfilila

g f a, a_ 9+ g- h
f;(0) 0.063 2.01 —0.0454 0.053 —0.3540 0.313 —0.0028
o 0.0523 0.0212 0.039 0.044 0.0523 0.053 0.0657
gy 0.00066 0.00009 0.00004 0.00023 0.0007 0.00067 0.0010
Cor(my) = ngSY(MW)_ (34)  tum transfer. The evolution formula for these form factors is
Here, —0.31 in Eq.(31) is the SM value ofC, (m;). New 5 fi(0)
physics contribution€3"5"(My,), CH°Y(My,) come from fi(1%) = 1o 21 0u®’ (42)
1 2

Egs.(28) and(29). It is well known that the QCD corrections
for penguin operator®4, O;¢ are very important in SNi2].
From the numbers before the Wilson coefficients My,
scale in Eq(31) and(32), we know that the QCD corrections
to SUSY contributions are also important. Roy,, there is
no new physics contribution,

wherel?= (p,++ p;-)2. The corresponding values, ando-,
for each form factors are also listed in Table I.

The decayB—K*+J/y(—I1"17) is a possible back-
ground for ourB—K*|*|~ decay at thel/¢ resonance re-
gion, so as the)’, etc. Therefore, only the low invariant

_ (~SM mass region of the lepton pair is good for clean measure-
Caa(Mp)=CroL(Mo), B9 ments. The helicity amplitudes are dominated by the two
Cor(My) =0. (36) coeff|C|entsC7L andC- in the region of low invariant mass,
as given by
Then we can get the complete formula for angular distribu- LR
tions of B—K*1*1~, Eq. (26). HY f=—4g, Crr\,
The operatorg,,_ and O,g contribute to the rare radia-

tive decayb— sy. Their Wilson coefficients have been con- HE’?:4g+C7L\/X,

strained by the experimental measurements of the decay. The

decay width for inclusivéo— sy decay is given in terms of H§R=0. (42)

the operator®-,, andO+g. It is convenient to normalize this
radiative partial width to the semileptonic deday-cev in  In the small invariant mass limgé<1, r(¢,s), defined in

terms of the ratidR, Eq. (26), is approximately written as
I'(b—sy) 1 Re(C7rC3%))
R=—— = r(¢,5<1)=~—{ 1+cos 2p— 1"
I'(b—cev) ($o=<t) 2m 2¢|C7R|2+|C7L|2
_ E IViVil®  aem |C7L(My)|?+|Crr(my)|? ) Im(C7gC3,)
T V|2 F(me/mp) 1—(2/3m) as(my)g(me/mp) “ene |Corl*+[Cal?) “

37 From the above equation, one can also see that the depen-
where the function$§(x) andg(x) are phase space and QCD dence on form factors oB— K* transition has been can-
correction factord13], respectively. Theb—sy branching  celed in the smalb region. Therefore our discussions below
fraction is obtained by will be independent of the input form factors and the long

distance contributions from nonperturbative QCD. In the SM
BR(b—s7)=BR(B—Xclv)exp X R=(0.103 XR. caseC,r=0 and therefore the above approximate formula is
(38) reduced to

For BR(b—svy), we use the present experimental vaié 1
of the branching fraction for the inclusiié— Xsy decay, r(,5—0)gy==— (44)
’ 27’

BR(B—Xgy)=(3.15+0.35+ 0.32+0.26) X 10" *.

(39 In Fig. 1 we can see that it is almost a constant distribution
of ¢ in the smalls region. Ass increases, the contributions
from the operato©g4 and O,y makes (- —cos 2p) behavior.

Cr(my)+|Con(my)2=00B-0014.  (40)  HoWeVer, he new physics contbuons can ive e df
In the numerical calculations, we use the form factors calcuProbe new physics efficiently. Here we discuss the GSUSY
lated in Ref[5]. They are listed in Table | for zero momen- contribution to the distributiorr (¢,s). For simplicity, we

Constrained by this experiment, we derive from E2j)

094014-5
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FIG. 1. The distributionr(¢>,§) for the SM case, wher€,5 FIG. 3. The distributior‘r(r/;,é) for the 8, g= — dr.=|\{| case,
=0. with x=0.3, m=960 GeV. This corresponds ©,, =0.017, C;5
=-0.333.

assume thats, g|=|dg.| and| 8, |=|6rA, and consider two
cases: the LR mixing dominating case and the LL mixingdistributions, shown in Figs. 2 and 3, can easily distinguish
dominating case. the relative sign o, r and dg, .

First we consider the LR mixing dominating situation,  For the LL mixing dominating case, i.e|8, g|~|dr.|
i.e., |5LL|~L5RR|<|6LR|~|5RL|- Figure 2 shows the distri- <|s,, |~|drd, we also show two cases. First we choose
butionr(,s) for the 8 g=dr.=|\| case withx=0.3, m 5| =szz=€'(" with x=0.8, m=250 GeV. This corre-
=960 GeV. This corresponds t€; =0.017 andCs;zx  sponds toC, =—0.16+i 0.15 andC,g=+0.15+i 0.15,
=0.333. SinceC; <C7r and both are real, the approximate j.e., C,z/C, ~€'®™ case. Using this set of parameters, the
formula (43) becomes formula (43) becomes

J. (45 r(¢,§<l)z%{l+%sin 2¢}. (47)

C7L
1+cos 2¢p o
7R

-~ 1
r(¢,s<l):ﬂ

This (~cos 2p) behavior is shown in Fig. 2. On the other Figure 4 shows this- sin 2¢) behavior clearly. On the other
hand, Fig. 3 shows the distributiar(¢,s) for the 5.g= " hand, Fig. 5 shows the distributior(¢,s) for the &, =
—8r=I\| case withx=0.3, m=960 GeV. This corre- — s,.=¢€'("¥ case withx=0.8, m=250 GeV. This corre-
sponds toC; =0.017 andC;g=—0.333. In this case the sponds taC; =—0.16+i0.15 andC,g=—0.15-i0.15, i.e.,
approximate formuld43) becomes the C,r/C, ~€'(™? case. The approximate formula be-
c comes
7L

- 1
r(¢,s<1):z[1—cosz¢c—7R

]. (46) i 1
r(¢,s<l)zz{1—%sin2¢>}. (48)

This (~ — cos 2p) behavior is shown in Fig. 3 explicitly for

the smalls region. In Figs. 2 and 3, we used the same value§he (~ —sin 2¢) behavior is shown in Fig. 5. From Figs. 4

of x and m: The branching fractions of both—sy andb ~ @nd 5 we can see that the angular distribution can distinguish

—sl*1~ are unchanged for the two situations, and we cannothe relative phase betwedh, and g easily, even if we use

separate these two situations by using only branching fradhe same values of parametexsand m.

tion measurements. However, we can see that the angular As discussed in Ref[8], the branching ratio ofB
—Kal Tl at the small invariant  mass |

SRS [ o,

N NS
BN A S :

FIG. 2. The distributionr (¢,s) for the 6, g=dr =|)\,| case, A _
with x=0.3, m=960 GeV. This corresponds ©,, =0.017,C+g FIG. 4. The distributior (¢,s) for the &, = dzg=€'"" case,
=0.333. with x=0.8, m=250 GeV. In this caseG,g/Cy =™
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which is not so sensitive to new physics as the azimuthal
angle. The non-trivial azimuthal angle distribution is a signal
of CP violation in B—K*(—K)I "I~ decay[14].

In conclusion, we have calculated the angular distribution
of the rare decayB — K* (—Kr)I "1, in general supersym-
metric extensions of the standard model. The azimuthal
angle (¢) distribution in GSUSYs can be quite different
from that of the SM, while the measured branching fraction
for B—Xgy can be accommodated within the standard
model prediction. In the standard model it is found to be
almost a constant under the variation of the anglie small
. _ invariant mass region, while in GSUSYs the distribution can

FIG. 5. The distributiom (¢,5) for the &, = — 6gr=€'"" case,  show (~ = cos 2p) or (=sin 2¢) behavior depending on the
with x=0.8, m=250 GeV. In this caseC;r/Cq ~€'™2 GSUSYs parameters. We show that the angular distribution

of the decay can tell us the new physics effects clearly from
(0.4 GeV-1.2 GeV), is at the order of 10 About 1d° B the behavior of the distribution, even if new physics does not
mesons are needed for the experiments to explore the angtbange the decay rate substantially: We would be able to tell
distribution. This number is difficult for the curreBtfacto-  the relative phase between the mixing parametggs and
ries, but may be possible for the future LHBZ-etc. OrL (or 8., and 8grgr), even though the decay rate of

In the polar angle distribution functions of Eq23) and  GSUSYs were exactly the same as that of the SM.

(24), there is no cross term of different helicity amplitudes.
The modular squared terms of the helicity amplitudes give
the decay width of the semileptonic decay. If the branching
fraction is fixed by experiments, these two angle distribu- We thank G. Cvetic and T. Morozumi for a careful read-
tions cannot dIStIﬂgUISh new phySiCS contribution from the|ng of the manuscript and their valuable comments. The
SM. On the other hand, they can serve as a double check @fork of C.S.K. was supported in part by the Seo-A&BS
whether the branching fraction is different from the SM pre-Foundation, and in part by CHEP-SRC Program, BK21,
dictions. The forward-backward asymmetBBA), which is  Grant No. 2000-1-11100-003-1 and Grant No. 20015-111-
discussed intensively in the literatufg], can distinguish 02-2 of the KOSEF, and in part by the Yonsei Research
some kind of new physics contribution at not very snwll Fund, Project No. 2001-1-0057. The work of Y.G K. is sup-
region. In fact, FBA is a kind of polar angle distribution, ported by JSPS.
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