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7 polarization asymmetry in B— X 7" 7~ in SUSY models with large tang
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RareB decays provide an opportunity to probe for new physics beyond the standard model. The effective
Hamiltonian for the decap—s|™|~ predicts the characteristic polarization for the final state lepton. Lepton
polarization has, in addition to a longitudinal componBpt, two orthogonal component; and Py lying in
and perpendicular to the decay plane. In this article we perform a study effib&rization asymmetry in the
case of SUSY models with large t@nin the inclusive decap— X,7" 7. [S0556-282(99)06221-9

PACS numbd(s): 12.60.Jv, 13.25.Hw

Recent progress in experiment and theory has made flavor Among models for physics beyond standard model super-
changing neutral curredECNC) B decays a stringent test of symmetry (SUSY) is considered to be the most promising
the standard modeISM) and a powerful probe of physics candidate. The minimal extension of the standard model
beyond the standard model. The first observatidi®f the  (MSSM) involves chiral superfield®, U, D, L, E, Hy,
inclusive and exclusive radiative decajs—Xsy and B andH, which transforms under SU(3¥ SU(2), X U(1)y as
—K* vy have placed the study of raf® decays on a new
footing. The observation ob—sy by CLEO puts very Q=(3,2,1/2 UcE(§1_2/3)
strong constraints on various new physics beyond the stan- e - ’
dard model. In the case &— X,y CLEO Observations give
very strong constraints on the charged Higgs boson mass in
the two Higgs doublet model. But in minimal supersymmet-

D°=(3,1,1/3, L=(1,2-1/2),

ric standard modelMSSM) these constraints becomes a bit E°=(1,11), H;=(1,2-1/2),
relaxed because of various cancellations between different
superparticle contributions. It is therefore important to study H,=(1,2,1/2. D

the sensitivity of other FCNC processes to SUSY.

Recently the inclusive decay 8f— X "1~ [2,3] received  The superpotential in MSSM in terms of these superfields are
considerable attention as a testing ground of SM and new - - -
physics. The experimental situations of these decays is veW=h{}QUjH,+h{QiDjH+ uH H,+hdLiEfH,,  (2)
promising withe*e~ and hadronic colliders closing on the
observation of exclusive models witk- « ande final states, wherei,j denote generation indices,{=1,2,3), andu and
respectively. In this decay we can observe various kinematin's are parameters of MSSM. Supersymmetry is broken

cal distributions associated with a final state lepton pair suclg,ofﬂy in MSSM. At a large grand-unified scalg the bi-
as lepton pair invariant mass spectrum, lepton pair forwarginear terms have the structure

backward asymmetry, etc. Recently another observable,
polarization asymmetry, for thB— X,7" 7~ mode has also 1
been proposed by Hewei] which can again be used for M@= m?y|?+ > > (MjAj+H.C), (3)
more strict checking of effective Hamiltonian governing the : !

decay. In another workb] attention has been drawn to the . .
fact that apart from longitudinal polarization of lepton there Wherey;'s are the scalar components of the chiral superfields
can be two other orthogonal components of polarization&"d A1,A2,\5 are the two component gaugino fields of
which are proportional ten, /m,, and hence are important for U(1)y., SU(2)., and SU(3}, m;,M/s are parameters. The

7. These components of polarizations, namely, the compdlrilinear soft breaking term is

nent in the decay planéP¢, transverse polarizatiomnd the

3) _
component normal to decay planePy, normal M &k= mALhyQSUSHS +hpQD°HS + heLSE°H3]
polarization.! In this paper we will try to examine the sen- " SHS 4
sitivity of these observables with respect to new physics, i.e., BmuHiHz +H.c., “@
MSSM.

where the superscrifg denote the scalar component of the
corresponding superfield and the generation index is sup-
pressed in Eq(4). A and B are constants anth is a scale
factor. At scale~M,y, the SU(2) XU(1)y symmetry is
broken spontaneously by th¢;,H, developing a nonzero
vacuum expectation value.
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Ipifferent combinations of the Wilson coefficients describing the vy 0
decay and are thus useful for comparing theory with experimental <H1>:( 0 ) . (Hy)= ) . (5)
data. Vo
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The quantity taB=v, /v, thus enters as another parameterC,;, Cg4, and C,o have large cancellations amongst them-
in MSSM. selves leading to only mild changes in their values relative to
The M_SSM in its ge_neral form has far _too many param-SM. CQ1 and CQZ’s ,which have only SUSY contributions,
eters for it to be used in phenomenology in any meaningfut, certain regions of allowed parameter spaspace al-
way. Most applications have considered MSSM in the COMywed byb—sy) can be comparable to magnitude ®fo.

text of minimal spontaneously brokeN=1 supergravity : - .
(SUGRA). This implies that at the Planck scale all the scalarwe’ however, include the SUSY contributions to all Wilson

) . coefficients as given in Ref$6,8] for our numerical esti-

masses have an universal value,£m) as do the gauginos
) mates.

(M;=M). At Mg we thus have five parametef@part from B_X|*" al . | | dist tribu-
gauge and Yukawa couplings and @nA, B, x, m, andM. s also recewes large long distance contribu
Using renormalization group equations these parameters cdipns from tree level process associated withresonances
be scaled down to the scalé,,. The condition that at scale in intermediate states, i.e., with chain reactiBrXs+ W
My, the SU(2)xU(1)y symmetry breaks down to —Xdl *1~. These resonant contributions can be incorporated
U(1)em, via the spontaneous symmetry breakiB@B con-  into lepton pair invariant mass spectrum according to pre-
dition Eqg.(5), reduces the number of independent parameterscription of Ref[13] by employing Breit-Wigner form of the
2. However, as discussed in RE8], we use a more relaxed resonance propagator. This produces an additional contribu-
SUGRA model which requires the degeneracy of soft SUSY+ion to Cgff of the form
breaking mass in the scalar squark sector and separately in
the Higgs boson sector; thus in E@) m;=m, for squarks
andm; = A for the Higgs boson. This, as has been discussed

by Qoto et al. [6], is sufficient to er?sure alolmpgrtant con- 3 MyBr(V—I~l 7)F:gta|
straint, namely adequate suppressiork8f K° mixing. — CNY, , )
The MSSM has been used to study various rare decays a® v=uyy, ... (S=My)+ilgMy

such asb—sl*1~,b—svy,K°— 7% "1~ using the known

results ofb—sy [1] as a constraint on the parameter space . ) .
[7,8]. It was also observed that very large value of fais where the properties of the vector mesons are givenin atable
still allowed [7—1Q] It has been pointed out recently by in Ref.[5]. There are six known resonances in tiesystem
[7,11] that for large tar8, which is allowed by the constrain- that can contribute to the decay modBs-Xd*l1~. Of
ing condition, the procesb—sl|*1~ can also proceed via these, all except the lowesV (3097) contribute to the
exchange of neutral Higgs bosofi§HB) h®, H°® and A°. channelB— X7 7, for which the invariant mass of lepton
These exchanges lead to additional amplitudes which scalgair iss>4m§, i.e., greater them pair production threshol®.
like mym;tar®3 and this can give considerable enhancement The differential decay rate fd— X" 7 is then
of processes such &,—u*u ,B—XJ 17, etc.[7,11].
For |= 7, these NHB contributions for large tghwill be
even more significant. In this paper we will try to estimate
T-polarization parameters including NHBs contributions. dB(B— X7 77)

We start by writing down the QCD improved effective =
Hamiltonian for the procesB— X "1~ [11]: ds

G,Z:mg C(z A A 4r’h|2
= — |V VEIAANY 1 5,m2) \ [ 1— —A, (8
19277_3 4772| th Vs ( S) 3 ( )

— _ p” _ where factors\ and A are defined by
x1y*y? =2C5 " sig,, — (MyPr+mgPL )bl y*I
p

aG,:
H="=VuVis

V2m

Cs"(sy,PLb)l y#1+Cy(Sy,PLb)

- - A(a,b,c)=a%+b%+c?—2(ab+bc+ac) 9
+ CQl(SPRb)l [+ CQZ(SPRb)l ’)/5| (6)

and
with P g=3(1F ys),p=p- +p- and where the sum of the
momentum ofl * and |-, C&", C,y, and CS™ are Wilson

coefficients given in Ref$5,12]. Co, andCq, are new Wil- 205 given i -

o ) ) given in references the prescription Ed) for the resonance
son coefficients which are absent in the standard model bontribution implies an inclusive diredty production rateBr(B
arises in MSSM due to NHB exchange. Their values are., j/yx,)=0.15 that is~5 times smaller than the measuraty
given in Ref.[11].The C’s all receive contributions from rate. This is corrected by the introduction of a phenomenological
diagrams involving SUSY particles. However, as has beemactor of k,~2 multiplying the Breit-Wigner function in E¢(7).
pointed out in Refg.6,8], the various SUSY contributions to For our results we use, = 2.35.
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FIG. 2. Longitudinal polarization asymmetry with, in relaxed
SUGRA model. Other parameters am,=M=130A=—1;s

=0.65. All masses are in GeV.

FIG. 1. Longitudinal polariztion asymmetry with The param-
eters taken are tg8=30;my=M=130A=—1, for the relaxed
SUGRA (RSUGRA modelm,=120. All masses are in GeV.

4 “ . .. Fa(s,m? r}lz):(l—rﬁz)2+§(1—ﬁ12)—2§2+Z—Fnlz
A={ | =|CS2F (s, m2) + 12Re CSCEM F 5(5,m2) S ° ° 5
S
- X[(1+md)s+(1-md)2-2s], (13
2m N np A
x| 1+ él +|CEM2F4(s,m2,m?) Sh2
F4(§,ﬁ1§,r:n|2):(1—rAn§)2+§(1—rAn§)—2§2+T'
+|C192F4(s,m2,m?) + = |Coq.|2Fs(s,m?)(s— 4m?) o . .
C10Fa(s:ms, M)+ 31Co,Fs(sms ! X[~ 5(1+m2)5+ (1—m2)?+ 48],
3 B o (14)
+§|CQ2|2F6(s,m§)+6CQ2C10m|F7(s,m§) , (10 B o
Fs(s,m?)=1+mZ-s, (15)
with Fe(s,m?)=5s(1+m3-5), (16)
. . . o o
F1(s,m2)=2(1+m?)(1—m2)2—5(1+ 14m2+m?) F7(s,mg)=1-m;—s, (17)
—S2(1+md), (11)  where we have used the notion tisat p2/m2,m;=m; /m,.

This matches the result of RgfL1].
Now we discuss the final state lepton polarization. The
“ foy ~y polarized cross sections are obtained by introducing the spin
Fa(s,mg)=(1-mg)"—s(1+mg), (12)  projection operator. Far,
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FIG. 3. Transverse polarization asymmetry with Other pa-
rameters are taf=30;my=M=130;A=-1, for the relaxed
SUGRA (RSUGRA modelm,=120. All masses are in GeV.

1
P==(1+vysN;), i=L,T,N.

> (18

(N,)i here are four vectors satisfyinblp_=0 and N?
=—1. In general,

(N,)7=(0gr), (20)
(N n=(0en) (21)
where
e =p_, (22)
éN=|§§§_|, (23)
er=eyXe,, (24)
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FIG. 4. Transverse polarization asymmetry withy in relaxed

SUGRA model. Other parameters am,=M=130A=—1;s
=0.65. All masses are in GeV.

with p_ andps being the three-momentum bf ands quark
in the c.m. frame of "1 ~.
The differential decay rate d— XJ "1~ for any given

spin directionn of leptonl ~ may then be written as

[1+ (P e +Prer+Pyen)n],

unpol

dBm)_%dB)
ds 2| ds

(25

whereP, , P4, andPy are functions of which gives lon-

gitudinal, transverse, and normal polarization components of

polarization, respectively. The polarization componBxt
=L,T,N) is obtained by evaluating

dB(n=¢))/ds—dB(n=—eg,)/ds

P(S)=—— .
dB(n=¢)/ds+dB(n=—¢;)/ds

(26)

The results obtained using the effective Hamiltoni@nis
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FIG. 5. Normal polarization asymmetry with Other param- FIG. 6. Normal polarization asymmetry witm, in relaxed
eters are tafg=30;mo=M=130:A=—1, for the relaxed SUGRA  SUGRA model. Other parameters ara,=M=130A=—1;s
(RSUGRA modelm,=120. All masses are in GeV. =0.65. All masses are in GeV.

4ﬁ1,2 - ~2

2 - 2 - - = ~ - 4

PLS)= 1= —12C5C,d (1)~ S(1+ )] Pr(3)= 3;1“' VaAY(13m2) \) 1 —tim(Cg™)
S

+2RgCG'C[(1—m3)*+s(1+m) - 257] 1 A

X . X|5Cq,+CagMi|. (29
+6Cq,CioMi(—1+mZ+s)+3Cq Cq,
><(_1_fn§+§)§]/g, (27) Expressions oP| and Pt matches with Ref|5] if Cq,

and Cq, are absent, i.e., no NHB exchange effects. Byt

- 37m, disagrees with Ref5] for a factor of 2 multiplying in term

Pr(s)= —=A"4(1s,m3)| 2C5"C1o(1—m)) C%*C,o. Let us now focus our attention on the parameter
2\/; space. Apart from gauge and Yukawa couplings, we have in
4 the “relaxed” SUGRA model discussed above, six param-
_4Re(cg‘ffcgff)(1+ ﬁﬁ)_ =|ceM?(1- ﬁﬁ)Z etersmyg, M, Ay, A, B, andu at the Planck scale. Use of
s renormalization group equatioiRGE) allows one to evolve
off ~ off| 2 these parameters down to the electroweak Sdgle At that
+ReCg'Cy0)(1—mg) —|Cg|*s scale the SU(2)xU(1)y spontaneously breaks down to
ap A - UDem [Eq- (5)] ; v1,V, are determined in the tree approxi-
_ l 4m _S+C Ceffi mation by the Higgs boson potential with all its parameters
2770 g 27 4, scaled down tdVl,y. M is related tov, andv, by
eff 5
FoREC,CT / - 28 M2=5(g7+ ") (vE+vE), (30)
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with g,g’ being, respectively, the SU(Rand U(1), gauge troduces some uncertainty in values of the cross section
couplings. Thus, for a given value of t@¥v,/v,, and with  around the higher resonances and it is for this reason that the
all SM parameters given we have effectively four free pa-polarization values given Figs. 1 and 6 are more reliable in

rameters, which will be further subject to constraints arisinghanveen thecc resonances rather than at the resonances.

out of the known limits orb—svy. . Con . ~
Figures 1-6 summarize our results, wherein we have pre'l_'yplcally for tan3=30 in the region 0.685=<0.68, as well

sented the three polarization values in the SM, minimaPS 0.7%s=<0.82 the longitudinal polarization increases in
SUGRA and the “relaxed” SUGRA(RSUGRA as dis- magnitude by about 50%. A similar pattern occurs®grin
cussed before. The extra parameter in RSUGRA has bedR€ same region and in regions between higher resonances.
taken to be theC P-odd Higgs boson mags, which is re-  For the normal polarizatiofPy in the two regions 0.68s

lated to the parameters in the potential by <0.68 and 0.7%s<0.82 the value changes by a factor of 2.
In general in the regions between the resonances there are
mi=2A5+2u? (31) : o . -
A 0T ep changes in the values of polarizations which are sufficiently

. . large for experimental detection as and when data become
with the parameters being evaluated Mt,. The general . !
N . ; available. Figures 2, 4, and 6 show the general dependence
comment about all the three polarizations is that in SUGRA, 2
f the polarization parameters on t{@randmy .

there is no appreciable change from the SM value even wit} In conclusion our calculations indicate that in MSSM with

NHB contributions. This is because at high @nthe con- o .
. . L a large tarB and lowm, value, the polarization asymmetries
straints obtained through— sy limits, forces the three neu- . g " .
in B—X,r" 7~ are sensitive to neutral Higgs boson ex-

tral Higgs 'bos'on to Iargg mass value thus SUPpressing th&]ange contributions. A similar kind of enhancements were
NHB contributions. This is precisely the reason that in re-

e version of SUGRA, whee ow Higgs boson mass be (A0 1 Tl B e berpaly woas
come allowed, considerable deviations from SM values are piing >PO! ' 9
ossible model vyhereR parity is an exact symmetry. The usefulness
P Turniﬁg now to the absolute values Bf , P, andP of polarization measurements in the context of the standard

y T N . . o
as shown in Figs. 1—6, it is important to note that at anamOdeI and beyond have already been emphasized in the lit

around the resonant peaks, the dominant contributions Com%rature[4,5,14 and our results are expected to be useful in

i A oo comparing SUSY-model predictions with experimental re-
from the resonarB-W cont_rl_butlons, Eq(7) multiplied by a sults when they become available.
phenomenologically empirical factok,=2.35. We have
taken this factor to be universal for all resonances whereas One of the authoréA.G.) is thankful to CSIR for financial
the actual number is fitted only @/ production. This in-  support.
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