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We study the uncertainties of the standard model (SM) prediction€Rowviolating B decays and
investigate where and how supersymmetric (SUSY) contributions may be disentangled. The first task
is accomplished by letting the relevant matrix elements of the effective Hamiltonian vary within certain
ranges. The SUSY analysis makes use of a formalism which allows one to obtain model-independent
results. We show that in some cases it is possible (a) to measu@PtBeBB mixing phase and (b) to
discriminate the SM and SUSY contributions to 6@ decay phases. The gold-plated decays in this
respect are th® — ¢ Kg andB — Kg7° channels. [S0031-9007(97)03711-3]
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Searches fo€P violation in B decays represent the new possible. To this aim, following the early work of Ref. [1],
frontier in the realm of Flavor changing neutral currentsystematic analyses of FCNC phenomena in general SUSY
(FCNC) in the standard model (SM) and beyond. SMmodels have been performed [2,3]. FEP violation these
predictions, however, are plagued by large uncertaintiestudies have focused so far ene’/ e, and the electron and
which have to be taken into account in order to probeneutron electric-dipole moments.
the SM itself and to disentangle SM effects from new The impact of new physics oB-B mixing has been
physics. A critical assessment of these uncertaintiewidely explored (see Ref. [4] for a review), and SUSY
constitutes a major goal of this work in which we discusscontributions toCP phases inB-decay amplitudes have
several possibilities of looking for signals of low-energy recently been analyzed [5]. When considering SUSY
supersymmetry (SUSY) i€P violating B decays. as an example for new physics, these authors, however,

Early works on FCNC ancP violation were focused rely on some specific SUSY realization. Our approach,
on a particular realization of SUSY denoted as the miniinstead, allows one to draw conclusions which apply
mal supersymmetric standard model (MSSM). Remarkablyo any low-energy SUSY extension of the SM. For a
enough, it was realized that the MSSM succeeds in pasgrevious attempt to obtain a model-independent extraction
ing all the challenging FCNC ardPtests unscathed. This of the CP-violating phases itB decays, see Ref. [6].
statement holds true particularly f@P violation, as long This Letter addresses two basic and related questions:
as one puts to zero (or takes very small) the @Rviolat- (i) How large the uncertainties of the SM predictions
ing phases that the MSSM exhibits in addition to the usuator CP asymmetries inB decays are and (ii) in which
CKM one. ForCPviolation in B physics, under these con- processes and how one can possibly distinguish SUSY
ditions, the MSSM does not yield major deviations fromfrom SM contributions without making any commitment
what we expect in the SM. Our view on low-energy SUSYto a particular model.
has considerably changed in these last years in relation to The role of penguins inB decays has been widely
new insights on the “parentV = 1 supergravity theories. studied in the literature; see for instance Ref. [7]. In
As soon as we move from the MSSM to SUSY GUT’s, orthis study, we will work in the theoretical framework of
to models without universality in the SUSY soft-breaking Ref. [8]. We use the effective Hamiltoniar#H.¢;) for-
sector, we encounter major differences in FCNC @Rl  malism, including LO QCD corrections; in the numerical
violating processes. In view of the large variety of low- analysis, we use the LO SM Wilson coefficients evaluated
energy SUSY models that can be obtained by varying that w = 5 GeV, as given in Ref. [9]. In most of the cases,
“initial conditions” at some superlarge scale, it is appropri-by choosing different scales (within a resonable range) or
ate to study SUSY predictions as model independently aBy using next-to-leading order (NLO) Wilson coefficients,
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the results vary by about 20%—-30%. This is true with thewise, the same numerical values are used for diagrams
exception of some particular channels where uncertaintiesorresponding to the insertion dfL or LR operators,

are larger. The matrix elements of the operatorsHf; i.e., DE = DE;; = DE;r, CE = CE;; = CER, etc.

are given in terms of the following Wick contractions We then consider, in addition ®BE, the CE contribution
between hadronic states: disconnected emissidR)( by taking CE = DE/3. Annihilation diagrams are
connected emission CE), disconnected annihilation included in the third column, where we udeA = 0
(DA), connected annihilation(4), disconnected penguin and CA = 1/2DE [8]. Inspired by kaon decays, we
(DP), and connected penguirCP) [either for left-left  allow for some enhancement of the matrix elements of
(LL) or for left-right (LR) current-current operators]. left-right (LR) operators and choo$®F,;r = 2DE;; and
Following Ref. [8], where a detailed discussion can beCE;rx = 2CE;; (fourth column). Penguin contractions,
found, instead of adopting a specific model for estimatingCP and DP, can be interpreted as long-distance penguin
the different diagrams, we let them vary within reason-contributions to the matrix elements and play an important
able ranges. In order to illustrate the relative strengthrole; if we takeCP,; = CE andDP;; = DE (fifth col-

and variation of the different contributions, in Table | umn), in some decays these terms dominate the amplitude.
we only show, for six different cases, results obtainedrinally, in the sixth column, we allow for long distance ef-
by taking the extreme values of these ranges. In the firdects which might differentiate penguin contractions with
column only, DE = DE;; = DE;r are assumed to be up and charm quarks in the loop, giving rise to incom-
different from zero. For simplicity, unless stated other-plete Glashow-Iliopoulos-Maiani (GIM) cancellations

TABLE I. Ratios of amplitudes for exclusivB decays. For each channel, whenever two terms with diffe@hphases con-
tribute in the SM, we give the ratis of the two amplitudes. For each channel, the second and third lines, where present, contain
the ratios of SUSY to SM contributions for SUSY masses of 250 and 500 GeV, respectively.

DE + CE+ DE + CE+ DE + CE+ DE + CE+
Process DE DE + CE CA CA + DE. g + CEx DP + CP DP + CP
BY — J/yKs —-0.03 0.1 0.1 0.1 0.1 0.1
—0.008 0.02 0.02 0.04 0.02 0.02
B — &K 0.7 0.7 0.7 0.6 0.4 0.4
0.2 0.2 0.2 0.1 0.1 0.09
0.08 —-0.06 —-0.05 -0.02 —0.009 -0.01
BY — Ky 0.7 0.7 0.6 0.6 0.4 0.4
0.2 0.2 0.2 0.1 0.1 0.009
BY — D2pm® 0.02 0.02 0.02 0.02 0.02 0.02
-0.6 0.9 -0.7 -2 6 4
BY — 7070 0.3 -0.07 0.4 -0.4 -0.07 —0.06
0.06 -0.02 0.09 -0.1 -0.02 -0.02
—-0.09 -0.1 -0.1 -0.3 -0.9 -0.8
BY — wta- 0.02 0.02 0.03 0.09 0.8 0.4
0.005 0.006 0.008 0.02 0.2 0.1
0.03 0.04 0.05 0.1 0.3 0.2
BS — D™D~ -0.07 —0.008 -0.01 —-0.02 -0.02 -0.02
—-0.002 —-0.002 —-0.002 —0.005 —0.006 —0.005
0 0 0 0 0 0.07
BY — K°K° -0.2 -0.2 -0.2 -0.2 —-0.09 -0.08
—-0.06 —-0.05 —-0.05 -0.04 -0.02 -0.02
- - -0.2 -0.4 - -
BY — KTK~ - - 0.04 0.1 - -
- - 0.01 0.03 - -
B} — p°D° - - -0.01 -0.03 - -
- - —0.003 —0.006 - -
—0.04 0.1 0.1 0.3 0.1 0.1
B — J/ym® 0.007 -0.02 -0.02 —0.03 -0.02 —-0.02
0.002 —0.005 —0.005 —0.008 —0.005 —0.005
B — ¢ —0.06 -0.1 -0.1 -0.1 -0.1 -0.1
-0.01 —-0.03 —-0.03 —-0.03 —-0.03 —-0.03
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[we assumeP = DP(c) — DP(u) = DE/3 andCP =  above, we obtain the ratios of SUSY to SM amplitudes
CP(c) — CP(u) = CE/3]. For any given decay channel, given in Table |. For each decay channel we give results
whenever two terms with differer@P phases contribute for squark and gluino masses of 250 and 500 GeV
in the SM, we give in the first row of Table | the ratio  (second and third row, respectively). From the table, one
of the two amplitudes. concludes that the inclusion of the various terms in the
As for the SUSY contribution, we make use of the pa-amplitudesDE, DA, etc., can modify the ratie of SUSY
rameterization of the SUSY FCNC ar@P quantities in  to SM contributions up to one order of magnitude.
the framework of the so-called mass insertion approxima- The CP asymmetry depends on the paramefer
tion [1]. For the fermion and sfermion states, we choose~2¢“A/A, where A is the decay amplitude. In order
a basis where all the couplings of these particles to neutrab be able to discuss the results model independently, we
gauginos are flavor diagonal, while the FC arises from théave labeled ag™ the generic mixing phase. The ideal
nondiagonality of the sfermion propagators. These propacase occurs when one decay amplitude appears only in (or
gators can be expanded as a series in terms of the quantitidsminates) a decay process: {BP violating asymmetry
6 = A/m wheremg is an average sfermion mass ahd is then determined by the total phagé = ¢ + ¢?,
denote off -diagonal terms in the sfermion mass matricesthere ¢? is the weak phase of the decay. This ideal
(i.e., the mass terms relating sfermions with the same eleaituation is spoiled by the presence of several interfering
tric charge, but different flavor). amplitudes. If the ratios in Table | are small, then the
Using this basis it is possible to account for bothuncertainty on the sine of théP phase is<r, while if r
gluino- (or neutralino-) and chargino-mediated FCNC ands O(1) ¢ receives, in general, large corrections.
CP violation. In view of the complexity of the analysis  The results of our analysis are summarized in Table II.
which includes chargino contributions, and given that thdn the third column, for each channel, we give the possible
main features are already present with gluinos only [10]SM decay phases when one or two decay amplitudes
in this Letter we limit ourselves to the SUSY source of contribute, and the range of variation of their ratigy, as
CP violation arising from gluino exchanges. deduced from Table I. A few comments are necessary at
Four differentA mass insertions in the down-squark this point: (&) forB — Ks#° the penguin contributions
propagators give rise t& — s or b — d transitions: (With a vanishing phase) dominate over the tree-level
Aislir, Aslrr, Aislir, and Asslz.. The indicesL and  amplitude because the latter is Cabibbo suppressed; (b) for
R refer to the helicity of the fermion partners. The indexthe channeb — s5d only penguin operators or penguin
i takes the value 1 or 2 faF — d or b — s transitions, contractions of current-current operators contribute; (c)
respectively. In the present analysis, we make explicithe phasey is present in the penguin contractions of the
use of A, insertions only. TheA,z and Ag, inser-  (bu) (ud) operator, denoted asg-penguiny in Table II
tions contribute only to the mixing amplitude, but not to [11]; (d) »d — gq indicates processes occurring via
the decay ones, and so they do not appear explicitly imnnihilation diagrams which can be measured from the
the analysis. The\gg insertions need not be taken ex- last two channels of Table II; (e) in the caBe— K"K~
plicitly into account, since they contribute in the sameboth current-current and penguin operators contribute; (f)
way as theA;; ones. While|(623)..] is left essen- in B — DD’ the contributions from thébu) (ud) and
tially unconstrained by — sy, (813).z has to satisfy the the(bc) (¢d) current-current operators (proportional to the
bound|Re(813)7, 112 < 0.1 mz (GeV)/500 for degener- phasey) tend to cancel out.
ate squarks and gluino [2]. In the following, we will take ~ SUSY contributes to the decay amplitudes with phases
[(623)r] = 1 [corresponding tox;, = (AM/T")g. > 70  induced bys,3 and 6,3 which we denote ag ;3 and ¢»s.
for the same values of SUSY masses], with amplitudedhe ratios ofAsysy/Asm for SUSY masses of 250 and
scaling linearly with| (623)r..1 = 1. We concentrate here 500 GeV as obtained from Table | are reported initheg
on the case of degenerate squarks and gluinos; we haa@drsy, columns of Table II.
checked that the conclusions of the present work remain We now draw some conclusions from the results of
valid for different values of the gluino mass. A more de-Table Il. In the SM, the first six decays measure directly
tailed analysis with more general spectrum and possibléhe mixing phases, up to corrections which, in most of
contributions from light charginos will be presented in athe cases, are expected to be small. These corrections,
forthcoming publication. due to the presence of two amplitudes contributing with
New physics changes SM predictions @P asym- different phases, produce uncertainties~0f0% in B —
metries inB decays in two ways: by shifting the phase Ks7°, and 0f~30%in B — D*D~ andB — J /¢ 7. In
of the B,—B, mixing amplitude and by modifying both spite of the uncertainties, however, there are cases where
phases and absolute values of the decay ones. The genettie SUSY contribution gives rise to significant changes.
SUSY extension of the SM considered here affects all theseor example, for SUSY masses 6f(250) GeV, SUSY
quantities. corrections can shift the measured value of the sine of
In the SUSY case, by using for the Wilson coefficientsthe phase ilBB — ¢Ks and inB — Kg7° decays by an
in Eq. (12) the results of Ref. [3] and by parameterizingamount of about 70%. For these decays SUSY effects are
the matrix elements as we did for the SM case discussesizeable even for masses of 500 GeVBlr~ J /i Ks and
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TABLE Il. CP phases for B decays$Sy denotes the decay phase in the SM; for each channel, when two amplitudes with
different weak phases are present, one is given in the first row, the other in the last one, and the ratio of the twgicdhamn.

¢§)USY denotes the phase of the SUSY amplitude, and the ratio of the SUSY to SM contributions is givenrig, thed rsy
columns for the corresponding SUSY masses.

Incl. Excl. d)SDM TSM ¢SDUSY T250 T500

b — cCs B— J/YKs 0 - b 0.03 — 0.1 0.008 — 0.04
b — 555 B — ¢Kg 0 — b3 04 — 0.7 0.09 — 0.2
b — uus Treey

B — 7Kg 0.009 — 0.08 b 04 — 0.7 0.09 — 0.2
b — dds Penguin 0
b — cud 0

B — DgP 77'0 0.02 — — —
b — ucd b%

B— D*D~ Tree O 0.03 - 0.3 0.007 — 0.02 0.002 — 0.006
b — ccd (]513

B— J/ym® Penguing 0.04 — 0.3 0.007 — 0.03 0.002 — 0.008

B— ¢n° Penguing - 0.06 — 0.1 0.01 — 0.03
b — ssd (]513

B — K'K° u-Penguiny 0 - 0.07 0.08 — 0.2 0.02 — 0.06
b — uud B— mwtm” Treey 0.09 - 0.9 b13 0.02 - 0.8 0.005 — 0.2
b — ddd B— 7970 Penguing 06 —6 b13 0.06 — 0.4 0.02 — 0.1

B— K'K~ Treey 02 —-04 0.04 — 0.1 0.01 — 0.03
bd — qq b1

B — D'D° Penguing only B 0.01 — 0.03 0.003 — 0.006
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