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Abstract

We review and update results bearing on the phenomens of particle-antiparticle mixing
in the neutral beauty meson sector. Our main focus is on the mixivg ratio z,, defined as
2, = (AM)/T, relevant for B?-B? mixing. We present theoretical estimates of this quantity
in the standard model and find that 7, = O{10), which makes time-dependent oscillation
measurements mandatory. We also discuss estimates of z, in number of extensions of the
standard model, some of which admit susalicr values of z,. Present and future experimental
facilitics where such measurements can be undertaken are reviewed on a case to case basis.
These include the high luminosity LEP option, asymmetric threshold B-factories, the ep-
collider HERA, and hadron colliders, such as the Fermilab Tevatron, LHC and SS5C.
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2 An Update of the CKM Matrix

2.1 The CKM matrix
Parameters
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In Table 2, an up-to-date survey of Ft values is given for various superaliowed transi-
tions. If ooe accepts the small Ft errocs, the agreement is not very good. On that basis,
it has been argued (20} that nuclear cocrections may have introduced a spunious Z depen-
dence in the F?! values. Empirical studies hint at an additional corvection that reduces
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Figure 8: Electron energy spectrum from the T(45) decays by the CLEO collabo-
ration. The fit corresponds to the model of Altarelli et al.

discussion).

Such QCD-improved spectator models have received quite a bit of experimental
scrutiny "™ In a recent analysis by the CLEQ collaboration, both the electron and
1nuon spectra from the decays b — cf7v, (0 = €, ) have been fit to determine the
parameters m, (equivalently r) and P, with the result Pp = ©.30 + 0.09 GeV and
m, = 1.680 £0.086 GeV.,* with B‘EF = ';—1‘ The result of an analysis by the ARGUS
collaboration is very similar.™ The resulting electron energy spectrum from CLEO
and the fit io the model of Altarelli et al®* are shown in Fig. 8. Itis fair to conclude,
that despite wodel dependence, which is arguably small, the charged current Jee
in b-decays is V-A. Very similar conclusion is reached in the analysis of exclusive
decays, in particular B — D*8y, where both the vector and axial-vector currents
contribute and the shape of the lepton-energy spectrum is likewise sensitive to the
chirality of JEC. This test can be put on & more rigorous footing if one could extract
the form factors from the decay B — D*fur. As su alternative, one could attempt
to coerect the inclusive lepton energy spectrum for the model dependeace, much
the same way as it is routinely done in inclusive jet distributions, and then extract
the b-quark Michel perameter.
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The experimental value of |¢] is
r;| = (2.26 £ 0.02) x 10-3_)

Theeretically, l¢) is essentially proportional to the imaginary part of the box diagram fo:
K*-K® mixing (Pig. 1), and is given by (23]
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Method Valur of By
Vacnum Insertion 1
Hadrowic Sum Rules 0.33 + 0.09 {31]
030 1 0.10 [32]
Chiral Symmetry 033+02 (33
QCD Sum Rules 050 4 0.22 |34
€.58 + 0.16 [38]
0.84 £ 0.08 [36]
0.74 £ 0.17 [87]
N 0.66 + 0.10 |38)
Lattice Theuries 0.87 x .20 39)
1.83 x .87 {40
s 10 (41
0.77 £ 0.07 [41]
0.92 + 0.03 [42]

Table 2: Values of By using difevent methods of calculation.
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Method ‘ }
QCD Sum Rules Ja, = 115 % 18 MeV 45}
fa, = 129 % 13 eV [46]
fa, = 170+ 30 eV [47]

f», = 108-138 MeV 148]

fa/Be, = ME 25UV '
Potential Models fa, = 155 1 15 MeV [51]
Lattice Theories (1) fu, ~ 138 MeV [52]

fn, = W5+ 17 + 30 MeV [53]
fa, = 310 £ 25 £ 50 MeV" [54)
fa, = 320 & 20 MeV* [ss)

fs, = 188-246 MeV (56

Lattice Theories (2)

Values of fp, and fn, Bs, 'ngdiﬁnninﬁbdsdcm P ther entuies:
cdculutedintheﬂﬁcﬁnﬁt,itiscﬂ“b
values by about 25% [54].

Table 3:
marked wmith a », W
1/m, corrections will reduce these

Method . J
Potential Models fa, = 210 1 20 MeV Is1)
Lattice Theories (1) f», ~ 150 MeV [52]
(otd fa. = 1554 31 + 48 MeV (53]
S
Lattice Theories (2) In. = at-mgev |58}

o)
Table 4: Values of f5, using diffevent methods of calculation.

However, recent lattice calculations do mot soem $o support the hypotbasis St i, ‘
significantly larger than f3,: rel. [56] gives

Along the same lines, Abada et al. [57] quot
a number of lattice calculations gives fp, /e, = 1.
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CKM

Thbfu_nitarity triangle

The information regarding the allowed
using the so-called unitarity triangle.
Matrix is unitary, one has the

following relation:

VoV + V.V VYo =0
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AV AV,
that is, a triangle relation in the complex plane (i.e. p-p space).
Thus,
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Standard medel prediction for z,

The SM expression for z, is
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$-quark and W Emas are interchanged.
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[” ) SCI\.&sO‘CW] Time-dependent B?-B? oscillations: formalism
2
2 ., 1 L
SN - 1 Concentrating on the B?- B? system, the modulated time dependence of the
_?_("x:' + i.) < 22 single-meson state (B] — BY; t| and the charged conjugate state produced due to mixing
05 S —— (B2 — B®; 1| are given by:
. .t
K=0-948 B2 = €7 cod’(Z2 )81 = 0),
04 toolf _ s
IBYe) = e/ sin’() B3¢ = 0).
X 21‘-3
d 0.3 :
L ARGUS, CLEQ > | X d° 6. 155 - For the C = -1 states the opposite-sign rnd like-sig;
o1 [ ¢-030 stabe s have the following differential (in time) probabilities:
. [ =D —_ 3 z(tl - t!)
00 Stand. Mode; . | xg: 0-(tted P(B'P®; t,,1:) = exp(—(ti +1;)/7n)}cos (-—3-;;-—),
) th —14
00 01 02 o.;( 04 05 P(B*B% ty,t) = exp(—(ts + 1) /ra)sin’(ilz—r.—’l )
S _ S L _
Figure 6 Combined results on xa and x,. The hatched regioa s the allowed For the C = +1 states, the corresponding time evolution is given by:
for the limit |V, / [V,,|" < 0.21 which is derived from the wmitamity of the KM - 2(ts +13)
matrix with three {families, P(Boﬂ.;h,tg) = exp(~(t; +t;)/78) ml(__lzr_a__)’
i : . 4t
e will wee x = 0.375 . xs + 018 x, (81) P(B°B%t),1;) = exp(—(t, + t:)/ra)sm’(z(;fnz)).

Comparing the results from the Z° and from the continnem with the ARGUS ) . ) L L _ '
and CLEO result onc finds excellent agreement if x, is large { Fignm Kith dnce the beam interaction point in the beam direction is not known accurately, ¢, an
the chosen values for p; and p, the messurements imply a valne m The t; cam not be determined individually. However, the proper time difference {¢, — t5| can b
values of x4 and x, are related by messured. Integrating over the variable ¢, + t,, one gets the following distribution in th

2 tme difference mterval &t = |t; — ¢,| [89]:
4 i a IVHI 'n)
. e
=, 2 Vi — 5,2 bt ‘
' PBFS.6) = exp(~bt/ra)cos’(S ), €= -1, i
assumingegunleecuymm.MﬁemﬂdkalﬂMWth =78 :

vl . ' unitarity of the KM-matrix™ , it is possible to N sz 6t
l)li;:lu:{ L:E‘lve(r gtﬂni:':n:::nm Xe > l:.’« (Figure 6). The measurement of \ P(B*B® + BSB%§t) = exp(—6t/vg)sin (-2—;), C = -1,
from the high energy experiments does not improve this ligait since the uacertainties

in pq and in particular p, are too large. Similarly the x measurement does not
give additional informaticn on x4 but is very consistent with the measurement by
ARGUS and CLEO.
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Abstract

Wa review thessstical work dome o rare H-decays in the context of the Standard
Modal (SM) of slectroweak interactions. The Easwwork used b that of QCD, which is
applied to calculnte the decay rates and distribations in & number of processes, mch a1
B X,+7, B - Xa+1,B = X, 4 ¢, and B — X, + v¥, where X, and X,

1w hnhlkhhﬁu-ﬂthumlpﬂmnumbers=-1md5=0.mpectively.

1 L L. 3 We particularly emphasise inchasive measurerents in this sector, which would eventually
pormsit & moee relisble comparison of the 5M predictions and experiments. However, we
alio discuss estimates of some exthmsive rare B-decay modes, calculated in the vector
muson deminsnce approximation and weing the heavy quark effective theory (HQET).
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—— The impertance of measuring the CKM-suppretsed tare B-decays in determining the

iegral CEM matris-elusont V,, is underfimed. Rate estimates in some inelusive and exchusive

Methed . supgsuimed raoe detay modes are presented by imposing current experimental constraints
an the CKM mutrix.

Figure 15: Estimates of the required mumber of 2%'s to messure &, » . LEP. The sssumal
value of the proper time resolution is indicated on the curves. Also shown are estinnaton of

the corresponding number of well identified and tagged B? for the DELPHI delactar {femn
ref. [B4]). ’

*To be pablished in thy ol 1he 1991 ICTP, T i i
e F World Pesesndings (IMMMWEl‘ﬁhwl’hﬂ“ﬂ



2 RADIATIVE RARE B-DECAYS

We start by discussing the dominant FCNC inclusive B-docays. Such processss (as far as he
short-distance contribution is concerned) are forbidden st the tree level in the S Lageangion
but are sllowed at the one-loop order. They have reccived quite & bit of theorsticel astesast =
the last decade [25]-{44], since they serve both as pwecision bests of the Standard Misdel and
windows on possible new physics. Here, we shall conerntente an the SM physics only sad refer
to & recent review covering the nom-SM anpects of B-desuge J. We enamerate the processes
of interest in B-decays, define the effective Bamibouinns thet govesn them, and review the
one-loop renorm.n]iuﬁnlm(lc)'—w—ﬁdﬁenh'haﬂdnhdm
operators in these Humilbominns. This fressewonk s then anglaysd to culendute (he inclusive
rates and the m«g-m-ﬂ-poﬂedthhﬂm.‘“'ﬁnmﬂ
» B-meson wave fanction modd.
In terms of the quark transitions, the main FCNC B-decays are the fallowing:

r1. b (a,d) + 7 \

2. b=(a,d)+v+y9

3. bo(a,d)+y
4. b (a,d)+ £ (E=e,p)

5. b+ (s,d)+ v¥

Of these, the most difficult to measure experimentally are the ones mvelving the hademic
final states b — (s,d) + g, since they don't hawe & clean signature b be debarind Soom the
dominating CC decays b — u@d. So, we shall ssasily noglect them sad concssteahe-en dhe st
in the above list. The QCD improvemecnts are wenally done in the foamowmk of e alfnciio
theory obtained by integrating out the hesvy degooes of freedom, namaly the tup quask and
the W* bosons. To be precise, these corrections are calculsted in the lding Sogpeithen ap-
proximation (LLA) since only in this approsimatien does the effective thesry (with § quarks)
match with the full theory (with 8 quarks amd the W*.bosons). As it will bscamme chear from
the discussion belaw, this matching is dome im derms of the Wilson coclbciants of et aparaters
entering the effective Hamiltonian. This mapeoved effective Hamillenian incespesnting e
leading order RG-improvement is the basis of all phesomenciogical studies poosamtud b
We remark that the gluon bremssirahlung corrections, sach as b — (2, d)+ 7+ g, v smguised
to get non-trivial photon energy spectra. Incorporating the QCD bremsstrahiumg evsutions
and the virtual correction to & — (s,d) + 7, wsing the one-loop improved effestive Bl
tonian, amounts to incorporating the next-to leading order QCD correchinss in the decngs
B—X,+v7and B— X,+7. The m-whh-kmdimm&h*hlh
inclusive decays B — Xy+7and B =+ X, +17, and their quantitative estimades ave Sncumed
below.

2.1 The Decays b— (s,d)} +7: Lowest Order Contcibutions

We atact with the lowest order (1-loop) calculations for the FCNC radiative decays b
(s,d) + 7. Duetothdxdmiluitywiththetnuiwb—»l+.¥welhﬂdhc-&e

& — d + X transitions only when there are non-trivial differences. The matrix element for
the process b —+ 5 4 v in the lowest order can be written as:

MB—s +7)= ‘% = D VaViFi=) ¢ 10u(mR + m.L)b Q)

MG,'-&:M*W,L: (1-m)/2, R= (1 +%)/2, 5. = m)fm}, q.
and ¢,;1 are, respecti.dy, the photon four-momentum and polarisation vector, and the sum is
over the quarks, «, ¢, and ¢. The CKM matrix elements V;; appearing above d i
the Wolfensten peretetriontion [66]: Y e defined i

1- ;;\’ A AN p —in)
Yoxu-w = =A - %A, AN (2)
ANV(L—p—in) —AN 1

bwﬁ,vm’_w,hnthmtdmma\,mdp, and a phase 7, whose
c—d. s -i be discussed below. The Inami-Lim fanction Fiy(z;) derived from the
punguin dagrems i given by [47]:

Fy(z) = u(:_—lr [62(32 - 2)1og = - (x — 1)(85" + 82 - 7)} (3)

whare we have dropped the superscript om Fy, and in writing the expression for Fy(z;) above
we have leit :::h:um of order O(m,/mb). For small z; one has F(z;) ~ z;, hence the
eamdwibation w and c quarks in Bq. (1) can be neglected. Retaining oanly the to

astribution in the amplitude, we have: Y the top quack

(2]
MB—s +7)= 7_;. 5:—, A Fi(z) ¢ ¢TI0, (mR + m,L)b (4)

with )\, = V..V;. Tlu amplitude for the CKM-suppressed FCNC radiative transition

| J.-l- 7 oHand by replacing the s-quark varisbles by the d-quark ones. The CKM

:dtmmthnun isfy = VuVy The widths I b — s + v) and I'( b — d + 7) in the lowest
er are:

. ]

Tb—ata) = WPIENE R (e, ()
;- )

T~ d+q) = |§,1’G;2"::°|F,(z.)l’ (8)

whane we h.ue dropped terms of O{m,/my) and O(my/m,) in the phase space also. From
e expression for F3(2,) it is easy to see that for Jow values of x, (z,Al) one has a quartic
suppression in m, of the decay rates I'( b — ¢+ 7) and ' ( b — d + v); this goes over to
a constant bdnmur for £, » 1. So, while intrinsically there is a large m,-dependence in
the decay widths for both the b — 2 + vy and b — d + + transitions, this dependence in the
my-range of present phenomenological interest, 100 GeV < m, < 200 GeV, is rather modest
as ean be soen in Fig. 1. '
The rates for rare B-decays may be expressed in terms of the branching rati
the inclusive CC scmileptonic B-decays B — (X,, X, )&, which have been well :nl:u.::l



(hase amd henceforth we use the quark flavour is (e i
ing Sadusnic state, X,). This sumoves the suneying mf Supeiih
eppvenimation of heoping the deminsnt b — ofv contelivallion, s hax:

b ddy .
e ®
where te function f{m/jmy) io the the phass epass Sigber in the OO euailiegtenis dumy
b= c+ &, Numerically, Am,/my) = 044 The pyiiberin the pumnthuls is By. (V)

{13]). The branching ratis for b ~ o + 7 20 & funsiien of m, is Vg L aend we
note that it does not depend ca the CKM-muisks dlemanis dnee [VoP*, = 1. T guela
a*h%hm*‘(burﬁﬁt“lﬁ"hmh GaV, i
lowest arder (ie. 30 QCD corvections). We chall et the sebie in iy, (8) lnter, mabing
wes of the awilable cov.straimts on the CKM matejpdlemasis. As an epler of qageiinde,
we expect this ratio to be O{AY) = 0.88. ﬁhhﬁhqm
Wilson cocfiicianis) and then tali np the ' swaljis ¢ b Gaglan
bremutrahivag contolbutions fumn the decage l-"(".“if-!-'.-ﬂ-‘.ﬁ“
corrections 4o b — (s, d) + 7. Tl wifl laad @ to the doumnion of the jnslusive gluten
onergy spectra.




Id use the equations of motion to get rid of the covariant derivatives and reduce the number
\dependent operators. To leading order in the small (weak)-mixing angies, a complste st

imension-6 operators relevant for the processes b— s+vand b— s4 v+ g enpbuined
he effective Hamiltonian
&- Hamitt- Yn.,,(s-..+1)=—‘%a. gc,o.)é,(,) "

b C;(p) being the Wilson esalicients cvalusted ot the scals 5. The wine-qpentus ae
ned as:

‘?1 (227 M NI ae)
(s

= (a7 Xitonma)
0, = (h.‘lﬂk)[('u‘lu'd*"'*w
01 = (Bia?b10) [(Bromusa) ¢ - + Gronhual)
O = (snavbia) [(Brerane) 4 - + (ronundl
O = (Ira'bio) [(Brovisan) + - + Basnim)] |
12,0 ot 7 ] ‘
lowad ¥ 7 S F T (o002, o (R + L) TR b, G (1)

ad gs denote the QED and QCD coupling constant, respectively. Fastubstive QCD cvsnee-

as, contained in the Wilson coefficients C;(s), have bean evaluaied to lunding lngaeilfumic
uracy. It is known that the Wilson coeflicients of the operators O3, ey s got sninibutions
m operator mixing only; as these coefficients sre mmmerically small {98,36.9%] thair effect
1sually neglected. The coeficients Cy(is), Cs(s): Cr(ss) and Cs(n), obtuinad by intagreting
. the top quark and the W-boson simultameswsly, ase given in refs. {33,30]. At s = my,
ich is the relevant scale for the b quark decay, these coslflicients read as follows:

Ci(my) = %[,,-—ma = 8] Cymw) @_ ¢ Commechions

Calms) = 13 [172 + 1] Co{mw)
88 20
() = v {odme) 135 = 1) o)~ 1 2" 3] e

Cafma) = 77 {Gyfmw) = 22z [17 - 1] Cotmer) + = [P -1 cme)} (1) i

pe ws(w) S, e~ 007

7 .
ol s (Mw) (mw‘d—d-»)

Grigyant
Gv;?sbk:lk (}‘-d-,

\% 2 - t= A, 3/ q, 5, €
C(. (mw) = J) /z
Cy (mw) = 1 o= Mt /my
x b
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Greub,

Rideo + BR(B > Xg¥) + Bﬁ(ﬂ-ajj?f) 2{%{; ( bs AY) iy
o gvo&-.al&a M»sskawmé Coidnibwhos | ])EZ&/{/;}
r T8 L;—_.—-.:T---' |
BR(3>MY) _ el [K (M, 8 rr()] ]i%ubf? a) = - % 3 ECJW %(M)\ h
BR(8>X%Y)  Thw’ ) i (i—-g_ VouVes ) ‘
Kl 5,1) = [1 - LIDab0- L0 ¢ & 4 Gl eals 49 Se=
H \Vedi® o : |
+_F£i(”k‘j] Ov }(QH (b >8Y) Y5 |
s en e sy sehrmy G,
R(Xa ¥ Al (85 XAY) Seusciile ) t -
dxy 5 - %u (uﬂwl’a‘)L(Ao!XF uf)l.
¥X¥ BR (B Yqy) = (0-6-PX 5t
pxp (BRSO 008 Vel 0,- "= (T W) (dp8ne)
BR(®B>K"Y) 5x{o® >t _ "
independest o my | - 2a (& X"lw)L (oLP I, uf):.
Y BR(B-~> 9Y) = (4-3) xufs[[l\lt‘ll)l] A ot
(Hou ah*n....h\f) Sl 01. (L-?aw) = Oi (b sY) s g
(with déS) 2 :



[V} D [ B [ [ )
100 015|001} 1M
1% 0.17 | 0.20 1o | 013
14 0.18 | 0.18 | &M j 812
100 0.19{0.17 jass &1
bt | 020 | 0.17 | 0 [ @20
] 421 | 0.16 | 088 [ 000

Table 1: Values of ihe conllicinnts D, entering in By (39) a8 2 function offwy,.

a
iy 4 |
BR(8-> §Y) = (2-5)2® ('Ee_;!, .

91

m;(GtV) =

100

140

pr = 031 GeV

32

38

4.8

pp=0.ﬂ@

24

2

34

| 7 = 639 GeV

24

28

Table 2: Branching Ratic for the decay B — p + 7 im wmits of 10~° x (|Vusl? /.78 - 10°%)

-5
Be(8- E'¥) = (3-3)*"

CeV)= |90 [100] 300
pr=82 GV IsAl TR
pr=030GeV |28 ] 48 {87
pr=030GCeV {31 |48 | 45

Table 3: Branching Ratio for the decay B —« K™ 4 4 in units of 197°
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We present twdﬁmd&h&inﬂpuu“#—ih

decays of B-had:w“&e&-.lmlwt - X.+1ﬂ.-l.4-\.d

the flavour changing acuiral curvent (PCUC) procesees B=X, +yumd B - Ky oy P

thembscriptqo-I,Mﬂwpﬂmh&mﬁﬁﬂld‘-iﬂﬂ : _

the various compononts in the indusive sprcirum can, in principle, he “ﬁﬁ b d b w

photon energy and fiavonr tagging the hadron(s) recailing agninst the photiam i B-dumge, : 5

 Therchy providing s new teckaique to deterie Hhe CHM matein chumte LI W ® . o)
and |V.]. In particulsr, the high energy part of the inclusive photen Suugy apehamn buing :

dominated by the cloctrommagnetic penguins could provide the fims dest et of Figure 1

the CKM matrix dement [Vl We quantify this by firming wp predictions G e innlinmine

decays B = X, +7 in the Standard Model.
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We define the kinematirs of the CC radiative B-decays on the exmmple of reaction

n =1in Table 1,
M) — elp) + Ap3) + E(pe) + KE) {2)
The fully differential decay width for » b quark decaying st veut sends ax: 4
_ -
n | reaction X
T i = cder | SVaPWD -
2 |bsedey |SNVaPRL
3 |b—caty |SWLLELEL b 0
4 [ b csty Y Mg A
5| b—eeiy | f
$ldb—sep ity '5 P
Tib=cr by
8 |b—wdiy [MVLPWL + é O ens
o |sondey |IVaPOLE
106~ waeiiy |3 |VaPIP
1| d~us2y |3VaPIP
12|bwe by [V
1|bowpiyl  Wal
MH]b—urdy |l',_.|‘

Table 1: CCraﬁoﬁwbﬂldﬂchl—o(xﬁx.)+1-ilﬁm
matrix dement dependent factors K.

2, = Lo oo - - T k) eI ts),  3)

where the sum over the fimal spin and d—ﬂ-ﬂmmﬁe-ﬁd.ﬂﬂ
coloar are implied, Theqﬁd#{p)&-&ﬁmhuﬁ’-ﬁbiﬁ

final state, du(p) = £p/{(27)° 29). The spim- and

can be expressed ns:

iu..l; = l'c.—d}l‘l’ K.

c-dur—wqedmuilc_#

KmK.isnmﬁaWhmﬁ-hﬂI-lthud‘dﬂﬁ

squared |A| is given below:

n-k

| = 2h-n(ﬁ-n-i+;?-'_1;p_l_-h) +h--(~§?-k+ ;?.'iu-l)

@ -0 -pom( 2+ 2) Boren-k-B )

@ @

~P1 " Pe (———-—) {B-m'i-l-m-*)-;i-lﬁ-m-n .

pr-k pck

s)

{15,16). The Lranching ratio for the both the CC and FCNC radiative decays are euleulated
using tive total B-decay width, I':

l‘.,‘ 3 (r. IV_.P + T, |V,¢,'=) ro
wr. G}
Te = —I'L’—f CoremT 3 rem3 (11)

The wabues of 7, and v, inclwde phase space and QCD corrections [7,17]. The depeudence
on the efiective b-quark wase, W, which enters as the 5t power in both Iy and all the
radiative decays considiored here camcels to & very large cxtent in the respective branching
ratios. Note that the spoctre amd all the decay rates are calculated directly in terin of the
B-meson mass. The afisctive b-quark mass, entering in T, can also be expressed in terms

of the B-meson maas snd the parameter pr. A very good {numerical) functional dependence
dW.”fotthepu-d..Jdmhcpuamcuiwdu:

W,’”:M.’—ZM.-"-I.ZS {12)

In the mameviend estimates, 2 number of quark and tepton masses and the CEKM matnx
cdemsrats sre porded. Per the CKM matrix, we always use the Wolfenstein parametrization
[38]. The caplinit fomm of this matrix and an update of the actunal values of the CKM matrix
clemsents cam be somm in [19]. Unless stated otherwise, the parameters used in our mnalysis
are listed in Thhie 2, and the others are taken from the PDG tables [20].

The inclusioe phaten emcrgy spectra from the CC radiative decays including the B-meson
wave function offecis are plotied in Figs. 1 a} 1 ¢), corresponding to the non-leptonic
decays, semidepbemse deeags and their sumn, respectively. In each of these figures, we show the
eontribution from the duesgs B — X. + v, B — X, + v and their sum B — (X, X.) + 7, as
well as, the contributien feem the FCNC processes B — X, + v aud B — Xy + v (discussed
in the next seclion), We pastponc a discussion of these spectra to section 4.

Parameter Default value
m, (GeV) 140
m, (CeV) 1.68
m, (GeV) 0.50
m, = my (GeV) 0.30
p(GeV) 5.0
A (GeV) 0.225
pr (GCV) 0.3
Vil 0.041
|Vl 0.041
Val/ Vsl 0.14
Vol = Vil 0.220
Vo] = |Vl 0.975

Table 2: List of parnmeters aad their defanlt values used in the numerical estimates of the
5-decay raten and photen emergy specira.
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: (PEELl M| wnzy)

Prelimi ..
reliminary Upper Limits on Exclusive K *v Modes

Decay mode  |Eff(%)|BR (x10™4) (90% C.L.)
—>| B K*(892)y | 18 (Preztsmm:)
B;— . If"(892)7 5.2 3;.7
B® — K0(1270)y | 3.6 5.5
13_- - If,-(.1270)7 2.9 n
B® — K(1400)y | 8.0 5.4 |
1_3_- ~ K7(1400)y | 11 48
B - K;91430)y | 8.6 13
B~ — K;~(1430)y| 2.2 3.7
B = K°(1780)y | 36 76
B~ — K3~(1780)y| 2.8 14

OBSERVE & EVERTS NEAR R -HA<s

BACUGROUND =~ | EvenT

> 8(|§°—q XV*(Q"N)) _

= (L\6 + gl) X ]0"§

3 FCNC B-DECAYS [NVOLVING DILEPTONS
C o e - tp~
I A A A
b > SVV d vv

imcinded i presenting the rutes and distributions being

T dhlc =n-dia- -

sy be writhes =
11 .
Fdi——'—':r (t= e, n)) = -—%"in Zéj(#)ni(i‘) ] (s8)
=1 ;
i i ; of some of the operators and their

i be truncated. The operators

i iﬁpﬁ-ﬁ-ﬁm&cdmyl b — s + 7+ g. Since the operators
S:n-lh“&:—aﬁ:dmubtthe tnnsiti_on_b—o:+(v_1'rtul) photon, we
b-bhhauuhquhixelmmt of the operators 01,03, and Oy. The remaining
q-d-n-nd&-dbdnv:

0 = %(H.D)(h.!) (57)
O = ;-—(h.ﬂ)(f‘r.wl) (58)

sl the Wilsca coeficients are [35,34]
_u,m) _ 587 (1 _ 11""“)] (59)

4 4
G.(m.) = C.(.u') + ;Iiw_) [,—3 (l -n
(80)

Colms) = Co(Mw)

whare we have dropped the tilde on the coelleients ; for ease of writing. To avoid possible
win-up in the notation, we point out that the operator Oy i the effective Hamiltonian here
dﬁnopentoté.inthe conecpo.d'-(l.-ilhniniu b — s+ v+ g are different
, bence also the Wilson coclicieuts Cy m the two cascs arc different. Again, the
large logarithms of the type In( M3 /m]) sre included in the Wilson coefficients and not in
the matrix clements of the operators.
The coelicionts Colmwy ) and Colmuw) sppeasing sbove can be
hhcﬁﬂl,GudD,iouuwingM.

ColMw) = .i—n},;n(-)+‘—‘—::§%ic(=)+n(=)+; (61)

written in terms of

Co(Mw) = In‘.;%;a(s“;}-;cm (62)
with
1 ] z
B(S) = z[;-?f—(:—-—_-T)*ilnzl (83)
—=f2+43
C(z) = ;[ :,,: -"E:/f:)}hz] (64)

Froodisa _ 2%22/38  £0/6— SeP/3+ 32 —102/9 +4/9, ] (651



+
fow et . b-> SLL

romtu,au,e,% (?a\im (RLA.Z\M‘ é‘-"l GT(KS&"L ) The matrix-element for the process of imterest can be written as:
\%hraude ‘ﬁ'mwrcl-:c ; N’P B 3{9 (/qu) 22! M0+ 0€)=3ViGr — ,"A.“H (88)
'5\""5 +“:j whns wn hawn aguin dropped the small termm due to the intermediate u-quark, and have
e eb 4 W~ b $ wnd e CRM waitarity constraint 40 relate ), = VaV, to ). The reduced matrix element
W *i JH an be shown o be:
: B € 51701 &t +Co Garn Gay"la +20in® by Cr{p)biw o [ (m . L+my R)D Tyt (67)

Ao puinked out eclior, ene has o caleninte both the long- and short-distamce contribution to
T W emscentreie flast an the short distanae pisce and give the lomg distance contribution

‘/‘%‘dz

, |
[V£5V£s=

4 Vu tvus } = sin h(~Calms) + Colms) — (3Ci(ms) + Calrms)glme/mune’))  (68)

* C. SwAl Co = s’ bo(—Cafms) - Colm) - (3C1(ms) + Calms)lglm/men’)  (69)

ﬂ% = - l_’_.é'f lvﬁb ij/ Z‘ d(/‘)adw and the fanction g{m./my, ¢’} arises from the one-loop matrix element of the four-quark
vz J=11789 o s {4384

.(m./m)--{zl-(a’)—},-?’%’% o= 48 (a4 2%) R(r)} (10)

Taeh/§ (

=)
il

51, WL&)(EL/’X"CL,G) | -

1
- hl+Jl__?+i.&y>m’ 7
05 = ( St X,u [’L,s)( C/.f? CLat) " 1-f1-%2 ' "

. 1 ] 1 "
02 = ()™M (S5ea " be) B | o = oo g v
Og = (-9—-)( St Yu bio) BBML | AT oI P e e

BRB— X, +ete’)=(1~-2)x10""

O‘? = (gt)( El—o{ XP bL“)ZxFJ;e = BR(B - X, + u*s") = (6 —8) x 10~ | (73)

fiar the top quack mam ramge 100 GeV < m, < 200 GeV. These estimates are to be

contrasted with the recamt wpper limit for the (svernged) B-meson branching ratio from
O O IA‘HC O Pm X(_b - Sy)’ c --/-‘ the UAl collaborstion: BR(B — X + ptp~) =85 x10°* [Sﬁlzdic;ting that the present
o 3 M 4 i’ , experimental semsitivity is an order of maguitude away ia this channel. The branching ratios
. A ) for the Cabibbo-suppressed FONC decays b — d+ £+£" (£ = ¢, ) can be obtained by sealing
Coslf. induced bg mexesq ., Sucall o corseaponding b 4+ £+ (€ = ¢,) ras by the CEM fackor (Val/[Vu|). The relative
‘* 0 t [b“!- t . ssthee BR{B — X, 4+ £*£)/BR(B — X, + £*£") are independent of m, and their eventual
W Rol (u
. Also an org,.,az‘n 10 Erex ) Cds/n- 2
- £ - . -\ f - uv_
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» OVERVIEW and OULOOK

Decay Modes Br i - ﬁH
(B4, Bu) = Xy 1.2 x 107 84 x$ MK~ pty~) = (824 83.7) x 10~
(Bs,B.) = Ky |(#0—-7.0) x €92 x 1 '
(BayBo) = Xav_ | (05 - SD) x 10°° - BNL 791 B(K; — p*e¥) < 8.4 x 10-1 2 # l
(Bs,B) = p+7 |(1.0-38)x 18~ -
(Ba,B.) = Xoebe- | 12x10° = KEK 137 B(Ky — p*e¥) < 4.3 x 10-10 2
(B4, B,) = X,utu~ 6.7x10°* 5.0 x 1~ [UAI][50 ;
(B4, B, — Ketem 2.4 % 1077 5.0 % 9 ]}B s ; BNL 791 B(Ky — e*e~) < 1.1 x 10~10 )
(Ba,Bu) — Kuvp- 44x107 15x 4 ,
(Ba,B.) = K*e¥e™ 3.7x 107" - i KEK 137 B(Kp — ete~) < 8.6 x 10-1° 2
(Bs,B.)) = K*p¥u 23 x 10~° 23 x 1o*fm—" lf
(Be, B.) = X, vi 6.6x 10" - | BNL 777 B(K* L I P -10
(Ba, Bu) = Kvi 5.2 x 10~9 - ! (KY ~ x¥ute )<21x10
By, B.) — K*ui 2.0 x10°F - -
(e B, )—» 7 20 %107 - BNL 845 B(K: — v%¢*e”) < 5.5 x 10~ %
B, — rty- 1.8 x 10~7 - PNAL - .
B, = ;+;- 33 : 10-9 - ™ B(Kyp — x%*e) < 7.5 x 10
B, = efe 2.0x 1077 -

‘able 9: Esvimates of the braaching fractions far PCHIC B-decags in the Smnlvmd Model o

y = 150 GeV and fp = 200 MeV. Nm“&tM“knm

nd 4, depend on |V, and the numbers corsespand to [Vy,| = 0.007. Bapmibmantal
mits are also listed.

B(Ky — x*yy) = (2.1 + .6) x 10-* ¢

B(X; - x07y) = (146 t.60 24)hn®
Notes: o . o
1) Upper limits are 90% C.L. + 3ure
2) Mmdahto.l::an!yud B<£ gl VV)Z ['(;DC—_]
3) Average of '88 & 89 data. |

€) Sensitive to m,,, > 280 MeV/e? p (K* T )S wls xio !

(eI @] l_
B J
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