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The study of CP-violation effects is of great interest
for a deeper understanding of a lot of aspects of particle
physics. Although a quarter of a century has passed since
their discoveryr the neutral kaon system is still +the only
one in which these effects were observed. This is the reason
why o search for other sources of CF-violation still remains
a problem of principle. in the frame of wmodern theoretical
representationsy B mesons are the most promising objects for
such a search. It 1is also of great importance that
CF-violation quantities measured in B decays can be critical
tests of some main statute of the standard model (SM). These
quantities are expressed throwgh the 5M porameters without
essential hadronic corrections in contrary to those wmeasured
in the decays of hadrons consisting of iighter quarksr 1l1.e.
kaons. This allows one not oniy to verify the vaiiditky of the
M but also to estimate the possibility of lyging outside its
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Because of importancer it 1is planned to carry out
experiments on a search for CF-violation in B decays at most
of the accelerators with sufficiently high GNEeTgy.
Unfortunateliyr the observation of Ck-violation effec?s is
connected with great difficulties caused mainly by smallness
of these effects and the B production cross section.
According to some estimates [2y3]1y for the observation of
CP-violationy the integrated luminosity of an experiment
should be sufficient for the production of 108 + 1012 B's.
Such high luminosity 1is not achievable at the existing
collidersr but it can be achieved at fixed target
accelerators if experiments are carried out in hadron beams
with intensities of » 107 particles per s. In such

experiments a problem arises to distinguish the asymmetrys




reflecting CF-violation in the B decaysr from the one
connected with the differen;e between the charoacteristics of
B and B production. To soive this problemy the complete
identification of both associatively produced B  and B is
usually suggested. This requires the reconstruction of B/E
decay vertices and the identification of all secondary
particles. Obviouslyr such an approach is not feasible in
experiments carried out in high flux beams. In this paper an
approach is put forward which does not require the complete
identification of both associatively produced beauty
particles ond alliows one +to perform experiments im high
intensity beams of hadrons. Certainlyr anly time-integrated
CFP-violation efiects are considered.

One of the essential effects of CF-violation must
manifest itself as an asymmetry of widths of Boand ﬁo decays

into the same hadron final state f with definite CF-parity:
8= T = H-TE - HIATE" = HTE" = HI. )

o measure this oasymmetry experimentally is of interest
because its calculotion is practically independent of
hadronic correctians and directly connected with parameters
of the Cubibbo—Kobajushi-Huskuuu (CKM) matrix. This asymmetry
is due to the effects of CP-violation analogous to those
which are characterized by the parameter £ in the decays of
neutral kaons L£41. The asymmetry arises from interference
between the amplitudes of transitions:

Bo—a—f

and Bo—; Eo-—*. fa
. . o g . .
The latter is possible only if B — B° mixing exists. HMixing

is usually described by the Fais-Treiman parameter r which

equals the time-integrated probability of Eu observation when
BO has been produced. The asymmetry (1) is zero if there is
no mixing (r=0) or mixing is maximum (r=1). In the first case
one af the amplitudes is suppressed and in the secnnd' both
amplitudes became physicaily undistinguishable. As - the mixing
parameter for Bd megons*) measured in the ARKGUS cexperiment
is 0.21%0.08 [61 and indicates a large ( & ) parameter for
B; mixing [72y CP~v1olutioﬁ in Bd decays must lead to o much
larger asymmetry (1) than that for BS decays. Because of this
CF~violation is considered here only in Bd decays.

The asymmetry (1) is oexpressed through the mixing
parameter» rr the parameter of LF-violation at this mixingy

£y and the ratio of decay ampiitudes @ =A(Bd - f)/A(Bd - £

£8l:
& = k(rr-im Ay (2a)
where
k(r) = Ymgf;tii:;;>(1+r) N O.48)y (2b)
A = LU-E)/(1+E)1:9 2% —rexp(2-1-¥) (2c)

and % is the CF-parity of the final hadronic state f. The
value of k(r) is obtained using the AKGUS data for r. The
approximation in (2c) is caused by 1 (l-E)/ (L+E) | & 1 through

smallness of Reﬁ..) and |2 i=1 thraough CFT conservation eand

‘)Here the notations define the quark contents of mesons in
agreement with the sugge§t10n+0£ the Farticle Data GroupC53s
B =bde B =bds B =bss» H =bsy B =bur B =bu and so an.

d d s u u

L4
e A small real part of the parameter & is due to smallness
of AI'/Ty where T' is the full width of Bd decays and Al the
difference between the CF-even and CF-odd states composed

of neutral B’s.



hermiticity of the weaik interaction hamiltonian. The phase ¢

can be calculoted in the frome of theoreticol modelss e.g.»
the SM. Sor the experimental measurement of the asymmetry (1)
andy consequentiyr the phase ® con be a critical test of
these modeis.

To measure the asymmetry (1) in an experiments it is
necessary to identify (to tag) the flavour of the initial Bd
or id at the moment of their production. This can be done
through the sign of the lepton (muon) from the semi-leptonic
decay of associatively produced beauty particle. The

asymmetry
- + - +
A = ENCGFpi 2=NGFrl JA/UNCGF 2l )+N(Fel D ] 3

*
can be measured experimentally in this case. Here N(frl ) are
the numbers of events coﬁtaining the final state f and lepton
*
(1 3 from the decay of associatively produced beauty

particle. If only BdB pair production is taken into accounts

d . .
the observed asymmetry (3) is simply related to the sought

one (1):
A = g(r) &
where the factor
gir) = (1-r)/(1+r) & 0.65 (4)

defines the asymmetry of tagging which arises from the mixing
of Bd(id) used for this tagging. In the generoal casey if the
type of associatively produced beauty particle cannot be
identifiedr the relation between the asymmetries (1) and (3)
is not so simple. Additive corrections for &+ in addition to
multiplicative ones» arise. If these corrections cannot be
obtainedy the additive ones lead to the impossibility of &
detection and the multiplicative ones to a systematic error

of its measurement. Sor for the detection of CF-asymmetryr it

is necessary as a minimum to obtain the sources of additive

corrections and to search for the ways of their rewmoval.

If Bd(ﬁd) are tagged by the ahove mentioned means (by
the sign of the lepton)r an uncontrolled difference between A
and & arises. Its origin is due to the difference bétueen the
Bd and id production cross sections and the differences of
the semi-leptonic branching ratios of a variety of
associatively produced beauty particles (de st Ab etc.)
used for the tagging. The quantities defining the wmeasured
asymmetry (3) are proportional to the decay widths F(Bd—+ )

and r(Ed—e £rs
N(frl ) e b, - f)-N(Bdrlm)
+ - - +
and  N(Fr17) & T(B = 7 W(B oL

Heve ui§;.1*) defines the probabiliity of the simultaneous

- ¥
production of Bd/Bd with a lepton (1 ) from the decay of

assoclatlvefy produced beauty antiparticle/particle. Each of

P P C o b o
Lhese guantilics 7opirisinis & sum GveEr all posmibic
beauty antiparticles/particles which can be produced

associatively with Bd/§d=

- “ -— - -
= B > 1 o+ ...)
U(del ) i u(Bd-Bi) Br(Bi~+

and WE 1"y = Zi o (B B ) Br (s — 1t e 0.

Here a(BdrEi)/u(idrBi) denotes the cross section of the
simultaneous production of Bd/ﬁd with a beauty antiparticle/
particle of the i-th type (Bi = de st Buy Ab’ etc.) and

Briﬁi—* 1* + ...) is the semi-lieptonic branching ratio of
carresponding antiparticle/particle. It is obvious that A
coincides with’ the CF-asymmetry & if N(del—) = H(Ed-1+)
only. This equality is fulfilled for symmetrical beauty
particle production at e+e_ or pB colliders. In fixed target

experiments the inequality of these quantities is due to both



the difference of tne Bd and ;d production cross sections:
u(ud.3_> # u(Ed,B_), and the distinctions of  the
1 1

semi-leptonic branching ratios of different types of beauty
(=> ¥

(~) * . . .
particless BrtB_—* 1+ .u) # Br(BJ—* 1+ ..) if i#3. Defining
i

the asymmeiry related to tnis inequality by
- - + - = +
¥ o= LW(B, 21l )-WIB o0 20/70WCE »1 )+WCE 21 30
d d d d
one obtains that
A = (Y+E) /7 L+yY &) . (57

In the general caser ¥ 15 unknown and changes substantially
with varying the reaction energy or the kinematic region of
Bdtgd) detection. Thuss 1t 15 impossible to establish the
existence af the CF-asymmetry & in the Bd decays bty measuring
experimentally only tihe vaiuve of A.

for the observation of the CF-asymmetry &» 1t is
suggested here to detect two %d decays into the final states
¥ and f* which are opposite in LF-parities put identical in
ather reanecte and tn eeacure tha rFarrscoanding acomandaios
(3) denoted as A and A’y respectively. The states f and r~
must be detected in the same kinematic region. Sar» the same
value of ¥ enters 1nto expressions for A and A’. In accordance
with (2)» the UF-asymmetries for such decays are opposite 1in

sign and equal in absolute valuer §=-67. By analogy with (&)r

one obtains:

AT = (r-8)/(L-¥.8). (&)
50¢ & can be simpiy obtained using expressions (5) and (&)
for A and A’. Moreover» for small asymmetriesr i ¥-& | « i3

& ¥ 0.5:(A-A").

Thuss it 1s possibier in principter to establish the
existence of CFP-violation in the Bd decnays by observation of

the difference between the two aégmmetries A and A’. To

measure the value of the CF-asymmetry (1l)s it is necessary to
estimate multiplicative corrections for & arising in
the discussed approach.
As among the detected events Lhere are events containing
BdBd or Bst/Bd
account the correction coefficients (4 caused by tagging

E pairses it is necessary to  take into
s

asymmetry due to the mixing of Bd/gd or BN/ES used for the
tagging. These caoefficienls are approximately equal to U.65
and O for Bd/ﬁd and Hs/gsv respectively. If the relative
production rates between difterenl types of beauty particles
are Bd=BU=Bs=Ab N 0.38:0.38:0.15:0.09 [33y Lhe averoge value

of the observable CF-asymmetriy & is somewhat less than (1):
& % 0.76.

Same corrections for the measured uasymmelry 1)  are
connected with that among the detected lteptons there are
leptons which are not produced from ihe decays aof beauty
particles. However: one can assume that among leptons with
iyl Lrunsverse momenta er) such a rate must be small

because the average transverse momentia of the produced beauty

particies are large. Besidesr corresponding hackground events
are not correlated with the detected decays Bd(§d> -+ f/F
andy consequentlyr they can be estimaled.

Une of the main sources of systematic errors of the
studied asymmetry & is due to the admixture of leptons from
the semi-leptonic decays of charmed particles which are also
secondaries +{rom the decays of beauty particles. These
leptons are opposite in sign to those directly produced from
the decays of bteauty particles/antiparticles.. Such a

P .

confusion leads to tagglng oasymmetry:

£ ¥
s = [Nlb Hh=NGcH tnasHenach 1,



where N(lb*) ond N(lc+) are the numbers of detected 1leptons
which are irom the decays of beauty and secondary charmed

particies: respectively. A multiplicative corrections A=% 6y

arises from this tagging asymmetry. Buty multipionic emission
in the semi-ieptonic decays is suppressed because of the
isoscalar nature of the dominant transitions in such decays
{yl. Thens due o a nigher decay energyr the leptons from
the decays of beauty particles have greater average value of
FT than those from the decays of secondary charmed particles.
Consequenilyr the value of 4 tends to 1 at sufficiently high

FT and the corresponding systematic error becomes negligible.

The final states § and f* satisfying the required

conditions are produced in the decays:

B,(B ) % J/% + K . (7a)
d Bd s
and E (B ) -+ J/¥ + K . . 76
d d -
INESE SLOTES GFE UPPUSDLLE LN G pul suiss  Luwy  2udnvidal  i0
.0 -0
other respects. bue Lo o maximum mixing of K and K r they

are produced with equal probability in the considered decays
(7a) and (7b). Consequentlys the states f and §7 ave
identical in gquark contents. This 1leads to the same CKM
matrix terms entering into expressions for the phase @
definition ands consequentlys to the same absolute value of
the expected asymmetries (1) for these decays. The phase &
can be calculated taking into account the corresponding quark
diagrams for the studied decays. From such calculations it
follows that the asymmetry & usually becomes larger at
smaller values of the decay widths. This is connected with
that the CP-violation terms of the CKM wmatrixre which enter

into the decay amplituder are small and almost do not

influence on the wvalue of the decay width. Sor the
contribution of these terms to the decay amplitude is largersy
ands consequentlyr the observed asymmetry becomes mare
significant with decreasing the decay width. Therefores for
choosing BD decays to search for the CF-asymmelry (ljs it is
necessary to compromise between smallness of the quantity &
and the decay width. From this point of viewr the considered
decays (7) are optimum in spite of small decay widths.
According to theoretical estimates [2¢10»i13s the branching
ratio of these decays is (0.7:5.00-10 > This is apparently
confirmed by the data ({121 of the ARGUS experiment. The
estimate of the corresponding asymmetiry & is limited by  the
precision aof existing data on the CKM matrix terms entering
into the phase definition [13):

u ot ot
td cb cs es ed

® = arg U
tb
The expected asymmelry & calculated in [3s132] equals from
0.07 to 0.30 in absolute value.
The decays (7) can be reliably identified experimentally

by the explicit topology of two neutral WYee'’s and by the

final state invariant mass. J/% can be identified by the
. + - . . + - +* -~ 0

decay into B K » K into » n and N inlo LR

s

* F(~
. ul(v) :)

or

For the tagging it is possible to identify. reliably

the muon from the semi-leptonic decay of associatively

*)
In the case of the K, semi-leptonic decayr the K

momentum can _be obtained by measuring the momenta of charged
particless * and K v and the geometry of the production and
decay vertices.’ The K. momentum ambiguity arising from such a
measurement leads to a, combinatorial background in the
invariant mass spectra in which a signal of the decays 7)
should be searched for. But such a background among the
selected B will be negligible if the mass resolution is high
enough.



produced beauty particle and to measure the sign of its
electric charge. Consequentiyr the suggested experiment must
be optimized for the detection of trimuon events containing
neutral Vee from the I\‘q/l\'L decay with its wvertex situated

downstream the interaction one. Such events have a clear

signature allowing one ta select them in high intensity
hadron beams.

Taking into account the presented estimates of the
asymmetry (1) and the corrections arising in the frame of the
considered approachs one obtains that for the observation of
& with o statistical significance of three standard
deviationsy it is necessary to accumulate % 1500 each of the
decays (7a) and (/b)>. Considering the caompasite branching
ratio of all the decays which lead to the observable final
statesy one gets that wmore than 108 BB pairs should be
produced for such statistics. The corresponding upper Limit
can be obtained by calculating the uccep%unce of a real
experimental set-up. fhis acceptance cannot be high due to a
limited size of the set-up and a long lifetime of K . The
expected cross section of beauty particle hadroproduction
within an energy region of 243 Tev is from 0.1 to 0.2 b per
nucleon [i41. From these estimates it follows that the
intensity of hadron beams in the discussed experiment must be

10
greater than 10 particies per s.

Summary

The general possibiiity 1s shown for the detection (and
for the measurement undar favourable conditions) of
CP~violation in the Bd decoys in o fixed target experiment
carried out in high intensity beams. This reguires to detect
approximately equal numbers (15003 of the decays Bd—+ Iy +
Ks and Bd-ﬂ J/¥ + K an the same kinemutic region. A muon

from the semi-leptonic decay of an associatively produced

10

beauty particle sheuld be detected in each of these events.
The Bd decays can be identified by Lhe invariant mass of the
final state characterized by a ciear signature. The contral
that the muon is from the semi-ieptonic decay of beauty
particle can be done by analysing its trunsverse‘ momenlum
which must be correlated with kinemotic parameters of the
detected Bd decays. The difference belween the muon charge
asymmetries measured respectively ior each of two sgmpies of
events containing the first and second of the detected &

decaysr gives evidence for the observation of CF-violation in
these decays.

The approach suggested to measure CF-violation in the R
d

decays differs from most of Lhe discussed ones because it
does not require neither precise measurements of the vertices
of beauty particle decays nor the ideniiiication of secondary
charged hadrons. Such an approach substantially simplifies
the performance of an experiment and makes it possible to do
1T IR N1gN iINteNslty nadron beams andr thuss to reach the
necessary luminosity. Neverthelessr the suggested experiment
is extremely complex and needs careful optimization. One can
assume that the 3 TeV UNK which is being built at Serpukhov
(USSR) is an energy-optimal accelerator. But it may be
possible that the experiment can be performed also at the

FNAL Tevatron (USA).
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Kexenupgse B.]I. E2-88-460
0 BosaMoxHocTHu HabmogeHHs CP-HecoxpaHeHHs

B pacnagax B—-Mes3oHOB B 3KCIIepHMEHTax

¢ GUKCHPOBAHHONH MHMEHbLI0 )

lpennoxeH nogxond K perucrpaudH CP-HecoxpaHeHHA B pacna~
JaxX HeHTpaJbHbIX B—Me30HOB B 3KCHepHMEeHTax C ¢UKCHpPOBAHHOH
MMIIeHbI0, NMPOBOOHMBEIX HA NMy4YKaX BLHICOKHX HHTEHCHBHOCTEMH.
O6cyxmanTcss BO3HHKAawIHe B TAKOM NOAXOoOe CHCTeMaTHYeCKHe
omM6KH acHMMeTpHH pacnagoB, obycroBnenHoi CP-HecoxpaHe-.
HUEM.

Pa6oTa BbhinoJsiHeHa B JlaBopaTopHH BBICOKHX 3Hepruii OUAH.

INpenpuir O6BeAMHEHHOTrO HHCTHTYTA AREPHBIX HecaeaoBanmii. [yGua 1988

Kekelidze V.D. E2-88-460
About a Possibility for Observation

of CP-Violation in B-Meson Decays

in Fixed Target Experiments

An approach to the detection of CP-violation in the
decays of neutral B mesons at fixed target accelerators
is suggested. This approach is feasible in experiments
with high intensity hadron beams and, thus, allows one to
employ one of the main advantages of fixed target accele-
rators. Possible systematic errors of the CP asymmetry
measurement are also discussed. The B® decays into J/¥+Kq
and J/¥+K; are considered as an optimum for the detection
of CP-violation.

The investigation has been performed at the Laboratory
of High Energy Physics.
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