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Abstract

Roimishvili N.N. et al. The & Quark Flavor Tagging via A-Hyperon for CP-Violation Studies:
tHEP Preprint 93-148. - Protvinoe, 1993, - p. 4, refs.: 6.

A method ol the {-flavor tagging via A is propoced for the CP-violation parameter sin(24}
measurement at a collider detector. The statistical error is expected to be about the same as
in the case of b-tagging via muons.

AHHOTAITHAY

Poiinympnnu H.H. Onpenenenne apomara b-kBapka nocpencTBoM A-runepoHOB Ans H3ydeHUs
CP-napywenuit: [Ipenpuur UPB3 93-148. - lporsuno, 1993. - 4 c., 6ubnuorp.: 6.

[IpennaraeTcs HOBEIW MeTOM ONpenelleHHs apoMaTa D-KBapKOBOL CTpPyH mo A-runepoxHam
1:1% M3MepeHks HapaMelpa Hapyiuenus CP-uernocTn sin(2() B 3KCEpHMEHTAX Ha Ko:uladize-
pax. CTarncimdeckas TOYHOCTh B M3MEPEHHH >TOTO MapaM=Tpa TaKOIs e NOPIIKa, Kak U B
Cllyvae IPAMeHeHUS TPaIHIHOHHOIO MeTOHa OlpedelieHHs apoMaTa b-cTpyH Io 3HaKy MIOOHOB.

© Instituie for High Energy Physics, 1993.



There are several problems in the field of HEP where it is necessary to
know the flavor of the b-quark produced in hadron-hadron or ¢*e™ interactions.
Ordinary and simplest way of b tagging is the measurement of the charge of
muons from the semileptonic decay of beauty hadrons. In this case, a wrong
tagging due to the cascade decay b — ¢ — u, m, K-decays, punchthrough in
detectors and possible false muons arises.

We propose another method - to tag b(b) via inclusive decays of beauty
hadrons into A(A), ie. b —» ¢ — s(b — & — 3) chaiu, which is free from
the above mentioned misstagging sources. The A(A) can be identified by its
decay into pm~(pr*) in a detector with a good tracking system in maguetic
field. The ambiguities between A and A, will be, as it is known, very small even
without particle ideatifications, since the p(p) momentum is in average much
larger than the pion one. The expected branching ratio: » — A + X (the same
for b -» A 4+ X) can be roughly estimated as:

Brlb— AX] = f(b— BX) x Br[B — AX|+ f(b — ApX ) x

xBr{A, — AX]| = 0.074,

where B = (B~, Bj, B?), using:

i) the measured values of Br[B — AX] = 0.042’Y and Br[A, — AX] =
= 0.45/%

ii) the assumption that Br[A; — A_X] is equal to the Br[B — DX], which
is the sum of the measured values/!/:

Br[B — D*X]+ Br[B — D°/D°X| + Br[B -- D*X| =

= 0.227 + 0.46 + 0.115 = 0.80,

iii} the assumption that the values of the production fraction of beauty
mesons and baryons (mainly Aj) are equal to:



flb—= DB X)=7j(b—B'X)=038 f(b— B°X)=0.14
and f(6 — ApX) = 0.1,

One can expect an additional source of A(A) which is not directly connected

with the b(b) decay, but giving the right tagging. In the case of the b(b) frag-
mentation into B3(B?) an extra s(3)-quark from the sea, strongly correlated
with the B?(B¢) momentum, will arise. This quark with the probability of
about 10% can hadronizate into A(:\) and will give additional right tagging in
abont 1.4%.

Thus we expect that the probability of the good b-tagging via A can be
equal to 0.074 + 0.014 = 0.088, or 0.055 including Br{A — pn]. This value is
only twice less than Br[b — uX].

However, there will be quite a lot of A’s produced in pp interactions and not
related to the b production in the energy range of LHC/SSC. Though most of
them will have low transvers momentum and can be removed by the proper p,
cut, there still exists a probability of wrong tagging and one must take it into
account when studing certain physics problems.

We apply here the rethod of b-tagging of via A for investigation of the
posstbility to measure the C' P-violation parameter sin{203) (3 — cne angle of
the unitarity triangle of the CIKXAM mixing matrix) in BS and B3 decay. There
are several suggestions, how to measure this parameter at LHC colluder/3:49/.
All of them are based on the detection of B3/RS by their decay intec J/¥K,,
followed by J/¥ — ptu~(e*e™) and on tagging of associated beauty hadrons
by the charge of the muon in their semileptonic decay.

The angle 3 15 related to the titne-integrated asymmetry:

g = DUBE — /UK, - I(B — J/VK,)
" T{BS — J/UK) +T(B — J/VK,)

and mixing parameter g

2
sin(28) = A x (l—iﬁi)

‘The measured asymmetry A4, = (Nt — N7)/(N* + N~), where N*(N7)
are the numbers of the detected events with BS or BS decaying into J/ WK, —+
Tt T associated with ut(p”) in the case b-tagging via g or with A(A)
in the case of h-tagging via A, is affected by dilution effects due to the mixing
of the tagged B's(D.,) and due to the wrong tagging (D,,) arising from the
b — ¢ — p chain, 7-, I{-decay, etc. in the case of b-tagging via y or from the
soft A vield in the case of b-tagging via A. Note, that in the last case D,, is



more close to unity than in the case of b-tagging via y, since about half of A’s
are decay product of beauty-baryons, which can not mix.
Thus. the CP-violation parameter cail be measured as:

A y (1+ z3)

Aini(28) =
sin(23) o) o
with the statistical error for sin(203):
2
5(sin(28)] ~ — e x 12D

~ DVN Zq
where N is the number of tagged events and D=D,, x D, =1-2xW. W
is the probability of wrong tagging including mistagging because of mixing and
wrong muous or soft A’s.

For the estimation of the efliciency of the b-tagging via A for CP-violation
studies we used PYTHIA 5.6 and JETSET 7.3 to generate B in the reac-
tion pp — bb+ ... at {/s=14 TeV. To reduce the computing time we forced:
BrlJ/U — ptu~] = Br[K, — n¥7~) = Br[A(A) ~» p(p) + 7] = 1. We also
forced BriB — Ap + 3n] = 0.042 (instead of B — AX) and kept the proba-
bilities of beauty baryons production and decay corresponding to the PYTHIA
version used. Note, we use only events with B — J/WHK,. The events with
B — J/UK, have the same efficiencies and we take them into account when
estimating the total number of the expected events.

The 1.2 10° generated events with B — J/WK, — pumrn passed through a
collider detector with properties similar to the CMS/3% applying the following
cuts:

1) for muons from J/U - |n} < 2.4, p;,, >3.5 GeV/c;

1) for n’s from K - || < 2.4, ¢y > 0.5 GeV/e, K, decay length in the
transverse plane is between 2 and 40 cm and | Z,epte.| < 1.5 m.

In the remaining events we looked for A’s and A’s with p, >2 GeV/c which for
their decay products fulfil the requirement ii) and move in the direction oposite
to the BY in the transverse plane - Ay > 907

After all cuts we are left with 677 events with B — J/V K, — punm and A
or A. The events are distributed: N,=505 and N,=172, where N, and N,, are
the numbers of right and wrong tagged events corrected for B° — B° mixing.
(We call here right/wrong tagged event if BS is associated with A/A). These
numbers give the dilution factor 1=:0.49.

The total number of events for:

~ Ly = 10* pbhl,

- a(bb)=500 b,



- probability of B or BS production equal 0.8,

~'Br[By — J/YK,] x BrlJ/¥ — pup] x Br(K, — n%%"]|=1.35x10"%,

- Br[A — pm]=0.64,

~ losses of A due to the A/K ambiguity 0.9,

~ trigger and tracking efficiency of muon (0.8)%,

— tracking efficiency for K° and A decay products 0.95,
expected to be N=9100. With such statistics sin(20) can be measured with
the precision §[sin(20)] = 0.045. We use 24 = 0.7/%/. The obtained error is
about the same as those in the case of b-tagging via p /3-5/.

In conclusion - the b-flavor tagging via A can be used as a method to measure
the CP-violation parameter si n(2/3) at a collider detector, as well as the b-flavor
tagging via u.

We would like to thank Yu.Antipov for helpful discussions.
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