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This is a rare decay - so good place to look for New Physics.

Theory: B(Bs — ptpu~) = (3.6375:15) x 1077,
This branching ratio was measured at LHC:

B(Bs — ptp~) = (3.34 +£0.27) x 107°

Uncertainty in the number of Bg-mesons produced at LHC do not allow to
measure B(Bs — ptp~) with the desired small uncertainty.
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Bs — D, 7" as a normalization channel

We can find the value of B(Bs; — Dy 7nt) at Y(55) (at Belle II) by the following
relation:

N(B, — D7n+) N(B)
N(BY = D—r+) N(B,)

B(B° - D n") =B(B, — D;n").

Consideration of the time dependence of semileptonic decays of both B-mesons
produced at T(5S) resonance at Belle IT allows to determine the fraction of the
T(55) — B B decays with the percentage accuracy.

Thus we suggest the way to determine the probability of the rare decay

Bs — ptp~ with the percentage accuracy at the LHC using B; — Dy 7t as
normalisation channel.
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T(4S) and Y(5S5) decays

Pairs of B-mesons are produced in T decays; in asymmetric
ete™ colliders time dependencies of semileptonic B decays are studied.

In Y (4S5) decays BB pairs are produced.
They are produced in C-odd state.

In Y(5S5) decays BB as well as B, B, pairs are produced.
They can be produced in C-even state as well:

T(E)S) — BZ‘S)B(S), BEkS) — B(s)'y.
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B — B mixing and oscillations

d uct b

b uct d

By, = pB° + ¢B°, By = pB° — ¢B°,

BO(t»etheWﬁ{ (A;”)w% zzsm<A2mt>BO>]

where M = (my, + mp)/2 and Am = my — my,. Since the modulus of the ratio
Ip/q| =1+ O(1073), then in what follows we will assume |p/q| = 1.
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BB from Y(48) decays

They are produced in C-odd state, so at the moment of semileptonic decay of
the first one we know flavor of the second one:

B — ITvX - the second one is B (EPR paradox).

So the one-particle wave function is all what we need:
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The ratio of the number of decays into leptons of the same signs to the number
of decays into leptons of the opposite signs in the case of a C-odd wave function
is equal to

N++ + fo - 1’2

Ni_+N_, 2422

Roqa =

where the dimensionless parameter z = Am/I" was introduced. In case z = 0 (no
oscillatios) Ny = N__ = 0; in case « >> 1 (fast oscillations) Ny = N+—.
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two-paricle wave functions

For semileptonic decays of C-even states this trick does not work and we need
two-paricle wave function.

C-odd wave function:

¥ (t1,t2))oda = |B°(t1)) @ [B°(t2)) — |B°(t1)) @ | B%(t2)).

C-even wave function:

|9h(t1, t2))even = |BY(t1)) ® [BY(t2)) + [B°(t1)) ® | B (t2)).
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BB even state
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Branchings of the T(55) — Bs B_g*) decays

Decay modes Branching notation

C-parity of BB pair

BB" in the final state

BIIBIJ BIJ*BUX BUBI],U
C-odd state v go -0 o (€00)4
B[DBU* BU*B{] B[:“B“W“
C-even state B o0 (eng)ever
BYB™ in the final state
BTB~ BtB B*B 7"
C-odd and C-even states | BB *x" [
BTB™* B™B~ BB "
BtB~*gl
BsBs in the final state
C-odd state BsBg BLB: (es5)?d
C-even state B:Bs BsBg (e55)
B*B" in the final state
.. . . BTB%~ BTB'7~ ptBYa- BT B%a- €L
No definite C-parity B B'xt BBzt B BYxt BBt .




time dependence of the same sign dileptons production

AN
dAt

(€00
2(1 T 22)

AmAt .
2

odd + (ESS)even
2

r
= LUe+e—ﬁT(5S)B2(BO — €+l/g)()§€7pA)5 [(GQO)Odd sin2

) even

+

(1 + 22 — cos AmAt + zsin AmAt) + (ess) +

4+ (2—|—x - 2cosAmAt—|—xsmAmAt)]

where L is a luminosity of the ete™ collider, Tete-—7(55) 18 @ cross section of
the Y(55) production, B(B® — ¢*1,X) is the branching ratio of the
semileptonic B%-meson decay and I' is B® width.

Analogous expression holds for dN__/dAt.

(1)
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time dependence of the opposite sign dileptons production

Analogous formulas are obtained for the case of dileptons of the opposite signs:

o U AmAt
dA+t - LUeJre’—”f(%')BQ(B0 — €+1/zX)§e e [(eoo)cdd cos? T"‘ (2)
even odd even
+ %<1+x2+COSAmAtxsinAmAt> e, o (ess) ;(ESS) .

+ Erte 6 + 22 + 2cos AmAt — xsin AmA¢t ) |.
2(4+ 22)

emileptonic de



It is convenient to form the following ratios from (1) and (2):

d(N+_ + N_+ — N__ — N++)/dAt
AN\~ + N + N__ + N,,)/dAt

= C 4 Asin(AmAt + ¢), (3)

d(Nyy + N__)/dAt ., A
=0 — = AmAt 4
d(Nf— + N_4 + N__ + N, )/dAt ¢" = 5 sin(AmAt + ¢), (4)

where the parameters C,C’, A and ¢ are equal to

2

U=e—t <€++6_>4+x2’

C/ _ (eoo)odd + (600)even + (ESS)Odd + (ESS)even 1+ $2/2
B 2 AN A
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A=—1(e )Od(l+(€00)ev9n+ 2 (e +e€) 2+
00 1+ 22 42000

971/2
L even L
+<1_’_$2(600) +4+{E2(€++6_))‘| ’
¢ = — arcsin (c0)*** + (eﬁ)z? + 4—‘,—%(64’ +e)
—A

Experimental measurement of the time dependences of the left sides of (3) and
(4) allows to obtain the branching ratio egs = (e55)°% + (e55)°Ve":

A. Bondar, E. Karkaryan, A. SimovoniaOn the semileptonic decays of the BB



2
20" —C =€g5+ |4 +e_ | ——

SS + 4 n 1_2 B
where we used the isotopic invariance: e _ = (ego)° 4 (egg)°Ve".
Let us estimate the uncertainty in egg determination which comes from the last
term. The value of this term is

2
_OT”_ (.62.+ 0.00)%,
4+ (0.77)

Wl N

x (7T£1)% x

where factor 2/3 accounts for the decays with charged m mesons and x=0.77 is
substituted. Comparing it with the approximate egsg value (22 4+ 2)% we see that
the relative uncertainty due to this correction is less than 1%.
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Conclusion

The fraction of Bs-mesons produced in T(55) decays can be determined from
the time dependences of semileptonic decays at Belle II.

It can be used to find the branching ratio of normalization channel By — D, 7"
at Belle II with the percentage accuracy openning the way to measure
B(Bs — ptp~) at LHC with the same accuracy.
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Corrections due to the longer lifetime of BT meson

While lifetimes of B® and B, mesons coincide at a percent accuracy the lifetime

of BT meson is considerably higher: 75+ /70 = 1.076 + 0.004.

—= C+Asin(AmAt +¢)
—— €+ Asin(dmAt + §)

200

imovoni

—:= C'=4sin(AmAt + ¢)
—— €' —4sin(amAt + §)

of the BB p



T(4S) — BB — J/’lﬂf(g J/’lﬂf(g

Two-particle wave function is needed:

_ A A )
X l:A COS (;LQ) + igASiD <2’rnt2):| — (tl — tz) = 6721Mt7rt |:(Z§A2 —

. A A . A A _
—i2A ) cos 7mt1 sin 7mt2 + (44% — 242 ) sin 7mt1 cos 7mt2
— _—2iMt-Tt (ipA2> [1 B )\g] sin (AmAt)
q 2

where A(A) is an amplitude of B°(B°) — J/¢Kg decay and A = (q/p)(A/A)
was introduced. In the last line the fact that A = A was used. The ratio ¢/p can
be expressed via the angle 3 of the unitarity triangle: ¢/p = e~2%%. Then the
probability of the decay equals
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P(J/YKs, J/YKs) = e 2T AL — e4P][1 — ¢~ 48] sin? (AmAt)

= e A% 45in?(2p) sin? (AmAt) .

It equals zero for At = 0 due to Bose statistics, for Am = 0 because of absence
of oscillations and for 8 = 0 due to C'P conservation. The point is that 1°(45) is
CP even while final state is C'P odd.

Let us estimate the amount of 7(45) — J/¢YKgJ/9Kg decays which could be
detected at Belle II. The total number of 7(4S) which should be produced at
SuperKEKB with integrated luminosity L = 50 ab™ " equals ~ 10'!. For the
number of decays 7(45) — J/YvKgJ/PKg we get:

N(Y(4S) = J/WKsJ/pKg) = e- N(T(48)) - B(Y(4S) — J/YKsJJYKs) ~ 150,

where € = 0.04 is an efficiency of Belle II detector in the
Y(4S) = J/¢YKgJ/9pKg channel. Taking into account excited charmonium
states this number can be doubled.

A. Bondar, E. Karkaryan, A. SimovoniaOn the semileptonic decays of the BB



