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Figure 1: (a) The My, AE scatter plot for BY — J/wK™. The superimposed parallelogram indicates the
(Mye + AE — 5.28) signal region. (b) Simulated My, distributions for BY — D~7t in MC. The channels
BB, BB* + B*B, B*B* and BB are shown as hatched histograms in the order of increasing hatching cell
size from left to right, while the BBx, BB* 7 + B*Br, B*B* it are represented in dotted, normal, and dashed
histograms. (c) Background subtracted My distribution for data, along with the fit histograms for 2 body
channels (solid line).

1. Y(55) and B; decay

The KEKB accelerator in Japan has been running very smoothly on the Y(5S) resonance,
leading to a large number of By mesons that were detected in the Belle detector. By the end of
2009, there will be ~ 100fb~! Y(5S) data collected at Belle. In this paper, we report on results
from 23.6 fb~! data collected on the Y (55) resonance using the Belle detector from 2005 and 2006,
where 1.39M Bg*)B§*) pairs were produced.

The total bb cross section at the Y(5S) energy has been measured to be (0.30240.014) nb, in
which the fraction to B\ B{") pair has been measured to be f; = N 01 /Ny = (19.5739)% [1,12].
In the study of B, decays, we generally calculate two variables: the beam-constrained mass My, =

E?— ﬁﬁ and the energy difference AE = Ey — Ej;, where (E} , pj ) is the four-momentum of

the reconstructed B, candidate in the Y(55) CM frame.

Belle has studied the 3/4 body decay of Y(55) — B*)B*) (), where B means B, or B;. Only
one B meson is reconstructed in 5 submodes (B* — J/wK* D*(K~n")n" ,D°(K3m)nt; B —
J/wK*®. D~ (K*n~n~)m"). Fig.[1(a) shows the scatter plot of the B — J/wK™ channel in data.
By fitting the distributions of the value My + AE — 5.28 in bins of My, the B meson signal yields
are extracted as a function My (Fig. [1(c)). The MC distributions in Fig. 1(b) shows that the 2/3/4
body decay channel of Y(5S) can be distinguished in M, which is due to different B momentum
in Y(5S) rest frame in different channels. An enhancement in high M, region in background
subtracted data (Fig. [1(c)) corresponding to Y(55)’s 3 or 4 body decays is seen, along with the
peaks in low My, region. The branching fractions for 2 body decays Y(55) — B®)B™) are extracted
by performing a fit in the region 5.268 < My < 5.348 GeV to Fig.|1(c). The branching fraction for
3/4 body decay is obtained by fitting My + AE — 5.28 in the region 5.348 < My < 5.44 GeV, as
B(Y(55) — BYBMx(x)) = (17.071-6 +2.7) %, which is inconsistent with theoretical calculations
(~0.03%) [3].
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Figure 2: Scatter plots for By — D T (top) and By — DK + (bottom). The three boxes in the top plot are

the signal regions for Y (5S) — BB, B:B?, BB, from top to bottom. The dashed box is the region where
background from B; — D, ™ sits.
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Figure 3: (a,c) M, distributions for candidates in the BiB; AE signal region, (b,d) AE distributions for
events in the BB} M, signal region, for B; — D; 7" (a,b) and By — DFK % (c,d) modes. The dotted curves
in (b) and (d) represent the By — D*~ " and By — Dﬁ*)_n‘* background.

1.1 Measurement of the decays B; — D, 7" and B; — DTK*

The decay B; — D, 't proceeds through a Cabibbo-favored tree process, and has a large
branching fraction which may serve as a normalization mode for B decays. The decay By — D, K™
is Cabibbo-suppressed and is an important decay channel in measuring the weak phase gamma
through time-dependent CP violation measurements.

Belle measured the branching fractions of B; — D (K ™), by fitting the 2D distributions of
AE and M. Fig. 2 shows the scatter plots for B — D+ and B? — DTK*. The fit curves are
shown in Fig. 3. We obtain [4] Z(B? — Dy nt) = [3.671033 (stat.) 043 (syst.) £0.49(f;)] x 1073,
and B(B? — DTK*) = [2.47{ 3 (stat.) £0.3(syst.) £0.3(f;)] x 1073 with a significance of 3.50 [4].
The ratio B(B? — DFK*)/#(B? — Dy nt) = (6.5733)% is consistent with CDF result (9.7 £
2.0)% [5]. Belle also measured the B; and By mass: mp: = (5416.4 +£0.4 +0.5) MeV /c?,mp, =
(5364.4+1.3+0.7) MeV/c? [4].

1.2 First measurement of B, — X[~V

The total inclusive decay By — X1~V is interesting because its branching fraction can be
compared to the total semileptonic B®, B branching fractions, where significant difference would
indicate an unknown source of lepton production in B decays.
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Figure 4: The electron (a) and muon (b) momentum distributions from B,. They are fitted with primary
(dotted) and secondary (dashed) lepton spectra.

Belle reconstructed the same-sign D] meson and lepton events and obtained the distribu-
tion of the lepton momentum, by fitting the D" mass spectra in each lepton momentum bin. The
same-sign requirement suppresses continuum and BB backgrounds. Then, the background due to
Y(5S) — BB(X) decay is evaluated using the momentum-corrected Y (4S) — BB data. The back-
ground due to continuum is evaluated using the continuum data. Other mis-ID backgrounds are
evaluated using MC. After subtracting the backgrounds above, the lepton momentum distribution
is further corrected for the radiative energy loss. Finally, it is efficiency-corrected and plotted in
Fig. 4. It is then fitted with two components: primary lepton and secondary lepton spectrum from
B;. The normalizations are floated and shapes fixed from MC. But fitting the electron and muon dis-
tributions separately and simultaneously, Belle obtained Z(B? — X*e~v) = (10.94+1.04+0.9)%,
BBY — XTu v)=(92+1.040.8)%, and Z(B? — X*1~v) = (10.2+0.8 +0.9)%, which is
consistent with the PDG value for B%: %(B° — X*17v) = (10.33+2.8)%.

1.3 Measurement of B; — J/y¢ and observation of B; — J/yn

By decaying to CP eigenstate J/y¢ and pure CP eigenstate J/yn are studied at Belle. J/y
is reconstructed in the e*e™ and ™ p~ channels and the ¢ and 1 mesons are reconstructed in
¢ — K"K~ and n — yy,n"n~ x" channels, respectively.

The scatter plots for J/y¢ are shown in Fig. 5, from which we count the events in signal
region and obtain the branching fractions (B, — J/y¢) = (1.1573%) x 1073.

The 2D distribution AE, My, for J/ymn are fitted for the two 7 channels, and projected in
Fig.|6. The background shapes are all flat and the normalization for J/yX background is fixed. We
obtain Z(B, — J/yn) = (3.44 £ 1.07(stat.) 1355 (syst.)) x 10~* in ) — yy channel, and Z(B, —
J/yn) = (4.60+2.06(stat.) 050 (syst.)) x 107* in n — w+ 7~ 7" channel, combined to (B, —
J/wn) = (3.69 £0.95(stat.) 105 (syst.)) x 1074,
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Figure 5: M, v.s. AE scatter plots for By — J/w¢. The left corresponds to J/y — u*u~ and the right
corresponds to J/y — ete™.
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Figure 6: Data projection from the BiB} signal region onto the AE and M, axis for the combined J/yn
channels. Background is represented with the dashed curve.



By decay and charmed hadronic B decay Jin Li

~ . F Ty~ N
b 450 ERRTINS
L 1 2oL
e @ R
o 350F 3 1 80
S 300- 1 8
C f 3 O 6o
2500 ERR
. 1 2 sl
B Bh M H 117
quSO; ERL T o PETIT 11_‘" 1 113
100 1 P TILATL e o
sor 3 ot JTJF ] : T
E —— E [ ] oF +
E i
O | I 1 1 E 208 | | | | | L L L B L | | l\ | | L d
243 244 245 246 247 248 248 250 252 254 256 258 260 262 2.64 25 26 27 28 29 30 31 32 33 34
My (GEVIE) m), (Gev/c) My (GeVIc?)

Figure 7: Background free projections of ., in regions of X.(2455)°, £.(2520)° and X..(2800)° mass.
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Figure 8: Distributions for helicity angle for 20(2455)0 candidates (left), and the invariant mass ma_;
(right). The solid line is for spin-1/2 and the dashed line is for spin-3/2 hypothesis.

2. Charmed Baryonic B decay

Study of baryonic B decay provides a laboratory to study baryon production mechanisms,
search for exotic states and to determine baryon spins.

BaBar studied the B decays to A p(7~) and measured the ratio of branching fractions Z(B~ —
Afprn)/ B (EO — A p) =15.4+1.8+0.3 [7], which is qualitatively consistent with the theoret-
ical argument that B decays are favored if the baryon and antibaryon are close in phase space. In
the two-body case, the baryon-antibaryon has to be back-to-back which cannot be close in phase
space.

By studying the mass spectrum of A p in B~ — Al pn~ decay, BaBar found a significant
¥.(2455)" signal, no significant signal for X.(2520)°, and observed a state assumed to be X.(2800)°,
as shown in Fig.7. By studying the helicity angle of the A} or p in the X.(2455)° signal region,
as shown in Fig. 8, the X.(2455)? is consistent with spin J = 1/2 and the hypothesis J = 3/2
is excluded at > 40 level. Also, by looking at the mass distribution of A.p system, a thresh-
old enhancement is seen in the low baryon antibaryon mass distribution shown in Fig. 8. This
enhancement is consistent with what is observed in other baryonic modes such as B — ppK.

Belle recently studied the decay B — ¥.(2455)°pn* by selecting .(2455)° — A~ can-
didates from the A prx~ final state. This decay has been previously studied by Belle [8] . By
fitting the M(pn™), cos 6, distribution, Belle finds an enhancement near the mass M (pr*) = 1.5
GeV. We parameterize this excess as a P-wave resonance N°, and find a a yield of 70 & 11 with
significance 6.10. We measure its mass M = 1516 +29 + 14 MeV/c? and width ' = 365 +97 +90



By decay and charmed hadronic B decay Jin Li

—oef ~ 25
it (a) Q

S b
20 S 20
Lo =,
10 "
S15; t 5
-~ 2

8 10F @ 10
c L

2t

w 5 5

CATT Il

T 15 2 25 3 T 05 0 05
M (Pr*) (GeV/c?) cos 0,

o

Figure 9: Fit to the M(pn™) and cos 0, distributions. The curves represent components of BY — ZN°
(dashed), B® — (X97*)x p (dotted), the background (shaded) and the sum (solid).

MeV. In the fit, an additional ngﬁ . resonant component is added to account for the peaking in
the p helicity angle cos 6, in ]371"*2 rest frame, as shown in Fig. 9. The branching fraction product
is measured to be Z(B" — X.(2455)°N0) x B(N° — p*) = (0.80+0.15(stat.) +0.14(stat.) &
0.21) x 1074, where the last error is due to the uncertainty in (A} — pK~x™").

3. Doubly charmed B decay (b — ccs) and singly charmed B decay with s5 popping

Belle has also recently investigated B decays to D or excited c¢5§ final states using 657M
BB pairs. Belle studied the double charmed decay B — Dy (2536)" D) where Dy is a nar-
row P-wave (J© = 17) ¢§ resonance. By fitting Dy, (2536) mass simultaneously to three Dy; de-
cay channels [D*0(Dy)K*, D**(D°z) K+, D** (D w*)Ks] with no peaking background as stud-
ied from AE,M,.,D°,D* sidebands, the branching fractions are obtained as ,%’(BJr — D;”ID ) =
(3.994+0.84+0.57) x 104, B(B* —D}\D7)=(2.76£0.63£0.35) x 1074, Z(B* — DD =
(5.03+1.2140.68) x 10~*. Here Dy, is assumed to decay solely to two modes (D*°K*, D**K?).
The results are consistent with BaBar’s result [10].

The decay BT — Dé*)_X with opposite-sign B and Dg*) can only proceed with > 3body decay
and requires a s§ pair popping besides the b — ciid process. By studying B™ — p\ K+t decay,
one can study this production mechanism, as well as any charm resonance from Dg*)fK * pair since
D1+ and K+ 7+ cannot be from normal gq resonance.

Belle performed a 3D fit to (My.,AE ,m(Dg*))). Projections of these fits onto the My, axis
are shown in Fig. 10/ from which we obtain the branching fractions [11] (BT — Dy K*nt) =
(1.9470:98 (stat.) 7020 (syst.) £0.17(Bin) ) x 1074, B(BT — DI~ K+ rt) = (1.477013 (stat.) 7019 (syst.) £
0.13(%int)) x 107#, where %y, denotes the systematic error due to intermediate sub-branching ra-
tios. These are consistent with BaBar’s results [12]. Enhancements in the low mass region of
m(D§*>_)K * are seen in both modes, as shown in Fig.11. The enhancements, also seen by BaBar
(Fig.12), may due to a Dg*)_K resonance. In addition, BaBar also studied more D§*)_hh modes,
and obtained branching fractions Z(B® — D;yKin™) = (0.55+0.13£0.10) x 1074, B(B° —
D: Kn") = (0.29 £0.18 £0.07) x 107%, B(B* — Dy K*K™) = (0.11 £0.04 4+ 0.02) x 1074,
B(B® — D:"KTK*') = (0.0740.06 £0.02) x 10~*.
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Figure 10: Projections of My in the (AE,M(D}™))’s signal region for BY — D; K™ n" (left) and BT —
D*~ KTzt (right) decays, with all sub modes added.
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Figure 11: The invariant mass distributions for (a) D; K™ and (b) D}~ K™ for Bt — Dg*)fK Tat decay in
the signal regions. The histograms show the background contributions from AE sideband.

4. Summary

In summary, recent results in By decay and charmed B meson decay are reported. BaBar stud-
ied the decay EO(B*) — A p(n™), and observed a resonance X.(2800)° and a threshold enhance-
ment in A.p system. Belle studied the decay B - ¥.(2455)° prc* and observed an enhancement in
the prt invariant mass, which is consistent with a baryonic resonance. Belle and BaBar measured
the branching fractions for doubly charmed decay B — Dy (2536)+D(*) and s§ popping processes
B/ D§*)7hh, which are consistent with each other. Belle measured the absolute branching
fractions for By — Dy h and the inclusive B semileptonic decay, the Bf mass, and observed a CP
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Figure 12: Dg*)+K ~ invariant mass spectra for the B~ — DK~ 7~ (left) and B~ — DT K~ 7~ (right)
decay modes using the data. The histograms show the phase space distributions.

eigenstate decay By, — J/wn. More By results will come with ~ 100fb~! Y(5S) data from Belle
before the end of year 2009.
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