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e” e” hadronic cross section

Belle took data at
E=10867+ 1 MeV
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et e” ->Y(4S) -> BB, where B is B' or B® meson
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ZM(BS) N8 [GeV]
M( Y(5S)) = 10876 £ 2 MeV/c?
F( Y{5S)) =43 + 4 MeV/c?(BaBar)

et e”->bb (Y(5S)) -> B®B®, B®B®m, BB, B ,MB.*, Y(1S)TT, Y'X ...

where B*->By andB_*->B_y
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CLEO: 2003: ~0.42 fb!
Belle: 2005 1.86 fbt, 2006 21.7 fb1,
2008 ~28 fb1,

2009 ~50 fb?
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B Hadronic event classification at Y{(5S) EE

@onic events at Y(5S)
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Signature of fully reconstructed B decays EE

5.45

MC simulation:
B,->D, T and B?->D 1.

<

&

% e” e ->Y(5S) -> B®B®™ (1)(m)

(9 5.35} !
where B*->B y

EE 531

Only one B meson is reconstructed

52505 05 01 0 01 0.2

AE (GeV)

Two variables calculated: M, = \/E*beam2 —P*2, AE=FE*; —E*

beam

B energy (E*;) and momentum (P*;) are reconstructed; no rec. Yy from B™
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B*->J/p K* decay at Y(BS) [ﬁ%
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and M. projections D —p
within signal and BABFL § w48
sideband regions 53l
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D
o AE vs M, distributions ﬁ%

L=23.6 fb-1, preliminary -
Five B modes are studied: saf.
only charged tracks in SRR YA |
final state, PDG branching s/ .o\
fraction errors are 3-5% ¥ .

=> small systematic errors

B ->J/PK*
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in signal regions for all L
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M, .+AE-5.28 projections E%

B*->J/yK* B*->DO(Km)rr* B*->DOK3mm BO->J/y K*O
a0 40 " 25: L
Oﬁ-ﬁ?ﬂgl -0.05 6 D.Or; 0.1 B.ism ()r.Z l’102 -0.|15‘-0‘.il-0.ll)5 6 Dll)s 0:1 0‘15 0.2 P e v Ioll‘ = .02 90.2 n-().Ilgl‘-l).l -O.IDS 6 0.05 l).ll—L ﬂﬂn [)r.z
M, -5.28+AE M, -5.28+AE ' Mbc-5,28+AE ' M, -5.28+AE
BO->D-(K+mr )
f(X)=N(X)/N(bb)
B+ 60~
B*->J/wK* 83.8+3%+7.2% 67.5:3.6:4.8%
. Bo 40
B*->DO(Km)mr* 59.2+5.7+5.1 %
70.4:22+6.2 %
B*->DO(K3m)r* 62.3+72+7.5 % 5
3.0 9 e e
BO_ >J/LIJ K*O 77.1 + gg +7.8 % 68.5 + 2.9 +5.0% %3 0.1 -0.11\}:.0550280.11;5Eo_1 015 02
. -5.28+
CLEO: 58.9+10.0+9.2 % e
BO->D-(K+mrm)m 65.3:6.7+7.2%

Sum Bg: 19.5+3-0 % (PDG, Belle+CLEO).
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Y(5S) decays to B° and B* mesons
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Channel fractions per bb-pair:

BB: 51+09:0.4 %
B*B: 126:1:?:106
B*B*: 34.5:]2:2.7 %
BBm(m):  16.4:18:+1.2

EPS HEP 2009

Study of Y(5S) decays to BO and B+ mesons

Events / 4 MeV

X
Backgr.
subtracted
100" Sum of
5 modes
50/ 2-body |
: thresh. ++
il L
P A Ty
5.3 5.35 5.4

M, (GeV/c?)

Simultaneous fit of 5 B modes
in M.« 5.356eV/c? region

Large fraction of (3+4)-body B*/0 decays
=> not predicted by theory

¥

(3+4)-body fraction:

~0.3% : L.Lellouch et al Nucl Phys B405:55,1993
~0.03% : Yu.Simonov et al hep-ph:0805.4518
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D

BELLE

vaed Decomposition of 3- and 4-body channels i

We reconstruct directly produced pion in BBt channels.
Then we calculate parameters ( all in CM system):

rec.
Reconstructed B meson: rec. ”
M., AE : AX(rec) = M, .+ AE - 5.28

(B

miss.

Missing B meson:
use momentum P(B1) and energy E(Bm) of reconstructed B and 1t

M, ™S = sqri( E?,,,- P(BM)? ), because P(B, . )=P(Bm)

AEmiSS - Ebeam - E(Bmiss) = E(BT[) - Ebeam
AX(miss) = M, ™ss + AEMss - 5 28

AX(corr) = AX(miss) + AX(rec) -> to decrease uncertainty
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BELLE WL

B Decomposition of 3- and 4-body channels ﬁ%

Sum of 5 B modes

35F
B*Bmt [ BBt
_ » Data l %40 MC i g*Bnt
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Only B candidates from signal region M, "%¢>5.37 MeV/c? are used

We assume Clebsch-Gordan coefficients in 3-body decays:
Fr(BBr*)/Fr(BBmC)=2:1

Pion efficiencies are not small, P(r)=(50-300) MeV/c
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5B Decomposition of 3- and 4-body channels Fﬁ%

BELLE e Ly

Fractions for different components averaged over 5 studied
B decays (assuming equal B* and B? production):

Events (") Fraction over 3+4 Fraction over bb
BBm 0.2+72 (0.2 = %-.85 )% (00+1.1+0.2)%
B*B 1t 38.3 + 192 (41.6 + if:i )% (6.8 + 22:) +07)%
B*B*m 4.8+ %’; (5.9 £78)% (1.0 + 13 +0.3)%
Residual (BB i) (52.3 + :::g )% (8.6 + 3-; +09) %
All 3+4 228.7 + 229 100% (16.4 = 16+ 1.2) %

Domination of B*B 11 channel is in reasonable agreement with
expectations. Unexpectedly large rate of BBrut events over all 66
events is found. Phase space for BBrutis very small ~37 MeV |
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<o Conclusions ML

® VY(5S) decays to B and B* mesons are studied (preliminary results).

® Rate of events with B* and B? mesons over bb events is:

B+ :67.5+3.6+48%
ti67.5£3.6x48 Sum : 68.5 + 3%+ 5.0 %
BO:704 3% £62% '
® Two-body and multi-body fractions are measured:

BB: 51+09+04 % B*B*: 345+ }-gt 2.7 %
B*B: 12.6 + ﬁ +1.0% B)B)r(T): 16.4 + 11-%1 1.2 %

Theoretically unexpected large fraction of 3+4-body channels

® Three- and four-body channels are separated with slow m":
BBmM: (0.0+1.1:0.2)% B*B*m: (1.0+ [3£0.3)%

B*Bri: (6.8 +3:4+07)% BBrut: (8.6 +37:0.9)%
Unexpectedly large contribution of BB1ut channel.

® Theory cannot predict well behaviors of (“simple”) bb-system
Poland, Krakow, July 16- 22  A. Drutskoy 12
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Background slides
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D

oS Selections E%

Statistics : 5S data, 23.6 fb!

Particle ID:
- . ID(K/M) <0.6 ; K-:ID(K/m)>0.6 (0.8 for Kfrom D);
Muon and electron ID > 0.2.

Masses:

| M(D%) — M(K'mt") | < 10 MeV/c?

| M(D%) — M(KTerme) | < 10 MeV/c?2 Mass and vertex fit
| M(D+) — M(K'Tt'tY) | < 10 MeV/c? to D and J/y

| M(J/Q)) — M(£*0) | < 30 MeV/c? (-100 MeV/c? for e*e”)
| M(K*) = M(K*T) | < 50 MeV/c?

Continuum suppression:

Angle between B thrusts and second Fox-Wolfram momentum:
|lcos0O| < 0.75 and Fox2<0.4 for modes with D mesons

lcosB| < 0.9 and Fox2<0.5 for modes with J/{y mesons
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M,. projections ecs
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B*->J/pK"*
For each B decay:

4 components in fits,
BB,B*B,B*B*
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a4 Decomposition of 3- and 4-body channels E%
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