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Outline 2

® Introduction.
® Inclusive production of J/¥, DO and Dg at the Y(3S).
e Exclusive decays B¢-> JI'¥ ¢ (/m) and Bg-> D*™) ™ (/p).

® Search for rare Bg decays.

® Future Bg physics at Super Belle.

® Conclusion.

First Y(5S) results from Belle are reported in:
Inclusive decays: hep- ex/0608015, submitted in PRL,
Exclusive decays: hep- ex/0610003, conf. paper.
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> Introduction 3
Asymmetric energy ete” colliders 32f VY(4S) - 5&%?(1985) .
(B Factories) running at Y(4S) : |

30F -
Belle and BaBar \ Y(55)

28

1985: CESR (CLEO,CUSB) ~0.1 fb™! at Y(5S)
2003: CESR (CLEO lll) ~0.42 fb*! at Y(55)

VISIBLE

R
ro
M

T

2005: Belle, KEKB ~ 1.86 fb-! at Y(5S) Y
2006, June 9-31: Belle, KEKB ~21.7 fb™! at Y(5S)

+ = - . + 0 0.6 ' 10.8 I 1.0 l 1.2
e e ->Y(4S) -> BB, where B is B" or B” meson W(GeV)

e* e” > Y(58) -> BB, B*B, B*B*, BB, BB=n, B_B,, B_*B,, B_*B_*

s st

where B*->By and B_.*->B_y

M(Y(5S)) = 10865 + 8 MeV/c? (PDG) r'(Y(5S)) =110 £ 13 MeV/c? (PDG)

B, rate is ~10-20% => high lumi e'e" collider at the Y(5S) -> B, factory.
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@ad  Y(5S) Engineering Run at the KEKB e*e” collider 4

Belle

Electron and positron beam energies
were increased by 2.7% (same Lorentz
boost By= 0.425) to move from Y(4S)
to Y(5S).

KEKB B-Factory

ARES copper
cavities (HER)

k_ :
AF!ES copper “

No modifications are required for Belle
detector, trigger system or software to
move from Y(4S) to Y(5S).

3 days of engineering run at Y(5S) : June 21 — June 23, 2005.
Energy scan (30pb! at 5 points) : Y(5S) peak position E.,,= 10869 MeV was chosen.
Integrated luminosity of ~1.86 fb"' was taken by Belle detector !!!

=) Very smooth running
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Hadronic event classification 5

@onic events at Y(5S)

@58) everB Qcontinu@ @s,c contin@

N(bb events) = N(hadr, 5S) - N(udsc, 5S)
<b =N
32l w CLEO |
B, B* events ’ PRL 54, 381 (1985)
CBS eve@ 3.0

Y(5S)
j \ f = N(B,* B,®) / N(bb)
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o

Number of bb events, number of B, events 0

Y(5S) : Lumi = 1.857 * 0.001 (stat) fb-! Cont (below 4S) : 3.670  0.001 (stat) fb-"!

Ny, (5S) = 561,000 £ 3,000 £ 29,000 events => 5% uncertainty ( from luminosity ratio)

How to determine f_= N(B_,(*) B_*)/ N(bb) ?
bb at Y(5S)

BB, * Mg
/

Bf (Y(5S) > D X) /2 =f_x Bf(B,->D,X) +(1-f.)x Bf(B->DgX)

/ m

1. Bf (B, -> D, X) can be predicted theoretically, tree diagrams, large.
2. Bf (B -> D, X) is well measured at the Y(4S).

This method was developed by CLEO.
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Inclusive analysis : Y(5S) -> D, X, Dg->¢mn 7
Estimate : hep- ex/0508047 CLEO  *°°[ ] "~ points:58
T hist: cont

Bf (B, -> D¢ X) = (92 £ 11) %

PDG 2006:

Bf (B > D X) = (8.7 £1.2)%

Bf(D.-> ¢ ©*) = (4.4 £ 0.6)%

x(Dg) = P(D,) /P ,x(Dg)

-
o~
o O
o O

1250

Events / 5 MeV?

3775 + 100 ev

01 925 1 95 1 975 2

M(prc™) (GeV/c )

After continuum subtraction and efficiency correction:

Bf (Y(5S) > Dg X) /2=

=>f,=(17.9x1.414.1)% Syst. err. dominates by Bf(Dg->¢n™)

CLEO (update) fg

(23.6 1.2+ 3.6) %

=(16.8 £2.6 27 )% from D analysis

0.0 02 03 04 05
P(D,)/P

(ON

max
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D
Inclusive analysis : Y(5S) ->D%X, D% -> K™ «n*

Estimate : nhep- ex/0508047 CLEO .

Bf (B ->D%X)=(8%7)%

PDG 2006:

Bf (B -> DO X) = (64.0 * 3.0) %

Bf (D? -> K™ =*) = (3.80 £ 0.07) %

35000
‘030000 Y(3S)
% .
25000
= |
LO 20000 -
‘-‘.‘.. =
& 15000
c
rm
= 10000~
L 55009 = 510 ev
5000
. x(D%<0.5
0 1 I 1 1 Il 1 | 1 1 1 1 ‘ 1 1 1 1 I 1 Il
1.825 1.85 1.875 1.9

M(K*) (GeV/c?)

After continuum subtraction and efficiency correction:

Bf (Y(5S) >D%X) /2=(53.8+2.0+3.4) %

=> f,=(18.1£3.6 £ 7.5)%

Combining with D¢ result:

CLEO (combined D, ¢ and B analyses) : f, = (21 fg )%

n

Events

Syst. error dominated by N(bb).

f,=(18.021.3£3.2)%

_ points:5S
_ hist:cont

5000

4000

1000

0 02 04 06 0.8 1
0
x(D")
5000 |
I .
o 2000 - |7|
< nell
< B |
Z 3000 —+ -
wn L
-
S 2000 0
- |
2[4
1000 7+f |
4
—e—
0 111 1 ‘ 1111 I 1111 ‘ L1 11 I 111 |
0 01 02 03 04 05
0 0
P /P (D)
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Inclusive analysis : Y(5S)-> J/¥ X, J/¥ -> pu™pu

200
Theory : 30 yuny)<05  Y(5S) 180 points:5S
ol 160L hist: cont
B A - 1.00£0.10 E’ZSO‘ ueiev | W | T+
Bf(B -> J/'¥ X) o )
PDG: 2
Bf (B -> J/¥ X) = (1.094 £ 0.032) % 2
Bf (J/¥ ->p* p")=(5.88+0.10 ) % 059 3 31 32 33 ° |

M(u'w) (GeV/c?)

After continuum subtraction and efficiency correction: —

BF (Y(5S) -> JI¥ X) /2 = (1.030  0.080 £ 0.067) % :

Good agreement with expectations => bb number is correct

| I I Illl\l\ 111
0 02 04 06 08 1

X(J/y)

r
- T

50 +
0 cov by bev v b by e
0 01 02 03 04 05

PAUMNY) /P (J/P)

max
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D
Signature of fully reconstructed exclusive B¢ decays 10

“[B.8,, BB, , B/B," o '

§$TS’ S s’ ™S S . :
5.45 - R S

e il c . 541 .-

s '% P

ST .
B, N T 5.39
sale © - P 5.38

' - 5.37
5250 . MC o ' 5261
Sl 5.35 o

04 02 0 02 04 015 01 005 0 005 0.1
M,. vs AE M,. vs AE

e*e”->Y(5S)-> BB, B,j*B,, B,*B.*, whereB*->B,y

s s

Reconstruction: B, energy and momentum, photon from B_* is not reconstructed.

Two variables calculated: M, = \/E*beam2 -P*g2, AE=E*g—E*,cam

Figures (MC simulation) are shown for the decay mode B, -> D_” n+ with D" -> ¢ =n- .

The signals for BBy, B;*Bg and Bg* Bg* can be separated well.
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z Exclusive B. -> D_.™* - d 11
xclusive Bg s 7w decays

5.5 5.5
‘ B.B., B.*"B., B,*B.*
B.->D B ->D * sPs» Bg Bg, Bg Dg
o S S
5.45 545 S S 5.43
G ) ' > 8wt 542
2415 e ) 54 i > sal .. AN
A . sal- ;
535 . 5.35 539
53 . 530 538
‘ ) 537
. 5.36 - ¥
5.25( _ 5.25 ‘ |
9 events in B;* BS* 4 events in B,* B.* S s od 005 0 005 ou
R Fp o lasent s guntos i M, vs BBy
02 -0.1 0 0.1 0. 02 -0.1 0 0.1 0.2
M, vs E-E_ M, vs E-E
+ - + *0 Kt - T d
D," =>¢n",D," > KK D" ->Kg K -
W.. u
Clear signal at B.,* B.,* channel ; no signals in B,* B, and B_B..
Taking # of B.'s from the inclusive analysis: B b,

Bf(B, -> D * n") = (0.68 £ 0.22 + 0.16)%
CDF, recalculated using PDG 2006: Bf(B.->D." n") = (0.38 £ 0.05 * 0.14)%
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B ive B.-> D_(*)*p- : 12
eaad Exclusive B,-> D ,**p- and B.-> J/y ¢/n decays

5.5 5.5
+ -
B ->D_(* B ->Jwvd/
5.45} S s P 5451 s v ¢/n
54+ }_—-"’. 54 ) '_C_'-_-_-"-"J-
535 535 "
531 53
5.25 . 5.25 -
7events in B;* BS* 3 events in B_* B_*
52|||||\|||||--|||||||| 5‘2"II|IIII|IIII|IIII
0.2 -0.1 0 0.1 0.2 -0.2 -0.1 0 0.1 0.2
Mbc VS E-Ebeam Mbc VS E-Ebeam

Ds+'>¢ T ,Ds+'>K*0 K+!Ds+'>KsK+ BS -> Jl\l’ (I), Bs -> Jl\l’ TI(W)

Clear signal at B_,* B_* channel ; signals in B.* B, and B_B, channels are not seen.
B.* B,* dominance was also observed by CLEO.

We can combine all shown channels to obtain quantitative Bs(*) parameters.
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-2 . . . 13
a4 AE distributions, sum of all B decay modes

BELLE

I 3 | |
12~ 5.408< Mg:<5.429 GeVic? s | 5.384< My <5.405Gevic? 2| 5.36< My<5.38GeV/c?
> > i > i
o B*B.* | 2 % 2 .|
= s s = 2r B." B, §1'5 _ B, B,
=) No,=200£438 | 15 l . l
~ = | =
7, 6.7 ¢ 517 :%
[ o u 0.5 —_|
g 0.5 T
L I . . mm\
Go 01 o0 o1 o2 %2 -1 0 01 o2
AE (GeV) AE (GeV)
o (L Mkt - N = 1.3 £2.0 ev. => small signal
02 -0.1 0 0.1 0.2 ev 1:9 % 4. - g
AE  (GeV)

N(B_*B_*) / N(B.*)B_(*)) = (94+ 6,)%
Decay Y(5S) -> Bs* Bs* , with Bs* S Bs y. ( s s ) ( s s ) ( 9) (}

AE Peak = E__(accel.)/2 — E.(real)/2 - E(y) | Potential models predict B,;* B.*
dominance over B_,*B, and B_B_
AE Peak = _ 478 + 2.6 MeV channels, but not so strong.
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D
Mg distribution, sum of all B, decay modes 14

¥ /ndi 7447 /13 ¥/ndi6.038 / 11
14 E; éli?;i 0,5152?:'?g§ 14 Ez ?::?;z 05129:—:803
- P3 D0.35967E—02 + 0O.5BB5E-03 - Ei D3552§7g§z 587 foi;;
12 + Ps5 72‘2.ooi o 12 — Ps —22.00 + a.
% o |- 0.08<AE<- 0.02 MeV n Ew - 0.08<AE<-0.02 MeV
- i * *
| * * - 8 | B.*B
% 8 Bs Bs 3 °l s Bg [
=6 S 6
2 = 0
=4 =4
| 2 - k\
2
S ST A | o s——tst g
&> 525 53 535 5.4 2 5-%\5/[ 5.3 G ‘57-35 5.4
My. (GeV) e (GeV)

My =\ Ergi— P2 =MB,)  Moc =\ (Eg* AE"’eak)iP*Bz ~HE

M (B.*) = 5418 = 1 £ 3(acc. err) MeVic2 M (Bg) = 5370 = 1 £ 3 MeVI/c?

PDG: M (B,) = 5369.6 2.4 MeV/c?

Stat. and syst. accuracy better 'rhan CDF: M (B.) = 5366.0 % 0.8 MeV/c?
1 MeV/c? is expected with 23 fb™1. ®
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D ) . 15
Exclusive B -> K* K" and B¢ -> ¢ v decays

5.5 sis
+ - 55
5.45 B S -> K K 5.45 - Bs -> ¢ y 5: Ab) »
gal. ° &I 4l 2
5.35 &l . M‘C
-MMbc -(Oézewcz)o vs AEol(ZGeV) *
53F ; F 53
so5f e 525
golee v o 100y I R 5_2...|...|...‘|...
02 -01 0 0.1 02 04 02 0 02 04
M, (GeV/c’) vs AE (GeV) M, (GeV/c®) vs AE (GeV)
w Tight cuts are used ¥
to suppress bkgr. 'fj'rr Signal: 1 event
w -+ Signal: 2 events Egtr ~0.15 g‘;
B Bgr. ~ 0.14 ev. B, W o St. sign. 4 €eV.
k" Est. sign.~ 0.7 ev.
Partner of B -> K+ - penguin decay Partner of B -> K* y penguin decay

=> Small signals are expected with 23 fb1.
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Exclusive B¢ -> vy v decay

5.5
55
545+ BS -> 'Y 'Y 1.86 fb-1 545 ©)
B L 54 a . 535
53+
) 535 ol MC
53+ a0z 21‘) T2 o4
= M, (GeV/c") vs AE (GeV)
Natural mode to search for BSM 5.25
effects, many theoretical papers ol i
devoted to this decay. 04 02 0 02 04

M, (GeV/c®) vs AE (GeV)

PDG limit : Bf(Bg ->yy) <1.48 x 10-*
90% CL UL with 1.86 fb'': Bf(B_ ->yy) < 0.53 x 10-%.
Expected UL with 23 fb': Bf (B, ->yy) <4.x 10-6,
SM: Bf(B, ->yy)=(0.5-1.0) x 10-©.

BSM can increase Bf up to one-two orders of magnitude (hep-ph/0302177 -
four-generation model ; hep-ph/0404152 — R parity violation SUSY).
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Exclusive B, -> D *)* D_*)" decays 17

5.5
Bf(B.->D,*D,")<6.7%at90% cL  B.>D_" D. el Y(5S), 1.86 b’
*+ M -
B,-> D™ Dg sl -

Bf(B.->D_** D.") < 12.1% at 90% CL ] |
o Bs'> Ds+ Ds* 535

Bf(B,->D,** D,*") <25.7% at90% CL B _.> D_** D_* 3|

525

Expected (1.86 fb): ~ 0.5 events in each mode 52545+ o1 " "2

M,, (GeV/c®) vs AE (GeV)
Expected with 23 fb'': Bf (B.->D_"*D ") =(7£2)%

+ - Dt -> ¢n*, K*0 K*, K K*
B.->D /" D,/ " decays are CP- even states

with large BF’s, leading to large AT'/T:

AT S S 94D *)- should be compared with direct
— P M <= AI' /' measurement to test SM.
ry 1-Bf(B;->D,*D*-)/2 (I. Dunietz et al , PRD63,114015 (2001) )
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o Semileptonic B¢ decays

At the Y(5S) we can measure precisely semileptonic decays:
Bf (B.->X"[" V)
Bf (B,->D. " v)
Bf (B,->D.**(" v)

Accuracy is expected to be
~(5-10)% with 23 fb™1 at Y(5S)

\t/

Difficult to measure in hadron-hadron colliders.

These Bfs have to be compared with corresponding B meson

Bfs. Within SM: Bf(B.->X"("v) = Bf(B->X"("v)

If not, nonstandard contributions should be considered.
N(bb -> [*[*X) = N(bb >~ [~ X)

Ag = => |lepton charge asymmetry

N(bb -> [ *[*X) + N(bb ->(~ [~ X)

ASSL = (A / Amg ) tan(¢g) BSM can increase A, (Z.Xing, hep-ph/9705358)
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o What else can be done at Super B Factory? 19

BELLE

PDG (Z->bb, pp at 51/2=1.8TeV) T | hepextattors o711
b hadron fraction(%) A oss| Energy scan )
B* , BY 39.8£1.0 ¢ [CLEO
B 104 + 1.4 © +
S ~ 0.341 +
b baryons 99+ 1.7 =" +
ST
Rates at e+e- continuum should be {‘.\, 0.32
similar, baryon production is large. L
bosm Antl proton productlon |
M(Ab) — (5624 + 9) MeV/CZ 11.15 1120 151125269\})1 30 1135

M(A,)x2 = (11248 + 18) MeV/c? => 6.3% up from Y(4S) CME.

Can Super B factory CM energy range be increased ?
M(B.) = (6286 * 5) MeV/c?

et+tre- -» BSES AbAb, B B ’ Hb Eb . ?
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Do Conclusions 20

BELLE

® Inclusive production branching fractions of J/'¥, D° and D, mesons are
measured at Y(5S). Ratio of B; meson production over all bb-events
is determined: f_=(18.0 £ 1.3 £ 3.2 )% (in good agreement with CLEO).

® Significant exclusive B¢ signals are observed in Y(5S) -> B.* B.* channel.
Combining all studied decay modes, mass of B;* meson was measured:
M(B.*) = 5418 £ 1 & 3(acc.calib) MeV/c?, and mass of B, was measured:
M (B ) =5370 £ 1 £ 3 MeV/c?. Obtained Bg mass is in agreement with
recent CDF measurement M (B;) = 5366. 0 + 0.8 MeV/c2.

® Rare B, decays are searched for at Y(5S) for the first time.

® B, studies at e+ e- colliders running at Y(5S) have many advantages
comparing with hadron-hadron colliders: high efficiency of photon
reconstruction; no problems with trigger efficiency; good Kin PID.
Engineering runs demonstrated, that background level is not large
for studied decays.

® Many significant Bg signals are expected with 23 fb1. Important
SU(3) tests can be performed. Rare Bg decays should be observed.
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Background slides
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Belle Detector

Electron and positron
beam energies have to
be increased by 2.7%
(same Lorentz boost
By = 0.425) to move
from Y(4S) to Y(5S).

No modifications are
required for Belle
detector, trigger system
or software to move

from Y(4S) to Y(5S).
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Inclusive analyses : selections

Particle ID:

n/K : standard ID(K/n)

JW->putpu

Standard Muon ID

D? > K* =" : no cuts

D¢ -> ¢m:

| M(¢) — M(K+K-)| < 12 MeV/c2 ~3c
|cos(6,.;) (D) > 0.25 for ¢m+

No continuum suppression cuts.
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D . .
Exclusive analyses: selections

Particle ID:

K/n: standard ID(K/w) ; standard lepton ID
Masses:

70 —> yy 36

Ks >n"n 3o

K*0 —> K* -

n—> vy 2.50

pt=>n" 0 P(y) >150 MeV/c

o —>K'K" 3o

—-30 < M(p+p-) —M(J/y) <30 MeV/c2 3o
— 100 < M(e+e-) — M(J/y) < 30 MeV/c?

D.* ->é¢n*, KVK*, K K* 3o
D_**->D.*y: M(D.y)- M(D*.), 25, P(y)>50 MeVIc

Continuum suppression:

Angle between B, thrusts: |cos6|< 0.8 for D.,)* n-; |cos6| < 0.9 for J/'¥ ;
|cos6| < 0.7 for D,** p- ; |cos6| < 0.6 for K** K* modes ;

Fox2<0.3 for D,"* n”/ p”; Fox2<0.4 for J/ly modes
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