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et e” ->Y(4S) -> BB, where B is B* or B? meson

W(GeV)
(cc,ss,uu,dd)

e* e”-> bb (Y(5S)) > B®B®), B®B™x, BBrr, B,*B_ ), Y(1S)nr, Y X ...

where B*->By andB_.* ->B_y

M (Y(5S)) = 10876 + 2 MeV/c?

I (Y(5S)) = 43 + 4 MeV/c? (BaBar)

CLEO: 2003: ~0.42 fb-"
Belle: 2005 1.86 fb-', 2006 21.7 fb-",
2008 ~27 fb', 2009 ~71 fb-"
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As is now well known, Japan suffered a terrible earthquake and
tsunami on March 11, which has caused tremendous damage,
especially in the Tohoku area. Fortunately, all KEK personnel and
users are safe and accounted for. The injection linac did suffer
significant but manageable damage, and repairs are underway. The
damage to the KEKB main rings appears to be less serious, though
non-negligible. No serious damage has been reported so far at Belle.
Further investigation is necessary. We would like to convey our deep
appreciation to everyone for your generous expressions of concern
and encouragement.



Hadronic event classification at Y(5S)

~10°B; / 1 fb-! at Y(5S) @ronic events at Y@
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B2 and B** production rates at Y(5S) (at E_ =10867 MeV )
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Signature of fully reconstructed B and B decays

MC simulation: B_ ->D_" 7" and B?->D"r*.
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et e” ->Y(5S) > B_B,, B.,*B,, B.*B.*, where B;* -> B,y

B, or B energy (E*g) and momentum (P*g) are reconstructed: no rec. y from B(’;)

Two variables calculated: M, = \/E*,Deam2 -P*g?, AE=E*g—E*.um

Signals in BB, B.,*B¢ and B.* B_,* channels can be well separated.




Diagrams of B, decays studied by Belle with L= 23.6 fb-!
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B; decay measurements performed on Belle (£=23.6fb"!)

B.? decay mode Branching fraction , x103 Rel. B mode | Br. fraction, x10°3
B ->Dg n” 3.67 *035 <043+ (049 (f) BO->D n" 2.68 +0.13
>BLO->D"nt | 24 *E5+03+04(f) BC->D*"n* 2.76 £ 0.13
>BL.->D, p* 85 *134+11+13(f) BO->D p* 76+13
>BO->D*pt | 11.9 22417 £1.8(f) BC->D*p* 6.8 £0.9
B -> DY KM | 024 +012 £0.03+0.03(f,) |B°->D7* K" | 0.20+0.06
>By-> ¢y (5.7 z12+12 )x 10 2 BO -> K*(892)%y | (4.01 £0.20)x 10 2
BL->K*K (3.82584£05+05(f)x102 |BY->K™r- (1.94 £ 0.06 ) x 10 2
BL->D" Dy | (1.03 133 *2%)x 10 BC-> D" D (0.72 £ 0.08 ) x 10
>B->D** Dy | (2.75 235 £ 0.69)x 10 B->Dj"D" | (0.80 £0.11)x10
> B -> D*" D | (3.08 *122#225)x 10 BO->D*" D*" | (1.77 £0.14)x 10
>BL-> Jlyn (3.32 + 0.87 #1232 + 0.42(f))/ 10 | B? -> J/y KO (8.71 £0.32)/10 [/3]
>BL->Jlyn’ (3.1 £1.2 #25 £ 0.38(f)) /10 | B®-> J/y KO (8.71 £0.32)/10 [/3]
>Bo->X"¢*v | (102+0.8+09)x10 BO->X"¢"v | (10.33+0.28)x10

> -first measurements, > - unpublished first measurements

Reasonable agreement between branching fractions for related B u B° decays
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Potential measurements with 1 ab-! at Y(5S)

Where can SuperB factories be competitive with LHCb by 2016 ?

What are advantages of B factories comparing with hadron colliders?



Advantages and disadvantages of B factories.

® Advantages of Super B factories running at Y(5S), comparing with
hadron-hadron colliders (in particular with LHCb):

1) Low background, clean B samples (first LHCb results are rather clean).
2) A few percent systematics in determination of full B number in dataset.
3) Measurements of decay modes with manyy, n° and ) in final state.

4) No problems with trigger for no-vertex and multi-particle final states.
5) Inclusive measurements (inclusive photon spectrum, semileptonic BF ).

6) Partial reconstruction ("missing-mass” method).
7) Full reconstruction B, sample can be used to study opposite side B..

® Disadvantages:

1) We have to choose between running at 1 (4S) and Y(5S).

2) Number of B, mesons is smaller than in LHCb.

3) In LHCb lepton trigger efficiency is also high (close to 100 %).
3) Vertex resolution is not good enough to measure B, mixing (?).

If we could measure time-dependent CP, physics program will be much wider.




Feasibility of B, mixing measurement with two same-sign leptons 1
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If B, mixing oscillations cannot be resolved,

lifetime difference between CP=+ and CP= -
B, decays can be used
to search for BSM effects.
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Direct AI'; measurement using CP-fixed B; modes with 1ab-!

Toy MC, :
4000 events 1020

1025—

Vertex resol. 1o 0 -

is not critical ‘ ; ‘ ‘
i } SVR=0 um ‘ : } SVR=40 um H}
-1000 -500 | 6 | 560 | 1000 -1000I -5|00 | 6 | 560 | 1000
No BSM AZ, (mkm) AZ, (mkm)

ete ->Y(5S) -> B_*(CP=+) B_*(CP=-) = B_(CP=-) y B_(CP=+) y : CP anti-correlated

A exp (T'1At) , if At<O
Ay exp(-Tity) + Az exp(-T (1+AD) 4 4 oup (T At) | if At>0

~4000 (eff) CP-fixed events with 1000fb-1 => 2.4% accuracy in AT,
CP-fixed: D_*)ID_*) (1000 ev), J/w ) (1500), K*K"(800), DO:pKO (250), J/w ¢ (2200).

45 measurement of AI'./T's with 1ab-! at Y(5S)




AT ([T, measurement from Bf (B¢ -> D.*(*) D "(*))

We can test SM comparing directly measured ATy with AT °P.

Al'g = AT'(°P cos ¢ o is small in SM (phase in V, is small)
?

BSM effects can decrease lifetime difference AT..

AT CP = ¥ [(CP=+) - X T(CP= -)

B.->D.,*)*D_ (*)- decays are CP-even final states with largest
BF’s of ~(1-3)% each, saturating AI' °P.

AT CP Bf (B,->D_*)*D_*) )
)

s  1-Bf(B,>D®*D™-)/2

This formula is based on assumptions : 1) Contribution of B, -> D.**) D™ nr is
small 2) Decays B, ->D_*D,"* and B -> D_,** D_"* are dominantly CP-even states.

Corrections are expected to be small (~5-7%), AI'.°P can be well measured.



Two body B, decays
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Many two-body (b->u and penguin) decays can be measured with
1ab-!. Decays with n and n' mesons are specially interesting. It is
possible in some modes to measure time-integrated asymmetry and/or
polarization. Best candidates with large branching fractions are:

B,-> K™,

B,-> KO K°,

B.-> K™p*, Phys.Rev. D76, 074018 (2007) Ali et al.

Bs-—> rl(‘) n(‘) ,

B-> 00 .

Decay mode B_-> D,"/* K*/~ can be used to measure precisely angle y
with 1ab-1. Two contributing tree diagrams (Cabibbo-suppressed and
b->u) are of the same order:

K* Dg*
Time-dependent measurement : wH
Z. Phys. C54, 653 (1992) Aleksan, Dunietz, Kayzer 3

Time-integrated (other side CP-tagged B, ,~5ab-1): B¢ D.- K-
Phys.Rev.Lett 85, 252 (2000) Falk, Petrov s




Inclusive B, decays

1. Inclusive B.-> X~ [*v decay branching fraction. It was measured
(not published in journals) by Belle with 23.6 fb-!.

2. Inclusive B,-> X_ y decay branching fraction (B.-> ¢7v).
It requires to develop relevant semi-inclusive method.

Partial reconstruction or full reconstruction of other side B,:

1. Exclusive B.-> D.()-/ v decay branching fractions.

Precise measurements can be done with Belle statistics of ~121 fb-!.

2. Exclusive B.-> D_;/*v decay branching fractions (~1 ab-1).

3. Exclusive B_.-> K~ [ *v decay branching fraction (probably ~1 ab-1).

4. Exclusive B,-> D" t* v decay branching fraction.
It requires MC studies (probably ~1 ab-! will be enough).

17



Leptonic B, decays
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1 ab! = 108 B mesons

1. Measurement of B_-> p*p” decay branching fraction.
SM: B ~(3.4:0.5)x107° =>too small PDG: <4.7x10"8 @90%CL

2. Measurement of B_-> p*p v decay branching fraction.
SM: B~3x10"% =>too small (not helicity suppressed) BSM T up to x5

3. Measurement of B_-> t* 1" decay branching fraction.
SM: B(B.->1*1) ~7x107, BSM can T up to x10 OK, requires MC study
SM: B(B.-> "7 y) = 1.5x 108 (hep-ph/0504193), BSM can T up to x 10

4. Measurement of B.-> ¢ u*p decay parameters. LHCb will do it.
Maybe B_-> n© p*p- decay is not that easy for LHCb.

5. Measurement of B_.-> ¢ vv decay branching fraction.
SM: B~ 10-5, Full reconstruction B,. BSM sensitive, OK, requires MC study




Lepton charge asymmetry measurement 5

1 ab! = 108 B mesons

A, ° = (Bf(Bg->r* X) - Bf(Bs->/~ X)) / (Bf(B->/" X) + Bf(Bg->/~ X))

DO: AP = (-0.957 + 0.251 + 0.146) % ; SM: ~-2x10-4: BSM: up to 10 -3

Advantage of B factories : separation of B, and B sources for leptons
Technique : selection of up and ¢up samples

Electrons can be used as well

Expected accuracy at Super B factory with 1 ab-!: o(A,®) ~0.3 %

Ag® = (Ag / AMg ) x tan ¢




Measurement of B, ->yy decay
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SM: B ~ (0.5-1.0) x10-6

Belle (23.6 fb1) :
Y B (B,~> yy) < 8.7x107® (90% cL)

n

With 1 ab-! (3-5) c measurement of SM branching fraction is expected.

With specific set of parameters BSM model branching fraction is increased up to:

2 x 10-6  T.-M. Aliev, et al, "Leading logarithmic corrections to the B, -> yy decays
in the two Higgs doublet model”, Nucl. Phys. B515 321 (1998).

3x10°%  W.J. Huo, et al, "B.->yy decays with the fourth generation”,hep-ph/0302177

5 x 10 -6 A. Gemintern, et al, "B;->X(s) yy and B,-> yy in supersymmetry with
broken R-parity”, Phys. Rev. D70 035008 (2004).

0.04 x 10-¢ J.I. Aranda, et al, "Bounding the B;-> yy decay from Higgs mediated
FCNC transitions”, arXiv:1005.5452 (hep-ph).




Searches for new bottomonium states at Y(5S)

New (almost unexpected) field in Y(5S) physics:

Searches for new bottomonium states

In contrast to Y(4S) data, Y(5S) can decay in bottomonium states
with high rates up to 1% level (next two slides)

Why Y(5S) does not decay only to B and B, mesons ?
Exotic mechanisms ?

We don't know answers to these questions.

It is important to develop physics program in this field

21



Observation of Y(56S)-+Y(nS)n+x-

K.-F. Chen et al. (Belle coll), PRL 100, 112001 (2008)

L 140 [T {b) e candidates in the ¥ (25)—.1"). region % 380F () i candidates In the Y (15)-+.'k Tegion :
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s AM = M psr M) (GeVic®) - AM = M{ppmr M) (GeVicd)
Process a(pb) B(%) I'(MeV)

T(1S)nTw~  1.61+0.10£0.12 0.53 £ 0.03 £ 0.
T(2S)rtr~ 2.35+0.19+£0.32 0.78 £0.06 + 0.
TBS)wta 1.447952 +0.19 0.48791% + 0,07

05  0.59%0.04 =£0.09
11 0.85x0.07 £0.16

0.527029 + 0.10

TOAS)KTK™ 01857008 +0.028 0.0617001% +0.010 0.0677 5017 +0.013

Process Isotal Pete= D'yasynta-

T(28) — T(1S)mr"w~ 0.032 MeV 0.612 keV]0.0060 MeV
T(38) — T(1S)r"w~ 0.020 MeV 0.443 keV ]0.0009 MeV
T(4S) — T(1S)x 7w 20.5 MeV 0.272 keV |0.0019 MeV
Y(10860) — Y(18)7* 7~ 110 MeV  0.31 keV  0.59 MeV )

larger
by > 102
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Production of hy(1P) and hy(2P) at Y(5S) (R.Mizuk talk, Moriond 2011) ,

3
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Yield, 103 Mass, MeV /c? Signif.
T(1S) | 105.2 5.8 4+3.0 9459.42 4+ 053+ 1.02 1820
h(1P) 50.4 £ 7.872%  0898.25 + 1.061+!-93 6.2 o
S — 18 554 19 9973.01 290
T(2S) | 143.4 £ 8.7+ 6.8 10022.25 +0.41 & 1.01 16.60
T(1D) 22.1 4+ 7.8 10166.2 4+ 2.4 240
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What else can be done at Super B Factory?

PDG (Z->bb, pp at S'/2=1.8TeV)
b hadron fraction(%)
B*, B 39.8 1.0
B 104 + 1.4
b baryons 9.9% 1.7 (90% A,)

Rates at e+e- continuum should be
similar, baryon production is large.

M(A,) = (5624 t 9) MeV/c?

R VISIBLE

CLEO |
ser w PRL 54, 381 (1985)
30k
| Y(5S)
28F ¢
26 h+ ++
o s o 1z

W(GeV)

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?

e+e- = Y (6S,7S) - BB, A A, BB, E, 5, ... ?



Conclusions 5

® Extensive physics program can be proposed at Super B factories
with statistics of 1 ab™! at Y(5S). Important SM tests can be done.

® Because we don’t know which BSM model is correct, we should
develop comprehensive program with all possible BSM searches.

® Itis important to have good vertex resolution and option with large
e+e- CM boost to measure time dependent CP violation.
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Belle Upgrade for the Super B Factory

TDR: KEK Report 2010-1
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Observation of Y(6S) Y (1S)n+n-, Y(2S)n+n-

K.-F. Chen et al. (Belle coll),
PRL 100, 112001 (2008)

L= 21.7 fb

-> look for: p*u~h*h”
ete”->Y(1S) n*n~ X
ete” > Y(2S) n*n~ X

Signals are about 1%. Is it
similar to recently observed
Y(4230) -> J/V¥ n+n-

state (hybrid interpret.)?
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