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Strange Beauty and Other Beasts:

At and Above the Y(BS) with Belle

- Belle/KEKB, Y(4S) Resonance, B meson

motivation

Belle data & results E
prospects

1 Kay Kinoshita
Universncy of Cincinnati
Belle Collaboration



i
Belle collaboration
Aomori U. IHEP, Vienna Nagoya U. Seoul National U.
BINP ITEP Nara Women's U. Shinshu U.
Chiba U. National Central U. Sungkyunkwan U.
Chonnam Nat'l U. s 2 National Taiwan U. U. of Sydney
U. of Cincinnati BEE National United U. Tata Institute
Ewha Womans U. , #orea U. Nihon Dental College Toho U.
Frankfurt U. + ﬁl;%';?vghlyrlsﬁ*- of Niigata U. Tohoku U s
Gyeongsang Nat'l U. Kyoto U. ' o Osaka U. Tohuku Gakuin U.
U. of Hawaii M11e  Osaka City U. U. of Tokyo
= Hiroshima Tech. Kyungpook Nat' U'.> Panjab U. Tokyo Inst. of Tech.
= EPF Lausanne X ¢ :
S IHEP, Beijing Peking U. Tokyo Metropolitan U.
> IHEP, Moscow %:sz.ﬁf /s{ffa" U. of Pittsburgh Tokyo U. of Agri. and Tech.
S L'grt?ilgg?a / V. of Princeton U. Toyama Nat'l College
<) U o T Riken U. of Tsukuba
) Saga U. VPI
USTC Yonsei U.

>

-~

~14 nations, 55 institutes, ~400 collaborators
(authors vary, each paper)
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... the hardware

p

4/07- COPPER pipelined
DAQ system

—

* Charged tracking/vertexing=" .
. SVB: 9 N B

73N
(-7/03) 3-layer bsso@R L
pstrip (152M B pairs) .
(8/03-) 4—|qyer- (55 +

BB?)
- CDC: 50 layers (He-
a - ethane)
Lyox = 2.11 X 1034%3[n‘,is“ chDlr'Condig}agTifica‘rion A
, : X
(world record) S - TOF: time-of flight S
%+ ACC: Threshold Cerenkovi .
“crab” RF cavities (aerogel)
4/07- Electron/photon
« ECL: CsI calorimeter
Muon/K
- KLM: Resistive plate
counter/iron
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.. the Physics eTe” — 1(45) — BB  (mostly) "‘

25 _' L B I I I
~
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=z bl
g [ ¢
g Br ot ]
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o | ,{' ',‘ X *
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© ' Loy T By e, L SV S
Y(1S) Y(2S) Y(3S) T Y(4S8)
0 I R R | ST R T T P N TR SR ST S NN S b By I S T S R 1
944 946 10.00 10.02 10.34 10.37 10.54 I 10.58 10.62

Mass (GeV/cz) BB threshold

Primary goal: discover CP violation in weak decays of B meson

DONE!

.. but there's much morel!
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Data '

1000 fbl=1abrecorded by Belle as of 12/09

JLdt since 6/1999
*Y(45S)
710 fb!

e, C%n; 'pg_l'l'm * B (7.7 x 108 events)
S °Y(55) » charm (1.1 x 109 events)
% ~120 fb-! * Tau (~8 x 108 events)
2 *Y(3S), Y(2S) , Y(1S) » 2-photon
- ~34fb™ * B, (~7 x 10¢ events)

*Y(5S)+ scan

~8 fb!

Physics topics: CP, CKM, QCD, HQ spectroscopy, ...
305 papers published since 3/2001 B

BELLE
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Y(10860), or Y(55) A

BT L B L B R A AL A L L B ! I v ! ! !
: : 2k Y (4S | .
B,= 8.5 GD™
=00 | 30|t B B(*) BC(] )B(g*),
S b i _- ‘ BB()W,Bqur
S50 4 . \
E L I '+ B i 1:} 2.8F
: B,B ] @
2 of | p ‘i\ ! 12l
| ; ]
+z y ) Y 45) |
- 5 + *+ . *\ i
o © ' oy v e, N +_+_. ] 24
S LIS TQS)  YOS) continum NGBV
i 044 945 10001002 1034 1037 1054 1058 1062 o —Toe 1o 2
2 C W(GeV)
3 Mass (GeV/c') B, B, threshold

B, are produced copiously in pp(bar) collisions (FNAL, LHC) -
can studying B, at the Y(5S) be competitive?

pro's
» CLEAN events, energy definition, y's; ~100% trigger efficiency
* high luminosity, established detector, Y(4S) data for comparison
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Y(BS) physics

B, in Standard Model
CP -asymmetry ~ O -> window to New Physics
y AI‘/I‘CP/F O(10°/o)
- Spectator decay (as w hon-strange B)
-> quark-hadron duality

=l |o

- absolute BF's, modes w T, vy B,

Saclay 3/2010

spectroscopy
B.() mass
B)(17) event fractions
* bottomonium, bottomonium-like states
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Data at Y (55) A

June 2005: 3-day “engineering” run
* basic Y(5S), B,(") properties,
* test KEKB at Y(5S) - L,,,,~1.39x1034cm 25!
-+ 1.86 fb! at peak (10869 MeV)
= 4 x largest previous sample (CLEO)

A. Drutskoy et al., PRL 98, 052001 (2007)
A. Drutskoy et al., PRD 76, 012002 (2007)

energy scan
- 10.869 va

1N 1N o o N
» » 2 0B F
[ @ (2] o
R R

o

H

-
T

: llllllll l lllllllll 1 -] (]
10.8 10.85 10.9

Eqy  (GeV)

N (Hadron, R,< 0.2) / N (Bhabha)

June 2006: 20-day run

+ + 21.7 fb™! on resonance
K.F. Chen et al., PRL 100, 112001 (2008) ~ December 2007: scan 6 pts
J. Wicht et al., PRL 100, 121801 (2008) - +7.9 fb! above resonance
R. Louvot et al., PRL 102, 021801 (2009) K.F. Chen et al., arXiv:0808.2445
A. Drutskoy et al., arXiv:0909.5223
R. Louvot et al., arXiv:0909.2160
J. Lietal, arXiv:0912.1434 _ .
C.-C. Peng et al., BELLE-CONF-0904 Oct 2008-Dec 2009:
S. Esen et al.,, NEW

Saclay 3/2010

extended run
- ~100 fb! on resonance

K. Kinoshita



Fundamentals ' B

Event count

(3.01£0.02+0.16)x10% events/fb1 Event shape parameter

B, B,B (Fox-Wolfram moments)

: 1.86 fb! .
===i) Y(5S) and continuum 3X —1
. . Fox-Wolfram R2 R Zi,j | pil | Dj |P2 (COS v )

2 —
. D i Ipillps IPO\(CIOS 0)

lay 3/2010

2-jet e"e” — g R,->1
ete” — BB R,-0
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Fundamentals

B, fraction in Y(5S) events rodel estimate

inclusive D, production (92+11)%

B(Y(5S5) » D, X) =

f,g : B(.Bs — DSX) +

A

(measured)

(8.7 +1.2)%
(1—f5)-B(B — D;X)

2
23.6 + 1.2+ 3.6)%

fo=(179+14+41)%

similar analysis using inclusive D°:
f.=(18.1+3.6+7.5)%

combined'

(b)
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B, at Y(5S): B, B,+ B’ By + B*B, + BB,

Full reconstruction of B candidates: E, p

example: B, — D_ 7™

BsBs o
0
EBS — Ebeam %
0
ps, = /BB, - M3, %
e
B, — Bgvy
AM = Mg. — Mp, =~ 50 MeV/c?
B*B,

EBS ~ Ebeam _ AM/2
B;B;
EBS ~ Ebeam — AM

MC simulation

544-
" S
542~ 3
[ . N O
E QL
5.4__7 I
538 3
[ 3
53— - NS
5.34- >

sp- Bs — Dy Ll | I

- Dy —>q5'{r'—, K*OK", Kg«K—
B2 055 01 006 4 06 0
AE (GeV)

AFE = Ecand — Ebeam




B, at Y(5S): B, B,+B’ By + B*B, + B BAu.

Full reconstruction of B, candidates
B;B;

masses.
=
8 ‘Pas” = Pe*
:; = MB*
o
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slice/projection

<Mbc}

8 R
( 2/A®9 S00°0 ) / SIUDAT

5,42 ;

M, (GeV/c?)
on
ol
N>

54

‘A EKEE R

54
s 638
S
3 534

= (5416.4 % 0.4 £ 0.5)MeV /¢y

Events /( 0.01

[PRL 102, 021801 (2009)]
23.6 fb
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B, at Y(55): B, B,+B’ By + B*B, + B*BAu.

Full reconstruction of B, candidates

B;B;

slice/projection

57

M, (GeV/c?)

masses:

<EBS>
- Ebeam - <AB>

=>MB3 3 o

‘A EKEE R
( 2/A®9 S00°0 ) / SIUDAT

I

(V(Brcam (BN ~ P

Events /( 0.01

(5364.4 + 1.3 + 0.7)MeV /c? '}

[PRL 102, 021801 (2009)]
23.6 fb
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B, at Y(55): B, B,+B’ B, + B*B, + B BAu.

Full reconstruction of B, candidates

x
Bs™Bs [PRL 102, 021801 (2009)]
23.6 fb!

on
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B, at Y(55): B, B,+B’ By + B*B, + B BAu.

Full reconstruction of B, candidates

B<Bs [PRL 102, 021801 (2009)]
23.6 fb!

|
cand

—— oo R BE R |
.._:.." ".: ‘-,.._.;':: :., I
538 ‘ ' g
+4.6 WL S
4-0—3.7 3 B T e AL
significance 1/lo = Y S YT N 0 >
. - Pegudlt R, |
—— I 5-32?__'3 — D 71' DR ”
1 iDr > enm K*OK KSK‘

Q
e
mAarmrmo Iy ™ i 1
g g g R s 5562 055 01 9056 0 0066 0 E
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B, at Y(5S): B, B,+ B’ By + B*B, + BB Au.

Full reconstruction of B, candidates

[PRL 102, 021801 (2009)]
23.6 fb!

Comparing rates: S44r

|
cand

)
‘%:.
5
Sy
%
Sy
%
2

fB*B>

B S5, n R ;

0(6+€_ N B;B;) 538: kL Al ._"
LR O R T

olete” — Bg*)Bg*)) Eoom e s ] e

_ +3.8 e

+ sazi.B — D N W |
o(eTe” — B; B(w;f?*)B 5)) ;;D — o, K*OK , KSK‘
olete — Bs/Bs”) 2 455 01 406 4 006 0

= (7.3+£0.3+0.1)% AE (GeV)
AF = Econd — Eveam

M, (GeV/cd)
V)
®
D

2
. -‘i '-'.' . ':-. :' -
2 _
beam

fB:B,

Mbc

B(Bs — Dyr) = (3.6715351095) x 107?
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Other Spectator decays
B, — DK~

R. Louvot, J. Wicht, O. Schneider, et al.
PRL 102, 021801 (2009)

B, — D nt, DW= p*
arXiv:0909.2160 R. Louvot




Bs —» Dy K™ An

MC simulation

on

-

-
™7

BS*BS* only
(statistics)

e | - KID is crucial

M, (GeV/c?)
on
S

lay 3/2010
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A,

PN YT,
> 0 -
Y8 Sspn +3.4
g BT
s o 54 C g
— d | significance = 3.50
= 538 '
M\ -
—H- 1 536
. |
o —t —'i 534
™ 1 532~ .‘
» - -1
> ] . |23.6‘fb
g RS W o1 4% 0 0% 0f
(/A8 £00°0 ) / S1UBAT AE(GeY)
> 7
&
1‘2 €
B(B, — D,K) x 10° s .
( s — S ) X 10 s 1
(o) g .
= o +1.2 ‘3 2
d - 24775 £0.3(sys) £0.3(fs) ° j,
i. c st — 01
v A E (GeV)




A
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b, " e .
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2-d fit

o
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TTTITT R IR
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K. Kinoshita
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— D*_,O+ "A

1 & = :
AR F_.. e
% g A X
'vg iy )
125040 .
_‘82 :'. . - .
_ Ce v '
bl 23.6 fb!
13 b .. |
slice/projectida.| -
e\ l2 5.32F
o<uni —_ :. N | E | . | |- l.. L
= 16 . L +14.6
- 14 Slice/projection | 7777 77 o (4o
= 14f "1 —-13.37 "
12
10
[ p]
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4-d fit incl. polarization & %
=
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Data B, — D;k_p+ polarization 'ﬁ

B; B}
P-> VV decay: Polarization depends on hadronization detail
-> test of factorization hypothesis f; ~ 88%(PRD42,3732(1990)

d*T'(BY — D*~p™)
dcost, *_dCOSH helucu'ry angles

‘e
.
.
*
.
o
‘e
L3

A - -

Sf '_‘f — 1 O5+0:|08+0 03

~~ £k - —

2R longuTudmal L 0.10—-0.04

Z 10 :

|

> 8-_ e

€2 \" T
°F N\ fransverse | /.
4:_ D R IR
2L | b SPC N S O
0 -.--l-s-s-a--l-v\-1'!'1'1'1'1'r'r'r'Pl'rr'P'f‘P‘lW: ......

T Py ot s bt 8 e e e e e

-1 -08 06 04 -02 0 02 04 06 038 # 08 06 04 02 0 02 04 06 08 1
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A

B, — DU~ DU ppepjwinary

S. Esen
S
- CKM-favored AND flavor-neutral W,,‘<6
CP=+1 in heavy quark limit, m ->co b ‘/ P
~ saturated by 2-body D (D) B, _ > >
-> difference in widths of CP=+1 S <

ATop  2B(B, — DT D7)
r 1 — B(B, — DT D)

Aleksan, Dunietz, Kayser Z. Phys., €54, 653 (1992)
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B, — D)~ pD)+

Reconstruction

DIt — Df~
D: — ¢7T+ O — KTK~
S Df — KoK+ K —rntn™
:  Df - ROKT K & K~ x
DS — ¢p* pr =t
D} — K*t K K*" — Kgr™

DY — K*TK*

(=}
x
£

73

o
L
M
v



lay 3/2010

(=}
x
£

73

o
L
M
v

B, — D)= DU+

Reconstruction

e Candidate selection

5.2 < Myec?/GeV < 5.45
—0.15 < AE/GeV < 0.1

e One candidate (all channels) per event
selection: lowest chisquare based on M (D ) M(D

PDG
+—m
+ - 2 _ 1y "p3
DID;  X=13 |
PDG
:i: 'm.
DD x g{ e
2
PDG
m -
Dt Dr F=1|m |2 e

s) = M(Ds)

+ X

AMpy-AMEPS 2
UAMD;

AMp;-AMEPS]?
UAMDg




B, — D)~ DT

23.6 fb!
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2-d fit in (AE, M),

simultaneous over 3 modes

signal -_

wrong combination __

background -~=

crossfeed=~~«_

Events/ |0MeV

Events/ 10MeV

ts/ 1@MeV

Even
o I

-y

L

4 -
4
L}

0 - - ‘ fhed.d. L 0- =
015 0.1 -0.05 0 005 0 52 525
AE (GeV)

53

535 54 5«

M, (GeV/c?)



B, — D)~ D)+ A

Branching fraction |PRELININARY
Mode ¥ B S
(events) (%) (o)
Db | 85122 4.0100F02 | g2
DiD, |9.212% 2.872% 4 0.7| 6.6FIRST OBSHRVATION
3.17 5 = 0.8 3.2 F|RST EVIDENCE

DD} | 49738
2267410 1 £ 18D
AFcp @ — 10.036+0.044 _
‘ 0.147 70 030 0.042 &= 0.004

: +0.051 [theory: Aleksan et al.,
[PDG +0.09255 054 PLB 316, 567 (1993)
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Need updated theory input!




A

Other CP Eigenstates

What about CP violation? ... look at weak couplings in SM...

lay 3/2010
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A

Weak couplings of quarks

* neutral current - universal, generation-conserving

- charged current - approx. generation-conserving, but different

u DU N C e N 1' Z0 "neutral current"

€------3 > not seen

W+ charged current"

@)  favored
d €-------—-—--- >S €-—-----—— -2 > b
<——>  suppressed

Matrix of CC couplings shows no universality...

lay 3/2010

d s b
F \
Ve Vs Vo 9 complex couplings
£ grx | Veg Vs Ve -> 18 free parameters
£ tiVig Vi Vi,



Aa

Unless viewed via GIM (Glashow-Iliopoulos-Maiani) picture:

"weak eigenstates” # mass eigenstates d, s, b
-> need linear transformation between 2 sets:

d — Cabibbo-Kobayashi- complex .
o d Maskawa (CKM)  preserves metric} = unitary
S| = M S matrix " orthogonality
o)
=
S
% So matrix is then
d s' b’
1 o o) (O
u
0 1 0 - suppression of flavor-changing
I X c neutral currents
w0 0 1 - multiplicity of charged current
universal, generation-conserving couplings

- AND ...
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A

Irreducible complexity follows from unitarity for >2 generations
--> proposed as explanation of CP violation in K|

e.g. for 3 generations, (Kobayashi-Maskawa 197 3)
4 free parameters, including =y
1 irreducible imaginary part

explicit parametrization(Wolfenstein):
12222 A A3A(p=in)!
-\ 1-A2/2  AN2A

ASA(1-p-in) -A2A 1
“Nirredycibly >CP |ation

First 39- generation particle (t) seen in 1975

CP-violation measured in B-decays 2002
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CP asymmetry inB. ->J/ ¥ n

Analogous to B -> J/W K (Sanda/Bigi/Carter)
mixing+tree («V, "?)

Tree (redl Vi) <V 'V Vip “Vis?VepVes
- c
b, o v Bt b < Jy
S W_\ I : W“’\
B 3 S b : | g S
-«
" measured ; "

identical hadronic processes

CP-dependent oscillation in time from cross-term(s)
- no theoretical uncertainty: arg(V,,?V;2) = 0

—=No mixing-mediated CP violation in SM -> any CP asymmetry is NP
... something for the future...
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CP asymmetry inB. ->J/ ¥ n

Why is non-CKM CP violation of interest?

* matter-antimatter asymmetry of the universe requires
CP-violating interactions (Sakharov 1967)

» CP asymmetry in CKM is insufficient
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B, — J/yn"
arXiv:0912.1434
J. Li

CP eigenstate; expectation
B(B, — J/Yyn) ~35x107*  B(B, — J/yn') ~4.9 x 1074

Based on flavor SU(3) symmetry + PDG: B(B) — J/yK°) =8.71 x 10~*

Reconstruction

J/p —ete, ptu”
n—Y, T

n —nrtn, p’y



B, — J/¢n A

2-d fit in (AE, M,.), simultaneous over sub-modes

23.6 fb!
7F % 8
S6 S 7-149+4.1;7.30
= 50 — -
Q4 Qo F ChVAMon
S 2 Q2 ’
i booaa il
Bl B NS 6 L 2 E T 1 L l 1 i A N i s U
%4 02 0 02 04 825 535 54 5.45
AE (GeV) M, . (GeV/c?)

IB(Bs — J/¢m) = (3.32 + 0.87(stat) ") 52 (sys) + 0.42(f,)) x 10~
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By — J/yn’ A

2-d fit in (AE, M,.), simultaneous over sub-modes

IB(Bs — J/¢n') = (3.1 & 1.2(stat) TJ 2 (sys) £ 0.38(f,)) x 10~

S 3.5¢ H..— % 95F -
g 51 —mm S 3 S'HEVIIH‘:E 3.80
© 25" S 25; IR -
4 s 25
£ B 15
o c U
|.|>J g 1»_"—- + v 4 -1
] 23.6 fb
: 0.4 225 53 535
g 7 g
= 6 2 5
e 5 = 4 } o
E 47 % 35— + + +4 1
o w2 S
:..C; 1; - 1t + 4 w 1;F *l____.l_.l.__ “| AAAAA )
.E A P 1 N R — s 1 | .
< Q4 02 0 02 04 D5 53 535 54 545
V4

AE (GeV) M,. (GeV/c?)



B. — hh

C. C. Peng

0102/¢€ Ao

D4Iysoury "




B, — hh 236 forr M

CP eigenstates }3 KK |23
B(B, — KTK™) x10° 12 17.5
= (3.8%00(stat) £ 0.5 £ 0.5(fs)) 125
: 6EL L |
FIRST ASO1.UYE BF RN 78| ‘
2 } 25 \
%2 01 0 01 02 ° 53653854 542544
S AE (GeV) M, (GeV/c?)
% _ 12 0 70
2 BB, — K'K%) x10° wf| | K& ‘Z
FIRST 1M ® )
2 2
0

Also: 0-0.2 -01 0 01 02 5.365.38 5.4 5.425.44

B(B, — K 7n1) x 10° < 2.6 AE (GeV) M, (GeV/c?)
B(By — 7~ m") x 10° < 1.2
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Searches for radiative modes of B,

J. Wicht, et al.
PRL 100, 121801 (2008)



Searches for new modes of B, "&

vy: difficult for hadron machines b ucit Y
|
|
Bsy ~ (0.4 —1.0) x 107° Wi
|
beyond SM: up to 5x10° !
Y
23.6 fb!
—~ 10" —
N§ eé_ E 10
G 6 - 8
S 4 S 6
o r ~ L
~ 4 8 4
F e
g g 3
G o
.:EL '2:‘

| IR A A
53 5325.34 536 5.38 54 542 544 . r L
M,. (GeV/c?) AE (GeV)

B < 8.7 X 10_6 (90% CL) (prev. Belle: <5.3 x 10)
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PY

y: difficult for hadron machines j
Analogue: BY — K*Vy

nl

- 23.6 fbl

o~ > 14

guﬁ 3

D 12 S 12

V) o

6,10 310

O B8 ~ 8

< 6 ‘2 6

g b :

o 4‘ ‘ o 4

>

W 2pte4 2
0— 0°
5.3 532 5.34 5.36 5.38 54 542 5.44 04-03-02-01 0 0102 03 0.4

M, (GeV/c?) AE (GeV)

B = (57112 (stat) 15 (sys)) x 107° First observation
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T(5S5) — BBX

arXiv:0909.5223
A. Drutskoy



Y(5S) — BBX 'A

T
3'2"# PRL 54, 381 (1985) (%) B(x) By = {Bganj,-}
30f |t . BS BS
\ fBé*)BS*)\ el +
w 2.8} - elative rates:
@ Y S H ( x . .
2 ‘/* (55) BqB(g ) hadronization/spectroscopy
€ 26 s _
¢
ﬁ* + \BqBqrT
24 H
T T 1'1 + account for all events at YT (55)
10.6 ' 10.8 (le) 11,0 l 1.2
W(Ge

reconstruction

BT — J/YK™ T/ —eTe”, uT

B — J/ypK* K™ — Ktn™
£ Bt — D% D - Ktn K ntn n~
g B - D nt D™ - K'n 7~




Y(5S) — BBX "A

Distributions in M, 123.6 fb!
: bg-subtracted
2 100f
= |
0.5 : . <
'MC simulation ~
S 045D BB 2 - ’
Q EDpQ », ) g [ ++
- o3l | ) = $ ++
o < 0.30} RS : w4
— i | | X . L ‘.
8 ;_ : I: ob.'._“d%.l?uﬂ
> € 02 ' 5.3 5.35 54
S Z -- M, (GeV/cY)
0.1H K
A ;:f:; Channel Fraction, %
' !:-.-.-.;.;A ~ X ‘::: 1) "
QB BB 5.5%59 + 0.4
M, (GeV/ic) BB*+B*B 13.7+13+1.1
s B*B* 37r5¥2143.0
g Large M. 17518+1.3
M
N




T(55) — BBX
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BBntX

Reconstruct B, look for B
in missing AE, M,

Channel Yield, Fraction,
events  per bb event, %
BBxt 02172 00+12+03
BB*nt+B*Bnt 38.313%°% 73123408
B*B* ¢t 48184 10t +04
Residual 9.2 39+1.0
Large My, 998 Ttazd ,"'17.5 18413

— . .0
initial state radiation (new interpretation)

Events/ 8 MeV

Events / 8§ MeV

= =3
» =

(=]
15

W
=]
T

= ™
Eq—o—z
e ==
.___'.__
—— "
—
+
— A=

e

s;.
H

FOSRT T TRN TRN S RN SR ORI W R O )
-0.1 0 0.1

AE ™+ M5, 528 (GeV)
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Y(10860) = Y (5S)?

K.-F. Chen, W.-S. Hou, M. Shapkin, A. Sokolov, et al.
PRL 100, 112001 (2008)



Is the Y(10860) purely Y(55)? A

* Y: charmonium-like particle at 4260 GeV found in
ete — YISR 71’+7I‘_J/¢ eTe” — 7I'+’/T_J/’lp
Babar PRL 95, 142001 (2005)

Belle PRD 77, 011105 (R) (2008) [T '

CLEO PRD 74, 091104(R) (2006) ﬁ‘\
30} It Y(4S) |

2 Y (4260) — 7w~ J /1 \

) 370 Y(5S)
& Others N </+ ( )_

Y — " w1p(28) 3 :
* many more ST

W(GeV)

Does(do) analogous state(s) Y, exist in Upsilon region?
[W.S. Hou, PRD 74, 017504 (2006)]
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Is the Y(10860) purely Y(55)? A

-> look for: p " h*h™

L 140 [ (b) ;1.17x candidates in the Y (28)—.1 - region
E :g j\(ss},) (Y(48) Y(58)” ‘ T(QS )
°© - -
g %p = 186 =15
— — s Sof:
ete” > Y(AS)ntr X §a l
‘S‘—; .8n — - — -
— — > 10. ~
ete” - T2S)rTr~ X 3!
3 T(35)
§.,1
S 1(25)
o ~
z E { |T(15)
04 06 08 1 12 14
© 350" (a) . inx candidates In the Y (15)+,. ' region
Ezﬁ Y(29) Y(3s) 1Y(4S) :-(?(; T(]‘S )
¥ 32577
£ "sof
E 903 06 0.8

1 1.2 14
AM = M(uuzr)-Mup) (GeVic?)

AM = M (ppmm) — M(pp)
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Is the Y(10860) purely Y(5S)? ' 50

4 modes seen T(10860) — Y(nS)hth™

Process o(pb) B(%) I'(MeV)
Y(AS)nTw~  1.61+£0.10+£0.12 053+ 0.03+£0.05 []0.59 3 0.04 + 0.09
T2S)rta™  235+0.19+0.32 0.78+0.06+0.11 |).8540.07 +0.16
TESat e~ 1447252 +0.19 0.4875:1% +0.07 0.52] 529 +0.10
TOAS)KTK ™ 01857098 £0.028  0.06179:91% 4+ 0.010 40.06772:917 +0.013
S

Expectation: Y(5S) width comparable t0/Y(25/35/4S)
=\

Process [eotal Lete— I'rasyntn-

T(25) — Y(1S)x 7~ 0.032 MeV 0.612 keV|[0.0060 MeV

YT(35) — Y(1S)x"n~ 0.020 MeV 0.443 keV |0.0009 MeV
T(4S) = Y(1S)x 7~  20.5 MeV 0.272 keV[0.0019 MeV | larger

Y(10860) — Y(1S)m"w~ 110 MeV  0.31 keV \ 0.59 MeV ) by > 102

Conclusion: not pure Y(5S)?
12/07: energy scan, measure €' e~ — T(nS)h*h™
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Followup: scan above Y (5S) 'A,_‘

arXiv:0808.2445v?2

KF Chen
V3(GeV) L(fb™)
10.8275 168 e

10.8825  1.83°" + pok
2 108975 ldlosf o N f
: 109275 1.4 Babar

10.9575  1.01 % w8 BE LEr mE o Tt
11.0175  0.86




Followup: scan above Y (5S)

Aa

= 0012
=

o 00101~ ¢ vrome -
—

g 0.006 |- A Y@

e

© 0004} - -

B 0008|- M Y(2Shr- --

|
[10888% T+ 1.2]Mev/c?

++ r— 307+§3i3.1]Me‘

% by :
R B T e
A CRLLGE - 1 e —
o(bh) % [ Avesm iy
S .
E 001f—----—--- R TR T R
----------------- " s—e—————
92 2 ' $
2 v :
Y (nS e I e
O( (n )7T7T) b $ v Snr { === V(10860 pand From R _fit | |
E 0008 - ¥QSnn - +{ -------------------------
O-'u'u g 0.006 |- A4 YQm E_ -+ .......................
o Lo,
B 0004} A
P | N
£ s . '.'..'.-.'.'.].!5"‘*‘15”1 R L T
$ 0.000 j——— : 4
::. 075 108 1085 105 0% T TS

\s (GeV)



Summary "ﬁL

KEKB and Belle at Y(10860)+
+ 6/05, 6/06: 23 days, 23.6 fb!, 1.3M B, events

+ 12/07: energy scan, 6 pts, 8 fb™!

* Beast(s)
anomalous Y(ns)ttTT, ~102X expectation at Y(10860)
Y(ns)TtTt rate peaks ~ 20 MeV above hadronic peak
->Y(10860): not pure Y(5S)?
BMB™)()(m) rates

- Strange beauty
spectator modes: B, -> D.("h
B.'B.” rate, masses of B, B,
Y modes: B, -> yy (best limit), B, -> @y (first observation)
absolute measurement B(B,-> D)D) (~A T /2T)
CP modes
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Outlook 'AA

* more to come ...
10/08-12/09: ~100 fb! at Y(5S) , ~6M B, event, ADDITIONAL

possible scan near/above Y(5S) in Spring 2010
SuperKEKB/Belle IT ~2014



