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Strange Beauty and other Beasts

» B-factory and Y(4S) Resonance
* Y(5S) Resonance
motivation

recent results E‘
prospects

- Kay Kinoshita
University of Cincinnati
Belle Collaboration



the hardware (Kek, 1-1 Oho, Tsukuba-shi, Ibaraki-ken, Japan) ' 2

22 tmp % — + Lpex = 1.71 X 103% cm2s7! (world record)
WISWR< /D> Data (6/1999-12/2007)
« JLdt = 760 fbl@{Y(4S)+of f(~10%)}
(>7.6x108 B events)

0,
s l/ + JLdt = 23.6 fb1@Y(5S)
)

( KEKB B-facto v

4,[

§F by = 0425

- Charged tracking/vertexing—"

(7703) 3-layer DSSDSI =
pstrip (152M B pairs)
(8/03 ) 4-layer (55 +M (15

CDC 50 layers (He-
ethane)
Hadron identification &

- CDC: dE/dx :

* TOF: time-of- fllg -

+ ACC: Threshold er'engnv' b

(aerogel) :
Elec‘rron/ ho‘ron |

« ECL: CsI calorimeter |
Muon K * s

- KLM: Resistive plate | O

counter/iron
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B factory: ete” — Y(4S) — BB ";
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Primary goal: study CP violation in weak decays of B meson
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... but there's MUCH morel

D
o

BELLE

245+5 papers published or in press (#1 in 3/2001)

» CP asymmetry in B decay

- B decays

* charm

* Tau

- 2-photon

* addressing CP, CKM, QCD, HQ spectroscopy, ...

- ... and now, Y(10860), "5S"
- B, decays & CP, search for New Physics
- Upsilon, B, spectroscopy

K. Kinoshita LLWI 2008



... more: Y(5S)
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. more: Y(55) ‘. A

CLEO .
,2-* PRL 54, 381 (1985) . 0 =0 B, = {BS,BI}
: v@4s)|— B'B~, B'B
\ M=10580+1 MeV/c2, I'=20.5+2.5MeV
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... more: Y(5S)

A

e\  CE0
2 * PRL 54, 381 (1985) 4oy 050 Bq — {Bg, B,i—}
‘ y@s)|— B"B~, BB
| M=10580+1 MeV/c?, [=20.5:2.5MeV

w 2.8F 7 %) T % %) (% D ( *
69| BOBY, BOBY, BB
= 26 w 4 1 B,B;mm
2.4% +H M=10865+8 MeV/c2, N'=110+13 MeV
IOTG l IOTB l III.O l l|f2
W(GeV)

B, produced copiously in pp(bar) collisions (FNAL, LHC) -
could B-factories (competitively) study B, at the Y(5S)?
pro's
* MUCH cleaner, better energy definition, event efficiency, cleany's
* B-factory: high luminosity, established detector, compare w Y(4S)

K. Kinoshita LLWI 2008




Y(DS) physics "A

B, studies
* Low CP-asymmetry in SM
-> sensitivity to New Physics

"SM CP violation is insufficient to explain baryon asymmetry"”

?Aod. F)’hys. Lett A9, 75 (1994); PRD 51, 379 (1995); Nucl.Phys. B287, 757
1987

o AT/T»/T=0(10%) in SM
-> differences in CP, flavor eigenstates B
Similarity/difference w (non-strange) B _;<£
-> quark-hadron duality, b, ) c
fine-tune hadronic models ~ Bag 3 ;
- Y(5S) spectroscopy:
B)(11) event fractions
B.() mass
Other bottomonium-like states?
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data 'A.;

June 2005: 3-day “engineering” run
» study basic Y(5S), B,(") properties,
* test KEKB at Y(5S) - L, ~1.39x103%cm—2s"!

* energy scan, 5 points, 30 pbl each & 0.46
-+ 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)

'=
B
3

| | |

June 2006: 20-day run
- 21.7 fb! on resonance
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N (Hadron, R,<0.2) /N {Ehabh
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|
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o . L

S - first results 0.411

S K.F. Chen et al., arXiv:0710.2577[hep-ex] :

3 J. Wicht et al., arXiv:0712.2659[hep-ex] N IR P PR
£ R. Louvot et al., (preliminary) 10.8 10.85 10.9

£ Ecm (GeV)
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fundamentals 1.86 fb1PRL 98, 052001 (2007) ' 1

Event count B, fraction in Y(5S) events
(3 01+0.02+0.16)x10° events/fb-! inclusive D, D° production
450 D
IIIIII [ Y(55) and continuum i (b) + S
Fox-Wolfram R2 2 400 __
- 350 .
o |
""""" ~ 300 + +
A 250}
..... S
..... S 200
|.I>J. 150
"""" Continuum 3.67 fb1 100
(scaled) :
e Pl
> i [pillpj| Pa(cos 6) 02 04 06 08 1

B Zi,j |Pz’||pj|Po(COS 9) L =P, /\/ beam—M2 X(Ds)
(18.0 £ 1.3 £3.2)%
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Candidate reconstruction:

d44-
energy, momentum -> AE, M, % i

B; B; Y
EB — Ebeam E#

%5_42_’. _. '\, .'

5_4}. -

8- .
_ 2 _ 2 -

534- B —>D T
Dy —¢m™, K*OK KSK- Il

AM = Mp: — Mp, = 50 MeV/c2532—

MC SImulcmon

cand

D

2 _
beam

>

Ep, ~ Epeam — AM/2
B;B;
EBS ~ Ebeam — AM
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data By — D, 7"

A

xQ * AL .
Bs Bs q 3 § [ =t v oo ".nr_:,.-,' RPN
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data By — D, 7™ "A

* 54
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data By — D, 7™
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Bs_’Ds_K-I- 'A{L

L g
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B,*BS* only

L - —-
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M | | KIDis crucial

M, (GeVv/c?)
Ty
&

MC simulation
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A E(GeV)

)
o
o
«
S
3
|

o
x
g

[

o
=
v
~




data By, — DTK™ A

xR * a 344
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results D,n", D, K" ' o8

mt Our fit result 1.86fb~! Belle  PDG value
3]

analysis|1]
B(B, — D,m) 107 331 103 To6: | 68+22+16 3.0+0.7
fBe B % 90.0 tgé 03+7 -
fB:B, % | 76 o0 _ i
mp. MeV/e?  5364.8 £1.2 5370+1=+3 5366.1=0.6
mps MeV/c¢? 54172 04 =1.0 | 5418+1=3  5412.0£1.2
B(B, — D,K) 1071 22 Tos  Thd - .
B{B,—D,K . ~ 'DF prel.’
s % 66 131 - 10.742.1 (CDF prel.)

foep. = a(ete” — B;B;) foep =
B*B* — — B*B, —
"7 o(ete— — BMBM) :

o(ete” — B!B, + B,B}))
o(ete— — BV BLY)
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Y(10860) = T(5S)?



Is the Y(10860) purely Y(5S)? "“

* recently found in e* e‘ collisions:
ete” _*’YISR'H' w J/ 6+6_—>71‘+7T_J/’§D

New charmonium-like particle at 4260 GeV

Babar PRL 95, 142001 (2005)
Belle arXiv:0709.2565 (to appear in PRD(R)
CLEO PRD 74, 091104(R) (2006) R I —

Y(4260) » 7w~ J/Yp 6=

Others
Y — 7r+7r_2/)(25 ) =

+more - than predicted!
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Is the Y(10860) purely Y(5S)? 'A

* recently found in e* e‘ collisions:
ete” —>’}’ISR’II' w J/ 6+6_—>7T+7T_J/2,b

New charmonium-like particle at 4260 MeV

Babar PRL 95, 142001 (2005)
Belle arXiv:0709.2565 (to appear in PRD(R)
CLEO PRD 74, 091104(R) (2006) R I —

Y(4260) el W_J/Q/) /_?l:]enismvershﬂurem::;t\

A Y, state 7 Observation of an anomalously large rate for

OTher'S "Upsion(55)" — Upsilon(1.25) w*m
+ T ﬂm-nm‘mml
Y — m T 1/)(25) SK. Choi, SL. Otsen et al. arXiv:0708.1 790 (submitted to PFL)

Press release ( English.. Japanese ) CERN Courier articke
Yi4660): X L Wang ot al, PRL 99, 142002 (2007) { arXn0707. 3659 )
¥{4008): CZ Yuan et al, PRL 99, 182004 [2007) (arkv0707.2541 )
X{4160): P. Pakhlov at al. arXi-0708.3812 ( submitted to PRL )

+more - than predicted! PeiAA15) 500, G Pkows et o, a0 7083313 (0 sppene i PRL)

(2700): L Brodricka et al, arXiv0T07.3491 | submstted to PRL )

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(5S)? 'ﬁ

30F |/
\
w 2.8} \ .
'I; 2.6
Y “
m
IOTG l |0f8 l Ill.O l lle
W(GeV)

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



Is the Y(10860) purely Y(5S)? ~ arxiw0rio2srithep-ex] Mg

-> look for: uu"hTh™

Db = (b) 1 1mx candidates in 1 regi
B L e SR 1(29)
g ®of ' 186 =15
— — = 60}
ete” > TAS)rTn~X §sf
,E'iu.a“ —
— _ ] (a) upnr candidates
ete” - T2S)rTr™ X 31 '
Eﬂl.i
E 10 |
3 os
= o6
E 9.4 T
9.2
) a:nELu.nl ‘ *I-u.sh ) ‘u.uhjl ‘1 ' ‘. EE. :1:4‘”. '
§ g :u&g - (@) ppnn ﬂﬂ?ﬂ?‘tﬂ im the ‘E.It:f:} " Prm:;n E'_ﬂﬁ:“ T(IS)
o € 200} é . 395120
2 - 1A
:5‘ E ok 0.4 0 n.s-'l 1 ; 1.2 1.4
£ " AM = My} Mijup) (GeVic?)
S _
s AM = M(pprm) — M(pp)
V]




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

4 modes seen T(10860) — Y(nS)hth™

Process a(pb) B(%) I'(MeV)
T(1S)n 7~ 1.61 £0.10£0.12 0.53 £ 0.03 £ 0.05 [1.591&04:&[]-[]9

TERS)rTr 235+019+0.32  0.78+0.06+0.11 |0.8540.07 +0.16

TES)rtr~ 1447932 £0.19 0481918 4+ 0.07 0.52]53% +0.10

TOAS)KTK ™ 01857008 4 0.028  0.0617001% + 0.010 [0.06775:017 4+ 0.013
\ e’

Expectation: Y(5S) width comparable to Y(25/35/45S)
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Is the Y(10860) purely Y(5S)? ':A-

4 modes seen T(10860) — Y(nS)hth™

Process a(pb) B(%) I'(MeV)
T(1S)nTwm~  1.61+0.10+£0.12 0.53+0.03£0.05 []0.59F 0.04 % 0.09
TERS)r T 235+019+0.32  0.78+0.06+0.11 |).8540.07+0.16
TES)rtr~ 1447932 £0.19 0481918 4+ 0.07 0.52]53% +0.10
TOAS)KTK ™ 01857008 4 0.028  0.0617001% + 0.010 J0.06775:017 +0.013
\ e’

Expectation: Y(5S) width comparable to/Y(25/35/45S)
ﬂ

Process It otal Pete= |I'rasynta=-

T(28) — T(1S)n 7~ 0.032 MeV 0.612 keV |0.0060 MeV
T(38) — T(18)x 7w~ 0.020 MeV 0.443 keV |0.0009 MeV
T(4S) — Y(1S)x n~  20.5 MeV 0.272 keV |0.0019 MeV | larger
YT(10860) — Y(1S)x n~ 110 MeV  0.31 keV | 0.59 MeV ) by > 102

Conclusion: not pure Y(55)?
12/07 energy scan, search for anomalous e*e™ — Y(nS)hTh™
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Searches for radiative modes of B,



Searches for new modes of B, arXiv:0712.2659[hep-ex] ' )5 4

vY: difficult for hadron machines b u,c,t v
= 1
Bsar ~ (0.4 —1.0) x 107° Wi
|
beyond SM: up to 5x10-° ] :
23.6 fb!
~ 10 s—
S 6 -
S 4 e
<2 2
2 o 7]
;
-4 y
5.3 5.325345.35533 54 542 544 l.'lE -0.4 -0.2 0 02 0.4

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

B < 8.7 X 10_6 (90% CL) (prev. Belle: <5.3 x 10-9)
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Py

B

Events /( 0.01 GeV/c?)

(57

23.6 fb!

e I Y

|

ol

Events /( 0.08 GeV )
S m B

(=T . - - -

M, ;{GEI"HE:EI}

1= (stat) T14(sys)) x 107°

04030201 0 0.1 02 03 0.4

AE (GeV)

First observation
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Summary 'A.‘

KEB and Belle at Y(10860)
» 23 days, 23.6 fbl, 1.3M B, events
* Beast(s)
anomalous Y(ns)trtr, ~102X expectation
->Y(10860): not pure Y(5S)? (energy scan, stay tuned)
- Strange beauty
large sample of B, -> D1, evidence DK
best limit on B, -> vy
first observation of B, -> @y
* more to come ...



