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Y(5S) Results from Belle:
Strange Beauty

& Other Beasts
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Primary éoal: study CP violation in weak decays of B meson

711 fb1 = 770M B events recorded at Y(4S)

DONE!
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G (e'e” — Hadrons)(nb)

BUT wait, more .... including Y(10860), or Y(55) A
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* For B, studies: More B, from pp(bar) (FNAL, LHC) but...

Y(5S) is competitive for some aspects

- CLEAN events, energy definition, y's; ~100% trigger efficiency
-> absolute BF's, modes w m°, y
- high lum, established detector, Y(4S) data for B "background”

- Bottomonia above Bbbar threshold - complex structure
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Y(BS) physics

B.in Standard Model

* CP-asymmetry ~ O -> window to New Physics
* AT/T 5/T=0(10%)

- Spectator decay (as w hon-strange B)

-> quark-hadron duality b
B physics Bag

- a novel tag

spectroscopy

+ B.,) mass

* By")(11) event fractions

* bottomonium, bottomonium-like states
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Data 2005-10
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energy scan

June 2005: 3-day “engineering” run

2"°710.869 GeV
- 1.86 fb! at peak (10869 MeV) £ ot ¢
Z -
June 2006: 20 days 3
» + 21.7 fb! on resonance v
= 0.42[
December 2007 S il
- + 7.9 fb! scan above resonance g I AT
E  (GeV)
A. Drutskoy et al., PRL 98, 052001 (2007)
A. Drutskoy et al., PRD 76, 012002 (2007)
K.F. Chen et al., PRL 100, 112001 (2008) Oct 2008-Dec 2009: 121.4 fb!
J. Wicht et al., PRL 100, 121801 (2008) ) 1
R. Louvot et al., PRL 102, 021801 (2009) + 97.8 fb™* on resonance total
A. Drutskoy et al., PRD81, 112003 (2010) L. Adachi et al., arXiv: 1103.3419
R. Louvot et al., PRL 104, 231801 (2010)  +thig | I. Adachi et al., arXiv: 1105.4583
J.Liet al., PRL 106, 121802 (2011) talk | Y. Sato et al., BELLE-CONF-1145
g-'g- Pe”%re: GILRERI% 582281723%()20(72(()%%0) L. Solovieva et al., BELLE-CONF-1146
. E£sen et al., , -
K.F. Chen et al., PRD82, 091106 (2010) T ',:?‘;e'\fro; eTBEIL'L%?IEIC—)ilF-IIOI

S. Esen et al., BELLE-CONF-1143

2010: + 20 fb! scan



fundamentals A
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Event count . Event "
PRD 75, 012002 (CLEO): PRL 98, 052001 (Belle) vent Types among

(3.02+0.14)x105 events/fb-! [EEIRNCISNIZIRNZ1a
B

' B,B" . B,B,nm
. . qd-—"q ) q-—q
Y(5S) and continuum

* Fox-Wolfram R2 (~10% initial state radiation)
4 _
NOoo . L 0 +
: ’ Bq - {Bd7 Bu }

* B, fraction f, in Y(5S) events
inclusive D, D9, ¢, B production
Continuum 3.67 b (Belle, CLEO) arXiv: 1010.1589

(scaled) fs = (21.5 £3.1)%
2 ; |pil|[pj| P2(cos 0)
X5 Ipillps| Po(cos 6)

Fox-Wolfram moments




B, at Y(BS): BSBS_I_B:BS =+ B:Bs T B:B:A

K. Kinoshita PANIC 2011

Full reconstruction of B, candidates: example

. [PRL 102, 021801 (2009)]
B, in 3 event types:

: : AP 236 b-!

kinematically distinguishable ¢354 f ' -
S L. I

2 542y L AR
| R o B B |
Comparing rates: Y bt = Q

i ST L AR ® |

I:5; d Pl BB, |
_ e .:;:~:,~._:‘j-..-:," T B B S
B a(eJr - — B*B*) -1 ' __d__ NS

_ +3.8 saz-B —>D . |
= (90.1_4_0:|:O.2)% _.D . K*OK KSK‘

32 015 01 'o.os ] - 005 0

Mbc

f _ o(ete” — BB, + B.B?)) AE (GeV)
B;Bs — *) 1 (*k
olete — Bg )Bg )) AF = Eca,nd — Ebeam
= (73+£03+0.1)%
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Observation of B, — Afn~ A

L. Solovieva et al., BELLE-CONF-1146
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4

Observation of

BY - Afn~A  Af —pK nt A — prt
2-d fit in AE, M.

N

2B 5 AFxa—A -nsg
- o d  Belle (121 1) ES
g | 2
g e 5 J12 (E
t o
1k ,._"., I | 58
e | si
2 FIRST OBSIIVE
5 ' 535 ' 5.4 ' oz o0 . oz 10
My (GeV/c?) AE (GeV)

B(BY — Afn~A) = (4.8 + 1.4(stat.) £ 0.9(sys) £ 1.3(A})) x 10~*

First observation of a baryonic B, decay

Compare (PDG): B(B~ — Afn7p) = (2.8 4+0.8) x 1074
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Measurement of sin2¢, (sin2p)
with B-1t tagging
Y. Sato et al., BELLE-CONF-1145

Events

BEORE) =t 4 e

Reconstruct BO, m; charge of m tags B flavor at =0

_ Nppx— — Nppx+ S+ A
ABBT(’ - — 2
Nppr— + Nppr+ 1+

S = —nepsin2¢; r=Am/I A =0 (SM)

Time-independent measurement
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sin2¢, (sin2p) with B-m tagging

Reconstruct BO, m
BC)>-B)O events identified via Missing Mass
(Ebeamiﬁbeam) (EBWla ﬁBﬂ')

Y(58) — BY{(7) B}
(Emz’ss’ﬁmiss) — (Ebec'bm — EBwaﬁbeam _ ﬁBﬂ')

BBrn

B*B™n

i
mzss \/ meSs pmzss

‘5.31 - ‘54
[GeV/c’]

mISS
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Events / 8 MeV

sin2¢, (sin2p) with B-m tagging A

BBrn

Reconstruct BO, m
BC)>-B)O events identified via Missing Mass
(Ebeamiﬁbeam) (EBT('I? ﬁBﬂ')

Y(58) — BY{(7) B}
(Emis&ﬁmiss) — (Ebec'bm — EBﬂaﬁbeam - ﬁBT&')

B*B™n

| P Ios I W Tl G N Ty
Miniss \/ miss pmzss 3.2 5 3 >4

*pr BrEs M__ [GeV/c’]
103??;:':'5'5;S n B7BT. ‘T[Bn-comb. 21.5+6.8 total signal
a8 v ks B Iy K Appr = 0.28 + 0.28(stat.)
i oy " T |[sin2¢; = 0.57 )

; L] . ] L] . . L ] I

) ! , : S il +0.58(stat)
e T ,,_J Kt S N £0.06(sys)
05a 5.2 53 5.4 5.1 5.2 5.3 5.4
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Bottomonia
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Bottomonia

Motivations

+ seek/study h,

- enhanced h_ at ¥(4260) (CLEO) -> analogous effects in b?
» charmonium-like X, Y, Z -> b-versions?

- origin of anomalous Y(5S)-> Y(nS)nm
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Previous related results

)

CLEO (arXiv:1104.2025).1mh

® o (e'e - ' h,) (scan data)
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Evidence at Babar &
(arXiv:1102.4565)

Y (3S) — hy(1P)7”

0~1 - - - .. el
\3.95 400 405 410 415 420 425

{ o (LP) — ynu(15) } 3.00
L 08 oRA T o8e 8e 99 b5h 5o boe 658
‘from CLEO FPCP 2011

B(Y(35)->mh,) < 1.6 x10-(90%CL)

‘Belle [PRL 100, 112001 (2008)]: |
Y(5S) -> Y (1S)m* 1 exceeds
rate for Y(4S), Y(3S), Y(25)

e*e - Energy (GeV) \bY 0O(102) p,
4 3 0012 - -\
Belle [PRD82, 091106 (2010)]: {0 E—
e*e -> Y (nS)m*m scan - indicates §°°°° _ ';::g:;: 3{. *
peak offset from peak of E asal ;r 0
-> hadrons: Y,? : ~
e*e” -> hadro o o . *\Q__’ i

N
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Observation of hy in
Y(5S) — hy(nP)r

arXiv: 1103.3419
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Search for Y(5S) — hy(nP)m 7~ A

Method: missing mass

from accelerator Reconstructed
(Ebeam7 ﬁbeam) (Ewwa ﬁ7r7r)

T(5S) — hb(IlP)T(' T

(Ehbvphb) (Ebeam - Eﬁﬁaﬁbeam _ ﬁﬂ'ﬂ')

Mpy, = MM (") = \/EZ, - p},

Selection criteria:

- well-identified ",

- event shape to disfavor continuum (2-jet)
- blind analysis




5S) — hy(nP)m 7 A
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Raw MM(mrrt) spectrum
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Y(5S) — hy(nP)r
Results
Yield, 10? Mass, MeV /c? Signif. W. Systematics
T(1S) | 105.2+58+3.0 9459.424+0.53+1.02 1820
hy(1P) 50.4 +7.8%5°  9898.25 + 1.061o: 620|550
35 — 1S 55+ 19 9973.01 2.90 FIRST OBSIRVATION
T(2S) | 1434+ 8.7+ 6.8 1002225 +0.41+1.01 1660
T(1D) 22.1 4+ 7.8 10166.2 + 2.4 240
hy (2P) 84.446.8723 10259.76 £ 0.64FT112 1244 \:11.20 :
25 — 15| 151.6 £9.7750 10304.57 £0.61 £ 1.03 15.70 [RST OBSIRVATION
T(3S) | 449451451 10356.56 +0.87+1.06 850
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Y(5S) — hy(nP)rtm™ ) N

Expected mass: spin-weighted average of x, = (My,, + 3My,, +5M,,,)/9

AMirrn = Mhy(0)]meas — MBS crosemn
tests hyperfine interaction 10.78}- —
AMppi =1.62+£1.52 MeV/c® _b-mmm= el
AMpps = 0.48T13 MeV /c? | 889

o
N
wn
|

Consistent with zero

Mass (GeV/c?)
=)
S
I
L=
8

©

~

w
I

Bottomonium
family

Spin dependence of rate e o T T

I'(Y(5S) — hy(nS)mT7~) spinflip  Ndive expectation:
T(Y(55) — Y(2S)7t7~) no spin flip SPin flip suppressed

Ry,

_ +0.048
1y = 0.407 £ 0.0M 5076 NOT suppressed -> exotic mechanism?
Ry =0.78 £0.0970% - > Look at resonant substructure
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/-

Study of resonant substructure in

Y(5S) — hy(nP)rtm™
Y(5S) — Y(nS)r ™

and

Observation of
Two Charged Bottomonium-like Resonances

arXiv: 1105.4583
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Resonant substructure  Y(5S) — hy(nP)m 7™ A
—
probe: missingmass Y (5S) — hb(nP)wiw¢

Y
My = MM(n) = \/E% — p% w7
yield in MM(xt) bins
Y(5S)—=h,(1P)nm Y(5S)—h,(2P)nm
N%zooo - data %17500 - data
. oy
d £12500
310000_ Al
7500 F L
5000 F PHSP\‘ F}
2500 —
"
0.7 104 10.45 105 10.55\106 1065 107
(1), GeV/c? MM(r), GeV/c?

Fit function: |BW (s, My,T1) + ae'® BW (s, M3, T'2) + bewﬁ%
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Fit Results A
ho(1P)nEnT ho(2P)nEnT
My (MeV/c?) | 10605.1+2.2750 10596+ 775 7
Iy (MeV) 114753545 1671571
My (MeV/c?) | 106545+ 25710 10651+4+2 Z,,
Iy (MeV 20.915-212] 1212145
(a ) 1 8+11.07+0§17 1 3+391+8.4
; A4 A L ETTs
¢ (°) 1885 g 255 79 "183
b ~ 0 ~ 0

* Good agreement between h,(1P) and h,(2P)
* Non-resonant part~0: nearly all h,(nP) produced via

T(5S) — 7 7T - hb(nP)WinF
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Resonant substructure Y (5S) — T (nS)

T(5S)

M(u'w), GeV/c®

mEnt A

— Y(nS)rTrT Y(nS) — puu”

10.4 |
10.2}

9.8}
9.6
0.4f
9.2

10.6 |

10F

gL .

.. . '." "". I . - 3 S e
10 10.5
MM(z*), GeV/c®

| Full reconstruction,

Clean signal
-> Dalitz analysis



Resonant substructure Y (5S) — Y (nS)m=7T A
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Dalitz Plots 121.4 fb™ M*(Y'm) vs M? (TITT) | conversions /fit region
116 [ 116 i A;
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Fit function:

v MLy n akei¢k v ML
M,f—sl—l—iMka Mg—SQ—I—iMka

_ 2

2 i .
ANR = €1 + coM?2_ A Voloshin, PRD74, 054022 (2006);
Prog. Part. Nucl. Phys. 61, 455 (2008)
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Fit Results

Y(5S) — T(nS)rtrF M

Final state

T(AS)rtn=  Y2S)ntn~  YT@BS)ntn~

M (Z,(10610))
I'(Z(10610))
M (Z(10650))

I'(Z,(10650))

10609 +3+2 10616 £2+3 10608 + 213
229+73+2 21.1+4%2  1224+1.7+4
10660 £ 6+2 10653 +£2+2 10652 +2 +2

12+10+3  16.4+361, 10.9+2.61)

Rel. amplitude 0.59 +0.197002 0.91 £ 0.117093 0.73 £0.1010: L2

Rel. phase,

53 £61+5,  —204 181} 6 £ 24123
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Z,(10610), Z,(10650) summary, 5 modes

BB* B*B*

¥ Z,(10610) KY Z,(10650)
Y(1S)n'n —— —— —— | ——
Y(2S)n'n —— —-— -‘- —"—
Y@ES)'T -q— _._ _._ _,_
h,(1P)T' T - —— .- e
h,2P)t'n”  f—e— | —- — —e.
Average + + * +
..-.1|0....0....1IO... “_l1I0.“0 ...1IO... ..-.1I0....0....1IO... ..-.1I0...0 ...1I0...
AM, MeV Al', MeV AM, MeV Al', MeV
M=10608.4:2.0 MeV/c?2 M=10653.2+1.5 MeV/c?
'=15.6+2.5 MeV M'=14.4+3.2 MeV

» Relative phases: Y (~0°), h, (~180°)

* Masses just above B*B and B*B* thresholds
» angular analysis favors JP=1*

Indicates Z,'s could be molecules

/-
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Summary A

KEKB and Belle at Y(5S)+
-+ 2005-6: 23.6 fb!, 1.3 M B, events + scan; 11 papers
-+ 2005-10: 121.4 fb!, 7M B, events; first results
strange beauty
first observation of a B, baryonic decay
BY — Afr™A
(more in progress)
nonstrange beauty
Bt tag: new way to measure sin2y,
beasts
h,(1P), h,(2P) first observation
New states Z,*(10610), Z,*(10650)
in substructure of 5 states:

Y(5S) — hy(nP)r 7~ Y(5S) — Y(nP)rtm™






