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Integrated Luminosity at B-factories
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T >
> Nature of Y(5S)
BELLE
Anomalous production of Y(nS) 't PRD82,091106R(2010)
PRL100,112001(2008) [[(MeV) g L2 .
T(55) — T(1S)r 7~ 0.5940.04 + 0.09 © “-”1°‘=Yt1'srm' ~+ line shape
=0 — M-Y@SkE-—- - +}-
Y(55) — Y(3S)rt7~  0.527070 £0.10 02 =z, .l -
Y(2S) — T(18)r+~ 0.0060 O 1* e
Y(35) — Y(1S)nTx 0.0009 0.000 ; R :
T(4S) — T(1S)rtr 0.0019 2 o e
=, a i
v osf - Y(5S)
Simonov JETP Lett 87,147(2008) % 04}-
1. Rescattering Y(5S) - BBtut- Y(NS)Tu1? 4] 5 /\
| O T A
2. Similar effect in charmonium? o :
1075 108 1085 108 1085 A1 s

Y(4260) with anomalous I (J/ 1T°1T)

= assume 1Y, close to Y(5S)

™ to distinguish = energy scan

\'s (GeV)

T

= shapes of R, and o(YTu) different (20)

Nature of Y(5S) is puzzling and not yet understood A



Observation of

h,(1P) & h(2P)



Trigger

Observation of e*e — T*t h, above DD threshold by CLEO
Ryan Mitchell @ CHARM2010

~
o

gof °  Ce'® ' ho(scandata) Production of h,
f o_(e'e = ntw data .

- ne) (4170 data) is unsuppressed

relative to J/\.

5(:'j O GE(e+e' — nt w JAY)
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40— Energy dependence
s Of the cross-section + —— Enhancement @ Y(4260)?
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Belle sees Y(5S) - Yi'm =
should search for Y(5S) - h, "1t



Introduction to h ,(NP)

(bb) : S=0 L=1 JPC=1+

Expected mass

= (MXpo + 3 MXpy + 5 MX,,0) /9

AM - = test of hyperfine interaction

For h, AM_r=-0.12+ 0.30 MeV,
expect smaller deviation for h,(nP)

Previous search
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Introduction to h ,(NP)

(bb) : S=0L=1 JPc=1* 11.00f Y{11020)

Expected mass
= (MXpo + 3 MXpy + 5 MX,,0) /9

10.75F

AM - = test of hyperfine interaction 10,50
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Y(5S) - hy U1 reconstruction

h, — 999, N,y = no good exclusive final states

“Missing mass”

Events /1 MeVic®
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Results

121.4 fb!

Y(2S)-Y(1S)

v . i Y2S) |
P __Prellmlnary BEME i l i
g 30000 |
20000 |
10000 | |
- ’l:hIHI .||
0 - IT|T.| I
9.8
Yield, 10>  Mass, MeV / ¢ Significance
Y(1S) |105.24+58+£3.0 94594 +0.54+1.0 18.2 0
hy (1P) 50.4 £ 7.8%2°% 98983 £ 1.1 6.20
35 = 18 56 & 19 9973.01 2.90
Y(25) |143.54+8.7+£6.8 10022.3+ 0.4+ 1.0 16.6 o
Y(1D) 22.0£7.8  10166.2 4+ 2.6 240
hy (2P) 84.4 4+ 6.8 10259.8 +0.61]¢ 1240
25 — 15| 151.7+£9.775 10304.6 £ 0.6 & 1.0 15.70
Y(35) | 45.6+52+5.1 10356.74+0.9 £ 1.1 8.50

Significance
w/ systematics

h(1P) 5.5
h,(2P) 11.
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Hyperfine splitting

Deviations from CoG of X,; masses

hy(1P) (1.6%1.5) MeV/&

consistent with zero, as expected
h.(2P) (0.5*18) MeV/e P

Ratio of production rates
spin- fIip @
@ F[T(%S)éhb(nP) +W—} - 0.46 +0.08T9 5 for hy(1P)
LIT(55) = - 0.77+0.08+922  for h,(2P)

hh

no spm flip @

Process with spin-flip of heavy quark is not suppressed

= Mechanism of Y{(5S) - hy(nP) 1t decay is exotic

11



Observation of Z;

h,(nP) 11T final state
(n=1,2)
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Resonant substructure of ~ Y(5S) - h,(1P) Ittt
M(hbn+) = I\/ImiSS (Tlr) -D 121.4 tb-1
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Observation of Z;

Y(nS) 17T final state
(n=1,2,3)
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M(u'w), GeV/c®
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Fitting the Dalitz plots

Angular analysis favors JP=1%
o N
Y(5S) % Z,m Z, < Y(nS)m — no spin orientation change
Spins of Y(5S) and Y{(nS) can be ignored

Signal amplitude parameterization:

S(s1,s2) =A(Z,,) + A(Z,,) + A(f,(980)) + A(1,(1275)) + A\
Ar =C, + C, m2(nm)

Parameterization of the non-resonant amplitude is discussed in

[1] M.B. Voloshin, Prog. Part. Nucl. Phys. 61:455, 2008.
[2] M.B. Voloshin, Phys. Rev. D74:054022, 2006.

A(z,) + A(Z,,) + A(f,(1275)) — Breit-Wigner
A(f,(980)) — Flatte

19



(Events/15 MeV/cz)
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(Events/5 MeV/cz)

Results: Y(2S)a*n B

GELLE
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(Events/5 MeV/cz)

Results: Y(3S)nta
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Summary of parameters of charged Z | states :

Z,(10610) Z,(10650)

Y(S)n'T o —— — —— Z,(10610)

YES)T'T  § . ;| e M=10607.2+2.0 MeV

N B a | 3 r=18.4+2.4 MeV

h,(1P)r % + —— + —— Z,,(10650)

hy2Pr'n | —e— —— - —— M=10652.2+1.5 M eV

Average -f- -f- f -f- =115+ 2.2MeV

B T T R T R B T R T R R VB T R R TR
AM, MeV AT, MeV AM, MeV AT, MeV

Final state T(1S)rtm™ TR2S)rtr~ T3ES)rtn~  he(IP)n 7~ ho(2P)mtm™
M[Z,(10610)], MeV/c® 10611 £4+£3 10609 £2+3 10608 £24+3 10605 +2F7 10599751
I'[Z,(10610)], MeV 2234+ 77750 242431730 17.6+£3.0+3.0 1147155733 13 750t

M([Z,(10650)], MeV /¢? 10657 +6+3 10651 £2+3  10652+1+2 10654 +£31) 106511213
I'[Z,(10650)], MeV 16.3+9.8750  133+33%40 84+20+20 209F34+21 947 Fl

—4.7-5.7
Rel. normalization — 0.57 £ 0.2115¢5 0.86 £0.1110:98 0.96 £ 0.147362 1.39 £ 0.375552  1.6155 0%
Rel. phase, degrees h8 + 43f§; —13 + 134_1137 -9+ 191“%% 1871“?34_“?2 181f§8§_7§09

Masses and width are consistent
Relative yield of £(10610) and £(10650) ~ 1

Relative phases are swappedYand h final states -



Angular analyses
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Angular analyses =

Definition of angles g —(1y &), g=0[plane(r, €*), planety, ™)]

Example : Y(5S) - Z,,7(10610) 1t - [Y(2S)t"] 1T

120

120

1001

Events /0.1

100

Events / 0.1
Events / 0.157

80 )

60 =

40

20 F

= 5 o
0 R R A A ¥ A G R R A A A ]
A = =

1 : .
non-resonant combinatorial

Color coding: JP:@ 1- 27 2° (0*is forbidden by parity conservation)

Best discrimination: cos 6, for 17 (3.60) and 2" (2.70);

cos 0, for 2* (4.30) e



Summary of angular analyses

All angular distributions are consistent with JP=1%

for Z,(10610) & Z,,(10650).

All other JP with J<2 are disfavored at typically 3o level.

Probabilities at which different’hypotheses are disfavored comparedtto 1

Zp(10610) Z(10650)
jP
T(2S)rta™ | T(BS)atn™ | hy(1P)wtr™ | T(28)wtw~ | T(3S)wtw™ | hy(1P)wt ™

1~ 3.60 0.3 Daa 3.7 260 270
2+ 4.30 350 440 270

130 210
27 270 280 290 260
Preliminary:

procedure to deal with non-resonant contribution is approximate,
no mutual cross-feed of Z,’s




Summary

First observation of h,(1P) and h,(2P) anviilas st

Hyperfine splitting consistent with zero, as expected
Anomalous production rates

Observation of two charged bottomonium-like resonances in 5 final states

Y(1S)=*, Y(2S) o', Y(3S)x™, h,(1P)1t", h,.(2P)1tt update of
( )Tt ( )7'5 ( )n b( )T[ b( )T[ arXiv:1105.4583,

M = 10607.2 + 2.0 MeV to be submitted to PRL

Z,(10610) [ =18.4+ 2.4 MeV

M=10652.2 + 1.5 MeV

Zo(10650) ' _ 11 5422 Mev

Masses are close to BB* and B*B* thresholds — molecule?

Angular analyses favour JP = 1*, decay pattern = 1© = 1*

27



Back up
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Heavy quark structure in Z

Wave func. at large distance — free B(*)B*
1 - 01 — 1 - alal
ﬁOnb ]Qq ﬁlb OQq
1 - - 1 - _
ﬁQJbD]Qq-l_ﬁ]bbDQDq

%)

Z,)

Explains
« Why h, TUTis unsuppressed relative to YTUT
- Relative phase ~0 for Y and ~180° for h,,
* Production rates of Z,,(10610) and Z,(10650) are similar
* Widths —'—

Predicts
» Existence of other similar states

arxXiv:1105.4473
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Description of fit to MM( n*m)

Three fit regions

x10°3
. x108 Example of fit % 1e0f ] /;\
@ 5000 ' soof
L%’ 6003 ‘ . Do
4500 - F . P
400 L o
4000 200 |
3500-_ 05— 9I5 I 9175 I1I(;. 10125 . 10\.52
MM(xt*r’), GeV/c
e BG: Chebyshev polynomial, 6™ or 7" order
Saso00| LS Residuals|  Sjgnal: shape is fixed from pru-teTt data
20000} “Residuals” — subtract polynomial from data points
B15000 K contribution: subtract bin-by-bin
10000 E\ Wi ~., KiInematic y, 120001
£ “houndary| 2 o
5000 [ B st = 10000 |
0 | | || } ’ | ’M \5 " z 8000:' WWMWWMEMW,
- 0.525 L M ‘ |
O Ll ol |
93 94 95 96 97 98 priss [ !
MM(r*r), GeV/c? °"‘755'- : 4000r '.
| - PO-.1 10i‘15 10I.2 10!25 1(;3 101?51719.4

30
MM(TeTE) MM(TeTE)



