Production of exotic
hadrons and charmonium
at ete~ B-factories

» Studies in the Y(5S) -Y(6S) region _, (A==
At Y(5S) . .
Energy scan Y(5S)—Y(6S)

» Charmonia in B decays at Y(4S)

» Charmonia in Y(1S)
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Bottomonia

=  Atomic-like b-pair
bound state

“Bottomonium-like:”

= additional quark
pair
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History of bottomonium-like states @‘

[Using “Y'(5S)”, “Y(6S)” as shorthand for Y (10860), Y (11020)]

« Unexpectedly high rate to Y'(nS)mr*mm (n=1,2,3), x102, at Y(5S)
— PRL 100, 112001 (2008)

* o(Y(nS)mrm), o(bb) vs CMS energy: "Y' (5S)” peaks offset by 9+4 MeV
— PRD 82, 091106 (2010)

» Bottomonium-like Z,*#(10610), Z,* (10650) in 5 channels at Y (5S):

Y (nS)1r#, hy(mP)1rt (m=1,2)

— PRL 108, 122001 (2012)

« Neutral Bottomonium-like Z,°(10610) to Y'(nS)m%at Y'(5S)
— PRD 88, 052016 (2013)

- Z,%10610), Z,*(10650)—Y (nS)m* amplitude analysis yields JP=1*
— PRD 91, 072003 (2015)




Recent developments on bottomonium-like states

« Z,%10610)—-B"B, Z,*(10650)—B*B* observed
— PRL 116, 212001 (2016)

Exclusive events B'BOrt

> Fully reconstructed BY* + mr*

> Sign of m* correlates w B flavor

> “wrong sign” — background + mixed B°
» BT1r missing mass: peaks at Mg., Mg.+AM
B1r missing mass

B*—By, AM~45 MeV
Photon not reconstructed
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Recent developments on bottomonium-like states

« Z,%10610)—-B"B, Z,*(10650)—B*B* observed
— PRL 116, 212001 (2016)
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Recent developments on bottomonium-like states @‘

« Z,%10610)—-B"B, Z,*(10650)—B*B* observed
— PRL 116, 212001 (2016)

B'B(") dominate Z, channels observed so far

Channel Fraction, %

Z,,(10610) Z,,(10650)
Y(18)7+ 0.54+0164011 0.17 00400
T(28)x" 36210764079 13910484034
1(38)x* 21519308 163050
hy(1P)z " 3455091063 8415515706
hy,(2P) 4.6711 507085 14755555
BTB*0 + BOB** 85.61) 017
B*+B*0 e 7378045

[Voloshin PRD 87, 091501 (2013)]

Favors “meson molecule” configuration model



* o(Y(nS)mrm), a(bb) vs CMS energy
redux, additional data (tot 22 points) = %

~ PRD 93,011101 (2016) 2 Evos)
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Recent developments on bottomonium-like states
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« o(Y(nS)mr), o(bb) vs CMS energy
redux, additional data

— PRD 93, 011101 (2016)

Fitting Model:
2 Breit-Wigner+ flat continuum
(coherent+incoherent)

No continuum: expect same for other
Z,-dominated events— h, (mP)mrr, B'BOT

Large continuum-Y (5S) interference
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™

o(Y'(nS)trr), o(bb) vs CMS energy
redux, additional data

— PRD 93, 011101 (2016)

Fitting Model:
2 Breit-Wigner+ flat continuum
(coherent+incoherent)

ontinuum: expect same for othe
~dominated events — h,(mP)mrm, B’ BOT

Large continuum-Y (5S) interference

S)mm+h, (mP)mm+BB*m+B*B*1mr
urate “Y'(5S)”

Recent developments on bottomonium-like states
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o (h (1P)x") (pb)

o°(h,(2P)x') (pb)

_h,(1P)r*
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5 =
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T =

I T
10.95
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News on bottomonium-like states @‘

h,(mP)mm vs CMS energy, evidence for Z,* at Y (6S)

arXiv:1508.06562
» Select h,(mP) via "

missing mass

No continuum
— consistent with expectation

from Y1r1r scan, h, 1t at Y/(5S)

10884.773-9+50) MeV /2,
40.62'5:0%,5:1) MeV,

10999.017-3H18-8) MeV /¢,
2737 ) MeV,

e N N
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* h,(mP)mrm vs CMS energy, evidence for Z,* at Y (6S)
— arXiv:1508.06562

4 hp(1P)TT 1T

Combine 5 scan points in
Y (6S) region

o (h (1P)x") (pb)

» Significance at Y (6S)
* h,(1P)m*m 3.50
* h,(2P)m*m 5.30

» Search for Z,*: Plot 1r*
missing mass in
h,(mP)m*1T events—

o°(h,(2P)x') (pb)
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News on bottomonium-like states @‘
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News on bottomonium-like states @‘

* h,(mP)mrm vs CMS energy, evidence for Z,* at Y (6S)
— arXiv:1508.06562
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» Events saturated by Z,* states, no nonresonant contribution
> Relative rates to Z,(10610), Z, (10650) loosely constrained;
» Hypothesis of only Z, (10610) excluded at 3.30
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News on bottomonium-like states E‘

B, production: NEW PRELIMINARY
— BELLE-CONF-1605 121.4 fb~1 at Y/(5S)
Reconstructed B, modes
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[PRL 38, 317 (1977); PRD 85, 034024 (2012)]
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News on bottomonium-like states
« B, spin analysis NEW PREL”V"NARY

— BELLE-CONF-1605
S B, pair spin analysis
700 2 —i
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— BELLE-CONF-1605
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News on bottomonium-like states @‘

» B, cross section vs CMS energy NEW PR ELIMINARY
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» Consistent with no continuum production
» Clear peak at the Y(5S)
» Y (6S) signal is considerably weaker
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Charmonia in B Decays @‘

First Observation of BO—y(2S)10°
— PRD 93, 031101 (2016)

V(2S) = 0Tl J/Yr T { T/ = 4Ty L=p, e
B(BY — (2S)r") = (1.17 £ 0.17 £ 0.08) x 10~°
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Charmonia in B Decays

* Decays to x.; and X,
— PRD 93, 052016 (2016)

Inclusive B(B — xc1X) = (3.034+0.05 £0.24) x 1073
B(B = xe2X) = (0.70 £ 0.06 & 0.10) x 10~

Exclusive pecay B (107%) Rs X2/ Xel
B® - yn K+ 0.14 + 0.02 Search for
X 497 +0.12 + 0.28 *—X(3872)K*,
P 0.72 + 0.09 + 0.05 X(3872)—X T T
B =y 5K’ 0.20 + 0.04 \
i 5.75 4+ 0.26 + 0.32 16F \l
Ze> 1.16 + 0.22 £ 0.12 ‘g}g;
B* = yn°K? <021 2 i
Y1 3.29 +0.29 4 0.19 o || /N
Yir < 0.62 g8 A
B+ - ywtnK* 0364005 & oF || LT 7 Ke2
Xl 3.74 +£0.18 £ 0.24 g
Ye> 1.34 +0.17 4 0.09 | P Gevied)
B® =yt K° < 0.61 .
71 3.16 + 0.35 + 0.32
P < 1.70
B® = xoyn 2K’ <0.25
71 3.52+0.52 +0.24
X2 < (0.74 18




 absolute branching fractions of two-body decays B—KX_.
Y(4S) — BB
1st B — full reconstruction
2nd B — K from 2-body decay is monoenergetic in CMS

Branching fractions x 104
Charmonia (neutral)

High mass charmonium region

1.1 1.2 1.3 14 1.5 1.6
Kaon Momentum (GeV/c)

From |. Garzia @Hadron 2015

2 X(@3872)  v" ¥ BaBar Preliminary / > X0 4.4+0.9
JoooT g | A7 7.0£1.3£1.0
fgmz_ > Yo <1.2 (90%CL)
e > n.(2S) 6.0£2.1x0.4
500l > Y 6.2+2.0£0.6
- > Y(3770) <2.0
a00— . > X(3872) <4.4
~ X, signal: unknown admixture
soof.  OfXerandh, states Charged Charmonium-like
- NO X(3872), (3770) and ., > 7Z%(3900) < 3 (90%CL)
ol— | | T | | 1 >
>

Z+(
Z+(4050) < 3 (90%CL)
Z+(4430) <5 (90%CL)



Search for Y(1S) to XYZ

Charmonium-like states

— PRD 93, 112013 (2016)

State N Osyst (%) Z(o) Brl,fm
X(3872) » xtnJ/y 48+ 154 18.7 0.3 <95x10°°
Y(4260) = o~ J [y -31.1 £ 88.9 35.6 - <38x107°
Y(4260) — x* 2~ y(2S) 6.7 +29.4 35.0 0.2 <79 %1075
Y(4360) = x* 7~ y(25) -25.4 + 30.1 50.0 - <52x%x105
Y(4660) — nta~y(2S) ~55.0 4+ 26.2 40.7 - <22x1075
Y(4260) - K*K~J/y -13.7+ 109 45.8 - <75x%10°
Y(4140) — ¢J [y -0.1+1.2 11.0 - <52x10°°
X(4350) = ¢pJ /y 23425 10.4 1.2 < 8.1 x 10
Z.(3900)* = x*J /y -26.5 4+ 39.1 47.3 - <1.3x 1075
z (4200)* = 7%y ~238.6 + 154.2 48.4 - < 6.0 % 1073
Z.(4430)* = n*J/y 942 +71.4 344 12 <49x1073
Z.(4050)* — x*y(25) 37.0 + 47.7 46.2 0.4 < 88x 1075
Z.(4430)* = n*y(25) 232+ 424 47.1 0.1 < 6.7 % 1075
ZE = K*J/y -2224174 48.7 - <5.7x10°°
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Summary

from e*e~ B-factory experiments
» Y (5S): rich in Z,, observed in 7+ channels
« Dominant in B'B"), favors “meson molecule” model
* First spin analysis of B,'B." events
» Explorations of energy region Y (5S)-Y (6S)
« No continuum w Y'(nS)tr, h,(mP)trm, Z, 1, BB, ) events

« Evidence does not support a simple continuum; additional
structure probable

» Observations/limits on B decays to charmonium(-like)
» New limits on Y (1S) decays to charmonium-like XYZ
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