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*(J. Beringer et al. (PDG), Phys. Rev. D86,010001(2012))

My talk is a tour of some of the bottomonium states, indicated by

studied using the unique data set of Belle



Belle datasets
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* Belle has collected most of its data at the Y(4S) resonance
o To study various aspects of B-meson decays
o Most celebrated result has been “CP violation in B-meson decays”

 e+e- colliders produce a particularly clean environment to study properties of

the Y states.
* The entire collision energy of the initial e+e— system turns into the Y rest mass.



Observation of hy, (nP)

Looking for h,(nP)
Y(5S8) — h,m*m reconstruction

hénP) Reconstructed,
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Y(1S) 1049 £58 £3.0 94594 =05=* 1.0 18.10
hy(1P) 50078757  9898.271,7;) 6.lo AMyr(1P) = +0.8 + 1.1MeV}consistent with zero,

35—15 55+ 19 9973.01 290
Y(2S) 1437 +87+68 100222 +04+10 171c AMy(2P) = +0.5 + 1.2MeV as expected.

Y(1D) 224+ 7.8 10166.1 £ 2.6 240

hy(2P) 839 = 6-8i%§:0 10259.8 + 0.6*1§ 1230 large hy(1,2P) production rate => Z,* Discovery
25— 15 1513297720 10304606+ 1.0 1570 ] .
Y(3S)  455+52+ 51 10356709+ 11 850 See R. Mizuk’s talk, on 26 April
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Observation of hy, (nP)

Looking for h,(nP) T )
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Decay chain

Hadronic event selection;
continuum suppression using event shape; M
70 veto.

Require intermediate Z,, :
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Observation of hy (nP) — 1n,(mS)y

reconstruct

Use missing mass
to identify signals

AMmiSS(n+n' Y) =

10.59 < MM(r) < 10.67 GeV

Approach:

M(""Ib):>

Signal is a cluster in the 2D
plane and we determine the h,

yield in bins of AM i (T*7 ) |V|(h ) 565 e 10

133.4 fb! Data used at Y(5S) resonance
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TY) = Mpiss(m' ) + M[hy]

- rectangular bg bands

- no correlation
MC simulation

of i

— Mm|ss(n ), GeV/c?

fit Mmlss(n T ) spectra
in AI\/ImISS(n ny) bins
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Re-Discovery of n,(1S) at Belle

1P o 15y PRL 109,232002 (2012)
‘ID:— b ~ Mo BELLE w

Mg, 1s) = 94024 £ 1.5 + 1.8 MeV/c?

First measurement of I' = 10.8739 *2:> MeV/c?

B.F. [hp(1P) = 1p(15)y] = (49.2 £ 5.7139)%
B.F. [h,(2P) = 1, (15)y] = (22.3 +5.7139)%

More precise than PDG 2012 (avg)[9391.0 + 2.8 MeV],
decreases tension with theory

h,(2P) yield, 107/ 10 MeV/c® h,(1P) yield, 10°/ 10 MeV/c®
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h,(2P) yield, 10° / 10 MeV/c® h,(1P) yield, 10>/ 10 MeV/c®

h,(2P) yield, 10°/ 10 MeV/c®
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First evidence of n,(2S) at Belle
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PRL 109,232002 (2012)
My, 2s) = 9999.0 + 3.572§ Mev/c?
with significance (including sys.)at 4.20
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h,(2P) yield, 10° / 10 MeV/c® h,(1P) yield, 10>/ 10 MeV/c®

h,(2P) yield, 10°/ 10 MeV/c®
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First evidence of n,(2S) at Belle
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PRL 109,232002 (2012)
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N,(2S) claim based on CLEO-c data

Observation of the n,(2S) Meson in Y (25) — y70,(2S), n,(2S5) — Hadrons
and Confirmation of the 7,(1S) Meson

PRL 109, 082001 (2012)

S. Dobbs, Z. Metreveli, A. Tomaradze, T. Xiao, and Kamal K. Seth

Northwestern University, Evanston, Illinois 60208, USA
(Received 18 April 2012; published 24 August 2012)

The data for 9.3 million Y(2S) and 20.9 million Y(1S) taken with the CLEO III detector have been used
to study the radiative population of states identified by their decay into 26 different exclusive hadronic
final states. In the Y(2S) decays, an enhancement is observed at a ~50 level at a mass of 9974.6 +
2.3(stat) * 2.1(syst) MeV. It is attributed to 7,(2S) and corresponds to the Y(2S) hyperfine splitting of

48.7 = 2.3(stat) = 2.1(syst) MeV. In the Y(1S) decays, the identification of 1,(1S) is confirmed at a ~3¢
level with M| 7,(1S)] in agreement with its known value.

—
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Y (2S)

Events / 2.5 MeV

c@
fr

AM = M[Y(2S)] = M[(bb)] A M (MeV)

The measurement is carried out in 26
exclusive decays of the n,(2S) into charged

hadrons.
By X B, = Bi[Y(nS) = yn,(nS)] X 21221 Boiln,(nS) = hy]

B; X B,(1,(25)) = (46.2 £72537 +10.6) x 107°
Reminder: Our AM, . (2S) = 24.3132 MeV/c2

S. Dobbs’s 11, (2S) signal is not consistent
with theory as well as our measurement
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Y(2S) - v (bb)

* Study is performed using the 25 fb! data (157.8 x 10° Y(2S) events) .

e ~17 times more data than CLEO-c’s
Y(2S) sample

« We studyY'(2S) - v (bb) ; where
(bb) decays hadronically (same 26
exclusive hadronic final states as
mentioned in S. Dobbs et. al.)

X, : 2(ntr7), 3(xTwT), (T rT), b)),
KtK—ntx=, KK 2(x"n"), KtK3(xTn"),
KtK—4A(rt77), 2(0KTK™), 2KTK )ntm™,
AKTK )2(rtn), 2(KYK)3(x"n™), pprtm,
pp2(mta™), pp3(rtn~), ppd(ntn™), ppKTK ntr—,
ppKT K 2(ntr7), ppKTK 3(zt7"), KLK*aT,
KYK*r¥rtn™, KAK*nF2(ntn™), KIK*nF3(rtn™),
2Kt n™, 2K22(nt ™), 2K23(n ).

* Following decay channels are good control samples
Y(25) »yxp (0=0,1,2)
and yj; can decay to the hadronic modes (comprising charged pions, kaons,

protons and K, mesons)

» Off-resonance Y(4S) data [89.5 fb! ~4 times larger than our Y(2S) data] used for

background shape study.
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Y'(2S) — v (bb)

y - selection
* |Isolated cluster
 Energy of gamma > 22 MeV
e E9/E25>0.85
Exclude endcaps

Heo

|CosB;| < 0.8 : Continuum - Suppression

Coso;

0.09

0.08
0.07

0.06

(bb) reconstruction: o
« Impact parameter cuts
e Number of charged tracks o

e Particle identification (pion, kaon, proton) °

Simple and Straightforward !!
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Y(2S) - v (bb)

More variables exploited to suppress backgrounds :
* AE
EY(zs) — Ecm
should peak around 0.
[AE > -0.04 GeV & AE < 0.05 GeV]
P¥v(2s)
momentum of the Y(2S) candidate in the center-of-mass.
should peak around 0.

[P*y(25) < 0.03 GeV/c]

ev(bb) _
Angle between y candidate and (bb) in the CM Frame.
should peak around 180°.

[6,(op) > 150°]
Cut values obtained from optimization (assuming S. Dobbs et. al. B. F.)
Multiple Candidates found at this stage is 8-10% .

Energy-Momentum constrained kinematic fit (4C)is used to improve the resolution
as well as for the best candidate selection.
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Y(2S) - v (bb)
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o

Y(48) off-resonance 1, (25) and 1, region

Off-resonance
Y(4S)

0.1

0.15

0.2

0.25

0.3
A M (GeVic?)

MC

Signal MC is fitted
with double gauss
[Bifur gauss+gauss]

AM (GeVic?)

The background at low energy
is mainly coming from beam-
background, which is
exponential in nature and has
long tail.

(To demonstrate this, we fitted
Y(4S) [89.5 fb1]
off-resonance )
[exponential+chebyshev pﬁl.]



Y(2S) - v (bb)

AM for m (2S) and 3 , region

3 /o
‘éf 250 Xv1 BFLLE
% Preliminary
E 200 sz [
150 —
100 [— | ' : Xwo
50 :_ : 1‘:5 =
— : £ A$
— ! ; --:‘&'. ..... . l';:":'% ......... -.i-y‘:--.;..- e ; ! Tt
0 - Tl T, o PR, . ) A ; " ; :
0.05 0.1 0.15 0.2 0.25 0.3
A M (GeV/c?)
o . . Mass Mass PDG
Large statistics avallaF)Ie in our sample (MeV/c?) (MeV/c?)
for x,, (300-950 candidates) allows to
determine precisely the x,,, masses. Xuo(1P) 9859.63+0.49 | 9859.421+0.42+0.31
(with an accuracy competitive with Xu1(1P) 9892.83+0.23 | 9892.78+0.26+0.31
PDG 2012). Xo,(1P) | 9912.0040.34 | 9912.21+0.2640.31
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Y(2S) - v (bb)

AM for m (2S) and 3 , region

N 10
N > 3 "]
=
D
< > o of Y(2S)
o 7 H
o . . -
= Preliminary £ 5
2 2 aH
S 200 |
z Xb2 2—
150 [} F oW N O MU L.
1 Mu(29) el 1 % 50 100 150 200 250 300
—\ ) _ A M (MeV)
100 [— A& Xbo
50— &, i
- 03 NN
: i LTI 1‘:15'-‘ --------- "J‘i“" (] h . ! . .
0 R PO N S PP/ N oo il il . both
0.05 0.1 0.15 0.2 0.25 0.3

A M (GeVic?)

We did not find any signal corresponding to S. Dobbs et. al. n,(2S) candidate !!
N[n,(2S)] candidate = -29.61+19 (negative signal yield).
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Y(2S) - v (bb)

AM for m (2S) and 3 , region

N 10
N > 3 "]
=
D
< > o of Y(2S)
o 7 H
S 2501 eELe Xb1 5 o
o . . -
= Preliminary £ 5
2 2 aH
S 200 |
z Xp2 2—
150 [ F ki A . -
1 Mu(29) el 1 % 50 100 150 200 250 300
—\ ) A M (MeV)
100 [— A& Xbo
50— .
: i z = ll‘l“;i lllll . 1‘:15'-‘ lllllllll fjli“"llllllllq —— . S : ;
O S T O T PP S O il .
0.05 0.1 0.15 0.2 0.25 0.3

A M (GeVic?)

We did not find any signal corresponding to S. Dobbs et. al. n,(2S) candidate !!
B, X By = Bi[Y(nS) = y1,(nS)] X 322, Bolm,,(nS) = ]
The Upper Limit on the B.F. (90% C.L.) < 5.1 X 107° (with sys.)

Reminder: (46.2 +

+29.7
—14.2

+10.6) x 107° S. Dobbs et. al.
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Y(1D) Mass

11

Y(5S) = Y(1D)wrtm~ Y(58)
10.8—
|—> xb](lp)y i UL
| 10.6/- 1(43) %, (3P)
—> Y(]_S) Y C i
2 °F 4 1(33)
5 16 - Y(]'D) 104: - be(ﬁ) %ﬁ)
%3- b 10.2- — (1D
“ 12 : C1,(28)  1(29) Y
3 0o-=—— = pap) X(1P)
10 | m - o(1P) {b:}
s E ' ' 9.8
- i Y
s 9.6
ar _ 7, (18) ras)
2 _—-H‘Wd ' -IH l]ZIU | 9.4:_ -
o il i ._|| dh I [ [ PCpa-+ . ++ (1.2.3)"
99 995 10 10.0510.110.1510.210.2510.210.3510.4 9'2_ J°0 1 1 (0=1!2) ( L )
MM(n*), GeV L O 1 1 2

my1p) = 10164.7 + 1.4 + 1. 0 MeV/c?
m 25y = 10023.2 + 1.0 MeV/c? coincides with PDG value10023.26 + 0.31 MeV/c?

Babar [PrRD82(2010)111102): M v(1py = 10164.5 + 0.8 £ 0.5 MeV/c?

Cleo [PrRD70(2004)032001]: T (1p) = 10161.1 £+ 0.6 + 1.6 MeV/c?
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Y(1D) Mass

11

Y(5S) = Y(1D)r* 7™ E 1E9)
10.8—
L 25 (1PYY : mn
5 y(s)y 108 = o
* Three Y(1D) states are predicted by theory 10-4;— res) h(2P) %,(2P)
L=2,S=1=>J=1,2and 3 ook — == W
* We assume production of Y,(1D), Y,(1D) and F1(25)  T(28) Y /
Y,(1D) proportional to (2J+1) i.e. 3: 5:7. o — h(1P) X,(1P)
 UseB.Fsof Y,(1D) = xpoY, Y,(1D) = xp1Y ¥ —
and Y;(1D) — x,Y from Kwong, Rosner - v
PRD 38, 279 (1998) 06l
* B(Xpo12 = Y(1S)y) = 1.76%,33.9% and 19.1% [ g T(S)
respectively from PDG-2012. 9.4 =—
* NY,(1D):NY,(1D):N Y5(1D): = 10%:49%:41% g_zi_Jp,.,O_+ . . 042" (1,2,3)
* Assumingonly Y,(1D) and Y;(1D) contribute, Lo 1 1 2

(conservative assumption) we can fit the 9
distribution to two peaks with fixed relative yields.

Splitting between J=2 and J=3 is AM < 10 MeV at 90% CL (with sys.)

Potential model expectations: 4-11MeV
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Search for Ali’s Y, (10900)

By definition R, is given by: 61 points from 10.750 GeV to 11.050GeV with a step 5MeV
__Opby)(s) around 50pb™! for each energy point
Rp(s) = ——<

()

a 0.6
o

... |™Belle
H* Babar

#
# + v.(1000QB "%
ot s

A
R R | ,°° 'h

.
oW ; v

0.55

0.5

0.45

0.4

0.35

0.3

0.25

iy

L1 1 1 | L1 L1 ‘ 1 L1 | | [ L1 | L1 1 I I | | 1 L1 ‘ | L1 | | L1 L1 ‘ | L1 |
0"?O.l‘:i 10.65 10.7 10.75 10.8 10.85 10.9 10.95 1" 11.%57 11.1
s(GeV)

e Better statistical errors, but covers a smaller energy range compared to Babar
* R isslightly higher by 0.0185
* No Ali’s Y, (10900) (Phys. Lett. B 684, 28-39 2010)
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hy(nP) — np(mMS)y
m oy, 1s) = 9402.4 £ 1.5 + 1.8 MeV/c2 T = 10.8¥49 *23 MeVv/c?
My, (25) = 9999.0 + 3.572§ MeV/c?

Y(2S) - y (bb)
no signal found similar to S. Dobbs et. al. [attributed to n,(2S)] . weW
Upper Limit on the B.F. (90% C.L.) < 5.1 x 107°

Y(1D) NV
M yipy = 10164.7 + 1.4 + 1.0 MeV/c?
Splitting between J=2 and J=3, AM < 10 MeV at 90% CL.

No Ali’s Y, (10900) found in R, scan.







S. Dobbs signal MC embedded

AM for n (2S) and | region
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T ]
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S. Dobbs signalMC
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