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Mass (GeV/c?)

Introduction

Quarkonia — Successful story of QCD.
Charmonia — Well studied at C and B factories. But,

what are charmonium-like states?!

4.0 — n(38)

w(45) or hybrid
y(2D) TV

v(35)
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Bottomonia — not so well.

B factories, after 10 years on CPV, are paying more
attention to bottomonia.
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Eichten et al: Rev. Mod. Phys. 80, 1611(2008)



Part |

Upsilon(1,2S) decays



data sample

&Y (1S) sample:
5.7fb1@ Y(1S), 1.8 fb-1@ 9.43 GeV

v' The determination of the number of Y(1S) events:
R(9.43 GeV) = 3.544 £ 0.006 (stat. only)
(Relgo = 3.54 £ 0.02, PRD76,072008(2008))

v Preliminary result: N(Y(1S) ) = (101.5 = 1.6)<106.

v" Worth to study charmonium(-like) states in exclusive
decays.

€Y (2S) sample:
24.7 fb1 @ Y(2S), 1.7 fb-1@ 9.993 GeV

v Based on Y(2S)2>Y(1S) n*n, preliminary result:
N(Y(2S) ) = 170 <106.
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Searches for charmonium-like states.
X(3872), X(3915), Y(4140), X(4350)...
« Search for a C even parity state.
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Y (15) radiative decays
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Theory predictions for charmonium production.

4.4 4.6
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process T —=xe2y | T —=xe1v | T = xecoy | T — 1ne }
BRocp 51x107°% | 4.5 x107°% | 4.0 x 107° [2.9 x 10~
BRocpiopp | 5.6 x107°% | 98 x107° | 32x107° |49 x 107°

Y.J. Gao, Y.J. Zhang, K.T Chao:hep-ph/0701009v2
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Entries/1 MeV

X(3872) in Y (15) radiative decay

e E(v)>35GeV.
e X(3872)> ntn(n)+J/ v,/ v > eteorntu, 10> vy y.

 ISR(etfe 2> v', Y(4260)): reference signal & dominant One event!
backgrounds! Y A—
ol TTRGRRNTTTTTTESSY Lok 1 3
: ; - # Dots are data. ] = 15F ‘ E <
40 - r L _ ] Q] E line:X3872 MC
305_ | 3 150 blank hist 1s X(3872) - & 10F dots:Data =
] E [ signal MC ] = sF h L 3
202_ 4 100¢ : s o (O PO TT Lo L
10F | 3 ' H 96 38 4 42 44 46
: ! 1 sof - M(m*n J/y) (GeV/c?)
0 3.66 3.68 3.7 3.72 3.74 _.4q‘."_'_'_'_‘_—‘_‘—‘——._|___‘—_
M(n*mJly) (GeV) i St siscnatbatictecess i o, 3:""""""""_""""
cosh, % 2'_ b) i
We expect: = ‘|
) o r b
o (ete »yw)=18.9 pb . . . 2 4L i
ISR MC simulation is g J“ ;
No cuts on photon: reliable MLl N T
G, .. (W) =20.9 £1.1 pb : . 36 38 4 42 44 46 48

M i) (GeV/ic?)
Photon tagged:|cos6|<0.9

| ,
Oia(W) =21.8 £2.4 pb Hist — X(3872) MC(good resolution)



Y (1 S) radiative decays
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8 3.4 3.4 3.5 355 3.6 3.65 3.7 95 26 27 28 29 3 31 32 33 34
M(y Jiy) (GeVic?) M(hadrons) (GeV/c?)
Upper Limits with 90% C.L. for all
channels:  B(T(18) = vx.) < 5.0 x 1074,
Study channels: B(T(LS) = 7xer) < 15 x 107,
B(YT(1S) = 7xe2) < 1.2 x 1077,
+ ;
XeJ 2 J/q) Vo B(T(]S) M) < 6.4 x 1077,
1. 2 2(K'K), K'K- ', B(T(1S) — 7 X (3872)) x B(X(3872) — ntn~J /i) < 2.2 x 107°,

B(Y(1S) — 7X(3872)) x B(X(dS?Q) — ata 7 /v) < 3.4 x 107 (,

KKt + c.c, 2(n'n), 3(n'm). _‘
B(YT(1S) — 7X(3 910)) B(X(3915) — w.J /1) < 3.4 x 107°,

X(3915) 2 w ] /4, B(T(15) — Y (4140)) < 2.6 x 10°°,
Y(4140) > @ J/4, The above upper limits do not contradict the
With ]/ - e* e or ptp. calculation in K.T.Chao et al., hep-ph/0701009.

No obvious C even parity excited state found.



Y (1,25) analyses under wa
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Y(1S) lepton universality from

PRL 101, 071801(2009)
Y(2S) > Y(1S) + n'r e e
Y(1S) = inclusive di-baryons R
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Part 11

Upsilon(5S) decays

eTransition
0 B mesons
eOthers?
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Y (55)> Y (nS) + 1t

n*n transition of T (5S) has much 21.7fb1@10.87 GeV
large partial width.

] ;-E ggg ;(a) L cu‘;ndidates in the ‘5(15)—>p+p'iregion E
A b-quark version of Y(4260) — Y,? S asof v (2s) NEs) o ives) M
S 200
Or something not understood? S 1sop l
] S | W .
04 0.6 0.8 1 1.2 1.4
AM = M(pprr)-M{up) (GeV/c?)
The abnormal Br needs more study! b _ _ f
= 140 E: (b) punn candidates in the Y(2S)—u"p region
G 120 F: 'Y Y (5S)"
Belle took more data after then. = wop TR
] ] S e[
120 fb?, including scan data. § »f
LE 0 . . . 1:4
K.E. Chen: AM = M(ppmm)-M{pu) (GeVr

PRL100,112001(2008) L(Y(55) — Y2S)7™77) = 0.85 = 0.0Nstat) +/0.16(syst) MeV

Process - | I Uy o5yt o
: —— — : T Abnormal
Y(25) — Y(1S)7* 7 0.032 MeV 0.612 keV 0.0060 MeV
Y(35) = Y(1S)mt 7™ 0.020 MeV 0.443 keV 0.0009 MeV enhancement

Y(4S)—= Y(IS)m™ 7~ 20.5 MeV 0.272 keV 0.0 leV 11
Y(10860) — Y(1S)7 7~ 110 MeV 0.31 keV 0.59 MeV




Y (55)>Y (nS) + ntr
 The resonance parameters of Y(10860).

8.1 fb, 9 scan points
BaBar:

PRL102,012001(2009)

Fit with Breit-Wigner: ; |
Mass = 10879 =3 MeV, i . ;
. L K
Width = 46 *°_ MeV 1 B
(only stat. errors)
BaBar Y (10860) T(11020) . o .
mass (GeV)  |10.876 + 0.002[10.996 £ 0.002 £ .| © :
width (MeV) 43 +4 37+3 & | y, belle
& (rad) 2114012 | 012+0.07 ¢ ; /\
& 03 — % '
0.2 E T
PDGO08: L :
Mass m = 10.865 + 0.008 GeV (S = 1.1) 1075 108 10.85 = 108 1085 A1 11.05
\'s (GeV)

Full width ' = 110 + 13 MeV

[ee = 0.31 = 0.07 keV (S =1.3) K.F. Chen et al, hep-ex/0810.3829 12



Y (55)> Y (nS) + 1t

« Measure T (nS)n*n yield vs sqgrt(s).

oY (nS)rr] | 6[uu]

z'z:z B ; _____ PDGY(10860) pandl T(19)rm o at peak (BTRJIH%; +0.23) pb

' L N | -=- Y(10860) u andT from R _fit T(28)wm o at peak (4.827077 £0.66) pb
0-008 _I_jﬁgiz _______ I T(3S)rm o at peak (L.71203) £0.24) pb
0.006 |- “F -~ 3 ;:+ ““““““““““““ " (108884727 +1.2) MeV/¢?
0.004 - oA r (30.7+53 £ 3.1) MeV/c?

0.002 —+ -_—;/—'—E—i—#—3‘—~Y..—.;—_—;;_—_—_—_—_—I———— ¢ (197 +0.26+ 0.06) or (—1.74 4 0.11 % 0.02) rad
0.000 }—="""""" : t — Ry (1.98%972 £0.20) or (0.877023 £0.00) (GeV)~2

1075 108 1085 108 1005 11 11.05
s (GeV)

Different line shape:

| A'Y, state with small production
Cyinsyne — Tioseo = —15715 MeV/c? Cross section and Ia_rgefraction
to T(nS)n*n is possible.

Iy (ns)ymr — f1oseo = 9 £ 4 MeV/c?

13
K.F. Chen et al, hep-ex/0810.3829



Y (55) > B mesons

* Belle mesured B production rate, and 2-body and 3-body channels

with B meson pairs.

2-body: BB, BB*, B*B*; 3-body: BBn, BB* n, B*B* &

5.45

e* e” -> Y(5S) -> B*IB™) (rm)(n),
where B* -> B ¢

Np"'"\
; 5.455- Data B'->J/y K
(5 5.35| L saf o
< > R L
G el “My.
o C o3
53 8 s3h. _
= - S
s250 .
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525 b i L L 04 o2z o0 0z
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Only one B meson is reconstructed

Two variables calculated: M, = VE*b%m2 - P*g?2, AE=E*g—E* cam

B energy (E*g) and momentum (P*g) are reconstructed; no rec.y from B

A. Drutskoy et al,

PRDS81, 112003(2010)
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Y (55) > B mesons

5 modes of B decays

_ B*->J/yK* B*- >DO(Kn)r* B*->DO(K3m)r* ~ Bo->J/yK*0

. . : I 4 i} '

o o] | Bl Jﬂ N

T A % i -
I ! m“l%””# b o w*ﬂf*' ]

WSl sk m! T R S —— 31', e ] mﬂiuﬁqﬂ;td o i)

M, -5.28+AE M, -5.28+AF M, -5.28+AE

The fraction: f(x) = N(x)/N(bb)

The rate of abb pair decay to x

Decay mode Yield  Efficiency, %  f(B*"), %
B* — J/yK* 221*18 3.41 89.07%7 = 8.0
B"— J/y K™ 105 + 11 1.30 85.37%2 + 8.8
B" — D" Kmwt 215+ 21 0.97 64.0 = 6.2 + 49
B* — DUK3m)mw" 275+ 32 1.17 68.3'%0 + 6.4
B'— D 7" 247 + 25 1.80 729+ 7.4+ 64

f(BY) = (71215353 £ 5.00%  f(B%) = (77.0738 £6.1)%
f, =(19.5*30,,)% (PDGO8) =
{1- f(B*)/2 — f(BY)/2 — f.} ~ 5%, = other kinds decays.

M, -5.28+AF

BO->D-(K*n n")r*

s s e s )
Eb.i ) RN 1L R T A R E
M, -5.28+AE
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2-body decays
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Fit with Simultaneous fit with

MC hist. 5B modes in
2-body | M. < 5.35 GeV
thresh. Jq

.m++++++ ++
KL

5.4

5.3

M, (Gew.cf)

Channel fractions per bb-pair:

Channel Fraction, %
BB 55550 04
BB* + B*B 13.7 + 1.3 = 1.1
B*B* 375721+ 3.0

Large My,

175708 + 13
LA

//

No 2-body channels, the fraction
Is large.
A. Drutskoy et al,

M, {GEW-:E]

Theory: channel B*B* is
dominant, 30-69%

Results should be used
to adjust theory.

16
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3-body decays

M, > 5.37 GeV
5F

Data

i L] i L :

S

_ 0 (50
AE ™+ Ms- 5.28 (GeV)

Assuming CG coefficients:
Fr(n £)/Fr(mn0) =2:1

= =
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Events / 8 MeV

&
i

R 0 e
AE ™S+ M™s_528 (GeV)

Yield (#7), Fraction over

Fraction per

Large fraction of B*B «*.

Residual is large, but could
be explained by ISR(10%).

Channel events large M, % bb event %
BB 0.2%72 0.27%% 0.0+ 1.2+03
BB*w + B*Bw 3837103 41.6° 13} 73733+ 0.8
B*B*m 4.8%%% 5.91 ;;g LOMHE = 0.4
Residual 52.3°129 9239+ 1.0
Large My, 100 17.5518 = 1.3

A. Drutskoy et al,

17
PRDS81, 112003(2010)



Summary

Large data samples collected on T (1,2,5S) by Belle
detector.

100 M@ T (1S), 170M@ T (2S), 120fb1@ T (5S)

Exclusive radiative decays of T (1S) to charmonia and
charmonium-like states are studied for the first time.

n*r transition of T (5S) to T (nS) may Indicate the
existence of a Y, state.

T (5S) decays to final states including B meson have
been studied systematicly.

Analyses of Many decays of bottomonia are under way.
And, “What can we do for QCD?” Any idea with

these samples are welcome!
(hank qou !
1

/
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Y(1S) radiative decays.

Entries/8 MeV/c?
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e Y (55)>Y (nS) + ntrr

ete” = T(1S)wta— ete™ = T(28)nta— ete™ = T(3S)rtn—
VE(GeV) L(fb~Y)|  N.  Eff(%)  o(ph) N. Ef(%)  o(pb) Ne Eff.(%) o(pb)
10.8255  1.73 [10.6755 438 056707 +£0.06 [24.0700 349 20570 +0.24 | 18T T 205 0.2375 %7 £0.03
10.8805  1.89 [434%7C 431 2141030 £0.15 688700 354 5317007 £0.59 | 149732 245 1471052 £0.18
10.8955  1.46 262700 432  1.68103 +0.13 [4547°3 356 453107051 | 103137 257 1261045 10,15
. ] . &.a B q . . —D.S% . . —6.T " " —G.Gz b . _%.1] . AU _ .38 .
10.9255  1.18 11.13{%;% 42.6 0.89$§:3§ + 0.08 9.71{%;2 35.9 1.19:“:;;%% +0.16 2.95;5 27.5 0;131;5,;3} + 0.05
10.9555  0.99 | 39780 425 037790 +0.04 | 20709 364 0207090 40,05 | —1.8T530 204 —028T057 +0.03 < 0.20
11.0155  0.88 | 4.9%2% 420 053031 +0.05 | 55100 360 000TH5l £0.17 | 43F10 327 0.691032 £0.08
10.8670  21.74 | 325750 374 1.614£0.1040.12[186+15 189 2.35+0.19+0.32| 105735 1.5 14470750 £0.19
=108
§ 10.6
Ss| L Y(35)
=2k
= Y(25)
i 7
08 JO5. .
94 K | Sk i T(lS)
0.2 ‘t;_ S Jaet i
. D4 ::I.G R

'1 12 ' 14 -
AM = M= e)-Mu) (Gevic)

21



B

Decomposition of 3- and 4-body channels 18
S BBr S B*Brn | B*B*rn
i e,
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Ex 53 Ex 23F = E18
& & %E 3 \
sas| 525 sasf
04 FEn 0 F 04 FEn 0 F 43 53 0 53
AE™ (GeV) MC AE™ (GeV) MG AE™ (GeV)
250 i
500 |- BBTE i B*BTE 1751 B*B*TE
5 Ll S 150
% 400} W | §
= E 150 e B[
- : ] e
5 - E 10 - rg 751
= \ - i ST,
I S0t
¥ i o sl
e
0 NN R N 0 NN R 0.1 0 o1 0 0.1
AE™ + MM . 528  (GeV) AE™ + MM . 528  (GeV) AE™ 4 M™M= . 528  (GeV)
QWe 2010,

Y¥{58) decays to B0 and B+ mesons and scan around Y{55),

Fermilab, Batavia, May 18 - 21

A. Drutskoy
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