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The Belle data sample.
Y(2S) — T(1S)n.
T(1S)/T(2S) decays to light hadrons.

Search for double charmonium decays from
xbJ(1P).

Bottomonium exclusive decays to hyperon-
antinyperon pairs - New.
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The Belle dataset

Integrated luminosity of B factories

>1ab™!

On resonance :
Y(5S): 121 b !

il Ay 102 million T(1S)
Y(3S): 3 b 1 illion Y(2
[28} / 58 million Y(2S)

¥ 251
Y(1S): 6 fb !
Off reson./scan:

~100 fb! World's Largest samples
of Y(1S) and Y (2S)!

~ 550 fb™"

On resonance:

i: lf ig 5:5 ig?)ﬂjﬂ;] : Dominant decays
Y(25): 14 ! 1(1S, 25) — ggg
Off resonance: T('] S) : 82%

el Y(2S) : 59%
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Y(2S) — Y(1S)n

T(nS) — Y(mMS)n*n-: E1E1 transition - No spin flip.
T(nS) —» T(MS)n, Y(mS)nV: E1M2 transition - Requires spin flip.

QCD multipole expansion predicts suppression of 1 mode w.r.t. T+n-
mode (Kuang Front.Phys.China 1, 19 (2006))
Measured branching fractions are either too small or too large:

B(TY(4S) —» Y(1S)n) = (1.96 £ 0.11) x 10-4 (BaBar) : than
mtrm- mode.

B(Y(3S) — Y(1S)n) < 1.0 x 10-4 (BaBar)
(5-10) x 10-4 (theory prediction)

Q

B(Y(2S) — T(1S)n) = 2.1 x10-4 (CLEO)
= 2.39 x 10-4 (BaBar)
~ (7-16) x 10-4 (theory prediction)
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CLEO: PRL101, 192001 (2008) BaBar: PRD78, 112002 (2008); PRD88, 092003 (2011)



Y(2S) — Y(1S)n Preliminary Result

Reconstruct T(1S) — I*I- (I=e,u)

-------- Signal Fit
Background Fit

counts /1 MeV
~
[w]

n — yyorn — ntn-no

B(T(ZS) —> T(1S)T]) - 40
(3.41 +£ 0.28(stat.) £ 0.35(syst.)) x 104

— Signal+ Background Fit

Preliminary

Higher than previous measurements, 2
but still : 1

Current PDG (2012) value: I i 0'5?1 candidatemgfs[ee\/]
B(Y(2S) — Y(1S)n) = (2.34 + 0.31) x 10-4. 3.:

T Preliminar
Also search for Y(2S) — T(1S)nr0: £ ] H ] r E W
further suppressed by isospin. L l l l |I Wiy

oF i
Upper limit set: ] } }
B(Y(2S) — Y1(1S)n0) < 0.43 x 104 (90% CL) P e

Current limit: B(T(2S) -> T(1S)r0) < 1.8 x 10-4 (CLEO).
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CLEO: PRL101, 192001 (2008) 2012 PDG: J. Beringer et al. (Particle Data Group), Phys. Rev. D86, 010001 (2012)



Y(1S), Y(2S) decays to light hadrons

Charmonium: "12% Rule”: Q. — By 2s)shadrons _ By(2s)sete- ~ 19%
i B /¢ —hadrons B; [p—eTe™

in some Vector-Pseudoscalar (VP) and Vector-Tensor (VT)
decays; e.g. pT.

. S Briosomdione  Bras) oo
Bottomonium prediction: ;- _ PY(2S)hadrons _ ZXES)veter 774 (g7
BT(IS)ﬁha.drons BT(lS)—}e*‘e—

Expected to hold better for the higher mass Upsilon mesons.

Study Y(1S) and Y(2S) decays to light hadrons in 10 channels (each):

3 three-body modes: ¢)K*K-, on*n-, K'OK-t+;

4 VT modes: ¢f'y, ofy, pas, K'0OK,™0;

3 Axial-vector-Pseudoscalar (AP): K1(1270)*K-, K{1(1400)K-, b1(1235)*n-.

5 July 2012 M. Barrett 6



Three-body final states

Y(1,2S) — oK*K-:

Qy =0.79£0.54 £ 0.13;

1(1,2S) — ontn:

Qy=0.30+£0.13+£0.11;

UL: Qy < 0.55;
2.60 below prediction

1(1,2S) — K*OK-1-

Qy =0.52 £0.11 £ 0.14;
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Y(1S), Y(2S) decays to light hadrons

Significant signal observed in 5 channels
First observation of exclusive 3-body hadronic annihilations of T(1S, 2S).
Values of Qv are consistent with prediction in all channels, except a 2.6

dISCI'epancy for omtm-. o BT(QS)ﬁ*ha.drons o BT(QS)*}S'{'G_

Oy = - — 0.77 + 0.07
BT(IS)ﬁhach‘ons BT(lS)—}eﬁe*
Channel T(1S) T(2S)

Nsig NUP 3 B BUP | Nsiz NYP % B BUF Qx QUF
dKTK— |56.3+9.0 8.6 2.36 £0.38 +0.29 69 + 36 6.5 1.86 £0.96 =0.21 0.79£0.54 £0.13
wrtr™ 63.6 £ 9.5 8.5 446 £0.67+0.72 29 + 12 51 25 1.32+0.54+045 258 J0.30£0.13+£0.11 0.55

K*OK—xt |173£20 11 4.42+ 0.50 £+ 0.58 135 +23 6.4 2.32+0.40+0.54 0.52+0.11 +0.14
& fs 69+£39 15 21 064+037+0.14 163 (8.3£6.0 18 1.6 050x£036=0.19 1.33| 0.77£0.70 £0.33 2.54
wfo 52440 13 15 057+£044+£0.13 1.79|-04+33 6.1 —0.03 £0.24 £ 0.01 0.57|—-0.06 £0.42 £ 0.02 1.22
pag 204+11 49 2.7 1.154+£047+£0.18 224 |10+ 11 30 09 027+0.28+0.14 0.88| 0.234+0.26 +0.12 0.82

LR 422+ 9.5 5.4 3.02£0.68 +0.34 32+11 3.3 1.53+£052=0.19 0.50 £ 0.21 + 0.07
K(1270)"K—|3.7+£49 13 08 054+0.724+0.21 241 [11.0+£44 26 12 1.06+042+032 322 196 +£2.71+0.84 4.73
I Ky fli]'_[]}_fi'_ 23.8+8.2 3.3 1.02+0.35+0.22 92+82 24 05 026023009 083 1L026£025+010_ 0.77
b (1235)T7— |144+6.9 28 24 047+£0224+0.13 1.25(1.2+35 13 0.2 0.02x0.07=0.01 040 0.05£0.16£0.03 0.35
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Double charmonuim decays of ¥ (1P)

PRD 84, 094031 (2011)
NRQCD predicts a BF for yp; — J/wd/y of 10-5 (J=0,2) or 10-11 (J=1);

Similar predictions exist for pQCD and light cone formalism: pRD 72, 094018 (2005)

J=L J=2 PRD 84, 074026 (2011)
XbJ — JwJlhy 9.6 x 105 11 x 10-3
XoJ — Jhyy! 1.6 x 104 1.6 x 10-3
Xbd = V'V 6.6 x 10-5 59 x 10-4

Measurement of these modes would allow for some discrimination and
refinement between these models.

Search for 9 different decay modes:

YoJ — JWIhy, xpy — Jwy',  xpy — v'y' foreach of J =0, 1, 2;

Search via radiative decays of Y(2S): Y(2S) — Y%pJ-

Fully reconstruct one of the charmonium particles, and require that the

missing mass is equivalent to a second charmonuim particle:
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Double charmonuim decays of % (1P)

PRD 85, 071102(R) (2012)

22 -
20 L2
% qg Xb1 (a) % %
= 14 | = =
~ 18, l o o ‘&3
L 10] (2 -
§ g':ll _ l l § §
T W w
AP P R ol S Pl Al i
0.08 01 012 014 0.16 018 0.2
E, (GeV)
Xby — Jydhy XbJ — W IllJrﬁﬁer
in any Channel n'"? e(%) ous(%) \ Br )
channel. b0 — J/0J/ 21 5.8 16 71507
Xer = J/0J/0 13 6.3 30 2.7 x 1077
Upper limits are much lower than  xez — J/&J/4 22 5.9 27 45> 107
central values predicted by LC Xbo — ?;"‘-",”‘7, 208 ii'g 13 13 ) }8 5
c Xb1 — J /Y D. J. 9) X ]
formalism and pQCD. Yoo = J/od 17T 35 16 4.9 x 1070
y = 'Y 3.0 2. . g
Upper limits are consistent with xwo—=yy 3021203110
. b1 — Y 12 2.2 17 6.2 x 10~
NRQCD calculations. Jo' 33 21 5

Xb2 — WY 12 1.6 x 10~
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Bottomonium exclusive decays to

hyperon-antihyperon pairs

Search for decays of bottomonium states to strange hyperon-antinyperon pairs
(AA, EZ, QQ) with up to two light mesons (0, n, 0 or w+x-).

Some of these modes have been observed in charmonium (BF = 10-4 - 10-9).

Scaling would

Fully reconstruct the

decay. Particle Decay mode (S = A,Q7,=Z7) | Notes
T(25) — | 55
S5
Y(1S) and ypy are %;0
not tagged. SSata
: T(1S) — | SSy via Y(25) = Y(15) + X
Select events with exactly 550 via T(29) = T(15) + X
1 hyperon and 1 antihyperon. SSatm- via T(25) = T(15) + X
S5 via T(25) = T(15) + X
Signal yields extracted xbs(1P) — | S8m7a- via T(25) — vyps (1P)
from mass distribution. 55 via T(25) = yxps(1P)
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Bottomonium exclusive decays to

hyperon-antihyperon pairs

Efficiencies:
up to 25% for AA, € up to 8% for ==, € up to 5% for QQ.

Fit for events at Y(1S) Y(2S) and y,j masses in mass projection for each mode.

Very little or no background in £Z or QQ channels.

Channel S=A|S=2|5=0Q 00— A A u

T(25) — S5 243% | 47% | 4.9% s AN |/ X(2S)
T(25) — 55" 53% | 1.8% | 15% . |

Y(25) — S5 12.0% | 38% | 3.1% sof~ (Sé?:nflm% s

Y(25) = SSxta— | 21.5% | 6.1% | 4.5% of Data Sidebands

T(15) — 53 26.1% | 55% | 5.0% - Scaled contnuum Xb.J

T(1S) — SS7Y 5.9% | 2.0% | 1.4% 20

T(15) = S5y 11.0% | 34% | 3.6% A

Y(1S) = SSxta— | 19.7% | 5.1% | 3.5% - YA

o, (1P) — 55 25.7% | 6.3% | 4.6% B B - T
o (1P) = 8777 | 21.3% | 7.0% | 45% R
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Bottomonium decays to hyperon-antihyperon:
Preliminary results - New

o ' eon . Qom0 | QO
HHHH ~ Preliminary | W | l
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Bottomonium decays to hyperon-antihyperon:

Preliminary Upper Limits

seen Upper limits on Branching Fractions (x10-6)

in any channel. Channel S=A|S==|5=0
Upper limits set for all T(QS) — SS_ 0.17 0.89 1.8
channels using: T(25) — SS7! 0.79 2.3 6.6
. Y(25) — SS .82 2.8 74
Feldman-Cousins rY< R — e — —
(Channels with no T(ZS) — b%u T & 0.30 0.61 2.0
background). T(1S) — SS = (.59 1.8 6.7
1g S50 £ 37 i 9
Frequentist approach T(,H:) — 8(3“ & :311 ! 8 23
and background Y(1S) — ,5,53-;; gs; 3.7 12 24
modelled as Y(1S) — SS7Tn~ 4.6 4.8 0.6
exponential (channels [, ;(1P) - SS 0.9 3.7 11
with background). o, (1P) = SSnvn | 2.1 13 12
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Summary

1(2S) — T(1S)N

Preliminary result: B(Y(2S) — T(1S)n) = (3.41 £ 0.28(stat.) £ 0.35(syst.))
x 10~4 : Higher than previous measurements.

Y(1S)/Y(2S) decays to light hadrons.

First observation of exclusive 3-body hadronic annihilations of Y(1S, 2S5).

Ratio of Y(1S)/Y(2S) BFs is consistent with expectations except in one
channel (Y(1,2S) — on*n-: 2.6c discrepancy with "0.77 rule”).

Search for double charmonium decays from % (1P).

No significant signal seen, upper limits set in 9 channels.

Search for exclusive T(1S, 2S) decays to hyperon/antihyperon pairs - New.

No significant signal: upper limits set in all modes.
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The Belle detector at KEK

Superconducting
cavities (HER)

Belle Detector

Aerogel Cherenkov cnt.
SC solenoid | © n=1.015~1.030

1.5T

ARES copper
cavities (HER)

CsI(TI)
16X,

ARES copper

cavities (LER) F ! e
TRISTAM Ll o g

tunnel 8 GeV e a = : =\ Central Drift Chamber

smiall cell +He/C,H,

8 GeY e-3.5
Gely e+
Linac

Si vix. det.
3 lyr. DSSD

| /K, detection
14/15 Iyr. RPC+Fe
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Y(1S), Y(2S) decays to light hadrons:

Observed VT and AP final states

b 16 YAS)= K K, | b Y(1S)= K K, | b 13 Y(25)— K K, W 18F Y(25)— K K,
2 1 > 25 = 45 = 155—
g 12 - g 14 @ 14F
o 10 = 2 r o 12 = 12f
T 5 § 15 :]. _ < 10 2 135:
Bl ufy B L
U:: 2 AREgha il ) H’I‘-!.'iuummnlwlmmmrlrh E + 1--4:-“- ----- % ' I.I:'J ; plepterr s ACbhper Lt s oumic. g so 5 ;i = o
B7 08 09 1 11 12 13 e & S ¥ BN T ¥ B7 05 08 1 14 12 13 O 16 18
M(K =) (GeV/c?) M(K =) (GeVIc?) M(K =) (GeVic?) M(K =) (GeVic?)

Y(1,2S) — K*0K,"0:
Q¢ =0.50 + 0.21 £ 0.07;

Events/10 MeV/c?

0 (S| K800 K| ., ; TS K407 K | % :zﬂ Y(2S)> K (TA00) K|, 12 Y(25)> K (1400) K
s S S 10
% 6 i 8 £ 8
2 5 E 6 I E 6
2 5 2 7 2.
& 2 S Tl o

I LT I M T | 1III IE 1 _l _."_{ _F_ T TTH w i HLF ﬂll. B I Sl ] .____ 11} 2 kit L e LT
HT i ﬂﬂ ; o 12-- Lt : 0 12 ; = -~1-ﬁ-- |.1ﬂ”1 N __.._. ' N S S Rilir: TEVRTRIRERTANIR _. 0 :_- T T CF RRALE) =
M(K 7) (GeVicd) MK 7] (GeVIeD) M(K =) [GE‘W{:’} M(K 7) (GeVic?)

Y(1,2S) — K1(1400)*K-:
Qy <0.77;

arXiv:1205.1246[hep-ex]
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