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Y(5S) - n Y(1,25S)




Y(nS)- nY(mS)

BF(2S - 1S) = (3.57 £ 0.25 £ 0.21) x 10™ Belle PRD 87, 011104(R)

Y(5S) (2.39 £ 0.31 £ 0.14) x 10 BaBar PRD 84, 092003
(2.1 £0.7+0.3) x 10* CLEO PRL 101:192001
Y(4S) 3-4 x 10°® Theory Prog. Part. Nucl. Phys. 61, 455

Front. Phys. China 1, 19 (2006)

Y(3S) == | BF(3S - 1S) < 1x 10* BaBar PRD 84, 092003
5-10 x 10®* Theory

BF(n)/BF(1T1T) ~ 1073

Y(2S) —

BF(4S -~ 1S) = (1.96 + 0.06 = 0.09) x 10* BaBar PRD 78,112002

Y(1S) BF(n)/BF(t'm) ~ 2.5




Y(55)- nY(1,2S)

Preliminary. First shown at Moriond QCD 2012

Y(5S) Reconstructed N — TTTTTY

Y(4S) ==

Y(3S)

Y(2S)

Tagged Y(1,2S) —» UW'H°
Y(1S)

Cross check: Y(2S) - Y(1S)m'm + n -vyy



Y(5S)- nY(1,2S)

Preliminary. First shown at Moriond QCD 2012

Y(5S) 3 : ]
2 " F MM(@TTTTTO)
9 16 |
Y(4S) 2 ., b tagged Y(1,2S) |
12 f—
- Preliminary
E -
Y(2S) 6 b
4_ _—
b _
o Eclifh oo | ot -
9.3 94 9. 96 97 98 99 10 101 102 10.3
MM(1)), GeV
Y(1S)

BF[5S — 1S] = (7.3+1.6+0.8)x 10¢ BF(n)/BF(IT*Ir) = 0.16



Y(nS)- nY(mS): open questions

Y(55) Does the Y(5S) decay to n h (2P)
\ N (non - spin - flipping)?
\
Y(4S) m— VL ?
\\
Y(3S) m \
hRY h,(2P)
NN /
Y(2S) 0 \,\1
/ h,(1P)
/
/
K T transitions?
Y(1S) n,(1S) BaBar Y(3S) - n° h (1P) at3.10

with BF > 10 x BF[Y(3S) - n Y(1S)]
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Two-meson decays




Y(1,2S)- light hadrons: 77% rule

OZI- suppressed quarkonium decays: (bb), (cc) - ggg

12% rule in charmonium: violated in some VT and VP final states (pttipuzzle)

Hadronization

W(0) as P(0)
W'(0), es, had. W'(0), e
_ B[y’ - hadrons] = B[y’ -e'e] _,,
Q= B[J/J - hadrons] = B[J/y -e‘e] 12%
W(0), as, had.” W(0), a
Q - B[Y(2S) -~ hadrons] B[Y(2S)-e'e] _ 779 From non-relativistic QCD.
v~ B[Y(1S) - hadrons]~ B[Y(1S)-e'e] Expected to work better

but to be tested



Y(1,2S5)- light hadrons

Preliminary and Phys. Rev. D 86, 031102(R) (2012)

2 body decay
Phys. Rev. D 86, 031102(R) (2012)

of, Pay Vector-
wf, KPK,° Tensor

Ky(1270)* K~
K1(1400)* K~ pgeudoscalar
b,(1235)* T

KKO

KFK* g, Vector-
WO €, Pseudoscalar
pTU




Y(1,2S5)- light hadrons

2-body decay 3-, 4-bodies
Phys. Rev. D 86, 031102(R) (2012) final state (1)
of, Pay Vector-
f, KPK.9 T
270)T K- T
K,(1270) Axial- PK"K*
K1(1400)* K~ pseudoscalar
b,(1235)* T
KO
ﬁg’_‘w Lo K K -Tr*
ector- ﬂ
el | %
w1 S Pseudoscalar
v LS L 1N v
pTU
6




Y(1,2S)- 3, 4 bodies

25 Y(1S)» K _K'm 30 Y25} K K
w0 w 8
8 20 Preliminary | & 25 Preliminary
S S 20 | > E
3 15 | 620 | @ q¢f ih X = i
£ | & . T
a 10 -b 2 10 \/g
- ]
L 5 . L 5
) | . e
0=095 1 . 1.1 9 0es . 1.1
xT
— Estimated with data
+ta- - —
ee ~4qq below Y(4S)




Y(1,2S)- 3, 4 bodies

Phys. Rev. D 86, 031102(R) (2012)

wn 29 Y(1S)» K _K'm . 30 Y25} K _K'm
8 20 Preliminary | 8 25} Preliminary
g S 20; | > E,
th 15 |I 6.20 W 15 ih X — i
g 10 JU § 10t Lo
- =
w g ~ i 5

0=095 1 1.1 9095 1.1

X
i . Estimated with data
ee ~qd ~ T 0w vs)
7 Branching ratios x 106

Channel B[Y(1S) — f] B[Y(25) — f] Q

KYK—7t 44240504058 23240404054 0.5240.114+0.14

wr~ Tt 4.46 +£0.67£0.72 < 2.58 < (.55 E—

OKTK~  236+0.37+029 1.58+0.33+0.18 0.67+0.18+0.11
Prel. K. KT7— 1.59+0.33+0.18 1.144+0.30+0.13 0.724+0.24 +0.09
Prel. =gtV 214 +0.724+0.34 < 0.80 <042 A-—a
Prel. =777z 128 +2.01+227 13.0+1.86+2.08 1.01+0.22+0.23
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Y(1,2S)- AT, VT, VP

KU

Y(15)— Ks K't

Y (2S)~ Ks K

Preliminary
440

Preliminary

Events/10 MeV/c?
O o P A B OO =] OO WD

Events/10 MeV/c?
O o P L B OO =] 00 W

0.8

1T 1.2 14 16
M(K* 1) (GeV/c?)



Y(1,2S)- AT, VT, VP

KU
0 B YIS K K| % 3 Y(2S|- K K @
z Y 3 !
= 6 Preliminary = 6 Preliminary
o 5 o 5
§ 2 § 2
o1 a ko n
008 T 12 14 15 T8 1 M\T 11 16
M(K* 1) (GeVic?) M(K* 1) (GeVic?)
Channel B[Y(1S) — X] B[T(25) — X] Q
Of; < 1.63 < 1.33 )
VT .t <1.79 <057 Branching ratios Ooo
pas < 2.24 <088  x10° 2
K* K30 3.02+0.68+0.34 1.5340.524£0.19 0504+£021+£007 3
K1(1270)T K~ <241 < 3.22 2,
- - o,
AP {1 (1400)T K~  1.02+0.35 £ 0.33 < 0.83 < 0.77 )
b1(1235)F 7~ < 1.25 < 0.40
— KU(802)K" 292+ 0.85+0.37 < 4.22 <120
VP K* (892)K+ < 1.11 < 1.45 A
wm? < 3.90 < 1.68 2,
o < 3.68 <1.16 %2



)(b(lP) - double charmonium

Phys. Rev. D 85, 071102(R), (2012)
Chance to compare different predictions:

Light Cone formalism (LC): Phys. Rev. D 80, 094008 (2009) Erratum-ibid. D85 (2012) 119901
Potential QCD (pQCD) : Phys. Rev. D 72, 094018 (2005)
Non relativistic QCD (NRQCD): Phys. Rev. D 84,094031(2011)

Xb2 Xb1 XbO

Y(2S) —— “J

o Ko

B
Emn A
g o 2 S

LIi : . [ " . v iy n
0 T i N o mam L]
. | -:. T oo L] = - -: l;r::';;!' r.rT:-r-!;lrrilrzi v
" = j b .';l :.l. "al _: “ . :! .u h l.IJ
; ¥ 0 lul. J:llal:l.f*'ll:::l:::l::'q
H alils i l. " b Il "::-l.lEihll-:l. Hl';_
= wimi wn"§
i

dlts R Jy Jp

| T Xoy = VW J
sphE RV .
e o e Ly e i W Xoy ~WW

Xy ~J@ @

MMy Jiy) (GeVie™)

| 0.2
E,(GeV) Y from Y(2S) - yx, | JW -y, ete
| l.IJ' —>T[+T[_ J/l.lJ, H+IJ._, ete"



)(b(lP) - d_oubl_e charmonium

4 T ! '{ 4 --.'\-'_: T = -": T = . ‘.-"
) = 3.75 e 3 :«*5Et«ﬂﬂE e
Q 2] o] E e 1 - SRR =3 1] . E.. -:-::q.'r” ._....... :!......:. gy
3 % 35l i Iy I e st
=L Reln N ] o | = " s 7
s S 357 P - T Jd/y g 35 St S py, ee
- £ 3.25(~ - =325 " e e
= = o = e e
= 3= N Jp=t AL R

L . | - -y 4 e -
0.1 0.15 0.2

o

008 0.1 012 0.14 016 018 0.2

008 01 012 014 0.6 0.18

E (GeV) E (GeV) : 0.08 041 0.1E2 (g;::’) 0.16 0.18 0.2
Channel n"F 2(%) Osys(Y0) BUPI ? o .
xeo ;ﬁ Ug 4 i E”; 1;; ; X 13:? Upper Limits in agreement with
bl Y U TR U I TR I | I : Y . .
o i 22 39 o1 4sw10-  NRQCD and LC predictions
oo — J/u 200 3.4 17 1.2 x 1071 - See V.V. Braguta's talk
ve1 — J/w 5.8 3.8 15 1.7 x10°°
ez —+ J/uy' 1T 3.5 16 4.9 x10°°
oo — W' 3.0 2.1 20 3.1 x10°°
o1 — 12 2.2 17 62 x10°°
Yoz — W’ 3.3 2.1 12 16 = 10°°
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Baryon
production from Y(1,2S)




Y(1,25)-> N +X

Hyperon production is enhanced in Y decays with respect to the nearby continuum
and is large.
BF(Y(1S) - A + X )~10%

BF(Y(1S) -~ AA + X )~3% glere - Y(nS) _ 3 +X]
o[ete'—~qq— B +X]

Enhancement for baryon B:

3031106-003

Phys.Rev.D76, 012005 Phys.Rev.D76, 012005
S L B S B B S B B | | | | |

B CLEO B 15 Data - B CLEO B 1S Data T

B A 4 35Data ] D + ¢ 35 Data |

31 y O ismc | 3 O 1smMc |

< 35 MC

T < 35 MC
= + —
o 3

+ @ CLEO'84

ggg/qq Enhancement
B e
B
|
ggg/ad Enhancement

w 1] N
I m‘i'?”.'%',__ o A

0 1 1 1 1 I 1 1 1
0.00 0.25 0.50 1.00 A P ¢ f,(1270)

Scaled A Momentum

1
Ee o0 1m

Ol |-
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Production of anti-deuteron

From early studies by Argus d can be produced in Y(nS) decays

BF[Y(1S) - d +X ] =(2.86 + 0.19 + 0.21) x 10°°
BF[Y(2S) — d +X ] =(3.37 £ 0.50 + 0.25) x 10  PRD, 75012009 ,(2007)
olete” - qq - d +X ] < 0.031 pb

Coalescent production
p-nbound if |p, - p,|<p,=133 MeV/c

JCAP 02 (2013) 021

]_- 1{:}_-1 I I I I I I I I | I I | I
i o CLEO data 7]
- 2l phe —po = 133MeV -
8-107° it S ---po=192MeV -
L : J e :
=, G109y / .
e i / " i
= 4.107%} R
2-107° - i

0 i ’r’ 1 1 1 l 1 1 1 1 I 1 1 1 1 I 1

0 0.5 1 1.5

Momentum p [GeV /c]
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Search for H dibaryon
arXiv:1302.4028v1

Exotic state (Jaffe,
1977)

Q'Q.
N n
Cc

©
(4]
- completely e
3 S
L @)
1200
N;; 25k A Combinatorial r STAR Preliminary O
= B i
g . E?f’gi’éif?ﬁgifg_i_]K+A i 1000 o AutAu 200GeV (0-40%) 5
3 = L a - —_
= e 2 so0- — rottonat background S M=+Mp = 2.2600GeV
= 15} E  INC+FSI(ESCO4d) f ;
=3
5 600
=3 E 3
i 1D s i) > I
S ot a00f- 2MAN\ = 2.2314GeV
NE C j 4
= 83T N 200
0 L L :J||| =
0 25 50 75 100 125 53721 25 26 27 3

AA Invariant Mass—EMA (MeV/c?) Massl\m (GeVic)

KEK-PS RHIC-STAR
MA+Mp+Mn= 2.1935GeV
E522(2007) (2011) p

Stable

Y(nS) can produce bound baryon-baryon states
high yield of low momentum A .
-~ can the H? be produced also?

12


http://arxiv.org/abs/1302.4028v1

Search for H dibaryon

arXiv:1302.4028v1

%10'4 =
Analysis strategy: S EBRYO2S0DX e B
— Inclusive reconstruction in Y(1S) and zay AP £ AA
\// N\ EJI
| \L\J} %Q
sample .
— Decays withH - AA, H - ApmrT
ZM(A) I S T R T B T R T
M-2m, (MeV)

H—Apm

==
Evertsi 1M

e ;%%;%JF;‘}LT{%J@ ﬂ- t

LLLLLL

residual

~T~I~¥Pﬁt%“}l"}{ﬂ% +_T_T+.L+ ﬂ‘% TT'HI
R

Residal

Everts/(TMeV)
é-.'LJONAEDm QO N & O O 6 rT‘J
Il TITITTTIT T
[T T T T IT
=
wh
o)

Residual

i - oo NN & &
OEPOGOOmomomHEOm
T

HA Pt

: 1 m;zj@ thﬁ jrﬁ# #{'
3 g resiaual %12_ residual _[_
= : : BN, ﬁ »Ljfﬂr{‘ cisl ijrj(ijf.]! _E; I%LL "I“I J_:—[_{_‘-I—I 4_}"}_L+TJ“—} {_i+[%{_i

- Mf—p 3m, e B &) 5 10 15 =L PR |;"nfl'\.-1 % 13


http://arxiv.org/abs/1302.4028v1

Y(1,2S)- exclusive AN + X New!

Preliminary

X = combination of K*K-, 1T, pp and m°
Max 9 bodies, Maxone® — 48 channels

——Y(2S) data

8 °F = Y(15) data S F
§ " - ## Continuum background % ol 7 Continuum background
° Mr S 1f
% 12__ - :_v:; : -
ST Y(1S) AN + | o Y(2S) S AN+ /\
10— - 1
- 2(1T'7T) il 2(1t70)
8 I HH | HY —
- s
6_— -
e i
Zf_ 2{—
- ) - > - = 4 % W B _ et — . SRR TP A e -_;r‘:- & ,1'
0.88 0.9 0.92 0.94 0.96 0.98 1 1.02 E[:ﬁ% "“““““‘“‘“”“’“’m’ 1 0.0 3 P
Y1S Y2S
Full event | ] .

reconstruction

Kinematic Fit of

displaced vertexes o
Sideegthdtikfirst measurement of exclusive AA + X cross sections in continuum 14

L. Y A ™ /\

Continuum Sample



Y(1,2S)- exclusive AN + X B

Preliminary
>, BF[Y(15)3 X]€2x10)
The large inclusive BF ZX BF[Y(ZS)-U(]

Is not due to simple,
low multiplicity

decays Y
Channel B[YT(1S) — X] [x107%] B[T(2S) — X] [x1079] Q
AN +7tm— 1.43 £ 0.48 + 0.23
A+ KTK™ 1.20 &+ 0.51 + 0.20 1.27 + 047 £ 0.20 0.98 £ 0.53 + 0.11
AA 4+ 2(7t7™) 6.99 4 1.28 + 1.11 3814097 +0.61  0.55+0.17 + 0.06
A+ 7T KTK™ 11.83+ 2.01 + 1.87
AN+ 7t pp 2.99 4 0.86 + 0.47
AA + 3(zta™) 13.144 2.36 + 2.10 472+ 164+ 075  0.36 £ 0.14 £+ 0.04
AN +2(znta ) KTK ™ 18.99+ 3.60 + 3.04
AA + 2(zt 7 )pp 6.03 4 1.67 £ 0.96
AN+ 7T 2(KTK™) 2.93 + 1.49 + 0.47
AN+ 7tr 70 2.00 4 0.97 £+ 0.34
AA 4+ 2(zta=) 70 13.86+ 3.96 + 2.35 9.76 + 3.06 £ 1.66  0.70 & 0.30 &+ 0.08
A+ 7ata  KtK— 70 18.26 4 4.68 + 3.11
AA + 7t7 pp 70 5.85 &+ 2.35 + 0.99
AA + 3(zta™) o0 52.83 & 8.93 + 9.07 23.35 b 5.97 £ 4.02  0.44 + 0.14 + 0.05
AA +2(nta ) KtK— 70 |31.78 E 9.35 + 5.54 30.70 B 8.60 £ 5.36  0.97 &+ 0.39 &+ 0.12
AA + 2(xt 7 )pp 7° 15.95 § 5.81 4 2.76 15




Y(1,2S)- exclusive AN + X New!

Preliminary
2.2 0 below 0.77
Compatible
2.8 o below 0.77 with 0.77
Channel B[T(1S) — X] [x107%] B[T(2S) — X] [x1079] Q
AN+ 7T~ 1.43 £ 0.48 + 0.23
AN+ KTK™ 1.29 4 0.51 £ 0.20 1.27 £ 047 £0.20  |0.98 & 0.53 + 0.11
AA 4+ 2(mt7) 6.99 + 1.28 + 1.11 3.81 £ 0.97 £ 0.61 | 0.55 + 0.17 £ 0.06
A+ 7T  KTK™ 11.834 2.01 + 1.87
AA + 7t pp 2.99 + 0.86 + 0.47
A+ 3(nt ) 13.14=+ 2.36 £ 2.10 472 £1.64+0.75 [0.36 £ 0.14 & 0.04
AMTF2(r 7 ) KK 18.99£ 3.60 &+ 3.04
AA 4+ 2(7t 7 )pp 6.03 + 1.67 £ 0.96
A+ 7T 2(KTK™) 2.93 4 1.49 + 0.47
AA 4+ nta™ 70 2.00 & 0.97 & 0.34
AA 4+ 2(nt7™) 70 13.86+ 3.96 + 2.35 0.76 & 3.06 £ 1.66 | 0.70 & 0.30 £ 0.08
AN+ 7t KTK— 7Y 18.26 + 4.68 & 3.11
AA + 77 pp 7 5.85 + 2.35 4 0.99
AA 4 3(nt7r™) w0 52.83 + 8.93 4+ 9.07 23.35 + 597 £4.02 |0.44 £0.14 + 0.05
AT 2T )KTK- 31.78 £ 9.35 £ 5.54 30.70 £ 8.60 £5.36 [0.97 £0.39 £ 0.12
AA + 2(xt 7 )pp 7° 15.95 + 5.81 4 2.76
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Y(1,2S)-» AN + X

BELLE

AN+ KTK™

1.29 4+ 0.51 £ 0.20

AT 2(n 7 )

A+ 7t KTK™
AN+ 7tmpp

AA + 3(zt7)

AN +2(nT 7 ) KTK ™
AA +2(7T 7 )pp

AN + 7t 2(KTK™)
AA + 77~ 7

AA +2(xtr™) 70
A+t~ KTK~ 7Y
AA + 7t npp

AA + 3(ntn) of

AN +2(ntn ) KTK ™
AA + 2(n 77 )pp ©°

1.27 £ 047 = 0.20

6.00 + 1.28 + (.11
11.83+ 2.01 + 1.87
2.99 + 0.86 + 0.47
13.14+ 2.36 + 2.10
18.99+ 3.60 + 3.04
6.03 + 1.67 + 0.96

2.00 &£ 0.97 £ 0.34
13.864 3.96 £+ 2.35
18.26 = 4.68 + 3.11
5.85 £ 2.35 £ 0.99
52.83 £8.93 £ 9.07
31.78 & 9.35 £ 5.54
15.95 £ 5.81 £+ 2.76

New!
Preliminary
Lowest multiplicity : N =4, BF ~ 1.3 x 106
BF(Y(1S) - AA) < 0.35x10®
BF(Y(2S) - AA) < 0.03x 10
olete- - AN) < 0.59fb
Channel BIY(1S) — X] [x10=°]  B[Y(2S) — X] [x10=°] Q
AN + 7t 1.43 + 0.48 + 0.23

0.98 £ 0.53 £ 0.11 \

3.81 =+ 0.07 £ 0.61

472 4+ 1.64 £ 0.75

293 £ 1.49 £ 047

9.76 £ 3.06 = 1.66

23.35 £5.97 £ 4.02
30.70 £ 8.60 £ 5.36

0.55 £ 0.17 = 0.06

0.36 £ 0.14 £+ 0.04

0.70 £ 0.30 £ 0.08

0.44 + 0.14 £+ 0.05
0.97 £ 0.39 £+ 0.12
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Y(1,2S)-> AN + X New!

Preliminary

pp results from Dobbs et Al.

Multiplicity Hierarchy? .
arXiv:1205.5070

Y(1S) - pp + nn
B Y(1S) > AR +nn .

10?

|

|
|
!

|

Final states with > 9 bodies
seems to be favoured
— but reconstruction efficiency
decreases constantly

BF [x10°]
3

-
| I

+

10

I~
(@]

6 / 8 9

Number of pions

Baryon — anti-baryon events occur with high multiplicity
Baryon — anti-baryon pairs have low relative momentum - they can interact

18



Summary

Quarkonium decays create a dense gluonic state: B
— First measurement of 16 exclusive modes Y(nS) - AA +X
— Data indicates a strong dependence of BF from the multiplicity
— Stringent upper limits on non stable H dibaryon production

Is the NRQCD the best model that we have for the decays?
Y(1,2S) - light hadrons: Ratio Q in agreement with theory
X(1P) - double charmonium: Upper limits compatible with LC and NRQCD

Y(nS) - nY(mMS)
— What is happening above BB threshold?
— See E.Eichten's talk
— For other Y(5S) results, see R. Mizuk's talk tomorrow

19



Backup




Belle B

V) I = 3 (1)

asymmetric e*e” collider @Y(nS) energies - Complete knowledge of initial state
(KEKB at KEK) - Can compute Center-of-mass quantity
- Missing mass

- Study of B mesons
(~770 M of BB pairs at Belle, ~470 M at BaBar)
- World largest samples of
Y(1,2 S)
- Unique sample of Y(5S) for Bs and
quarkonium studies



Luminosity

(fo")

1200 ——
1000 |
800 |
600 |
400 |

—KEKB

T
; 5 l:{48): 711 bl D
ERESERE S /S
Y(25): 24 b Sl

D-...

=1 abl
On resonance:
58): 121 bl

2

Y(1S): 6 fbl
Off reson./scan :
~100 1h-1

530 fb!
On resonance:
Y(4S): 433 i -
Y(3S): 30 fb!
Y(2S): 14 fb'l
Off reson./scan :
~54 fb-1

1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 201071 2012/1



Y(nS)- nY(mS)

E1E1 transition

YNS) - mm Y(IMmS)
No Spin Flip
E1M2 transition
Y(NS) - n, ° Y(MS)
Spin Flip

The n transition is predicted to be
suppressed with respect to the dipion one

The n transition requires
a spin flip

QCD multipole expansion:
spin flip amplitude
proportional to (m, )*

Kuang Front.Phys.China 1, 19 (2006)

h

| MGE)




Y(1,2S)- VP -» 3, 4 bodies B

BELLE

Preliminary

Events/0.005

Y(15)— H’s Kt

Events/0.005

Events/0.005

Events/0.005

Events/0.005

BF X 10°
(25> K K" v | BF(1S) = 1.53 £ 0.32 £ 0.17

BF(2S) = 1.05 + 0.52 + 0.19

BF(1S) = 12.8 + 2.01 + 2.27

BF(2S) = 13.0 + 1.86 + 1.95

010225028

1.1

BF(1S) = 2.14 + 0.72 + 0.34
BF(2S) < 0.8

|asa

1.1




Y(1,2S)- VP, AT, VT

Preliminary
Channel T(15) T(25)
Nsig Ng € % B BUF| Nsie Ngg € I B B'F Qy QY
KIK*r [3724£76 22.96 6.2 1.50£0.33£0.18 — |30.5£10.3 2183 4.0 1.14£0304£0.13 0.72+£024£0.00
+T rrl 14324224 — 1120 7.1 128 £2.01£297 — [260.7£37.2 — 1208 74 1304+ 1.86+£2.08 101£0.22£0.23
riral 25586 118634 2.144£072£034 — |-214£95 15 1310 — —0.10£0.46+0.02 0.80|-0.05 £0.21 £0.02 0.42
K*V(802)K" [16.1 £ 4.7 1623 4.42.024£085£037 — |147£60 30 155027 L79£0.73£0.30 4.22| 0.61+0.31£0.12 1.20
K*(802)KT|20£10 63 18.021.30.31+£030£004 LII[574£34 13 187720 0.58+£0.35+£0.00 1.45) 1874£212+£0.33 552
wr' |25£21 68 211 161324 111£014300{01£22 46 232 01 0.03£0.68+£0.01 1.63] 0.02+£0.50£0.01 1.68
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Y(1,2S)- VT, AP - 3 bodies

arXiv:1205.1246v1
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Y(1,2S)- VT, AP (observations)

arXiv:1205.1246v1

BF X 10°
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Y(1,2S)- KOK?, KO-K+*
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Y(1,2S5)- wn’, pm
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hb(lP) at BaBar
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Y(2S)- n Y(1S) @ BaBar and CLEO

1850508-001
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The Nagara event

=" beam on emulision target (Phys. Rev. Lett. 87, 212502)

=-+12C> , \bHe(#1)+t(#4) +a(#3)

amCHe(#1)2> °’He(#2) + p(#5) +(#6)

Event Nuclide Baa (MeV) ABapn (MeV)

1963 ABe 17.7+04 43+04

1966 ¢ He 109+05 47+10

1991 BB 2754£07 4807
NAGARA {\He 713x087 10=02 -e—— AA binding energy =7 MeV
MIKAGE iAHe 10.06 + 1.72 3.82 + 1.72 M(H) > 2223.7 MeV (90% CL)

DEMACHIYANAGI 1% Be 11.90 £0.13 1.52 £ 0.15 OM(A) = 2231.36 MeV
HIDA Be 2049 +1.15 2.27 +1.23
12Be 2223 £ 1.15 —

E176 13 Be

23.3 £ 0.7 0.6 = 0.8




H-dibaryon mass
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ete- > AA + X (no o)

Channel Significance  Nipeas Nur  Gsys [%)] a [fb] oy, [fb]
AA 0 2.08  15.70 0.59
AA +wta 518 7+ 3.00 15.81  2.094+ 0.90

AN+ KTK~ 24200 565 1583 2.83
AA + pp 0 292 15.81 1.14
AN +2(rtm™) 8.62 0 24+ 5.00 1590  10.05% 2.09

AA +2(KTK™) 1+ 1.00 436  15.98 4.43
AA + 2(pp) 0 244 1591 1.43
AN+ 7ta~ KTK™ 1018 ¢ 26+ 5.00 15.94 16.81+ 3.23

AA + o pp 5.55 8+ 3.00 15.90  3.53+ 1.32

A+ KTK pp 0 244  15.94 1.87
AN+ 3(mtm) 11370 364 6.00 16.03  25.724 4.29

AA +3(KTK™) 1+ 1.00 436  16.31 11.57
AA + 3(pp) 0 2.44  16.37 7.42
AN+ 2(nta ) KTK™ 0.68 o 27+ 5.00 16.12  32.544 6.03

AN +2(ntw ™ )pp 7.09 0 114 3.00 16.04  8.87+ 2.42
AA+ata 2(KTK) 24+ 1.00 491  16.22 10.30
AN + T 2(pp) 1+ 1.00 436  16.09 5.53
AN+ 2(KTK " )pp 0 244  16.25 5.65
AA + KT K~2(pp) 0 2.44  16.29 6.14
A+ 7ta~ KTK pp 0 244  16.18 4.44
=ETE- 0 244  15.82 1.86
=EtE 4+ ata 0 233  15.94 1:71
Q- 0 2.44 1591 7.04
QO +ata 0 2.44  16.06 6.94




ete > A+ X + 1°

Chmme] Significance  Nmeas Nur  Osys [Y)] a [fb] arrr, [fb]
AR + 70 0 2.44 16.75 2.26
AA 4wt r“ 3.40 o 54+ 200 963  16.80  4.49+ 1.80 10.40
AAM+ KTK- 3.52 0 4+ 2.00 7.92 16.96  5.07+ 2.54 12.09
AA 4 pp =¥ 0 2.44 16.90 2.76
AA + 2(ntw™) o0 7.03 0 21+ 5.00 17.03  26.95+ 6.42
AA + z{fﬁﬂ“} 0 24+ 1.00  4.98 17.32 17.78
AA + 2(pp) n° 0 2.44 17.15 5.82
AA + ot K +I{ w0 5.20 o 124 4.00 17.18  25.50+ 8.50
AA +ntopp w0 3+ 2.00 5.98 17.07 10.76
AM+ KK pp1 "r 0 2.44 17.21 6.78
AA + 3(ntw™) o0 2.96 o 25+ 5.00 17.31  62.24+ 12.45
AA 4+ 3(K +ﬂ ) T 0 2.44 18.44 27.49
AA + 3(pp 0 944 9117 84.13
AA + 2{:" T ;lf-; +H‘ 0 6.94 0 16+ 4.00 17.63  69.39+ 17.35
AA + 3{“.‘ T )pp T 1+ 1.00 4.21 17.44 16.73
AA 47t (Ii'+fi ) 70 1+ 1.00 4.36  17.91 32.11
AA + nta2(pp) a° 0 2.44 17.90 17.67
AR +2(KTK " )pp n° 0 2.44  18.56 20.79
AA + KTK~2(pp) n° 0 2.44 19.03 38.86
A+t KTKpp 7" 0 2.44 17.92 18.00
=2 4! 0 2.44 16.90 4.71
EtE- 4 ata W 0 2.01 17.14 1.67
QtQ~ 4 av 0 2.44 17.06 17.86
QtQ- 4wt 7P 0 2.44 17.45 22.83




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44

