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BELLE

The Belle experiment

For a summary of Belle's resuts: arXiv:1212.5342v1

1-- quarkonium states

V's [GeV]

:fy}:anetriC € produced at rest
collider ~35GeV
Y(1S) Y(2S) Y(3S) Off Y(4S) Y(5S)
5.7 fb-’ 24 fb-1 3 fb-1 89 fb 711 fb 121 fb
* |/ | ~ 1 ab of ete-
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: Y(48) : World largest
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3 - =5 = o s iy i - - 770 M Of
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9.5 10 10.5 11



Part |

Bottomonium transitions
and spectroscopy




Hadronic transitions in quarkonia

QCD multipole expansion  Kuang Front.Phys.China 1, 19 (2006)
QCD hamiltonian can be expanded in a multipole-like

— Chromoelectric terms (E1, E2....) <H \l
Non spin flipping 5 /
— Chromomagnetic terms (M1, M2 ...) /_fiﬁé}
PSSR 2 : . x .=
Spin flipping — (mp)-2 suppression " i (;U(;’E | * b,
N4

E1E1 transition

YNS) — m m YIS

No Spin Flip

E1M2 transition
YNS — n, ™ YMS

Spin Flip




Hadronic transitions in quarkonia

If heavy quark spin symmetry is the dominant effect...

Suppression of spin flipping in S — S transitions
BF(Y(nS) — n Y(mS)) P
BF(Y(nS) — it Y(mS))

<1

RSS(TUT, n) —

Suppression of spin flipping in S — P transitions

RSP(TL 1) = BF(Y(nS) — nhy(mP)) o= 1
BF(Y(nS) —Ttrthy(mP))

.. n/Tutamplitudes are primary determined by the spin properties of the initial/ffinal state 4



RSS(rtrt,n) Experimental status

Y(2S) > Y(3S)— Y(4S)— Y(5S)—

Y(1S) | ~2x10°3 <2x103
Y(2S) 4
Y(3S)
Y(4S)

Almost OK




RSS(rtrt,n) Experimental status

Y(2S) > Y(3S)— Y(4S)— Y(5S)—

Y(1S) | ~2x103 <2x103| 2.4 0.1
Y(2S) A 0.4
Y(3S) *
Y(4S)
Almost OK
Not a Zb effect.

Other coupled channel effects?
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~2 -3 order of magnitude
above th. expectations

But tuttransition is mediated also by
Zb intermediate states
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RSP(rtrt,n) Experimental status Tt transitions  observed from Y(5S) @ Belle

Y(4S) > Y(5S) — 2-3 400002_ PRL108,122001 YTS) 5
hb(1P) ? ? E v i
hb(2P) ? 20000 — ho(1P)
0:++ bt |
i. I | 9.4 ‘ HI I9]6 " : | L 9.BI 1ICI L 10.2 1(;.4
BF(Y(nS) — nhy(mP)) MM ('), GeVie®
RSP(rurt,n) .
<(Y(nS) —Tirthy(MP)) > E1M1 transition.
Suppressed but observed in Y(5S)
Y(55) thanks to Zb intermediate state

Z ~1BB*> arXiv:1209.6450v2 Z,
Z\ ~IB*B*> -
with negligible IBB*> component

Spin flip occurs thanks to light quark contribute ‘ h,(1P)




RSP(ttrt,n) Experimental status

Y(4S) —»  Y(5S) —
hb(1P) 2 ?
hb(2P) ?

RSP(rTrL ) <= BF(Y(nS) — nhy(mP)) >

BF(Y(nS) —Ttrthy(mP))

Y(5S) — nhy(mP) never observed so far

11 0 __ Y (6S)
10.8 |- v(ss)
N Open Beauty
1045 NN\ bR
10.2 —
Y (1D)
10.0
9.8F 1, (1P
g ) Not enough phase
94 vas — space here
N 1 (18)
9.2
J°€ 17 0 0,1,2* 1~ 1,23
3 3
Sy lsu BPu,l;z 1P1 Di 2,3

Y(4S) — nhp(mP) expected to be as large as 10-3 with small coupled channel effect

contributions [PRL 105 (2010) 162001]
— possible test of spin effects with RSP(tttn)



hb(nP) has no known exclusive decays o112

Reconstructed
pal‘t 10.4

hadrons

(55)
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Events /0.1 MeV

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1
9.85 9.9 9.95 10 10.05 10.1 10.15 10.2 10.25

MM(yy) [GeV] 9



Combinatorial background subtracted

3000

> ~ Belle o ”
= 2 proiiminar s iﬁgﬂ?
= 2000 = y No(2P)
S 1500 — | l
C 1000 = * ‘ l
500 F—
: dﬂ |

-500
-1000
-1500

oo b o e
10.15 10.2 10.25

MM(yy) [GeV]

—> BF[Y(5S) —n Y(2S)] = (2.1 + 0.7 £ 0.3) x 103

—» BF[Y(5S) —n Y(1D)]= (2.8 + 0.7 + 0.4) x 103
— First evidence of single meson transition to Y(1D)

—>» BF[Y(5S) — n hb(1P)] = <3.3x 103 (90% CL)

— RSP(T,n) < 0.94 Expected to be >= 1
—» BF[Y(5S) —n hb(2P)] = <3.7x 103 (90%CL) ASsuming heavy
L RSP(T,n) < 0.62 quark spin symmetry only
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n transitions from Y(4S) ..

2 11.0F
)
2108
Theory [PRL 105 (2010) 162001] —
— BF~10-3 10.4 —
— Small Couple-channel related term (~20%) 102 —
10.0 -
9.8
> 8000 Combinatorial background >or
‘E_ _ subtracted l 9.4 ;_ vas n (18)
= i |||| 920 - -
© 6000 — J 1 0 0,1,2 1 1,2,3
_'E : Be”e ||| |I 351 lsﬂ 3Pu,1 2 1P1 3131,2,3
w B ] [
& 4000 Preliminary 4 'Ii*
L . Ili. . . .
zc}oc’%r | } ® W] First single meson, S-wave transition
e il il 1 .
r“" ‘. b1 AL |||| -,!!'4 it |||||"H I ' ||||||| ||| observed with>5 o
o I Ny i 1l ii'ih il I
S il :l 0 Bl
-2000 - |
-LI|III|III|III|III|III|III|I
.84 9.86 9.88 9.9 9.92 9.94 9.96

MM(yy) [GeV]
BF[Y(4S) — n hb(1P)] = (1.83 £ 0.16 £ 0.17)x 103  Belle
— RSP(TTIT,N) > 2.0 Preliminary

1



Spin-flip updated

BF(Y(nS) — nY(mS))
BF(Y(nS) —T1trtY(mS))

BF(Y(nS) — nhy(mP))
BF(Y(nS) —trthy,(mP))

Not the end of the story
BF[hb(1P) — y nb(1S)] ~ 50%

Spin-flipping based prediction matched

if light quark contribution is small
V(@2S) - Y(3S)— Y(4S)— Y(5S)—
Y(1S) pF2x10°% <2x103 24 0.1
Y(2S) 0.4
Y(3S)
Y (4S)
A
Y
Y(4S) —» Y(5S) —
hb(1P) > 2.0 <0.9
hb(2P) <0.6
*

Y(5S) anomalous behavior
due to Zb intermediate states
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Spin singlet states

Spin interaction term:

167
Vss = g -o(r)
b(0)[7

P wave — Odd w(r) — IWw(0)I2=0

AM,.(1P) = +0.8 + 1.1 MeV
AM,.(2P) = +0.5 + 1.2 MeV

11.2
v L
> 1OF . — Y69 Hyperfine splitting =
C | . M(triplet) - M(singlet)
©10.8 [ v(s8)
© _
= 10.6 :_ Open Beauty
- Y{s) e
104 ... 1,,(@P)  h,(3P)
Y e —
102 1,2P) NP —
- Y(1D)
10.0 -
; Y(28) N -
9.8 y p) (P 1P Hyperfine
E . splitting
9.6
I S—— =T~ 1S Hyperfine
94:_ (18) 'l]h{'ls'.i ! splitting
gol —
J*C 1 0 0,1,2* 1+ 1,2,3
3 3
51 lsu 3Pu,l,z 1P1 l:"'1,.1:,3

S wave — Even (r) — [P(0)I 2 =0

PNRQCD: 41+14 MeV
Kniehl et al., PRL92,242001(2004)

Lattice: 60+8 MeV
Meinel, PRD82,114502(2010)

Belle 55 : 57.9 + 2. 3+16 MeV
PRL109 (2012) 232002

PDG '12 : 69.3 + 2.8 MeV

13



Detecting spin singlets B

BELLE

30 AMM(ny)

-0.2 . . o 25

MM(ny) - MM(n)
M(nb) — M(hb)

20
-0.4

-0.5 15

-0.61 10

=0.7 ¢

-0.8

i

A

-0

-9
9.6 9.65
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Detecting spin singlets B

BELLE

=, AMM(ny) = MM(ny) - MM(n)
-o. 25 , - M(n b) - M(hb)
N . Y(4)
2 %% Belie il M[nb(1S)] = (9405.3 + 1.3 + 3.0) MeV
E 000 Preliminary ‘ 1 .8
= 4000F I!II |" || ',1“'! Fnb(1S)] = (11 ; % 3) MeV
= 30001 | ' ..,,..|||
< - . II il _ +11
20001 TN e e ||.| "\”! 1 BFINb(IP) —ynb(1S)]= (52" + 4)%
1000 b, " .f-'i. ! n!:u'!!,l:!;n | ||| ||| ||I. ||| ||‘|
" I‘||:I'|I'El.' '_l] i ||]Illli' ! | AMHF(n b) = M(n b) - M(Y(1 S)) =
oot T ] (55,02 1.3 3.2) MeV
08 -07 -06 -05 -04 03 -02 Assuming Y(1S) mass = 9460.3 MeV
AMM [GeV]
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Kniehl et al, Meinel,
PRL92,242001(2004) PRD82,114502(2010)

pNRQCD

30 40 50 60 70 80
AM.(1S) [MeV]

15



PNRQCD LQCD

BaBar '08 Y(2S) — y np(1S)

4.7

BaBar '09 Y(3S) — y nu(1S)

Cleo '10 Y(2S) — y np(1S) n

| | | | | |
30 40 50 60

AM,.(1S) [MeV]

ntriks/ (0
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S S

PRL101, 071801 (2008)
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i i
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( 0.005 Ge

D81, 031104 (2010)
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PRL109 (2012) 232002

10MEES

from Y(5S
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BaBar '09 Y(3S) — y nu(1S)

4.7

from Y(5 ) . I
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Part I

Hyperons
In bottomonium decays

16



Y(1,2S5)-> N +X

Hyperon production is enhanced in Y decays with respect to the nearby continuum

and is large.
BF(Y(1S) —

Phys.Rev.D76, 012005

A+ X)~10%

1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
= CLEO W 1SData =
- & + A & 35Data |
= 3 y O ismc |
s | 5 .
e L i
8 i O 3SMC |
T +
£ 2~ . —
w L 4w i
1o H| [ H]
or 4 M ]
Egg | _
4 . ;
I 4 t ]
| B
L
| m & .
3 o
0 1 1 1 1 I 1 1 1 [E 1 “_
0.00 0.25 0.50 0.75 1.00

Scaled A Momentum

Enhancement for baryon B:
olete—Y(nS)—B +X]

olete—qq— B +X]

ggg/ad Enhancement

Phys.Rev.D76, 012005

| | | | —
B C LE O B 1S Data :
[+ oama £
B )
__ kS . ;LE‘FOJ’Bti __
= MC * + * o
i = i
_ H b _
_
I | | | | |

A P p f,(1270)

17



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

x10°
i : : : 3 600
What is the enviroment in which these hyperons are produced? = _ | Y(IS)data.
N
AT 400:—
300;—
. o00]
100]
| § et QT05 AT T A1E T2 1125
A M(px) [GeV/c?]
\
A \ Energies:
A _ | K*+K~, 11T, pp, T© g YIS
> Y(25)
/ Contlnuum qq
5
8 |- ' =
e- - (1S) T(zs) T(3S) |T(4S)
6 ||
5 | |".
4 — ol o 2 o & n JL_: A &“-‘ﬁt O T~
. * MD-1 © ARGUS A CLEO Y CUSB DIIIIM
2 = — | ¥ Crystal Ball L CLEO I1 DA‘SP LENA | ]
9.5 10 10.5 11

Vs [GeV] 18



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

A+ 7t~ KTK~ 7Y
AA + 7t npp

AA + 3(ntn) of

AN +2(ntn ) KTK ™
AA + 2(n 77 )pp ©°

m

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

23.35 £5.97 £ 4.02
30.70 £ 8.60 £ 5.36

Preliminary
X = combination of K*K~-, Tr*7r, pp and Tt°
Max 9 bodies, Max one T — 48 channels
p)
ZX BF[Y(lS)—)X BF[Y(2S) — X] |Pog(0)l — = 0.77
BF[Y(1S) — X | 0)l
Channel B[Y(1S) — X] [x107%] B[T(2S) — X] [x107°] Q
AA +7tm— 1.43 + 0.48 + 0.23
AN+ KTK™ 1.29 + 0.51 + 0.20 1.27 + 0.47 + 0.20 0.98 + 0.53 + 0.11
AA +2(7ta) 6.09 + 1.28 + 1.11 3.81 £ 0.97 £ 0.61 0.55 + 0.17 + 0.06
AN+ 7T  KTK™ 11.83+ 2.01 & 1.87
AA + 77 pp 2.99 4+ 0.86 &+ 0.47
AA + 3(nta) 13.144 2.36 + 2.10 472 + 1.64 + 0.75 0.36 + 0.14 + 0.04
AN+ 2(r T )KTK™ 18.994 3.60 + 3.04
AA +2(ntn )pp 6.03 &+ 1.67 £+ 0.96
AA + ?r+?r 2AKTK™) 2.03 + 1.49 + 0.47
AA L 7t 70 2.00 + 0.97 £ 0.34
AN+ 2(ntn) = 13.86+ 3.96 + 2.35 76 + 3.06 + 1.66 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)- exclusive AN + X

X = combination of K*K~-, Tr*7r, pp and Tt°

H‘!I
(=)
™

60

—-—Y(1S) = AAK'K + (n-2) «
——Y(2S) 5> AA+NnT Q
——Y(1S) 5 AA+nm

&)
o

+ 0.53 = 0.11
+ 0.17 = 0.06

HN
o

>—
X,
2
[ m—
©
oC
o
§=
-
Q
c
©
-
o0

Preliminary

(dh
o

I‘LITL —+ ?T+?T_p'
AA + 3(nta—
AA +2(mFm™
AA +2(mT o™
AA + 7t 2(
AN+t

+ 0.14 4+ 0.04

N
o

—
o

| | | | £ 0.30 = 0.08

AA + T K 4 5 6 7
AA + 777 pf Number of additional mesons (n)

+0.14 £ 0.05
TR L 0 1 ) : : . O 0.39 + 0.12
AA + 2(xt 7 )pp 7° 15.95 + 5.81 + 2.76 19




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

Dynamical interaction within the A/_\_pair
— Low threshold enhancement in M(BB) is a common feature in B meson

baryonic decays
Y(1S) ->AARTKK e'e’ — qf 2AATTTR
o E o 10—
L 10— S
> L o > - . s
: L Preliminary : Preliminary
o I i
3 8 S i
PR 2 ¢
s 6 § I
a - i L
4j 4j
2— 2
- N P PR O Y I Pl R B i P R N O | R s e —
2 3 4 5 6 7 8 2 3 4 5 6 7 8
M(AR) [GeV] M(AR) [GeV]
Y(2S) 5>AAKK e'e’ - g SAATTKK
L 6 © F
: - s ° Preliminary
= 5= Preliminary = -
e E 2 o
PR = PR
E C g 5;
o 3 a4
2 3E
- 20
"
— L C S I T BN s e N
é 3 4 5 6 7 8 2 é d‘f 5 6 7 8

M(AZ) [GeV] M(AR) [GeV] 20



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

Dynamical interaction within the A/_\_pair
— Low threshold enhancement in M(B3) is a common feature in B meson

baryonic decays
Y(1S) 2»AATTK'K < 10 e'e’ - qg SAATTTT
E 10_ Preliminary 2 . Preliminary
s 8 3
L 4; B
i AN pair are produced in high multiplicity events
=~ 3«8 There are hints of interaction between A and A
Y(2
2 6
S e Stay tuned for inclusive analysis
ioo
2

AR e T T T e NS S s s _

> 3 4 5 5 7 8 > 3 4 5 6 7 8
M(AZ) [GeV] M(AR) [GeV] 20




Search for H dibaryon

Exotic state (Jaffe, 1977)
— completely antisymmetric arrangement

(dzc/dildm} L/ (sr 7.5 Mc\f!cz)

05F

0

of uuddss
A, Combinatorial
B..... Phase Space for

K’DC—>mBe(g.s.] K AA
Giwms INC (FS1 OFF)
D

INC+FSI (fss2)
INC+FS1 (ESC04d)

E

Yieldi(5 MeVic?)

! ! ! N
0 25 50 75 100 125
AA Invariant Mass-2M (MeV/c?)

KEK-PS
E522(2007)

1200f

=
=
=
=

==
=
=

=z}

=

=
T

400k

STAR Preliminary

o AutAu 200GeV (0-20%)

— rotational background

2.3

2.4 2.5 2.6 2.7
Mass,_(GeVicT)

RHIC-STAR
(2011)

Y(nS) can produce bound baryon-baryon states

high yield of low momentum A .
— can the H? be produced also?

ds u
d su

WEAK DECAY LIFETIME T

OF H DIBARYON

F
f
& \
Conn MMNx An M AN AAT
IEF z/ l [ l Il 1 l 1 ll \a
1.9 1.95 2.0 2.05 2.1 2.15 2.2
my, EGEWi:E‘.l
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Search for H dibaryon

PRL 110, 222002 (2013)

Analysis strategy:
— Inclusive reconstruction in Y(1S) and Y(2S)
sample
— Decays withH - AA, H— ="p,H —> Ap1U

Assuming BF[Y(1,2S) — H + X ] = 5% BF[Y(1,2S) — d + X ]

m;_PRLHO, 222002 H(io‘j?) ’/ E: ——
§i_ £ + E:EE | k H
1 e ik

} | i T
_ 12 — - ] E E; | residual +H ’ .
) SRR TTLIE | IR £
e % J‘+ +Jr [ .H_H_ 2 T JrJr 1l

10 40 35 30 25 20 5 0 5 0

Mi A ﬂrEm_ il'-..'le‘u":l M{Apr)r2m, (MeV)
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Search for H dibaryon

Analysis strategy:
— Inclusive reconstruction in Y(1S) and Y(2S) Stay tuned for
sample Pentaquark searches

— Decays withH —- AA, H— ="p,H — AptT

L
m 10%
5| —
> £ BF[Y(1,2S)-dX]
B\\ H-..-..-..--.--.‘-.--.--.'-..:‘:.-..-..--.--.--.--..-..-..-..-..--.--.--.---
S ApT i AA : Ep
10° | <& . : .
— PRL 110, 222002:(2013) =  Preliminary
sl A o Ut~ P2 o e
= =7 0T Tha H e — R
ST R o By SO S
— ’ \] !,-1I- :.:‘ :: I. ; ; -t E_"[:E i, ' ':}.J‘::
- AV S BN T : 4
| Lo are R IR 4
. L R E‘E -
iR mils E b
107 & F ihi o= i
— | 1 1 ' : Ly L Tmi 1 | 1 L 1 | 1 Ls 1 1 | 1 1 1
50 0 50 100 150

M'2mﬂ (MEV) 23



Summary

First observation of Y(4S) — n h,(1P) Preliminary
— First test of QCDME with n h,(1P) transitions

First study of Y(5S) — n h,(1P) Preliminary
— No evidences, but upper limits allows to increase our knowledge
of the spin flipping transitions pattern

First study of Y(5S) — n h,(1P) Preliminary
— No evidences, but upper limits allows to increase our knowledge
of the spin flipping transitions pattern

Updated parameters of n,(1S)  Preliminary

First evidence of near threshold enhancement in bottomonium decays

Stringent upper limits on H dibaryon production
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- - )
Zb in Y(nS) final states :,
5
PRL108,122001 10750 -
(3;'; 10.6;— Y(3S) 10500
Y(nS) — pru- = 104}
- Clean final state %‘ 102 Y(2S) e’
- Pure Y(nS) sample fof bl
- TUTT recoil tag °8F _
9.6 9750 -
L Y(1S) dooh '
94 - P ;
. ook ISR 9500
3 other observation X A ey [
o | 9.5 10 10.5 9250 - L=1 L=2
of Zb sl MM ("), GeV/c? e &1 S0 Sa S0
Y(3S)x
E .." § ".'. ;‘ .
z B L T M
Tt FEE N
108 [ XA,
Ay "";3"""-- =" .{;’ﬂ- : ‘-'|_'.
102 - R i R
100 [ X TR T ST
M (Tt)




Z Summary

PRL108,122001
S I : i : Mass and F
. ; , : measured in 5

Y(28)m'm e . T 1 B different

Y(3S)R'n | - o & final states agree
h, (1P - —e— - .

h(2Pin'n  p—e— . —— -

Average + + + +

.._.1Il:.|.- D_I-II..III:;-- .._..‘IIC.I.. I:I ...-1II:I... .._.1II:.]...D....1II::.. ..:-;Ii.. I: ...1ID...
AM, MeV Al MeW AM, Me\s ALY, MeWs
Angular analysis suggests J° = 1* The Di Pion transitions from the Y(5S) proceed
via the intermediate charged state Z,

Z (10610

M = 10608 pm 2.0 MeV The transition does not imply spin flip

[ =15.6 pm 2.5 MeV Masses are close to B*B and B*B* theresholds
Z (10650) Molecules?
M = 10653 pm 1.5 MeV

[ =144 pm 3.2 MeV The Y(5S) is an unexpected source of h_




5 [
=
= N . . r
% 20 3 Y(ZS 1T Y(1 D) TFTl_Prehmmary o=
£17.5 | i 10500
2 b Y(2S) -1eTrY(1S)
i 10250 |
12.5 | N —vy i
10 | I 10000 |
7.5 E— 9750 |
L |
: T final stat
25 ) H]q I Y(18) ) Inal state
o tlL Il PR |1 | O T AN B | P 9250 | L=0 L=1 L=2
9.9 9.95 10 10.0510.110.1510.210.2510.3 10.35 10.4 e e
MM( ), GeV
% [ : ves) Significance 9 o
L 40000 - | ;
= 5 An evidence of Y(1D) was | ; o
£ s0000 - Y49 ggen in inclusive MM(TTTT) ny(2P) - Significance 2.90
20000 — spectra M(1F) I Y(38)
E i Y(1D)
10000 [ | :
o bttt St Byl it ol Sl W Y |
T AW LT L 1L AR ] L 5
9.4 9.8 9.8 10 2 10.4

MM( '), GeV/c?

B[Y(5S)— Y(1D)Tr*Tr] B[Y(1D)—x,(1P)y —Y(1S)yy] = (2.0+0.4+0.3) 10*



nhb(l,ZP) mass: Zb

PRL108,122001
| The heavy quark spin flip is predicted to suppress
e 1P z, the Tmh,_transition
10000 7
: b _.»""_lel
8000 F _ spin-flip \iJ <
s000 b @ L[Y(55) % hy(nP)mt7~] 0.46 = 0.0811 (5  for hy(1P)
4000 LT }5} o T@2S)m+r=] — 0.77}0.0873  for hy(2P)
2000 i [+
i J',I .LT.I' HoishiED ) No suppression
T T
) T Sl |
o e (hlfﬁ Gevyez Intermediate state? Look at h, yield in bins of M(mth, )
. (1 point — 1 fit)
i‘l?ﬁ-ﬂﬂ = Y(5S)
15000
12500 F 7!
10000 F b
" 7500 Z,
i The transition is
200F mediated by an
oF . intermediate
104 10.5 10.6 1I:I'.T|"2 charged state
M(h,x), GeV/c




Less background than in the inclusive
searches from Y(2,3S) 0

hJJ (1P,2P)- yn, (15,25) : .
=
PRL109 (2012) 232002 et
h.(1,2P) is predicted to have large BF p—
for radiative decays to n_ sl
. 1 0000 -
Bth(1 P) — V nb(1S) - 410/0 0(104) |arger .
BF[h.(2P) — yn (15)] = 63% than in the Y(nS) 9750
BF[h (2P) — yn,(2S)] = 13% system o500 |
: - ; 9250 | L=0 L=1 L=2
Clean experimental signature with the R o S

hb(1,2P) and Z_tagging 910000_‘ N

S 8000

Means S

9; 600{):—

3000 —

m

! Fs-' A

Y(3S)-yn, (1S)

0.5 0.6 0.7 0.8 0.9 1 1.1




Search for the n b (1S) AM__(T'TrY) =
PRL109 (2012) 232002 M__(m'mTy) —
M(n(15)] (9401.0 £ 1.973-7) MeV /¢? LM (TT)+
[[np(15)] (12.47 {;:* :],‘_'_ir*] MeV ‘n\ M (hb)

Y(58)

B[hy(1P) — 1(15)7] = (49.8 £ 6.8F:5")%

Discrepancy with theory (41%)

MC 5|mulat|c-n

Z tag
Y requested

© O 8
= .
2 96 > |
: = h, yield from fits

= o 6 b
; 5y AR L ¢ R ..'.-'. pra g e L i i
*: 9.4 et *ﬂ el — | in bins of AM __
3 i dotrue o] 2 4 1 point = 1 fit
EE a2} fake tr true v % L
< true v -

g' R i F 3 g %—f 0 . i =”_!I 11", ] |. P C o P R R

98 985 99 995 0 2788 9 92 94 96

r,m!m(n: ), GeV/c® AM__ (t'1y), GeV/c?



Y(nS)- nY(mS)

E1E1 transition The n transition requires
YNS) — m m YIS a spin flip
No Spin Flip
QCD multipole expansion:
E1M2 transition spin flip amplitude
YNS) — n, m° Y(mS) proportional to (m,)*
Spin Flip Kuang Front.Phys.China 1, 19 (2006)

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

BF(2S — 1S) = 2.1 x10* [CLEQ], 2.39x 10* [BaBar]  ~8 x 10™ [Theory]
BF(3S — 1S) < 1 x10* [BaBar], ~6 x 10" [Theory]
BF(4S — 1S) = 1.96 x 10* [BaBar] Orders of magnitude higher (2.5x Tuttransition)



Y(SS)_) n Y(1,2$) %11000} Y65
” T
10750
. 11— + R 10500 Yip)
Exclusive Y(1,25) » W+ n - T -l
reconstruction Y(2S) - YIS)'TT + n -yy Y L~
10000 | Y_(TJ ......
i n,(28) % b.(IP)
B[Y(5S)~ Y(1S)n] = (7.3+1.6+0.8) 10* o750 | e
Preliminary _ *
B[Y(5S)~ Y(2S)n] = (38 £ 4 £ 5) 10+ 9500 |
Yus;“m)
9250 L=0 L=1 L=2
S=1 S=0 S=1 S=0 5=1 §=0
> 20¢ > 18 [
= 18| = 16 E
2 o [MM(TTTTTE) | s f M(yy)
- _ Prefiminary 10 - Preliminary
o | sk
6 [ 5F
a | _ a3
1 et "”""]1]_' rL”" 2:_.-IJ-!_I|I.j o i P R——n R H.ﬂ.ﬂ...
09.3 94 95 96 97 98 99 10 101 10.2 10.3 nl:l.3 0.4 0.5 0.6 0.7 0.8
MM(1), GeV M(vy). GeV



wmr transitions @ Y(5S)

Y(nS)nr cross section (pb)

Y(nS)nr cross section (pb)

7 F (a)Fit with comman;‘,t and I, ¢¥/n.d.f. = 39.416
6 | :
5 E + Y(1S)nn : *
- Y(2S)mn ; i
YE L y@s ;
3 F :
S ¢
1F ; ' * *
0f : ’
1075 108 1085 100 1095 11 1105
CM Energy (GeV)
7 E (b) Fit with Independ;ent i's and I's, y/n.d.f. = 29.9/12
6 | : -
s b + Y(1S)nn : }
E W Y(2S)mn : }
YE L y@s) ;
3 ]
| I—_
1E = ! * i
of ' —t
1075 108 1085 108 1085 11 11.05
CM Energy (GeV)
PRD82(2010),091106R

M(u'u), GeV/c®

10.6 F Y(SS/
.
102} Y(2S) / /
ok i
y %8
“F yus) 5 ik
9.4 S
9.2f / ISR
955 95 S0 105

Y(5S) = Y(nS) +n-

D
>

BELLE

(n=1,2,3)

Y(nS) — pty-

MM(r*n), GeV/c®
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wmr transitions @ Y(5S) <D

BELLE

PRD82,091106R(2010)
PRL100,112001(2008) [(MeV) g 12 _
Y(55) — Y(1S)r T 7 0.59+ 0.04 + 0.09 % ool g line ::ape
_ T 0.008|- # Y(2S)= '
Y(55) — T(28)r 7~ 0.85+0.07+0.16 el 1 T
0.20 E_L'I.LIEIE—* Sl |
Y(558) — Y(3S)rTr~  0.52575 £0.10 E ok [
T(25) — Y(1S)r 0.0060 PR I A | *
T(35) = Y(18)nt7n~ 0.0009 0.000 S '
Y(48) — T(1S)at7™ 0.0019 o 05—
=
° 05
=)
Simonov JETP Lett 87,147(2008) % 04}
Rescattering Y(5S) — BBmut— Y(nS)? 2 ol
0.2
0.1

> gy 9 1 .4 - | 4, o 41 4 0 4 | 4, 4 4 4 1 4 4 4
1075 108 1085 109 10895 11  11.05
\ s (GeV)



Missing Mass technique

Y(5S) produced at rest in the colliding e*e” frame

Y(SS)

h b(nP)

reconstructed

M(hb) - (Ecm - E;[Jrﬂ-)z o p 112t+1T- = Mmiss(wn)

SN

Known Measured




n,(25) claim

arXiv:1204.4205
> ‘g Dobbs et. Al analyzed the data from
= B i :
= s Y (23) CLEO:-IIl searching for
N7 Y(2S)-> y (bb)
£ O with exlcusive reconstruction of
E sl (bb) — X in 26 different hadronic modes
3 Xbo
2 :
1._
% 200 250 L. 300 Y(2S)
A M (MeV) n,(2S)
+4.0 ——— Xu(1P)
Belle: AMHF(ZS) =23.4 _, - MeV Hadrons T
Dobbs et al.: AM_(2S) =48.7 MeV
Hadrons
N AMy; (MeV) M (MeV) x°/d.o.f.  signif. () By x By x 10°
m(2S)  11473% 487423421  99746+23+2.1  91.8/103 4.9 4627775 £10.6
m(18) 103757 67.1+£34+£23  93932+344+23  114.6/107 3.1 3017335 £ 75

BF[Y(2S) — yn,(2S)] x BF[yn,(2S) — hadrons] = (46.2 f’fi‘iﬂo.s) x 106



Exclusive n (2S) at Belle

arXiv:1306.6212

0035 0.04 0045 005 0055 0.08 0,065

Y| R E R E T 095 0.3
A M (GeV/c?)
25 fb-1 at Y(2S) energy

(158 M Y(2S) decays, 16x CLEO)

87 fb! below Y(4S) energy
for the study of the contiuum
background study

BF[Y(2S) — yn,(2S)] x BF[yn,(2S) — had

Identical reconstruction modes

Y(2S
(25) ,(25)

——— Xu(1P)

Hadrons ;

Hadrons

N,(2S) claim by

Dobbs et Al. is
disconfirmed by Belle.

~ one order of magnitude
below the claim by
Dobbs et at



oL I
h (1P) at BaBar -
b %11“““? Y(65)
: : : Y6
3 sigma evidence: Skl
e+e- — Y(3S) — mt’h S
b 10500 Y(4S)
] YES)\...
~ 10250 hﬁ)
] Y(I'D) Y1'D) -‘
3 10000 - Y(2S)
_E n,(28) ;{I_P') hﬁ]
; 9750 |
o 555570
T m,, 5 (™) (Gﬂvfcz)_ 9500 |
é é o ;-':—_--.-ﬁh.p"'_-.:*"“Iq."-_."_‘.'.--.-._'.-.q,—.-'.’_‘ﬂ':-" -.'_-""q'-..'."-;f “-{']-.IS:I e U
‘ZE S 5 9-_?5 - -9-_3- - 9_35- — 5;_9 -9-_95- : ;{! [ "hus]
m,__ (™) (GeV/c™) 9250 r L=0 L=1 =2
E | ' ] =1 =0 S=1 S0 =1 §=0 |
E f
= E
Ll
T
} J ; Phys.Rev.D 84 091101(R)
W00 555 —gE 985 95 955 10

M o0 (T7) (GeWVic®)

n? recoil mass (GeV/c?)



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

Preliminary

Dynamical interaction within the A/_\_pair
— Low threshold enhancement in M(B3) is a common feature in B meson

baryonic decays

Significance of the deviation form phase space flat distribution
Final state X T(18} =X T28)>X e —2gg>X
AA + o™ 2.16 1.83
AN+ KYK- 2.94 4.60
AA + 2(mta) 2.96 3.07 4.23
AN+ mta~K+K- 41.61 6.08
AA+7tn—pp 2.06 05T
AA + 3(nto) 0.31 2.97 3.76
AA +2(rta ) KYK- 0.36 3.75
J-L“i—l—E(n T )pp <0.1 0.83
AN+ 7t 2(KYK ) 0.50 0.29
AA + tn— o0 1.95 2.36
A+ K+K— #© 1.51
AA +2(ztn—) o <0.1 0.36 4.27
AR+ 7t~ KtK— «0 <f.1 2.33
AA + ot pp o° <0.1
AA 4+ 3(xtaw) 7l 1.38 0.25 2.10
AN+ 2(rta )KHK— of 1.28 <0.1 1.28

AN+ 2(rF 7 )pp w0 <01




Search for H dibaryon

Exotic state (Jaffe, 1977) ds u
— completely antisymmetric arrangement d su
of uuddss
3

o g 1200

5 29 ] ismmsmen Combinatorial i STAR Preliminary
= B . : : -

E“ E{lﬁzﬁgiﬁgijﬁms K 1000— s AutAu 200GeV (0-40%)
e 2 C ' i a i

r_:__: EENEEEEEEN INC {FSI OFF) E B':'I]__ _rﬂtﬂﬁunal bachgmund
& 1 D o INC4+FSI (fss2) E i

= 15 n E INC+FSI (ESC04d) = T

s I 5 ooof

= o i

= I b= -

E 400

= :
= os}s[F !

AlR =N N 200~
0 ' ' ' ' ' o :|||
0 25 50 75 10 1] =52 2.3 2.4 2.5 2.6 2.7
AA Invariant Mass-2M , (MeV/c” Mass,,. (GeVics)
KEK-PS RHIC-STAR

E522(2007) (2011)
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Spin-parity of the Z,

New study of spin parity with a 6-D fit that includes contributions from non-resonant S and D waves:

S(s1,52) = A(Z,) + A(Z,) + A(F,(980)) + A(f,(1275)) + A(NR)+ A(C)

/

Breit-Wigner

Flatte

/

Breit-Wigner

Fit projections in M(Y(nS)m)

\

Breit-Wigner

C, +C,M3(TTry

80 T Y(]_S) e "mw Y(ZS)
} P=1t1 2+ 2 |
N 1 @ 205— P i

Y01 102 103 104 105 106 107 108
M(Y(18)7),,,, (GeV/c)

L LB N ATt
qﬂ# 1045 105 10556 106 10.656 10.

M(Y(28)T) ..., (GeV/c?)

/4

7 10.76

100 [

(=]
L=
LA L

(=11
(=]

e
(=1

{Events/5 Mevfcz}

[~
(=]

fose

1+ is assigned unambiguously

120_IIIIII

061

=
)
w

(GeV/c?)

M(Y(38)7) .,



Z, decay modes

Y(5S)
arXiv:1209.6450v2 / \
120 T[ \
' - Reconstructed 1/ \ Z\,
L *
AT ) BB part I —+—
= Z
w B0 \ b
= B 1
Eﬁ} 60 \ B()
£ A
o 40 —
? 4 ) Not reconstructed
= 29 [ ~_| Recoil mass from
: . : . . B*1tsystem tags the
u 1 i i i i | i 1 i 1 i | i i 1
5 5.1 5.2 5.3 5.4 5.5 Other B
rM(Bn) +M(B) -M,, GeV/c*
50 C I T T 1 1 '[‘ L L DL L | 1 T 1 71 ] 50 [ T T 1 T I L . D T‘I1 T 1 1T 17T [ 1 1 17T 71 ]
v Wf 1 o wf -
S~ L - S L 4
> - i > i ]
(] - - QU B i
= 30 = = 30 =
0 : 1 o : i
~ - - 8 = -
n - - n = 4
-E 20 — —: -lﬁ’ 20:— —:
o i : 1 N :
Z 10 N . Zz 10 — 7
i iy S 4
0 10.75 D 10.6 10.75

Giev/o::2
Recoil mass form single pion in selected events




Z, decay modes

arXiv:1209.6450v2
Z,
Channel Fraction, % e—— .
B*B*
Zb(lﬂﬁlﬂ) 25(10650) zb
T(18)nt 0.32 + 0.09 0.24 +0.07 i
T(25)nt 4.38 +1.21 2.40 + 0.63
T(38)nt 2.15 + 0.56 L64£040 | e .
hy (1Pt 2.81 + 1.10 743 +2.70 dr°m inclusive Y(3S) — e +
by (2P) 4.34 + 2.07 148+ 622 | “CHS
BtB* + BOB**  86.0+3.6 C -
Bt 50 B 734170 — Kinematically favoured but
absent
Why Z,(10650) should not decay in BB* ? Molecular
Model

Z ~1BB*
Z', ~IB*B*>  with negligible IBB*> component

Proximity to open threshold J The Z, are
. BB* and B*B* molecules
[" (open flavour ) >> " (narrow quarkonium) J with J° = 1+ (2)




Search for Z,°

arXiv:1318.2648

Y(55) — TOT® ‘ —>

ete, WU

of | ptu mom

50 -

Events/ 10 MeV/ic™

40

» E Y(1S)

-7

{(a)

Events/ 10 MeVic®

/ZQMMJ Mm

92 94 96 98 10 102 104 10'6

M,,..(n"x°), Gevic?

BF[Y(5S) — 11 Y(1S)] = (2.25  0.11
BF[Y(5S) — T Y(28)] = (3.79  0.24
BF[Y(5S) — T°® Y(3S)] = (2.09 + 0.51

+0.20) x 10°3
+ 0.49) x 103

+0.34) x 10°3

\

60

50

40

20

10

0
9

30

- etenon®| @

.
T S,

Yy

| IO NN T R

92 94 96 98 10 102 104 106
M,_..(x"x"), Gevic?

BF[rttmr] = (4.45 £ 0.1
BF[mt'T] = (7.97 £ 0.3

BF[re'rr] = (2.88 + 0.1

__—

Isospin symmetry : BF[Tt*1T] = 2x BF[°r® ] OK

6 +0.35) x 107
1+0.96) x 103
9+0.36) x 10°3




D

Search for Z,° D
BELLE
arXiv:1318.2648
Again multidimensional fit that includes contributions from non resonant S and D wave S(s1,82) = A(Z,))-
A(Z',) + A(f,(980)) + A(f,(1275)) + A(NR)
0 o] Y(AS)TOMO | 8 e X(2S)OMO oy w8 ] X(3S)RORO |
30 ;— w/ st | (a) —; (a)

(Events/4 Hev,r'cz:l
(=]
T

(Events/20 MeV/c’)
(Events /10 Mercz}

= 1 bl £
10.75 ?0.58 10.6 10.74

M(Y(18)n) ., (GeV/ch) M(Y(28)m) ., (GeV/ch) M(Y(38)n"),,,, (GeV/c’)

Significance is calculated from the Multi-dimensional fit

Z°,(10610): 6.50 [4.90 from Y(2S) + 4.30 from Y(3S)] Observed

Z°,(10650): not observed but not excluded either



Discovery of Z_(4430)

Events/10 MeV/c’

Events/10 MeV/c>

Belle: PRL100, 142001 (2008)
BaBar: PRD79, 112001 (2009)

el L
= =
I|IIII| LI
=
s

i
=]
T T TTT

a,f

FuIIy

Compatible

» i m,m:

E;O
TR 430

)
JIY
large K* background

Belle:
Charged charmonium-like

+15 +19

12 4 MeV

+86 +74

=107 ,, ., MeV

Very close to D™D,

M = 4433 threshold

BaBar:
Effect of highly excited K* states

“We obtain mass and width values that are
compatible with theirs [...] buronly 1.9's;
fixing the mass and with increased this
toonly 3.1 0




Z_(4430) quantum numbers

arXiv:1306.4894

4-D dalitz plot fit Vetoed regions

— M(km), M(p), g elicity , 6(Ti)
K*(892) and K*(1200) are vetoed
broader K* resonances are included in the fit

B(B" = 'K 7)) = (5.80 £ 0.36) x 10—,
B(B" — 'K *(892)) = (5.207 450 5'3) X 10~*,
B(B” — Z(4430)TK~) x B(Z(4430)* = ¢'7t) =

(35552703 x107° for J¥ =1F or
(15401407 % 1075 for J¥ =07,

Events /0.17 GeVeLc*

Belle confirms again the Z(4430) with a slightly different mass (No
more close to D*D, threshold)

n.a'-: ::-'-:-'.- - -.' ;.;.-_; .- ;.-__;._._. -: -.'-: -. .a.u
My ), GeVeic?

J* 1~ 1 2" 2t
Mass, MeV /c? 4482 + 4 (4500 + 12| 4545 + 2 |4367 £ 2
Width, MeV | 139+ 36 J109+ 0.3 126 £ 20 [11.2 £ 0.6|9.1 £ 0.6

Significance 1.20 6.1a 2.3a 2.6a

1+ is preferred
0" cannot be excluded
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