


Bottomonium and Charmonium spectra

Charmed-+Beauty Mesons+Baryons

Charged Bottomonia

High Energy Scans at ~11 GeV

ISR scans on Charmonium region

Double Charmonium
Hyperons and Dibaryons in Upsilon decays

Belle-II @ superKEKB: collaboration, machine, detector
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N | Title Year | Cites
1 | X(3872 2003 | 739
2 | Large CPV 2001 | 618
3|B— Xy 2001 | 381
4 | cPinBYR’ 2002 | 326
5 | DO mixing 2007 | 292
6 | Y(3945) 2005 | 290
7(B—-1v 2006 | 277
8 | 2 2002 | 272
9| b— sy 2004 | 265
10 |D*(2317), D.1(2460) 2003 | 258
11 | D** 2004 | 249
12 | Z(4430) 2008 | 235
13 | Dy 2006 | 221
14 | X(3940) in 2cc 2007 | 204
2




: 6
Data samples (units 10°) Decays on Resonance Peak

Y(nS) Peak Running o0
2002-3: CLEO-IIl 1,2,3S
2006: Belle 3,55

120 |

100 | B CLEO
2007: Belle 55 B BABAR
2008: Babar 2,3S 80 | B BELLE
Belle 1,2,5S 60 |

2009: Belle 2,55 w0 |

20 |

1S 28 38 58

Y(2,3S) Peak Bonus:

Tagged 1S from Y(4S) Peak Running
Y(2,3S) & a'nwY(1S) .

Pl+PI-Tagged Decays e’eY(nS) Yisr “
o(1S@10580) =19 pb
o(2S@10580) =17 pb " |
mCLEO o(3S@10580) =29 pb

B BABAR

mBELLE (*) untagged y

ISR untagged decays from 4S

ISR 18 25 3S

—» With 50 ab™ at 4S: 0.95,0.85,1.45 G at 1,2,3S

2S—> 18 38— 1S
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Bottomonium 2008-12

> :
5 amazing years for %mm Y0
bottomonium BB YCS)
g - . 10750 - = 2 2011
pectroscopy: ]
BB— 2012
Y @SY . 7
: . 10500 [ 3P h (3P}
- Y /Y(5S):0bservation ; A ’
of large dipion transitions ;gsf YOV 138) h2(_20;}1
to Y(1,2,3S) from 20 MeV : 1(2P) {ﬁ?ﬁ} YD)
bove 55 peak o 2012
4 , P 100007 Y(28) 1 35) 2011
- Discovery of 1| (2008) —gy
. . xb
- Discovery of the triple 9750 ¢
N _
cascade Y, =Z —h —mn, ool
* 4 parabottomonia Bl (- ey
% . - n,(LS)
2 charged bottomonia 0350 | o L -
: Dlig?)‘)fery (ATLAS) of ST S0 ST S0 S S0
%,
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h (1,2P) from Y(5S) FGEEEE y

Inclusive search : e'e” — Y(5S) = x'n + ... © mf
S Qs : : Y(25)
S F Simultaneous discovery of h (1,2P) s 7 B
g 40000 N i b g5 o710 '1'022'5' ' iol.s2
o - New pathway to Y(1D) states 0008
E B Y(1S I .
530000* " i i y(2P) 25 —1s
W I i
20000 | i
10000 F |
o ™ | ,
’ VAL i |
o SR B v e s
9.4 9.6 . 10.4

MM(x*x), GeV/c?
Residuals of the dipion recoil mass spectrum
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PRL108,032001
h (1,2P) from Y(5S) )
o
Yield, 10°  Mass, MeV/c®  Significance ;"™ Y6
T(1S5) 10524+ 58+3.0 94594 +05+1.0 <> 1B.20 s B&
hu(1P) 504+ 7.873° 98983+1.171Y < » 620 BB
35 — 18 56 4+ 19 9973.01 290 ™"
T(25) (14358768 1002230410 < 16.60 1050
T(1D) 220+78 10166.2+26 o, 24do
ho(2P) | 84.4+68%2 102598 +06%12 <, 1240
28 — 15| 151L.7£9.775; 10304.6+06%1.0 15.70 o0 1
T(35) | 45.6+52+5.1 10356.7+09+1.1 < 85¢
9500 |
Significance after correcting hh( IP) 5.50 v n,(1S)
for systematics effects: 9 ! i I L=2
Masses very close to the h,(2P) 11.20 &= B & FL
COG of y states, as expected , +1.6 ,
from one gluon exchange. AMHF(1 P)=1.6x1.5 MeV/c AMHF(ZP) =0.5 12 MeV/c
.fﬂ‘w Ratio of spin flip vs noflip dipion transitions totally

spin-flip v unexpected from theory.... s
o +0.07

[[Y(S) & TRS)a*a~] = | 0.7740.081032  for hy(2P)

no spih—flip @ 6




Charged Bottomonia : Z's

The two charged
bottomonium states
are observed in single
pion recoil in 5
processes:

- inclusive Y(5S)
decays to h,(1,2P)

w
B
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ield / 10MeV

Y
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=
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(=]
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o
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10.05 GeV <MM(x*m) < 10.10 GeV
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-
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Zb parameters PRL108,122001(2011)

Belle discovered two charged
bottomonium-like resonances:

11000 -

MMeV/c

Z(10610)

{ 5 85
M=10607.212.0 MeV ?/ 10750
I'=18.4+2.4 MeV é; BB
'\_ \_/ B

10500
Mg + Mg. = 10604.5£0.6 MeV

Z(10650) /éi/ 10250

M=10652.2+1.5 MeV

I=11.5+2.2 MeV &
(B2 10000
Mg. + Mg. = 10650.2 + 1.0 MeV o

Analysis of angular distributions

suggests J"=1" for both these states. L
Observation of Zb decays to BB* and
B*B* is consistent with molecular 9500
nature of the charged bottomonia.
(Voloshin, Bondar, et al) N, (18)
9250 - L= L=1 =
ArXiV:1207.4345: S=1 S=0 S=1 S=0 S=1

Evidence of neutral partner of lower

Zb in Yx° with 4.9 S|gma significance
52nd Bormio Meeting, 29/1/2014 R.Mussa, Hadron Physics at Belle II 8



Zb —» BB*+BB*, B*B* AIXIV:1209.6450 .

g 40 -4
= preliminary >
BF[Y(5S) = B™B™n]  pojie 121.4 fb significance § 4, L E
BB <0.60 % at 90% C.L. P :
BB* + BB* (4.25 = 0.44 = 0.69) % 9.30 E : 5
B*B* (2.12 £ 0.29 = 0.36) % 570 : Wil “
. : 1l.';.TE-
Channel Fraction. % eM(n), Gev/e®
Zi 10610) Z(10650) » e M{E‘-*E*] ——
T(15)=* 032+ 009  0.24+0.07 "o
%
T(29)x™ 138 + 1.21 2.40 + 0.63 .
Y(35)++ 2154056  1.64 + 0.40 3
hy(1P)x+ 2814+ 1.10 T.43+2.70 5
hy (2P) =+ 434 4+207 M8+6.2 o

10.6 T TS 10.75
sG.0 =+ 3.6 rM(n), GeV/c®

p+ i L gopge+
B+ B

52nd Bormio Meeting, 29/1/2014 R.Mussa, Hadron Physics at Belle II 9



BQHQ-IIZ future prospects Neutral partners of Zb states

proposed by Bondar et al.

arXiv:1105.5829 12GeV = ==
| 1 Y(?S)
Z)= 75 04®15 - 71420, 11.5GeV ==
2,)- Lﬂ;ﬁ@];ﬂﬁ“}'—"lf@ﬂ_ o8
If-'llh II '[]._Fm @{]w 5 E]hﬁ ® ].;h,.
] Y(5S)
HrI.L:ll:' 20”@0”,‘. _lrf.@lg.;
W)= (1, @1,
Wea) = (1, @ 1)
]
; ” é=mmm B*R*
mm | YT LR R
Yn VYhyr fY{ﬂ
Mp®@ MNP MM %
i Y et t
EEEE .i:*’! ...l Yp =h
o IYm
.......... S BE
Zb EEEN wbﬂ x’“"‘ﬂ, wh1 whz
0(1) 117 0701 1107 0°(1) (19 0'(29) 1129) 0(1) 1°(UP)
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Open questions: B — K Z

Events/ 10 MeV/¢

g e e e w e
8 Belle|: 660M BB
L s et ogin ’ PRL100,142001

" BaBarl: 455M BB

52nd Bormio Meeting,

46
M8 (GeV/ic? }

Belle observed 3 charged
peaks in B decays to
charmonium + K

cc=¥' > Zc(4430)
cc=y,_, > £¢(4030,4250)

Never confirmed by Babar
R.Mussa, Hadron Physics at Belle II

29/1/2014

Events / 0.024 GeV

200

events/24 MeV/c?

— 1 1 1 1 1 | 1 1 __
40 | o =
- 605 fb! -
35 ' =
= + PRD78 (2008) 072004 ]
30 — —]
— I .
25 | L | =
20 |- } ! =
— _ | -]
15 | . - LT, ++—;
10 | iy * e -
5 E_ | . | + + —
E + H _:_:' ':_::
0 b= : PN L el Mkl (U PPN ey st 7T T PRI
36 3B 40 42 44 46 48
m (m- %) (GeV)

I .
@ e

4beH

{:I : i i

i i
4.5

LHCDb w111 have the final word?
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Open questions: X(3872) — vy (J/w, ¢ ')

X3872 — v ]/ X3872 — vy’
Babar [PRL 102 (2009), 132001]: sof =
evidence of radiative decay to $ L s
both J/y and y': §.m§ 2 20
= 10 z 15
BR(X3872 >y ) =3.4+14 - s ; oF
BR(X3872 — vy ] /) Gsesiondl Dol 0
- disfavors the molecular M (CoVI -
model, 3 2
- favors J'=1"" = E
- disfavors J'“=2" % e %
Belle [PRL 102 (2009), 132001]: BT WA e
COIlflI'mS I‘adlatlve decay to ]/rq) | my (GeV/c?) my (GeV/c)
but not to '

Statistically limited: challenge for Belle-II
Maybe possible at BES-III (poster by S.Braun) or LHCb

52nd Bormio Meeting, 29/1/2014 R.Mussa, Hadron Physics at Belle II 12



Rediscovery of n_

Babar 2008:

10000 ————

b)
%, (2P)—>7Y(18)
1, Y(1S)

Entries/ (0.005 GeV)

1 I 1 1 PR YT U TN (NN T SN SN T NN AT YOS N AN NN TN Y T 1
0.5 0.6 0.7 0.8 0.9 1 1.1

X (AP)=>yY(1S)  E©eV)
Y Y(1S)
Y(2S)—m, (19)

Entries / ( 0.005 GeV )

IIIIIIIIII]'

............................... -"ITH ++
' + A * ]
3 04 05 06 0.7 08
E, (GeV)
PRI 101,071801(2008)
PRI 103,161801(2009)

52nd Bormio Meeting, 29/1/2014

hy(2P) yield, 10°/ 10 MeV/ic?  h(1P) yield, 10°/ 10 MeV/c?

Sideband subtracted spectrum of
ny recoil at the h, peaks.

Phys.Rev.Lett. 109 (2012) 232002

no ~
o o &)

o

R.Mussa, Hadron Physics at Belle II

—
o

3t

A%}

—k
T 1 L

o
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Discovery of m,(25) _ Tramsition [ he(2P) = m(25)
_1 _1 Yield=x 10 o848
Ldt=121.4 fb™(55) + 12 fb~ (scan) BR %102 199 L 57 :ﬂ
“o N — E-i_g,'niﬁcanu-le 420 |
> 30 m,, (MeV/c?) | 9999.04+ 35728
= 3 Amuny [ MeV/c®) D4 T
o : PRL 109 (2012) 232002 _ :
: . ]
o, 20
| h (2P)—m, (25)
g b b ¥
2 i I +
|
A 10T . *
9 - i
P! Pt 1t
0 A Y ., o - e
9.7 9.8 9.9 10 10.1
Miiss(m ), GeV/c®
Sideband subtracted spectrum of sty recoil at the h_(2P) peak.
52nd Bormio Meeting, 29/1/2014 R.Mussa, Hadron Physics at Belle II 14



Parabottomonia
vs theory

n,(25) vs m,(19)

o

1 1 i al
0.3 0.4 0.5
AM,(2S) / AM,(1S)

Some tension with the
most accurate NRQCD
prediction, but very close

to lattice QCD (Meinel)
predictions.

Spin averaged 1P-1S
splitting seems not
to depend on scale

52nd Bormio Meeting, 29/1/2014

PNRQCD@NLL
PRL92,242001(2004)

B Lattice QCD
PRD82,114502(2010)

Godfrey-Isgur,
PRD32,189 (1985)

10 MeV discrepancy
w/ earlier Babar

BaBar Y{35)

BaBar Y(25)

i e e
50

60 70 80 nb(ls)

AM (), MeV/c®
and CLEO results
[ Y(3S) 17136
i APy B e ... -
Y(ﬁi) Y(1'D)
10000 - —_—
YOS5
0750 | %) PP }
- M(1P)-<M(1S)>
=453.3+1.3 MeV /*
0500 - v
Y(1S)
M, (1S}
250 ¢ 1.=0 L=1 L=2
sS=1 S=0 S=1 S=0 sS=1 S=0




Parabottomonia

vs theory PNRQCD@NLL
PRL92,242001(2004) BaBar Y(3S)
Lattice QCD =
PRD82,114502(2010) BaBar 1(25)
n,(28) vs n,(15)
Godfrey-Isgur,
PRD32,189 (1985)
s . 10 MeV discrepancy
w/ earlier Babar i Bals (18)
22 03 04 05 g‘ﬁgﬁjf&:i‘;ﬁz -« BEREE T 80 nb
AM,£(2S) / AM,(18) I A AM, (1), MeV/c
i I F770y """
Spin averaged 1P-1S v n(25) viST70y
splitting seems not to [ —
depend on scale: 3500 - x.(p) h(P) A

only 1% difference with

charmonium: similarly, 3250 L . 2
the tensor-vector - Charmonium 457.5+0.3 MeV/c

5 2
splitting remains i Bf)iomomum 453.3+1.3 MeV/c
constant also in D,Ds. 3000 0 NS

M(1P) - <M(1S)>

cil cd cs ce bb
M(2%)-M(1 ),iHMEVJ’CE 452 + 2 44944 46142 458.34+0.1 4523406




Charmed and Beauty hadron spectra From Oka's talk
at Hadron 2013
AR  I=1 baryon 3/2*
Q-(qqh \ Zav 1321 Zc2518 e Fear 3406 Thay 5826 ¥ b 5833
194MeV _, I e R e !
@ ; .~ 65Mev  I=I barjon 1/2* 3 21MeV
> 1193 205 MeV ~210 MeV
AI1116 ¥  Ac2286 ¥ Ab5620
Q-(aq) I=0 baryon 1/2* 4
Strange Charm Bottom
323 MeV ~310 MeV
i V mesons 17
o D'2009 ;
_______ Day 1974 - Bav 5313

" PS mesons 0

B 5279 ¢
46MeV



Charmed and Beauty hadron spectra

R i I—I baryon 3/2°

=c' 264
1331 2% E'cav2623  E'b 59382 E'b 5945
(qq}l Eﬂ'i-" _\\‘_— =b ;

t Ec' 2577 NS
194MeV _. -
<" 69 MeV " I=1 bar Hon 1/27° missing

~205 MeV 150 ey |

> 1193
A 1116 =c 2469 =b 5790
Strange Charm Bottom
323 MeV ~ 390 MeV
V mesons 1-
Lges o Ds* 2112
"\ Dsav 2076 y Bsav 5403 Bs 5415 }
"""" Bs 5367
144MeV \"—'—"
48 MeV

!
Ds 1968 ...

" PS mesons 0




Belle-II: future prospects

Search for m, _(1S)— yy

via exclusive channel: 7t y(yy) !!
NRQCD NNLL prediction:

11000 |

M(MeV/c?)

Penin et al., NP B699(2004),183

10750 |

[(n, (1S)— yy) = 0.66£0.09 keV

With T(n,) =10 MeV, 10500 |
BR(n, (1S)— yy) = 0.66*10* '
~25 events with 1 ab™ at Y(55)

10250 -

YD) Y(1'D)

10000

9750 |-

9500 |

i Y1)
M, (1S}
9250 - =0 L=1 L=2
| | | | 1 |
=1 =0 S5=1 S5=0 S=1 S=0
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Belle-II: future prospects

Search for m, _(1S)— yy

via exclusive channel: 7t y(yy) !!

NRQCD NNLL prediction:
Penin et al., NP B699(2004),183

I'(n, (1S)— yy) = 0.66£0.09 keV
With T(n) = 10 MeV,

BR(n, (1S)—> yy) = 0.66"1 0
~25 events with 1 ab™ at Y(55)

Search for S=0 D-wave state via hb(ZP)

Y(1'D

03]
o

h,(2P) yield, 10° / 10 MeVic?
o &

D.I+...I...I..

1 | 4 1 1 1 N 1
9.7 08 9.9 10 10.1
MO (YY), GeVic®

52nd Bormio Meeting, 29/1/2014

M(MeV/c?)

11000

10750

10500 -
10250 -

10000 |

9750

9500

9250

R.Mussa, Hadron Physics at Belle II

~ Y(6S}
‘BB, 10D
BB—— w
R Ao oP) ﬁéfii)/ Z,
Y038) 739
1,@P) M) e
"’/ %) vi'D)
- Y(2S) e’
£.0P) h, (1P)
Y15
( }n.,(ls)
0 =0 L=1 1.=2
St1  S=0 S=1 S=0 S=1 s=0
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Belle-II: future prospects Y(6S)—h (3P) via Z,_states?

Search for m, _(1S)— yy

via exclusive channel: 7t y(yy) !!

NRQCD NNLL prediction:
Penin et al., NP B699(2004),183

I'(n,(1S)-> yy) = 0.660.09 keV
With T(n) = 10 MeV,
BR(n, (1S)> yy) = 0.66*10"

~25 events with 1 ab™ at Y(55)
Search for S=0 D-wave state via hb(ZP)

03]
o

h,(2P) yield, 10° / 10 MeVic?
o &

D.I+...I...I..

9.9

52nd Bormio Meeting, 29/1/2014

h (3P)— y 1 (39)?
&
> I
< 11000 - Y(gs) Z ?
g [ S bs
BB YOS —
10750 5 %
BB 4
w0500 ‘x@ h, (3P) Z,
I Y(3S) 17138
I APy TV ... -
I Y(f‘”]"f\} Y(1 D)
YaD ot i)
0P h, (1P)
9750 -
9500 -
Y(1S)
M,(1S)
9250 ¢ 1.=0 1=1 L=2
s=1 S=0 S=1 S=0 5=1 S=0
PR (NS SN S NN S
10 10.1
MIs('my), GeVic?
R.Mussa, Hadron Physics at Belle II 21




Scans of the bb threshold region

BaBar scans:

- 132 points, 25/pb, 10.54,11.2 GeV

Belle scans: - 61 points, 50/pb, 10.75-11.05 GeV
- 16 points, 1/fb, 10.63-11.02 GeV
a 0.6
V2 E
055 121.4 bl ., - Belle
— BsBs BsBs* Bs*Bs* ﬁ - Babar
0.5
= .H'Jn ' No ewdence of
0.45 +H' i , Alipeak at 10. 91| ‘|'
i } d § £7,
0.4 e J+ 1+|| ﬂi | + '”H
i. L
: |'+ { il
MEE l|| |I|I} |H|i[|I .HIM | H || ” |il i
3L { Ht bt}
_ i { | 1 f 1” ht
wf | i it
Ofo6 1065 107 1075 108 1085 108 1095 41 '1'1.|n'§ 111
ws(GeV)
Future prospects at Belle-II: Full reconstruction of all B(*)B(*)+pion components
52nd Bormio Meeting, 29/1/2014 R.Mussa, Hadron Physics at Belle II 22



Scans of the cc threshold region: ISR

2540610-3004

. @ [ [t (b)
1.0 | Belle |1.0} + ' . BaBar
DD 0 d %&ﬁl . 01 tﬁﬂﬁﬁq *'ﬂ“‘“*-#-

! (c) - : : (d)

D*D o # -~ Belle [>Vf % ' BaBan
25 | = 2 25f &fw :

0t 1T f:amggwﬁam

a : E e) | 10F (f)

D*D* EE-U; ‘?’ Belle 5_05 Hﬂ .’ BaBan
© ok Mﬂ ok +

DDT[ 1.0 :—E!-elle % () D

5 : . +
o b bt L]

e 1.0 |- Belle e () | [ Belle (i)
DDt 0.5 — MWHH'H#“m 1 Dé. o Ifw ACKC

4.0 4.5 4.0 4.5 5.0

1/_ (GEV)
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Full decomposition of R:Babar/Belle vs CLEO-c

2540610-5005
- T -

2540610-3004

d* @ +hr N
10 |- 5 Belle |1.0 -* Bdl :  BaBar
0 ﬁ i'h Mﬂ ok t ﬂ ##ﬂﬂ*“#.#.
5.0 {‘::' sof i ()
o5 | ##Ir ' Bele 25;_ ?H%’ BAAs
S | ;;,# (e [1oF H .o
Loof i Belle sof | ﬂ} BaBar
° ok Mﬂ ob o M Nt ol

1.0 ;—Bene (@

05 [ i %

o st haialel
(h)

1.0 [ Belle |

0.3 _ ﬂﬁaﬁ}whﬂ{'# ‘l Dﬁ S IOEPIRT b Tl

4. 4.5 4.0 4.5 5.0

-'|||||I 1= ¥ Exclusive D-meson |
(G EV) g Inclusive D-mesaon
[ ¥ #® Hadron Counting
4 L | P R VN VT S A . A
3.90 3.95 4.00 4.05 410 415 4.20 4.25

Ecm(GeV)
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a(nb)

a(nb)

G(nb)

Full decomposition of R:Babar/Belle vs CLEO-c

&~
=)

II|III|III|I

0.4
0.2

u —ijrll ### it

38 4 474445455 E
M(D_D ), GeV/c®

@

1— + D,/ D~
0.55—' J(

o j - er ++fft+J.r 58
4""4'2'"'4'4'"4'6'"'4'3'"'5

MDD ), GeV/c’

] + D,"D,"
3%% 4kt

_\I(D;+D;—)._ Gev/e?

52nd Bormio Meeting, 29/1/2014

Cross ﬁectian (nb)

m(D*s D (GeV/=

r DS+DS*_

+++|

+ ++1d‘¢*+‘f‘
4 15 K 5.5
m(D™: DD (Gev/c?)

4 4.5 3

m(D™s D) (GeV/c?)

2540610-5005
- T -

T I I

! I
1
0 S
i d
10 § i ir { ] =
8 |- ' g R
g - ¥ Exclusive D-meson |
Inclusive D-mesaon
[ ¥ #® Hadron Counting 7
4 I I i e U VS ST (.
3.90 3.95 4.00 4.05 410 415 4.20 4.25
Ecu(GeV)

R.Mussa, Hadron Physics at Belle II
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Y(1S) — y +charmonium _Y;

All limits above th.predictions

e

<
@

BR(Y(1S) — £)*10° 90%CL UL
Y(1S) — ¥y, 650
Y(1S) —yx_, 23
Y(1S) — yx,, 7.6
Y(1S) —m_ 57

Y(1S) — y X3872 - yx'w Jp 1.6

Y(1S) — y X3872 - yx'nww’ Jhp 2.8

Y(1S) — y X3915 — y wdhp 3.0

Y(1S) — vy Y4140 — vy ¢J/y 2.2
D>

/>
PRDS82(2010),051504R BELLE

NRQCD predictions

[K. T. Chao et al., hep-ph/0701009]
QCD QCD+QED

4.0 3.2
4.5 9.8
5.1 5.6
2.9 4.9
\,\N
ot
{000 —— IO ——r, T,
5 { PG N PG ! P
T —— T —— T ——

QED 38, M P

52nd Bormio Meeting, 29/1/2014
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Search for H dibaryon
Former observations by ARGUS and CLEO

PHYSICAL REVIEW D 75, 012009 (2007)

E1T0EDSE-005

dB™/dp (10° c/GeV)

- ARGUS
e: CLEOD

Z.Phys. C39 (1988) 177 Phys.Rev. D76 (2007) 012005

- Inclusive production of (anti)deuteron in
Y(1,2S) decays :
Bdr(Y(15) — dX) = (3.36 = 0.23 = 0.25) X 1075,

B(Y(25)—=d+X)=(337 =050 =0.25) X 1073,

- Enhanced (3x) production of low momentum
hyperons in hadronic events from

bottomonium decays w/respect to

0.5 1

EE
Momentum (GeV/c)

op— B o

H

ggg/qq Enhancement

B 1SData

& 3SData |

O 1sMc |

o 3sMC |

0.25

0.50 0.75
Scaled A Momentum

continuum.

BELLE has exploited the Y(1,2S) record
samples to search for the long sought
H-dibaryon : (Jaffe, PRL38 (1977),195 )

A tightly bound tri-diquark, or a loosely
bound S=2 hypernucleus?

R.Mussa, Hadron Physics at Belle II




Hyperon and dibaryon studies

Many studies ongoing from Y(1,2S) decays,
and from continuum:

- pentaquark searches,

- exclusive BR( AA+ n pions)

- inclusive production of hyperons

- AA and Ep (+cc) correlations

- antideuteron spectra (and more)

Y(1S) - pp + nn_Pp results from Dobbs et Al.

— arXiv:1205.5070
L Bl Y(1S) > AR + na AV S0
s B
S L et
% 10 _ﬂ
(IR
o

6

</[O>

l+

1n?

.
o

6 7 8 9

Number of pions
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['= 0.001389 = 0.000053

Mean = 1,672484 + 0.000049

Q- - AK™

I'= 0002417 + 0.000024

Mean = 1.3219336 = 0.0000037

o

NS NN N ol
5 132 1325 133 1318 134 1335

T = 0.00150507 £ 0.00000014
Mean = 1.115641770 = 0.000000063
paak_y_inld = 4060700 + 249

115 2 % RE
Mipx] [GeV]
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Evenls /1 0.2 )

Search for AA threshold enhancements

BELLE analysed ~50
exclusive channels with Final state X

Significance of the near threshold enhancement (in o's)

T(S) = X T(25) =X

e —+gg— X

hyperon-antihyperon pairs + A~ 716

up to 6 light hadrons and with

(0,1) neutral pion. AL -RTA 2.9

AN 2(m 7 ) 2.96

Both Y(1,2S) data and AA + -+T‘H+H‘ 161

continuum were analysed. AM+ a7 pp 2.06

_H 3{*r‘, 3 0.31

AR L At KK 0.36

Y(1S) - AA KK~ -’”"3{ . Sl

AM+7t7r 2AKTK) 0.50

"e : :,,mm.m AR+ 7ta 0 1.95
Ao AN+ KK A"

i3 Near threshold enh. | AA+2(r"7 ) @' <0.1

= AN+ ‘ﬁﬂ’a 7l <0.1

AL rtapp <0.1

AR +3(xta) o 1.38

1] M4 rte)K ﬁ. ' 1.28

e A+ 2rta pp 7’ <0.1
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Search for H dibaryon :
= 1000 13.8 million events (0-80% central)
i data
. % . syst. error
Recently studled by E522,STAR,ALICE 5 800 ALICE — injected signal (m_=2.21 GeV/c?)
8 PRELIMINARY syst. error (m =2. 21 GeVic?)
800 o injected signal (m =2.23 GeVic?)

) 2. weaf ) _ syst. error (m =2. 23 GeVic?)

e 215 w Cnibivasorial STAR Pral

b |3 11m moce for 1000 » Nty G 1A

- K "Beps KTAN . 400

.'. 5 Nt'u.\;rnrn = 300 — O b (e

= B INC+F50 1352} ]

& 1.5 | E__ EMC+FS1 | ERCO g.m

=4 3 200

E Lo = 0

= 7

- o 0 P

: 2}- 2 . r 82 221 222 223 224 225 226 221 228 229 23
0 3% 50 73 100 EE e EIJ“*‘-‘-?:":*?"%?’-‘ O mvanant mass Apr (GeVic?)

A Invariand Mass-28, (Mo ety

KEK-PS RHIC-STAR
E522(2007) detector p >
[

(2011) i /O
Theory: recent lattice calculations o610+ |- Ty h 3
~ - m
HALQCDNPLQCD, Coll -3 Vi binding = evozsem Y e
igi i‘ 5 [ Ap?tgf\AgE'p U/ZL
s ! 105 |- : :
R :
D gl | -
_;goi : 0.2 0.4 HA;.C;CD nr:avﬂ‘éﬁ -6 __
n? (GeV?) i -
Belle has searched for H dibaryon in the :
folllowing channels: LI . Y
- Amtp + AA(+cc) [PRL 110, 222002 (2013)] -50 0 50 100 150

- Ep (+cc) [preliminary] sl
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Double cc : J/vy recoil method

T ¥ |

T BT
E;:] = {25 fasddowr
i

N /20 MeV/c~

The double charmonium process was
discovered by Belle by studying the
momentum spectrum of J/psi .

By plotting the mass of particles recoiling
against the J/psi , Belle observed the peaks 10
of charmonium C=0 states and discovered
X(3940). This reaction challenges our
understanding of perturbative QCD. Leading

II![II]IlIIIIlIIrI

order prediction was O(0.1) the observed =

value. NLO calculations 'almost' solved the g

discrepancy. o

1/ (€€)res 7e(15) eo n(25) =

Belle o x Bsz [fb] 256 284 3.4 641710 165330124
BABAR oxBsa[fb] | 1762847 | 103x257% 16437728 -
NRQCD: o [fb] 50 -
Braaten&Lee' 3.78 £ 1.26 2.40 + 1.02 1.57 + 0.52 B 11‘.- . 1

... with relativistic corr™: Taaiies - 781" ‘ X M 75
Liu,He,&Chao? 5.5 6.9 3.7 g2' LB 25*5;;'." 5 L '3|5- SES A L1 T
Zhang,Gao,&Chao? 14.1 = — ' ) 1'

M, . condW) GeVie
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Double cc : J/y+D recoil method

Full reconstruction of one additional D meson and plot of the mass recoiling against the
J/+D system allowed to confirm X(3940) and find one more state at 4156 MeV.

693fb-"
60— (JvD) DD D-reconstructed D*-tag |y = 39425 6 MeV
- N\ |_ Tt =37 26412 MeV
*f ' - ) N,,= 522411
[ i ﬂ Jf H‘ +T+ -l-l J.-H.+ Lhl c
20~ [ : % lfT ik AR e (xag40): 0, 2
4 0 4-5 R 5.0

D -reconstructed D’-tag

®
3 S M = 4156 - 20¢15 MeV
8 Ty =139 [321MeV
= 6 i +12

_ N,,= 24 *1;

+ '
zéw g

Future prospects at Belle-II: Full reconstruction of %, or n_will allow to exploit the
recoil technique and scan the charmonium(-like) C=-1 states.
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Belle-II Collaboration

23 countries,
94 institutions,
560 collaborators

52nd Bormio Meeting, 29/1/2014
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KEKB upgrade

Belle
e* 4GeV 3.6 A o

= i—-— o —— .
- --b MHew IR ..* E
7GeV 2.6 A @] v

focusing gquads near the

saome . OUPErKEKB

[ e P’ﬂ
- | - e

L
i
* Add [ modify RF systems

for higher beam current

Replace short dipoles
with longer ones (LER)

“ﬂ-\,_v’_.-"'
p-DSItrDI'IE to myect

Redesign the lattices of HER SmiEing fing ’
& LER to squeeze the

emittance ‘_I "/ K

Lo emittance gun

Positron source

K

Mew positron target |
capture section

TiM-coated beam pipe

with antechambers Low emittance
electrons to inject

f A =
2er,

1+ 22 9 Ri
| O R,

Target: L = 8x10%%/cm?2/s
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LER magnets installation

=

field measurement move into tunnel

carry on an air-pallet

Lok carry over existing
HER dipole
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Belle-1I: Detector

K, and muon detector:
Resistive Plate Counter (barrel outer layers)

A

" Beryllium beam pipe
. 2cm diameter

p
EM Calorimeter:

b Scintillator + WLSF + MPPC (end-caps, inner 2 barrel layers) |

z_ 4

Csl(Tl), waveform samg
Pure Cs| + waveform sam

ldentification
ropagation counter (barrel)

electron (7GeV) oX. T ___ﬁ g Aerogel RICH (fwd)

Vertex Detector
. 2layers DEPFET + 4

positron (4GeV)

. lever arm, fast electronics
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Belle-1I: Vertex detectors

reml  PXD+SVD Belle || SVD Belle

20

[em]E- layers
101 rlf- b - — Y 5 DSSD ladder ———, 17=8 <150
B 1 "'2- ‘":_L""—.'-F"_'-'j:- iIEIS ] % 1
D B 1 8§ I | . I 1 8 0 | I .-I T I 1 & 1 | F: 1 1 1 § I | T | }
-30 -20 -10 0 10 20 30 40
sBelle Design Group, KEK Report 2008-7 Z [cm]
Impll:iﬁrnmﬁr_r_lﬁiﬁimn_i | "_'_::,‘ i

Raesolution [um

o 0,5 “ieiades’ ¢ msimis Eagmek 1 3
piFsini® [Gevic]
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Belle-1I: Barrel PID Likelihood
Functions:
- Quartz radiator, mirror and wedge
- MCP-PMT
- Waveform digitizer &
- Support structure - O™ £

; S I T | R A ATl i e A

Challenging
time resolution
’ (100 ps)
Hamamatsu MCP-PMT

TO7T fake py eff. | fake => substantial improvement over

off Belle. This will help for, e.g.,
: separating D, — K K =n* from D
TOP [|981% | 29 (99.0 1.9 t— K-t nt , removing D'— K- a1

0 0_. F- F+
smd |Belle |885 [116 |87.5 |[10.0 IR,




Belle-1I: Forward PID

p .y Wl oy Yy W
v

Aerogel radiator
n~1.05

Hamamatsu HAPD

Hamamatsu HAPD
Q.E. ~33% (recent good ones)
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| RICH Hit Map, w.r.l. track |
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Single photon angle resolution o, = 13.5mrad

# of photoelectrons Mpe = 15.3

6.6 Ox/Kat,GeV/c!
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Belle-II: Luminosity

70
60
2 Goal of Belle I1/SuperKEKB
g F
£ 40
3 ;
£ 20
Bt
e “-_ﬁﬂmsw_dqtp
x10%° 8- Commissioning Etarts
E o in early 2015.
£ 4 Shutdown
Es | forupgrade
= 2
:E TSI B S S TR (NWORURNC o o PSS! (S S LR [
E S Mz 2014 2016 2018 2020 2022
Calendar Year
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SuperKEKB: Schedule

Calendar 2010 2011 2012 2013 2014 2015 2016 2017
Nov. 2013 Jan. 2015
|
/ SuperKEKB construction \
L
[ Detector upgrade to Belle Il
I Belie ll rall in  } VXD install
Belie roll out : QCS install
: ; >
Dismantling KEKB I : Accelerator tuning
KEKB | fcxeie
PRekaHoh Fabrication and tests of ring components ] Physics run
- SuperKEKB operation
1 Install and set up
Electricity and
cooling facilit
[ MR & DR ]
buildings
|
[ DR tunnel ] :
' Upgraded Li T
: : . v pgra nac operation
[ Linac Linac upgrade / operation for PF&PF-AR for SuperKEKB, PF, PF-AR
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In the last decade, B-factories have found most of the still missing pieces in
bottomonium and charmonium spectra. S and P wave spectra below thresholds are
almost complete: only the 2™ radial excitations (singlet 3S and 3P, doublet 3S) are
missing.

Many new questions arose from unexpected states across and above thresholds:
Belle, Babar and BES-IIl are discovering a plethora of new states, the so called XYZ
mesons, which require a spectroscopy with new degrees of freedom (tetraquarks,
molecules, hybrids).

Precise tests of NRQCD will require O(10°) samples of Y(1,2,3S) decays or larger.

Charged bottomonia (Zb states) have provided unique pathways to discover the
missing spin singlet states. Their understanding is tightly coupled to the study of the
charmonium-like counterparts (Zc states) observed by Belle and BES-III. Running at
or above Y(5S) is compulsory for making further progress on this topic.

Bottomonia provides also a unique environment for the study of hyperon-nucleon
interactions, as their annihilations produce slow hyperons in large quantities, and are
the only mesons which can produce nuclei (from deuteron to He-4).

Possible studies include further searches for the long sought H-dibaryon.

Belle-1l is designed to run at 40 times higher luminosity, to accumulate 50 ab™ of data

by 2022, and will start physics running in 2016.
52nd Bormio Meeting, 29/1/201 R.Mussa, Hadron Physics at Belle 11
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