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> Observation of £(1620)°

» Observation of an excited 2~ baryon
» Search for 2(2012) — K&(1530) @
» E . absolute branching fractions @
> Observation of £,(2930)° and £.(2930)

> Search for X(3872)- n%y .4 @

» Observatin of a new resonance at 10.753 Gev@

Although Belle has stopped the data taking for more than 10 years and Belle Il has
started its Phase 3 data taking, Belle is still producing many exciting results.
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Observation of 2°(1620) and evidence for £°(1690)

. ) PRL 122, 072501 (2019)
List of £(S=-2) particles from PDG

Status as seen in —

Overall
Particle ~ JF status = AK YK E(1530)m Other channels
E(1318)  1/24  sekkx Decays weakly
=(1530 3/2+ ook ok sk kok ok } _
I_E%16_25§ - '11 L . NOT much is known about =*
'_5(_1@9{1)_ _ /_2_3 _ : sk 5k sk 5k 5k Not found %-? With L =1
E(1820)  3/2— sk K% Forok Kok Kok Z(1620) and £(1690) are
=(1950) kK ok % * candidates
=(2030) Kok ok Kk — :
=T 1s possible mode
=(2120) * * Y
E(2250) sk 3-body decays
E(2370) Kok 3-body decays
=(2500) * * * 3-body decays
koK ok ok Existence is certain, and properties are at least fairly well explored.
sk ok Existence ranges from very likely to certain, but further confirmation is desirable
and/or quantum numbers, branching fractions, etc. are not well determined.
kK Evidence of existence is only fair.
* Evidence of existence is poor.
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One star:

Evidence of existence is poor
E. Briefel, PRD 16, 2706 (1977)

Status of the £(1620)

But !l
J.K.Hassall says “no evidence”

The data for this analysis came from two sepa- ln NPB] 89 (] 98] ) 397
rate exposures, consisting of ~10° pictures each,
of the BNL 31-in. bubble chamber to a separated the Argonne 12 foot bubble chamber

beam of 2.87-GeV/c K~ mesons. During the

first
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Search for £°(1620) and £°(1690) at Belle

PRL 122, 072501 (2019)

Search for & 0(1620) and £°(1690) at Belle in below
channel: 8f - 2*0g*, 5*0 > 57

Y(1S) 5.74 Y(25) 24.91
Y(39) 2.9 ete” at 89.5
V5=10.52GeV
ete” at /11.0 ete™ af 121.4
J/5=10.58GeV V5=10.867GeV
Crucial Selection criteria:
- To purify the £} samples, the scaled momentum x, = —22L— < 0.5

1 2
st—m(E'C")
« Theretained £~ candidates are combined with the lower and higher
momentum pions, as labeled ;7 and r}.
A vertex fitis applied to the £ - E~nTnt decay, and the y? < 50
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Observation of £°(1620) and evidence for £°(1690)

PRL 122, 072501 (2019)

In the simultaneous fit

« The £2Y(1530) and £°(1690) signals
are modeled with P- and S-wave
relativistic BW functions.

« The £°(1620) signalis modeled
with the S-wave relativistic BW
function.

« The interference between
£%(1620) and the S-wave non-
resonant process is taken into
account.

« The combinatorial backgrounds
are described by a threshold.
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Events/(0.003 GeV/c?)
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When the S-wave (P-wave)
relativistic BW with fixed mass and

5 459 widthis used as the fitting function,
WG (IS LRSS0 the significance for £°(1690) is 4.60

width (MeV) 59.9+4.8+%8 (4.00). n




Observation of an excited {0~ baryon

PRL 121, 052003 (2018)
A~ =sss(S=-3, I1=0)
1. (2~ excited states have proved difficult to find
* Only one excited (2~ states, 2(2250), has been confirmed until now.
* In addition, the evidence for two other states of {2~ were reported.

 These ()™ excited states’ masses are much higher than the ground state
(>600MeV).

2.0*~ - 0~ + n%is highly suppressed since 2~ is isospin zero

3. Preferred modes
Co-s+ktv R

e O 580 LK v Y(1S) 5.7 1.02
* low-lying states Y(25) 24.9 1.58
« Analogousto Q2 - XK~ Y(35) 2.9

[R. Adij et al. PRL 118, 182001 (2017)]
[J. Yelton et al. PRD 97, 051102 (2018)] + The decays of these narrow resonances
proceed via gluons.
* The production of baryon are enhanced.

TR |



Observation of an excited {0~ baryon

B(Q*~-EK™)

Results & Summary R = -~ =1.24+0.3
B(Q*~—>E"K9) —
Data Mode Mass (MeV/c?) Yield ['(MeV) x*/d.o.f.|ns
Y(1S5,25,39) | 2K, 2" K2 | 2012.440.7 |[2424+48,279+ 71| 6.4752 |[227/230 (8.3
(simultaneous)
Y (15, 25, 35) =°K____ [ 2012.6 £0.8 239 + 53 6.1 £2.6 |115/114 |6.9
Y (18,285, 35) ="K2 / 2012.0 + 1.1 286 + 87 6.8 +3.3 |101/114 |4.4
Other =K~ 2012.4 (Fixed) 209 + 63 6.4 (Fixed)| 102/116 |3.4
Other = K2 2012.4 (Fixed) 153 + 89 6.4 (Fixed)|133/116 |1.7
160 o 3 (a)
D PRL 121, 052003 (2018)

120

=0 -

' R * The gap in the spectrum between the
ground state and this excited state (~340
MeV) is smaller than other 2™ excited
states, which is more close to the negative-
parity orbital excitations of many other
baryons.

* The narrow width observed implies that

100

Combinations/2.5 MeV/c®

Combinations/2.5 MeV/c?

the quantum number J* = %_ is preferable.

') 1.95 2 2.05 21 215 2.2
M(Z K) GeV/c?




Theoretical interpretation for the 0*(2012)

It is generally accepted that 2%(2012) is 1P orbital excitation of the
ground state (2 baryon with three strange quark, whose quantum

numbers are J* == .

Notably, the newly observed From PRD 98, 056013 (2018)
7(2012) is revealed as a KZ(1530)
hadronic molecule.

[PRD 98, 054009 (2018), PRD 98,
056013 (2018), arXiv:1807.02145,
arXiv:1807.06485, arXiv:1807.06485

FIG. l: The three-body decays of €(2012) in the K=(1530) molecular picture.

P _ 3-
The K=m three-body component is ;4. Q(zoé) (K§(1530))
Iargely dominant. Widths (MeV) Branch Ratio(%)
K= 0.4 14.3
Kn= 2.4 85.7
Total 2.8 100.0
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Search for Q(2012) - KE(1530) > KnE £

We use the same data samples to search for Q(2012) —» K£(1530) — KnZ in the
decay of the narrow resonances Y(1S), Y(2S), and Y(3S). )
arxiv: 1906.00194
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— a - e el 455_ b ) (% 27 K2 c
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> !50E . [ ¢ 2 35F gl s
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g o Loquur Tl 2 o L We give the upper limits on the
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Fit UL
NI L N peomtke _ BQ 2 E(1530)° 0 BTk
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Search for Q(2012) —» K=Z(1530) —» KnE

A simultaneous fit fo all three-body decay modes is
performed.
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>
Measurements of absolute Brs of ES
BELLE

® \Veak decays of charmed hadrons play an unique role in the
study of strong interaction; the charmed-baryon sector also
offers an unique and excellent l[aboratory for testing heavy-
quark symmetry and light-quark chiral symmetry.

® For the charmed baryons of the SU(3) anti-triplet, only A,
absolute Brs were measured by Belle [PRL113,042002(2014),
first time] and BESIII [PRL116,052001(2016)] @

® Since £2 [PRL62,863(1989)] and Z}[PLB122,455
(1983)] were discovered ~30 years ago, no absolute @’@
Brs could be measured.

® For Z?, the Brs are all measured with ratios to the Z~r %, the
so called reference mode.




Measurements of absolute Brs of =

® Theory: B(E? - 2 n*)~1.12% or 0.74% [PRD48, 4188 (1993)],
(2.24+0.34)% [JHEPO3, 66(2018)], (1.91+0.17)% [1811.07265]

® The B(E2 > AK n*)/ B(E2 > 2~ n*)=1.07 £ 0.12+£ 0.07 and

B(E2 - pK K n*) B(E? - 2 n*)=0.33 + 0.03+0.03 [PLB 605,237]

® =0 - pK K n* plays a fundamental role in lots of bottom baryons

study at LHCb .
® How to measure E2 absolute Brs ? Model Independent!
_ . BB~ — AZ=29B(Z — == 7t) 5
B(E! - =Z77%) = £ e 2 , ' ‘ -
B(B — Ac ‘:2) LJ”‘:::IG 7;:;, fo),(l‘*‘f /ﬁr—’; T
_ .. BB~ = AEHBE? 5 AK 7T W - f h! Cre W
B M) = g~ Ay N s

B(B~ — AZE0B(Z0 — pK-K~—7+) panimc AN

B(E) = pK K 7" = B(B- - A-Z0)

® Forinclusive B~ - A 22, £2 —»anything, never measured before.
® Forexclusive B(B~ - A E) B(E! » Z nt); B(B~ - A;EQ) B(EQ » AK ™),

measured by Belle and BaBar with large errors.
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Measurements of Br of B~ - A7 2%, 5% »anything

® The Azreconstructed via its pK*m~ and pK? decays
® Atagged B meson candidate, B, is reconstructed using a neural
network based on the full hadron-reconstruction algorithm

PR .:n..q; ‘..-f.?...._, -'. E"":: '.;...}.;.'...p... o . —Data
~ et fr. oS o © 20 _Total Fit
Ny havalt et e ROPR S [ .-Bkg <+
Q. ’ .:;..-. ) ~$ ;‘....-...:..... ....... q) i ) .
; 2 3_{.- w % ..'., el L' o 15 - Sldeba-l'ld 772M BB
adiguespesnsssassasuien Y !l‘ 2
O :;;E-‘ v ;. % - o.:" °t.~: — o | — Generic MC
. ?.o.. on? : '." . B
9 :i."" '::‘:':' ' .'_... "!'° ! ™~ 10 h
LIRSy R 2
E _',. ;.-...g“..-‘-:.;‘u‘_r?.' .:.:.Q....‘..‘.'i.*.. qc) i
22578 Bare N AT il \@\STI
s ‘-!.-‘-..'..-‘-ﬁ";..l.‘-‘-n:-! :."..A...'..::'....:a ....... o (RS, TPPEELLE bl g
VISR, SR NI BRI M Oiii e
24 525 520 527 528 5.29 24 242 244 246 248 25 252
M. (GeVic) Ms: < (GeV/c?)
tag’ *c

® An unbinned maximum likelihood fit: N(£2)=40.9 £9.0, 5.50(stat.)
® B(B~ - A;E?, EQ »anything)= (9.51+2.10£0.88) X 10~4for the first

time PRL122, 082001 (2019)
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Measurements of Brs of B~ —» A E2,with

m—+ ‘\g |+ Data < 16 <Hada
i LI - —AllFit —All Fit
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PRL122, 082001 (2019) E



Measurements of absolute Brs of =
Summary of the measured branching fractions and the ratios of Z2 decays

B(B~ = A;E?

(9.51+2.10+0.88)x 10

B(B~ - AZE)) B(E? - E—nt)

(1.7140.28+0.15)x 1075

B(B~ - A:EQ) B(E? » AK—1r¥)

(1.11+0.26+0.10)x 1075

B(B~ - A;Z?2) B(E? » pK~K—rrt)

(5.47+1.78+0.57)x 107

B(E? > 1)

(1.80+0.50+0.14)%

B(E® - AK~rr+)

(1.17+0.37+0.09)%

B(E? » pK~K~rrt)

(0.58+0.23+0.05)%

B(E® » AK-*)/B(E? > E-1r+)

0.65+0.18+0.04

B(E? » pK"K—m*)/B(E - Z-1 )

0.32+0.12+0.07

® \We have performed an analysis

PRL122, 082001 (2019)

(2.4+0.9)X 1075
(2.1+0.9) X 1075

|

PDG
/
1.07+0.14

0.34+0.04

of B~ - A E{ inclusively and exclusively
® First model-independent measurement of absolute Brs of Z¢ decays
® The branching fraction B(B~ - A E?) is measured for the first time

® The B(E? -» E-™) can be used to determine the BR of other £ decays. E



Measurements of absolute Brs of £ @

* The decays of charmed baryons in experiment are needed to extract the
non-perturbative contribution thus important to constrain phenomenological

models of strong interaction.

« For the SU(3) anti-triplet charmed baryons the branching fractions of A{
[PRL 113,042003(2014); PRL 116,052001(2016) ] and =9 [PRL
122,082001(2019) ] has been measured.

« The Brs of remaining £/ are all measured with
ratiotothe Zf - E-n*m™

« The comparison of £} decays with those of A} and and =2
can also provide an important test of SU(3) flavor symmetry.

Td

often used to reconstruct £ candidates at hadron collider experiments,
such as LHCb. Theory predicts the B(Ef —»p K~ n*)=(2.2+0.8)% [EPJC 78,

224 (2018): Chin. Phys. C 42, 051001 (2018)].

E& -»p K~ n™" is a particularly important decay mode as it is the one most



Measurement of 1 absolute BRs @

Measurement B(B® - A;Z}) with £F — anythings

W . S5 15
LI * '.: ..... ‘S .i:tFt
L] h —
«t 0 4 o
‘\’G z . R [4) 3.20 -BKG
S s - = 1oL Sideband
% hocdetttts 300 = —Generic MC
0] ot get | 8 .:F.ﬂ'.‘, = ~ J
S— ‘. - . .';"" 3 = L
PR PR S 7. .......A....% - ;;._... . Q =
T AR BRI c S 1
2 ‘:I.E . L ] .~ ". H é‘ . g qh-- SR I ----------
PR T I BTN BN LN o i
S altiy Lt W | ¥ _I_|_|J
. M e =l == e
524 525 t5.26 527 528 529 24 242 244 246 248 22.5 2.52
a rec
M. (GeV/c?) Mgs - (GeVie?)

e reconstruct A; via pKtm~ decay mode

- tag a B® with neural network based Full-Reconstruction algorithm.
« An unbinned maximum likelihood fit: N(£f) = 18.8 + 6.8

« B(B® - A;Z}) = [1.16 + 0.42(stat.) + 0.15(syst.)] x 1073

B



Measurement of 1 absolute BRs

Measurement B(B® — A =}
with &F - E- 7Tt or p[K*(892) -» K™ n ]

—~ — 10
(\-‘9 12 ? 'Data. %} ; 'Data.
o N gL (1) e 2 o (D) |]|]
—c o T TT gL Sideband = Sideband
6 90- ﬁ n —Generic MC ; 6? - —Generic MC
— ' 2 oF . T
N=242+54
g : w L
| 2} J; Zi
o LR e T[] o et e B TR
525 526 527 528 529 53 -0.04 -0.02 0 0.02 0.04
M, (GeV/c?) AE (GeV)
KQ 25F —Data % 140 —Data
H 3 . £ .
ES »pKm” 3 0 (b2) = (2)]| | a
N 24 O + 6 9 450. E E + gil«(ﬂ(e;band § 10F Sideband
o —Generic MC
. . g ® 8
- A
£ g o
2 ¥ W 4E
w £ 2
2.35 24 245 2-52 2.55 50.25 526 527 528 529 53 4[3).04 -0.02 0 0.02 0.04
M., (GeV/c?) M, (GeV/c?) AE (GeV)
SO F < 9 & 10
© 16F _Data —All Fit —BKG 3 @b -Data —AllFit —BKG © [ _Data —AllFit |-BKG
3 M = 7t > 8
=+ - pK*(892 S e () T o (P 2T ©
S p Q qof @ S5E ¢
3.30 s o g 4 3 i
N=89+3.9 &l AN 8 ) HL
L E > r
2F J_ 1%[ ‘ l J + T H w K T B RRES = H
024 525 526 527 528 529 B ya—y 0 002 0.04 007 05 oo 1

M, (GeV/c?) AE (GeV) M (GeV/cz)




Measurement of 1 absolute BRs @

Summari of the measured BRS

B(B® > A =} [1.16 + 0.42 + 0.15] x 1073

B(B® - A E})B(Ef » E mtrt) [3.324+0.74+0.33] x 107> (1.8 +1.8) x 107>
B(B® > A;E})B(Ef -» pK~m") [5.27 +1.51+0.69] x 10~°

B(B® > A;E5)B(EF - pK*(892)) |[2.97+1.31+0.44] x107°

BEf > E ntnh) [2.86 + 1.21 + 0.38]%

B(Ef -» pK~n™) [0.45+0.21 +0.07]%

B(EF - pK*(892)) [0.25 + 0.16 + 0.04]%

B(EF - pK~n*)/B(EF - E-ntnt) | 0.16 + 0.06 + 0.02 0.21 + 0.04

B(EF - pK*(892))/B(E} - E~n*n*) | 0.09 + 0.04 + 0.01 0.116 + 0.030

B(EF - pK*(892))/B(E} - pK~nt) | 0.56 + 0.30 + 0.08 0.54 + 0.09 + 0.05

» First model —independent B(B° — A7Z}) measurement

« B(Z} -» E-m*m™) can be used to determine the BR of other £} decay ﬂ



£:(2930)° in Bt > KTATA,

» Belle reported a structure, called X(4630), in the A¥ A7 invariant
mass distribution in ete™ - y;pAEAZ;  PRL 101, 172001

e BarBar once studied Bt - K*At A7 and found two small peaks in
M p+7- spectrum and a vague structure named E.(2930) is seen in

the distribution of My , . Larger data is needed to verify them.
PRD 77, 031101

« Also, some theory explained that Y(4660) has a large partial decay
width to A A7 and it’s isospin partner Y(4616) is predicted. PRD
82, 094008; PRL102, 242004

PRL 101,172001 = 2%

0.6; [ = E C
i > 1oF ] 2hk
I } o l4F ‘l E cle
Sk  S0f
2 10F E - 8 F

S

m

o
0____+______ﬂﬂ%ﬂﬂi_ﬁﬂ_ﬂ_ﬂtﬁﬁ et bl -

ML A Gevid m(A! K) (GeV/c?) m(A ) ( (GeVic) |




£:(2930)% in B* > KtA{A;
5:(2930) ‘ I

@6 3 (c) E
CHARMED BARYONS ZI4E E
2 C ]
(C=11) S12F E
AF =ude, B = wue, B = ude, 5° = dde 5} = usc, 2 = dsc, P = ssc :\:10:_ E
—_ Z gk 3
=.(2930) 1(JP) =2(77) S f E
[SA R .
A peak seen in the A} K~ mass projection of B~ — A:Z; K~ events. ;1 3 -L 3
Z.(2930) MASS 2931 + 6 MeV o L e LTS L
_ 455 46 465 47 475 48
Z.(2930) WIDTH 36 -+ 13 MeV m(A* &) (GeV/e)
tion for experimental resolution, we obtain m = 2931 = o g~ .
3(stat) = 5(syst) MeV/c? and ' =36 = 7(stat) = E}é
11(syst) MeV. We do not see any such structure in the < lE
mgg sideband region. This description is in good agreement 2 0
with the data (y? probability of 22%) and could be inter- @ 6f
. e . 4F -
preted as a single =" resonance with those parameters. 2f Al :
though a more complicated explanation (e.g. two narrow 008 285 29 295 3

' 3 AT K) (GeVic®
resonances in close proximity) cannot be excluded. m(A? K) (GeV/c')

é




Observation of £,(2930)° in Bt - K*At A, at Belle

Eur. Phys. J. C78, 252 (2018)

~ Data 30F

™~ il
= . .
g 60 i § B :1;:: $n= (2830 Bk
N 50:_ —- Background @ 25: PnaseSpa-:e o
iy z = 20E Sideband
%’ A0F o - === Generic MC
- <~ 15F
L% 305' @ -
™ S 10F
S TN OE ot E—
10 - 8 Ll
2 M TN ST - lgig131313 0~ ad : . :_.‘"i-.hf A .-Jl :'f-r—:-ll .:.—.:-'T‘L !
§o5 526 527 528 529 53 28 28 29 205 3
M,. (GeV/c?) My, (GeV/c?)
153+14 B decay signal events. =.(2930)°—A_*K- 61+16 events

Br(B*—A.*A,K*) =(4.80+0.43+0.68)x10* 5.10 significance

Clear confirmation for the BaBar claim, PRD77,031101(2008) and much
more precise M=2928.9+3.0 +0.8/-12.0 MeV, I'=19.5+8.4 +5.4/-7.9 MeV

@ =.(2930)° = csd is the first charmed-strange baryon established in B
. decay. zL



Search for Y(4660) and its spin part in
BT - K*Af A at Belle
Eur. Phys. J. C78, 252 (2018)

~_ 30¢ o~ 30p
E - - Data ._E:)_ B ——Data
> 250 (a) — Total Fit > 25F — Total Fit
= S O Fitted Bkg = S B Fitted Bkg
o 20F Sideband o 20F Sideband
PYRE: @ 150
P S .
> 10F > 10F +
L C L B
5F 5k
D (IR T N T YT N YT Y T TR N N D L1 IR T N T [N T Y T (N N S (R
4.6 4.65 4.7 4.75 4.6 4.65 4.7 4.75
M. (GeV/c?) M.~ (GeV/c?)

» No Y(4660) and its spin partner Y, were observed in the Af A7
Invariant mass distribution

e 90% C.L. upper limits of B - K*Y (4660) - K*tAfA; and
B* - K'Y, - K*AtA; are 1.2x 10~*and 2.0 X 10™*.

e



| | N <D
Evidence of charged £.(2930) in B® - KA} A;
Eur. Phys. J. C 78, 928 (2018) MEaS

® Based on full Y(45) data set (772 M BB pairs) at Belle
® Three A, decay channels:

AL > pK nnt, AL - pK.(ntn™) and AT - A(pn™)m™.
® B candidates extracted via 2D fit to M. and AMg

(%))

T(_:? : (:IIEJ__ — - PTTTTTTTTTTTTTT P e H
= - —Data % i —Data 1 I F i 'I
% 15:— = Total Fit (a) S | ~TouwlFu (b) ch; it __________ |
ol - == Background :l: ‘H]_— ==Background = 23| S -:' .e - :
~ 10 [ O A B 1T R
@ I 2 | G e TR
c L Q —_ - | L 'l. L] '_..._._.i._._._!
= 5 J{ i 5: J{ fp TR s
- - 2251 TR .
0 rt [, |T. L , N LLLL D']T"l] ) [,T, T T[] Lo " _--5_._'._._._._._._5
525 526 527 528 529 53 004 002 0 002 004 Ty

M, (GeVic?) A M (GeV/c)

@ Quite clear AJA; signals and B° signals.
o N¥¢ = 34.9 + 6.6 with a statistical signal significance above 8.3

@ B(BY = K°AFTA;) =[3.9940.76(stat.) +0.51(syst.)] x 10~*

Rttt |


https://arxiv.org/abs/1806.09182

| | N <D
Evidence of charged £.(2930) in B® - KA} A;
BELLE

® Charged £.(2930) extracted by fitting Myo,

N L N F e Data
@9- 9.5 r Me “9 - — Reflection+PHSP+Sideband
> i % i [+ PHSP + Sideband
o i - ©..... Sideband
O 9 Data = - — Total Fit
2 L e © [ Sideband
ad L “ 10F
85~ 3 b
r c C
i 0>> -
i f— | #If
A T T T T T T N Y T A R R N Bt . sl kb ---..--;-. P
8 8.5 9 9.5 OT-"""‘129'295‘%\;
2 2.4 ’ ’
M, 5 (GeV'/c) Mec, . (GeV/c?)

« N(EZ(2930))=21.2+4.6, stat. significance 4.1¢
e M(EF(2930))=2942.3+4.4+1.5 MeV/c?
« ['(EX(2930))=14.84+8.8+2.5 MeV

After this measurement, * = #x

=.(2930) 1UP) = 2(7)  Status: ok
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Search for X(3872) - %y (1P)

« Although the X(3872) has been found in several modes, the nature
of the X(3872) remains unclear.

» |If the X(3872) were a conventional cc state, pionic transitions to the
X¢ should be very small (T'(X(3872) — m%,,) ~0.06keV [PRD77, 014013

(2018)]).

» If the X(3872) were a tetraquark or molecular state, the ratios of the
pionic transitions are excepted to be sizeable [PRD77, 014013 (2018)],
PRD9%2, 034019 (2015)].

« The study of X(3872) — %, (1P) can help to figure out the X(3872) is
conventional cc state or tetraquark/molecular.

The study for X(3872) —» ' y..(1P) at BESIII and Belle:

9fo-!
ete” - yX(3872)
BESIII X(3872) > 1%, (1P) Ecy between 4.15 and 4.30
GeV
772%x 10° BB events
B* - X(3872)K"
Belle X(3872) - n%.{ (1P) collected at the Y(4S5)
resonance E




Observation of the decay X(3872) — n®x.;(1P) at BESIII

The distributions of the invariant mass of the n°%x; (1P)
Phys.Rev.Lett. 122 (2019) 202001

o~ o~ = o E
= S 5f (b) J=t S gsf (@) 9=2
(] @ B ] F
S s - 2 sof
~ w4 5.20 ~ Lsb
=~ ~ - [%2] ~E
£ 2 S a0b
§ c af 1 2 20f
) 2 , 15E
2 — Pirg 10? + 4 + 4+ +
- 05
Ll dnal
: 0075~""380 38 390 395 400
oF M%) [GeV/c’]
ata I/ 7 X0 70X el 72
Event yield 84.1+10.1 1971 10.8+33 2.5+23
Signal significance (o) 16.1 1.6 5.2 1.6
Efficiency (no ISR) (%) 32.3 8.8 14.1 12.8
Efficiency ratio (with ISR) 0.272 0.435 0.392
B(xes — vJ /1) x B(n" = vv) (%) 1.3 33.5 19.0
Total systematic error (%) 17.0 11-9 9.4
B(X — 7%.s)/B(X — ntn=J/4) 6.6755 4+ 1.1 (19) 0.8870:33 +0.10 0.4079-37 4 0.04 (1.1)

- Thisis the first time the X(3872) was observed in mode ntx,(1P).

« BESllIresults disfavors the cc interpretation for X(3872). ﬂ



Search for X(3872) - ., (1P) at Belle

1D unbinned extended maximum likelihood

fit 1o the My (1P)) PRD 99, 111101 (R) (2019)

——35 '3.3? %'?GeV/%??S 4 4.05 B o M
xc1 n ° X — mdl XCl
Rxcl/w BT 1) < 0.97 at 90% C.L.

1oF « The magenta dashed curve shows the
ToE B+ - X(3872)(= 1% (1P))K* signal
gl Xt (IP))K* signa
210 « The red dashed curve showsthe Bt -
% 8 X(3915) (- % (1P))K T signal
2 i§ A BRI  The fityields (2.7+5.5) events for the
of B* — X(3872) (- m°x., (1P))K* with the
P Ty significance of 0.3¢

Comparison of Belle and BESIII result.

R Belle result < 0.965 (@90% C.L.
——— BESII result 0.887+0.14

-0.26~

« The ijﬂ/w at 90% C.L from Belle does

not contradict the BESIII result.
 But more data samples are needed to
confirm the BESIII result.
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.99.111101

ete” > Y(nS)mtn~

Motivation (A. Bondar, R. Mizuk et al. (to be submitted to JHEP))

Analysis features

Above the BB threshold, Y(4S), T(10860) and T (11020) have properties that are

unexpected for pure bb bound states [1]. Possible explanations:
= Contribution of hadron loops (equivalently, presence of a B B+

(s) (9
admixture) [2-4].

= Presence of other exotic states (e.g. compact tetraquarks [5] or
hadrobottomonia [6]).

T (3, 4D) states are predicted in the region of the Y (4,5, 6.S) levels [7,8].
Recent study of et e~ — Y (nS)w "7 in Belle show a small hint of new structure at
Vs = 10.77 GeV [9].

Belle PRD93 011 101(2016)

w

Y51l
A 7

Y(nS) — €4~ (¢ € {u, e}).

Signal yields are extracted via fitting to
Mrecoi|(7r+71'_) instead of counting.

Using ISR process with the high stat. T(10860)
on-resonance data to obtain additional
information about the cross section shapes.

: Y(lS)n ol -

3
Ry 15)10
- N

=]
WoB DN O N WO

] e

YQS) ' |

3
Ry (28 <10

[

Y(3S) ' |

Energy balance requirement:
| Myecoi (7T ™) — M(£T£7)] < 150 MeV. o]

10.6 10.65 10.7 10.75 10.8 10.85 10.9 10.95 11

T __r_

3
Ry as)x10

:|

[1] MPLA32,1750025 [2] PRD77,074003 [3] PLB 671, 55 [4] PRD85, 034024 [5] PRL 104, 162001 Vs (Gev)
[6] PLB 666, 344 [7] EPJC 71, 1825 [8] PRD 92, 054034 [9] PRD 93, 011101




ete” > Y(nS) ™ @
Scan data: 22 points, each point 1fb-!

Y(10860) on-resonance data: 121 fb-1, between 10.864 and 10.868 GeV
Continuum data at 10.52 GeV, 60 fb!

o 4f o 1250 - %
2 : : ' Y(10860)data 3
= |k Y(4-S)| = = 200
+ g < 1000 N
= P P
w = =
£ ot & 750 £ 150
b -
I 500 100 L
07 250 50 fudt, th i _
_ Al M\.&
-Q v
= 0 0l g oq o8 98 10 105 104
& Mioooi(T°T) (GeVIC?)
® _
% L
= 5F T(10860) T(11020) New structure
© |
' M (MeV/c?) 10885.3+ 1.522 11000.0742 419 10752.7+5.9197
- I (MeV)  36.6755 703 238759108 3557115158
0 | - 1 PR T S S S RN S SR S MR PR
o)
£ | red: with Y(10753) T'.. X B (in V) | T(10860)  T(11020) new
4 [ Dlue dotted: wfo Y(10753) ‘ Y(1S)rtr | 0.75— 143 0.38—0.54 0.12 — 0.47
8 | ‘ arange dueto  yig)rtr [ 1.35—3.80 013116 0.53—1.22
5 (i multi-solutions  v3S)r+a~ | 043 -1.03 0.17-049 0.21 —0.26
' Global significance: 6.70
T Possible explanations: resonance Y(3D),

En(GeV)  exotic state, complicated rescattering, ....




ete” > Y(nS)mtn~

Continuum below T(4S) % reflection 2818
" B, =10.52 GeV. = 30
" Required M(wt77) > 0.85 GeV. P
= A clear signal for the Y(1S)n T 7~ 2 o0l
process is evident.
" glete” - YAS)nTn ] = 421—% fb.
L . . . i Y(1S)
®  Significance including systematics: > 10
3.50. I
— Evidence for eTe™ — Y(1S)nTx ™
in continuum at F. ,, = 10.52 GeV! T : +

LA PR, A e PO
9.4 95 96
M (x'%) (GeV/c?)

9 91 92 o

recoil

It is an indication of the presence of a non-resonant contribution in the energy
dependence of the ete™ -» Y(nS)m*m~ cross sections.

R |



.’) Summary

R 4
» Although Belle has stopped data taking for ~10 years, ’T,
\” |
we are still producing exciting results in (light) hadron
spectrum, charmed baryon, exotic states, and
bottomonium spectrum.
» Belle Il has started to take data on 25 March with full
Its detector.
> Belle 11 will reach 50 ab-t by 2027, which will provide
greater sensitivity and precise measurements in hadron

physics

Belle 11 physics book (arXiv:1808.10567):

https://confluence.desy.de/display/Bl/B2TiP+ReportStatus E
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Short summary on the X(3872)

The X(3872) was first observed in 2003 by Belle in the process of B —
KX(3872)(— ttnt™]/Y). Then, it was confirmed by BESIII, BABAR, CDF, D&,
CMS, LHCD, ...

PRL?1, 262001 (2003) The remarkable feaftures:

« My closesto D°D*Y threshold (AM=0.18 MeV/c?)
» Surprisingly narrow: I;,,<1.2 MeV at 90% C.L.
[t has quantum numbers JP¢ = 1++

* No isospin partners are recently knows

[
o
L]
(=2
S—

100

b3

[y~ ] [y~ ]
(= )
L]
w
m
=
m

No nearby neutral X(3872) partners
It has isospin-violating decays p] /Y and w] /{
It also decaysto DYD*°, yJ /y, yy(2S), and w] /.

—
121

Events / ( 0.005 GeV )
(=]

1%

b

)52 3.84 386 388 3.9 392
M(J/y ) (GeV)

strong DD*
Ft0t=] 5% F(X(3872) - ‘]'[+‘]'[_]/LIJ) Couplmg
I'(X(3872) » ] /) < 80keV




>
Measurements of absolute Brs of ES
BELLE

® \Veak decays of charmed hadrons play an unique role in the
study of strong interaction; the charmed-baryon sector also
offers an unique and excellent laboratory for testing heavy-
quark symmetry and light-quark chiral symmetry.

® For the charmed baryons of the SU(3) anti-triplet, only A,
absolute Brs were measured by Belle [PRL113,042002(2014),
first time] and BESIII [PRL116,052001(2016)] @

® Since £ [PRL62,863(1989)] and Z}[PLB122,455
(1983)] were discovered ~30 years ago, no absolute @’%
Brs could be measured.

® For Z?, the Brs are all measured with ratios to the Z~n %, the
so called reference mode.
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Measurements of absolute Brs of =

® Theory: B(E? - 2 n*)~1.12% or 0.74% [PRD48, 4188 (1993)],
(2.24+0.34)% [JHEPO3, 66(2018)], (1.91+0.17)% [1811.07265]

® The B(E2 > AK n*)/ B(E2 > 2~ n*)=1.07 £ 0.12+£ 0.07 and

B(E2 - pK"K %) B(E? - 2 %)= 0.33 + 0.03+0.03 [PLB 605,237]

® =0 - pK K n* plays a fundamental role in lots of bottom baryons

study at LHCb .
® How to measure E2 absolute Brs ? Model Independent!
_ . BB~ — AZ=29B(Z — == 7t) 5
B(E! - =Z77%) = £ e 2 , ' ’ -
BB A=) gt Pty A
_ .. BB~ = AEHBE? 5 AK 7T W - f h! Cre W
BE M =T e S Am i A e

B(B~ — AZE0B(Z0 — pK-K~—7+) panimc AN

B(E) = pK K 7" = B(B- - A-Z0)

® Forinclusive B~ - A 22, £2 —»anything, never measured before.
® Forexclusive B(B~ - A EQ) B(E? » Z nt); B(B~ - ALEQ) B(EQ » AK 1t ™),
measured by Belle and BaBar with large errors.
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Measurements of Br of B~ - A; 2%, £ —anything

® The Azreconstructed via its pK*m~ and pK? decays
® Atagged B meson candidate, B{;lg, Is reconstructed using a neural
network based on the full hadron-reconstruction algorithm

% ¥% :l...gc ".'f.?...._, 0: ..:: ';...:ﬁ.:....nn.. = |  —Data
B S A A § o © 20 _Total Fit
© Fa P T ROPR S - .- Bkg 4
~.$ .;..-.- ... ~$ ;‘....-...:..... ....... q) i ) .
; o 3_f.- %, 8 Te ope A ¥ X o 15 - SIdebz!nd 772M BB
adiguespesnsssassasuien Y !lf 2
() 2o TR e =47, - — Generic MC
PR S S e @ 1OF
|< —.,~t.--.-‘.‘.--"--.---‘u‘-‘:-,. .:.-Q.-.--‘.f';ir.*........ qc) B
e ‘e -. ! 90 .' LI . o
2225 E: j'::" '. \.\ - :. q;.' :‘:'."“z.;’of ': \H?I\ST |
‘. ‘-n.-‘-.....-‘n;'.-.-.‘.-:! :-:.:......::,.....'5 ....... 4 | | oy (R Y, e BPPS OB ¥ EEEN
e e St QUESIESNEEE) e R
524 525 820 527 528 529 24 242 244 246 248 25 252
M. (GeVic) Ms: < (GeV/c?)

tag’ *c

® An unbinned maximum likelihood fit: N(£2)=40.9 £9.0, 5.50(stat.)
® B(B~ - AZE?, EQ »anything)= (9.51+2.10£0.88) X 10~4for the first

time PRL122, 082001 (2019)



Measurements of Brs of B~ —» A E2,with

m— -+t —— ‘\g |+ Data < 16 <Hada
- s, 15 —AuFit —All Fit
= T o . ¥ < [ BKG (bl) E i3 BKG
+ """"""" N sideband < 12 sideband
44 . 8 b 7 3 Iy ,\Q 10 _ —Generic MC % 12 —Generic MC
‘ St
Lot S | @
9.50 T G o Z i
.- ] 2
RAC) I ! L. b} e A 0 4 A 0 ECLA .. o 1T
235 24 245 25 _ 255 525 526 527 528 529 5.3 -0.04 -0.02 0 0.02 0.04
M,. (GeV/c?) AE (GeV)
(\g --Data % 14;_ - Data
—All Fit > - —All Fit
g 10l - BKG (b2) e 125 (c2) BKG
AK_ + sideband ~ 10F sideband
TE o — Generic MC ; 8 E —Generic MC
. B *E E
0 - F
24.1 +5.5 2 4 g of
R i
6.80 - i 2F I
oy 1 L W 0 f .L IR ! Ll l l l l 0'. S R e N
235 24 245 25 _ 255 525 526 527 528 529 5.3 -0.04 -0.02 0 0.02 0.04
M,. (GeV/c?) AE (GeV)
N§ 10 ‘ ~anFi 3 ° _ bt
© [ BKG (b3) 2 7t (c3) “BKo
23 = 8  sideband X 6F sideband
pK_ K_ TE + i QI’ 6 . EenoG ; 5 g— —Generic MC
~ b4 =
’ 2 4 § 44
16.6 = 5.4 5 & |
.} w2 8 /
4.60 | i |
o > £ % & e o et . 0 0:_.I_ l l l
235 24 245 25 2 2.55 525 526 527 528 529 5.3 -0.04 -0.02 0 0.02 0.04
M., (GeV/c?) M,. (GeV/c?) AE (GeV)

PRL122, 082001 (2019)
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Measurements of absolute Brs of =
Summary of the measured branching fractions and the ratios of Z2 decays

B(B~ = A;E?

PRL122, 082001 (2019)

(9.51+2.10+0.88)x 10

B(B~ - AzE0) B(E? - E-1+) (1.71+0.28+0.15)x 105 (2.4£0.9)X10°°
B(B- - AzE0) B(E? - AK~7+) (1.11+0.26+0.10)x 1075 (2.1+0.9) X107
B(B- - AZEQ) B(E? - pK-K~r*) (5.47+1.78+0.57)x 1076

B(E0 - E-mt) (1.80+0.50+0.14)% I

B(Z% - AK~mr*) (1.17+0.37+0.09)% PDG

B(E? - pK-K-7+) (0.58+0.23+0.05)% J

B(E? - AK-*)/B(E? > =~ *) 0.65+0.18+0.04 1.07+0.14
B(Z% - pK-K-m*)/B(EQ - E-m+) 0.32+0.12+0.07 0.34+0.04

We have performed an analysis

of B~ - A E¢ inclusively and exclusively

First model-independent measurement of absolute Brs of 0 decays
The branching fraction B(B~ - A;E?) is measured for the first time
The B(E2 - Z~1™) can be used to determine the BR of other E¢ decays.
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Measurements of absolute Brs of £ &

* The decays of charmed baryons in experiment are needed to extract the
non-perturbative contribution thus important to constrain phenomenological

models of strong interaction.

« For the SU(3) anti-triplet charmed baryons the branching fractions of A{
[PRL 113,042003(2014); PRL 116,052001(2016) ] and =2 [PRL
122,082001(2019) ] has been measured.

« The Brs of remaining £/ are all measured with
ratiotothe Ef - E-n*m™

« The comparison of ZF decays with those of A} and and =2
can also provide an important test of SU(3) flavor symmetry.

2& »p K~ nt is a particularly important decay mode as it is the one most
often used to reconstruct £ candidates at hadron collider experiments,
such as LHCb. Theory predicts the B(Ef —»p K~ n*)=(2.2+0.8)% [EPJC 78,
224 (2018); Chin. Phys. C 42, 051001 (2018)].



Measurement of £} absolute BRs @

arXiv:1904.12093
Measurement B(B® - A;Z}) with £F — anythings

b . °..': ..... (1.3 15 o Dat
: Ry —All Fit
(\"_\ o ® ") ’ . . t % 3 [} 2 0- _BKG
&) tas : o-vy S :
= oo v et tE 10 Sideband
> 2.3 B tietandts T, -.elf-‘_ o —Generic MC
‘e, .: .°’.:" == L _|
S U TEERRRY B TRPRPRE Y P S (P =
o . 3 * X [72]
< i : IS £ 5 -
22 . i;_.;.";.“;“'.:;'s'.";.. S S o L 2=1... g
R MR A S 7 el w | 'irjj_,J
S L. YR I —
524 525 526 527 528 529

0 i e o e I L e B e
) 24 242 Z.ﬁfc 2.46 248 22.5 2.52
Me (GeV/c?) Mg 5 (GeVic)

e reconstruct A; via pKtm~ decay mode

- tag a B® with neural network based Full-Reconstruction algorithm.
« An unbinned maximum likelihood fit: N(£f) = 18.8 + 6.8

« B(B® > A;Z}) = [1.16 + 0.42(stat.) + 0.15(syst.)] x 1073


http://arxiv.org/abs/1904.12093

Measurement of £} absolute BRs
arxiv:1904.12093

Measurement B(B® — A=}
with &F - E-n 't or p[K*(892) -» K n™]
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http://arxiv.org/abs/1904.12093

Measurement of ZF absolute BRs

Summari of the measured BRS arXiv:1904.12093%§i

B(B® > A =} [1.16 + 0.42 + 0.15] x 1073

B(B® - A E})B(Ef » E mtrt) [3.324+0.74+0.33] x 107> (1.8 +1.8) x 107>
B(B® > A;E})B(Ef -» pK~m") [5.27 +1.51+0.69] x 10~°

B(B® > A;E5)B(EF - pK*(892)) |[2.97+1.31+0.44] x107°

BEf > E ntnh) [2.86 + 1.21 + 0.38]%

B(Ef -» pK~n™) [0.45+0.21 +0.07]%

B(EF - pK*(892)) [0.25 + 0.16 + 0.04]%

B(EF - pK~n*)/B(EF - E-ntnt) | 0.16 + 0.06 + 0.02 0.21 + 0.04

B(EF - pK*(892))/B(E} » E-mw*rt) | 0.09 + 0.04 + 0.01 0.116 + 0.030

B(EF - pK*(892))/B(E} - pK~n*) | 0.56 + 0.30 + 0.08 0.54 + 0.09 + 0.05

» First model —independent B(B° — A7Z}) measurement
« B(Z} - E-m*m™) can be used to determine the BR of other £} decay


http://arxiv.org/abs/1904.12093

