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Outline

e Y (4260) in B decays

e Spin partner of Y (4630)

e Absolute branching fraction of X (3872)
e Double Z. production

e Strange Pentaquark P

XYZ at Belle | S. Lange | PHIPSI19



Y (4260)
IN B DECAYS
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e observed in ISR by BaBar, Belle, CLEO

e observed in eTe™ direct production at BESIII

o Y(4008), Y(4260), Y(4350), Y(4660), 1/(4040), 15(4140), v)(4400)

overpopulation of states
— DD1(2460) molecule?, P-wave tetraquark?

e remarkable: decay to D(*)E(*) not seen' (although phasespace large)
— [J /1 f0(980)] hadrocharmonium ? (decay to " core” and " cloud” only)
— [(c€)sg| hybrid 7 (blocked by gluon fluxtube)

TPDG 2018, but preliminary evidence from BESIII (arXiv:1808.02847[hep-ex])
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Y(4260) in B decays

e BaBar, Phys. Rev. D73(2006)011101 % 80
B+ KTY (4260), Y (4260)—J /dmtn = 6ol
211 fb~!, 128+42 signal events (3.10) 5 ,
1.2 < B<29x107° S |
— scaling " 20
for total Belle luminosity 711 fb—! e o
would give S/\/S + B=h.7 m(J/ wizz) (GeV/cz)
e DO, Phys. Rev. D98 (2018) 052010 Tk | DoRuniL 04t
10.4 fb~1, 167+41 signal events (4.30) < o \ :
b-flavoured hadrons 9 1o E
(B, Bs, Bx, Ay, ...) g
semi-inclusive jg:+ * * ; :
(require J/¢mT 7w~ secondary vertex) 235_1"4'2:"4'9:"4'4"4'5"4%"4'7'“43%:5

m(Jprt) [GeV]
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Y(4260) in B decays

CONTROL SIGNALS

— NEW Belle RESULT

Belle, 711 fb™! (full Belle data)

Decay e (%) Ns B Brpa
BT = (25)K™T 16.8 [3481495((6.54+0.18)x10~"|(6.21+0.23)x10~*
B° — ¢ (2S)K° 10.3 | 856474 |(5.25+0.45)x10~*| (5.840.5)x10~*
BT — X(3872)K 1, X(3872) — J/¢m T~ | 22.2 | 185413 |(9.07+0.64)x107°| (8.6+0.8)x107°
BY = X (3872)K° X (3872) — J/+¢pmtw™ | 13.1 |29.946.2((4.974+1.03)x107%| (4.341.3)x10~°
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R. Garg, V. Bhardwaj, J. B. Singh, et al. (Belle Collaboration), arXiv:1901.06470 [hep-ex]
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Y(4260) in B decays — NEW Belle RESULT

Decay e (%) Ng B ¥ (o) U.L.
BT — Y (4260)K T, Y (4260) — J/yrT 7| 19.8 [179461157[(9.843.3739)x107°] 2.1 [1.4 x10~
BY — Y (4260)K°, Y (4260) — J/vbmT 7~ | 10.6 | 39+£2817, [(8.045.7745)x1076| 0.9 [1.7 x10~

w w

Factor ~3.3 more data than BaBar
Neutral B decays added

e e AR No signal observed

‘F Upper limit consistent with BaBar

; (branching fraction reaches 107° level)

"L
lllll

R Y S YR
GeV/c?)

R. Garg, V. Bhardwaj, J. B. Singh, et al. (Belle Collaboration), arXiv:1901.06470 [hep-ex]
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SPIN PARTNER
OF Y(4630)



XYZ at Belle .

Y (4630)

Belle, Phys. Rev. Lett. 101 (2008) 172001
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Entries/20 MeV/c?

O T T T T
45 46 47 48 49‘5 5.1 52 53 54 0

m(A_A,.) / GeV

discovered in ISR — JF’¢=1—"—

30

Belle, Phys. Rev. D91 (2015) 112007

||||||||||||||

13!.&!'

m(w n+n—) / GeV’

Highest charmed XY/Z state observed so far

— if c¢ state, radius r~2.2 fm

(instable, far beyond string breaking limit)

Only XYZ state observed so far decaying into baryons

Y(4660)—J /¢mtw~ and Y(4630)—AS A, may be same state
Guo, Haidenbauer, Hanhart, MeiBner, Phys. Rev. D82 (2010) 094008

PDG2018: only Y(4660)
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15“ ."151 lpl 3 P[] ."ll:]l 3 PE IDZ
5 Y(25)f,
Y (4630)

ne (2S) fo spin partner

Mass / GeV

| DD*
| DD

HADROCHARMONIUM
Dubynskiy, Voloshin, Phys. Lett. B666(2008)344

JPCD*l 1t- gtt 1+t ot 2=+ 17— 27— 37— 3t~ 2347 345
f
Barnes, Godfrey, Swanson, Phys. Rev. D72(2005)054026 4
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Search for spin partner state of Y(4630)

1:(2S) f0(980)], mass 4613+4 MeV, width ~30 MeV
(width dominated by 7.(25))
— called Y,

JPC =07, can not be produced in ISR — search in B decays
~. 30F
é_ﬁ - —-Data
C — Total Fit

L . Fitted Bkg
o 20k Sideband
o 15F + T
> 10 /4
w s
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0 P NI NI P I

I I Lo
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2
M AE (GeV/c?)

No signal observed. Upper limit:
B(B~ = K Y,)B(Y, = AfA;) <2.0x 10~*

Y. B. Li, C. P. Shen, et al. (Belle Collaboration), Eur. Phys. J. C 78 (2018) 252
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ABSOLUTE
BRANCHING FRACTION
OF X(3872)



X(3872) in the PDG 2018
Xc1(3872) 1GUPCYy = ot t 1)

Mass m = 3871.69 + 0.17 MeV
mxcl(3872) — mJ/qu = 775 :t 4 MeV
Full width ' < 1.2 MeV, CL = 90%

X c1(3872) DECAY MODES Fraction (I';/T) p (MeV/c)
mtx™ J/1(1S) > 3.2 % 650
w J/3(1S) = 239 Jf
D° D% 7" Total branchin =40 % 117

= g o/ ?

D**D°  fraction not known =30 % 100% * 3
v J /) > 7 x1073 697
v(25) >4 % 181
atn~ ne(1S) not seen 746
T Xcl not seen 218
pp not seen 1693
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BT — K" X,

Particular situation at T(4S): m(Y(4S))=mp+mp
— B mesons at rest in cms system

TAG 5 Vs

<

B+ Kaon

X_
CcC

Hierarchical full reconstruction of 1104 hadronic decays
NeuroBayes neural-network package

M. Feindt, F. Keller, M. Kreps, T. Kuhr, S. Neubauer, D. Zander, A. Zupanc
Nucl. Instrum. Meth. A654 (2011) 432

Mmiss(h) — \/(p;re _ p‘::ag o pﬁ)z/c
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BT — K" X

711 fb™! (full Belle data set)
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Y. Kato, T. lijima, et al. (Belle Collaboration), Phys. Rev. D97 (2018) 012005
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BT —

K" X

Efficiency small
(requires tag side)

Mode Yield  Significance (o) €(107%) B (107%) World average for B (10~%) [10]
Ne 2590 £+ 180 14.2 2.73 £ 0.02 120+ 0.8+ 0.7 96+1.1
J/ 1860 + 140 13.7 2.65 £ 0.02 8.9+0.6 0.5 10.26 + 0.031
Xeo | 430 £ 190 2.2 2.67+0.02 2.0+0.9+0.1 (< 3.3) 1.5010 13
Xe1  [1230 £ 180 6.8 2.68 £ 0.02 5.8+ 0.9=£0.5 4.79 £ 0.23
ne(2S) | 1050 + 240 4.1 2.77 £ 0.02 4.8+ 1.1£0.3 3.4+£1.8
Y(25) 1410 £+ 210 6.6 2.79 £ 0.02 6.4+ 1.0+£04 6.26 + 0.24
$(3770) | —40 £ 310 - 2.76 + 0.02 —0.2 + 1.4 + 0.0 (< 2.3) 19+1.3
X (3872)| 260 + 230 1.1 2.79+0.01 1.2+1.1+0.1 (< 2.6) (< 3.2)
X(3915)| 80+ 350 0.3 2.79+0.01 04+1.6+0.0 (< 2.8) -

Almost reaching the sensitivity of product branching fraction

BT—K+X(3872), X(3872)— DD 7"
B=(1.0+0.4)x10"* (PDG 2018)
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DOUBLE Z,
PRODUCTION



Search for double Z_production at Belle

Z. states | Z. labels in Ref. [23] Mass Width
Z+(3900) (3900) 3886.6 + 2.4[28.1 £ 2.6
Z+(4200) +(4200) 4196135 | 37012
Zjl (4050) Xt (4050) 405113 82150
ij (4250) +(4250) 42487190 | 177320
ZF(4050) *(4055) 4054 £3.2 | 45+ 13
Z+(4430) +(4430) 4478117 | 181+ 31

e ete™ — ZF(3900) + 7T observed at BESIII, at \/s=4.26 GeV

o cTe — Zbi + 7+ observed at Belle, at /5=10.86 GeV

e search for ete™

—>Zi+Z§,

at \/s=10.52, 10.58, 10.86 GeV

e search also in T(1S) and Y(2S) decays (1/5=9.46 and 10.02 GeV)
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Search for double Z_ production at Belle
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S. Jia, C. P. Shen, C. Z. Yuan, et al. (Belle Collaboration)
Phys. Rev. D 97 (2018) 112004
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Search for double Z_production at Belle

Born cross section in [fb]

\ v
Vs fit UL | € | 2 |Osyst o X ot x
Mode (Gev)| N [ (%) |Bzd = xta) | Bk o xta/y)
ete  — Z.(3900)Z, (3900) 10.52 | —4.94+3.6 | 7.2 |41.5| - |10.3 —1.6+£1.2 2.3
ete™ — Z1(4200)Z (4200) 10.52 | —27.5 £ 57.8 | 82.8 |43.7| - | 34.2 —8.54+ 18.1 26.5
ete”™ — ZT(3900)Z7 (4200) + c.c.| 10.52 | —0.5+15.0 | 28.4 |21.0| - | 22.9 —0.3+£9.7 18.3
e+ — Z71(3900)Z; (3900) 10.58 | 11.84+13.0 | 32.2 |41.5(0.9| 12.7 0.5+ 0.5 1.3
ete™ — ZT(4200)Z; (4200) 10.58 {132.1 £ 173.0(390.1|43.4|0.8| 35.4 5.1 +6.9 15.5
e+e* — Z+(3900)Z (4200) + c.c.| 10.58 | —7.7 £39.4 | 63.4 [20.8| - | 20.7 —0.6 £ 3.2 5.1
ete” — z+(3900)z (3900) 10.867| —1.44+4.6 | 9.0 |41.5| - |17.0 —0.3£1.1 2.2
ete” — Z71(4200)Z_ (4200) 10.867| —0.2+£41.6 | 93.7 |43.7| - | 33.2 —0.14+9.4 21.9
ete™ — Z1(3900)Z (4200) + c.c.[10.867| 30.3 + 16.7 | 53.9 |20.5|1.9| 16.3 14.6 + 8.4 26.6

Typical cross sections o(eTe™—Y(55))=0.3 nb at 1/s=10.86 GeV
and o(eTe™—Y(4260))~65 pb at /s=4.26 GeV

(with T(55)— 2! “#F and Y (4260)— Z=(3900)7F)
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STRANGE PARTNER
OF P_* PENTAQUARK



Search for PS+

e Pentaquark candidate P."—.J /vyp, observed in A;, decays at LHCb

e A, is outside kinematic range for Belle (II)

e There are candidates for strange partners of charmed XY/Z states
e.g. Y(2175) — ¢m 7~ observed at BaBar and BESIII

e Search for strange partner
PFr—o¢p in A.—[pp]r°
915 fb~!
1.468.435+4816 A, candidates
No significant signal observed
(upper limit for P is factor ~6 higher
than measured B for P." at LHCb)

N
(@]

IIIIII
|

Events / (0.01 GeV/c?)

---------------------------------- I IT

- l
202

. L | ) | ) L]
204

'2.O6I l2.08l I2.1
m(¢p) (GeV/c?)

B(AT — PFrn% x B(PF — ¢p) < 8.3 x 107°

S

B. Pal, A. J. Schwartz, et al. (Belle Collaboration), Phys. Rev. D 96 (2017) 051102
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Conclusion

* Analyses in Belle still ongoing (although Belle Il starting up):
* Searches for partner states

* Different production mechanisms
(ISR vs. B decays vs. Y decays)
* Absolute branching fractions

Thank you.
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N/100 MeV/c?

XYZ at Belle

0 L I 1 I
1.5 2

X(4630)

e*re ->NAFN Vs

A~ pK?, pK-zt, Art

A" Is tagged by anti-proton (partial reconstruction)

mgecoiL(Ac Yisr) / GeV

| S. Lange | PHIPSI19

o(nb)

Phys. Rev. Lett. 101(2008)172001, 670 fb™*

0.6
0.4
0.2 -

0+

8 2 0. BELLE

+ X(4630) KR

45 46 4.7 48 49 5 51 5.2 53 54

m(AA) / GeV
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DO inclusive reconstruction

XYZ at Belle

Candidate events are selected by requiring a pair of oppositely charged
muons and a charged particle with p7>1 GeV at a common vertex with
2 <10 for 3 d.o.f. Muons must have transverse momentum pr>1.5 GeV.

J /141 track vertex is required to be displaced from the pp interaction
vertex in the transverse plane by at least 5o

2nd track pr>0.8 GeV and contribution to the of the x? of .J/1)+2 tracks
vertex must be less than six.

then, pion mass is assigned to both charged tracks (but K*— K7 and
¢p— KT K™ are vetoed)
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