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Bottomonium Spectrum

11.00 - ~76S)
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2 Below the BB threshold states are well described by potential 10.75- E Y(E107553) E f E E E E E E E f f E - z:,;uogm)f i"é“i
models. e - o T T T T T C - - T Z008sQ”  ~ ~ |
2 Above BB threshold states exhibit unexpected properties: § 10.50- Xb1(3P) xp2(3P)  Open bottom threshold
: . . v TY(38)
4p Hadronic transitions to lower bottomonia are strongly = 10.25 T M~ M o
enhanced. B ﬁ —;10)
40 The 5 transitions are not suppressed compared to 777z~ = 10.001 T2  —u
transitions. Strong violation of Heavy Quark Spin Symmetry. — ap  Xm@p) Xe21P) TP
@ 7,7(10610) or Z"(10650) : observed near the BO)B* =43
thresholds, properties are consistent with B B* molecules. 050
' TY(1S) -
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Exotic admixtures: molecule, compact tetraquark, hybrid. 2 Conventional bottomonium (pure bb state)

2 Bottomonium like states (mix of bb and BB)

B> Purely exotic states (Z))

Bottomonium and exotic spectroscopy / Renu Garg / FPCP 2024 2




Belle (I11) relevant datasets
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Bottomonium below BB threshold




Search for /1,(2P) — Y(1S)n and h,(1P,2P) — Y (15)7" at Belle

2 The properties of spin-singlet /,(1P,2P) are expected
to be similar to spin-triplet partners y,,(1P,2P) state.

: _ . e 11.00{ —
2 Theoretical prediction: the ratio of the annihilation oS -
, BBl
rates for the /1, (1P) and £, (2P) is the same as the 1075] = e
corresponding ratio for y,(1P) and y,(2P), | DERESEE T Z5(10610) — grigr)
—fa- - - - - - - I - - I - I T Znogsol I =
— 86. 094013 (2012 V4
th R)(b1° - ( : 10.50 - Y 71(3P) Xp2(3P)
2z Based on current results, the I'th/R)(b1 = O.24J_r8:§47l with . —T35)
3.00 discrepancy from unity. This discrepancy will o — o)
2
increase if the rate of 7,(2P) — Y(15)# is as large as 10.00
10%
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Ne(1S)
1-- 0—+ 0++ 1++ 2++ 1+—- 2--
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.86.094013

BELLE

Search for /,(2P) — Y(15)n and h,(1P,2P) — Y(15)7" at Belle

~ 3 —— Total PDF
R
o~ 08¢ > 4 @ | hy(2P)=Y (1S |
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2 Evidence for h,(2P) — Y (18)n with 3.5¢ significance.
B B, —> Y(1S)) = (7.1135£0.8) x 10~
2 No significant /2, (1P, 2P) — Y (15)7" signal is observed. S /. . S

. 102 1022 1024 1026 1028 103 10.32
0
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Search for /1,(2P) — yy,,(1P) at Belle

2 h,(2P) — yy,,(1P) is highly suppressed due to
heavy quark spin flip. 11.001  —7es)
2 Relativized quark model predi%ts, . TNGS) _ - .~ o~ o o~ - - _ . _ BB
B12P) — 17, (1P)) = 10 = 10 075\ FZ, T T DI DIIIIIIiocccs
, PRD 32. 189 (1985) - - - - - - - - - °- - - _ - . - - A5
2 According to coupled channel effect, —~@s- - - - - - - - I I - - I I ZnogsoI - =
B(hy(2P) = 12,,(1P)) = 1072 = 107! 10.50 R e
. PLB 760, 417 (2016)
B Experimental results needed !! 09 —Y(38)
~ Y2(1D)
~ Xbo(1P) Xo1(1P) Xo2(1P)  TFRp(1P)
9.75 -
9.50 -
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Ne(1S)
1-- 0—+ 0++ 1++ 2++ 1+— 2--
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https://arxiv.org/pdf/1604.00770
http://PRD%2032,%20189%20(1985)

Search for /1,(2P) — yy,,(1P) at Belle

2 No significant /1,(2P) — yy,,(1P) signal is observed.
2 Upper limits at the 90% C.L. are set.

RQM RQM

TABLE IV. Observed upper limits at 90% CL for the branch- Q RQM
ing fractions of the investigated transitions. M : 57 L <ﬂ
Channel B Coupled channel Coupled channel Coupled channel
h(2P) = vxp2(1P) <12x1072 ﬂ : 9 : 9
ho(2P) — vxp1(1P) <54x%x107° —4 ’
hy(2P) = vxb0(1P) <2.7x107!

Results are consistent with the Relativized 105 10~3 10-1 105 103 10-2 10> 103 107!

Quark Model (RQM) B(hp(2P)=yXb0(1P)) B(hp(2P)=yxb1(1P)) B(hp(2P)=yXb2(1P))
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Hidden flavor cross section




Discovery of Y (107353)

2 Y (10753) was observed in energy dependence of ete™ - Y(S)z 'z~ (n = 1,2,3)
cross sections by Belle.

JHEP 10 (2019) 220

2 The global significance is 5.2¢

Y(55) 5 s New structure |
M (MeV/c?) 10885.3+1.5%22 11000.0142 19 10752.7 £ 5.9197 \
[ (MeV)  36.673¢ 17 238753 s 35.51153153 *

2 eTe™ — bb cross section in bottomonium : , BellerBABAR data B ]
energy region based on the Belle and =400 [ 10.75 GeV §

BABAR measurement.

4 A dip near 10.75 GeV likely caused by
interference between BW and smooth
component. CPC 44. 8, 083001 (2020)

i
>R ~

J

10.7 1.8 10.9 11 11.1
Vs (GeV)

Fit function: 3 BW+smooth component
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https://link.springer.com/article/10.1007/JHEP10(2019)220
https://iopscience.iop.org/article/10.1088/1674-1137/44/8/083001/pdf

Y (10753): theoretical interpretation

.- BQB. BB BQB. . o ,f. .7 ' : — m——
Y(45) B'B s0s s Yiod I. Possible interpretations:

Ex
Perj
Mmen¢ |> Conventional bottomonium?

Phys. Rev. D 105, 114041 (2022)
Phys. Rev. D 106, 094013 (2022)
Phys. Rev. D 105, 074007 (2022)

B Hybrid state?

Phys. Rept. 873, 1 (2020)
Phys. Rev. D 104, 034019
(2021)

P Tetraquark state?

Phys. Rev. D 103, 074507 (2021)
Phys. Rev. D 107, 094515 (2023)

Theory

Y(4S) Y(3D) Y(5S5)

10.55 10.60 10.65 10.70 10.75 10.80 10.85 10.90 10.95
Vs [GeV]

'{ B Hadronic molecule with a small
admixture of a bottomonium?

2 Mass does not match Y (3D) theoretical predictions, and D-wave
states are not seen in e e~ collisions.

2 Y(4S) — Y(3D) mixing can be enhanced due to hadronic loops.
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Unique data with energy scan near \/E = 10.75 GeV

2 Belle IT / SuperKEKB performed an energy scan in November 2021 with a total luminosity of 19 fb~!.
2z Physics Goals:
2 The main goal was to confirm and study the Y (107353).

2 Improve the precision of exclusive cross-section below the Y (35).

12 | | | 1 ] ] ] | | ] | 1 1 ] ‘ | I | T T 3.5/fb 1.6/fb 9.8/fb 4.7/fb
- B Belle - =
T 10f 9.8 fb~? ) =
', 10- mmm Belle Il ~ — ]
= | : -
= gh- " =
o | ) n |
g | : 9:,
S o 1 - = 5
5 | 1 47 fb : 5 |
E 4 3.5fb —
o _I ]
£ 21 1.6 fb~! 1 1 1 vY1 N2 et K.
1860 L110 65 . 110I701 = 10.75 i 10.80 ! 10.85 | A S R Sl PRSI PO S ——
' ' ' ‘ ‘ ' 10.5 10.6 10.7 10.8 10.9 11
Ecm [GeV]
E.. (GeV)

2 Belle II collected data in the gaps between the Belle points.
2 The point with the highest statistics (9.8 fb™!) is near the Y(10753) peak.
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Belle II

Search for Y(10753) — 7727 Y (nS) at Belle 11

2 Discovery mode of the Y(10753) (Next few slides will cover):
4p Confirm its existence o I —
4 Measure the di-pion spectrum 0 ST T T T T T TTT T T L Zudor gugd
4p Look for Z[j (10610) or Z[j (10650) intermediate contributions ‘“§ 10.50 - ST x§1(3P:) e T
%_10.25- e R = R < N
é 10.00 - ~(25) o
Confirm Y (10753) existence . G e R Tt
2 Clear signal for Y(1S)z" 7z~ and Y (25)7" 7~ decay mode. .
2 No evidence of 1 (25)7 7 — E‘m - = —-— = —
) _ S Jee

] ) | 6or )  16F ;
| o, 35 Bellell, 9.8 |4 | Bellell 98 ', Bellell, 9.8
> 30F 7Y (1S) at 10.745 GeV B S0 nny(2S) at 10.745 GeV > 145‘ Y (3S) at 10.745 GeV
> - \‘ S Z ‘1 S 121
a3 | 0.40: =R Y(3S
o C o L O -
1‘ 10:3205_ Y(lS) : 1q:)30: | ‘q:J e ( )
| 0'15: | < R I Q _
| 2 7f | Lol o 6f t
| ©  AF | < =Y IS T
| 210 N 2 4 * ’
T D10 (i |
]' 5¢F | : .2 T e
! i S T . | : “ - + | + N PR
| 12 125 13 135 | | 03 035 04 04
I F__ | | AM [GeV/c?] -
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Search for Y(10753) — 7727 Y (nS) at Belle 11

Confirm Y (10753) existence

—¢- Belle data, 7Y (1S)
+ Belle Il data, nnY (1S)

2 New measurement confirms previous Belle result: cross
section 1s peaking near 10.75 GeV.

Bomn cross section [pb]

o ¢

Belle + Belle II (MeV) Belle (MeV)

-~ Belle data, nnY (2S)
—4- Belle Il data, nnY (2S)

My 10753y | 107566 +2.7£0.9 |10752.7 % 5,917

I'y10753) 200+88+12 | 355%176+39

7.50

Bomn cross section [pb]

2 Results are consistent with the Belle results. 3

~4- Belle data, n7Y (35)

-+- Belle Il data, nxY (3S)

2 Uncertainties are improved by a factor of two from previous
Belle results.

Born cross section [pb]
N

JLLLJ LLLLY LLLLY LLLLY LLLLY LLLLY LULLY LLLLY LU L UL | (I | I ‘ 1 I L Illll llll|llll|llll|llll|llll|llll|llll|lll

_0.5 1 I 1 1 1 1 I L 1 1 1 l L L 1 1 l 1 L 1 1 I L L 1 1 I L L L
10.5 10.6 10.7 10.8 10.9 1

Center-of-mass energy [GeV]
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Resonant structure in Y(10753) = #7727 Y (nS) 5

Belle II

AM =M x4+, — - M 4+ —
Z;(10610) or Z,7(10650) intermediate resonances =M@ pTpm) = M)

o f -
L sl Belell 981" = 14 Bellell 981
2 70 Y(1S)at 10.745 GeV = qpf 7nY(25)at10.745GeV
. . . - o i
 No signal of intermediate Z,"(10610) or Z7(10650) g °f S 1o}
i 5 o) t
resonances are observed. g 4 s | L T
12/ 3 F * * c E_ I. 1_'_L_L'L‘ ¢! ¢
S 2 E— ® 'Y ® ® o |le 'YK ) g 4 - \ } B
> : L o [
L . ;_ .J"i‘lf:ouo.'ircu.‘*m“—v—oq.m_ ¢ ) — [ Fi E - l_. l—L—'T— — =
0:6r'i ALY %8 A—iL—l—l-—;— =M | 0.3 0.4 0.5 0.6
. . A V
AM, [GeV/c?] M. [GeV/eT]
Di-pion spectrum o o5 [
o | A L | Bellell, 981"
4+ — . 4+ — . . . . . S - Bellell,9.81b > 5L ’
2 7 Y(1S5): M(z™ ™) distribution is consistent 2 °l Lv(1S) at 10.745 Gev 2 7| rev(2s)at10.745 Gev
with phase space. S of S 15} .
S 6 T AP : .
? nn Y (295): larger values of M(n"zn~) enhanced & «f . | & qof :Phasespace; |
. . _I_ _ ﬂ . ¢ - | “‘ ?
(stmilar to Y(2S) — #n77n~ Y(1S) process) 5 LI 4 , , L S sf R - J_Tr
L i L L e LLI I S B 11,
L ® ‘_:____,_._,..r : -"o‘d_""n % "¢ e® - i ; - :
e i | ' i -
0.5 1 . 0.6
M(n*m) [GeV/c? M(r*) [GeV/c?]
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Study of Y(10753) — (zt7z~2%) ¥ Y(15) at Belle II B

Belle II
2 Theory: PR
‘I
4 Mixed 4§ — 3D model suggests Y(10753) — wy,; ,(1P) could be enhanced. | “";2\.2,"’ — |
PRD 104, 034036 (2021) N —
Z Charmonium sector: Y 7X@ |
# Similar to Y(10753) in ete~ — 7tz Y(0S), Y(4260) was observed in . o
ete” = nTa~J/y cross section by BESIII. | ! X
& Expect similar nature of Y(10753) and Y(4260). ; S ‘
4 Y(4260) was also observed in wy,,(1P) and y X(3872) by BESIII. | — o ]f
. . \! [ 0 e— » T
4 Inspired by decay modes of Y(4260) charmonium state, we expect : ] T o )
& Y(10753) = wy;,,(1P) T
& Y(10753) - v X, X,: bottomonium analogue of X(3872) s, @
| i "\ ;, _________ AN |
- yus)® I |
B ) @) ]
H 11 v Y(2S) ..', \‘\
] / 4 %:1(1P) ‘
J s |
: v ;,.. ‘ ______________________________ ; TZ*TC‘
| Y(1S) imemems > |

Search in ete™ — (T2~ 7") ¥ Y(15) process
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.104.034036

Observation of Y (10753) — w y,,(1P) at Belle 11 <

Belle II

PRL 130, 091902 (2023)

The ete™ - w y,,(1P) (J = 1,2) cross sections peak at Y(10753).

of -@- Belle Il data Belle Il, 1.6, 9.8, and 4.7 fb™ -
- DX -4~ Belle data O)4%) 45
+ ,— 2 1 P — Total fit . 1 8
B ole"e” — a))(b]) 1.5 at Y(10753) GeV — 6r ---+ Solution | 14 —
~ o -« Solution II 1,
o(ete= = Y(nS)rtn) 0.15at Y(5S) GeV ? A olution 33 %‘
—> Y (10753) and Y (55) have different internal structure? 2 21 _2 o
© [ . 11 ©®
0 ’ -."‘.""."'.'l".".':.:.'."l'".:';::-.--:'-‘-'.ﬁ.ﬁ'ﬁ ﬁ'-f--:--.--r'.".".':.."‘l ."'"'.'"1-1- 5 =-.:0
10.7 1075 10.8 10.85 107 1075 10.8 10.85
/s (GeV)
. m‘\)‘ Solution 1: constructive interference
2 Measured ratio: 9,0

Solution II: destructive interference

Y o(Y(10753) = wyy,) B

13406 /)
o Pufe Channel +/s (GeV) Nsig og{,';; (s]s)
4) Prediction for a pure D-wave state: 15 @

WXb1 68.91137 3.6707 +0.4
4p Prediction for a 45 — 3D mixed state: 0.18 - 0.22 10.745 116 12
WXp2 27.6_10_0 2.8_1_0 iOS
WXb1 15.078% 1.6 @90% C.L.
-2 P ......1-1 PR ......IO L ......11 PR 10_805
10 10 10 10 WXb2 3.3%33 1.5 @90% C.L.

ole e~ swxp1(1P)]
ole e~ swxp,(1P)]

Disagreement with both pure D and 45 — 3D mixed model
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.130.091902

Search for Y(10753) — yX, at Belle II <

Belle II

PRL 130, 091902 (2023)

The X, 1s posited bottomonium counterpart of X(3872).

e Data Belle Il, 3.5 fb! | ——Data Belle I, 1.6 fb™ 10
2 No significant signal of X, signal is observed. 10F  — Total fit (s=10.653 GeV | — _ :°:12; Vs =10.701 GeV
2z Upper limits on cross sections are set for o~ [ 7 ExpectedX, o :;P:‘::‘: "(‘5 _
M(X,) € (10.45 - 10.65) GeV o | 15
° | :
2] | .
o | J&. - -
s GeV | ogleTe™ = yX,) X B(X, - o Y(19)) A e 0
~ - -1 -1 -
i »n 30 Belle ll, 9.8 fb Belle ll, 4.7 fb™
_____________ 1063 | O140559pb £ (s = 10.745 GeV (s = 10.805 GeV 10
_____________ 71 o (025-084)pb D 20f _
10.745 (0.06-0.14) pb ' 1
10.805 (0.08-0.37) pb 107 4 l '
0 as S T K ] { + - E— e § 0
10.2 10. 104 105 10.6 10.;;; 104 105 10.6 10.7
M(«Y(1S)) [GeV: c?]
Reflection of
e*e™ — wyy (1P)
18
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.130.091902

Search for Y (10753) — wn,(1S) at Belle 11 <

Belle II
z Motivation: 11.00{  —es)
. . . . TY(5S) L B
& Theoretically, tetra-quark interpretation predicts, a =
Y(10753) Zp(10610) “ alt
strong enhancement of the decay w #,(1S) compared to \- - - - I - - - - oI I - /o= o
T vy 1050{ N\~ T T T T T —=em Tmen -
n - Y(nS) CPC 43 (2019) 12, 123102 S T
. . )
& 45 — 3D mixed model predicts that decay rate of = 10.25 — o EmeP) T XeP)  TTReP)
. — 7)) b0 S
w 1,(1S) is smaller than 777~ Y (nS) by a factor of 8 v210)
02-04 PRD 109. 014039 (2024) 10.00 ~e(2S) o
~ Xbo(1P) ~ X61(1P) xp2(1P) T h(1P)
9.75 -
2 Strate 9.50 -
gy ' T Y(1S) -
. . . Ne(1S)
4 Partial reconstruction: = 0+ 0 1+ 2 1+- 2~
jPC

& Reconstructed @ meson in 7Tz~ 7" and use the
recoll mass of @ as signal variable

2
Vs — E p*\’
6‘2

Mrecoil(ﬂ T _ﬂO) — \
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https://iopscience.iop.org/article/10.1088/1674-1137/43/12/123102/pdf
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.109.014039

Search for Y(10753) — wn,(15) at Belle 11

2 No significant @ 7,(15) signal is observed.

2 Upper limits at the 90% C.L. on the Born cross section are set.

2 o(eTe” — wn(15)) < 2.5 pb

Ratio:

B o(wny,)
o(ntn=Y(nS))

< 1.25

2 Prediction for a tetra quark model: ~30

2 Prediction for a 4S — 3D mixed
0.4

state: 0.2 -

Lui et al. (2023)

Wang (2019)

|

@q

| |

10°

10’ 10

w—> T T

Candidates per 10 MeV/c?

Candidates per 10 MeV/c?

0

D>
o

Belle II

PRD 109, 072013 (2024)

recoil mass distributions

Illlllllll

—e— Data
— Total fit

Belle Il, 9.8 fb™
/s = 10.745 GeV

AN

o

o
IIIIIIIIII

I

N

o

o O
I|III|III|$

SR N—
e e o
.
[ R ]
IR B ]

lllllllllllllllllllllllllllllllllllllll

935 94 945 095 955 96

ole *e~ »wnp(1S)] | M (o) [GeV/c?
ole Te- =m m-Y(15)]

recoil

Evidence against the tetraquark model predictions.

Compatible with § — D mixed model
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https://link.aps.org/abstract/PRD/v109/e072013

Open flavor cross-section




Energy dependence of e "¢~ — BB cross section at Belle 11 B

<O

Belle II

Belle results

2 Motivation: T

N

Cross section (pb)

. | BB*
% The open flavor final states (B”’B"") make dominant

contribution to bb cross-section.

Cross section (pb)
I

200 -

Cross section (pb)

?(10753)

100 -

& Their measurements are critical for understanding o |
the structure of bb states.

100 |-

4 The measured cross sections can be used in the coupled \\ i CR s
channel analysis of all available scan data to extract the ——
parameters of the Y states.

4) Belle measured the energy dependencies of

o(eTe” = BYBM) and observed an oscillatory
behavior.

T bb

& Channels BB saturate the cross-section below 12_ }
the B¥B? threshold. SR

4 To improve the accuracy below Y(5S) and understand A A
the nature of Y(10753), need more data: Belle II T o,
- Bt !.sﬁ*" | m"Qb"gg!.!‘ Ot ;!.ﬂ’“ & M astegerhe i g a

¥ o©
] : L1 | N T 0l ] ) ] ] | ) ) ! | | A . | A | | ) ) A | |
10.6 10.7 10.8 10.9 11 111 11.2

E... (GeV)

Bottomonium and exotic spectroscopy / Renu Garg / FPCP 2024
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Energy dependence of e "¢~ — BB cross section at Belle I 3

Belle II

= 017 -
< _ 5 Belle ¢ Belle Il BB
g 005 |

5, .Y ;

2 The obtained cross sections at four energies are consistent YA & W 1L
with the Belle results. O oy T R

B o(ete™ — B*B¥*) increases rapidly above B*B* threshold

4 Similar phenomenon was observed near D*D* threshold.

1) Possible interpretation: resonance or bound state (B*B*
or bb) near B*B* threshold

4 Inelastic channels [#7z~Y (nS) and nh,(1P)] could also be
enhanced

E.., [GeV]
Solid curve — combined Belle + Belle II data fit

Dashed curve — Belle data fit only
Bottomonium and exotic spectroscopy / Renu Garg / FPCP 2024

23




Energy dependence of e "¢~ — BB cross section at Belle I 3

Belle II

Comparison of 6,; and op5 + Oz« + Ops« =

Y(5S) Y(65)

o o
S 2. . S
- i { ¢t total o(bb) 5 05F
2 _ > o(BB) + 6(BB*) + o(B*B*) — Belle 2
°© ! ¢ o(BB) + 6(BB*) + o(B*B*) — Belle | ©
15+ Black dots: Belle + BaBar
i [PRL 102, 012001 (2009),
! PRD 93, 011101 (2016),
- CPC 44, 083001 (2020)]
’ R Open blue circles: Belle
B [JHEP 06, 137 (2021)]
i Filled red circles: Belle 11
[this work]
0.5
B % :
+ 8 f 2 |
¥ Y Wﬁ |
b3 2 . :
0 N L S I N R SRR R ol lo vt b Bl B
10.6 10.7 108 109 11 111 112 106 10.7 108 109 11 111 11.2
E.., [GeV] E.m [GeV]

2 Agreement with ,; below the BB threshold.

2 Previously observed deviation at high energy is presumably due to BB, multi-body B BOn(r),
etc.
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sSummary

2 The understanding of the physics of highly excited heavy bottomonium is
very incomplete.
2 First energy scan results from Belle II are quite interesting, but not conclusive.

S
2 No clear indication on the nature of Y(10753). »@'&
O
| | N Y(10753)
4 Improved results for mass and width of Y(10753) using Q$® -
Y(10753) - Y(nS)z"n~ .
. ? ?
4 S — D model compatible with Y(10753) — wn,(15) but not with Y3S) |
Y(107353) = wy;, ,(1P). Yes) | " Y(I3D2)
. X2
) No signal of intermediate Z"(10610) or Z;(10650) resonances are i 21 (1P)
Y(1S) . Xpo(1P)
observed. )
S-wave P-wave D-wave

2 New data are needed to search for patterns that may indicate possible theoretical solutions.

2z Super KEKB is a unique experimental facility in which the phenomena discussed can be studied under well
controlled conditions.
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Introduction

Quark mOdEI: M. Gell-Mann, Phys.Lett. 8, 214 (1964)

Classification scheme for hadrons 1n terms of valance quarks.

Hadrons are composed of mesons (gg, gqgg, ...) and baryons (gqq, gqgqqq, ....).

Pentaquark: u’d
S=+1 Baryon u‘d'e
2 qq spectroscopy with heavy quark (mostly Glueball
c or b) are best place to study quark model. g

Color-singlet multi-
2z Simple two body system, non-relativistic gluon bound state @

and narrow (with OZI suppression). Tetraquark mesons Q

2 Further, one can search for exotics with .
them. tightly bound C
diquark-diantiquark

e 00

Baryons (qgqg) Mesons (qq)

H-diBaryon

(g
tightly bound \f} ,«»
6-quark state * ¢ S

\

loosely bound éx
meson-antimeson .
“‘molecule”

78

0

o . s, Not observed in conventional
qqg-gluon hybrid mesons LCM matter. However, they should
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be allowed.
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Belle 11 detector

Record-breaking instantaneous luminosity:

4.7 x 10%* cm™2s~!

» Asymmetric eTe™ collider

K; & p Detector
» Collected data

u 1D efficiency = 90%
7t mis-1D rate = 5%

Central Drift Chamber
Spatial resolution = 100um

- ~362 tb-! at Y(4S) O-(pT)/pTz 0.4%

- 42 tb'! off-resonance, 60 MeV below Y (45).

- 19 b1 energy scan between 10.6 to 10.8
GeV for exotic hadron studies.

Super-Conducting
Solenoid

1.5T B-field

Vertex Detector

Features:
o vertex = 15um

» Near-hermetic detector

»  Excellent vertexing and tracking - |

»  High-efficiency detection of neutrals (y, n9, . : Identification
N, ...) B 4 K ID efficiency = 90%

»  Good charged particle reconstruction. | Nt 7T mis-ID rate = 5%

EM Calorimeter
o(E)JE~ (2—-4)%
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Coupled channel analysis

Hiisken, Mitchell, Swanson, PRD 106, 094013 (2022)

(c) B*B*

All available scan data
¢

K-matrix: scattering

_ _ via Y(4S), Y(10753),
gop (1) “BeBs * | Y(5S), Y(6S) or
100 non-resonantly.
a
Q Results:
o

pole positions,
branching fraction,
energy dependence of
scattering amplitudes.

Accuracy above Y(6S)
and near Y(10753) is
poor.

Bottomonium and exotic spectroscopy / Renu Garg / FPCP 2024 29




Energy dependence of e "¢~ — BB cross section

Decay modes used:

B‘+ — BY — |
- DOt Dt
| goé’;f K g:: +7T DY~ Dt — D} —
D¥rtgte=  D* gtato— | . Kot K rntnt KtK—rnt I
D+ DO D+D- w K—ntn0 K rntatn0 KTKg
D**+ DO D*+D- | Krntntn~ Kgn™ KTK-ntrl
DF D*0 D D*~ | | Kgmtn™ Kgntmd KtKgntn™
D;*D* D;TD*~ \ Kgntnn’ Kgrntntn~ K Kgrntn™ ‘
WKS K | KYKS KYKort KK ontnt
JWKsnt  JlpKtno KtK~Kg K+ato— |
ot ﬂ
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Energy dependence ot e e — BB cross section

AE' vs M,_at E,_ = 10.746 GeV

2 Method:
4 Reconstruct one B in full hadronic channels.

AE" [GeV]

4 Key variables for analysis are

WI’ Mbc — (Ecm/2)2 o pl%
W AE'= AE — M, .+ My, where AE = Ey — E_ /2

4 AE’ has improved resolution and allows all desired two-
body decays to be selected with a common cut

4 Populations of each can be studied by fitting the
projections onto the My, axis for all energies at which -0.05

data were accumulated

40 B* — By decays are not reconstructed.

. ) }\.,"n
SR LR R 4

5.25
2
o [GeV/cT]
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Energy dependence of e "¢~ — BB cross section

o °§ :_B lle Il 3228 10.805 GeV ) 200 F Belle Il 10.746 GeV
M, . fit at scan energies 3 ol Bele G| ososcev| g amp eele (10745 Go
g’ 80 g’ .
8 | 8 |
2 M, fit distribution: . 605_ ’ BORC)
40 [
2 AE' signal region (upper) | e
2 AE'side-bands (lower) 0: b L
20 40l * 1
: e b ,l.ﬂ}ﬂl_ }
B ete™ = BB, B B*’ B*B* signals at \/E ~10.75 s 5.25 5.3 5.35Mbc [623/;2] Y I 's.éslM;c'[ég.'\j/;zl
GeV can be clearly observed — sof -
. . _ . . . § | Belle Il - 10.7011GeV §
2  Contribution of Y(4S) — BB production via ISR is 2 AR 16 fo =
visible well (black dotted histograms) ! 3
2 At \/E =10.653 GeV, the sharp cut of the data at S N
. . B''B‘n
right edge 1s due to threshold ettect 201 |
T s
T I |
%2 5.25 5.3 5.35 54 %2 5.25 5.3 5.35 5.4

M, [GeV/c’] M,, [GeV/c]
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Bottomonium (-like) at Belle 11

Direct production
b

2 Four ways to access bottomonia:

o

A Direct production fromete™: JFC=1"": Y(nS)

ISR production
4 ISR production: J7¢ =1"": Y(nS) '

4 Hadronic transitions from Y (nS) through n, nm, ... @
JEC=0"t 177,17 ...: Y(S), n,(nS), h,(nS), ...
7 Radiative transitions from Y (nS)

JPC =07+, 0%, 14+, 24+ (), y,(nP)

N, %

Hadronic transitions

™

~d
o
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