QUARKONIUM/
QCD RESULTS
AT BELLEII

M.C. Chang
On behalf of the Belle || Collaboration

3 July, 2023
Beauty 20235



D

<O

Belle II

BELLE ll EXPERIMENT
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Belle II

= ¢c and bb mesons (or charmonia and bottomonia
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EXOTIC HADRONS <2

XYZ states: what are they?
lots of them in charmonium R

bottomonium analogues: Yb, Zb, Z'b which partons compose them?

«d

1800 — : : : 7 I 3 —T , : : : : . : r r
1600+ o Rl
1400 .
1200§
1000}-
8005
600 —
400!
200"
ol

tetraquark pentaquark hybrid

; a
| o NG S
‘ . hadronic molecule  glueball

! | | | | ! | ]
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Year

N

Integrated Luminosity in fb

M.C. Chang - Quarkonium/QCD results at Belle Il - Beauty 2023 page 4



D

O

THE BELLELEGACY

- _i8 - Belle I
5 O — 55
BelleeKEKB (B-factory) — optimized for = TR Y .;l'i‘ !
| — : : /N V
W LA . W
ete™ = T(4S) — BB 4 A
However g [ p—— - W
Y(5S): discovery of hb(1,2P), nb(2S), Zb(10610,10650) : ,f‘il
(PR D91 072003, PRL 109 232002’ LT A
N i;t'. |
exotic states and anomalous Tt transition widths —— =
Process Partial width Q |
T(10860) — T(j:‘;.S')x*r.—- (0.59 + 0.04 + 0.09) MeV - i
Y(10860) — Y(25)x+ (0.85 4+ 0.07 + 0.09) MeV "3 Ty
Y(10860) — Tus)T (0.521547 + Q.10 MeV H N
Y(3S) = T(1S)x+tx (8.9 £ 0.8) x 1074 MeV | NEZARN A .
o~-;--A——--A——--—L--—f--—--—?[-~--1— i A‘ - '1 =
Energy scan data: Y(10753) aka Yb B 7" T e
rise in hadronic transition cross sections (resonance) JHEP10 (2019) 220
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Y(10753): WHY IT'SIMPORTANT k==

S
25 + 07 | + 88 B8 BE 8%?""?
+ 0.6 ,_ B8 B8 BB BBn BEn BBn BB, BB, L :,Z:i .é
3 * | N |
2 £ 8451 B ! & L:% |
‘ E_ ' ! I g Wl * —é” — 7
Taak Ly N MG olete” - BD)
; } 14 1A
02 F A1 ¢ 3- b — - 1
s | *?T T? £ olete™ = pp)
o [ O-..l*l.ll..11...1...11..1...15:
L + 0.6 "NOENIOEETO 110 111 11.2.
1 d . Vs (GeV) N . .
[ 4. q Dip likely caused by interference
X o (. between BW and smooth component
os | | |
' & %m NMW%% [Chin. Phys. C 44 (2020) 8, 083001}
o ?; ﬁ
0 ! o0 l+¢ g, |
10.6 10.7 108 109 v ETRERTE:
T \vs (GeV)
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Y10753): WHY IT°S IMPORTANT

Uncertain nature:
Conventional interpretations:

>  No clear conventional bb candidate Chen, Zhang & He, PRD 101, 014020 (2020)
> Y(45)-Y(3D) mixing? Giron & Lebed, PRD 102, 014036 (2020)
>  Molecule? Li et al,, EPIC 80, 59, (2020)
- Li et al, PRD 104, 034036 (2021)
> Tetraquark? van Beveren & Oset, PPNP 117, 103845 (2021)

Bai et al.,, PRD 105, 074007 (2022)

) ] Husken, Mitchell & Swanson, arXiv:2204.11915 (2022)
Y(4S) B'B BB’ BsBs B:B; Y(5S) Kher et al.,, EPJ+ 137, 357 (2022)

Li, Bai & Liu, arXiv:2205.04049 (2022)

Liang, lkeno & Oset, PLB 803, 135340 (2020)

Exotic interpretations:
Wang, CPC 43, 123102 (2019)
Ali, Maiani, Parkhomenko & Wang, PLB 802, 135217 (2020)
yas) Y(3D) Y(5S) Bicudo, Cardoso & Wagner, PRD 103, 074507 (2020)
1055 1060 1065 1070 10.75 1080 1085 1090  10.95 Castella & Passemar, PRD 104, 034019 (2021)
Vs [GeV]

10.75 GeV ~ Z (10610)mt threshold
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ABOVE Y(4S:NOV.2021 ENERGY k==
SCAN

Analyses at Y(10753): limited luminosity requirement ( ~O(15 fb™?) )

The scan was successful: 19 fb! collected at four E__ points (between Belle’s)

10| 9.8/fb
: lBelle
g 8: Belle |l
2 |
> o What are we
Belle: ~1 fb™ s | 4.7/fb , |
oer point € | —_— doing with these
% i | data?
2 1.6/fb
r) I . Il._l I l...I:A.L.I L=
106 1065 10.7 10.75 108  10.85

Center-of-mass energy [GeV]
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OBSERVATION OF c* ¢~ —
wX,;(1P)AND SEARCHFOR X, —
wY(1S)AT VS NEAR10.75 GeV

PRL130 091902 2023)
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Belle II

MOTIVATION

w—erT'm ) 5/
Predictions for the 1 - + Same final state
45-3D mixing LN - — —_— — |
[PR D104 034036 (2021)] : / X, predicted by molecular
and tetraquark models
BR comparable with X bJ
Y Y (nS) /\ /\MMAWMM)
_ ve'e | Y(1S)(—e'e /u p )
Blwxp) 1 9k
B( WX 1)2) o Production: analogous to
e'e” — Y(4220) —» yX(3872) — yw J/Y
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Belle II

EVENT SELECTION

w(= rtr ")

4 — 5 charged tracks

standard Belle || PID (90 — 95% eff.)
E(y) > 50 MeV

105 < M(yy) < 150 MeV/c? (90% eff.)

XbJ

/\

Y(1S)(—e'e /up)
bremsstrahlung and FSR correction

4C kinematic fit

DAY VR VT

best candidate selection based on fit X?

/\ w(— 7t 0)

Y(AS)(—e'e /np)
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Y10753)> X, (1P) :FITTO B
SIGNAL YIELD

. -0 _ A
2D ﬁt tO M(VY(lS)) VS M (T[+T[ TU ) Belle Il, 1.6 fb™ Belle Il, 1.6 fb™" 1
. aF Vs = 10.701 GeV {s = 10.701 GeV 4
Moc;!el. | i i
sngngl (CB for x, ,, Voigt for w) + i b
peaking bkg (same) + o~ i . ! ‘
O q
comb. bkg S of T : * o
m R Belle I, 9.8 fb Belle I, 9.8 fb ]
E 302_ :;::::,:,und s = 10.745 GeV :‘:::”“ Vs = 10.745 GeVe &
2 20 o ib‘: —— Background _j 20
Channel Vs (GeV) Ny a? (pb) et !
: F1.1 - o "°F 1o
€ € — WXbo 0.0 0.0 <16.6 E :

, , ’ 9 748 v+2.1 ‘ Q) of e -1 -1«0
€ j ¢ —wxpr 10.701 0-0 -0.0 <1-:) T (5 2 10.805 Gev (s = 10.805 GV
eTeT — wWXh2 0.1757 =2.9 A J10
ete™ = wyno B0l 1 =113 4 gk
ete” = wypr 10.745 68.97 i;‘) 3.6 0.4=01 2 . ‘ 1
4 y o~ p+11.6 o g+1.2 — e, ) C .
€ € W \1'2 ‘2 [ '() 10.0 26 1.0 j: ()1 8.75 9.8 9.85 9.9 9.95 0.7 0.8 0.9 0

LT M(yr(1S / T 2
ete” = wxmo 3.6 2? <11.4 (1(1S)) [GeV/e] M(mnr) [GeVie]
(& + C — WXb1 10.805 Lr')OH(;S <l7
ete™ = wxp §i3t>-3 s Peaks on X, , ,(1P) Peaks on w
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Y(10753)> wX,,;(1P): FITTO o° £

A -8~ Belle II data Belle Il, 1.6,9.8, and 4.7 fb "
o == Belle data 15 ©
Q. 1 Q
~ = Total fit :4 ~

;E 6__ s «==s Solution | i N

;\ i = = Solution | :3 o<
0 ]
O f 12 '©
+ £ 1 +
Sor i)
o al 11 ©

O_ '1"1:'1'1'I-:'1“1"1~’f'f‘r"1-3:4'-;'-'.'. » e e e Bttt i S 1 1°9°9°¢eps =‘50

10.7 10.75 10.8 10.85 10.7 10.75 10.8 10.85
\'s (GeV)

Triangle in plot: Belle result
Fixed parameters:

Now we can see that the peak is at 10.75 GeV > mass =10752.7 MeV
>  width = 35.5 MeV

No clear peak at 10.860 GeV (aka Y(59))
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SEARCHFOR Y, — wY(15) <>

>  Search for resonances in M(wY(1S))

| . . Belle Il 35 fb" —=—Data  Belle I, 1.6 fb! 10
> Reflection from Y(10753) — wx, ,(1P) — towire 1S =10.653 GeV Totalfit o= 10,701 GeV |

—
o

> No evidence for X_ signal T h 20
S : S . | (oo Smooth bkg _
gy’ . Q 5 .5
= Upper limitto o, s ‘ & )\ _
e M Bt if | }
P 30| Belle II, 9.8 fb"! Belle Il, 4.7 fb'
‘ L \'s = 10.745 GeV \'s = 10.805 GeV - 10
Vs (GeV) My, (GeV) ox” (pb) e |
> | _
10.653 10.59 0.55 —~- N
10.701 10.45 0.84 - f 1 | ¥ j
()745 1()45 () 14 100 . 1IC-Ji;. g.”“-. 10.6 ‘0.3 10.4 10.5 10.6 10%
10.805 10.53 0.47 M(wY (1S)) [GeV/c?
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MEASUREMENT OF THE
ENERGY DEPENDENCE OF

HE + - _ BB BB B*B'
CROSS SECTIONS
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Belle II

MOTIVATION

All bB above BE threshold exhibit é 180: Preliminary | *L % Prefiminary }‘ﬁ
. § ‘ € 150} ¢
anomalous properties o _ %} }f]l : | &
) o M{ kt 100 | BB H‘ﬂ } }} e i
. "(4S] ISR - fixec Al g\\wﬁ %{ o
Broad Betl.le Il program to measure exclusive g i W ‘*Hm i ;ﬁ o mwﬁ S WH},
cross sections 0 2| ; \ L
20 I ; [ T | H“ "} | V sl
- Ty N AN il
MethOd 93 +525 5‘3‘ 5.35 !‘Ii’l l Q . M
> fully reconstruct one B in had decays 55 - 55
> identify signals with M,__ 5 Preliminary g5 | f ®F  Preliminary = | {
> combine with Belle measurement | M R ﬁ Hl-.j
UHEP 06, 137 (2021)] e |\ HL : o |
1 'm ?‘f}L T(4s) ISR b1 1 Ll W
RS frﬁm HM‘AM H:‘ R e rees] ==
i .2 ‘ ’ I H i | St
Mye =/ /27 - 3 HiH \L it P, AT iy
% 2 5 225 5 25 5. 275 5 3 5. 325 5J§5 %,2 5,22 524 51 26 5 28 5 3 5.%32 51‘.34
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Belle II

FITTOCROSS SECTIONVS E..,

Fits to both exclusive and total o

Preliminary
e ] 3 Belle + Belle Il fit ; -
= ' , elle 4+ Belle | BB =
“e0.05 1 2 f Preliminary
;
0 'f
0.2
ot f% {}{H
0.2}
0.1} \-”
0f -
10.75
-m (GeV)
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Y10753)SCAN @aBELLEll: THE <2
FUTURE

- Golden Modes

L ete™ - T Y(pS)(— £7¢7)
BB decomposition
7w~ Dalitz
Yy, — wnp(15)
Yy = wxps(1P)

'~ Silver Modes

Y, o>t X (inclusive)
Yy, — nX (inclusive)
Y, = nY(1S,25)(— ¢7¢7)
Yo = ' Y(1S)(— £1¢7)
Y, = Y(15) (inclusive)
Bronze Modes

Y, =X,
Y, — 7r”7r“T(p.S')(—:> £te—)
Y, > KK()Y (pS)(— €7¢7)
Y, — 77X (inclusive)
Yy, — 7YX (incl. or excl.)

Reconstruction of hadronic/EM transitions
Branching ratio measurement

Cross sections vs. E_measurement
Precise decomposition of the R ratio

Systematic exploration of threshold regions

sy Y Y Yy

Search for new exotic states
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SUMMARY Belle I

We are at the beginning of a rich quarkonium physics program

Belle Il collected unique data near E__ ~ 10.75 GeV

Unique quarkonium production at SuperKEKB

Resonant transition Y(10/53) — wy, (1P) observed for the 1st time
No evidence for X,

Preliminary resultson 0 vs E__

VYVY

Many ongoing analyses on 4S and scan datal
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