UNIVERSITAT i%j E
ﬁ GIESSEN

* X % % Bundesministerium (D
JUSTUS-LIEBIG- 2 T AN | fiir Bildung Py 4
* * und Forschung
* *
EU grant n.822070 * x K ErUM-FSP T09 Belle IT

Recent results from Belle and Belle |l

Jens Soéren Lange (Justus-Liebig-Universitat Giessen)
International Workshop on Heavy Quark Physics
Islamabad, 23.-26.11.2021




QOutline

® Belle I

* Status and plan of data taking

* D meson lifetime

* B—>Kvv

* X(3872) A
® Belle

* X(3872)

New high mass XYZ state in ISR
Search for R+ > Emphasis on spectroscopy

Search for D-wave charmonium

Charmed baryons

Y}, scan y

Soren Lange | Belle and Belle Il | NCP Islamabad, 24.11.2021



Belle 11

K and muon detector (KLM): |
RRGH(barrel outer layers),
~———Scintillator + WLSF + SiPM
7777 (end-capsiiinner 2 barrel layers)

il

Csl(TI), waveformygsampling

\ |

[ EM Calorimeter (ECL):

15T
superconductive
solenoid

%%\
ns7G
ey

Beryllium beam pipe:
2 cm diameter

zZ vertex resolution
factor ~2 better 4 _
than Belle _ Positro s y

(=15 um) 3
~ (XX Mm

, Particle Identification:
7 Prox.focusing Aerogel RICH
vy

Vertex detector (VXD):
2 layers DEPFET pixels,
4 layers double-sided
silicon strip detectors

.

~

-

Central Drift Chamber (CDC) . . Particle Identif.ication:
He(50%): Gy H(50%), small cells, long | charged tracks Time-of-Propagation counter |
lever arm, fast electronics ~20% longer than Belle

\.
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()= Nano-Beam Scheme

KEKB

Belle — Belle |l
Peak luminosity x 30

— e 22mrad 100um-~-

crossing angle

SuperKEKB

Resulting in slightly smaller boost
Sy=0.43 (Belle)

S / —0.29 (Belle I
83 mrad T » | |

crossing angle

originally proposed for SuperB by P. Raimondi (INFN)
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Status and plan of Belle Il data taking

_ Belle Il Online luminosity Exp: 7-20 - All runs
® Bel Ie I I COI Iected d ata 2 15 fb 1 Integrated luminosity
0 0 mmm Recorded Daily Summer
(~2O /0 Of‘ Bel Ie’ ~5O A) Of‘ Ba B a r d ata) 2.0 o IﬁRecordeddt 518 73] 2021 .................................. L -00
1 fb™! is about 1.1 Mill. BB pairs . SUMMET e Ll 150

® Peak luminosity reached
3.12 x 103* cm™ 57!

* 50% higher than previous
world record by KEKB 00

500 BABIRA P
. SRBHARBOORANAN S GTN;
* factor 3 higher than KEKB SRR

1_0 e | 100

Total integrated luminosity [fb~1]

05 L 5 ” - 50

Total integrated Daily luminosity [fb~1]

—l 0|

1500

design luminosity

®* 89.5% data taking efficiency
during the pandemic situation

Target

1300fb-"

Extrapolation
1000

800fb-!
(remote shifts & heroic local effort)

500

®* Plan: long shutdown in 2023
(2" layer of PXD, TOP upgrade) B

[ ] P I an: 50 a b_]- | n Z 203 1 2020/4 2021/4 202I23/:]te 2023/4 2024/4

Integrated luminosity (delivered) [fb™']
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DY and D* meson lifetime at Belle |l

Belle Il Vertex Detector

* 2-layer all-silicon pixel detector (PXD)
- 1 st layer of PXD fully installed (4 M pixels)
- innermost PXD layer is only 1.4 cm from the IP
(factor 2 nearer than Belle)
- very low material budget (0.21% X,/layer)

* 4-layer double-sided silicon strip detector (SVD)

& ® factor 2 improvement in the impact parameter
' resolution vs. Belle
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DY and D meson lifetime at Belle || Phys Rev. Lett. 127 (2021) 211801

® D* tagging
e Unbinned fit to (t,0,) d
-
® Resolution ~60-70 fs 3
® [argest systematic error: _§
alignment ©
0.72 fs (DY), 1.70 fs (D)
E PN Belel
2: | D™ — D'z} z
Be//el\og—‘ D°>Kri %
10; 4 %
BABAR\,E\ y Improvement ©
1\ -- in resolution ]
4 visible at t<0
-2 0 2 'J‘4
t [ps]
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~171K D+ = DO(=> K1+)r1+
L L B L L

10* Belle 1T ¢ Data -
frar=7216" — Fit E
Preliminary § % Background

3 \ : D”—’K+K'

||‘.‘\||||E. |

175 18 185 19 195 2
m(K-x*) [GeV/c?)
10* S

Belle I E

t, DO fLdr=72fb" 3

10° Preliminary _|

D"— Km* 3

; ¢ Data

ad — Fit E

10 E
Background
permille level

(no red line)
0 2

Decay time [ps]

Candidates per 1 MeV/c¢?

Candidates per 70 fs

~59K D*+ = D+(—= K1+1m+)r0

4

0°F Belle 11 ¢ Data 5
[ [ Ldr =721 — Fit ]
[ Preliminary 4} Background

i l T S| Ll lE P TR l |
1.75 1.8 1.85 1.9 1.95 2

m(K-m* ) [GeV/c?]
l l L) T T T l

Belle 11 i
10° F der:’isz—l -
F t, D+ “Preliminary :
D*— K wtm -
102 E_ + Data —
— Fit ;
- Background 1
10 F .
[ Ly | e

Decay time [ps]



DY and D* meson lifetime at Belle |

§418§-
o
Phys Rev. Lett. 127 (2021) 211801 aaef | |5 D E
412F (A 84 = /M
0 4102— 5 éj @H
T(D ) = 4105+ 1.1+ 08f8 408} g ‘.xE >
406 - .
7(D1) =1030.4 £ 4.7+ 3.1fs il 2
402—
® Consistent with current world averages wf
2000 2010
410.121.5 fs (DY) and 104047 fs (D™)
® World's most precise measurements ?Um;— D+
: £ 1060 -
accuracies: M
3.5 permille (DY) and 5.4 permille (D7) R @ g
' ' - - S
1030 |- o
mzuf—
10105—
IEUIUUI - IEUIIOI -
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missing
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Radiative penguin

,Z penguin”
W %74
b > S b > > S
4 t
N+ left-handed
all chiralities
M right-handed v
Wilson coefficients Wilson coefficients

C,, Cq, C1o §<c9, Cyq

For definition of Wilson coefficients, see talks by Ahmed Ali and Cai-Dian Lu.

Soren Lange | Belle and Belle Il | NCP Islamabad, 24.11.2021

10



B*—-sK*vv at Belle

® Complementary to b — slT]™
(tensions with the SM observed)

® SM prediction

B(B — KvD)gy = (4.6 +0.5) x 107°

T. Blake et al.,
® Previous analyses

Prog. Part. Nucl. Phys. 92 (2017) 50

* Advantage for e”e” collisions, Vs is fixed

Signature: missing energy (peaking at zero)

* B meson tagging

(full reconstruction on the opposite side)

hadronic tagging €,'€,,,=~0.04%

€10g=0.20%

S|g

semileptonic tagging Esig”

® New approach:
"inclusive tagging”

Belle Il data (only), 63 fb™

Soren Lange | Belle and Belle Il | NCP Islamabad, 24.11.2021

v
A
1
W-
b —» > > S
u,c,t

Belle, Phys. Rev. D 96 (2017) 091101

—

»
T TTTTT TTTTTTT
[T rrrpreTy ey

02 04 06 0.8 1 1.2
Eec, (GeV)
. Observed limit on _1
fb
Experiment Year BR(B* — K*u7) Approach Datal ]
-5
BABAR 2013 <1.6x10 SL + 'Had 429
[Phys.Rev.D87,112005] tagging
<55%x107 Had
711
Belle 2013 [Phys.Rev.D87,111103(R)] tagging
<19%107 SL 711
Belle 2017 [Phys.Rev.D96,091101(R)] tagging
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BT*—>K*vv at Belle I

® Signal reconstructed as the highest p7 track

® Inclusive reconstruction of the rest—of-event (ROE)

®* New technique: two boosted decision trees (BDT)

51 input parameters for background suppression
(BDT, is trained with preselected events BDT{>0.9)

®* Background: e.g. K from D decays

® No signal yet: upper limit determined
B(B — Kuvp) < 4.1 x107° (90% CL)

><10 2

! ! I ! ! ! ' | Iil' ' I B ' i ] 0.150 [T T T T | T T T L L " " i
L B ll II ™ =
8 | elle [ Neutral B Belle II [ Neutral B
. » = ChargedB 0.125 == ChargedB E
f‘E’ . == 2 ==
s or E= 1 8 0.100} — E
5 I B ui g r == 1
[  dd r ]
S .l = ok ] S 0.075F w1
,g L ¢ Exp 8 Run 3123 | _g [ ¢ Exp8, Run 3123 |
S | | B o0.050F =l .
& 9 : E i
I 0.025 |
05 1 2 3 4 5 0.000! ' 7
-4 -2 0 2 4 6 8
pr(K™) [GeV/c] ROE AE [GeV] AE
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Phys. Rev. Lett. 127 (2021) 181802

10.97<BDT,<0.99: 0.99<BDT,

: Belle II :

H[Ldt=(63+9)fb !
. - Bt oK' v |
Neutral B
Charged B |
Continuum _|

—d
|
]

¢ Data

Events

: scaled by 2

[0.52.0 2.43.5/052.0 2.4 3.5

pr(KT)/GeV/e

>
e
123
£Q
«Q

@

:I - ‘Belle II (63 ! Incluswe)

1.9'1% This k, prel 1n11nar5

oo b P

Belle (711 fb!, SL)

1.0+0.6 PRD96, 091101

Belle (711 b !, Had)

3.0+1.6 PRD87, 111103

Babar (429 fb Had+SL)
. I ‘08.+U . PRD87 11

4 6 8 10
10° x Br(BT—K " vp)

KR

o
N

AE = Z EiCMS - Ebeam
i
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X(3872)

Soren Lange | Belle and Belle Il | NCP Islamabad, 24.11.2021
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X YZ states BeI-Ie, Phys Rev D84(2011)052004

3
® Unexplained, narrow states in %D
charmonium /bottomonium mass region g
® Some of them charged (Z states) §
minimum quark content [Q?Qqc_ﬂ E '];H»td}
® Historically first candidate: X(3872) ~ 15
* observed by 7 experiments m(Jhprr) / GeV
* very narrow (=<1 MeV) HADRO-
* isopin violating decays CHARMONIUM
TETRAQUARK
- MOLECULE
Q q [aQls[aQls
q Q Diquarks - ;
are colored

Voloshin, Dubynskiy
Wang, Cleven, Guo, Hanhart,

Guo, Hanhart, MeiRRner, Wang, Zhao, Zou MeiBner, Wu, Zhao; Ferretti

Tornqvist; Swanson; Braaten, Kusonoki,

Maiani, Riquer, Piccinini, Polosa, Burns; Wong: Voloshin: Close, Page

Ebert, Faustov, Galkin; Chiu, Hsieh;
Ali, Hambrock, Wang (b quarks)
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X(3872) at Belle Il (new 2021)

e | Bellell e | Bellell
‘O Preliminary 4 data ‘G 30 Preliminary + data
e T ¥ ves) S 4 R 53 vees)
8 [ Ldt=6281" - background 8 Ldt=62.8 H @ = background
o~ B" - y(2S) K — total o~ B” = y(2S) Kg S — total
= S 2 )
- = S
o o - IS
= 50 = [ N
) 0 I
£ 2 10
2 e 1
L L

0 L 0 I M h o

3 65 3. 68 3 7 3 72 3.66 3.68 3.7 3.72
M(J/ymn) [GeV/e?] M(J/yr ) [GeV/c?]
. Belle Il o Belle Il
O 4ol Preliminary t data O 4oL Preliminary ¢ data
> 53 x(3872 > £53 x(3872)
> y £ xeer2) > P £
(D L dt = 62.8 fb i background o L dt = 62.8 fb ........ background
Effic 0 B* - X(3872) K' — total 0 B’ X(3872) K — total Effici
iciency S = iciency
22.9% S S 17.5%

2 2
= =
S . M I - N LJ . .

N SRERENRASREAIN I o LLLLLLLL LU UL LG LU L LT

3.82 3.84 3.86 3.88 3.9 3.92 3.82 3. 84 3. 86 3 88 3.9 3.9¢

MJ/yrm) [GeV/c?] M(J/yrtn) [GeV/ed

Unbinned maximum likelihood fit with triple Gaussian and 1st order Chebyshev polynomial

By now, already factor 3 more data on tape
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X(3872) in neutral and charged B meson decays

® Ratio is sensitive to the nature of the X(3872)

* |f X(3872) is a DD* molecule, ratio should be small (<0.1)

0 9 + A 0 =0
B, K contain d quarks--- B , K , D D contain u quarks

Braaten, Lu, Phys. Rev. D77 (2008) 014029

® If X(3872) is charmonium, hybrid, glueball,
ratio should be large (=1)

® Exotic nature of X(3872) is already seen in present Belle Il data

but caution: simultaneous fit of BY and B7, and ratio was fixed to 0.5

B(B° — KJy(25))  (58+0.5) x107* 093
B(BT — K*t¢(259)) (6.24£0.20) x 10-% —

PDG 2021
B(BY — K°X(3872))  (1.140.4) x 1074

— ~ (.52
B(BtT — KT X(3872)) (2.1 £0.7) x 104

Soren Lange | Belle and Belle Il | NCP Islamabad, 24.11.2021



Belle results

Belle collected data ~1 ab™!
(711 fb™! on Y(4S), 121 fb~! on Y(5S))

Soren Lange | Belle and Belle Il | NCP Islamabad, 24.11.2021
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Evidence fOr yy N X(3872) Belle, Phys. Rev. Lett. 126 (2021) 122001,

825 fb*
* X(3872) has JPC=1*+ e e
® |Landau—Yang theorem: coupling of J=1 particle _ X(3872)
. . or
to two real photons is forbidden v(25)
® Here: at least one of the photon is virtual e’ e’
I B(X — J/yrtr™) =55T55(stat.) £ 0.7(syst.) eV
® Upper limit from BESIIl Phys. Lett. B749 (2015) 414 (Belle result is measurement,
I..B(X — J/1p7T+7T_) <0.13 eV not upper limit,
with QED vertex factor
Reference signal (JPC=1-") relates to 0.50 eV)
s T 2 . Nee = 2950 (stat) £ 01fsyst )\
% 10 8 205— - % X(3872)
— ~ E % / BELLE - 3
2, O b \ NG Significance 3.2¢0
§ £ % o X(3915) | (background
o | S § “— 0.11+0.10 events)
c 5;— .§ . o’ I °
36 3.é5§\\3.7 e '38 0:"'3!6“k3.7"”3fa'” S
M(J/ypmta™)/GeV/c? <J/w ™ )/GeV/c

Q? calculated from momentum of single tagging electron
Soren Lange | Belle and Belle Il | NCP Islamabad, 24.11.2021 18



XYZ States decaying into DU)DV)

Many states observed
* X(3872) decays, JP=1+, [D anti-D("/]
* Z states, JP=1+, [D anti-D(”)] and [D(*) anti-D(")]

* States in double charmonium production

JP=0+, 2+, ... Belle, Phys. Rev. Lett. 100 (2008) 202001, 693 fb~!

* All of them above threshold, order few MeV — not bound

To™, [DD*7] state  LHCb, arXiv: 2109.01038 [hep-ex]
[meson meson], not [meson anti-meson]

in tetraquark picture: a baryon (QQq)

with q replaced by a pair (color-equivalent in QCD)

® Below threshold! And very narrow!

® What can Belle (Il) do ? — JP=1- states

Soren Lange | Belle and Belle Il | NCP Islamabad, 24.11.2021

N/25 MeV/c? N/25 MeV/c? N/50 MeV/c?

N/50 MeV/c?
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New XYZ state in ISR (Initial State Radiation)

® Only observable in e+e— collisions,
not at hadron colliders

® Quantum numbers fixed

JPe=1- -

Belle, Phys. Rev. D100 (2019) 111103, 922 fb™
40

—o— Data

—— D,,(2536) sidebands
= D,'D,,(2536) contribution
—— Total fit

------- Total background

-.-.-. Fitto D (2536) sidebands

-+=+=+- Fitto D,'D,,(2536) contribution

L i \L \L

wm'ﬂl"m; #y

()
o
LI B L

Events / 20 MeV
S

—
o

AR el

5
m(D."D*,,7(2536)) / GeV

IIIIIIIIIl
£
-

JPC=1- — (S-wave)
Above threshold (not bound)
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e
>
. ]
D.D..
€+

Belle, Phys. Rev. D 101 (2020) 091101, 922 fb!
50

C —— Data
C —— D*_,(2573) sidebands
= 40 —— Data fit
S C N e Background shape
o 30— | Nt .+ . Sideband fit
N C
-~ - SFLT
4@ 20_— (l_ vy ]L H +
c C )
@ T +
W 10F [gittimyy LI
L ' I1 ¥
N:

co e b e b b b e b b e e
45 46 474849 5 515253545556
m(D,*D*,,"(2573)) / GeV
JPC=1- - (P-wave)
Above threshold (not bound)
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XYZ states with high mass (above 4.6 GeV)

%ol T, Belle ]
2 | Only XYZ state so far
g‘og decaying into baryons,
"o possible hexaquark [uuddcd]
|
) M(W'zz*zz')/GeV =
g BaBar: S gl + X(4630) (¥
% E: Y(4660) E naf Jﬁd
LY Lol Ty |
Wl O bl
M(y 7z )/ GeV 45 45 47 48 49 5 51 52 53 54

m(A. As )/ GeV

|
| /needs 2 gluons

L

\ needs 2 gluons

2

~30 pb (peak) ~600 pb (peak)
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@

Q

@lcj@
QO

40

—eo— Data
> r ——— D,,(2536) sidebands
[(} - = D, D,,(2536) contribution
z 30 B — Total fit
Y N1 { P TEUTT T Total background

(@) S B " P Fitto D§1(2536)' sidebands
N 20 C -+=+= Fit to D;D,(2536) contribution
~—~ -

0 L

= C

S 101
L C A ¥ Ty

0 L | L | L | L |
45 5 55
m(D,*D*,,~(2536)) / GeV

> 50 r —— Data

(Y] r —— D*,(2573) sidebands
= 401 —— Data fit

o [ 1 Background shape
N o [N+ Sideband fit

- C

2 . S 1{

+— F iz

c 20— % B H +

(<b) L ”

> r ]ty +

W 10} T e L

| |

0546474849 5 515253 54 55 56
m(D,*D*,(2573)) / GeV

Q
new, ~200 pb (peak)
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XYZ states with high mass (above 4.6 GeV)

Mass (MeV) Width (MeV)
Belle [ Af A_ 46347573 927,750 Phys. Rev. Lett. 101(2008)172001 | 695 fb~!
Belle | ¢(2S)rt7n~ [ 4652+10+£8 | 68+11+1 | Phys. Rev. D91(2015)112007 980 fb !
BaBar | ¢(2S)rTn~ [ 4669 +£21+£3 | 104+ 48+ 10 | Phys. Rev. D98(2014)111103 520 fb !
Belle | DFD_(2536) | 462677 +1 49.8715 Phys. Rev. D100(2019)111103 922 fb !
Belle | DFD?;(2573) | 462073 +3 | 47.0732+£5 | Phys. Rev. D101(2020)091101 922 fb !
|
I
|
|
|
|
|
| Compatible in mass and width
All of them JP¢=1""
4600 4650 4700
: : :
Mass / MeV

Soren Lange | Belle and Belle Il | NCP Islamabad, 24.11.2021
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SearCh for R.H. LHCDb, arXiv: 2109.01038 [hep- ex]

T he T
= 60; } 9fh gz
e Remember T..*, as [D°D**] state at LHCb R
. S 40 T +++
o [D*D,,**+(2317)] of | = e e By
predicted [DDK] molecular state by kaon exchange & ﬁ e DD Y —;
Sanchez Sanchez et al., Phys. Rev. D 98 (2018) 054001 'y %ﬁﬁﬂﬁﬁﬁﬂmWW@
5-15 MeV binding energy 30.8;”"7 EENE—— . —
mass 4.13-4.17 GeV mpps [Gev/e]
® D,y 7(2317) decay to DK kinematically forbidden, Tee"
but decay to [D*D,*"] possible by triangle diagram 6
® Needs two charm quarks, Q
thus also two_anti-charm quarks
Y(nS) — ccccX
®* — take Y(1S) and Y(2S) decays R**
and inclusive production in e+te-
at three energies (continuum, Y(4S) and Y(5S)) e
Belle, Phys. Rev. D 102 (2020) 112001 q

Soren Lange | Belle and Belle Il | NCP Islamabad, 24.11.2021 23



Search for R** Belle, Phys. Rev. D 102 (2020) 112001

Fit examples for fixed mass 4.14 GeV/c? and fixed width 2 MeV

10
N CY * Duta 15 (b) - Data
% gt Y(1S) T b o Y(25) Zim.
:CI>J i Sideband :CI; ' Sideband
= oL = 10
0 UL 0
ol l, o
2 4 2
sl | : ¢
N “H | |m[ - ll TIWT“' .
91.1. A 4{I2 4114 4116 :4.18‘ 4.2 94.1‘ ‘ 4112 4;4 l 4116 4118 A .4.2
My (GeV/c?) My (GeV/c?)
i - Data 2{}0_— ) -e Data | ) -&- Data
b 101 (a) \/s=10.52 GeV —;:::w b (b) \/s=10.58 GeV —:m::d b (c)\/§=10.867GeV _:::: d
% I Sideband %‘J 150 - Sideband %} 20— Sideband
= | = L S |
v Lo + + o
N N 100 + A |
~ 5 ~ = ~ -+ l
[ 2 E 2 10 ﬁq 1
5 5 sof 5 | [ff!
E L | Hu
ITIL}l E E
N el S R UTRET e == =
41 412 4.14 416 418 4.2 41 412 414 4.16 4.18 4.2 41 412 414 416 418 4.2
DD+(GeV/cz) My ( (GeV/c?) DD+(GeV/cz)

No signal observed. Upper limits on cross sections are small (order of few fb)
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2 = Yhey, he = 1e
Search for nes (1D>) fe2 =7 ] 7

Ne reconstructed in 10 decay channels
®* D-wave state (L=2)

® Last missing charmonium state JPC_o—t 45| green: h sideband )
below DD* threshold ! _

® One of the X(3872) interpretations
before determination of quantum numbers

LHCD, Phys. Rev. Lett. 110 (2013) 222001
® Predicted width very narrow 1=0.46 MeV

DD* and D*D* decays kinematically forbidden

DD decay forbidden by parity
Eichten, Lane, Quigg, Phys. Rev. Lett. 89 (2002) 162002

Events/5 MeV/c?

® Search in ete direct production
olete™ = Y2 (1D))B(ne2(1D) — vh(1P)) < 4.9 b
Belle, Phys. Rev. D104 (2021) 012012

® Search in B decays
B(BT = 1w(1D)K ™) x B(nea(1D) — hey) < 3.7 x 107°
Belle, JHEP 2005 (2020) 034

Soren Lange | Belle and Belle Il | NCP Islamabad, 24.11.2021 25




CHARMED
BARYONS

Soren Lange | Belle and Belle Il | NCP Islamabad, 24.11.2021
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Introduction to charmed baryons =° (dsc), =" (usc)

C

o After decades of searches, double charmed baryon discovered by LHCb
=T > ATKwt
LHCb, Phys. Rev. Lett. 119 (2017) 112001

p—
[ee) =
e} e}

+ 1T

(o))
e}
T

e Confirmed in =" - EfnaT EF - pK 7t
LHCb, Phys. Rev. Lett. 121 (2018) 162002

Candidates / (5 MeV/c?)

N
o
T T T

\®}
(=)
T T

e Isospin partner (ccu instead of ccd) still missing

_|_ _|_ + 3500 3550 3600 3;‘6+50+ 3700 ,

would decay =/, — = "7~ m(Z 1) [MeV/e?
experimentally dlfflcult, lifetime predicted factor 2-4 smaller

e Important input for predictions of stable tetraquarks (ccqq) eg. T..*
Eichten, Quigg, Phys. Rev. Lett. 119 (2017) 202002
Karliner, Rosner, Phys. Rev. Lett. 119 (2017) 202001

[\
=
S
o

Candidates / (1 MeV)

e [hree new states discovered |
=2(2923), =Y(2939), =Y(2965), orbital excitations? sof _
LHCb, Phys. Rev. Lett. 124 (2020) 222001 0 i 2\00 00

M(AIK) - m(AD) - m(K7) [MeV]
Soren Lange | Belle and Belle Il | NCP Islamabad, 24.11.2021 27




= decay channels at Belle All decays are Cabibbo allowed
(V_ transition).

j—
101 k events 56 k events
450 2500
400 - i .o... 3500 ..... 700 .
350 I Aaaa 2000 o e 3000 o ° 600 hadt 1)
300 * : . . 2500 . . 500 o o,
250 o . 15001 ° . 2000 o’ . 400 o .
fgg d ®. 1000F ..' o 1500 o* '.. 300 oot %e .
o® _ = —_—— L) 1000 ._ 200 ...‘..
123 .0"' Q K+ [ 500?..~“.. = 7T+ ."0.... 500 i) 7T+7T ."'n.. 100 oet® AK_ 7T+7T_ **
' ' 2000 e —— ' .
1200 %% 1800 0%, bot 308 $ .0 500
1000 ° % 1600E- ® % 160F- * e ¢ 400 .
o* o 1400 L] % o 140 LK) ¢ 9 . o
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Belle, Phys. Rev. D 94 (2016) 052011
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New E_branching fractions in 2021

—0
—c

—0
. 7

Belle, Phys. Rev. Lett. 127 (2021) 121803, 800 fb™!

Events / 1 MeV/c?
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—*0

) s AK ,S0K
Belle, JHEP 2106 (2021) 160, 980 fb1
=K TK™
Belle, Phys. Rev. D103 (2021) 112002, 980 fb*
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[1]
_I_

Absolute branching fraction of

* B = A,

® Reconstruct AC %Z_gf(q‘

® Measure L_4+ exclusive decays

€

® Recoil mass of AC w /o reconstructing Eg’ subdecay
(normalization of 100% branching fraction)

* Tag B° (on the opposite side,
normalization of absolute yield)

BEMN—Z"7nT7") = (2.86 £ 1.21 £ 0.38)%
B(Ef - pK 7)) =(0.454+0.21 £ 0.07)%
Belle, Phys. Rev. D 100 (2019) 031101, 711 fb™!
Both decays are Cabibbo suppressed (V4 transition)

— Conclusion: Only 24.4% of =.* branching fractions known
(PDG2021)

Soren Lange | Belle and Belle Il | NCP Islamabad, 24.11.2021

Events / (2 MeV/c?)

Events / (2 MeV/c?)
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Radiative decays of orbitally =Z_ excited states
® Strong decays dominant in charmed baryons
® EM decays
* only observed in rare cases,
e.g. if pion transition forbidden by kinematics (e.g. =./'— =_y)
* allowed, if parity flip possible (L=1 transition)
* first observation of an EM decay

of an orbitally-excited charmed baryon (significance 8.60)

Belle. Phvs. Rev. D 102 (2020) 071103. 980 fb™!

AN —
L 150l Eoy
BELLE

@ 100

=.(2790)° — Z0y
I_I”_”EC(2815)0—>527|

T~ 27 575 28 285 29 295 3
M (Z.y)/GeV/c?

Candidates
3
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Radiative decays of orbitally excited =_states

> A
& 3.2
3 =..(3080)
g =..(2980)
3.0
2.9
=.(2815 3/2—
2.8 =(2790 17—
2.7
\ =.(2645)  3/2+
2.6 | =/ 1/2+
2.5 vy = 12+
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A excitation

q

P excitation

=.(2923, 2939, 2965) } Orbital A excitation L=1 with spin-1 diquark

Orbital A excitation L=1 with spin-0 diquark

Decay of orbitally excited charged ="

not observed, [+ —] vs. [++] diquark
— P excitation disfavored
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Y, SCAN

Soren Lange | Belle and Belle Il | NCP Islamabad, 24.11.2021

33



BOTTOMONIUM

Entries / 0.010 GeV/c?

Y(5S) never observed at LHC
Branching of Y(55)—Y(nS)nx is

factor =1000 larger than Y(4S)— Y(nS)nn

— Y(5S) exotic itself?

Charged Z, states observed in Y(5S) decays

Belle, Phys. Rev. D91 (2015) 072003
peculiar properties:
spin flip in decays not suppressed

New state observed: Y,(10750)

140 | (b) upnr candidates in the Y (28)—p 'y region
120 Eiy (38) 'Y (48) Y (58)”

100 ?
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o O o
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Ty =)
/DO
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04 0.6 0.8 1 12 T2

AM = M(upnn)-M(up) (GeVic?)
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300 E
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00 >186
6000

O
-2000 T l “ .H ﬁ

104 105

Events / 10 MeV

H——

.....

10.6

M miss(ni) / GeV

Z,(10610)*
2.6 MeV above BB* threshold
Z,'(10650)+
2.0 MeV above B*B* threshold
confirmed in 5 decay modes

g (a) punr caindidates in the ‘:r(1S)—>!.1*u'§region

E [Y(28) Y (38) 'Y (48) E”Y{SS)”
— 04 06 08 T 12 14

AM = M(uunn)-M(up) (GeV/c?)

Belle Phys. Rev. Lett. 100, 112001 (2008)
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m=10607.2+£2.0 MeV

m=10652.2+1.5 MeV
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Yb(1 0750) ® Seven scan points below Y(5S) at Belle, each =1 fb '
® New structure observed in Y(nS)nn
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JHEP 10 (2019) 220
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T (10860) T(11020) (New structure )
M (MeV/c?) 10885.3 +1.5722 11000.0732 118 | 10752.7 + 5.9 107
[ (MeV)  36.6%55%77 238763178 \35.50115 T

Further evidence in destructive interference

Refit of BaBar and Belle scan data

Dong et al., Chin. Phys. C 44 (2020) 8, 083001
Parameter Y(10750) T(5S) T(6S)

Mass/(MeV/c?)  10761+2 10882+ 1 11001 + 1

Width/MeV 485+3.0 495+1.5 D1£12

T T T T T T T T T T T T T I T T T T T T T 1]

— 400 +
2
1 |
2 200 ‘H |
& ;\| Il
©
| | -
0 RIS W0 B, IR (i L'.‘-....a"'l-“t-... T P T |
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Vs (GeV)
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New Y, Scan at Belle Il (ongoing)

Energy Int. Luminosity
* Accelerator energies are changed 10.751 GeV | ~ 10 fb™1
10.657 ~1 fb-1
e 11.11.2021
Scan started 0 10.706 ~ 1 fb-1 plan
 Prediction for Y,(10750) — Y(1S)nn 10.810 ~1 fb-1
Ali, Maiani, Parkhomenko, Wang, P

Phys. Lett. B 802 (2020) 135217

* Y(5S) decay is dominated by Z, states 3
but Y, decay to Z, suppressed/forbidden IE
* ntm Mass distribution: tetraquark should have
strong contribution from scalar f; states
S 4F | 1 | Myt e
87 1> : : | : nrY(1S) 2 :ig_.|.|[|[ ---?1.2 5
':E = : : I : 21405— Y48) = wrY(1S) + ﬁl é
3 I L | S b YOS —ww + 1 o@
%) L I | | = - i
= ! | I 2 100F +
E:L 2L [ | I | 5 S0F
© 3 :
' SR TR = sof
I I I 40f-
| | I 20
| | 5 C
0 oD 1' """"" L4 : _22:‘I:l+l.llllll
T N N B! .!. | |!. A, I!. PR TR SN NN SO SO SO SR M S 03 04 05 06 07 08 09 1 .1 12
10.5 10.6 10.7 10.8 10.9 11 M(T'ir) (GeV/c?)
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New Y, Scan at Belle Il (ongoing) — BB decomposition

N qq pair is created from vacuum
qq pailr is present in the system

\‘ ’/ 3P0 model

Mode B(4q) (%) B(bb) (%) Heavy Quark Spin Symmetry
BB T e 21.3 1

BB’ ~0.2 14.3 4

B*B 52357 64.1 7

B.B. i 0.3

Liang et al., Phys. Lett B 803 (2020) 135340

Belle, JHEP 2106 (2021) 137
etTe~ — B*B*

200 |-

 eTe” - BB B

2001 |

e+e_ — BB*

200

Cross section (pb)
Cross section (pb)
Cross section (pb)

100 100 -

100 -
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Conclusion

® New analysis results from Belle still appearing
® Data taking at Belle |l progressing

® First Belle Il publications,
new techniques enabling competitive measurements

(not shown today: dark sector, T mass, CKM angles, ...

® Belle Il upgrade planned for 2023

Soren Lange | Belle and Belle Il | NCP Islamabad, 24.11.2021
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