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Il Daryon strrctures
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* Wealfaecays * Hadronic properties & radiative decays
- 20— AKg, YKg, YTKT arXiv:2111.08981 v mass, width of 3.(2455)*, £.(2520)* PRD 104, 052003 (2021)
- E0 5 AR, K, SR JHEP 2106, 160 (2021) V' Z.(2815)0 — =0, Z.(2790)° — =%, PRD 102, 071103 (2020)
- A — pw (BF) PRD 104, 072008 (2021) v Spin-parity of =,(2970)* PRD 103,L111101 (2021)
v Q0 — 7tQ(2012)7 = 7T (KX)” PRD 104, 052005 (2021) - B baryonic decays, B — A=, PRD 100, 112010 (2019)
- B(2? - Z¢*v) and asym. of ¥ — = 7" PRL 127, 121803 (2021) - £(1620)" & =2(1690)° in =F — Z ntn™ PRL 122, 072501 (2019)
- AF — pn, pr® PRD 103, 072004 (2021)
- 20 5 20Kt K - PRD 103, 112002 (2021) - Excited (2~ observations PRL 121, 052003 (2018)
v AF = pAnT, n¥07t, A(1670)7T, n2(1385)" PRD 103, 052005 (2021) - Excited €2, (obs. 4 states) PRD 97, 051102 (2018)



* Weak decays

- =0 5 AKY, SOKO, SHK- arXiv:2111.08981
S E0 5 AR YR, SR JHEP 2106, 160 (2021)
- AF — pw (BF) PRD 104, 072008 (2021)
v Q0 1tQ(2012) — 7t (K~ PRD 104, 052005 (2021)
- B(ZY? - = /*v) and asym. of = — =" PRL 127, 121803 (2021)
- AF = pn, prd PRD 103, 072004 (2021)
S E0 L EOKH K- PRD 103, 112002 (2021)
v OAF = At X0, A(1670)7, nX(1385)* PRD 103, 052005 (2021)

e Baryon papers in 2022

= decays (W emission vs. 1 exchange)
=) — Afn™ (s — uW* vs. W exchange)
* A, — >, =. — = (radiative)

- QY — Q (*y, (semileptonic)

- AT — pr/ (SCS)

- new excited states decaying to X.(2455)7=

* Hadronic properties & radiative decays

v/ mass, width of ¥.(2455)", ¥.(2520)"
* =.(2815)% — =0, =.(2790)° — =0,
v’ Spin-parity of =.(2970)"
- B baryonic decays, B — A Z.
- 2(1620)° & =(1690)° in =F — = n -

- Excited )~ observations

- Excited €. (obs. 4 states)

PRD 104, 052003 (2021)
PRD 102, 071103 (2020)
PRD 103, L111101 (2021)
PRD 100, 112010 (2019)
PRL 122, 072501 (2019)

PRL 121, 052003 (2018)
PRD 97, 051102 (2018)

PRD 105, LO11102 (2022)
arXiv:2206.08527
arXiv:2206.12517

PRD 105, L0O91102 (2022)

JHEP 03 (2022) 090
arXiv:2206.08822



Outline

® Results on baryonic states

® VV-exchange contribution

® radiative decay

» Baryonic dark matter searches
o BY - Ay search

» Studies of exotic hadrons
e X(3872) —» ntn n" search

® Tetraquark (7. ...) search

CCSS
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Belle & Belle Il
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Fig. 1. Side view of the Belle detector.
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Belle (and BaBar, too) achievements include:

® CPV, CKM, and rare decays of B mesons (and Bs,
too)

® Mixing, CE and spectroscopy of charmed
hadrons, e.g. D;‘B(2317)

® (Quarkonium spectroscopy and discovery of
(many) exotic states, e.g. X(3872), Z.(4430)+

® Studies of T and 2y
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Belle 11 Collected luminosity up to now: 2019-2022
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W-exchange processes



=Y 5 AKD, VKO StK-

C

@ Charmed baryons — unique lab to study subtle
interplay of strong and weak int.

@ W-exchange is non-negligible, unlike the case with
mesons

@ 1 theoretical works for two-body hadronic weak
decays: E) — B+ P
® see the Table (next page)
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TABLEI The predicted branching fractions in units of 10~ for

_ _ S S
the CF decays =) - AKY/>X"KY/>*K~ based on dynamical
model calculations and SU(3),. flavor symmetry approaches. d > d
Modes Zou et al. [4] Geng et al. [S] Zhao et al. [6] .
=) - AKC 13.3 10.5 4+ 0.6 8.3 £35.0 w+
Eg — YUKV 0.4 0.8 = 0.8 7.9 1438 d
e — >TK™ 7.8 59+1.1 22.0+£5.7 c > S

purely non-factorizable

dynamical model calculations (b)
[4] J. Zou, F. Xu, G. Meng, and H. Y. Cheng, Phys. Rev. D 101, S > S
014011 (2020). J S u
SU(3)p symmetry approaches d/u
[5] C. Q. Geng, C. W. Liu, and T. H. Tsai, Phys. Lett. B 794, 19
(2019). W B
[6] H.J. Zhao, Y.L. Wang, Y. K. Hsiao, and Y. Yu, J. High d/u
Energy Phys. 02 (2020) 165. C > S

=) — AK°, 2K°, TTK-

Youngjoon Kwon (Yonsei U.) July 8, 2022 HGT vvuinonup @ i . 15



=) — AK, UK, TTK™

Events/0.4 MeV/c?

® existing measurements: AK, (Belle 2005)

Zdt =980 tb~! on or near Y(nS) (n = 1,---,5)
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1.13
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(a) (b) R s (C)
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FIG. 4. The scatter plots of (a) M(pn~) versus M(pzr~KY?), (b) M(Ay) versus M(AyK?), and (¢c) M(pz°) versus M(px’K~) from the
selected Z) — AK?, Y - YK and B — 7K~ candidates in data.
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FIG. 4. The scatter plots of (a) M(pz~) versus M (pz~KY), (b) M(Ay) versus M(AyKY$), and (c) M (pz°) versus M(pa°K~) from the
selected 22 - AKY, E0 - 2YK9, and E? - XTK~ candidates in data.
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C
B Ak Niie o BE - Ar) |
B(E) - Zn™) NE‘ZS +eAKoB(KO — 7 )
— 0.229 4 0.008 (stat) & 0.012(syst)
BE! > XK™)  Ng¥yezsn

. BE! - E ") N esig-
B(E: - Z°K) NEOngd_’ﬁ B(E~ - An")B(A - pn™)
B(E! - E™x") N%lzs +€x0K0 BT — pa’)B(z’ — yy)

B(E™ — An™) = 0.123 £ 0.007(stat) £ 0.010(syst).

8 B - Ay)B(KS - ntn™)

= (0.038 4+ 0.006(stat)

Youngjoon Kwon (Yonsei U.)
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Events/ 5 MeV/c?

Events/ 5 MeV/c?

Pull

: 010 1 014 _

2.45 2.5
M(AKY) GeV/c?

+ 0.17 -

=+ 0.06 -

o

o

Pull

2.4 2.45 2.5
M(Z°KY) GeV/c®

~ 0.73) X 10_3,
-0.12) x 1072,
= 0.39) X 10_3,

4 A4

Modes Zou et al. [4] Geng et al. [5S] Zhao et al. [6]

=0 5 AKY 13.3 10.5 + 0.6 8.3 + 5.0

=0 5 0RO 0.4 0.8 +0.8 7.9 +4.8

E(C) — XTK™ 7.8 59+ 1.1 22.0£5.7
Youngjoon Kwon (Yonsei U.) July 8, 2022 HGT Workshop @ Inha U.
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=~
“Is < o

e =
W- \<d}n

W emission

(CLY)?(’92) Voloshin Gronau Faller (CLY)?(°06)
1] 3 4] 5] 6]

0.39 > (0.25 T 0.15) 1.34 +£0.53 < 3.9 0.17

TABLE I: Theoretical predictions on the branching fraction
of 20 — AF7m~ before experimental measurement (107°).
All the results have been normalized using the current world
average lifetimes of the SU(3) anti-triplets |8, 9].

arXiv:2206.08527 Pt

BELLE

o ®) /ﬁ

S —r—7 > Ag-

W-

c———>——:>—d

W exchange

1] H. Y. Cheng, C. Y. Cheung, G. L. Lin, Y. C. Lin, T. M.
Yan, and H. L. Yu, Phys. Rev. D 46, 5060 (1992).

|9 -

3] M. B. Voloshin, Phys. Rev. D 100, 114030 (2019).

4] M. Gronau and J. L Rosner, Phys. Lett. B 757, 330
(2016).

(5] S. Faller and T. Mannel, Phys. Lett. B 750, 653 (2015).

(6] H. Y. Cheng, C. Y. Cheung, G. L. Lin, Y. C. Lin, T. M.

Yan, and H. L. Yu, JHEP 03, 028 (2016).

F(AT 77) /Tiotal o1 /T
VALUE (units 10_3) EVTS DOCUMENT ID TECN COMMENT
5.5+0.2+1.8 6.3k  1AAI 20AH LHCB pp at 13 TeV large syst error (model assumption)
L ot svvont oo Ut e - Susy By cv e : -+ HGT Workshop @ Inha U. 21



arXiv:2206.08527 Pt

BELLE

a C b 6\ T
=0 1d u u
=C _)__/ ’I-TO S —r——p—P— (® +
S * —C A

~ e i
s~~~ u _ " W_
_ s TT 1
w- << d} c—> -t g
W emission W exchange
Table 9
Uncertainties of the branching ratios (in %) caused by the quark
[nput EF — A B0 > Acmr™ =) -
Exp. Data 0.55+0.20 [1] ~ [10] P. Y. Niu, Q. Wang, and Q. Zhao, Phys. Lett. B 826,
My 1.11 £0.10 0.58 = 0.051 0.01 136916 (2022).
Ms R 0.17 0.-8 +0.053 O'O;‘ based on a constituent quark model
M 1.11 == 0.053 0.58 +0.027 0.01
mp 1.11£0 0.58 =0 0.01
K 1.11£0.34 0.58 = 0.18 0.01
R 1.11£0 0.58 = 0.002 0.01
Combined 1.11 £ 0.40 0.58 +0.21 0.01

Youngjoon Kwon (Yonsei U.) July 8, 2022 HGT Workshop @ Inha U. 22



arXiv:2206.08527 Pt

BELLE

=.—> Nm

ZLdt =983 fb~! on or near Y(nS) (n = 1,---,5)

—— ATz signal —

8000 | 15000 C
i ¥ -
Al
O I %G 3 4000 — .
~ s
% 6000 — S D n :
i © 10000 =
S B = To) N
qV - N )
~ 4000 — Ny e -
2 - £ 9 2000 —
o B © 5000 s a
LI 2000 — Ll i i
0 _......|.....i. ------------ LI J=sccounccsbssnnianaa 0 i (e R PR VP TTE L LA TR LLE P L
% g 5: = 2 & % 3 3
0F > 0F =
Q. -2 ;_ a= -2 F o -2 F
53 2.45 2.5 456 507 508 .09 23 531 2.465 _ 2.47 2.475
M(ZEn*) [GeV/c?] M(pk =*) [GeV/cF] M(pk mt*m)-M(pk 7t*)+m(Ag) [GeV/c?]

B(=
B(=

< AFTT)  Nagx X e xBE™ = Ar™) x B(A — pr™)

— — . = 0.38 = 0.04 = 0.04
— =" 7T) N=. X 6?\1577 X B(Aj; — pK —7T)

OO0 0O
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arXiv:2206.08527 Pt

BELLE

—()
—
oo _ Ar™ signal
N . B 5 5 NS i
% 6000_ § B % 4000
= - g 10000_— E
% 4000 - & S
= - g N yé 2000 [—
Lglj 2000 L% 5000__ L%D
0 0 0
_Ab_:‘r 2.45 25 4 56 557 508 559 53 5 31 2.4_65 ] 2.21_7 2.475
MEn*) [GeV/c?] M(pk*) [GeV/c?] M(pk *m)-M(pk mc*)+m(Ac) [GeV/c?]
B(E0 s AT~ Na - x et « B(E= = A7) x B(A — pr—
<_,g —— +) = —fer_Em Si( - )X BA 2 PT) _ (38 +0.04 % 0.04
Bz —-=—7T) N=_ X eAfﬁ X B(Af = pK—nT)

Using B(E —» E7 %) = (1.43 £ 0.32) % , we measure
BE" - Atr) = (0.54 £ 0.05 + 0.05 = 0.12) %

* consistent w/ LHCDb, with slightly larger uncertainty
* BF larger than theory predictions

Youngjoon Kwon (Yonsei U.) July 8, 2022 HGT Workshop @ Inha U. 24



Baryons from Belle




D
PRD 102, 071103 (2021)

= (2790/2815) —» E y

® Recently measured 56(279())” & EC(2815)+/ O masses and widths

® |n the picture of (¢ + ud, us), these are typically interpreted as L = 1 orbital
excitations (“A”).

® The nature of these states are identified by mass spectra and decay modes.

@ Excited charmed baryons mostly decay via strong interactions.
® the only observed EM decays : B2, — E y, Q.(2770) — €y

C

@ Wang, Yao, Zhong, Zhao (ro 9, 116016 (2017)) predicts

® assuming A excitations, large widths of 56(2790)0 — Eg% 56(2815)0 — E?;/
(I" 2 200 keV)

® assuming p excitations (between the two light quarks), much smaller widths
(< 10 keV) for the E baryons

Youngjoon Kwon (Yonsei U.) July 8, 2022 HGT Workshop @ Inha U. 26



D
PRD 102, 071103 (2021) (Vs>

= (2790/2815) —>¢EC;/

— ( =cY =
160 — {' : 60— ]l ]l
— v —
N AT I g Il
120— {. ¢ T{' = ¥t ‘
100E— Tt ] UL 40?“} ﬂ}ﬂ \l
802—'} } 'H' H.+ vy #{»&?‘1‘ 30 '+H}
6014, {:} t 20 {_
08 10F
20— =
— 27 " '2'75' | '2'8' " '2'85')' | '2'9' " '2'9&'5' - 3 | 0= —=%7 575 28 285 '2' 29 295 3
M(Zcv)(GeVic?) (Eer)(GeVie?)
B[=.(2790)° — =04 B[=.(2790)t — =1+]
Ry = : = 0.134+0.03 4+ 0.02 Ri gy = : < 0.06 @ 90% C.L.
2790 8[36(2790)0 . E/c+7T_ N Eg_f}/ﬂ-_] 2790 B[EC(2790)—|— — E/COT‘-_'_ — chyﬂ+] %
=.(2815)0 - & B[Z.(2815)T — =F
Rigis = BIEc(2815) = =] = 0.41 +0.05 4+ 0.03 Rigis = =.(2815) el < 0.09 @ 90% C.L.

B[=.(2815)Y — =.(2645)t7m— — Z0nt7—] B[=.(2815)" — =.(2645)07+ — =& nt7—]

* First observation of radiative decays of orbitally excited = _
* Confirm the theoretical prediction [WYZZ, PRD (2017)]
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F_1() g

== By

@ weak radiative decays, via W exchange

(a) (b)

w* w*
Ac I =0
d > >—Uu d > >—Uu
u > >—U S > >——8§

® not been observed in charmed baryons

® J (4) signals for charm mesons: D' — ¢y, K y
» 3 A, - Ay by LHCb (2019) < b — sy

https://doi.org/10.1103/
PhysRevlLett.118.051801
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Modes Kamal [4] Uppal |5] Cheng |[6]
() (II) e theory predictions of BF in units of 107

AT = X7y 6.0 4.5 29.1 4.9 » two cases for [51 depeding on |y(0) |
=0 — 2y .. 30 195 48

4] A. N. Kamal, Phys. Rev. D 28, 2176 (1983).

5] T. Uppal and R. C. Verma, Phys. Rev. D 47, 2858 (1993).

6] H. Y. Cheng, C. Y. Cheung, G. L. Lin, Y. C. Lin,
T. M. Yan, and H. L. Yu, Phys. Rev. D 51, 1199 (1995).
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Events/ 1 MeV/c?

arXiv:2206.12517

At = Xty B) - 2V

980 fb~! Belle data

use 2V - Az, Tt - pa’

_|_

=0

each mode, normalized to AT - pK 77 and E’ —» E™x

x10§ | | | | | | ———— ,
- — Total Fit 7 o 6000 — — Total Fit _

o — QO
- — G | _ = —_— S I _
- / | igna ) S I igha j
B WEBEELLL Combinatorial ) IR ¥ B | BEEEL Combinatorial _|

100~ B = 4000

i i o B N
| > I _
| \ — _lcg — N
- - S i -
: S 2000 e ], .

o
o

Pull
Ao
Ry iy
Ll
Pull
||
T

2205 23 Y 245 25 2._%5
M(pK ) GeV/c? M(E ) GeV/c?
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M (pK') GeV?/c*

AF - Zty, B - EY

@ Efficiencies of the reference modes

5

l 1000

Youngjoon Kwon (Yonsei U.) July 8, 2022

arXiv:2206.12517

A — pK~z" signal efhiciency is
weighted over the Dalitz distribution

_ D i Si
Zj Sj/€;

= (12.79 £0.02) %

For Z) — Ez%, the efficiency is

= (16.96 =+ 0.05)%
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Events/ 1 MeV/c?

arXiv:2206.12517

C
1000 —*— Data «««:x: Combinatorial
900 £ * -~ == Total Fit LEERTIV Seea 0 o
700 * t § B Broken-signal >" Sideband
600 - * ; = 600 -
4001 5 #H i sk -
—_ : * * E R L LT TR < é —
300 5tk e P ; T b v At
200 %‘{' : ¢ imikﬁfﬁﬁ i‘ = . -
100 0 R s, : -
0C T R IR P S B - I ]
1.14 1.16 1.18 1.2 1.22 1.24 & _gz: E
M(pr®) GeV/c? 21 2.2 2.3 2.4
ME*y) GeV/c?
Modes JNobs NUL (%)
AT — Sty 340+110 608 2.98+0.01 S =2.20 (3.20)

Aé_ — pK_W+ 128191042040 12.7940.02
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arXiv:2206.12517 [a

BELLE

!

[
_|_

ﬁ

A+

C —e— Data @ e Combinatorial
1000 — -
900 £ : + : : -~ == Total Fit ~  =eree Ae—Z*n®
o 800F: (2) #} ~ 800 == Signal = =eess Ae—>2" )
§ 7002—5 +H § B Broken-signal >* Sideband
O 600 i— ¢ ‘h % 600:— —
= 500 o 2 -
E) 4002_5 #H § % R A B
C - : ¢ : A S S 7
S 300 g *#“*l,w * *%*E 0 00
1] 200k “‘?M‘ﬁiﬂ:%gki‘
100 : 0
OT14 116 118 12 122 124 S 5 3
M(px®) GeV/c? 2 2:&(?”62:\3”02 25
B(Ag_ — Z+’)/> N NEJrW pK—mt 1
X
obs - 0 0
B(Ac = pK—7t)  NPZ L en+y B(X+ — pr)B(7Y — v7)
= 4.0 x 1077

The UL is slightly smaller

+ + —4
& (Ac — 2 V) < 2.6 x 10 than case (ii) prediction of Ref.{5]
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Events/ 0.5 MeV/c?

150

0%

[1]

[1]
o O
)

: (b)

100

&
%
k.3

__ —e— Data

arXiv:2206.12517

o Combinatorial

200

- == Total Fit agea"no

B . —~0 =0
150—_— Slgnal EEEEN] :‘ce:‘n _

| = r—o -

_ Broken-signal =" Sideband
100 ifL

t t

Events/ 5 MeV/c?

A;lU'f : +" IR Y.

IREATL,

o, . 1T el &
surayp

50 50 :— 11
0 M”ﬂéﬂ*;ﬂ--ﬂﬂ:ﬁﬂ--ﬂ-“—l—-;
O n | ! ! | 2 | I - | % g ;: | E
1.28 1.3 1.32 1.34 0 2F | | | . E
2.3 2.4 2.5 2.6

M(Ax°) GeV/c?

Modes

Nobs

NUL

e(%)

Eg — Eo”y — 18448 91 3.03+£0.01
Eg — =71 450634445 16.96+0.05

Youngjoon Kwon (Yonsei U.)

July 8, 2022

M(E%) GeV/c?
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arXiv:2206.12517

=0 _, =0
e C —> e 7/
o00——*— Data  seeem Combinatorial
150 | == Total Fit = =::ee Fo—>En°
R (b) % 1502_— Signal e Ho—>EM _
> B I S - Broken-signal =0 Sideband
S 0l nll g ;
> dﬂ{ T -
S | : c - UICETS Iy N el R 3
£ sor }5%\“5 }5 55":‘“ ! T
10.28:I II 1|3 T 1.(|32 T 1.134: 0_:- —§‘ , . . .
M(An°) GeV/c? 23 Mégy)Gewig 2%
—_ —_ UL —_ _
B(ZY — =Y _ =0~ €27+ B(Z= — An™)
B(EY —» =—nt) ébSWJF €20 B(ZY — An9)B(7Y — v+)
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The UL is slightly smaller
than case (ii) prediction of Ref.{5]
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Baryons from Belle



arXiv:2110.14086 P =

submatted to PRL BELLE

Search for B — Ay

® B-mesogenesis — explains Baryogenesis and DM with B decays
v Elor, Escudero, Nelson [PRD 99, 035031 (2019)]
v predicts B(B” — Ay + meson) > 1074

® Existing limits
v BB - Aype) S 2x 107 by ALEPH (EPJC 2001)

v m(ypg) S 3.5 GeV,indirectly constrained by CMS,ATLAS (from searches for
TeV-scale color triplet scalars)

'_,,¢DS
WDS £Ds
Y _-- < s
- B 4
b -— > (Y|
B
d > d
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arXiv:2110.14086 P =

submaztted to PRL BELLE

Search for B — Ay

Er o distribution for

® Belle strategy . m, =2.5GeV
v Hadronic B-tagging, and look for A 4+ nothing in the signal-B » BB = Aypg) = 8 x 107
v use Epp for background suppression i "5 Signal
~ : rTTTTTT Continuum
Egcp < 0.57 ~ 0.74 depending on m,, i | o
& : b— u,d,s
12—i i —— 4 Data
- _ <(wos) 2T 1 L4
~. B’ B® .- LI
tag — :>0< ».\/vp 6 1
/ A ~ - iH i 1
_ | J:h 4|4
NS I P

Youngjoon Kwon (Yonsei U.) July 8, 2022 ( ) 38



arXiv:2110.14086 P =<

submaztted to PRL BELLE

Search for B — Ay

10~ ;
B Y
2 Excluded by ALEPH [ g Observed 90% S
§ - CL upper limit 7
<
T 10 §
-)
- = .
= 1
5 R
+ g 107°F
= «Q
i -
— )
= 10751 =
= = [ B == O,s = (pgb)(us)
O |
N Expected B Fxpected £ 1o Oys = (Ypss)(ub)
L
= —&— (Observed Expected £ 20 Os = (¥Ypsu)(sb)
| | | | | | | —6 1 1 1 1 1 1 1
1.0 15 20 25 30 35 40 W90 15 20 25 30 85 40
2
Mppg (GGV/C ) Mypg (GGV/C )

® No signal; (B’ — Aypg) < (2.1 ~ 3.8) X 107>

e Excludesm, 2 3.0 GeV for “type-2” and “type-3” hypotheses’

TAIonso-AIvarez, Elor, Escudero, PRD 104, 035028 (2021)
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other subjects from Belle




arXiv:2206.08592 LI =g

submaztted to PRD BELLE

Search for X(3872) - ntn—n"

® X(3872) the trailblazer for the new
wave of exotic hadrons [Belle (2003)]

v M(X(3872)) ~ M( DOE*O) Decay mode Branching fraction
v a molecule or a tetraquark? X(3872) » n'n J/y (4.1 %
| | X(3872) - DD + c.c. (52.4153)%
° i((387|i)babs. bl.ralnch;)ng fractlccl)ns d X(3872) — 7J Jy (1.1406)%
could be crucial to better understan +1.3
the nature of the particle ii:;? - yl(/)/(3686) (iélgg)zo
v a global analysis!1] XE3872§ : Z)j(/d 24.41122;%
nothing much known of BF’s to final B+ X(3872)Kw+ (1:9_:1530.6) < 10~4
states w/o heavy flavors B® — X(3872)K° (l.lfgj) % 10-4
¢ 3 predictionl?l of X(3872) — unknown  (31.911%1)

BF(X(3872) — 'tz 7") <1073
v so, why not search for it?

[1] Li & Yuan, PRD 100, 094003 (2019)
[2] Achasov & Shestakov, PRD 99, 116023 (2019)
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arXiv:2206.08592 Bl =4

submaztted to PRD BELLE

Search for X(3872) - ntn—n"

BY > KSJZJ%_]ZO

10'F 3-body phase space
o 10°F IS for X(3872) - ntnx"
2 10° S
= ™ 11 144
I : Case 1l
1 i
10-‘:
—05 MVA gutput 0.5

A X(3872) —» ntr "
10°F N :
§ S | by Achasov & Shestakov
S f = 10
2 10; o
2] - N - V7 14
£ | L Case 2
> c 1-
L 15 o .

: TR

107 1—{'—— 10! ' '
03 MVA gutput 0.5 0.5 MVA gutput 05

MVA to suppress continuum bkgd.
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arXiv:2206.08592

/O
submitted to PRD Wr=ms

Search for X(3872) - ntn—n"

Validation by using B — K J/y( — ntn~n")

L qoof BT KMy ] L 140F \

> - > = ,

% 80:— ‘ % 1205— {

©  60f } © 13852 1

2 - L 60F |

GCJ 1 NUEINALK, { '[' CICJ 40 “ uft ¢ | T ¢ {g

5 20p TR G, AERRE P e e L LR

S 50 . . SN

N = BY 5 KOy S 60 ]

é 40F \) W g 505— |

o SO0F , o F i

% 20% ‘ 5 ok ~

2 o Uﬂ . 2 208}, o | |

o ORIl | 8 ToRIRAR S

uwl N . 4 L |+. ..... 4 ....... LL] ()4 ...... { .................
24 5.25 526 527 5.28 529 2.9 3 3.1 3.2 3.3

M., (GeV/c®) M(t ) (GeV/c?)

« measured B(J/y — ztz~7") = (2.00 = 0.06) % ; consistent w/ world avg.
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Events/ (6 MeV/c?) Events/ (6 MeV/c?)

Search for X(3872) - ntn—n"

Fit for signal extraction: B — K J/y( — ntn~n")

90 70¢

ookl ] % eop AN
TR s50f ]L "

ggit [1T# H 3 % 40 T Tl Lo L4 Ti 1T

40E + :[' EE ~ = N o s g ST O ---+

30E BN 5 O H 1

20E ' s ¢

10;— h T 105—

30E Y 30

25 T 4 g 25 |

Wi | £ B
g_ 3 Rl E 3 "_ ] _ |

5 P § SR
0% 527 528 520 97 38 39 4

M., (GeV/c?) M(rtr ) (GeV/c®)

Youngjoon Kwon (Yonsei U.) July 8, 2022 HGT Workshop @ Inha U.

arXiv:2206.08592

Case 1

/O
submitted to PRD Wr=ms
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Events/ (2 MeV/c?)

Events/ (2 MeV/c?)

Search for X(3872) - ntn—n"

Fit for signal extraction: B — K J/y( — at V)

arXiv:2206.08592 LI =g

submaztted to PRD BELLE

20 201 20r
B N - N ':g:
> 15F 1l > 14t
= h = 12
=  10F +TT1 T+ s 10
‘\" - | ' w 8
[ - LIASTEE-- ' S 6
3 or T 1 Wt Wl: L 4f
i h of
: R p
15 = 19F ©  8F
- 1 = - 1 s 7
10 Lt o 10 L = 6
I N 1o s 5
5 : I 5F * - s £ 4
e NAS Gz e N 2 b i 5 o
A W I T : 2
5.24 5.26 5.28 LU 8.8 3.9 4 4.1 ki 1M
M, . (GeV/c?) Mt 0) (GeV/c?) P65 o) Geviid® 3.8
channel case | case 11

BT - KTX(3872), X(3872) > n'n 7° <19x10°° <1.5x 10"

B’ - KX (3872), X(3872) - n7nr 7n° <15x107° <1.8x 107"

X(3872) = <13% <1.2x107°
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Search for X

arXiv:2206.08592 Py =

submaztted to PRD BELLE

CCSS

® Search for doubly-heavy tetraquark states in DYDY and in D, TD_*

v in 5 energy regions: Y(15), Y(25), Y(4S), 10.52 GeV,and 10.867 GeV
v use DS*Jr — Dy with DT - ¢( > K"K )z",and D] — K% - KnHK*

Mo o ) (GEV/C?)

—h
O
Ol

N
I I

= :“nnEEEEEEna oOoe = EEE:---“: L1 a on s00 Ooooofdo OoOesesoaa
s ‘g L :f n'EnnnnnnE .d%%.iamﬁ.%‘n o == n-n-nE;;??EE
-E oo o nEDEEEk =T =) o
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1329509373900, 5 ERRTRA § FhatiEe i ;
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2= ] s  SO@Ees @ n:n: uuuuuuuuuuuu a I:I:HEII:EII:I I:”:IliI:HI:I:II::II:II:II:I
i e S D AR 22 20 e FE Y S
B "N O=s Om nt -] =] = s[O0o0 O =i=ImR-I=0 [=]-F=]
 EE R R i P s 5o SRR R SR H
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2
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arXiv:2206.08592 LI =g

submaztted to PRD BELLE

Search for X . -

CCSS

(b) Y(2S) — Data

Fy+ Lo @ Y(AS) %
D Y D < % Sideband % 10:‘ Sideband
AN TN WWIW i
MD.;D; (GeV/c?) | I\/ID.;D (GeV/c?) |
—10.52 GeV _ Y (45) —_10.867 GeV
b - (©) —— Data b sof- (d) —— Data b (e) —— Data
%’ 10 Sideband %’ Sideband %’ 20[- Sideband
= T S 60 s |
2 | 2 :
L YRIT™
R T - e 0L ARt
4 MZSD (Ge\5//c2) " 6 4 I\/I:)Z (Ge\S//cz) " 6 4 M;Z (Ge\5//02) " 6

no signals found in any mode, any energy point = set upper limits!
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Search for X . -

CCSS

arXiv:2206.08592 Bl =4
submatted to PRD

o

BELLE

% ¥4 ook @ Y(1S) o b Y(28) —oma
D + D + 2 | (1S) S | (25)
S S % a Sideband % 6 B Sideband
o ‘[ o
A 4r
n n L
=l c
O i Q 2
> L >
i | . g | L
s 45 5 55 6 s 45 5 55 &
M. (GeV/c®) M. ... (GeV/c?)
_10.52 GeV Y (4S) _10.867 GeV
NQ s (C) —— Data NQ 30l (d) —— Data NQ L (e) —— Data
> > 0 > 101
% Sideband % Sideband % I Sideband
o 4 o o T
P P PN
T 2 c c
1 : AN
LLI LL] LLI .
SO 1 | 0 A i Rikiiki AR
4 4.5 5 5.5 6 . . 4 4.5 5 5.5 6
2 2 2
M[);+[);+ (GeV/c?) M[);+[);+ (GeV/c?) MD;+D;+ (GeV/c?)

no signals found in any mode, any energy point = set upper limits!
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Closing remarks

@ We have presented recent results from Belle experiment, focusing on studies
of baryons and exotic hadrons.

@ Belle has achieved great things in CP violations, CKM unitarity, rare decays,

quarkonia, etc., but at the same time an excellent place to study baryons,
exotic hadrons as well as dark sector searches.

@ And, the effort goes on with the upgraded facility, Super-KEKB collider and
Belle II detector.

“We shall not cease from exploration”?

t T. S. Eliot

Youngjoon Kwon (Yonsei U.) Dec. 1, 2021 Light Cone 2021 @ Jeju
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Back-up materials



Luminosity [em s |

The Luminosity Frontier
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Belle 11 operations under Pandemic

Minimize person-to-perso

— Remote control room sh
— Travel restrictions (~40
— Online meetings

Beam background  HYV ctrl
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arXiv:2206.08592 Bl =4

submaztted to PRD BELLE

Search for X(3872) - ntn—n"

Systematic uncertainties

TABLE III. Summary of systematic uncertainties on the
B(X(3872) — wm~ 7") measurement (in unit of %).

Source BT — KTX(3872) B® — KgX(3872)
Tracking 1.1 0.7
PID 2.9 1.8
K2 selection 0.0 2.2
7" selection 2.3 2.3
Signal MC model 0.7 0.7
B(B — KX (3872)) 31.6 e
Total 31.8 e
Number of BB 1.4

BT B~ Fraction 1.2

MVA requirements 3.0

Weighted total T
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eTe” — T(4S) as a B factory

25 .
' The Upsﬂon System
N 1.lnb o(ete” > Y(4S)) -
= r ~3nb o(ete” - qq)
= : .
E ]_j-_ }IT: (q:u,d,S,C) ]
= 1 10.58 GeV
T 10F | - -
o] + b .
L s | hp 'F'.:; + ; * -
e [ ¢ by O A P L L “ad s
X Z TI(IS) | TI(ES) T(SS) | I -
044 946 10001002 1034 1037 1054 10.58 10.62

Mass (GeV/c)  (Note) ms = 5.28 GeV

e B(Y(4S) — BB) > 96%, with p5M ~ 0.35 GeV/c

e nothing else but BB in the final state
. if we know (E, p) of one B, the other B is also constrained
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