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Belle Il will provide a significantly larger data sample (x50 Belle) that will
allow to continue the investigation with a much more powerful instrument

arXiv:1808.10567



https://arxiv.org/abs/1808.10567

The Physics Program
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Initial state radiation

> a (Super) B-factory (~1.1 x 10’ BB pairs per ab™);
> a (Super) charm factory (~1.3 x 10” cc pairs per ab™);
> a (Super) T factory (~0.9 x 10” 't pairs per ab™);

> thanks to the Initial State Radiation, we can effectively scan
the range [0.5 — 10] GeV and measure the e'e” — light hadrons
cross-section very precisely;

> finally we can exploit the clean e’e” environment to probe the
existence of exotic hadrons, dark photons/Higgs, light Dark
Matter particles, ...
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The Charmed Baryon Physics
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The weak decay of charmed baryon has not been understood well.

Three diagrams contribute in the tree level, but their strengths are not
Known.

Ground state charm baryon is a good laboratory for studying strange
baryons as decay proceed via ¢ — s transition.

Belle has collected ~ 1 ab™' eTe™ data samples (mainly at T(4S)).

e 10° ete~ — cC samples
e 7.7 x 108 BB samples

Huge data sample enable to study various charmed baryons.



Baryon production at B-factory

l.ete” = cch? 2.B-decay At
e Cc
¢ B C /
w
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et c U\
B is efficiently produced via
Y (4s)

Baryons produced via fragmentation
* Charmed baryons — rather direct

» Hyperons — later stage of

fragmentation Once bottom is produced, it

favorably decays into charm.

Huge statistics
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Huge statistics, good quality 5> e
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Observation of an excited {1~ baryon

A~ =sss(5=-3, 1=0)

PRL 121, 052003 (2018)

1. ()~ excited states have proved difficult to find

* Only one excited (2~ states, 2(2250), has been confirmed until now.
* In addition, the evidence for two other states of {2~ were reported.

(>600MeV).

These ()~ excited states’ masses are much higher than the ground state

2.0*" - 0~ +n%is highly suppressed since 2~ is isospin zero

3. Preferred modes

« Q" S5E+KIV

« 0" 5EV+K v

* low-lying states

« Analogousto Q2 - XK~

[R. Aqij et al. PRL 118, 182001 (2017)]

Data Luminosity(fb1)| Events
sample (x 108)

Y(1S) 5.7 1.02
Y(1S) 24.9 1.58
Y(3S) 2.9 .

[J. Yelton et al. PRD 97, 051102 (2018)] » The decays of these narrow resonances

proceed via gluons.

* The production of baryon are enhanced.



Observation of an excited {1~ baryon

B(Q*~—>ECK ™)

Results & Summary R B0 SE-KO) 1.210.3
Data Mode Mass (MeV/c?) Yield I'(MeV) [x*/d.o.f.[ne
Y(1S5,25,39) | 2K, 2 Ko | 2012.44+0.7 [242448,279+ 71| 6.4757 |[227/230 (8.3
(simultaneous)
Y (15,25, 359) ="K 2012.6 + 0.8 239 + 53 6.1+26 |115/114 6.9
(15,25, 35) ="K / 2012.0 + 1.1 286 + 87 6.8 +3.3 |101/114 |4.4
Other =0K 2012.4 (Fixed) 209 + 63 6.4 (Fixed)| 102/116 3.4
Other = K 2012.4 (Fixed) 153 + 89 6.4 (Fixed)|133/116 |1.7

Combinations/2.5 MeV/c®

Combinations/2.5 MeV/c?

160
140
120

100

M(Z K) GeV/c?

PRL 121, 052003 (2018)
The gap in the spectrum between the

ground state and this excited state (~340

MeV) is smaller than other {2~ excited
states, which is more close to the negative-
parity orbital excitations of many other

baryons.

The narrow width observed implies that

the quantum number J? = %_ is preferable.

9



Theoretical interpretation for the 0*(2012)

It is generally accepted that 2%(2012) is 1P orbital excitation of
the ground state (2 baryon with three strange quark, whose
guantum numbers are J* = g_.

From PRD 98, 056013 (2018)

Notably, the newly observed
1*(2012) is revealed as a K£(1530) * e
hadronic molecule. |
[PRD 98, 054009 (2018), PRD 98,
056013 (2018), arXiv:1807.02145, FIG. 1: The three-body decays of 2(2012) in the KZ(1530) molecular picture.
arXiv:1807.06485, arXiv:1807.06485]

JP =3
o . Mode 0(2012) (KZ(1530
The K=m three-body component is Widths (ME%V) ) ( érancﬁ)Ratio(%)
largely dominant. K= 0.4 14.3
K= 2.4 85.7
Total 2.8 100.0

10



The number of expected ((2012) events at Belle

I
Nexpected — ytotal o pproduct x ¢ x B(2(2012) > KE/KET)
Channel £ PBdecay B(2(2012) > KE/KEm) | Nobs | Nexpected
ETKQ | 15.7% | BKS - ntmT)x REK® - KQ) 6.5% 279 -
FO0K- 4.0% Br® = yy) 7.8% 242
E K nt 9.4% - 28.6% - 2091
o BK - ntn~ )X Bm® - yy) 55
= 00 o S o) _
5-KOn° | 1.5%  R(KO > KO) 14.3%
~ _ Bm® - yy)x BKS > ntn”) 177
=0 0 - S 0 _
EOKOn~ | 2.3% e 28.6%
F%Kn° | 0.8% Bm® - yy)x B - yy) 14.3% - 82

« B(Q(2012) - KE): B(Q2(2012) - KEn) = 14.3 : 85.7 in Ref.[arxiv:1807.00997].
« T[E"K°]: T[E°K~] =1 :1.2 from PRL121, 052003 (2018)

« The isospin analysis shows T[E"K nt]: T[E"K°n°]: T[E°K°n~]: T[E°K ~n°] =
2:1:2:1

 In the calculation of Bl the common B, e.g., B(A — pr~) is cancelled.

R(K® - KQ) =

o If theoretlcal predlctlons are correct, we will most likely observe !2(2012) in
mOdC.Q(ZOZQ)—) ="K~ T[ 11



Double-Cabibbo suppressed decay A7 —
p KT~
* Weak decay amplitude of a charm quark

— c—>s:cos0_~1
d: sinO_~ 0.23 € Cabibbo suppression

— At the same time, emitted W decays into a ggbar pair
qi

ud: cos0_
us: sin0_
* So, the decay 92
c = d(us) istwice i
suppressed ¢ a

— Doubly Cabibbo-suppressed decay

— Naively, decay branch is O(tan“0_) ~ 0.28% smaller compared to
counterpart (¢ — s(cfu))

12



Events / 3 MeV/c?

DCS decay A{ > pK¥n~

CCR:AL > pK™m™ DCS: Af » pK*n~
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200F
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(1.452+£0.015) X 106 events ~ “"E..___. b

215 gy L L 24
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Significant signal observed! 35874380 events
(significance 9.40) [PRL117, 011801]

BR(AY -» pK*tn~) = (1.61 + 0.23%2-07) x 10~*

The first observation of DCS decay in Baryon

13



A new A excited states ?

Dalitz plot: Af = pK~m ¥ pri117.0118011
. * The peak positionis Y1663 MeV, near the An

F—— 4_.5:' . 'K(8§6) R '— - threshold (1663.5 MeV)

£ What’s this? 18, * Widthis ~¥10 MeV, significantly narrower than A,
= F i 2 resonances in this region
§ oot {ﬁ” § - A(1670): 25-50 MeV
g T RP°e & — ¥(1660): 40-200 MeV
= .. — $(1670): 40-80 MeV

25 IG2 — A(1690): ~60 MeV

L A(1520
2_1 |

: T » 2 independent groups claim there is a new narrow A"
MK [Gev'rc’) resonance at this energy with J=3/2
— Kamano et al. [PRC90.065204, PRC92.025205]
JP=3/2+ (Poa); M=1671+2-8 MeV, I =10+22-4 MeV
— Liu & Xie [PRC85.038201, PRC86.055202]
1P=3/2" (Dog), M=1668.5£0.5 MeV, I =1.5£0.5 MeV
 The reason is the same

— From K'p = An measurement near the threshold by Crystal
Ball collaboration at BNL [PRC64.055205]

— Especially the angular distribution 2 Model independent

A(1670)7?

Counts / 1MeV /c?

%ﬁ * There is no state in quark models
— It must be an exotic
— udsss pentaquark??

1800[— ; i
=3 L 1 1 1 L | 1 1 1 1 1 1 1 L L 1 1 1
16 162 164 1.66 1.68 1.7 1.72
M(pK~) [GeV /c?]

14



A, — Xt decays at Belle @

@ Motivation: Measure the X7

_ Energy difference of X7 under
scattering lengths based on

final state charge exchange.

" Cabibbo’s method”, T. Hyodo N

and M. Oka, Phys. Rev. (84, il

035201 (2011) . .
o This talk: Measure the B(Xnm) 32 !

. — 4 . _% 1330 — TC'Z+\r
relative to p K~ 7" + int. E _
resonances. E ESa
1325 — s’

Ae — XHaat(4.57£0.29%)*
A, = Y0xtgl (2.3 £0.9%)* 1320 —— - o
A — E+?— m (Unkn{:}wn) * C. Patrignani et al. (Particle Data Group), Chin. Phys.

C, 40, 100001 (2016).

15
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& 4000F 49 g
s + — + o S 4000F +
g T ] S 000 0 0
o 3500 X T T 3 < 3s00F X'mm : :
> oo Eldon Shape determination
c = El .
2 250 = & 2500 , Consistency tests
2000F- E 2000F i 5
- 7 100 e ~4 Model uncertainty
F = 1000E Y e, E
_: 500_ - ’ ‘ - - E
b s S S R S IS e e T e 1
M(E ) [GeVicY M(Er®) [GeV/cd] AC’. in 7 1 1 fb —L at Y(4S )
22 225 23 235 24 22 222 224 226 228 23 232 234 236 238 24
S 700 T T 3% AR A A A R A A . .
§ ™ S psooal- oKt Final state Yield
o e C ] —
> | 5 20000 3 St gt 100, 208 4= 369
& 3 & ts000- 3 Ytax® 5,951 + 261

200

+
=Y 00 S 3 ) E _
;% £ : pTK 7T 1,182,781 4+ 1, 35
e Y - R LT V' S o e b 28 e S 5 54 .

: y . 3 X%t r% 46,995 4413

M(E*nr%) [GeVic M(p'Kn*) [GeVic]

Signal: red, background: green, misreconstructed: black,
A7t 70 4+~ violet

Errors are in order stat., sys. and (B(pKm)). arXiv:1802.03421

Final state B(Xnr)/B(pK) B(Xrr) [%] Bppc(Xnm) [%]

STt 0.706 £ 0.003+£0.030 4.48+0.02+0.19+0.23 4.57 +0.29
Yortxz9%  0.491 +£0.0054+0.023 3.124+0.034+0.15+0.16 2.34+0.09
PR 0198 £ 0.006 £0.017 1.26+0.04+0.11+0.07 -




Observation of Pc states at LHCb

LHCb: PRL115, 072001 (2015)

(a) c (b) SYK
e
—>—d

d—b—\g} A" _N

FIG. 1 (color online). Feynman diagrams for (a) A) = J/yA*
and (b) A) — PfK~ decay.

6
mZ, [GeV?]

@ Analogue search for hidden-strange pentaquark by switching
b — c(N) = AE), ¢ — s(J/i — &) AL — 7°Ps — 7%(ap). 17



Reference modes

o N\ — ¢pr° is Cabibbo-suppressed decay.

@ A\l — pK— =™ is used for reference, and the Cabibbo-favored decay
AE — K- nTpr® is measured.

300

200

Events / ( 0.0025 GeV/c?)

100

t’]- 1. 'l

80000
70000
60000

50000

40000

30000

Events / ( 0.0025 GeV/c’)

20000

* 10000

| teein

BANf =K~ ntpr®)

L a . " N N 1 L laseusy"®" L L : X |
2.3 2.35 2.25 23 235
m(pK ") (GeV/c?) m(K*pr”) (GeVic?)

BNl —K—m+p)

(0.685 £ 0.007 + 0.018)

@ Most precise measurement:
BN, - K n"pn®) = (4.424+0.05+0.12+ 0.16)%

@ Previous measurement from BESIII: (4.53 +0.23 + 0.30)%

B. Pal et al., Phys.Rev.D96, 051102(R)(2017)

18



Events / (0.01 GeV/c”)

.
=
T

=

—40 |

Search for Ps states at Belle

Phys.Rev.D96, 051102(R)(2017)

{ —’—ﬁ Mf}ﬂ
E———h

—D\d}p Nﬂ

wl

FIG. 1. Feynman diagram for the decay (a) Al — ¢pr® and
(b) AY — Prr°.

Perform 2D fit to M+ x— 50 VS M+ k- plane.

[
=
T LI

2*=>pn’ vetoed

(o]
T T

- No significant Ps signal

e Best fit yields a peak at M=(2025+5) MeV/c?
and I'=(22+12) MeV

TTII 00 I 21 PRDY6, 051102(R) (2017 ); 915fb!

m(pp) (GeV/c?)

Number of candidate A, 2P %2> ¢pn® events: 77.6+28.1
B(A, 2P m)xB(P,~>¢p)<8.3x10°> @90% C.L.

19


https://link.aps.org/doi/10.1103/PhysRevD.96.051102

Hadronic decays of Q¢

@ Among 4 ground state charmed baryons,
Qc(css) is not studied well as cross
section is small.

State NS =0 = Q¢
7(ps) 200 +6 11278 442+26 69 + 1
AT /T (%) 3 1 6 17
@ Only Q. has the same flavor light quarks
(ss). Constructive interference is thought

to be the origin of its short life time.

@ Precise measurements will shed light on
the dynamics of baryon weak decays.

@ Belle performed measurements of 8
decay modes relative to the bench mark
mode: Q 7.

e Most precisements: Q7 tx9,

Q rntn—nt, ==K - ntx", and
=OK—7+. - B
e First measurements: =— K9+, =Z0K0©

and AK9KO,

Q% 5 Q rxt

180

160

140

120

100

80

Events/2.5 MeV/c?

60

40

qQ—
q—

Spectator

q———q
g——q
Internal W

0 L1 1 1 | N I | I T - | L1 11 L1 1 L1 1
255 26 265 27 275 28 285
Q' invariant mass (GeV/c?)

c s
WE <a

q

q q

g———q
W-exchange



EVas/s o Mav/c

Q). branching fractions

PRD97,032001(2018)
Ox'x" 0 Signal  Orderof Resolution FEfficiency
- yield polynomial (MeV/c?) (%)
30|
20F 691 + 29 1 5.1 10.08
10 403 + 31 2 133 295
LE 108 £ 16 1 44 523
60 278 + 27 2 43 5.08
ﬁ 168 + 21 1 7.8 2.09
2 w = Kx' 349 1 36 1 16 381
2 = =K 98+ 15 2 70 1.73
Y 4 AKOKS 95+ 18 ! 37 322
250 § LK Kx 178 7] 38 200
200 > 35
w  ap
150 2
20E
100 158
10§
o 2 Three modes are new
20 70|
BO 60
n % measurements.
50 40
14 10k
2.55 2jE |2.|55 2..? 2_‘?5 EI_B 2.85 2.55 26 2_.65 2?? 2.5’5 I2_IB 2.85
Invariant Mass (GeV/c?) Invariant Mass (GeV/c®)

@ Precision improved by factor 2 for already measured modes.

@ First measurements of intermediate resonances.
- Dominant contributions.

@ Three first observations. 21



Observation of excited Qc states at LHCB

Orbitally excited Q_ cannot decay to Qi+, therefore = _*K"is a good place to look.

Earlier this year, LHCb did exactly that:

PRL118, 182001(2017)

5 Narrow states
(+ possibly one wide one)

I
()
=)

T T T | I T T T | T T T I | T T T I | T T

LHCb

BELLE can do the same!

Candidates / (1 MeV)
2
S
o

We can identify kaons with
good efficiency. Cut at high
momentum (x, > 0.75)

3000 3100 3200 3300
m(Z.K ) [MeV]
22
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Confirmation of excited Qc states at Belle

PRD97, 051102 (2018)

35 (a)

2 ] } In Z.*K- mass spectrum, peaks
= A l,!' hl'-. |‘i ik il ti | at 3000, 3050, 3066 and 3090
’1!" T -n"ilp“ ."‘!;.:-' MeV, 3119 MeV is not

e -

WS significant.

by |
2 Il‘ Ir'||| |" il 1'I|| % [ ||||II'|| Ml ||I" 7 ,
§ oE b4l P N T e ¥t Four narrow states out of five

i [
it {’} reported from LHCb confirmed.

“ Wrong'3|gn Comb|nat|0n
18 ' I —_ l (c)

16 =.T sideband eyents

12 |” | |

" | ' | | |
|||| ||\|| |||I|.|| b e il ||||'h|.||\ 1 o] ||”||I I ‘Hi

ﬁﬁ':i!iiliiﬂ' { e Ml |||"'"i"'||i|"| Y

I i 1 i L
o3 3.]55 3 1 315 32 325 33
M(ZK) (GeVic?)
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https://link.aps.org/doi/10.1103/PhysRevD.97.051102

Confirmation of excited Qc states at Belle

PRD97, 051102 (2018)

e [he masses and intrinsic widths of all six are fixed to the values

given by LHCb
e Strong confirmation of 2°(3066) and ©°%(3090)

e confirmation of 2Y(3000) and 2%(3050)

e No confirmation of Q2(3119) (but no disagreement due to the small

statistics)
e confirmation of wide excess at higher mass.
Unit: MeV/c?

(). Excited State 3000 3050 3066 3090 3119 3188
Yield 37.7x=11.0 28277 81.7+13.9 86.6 £17.4 3.6 £6.9 135.2 = 43.0

Significance 3.90 4.60 7.20 570 0.40 2.40
LHCb Mass 30004 £0.2+0.1{3050.2+0.1+£0.1|3065.54+0.1+0.3]3090.2+03+05|3119 0309|3188 £5+13
Belle Mass 3000.7 £1.0+0.2]3050.2 04 £0.2|3064.9 0.6 £0.2|3089.3 £1.24+0.2 - 3199 £ 9+ 4

(with fixed I')

e Alternatively, the masses of the five signals are measured by fitting
the same distribution without constraining the masses.

e |n all cases, the results are consistent with the LHCb values.

24
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c(nb)

£:(2930)% in Bt > KTAT A,

Belle reported a structure, called X(4630), in the A A7 invariant
mass distribution inete™ - y;pALAZ;  PRL 101, 172001
BarBar once studied B* - K*At A7 and found two small peaks in
M p+7- spectrum and a vague structure named E.(2930) is seen in

the distribution of My , . Larger data is needed to verify them.

PRD 77, 031101

Also, some theory explained that Y (4660) has a large partial decay
width to AL A7 and it’s isospin partner Y(4616) is predicted. PRD
82,094008; PRL102, 242004

. w

PRL101,172001 | $HE

- Z10E E 8:

B } | : st of

0.2 H W}[ H* + 6: LU4;-

0 _+ ......... }l +H]lﬂ]l+++,ﬂ#+“#+ﬂ+ﬁ % 5 T ) LA . ol 3 .1
45746 87 48 49 s 50 5253 sa 28 285 29 295 3 455 46 465 47 475 48
M(AY A7) GeV/e? m(A; K) (GeV/c) m(A? ) (GeV/c?)

25



£:(2930)% in Bt - KTAT A,

=.(2930) *

(C=+1)
A::udc,ﬂfr:uuc,Ej:udc,Zg:ddc, = usc, :dsc,ﬂgzssc

=.(2930) I(,CIP) = 2(77)

A peak seen in the A} K~ mass projection of B~ — A:Z; K™ events.

Z.(2930) MASS 2931 + 6 MeV
Z.(2930) WIDTH 36 + 13 MeV

1

tion for experimental resolution, we obtain m = 2931 =
3(stat) = 5(syst) MeV/c? and ' =36 = 7(stat) =
11(syst) MeV. We do not see any such structure in the
mgg sideband region. This description is in good agreement
with the data (y? probability of 22%) and could be inter-
preted as a single =" resonance with those parameters.
though a more complicated explanation (e.g. two narrow

resonances in close proximity) cannot be excluded.

S Y S —

O 2 = N oo O O

Events/(10 MeV/c?)

m(A! &) (GeV/c?)

— ks [N

(el (S I SN o e Narll S I SNl e o N

Events/(10 MeV/c?)

AT e n

T T I T [T [T T[T AT T T

) TR ) P

m(A K) (GeV/c?)



Observation of £,(2930)° in Bt - K*A} A, at Belle

Eur. Phys. J. C78, 252 (2018)

o~ C
S —~ Data ~ 30[ ——Dam @
g — Total Fit Q ~ —— Total Flt
—  ===-= TOtal =:(2930) Bk
N —-- Background %) 255 P:aseng:ac(e .
Ny = 20E Sideband
%J (=) E — Generlic MC
~ I5F
o O [ 1TeedT
u>.1 E T ] T N
53_ - ,_‘_ B 'L.;"Q‘ : — .
- S T Ty Nt (KRR NECU T 00 N LY ) (R S Pk S T lgrg1 31313 2 r j-'“ 4 I AHT J--:"J. 49y :‘-':‘-’.. -:-- .-—.H""C‘
§o5 526 527 528 529 53 0758 285 29 205 3
M,. (GeV/c?) My, (GeV/c?)
153+14 B decay signal events. =.(2930)°—A K- 61116 events

Br(B*—A. A, K*) =(4.80+0.43+0.68)x104 5.10 significance
Clear confirmation for the BaBar claim, PRD77,031101(2008) and much

more precise M=2928.9+3.0 +0.8/-12.0 MeV, I'=19.5+8.4 +5.4/-7.9 MeV

@ =.(2930)° = csd is the first charmed-strange baryon established in B
decay. 27
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Events / 10 MeV/c?

30

Search for Y(4660) and its spin part in
BT - K*Af A, at Belle

25¢
20"
15
10¢

—-—Data

- Total Fit
----- Fitted Bkg
Sideband

Events / 10 MeV/c?

30

Eur. Phys. J. C78, 252 (2018)

25
20f
15f
10F

——Data
- Total Fit
----- Fitted Bkg

Sideband

465 47 475
2
M, 5. (GeV/c)

» No Y(4660) and its spin partner Y, were observed. in the AZ A7
Invariant mass distribution

e 90% C.L. upper limits of B - K*Y(4660) - K*Af A7 and
B* - K'Y, - K*AtA; are 1.2x 10™*and 2.0 x 10™*.
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Evidence of charged £.(2930) in B® - KA} A;
arXiv:1806.09182
® Based on full Y(4S) data set (772 M BB pairs) at Belle

® Three A, decay channels:
AL > pK nt, AL - pK.(n*n™) and AT - A(pn™)m™.
® P candidates extracted via 2D fit to M. and AMp

o & -
g E —Data g 15:_ —Data : . I —
% 15[ —Total Fit (a) = [ —Total i (b) i N ___________
o : == Background 3 10__ = Background ; 51 . :,"
— 10 L Q L . o .
..tﬂ L g I g - a'eé":.;
c I @ '_ N -l. .
25 TL g °r Jf E{? LT
- j 2,25 "] et
AN TR - AARRAN o)1 v NN o wollva oy L fea, t e .
525 526 527 528 529 53 -0.04 —'302 0 0.02 004 I2.|25| — 2.'3 —
(GeV/c? A Mg GeV/c? 2
M (GeVie) (Gevic’ My (GeV/c?)

@ Quite clear AJA; signals and B° signals.
o N¥¢ = 34.9 + 6.6 with a statistical signal significance above 8.3

o B(B® — KOASAZ) = (3.84 £0.73 4 0.48) x 10—*
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https://arxiv.org/abs/1806.09182

| _ N D
Evidence of charged £,(2930) in B - K°A}A; (&)

BELLE

® Charged £.(2930) extracted by fitting Mo, _

4_\ 9 5 ; NO [ —e— Data
C{15:2 Th = - —— Reflection+PHSP+Sideband
L i Mc = 4 - PHSP + Sideband
o [ N = 15 ..... sideband
G 9r . Data - — Total Fit
> L e o - Sideband 1l
wd [ ampes® 1w 4.1c
8.5 i {2
L ™ - -
L . (b C
8 B Pt ” 1 f Lﬁ 5
Co by e e b L 0 Fuil . !
8 8.5 9 9.5 . : : 2 95
2 2/ 4
My x (GeV/c?) CA, (GeV/C )

Q Nzi — 21.2 £ 4.6, stat. significance 4.1¢
° M = 29423+ 4.44+1.6 MeV/c?

(2930) —

@ [_+ =148+ 88+ 7.1 MeV

=% (2930) —

O
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DD
@ Measurements of absolute Brs of EQ
BELLE

® \Weak decays of charmed hadrons play an unique role in the study of

strong interaction; the charmed-baryon sector also offers an unique
and excellent laboratory for testing heavy-quark symmetry and light-
quark chiral symmetry.

® For the charmed baryons of the SU(3) anti-triplet, only A, absolute
Brs were measured by Belle [PRL113,042002(2014), first time] and

BESIII [PRL116,052001(2016)] @
® Since Z0 [PRL62,863(1989)] and £/ [PLB122,455

(1983)] were discovered ~30 years ago, no absolute @.@

Brs could be measured.

® For Z0, the Brs are all measured with ratios to the 2~ t, the so
called reference mode.
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Measurements of absolute Brs of EQ
® Theory: B(E! - 2~ m")~1.3% [PRD4S, 4188 (1993)],

(2.2440.34)% [JHEPO3, 66(2018)].

® The B(E! > AK ")/ B(EY - E ) =1.07 + 0.12+ 0.07 and

B(E! » pK"K 1)/ B(E? - 2 n%)=0.33 £+ 0.03+0.03 [PLB 605,237]

® = > pK K r* plays a fundamental role in lots of bottom baryons study
at LHCb .

® How to measure Z0 absolute Brs ? Model Independent !

B(B~ = AZE)B(E) — ==77T)

—0 =\ —
BE =) = B(B- — A-29)

B(B~ = AZ0B(E? — AK—7t)
B(B~ — AZZ9) '

B(E! - AK nh) =

B(B~ = AZEOB(EY — pK~K—7)

B(Z) = pK K nt) = B(B- - A-20)

® Forinclusive B~ - AZE?, £ —anything, never measured before.

® Forexclusive B(B~ - A7EQ)B(E? > E nt); B(B~ » AL E!

B(2! - AK~m™), measured by Belle and BaBar with large errors.

32



Measurements of Br of B~ - A E9, E¢

— =0 =0

® The 1_\; reconstructed via its pK*r- and pK? decays
® A tagged B meson candidate, B;rag, is reconstructed using a neural network

based on the full hadron-reconstruction algorithm

o ® L] ...'Q . o o 'Y .-
"] o 1'.: """“""'t" e L] :....AO...‘.....O.....I’...
%o %ie® > . .i‘..: .-...‘.o &
O e een 1tE Ses el
O B &% e " gt e it e b0 T T
~ f" o ‘-.~$ ." 0%, 0%e ¢
> 2 3%0.. ) T, .‘.. . % "' .'Oo
q) .."':"' """" PR g é e '... .“a %: .t. -
) ) IR V' P IR A L 4
o8’ g0 % i ol® . of
~— oo be b B Y : L 4
- W A Y "o ‘¢ o e
|I<° -, " . et "'.‘." ';-00 :.
. ..-‘..g“..-‘-.'..-‘ . ':0:.!.....‘..";..*..
22 253. .i". o‘.\"‘"-:'f.: -1:. ....,. e °
. ‘d':.‘ . . .% Py .:...-o‘.:".‘
.';._..n._‘ .,..-‘_m:...-‘.. -;.:...,..::.',.....' ........
1 1 1 1 , .L 1 1 1 ‘ $ 1 L .I I 1 1 L 1 I \. 1 1 1
524 525 526 527 528 5.29

M2 (GeV/c?)

—anything

preliminary

o [  —Data
© 20 _Total Fit
> [ ---Bkg -
%’ 15 B sideband
— Generic MC

10

3 *

ents /

\'

|

O

772M BB

0 1 Tl B i TS W i e
24 242 244 246 248 _2.

2.52

Mge — (GeV/c?)

tag? *c

® An unbinned maximum likelihood fit: N(£?)=40.9 £9.0, 5.50(stat.)

® B(B~ — A-EC,

¥ Sanything)=(9.5112.10+0.88) X 10~*for the first time
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I\/Ieasurements of Brs of B~ - A{E
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Measurements of absolute Brs of E‘.Q

Summary of the measured branching fractions and the ratios of Z decays

preliusinary

B(B~ - A;E? (9.514+2.104+0.88) X 10*

B(B~ - A EY)B(E2 - E~n™) (1.71+0.28+0.15) X 10°® (2.4£0.9) X107
B(B~ - A;E%) B(E? - AK ")  (1.11+0.26+0.10) X 103 (2.1£0.9) X107
B(B~ - A E2)B(E2 - pK™ K w*) (5.47£1.78+0.57)X10°6

B(E2 - E rt) (1.80+0.50+0.14)%

B(E2 - AK™r™) (1.17+£0.37+0.09)% PDG

B(E? —» pK~K~7+) (0.58+0.23+0.05)% /

B(E? - AK~n*)/B(E? - E~*)  0.65+0.18+0.04 1.07+0.14
B(E? - pK"Kn*)/B(E? - E-r*) 0.32+0.124+0.07 0.34%0.04

We have performed an analysis of B~ — A ZQ inclusively and exclusively
First model-independent measurement of absolute Brs of £ decays
The branching fraction B(B~ — A Z0) is measured for the first time

The measured B(EQ - Z-m") can be used to determine the BR of other E? descay;s.
5



Need O(100x) more data > Next generation B-factories

Peak Luminosity Trends (e'e” collider) SuperKEKB

8x10_35|r—————-g-———'

10+ | 40 times higher
: luminosity

=
B

Luminosity
=
%

=
B

10

1970 1980 1990 2000 2010 2020
YYear 36



SuperKEKB/Belle Il schedule [oc 2017
<>

Calendar year 2016 2017 2018 2019

Japan FY JFY2016 JFY2017 JFY2018 JFY2019
Summer shutdown Summer shutdown| Power saving Summer shutdown
(power saving) (power saving) after mid July 20[L8 (power saving)

w/o QCS
w/o Belle Il

phase 1
I

MR startup installation of QCS and Belle I

DR installation & startup

MR renovation for phase 2, including

| (end Feb. — mid Jul. 2018)

'phase 2 (MR)
L

w/ QCS |
w/ Belle I! (no VXD)

HER start
LER start

VXD installat

:w/ full Belle 1l
. phase 3
- - -

Assumes phase 3 operation

1
i
i
1
|0n
1
1
!
1
!
!
!
|
1

9 months/year

« Phase I: commissioning of the main ring; installation of outer detectors; vacuum
scrubbing and beam bkg. studies

« Phase 2: start of the collisions, detector commissioning without vertex detector;
first physics runs on Y (4S) and Y (6S) (~20 =20 fb-!) [now- July 2018]

« Phase 3: full detector operation in the end of 2018
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Beam Current [A]

Luminosity [1032]

Spec. L. [®]

SuperKEKB operation status

Lurninosity Fun

12.295 (peakin 24H @15:43) [10%/em?fsec)

Beamn-Bearn deflections were obsenved: 2018/04/25
The first collision was observed: 2018/04/26
Phase 2.1.1 collsion optics: 20180522

5/27/2018

HER 270 [A] 789  [bunches]
LER 246 [A] 789  [bunches]
Luminosity 7.048 (now)

Integ. Lum. O(Fll)  .0(Day) .0{24H)[/pb]

6.3 | EEELEEEE SEEE SEEE SE i LEEEE EEEE SRR =rn i LEEEE EEEE EE -

B.25

0.2

8.15

0.1

8.05

] W H

PN
Accelerator

study

0.38
8.3
8.25

= R O O DD

oMeMgS 3h
5/27/2018

2%
=
=-

5/27/2018 22:55 JST

800

600

400

200

200

150

100

50

8.01

10.088

0.006

g.004

g.002

25
20
15
10

(2] sumy peag
g

L 10—5
e
=
& L 106
=
[q]
= | 107
=,
L 1o®
L 10—5
)
=
o]
Z r 106
=
3]
E- 107
10®
E._.
.5
id
m
a
g
o=
%
o

38



First Preliminary Study with Data (5 pb™)

TTTT invariant mass

D

/O

Belle I

first bumps observed!
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= L ]
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o B 7 * +
a0 4 ] - UK n)n GeVic?
$ B * Bﬂfe ', 201 a T g\'|_‘ 0-1 E TTTT Imlm TTT TTTT LILBLIL TTTT TTTT TTTT - T T I( T ) =
2 annl— 4 Preliminary ] b oo | I | [ F 3
E o . ' | % 3 [m] - . . 5; Belle st 2018 (prefiminary) 3
- ¢ 4 1 < O o ] o Juese'
600 ¢ t+ Y = 3 3
Gt Mgt gttty LA RILRER Y L o 1 : :
f 4 Tt ot T i +++: <0.155 _ oo N 255_ E
400 — - 1 £ E
C i - . 155 3
L i =] i g E
200 7 - . o 13 E
. i 0.15(- L BB = osE 3
_IIIIII|||IIII|||||||IIII|||||||III||||I|II|||||||_ i T D_In-lm' 'E”I“s 0.15 01I55 07'15
#4560 46047048049 0.5 051052053054 0.5¢ — o_ 1 A M[Gavic?]
mixt) (GeVie®) | o_o o ] K
10° 0.1458 EED - 3_ [ sewen 2018 proiminary)
e a L B e e e e LN S e e s (=} - DI:I ] 2_5;— L=5pb’ —;
Q B 1 . E 3
2 appCres " fL dt=~5pb" ] ; 1 i3 E
8 - 2018 (Preliminary) ) : . O o J'L 6op’ \sF 3
& i ¥ ,E>015GeV | 0.14~ P 5 ]
o L ' ' 4 Belle Il 2018 (preliminary) - = 3
S 10F : _ R RN AN AT PN N AN NN - 3
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:.; : ¢ " : M, .. [GeV/c?] B T B b TR
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£ 05F o "
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no PID cuts applied
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Status of Belle 11 Physics Book

Belle 11 physics book (>630 pages), to be printed by PTEP very soon
https://confluence.desy.de/display/Bl/B2TiP+ReportStatus

The contents include Belle Il detector, simulation, reconstruction. analysis software.

B decays, CKM angles, charm, quarkonium(-like), t, new physics, ....

Some golden channels are given with Belle 11 MC simulations, theoretical

discussions, sensitivity and systematic estimates

1ab?
arXiv:1808.10567 — S0 L0
=162 : Q7 :
g - -Background:uvuvT J[”;"(_* ) ﬂ) 8.2 0.63 = 0.37 3.6
8 5 E" Il Background: x v, en(— vv) 7.0 0.66+0.38 8.2
£ Ml sacgoma pn(— 7’y 6.9 0.23+0.23 8.6
g o6 Il sacround a3, oo oo nEs - en(— 7rx®) 6.3 0.60 % 0.40 8.1
17 .’ o o
=k et o oY ] o pm(comb.) 2.3
g 172 ’ .
< BT &0 ;ﬂ-‘P DEKD T en(comb.) 4.4
47 S 'on.:..’ ; o’\-?.olj 2 |§'L|:|_D/D T 8 J_ U OU-HJ.IG 10 U
-1.76— goe% 0 menmeed®o oo - mnn (_} T J : 0,00 .
i7sb oo oepdse o oo en' (= mm ;) 73 0.63+045 9.4
= :.
-85 " . pry (= vp?) 6.2 0.59 +0.41 6.6
182 | | | | | N en' (= vp°) 75 0.294+0.29 6.8
02 o 02 o4 M, % cosa + [,)AE * sino [(Gewg)é? F LT?:(COII]h.J 3.8
en (comb.) 3.6
0 y ‘ =
. . T 4.2 0.64 = 0.32 2.7
%
MC signal and background estimates for t = yu 0 b 0804 0.40 2o
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Belle Il possibilities

* Many things, but some of them can be done in Belle, too

— We have not used the full potential of Belle data

* Examples include:

— Search for more Y_ resonances in unsearched modes; e.g., An

p—

— JP measurements for A_*, = *, Q_* ...; Partial wave analysis.
- We can determine J? of most of presently known states
— Comprehensive list of charmed baryons

— Search for =* and (Q* resonances in the decay of A_and =_.
— Weak decay branches and decay asymmetry parameters

— Exotic search: pentaquarks, dibaryons, ...
e.g., ND, ND(or ©.),H, H, AN, ...
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Q(B Inclusive A" — X

Belle IT

ee _:.D Xfrngp Ac+

tag

MC Simulation [5.5 ab™']

Xirag - @ few unflavored mesons

Recoil A}

Background

w =
(= o
(= (=
= =
=) =)

20000

Events per 0.01 GeV
o
o
o
o

1 1 : | 1 1 1 | : 1 1
05 52 54 56
Mmiss(Dtagxfragp) [GEV]

=> Belle Il yield in 50 ab™': 2.8 x 10° inclusive

Unique sample:
® allows measurement of A,absolute branching fractions
® allows measurement of semileptonic A, decays

® allows searches for A, rare decays with missing energy
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Summary
m Belle data taking Is over, but still actively publishing results.

Many interesting results are from (charmed)baryon spectroscopy.

--Observation of an excited 2™ baryon: 2*(2012)

-- First observation of doubly Cabibbo-suppressed decay in A - p K*n~
-- Measurements of A, —» Xnir

-- 1. and excited (2. studies

-- First observation of £9(2930) and evidence of £+~(2930) in B decays
-- Search for Ps in A} — pem® decay

-- Measurements of absolute Brs of 5

m [nteresting results are expected at Belle I, where 50 times
more statistics than Belle.

--Spin-parity determination of most (charmed)baryons and hyperons.
--Search for new (charmed)baryon/hyperon resonances
-- And more . ¥ I
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