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Charm results achieved at Belle since CHARM2018.

BF and Acp in D° — =y, KYK ™y, and ¢1 preliminary result (to be submitted)

Search for 02 — 77 (Q(2012)~ — 7t (KE)~ preliminary result (to be submitted)

BF and asymmetry parameters for 20 — (A, X°)K*0, and T+ K*~  arXiv:2104.10361 [hep-ex], accepted by JHEP
BF and Acp for DF — K*7%/5 and ntn®/y arXiv:2103.09969 [hep-ex], accepted by PRD
BF of Z2 — E=/Tv; and asymmetry parameter (22 — E~7rt) arXiv:2103.06496 [hep-ex|

Amplitude analysis for £2 — EOKT K~ arXiv:2012.05607 [hep-ex|, accepted by PRD
Determine spin-parity of E.(2970)" arXiv:2007.14700 [hep-ex|, accepted by PRD
BF of AZ — pn® and py PRD 103, 072004 (2021)

BF of A7 — Aym™, £+, A(1670)7*, and 7%(1385) PRD 103, 052005 (2021)

Search for B¢ (2815,2790)%+ — B0+~ PRD 102, 071103(R) (2020)

Mixing parameter ycp in D° — KOw PRD 102, 071102(R) (2020)

Dalitz-plot analysis of D — K~ 7ty PRD 102, 012002 (2020)

Absolute BF for Z/ decays PRD 100, 031101 (2019)

Absolute BF for Z2 decays PRL 122, 082001 (2019)

CP violation in D% — K+ K~ 7t~ PRD 99, 011104(R) (2019)

o Fruitful Charm results are lasting to produce, although the accumulation of final data set finished >10 years ago.

@ Because of the time limit for this talk, | will select some recent results and present them here.
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https://arxiv.org/abs/2104.10361
https://arxiv.org/abs/2103.09969
https://arxiv.org/abs/2103.06496
https://arxiv.org/abs/2012.05607
https://arxiv.org/abs/2007.14700
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.072004
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.052005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.071103
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.071102
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.012002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.031101
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.082001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.011104

Outline

© Belle at KEKB
© Branching fraction and CP asymmetries for D decays
e DY — =y, KYK™y, and ¢7
e Df — K*(n%n) and 7+ (70, 7)
© Branching fraction of charmed baryons decays
o Af — p(n°,n)
o Af — (A X0 7rty, A(1670)7rT, and yX(1385)*
0 0 — (A, Z0)K* and ZtK*~
© Study of excited charmed baryons
e E.(2790,2815)%+ — E2F
o JP(E.(2970)7)
© Summary
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Outline

© Belle at KEKB
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Belle experiment at KEKB

o KEKB is an asymmetric-energy e* e~ collider operating near Y(4S) mass peak (~ 10.58 GeV/c2, >BB threshold).
o Belle detector has good performances on momentum/vertex resolution; particle identification, etc.

o Accumulated data set of ~ 1 ab™!: not only including a large BB sample as a B-factory; but also providing us a
large charm sample to study charm physics.

. _Aerogel Cherenkov cnt. Integrated luminosity of B factories
SC solenoid n=1.015~1.030 !
15T (™) >1ab™
1200 ] Onresonance:
CsI(TD — , | r — @ 3 )/(55)«; 121 fb !
i G 500 | I e
A v <. Y(2S): 25 !
TOF counter— 1/ - 800 :)(fisx)e::oi)./scan:
- ~100 fb!
> 600 @
en%rLl Drift Chamber o0 % o330
¢ Wsmall cell +He/C,H
Nsmallcel +He/C,H, rer i,
200 Y(25): 14 "
Off resonance:
)| / 7 ~54 fb!
. / 0
Si vtx. det., B / KL detection 1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1
3/4 lyr. DSSD N 14/15 lyr. RPC+Fe > 10 years ago
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Outline

© Branching fraction and CP asymmetries for D decays
e DY — =y, KYK™y, and ¢7

e Df — K*(n%n) and 7+ (70, 7)
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Branching fractions and CP asymmetries for D — w77t 1, KYK ™1, and @1 ereiminary e

o The first and only observation of charm CP violation is achieved at LHCb: AAcp(D® — KtK~—, DO — mt )Ml

o Here we extend these singly Cabibbo-suppressed (SCS) decays with an additional 7 meson in the final state, to
measure their time-integrated CP asymmetries and branching fractions (B).
o For D° — ttmrn: 6B/B ~ 6% <), Acp = (9.6 £5.7)%!].
o For D° — K*K~1: no total B result; 6B/B(D° — (K™ K™ )non—g) ~ 35%!l; 6B/B(D° — ¢y) ~ 20%le 1.
o Reference Cabibbo-favored (CF) mode D% — K~ "7 is well-measured with §B/B ~ 2%!& 9 and Dalitz-plot analysis resultlé!.

Based on 980 fb~! data set, we fit the distributions of Q = M(h*h~yms) — M(hTh~5) — m(7s), to extract the signal
yields for these decay channels and also for D® — (K™ K™ )g—excluded With |Mkk — mg| > 20 MeV/c2.

" DO = k—nty 0 DO = ta—y DO = KTK—y DO *}I](K+K7)m79 cuded
2 T T T ~ 5 T + data & o ¢ data % o 4 daa
3 n - slgnal 3 s ~ signal 3 ~ signal 3 10 ~ signal
= - background = 19 - background > 0p - background S - background
s . N = 180360 + 837 S i N = 12982 + 198 s ™ Ne1482460 7 5 1o N — 660 ﬁfAIgEZ)
" < = 1soE E = w0 ¢t
] £ o g g o
[t 2 o4 S ,E 2
w 2 w gl w w20 ek
I S S R R T 3 Ty
Q (MeV/c?)
°E 3 E 3 SE 3 E 3
s .k i = .E E s .F | = B i
i i i i s i i i
B e e e S R e e L B §

JLHCb, Phys. Rev. Lett. 122, 211803 (2019)
bCLEO, Phys. Rev. D 77, 002003 (2008)
:CBESIII, Phys. Rev. D 101, 052009 (2020)

9BESIII, Phys. Rev. Lett. 124, 241803 (2020)

fBESIII, Phys. Lett. B 798, 134017 (2019)
€Belle, Phys. Rev. Lett. 92, 101803 (2004)

8Belle, Phys. Rev. D 102, 012002 (2020)
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and CP asymmetries for , and @ preiiminary resuie

ot _ kagfbkg
o The efficiency-corrected yield on Dalitz-plot: [N =}, —/———"—| to consider bin-to-bin variations of ¢,
&
where ¢; is the efficiency in the i"-bin based on PHSP signal MC; N™! is yield in Q signal region; and NP8 is the fitted background

yield in Q signal region; fl-bkg is the fraction of background in the i"-bin, with ¥; f; = 1, obtaining from the Dalitz-plot in Q sideband.

B(D°—=hth ) N (DO —hthy)

» Then we have | g5s——15 = Neor(DOSK )
.
< BP0t -
% BT A = 649+ 0.00 (stat) £ 0.12 (syst)] x 10”2
oF B(D° K+ K1) 0.36
& " BEDOHK "ol = 057703 (stat) £0.20 (syst)] x 107
g * BDOSKT K )ex — o. B
5o.z 040608 1 12 14 18 R T R AL R R R R A R R B(DOSK— 7'(::]() t = [5 26 +0 gg (Stat> +oa1 (SYSt)} x 1073

m2.. [GeVZ/c’] m2.,, [GeVZc] me.., [GeVZ/c']

Using B(D® — K~ m*17) = (1.877 £ 0.036)%&9), we have
the absolute branching fractions of D° — 7t 7, KTK™y,
and 17(K" K™ )ex.—¢, respectively:

[1.22£0.02 (stat) 4 0.02 (syst) & 0.02 (B,;)] x 1073

[1.80 705 (stat) & 0.04 (syst) £ 0.03 (B,,)] x 107*

[0.99 7598 (stat) £ 0.02 (syst) £ 0.02 (Byer)] x 1074

10112 13 14 15 16 17 18 101 12 1.3 14 15 16 17 1.8

T4 12 1.3 14 15 16 17 1.8

m2., [GeV?/c!] . [GeVic!] 2., [GeVA/c'] the last one is somewhat higher (but more precise) than a
S.R. = signal region; A very clear ¢(1020) structure similar measurement by BESII9 (0.59 +0.19) x 107%.

=) S.B. = sideband region
=

CHARM2020, June 1, 2021 5/19



[e]e] le]e}

Preliminary result

and CP asymmetries for D° — tt7t75, KTK~#, and

o To extract the yield of this SCS and color-suppressed decay D° — ¢7, we perform Myy-Q 2D fit instead of Q 1D fit,
considering there is a Q-peaking background from non-¢ DO — K™ K~n component.

P s v
%3% e N @ The likelihood difference with and without including signal
ili? o vor component Aln L = 464.8 corresponds to a very high statistical
2 - N — 728436 significance (310) = First observation.
oy : . o Based on Ngg = 600+ 29 and ¢ = (5.262 + 0.021)% in signal
o 27031041057 061.07 105

| UG , region, the relative branching fraction is determined.
M, (GeV/c) Q (MeV/c?) BDO g, g K+ K-) 3
] : : ] 2} 7 | BO0 Sk = [4.8220.23 (stat) £ 0.16 (syst)] x 1073,
e B e using B(D® — K*7I+17)[g'd] and Bppg (¢ — KTK™), we have
120 2 7% 2o
S - S B(D® — ¢) = [1.84 & 0.09 (stat) & 0.06 (syst) = 0.04 (Bre)] x 1074,

— background |
- background (non-g) 80

which is consistent, but notably more precise than, previous

QSR results at Bellel®l and BESIIII.

Events / [1 MeV/c?]
T

@ As a consistency check, we calculate B(D® — K*K’q)mn,¢ by
B(D® — KYK~57) — B(D® — g1y, ¢ — KT K~) = (0.90 4 0.08) x 10~*
which is very close to our measurement of B(D° — KTK™1)ex.—g-

0 04 1.05 1.06 1.07 1.08
M (GeVic?)

Pul

L T S A

Long-Ke LI ), Univ. of Cincinnati
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Branching fractions and Rl ezl

[Introduction to time-integrated CP asymmetry]

B(D—f)—B(D—f)
B(D—f)+B(D—f)

Taking D° decays for example, for the decay chain ete™ — c¢ — D*TX, D** — [D° — f]rr}, the raw asymmetry:
Nrec(D*+) - NreC(D*i)
Nree (D*+) + Nyec(D*~)
where forward-backward asymmetry Agg is arising from -Z0 interference and higher-order QED effects.

Time-integrated CP asymmetry for D — f decays: Acp =

= AR AR AL AR

Araw =

Method (1): reference mode (CF or Acp well-measured mode) to cancel same asymmetry sources,
eg. AMcp = Acp(DI — 7O7t) — Acp(DF — ¢™) where the latter one is well-measured.

Method (2): correction method for the charged track detection asymmetry. e.g. in our decays, we weight events to
correct the slow pion asymmetry: wpo 5o = 1 F AZ® [cos 0(7ts), pr(7Ts)]

In our decay (Af = 0), our weighted samples have the corrected raw asymmetry: [Acm = Acp + Agp(cos 9*)[.

Since Acp is independent on any kinematic variable and Agg(cos6*) = —Apg(— cos0*), we determine the asymmetries
in multiple symmetric bins of cos6*:

Acorr (€05 0%) + Acorr (— cos 6*)
2 ' .
Finally, fitting these Acp values to a constant gives the final measurement of Agpﬁf that we are interested in.

Acp(cosb*) = Acorr (€08") = Acorr(— cos6") .

Agp(cos %) =

), Univ. of Cincinnati CHARM2020, June 1, 2021 7/19



Branching fractions and

Preliminary result

@ To correct for an asymmetry in 71& reconstruction efficiencies, we weight events according to AZ*(cosf, pr)-map.

Then the weighted samples are divided into eight bins of cos0*.

@ We perform a simultaneous fit on the Q or Myy-Q distributions for DO and D° samples in each cos* bin, to extract
the corrected raw asymmetry Acorr: Neig(D?, D°) = Neig /2 - (1 % Acorr)-

@ Then, using the formula in previous slide, we calculate four Acp values and four Agg values, as plotted in below figures.

. 0
02 D0~>,-r+7r’»7 02 DOHK+K7}7 02 DO~>4>;1
05 01 o1
01 o 01 L —
oo ) o | oo | Fitting these Acp values to a constant gives:
B + + & O = <
.05 ] f , 0 + o) — o
o oz [ ossE] Acp(D° — mhm=y) = [0.9 £ 1.2 (stat) £ 0.5 (syst)| %,
o s s ACp(D0 — KYK™ 1) = [-1.4 £ 3.3 (stat) = 1.1 (syst)| %,
025 01 02 03 l;gsgf(Dﬂ';i 07 08 09 1 01 02 03 Dcdosgf([;? 07 08 09 1 025 01 02 03 UCOOSSF(DO"E; 07 08 09 1 ACP(DO 4} ¢,7) — [719:t44 (stat) :t06 (syst)]%’
::7 ] 227 ] ot 7 where the first result represents a significant
3 E ok i ok 1 improvement in precision over previous result[C];
£ $ & ] & _l—x | the later two are the first such measurements.
—
3 t ] o E b E
02f E 02f % o2f 3 No evidence for CP violation is found.
03, 01 02 03 04 05 06 07 08 09 1 o 01 02 03 04 05 06 07 08 09 1 h 01 02 03 04 05 06 07 08 09 1
cos8*(D*) cos8*(D*) cos8*(D*)
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®0

and Acp for Df — KT (7% ) an

, accepted by PRD

N -_—
® We use D}*-tagged and untagged DF samples from 921 fb~! data set, and ) £
measure the B’s relative to D} — [¢p — KTK~]x™. H b Y 0 T e
M(K* 2%)(GeV/c) M(K* n, )(GeV/c)
To suppress backgrounds, we use a neural network (NN) based on input - L) P " P
: . + + thrust +\ 7 N M ] e 2 i
variables: p.(D5 ), .dlxy\ or dr, Ot (h1), N(K), 6 e and 6(p(D; ) fvt>_<)- The WU E B A A ia *ﬂ
NN output is required to be greater than some minimum value, which is 5 B R WY mﬂ“ﬁf#ﬂ* 3‘ % .
. . € E + 4 L
determined optimally. e H} g7 T Yt
. . . M Gevied K Gevieh) K (Gevich
Simultaneous fit on tagged and untagged samples for M+ distribution to . e o
N — ity vt —
. . s | g0 <
extract signal yield, and Bsjg = Nsig / N7 - €7/ €sig - By Soono [ S0 Seom | ]
Ze000 \m H L
e e w4000 F s
Decay mode € (%) Fitted yield B/B,. (%) B (10 7) 399 Fooo Fa 7
D 5K 810 £0.04 11078 £ 846 328£023£013 0.735%0052+0030£0026 g™ g | H i
DY =K'y, 7424005 10716 + 429 8.04+0.32+0.35 1.80 + 0.07 = 0.08 + 0.06 O e N N B
D = Ktijze  4.04+0.02 3175+ 121 7.62+0.29+0.33 1.71+0.07 +0.08 + 0.06 M eV M, e
D — Kty - - 7.81+0.22+0.24 1.75 £ 0.05 + 0.05 £ 0.06 P il < == G
Dy >’ 663004 491 £ 734 0160255009 00370055 +0021£0001 32" i S He h
D} — mty,,  10.84:£0.02 1666961173  85.54 + 0.64 1+ 3.32 19.16 £ 0.14 £ 0.74 £ 0.68 e Wi ] B ] & oo )
D} = mtis: 6.50+£0.03 56132 -+ 407 83.55 4 0.64 4+ 4.37 18.72£0.14 £ 0.98 £ 0.67 20 TR g0 A 3w g
D =ty - - 84.80+£0.47+264  19.00-+0.10+0.59 = 0.68 Ew T e E e
Dy = g’ 22.05£0.13 1005688 £ 2527 1 - - ERT -
= Mt 79)(GeV/c) Mt n )(GeVic?) Mix* n, )(Gev/c)
" [
No significant signal for D} — 7+ 7% is observed, thus, an upper limit is set: &
B(D — n* %) < 1.2 x 107* at 90% C.L., which is the most stringent - only D samples are
constraint to date. - shown here for example

#), Univ. of Cincinnati
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https://arxiv.org/abs/2103.09969

Branching fractions and for D} — KT (7% 1) and (7, ) sccepted by PRD

@ Simultaneous fit on four M(D;") distributions from D, and D, tagged and untagged samples to extract the raw asymmetry Ay -
@ For Df — 7ty, we use reference mode D° — ¢7r which is well-measured: A‘g = —0.0038 £ 0.0026 £ 0.0008 from PDG:
Ay = Aty — Al = AT — AT = |AT] = A + AL

@ For Df — K* (7% 1), we firstly perform simultaneous fit for six bins of cos6*, individually, to obtain Asw; and add a correction for K+
asymmetry with AEK(cosG,p) 2D map. Then, a similar method as previous analysis is used to obtain Acp and Agg.

o os Sl o o5 DK, o o5 DKy Finally, fitting these Acp values to a constant gives the final

€ s S o4 S o4t

S | e measurements of Acp:
v el —t wl . Decay mode Araw Acp
i Y I S ——— Dy = K70 0.115 + 0.045  0.064 + 0.044 + 0.011
= = = D} = Kty 0.046 +£0.027  0.040 + 0.027 + 0.005
o4 oa b 04 D} — K'y3z  —0.011 £ 0.033  —0.008 + 0.034 + 0.008
%0 0102 03 04 05 08 07 08 05 1 "0 01 02 03 04 05 05 07 05 05 1 -0 0102 03 04 05 08 07 08 08 1 D — Ky — 0.021 4+ 0.021 £ 0.004

loseg! lcoso lcose®l  “DF = 7ty,,  0.007 £ 0.004  0.002 + 0.004 % 0.003

o D~ K’ ° Di~K'n, D~ K'n,, D — ' y3n 0.008 + 0.006 0.002 + 0.006 + 0.003

& ol S i3 D} — mty - 0.002 + 0.003 + 0.003
= o af + Dy — ¢r 0.002 £ 0.001 =
N t + S $ oF ‘ I These results are the most precise and show no evidence of
oF T P 3 o CP violation. (PS: nearly at same time, LHCb reported Acp
o | “E results for these decays with competitive precision in

g IcosoM IcosSMl IcosSMl arXiv:2103.11058.)
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https://arxiv.org/abs/2103.09969
https://arxiv.org/abs/2103.11058

Outline

© Branching fraction of charmed baryons decays
o Af — p(n°,n)
o AL — (A, Z0)7tty, A(1670)7t", and #X(1385)"
0 0 — (A, Z0)K* and ZtK*~
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Branching fractions of SCS decays A7 — p(7

%, 1)

@ In theory, SCS decays Al — p(7r°,‘r]) proceed predominantly through internal W emission and W exchange. The theoretical
calculations predict B(Al — p1) to be at least an order of magnitude greater than that of AY — pr®.

@ BESIII: first evidence (4.20): B(Af — py) =

(1.24+0.30) x 1073; and B(AF — pr®) < 2.7 x 1074 at 90% C.L.

w(cF~ With reference CF mode AY = pK-t.

. ~1 B(SCS) _ Nobs (scs) Nobs (cF)
@ Using Belle 980 fb™ " data sets, we measure BCF) = (5C8)B(0y77) /
10°
14000
4000 3, 500 -
3500 'w"*'w m// Ae =Py 12000 z.*\\""’\.'.,,. AL = pr® ‘q/ﬁr - pK—
3 g . L
% s000 Wit % 10000 |- «"\v\» i H
2 Pt | B | |
= 2500 |- T = goool- “1 = 300} ‘
2 4 Data 2 + baa 2 \
g 2000 =77344+263 | £ e000[ N=11+140 |2 \1476200 + 1560
S 1500 [- i 2 i 2 200
w ool stg W 4000 [ sig w J‘ \
s00 k- 2000 [- toop vy L
0 Lo 1 L L 0 1 1 1 1 1 1 1 L 1 L
215 22 225 23 235 24 215 22 225 23 235 24 915 22 225 23 235 24
M(pn) [GeV/c?] M(pr®) [GeV/c?] M(pK'n") [GeV/c?]
B(AJr%Pv 2 B(AL —pn0)
@ We have ———<—"=— 2.258 + 0.077(stat) 4 0.122(syst)| x 1074, and —F<—2—"—
e (stat) (syst)] it
@ Using W.A. B(CF), we obtain B(A}l — pyp) =

M2 (GeV/c?)

5

45—

al

35

al

25

A‘ - pK—rt
(14061001)%

Lt
02 04 06 08 1 12 14 16 18 2

M2, (GeVZc’)

< 1.273 x 1073 at 90% C.L.

latest published results, and consistent with theoretical predictions; B(A} — pr®) < 8.0 x 107°. Their ratio of these two branching
fractions is consistent with the theoretical prediction.

[1.42 4 0.05(stat) = 0.11(syst)] x 1073, consistent with and more precise than both the

Long-Ke LI (
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.072004

[ Je]

Branching fractions of CF decays A} — (A, X%ty

@ The Al — nAn™ is an ideal mode to study A(1670) because the isospin is fixed for any combination of two particles in final state.

© Based on 980 fb~" Belle data set, a large sample of A} — A7 is obtained. Meanwhile, A} — 7Z%7* is observed as a feed-down
component, which has the corrected yield by averaged efficiency: (3.05+0.16) x 10°. (intermediate process is dominant syst. source)
\3

@ Both Af — yAn™ and pK~ 7t have sufficiently large statistics to extract yield in individual bins of Dalitz plots, to consider the
bin-to-bin variations of efficiencies. The total yields are Neor(7A7) = (7.41 £ 0.07) x 10° and Neor(pK7r) = (1.005 £ 0.001) x 107.
B(B(AY — n=°rt)

@ We h
€ have B(AF = pK-1c")

B(A — nArh)
B(AE — pK—7tt)

M(nAT*) [GeV/c?]

= 0.293 +£0.003 +0.014 and

M(AR) [GeVc']

M2(Ke") [GeVA/cY]

= 0.120 4 0.006 £ 0.010.

o Finally, [B(A} = yAm*) = (1.84 £0.02 +0.09 + 0.09)%] and [B(A{ — yZO7r*) = (7.56 £ 0.39 + 0.62 + 0.39) x 10~3],

T T o T x10°
14 3 a
£ AL = pAOnt k! LAON
L < nA ]
12 = X
% C ] [
s 1o 1% )
= of 13 5% )
= — [ c
2 £ AE = y0nt 1 9 .é S 2
o r b —_ s O =
€ 6 . - f_—/ X & x& &
Q E o 1 <
O 4p N = 17058 + 871 4 = =
2k E
E ! | e P 3 . .
93 2.15 2.2 2.2 2.3 2.35 22 24 26 08 1 12 14 16

Long-Ke LI
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.052005

oe

Study of Al — A(1670)7t", #X(1385)" in AT — yA"T

T T T
35 F T 7 r T R
a5l o AF S pant ] w0l A(1670) 1 1200 ¥(1385)
% {J30 r M =1674.3+ 0.8 £ 4.9 MeV/c2 ] 1000i N M =1384.8+£0341.4 Mev/42
— o ] s B A I'=36.1+24+48 MeV 1 % r [ T =381+15+21MeV
i’ 4 1 £ > 300 * + Neor = (1.40 +0.07) x 10° 1 % soob 4 with fixed ores. = 1.39 MeV/cP
i )
[ 2 ] 2 s [ 1 = %% ! - 5
g I : @0@ {820 N % m 12 ¢ { Neor = (4.23+0.13) x 10
= | 3 x ] S > oS00k ; 1 3 600
£ 350 s £ 2007 bl } H - § F
= | 140 8 } 8 400
[ ] 100 ! 5
3 —1-5 200F
r A(1670) = = o 1 L
i (1670) s | L g
L 1 L 0 G L 0 .| 7 L Il 1 il ikl &
1.5 2 25 3 1.7 13 135 14 145 15 155 1.6
M(AT*) [GeVZ/c?] M(nA) [GeV/c?] M(AT") [GeV/c?]

On Dalitz plot, bands corresponding to Al — A(1670)7t" /#%(1385)" resonant subchannels are seen, along with A7 — Aag(980)".

@ For every 2 MeV/c? bin of My and My, distributions, Al signal yield is obtained by fitting M,a-. Then, a relativistic Breit-Wigner
(mass-dependent width) is used to describe (S-wave) A(1670) and (P-wave) £(1385)
B(A$ — [A(1670) — nA]rT) B(Af — n%(1385)")

@ Th It:
e results are BAL = pK 7%) B(AE — pK—mt)

= (5.544+0.29 £0.73) x 1072 and = 0.192 £ 0.006 & 0.016.

o Finally, using W.A. B(A] — pK~7"), we have [B(AF = [A(1670) — yAJmr*) = (3.48 £ 0.19 & 0.46 & 0.18) x 10~3], and
[B(Azr — 7%(1385)") = (1.21+£0.04 £ 0.46 £ 0.10 £ 0.06)%]. (Besides the mass and width of A(1670) and %(1385)" are presented.)

=4
=
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BF and asymmetry parameters for &

, accepted by JHEP

- . . . (a 7 e b, 20 (¢) 11pm 12
@ BF measurements help to distinguish different theoretical - 105
models; the asymmetry parameter a of 50 decays are still H - s
A . 8 8
not well measured, which is important to test parity H = o
violation in charmed baryon sectors. £ 08 k
e o7,
@ We measure BF and a for three CF Eg decays relative to 0%as 245 2.46 .%47 248 249 25 034 242 244 2.6 248 25 252254 “© 09432.482.452.462.47 2,48 2.49 255 251 °
=0 [T —-1 MAK") (GeVic) MEK ") (GeVic) ME'K") (GeVich)
E. — E- 7" based on 980 fb™" data sets. )
. . . : |MDM 5000
@ The signal yields are extracted via MEQ'MK* 2D fit. See ‘%MW : N%‘m“%—w/\,__\\ %
3
the figures with achieved signal yields. 260000 . puta — Toral Fit 2 a0 =
a @ 1 @
) .. ) E 40000 Sty brh S 2000 g
@ Then we have relative BF after efficiency correction: 2 poool b b £ ool 2 =
=0 K*0 =0 2t) = = E -
B(‘—‘c - AK7 >/8(h‘c — T ) =0.18+0.02+£0.01 244 245 246 247 248 249 25 44 245 246 247 248 249 25 244 246 248 25
B(Eg Y K*U)/B(EE — E-7rt) = 0.69 +0.03 +0.03 M) (GeV/c?) MEK') (Gev/e?) M(E'K") (GeV/c?)

B(E0 — =+ K*")/B(E2 — E-717) = 0.34 +0.06 = 0.02

K]
@ Finally, using Bppg (22 — E~71), we have absolute BFs 3
below for the first time: (e 2 2000 3
—o 0 s e N=30742367 | s N=6260+254 | 2
B(E2 — AK®) = (3.3+0.34+ 0.2+ 1.0(Ber)) x 10 LS He= H
B(22 — $OK*0) = (12.4 + 0.5+ 0.5+ 3.6(B,)) x 1073 bt - i Z
7575 03 085 05 088 1 T 11 87075 08 0ss 06 05 T 105 T4
B(Eg - YtK*) = (6.1+£1.04+0.4+1.8(Bef)) X 103 M(K) (GeV/c?) M(K) (GeVic)
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BF and asymmetry parameters for 20 — (A, X°

, accepted by JHEP

@ Taking B0 — AK* for example, the differential decay ratela

dchA o1+ a(E2 — AK®)a(A — prt) cosa | where « is the
asymmetry parameter, 0, is the helicity angle between the proton momentum and K*® momentum in the A rest frame

@ This measurement is insensitive to production polarization of Z0 in B—factory[b].
@ The a(E2 — Z0K*0) can not be measured since a(£% — yA) = 0 for an electromagnetic decay. So we measure
a(E2 — ZOK*0)a(Z® — yA) just to validate no bias in the measurement.

5000

15000 5000

4000~ . L 4000
q & 10000 = | % R B B
S 30001 S Ll T T S 3000
S 2 r 2
§ 20007 5 P € 2000
g f Ri & soool (82 = ZOKO)a(0 — 9A) it

1000F  a(Z2 - AR*O)a(A > prc-) = 0..0(38it0.2ZQi0.008 T a(Et — pr®)

= 0.115%0.164 £ 0.038 [ conestemwinEero L 0.51440.295+0.012
o3 205 0 05 1 g 05 0 05 1 o3 05 0 05 1
cosf, cosfy, cosf,.

@ Using appg(A — pmr~) = 0.747 £ 0.010 and appg(Z+ — p7t®) = —0.980 4 0.017, we finally have (52 — AK*?) = 0.15 +0.22 +0.05
and (20 5 SYK*) = —0.52+0.30 + 0.02 for the first time.

aPhys. Rev. D 101, 053002 (2020) bPhys. Rev. D 63, 111102 (2001)
=

), Univ. of Cincinnati

CHARM2020, June 1, 2021 15/19


https://arxiv.org/abs/2104.10361

Outline

© Study of excited charmed baryons
e E.(2790,2815)%+ — E2F
o JP(E.(2970)7)
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@ Different observed transitions processes of excited charmed baryons referred to HFLAV

Mass
(MeV)
3000 |

2750

2500

2250k AL Il =0+ Q0

@ In general, the decays of excited charmed baryons proceed via strong interactions; the only electromagnetic decays observed so far are
=l

B — B¢y and Qc(2770) — Qc7, since in these two transitions the mass difference is not sufficient for a strong decay.

@ Here | present our search for four new electromagnetic decays Z.(2790,2815)+% — 510 at Belle.

=4
=
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Electromagnetic decays of Z.(2790,2815)% " — B2+

=4
=

o Firstly, large EEH)

samples are obtained using ten (seven) decay modes: Nqig(22) = 142k and Ny (ES) = 79k.

@ Then we fit the M(E.7) distributions with a Breit-Wigner®Crystal Ball for signal; a polynomial for background.

@ The first observation/evidence of an electromagnetic decay of an orbitally-excited neutral charmed baryons with branching ratios using
normalization modes. No evidence of the analogous decays for charged charmed baryons (set upper limits at 90% C.L).

. 0(+) g2+ +)50(+)
B(Ec (2815) 1) 5 7)0<+) =0.41 40.05 £ 0.03, (<0.09) B(“f(m") (0)*“ _”(0) =0.1340.03 £0.02, (<0.06)

B(EC(ZSSO)O(H~>EC(2645)+(0)-r et at ) B(&c(2790)0(+) -, =8¢ Oyr—)

80 =y sere0yote | 2 =.(2815)">=,(2645)'

160 300

140 Nyjg = 2591 & 140 150 Nyjg = 1646 £ 50

oo G 200 Sioo-
80 1 ; E E
'"sf‘; b N(2c(2815)0) = 401 + 45 (9.70) i 100; E 50
izoj_ N(Zc(2790)0) = 222 + 55 (4.00) < ) ) ) ) e - A A
= ~ ~
gz; :y 2 z(eroof -z | g 2,(2815)"5=,(2645)’r
2 50; + ﬂ g ! Nj = 1231 £ 87 100 Nejg = 1121+ 40
3 # H+ 5 g
ow? ﬁ% £ 100 2

30| ° 50 ©

20 Ec(2815) w70+7r(f 5690%(\ + 1y

‘°;— N(2¢(2790)F) = —324 31 (< 64 90% C.L) 278 28 262 284 286 O 28 2.62 284

E ... X X L ) ; X ; ; X X } .
S M(=%r) (GeVic?) M(=.(2645)) (GeV/c?)
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First determination of J¥ of a charmed-strange baryon, Ec( , accepted by PRD

@ The unclear theoretical situation motivates this experimental determination of spin-parity of charmed-strange baryon: J?(E.(2970)%),
which provides important information to test predictions and help decipher its nature.

@ Spin is determined by angular analysis of E.(2970)* — E.(2645)°t" — Ef - m*.

(1) helicity angle 6, of E.(2970)": the background-subtracted and efficiency-corrected yields distribution is fitted with expected decay-angle distribution

W, for different spin hypotheses. = the best fit is for J = 1/2 but this is inconclusive, since others are excluded with small significance.
(2) helicity angle 8 of Ec(2645)0: the expected angular correlation W/(6c) with an assumption that lowest partial wave dominates, is used to to fit.

= the JP = 1/2" hypothesis over the 3/2~ (5/21) one at the level of 5.10 (4.00).

P =
E"m: solid black: J=1/2 zsouo~ solid black: JP = 1/2F
§3500} 1 dashed red: J=3/2 H ( ) dashed red: JP =3/2~
s Otted blue: J=5/ 2 oo dotted blue: JP =5/2%
3000
2500 — =
FEool Lod=dmsmasdo W 3000
. 2000:— —————
1000}
| | L L | | L
] 05 0 05 1 =] 05 0 05 1
coso, cose,

@ Parity is established from B(E.(2970)* — E.(2645)°7")/B(E;(2970)" — EP7t) = 1.67 + 0.29(stat) T35 (syst) + 0.25(IS). This
result favors J” = 1/27 with the spin of the light-quark degrees of freedom s; = 0.
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Outline

© Summary
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Summary

@ Lots of charm results at Belle are achieved since CHARM?2018 workshop. Here selected recent ones are presented.

BF and CP asymmetry for charm mesons decays: D° — 77wy, KY K57, and ¢n; DI — K (7%, ) and 7t (7°, 7).
BF of Al decays: A} — ™ y(A,Z°), Af — A(1670)* and 7%(1385)"; AL — p(7° 7).

BF and decay parameters for E0 decays: E2 — (A, X0)K*0, and Tt K*; 50 - & [Ty and B0 5 2 ',
spectroscopy and properties of excited charmed baryons: E.(2790,2815)%+ — E%%; JP(E.(2970)*).

D-D° mixing and CP violation: Yep in DY = KQw, D° — K* K- mtfm.

amplitude analysis: D° — K~ 7ty; B2 — EOKTK ™.

absolute BF for 22+ using B decays.

charm rare and forbidden decays: recent BaBar results on LFV and LNV decays D° — X%e*u™, h'~=h= ('t ¢+, and W'~ ht (/= (F.

@ More charm results from Belle are on the road, e.g., T-odd asymmetry in multi-body decays, etc.

o For recent charmonium(-like) and XYZ results at Belle, please see Robert's talk tomorrow [link]

@ As a summary, | would like to say, "Our Belle is not only keeping alive but still keeping energetic with fruitful charm
results, although its final full data set was achieved more than 10 years ago"
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Long-Ke LI (% %£4%), Univ. of Cincinnati

Thank you for your attentions.

T >

Dr. Long-Ke LI (3 £4})
Department of Physics,
University of Cincinnati (UC)
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