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Belle experiment at KEKB (For more info, see yesterday.)

o KEKB is an asymmetric-energy e* e~ collider operating near Y(4S) mass peak (just above BB threshold).

@ Belle detector: good performances on the momentum /vertex resolution and particle identification; ~ 100% trigger
efficiency for hadronic events with uniform decay-time acceptance, etc. (upgraded to be Belle Il now, see p.23.)

o Accumulated data set of ~ 1 ab™!: not only a B-factory with large BB sample(772 millions), but also a tau-charm
factory. = a large charm sample from (1) o(e"e™ — c¢) = 1.3 nb; (2) b — c in B decays, to study charm physics.
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Recent Charm results at Belle

o Although 12 years have passed since Belle finished the final data set accumulation, we are lasting to produce fruitful
Charm results. Here the charm results since 2021 (not covering charm spectroscopy results) are listed:

BF of O — B~ %, E-K™, Q™K+ Preliminary result

BF/a of Af — X+ (7% 4, 7") arXiv:2208.10825

BF/A;‘Ci,;/a/A“CP of Af — AhT, 20n* arXiv:2208.08695

BF/al>d/Acp of D° — KOKOmtm— arXiv:2207.07555

BF of DY — Knmtn® arXiv:2205.02018

BF of D* — K~ Kottt m® arXiv:2207.06595

BF of Af — ZFy and 20 — 5% arXiv:2206.12517

BF of 20 — Afnm~ arXiv:2206.08527

BF of 22 — AKY, Z°K?, and 2t K~ PRD 105, L011102 (2022)

BF of AY — pni°, py, pw, py’ PRD 103, 072004 (2021), PRD 104, 072008 (2021), JHEP 03 (2022) 090
BF/Acp in D° — it 5, KT K™, and ¢ JHEP 09 (2021) 075

BF /AL for Df — KT n%, K*n, ntn®, and ¥y PRD 103, 112005 (2021)

BF/a for 22 — AK*0, Z0K*0, and 2+ K*~ JHEP 06 (2021) 160

BF of 20 — E~¢Tvy and Q2 — O~ (Fy, PRL 127, 121803 (2021), PRD 105, L091101 (2022)
BF 0f 22 — 2% and EQ — EOK+ K~ PRD 103, 112002 (2021)

BF of AZ — Annt, X0, A(1670)7, n£(1385) PRD 103, 052005 (2021)

Search for Q% — 17 ()(2012)~ — 7 (KE)~ PRD 104, 052005 (2021)
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Recent Charm results at Belle

o Although 12 years have passed since Belle finished the final data set accumulation, we are lasting to produce fruitful
Charm results. Here the charm results since 2021 (not covering charm spectroscopy results) are listed:

BF of O — B~ %, E-K™, Q™K+ Preliminary result
= BF/a of AY — X+ (7% 1y, 7) arXiv:2208.10825
= BF/ 70;/o(/Af*CF, of Af — AhT, 20n* arXiv:2208.08695
= BF/al*/Acp of DO — KOKOmt ™ arXiv:2207.07555
= BF of D;) — Kt r® arXiv:2205.02018
BF of D* — K~ Kottt m® arXiv:2207.06595
BF of Af — ZFy and 20 — 5% arXiv:2206.12517
BF of 20 — Afnm~ arXiv:2206.08527
BF of 22 — AKY, Z°K?, and 2t K~ PRD 105, L011102 (2022)
BF of AY — pni°, py, pw, py’ PRD 103, 072004 (2021), PRD 104, 072008 (2021), JHEP 03 (2022) 090
= BF/Acp in D° — ntm~ 5, K" K™#, and ¢ JHEP 09 (2021) 075
BF /AL for Df — KT n%, K*n, ntn®, and ¥y PRD 103, 112005 (2021)
= BF/a for 2 — AK*?, £°K*0, and =t K*~ JHEP 06 (2021) 160
= BF of 22 = 2 (*1y and Q2 — Q~ ¢ty PRL 127, 121803 (2021), PRD 105, L091101 (2022)
BF 0f 22 — 2% and EQ — EOK+ K~ PRD 103, 112002 (2021)
BF of AZ — Annt, X0, A(1670)7, n£(1385) PRD 103, 052005 (2021)
Search for Q% — 17 ()(2012)~ — 7 (KE)~ PRD 104, 052005 (2021)
@ This talk covers above selected analyses on the branching fraction (B), CP asymmetry (Acp), and decay asymmetry

parameters ().
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Outline

© Selected studies of charm mesons at Belle
e B/Acp for D° — hth=yy (h= K, m) and D° — ¢y

® B/Acp/alp™ for D° — KQKm "™ and D) — Knm* ™
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B and Acp of D° — hth™n (h= K, 7t) and D° — ¢y at Belle (

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 — II(K+K7)¢,,P cuded
_ gt e W T TS
% 2 % % Lo L 2 n L o et
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" = = 1s0p E =
2 . g o 2 ok E 2 e
L4 2 04 [ g 40
o, W ool g fir L 20 .,
I R F I R E R T Fa— ERTy F R R S R [
Q (MeV/c?) Q (MeV/c?) Q (MeVi/c?)
°E 3 E 3 SE 3 E 3
s .k i sk ] s o i s .k i
S ] S ] & o | o ]
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3LHCb, Phys. Rev. Lett. 122, 211803 (2019)
bCLEO, Phys. Rev. D 77, 002003 (2008)
EZ=YBESIII, 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 Acp of , and D° — ¢n at Belle ¢

o The efficiency-corrected yield on Dalitz-plot: [N

=Y

tot
Ni

— NPkef,
g

bkg
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.
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S.R. = signal region; A very clear ¢(1020) structure
E S.B. = sideband region
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B(D°—=hth ) _ NO(DO—=hthy)
B(DO—K—nty) — NOT(DO—K—mty)

Then we have

B0t 7) -2
B0k = (6.4940.00%0.12) x 10
B(DO—KktK

M 9.57+038 1+ 0.20) x 103

(

DO K= 7T y)
)

= (5.26 7343 £0.11) x 1073

Using the W.A. B(D® — K~ 7tt7)lé:9, we have the absolute
branching fractions:

B(D° = mtay) = (1.22 4 0.02 4 0.02 4 0.02) x 103
B(D® — K*K~n) = (1.80 7397 +0.04 £ 0.03) x 10~*

B(D® = (KTK ™ )ex—¢7) = (0.99 *3% +0.02 + 0.02) x 107*.
the last one is somewhat higher (but more precise) than a
similar measurement by BESHI (0.59 +0.19) x 10~%.
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and Acp for D° — h™h~ 7, and at Belle

@ To extract the yield of this SCS and color-suppressed decay gfgg fEf-’m ERC i Lg.“... 3
DO — ¢y, we perform Myy-Q 2D fit instead of Q 1D fit, 3 — o Kana 3 %:Zg: — o Kana
considering there is a Q-peaking background from non-¢ =% A Ip=pt 2 ooy
D% — K*K~5 component. 20 N=7s236 3 T oF E

g ERR - E
@ First observation with large statistical significance (> 100). “a iy 8 =k
o Based on Ny = 600 429 and ¢ = (5.262 + 0.021)% in signal ey i

region, the relative branching fraction is determined.

B(D°—¢n, p— KT K™ _ |
% = [4.82 4+ 0.23 (stat) 4 0.16 (syst)] x 10~3. :

S w0
o using B(D® — K~ 7tn)l&dl and Bppg(p — KTK™), we have g™ Lo 1 % |
= 100 U 200 B atnona
B(D° — ¢1) = [1.84 % 0.00 (stat) + 0.06 (syst) 0.04 (Br)] x 1074, 2 w Tleeens] 2 @ estesn e
: 60 3 60
which is consistent, but notably more precise than, previous ‘g 40 % o Mgk S-R.
results at Bellele! and BESIII, @ 2 g 2

P LA e Bt
0 12 14

e ot ¥ AP =T
o As a consistency check, we calculate B(D° — (KK )non— 099 1 10110271.03104 1.0 1.061.07 1,08 coE sy
y ) B( ( Jnon 47'7) My (GeV/c?) Q (MeV/cd)

by B(D® — K* K1) — B(D® — g1y, ¢ — K*K~) = (0.90  0.08) x 10~
which is very close to our measurement of B(D® — K*K~1)ex.—g.

=4
=
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at Belle ¢

B(D® — f)— B(D° — ¥)

B(D° > f) + B(DY - F)

Using D** tagged sample et e~ — c¢ — D** X, D** — [D® — f]rr7, the raw asymmetry includes several sources:

Araw _ Nrec(D*Jr) - Nrec(D*i)
NreC(D*+) + NreC(D*i)

where forward-backward asymmetry Agg is arising from -Z9 interference and higher-order QED effects.

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

=AD" L ADD A AT

we weight events to correct the slow pion detection asymmetry: wpo 5o = 1 F AL [cos (), pr(md)].

In our decays (Al = 0), the weighted samples have the corrected raw asymmetry: |Acorr = Aggﬁf + App(cos0*)

Considering Aggﬁf is independent on cos 6%, and Agpg(cos0*) = —Apg(— cos6*), we determine the asymmetries in
multiple symmetric bins of cos6*:
Acorr(cos 9*) + Acorr<7 cos 9*) . Acorr(coS 0*) - Acorr(f cos 0*)
Arp =
2 2
. - 0 . .
values to a constant gives the final measurement of Agpﬁf that we are interested in.

DO—f _
Acp ' =

. - DOf
Finally, fitting these Agp™

Longke LI , Univ. of Cincinnati SSP2022, Aug 30, 2022

7/22


https://inspirehep.net/literature/1867474

at Belle ¢

@ We perform a simultaneous fit on the Q or My-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)-

@ obtain the Acp values in four pairs of symmetric bins and calculate their averages.

0.25
0.2
0.15
0.1

AARARARARRARSRRARAY: 0.25
D® -ty

DY — K*K™y

|

—
—
—

01762703 04 05 06 07 05 08 0170203 04 05 06 0.7 08 09
cosf*(D*) cos6*(D*)
Acp = (0.9i1.2i0.5)% Acp = (71.4i3.3i1.1)%

D% — ¢

+

0010205 04 05 06 07 08 09
cosf*(D*)
Acp = (71.9 +4.4+ 0.6)%

o for D° — 7Tt n: much preciser than previous result!l at BESIII; for other results: first such measurements.

@ No evidence for CP violation is found in these decays.

=4
=
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000

Jalzedd of DO — KOKO7tt 7t~ at Belle

o We measure the B (relative to reference mode D° — K27 71~) and its time-integrated Acp for D® — KoKt ™.

NKgKgﬂJﬁt’ /SK£K8n+n’ B(D°—KErt ™)

» Self-conjugated decay, using same method in

0 0 40t o= —
B(D° = K{KSnt ™) = —; —7: - [ rp—
KOntm KOmt B(KS_WT ) . . . .
S S previous analysis] Extract signal yield on the
- o TN .
D° — KOKOmH - D® — KOt~ welgt:tec-i sa.mp!e (w =1F A¢) in four bins of
~ .
[ e R ol e cos/f\) dlstzl/t\)utl?n. 0+ Acn( o)/2
8% . ‘ $ o = cos6*) + — cos .
Zo0 ey 1 600508 | Guf 1069870 + 1831 > cort corr
8 d 8 sl Combinatorial Bkg. o 3 1 T 1 - T
Sl o R - < OO b = (251 +1.44)x 102 E
$ 200 2 2 E E
& g 10 E
B it S s -0tk
_ _ M (GeV/c?) —0.02F E
3 g -0.03F 3
<& -0.04F 0
P E DY — KOKImtm—
S — ) B o s -0.05F sTs E
© s Sioral g 601~ ...... Signal _0.06E I L I L L
8 oo T Combincral & O . Cominsorisig o 02 04 06 08 1
S . o R a— cost”
2 2o 3 2 » we obtain the most precise B and the first Acp
> 3 o € 10 . .
« 514z 0144 0.146 oG z T T Py i result for DO — KSO KSO nta:
oVic A M(GeVic?) +0.10 —4
3 = B =(4.82+0.087377 £0.31) x 10

Pull
kema

= Acp = (—2.51 £ 1.44158)%
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of D% — KOKO7tt 71~ at Belle

T-odd correlations provides a powerful tool to indirectly search for CP violation under CPT symmetry conservation:

M — P1P2P3Py

C1 observable defined by triple mixed product of three momenta in the in mother M rest frame

mother rest frame: C1 = (B1 X B2) - P3
[(Cr>0)-T(Cr<0) - T(-Cr>0)-T(-Cr<0) 2

APL X D2
Ar = T= — —
I[(Cr>0)+T(Cr<0) I'(-Cr>0)+T(-Ct<0) | Do
T-odd asymmetry definition to veto FSI effects: '
_ by . P1
a-lc—l_-?dd = %(AT — AT) can be nonzero if CPV s r
Status of aZF‘Pdd measurements in charmed mesons decay-rates:
DO — KOt n® alsdd = (—0.28+1.387023) x 1073 Bellelll
DO — KtK-mta~  aggdd = (+1.7+£27) x 1073 LHCb, BaBar®l, Focus!*!
DY — KK Tt~ alsdd = (~1.10+1.09) x 102 BaBarl®!, Focus!*
Df = KK rntm~  al9dd = (—-1.39+£0.84) x 1072 BaBar®!, Focusl*
1 . Pt c it ol P, e © 95, 091101) (W); 3 Belle and Belle Il could improve these. aZ;Pdd results or obtain the precise
T L s rce Colany, P et 35 200 (o0g) ) (2010) al*4d results in more channels benefited from the increasing dataset.

[5] J.P. Lees et al.(BaBar Collab.), Phys. Rev. D 84, 031103(R) (2011)
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of D% — KOKO7tt 71~ at Belle

@ We divide the data into four subsamples (D flavor, Ct sign), and perform a simultaneous fit to extract a]-odd

P
0 0 0 + = no 0 0 — 7t
D® = KS'fastKs slow 7T 7T D — KS slow KS fast T 7T
< < =
N 39T (@<, >0
3 S
o gsou
g
: : Suo
> ] 2100
H H H
2 @ &
W Oy 184 186 188 19 1.92 0142 04144 0146 0148 0.15 oz o o146 o“:?,q'eewfifs
M (GeV/c?) AM(GeVIc)

Pull

YT
Pull

S f B
S s s
f’i 5°°E (d)C,<0 ]
& 4005 8
gt ]
S o s
3 200F- <
g2k 2
2 1005 > §
I = 3
&
0.142 0.144 0.146 0.148 0.15
0142 0144 0146 0148 015
A M(GeVic) A M(Gevic)

: E H P i F

ZW — L

3

o Finally we have a/°% (D% — KOKOmtm) = (—1.95 £ 1.42131%)% for the first time.
+

o Similar measurements of charged D decays, e.g D(s) — Krrt 7t~ are in back-up or on the road.
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Outline

© Selected studies of charm baryons at Belle
o B/Acp/u/A%y of Al — Aht, ZOhT
e B/a for Af — 2 (n0, 1, 7")
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B/AJL /0 /A% of A — AbT, Z0hT at Belle ¢

o To date, CPV has been observed in the open-flavored meson sector (i.e. K, D and B mesons), but not yet
established in the baryon sector. While, Baryogenesis, the process by which the baryon-antibaryon asymmetry of the
universe developed, is directly related to baryon CPV.

o Experimentally, no direct CPV searches in two-body SCS decays of charm baryons have been made to date.
0 AQT(AT — AKT) — AAT(AF — Arrt) = ATL(AY — AKT) — AZS(AY — Ant). The reference mode AF — Anrt
and signal mode have nearly the same A kinematic distributions, including the A decay length, the polar angle with

respect to the direction opposite the positron beam and the momentum of the proton and pion in the laboratory
reference frame.

A} rest frame Arest frame

o Measure B with Bsig = Bhret - (Nsig/Esig)/(Nref/Eref)- / ’
e For Af — Ah™ decays, the differential decay rate depends on & / ’/Atc /\
L. | dN(AE—ART) ! z
parameters and one helicity angle as: |[—5 ¢ ———~ «x 1+ Wp+d cos O

dcosOp v
e For AT — ¥0ht decays, considering a(Z0 — YA) is zero due to parity “‘

conservation for an electromagnetic decay, the differential decay rate

related to the a parameters and helicity angles is given by AL rest frame -
dN(AF —20hT) n 20
’m o1 —wapsa_ cosfyo cosfp
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Ja) A%y of AT — AhT, YOht at Belle ¢

x10° x10°
- _ signal b AT S 20T
% < Prorse < At
3 3 ALK S w0f other backgrounds
2 3 - 3
H 2 -~ alerbackgrounds 2 f
s @ =
e 2 b
@2 2 2
2 g g b
5 g g
g E & i
215 22 225 * 23 235 24 245 25 22 225 - 23 235 24 245 25 215 22 225' 23 235 24 245
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i3 = % T O (R s & T 7 O
x10°
P — 3 YO0 siona A 50— signal
% < c + 2K o {‘Q—AC — X0 e
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£ s : s
H g - olerbackgrouns 2
© e e
e 2 g
2 2 -
g £
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M(R,) (GeV/c?) M(R,) (GeV/c?)
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5 | 5 JF | 5 oF | 5 JE |
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- B e I B e e I B e

o We have AZL(AT — AK*') = (+2.1£2.6 £0.1)% and AZE (AL — ZOK*) = (+2.5+£54+£04)%

o Based on the M(AY) fits on the combined A and A7 samples and the W.A. B(AF — (A, Z0)7T), we have
B(Af — AK') = (6.57+£0.174+0.11£0.35) x 10~% and B(A} — Z0K*) = (3.58 £ 0.19 £ 0.06 - 0.19) x 10~*.

@ These Adci,g’s are the first results for SCS two-body decays of charm baryons. Both B’s are most precise to date.
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B/AdL ) A%, of Af — AhT, Z0ht at Belle

! > (cosfp,cosfso) 2D distributions of AY — X0ht after
. . . + + . P c
> cos G,A d|§tr|but|(?ns of Ac — Ah™ after efficiency efficiency correction, fitted with formula on p.13
correction, fitted with formula on p.13

x10°

x10°

Af — ZOK*

Af — 207t

x10°
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X
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I
&

eg 05
16
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orr
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148
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@
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X
NZ/[0.333x0.333]

-1
s 05 1 1 05 05 1 To0s 05 1 105

0.5

0 0 coge
o
cos8, cos8, p

0
cosBy,
» Using the fitted slope factors and the average a_, we have , fit result

Dcavg(/\ér — AK™T) = —0.585+0.049 +0.018

ocavg(Aér — Antt) = —0.755 + 0.005 + 0.003

Ravg (AS — ZOKT) = —0.55 +0.18 +0.09

txavg(Aj — 207.[+> = —0.463 +0.016 + 0.008
» First a results of SCS decays of charm baryons; and
significantly improved 0(;,vg(A;r — At 2077,

o , fit result
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B/AdL ja/  of Af — AhT, ZOhT at Belle
=t
a,+—CPa, CP o, 4 ta— .
@ The a-induced CP asymmetry: A¢p = aAC++€F>aAé & = aii w%i . In the case that A‘é‘,g is zero, A¢p is given by the
AF AF e c

CPV in Re(S*P). Therefore, A%, provides an observable complementary to the Adlr induced by decay widths.

N~ K
o For our CF A} decay chains, A%, (total) = % Under the SM with a,+ = —az_ for these CF A} decays,

Atp(total) = A%, (A — prt~). = search for hyperon CPV in charm CF decays for the first time.

x10° x10° x10° x10%
T T T T T T 100k T T .
] 100 -
4 A — AKT A,
T s & & 5
=) (=2 =2 =)
£, 2 y =50 > 50
87 3 &7 87
P4 z z z
i+ ] - 1
k = —0.418 +£0.053 k = —0.442+£0.053 k = —0.582 £ 0.006 = —0.565 + 0.006
. . . . , . . . .
s 0 05 1 o 0s 0 05 1 s 0 05 1 0—1 0.5 0 05 1
cos8, cos6, cos8, cos8,
Channel k=w,ra k=, o % ay Atp W.A. Atp our Atp(A — pri)

Af — AK' —0.418+£0.053 —0.44240.053 —0.566 +0.071+0.028 0.592 +0.070 +0.079 —0.023 +0.086 + 0.071 -
Af — Ant  —0.582+0.006 —0.5650.006 —0.784 4 0.008 +0.006 0.754 £ 0.008 & 0.018 +0.020 +0.007 +0.013 —0.07 = 0.22 | +-0.017 = 0.007 = 0.012
Af - XKt —043 £018 -037 £021 -0.58 +£0.24 +£0.09 049 +£0.28 +£0.14 +0.08 +0.35 +0.14 - -

A} - 207" —0.340+0.016 —0.358£0.017 —0.45240.022+0.023 0.473 £0.023 £0.035 —0.023 £ 0.034 = 0.030 = —0.026 +0.034 +0.030

» The first or most precise « and A%, results. No evidence of baryon CPV is found. combined: +0.01340.007 +0.011
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B and a of Af — ZF (7"

.11, 1") at Belle

@ Theoretical predictions by various models vs. experimental results:

Decay Kerner  Ivanov ? Piotr ¢ Sharma 9 Zou © Geng " Experiment  » BESIII reported [CPC 43, 083002 (2019)]
B(AL = (%) 0.16 0.11 0.90 0.57 0.74 0.32+0.13 0.44+0.20 B(AF oz ty)
B(AL — 9') (%) 1.28 0.12 0.11 0.10 - 1.44-0.56 1.5+0.6 m =354+214+04
a(AT == 0) 0.70 0.43 039 —031 —0.76 —0.35£0.27 —0.55+0.11 1
a(AF =2ty 0.33 0.55 0.00 —0.91 —0.95 —0.40+0.47 - . .
®(Af > Tty) 045  —005  —091  0.78 - 1.0070% » The isospin symmetry demands B and

o Af — X7 (, n') are totally contributed by the nonfactorizable diagrams.

o We choose A7 — 270 (B =

(1.25+£0.10)%) as reference mode.

1600y T T
om o — Dat
“b1400F o 0 350 e % 40 o
S 00N = 6965 £ 142 - S\una\ wEN=719+78 .. Siana S s0EN =307£55 Signal
[ roken-signal] roken-signal] D 109 Broken-signal
S1000F- s
19 g0 sideband sideband 0 2 sideband
200
® 13
@ 150] o
S 100 Gl +
=
W sof
= 4 =
S 3 S g
o 2 -2 o 2
21 215 22 225 23 235 24 245 21 215 22 225 23 235 24 245

M(Z*TP) [GeV/c?]

M(Z"n) [GeVi/c?]

22 225 23 235 _24

M(Z*) [GeV/c?]

2.45

aZPC 55, 659 (1992)

EPRD 57, 5632 (1998)

of Cincinnati

°PRD 50, 5787 (1994)
dEPJC 7, 217 (1999)

ePRD 49, 3417 (1994)
PLB 794, 19 (2019)

a of AT = Z+n0 and AT — =07 shall
be equal. [PLB 794, 19 (2019)]

Based on full Belle data, we have

B(AE = Zhy)
B(A*’ — Xt70)

=0.25+0.03 £0.01

2+/

=0.33+£0.06 £0.02

A+—>Z 7

(Ad )
B(AZ — Xt 70)
B(

B(AL — =+

>) =1.34+£0.28 £0.06

» Using B of reference mode, we have

B(Af = =y) =

(3.14+0.35+0.11+0.25) x 103

B(Af — Tty/) = (416 +£0.75+0.21 4+ 0.33) x 1073

which are the most precise results to date.
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Band a of AT — (70 #,7') at Belle

o The differential decay rate depends on the decay asymmetry parameter a1 0 and the helicity angle of Z".
dN(AE — =T hO)
d cos fy+

o 1+ a1 pott0 OSO5+

o We perform M(A[) fits in five bins of cosfy+ distribution individually, then plot and fit the efficiency-corrected
cosfy+ distributions.

r 6001~ 300F
AOoogerJrno = —0.48£0.02+£0.02 1\24”] = —0.99+0.03+0.05 [\Z-’// = —0.46+0.06+£0.03
O 3000 o 4o O 200F
e =) -3
» f > »
Z 2000F z z
E 200 100+
1000~
G: Il Il Il Il Il I Il Il I o Il Il Il Il Il Il Il Il Il 0 Il Il Il Il Il L Il Il Il
-1 -08-06-04-02 0 02 04 06 08 1 -1 -08-06-04-02 0 02 04 06 08 1 -1 -08-06-04-02 0 02 04 06 08 1
cos8;. cos8;. cos8;.

o This ay+ 0 agrees with W.A. but with precision improved by threefold; the other two measured for the first time.

o Comparing with ayo,+ = —0.463 £ 0.016 & 0.008 as aforementioned, their agreement within 1 shows consistency
with the prediction from the isospin symmetry [PLB 794, 19 (2019)].

: | more a-results, e.g. for 20 decaying to a hyperon and a vector... (see back up)

Longke LI , Univ. of Cincinnati SSP2022, Aug 30, 2022 17/22


https://arxiv.org/abs/2208.10825

Outline

© Charm results from Belle 11
o Belle Il and SuperKEKB

@ Charm lifetimes from Belle |1
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m KEKB to SuperKEKB (For more info, see yesterday.)

» As 15t and 29 generation B-factories, KEKB and SuperKEKB have many similarities, and more differences:

o Damping ring added to have low emittance positrons / use 'Nano-beam’ scheme by squeezing the beta function at the IP.
o beam energy: admit lower asymmetry to mitigate Touschek effects / beam current: x2 to contribute to higher luminosity.
o SuperKEKB achieved the luminosity record of 4.7 x 103 cm~2s7 1.

¥ ——
o+ 3.5 GeV 1.
Belle detector -~ €~ Belle I
s ]
uperconducting :iE Vs B

cavities (HER)

)

——— P
g 22
New beam pipe SuperKEKB
& bellows
{ s $ 1um
100um

b~y

cavities (HER)
~

N . ARES copper

cavities (HER)

Add / modify RF systems
for higher beam current SuperKEKB

'
Low emittance positrons
toinject , _Positron source _
‘Damping ring
+ New positron target/
< &7 source capmre section

KEKB Eu per an emittance gun
uest for CPY \<E\<B

Low emittance electrons
to inject
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Detector: Belle Il Vs. Belle

Belle I High Segmentation . cbc
ot 0 e H
Retm > 6en I & _PXD(2 layers)
> Small cell chamber
SVD 2
Instal YO llcoll chamber | " ——
PO Qcs 21 — . §
\ — - e -
Belle - =y
SVD
(]9
[ cDC
SVD: 4 lyrs — VXD=(PXD 2 lyrs + SVD 4 lyrs)
CDC: small cell, long lever arm ACC
ACC+TOF — TOP-+ARICH i TOF i
ECL: waveform sampling E’t’*’éﬂL

KLM: RPC — Scintillator + SiPM
(endcaps, barrel inner 2 lyrs)
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High precision vertex = charm lifetimes at Belle Il

o The impact parameter resolution is X2 better than Belle/BaBar, which shows up in decay-time distribution.

o Benefited from this, the charm lifetimes are measured using the early data set, as listed in luminosity plot.

o We (Belle Il) totally have accumulated 428 fb~! of data set in. Now we are under the long-shut one.

10°

Belle '{

BABAR

Longke LI

1

, Univ. of Cincinnati

T

Belle Il
DO—K-rr+

1
2 4
t [ps]

Total integrated Weekly luminosity [fb~1]

17.5

15.0

12.5 4

Belle Il Online luminosity

Exp: 7-26 - All runs

Integrated luminosity
mmm Recorded Weekly

e [ Lpecorseq dt =427.79[fb7]

Nct, Q0 lifetimes u
N}

5.0 1

2.5
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!
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400

300

200
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100

0
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charm lifetimes at Belle Il (

Candidates per 70 fs

o We obtain the world-best charm lifetimes: 7(D°) = 410.5+1.14+0.8 fs, 7(D¥) = 1030.4 £ 4.7+ 3.1 fs, and
T(AF) =203.20 +0.89 £ 0.77 fs (first Belle Il precision measurements), Their tiny systematic uncertainties

10* Belle I1
e De JLar=7207
102 ¢ Data
0 — Fit
----- Background
1
10°
10?
10

-2 0 2 4 6 8 10
Decay time [ps]

12

Candidates per 70 fs

Candidates per 80 s

Belle I1

del =207.2 fb"!

¢ Data
— Total fit
--- Background

i

10
t [ps]

E  Belle 11 pretiminary + Data

[ J £dt =207 fb! — Fit

r- & Background
F ¢ Q0
3 2 -1 o 1 2 3 a

Decay time [ps]

demonstrate the excellent performance and understanding of the Belle Il detector.

° T(Qg) result, 243 +48 1 11 fs, is consistent with LHCb, inconsistent with pre-LHCb average at 3.4c.
= the Q2 is not the shortest-lived weakly decaying charmed baryon.

Longke LI

), Univ. of Cincinnati
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Summary

o Belle are lasting to produce the fruitful charm results although its data taking finished 12 years ago.
Here selected charm results in latest two years are presented.
o charm mesons: B, CP asymmetry, T-odd CP asymmetry, etc.
o charm baryons: B of hadronic or semileptonic decays, direct CP asymmetry, & and A%p, etc.
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Summary

o Belle are lasting to produce the fruitful charm results although its data taking finished 12 years ago.
Here selected charm results in latest two years are presented.

o charm mesons: B, CP asymmetry, T-odd CP asymmetry, etc.
o charm baryons: B of hadronic or semileptonic decays, direct CP asymmetry, & and A%p, etc.

o Belle Il has joined the game. The world best T(D%*) and T(A}) (first Belle I precision
measurements) and confirmation of LHCb 7(Q2) result are presented.
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Summary

o Belle are lasting to produce the fruitful charm results although its data taking finished 12 years ago.
Here selected charm results in latest two years are presented.

o charm mesons: B, CP asymmetry, T-odd CP asymmetry, etc.
o charm baryons: B of hadronic or semileptonic decays, direct CP asymmetry, & and A%p, etc.

o Belle Il has joined the game. The world best T(D%*) and T(A}) (first Belle I precision
measurements) and confirmation of LHCb 7(Q2) result are presented.

e Some charm results from Belle are not covered, e.g. radiative decay, heavy-flavor-conserving decay,
amplitude analysis of hadronic decays, etc. More results from Belle and Belle Il are on the road.
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Summary

o Belle are lasting to produce the fruitful charm results although its data taking finished 12 years ago.
Here selected charm results in latest two years are presented.

o charm mesons: B, CP asymmetry, T-odd CP asymmetry, etc.
o charm baryons: B of hadronic or semileptonic decays, direct CP asymmetry, & and A%p, etc.

o Belle Il has joined the game. The world best T(D%*) and T(A}) (first Belle I precision
measurements) and confirmation of LHCb 7(Q2) result are presented.

e Some charm results from Belle are not covered, e.g. radiative decay, heavy-flavor-conserving decay,
amplitude analysis of hadronic decays, etc. More results from Belle and Belle Il are on the road.

o Our beautiful world is charming due to the symmetries and asymmetries. And let us also admire
the charm world from the view of Belle and Belle II.

=4
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Thank you for your attentions.

inil —7
Dr. Long-Ke LI (3 £4})
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B of DY
©)

@ The four-body decays of charged D mesons. e.g. three CS decays below

wof DT — KT K=t 70

— Knntn

at Belle

)

FOF = KT atal

D = KTn atna0

i3 K K
2 + < S ol
BN
8wl T Snat & ot 8
S background & R ~
g o g 4 S 10000
S S + daa S + data
> = g — totalfit = 7«2‘;\ r;‘
2 2 signal 2 5000~ signal
§ g s g
2 s & .
& p H & T
M(K'KTeTe) (GeV/c?) M(K'TtreTe) (GeVi/c?) M(K'rtreTe) (GeV/c?)
and their corresponding reference modes:

> DY K ntpta0 % Dt = K ntptnl .z’:mnniD;rﬁKJrK’n*no
Seo0f ¢ data S2000E § gata e S ¥ data
3 L 3 f e I 5 [ ioan
O (o} [ R 15}

Sona PN \ cara
S ool - badkgrouna 8 Sedarouwa f Sioaon " Sadegrouna
S S P ¥ S
S S to0f- 2, Y S
H H snnn;—/’r‘r \ g
8 g o g
v , " w 7 n g « o | ,

TR T I T R 5ty E—

M(KTETeTe) (GeV/c?)

M(KTTeT0)(GeVic?)

1.94 196 1.98 B
M(K'KTETE) (GeVic?)

Pul

Univ. of Cincinnati

@ Their acp

o Based on the efficiency-corrected

yields and the W.A. B of reference

mode, we have three most precise

results: B(DT — KTK~ it n0) =
(7.08 +£0.08 4+ 0.16 +0.20) x 1073,

B(Dt — Ktn~ntnl) =
(1.054+0.07 4+ 0.02 £ 0.03) x 1073,

B(DFf — Ktn~ntnl) =

(9.44 +£0.34 £0.28 £ 0.32) x 1073,

@ we obtain a DCS/CF ratio:

B(Dt—K*tn ntnr0)

+0.03)% which corresponds to
(5.83 +-0.42) tan* 6. This DCS/CF
result is significantly larger than all
other known DCS/CF ratios, so we
confirm BESIII's discovery.

T-0dd regylts are on the road...

24/22
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Bof 22 - E~¢Tv, and Q% — QO ¢ty at Belle ¢

@ Semileptonic (SL) decay of charm baryons is an ideal test of QCD in transition region of (non-)perturbation; cleanest
processes among charm decays; test lepton flavor universality (LFU).

o Currently experimental results (from BESIIl, ARGUS, CLEO) have large uncertainties.
o We measure the B of £ — 2~ ¢*v, and Q2 — Q~¢Tv, with detailed study of backgrounds by data-driven method.

D —»— Data ) L
§4000 — Ietal it S + e it >  Totarei
" Fitt -
g £ sideband 2100 (b) + L 77 AuFittea Bkg =100-(c) :_':tm‘;%skg
Z, — Enev 2 Bkg from Bf) o . 0
83000 mm Bkg from B @ Wrong Q - '-‘\7 %krgrtrgog B
-~ 2] 2]
=0 = 0 =4 0
22000 e 5 50 Q¢ S 50 Q¢
© ] i
giocol EEEEEEE—., | © | EE s | o F . o T e
0 15 2 25 3 05 2 25 R 0 2 2.5 3 02 2.5 s
M;, (GeV/c) Mz, (GeV/c?) M, (GeV/c?) M, , (GeV/c?)

> B(EY —» E efve) = (1.314+0.39)%, B(E2 — &~ p'vy,) = (1.27 £0.39)%, and their ratio is 1.03 & 0.05 = 0.07.
BO2—0"etve) _ B(an()*]fwﬂ) _ B(Q2—0"etve) _
B ) = 19840134 0.08, Spfo 5k = 1.9440.18 40,10, and grag— oty = 1.0240.104+0.02.

» Both ratios of SL decays are consistent with the expectation of lepton flavor universality.
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=
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B and & of 2 — (A, Z%)K*0 and T K*~ at Belle

20 otk

(ﬂ) 1.1, 240 (C) 1
< 200 ¢
2 2
® We measure B and « of three CF Z decays of which the & 8
final state is a combination of a hyperon and a vector M <
particle. N =

245 246 247 248 249 25 034 242 2.44 246 248 25 252 254

The signal yields are extracted via MEQ'MK* 2D fit. See

MAK") (GeV/c) MEK®) (Gevic)
the figures with achieved signal yields. ‘OMQW
L a0k = K3
@ Then we have their B's relative to that of £ — &~ 7" 3™ 3
after considering the efficiency. T %0p ~Daa Tar =
- € 4000 S, 1*b H
B(EY — AK*)/B(E2 — &~ nt) = 0.18 £ 0.02+0.01 & ool b g =
B(Eg EiK*fi)/B(H,_,O . 7T++ =0.69+0.03+£0.03 944 245 246 247 248 249 25 D44 245 246 247 248 249 25 244 2.46 - 248 25
B(E? - XtK*)/B(E2 — E- ") = 0.34 4+ 0.06 £ 0.02 MAK") (GeV/c) MEK®) (GeVicd) ME'K") (GeVic)
@ Finally, using the W.A. B(&! 2 — &7 7r"), we have absolute  soof e -
B'’s below for the first time: % 7o as L % L
2 6000 o °
B(E? — AK*) = (3.34+0.3+£0.24 1.0(Byy)) x 1073 ;mm gz:x § -
2 4000 _ z _ +
B(E0 — X0K) = (1244054 05+£3.6(B)) x 1073 Famo ~ N=39745367 | G N=o60x254 | § N =376 61
B(EY — ZFK*™) = (6.1+£1.04+0.4 +1.8(B)) x 1073 o3 M eno N\ '”
0.7 0.75 08 085 K;Q 095 1 1.05 1.1 0.7 0.75 08 0.85 D:Q EQS 1 105 11 07 08 - 09 1 11
M(K*) (GeVic?) M(K=*) (GeVic?) M(Kx) (GeVic)
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B and a of 2 — (A, Z%)K*0 and T K*~ at Belle (

@ Taking 20 — AK*® for example, the differential decay rate depends on decay asymmetry parameters and cos
dN

dcosfp

o« 14 a(E2 - AK)a(A — prt~) cos O

@ We extract the A0 70.+) via the fits on the efficiency-corrected cos 0, or cosfs distributions:
2044,

5000 15000 5000
B0 AK*®, A — prt B0 SO0 30y A 20 5 etk 2t — pr®

4000 ¢ & b ‘ U 4000 ¢ .
& & 10000 = D S { : < 3
S 3000 S R f S 3000{-
2 2 £
G 2000 g L € 2000
@ s & 5000 I 3

1000i 0.008 +0.072 £ 0.008 1000i

[ 0.1154+0.164 +0.038 I consistent with zero as expected F 0.514 +0.295 £ 0.012
] 05 0 05 1 o 205 0 05 1 o3 05 0 05 1
cosb, cosf, costy.

@ The a(E2 — X°K*®) can not be measured via 1D cosfyo distribution due to a(X° — yA) = 0 in an electromagnetic decay.

@ Using the W.A. a(A — prt~) = 0.747 £ 0.010 and a(X* — pr®) = —0.980 £ 0.017, we finally, for the first time, have
=4

a(E? — AK*®) =0.15+0.22 £ 0.05 and a(E% — LT K*~) = —0.52 +0.30 + 0.02.
Longke LI , Univ. of Cincinnati
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