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harm physics and charm samples

@ Why is charm physics so interesting?

» It provides unique opportunities for probing the strong and weak interactions in the standard model and beyond, e.g.
charm CP violation, D°-D° mixing, (semi)leptonic decays, rare or forbidden decays, etc. [arxiv:1503.00032]

@ Available charm samples from Charm factories, B-factories, hadron colliders

Experiment Machine Operation C.M. Luminosity Nprod Efficiency Characters
2010-2011 (2021-) 3.77 GeV 2.9 (8 20) fb! DO%*: 107(— 108) © extremely clean environment
B,ES]]I BEPC-II 2016-2019 4.18-4.23 GeV 7.3 fbt DF: 5x 100 ~10-30%  © quantum coherence
(eTe™) 2014+2020 4.6-4.7 GeV 45 fb! Af: 0.8x10° © pure D-beam, almost no background
ke * %k ® no CM boost, no time-dept analyses
DD SuperKEKB . 1 D% 6 x 108 (— 10'1) © clear event environment
<o (ete™) 2019 10.58 GeV 0.4 (- 50) ab D(J;): 108 (— 10'°) @ high trigger efficiency
- Af: 107 (— 109) 0(1-10%) © good-efficiency detection of neutrals
Ly ») KEKB B 1 D: 10° © time-dependent analysis
(efe™) 1999-2010 10.58 Gev 1ab Af: 108 @ smaller cross-section than LHCb
BELLE ok *k
LHC 2011,2012 7+8 TeV 142 fbt 5 x 1012 © very large production cross-section
(pp) 2015-2018 13 TeV 6 fbt 1013 0(0.1%) © large boost
(2022-2025,2029-) (— 23 —50) © excellent time resolution
Yk k ke * © dedicated trigger required

Belle/Belle 11/BESIII/LHCb recently achieved ~ 80 papers on the charm physics, according to the arXiv records in 2022(3).
This indicates the charmers’ hard working at different experiments
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harm lifetime measurements at Belle |l more detail tomorrow

@ Precise lifetime measurements provide excellent tests of strong-interaction theory e.g. HQE.
Lifetimes are needed to compare measured B’s to predictions for partial decay widths. Belle Il

@ As the first super B-factory experiment, Belle Il has better (x2) time resolution than
Belle/BaBar. Thus, it measured the charm lifetimes using its early dataset:

@ Obtain the world-best charm lifetimes for T(D°) = 410.54+1.14 0.8 fs and
(D) =1030.4+4.7+3.1 fs ?, T(A}) = 203.20 £ 0.89 4 0.77 fs ®, and latest result of
T(D}) =499.5+1.740.9 fs ©. Their tiny systematic uncertainties demonstrate the excellent
performance and understanding of the Belle Il detector.

@ Confirm the hierarchy of charm lifetimes: 7(Q%) = 243 £48 £ 11 fs ¢ is consistent with
LHCb, inconsistent with pre-LHCb average at 3.4¢.

arXiv:2306.00365 ” _ Sci. Bull. 67 (2022) 479
o1yl Bellell # Data ' ' ' i
o E -
Bellell I Data €1o4§ Ltz 207 6" — Total it ) . B
Ldt=2071 — Total fit 810 -~ Background mo| LA =
Dy — ¢n* - Background 8. 2018
; g10F TR
H 2.4 LHCb = g d e
: B 10 . s R —a—
H 5 Semileptonic
: O 1 =0 Q'
o . LHCb S <
. n e e e srararars 107! . Promnt [ " -
193 194 195 196 1.97 198 199 2 201 2.02 2 ] 0 1 2 3 4 D —
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L L L .
2 (Belle I1) PRL 127, 211801 (2021) (Belle 11) arXiv:2306.00365 (2023) 0 100 10(" . 300 400 500
1( (Belle 11) PRL 130, 071802 (2023) 9(Belle Il) PRD 107, L031103 (2023) Lifetime [fs]
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Hadronic decays of charmed hadrons B(D%t — ntxtm~X) at BESIII

@ Recently > 70 branching fractions (B8) of charmed hadron decays (a summary table in backup) were reported at Belle/BESIII/LHCb .

@ BESIII charm samples are produced near D5/D5Ds*//\j/1’ threshold. The exclusive decays involving K, n or v; and the inclusive
decays can be measured with the “double tag" technique.

PRD 107, 032002 (2023) L s ¥
0 — '/ = side I
DY - ntata— X 6l ST jou- Dt D
1.0 “+Data N \
Tonasma | et ¥Ue770) % eet 4180
4} Mis-ID K BKG P s . o
— Mis-ID p BKG -, oase) K, ~p; L N
S 05 i"‘ﬁllt’(‘ BKG ¢ v,l side PR l w3 @
X 2k Wrong tag BKG
T
= ) iy @ B(D%* — m*+ = X) values are important inputs for LFU tests
= for the semileptonic B decays.
= Ll sl i :K%1 o signal eg. B° HOD”TVT, T — 377, has (sub)leading background
> Kinww el sources: BT — DX, D — 'ttt X.
2 6l er signal
] bieTD XEee o o .
2 4 , o MiID {BKG ® The results: B(D° — ntt = X) = (17.60 £0.11 10.22)4 and
N i BKG B(Dt — nt ™ X) = (15.25+£0.09 + 0.18)%, are consistent
2f > with the sums of the B's of the known decay modes within 3c.
» - ) 5 A i = little room for possible missing D%* decays containing
0.5 1.0 15 2.0 0.0 0.5 1.0 mtatn
M, (GeV/c?) M, ... (GeV/c?)
['0N Maniss = (26peamm — Ep — Ean)*/e* = | =B — Ban />
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https://inspirehep.net/literature/2621481

Charm (semi-)leptonic decays D} — ¢*v, at BESIII

@ BESIII plays a leading study of charm (semi-)leptonic decays, to measure the form factors and CKM matrix elements | V]

+ +
DF — ttvr, vt — ntir Dy — pTuy

FarXivi2303.12600 F

[ Ng = 2411475

T

[ =" pua
L Matched v(x%) D}~ v,
[ Unmatched (29 D} v,

§400* — PDF: Total & 3000 o Reat, andnonD, 4L 10fsgs
L )

(s fog I 3 [ Meorsga S Farxivi2307.14585
q(d,s) q ;E) 20l | R H 200

-+ -+ G,:Q:f[% 2,2 "72( 2 @ H(eE e s :N 2515 + 52

_ ) _ ENg = 2515+ 5
F(D(s> — {Tyy) & |Vcd(s)‘ m(mD(s) (1 sz ) g Fns
(s) & 100

Pull

@ Precise measurement of B(D} — ¢*v;) can help us to
determine f,:+ when taking the |V,| from the SM global 06 04 02 0 02 02 01
s

BDT M (gevz/c‘)
fit as input, thereby testing various theoretical predictions, B(Df — 17v) = (5.44+0.17 +0.13)% using 9 BDT variables,
especially from LQCD.

thereby determine 4 |Vis| = (284.3+3.94+3.0+1.0) MeV.
s

@ Conversely determine |V )| by taking the LQCD " Sy o .
calculation of fp as input, thereby providing a stricter test ° ?(st_)ﬁ g%l_sﬁ‘;ﬁgi:; (;.(il(lJSO:t'?A.O\(/)SS) 7, thereby determine
of the CKM matrix unitarity. Ds+| | = (281. S+2. 0) Mev.

F(D;r%rv)

@ combining all BESIII results of D} — Tv, yv channels has
l_(D;»%(}l,e)l/)

|Ves| = 0.9774 4 0.0056 £ 0.0072 (0ytar < Osyst), agrees well with the
result given by the SM global fit.

1@0 BESIII recently updated B(DJ — T ve, utv,): @ For more details, see Tengjiao's talk tomorrow.

@ Measurement of Rejue) = test the lepton

flavor universality (LFU).
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Charm rare or forbidden decays D — utu~ at LHCb

@ Rare decays of charmed hadrons are interested widely as a sensitive probe for new physics beyond Standard Model (SM).
e.g. ¢ — uvi (strong GIM and CKM suppression). B-L violating decays, charmed baryon radiative decays.

@ Recently about 10 publications on charm radiative, rare or forbidden decays were released, e.g. D° — utu~: fully leptonic and
additionally suppressed by helicity reasons. In SM short-distance contribution: 1078 and long-distance 1013,

@ The D° — wh ™ decay rate can be enhanced in many NP modes. One of the most sensitive FCNC processes in the up-quark sector.

@ Experimentally, its searching is challenging. The main peaking background arises from D°® — 71¥ 71~ with pion's mis-identification as y.

@ To improve mass resolution, the prompt D** — D°m* sample is used. A multivariate selection based on BDT to suppress background.

PRL 131, 041804 (2023)
T T . : T

~ opT 0 o~ T T g
L 20E LHCh — Tod 1 % ®F | Hep — Tod E @ LHCb (9 fb~!) set an upper limit at a 90% C.L.
Tm o e 1 3 o —Tus, 1 B o) <31x10°
5 ﬁg; 0656<BDT <10 S A W 200? 0656<BDT <10 A the most stringent limit on the relevant FCNC
© b pKm 31 S 1mp oK g couplings in the charm sector, allowing one to set
g 10f 1% additional constraints on physics models beyond
3 &g 3 § wo- T the SM which predict the B(D® — p*u~) and
g jgz t 3 ‘g wof AT describe results from B physics measurements.

3 H- ¥ E bt B
O 2E M%%wﬁ& o pme T H ) e @ For more details, see Paras’s talk (LHCb) and

0860 Te50 1000 1650 000 2060 2100 2150 O140 W W w1 Zhijun's talk (BESII).

m(utu) [Mevic? am=M(D*T) = M(D%)  Am[MeV/c]

=~
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Quantum correlated D°DO studies (55” and F at BESIII

@ BESIII produces its D°D° sample at the §(3770) energy point. Thus it is able to perform some
quantum correlated D°DP studies.

@ Improved measurement of strong-phase difference 55” between DCS and CF decays EJPC 82, 1009 (2022)

(KT 7~ |D%)
(K¥7~|D0)

Lk ~ .
= rKme ®D"; mixing in D® — K*717: y/ = y cos 6K — xsin 6K
2rgrf T sin(sg+oK) siny

(rB)2+(rg/7)2+2rB rgﬂ cos(zH»JE") cosy

o CP asymmetry in B— DK~ ,D — KTt~ : Acp =
o An update of the asymmetry between CP-odd and CP-even eigenstate decays into K~ 7",

B(D_ K~ nt)-B(Dy—sK~nt) _ —2rKTcossKT+y
B(D_ K-t )+B(Dy K- mF) 1+("D<n)2 =0.132+0.011 £ 0.007
o Of7 =187.675972%, the most precise result obtained from quantum-correlated DD data.

Ak =

@ Measurements of the fractional CP-even content of self-conjugated multi-body decays F :
e important inputs of y measurements in B — DK with D decaying to pseudo-CP eigenstates.
o F. =0.73540.015+0.005 for D° — 77w~ 71+ 71~ PRD 106, 092004 (2022)
e F, =0.73040.037 £ 0.021 for D° — K* K~ 7" 7w~ PRD 107, 032000 (2023)
o all these results are dominated by statistical uncertainties.

@ Many ongoing projects with eventually 20 fb~* (3770) data samples. Their results are crucial in
some methods: inputs, interpretations for mixing and CPV studies.

@ For details, see Xiaokang's talk this afternoon and Yang's talk on Sep 21.
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Citations per year

@ Standard Model provides an only CP violation (CPV) source in quark sector: a complex
phase in CKM matrix. But, such CPV source is not large enough to explain the observed
matter-antimatter asymmetry of the universe.
= search for new CPV sources beyond SM, as a lasting hot topic.

s00  [Usp. Fiz. Nauk 161 (1991) 61]

o Sakharov in 1967: CPV is one of the three conditions necessary to explain the ~ 1 citation/day in 2022

matter-antimatter asymmetry of the universe.
e In 1964, CPV in K meson decays was observed by Cronin, Fitch, et al. (Nobel 1980)
e In 2001, BABAR and Belle observed a large CP asymmetry in B meson decays,
providing strong experimental evidence for the theoretical predictions from Kobayashi o
and Maskawa (Nobel 2008).

1976 1987 1999 2011 2023

@ Charm CPV effect is very small (O(1073) or smaller 2?). New Physics may enhance it .
@ Study of charm CPV may help to understand the SM, and is a sensitive probe to search for New Physics.

@ In 2019, CP violation in D° decays was found at LHCb: AAcp(D® — KTK~—, nt ™) = (—15.4 £2.9) x 107* (5.30).
= to understand this CPV, we need to study more channels and improve the precision on the existing measurements.

@ CPV has been observed in all the open-flavored meson sector, but not yet established in the baryon sector.
= discovering the CPV in charmed baryon is one of major targets of charm physics.

?H.-n. Li, C.-D. Lu, and F.-S. Yu, PRD 86, 036012 (2012) €A. Dery and Y. Nir, JHEP 12, 104 (2019)
by Cheng and C.-W. Chiang, PRD 104, 073003 (2021) dM. Saur and F.-S. Yu, Sci. Bull. 65, 1428 (2020)

([
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Time-integrated CP asymmetry in at LHCb

@ The measured asymmetry is defined as

_\ — N(D*T 5D t)—N(D*~ B0 - "
AK*K™) = B g i poa] ~ Ace(KTK™) + Ap(D™) + Ap(my)

@ The later two sources are estimated and removed through two calibration procedures:
(1) Cp+: D't = D°(— K-nt)nt, DY — K-n*n*, and DT — KOn™;

(2) CD:. D*t — D%(— K-n*)mt, D — ¢(— K- K*)m*, and D — K°K™.

All these decays are CF modes, their CP asymmetries are assumed to be negligible.

Cpr: Acr(KTK™) = A(KTK™) = A(K ") + A(K-ntnt) — A(K°7t™) + A(K?)

CDS+: Acp(KTK™) = A(KTK™) — A(K~ %) — A(prr™) — A(KOt™) + A(K?)

finally Acp(D° — K*K~) = (6.8 £5.4+1.6) x 107*.

@ Combing with AAcp(D® — KYK~, ") (and Acp ~ af + %AY{) gives the direct
CP asymmetries: af, = (7.7+£5.7)x107% and a?, _ =(23.2+£6.1)x10°*
(3.80) = first evidence for direct CPV in a specific D° decay.

a% ., +al, _ =(30.8+11.4) x 107*: a departure from U-spin symmetry of 2.70.

For details, see

onlours hol(l 68% 95% CL

«10° PRL 131, 091802 (2023)
o 1800 F7 T T =
;1600 E LHCb DO — K- K+ E
E 5.7fb ! 4 Dat: E
= 1400 |- ata 3
31200 — Fit =
<1000 | Comb. bkg.
= E E
& 800 | E
P E
£ o0 - E
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= 200 F E
g 20E E
S Lk ;
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t r T — —
<~k F == LHCb combination, 8.7 fb LHCb
S 0'006; - LHCb combination, 3.0 fb"! 1
0.004 } + Nodirect CPV = {
0.002 - =
of- E
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CPV in D three-body decays

@ CPV searches in multi-body decays have been reported via different methods. e.g binned-)?, energy test, Dalitz-plot, T-odd, etc.

@ LHCb (2.0 fb™?) reported the local CPV in D° — 7+ 71~ 7% with a p-value of (2.6 +0.5)% for the hypothesis of CP symmetry via a
model-independent unbinned method “energy test": ‘T = ﬁ Z,ffj>; ¥+

1 n 1 n,n
D) Yijsi Wi — 77 i $ij| [PLB 740, 158 (2015)]

@ Recently a predecessor analysis (6 fb’l) yields a p-value of 0.62, giving no indication of CPV in localised PHSP regions. [arXiv:2306.12746]

@ LHCb reported a CPV search in D(t) — K~KTK™* (with 10° yields) via a model-independent binned technique [JHEP 07, 067 (2023)]

Sip = (N/(D) —aN(D))/4/a (UI%I"(D) + ‘7/2\1"(5)) with & = ? x:ig; is a global asymmetry arising in the production and the detection

of the final-statue particles. Search for CPV by checking the difference between Sk, distribution and the normal Gaussian distribution:
p-value= 13.3% and 31.6%, respectively: No evidence for CP violation. (For more details, see Jolanta’s talk this afternoon.)
(LHCb) arXiv:2306.12746

107
T

JHEP 07, 067 (2023)
22

35 e ~60 T AREannsass: - 5. 22 55
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S ¥ ] E ; E ;
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3 3 ] -2 -2
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— 4
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CPV in D four-body decays odd asymmetry results from Belle

@ Belle recently searched for CPV with T-odd correlations in charm decays of DV — K§K*mt ™ (Ns = 18.6k)
- s 80
D° — KKt~ 2, D;;) — KSht 7t~ b, and D(t) — Khrtt O ©. =\§ ng )
[} © 600~
@ In D rest frame, a triple product Cr = (p1 X pB2) - p3 satisfies = =
CP(Cr) =—-C(Cr) = -Cr. 3 < o
. = . & § 2000, g
@ The T-odd asymmetries for D or D decays are defined as @ Y o gl
_ _ . o o
AT:I‘<(CT>O)*F\(CT<O) ZT:F (-Tr>0)-T (-Tr<0) _ g o 186 T8 19 _ ML N
T(Cr>0)+T4(Cr <0) T (—Cr >0)+T_(-Cr <0) g 0o : | & o : |
— 7 MK'Ker*) (GeVic) ™ MKKrtr) (GeV/cd)
@ T-odd CP asymmetry |al5% = 1 (Ar — Ar)| to remove FSI effects. © Ko
80!
With some conditions, a-Cr;;’dd o« sin¢cosd has largest value when § =0 N§ “g
(Adls o sin ¢ sin & # 0 needs 6 # 0) = an observable complementary to AJS. 3 50 2
T 400 Z
@ All these recent aZ:*? results are first or most precise measurement. 2 8
5 200 §
@ Belle [I/LHCb may improve the precision utilizing increased samples, and apply @ frr
this method to charmed baryons. b
= B =
@ For more details, see Michel's talk this afternoon. & Ot ; 1 & O‘F : ’ ‘

P
-5

M(KKer*n) (GeV/c?) ‘ M(K-K3n*n-) (GeV/c?) l

?(Belle) PRD 107, 052001 (2023) €(Belle) arXiv:2305.12806
aldd(Dt —» KKt mT) = (0.34+0.87£0.32)%

b(Belle) arxiv:2305.11405
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0000

CPV in charmed baryon decays AL — AKT, XK ™ at Belle

Sci. Bull. 68 (2023) 583

@ The raw asymmetry of A7 — AK™ includes several asymmetry sources: < o £ Az — AK™
A —AKT A pr / + Al 3 3
Araw (A — AKT) ~ Ags + AT+ AN+ AR+ A ] z
3 8
+ < <
° AA —AK (AAHPY ): direct CP asymmetry associated with AL (A) decay, H H
i i .
° Ag‘ (Aé< ): detection asymmetry arising from efficiencies between A (K*) and . s T S rree
= T R T TR V) A T T R TR Y
its anti-particle A (K™), MIA;) (GeV/c?) M) (Gevic)

Pul

° A?g arises from the forward-backward asymmetry (FBA) of A production due
to ’y—ZO interference and higher-order QED effects in ete™ — € collisions.
The FBA is an odd function in cos@*, where 6* is the Al production polar
angle in the eTe™ center-of-mass frame, but due to asymmetric acceptance,
small residual asymmetry remains after integrating over cos6*.

Pul

Events / (3 MeV/c?)
Events / (3 MeV/c?)

@ using CF mode Al — A7r' to remove the common asymmetry sources.
0 Apw = ADT(AL — AKT) — AT (AL — Antt) =

raw

AdCiF',(AC‘ — AKT) — Ad"(A‘ — An") = Ad"(AC‘ — AK™)
The reference mode Af — An™ and signal mode have nearly the same A kinematic ToEoE T EeEe
distributions, including the A decay length, the polar angle with respect to the Ad" T(AE = AKT) = (+2.1+2.6 £0.1)%

direction opposite the positron beam and the momentum of the proton and pion in

Pul
Pul

o AdL(AL - SOK*) = (+2.5+5.4+0.4)%

the laboratory reference frame. First A% for SCS two-body decays of charmed baryons.

For more information on CPV in charmed baryons, see Fu-Sheng'’s talk (theory) and Artur’s talk (experiment) tomorrow.
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Summary and prospects

e In 2022(3), Belle(Il)/BESII/LHCb made significant contributions to obtain fruitful results of charm physics.

improve charm lifetimes [Belle 1]

observe several new modes of charm hadronic decays [Belle/BESIII/LHCb]
measure (semi-)leptonic decays precisely to improve the V., [BESIII]
determine the strong-phase difference § and CP-even fractions [BESIII]
measure D%-D° mixing parameters and CPV parameters [LHCb]

search for CPV in charmed meson decays [Belle/BESIII/LHCb]

search for CPV in charmed baryon decays [Belle]

@ Belle II/LHCb detectors and techniques are improving. e.g. charm flavor tagging way (see Michel's talk); Belle II's
improved resolution w.r.t Belle/BaBar; LHCb’s Run3 improved trigger, etc. Thus, It might not always be reliable for
future predictions by scaling results of old machines with luminosity.

@ Increasing charm sample at Belle II/BESIII/LHCb will bring more important and fruitful charm results.

For some more info on prospects, see next talks: James's talk (e*e™~) and Yasmine's talk (hadron machine).

@ “Charm is now a fast-moving discipline — one that can be considered complementary to beauty for its potential to
test the CKM paradigm and to probe for New Physics effects. For flavor physicists, this is truly the age of charm."
— From Alexander and Guy in [Ann. Rev. Nucl. Part. Sci. 71 (2021) 59]

([
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Homework of charm physics in my personal superficial opini

o first observation of charm CPV in singly decay channel and more channels of D mesons
Mep (D0 KT K™, 27) (> 50) and ALE(D0 - 7t 77) (3.80)

CP asymmetry in many SCS decay channels have been studied but with statistics limited.

o first evidence of indirect CPV in D° decays [Long term]

still no signs for non-zero result in |q/p| — 1 and arg(q/p).

o first evidence of CPV in charmed baryon sector [Long term]
currently only three studies A& — phth™, AL = (A, 20Kkt 5F - pk— 7t Lots of jobs to do

o first observation of Z/. and (/. and their hadronic decays for our charmers...
o first observation of radiative decays of charmed baryons
o precise/first absolute 3 of the decays of charmed baryons (Z. and )

@ more precise B results of charmed baryon SL decays

o SR NN o e
B FF e R

4
#
%
%
s
48
&

e.g B(Ec — Elv) and B(Q¢c — Qfv) results are not understood or to be improved precisely.

o B (and &) measurements for more charm decays or with improved precision
@ amplitude analyses of charmed baryon decays with current/increased available datasets  “The road ahead is long and

@ more sensitive searches for rare or forbidden charm decays [Long term] endless; yet high and low we’'ll
search with our will unbending."
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@ Recently experiments reported > 70 branching fractions (B) of charmed hadron decays.

First observation

Publication

(Semi-)leptonic decay

Publication

D% — KPP (P =w,¢,n")
Df - wnty

D} — KIK*K~—m+

Al = nmt

AE = ntn® nmtathe
AL — py’

AL — pKIKE

0% — Bt 0K

BESIII, PRD 105, 092010 (2022)
BESIII, PRD 107, 052010 (2023)
Belle, arXiv:2305.11405

BESIII, PRL 128, 142001 (2022)
BESIII, CPC 47, 023001 (2023)
Belle, JHEP 03, 090 (2022)
Belle, PRD 107, 032004 (2023)
LHCb, arXiv:2308.08512

Improved B

Publication

Al —py

AF = ZPKT
A = (A ZO)KT
AZ = I ')
AL = PRy

D* — KOrty

BESIII, arXiv:2307.09266

BESIII, arXiv:2304.09405

Belle, Sci. Bull. 68, 583 (2023)
Belle, PRD 107, 032003 (2023)
Belle, PRD 107, 032004 (2023)
BESIII, arXiv:2309.05760

BESIII, PRD 105, L051103 (2022)
BESIII, PRL 129, 182001 (2022)
Belle, PRD 107, 033003 (2023)
Belle, PRD 107, 032005 (2023)
BESIII, PRD 107, 032011 (2023)
BESIII, PRD 107, 032002 (2023)
BESIII, PRD 107, 112005 (2023)
BESIII, PRD 108, 032001 (2023)
BESIII, PRD 108, L031101 (2023)

D — Wy

Dy = thve, T = i
Dy = vt T = ptyi.
D = ypty,

D — et

D —»mtnetve

D — KK ptyy,

Df — nPetve

BESIIT, arXiv:2307.14585
BESIII, arXiv:2303.12600
BESIII, arXiv:2303.12468
BESIII, arXiv:2307.12852
BESIII, arXiv:2306.05194
BESIII, arXiv:2303.12927
BESIII, arXiv:2307.03024
BESIII, PRD 106, 112004 (2022)

D — (K1(1270)°, b1 (1235)°)e*ve  BESHI, arXiv:2309.04090

Dt — etve

AL = Aptyy

AL = Aetve

AL = pK=etve

Af = (At pKOm et ve
AL = Xetve

BESIII, arXiv:2304.12159

BESIII, PRD 108, L031105 (2023)
BESIII, PRL 129, 231803 (2022)
BESIII, PRD 106, 112010 (2022)
BESIII, PLB 843, 137993 (2023)
BESIII, PRD 107, 052005 (2023)

Rare dcays Publication
DY — Ty LHCb, PRL 131, 041804 (2023)
D% D° — pt Belle, Preliminary

D — pet, DO — pe~
D* — (n,h)e*

D° — v

D*(2007)° — ptp~
Af = Zty, B2 - 5%
Al = Zty

AL = py

BESIII, PRD 105, 032006 (2022)
BESIII, PRD 106, 112009 (2022)
BESIII, PRD 105, L071102 (2022)
LHCb, EJPC 83, 666 (2023)
Belle, PRD 107, 032001 (2022)
BESIII, arXiv:2212.07214

BESIII, PRD 106, 072008 (2022)
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D" mixing and status

= [P aiow
. ; 1_5% ‘CPV llowed
@ Open-flavored neutral meson transforms to anti-meson: §
KO« KO, BY & B, BY ¢ B., D° < D° 11—
@ Flavor eigenstate (|D°), |D°)) # mass eigenstate |D;,) with M, and T'1» ot
1D:.2) = pID®) £ 4ID) (CPT: p*-+a2=1) | o3
a1 My — M, [ =T o Wic
@ DO-D° mixing parameters: |x = 2 , = r 20
&P L+ y [ +1p [ %
~ SO T mse
) . ~05 05 15
@ Time-dependent amplitude of D° — f (here t[tp0] and Af = %/T;): (o)
L(DO(t) = F) o | A Pet (%coshm) — Re(Ar)sinh(yt) B2 cos(xt) + Im()\f)sin(xt)) g o8 e
07
@ Unique system: only up-type meson for mixing. SM predicts ~ O(1%). o
¢ d,s,b u ¢ w u 0.5
. L ¢ 2023
D W W ) D dsb ish D ) - 0.4
ash w D D
i 0 i 0 - u 03 —
(1) short distance (< 0.1%) (2) long distance (~ 1%) o. Ep
40
@ Precise measurement of x, y: effectively limit the New Physics(NP) modes; L e o e LA A

1((-[' and search for NP, eg: [x| > |y|
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measurement of D°-D° mixing For details, see

w

L

me [GeV¥cd
N
&

plentiful interferences between mixing and decay amplitudes.

N

T
@ D° — KOmt 7~ a golden channel of mixing measurement because of 3 ».

3

E

@ Belle/BaBar: model-dependent measurement 2°¢

Absolute bin index b

Signal per 4.5 MeV

@ LHCb: ‘bin-flip’ method (model-indept.), mixing contribution mainly
in upper half part of Dalitz-plot (DCS, mixing+CF). The ratio
upper/lower is sensitive to mixing.

05 1 15

. 2 25

@ The bins refer to the strong phase from CLEO/BESIII %¢. e [Gev/cd] - . zmg [ézvz/;]
@ LHCb: first observation of non-zero x-parameter in 2021 using > ! ! ' S ! ! !

Dt = [DY 5 KOt 1t .f 2] LHCPrompt D° — K3 binlp LHCb [ LHChProngt O K tinlip LHCb

(D% = Kot J” ooy HRET G Sl ool es e st

@ Recently an analysis with B — DO;fV,,X sample complements

previous measurement. & 002 b o @ |
© Combined: xcp = (4.01 4 0.45 £ 0.20) x 102 (8.10), ol i >

— -3 ’
yep = (551 £ 1.16 £ 0.59) x 10 @ o8- |
o = ]

3(Belle) PRL 99, 131803 (2007) €(BESII) PRL 124, 241802 (2020) cmsigson L ‘ s 0L ‘
b(Belle) PRD 89, 091103 (2014) f(LHCb) PRL 127, 111801 (2021) 0 0,005 001 0 05 1 15
€(BABAR) PRL 105, 081803 (2010) &(LHCb) (LHCb) arXiv:2208.06512 X fpl -1

9(CLEO) PRD 82, 112006 (2010)
The larger the dataset, the more significant the advantage of bin-flip vs. model-dept method.
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https://indico.cern.ch/event/1184945/contributions/5437934/
https://inspirehep.net/literature/748194
https://inspirehep.net/literature/1289224
https://inspirehep.net/literature/853279
https://inspirehep.net/literature/873121
https://inspirehep.net/literature/1782978
https://inspirehep.net/literature/1867376
https://inspirehep.net/literature/2135966

@ The decay asymmetry parameter & was introduced by Lee and Yang to study @ No approaches based on various theories could
the parity-violating and parity-conserving amplitudes in weak hyperon decays. successfully predict all the experimental a values.
o In1/2* —1/2* +0-, x=2-Re(S*P)/(|S|> +|P|?), where S and P denote = needs a joint effort from theory and experiment.
the parity-violating S-wave and parity-conserving P-wave amplitudes. Decay recent « results W.A.
¥ 0 _ a
@ The charmed baryons are produced with negligible polarization averagely at ﬁi j;f:{i 0.585 & 0.052 b 0.18+0.45
. h 5 —o. X _
Belle (I11)/CLEO-II, different with BESIII/LHCb. AT 5 oK+ 054 £0.20 b B
Al = Art ~0.755+0.006 ©  —0.84 +0.09
+ + <
® For A} — Ah*, X+ hO decays, % 14w, a cos@A‘ A - Xt —0463+£0.018° —0.73+0.18 ¢
A < Al - Ztn® 0480400289  —-055+0.11
AL — Iy —0.990 +0.058 -
T 305t < 1
@ For Af — X%h™ decays, INAC2ZhT) 9y w cosfy cosfa AL — =y —0.460 + 0.067 ¢ -
c dcostlgdcosfp A¢ p3
X AF — BOK+ 0.01+0.16 © -
AL = AR AL oAt Af o zta0 AE = 07t AF = Ap* —0.76 +£0.07 -
. . y o P
* Belle - Belle Belle - Al =X —0.92+0.09 -
- o 8 Al — X0t -0.79+0.11f -
S 1 g ] BBt ~0.640.05 &
i - ° 22— AK*0 +0.15+0.22
1o 20 & K —0.524+0.30 "
e I I s Rt b e s e e rar—
cos8,, cos, cosf,. cosB.
. . . i . 4BESIII, PRD 100, 072004 (2019) €BESIII, arXiv:2309.02774
° _ - o — atl . : .
Since « is CP, odd, the tx;nduced CP asymmetry A%p = 77, which presents BBelle, Sci. Bull. 68, 583 (2023) fRESIIL JHEP 12, 033 (202)
CPV in Re(5*P) when AZE = 0. = A%, provides an observable €BESIII, PRD 100, 072004 (2019) &Belle, PRL 127, 121803 (2021)
1@ complementary to A%L (example shown later). 9Belle, PRD 107, 032003 (2023) hBelle, JHEP 06, 160 (2021)
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https://inspirehep.net/literature/2153556
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https://inspirehep.net/literature/1859517

de analysis of hadronic decays of charmed hadrons

@ The charm hadronic multi-body decays provide an ideal platform to study the light hadron spectroscopy, determine
spin-parity of resonance, etc., using amplitude analysis.

Decays

Highlight or dominant res.

Publications

DY — Kon™y

KVa0(980) "

BESIII, arXiv:2309.05760

DF = KIKI™

observe 5(1710) — KIKY

BESIII,

PRD 105, L051103 (2022)

Df — KIKTr°

observe a9(1817)" — KUK ™

BESIII,

PRL 129, 182001 (2022)

Df - nfnim

Tt S-wave

L[HCb, JHEP 07, 204 (2023)

DY > ntatm

7t S-wave

LHCb, JHEP 06, 044 (2023)

Df - K'm

KT, KOn™

BESIII, JHEP 08, 106 (2022)

D} — nt %’

7

BESIII, JHEP 04, 058 (2022)

DT — KInt nn®

K?a;(1260) 7, K0p™

BESIII, arXiv:2305.15879

Df = Kfntrn n®

K*op+

BESII, JHEP 09, 242 (2022)

Df K Kintnm

21(1260)7 ¢

BESII, JHEP 07, 051 (2022)

Al = pK nt

K™, AT K, pK; (1430)°

LHCb, PRD 108, 012023 (2023)

AL = pK T observe Ay cusp Belle, PRD 108, L031104 (2023)
A - At observe X(1435)F or KN cusp  Belle, PRL 130, 151903 (2023)
A; S AT 0 AoT AT NR; BESINI, JHEP 12, 033 (2022)

c

23), Ad = pK it

JHEP 07, 204 (2023), DF — ntata—
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ion at Belle and Belle Il

o Belle (II) has two ways to produce the charm sample: eTe™ — c& (¢ = 1.3 nb) and b — c transition.

o Belle accumulated a dataset of ~ 1 ab™!, which provides a large BB sample (772 millions), and also a large charm

sample to study charm physics, e.g. NpDr:;d ~ 0(10°), NAC

B

.".V

iy

Ecm On/Off (fb™*)  Number
Y(15) 5.7/1.8 102 M Y(1S)
Y(25) 24.9/1.7 158 M Y(25)
Y(35) 2.9/0.25 11 M Y(3S)
Y(4S)syp,  140.0/15.6 152 M BB
Y(4S)svp.  571.0/73.8 620 M BB
Y(5S) 121.4/1.7 8.3 M BsB;
Scan 0/27.6

([

orod ™ O(108), etc.
25 T T -
ete —  Cross section [nb]

i ] x(45) 1.05 +0.10
CRU C—— |
= I wa 1.61
3 | q dd 0.40
8 gl T () 0.919

157 + H wrpm () 1.148
K i ete= () 300 + 3
T opot _
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o 1L
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o} bey [ ‘*m., T X
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