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* Introduction

 Strong phase difference measurements
* Amplitude analyses of D, decays

* Branching fraction results

* Summary
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Quantum-coherent DD

* Improving measurement result of y in CKM unitarity
triangle is one key to test SM and search NP

* Strong phases of K’nr, KKK, K n*ntn~ and K n*n®
are key inputs to y measurement
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C() (’)OfD — KS/LTCTC

* A factor of ~2.5 (2.0) more precise for c¢;(s;) than previous
results

* The associated uncertainty on y is reduced from ~3° to
~1°in B~ - D(K;nm)K ™~ [GGSZ]

* Red: thiswork Blue: expected values [prp 98,110212(2018)]  Green: CLEO-c results
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Hadronic parameters 0p and R

* The result is more precise

than the existing world ot gegi
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PhysRevLett.123.112001

Events/20 MeV/c*

* Retaining 1239 signal event with
a purity of (97.7 £ 0.5)%

Evenis/20 MeV/c’
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* First observation of D —
a,(980) O™ with a

1 1.5
M on (GeV/c)
————— 77—

statistical significance of 16.20

(4.178 GeV data only) = =
* Branching fraction is larger than = =
other WA decays significantly M., (GeV/e) My, (GeVIe?)
Ii FF
Amplitude $n (rad) " B(D} - ntn®n) = (9.5 + 0.28 + 0.41)%
Di—ptn 0.0 (fixed) 0.783+0.050+0.021 +(0)
D = (zt7%),n  0.61240.172+0.342  0.054+0.021+£0.025 B (DS+ - a¢(980) n0(+>)
D —ay(980)r  2.794£0.087+0.044 0.232%0.023+0.033 = (146 + 0.15 + 0.23)%
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» Signal purity is greater than 85% after ﬁg bk |
selections T 40 "
+ +o— ot b Z
* Dy - n2n7n” is observed for the first time, £ T == . i
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~100
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f1(1420)(ao(980) 7))t 4.3 +02+04 1.9+05+0.3
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0 [a0(980) T~ |gm™ 01402402 344+08+0.6
p(770) [fo(980)n]sm™ 14402403 62+1.7+09
[fo(500)n]sm™ 25402403 12.7+£26+2.0
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Branching fractions

e D decays
* New decay: Dt —» Kt T m ™10 [PhysRevLett.125.141802]
* Absolute BF: 14 exclusive D decays to 1 [PhysRevLett.124.241803]

* New method: Semileptonic tagged D —» Kt m~ % arxiv:
2105.14310]

Dt - K*tn*tn—m" 350(22) 11.3(8)(3) Evidence for CPV X

Evidence for D™ - Ktw V
Semileptonic tag 112(12) 10.3(12)(6) Consistent with previous
DY - K*ntnn® result, method verified

D° - K m*p 6126(82) 185.3(25)(31) Consistent with Belle’s

D° - K.n'n 1093(35) 100.6(34)(30) Better precision
Total D? - nX —- (8.62 + 0.35)% =inclusive rate (9.5 + 0.9)%
Total Dt — nX -- (4.68 +£ 0.18)% =inclusive rate (6.5 + 0.7)%
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Branching fractions

* Absolute measurement with higher precision
* D, decays: 7 D;' — PP decays [HEP08(2020)146]
« A, decays (4.599 GeV data only): AL = pKn (phyLetts 817 (2021) 1363271,

Df - K*n' 675(43) 2.68(17)(17)(8) Higher precision than CLEO’s
D -y’  9912(113) 37.8(4)(2)(1) results

Df » K*n  1841(114) 1.62(10)(3)(5)

DI - mwtn  19519(192) 17.41(18)(27)(54)

DI » K*Ks 35977(206) 15.02(10)(27)(47)

D > nwtKs 2724(83)  1.109(34)(23)(35)

Df - K*mn® 2275(149) 0.748(49)(18)(23)

AL - pKgn  42(9) 4.14(84)(28) Observed with 5.30 significance
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* Improved strong phase difference measurement results of
K., KKK, K3, Knm®, their uncertainties on 14
measurement have been reduced

« More amplitude analyses of DS have been done

* WA processes are studied in VP and SP final states
* Observe D — a,(980)m for the first time

* Enhance branching fraction results of charmed hadron
decays with higher precision, helping deepen theoretical
understandings

* More results will come soon based on the large dataset at

THANK YOU'!
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Strong phase formalism

* The strong phase 6 and coherence factor R are defined as:
rp = Ag/As. A% = [|As(x)dx,

—iss _ ] As(x)Ag(x)dx

Rge AgAs

* Equations:
['(S|CP) = A%AQCP (1 + (r%)2 _ QARST% COS 515))
['(S]S) = AZA%[1 — R3).
V= (Kot () Koy~ 20 B R [ con 55— sosind

M, =heon [K,;K_j+K_in—2\/1<iK_jK_in(cicj+s,;s j)}
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Amplitude analysis method

 Amplitude model for each intermediate state:
A, = P,P;S,F,FLF,,
 Amplitude model of total decay:

M - Z C-‘IAna C‘n = pnei¢n

* Signal PDF:

€(Pj)|M(Pj)|2R4(Pj)
Je(p)IM(p;)|*R4(p;)dp;

fs(Pj) =
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Amplitude analysis results

« D} decay:
e DI —» Kot [JHEP06(2021)181]
e D - K*K~ntn® [PhysRevD.104.032011]
« DY - K*K~n* [PhysRevD.104.012016]
« D} » KK~ mtm*[PhysRevD.103.092006]

e D decay:

e Dt > K.K*r® [PhysRevD.104.012006]
e DY 5> K.KtK~ [arXiv:2006.02800]
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Branching fraction results

* D and A{ decays:

2021/9/8

D 0 K*K ntn~
KsKsmtm™
KsK-mtm®
KsK*m m®
D + K*K-n*n®
KoK+mom®
KsK ntmt
KsKtntm™
KsKsm*n®

D° - wntm~
Dt - wrn*r
D° - wr'rn®
D+ - nnn.+

D+ - 777T+7T0
D° - nmutm™

AL - KoX

0.69(7)(4)
0.53(9)(3)
1.32(14)(7)
0.65(7)(2)
6.62(20)(25)
0.58(12)(4)
2.27(12)(6)
1.89(12)(5)

1.34(20)(6)

1.33(16)(12)
3.87(83)(25)
<1.10
2.96(24)(10)
2.23(15)(10)
1.20(7)(4)
99(60)(40)

PhysRevD.102.052006

PhysRevD.102.052003

PhysRevD.101.052009

EurPhysJC(2020)80:935
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