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Outline

Quantum correlated D°DP

K [ hh~ (BPGGSZ’ modes)

K7t /K nt7% /K~ ntatn~ (CADS’ modes)
ata ata™, KtK ntr~ (GLW’ modes)
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Quantum correlated D°D” produced in et e~ collisions

> etem — DDV + m(n%) + n(v)
> C'(DODO) — (_1)71—0—1
» [PRD 15, 1254 (1977)]

In(y)
Quantum Correlated D°DP:
> 5 [1D°(pr, )| DP(p2, 82)) + CIDP (p1, 81))[DP (2, t2))]
» C-odd: ete” — DODO
» Ceven: ete” — DOD° + D°DO D0 — DO
» Codd: ete” — DD + DOD*O, DO — 70O
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Quantum correlated D°D° at BESIII
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» 3773 MeV — C-odd: ete” — DODP

» 4180 MeV — C-odd: ete™ — D*OD° 4 D°D*0, D*0 — ~ DO
» 4180 MeV — C-even: ete™ — DDV + DV D*0, D0 — 700
> ...
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QC double decay rates at 1»(3770)

rET) = / / As(x) Ar(y) — Ag(x)Ar(y) 2dxdy

AZAZ + AZA% — 2RgRrAgAgArAgcos (65 — 07)]
= A 2A% [(75) + (rT) — 2RSRT7%7’D cos (0 — 5D)]

Difference of CP-conserving phases in D/D decays

Mixing effects (to the order (22, 4?)) and CPV can be
neglected

Best laboratory to measure strong-phase parameters
Inputs for CPV studies (in the charm sector and b sector)
at B experiments

Theoretical interpretation of the large charm mixing and
CPV effects [Phys. Rev. D 99 (2019) 113001]
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Strong-phase parameters

BESII

Decay mode Parameters Status (2.93fb~1)
_ PRL 124, 241802 (2020)
+ s '

Kgntn ci Si PRD 101, 112002 (2020)

KoK+ K- Ciy 5i PRD 102, 052008 (2020)

K-ntrtn op, Rp

Km0 5 R JHEP 05, 164 (2021)

K—nt Sp EPJC 82, 1009 (2022)

S Fy PRD 106, 092004 (2022)
ciy i ongoing

Kt K—mtn— Fy PRD 107, 032009 (2023)
Ciy i ongoing

Kntrn—n0 Fy and ¢, s; ongoing

mta— 0 Fy ongoing

KtK— 70 Fy ongoing

ngKiﬂ':F dp, Rp ongoing
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Analysis strategy

» Quantum correlated C-odd DD produced at BESIII

CP eigenstates

Flavour tag

e
——) —
e-
T[+
T n Kt

v

— ¢(3770) — DD

[ dtL =293 fb~!
10597,000 neutral DD

[CPC 42 (2018) 083001]

”Double-tag” method:
reconstruct both D& D

miC = \/ERean/ ¢! — P3|/
AE = ED - Ebeam
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Tag modes

1 (Quasi-)flavour modes: K*nFrTn—, K*n¥a0 Ktr¥ ...

2 CP-even eigenstates: KTK—, n7n—, 7970, K%n0x0, KOx°,
K%w, atr—nd

3 (CP-odd eigenstates: Kgnro, K%n, ng, K%n Sd), L7T07T0

4 Self-conjugate modes: K% ntn~, KQ, K"K, ...

D(ST) = AZA%[(r))* + (r))* — 2RsRyrrfycos (6, — 67)]
IS = A%[(’%) — Rgr(ycos o7, — wsin0p) + (2 + 3%) /2]
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Phase-difference parameters in D — KYhTh~
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» Adp between
symmetric points

[

o

» ¢;: bin-averaged
cos(Adp)

» s;: bin-averaged
sin(Adp)

PERS
| bin number |

V)

0.5 1.0 1.5 2.0 2.5 3.0
m3 [GeV?/c!]

‘optimal binning’
[JHEP 02 (2021) 169]
» Divide D — K%r "7~ Dalitz plot into bins
> Full potential to exploit v angle [BPGGSZ’ method, PRD 68
(2003) 054018; PRD 67 (2003) 071301; A. Bondar]
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Quantum correlation effects

BESII
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Observables

1 CP-tagged K%h™h™ yields:
MF = hope (K; £ 2¢i/KiK_; + K_;)

K; are the fractional flavour-tagged th*’ h™ events; hopt = S* /2Shq0.,
ratio of single-tagged yields of CP modes and flavour-tagged Khth™ yields

2 Self-tagged K4hTh™ yields:

Mij = hcorr. [KiK_]’ + K_in - 2\/ KiK_inK_j(CiCj + 87;8]')]
heorr. = NDODO /25%0.714

3 KYhTh™ yields tagged with KOhTh™:

N [K K+ KK, — 2/ KK KK (cid) + sis )]
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Results of ¢; and s; at BESIII
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C,  [PRL 124, 241802 (2020)] " [PRD 102, 052008 (2020)]

[PRD 101, 112002 (2020)]
» Contribute to a systematic uncertainty of 1° to 7y measurement

> Lead to the best single v measurement and indirect charm CPV

study [JHEP 02 (2021) 169, PRL 127 (2021) 111801]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.241802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.112002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.052008

Double tagged K7, K 7t 7n°, K-ntntrn

Fully reconstructed CP tags K% tags
Krrw vs, KK Krnd v, K'K K vs. KK L ———— Krnd vs. Ko Ficnvs kom0
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o (G6VIE) [JHEP 05 (2021) 164]
» Clean background in fully reconstructed events

> K% momentum inferred from tagged D and particles in the
signal side
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Observables

» The quantum correlated LS (e.g. K37 vs. KT w7) and
CP tagged yields are different with those uncorrelated

» Their ratios are parametrized W%th D decay parameters:
(1-Rs)

Pis = 1— Rg ((y/r5) cos 65, — (z/75) sin 65) + (22 + y2)/(2[r%)]2)
Phns = (1+ (5/h)? = 25 /rh) Re R cos(5 — 65)) /
(1+ (/rB)? = Re(ly/rh)cos 6f — a/rh] sinah) —
Rs([yr/(rB)?) cos 65 — [ar/(r5)?] sin 65) + (a2 + 4*)/(rh)?)

. (1 + (r)* F 2rfRs cos 7))
PET (A F y+ (15)2(1 F y) — 2r) Rsycos 35, + 242)
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Observables

» The ratios can be measured as:

N(S19) + N(S|9)

Pis T2N(S|S) (B(D° — 8)/B(D° — 8))

N(S|T) + N(S|T)

B(D°—T)

B(DOATS'))

S
Pr,Ls = — —
(N(SIT) + N(3I ) (BB +

N(S|CP) + N(S|CP)

B(DY—S)
B(D® — K—nt) +B(D° — Kt77)

S =
Per+ = N(K—rn+|CP) + N(K+7—|CP)

B(DY — S) + B(DO — S)

> K%ﬂﬂr‘ tag mode can constrain the parameters

Yf =H (KZ- + (7";)2 K_;— ZT%RS\/m [ci coséjg — sisinéf)])

K

*Pcr+
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QC effects observed in CP tags
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Quantum correlated and uncorrelated measurements
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Binned 55377 and RK?,7T

> 553“ varies in phase space regions due to rich resonances

» Sensitivity on v can be significantly improved
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» Binning scheme depends on the DCS and CF model of
D — K371 measured by LHCD mric s (2018) 443
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of binned 653 and Ry,
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Second leading mode for v measurement

[arXiv:2209.03692]

Contribute to a syst. uncertainty of 6°

to v measurement ( same level as ogtat.)

Priority among BESIIT updates

BEST
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CP-even fraction in D' — 7#tn ntn™
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> Py = 5= = 0.721£0.01940.007

N+ F'Iirjrﬂ'o

= ST g = 0-75340.02850.010
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CP-even fraction in DY — 7tnr 7
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> F, = 0.735%0.015£0.005
> ¢;, s; parameters will be measured
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CP-even fraction in D' — KT K ntn—
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Summary

Decay mode Parameters Status (2.93fb™ 1)
KO _ o s PRL 124, 241802 (2020)
™ i Si PRD 101, 112002 (2020)
KOkt K~ i S PRD 102, 052008 (2020)
4 4
K?’rﬁro ’T p, Ep JHEP 05, 164 (2021)
K n'r ép, Rp
K-t Sp EPJC 82, 1009 (2022)
R Fy PRD 106, 092004 (2022)
ciy S5 ongoing
Kt K=t Fy PRD 107, 032009 (2023)
Ci, S; ongoing
Kféﬂ'*’ﬂ'iﬂ'o Fy and ¢, s ongoing
ata= 0 Fyq ongoing
KtK— =0 Fyq ongoing
Kngzw¥ ép, Rp ongoing

Other ongoing projects
1 Update with 8 and eventually 20 fb~! 1(3770) data sample

2 New unbinned K% ;P h” measurement
Thanks and stay tuned!
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