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Quantum coherent D°D° in e* e~ collisions

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

}n(y)

Quantum D°DY samples at BESIII:
» 3773 MeV : Ctodd: ete” — DODY (m=0, n=0)
» 4180 MeV: C-even: efe™ — yD'DP(m=0,n=1)
» 4180 MeV: C-odd: ete™ — 7D°DP(m =1,n=0)
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Strong phase parameters measurement

For process: ete™ — (3770) — D°D° — S4+T

» Measure the strong-phase
difference Adp = 61 — %)

» Best laboratory to measure
strong phase parameters

» Provide inputs for CPV studies
and v measurement

I(S[T)

/ / As(x) Az(y) — Ag(x)Ar(y) 2dxdy
= [A%AL + AZA% — 2RsRrAsAgArAzcos (3f — 67)]
= AL (5) + (B2 — 2RsRyrSr L cos (6] — 53]
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Strong phase parameters used in v measurement

pasansa ) |
T\

“E Sy om, 07— it60)

sin2p b VD K \x
05 ~ A o

o f’ > i 3 ) L

I 00 o £ j £ B fnf\
o %ﬁm - o w u /'
r,-;r"“' vl _” —
Ty ¥ & ] Xg D I\
iw.ﬂ\ L |

CKM 2023 WorkShop
» ~ is important to check the unitary of CKM matrix
» D decay strong phase parameters is required in many
channels of v measurement:
» GLW: strong phase difference between CP even and CP odd
» ADS: CF and DCS process strong phase parameters
» BPGGSZ: binned K% / T h™ tag strong phase parameters
Ci/Si
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Strong phase parameters in CPV and charm mixing

» D decay is an important method to measure charm mixing

and CPV

» from the time-dependent decay rate (mainly B factory)
> DO — KOntr— (PRL 127, 111801(2021));
> DO — hthA=(PRD 105, 092013(2022))
» Strong phase parameters is the input of mixed CPV
measurement and charm mixing studies
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Methodology
» 1)(3770) integrated luminosity :
> 2.93(2011-2012) + 4.97(2021) + 12.16(2022-2024) ~ 20fb "
» Fully reconstructed tags: all particles can be reconstructed.

> mpo = B/t — 93/
> AE = Ep — Epeam

» Partially reconstructed tags: include a neutral particle like
KO that can not be reconstructed

> ]‘42 - |Pmlss|

miss IHISS

> Fiss and Pmlss are calculated from the reconstructed
particles and beam energy.

Flavour tags Ki7rZF7r:F7r’ KEnFr0, KEnF, ..

CP-even tags KtK—, nto=, 7070 K07r07r0, KOT('O, Kow atr— a0t
CP-odd tags K%Tro, Kg'r], Kow KO KOQS, KOLTI' w0
Self-conjugate tags Kgrntn—, KgK*K .

T Fgpy = 0.973 4£0.017 [PLB 747, 9 (2015); PLB 740, 1

(2015)]

BESII
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Amplitude model

» Amplitude analysis can provide useful information for
strong phase parameters measurement
» optimize bin schedule, DCS correction . ..

channels ‘ model
K%?Wr Belle published
Kdrn corrected K%rm model (published)
KtnTnTn— LHCDb published
KK ntn— LHCD published
T~ BESIII published
K*tnF70 | CF BESIII ongoing , DCS no model
KOSKiTrjE no model
KtK—7° BESIII ongoing
atn—n0 BESIII ongoing
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Status

‘ Signal decay ‘ Quantities

Status

|
KO h+he cifsi ‘ ¢;/s; Finished 2.93 fb~1
5/L unbinnned ¢i/s;/unbinned ongoing 7.9 fb—!
| KEr¥rTr— | RS | Finished 2.93fb~! ongoing 7.9 fb~! |
| KYK-ntn~ | Fy, ci/si | Fy Finished 2.93fb~!, ¢;/s; ongoing 16 fb=1 |
| atr—atn™ | Fy,ci/si | Fy Finished 2.93fb~!,¢;/s; ongoing 2.93 fb~1 |
| KEaTa0 | R,§ | Finished 2.93fb~! ongoing 7.9 fb—1! |
‘ KgK:tﬂ'i ‘ R,6 ‘ ongoing 7.9 fb~1 ‘
‘ rta— a0 ‘ Fy ‘ ongoing 7.9 fb~1 ‘
| Kortm=n0 | Fy, ci/si | Fy Finished 2.93fb~! |
‘ KtK—n0 ‘ Fy ‘ ongoing 7.9 fb~1 ‘
‘ K*n¥ ‘ R, ‘ Finished 2.93fb~! ongoing 7.9 fb—! ‘
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Binned strong phase difference parameters

» Divided dalitz plane into bins — improve sensitivity in v
measurement
> K%th h~ is the golden channel for v measurement
> Parameterized strong phase difference:
> ¢ o [, A% A%, cos(dp)dm?i dm?
> ;o [, AT AT, sin(6p)dm?A dm?

| bin number |

0.5 1.0 1.5 2.0 2.5 3.0
m2 [GeV?/cl]

optimal binning scheme in JHEP 02, 169(2021)
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Measurement of ¢;/s; in BESIII
Dalitz plots for different tags:

3 T e 3 T e Ko
s, K. 5 CP-odd vs. KymeTe

» Flavour tags + CP tags — ¢;
» Flavour tags + self-conjugated tags — ¢;/s;

» ¢;/s; can be measured through flavour tags, CP tags and
self-conjugate tags yields by Double-Tag method
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¢;/ s; measurement result
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C, [PRL 124, 241802 (2020)] " [PRD 102, 052008 (2020)]
2

[PI(I} 101, 11200 (2()21!‘):
» Contribute to a systematic uncertainty of 1° to v measurement
» Lead to the best single v measurement.jHep 02 (2021) 169]

» c;/s; result with 7.9 fb~! data set is under review
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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

Unbinned strong phase parameters

» Fourier expansion for each point
at dp = arg(Aggdel) — arg(A%lSdel)

in phase space

mX K ) [GeVZ 4]

» Optimize a weight function w, for
dalitz plots to maximise the
sensitivity of v

2
mA(Kim) [GeVct]
T
[ Doy
Hr

» Divide the Dalitz plane into two
parts from the comparison of
points’ sensitivity on D° and D°

mAKSm) [GeV?/c*]

2
mAKm) [GeVet)
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~v measurement with unbinned method

x4 + iy, = rpel®siy)

K-, Pr(2) < pp(2) + (2 + y2)pp(2) + 2[x_C(2) + y-5(2)]
|

| input from charm factories ‘

/ N
\ T

Eur. Phys. J. C 78, 121 (2018)

» Decay rate pp and parameters C(z)/S5(z) associated with
strong phase difference

> ppo =9 + M (aP cos(néD) + bPsin(ndp))

> ((2) = Re[AEAD] = a" + XM (a8 cos(ndp) + bS sin(ndp))

> S(2) = Im[A}Ap] = % + M | (a3 sin(ndp) + b3 sin(ndp))
» Inputs of Fourier coefficients to v measurement

> a7t = hplagt + (22 +y2)a]” +2(z-a7 + y_a3)]
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Joint fit between BESIII and LHCb data

» BESIII data:
» Flavour tag:
al™v = hﬂav[ + (2% + v3)aP~ — 2Rp(zpal — ypal)]
> CP tag: af = hi[ D+ + abl- :F2an]
» Self-conjugated tag:
aPD = hpplaP*tal~ + aP=aP+ — 2(aCal + ab af)]
» LHCb data
> Bt = hplalt + (22 + 42 )al +2(z_al + y_a?)]
» The order of coefficients need the cooperation between
LHCb and BESIII

» LHCb data could improve the determination of a¢ and a?

» Measurement result with unbinned method will be
available soon.
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CP even fraction for Kirtm 7
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[PRD 108, 032003 (2023)]

> CP tag: F, = —0— = 0.22940.013:0.002

Nt+N—

» Combined Fy = 0.235%+ 0.010£0.002
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CP even fraction for 7777
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[PRD 106, 092004 (2022)]
» Combined F} = 0.735+ 0.015£0.005

» ¢;/s; measurement is under review
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CP even fraction for K"K ntn—
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[PRD 106, 092004 (2022)]

» Combined Fy =
0.730+ 0.037+0.021

> K%mr ¢i/s; under 7.9

fb~1 is under review
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Strong phase parameters measurement of flavour chann
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[JHEP 05, 164 (2021)]
[EPJC 82, 1009(2022)]
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Binned Ryt s 7.~ and gt r,7,- for v measurement
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» Rich resonances of K*7nFrFr~ brings
the difference of 0 g+, +,5,- in phase
space

» Second leading mode for v measurement
with a syst uncertainty of 6° to y

0.10203040506070809 1 measurement [arxiv:2209.03692]

- » update in 7.9 fb~! 1(3770) data now
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Summary

‘ Signal decay ‘ Quantities ‘ Status ‘
Kg/Lh+ h™ ¢;/s;, unbinned ¢i/s; Finished 2.93 fb~ !, ¢;/s;/unbinned ongoing 7.9 fb~1
KEnFnFn— R,6 Finished 2A.()3fb*1,ongoing 7.9 fob— 1
Ktk—ntn— Fi, ci/s; F, Finished 2.93['])71,(:,;/31; ongoing 16 b1
atr—atn— Fi, ci/s; F, Finished 2.93['])71,(:,;/31; ongoing 2.93 b1
KEnF 0 R,$ Finished 2A.()3fl)71,ongoing 7.9 fob— 1
K?,.Kiﬂ'i R,$ ongoing 7.9 b1t
ata~ w0 Fy ongoing 7.9 b1
Kfs)~7'r+7'r7‘rr(J Fi, ci/s; F, Finished 2.93fb !
KtK= =0 Fy ongoing 7.9 b1
KEaF R, Finished 2.93fb~ ! ongoing 7.9 fb~1

» lots of progresses with 2.93 fb~! ¢(3770) data set
» important inputs for CPV, charm mixing and
» New methods like unbinned is applied
Future:
» The total 20 fb~1 +(3770) data set — v uncertainty ~ 0.4°

» Data Sets at higher energy points as complementary
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