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Introduction

@ From neutral meson oscillations, we know that neutral D mesons exist in CP eigenstates
which are a superposition of flavour eigenstates (neglecting CPV, known to be small):
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@ Quantum-correlated Doﬁ) systems refer to pairs of neutral D mesons which exist in
eigenstates of C and P defined by (ignoring charm mixing for simplicity):
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o Produced in decays of particles with definite JPC quantum numbers to certain final
states...e.g. ¥(3770), xc1(3872)...etc

o Reconstructing both neutral D mesons in CP-definite final states, e.g. KTK—, ntn
enhances/suppresses contributions depending on the parent particle JPe

C-odd :
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Physics Motivation
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o To date, QC D°D systems have been studied at
eTe™ experiments to obtain:

> Time-integrated measurements of charm mixing .
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» DO decay strong phases (input to charm mixing

C-even final state
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> Ruling out quantum numbers in hadron of K'K
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@ May also be able to exploit them for other 6of +

=0 .

o Need a large sample of correlated D°D" pairs — 1oF
charmoni_a(-like) states such as x1(3872) provide an At B
opportunity to do so at LHCb M2 n (GeVE/eh)

C-odd final state

Figure from BESIII: Phys. Rev. D 112
(2025), 072006
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https://journals.aps.org/prd/abstract/10.1103/q6qr-8csr
https://journals.aps.org/prd/abstract/10.1103/q6qr-8csr

The LHCb Detector
@ Single-arm forward spectrometer built to study decays of b and ¢ hadrons produced in the
forward region
o Fully instrumented within pseudorapidity range of 2 < n <5
@ This analysis looks at 5.4fb~! and 11.4fb~! of pp collision data taken in 2024 and 2025
respectively

o Study of double-tagged DOBO enabled by x5 higher instantaneous luminosity + fully
software based trigger in run 3
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Analysis Outline

o Measure efficiency and BF corrected yield ratios of DD resonances in different D — HH
final states wrt CF K—n " /K+*7n~ FS:

Yield in channel ij

Fo =
Y™ Yield in channel ij without correlations
_ —=0 _
- NX—>D050,D0—>i,50—>j B(DO — K 7'('+) X B(D - Ktrw ) EK*W*/K*‘N’
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where i, j correspond to CP-even final states (i.e. K~ K™, 7~ n") across 8 channels — 1 CF
double-tagged, 3 CP double-tagged, 4 CF vs CP

o Expect to see k =~ 2 and k = 0 for C-even and C-odd resonances respectively

@ For CF vs CP, expect ~ £12% (Phys. Rev. D 112 (2025), 072006)
enhancement/suppression for C-even and C-odd Doﬁ) respectively; provides sensitivity to
cos(62 )

@ Perform measurements over the known Doﬁ) resonances in the near-threshold region; will be
able to do it with ¢(3770), X(3842), x2(2P)

Ho Sang Lee (University of Liverpool) 22 May 2026


https://journals.aps.org/prd/abstract/10.1103/q6qr-8csr

Backgrounds

e Combinatoric backgrounds forming fake D°

candidates:
> | Real D° + Fake 50 LHCb Unofficial
% 2000
>‘FakeDO—i-Realﬁ)‘ E
= 1950
> | Fake D® 4 Fake D°| K
X
o Real DO faking prompt DD’ candidates: S 190
» DO from different PV 1850
» DO from PV + DO from B-decay
> B— DOBOX decays 1600
o Partially reconstructed DV, D decays 1750

O . . e
D® decays with misidentified daughters 1800 1850 1900 1950 2000
m(K=m) MeV/c?

Peaking backgrounds:
> Partially reconstructed T2 — DOD%x+ in
suppressed DO decay modes
» DO from prompt D*t — DOxt
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m(DP) Mass Fits

LHCb Unofficial

o
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@ Signal component is sum of a
Double-sided Crystal Ball and Gaussian
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o Combinatoric background components
Bi,2(x) consists of a product of an :
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exponential and a 2nd order polynomial K- MeVie?
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@ For channels where both D final D% —» K==t
states are identical or charge
conjugates of each other, require PDF
to be symmetric
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The fitted PDF can be written as:
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Partial 2025 dataset (5.7 fb™")
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m(DD) Mass Spectrum

@ Using results of the D® mass fit, we calculate per-event sWeights to subtract the DO — hh
combinatoric background

o Substantial difference between 2024, 2025 m(DD) spectrum at open charm threshold — due
to changes in trigger selections at start of 2025

o Clear peaking structures seen for the x1(3872), X(3842) and x.2(3930)
o 1(3770) less clear; wide resonance lying on top of DD threshold
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Expected Sensitivity

Kij

Yield in channel jj

" Yield in channel ij without correlations

Obtain uncorrelated normalisation for each m(DD) peak from the K= 7t /KT~

channel

Perform fit to m(DD) and generate toys with statistics scaled by branching fraction,

efficiency ratios and expected enhancement/suppression factors based on known C of

resonances

. =0 e
o Observe nonzero suppression/enhancement of D°D" resonances with significance of 2.7¢

resonances closer to threshold (i.e. X3872, ¢(3770))
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Uncertainty due to large NR DD~ component; expect better sensitivity when including
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Xc1(3872) Signal Model

@ Threshold peak from partially reconstructed x.1(3872) — Doboﬂ'o/'y decay consists of both
C-even and C-odd contributions = Needs different treatment from cc — poD° peaks
@ Generate MC of the various x.1(3872) — D°D°x components:
> xc1(3872) — DOD°x®
> xc1(3872) — D*OD°, D*0 — DOx0
> xc1(3872) — D*0D°, D0 — DOy
e Fix ratio of D*D components using known branching fractions

o Convolve with resolution function obtained from fit to m(DD)true — M(DD)reco in simulation
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Summary

o LHCb Run 3 data opens up a unique opportunity to study quantum-correlated DD mesons

at a hadron collider for the first time
. . . . —0

@ Ongoing analysis to demonstrate quantum correlations in D°D" system produced at LHCb
using run 3 dataset

@ Procedures for event selection and mass fits are currently being finalised for the
Cabibbo-favoured K~7t/K* 7~ channel, and work on fitting the DD mass spectrum near
the open charm threshold is underway

o Current focus is on understanding detector and selection efficiency as function of m(DD)
and implementing MVA selections for other channels
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T/CPT symmetry measurements

@ Can make direct measurements of T/CPT symmetry using flavour-CP transitions (e.g.

Dy — DO with a CPT conjugate decay of 50 — D) by reconstructing D; at time t; in a
CP state (e.g. K~K™T) and D; in a CF final state

T-conjugate D transitons

Figure from JHEP 03 (2023) 038
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Strong phase measurements

o The decay rate for DD — Y7 vs Y> is given by:

I'(DD — Y1 VS. Y2)
ATA3

= [r12 + r22 +2CR1Ron 1> COS(51 — 52)]

—(1+ C)y [Riricos§1(1 + r3) + Rora cos 82(1 + r7)]
—(1+ C)x [Ryrisin 61 (1 — 2) + Rarysin §(1 — r12)]
+0(<%,y?),
where Y7, Y> denotes the final state of the D, C the even/odd correlation of the DD pair
and x, y are charm mixing parameters
@ For a correlated DD pair decaying to a DD — K~ 7t vs K~ KT /7~ x™ final state, the
relative enhancement wrt the uncorrelated case is given by:
2CrR _cossl —(1+ C)y
I (.

1+

where C is +1 and —1 for C-even and odd correlated DD pairs respectively

o Around ~ 12% enhancement/suppression for single-tag final states
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Fitted m(D°D°) spectrum — Run 1+2 analysis
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