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Neutral charm meson pair production

« Y"'(3770) has mass just above charm meson pair
production

/ * It has C=-1, which is conserved in its strong decay

* This means that the two resultant D mesons are

quantum-correlated
/ « They are superpositions of D° and D°
a  Their decays are not independent of each other
How does the quantum- * Production mechanism allows for many unique
correlation manifest? Why results

is it useful? How can it be
exploited at BESIII ? « Largest dataset taken at "’ is at BESIII 3fb-"



How does this manifest?

D, decays to a CP-even
eigenstate.

In order to maintain overall C=-1,
the D, decay is CP-odd.

/

This is regardless on whether it
is a CP eigenstate or not

This interference then gives

access to strong-phase
differences.

I =A% + A% + 2AA cos &



Why are strong phases important?

r ie(aB'Y) DOK_ A precision measurement of the CKM
B angle y is a key goal in flavour physics

Typically measured in B> DK decays

B_ [f] DK- The physics associated with the D decay
need to be known

For model-independent measurements

of y require information on strong-
DOK phases, often in regions of phasespace

BESIIl can measure the required inputs

Great example of how BESIIl measurements are critical to the goals of LHCb and Belle Il



How do we make the measurements?

TAG

/

Double tag method:

The tag decay is a state of known
CP, flavour or where the strong-
phases are known from other
measurement

The signal decay is the one of
interest.

SIGNAL

Double tag yields are dependent
on the strong-phase parameters



Signal decay S=D->Kntntn™ &
D— K rntrnd

—i8% f A (X AS(X

Rge

. N(S|CP) + N(S|CP)
PP = 9Npp B(DO — CP) [B (DY — 8) + B (D" = §)|

Incoherent expectation =1

g (1 + ('r'*l%)2 T 213 2 Rs cos 55) Demonstrates how the observed

PCP+ = g fraction is dependent on the
(1 Ty (TD) 27'DR5y cos 0 ) parameters of interest

and rr*ls; — AS‘/AS Definition of measured parameters
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K n'n n K m’

Katntn vs. KK Kn'n® vs. K'K'

| | CP tags
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Katntn vs. ot

* Very pure signals extracted

* Only 3 tags shown
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Kn*n® vs. wrya®

« Kmvs CP used as a normalization

» Essentially removes uncertainties
based on the BF and reconstruction

1.85 1.86 1.87 1.88  1.85 1.86 1.87 1.88  1.85 1.86 1.87 1.88 efficiency of the CP tag
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Kn*ntn vs. Klo_:t'J

Ka*n® vs. Kﬁn"

M2, (GeV¥/c?)
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CP tags with

KL

One of the beauties of a hermetic
detector

Use missing momentum and energy
to infer the presence of K|

Increases the number of CP tags
available for analysis
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Measured pqp

T— x*xn’
—e— 'R

K'K

K
K (nax)
K’ (ynx)
Kgn(mun®)
Kgn(ry)
K30
Kio
K3n®
P PP PPN EPEPEPE BRI EPEPT PP B P T BT ST BT PP I
02 04 06 08 1 12 14 16 1.8 02 04 06 08 12 14 16 138
K3x

pCP;t

Clear difference for CP even and CP odd tags : Demonstration of QC effects
14 CP tags used in total. Many contain multiple neutral particles -
demonstrates the capabilities of the BESIII detector




Like sign tags

30F Ka'wnvs. Kn* Krtwa vs. Ka'n® [ Kn'wnt vs. Kn'n'n Like sign tags very sensitive to
sl 15F The coherence factor Rg
20
bt 3 Higher backgrounds from
10f 2r sk D->K¢Km and double mis-ID
L from the opposite signed tags
3000F Ka'wntvs. K'n Krntan* vs. K'nn® 1500k Kr'nnt vs. K
4000k . D2>K;Kn gives rlse_to leading
ey 1000} systematic uncertainty
1000f 2000r 1 .. L.
>0 Full analysis is statistically
A ] " dominated.
1.851.86 1.87 1.88 1.85 1.86 1.87 1.88 1.85 1.86 1.87 1.88

pS _ (1— Rs)2
Y 1= Rs ((y/r) cos 63, — (z/r§) sin 65) + (22 +42)/(2[r5]?)
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Measured observables

Observable Value Observable Value

AE3 0.070 £0.011+0.012  AEKz™ 0.078 £ 0.007 + 0.012
pKam 0.740 £ 0.157 £ 0.161  pkz™ 0.440 + 0.095 £ 0.014
PRI o 0.570 +£0.109 +£0.069  pKr™. 0.213 £ 0.062 £ 0.004
Promo s 0.715+0.094 £ 0.089

Like-sign observables not consistent with 1, again indicating sensitivity to
the strong-phase parameters.
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FITTED STRONG-PHASE
PARAMETERS

Precision from
CLEO

I
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:E BESIII

F[C1Ax?=2.30
- ] Ax%=6.18
F I Ax?=11.83

CLEO-c
-~ AY%=2.30
Ax°=6.18
— Ax%=11.83

RKM"
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Exploiting K n ¥~
further

Analysis of B>DK with inclusive

D> K~n*n*n~ provides limited sensitivity

By targeting sensitive regions of phasespace

it is possible to make a much more accurate
measurement of y using the same B data.

Re-perform analysis in 4 regions of phase
space

Remove the region of D> K.Kn
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Binned results

:.. I 1 1 1 nn 1 1 L | . 1 1 1 alaaaal 1 1 1 1
q} 0102030405060.70809 1 010203040506070809 1
RKI’K R(Qx
350

. T TR TR 4
EEI AyP=2.30 62 64 66 68 70 72
s 26.18
E=2§2-11.83 Y ()
- —=— Prediction

PRI ISR S BT S S N S S S SRS

1

Expected sensitivity ~ +7° — 9°

q} 0.102030405060.70809 o0 0102030405060.70809 1 o .
Re, ! ! R, Look forward to their use at the B factories

BESIII related uncertainties dominant5
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For D - K¢, and D = KsKK
binned measurements are
appropriate

Amplitude-averaged cosine (c;)
and sine (s;) of the strong-phase
difference in each region are
measured

One scheme is shown for each
decay

Other strong-phase
measurements
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BESIII

RESULTS Moo

Large improvement over CLEO
* x3.5 more data
 Wider range of tags o
» Pursuit of partial reconstruction e.g in D - K¢nmr use
Ks » n°n%, where a n° is missed -1.0 -05 %0 0.5

Models look consistent with the data

PRL 124 241802 (2020)
PRD 101 112002 (2020)

With increased data these measurements are good ways
to test amplitude models

These measurements have already been used by LHCb
to measure y=68.7 + 5.2°

Contribution of the BESIII uncertainty was less than 1°

— CLEO-c
*  BaBar Model

PRD 102 052008 (2020)




v ; . .
([ | Current world avg.
- Current world avg. + this paper

[ contours hold 685, 95% .
R
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arXiv:2106.03744

Phys. Rev. D99 (2019) 012007
Phys. Rev. D91 (2015) 094032
Phys. Lett. B 710 353 (2011)

CPV in charm
mixing
Yet to observe indirect CPV in the charm

All the strong-phase measurements can be
used as inputs to measurements of mixing
and CPV in neutral D mesons.

This week'’s result from LHCb another use
D — Ksnr strong-phases from BESIII

Places significant constraints on CPV

BESIII input vital, but not a negligible
systematic uncertainty contribution:
Improved precision going forward is key
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Amplitude Analysis & Branching fractions

Double tag
Full event reconstruction
High purity

n®/y

S!gnal Single tag
Side Only tag side reconstruction
0

m" /[y

Npre
B(D - f) = DTEST

Ngrépr

Meson Pair

D°DO/D*D" 3.773
DgD¢ 4.178
DD 4.189—4.226

Int £ fb-1

Tag side reconstruction and branching
fractions cancel.

Precision abso/ute BF measurement
possible
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Dt - K*tntn~ " (DCS decay) and

evidence for DT - Ktw

_ 1.88
N\U L
) > |
NE 80 p—s K*not 10rp— Kgn' 20l D— K*nnn % 1.86}
O 1] 3
% 60} SEG
E L
o ¥ 5t 1.84F
e 20- | . .
> - 1.88| w signal region
5 o 0 ] —— 5 _
5 184 186 188 184 186 188 184 186 188 > _
M,e (GeV/c?) M,: (GeV/c?) M,¢ (GeV/c?) 3 156l
g3 '
= .
3 tags used to search for the signal decays 1.84f
] _ 1.88F w sideband
Double tags show clear observation of the DCS decay R
>
@ 1.86f
3
= .
1.84F

184 186 188
M;; (GeV/c?)



A Signal
T g rgroud Results on DCS decay

B =1.21 +£0.08 x1073

Events / (1 MeV/c?)
(Y
-g- ™ -8- .l . T

el

>

o signal region * Ratio of DCS/CF =1.81 + 0.15 %

[a—y
(=

« Significantly larger than other DCS/CF
ratios (0.21-0.58)%

W

4

EE— L  Unexpected - suggests that perhaps

- sideband - there is large isopin symmetry

- violation in the DCS/CF decays caused
[ by final state interactions or differing

resonant structure

>

sk
>

2
>
Q
=
\n
Q
3
§
>
=

) « Amplitude analysis of larger sample

—— TN 5 A8 i required to understand the origin of
1.84 - 1.86 1.88 1.84 g 1.86 o what is observed
M2 (GeV/c?) M2 (GeV/c?)

0
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.
= oo Results DT = K+ w

« Evidence forD™ - K*w found.

Events / (1 MeV/c?)

el

o signal region « B=57%2% +0.2x107°

« BF of D>VP decays can be calculated with
i _ the incorporation of quark SU(3)-flavour
e re—— : —¢f symmetry and symmetry breaking and CP

[ o sideband ! violation.

2
>
Q
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\n
Q
3
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>
=

* Results favours that of SU(3)-flavour

M, symmetry and symmetry breaking
\ 4

184 186 188184 _ 186
My (GeV/c?) M;E (GeV/c?)

0
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Study of
Dt - K*K.m"

 SCS decays are expected to exhibit
larger CPV than CF, DCS decays

: IK"(892)+

2]?"(1@)

« Theoretical understanding of CPV in
charm is limited by non-perturbative
dynamics

Model B(D™ - K" (892)" Ks)(x10™") . Understanding BF D> VP better will

FAlr)rc[’Ilzix] 6'25%51'2 allow better tests of theoretical

TDA tree] 5.02 +1.31 models
TDA[QCD-penguin)| 4.90 £0.21
PDG 17£8

« DT - K*Kg has a number of
competing diagrams

23




Results from Dt - KtK n°

(a)
* 692 events selected >97% purity o
 Substantial improvement on the BF &
of D>K*Ks 4

1 15
M;. . (GeViic')

arXiv: 2104.09131

¥2/nbin =86.6/72=12 40

g

 These results can help constrain
theoretical models and thus
improve CP violation predictions
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Analysis of D, » K.ttt rn”
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Events/2.0(MeV/c?)

Events/5.3(MeV/c?)
o

'L-ff' !

1.95 9 195 2 R T —
M s‘ig(GeV/cz) M sig(GeV/cz) M s‘ig(GeV/cz)

(=]

4.178 GeV 4.189—4.219 GeV 4.226 GeV
9 tag modes used and full use of available data
609 signal events in total

Another SCS decay with a relatively large BF often used as normalization




D. - K.ntm®

B(D; » K,rtn®) = (5.43 4+ 0.30+ 0.15)x1073
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P e i - _-—-‘_-L
Lot I S tershond e

1 5
Precision improved by factor 3 M,‘,,lo(GeWcl)
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Further BF determined using the amplitude
analysis

(S

Valuable to understand the theoretical
models behind these hadronic decays,
further precision required

[
(=}

%
S
=
(=
o
5
=
:
m

=)

Intermediate process BF (1073) 05 ;u;m;(gle\}/cz)
Df - K2p* 2.73 4 0.42 £ 0.22
D} — K3p(1450)"  1.11+0.24+0.24
DF — K*(892)%7t  0.45+0.1240.05
D} — K*(892)*7%  0.25+0.08 £ 0.02 No evidence.

+ * 0.+
D, = K7(1410)'r” _0.18+0.09£0.03

Measure CP asymmetry Aq-p = (2.7 £ 5.5 + 0.9)%




D& - K~K*ntn® amplitude analysis & BF

o . Sud *+(892
532 (a) ; gzoo Ly
et 5 e ,,»&J
« CF decay, large BF (5.42+ 0.10+ 0.17)% Bl : 87T ,ﬁh
N 103- m 15 1005 1.01 1015 102 1025 108 10 - 07 08 03 .2
. Phasespace is b-D Mass (KK') (GeVIcd) T Mass (KK (GeVIed) Mass (K'x® (GeVic)
AN 250
- & % - 5 & 300F
§ « Decay dominated by D->VV decay i +*,,¢"1» o 37 Faf °(892)
o « DI — ¢p BF(3.06 + 0.08 + 0.12) % §: { &am §: pf \R gﬁ: ﬁ#
S - D} - K*K*BF (1.21 + 0.05 + 0.04)% L R Ny
2 « Significant improvements on the PDG " s 0 (Gavin = °1.a::,‘; la:wﬂn‘ W R R e 2
.2 o S0F &1 & 300F
>5 im‘ (&) [ﬁrﬁﬁ ii‘ () 3:: 0
= & g 3 i | Suf
P : ﬂ.k&! i
. Study D>AP decays id A § i4
Vil @ TR EETT ' Mass (K'wedt (GeVi
i = K205 KT _ 514015, 2009, T, f““a,
Br(K,(1270) > Kp) ‘ s # |
] i
| o B
« Across many experiments this ratio is observed R WIS L

Mass (KK'x?) (GeV/c)

to vary — limits of narrow width approximation?
27

See also Tuesday 12.15 Dai Xinchen



Summary

Comprehensive
programme of strong-
phase measurements

underway at BESIII

Data expected to
increase by x5 in the
near future

Critical inputs for CPV
measurements in the
precision era

Plenty to explore in
hadronic charm
decays via amplitude
analyses and BF
measurements

Greater than 4 GeV
dataset also set to
increase

Very exciting
prospects for the
future




