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Introduction

The mixing parameters describes the magnitude of DDbar mixing
oMM AL
- Fl + F? ’ J= Fl -+ Fz

where M, , and ', , are the masses and widths of the neutral D
meson mass eigenstates.

v" DDbar mixing is highly suppressed by the GIM mechanism
and by the CKM matrix elements within the Standard Model

v" Observation of DDbar mixing by LHCb

v' Improving the constraints on the charm mixing parameters is
important for testing the SM, such as long-distance effect

v" In addition, relative strong phase is an important ingredient
for (over-)constraining the CKM unitary triangle, which 1s
crucial for searching for new physics
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Production at threshold

4 Threshold production at 3.773 GeV

4 Double Tag techniques: (partial-)reconstruct both D mesons

4 Charm events at threshold are very clean and unique in
studying D decays

4+ BESIII: world’s largest samples of y(3770), aim is to have
20/tb data in the future

. O
» Quantum correlation of two D mesons, D
time independent method to probe mixing .
1 o\| 730 ~0 0 ," —
w_=f(’D )ND°)=[D°) D°)) €+o—>,,,,;“'<—0‘9
» Lots of systematic uncertainties cancel Q
when applying double tag method

DO
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Implications of relative strong phase

% Time-dependent D> KT analysis:

phase difference & to relate (x', y') with (x, y). S B
PRL 110, 101802 (2013) L ]
Parameter Fit result 1_ - ] —
' =xpcosdir+ypsinda, (10-3) 0.5f iggggﬁ AR SR
Y =ypcosdr —xpsindgr. Rp 3.52 4+ 0.15 oF i"g;")li: + -
) - lo ~3 1
y’ 12+24 -0.5F + No-mixing .
a2 —0.09+0.13
-0.1 -0.05 0 0.05
x"* [%]
+» CKM unitarity triangle y/¢, extraction from B- — D K
« Atwood, Dunietz, Soni (ADS): Use doubly Cabibbo-suppressed decays,
e.g. D0 > K*r -
. b Va u \
+ ® 0
A K ~ e P 4B S D'KY_
oy, W+ » - = 1€ ’
Vo : R AB* = D°K*)
B Vcb,l c B Vcs s )
B+ u u f)o u u K+
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Strong phase in D’—Kr decay: formalism

The strong phase difference o, between the doubly Cabibbo-
suppressed (DCS) decay D’— K #* and the corresponding
Cabibbo-favored (CF) D’— K ~z" is denoted as

(K~ 7+ |DO)
(K-t |DO)

— _7\ )_161\.'17

V2Acp-

Omitting the higher orders of the
mixing parameters, and assuming
C'P conservation, we have

2rcosdir +y=(14+ Rws) - AcP— K
Bp,sx-n+ =~ Bp, K-t Ay = (fID°%), Ay = (f|D")

ACP—)I\’W —
B o= K—7T +B 1— K7
P e Acps+ = (f|D1)
DU + E() D() . E'()
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To determine o, in experiment

For the CP-eigenstates, yields of D — CP ST events will be
ncp+ = 2Npp - Bop+ - €cp+-
The DT yields with D — CP and D — Kz will be
ngr,cP+ =2Npp - Bop+ XBpors krn * EKn,cP+

Therefore, the branching fraction is

NK» CP+ ECP+

Bpors xn = - : '
ncp+ CKn,CP+

Here, ecpi/eg, cp+ cancels most systematic effects within the
D — CP= decay mode.

Therefore, Ap_, . can be obtained. With external inputs of

the other parameters, we can obtain 0.
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Single tags of CP modes
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Double tags of (CP, Kx) modes
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Taa| T 5 .
3 | K, K"K 3300 Knr,ntn
O o
=500} 1 =200F
pr&liminary Preliminary
@ @100
o o
T 0~1% 86, 188 |3 Y 86 188
Mgo(GeV/c?) Mgo(GeV/c?)
(\T\ 80_ ! L T ol o‘;\ T 0 T T
(&) 3 0 40 (&) i
SGOLKn,n n -l- S4OO_KR.PTC
2 2 |
o | oot
prgliejnary -pgllmmary
O . : o [ .
ke O%==57 186, 188 3 0*=1%3 186, 188
Mg (GeV/c?) 100 Mg (GeV/c?)
& nnl 0.0 i B . P! 0 ' '
%600: K, KO % KR Kgn
=400 15 50:_
T ~
pﬁgﬁﬁqfnary 3 :grel'minary
o / o [
g 0T 186 188 |p 7 186 188
Mg (GeV/c?) Mg (GeV/c?)

Yinghui Guan@ Hadron 2013

y

%V/c

"Q300F K7, KL 0

o

=200}

S

.I@P@[minary

[0 G: X

T 1.84 186 1.8
Mgo(GeVic?)




Preliminary numerical results

Mode(C'P) ST Yield Efficiency(%) Mode DT Yield  efficiency(%)
P 56156 & 261 £ 61 62.99 + 0.26 K*#rn¥ KtK~ 1669 +42+4 42.65+ 0.21
—— 20222 + 187 + 38  65.58 + 0.26 K*=n¥ ntn- 608 £25+3 44.32+0.21
K707 25156 + 235 + 81  16.46 + 0.07 K*n% K2zx%2° 800+30+4 12.68+0.13
nOr? 7610 + 156 £ 56  42.77 +0.21 K=a%,7%z%  212+1540  29.75£0.18
pr” 41117 £ 354 £ 68 36.22 £ 0.21 K*a¥, pr’ 1240 +£36 £1 2544 £0.16
K%x° 72710 £291 + 34 41.95 + 0.21 K*a% Kgrn®  1688+£42+4  29.06 £0.17
K1 10046 + 118 27  35.46 £ 0.20 K=a%, Kgn 231£16+£1  24.76+0.16
K% 31422 + 215+ 49  17.88 +0.10 K*n%, K§w 725+28+1 12.47+0.06

\ J
|

Acpoicr = (12.77 £ 1.31(stat.) )33 (sys.)) %
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Preliminary results of 6,
We measure Acp_ i = (12.77 &+ 1.31(stat.) )57 (sys.)) %
We have 2rcosdg. +y=(14+ Rws)  Acp_knr

With external inputs of the parameters in HFAG2013 and PDG,
Rp = 3.47 £ 0.06%0, y = 6.6 = 0.9%0 Rws = 3.80 % 0.05%

we obtain
cosdxr = 1.03+0.12 £ 0.04 + 0.01

CLEO measurements of strong phase differences and coherence factors done
with 0.8 fb~1at w(3770). jcLEo, PRD 86 (2012) 112001]

. . . ; . 51+0.22+4+0.07
without external inputs: cosd = 0.817 573 005

) . N 1€ .
with external inputs: COS0 = 1154_"8%4:88%

BESIII result: the most precise measurement of oy,
and compatible with the world average
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Determination of the mixing parameter y.p

For any final states of CP eigenstates, the decay rate 1s:

Rep+ |A0Pi|2(1 F ycp)
where

| —

(14 p .4 D
yop = 5lycoso(|=| + | =) — zsing (|~ — |=|)]
p q p q

SN

Considering the process in which one D decays into CP eigenstates
and the other D decays semileptonically, the decay rate is:

Ry cp+ o< |Ai]*|Acp+|?
Neglecting terms to order y? or higher, we can derive

N 1 RicpyRep-  Ricp-Reop+
yop = —( -

1 Rl:('l’— R('I’+ Rl:('[’-f-R("l’—

Yor=Y
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Measurement of y.p: formalism

On experiments. we have

. vk,j v 1,] k

l/ ~ 1 ZA} C(.'I’+:[ Zi C(’P— Zl} C(,-'P—:[ k C(’P+

yop ~ i1 - T - .
/ '] k 1k,j 11

4 Zz} C('P—:[ Zk C('P-{- ZA] C’('P-f-:l Zi C"(,'l’—

where the efficiency-corrected yields are denoted to be

|

Nt }TLJ
Yi _ _Cprt i,] L j\CPi;l
'CPx e, CP+il — ~4j
CP+ _ €C P+
, . 7 _ Copy
We define the ratio B, = - and B_ =
Cep+ Cep-
then Yop = ﬁ[l% - ]f_]
B_. B,

Bi 1s the average ratio over different CP modes by minimizing

2 _ (Bi _ B:Oﬁ)2
=2y
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Measurement of y.,: CP tag and flavor tag

We measure the y 4 using CPtagged semi-leptonic D decays

‘ based on 2.9 fb! w(3770) data
CP- tag é K
Type Modes
e+
).b CPt KtK—, ntn—, Kgn'n!

CP~ Kn' Klw, Kin

K 7\‘ flavor tag ¥ Kev, Kuv
e(u)

Ve(u)

-
Umiss = Emiss o C‘pmiss

The observable can be :

— —

— 2 A — —_
pmzss T _\/ beam mD pDCP _pK _pl Emiss Ebeam EK El

Semi-leptonic signal peaks at zero!
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Single tags of CP modes
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Double tags of Kev modes
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Double tags of Kuv modes
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Preliminary numerical results

Signal yields of the full data set
Modes Ntag Ntag,Keu Ntag,Kuu

KTK~ 54307 4+ 252 1216 + 40 1093+ 37
T 19996 4+ 177 427 498N 400 + 23
K2n%70 24369 + 23b\\560'Et 28 558 + 28
K2n® 71419 £v286 1699 + 47 1475 + 43
K2w 21249 + 157 473 £25 501 + 26
K2n 9843 + 117 242 +£ 17 237+ 18

preliminary result: 3

yop = —1.6% = 1.3%(stat.) £ 0.6%(syst.)
* resultis statistically limited

« systematic uncertainty is relatively smalli
Yinghui Guan@ Hadron 2013
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Comparison with world measurement

compatible with
E11999 | . [ OS2k world average results

3420 = 1.390 = 0.740 %

CLEO 2002 o 1 -1.200 = 2.500 = 1.400 %
BESIII (pre) H——H -1.6 £1.3 £0.6 %
Belle 2009 }-ﬁ—o—o-{ 0.110 = 0.610 = 0.520 % CLEOc 2012:
[PRD 86 (2012) 112001]
LHCb 2012 L oli 0.550 = 0.630 = 0.410 % yCP=(4'ZiZ'0 +1.0)%
Belle 2012 H 1.110 = 0.220 = 0.110 %

best precision in
Charm factory

0.720 = 0.180 = 0.124 %

World average H 0.866 = 0.155 %

I

4 s

Yep (%) World average directly from HFAG2013
(BESIII (pre.) not included)
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Toward global fit at BESIII

B least squares fitter: used for extracting expected physics
parameters from the correlated experimental data
B Monte Carlo validation of the fitter

* seven external inputs in

D decay mode feer
the test: Ry, 1'%, 0., X :
" WS" 9 K Do I\,_TT+ 1+RHS
Yps X'“and y K+K- 2
* their uncertainties are K g 2
assumed to be K nt,Ktn~ (14 Rws)?—4rcosdg(rcosdg~+yp)
K- at,KtK~ 1+ Rws+2rcosdgr+yp
uncorrEIated K- nt, Ksﬂ'o 1+ Rws —2rcosdg- —YpD
: K7t Kte e l—rypcosdgr —repsindxr
Rweg = ‘r‘z +7ryp cos(d < ' ' '
WS YD (T2(+1;;)) KtK—,Kgn" 4
—rzpsin(§xr )+ —L5L2>, K+K~, Kev, 2(1+yp)
a' =zpcosdgr+ypsindkn, Ks70, Keve 2(1—yp)

y’ = Yp COS 51\’77 — D Sil'l 51‘\'7.‘ .
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Sensitivity of the global fit at BESIII

O MC study corresponds to 3.0 / fb data
[ input of the central values of the world average in 2012:
O with the external constrains of :

Srr = 22.1797.(°), yp = 0.75 £ 0.12(%)

[ output: ) N
5K’J‘T : :|:83( ), Yp . iOlO(%) i
1k
o |
=30 =30 . , @ |
~ E < E - ‘-.. | ol
i | : S [
20 |\ 20 [
-102?1 ‘O.IGSI ‘ ‘1.1I | I1.£—35I | [21.-0
10 | 10 | cosd J
ARG : /@ 6 = (187 }1/)0
o ‘“i‘”i"".‘“'F“"l“j&.('."“.“'.““l‘“'.‘"‘.‘“‘."" '''' () i”””’"'””””"'”’\’";’/'"”””""”’]”".’””
50 o 50 100 o 0.01 0.02
8Krc yD
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Summary

Quantum-correlated D°-DY production on threshold provide
an unique way to measure the charm mixing parameters

BESIII collected 2.9 /fb e™e” collision data at 3.773 GeV
the world-largest on-threshold data in charm factory

Strong phase difference in D’—Kr decays is measured with
the best accuracy

help to improve the world measurement of the mixing
parameters x and y

The mixing parameter yp1s determined, which 1s

compatible with the world average
still statistically limited

More charm data will be collected at BESIII; work on
global fit 1s ongoing
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Thank you!
it it KR !
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