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Introduction

The mixing parameters describes the magnitude of DDbar mixing
oM M -1y
- Fl"‘FZ? y_iﬁl—l—Fg

where M, , and I , 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, strong phase is an important ingredient for (over-
)constraining the CKM unitary triangle, which is an 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

no
» Quantum correlation of two D mesons D
» \ery clean environment with little to .
no non-DDbar background ¢ o e _@€
> Lots of systematic uncertainties L
uncertainties cancel when applying Q

double tag method D

Xiao-Rui Lu @ Charm 2013 3



The decay rate of a correlated state

For a physical process producing D° D° such as

O —
D ete” > w@E770) > D°D°
. The D°DP pair will be a quantum-
¢ o — o€ correlated state
O The quantum number of Y(@3770) is J™“ =1

0

The C number of D° D° pair in this
processis (( = —

For a correlated state with C = — ¢|p°)=|D°)

y = (D)) |5 %) 4p°)=| o)

Taking advantage the qguantum coherence of DDbar pairs, BESIII
can study the charm physics in an unique way

« strong phase

* mixing parameters

« direct CP violation
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NIM A614, 345 (2010)

The BESIII detector

Magnet: 1 T Super conducting

MDC: small cell & He gas
e o,,~130 pm
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H““ Muon ID: 8~9 layer RPC
~Ore=1.4 cm~1.7 cm

EMCAL: Csl crystal Data Acquisition:
AE/E =2.5% @1 GeV Event rate = 3 kHz Trigger: Tracks & Showers
Gy, = 0.5-0.7 cm/VE Throughput ~ 50 MB/s | | Pipelined; Latency = 6.4 ps

The new BESIII detector is hermetic for neutral and charged particle

with excellent resolution, PID, and large coverage.
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Collected data samples at BESIII

Previous data BESIII now Goal
JIp BESII: 58 M 1.2 B 20*BESII 10 B
W(3686) CLEO: 28 M 0.5 B 20*CLEO 3B

@0) CLEO: 0.8 /fb 2.9 [fb 3.5*CLEO 20 /D
Above open CLEO: 0.6/ 2011: 0.5 /fb @ 4.009 GeV 5-10 /fb
charm @4160MeV 2013: 1.9/ftb @ 4.26 GeV,
threshold 0.5/fb @ 4.36 GeV
and data for lineshape

R scan BESII 2012: R @2.23,2.4,2.8,3.4 GeV

25 /pb tau mass

world’s largest samples of on-threshold w(3770)
data and keep increasing in the future

the aim is to have 20 /fb data
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Implications of strong phase difference

< Time-dependent D°>Kr1r analysis:

phase difference & to relate (X', y') with (x, y). SE AN '
~ | N |
PRL 110, 101802 (2013) L3 iy, ]
Parameter Fit result l- - \ —
IL', = I pCos 51{77 + yp SiIl(S]\’Tr, (‘1“—3) 0_5:'~ i((: 12?1:::— ' | :
Y =Ypcoséir —TpSindpr. ' Rp 3.52 £ 0.15 - lo Belte PO
/ - ¢ i a 2 ]
¥ ‘~f) +2.4 -0.5F + No-mixing ]
e —0.094+0.13 g G s guy G g ey
0.1 -0.05 0 0.05
x"% (%]

+» CKM unitarity triangle y/¢, extraction from B- — DOK"
«» Atwood, Dunietz, Soni (ADS): Use doubly Cabibbo-suppressed decays,
e.g. DO K*r -
- b (Ve e \
t . 0
Vs - K \’/\\ ¢ D A(B" —> D0K+) i(
w' W' — =r.e'%
’ + ¥ + O + B
b Vcb,'l c B % Vi, - A(B — DK )
B+ u u I_DO u u K*
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Strong phase in D°—Kx decay: formalism

The strong phase difference 6, between the doubly Cabibbo-
suppressed (DCS) decay D°— K~z and the corresponding
Cabibbo-favored (CF) D°— K ~z* is denoted as
(K~ n*|D?)
(K=m*|D%)

— _pe OKn

I~y
V2Acp-

Omitting the higher orders of the
mixing parameters, and assuming
CP conservation, we have

2rcosdr. +y=(1+ Rws) - AcpP—knr,

ACTP—}I{W _ BDz—}K—:'T"' o BD1—}K—;¢+ ' Af - </|D(l> ZI — </|D’()>
Bp, sk-n+ +Bp, k-7 :
|D[}> |Eﬂ> |DU} |E“} ‘1( P4+ = <j |Dl>
+ —
D = D = . A — o
Dy = = Dy = Acp- = (fID2)
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Accessing strong phase 4, at threshold

We measure the strong phase difference using quantum
correlated production of D-Dbar at the production threshold

fl

CP tag at threshold
Ks ~——_ , £ .
_— , based on 2.9 fb!
teensae ) |~ Dep oy = f1 5 | w(3770) data

n

When we neglect CPV, CP of the

two D mesons are anti-symmetric.
Type Mode
Flavored Kat KTn~
C P+ KtK—,n"n K“?r”?r ?r”?r  pOmY
C'P— Kg’n“a Kgf:fl K

Xiao-Rui Lu @ Charm 2013
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To determine 9, In experiment

For the CP-eigenstates, yields of D — CP ST events will be
ncp+ = 2Npp - Bop+ - ecp+.

The DT yields with D — CP and D — Kz will be

ngxcpr+=2Npp - Bopt XBpcers 4 Kr EKn,CP+
Therefore, the branching fraction is

NKT.CP+ _ ECP+

BDCPT%-KW —

ne p+ EKw,CP+

Here, ecp/ex, cp+ Cancels most systematic effects within the
D — CP= decay mode.

Therefore, A,_,x,Can be obtained. With external inputs of

the other parameters, we can obtain J_.
Xiao-Rui Lu @ Charm 2013
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CP purity check of CP-tag modes
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il 134+8(+) | 24444016 200 + 19 15.87 £ 0.16
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Double tags of (CP, Kx) modes
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Preliminary numerical results

Mode(C'P) ST Yield Efficiency (%)
KTK~ 56156 £+ 261 £ 61 62.99 + 0.26
ata” 20222 £ 18T £ 38 6558 £0.26
Hgﬂuﬂﬂ 25156 £ 235+ 81 16.46 £ 0.07
il 7610 £ 156 £56 42,77 £0.21
p® 41117 £ 354 £ 68 36.22 £ 10.21
Hg?r“ 72710 £ 291 £ 34 41.95 = 0.21
Kon 10046 £ 118 £ 27 35.46 £ 0.20
K 31422 £215+£49  17.88 £0.10

\

Mode

K=nT KTK~

K=*nF nto

K*n¥%, KdnO7°

K*n¥ qn0xY

K*nF, pn®

DT Yield
1669 4+ 42 + 4
608 £ 25+ 3
800 £ 30 =4
212+154+0
1240 36 £ 1

efficiency (%)
42.65 £+ 0.21
44.32 £0.21
12.68 £+ 0.13
29.75 £ 0.18
25.44 £0.16

K=aF, Kon"
K=7%, K{n

K*7¥% Kjw

1688 =42+ 4
231 +16+1
7250 £ 28 =1

29.06 = 0.17
24.76 £ 0.16
12.47 £ 0.06

J

|

Asp_ier= (12,77 £ 1.31(stat.)

Xiao-Rui Lu @ Charm 2013
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Preliminary results of o,
We measure Acp_xr = (12.77 + 1.31(stat.) 757 (sys.)) %
We have 2rcosdgr +y=(1+ Rws) - Acp—kr,

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%o

we obtain
cos S = 1.03 £ 0.12 £ 0.04 + 0.01

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

- - © ened — () &1+0.2240.07
without external inputs: cosd = 0.817;75 05>

- - : L8 +0.19+40.00
with external inputs:  cosd = 1.15" 517 5 0s

BESIII result: the most precise measurement of 0y .
and compatible with the world average

Xiao-Rui Lu @ Charm 2013 16



Determination of the mixing parameter y.p

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

Rop+ X |f'4c..-';t’i|[,2(l T Yor)
where i . i
yep = 5lycosg(|=| + =) — asing(|=| — |=|)]
2 p q ) q
Considering the process in which one D decays into CP eigenstates

and the other D decays semileptonically, the decay rate Is:
Ry cpt ‘A1\2|A0Pi’2

Neglecting terms to order y2 or higher, we can derive

Jop ~ 1(Rz;<"P+R('P_ Rl:C’P—R(T’PwL)
Yop R~ -
4" Riycp-Repy  Ricp+Rep-

In the limit of no CPV, _
Yoer=Y

Xiao-Rui Lu @ Charm 2013 17



Measurement of y-p: formalism

On experiments. we have
wfx. ~1.7 "
y I[Zm a}’mz Cép- ZWCE'“}: 12 Cepy
.'- F‘F ~ vk, Al
Z-&,j CE"-":I”—;JZ#; Cé?m Z;L (”H;:’} i Cop-

4
where the efficiency- corrected yields are denoted to be

|

i,
Vi P+ i Ncpy
‘UPx {._-'é : CP+il — u—
CPx €ECP+
, . 0. C

We define the ratio B, = Pl and B = 9er=d
Ccopr+ Cop—

then Yyop = E[% = %]

1'B. B,

B.. is the average ratio over different CP modes by minimizing
2~ (B: — Bg)?
=) (09)?

Xiao-Rui Lu @ Charm 2013 18



Measurement of y-,: CP tag and flavor tag

We measure the y using CP-tagged semi-leptonic D decays

K+

based on 2.9 fb! w(3770) data
CP- tag ? K
Type Modes

e+
).b CPt KTK~ -, Kgn¥7"
f " CP- Kln° KOLU KU
avoriag [* Kev, Ii,uy

K 47\
e(w)

e(u)

The observable can be :

U miss Emiss o C| ﬁmiss”
meSS — _\/ Ebeam erCP _ ij o I_jl EmiSS — Ebeam o EK o E|

Semi-leptonic signal peaks at zero!
Xiao-Rui Lu @ Charm 2013 19



Single tags of CP modes
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To evaluate Kzz® backgrounds in Kuy modes

take E_,;..>0.5GeV as control sample to estimate the shape and
size of Krn° backgrounds

Ecxira>0.5GeV
- —all
= 1 400 | — KK Knnd
Q all s | -- others
91, 08 [ —KK,Kuv ‘-:-,: 200 |-
mg C— KK, Knn? © e S i o
0_6 e ....- » el | - PO R
: KK,Kev ' 01 005 0 005 01
ou | omers g s
o [0 shape : the smearing
it DR S 13 L T Gaussian is fixed to the
0 b s o R AT e " ! parameters obtained from
-0.1 -0.05 0 0.05 0.1 fit in the control sample
U, .(GeV)

size: scale the MC size in the signal region with the ratio of the number
of Kzz® events in data to that in MC in the control sample
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Preliminary numerical results

Signal yields of the full data set

Modes  Niqgq Niag,Kev Ntag, kv

KtK~ 54307 £ 252 1216 + 40 1093+ 37
ntn~ 19996 & 177 427 &3\ 400 + 23
K g7r07r0 24369 - 230\ sm)‘i 28 558 + 28
Ko 71419 286 1699 + 47 1475 + 43
[\’gw 21249 + 157 473 £25 501 + 26
Ko 0843 + 117 242 +£ 17 237+ 18

preliminary resulit: 3

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

« systematic uncertainty is relatively small
Xiao-Rui Lu @ Charm 2013

24



Comparison with world measurement

[T - -
compatible with
E911999 e 072:280:100% world average results
3.420 + 1.390 = 0.740 %
CLEO 2002 H———eo— |1 -1.200 = 2500 = 1.400 %
Belle 2009 {-}—o—o-’ 0.110 = 0.610 = 0.520 % CLEOc 2012:
[PRD 86 (2012) 112001]
LHCH 2012 o4 0.550 = 0.630 = 0.410 % pr:(4ZiZO ilO)%
Belle 2012 H 1.110 = 0.220 + 0.110 %

best precision Iin
Charm factory

0.720 = 0.180 = 0.124 %

World average H 0.866 = 0.155 %
lllllllIIIIIIII||IIIIIIIIIIIII||IIII|IIIIIIll1J
432101 23 4'S
Yep (%) World average directly from HFAG2013

(BESIII (pre.) not included)
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arXiv:1304.6170

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 Iin

] 2 D decay mode feor
the test: Ryyq, I'%s 0y Xp — T
r2 ’ o
yD’ x'<and Yy K+ K- 9
 their uncertainties ar Ksn' 2
u alnties are s
assumed to be K at,Ktr~ (1+Rws)? —4rcosgq(rcosdgr +yp)
K nt, KTK~ 1+ Rws+2rcosdi-+uyp
uncorrelated K=+, Km0 L+ Ry s — 2rcos81cx — i
: K-nt Kte . 1—rypcosdg, —rerpsindy,
Rws =r2+rypcos(dxn ’ ' '
WS YD (72(_::?: )) K+K— Kgr® 4
—repsin(dx )+ —L512=, K+K—. Keuv, 2(1+yp)
' =xpcosdgr+ypsindgr, Ksm0, Keve 2(1-yp)

y' =ypcosdxr —Tpsindgr.
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arXiv:1304.6170

Sensitivity of the global fit at BESII|I

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

O = 22.17071(°), yp = 0.75 £ 0.12(%)
O output: 3p

~ ' o . . . :
O +£83(%), yp: +0.10(%)
]
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Summary

Quantum-correlated D°-DY production on threshold provide
an unigue 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°— Kz decays is measured with

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

The mixing parameter y.p IS determined, which is

compatible with the world average
still statistically limited

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