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Measurements of
strong phase in D° — Kt decay and ycp
via quantum-correlations at BESIII

Hajime Muramatsu, University of Minnesota
(for the BESIII collaboration)

- Strong phase in D? — Krt decay
- Ycr measurement
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~ Beijing Electron Positron Collider (BEPC-II)

- Asymmetric e*e collider, operating at Ecm ~ 2.0 ~4.6 GeV (Charm factory!).

- It’sin Beumg Easy access to the downtown area of Beulng with a nearby subway station!

ey
BESIII detector

Countmg room:

where | take shifts
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e A powerful general purpose detector.

Magnet: 1 T Super conducting
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BESII| detector

\

e Excellent neutral and charged particle detection and identification with a large coverage.

MDC: small cell & He gas
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Data Acquisition:
Event rate = 3 kHz
Throughput ~ 50 MB/s

EMCAL: Csl crystal
AE/E =25% @1 GeV
G,y = 0.5~0.7 cm/NE

s /p=05% @1GeV
dE/dx=6%
-TOF:

or= 90 ps Barrel

110 ps Endcap

Muon ID: 8~9 layer RPC

—Ore=1.4 cM~1.7 cm

Trigger: Tracks & Showers
Pipelined; Latency = 6.4 us
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Data samples we have

- @ J/y peak : 1.2 B J/y decays
and some scan in the vicinity of the peak.

- @ Y(3686) peak : 0.5 B J(3686) decays
and some scan in the vicinity of the peak.

- Above DD threshold: 0.5/fb @ Ecm = 4.009 GeV,
1.9/fb @ Ecm = 4.26 GeV,

0.5/fb @ Ecm = 4.36 GeV,
plus some scan samples as well.

The above samples have been producing very rich Physics results
such as hadron spectroscopy of Charmonia (e.g., hc/nc)
and of Charmonium-like states (X/Y/Z).

- Today, | report recent results from BESIIlI based on a sample that was
taken near DD threshold:

2.92/fb @Ecm =3.773 GeV
\—_ J
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d Sample at Ec = 3.773 GeV

- The total integrated luminosity of 2.92 fb™! at this energy point
is the largest in the world to date.

- In the selected hadronic events (multiple reconstructed charged/
neutral hadrons or tracks), they are dominated by;

ete =y — P(3770) and ete' — y" — (qq) light hadrons
in which
o(e*e— Y(3770) — hadrons)/o(e*e — NR — hadrons) ~ 1/2.

- Once Y(3770) is produced, it predonlinantly decays into a DD pair.
For instance, we have ~21 M D° (or D°) decays in this sample.

- Relatively clean event environment.

- When the two D mesons are reconstructed, the sample becomes
almost background free.

N—

\
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Things can be done with the sample
taken at or around E.,, = 3.773 GeV

- There are many interesting possible topics to study in D (weak) decays
based on our sample, such as;

- pure leptonic decays
(e.g., extraction of |V.4| and/or its decay constant, fp).

- Semi-leptonic decays
(e.g., extraction of their form factors, and then compare them vs B
meson case).

- With the largest sample of D mesons taken at the near threshold,
one should look for rare/forbidden decays (e.g., FCNC, LNV, LFV).

- or even (3770) itself such as Y(3770) — non-DD final states.
- But today, | report our attempt to measure some of the parameters of

DD mixing using the unique characteristics of our Y(3770) data set
taken at Ec, = 3.773 GeV.

\—_ _J
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Introduction

DD mixing is highly suppressed by the GIM mechanism and by the CKM matrix elements
within the Standard Model.

Observation of DD mixing, first seen by the 2t LHCb
B factories (HFAG: arXiv 1207.1158) and now observed |5t :

by LHCb: PRL110, 101802 (2013).

) 1F -
Improving the constraints on the charm mixing E . ;
parameter is important for testing the SM, 02 A 36
such as long distance effects. oF :11\16 N ]
DD mixing is conventionally described 0sEo g L | E
by two parameters: 0.1 -0.05 0 0.05
X2 [%]

x = 2(M1-M2)/(T'1+I2), y = (T'1-T2)/(T1+T2),

\

where M1, and I'; > are the masses and widths of the neutral D meson mass eigenstates.

(Flavor eigenstates, D°/5°, are not the same as mass eigenstates, D1/D,)
Or X' = X:€0SOkn + Y*Sindyy, Y = y:€OSOkn - X*SiNOks.

&kn is the strong phase difference between the doubly Cabibbo suppressed (DCS) decay,
D? — K'rt* and the Cabibbo favored (CF) decay, D° — K-t* or (K-it*ID%/(K'TtID) = -r-e7i6
So one can connect (x,y) with (x’,y’) via 6kn.

In this talk, | present preliminary results on &kx and y using the quantum correlation
between the produced D° and D° pair in data taken at BESIII.
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The decay rate of a correlated state

» For physical process producing D°D° such as ~
e*e-—y  — P(3770) — D°DO,

D’ the D°DP pair are in a quantum-correlated state.
. The quantum number of {(3770) is JP€ = 1",
e 0—;,;:“"""?—0 ¢ Thus, the D°D° pair in this process has C = -.
Q For a correlated state with C = -, the two D mesons are anti-symmetric
D’ in the limit of CP invariance:

. = (D7) 5°)-| 5" p°)

» The two produced neutral mesons must have opposite CP

(i.e., see Goldhaber and Rosner, PRD15, 1254 (1977). That is;
» Final states of (CP+, CP+) or (CP-, CP-) are forbidden.
» Final states of (CP+, CP-) are maximally enhanced (doubled).
» Final states of CP+ against inclusive states (Single tag or ST) are not affected.

» Final states of (K't*, CPt) are affected due to the interference between CF and DCS
(6Kn).

\
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Extracting Okn

» Neglecting higher orders in the mixing parameters (e.g., y?),
one can arrive at the following relation:
2-r-coSOknty = (1+Rws)-Acp—kn,
where Rws = I(D°—K'rt*)/T(D°—Kt*) and
Acpkn = [B(D2—KTt*) - B(D1—Kt*)]/B(D2—Kt*) + B(D1—K1t*)].

» We can extract Acrkr by tagging one D (tag side)

with exclusive CP-eigenstates fl

which then defines the eigenvalue R et ireshox 4 | ‘

of the other D (Acp: = (K'mt*IDY2)). Ky~ P T
Eigemtaie ) " Dep oy > fifs

70

» Then, with the knowledge of r, y, and Rws from the 3rd parties (HFAG2013 and
PDG), we could derive cosékx in the end.

» The rest of the analysis becomes measurements of B(Dcp:—K'1t*) while
simultaneously reconstructing the Dcp= on the tag side.
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Measuring B(Dcp: K 'it*)

Double-Tag technique:
B(Dcp:—Km) = [B(Dcpz— CP™ states)xB(Dcp:—Km)]/B(Dcp=— CP* states)
= (nKn,CPilnCPi)'(ECPileKn,CPi);
where ngrcpz are yields of “Kn” when CP states are
simultaneously reconstructed on the tag side
ncp= are yields of CP states (independent of how the other D decays)
ecp+ and &k, cp+ are the corresponding reconstruction efficiencies.

“Yields” are extracted from My, distributions : M . = \/E,fwm — 1312)

CP states on Tag side (8 modes): cP+ KtK- ntn=, K070 n0x0, pOn0
CP— K2n% Kn, K2w

where we reconstruct Ks— i, n°/n—yy, w—rnnd, p—n'm.

Notice that most of systematics on the tag side get canceled in B(Dcp:—Kn).
The remaining systematics (reconstruction/simulation) of Kt are also canceled
in the determination of Acr k.




/

Hajime Muramatsu

U of Minnesota

Miami 2013 DEC/2013 11

Yields of CP states (ncp+)

(reconstruct only one of the two neutral D)
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g Can also check “CP purity” h

- When D° and D° are reconstructed, final states with the same CP should yield zero

events. R
N [ 0 ' b < h
§ [ KK, Kg n : § 8
O 4 9 D 6 =
= 1= ]
) 4 [
g ; 12 20k 1
preliging ey pERIin
= 0 & 18 s ol
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< FEPIN '
§ 60’ - Kg 7, KS [0
O [
= 40f
2
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q) -
& 0 184 186, 1.88
Mg (GeV/c?)
Mode Yield(tag KK) efficiency(%) | Yield(tag Keén") efficiency (%) :;K Consistent with zero. E
CP+| K0r%70 8 43(x) 11.80 +0.11 171 + 14 7204000 . '
- _ | 1k Consider as one of the ,
CP+ pr 13 £ 8(#) 24.44 4+ 0.16 299 + 19 15.87 £ 0.16 2 . 1
' systematlcs. 1
CP- | K 158413  11.02+0.11 T+3(x) 6.77 = 0.08 fmmmmmmmmmm = mmm]

" _J
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(reconstruct CP-final state from one D decay,

W|th “Kn” from the other D)
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Preliminary fit results

Mode(C'P) ST Yield Efficiency(%) Mode DT Yield  efficiency(%)
KtK— 56156 £ 261 +£ 61 62.99 + 0.26 K=nF KTK~ 00669442 +4 42.65 + 0.21
ata™ 20222 + 187+ 38 65.58 + 0.26 K*n¥, n@r 608 £+2b6+3 44.32+0.21
K700 25156 + 235 + 81 16.46 + 0.07 KEn K dain? 800+30+4 12.68+0.13
V¢ T610 + 156 £ 56 427D+ 0.21 =, nox! 212+ 15+0 29.75+0.18
pi® 41117 £ 354 + 68 36.22'%0.21 K*x¥, pr® 1240 £36 1 25.44 £0.16
K3x" 727104 2914k 34 < 41.95+ 0.21 K*a¥, K2n" 1688 +42+4  29.06 £0.17
K9n 10046 £ 118 + 27 35.46 + 0.20 K=7% Kin 231 4+164+1 24.76 +0.16
K%w 314224 215+49  17.88 +0.10 K*r¥, Kw 7T25+28+1 12.47+0.06

- These yields allow us to obtain B(Dcp:—K1t*) which then
provides Acr—rkn.

- Acpokn = (12.7711.31(stat.)*9-33 ¢ 31(syst.)) %.
— _/
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Preliminary result on 6knr

- We have measured Acp—kr = (12.7711.31(stat.)*033 4 31(syst.))%.

- Using the relation, 2:r-cosékn+y = (1+Rws): Acrxn,
and with external inputs from HFAG2013 and PDG
(Rp = 3.47%0.06%, y=6.6%£0.9%, Rws = 3.801£0.05%),
we obtain

cosOkn = 1.03+0.12(stat.)+0.04(syst.)+0.01(external).

- Our result is consistent with and more precise than the recent
CLEO result (PRD86, 112001 (2012)):

cosOkn = 1.15%0-19 ¢ ;5(stat.) 000 5 og(syst.).
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Determination I
of the mixing parameter, ycp

ycr is defined as;
2-yce = (la/pl+Ip/al)-y-cosd -(|a/p|-Ip/al)-x-sind,
where p and g are mixing parameters,
and ¢ = arg(q/p) is the weak phase difference of the
mixing amplitudes. D) = p|D°) + ¢q| D)
Notice: for no CPV case, p=q=1/v2andyc =Y. 1Dy) = p\D()) _ Q|E0>

For D decays into any CP-eigenstate, its decay rate can be described as;
R(D?/D® — CP*) o |Acp:|?+ (1FYcp).

When one D decays into a CP-eigenstate, while the other D decays semi-leptonically,
the decay rate can be given by;
R(D°/D° — CP%, and D°/D° — semi-lep) o< |Ai| 2| Acp:|2

- Semileptonic decay width does not depend on the CP of its parent D.
- Yet, the total width of its parent D depends on CP.
- Result: semileptonic BF of D;,; gets modified by a factor of 1tycp.

Combining the above two, and neglecting terms with y? (or higher), one can arrive at

Jop = 1(Rl;CP+RCP— Rl;C’P—RC’P+)
b= _
4" Ri.cp—-Repy  Ricp+Rcop- )
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Extracting ycp in our experiment A

The expression for ycp can be written as;
1 B_|_ B_
~ Yop = 1[3_ _§+]
where B: is the branching fraction, averaged over different CP tag

modes, a, that is obtained by minimizing

~

¢=Y (Bi(a_gg)lji)
All branching fractions are obtained in a similar way, the double-tag
method.

«

When the semileptonic decays are reconstructed, however, we use Uniss
distributions to obtain their yields, instead of My,

U — —>
miss — 4“miss ~ ’pmiss‘ ’

which peaks ~ 0 if only missing particle is neutrino.

- Tag modes: Type Modos
CPY KYK-, ntn, Kgr'n!
CP~ Kln Klw, Kin
= Kev, Kuv
— _J
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Yields of CP states (ncpr=x)
(reconstruct only one of the two neutral D)
Yoo [ Lol ) L
20000 - KK §4ooo e E‘mo
© « o 3000 © : e
CP+ .%..5000 - - 52000 a ? ,\:
o S : 2 2000
2 @ 1000 - .Y ] :>J’
o - Y - s i 0 F L p L S U ) 0 ) | ) L ) R )
1.84 1.88 1.84 1.86 1.88 1.84 1.86 1.88
My (GeV/c?) M,(GeV/c?) M,.(GeV/c?)
O S ,f o L2000 F R
Eioooo L KS"'-0 §4ooo - sz 21500 3 KSrl
= o | A o ;
CP- |2 S2000 | 1 Z1o0o |- :
€ 5000 |- . 2 = ]
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Yields of Kev in double tags (nKe\,,cp:J

(reconstruct CP-final states from one D decay,
with “Kev” from the other D)

:; G S VR =
S 200 S g | Kstt'mt, Kev
= S S L oo
T 150 | Z Z
(] [ (2] [}
5 100 | 5 5|
> [ > > L
W50 | w TR
0 & o &
- -0.1 -0.05 0 0.05 0.1
Umiss (GEV)
[Te] n -
g S 2 ¢ Ksn, Kev .
S 2 s
2 o 2 40 ]
c (= (1]
o [} >
T it w20 - -
o \V -----------------------------------------
-0.1 0.05 0 0.05 0.1
U, (GeV)
' E E E O E N N E NN EEEEEE N NN ®N®NBNBN®BN®N NN NN NN NN N BN BN BN §H BB §&N &N §&BNB&B B B§5B
: - Signal shape: MC shape, convoluted - Background: A 1% order polynomial.

1 with an asymmetric Gaussian.
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Vields of Kuv in double tags (an,cp;)

(reconstruct CP-final states from one D decay,
with “Kuv” from the other D)

KTI'.TI'.O . = Knn® shapes and sizes

S - . are fixed based on

g g Kstt'rt, Kpv ! . control samples of

P P 3  actual data.

c [ c H

2 2 g . - The control samples
. are obtained by the

0.1 -0.65 (; 0;15 0.1 -0.1 -0.05- o 0.05' 0.1 Esame CP states and

Uniss (GeV) Uniss (GeY) (@eY) } Knn, while ignoring the
-~ . | | two photons fromm® |
o Ksw, Kpv 3 | i decays to calculate
E 100 [ P 1 U
5 q:, ] misse
G50 - i | i See the next slide for
. T oF ‘ O : SR 1 detail.
01 005 0 005 0.1 01 005 0 005 0.1 01 005 0 0.05 0.1 rrmrmemeemeseseeeseseseseseoeoeooo g
Uiss (GeV) U, (GeV) Uiss (GeV)
FuE I I I N N I Il I Nl Nl Il NN NN NN NN N®NN®N®N®NBN®N NN NN BN BB NN NN NN ]
: - Signal shape: MC shape, convoluted - Background: A 1 order polynomial. |
1 with an asymmetric Gaussian. Knn® (dominant). '
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Fixing the Kntt® shape
- Obtain Eextra = Sum of the all un-used energies
deposited in EM calorimeter.

\

- Eextra tends to be larger if it is Kn® due to the ignored extra photons

from it ° decay and is small if it is Kpuv.

- We actually do require Eextra<0.2 GeV to select Kuv signal candidates.

Fix shape

peak is suppressed.

* = Fit to Umiss in Eextra>0.5 GeV where Kuv

- - The fitted shape = MC shape,
- convoluted with a Gaussian.

Fix size

OOOOOOOOOOO

b (Krur® yields in data in Eexra<0.2 GeV) = Rx(Krn® yields in data in Eexra>0.5 GeV),
L where R = (Knrt yields in in Eextra<0.2 GeV)/(Knr® yields in in Eextra>0.5 GeV).

s PP s e teeecencercercerscerscorscascoscossoscossoscoscosconsonsonsos
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Preliminary results

- Fitted yields for each mode:

Modes N tag N tag,Kev ]Vtag,lx’ [Nz

K+K- 54307 £ 252 1216 £ 40 1093+ 37
ntw™ 19996 & 177 427 Ea—\g\rq--~-~] 400 + 23
KO7070 24369 + 2@\’\580\1 28 558 & 28
Kor® 71419 £\286° 1609 + 47 1475 + 43
K 21249 + 157 473 +25 501 + 26
KO 9843+ 117 242417 237+ 18

- After correcting for efficiencies (branching fractions),

we arrive at
ver = [-1.6%1.3(stat.)+£0.6(syst.)]%.

- The result is statistically limited.

- The systematic uncertainty mainly comes from fitting procedures.

\—_ _J
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Comparison with other measurements

0.732 = 2.890 = 1.030 %

3420 = 1.390 = 0.740 %

-1.200 = 2.500 = 1.400 %

-1.6 1.3 £0.6 %

0.110 = 0.610 = 0.520 %

0.550 = 0.630 = 0.410 %

1.110 = 0.220 = 0.110 %

0.720 = 0.180 = 0.124 %

0.866 = 0.155 %
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\

- Our result is consistent with the
world average (HFAG2013; this
preliminary result is not included
in the average).

- Also consistent with the latest
result from CLEO-c (PRD86,
112001 (2012));

ver = (4.212.011.0)%.

(not listed in the figure).
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Summary

- Quantum-correlated DD in e*e” annihilations near threshold:
Unique way to measure the Charm mixing parameters.

- Most precise measurement of
strong phase difference in D°— Kn.
Will improve the determination of mixing parameters, x and y.

- Measurement of ycp:
Statistically limited, consistent with the world average.

- Will collect larger “open-charm” data samples in years to come:
Expect many interesting results.

\—_ _J




