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.') Outline

® Charm mixing and indirect CPV
® Time-integrated measurement

® Sensitivity study with STCF

® Summary and future plan




" Neutral meson mixing

First observation of neutral meson SEARCH FOR|B’-B° OSCILLATIONS AT THE CERN
mixing in K° mesons. PROTON-ANTIPROTON COLLIDER
Evidence for a Long-Lived Neutral UA1 Collaboration, CERN, Geneva, Switzerland
Unstable Particle®
W. F. Fry, J. ScanNeps, AND M. S. Swamx PRL 97, 242003 (2006) PHYSICAL REVIEW LETTERS s pheck ending

Department of Physics, University of Wisconsin, .
Madison, Wisconsin Observation of| B! — B? |Oscillations

(Received July 19, 1956)

Search fol DY meson mixing (Belle, BaBar, CDF and LHCb)
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o* Charm mixing

® Mixing amplitudes governed by two contributions:

i d,s,b
 Short distance: c ,
v" Via box diagrams, (x,y) ~ 1077 D° W
v Suppressed by GIM cancellation u - S .

 Long distance:

v’ re-scattering diagram, (x,y) ~ 1073

v" Theoretical prediction of x and y very challenging

Plots from arXiv:1503.00032
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o* Charm mixing

® Mass eigenstates of D° and D° mesons can be written as superpositions of flavor

eigenstates:

\Dl.-z>:P\DU>i<1‘5ﬂ> Pl +1ql* =1

® Time evolution of a initially flavor eigenstates of D® and D° mesons:

0 _ o\, 9 7’ T _ Al 1
DP;,},S (z‘)> =g, (r)‘D >+ g (I)‘D > g.(r)=exp| —(im+—)t cosh[(mm ——) ] = M,Am = —m
P 2 22 5 2 1
—0 —0 . |
D piys (r)> =g, (r)‘ D > + ig_ (r)‘ D0> g (H)y=exp| —(im+ g)t sinh((z‘Am —Azr);J [ = @ Al'=T, -1,
p z

® Practically, it is more popular to use the following two dimensionless parameters for describing
D°-D° mixing:

Am AL
XY=—, Y=~
L~ or
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:)- Indirect charm CPV

® CPV in mixing:

Probability of |Dp,,, (¢)) = [D°) # |DJy, () = ID%): |q/p| # 1.
® CPV in mixing/decay interference:

Non-vanishing ¢ for% = ‘%‘ el®.

Decay rates: R(Dp, (1) —f)x|4 J2exp(=T1)[1+1(xp+yp) N2 T2

— i(xé—yé)rzz‘z —(ypReX +xplmh ) I'7]

e~ {05t ¢) Phys. Rev. D 55 (1997) 196

® Currently, the mixing and CPV parameters are usually measured with the time-

q

Ar=T1
f fp

dependent analysis in B factory.
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.') Quantum correlated D°D°

0o ® D°DP pairs produced by e*e~ annihilations near
D° threshold are in quantum correlated state with C =
I m (7r°) (—1)"+1,
® @3770 MeV
}”(7’) e C=—-1,ete” - DD°

® ©>4009 MeV

e C=+1forete” > D*D° +c.c,D*° - yD°
e C=—-1forete - D*D° +c.c,D*° - °D°

Exploring the QC in DYD? allows to extract the mixing and CPV parameters with time-
Integrated decay rates.
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J° Quantum correlated decay rates

W(f1, f2) = 3(x* +y*)(IApo|* + [Apo|® + 2R poRpoApodpo)

P 0.7
2 2 2 <
e =+1 + (2 — 3(}.’ -y ))2(1 + ZRDoRﬁoRe(ﬂnoﬂﬁo) -|2- MD0/1§0| ) % Toy StUdy
—4y[Rpo(1 + |Ap0]2)Re(Ap0) + Rpo (1 + |Ag0[2)Re(A,0)]
—4x[Rpo(1 — [Apo|>)Im(A0) + Rpo(1 — [Ago|?)Im(Ap0)]
0.65 |- .
W(f1 f2) = (x* + ¥y*)(|Ape]® + [A50|* — 2R poRpoRe(Apodp0))
C=-1 +(2 — (x* = y%))(1 — 2RpoRpoRe(Apodp0) + |ApoAp0]?) i
i -CP—Even
COI Werou i der same Ny
® (-even quantum correlation samples are better at T
. .. 0.3 0.35 0.4 0.45 0.5
measuring mixing and CPV parameters. X(%)
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" Fake data study at STCF

® F... = 4009MeV,4015 MeV and 4030 MeV, | L = 1ab~? for each energy point.

® Coherent samples: ete™ - D*D% + c.c.andete™ - D*'D*0 .

® Incoherent samples: ete™ - D**D™ +c.c.andete™ - D**D*".

® Sim and reconstruction framework is based on FastSim software.
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* QC correction for MC samples

® QCMC package is developed for both € — odd/even D°D°.
® For each event, QC weight is determined by the ratio of decay rate with or without QC effect.

® Input of amplitude models for multibody decays, mixing and CPV parameters from HFLAV.

C-even o W(fy,[y) = 3(x? +y2)(|ADo|2 + |/1§0|2 + 2RpoRpoApoA50)
+2-32—-y)(1+ 2R 0Rz0Re(Apoldp0) + MDDAEOF)
—4y[Rpo (1 + |/1D0|2)Re(/150) + Rpo(1 + |A§0|2)Re(ﬂl)o)]
—4x[Ryo (1 — [ A,0|)IM(Ag0) + Rpo(1 — |Ago|2)Im(A,0)]

Codd o W(f[fy)=((x*+ yz)(mDolz + |/150|2 — 2R oRp0Re(A0450))
+(2—(x*—y))(1 - 2RpoRpz0Re(Apodp0) + |/1D0/150|2)

E— L0 |



.5' Analysis strategy: signal modes

® Decay modes: D° —» Knrrr, K and Kgmm.

® [or the coherent samples, the double tag method is performed.
 Flavor tag: K, Knr®, K (like-sign and opposite sign for Kn).
e CP-eventag: KK, nmr, mnm®, Kgm%n®,
e (CP-odd tag: Ksm°, Kon, Ksw, Kn'.
« Self-conjugate tag: Ksmm.

@® For the incoherent samples, the flavor tag method is adopted.

R — .



.5' Analysis strategy: fitting method of coherent sample

® The charm mixing parameters are extracted in a ratio between C-even and C-odd D°D production

processes. C—even/g-—_ +_—_ +. 17+ 2 2 2/ Km\2 (e 2/ K3m\2
RO (K rtn s K ) oc Aegp Afen (3(22 + ) [Ki(rgp) 2 (5™ + Kilrep (™)
® In quantum correlations: + VKR R K

rEETrET cos(05KPT — 68T — 20)]

+[2=3(2® —y)[K: + Ki(rp™)*(rp™™)?
NSClgeven — ND*OEO . B(D*O N DOV)  Esig "D

+ 2V KRBT Ry B3 cos (05 4+ 68™))]
— dy[rE™(Kirgb + Kirep(r53™)?) cos(65™ + )

)?
+ VKR Ry 755 (rop + r5b(rs™)?) cos(555° — o))
NE-04d = N om0 RET044) B(D*0 — DO70) . g,
stg D™D stg — da[ryT (Kirgp — ™)) sin(05T + )
(D

K; rcp(;rD )s
Kr

C—even C 0 0 F VKK R B3 (rep — rop(rp™)?) sin(05%™ — )]}
N RC—even , B(D* S D )
sig 14

N C—odd RC—odd 'B(D*O N DOT[O)

sig RE—UM(K=ntr—at  Ktr™) o< A% A% {(27 + ) [K;(rgp)?(rB™)? + Ki(rep)? (r5?™)?
— 2V KK Ry 83 8™ cos(035%T — 65 — 20)]
® This will cancel the reconstruction efficiencies + 2= (@ = y?)][K: + Ki(rp™) (")
and the number of DYD? pairs. — 2V KR Ricaer ™ cos(05 "™ + 657)]

® Cancel out some systematic uncertainty.

Strong phase parameters are fixed.

> Similar treatment in D*°D*Y sample. n



.5' Analysis strategy: fitting method of incoherent sample

® The time-independent decay rates turn out to be:
R(D° = K—ntntn™) oc A%s, [ K; + %(12 +y2) (rep)?(rE3™) 2K, — %(13 — ) K;

— VK Kirepr8® Ric, (ycos(83"*™ — ¢) + xsin(3*™ — ¢))]

R(D° — K=7tntn™) oc A2y [K;(r5%7)% + l(;15?2 + ) (rap)? K — !

2 2
— VK Kirgprs ™ R (y cos(c‘if,j‘ —0)—x un(c‘)fDK37r —0))]

5@ =) Ki(rp®")

1 1
R(D° — Ktn—n ) oc A%y [Ki(rs®™)? + 5(1?2 +y?)(rep)?K; — 5(:8 — 2K (rE2m)?

— VK KireprB3™ R, (ycos(0} K3T L 8) + 2 sin(07 K3 o))

_ 1 1
R(D° - Kt 7 n") oc A%y [K; + 5(13 + %) (rgp)?(r837) 2K, — 5(1’ — ) K;
— VK Kz hrB3 R (ycos(055%T 4+ 6) — 2sin(057% + )]

® The charm mixing parameters are extracted by:
Ngig = L-05%,- - R-B(D*" > D°n™) - g

> Similar treatment in D**D*~ sample.
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o* Binning scheme of K n*nt*m"

® [ ocal strong phase has been divided into 4 bins with approximately
equal population of CF decay events.

Entries/4°

~§3ﬂ = arg(ADO—)K"'BK(X)ABO_)KW?,W(X)) - arg(fADO—)K+37T(X’)A;)0_)K+3ﬂ(x’)dx’)

K3m,i
5D

® Binned parameters Rg3,; and in each bin has been calculated

by the amplitude model.
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" Binning scheme of K-n*n°

® The phase space of the D meson decay is divided into disjoint regions using the model predictions
for the strong-phase difference between the CF(BESIII) and DCS(BABAR) amplitudes.

*k
A5Knn0 = arg(A50—>K+n_n0AD0—>K+n_n°)

® Similar to the binning scheme for the decay D° — Krrm, we initially categorize the decay D° —» Knr®
into four bins.

:;:% 3p 4
Bin Range %25
1 —180° < ASyp0 < —18° I ’
2 —18" < ASypp0 < 0 -
3 0° < Abyp 0 < 22° 8 :
4 22° < A6y 0 < 180° ) 1
0.5}




J° Sensitivity study results

® The results of the charm mixing and CPV parameters are summarized in the following table, where
the uncertainty is only statistical.

K n*n® 4009 MeV 4015 MeV 4030 MeV _ _
%) 0.004 0001 5,040 The most accurate results will be obtained at
y(%) 0.017 0.016 0.016 E.,s = 4030 MeV, as more samples are
Tcp 0.034 0.032 0.030 available at this energy point.
6 2.51 2.34 2.25
K ntmtm 4009 MeV 4015 MeV 4030 MeV LHCb(50fb™1)
x(%) 0.047 0.043 0.043 -
y(%) 0.025 0.021 0.021 .
Tep 0.042 0.038 0.038 0.005
¢(°) 3.10 2.85 2.83 0.30
Kmm 4009 MeV 4015 MeV 4030 MeV LHCb(50fb~1) | Belle 1I(50ab~1)
x (%) 0.069 0.064 0.063 0.012 0.030
(%) 0.050 0.046 0.046 0.013 0.020
Tep 0.077 0.071 0.070 0.011 0.022

¢ (°) 4.57 4.24 4.19 0.48 1.50 n




o Summary and to do list

Summary:

« Precision measurement of charm mixing is an important goal in heavy flavor physics for the next
decade.

« Time-integrated measurements with C-even DD and incoherent DD at STCF are essential
contributions.

« The most accurate results will be obtained at E,,,,c = 4030 MeV, as more samples are available at
this energy point.

Plan:
« Study of more double tag channels, such as K¢t~ ¥ and Kt n%nP.

 Sensitivity of direct CPV at STCF with K*K~, m*n~ and some CP eigenstates.

Thanks!
#
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° EFXEDD°

Y (3770) - D°D°

W(3770): I6(JPC) =0"(17)

—

2 57 E

OpOH &L =1, DOD° = o
D% 10") =5 (0") DODOYUN AL = 1, DODOAI {4 B

BB TR RIS S v =wnr) Ko, 2o w(D. DY)
Gl GV TR O = e 4R S IR VA 2/ 4TS O N

L=1 = [BNR R EGH B R RIS RRFR
PARSRLF S BRE0 B hER R EE I FRAY
PARSRLIF R REAEE/I0 [EAhER R ELEXIFRAY
BRFARE T, HERBIIFRKRER EREUN I E R XIFRRFR

® i FXARMEIR RIER, DODOA R REH TR & 4%, #wD® - K~ n* vsD? - K~ m?

FEAT CFIRRER DO DOFE A H 2 58 4 2R n



° EFXEDD°
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