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Motivation

v" Sometimes we use the DT method or ST method and have many tagged modes, then we
need to consider the contaminate effect from other tagged modes and the contribution from
peaking background, then we will consider whether there is a general method to solve this
problem and give us a good fitting results?

v" Yes, this global fitting method is used in many experiments.

Decay modes | separately caleulated B global fit B PDG B [1] Belle B [6]
pRs LG8 £ 0.16 £ .03 1.52 = 0.08 £ 003 | 1.15 £ 0.30
pK—x+ 6.15+033£025 |584+£027+023 | 50+13 |684+024702
j.lf‘.-.-;.fl'“ 1.89 +0.32 £ 0.05 LAT = 0.13 = 0,05 | 1.65 £ 0.50
pRgnTa™ 1.44 £0.25 £ 0.09 LAad =011 =009 | 1.30 £ 0.35
pK—atx0 4.73 £ 0.38 £ 0.33 4.53 0232030 34 +1.0
Ag™ 138 £ 0.18 £ (.04 1.24 £ 007 £ 0,03 | 1.0T £ 0.28
Antg? D3 07T £ 0019 T7.01 £ 037+ 0.19 JH+1.3
Arxta—at 4424059 +0.23 381024 +0.18 26 0.7
Elgt 112+ 0.18 £ 0.04 127 £ 0.08 £ 0.03 | 1.05 £ 0.28
THpl 113+ 0.23 £ 0.03 LIS = 0,10 £ 0.0 | 1.00 £ 0.54
EtrTa™ 30042 £0.18 4.25 £0.24 £0.20 d. 1.0
Etw 1.43+0.33£0.12 1.56 = 0.20 £ 0.07 27+1.0
Nz (1050 £18 £05) % 117
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Mathematical part (YYang)

v Expected value
» Some basic equation

1 avector of N observables
y N measurements of n with errors contained (1)
¢ J unmeasurable variables (.- ,(y)

We also have K constraint equations during n and (.
felmerogne G Gy) =0 (2)
X =y—-n" V7 (y)ly - n) = minimum (3)
We use Lagrangian parameter method to search the solutions.
(.G A) = (y ="V Hydy — ) + 247 f(q. () = minimum  (5)

We can easily find if we have a group of solutions of (3) and (4), this group
mnst also be the solutions of (5). For simplicity, we assume that (5) only contains
one group of solutions then the solutions (3) and (4) muost be the same as (5).
If (5) have many groups of solutions, we can find all solutions and take them
into (3) and (4) to find the real solutions.

Vax? = =2V Yyl y—n) + 2{%?;{’-}]]—}.,r =1 (6)
Vex? = g{%f,\k —0 (7)
Vax® =2f(n.¢) =0 (8)

7 [ af.
(Fy)i = ;—;?“ (Fo)ay = d—‘? (9)



Viylin—y)+ FiA=0 (10)

Ffa=0 (11)
fn¢)=0 (12)

» Now make iterative equation.
We expand Eq (12) at point (5", (") using the Taylor formula like this.

fi(n.¢) = ff+{dﬂ} (s = f) + ( d;;*}”{r;; G+ (13)
i+ (G =) + d‘g}”{r:j 3+ =0 (19
I +{‘”“J =)+ (GG =) =0 (13)

i ¥
> A E O =) + F(CT ¢ =0 (16)
> V) =)+ (BT =0 (17)
> (FTav+t =g (18)

» Do some calculate to separate two parts
We can simplify Eq(17) like this.

gt =y — V() (FF)oa (19)

Take Eq(19) into Eq(16), we have.
f” + Fr:J{TJ o I-"I::y}{F:-J”J'-”-'-I _ Tilll'I::I + _F:.'{{u-i-l _ {:1.'} =1 {Eﬂ::l
‘f1.' +F1;I|::y _ nr} _ F,;II"{QH_ }l.l).l.l‘l'l + F(l.l{l;-r. 1 |.l::| :ﬂ {glzl
r=f'+Fy-1") (22)
s = FyV(y)(FT)" (23)



r+ F“'!.'l::{1.'+1 o I;-L'} — S}Lr_l

{Fg-_].l"s_ll-i" 4 F{l_.l{g-u+1 o ‘;—1.')] =1

{Frl'.l"]vs—lr + fFrIT'-IIr:S—IE}'{1.'+I o [.F:.T}.I'I.?_I.F'_c”fr =1

> lterative formulas l
O T Sl (€50 e 3 RO A
> A = s e+ FE(CT - ()
> =y - V{QHFJ-]'1'I)"”+I

v' Statistical errors
» Some basic equation i = g(y)

¢ =hiy)
Take Lq(27) and Cgi28) into Eq{29), we have
7 =y = V() (F7)"s™ I = () [(F) s R T FS ) s
Y+ Fyly —n%)) = 9ly)
From Eq(27), we have,

¢ = ¢ = (FT) s RUET) 710 + Fyu = ) = hiw)

» Some supplemental calculations
We have know that,

Vialw) = E( (welz) — Elye(x))Nael(x) — Elwlz])) )

Vo) - y) + (FT)PA =0

(24)
(FE}”J&”-‘-I — ﬂ

(25) +
(26)

(27)
(28)
(29)

(30)
(31)

(32)

(33)

(36)

r= 4 Fy— )
s = FYV(y)(FT)"

(17)

(18)

(22)
(23)



Ay
() = Wlh) + 3 G e (21— )+

Elyi(zx)) = yelp)

V) = B3 52 ks -

i I
B Zz diﬁ == "aﬂ le=p E2s — pa)l; — pi5))

R AR
: 4':}:1!:#:}4':}3!:

ﬂyt

Ski - dml |:—_r.|.

Finally, we have,
Vialy) = SuiVi; (S0
Viy) = SV(z)sT

> Calculate statistical errors

Cov(ij. O = E((fie — E(ie)) (& — E(G)))
= { |y—1'.b{J'L :?LD]'Z |_r r:m n'_;ﬂ”

—ZZ“’""’HJ o Gl (0~ 1) 15~ )

ri_r;ik dhg
|y T ljl::y}dy |_F Lol

P S (s — 1))
J J

(40)

(41)

(42)
(43)

(44)

(45)

(46)

(47)

We have know that,

> Vialw) = E( () — Elye(x)))mlz) — Ewlz))) )

fi = gly)
¢ = h(y)

We expand fj; at the expected point of f;_,-n,

i = gi(o) + Z 1'i'_r'-'l'} |:.rr o T
J

We get this result,
E(ii) = gilmo)

(36)

(30)
(31)



. . i
> Cou(in.{) = {ﬁwmtdf;}T (48)
Similarly, d d
Vi) = (V) g (49)
> Vo = (FVEIE)T (50)
0.6 = (v
> Coli )= (V)T (51)
Do more calculations to find some properties.
j_g =1 - VF sV Iy — F[FTs'F ] FTs7V|F, (54) aly) =y — V) F ) s v — (F)°[(F] s FE)HF ) s
= 1= V[IFs 'R - [F)s R TR TR (59) A+ Eiy =) (52)
h(y) = ¢" = [(FO)"s T FE U F s~ Y + Fy (v —n%) (53)
% — —[FTs\F ] FTs'F,) (56)
= FV T E
G=FTs\F,, H=FTs"'F, U™ = Fls7'F, 6 @ —_— =RVl )
H=Fs'F, =V (y)F, 'F (60)
sT = FVT(y)FT = F,V(y)FT = s (62)
s = (57T (63)



3—1 — [_S_I_]T
G=FIs'F,=V(y)
H=Fs'F =V ' (y)F,'F;
U'=Fls'F,

HT = FIs™'F,
G'=0a
(U =yt
U= (F) 's(F)™!

YVVVYVYVVYVYY

HUH" =V~ Yy F,  Fo(Fe) s(F] )T F(F) TV )
=V (WF, RV (F)) V()
=V

|

G=HUHT =vV-{y)

dy . _ - - -
E:I—I".Fg".? l[f.u;—.F‘,([F‘?"S IFc] IFE-S I]F,J

=I-V[[F s 'F) — [Fy s ' FJIF s 'F] 7' [F s Fy]

dh _ - _
@z —[ng 'F] l[ng 'K

G=Fls'F,, H=Fls'F,, U = F/s'F;

|

(73) *—

(74)

(75)

(76)

(77)

d
Iy - VIG - HUHT]
dy

dh

= ~UH

d d
V(i) = {ﬁ}v{y}{ﬁ}""

V(e) = {%Jﬂyl{%f
dh

.4
Cov(ii, {) = {ﬁ}viy}l@}?

(54)
(55)
(56)

(57)

(71)

(72)

(49)

(50)

(51)



V(i) =V(y) = V(y)Iy — (G- HUH"V(y)] (81) dg _

= =1y (76)
. dy
VIE)=UH"V(y)HUT dh
-1 Ty—1 T . —1 T _—1 -1 Ty—1 — = -UH" (77)
= (F) 's(FE) T FE s ' FV (y) Fy s F F ' s(FT) dy
=Fls(Fy ' =U (82) d d
¢ SU . g g
Vig) = {@}V{y}{@}IT (49)
Cov(ii.{) = —V(y)HUT (83) . dh dh
VIC) = (— V() —)7 al
— Vi)HD (@) (<) {dy,'l [yJ{dyJ (50)
. d dh
Cov(ij,. () = {ﬁ}ﬂy}(d—y}" (51)
V(i) = V(y) = V(y)lIy — (G - HUHT )V (y)] (85) s=FV(yF, (58)
VO =U 9) G=FTs'F,, H=FTs'F,, U = FIs'F, (57)
Cov(§,{) = —V(y)HU (87) ST T T e ‘
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v' Summary

Expected value
¢l = ¢ — [(FT) s RN (FE ) s~ r
A = s+ FE(CT = ¢)]
7" =y - V) () A

Statistical errors

i d
V(i) = (g)V)g)"

V)= {‘j—:jmyJ{j—:JT

@) = (v
Cou(i.C) = (3 VNG
V(i) = V(y) = V(y)lIx — (G- HUH)V(y)]

Vi =U
Cou(ii.{) = =V (y)HU

(27)
(28)
(29)

(49)

(50)

(51)

s=FRV(y)Fr

7= F;T.?_IFH._ H= F,TS_IFf‘-. 1= Fg-s_'F(
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X* = (y—n)TV, (y—n)+2X. " g(n,m)

c y g —ARNE p  RNUEEENEE FEE) m : RXBHRISEK

« glpm) FHETn M m WXF
* h(n) : nHILIR A

« Vy o WNEyR T ZEE, mNERE, AU FREANZETH (WHFEEm A X ,
TR F AV, GmAx: Vy(m), FRENRAMEH

o Ag Ag ¢ HAEHIEEH
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c EERYMEBEIRFEANEENNE: EF5E0Hn, E¥na X EECE TR ULAK
AR, X B Fbk &K TpeakingK K, R HELIE, EFLKFAckET: c=E1s=
E-'(n—Fb), &£+

E ZESREEE, HRNAFNRE R AR BEE S 142 22 (8 A7 B o 3 % 5 o
F ZRARKEESE, HRNEKENEMETH KRBTSR
REEER—ZEAN

st BATMEE, AFXEm, [ U¥Kct #E5 EyF

« WRgmm)EELKER, FEHTHEHEI, h(nFE

d d
g(m,m) = g(ne, my) +ﬁ(m —my) +ﬁ(ﬂ — 7o)

R ~ k(o) + 5 @ = 10)
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de\ .. dc de\ . de
V. = (%) VnEJr(%) ng

oF oF CT. Vi de
oF

o 1% ;E_ \% — F1l¢ = F1 — T T E
ixZ%#%® ¢c=E's=E'(n—Fb) +((af;) (E}c) )(VE CEF) ()E)
c T AEEAE, WMNEWIREZLHE AN, FTUVE VEAEEZTWI AT

vz R == N =N =N Y > VC 0
A SHUE R AANE R ART RS, % V,=(7 ) #R
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Ky B /N

%R FkPEITEMSE A KT E Fkr]
ST EmMAIE “seced” , BIRER,
TmEEV, ¢ FLX S EH

- ZR (DA, HEHKE=
WS A FAME I 2D

2N a aV e .
B g — NI €k # Fbias
om JOm

/IME (AR EH

m"!t = m*-[GE S,

x[z1=(G,)"V, (H,)" S5 2],

where
aJr aJr
G, )= G .
( Ja am; - (Ga)in= a:;J
ahg ahg
H,, )= H ),=—.
(‘ Ja am;  (H)j an;

$,=(GY)*V, G,
S.=(HJ)"V,H}
Sy=(GT)*V, H:S; (H )V, (GF).

S,=5;-5;,

z21=g"+G, (y—n"),

zgzhk—Hg(y—?)k).

JERDRER
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fFHete” —» P(3770) » DD TR HMC kR y AREH

RX##eyE & D% — DO mixing parameters

D decay mode feor
K—nt 1+ Rws
KTK— 2
Kgm? 2
K-—nt, Kta— (1—|—RWS)2—4—?‘0056Kﬂ(:r'cosc‘?Kﬁ—FyD)
K—nt, KTK— 1+ Rws+2rcosdkn+yD
K—nt, Kgn® 1+ Rws—2rcosdkx—yD
K—nt, Kte Ve 1—ryp cosdKn—rarpsindk
K+K—, Kgn® 4
KTK—, Keve 2(14yp)
Kgm?, Keve 2(1-yp)

Ry s : wrong-sign rate ratio,

Rys =T(D° - K n*)/(D° » K~ n™)
x'?:  x'?= 2Ry y'?

y'?: y' = ycos§ — xsind

R AN AKX 8 XA B IR Z 2 T KW

c t m relationship
R.\J\..-'S
r? Npp Rws=r?+ryp CO;WKE)
0Kt B(KK) —-r'aﬁDsin(cﬁKﬂH—w,
Ci ) B(Ksm) x' =xpcosdkx+ypSindK,
YD B(Kn) y' =yp cosdr—xpsindK .
x'? B(Kev)
Y r

« WEELEF, 9 NS 2 EF:
Npp FABIDY —DOxmy &4 shEffa N E (Eeshim
AE: world-average values)
r k@ < K'n~|D°>/< K*tn~|D° >= re'dkn
Sy MCabibbo/EMKILEDO - K+n~#4k 18 5 Cabibbo-
favoredit £D° — K~ Ik 1@ B A8 4T A AL

Xp Yp Tikcharm mixingtd % %%
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Table 3. Correlation coefficients, including systematic uncertainties, for the parameters determined by the fit with
MC samples.

Npp B(Km) B(KK) B(Kg T[O) B(Kev) r oK rp YD
Npp 1 —0.63 —0.63 —0.24 —0.09 —0.02 0.03 —0.01 —0.01
B(Km) 1 0.96 0.15 0.65 0.01 —0.02 0.00 0.01
B(KK) 1 0.15 0.63 0.01 —0.02 0.00 0.01
B(Ksﬂo) 1 —0.03 0.01 —0.02 0.00 0.01
B(Kev) 1 —0.00 0.00 —0.00 0.01
r 1 0.06 0.11 —0.28
SKn 1 —0.09 0.09
TD 1 —0.09
YD 1

« MRAH, T No B2 EHEXH, 4
S H & Npp & SUAE K

04 06 08 10

|
.
|
[
o
ra |
=S
[
o
5]

confidence level
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» Global fit 7] DA & &8 2 A gy R BrdE, & e kRl EM NS AE, RKEEHEHN S
« MBHEES—FREMNAN, U EIMCHE TR 2B B AKX EAEE

« WMEMMANNREZEENAZRKBTIEETNSH, FHERERBIEELF. LA
EHeUN ey ik ZEER, e[ e TREIT, UAFESRNERANIRE,
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backup

Charm mixing in the Standard Model is conventionally
described by two small dimensionless parameters:

x=2M2 M (1)
Lh+Iy
_ L -1
Ty (”

where M, and I'j, are the masses and widths, respec-
tively, of the neutral D meson CP eigenstates, D,
(CP-odd) and D, (CP-even), defined by

D)) = ——F%—, (3)

D)) = ——F—, (4)

assuming CP conservation. The mixing probability is then
denoted by Ryy = (x* + y?)/2, and the width of the D° and
DY flavor eigenstates is I' = ('} + I'5)/2.
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