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Experiments

B-Factories
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e (9 GeV)

—

SLAC

Silicon Vertex

Tracker (SVT)
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22901 04008

Experiments

Charm-Factories

Cleo-c @ CESR
Cornell

BESIII @ BEPC-II
IHEP

ete - w(3770) - DODO, D*D-

Cleo-c:

~800 pb! of data _
available at y(3770); 2.8x10°% D°DO
N...(D° - K 7*)~150x103 (single tag)
BES-III:

~900 pb! of data (?)

available at y(3770);
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Central Calorimeter

n Central i Y
o (&M
Experiments o —
Wall Calorimeter [ el N :
- AN -

pp’ Colliders

DO, CDF @ Tevatron
Fermilab i E‘:Té’:‘!n;’;ma
~ 6 fb-1 available
N...(D* - DO nt - K 7t n*) =~ 7x10°

LHCD
LHCb @ LHC Bty
CERN

For 2 fb-! (currently 1 pb-1)
N, (D* - D° n* - K 7* n*) ~ 15x10°

Central L&

Lumi Silicon Tracker | S
Monito TORY

We all live with the
objective of being happy;
our lives are all different
and yet the same.
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Flavor physics

You always admire what you
really don't understand.

Questions (to SM)

Why are we humans and Sakharov, CP violation;
not anti-humans? CPV in SM small

Why are some large

Hierarchy, three generations
and some small?

Why am | massive? Origin of EW symmetry breaking;
beyond SM theories may explain,

but at what scale?
Precission needed
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Charm is... a way of getting the

Charm physics answer yes without having asked
pny y g
any clear questi
Dual role
- experimental tests example: leptonic decays
of theor. predictions gfe?amis;’;‘fa;ts
(most notably of (L)QCD); y !

_ - tests of LQCD;
improve precision of CKM

measurements (B physics);

- standalone field of SM tests
and searches for new
phenomena

(SM and/or NP);

example: mixing and CPV in
DO system

Frontier of Particle Physics 2010, Hu Yu Village, Aug 2010




Introduction Additional material

Mixing phenomenology
Mixing measurements

IXing of neutral mesons History

observation of K°:
Phenomena 1950 (Caletch)

in course of life neutral mixing in K°: 6

= t f ~~ 1956 (Columbia)  Yyears
meson can transtiorm c quark observation of B.C:

into anti-meson F° mass 1983 (CESR
mixing in B,°: 4
«~ 1987 (Desy years
t quark observation of B’
mass 1992 (LEP
1 mixing in B,°: 14
<~ 2006 (Fermilab)  years
2?77?77 observation of D°:
P° = K° B,°, B, and D° 1976 (SLAC)
_ mixing in D°: 31
2007 (KEK, SLAC) Years
??7?7? evidence of)
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Time evolution

Schrodinger equation
mixing affects the time
evolution — oscillations

state initially produced as w(t = ())> — a(())‘ P0> + b(())‘ §0>
will evolve in time as l//(’[)> _ a(t)‘ PO>—|— b(t)‘ §o> L

if interested in a(t), b(t): - - _ _
effective Hamiltonian i O ‘Po(t)> (M i F\ ‘Po(t)>
H=M-(i/2)I" (non-Hermitian) ~ | =0 = -~ —

and t-dependent Schrodinger eq.: at _‘ P (t)>_ 2 }_‘ P (t)>_
eigenstates: _ 0N+ gl P?

(well defined m, , and 77 ,) ‘ P12> p‘ P > =4 >
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Time evolution

Schrodinger equation " VR T,]
eigenvalues 15 2~ 1" {p}_ﬂi { p}
diagonal elem.: . . I= T || +q Y +q
PO« P° _Mlz_lf M_IE |
non-diagonal elem.:
P? ¢ PP .
. \ Mlz*_i F12
ﬂ.l,Z:M—igiﬂ[Mn—i&}zmM—iﬁ, (q _ r2
P 2 2 p) M. —j 12
12 2
q/p. CPV;
if CPV neglected q/p=1
C —i4 5t
P , evolve in time ‘ |312(t)> —p 12 ‘ Pl,z(t — O)>

according to m, , and /7 ,:
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Time evolution
P(t)) =

1

2 L]
Flavor states B 1p .
state initially produced P° (t)> = —
as pure PY or PY 2(

PO(t) = D P°>Cosh(|X;L Y Ft) o = P°>smh( ;r 4 Ftﬂ e 2
po Do - \ — \ —imt—gt
‘P (t)>:DP >cosh('X2 ) q >smh( , yFtJe

can at a later time t be P? or P, depending on
values of mixing parameters x, y:
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Time evolution

Flavor states

- : V=Y(4S) B

herent pair pr ion from
coherent pair production fro V=9(3770) D
vector resonance V=@ KO

e*e- -V — PO PO

1 initial state, C= +1

w=ﬁﬂP°(ﬁ1)>\ PO(P)) £ | PO (R P°(p,))

p(t,t,) = %e*m 'f’”“l“z){cos[r Y (1 +1,) [P PO(p)) £ [PO (R0 PO(P,)),

T

+lsm( Iy(t £t) [P (p)|P°(P)) [ PR P(P)  }
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Mixing rate

PP: any pseudo-scalar meson;

Phenomenology specific example of B,°
r= " d Vie \{1 b b

PP-F0 transition - W
box diagram at quark BO u. c, t ict B
level _ W- _
b -o- s d

Vip VJd
—_— d 1 I b
<BO‘Hwk‘BO>OC bt

Y, * 2 2 2 B° W+, W BO
2 VipVigV jaV jpF (M, my,m7) . U, c 1o .

I,j=u,c,t

if m; =m, = due to CKM unitarity: no mixing
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Mixing rate
B°|H,,|B°
Phenomenology < ‘*Wk‘ >Oi S
simplified treatment D VipVigVigV i (my, . m,ms)

based on dimension: i,j=u,ct

F(my,m’,m7)oc fomy + fm’+ f,m{ + f,mm; + O(my’)

for serious treatment see e.g.:

CKM unitarity = 0 0 *
y (B°|Hyu|B)oc D VigViV oV ymim,
I,j=u,c,t
Homework: contribution of which quark is dominant in the
above expression?
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Mixing rate

Phenomenology ] Vv, V" |
W+

DO case D° 4 s b dsb D
_ W- _
u TV C

the only P system with Va o
uplike g's c 45 b | u
DO W+i E W- 50
the system resisiting exp. . d4,5,D ! _
observation for the u ¢

longest time —
(D°|Hy|D%) e D VaVoVVgmm,
i,j=d,s,b
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Mixing rate c RRYPRRE u
Do d,s, b s b DO
Phenomenology W-
Lo c
Vui* VC]

|V *|<<| CS us |’ |Vcdvud |
assumlng unitarity in
2 generations =

uscs"cd

(D°|H,u| D) e ViViVog Vi (M = m, )’

I
DCS SU(3) breaking
more involved (and correct)

calculation:
Do) -

7; VNN T 50 1 ety (1) D)

|
DCS SU(3) breaking
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Mixing rate

Phenomenology
2nd order perturb. theory

Am=m-m,=f(M;,,17,)
AI=15-15=9(My5,175)

+ Z< :
|X| - @(10_5) 2MD n MD_En +1&

common statement: mixing

with large x sign of NP; [ .
DO NP BO

more appropriate: measurement u

of x yields complementary Uu—m—------- C

constraints on NP models
(because of specific uplike g couplings)
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Mixing rate

Phenomenology T, (D|Hy!D))
2nd order perturb. theory i

difficult to calculate;
contributes to real and
imaginary part =
affects x and y;

two app
OPE
exclusive approach

(principle can be easy understood, see p. 11/26)
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Mixing of neutral mesons

Observables
(B-factories, hadron machines)

‘Do(t)>=UD°>cosh(ixgyftj—ﬂ‘5° sinh| | .

IX|, [y] <<1=

N(D’ > 1) __x
dt

A, =(f|D°), A =(f|D")

. 2
iX+y

dN(BO > ) o e A +£

dt f q

Decay time distribution of experimentally accessible stat
sensitive to mixing parameters x and y, depending on

A Tt
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Mixing of neutral mesons

Observables

(Charm-factories) _
coherent production, V(C=-1)—D°DP
t-integrated rate

ryv -»D°D° - f,f,) :%

~ : P q
a :AflAfz_AflAf21 b— q AflAfZ pAfl f2

Decay rate of experimentally accessible states D°, D°
sensitive to mixing parameters x and y, depending on
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Mixing of neutral mesons

Observables

— P(P* >F)
— P(P° —F?)

x=0.01, y=0.01
0wl —
1 C 4Tt
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Experimental methods

1 dr f) [y, aix+y, 2
Common exp. features &7 g [* T, 2
tagging

(B-factories, hadron machines) (for easier notation:Tt — t)
D* —DOr.*
charge of z, = flavor of D°; T
AM=M(D°r)-M (D) -
(or g=AaM-m_) = ~100 um /_
background reduction ] DY/ fit DY decay vix

decay time N AV
(B-factories) « P e &

extrapolate production vtx
DY decay products vertex;
D% momentum & int. region;

p*(D*) > 2.5 GeV/c
eliminates D° from b - ¢
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B-factories hadron machines
decay time
DO decay products vertex: Tevatron: transverse decay length
D% momentum & int. region; LHCDb: decay |ength between B (B—> D*X)
and D9 vtx

p*(D*) > 2.5 GeV/c
eliminates D? from b - ¢ Tevatron: impact param. distribution

LHCDb: using D from B
(better trigger € and vtx resol.)

H

mm”™ |
- int. point
10 = 4. — B decay vix
E ' .« _D decay vtx
' __ LHCb Preliminary K-
| EvT:49700980
Beamspot | RUN:70684 %
extrapolate production vtx . e
0 : SEARERARARNRRRNRARY PRI RARNRAN" AR
0 2 i s 5 10 2 u Te mm
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Experimental methods

Decay modes

methods/precision/measured parameters
depend on the decay mode

example, D9 —

final states:
semileptonic K*lv
CP states K*K
WS hadronic 2-body states K*rz-

multi-body self conjugated states Ksrm 7t

and some decays which are K* 70
a combination of those examples
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Semileptonic decays A -A -0 A <A A

2
RS f|D°(1))
. . __ | Al?2 derived from master
P””C'ple e—t o ‘A‘ formula on p. 1/18
“1 0 2
W fF1D7(t) X2 +y2
D*+ - DO 7Z-SI0W+ S < - > :‘A‘Z y t2
DO » K- e* v RS e 4
— _ =0
D° =~ DO K™ eV WS WS (f|D (t)>‘ XY e
e 4
. o 2
t-integrated rates ‘<f ‘Do(t)>‘ )
=(x2+y2)/2 RS e
x103:‘RS electron mode, SVD-2 WS, electron mode J[ J(
Reconstruct v 16 <t <90 L[ svp2
10F o dgta
Pmiss = Pcms — Pker — Prest 5 o . f,;:_f,kgr, Soi.
;; s (ldof.=45.7/40)
to improve resolution ; 2 Le<t, <20 |
5 2r " 5 */d.0.f. = 34.6/40
M(Ke V7Z.S|OW) EM(D*+)7 MZ(‘/) EO LE 0:0.11—1"_';?:l?;'-'-()'_.l-:l'.;'-l-ol_.i;:-'—0'.:| = 1 'xo.ls' e
AM [GeV/c?] AM [GeVic’]
Ngs ~#330 - 103 Nrs =0

Frontier of Particle Physics 2010, Hu Yu Village, Aug 2010



Introduction Additional material

Mixing phenomenology

Mixing measurements

Semileptonic decays

Results
Ry,=(1.3 £2.2 + 2.0)-10

Ry<6.1104 @ 90% C.L.

main syst.: WS bkg. Br’'s
WS bkg. AM shape

average of various measurements:
Heavy Flavor Averaging Group

Ry =(x2+y?)/2

Frontier of Particle Physics 2010, Hu Yu Village, Aug 2010

e oo
HFAG-cham
| Moriond 2008
0.300
0.110 70300 %
(‘u‘.()znus} | + } 0.160 +0.290 + 0.290 %

+0.070
0.004 1500 %

0.013 £ 0.022 £ 0.020 %

Belle 2008 H

0.013 £ 0.027 %o

UV FFREN FRVEY FRTRE FRTRY FERTLETRYY FPTRY SYen
“0.2-0.1 0 01 0.2 0.3 0.4 0.5

y R, (%)
[%] 4
0
P 0 4 x[%]
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I _ — A
Decays to CP eigenstates  _;. , _\. 7z _a. &4
f
Principle po (t) Y
D% - KK/ ntm- ‘< ‘ >‘ ‘A ‘ {1 yt+ Zy tz}
CP even final state; 2
P=(t) X2 + y?
if no CPV: ‘< ‘e >‘ =|A] {1 yt+ 4y tz}
CP|D,> = |D,> _ .
ID,>is CP even state; only this o linear order: Padidibitied
component of D%DC decays to £ PO(t) PO(t)
K+K_/7Z'+7Z'_,' ‘< ‘ - >‘ ‘< ‘ >‘ —‘A ‘ [1 y ]
measuring lifetime in these ° , _e
decays = ¢ =1/I3; ‘<f ‘Po(t)>‘ +‘<f ‘Po(t)>
DO R K_ 7Z.+ ~ e—te—yt _ e—(1+y)t
K-7*: mixture of CP states = when considering CPV expression
=f(1/I,,1/T") is modified = y in this mode called yp
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Decays to CP eigenstates

Principle (K 7") ,
D~ KK/ Yer = 7(K"K*) "~ nmocev y
Results
MK*K) , .
G=M(K*K" z,)- M(K*K- )- M(7), BN
% f 107
selection optimized on MC 2
% mnil
K*K: K7 T g
Ng, 111x10% 1.22x10° 49x103 0 0005 00l 0015 002
q (GeV)

P 98% 99% 92%
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ecays to CP eigenstates
simultaneous binned likelihood

esults fit to decay-t, common free y,
DO - KK /7t | -

y2/ndf=
1.084
(ndf=289)
first evidence dominant syst.:
sk one of ...) t acceptance linearity;
KK for DO mixing small residual bias
ot and K z'rati in
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Decays to CP eigenstates

Principle | r r
D° » (K*K-) Ks 7= fcp=+11—+(l— fcp=+1)1
(D° - $Ks, ay(980) Ks ,...) + Yer ~Yer
mixture of CP= x1 states
-- CP= -1 (¢Ky)
(¢Ks)= 1/15> 1/T7 = 1(K*K) & ﬂ - CP=+1(a,(980)Ks)
S
D° - (K*K ) K is topologically
different than D° - K- 7*; IR % A
TS
small biases in the T measurement T I e )
would not cancel in the ratio m(K*K)
t(Kzt)/t1 (KK Kg) .
T _T 1 [ |
measure t for K*K Kgonly in Az = Y ~ Yep (f CP=+1" f CP:+1)

different m(K*K) regions
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Decays to CP eigenstates

[=2]

N'gq <72 103

[,

T e

Results
D° - (KK ) Kq
(D° - ¢ K, ay(980) Ks ,...)

F =S

o -

k
\

=¥

N"gq 62 -10°

w

N

"

M

‘-l—7|74_J__x_JfL_\77|g4*L7|.:47:glfT

1.1 mK*K) [GeV]

Events x10* per 0.001 GeV?/c*

Jogml J. | S

=
S

main syst.: residual biases in t

Q
=
QL

LRRRIY

Events per 0.1 ps
Events per 0.1 ps
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HFAG-charm

EPS 2009

Decays to CP eigenstates
Results

0.732 £ 2.890 + 1.030 %

FOCUS 2000 h_._ﬁ 3.420 +1.390 + 0.740 %
CLEO 2002 |-¢—.—|-| -1.200 + 2.500 + 1.400 %
Belle 2002 H_._;.| -0.500 + 1.000 + 0.800 %

average Ycp

DO - K*K / 7t 7~ Belle 2007 H 1.310 £ 0.320 £ 0.250 %
DO - (K*K ) Ks Belie 2000 H 0.110 £ 0.610 £ 0.520 %
BaBar 2009 ‘.{ 1.160 £ 0.220 + 0.180 %

World average H 1.107 £ 0.217 %

JJ_LLLLI_LLLLI.LU_IJJ_IJJ_LU_IJ_IJJJ_LLIJ_IJ_IJJJJ_IJJJ_IJ‘
4 -3 -2-10 1 2 3 45

Yep (%)

meas. can be performed with
un-tagged (no D** - D97r*)

decays (larger stat., larger bkg.) g /\
Yep

Yep =Y
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WS 2-body decays o

. . /
Principle v/
D*+ - DO 7Z-S/OW+ DO cS K- CF
RS: D-K rxt
: 0 N0 K+
WS: DV- D°-K'rm v, > < "
or ,
WS: D°-K*mr (DCS) e
| N o Ved -~ DCS
interference between mixing
and DCS for WS decays
'Kf —io. Af
=K A - VRe®
- sign due to relative sign of V,,and V_, Kf ViV Y 22
oC cd "us —

Af VuTchs } (1_22)(1_12) B (1_12)2
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WS 2_body decays X'=XCOSS +ysing; y'=ycoss —xsing
y''=yCcoso + xsino

derived from master
formula on p. 18

Principle

D*+ - DO 7Z-slow+ Kf\: (t)>‘ ‘A ‘ |: \/ﬁy”t-l-RD X2+y2 t2:|z‘Af‘2
RS: DO-K &t F1p0) 2
WS: DO DO K T ‘< ‘ - >‘ z‘Kf‘Z
t-dependence to separate (f ‘P (t)‘ = [R }
DCS/mixed =[A [ Ro #Royt+>
‘<f\P(t)>‘ ‘A‘{R +ryt+ }
0. unknown strong phase DCS/CF; - .
not directly measurable at B-factories;
direc’:Iy ac{:esible at charm-factories ‘<K%“D°(t)>‘2 R +Fy te X +y e
CS mterf %(—’

n.b.: x?+y? = x2+y?
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- ... +Data 1

WS 2-body decays L1500 WS | [wssignar

g [ P Randomr,

NWS ~ 4000:; ~1000 B Misrecon. D° 7

ReSUItS (note: P worse -.o6 i .Combinatorial:

DO — K* - than for K*K') & 500/
ﬁ B
0.15 0.16
Am (GeV/c?)

:iziBABAR Cimewan =

1200; preliminary - Random , 3

g- = B wiisrecon. D =

0~ 7T——— T 7 7T g_ 1000;— -hcnombinalo{r)ial _;

e, . . - I e i T T No mixing fit

ook | likelihood - Poud T3

ks ) w = Zl

- - _contours - 4001~ =

100 i < 200 -
; r 3‘-96\‘ 10- ] - ¢ data - no mix PDF
. s | <+ 2c ~ 1 first evidence ¢ : — mix - no mix PDF

C =, 30 ] § of + 3

E 56 | for DY mixing e E

I I Loy | s i T . T
20730 05 0.0 0.5 1.0 2 40 1T T3
x?110° t (ps)
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WS 2-body decays -
Results & aoonft
DO - K* 7r- 2000:_1?2;
CDF: divide data into 20 ¢ bins; . v 2SS o
e 0.01
In each bin determine - fit
yield of prompt (not from B) 0.008 (0.2 Ry central

RS and WS events, based

~ value <0) )
on imp. parameter élistr' oonet %\
. K : 4‘ *—LTJ:I"W'T _LJFZF

0.004 T g

plot WS/RS ratio in bins of t;

0.002> 2 4 6 8 10
tit

fit the distribution; 1D
(rjow) oyt 1y
(k7D (t)>‘
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30_ | LENE U L L AU PR AU B
S~ BaBar: likelihood contours -
WS 2-b0dy decays 20! ~___ Belle: 95% C.L. contour, -
RN —_— frequentist, -
o aal -~ FC ordering -
Results 210 | :
D° - K" - :; 0:— - _:
- CDF: Bayesian .
-10~ probab. =l b
C s, o
L | L L | | L | ]
20740 05 00 05 1.0
y x2110°
o] 4 Kn
F @RM
O S 7 = il
X2 = (X COSS+y Sind)? 0
y’'=-x siné+y coséS o | ?TO
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derived from master

Charm-factories IV —D°D° - f, f ): formula on p. 19
-l = bl
Principle _ ISy T 2 14X
coherence of D°DO pair L
affects t-integrated rates; An=A A, =A; —VRp€ A A, =0

example: =K, =X 4 _ap; b :%JFTDe“SAAe =Ry AA
'V ->D°D° 5K z",e X)=
1
_ E\AAE\2{2+ X°(1+Ry) -y (1—- RD)}
for D —f, and D° — f, e . xtoy?
(“double tagged”, DT T'(V > D'D° - K z",e"X) =|AA| {1+ }
events);

sensititiviy to x, y is
in 2nd order only

Frontier of Particle Physics 2010, Hu Yu Village, Aug 2010



Introduction Additional material

Mixing phenomenology
Mixing measurements

f= K- derived from master
Charm-factories formla on p. 18
Principle 1_t (<f ‘Po(t)>‘2+ (1 \ﬁ‘)(t)sz
2e

one can also reconstruct only

single final state, e.g. K'z* SN el LA |
(’single tagged”, ST events); ~ 2 ‘A‘ [1+\/§y t+ 2 ‘A‘ [RD +\/R70y t]

| 'V ->D°D° 5K 7z"X)=
each event contains D9 and

. : : 1 el 2 _ 2
ceim s o =3[P0 el s
coherent decays; - |A :1+ R, +2,/Ry y €O 5]
sensitivity of ST events to f= - X
V(Rp) y cosdis in 1st order; 1 (<f ‘ P°(t)>‘2 +‘<f ‘ﬁo(t)>‘2) ) ‘AE‘Z
ot

DT/ST ratio

(ST provides sensitivity to
mixing parameters, DT
normalization)

see also formula o

Frontier of Particle Physics 2010, Hu Yu Village, Aug 2010




Introduction Additional material

Mixing phenomenology
Mixing measurements

Charm-factories

Principle
various decay modes,
effective rates;
S, : CP= %1 eigenstate
e” : semileptonic state

r. \/RD Mode Correlated
K—rnt 1 + Rws ST;
Sy 2 ['(f)
S_ 2 Funcorr(f)
K rt, K nt Ry
K7t Ktnr~ (1 + Rws)? — 4rcosd(rcosd +y)

K_’?T—I_?S_|_ 1+ Ryws + 2rcosd+y

K—nt,8_ 1+ Rwsg — 2rcosd —y DT:

K7t e 1 —rycosd —rxsind r(f, f,)
SipiSef 0 uncorr uncorr
o g [runcerr(f, ) rruncert(f,)
S8See 4
D 6 14y
S_,e” 11—y
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Introduction Additional material

Mixing phenomenology
Mixing measurements

: '(Kw*)
Charm-factories > uncon (K 1+R,6
, 1R -VR

carefull when reading ~— ~ Tuncorm(K-p*) [uncorr(g-X) VR, xsins - VR, ycoss
the table:

ST rates uncorrelated

F(V —> D050 —> K_7z'+X) — runcorr(Do SK ):

=%(F(DO K 7)+T(D° > K x")) =%(F(D° SK2)AT(D° > K )

— I'(V > D°D° 5 K 7" X) =1+ Ry L' (D* > K 7z") =
1+ RWS)%(F(DO S K2 +T(D° > K'x))=

= 1+ Ry ++/Ry YR, A (L ++/Ry y") = ‘A‘2[1+ R, +2\/§ycos5]

+Rys
[V ->DD° 5KaeX) AL+ -y)/2)
Funcorr(DO N K—ﬂ_+)1—wuncorr(D0 —)e_X) ‘A‘2(1+ﬁy..)Ae‘2

~1- V RD y": 1- \ RD yCos o— \ RD Xsino derived from equations on p. 1/37, 38

o
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Introduction
Mixing phenomenology

Additional material

Mixing measurements

Charm-factories Tomem| | Bfmre] |
Results _ . 5|
examples of DT, M = (M.,+M.,)/2 2| | ut o
o™ A
Ne (K7t + K*z™) ~ 5110 g o «
Ny{(K 7, K*z") ~600 2 *I' |
I
: ) i
fit to several measured TR e vver e et
ST and DT rates y M (GeV/c?)

[%] 4

using WA value of Ry:
coso = (1.54 £ 0.65);
naively: 6 € [0°,27°] & [153°, 180°]

Yep
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Introduction Additional material

Mixing phenomenology
Mixing measurements

Multi-body self conjugated states

Principle
example D° - K¢ 7t -
different types of interm.
states;
CF:. D°-K*nt
DCS: DO - K*r-
CP: D° - Kg

if f = f = populate same Dalitz
plot;

relative phases determined

(unlike D% - K*7-);

specific regions of Dalitz plane —
specific admixture of interm. states —
specific t dependence f (x, y);

“t-dependent Dalitz analyses”
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Introduction Additional material

Mixing phenomenology
Mixing measurements

Multi-body self conjugated states

Principle
example D° - K¢ 7t 7

t-dependent degay ampl. m(mf, mf,t) _ <Ks7f+77_ ‘ Do(t)> _
depends on Dalitz variables DO_f _
m.2 = m?(Kqr2); B :_ﬂ(mz’ mz) oiut | gzt ]
contains DY and D? part 2 B; f+ ' '
(due to mixing) 1— 2 N[t it
that propagate differently in time M zﬂ(m_,m+)_e €
/11’2=f(X,y),' see equations on p. 1/9
(n.b.: K*z-: dependence on x?, y’)
A(m?, m) =
_ iD, 2 a2 Dy
instantaneous amplitude: __Z ?r ez B(m~,m})+ay, e
sum of intermediate states A(mZ,m) = |
= a e B(m?,m?)+a,, e
Breit-Wigner
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Introduction Additional material
Mixing phenomenology

Mixing measurements

Multi-body self conjugated states

Results
D° - Kgnt 7

Ngy= 530-108
P ~95%

3-dim fit (m,?, m?2, t);
complicated, ~40 free param.;
possibility of multiple solutions

usually fit to t-integrated
Dalitz first to establish

the appropriate model
(A(m.?, m2)),

projection of fit
in Dalitz plane
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m2 (GeV/c?)

ic*

o™

Events /10.02 GeV

3

2
m? (GeVPich)

L 10000 -

20000 -

K*(892)

10000 -

-~
4]
L=
L=

5000 -

2500 -

Events /0.02 GeVic?

10000 -

5000 -

Events /0.02 GeV/ic?




Introduction Additional material

Mixing phenomenology
Mixing measurements

Multi-body self conjugated states

Results
D° - Kgnt 7

projection of fit in f distrib.

dominant syst.: model dependency

(param. of resonances); S0 0 om0
Dalitz model for bkg.; t[fs]
Results
other analogous modes: D° - Kq K* K
Pt

sensitivity to x, y depends on relative
phases of interm. states (interference);
difficult to predict
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Introduction
Mixing phenomenology

Additional material

Mixing measurements

Multi-body self conjugated states

Results

simultaneous:

DO - Kg 7t - /Ks Kt K

profit from resonances that
are present in both final states,
e.g. a,(980)

Events / 0.024 GeVZ/c!

first error stat., second syst., third model
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Introduction Additional material

Mixing phenomenology
Mixing measurements

Multi-body self conjugated states & '
Results | |
D° - Kot n- /Ks KT K e H
t-dependent Dalitz analyses: oo
most precise determination of
mixing parameters N H

X (%)
FPCP 2010
CLEO 2005/2007 I * } -1.400 £ 2.400 £ 0.894 %
Yep
Belle 2007 0.330 + 0.240 + 0.150 %
BaBar 2010 e 0.570 + 0.200 + 0.148 %
World average 0.456 + 0.186 %
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Mixing phenomenology
Mixing measurements

=K z* =°
Multi-body flavor specific states KK%_EO‘DOG»‘Z . A+

DCS

Principle + A 1A (Vi 0SS, =X, SN S, )t +
DO - K" - 72'0 b interf. ’
! 2 ! 2

properties: mixture of AP Xar T Ycan_ 2]
2-body WS (K7) and . 4 )
t-dependent Dalitz (Kszx); , " _

Xir = XCOSO,__+YSINO,
WS: interference mixing/DCS; Yz = Y COS Oy, —XSINSy .,

t-dependence similar as for Kr; — _
P A:, A; and &= 6 - Sfunctions of
mK7Z'2’ m7m2

WS and RS Dalitz distribution;

n eaCh_ relative phases Ok ., Unknown strong phase DCS/CF;
determined; not directly measurable at B-factories;
one unknown relative phase directly accesible at charm-factories

between chosen point in RS
and WS Dalitz plane;
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Additional material

Introduction
Mixing phenomenology

Mixing measurements

Multi-body flavor specific states

Principle
DO - K* 7z~ x0

etermined from RS

t-integrated Dalitz distrib.;

‘mixing parameters from WS

t-dependent Dalit distrib.

ReSUItS Resonance ay“® 8777 (degrees)| f; (%)
2(770) 1 (fixed) 0 (fixed)  [39.8L6.5
K°(1430) |0.088 £0.017| —17.24+12.9 | 2.0+ 0.7
Kr1(1430)| 6.78 4+ 1.00 69.1+ 100 |13.14+3.3
K*T(892) |0.800 £0.005| —171.0+5.9 |35.6 5.5
K#°(1430) | 1.65£0.59 | —44.44+ 185 | 2.8+ 1.5
K*0(892) |0.398 £0.038 24.1 +£9.8 6.5+ 1.4
p(1700) 544+ 1.6 157.44+20.3 |20+ 1.1

results of Dalitz fit for WS decays
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Mixing phenomenology

Mixing measurements

Multi-body flavor specific states

Results
D% - K* 7z~ 70 y
[%] 4 - O
’ = + no. ) T
X' kzy = X COSOk,. . TY SINOK .. -
Y kon= X SIné‘sz ty COS5K7Z'7Z' =
e =T e
0 QW)
oo | K* - 70
“ 5K7m =0
RM
_4‘H—.-¢ .02 ‘ ).04
-4 0 4 X [%]
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Mixing phenomenology
Mixing measurements

Averages X |
= : FPCP 2010
Results e — no PV
" . . 1:
2 fit including correlations ;
among measured quantities 0.5-
Parameter No CPV 0: ,
z (%) 0.61 2520 ~ no mixing point e
y (%) 0.79 £0.13 -05 excludedat~10c 20
- o op p+11.2 T | |
U
R, (%) 0.3317 T 0050 1 -05 0 05 1 15 2
‘:1_5, (%}I — X(o/o)
lq/p - n.b.: x(D% =0.01; x(K°) =1; x(B,) = 0.8; x(B,) = 25;
5 ) B
O (°) 21.6 1335

X,y >0=

(unlike KO system)
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