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1. Phenomenology M e A
d, q,
D mixing is FCNC of u-type quarks PO = K9, B0, B.% and D°
Time evolution D,,)=p|D°)+qD")
flavor states #  Hg eigenstates: it
(defined flavor)  (defined m,,and Ty,) |Di.(t))=€""*|D,,(t=0))
—imt—l;t

0°())=||0°)cosh| *2 T ~4[B7)sinn Ll

SM: |x], ly| < ©(10-2)
x|, ly] << 1=

dN(D° — f T [ —
== >ocert<f\no>+%w<f\oo>

Decay time distribution of experimentally accessible states DP, DO
sensitive to mixing parameters x and y, depending on final state
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1. Phenomenology

Oscillation frequency

— P(P*—P0)
— P(P® —P?)
DO
i ;3101\
%6 éwl-
x=0.01, y=0.01
107+
10 / e —————
0 1 2 3 4 5

Thus the system of the world only oscillates
around a mean state from which it never departs except

by a very small quantity yarquis de Laplace (1749 -1827)
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1. Phenomenology

CP violation

DO: first two quark generations;
CKM elements = real,

using CKM unitarity:

below current exp. sensitivity;
signals New Physics

parameterization:
Rp #1: Cabibbo suppression

Ap #0: CPV in decay
Ay 70: CPV in mixing
¢ #0 : CPVin interference

B. Golob, Ljubljana Univ., JSI
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2. Measurements - general

Experiments

Electromagnetic
Calorimeter (EMC)

Solenoid 1.5T

Muon Detector

Detector of Internally
Reflected Cherenkov

Silicon Vertex

Tracker (SVT)
Vertex and trajectory
measurements + dE/dx

Drift Chamber
(DCH)

Light (DIRC)
Particle identification (PID)

Momentum measurement for £} sl
Efficiency 97% = . through Cherenkov radiation
charfed particles +dH/dx Se, ;ntinn K-7>3.40 for
A = b -A>3
o(p,)/P=0.13%P +0.45% P

p<3.5GeY¢

Common methods

D** —»DOr * p*(D*) > 2.5 GeV/c
charge of n, = flavor of DY; (or impact parameter)
dM=M(Dr,)-M(D°) = eliminates D° from b - ¢
background reduction

h
u
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3. Decays to CP eigenstates

Belle, PRL 98, 211803 (2007), 540fb-1

DO - KYK-/ mtm
CP even final state;
no CPV:
CP|D,> = D> = t=1/T';;
K-nt*: mixture of CP states =
=f(1/T",,1/T,

r(K'z7)
T (KKY)

Events ner 61.

no CPV
S. Bergman et al., PLB486, 418 (2000)

yCOS(o—7XSin(0 =

A, ¢: CPV in mixing and interference

exp. issues:
- good S/N (tagged decays
- precise modeling of decay-t
resolution needed Ycp=(1.24£0.39+0.13)% ®
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t-dependent:
3. Decays to CP D s KK ) (D° KK )

eigenstates A T D S KK+ oD S KK )
CPV zﬂyCOS(p—xsingo =0
t-dependent 2 no PV
Belle, PRL 98, 211803 (2007), 540fb1 t-integrated: -~
e A I(D°—> f)-T(D° - f)
" I'(D° > f)+I(D° > f)
BaBar, PRD78, 011105 (2008), 34fb'1 — aOIfec + amix + aint
-- CP= -1 (¢K)
related meas. o ﬁ CP= +1 (a,(980)Ky)
DO - ¢Kq £

r'= ooy 1— + (1 fep_ya)

1.00 1.05 1.10 1.15 }20

exp. issues: m(K*K)
un-tagged decays; worse o, due to K, ; comparison of topologically =
[\

equal decays — reduced effects of resolution in <t>
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4. WS decays

D* > DO n, . * DO-» DO= K*f

slow

DCS decays = interference;
t-dependence to separate DCS/mixed

CPV allowed:

separate D° and DO tags

(X2y",Rp) — (X*2, y*,Rp*)

AD:RI;_RIS AM:RI\J;I_RI\_/I
R, +Rg Ry + Ry,

Ay =(-21+£52 +15) 103

exp. issues:
- signif. background in WS;
- accurate resol. f. param.; results of
- stat. issues for x2<0; similar
accuracy

X'=XC0SO + ysSino

y'=YyC0So —XSino
o: unknown strong phase DCS/CF

BaBar, PRL 98, 211802 (2007), 384fbt

0T T ]
o | likelihood 1
. - contours 1

2 10F R | =
:;- Of— 390‘\_'_ '16 26 _f
; 30\ N\
101 | 46
L T
20730 05 00 05 1.0

x2/10%

Belle, PRL 96, 151801 (2006), 400fbt

D
CDF, PRL 100, 121802 (2008), 1.5fb"! [¥]
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5. t-dependent Dalitz

DV —»Kg i
different types of interm. states; ZE
CF: D9 » K*n*; DCS: DO » K**r- F
CP_: DO - p0 Kqg ;;:
if f = f = relative phases determined
(unlike D® » K*r°);
- : 1 2 3
t de;.)endca;ancel..t | e
regions of Dalitz plane — 2 2 gy N AN
m-,m:,t) =(K D (t))=
specific t dependence f(x, y); mi B D0+—>f) < 7T 7 ‘ ( )>
exp. issues: Belle, PRL 99, 131803 (2007), 540fb1 = = A(m?, mf )[e_%t + e_mzt]*‘
- model system.; DO_f
- direct meas. X, y; + —ﬂﬁ(mf, mf)[e—iﬂit ~ e—i/lzt]
- any f = f: sensitivity to x depending on
a priori unknown strong phase variation m,2 = m2(Kgm*),
Ay o=AXY);
n.b.: Kfn:x2, y’

—
v ‘access directly X, y
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6. Average oy

Average of results o.msﬁf |
x2 fit including correlations — AANMNAAN
among measured quantities TAA NN
- (100" 26)% ( " o.oosé‘f HHEIHIHIIRR
y 0.76 7917 _4 18)% § uncertainty N

3 (225104 410y

y2n.d.f.= AN

SKnn (1127 5 25.3/20

RD (0.336 + 0.009)%
AD (-2.1£2.4)%

4 lapl 0.86 "7 15

y (%)

ICHEP 2008
2r

CPV

¢ (-8.8 Wl s )°

http://www.slac.stanford.edu/xorg/hfag/charm/

_1.5_J—l‘l‘lil‘lrjliw-ll>lll\lirlr\lrlrl“"‘ Loy
02 04 06 08 1 1.2 14 16 1.8

lafp]
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8. Outlook

©1,2,306@ 50 ab"’

expected sensitivity

only KK/rr Knand 5 Do R0
K. projected 5 - o 30
sensitivities included < 1:_' I 5o
2 £ 5
HFAG 2 fit 05
50 ab™ i
x = (0.793+0.087)% 0
y = (0.798 + 0.062)% I
S, =24.5°+4.6° 0.5
R, = (0.336 +0.001)% )
M:0.919i0.055 - R
‘p‘ _1.54—|1L1jtl Illjll LLII \
0.2 04 06 08 1 12 14 16 18
(0 - —001 T 0049 rad E. Barberio et al. (HFAG), arXiv:0808.1297 /
& http://www.slac.stanford.edu/xorg/hfag/ Iq pI
A, = (-0.1+0.3)% D
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/. Constraints on NP

constraints from mixing
E. Golowich et al., PRD76, 095009 (2007)

21 NP models considered —17 with useful constraints;

improved existing constraints; — 1y T
examples: Do ) ol =
4th generation fermion R SUSY: de, -

T BRI 2000 Tt a%]
m, '\ xp=1.00%+0.08% 0 ]
[GeV] constraint (50 ab-!) dr :
400 — EI‘.I __ 1500 __ _—i
- [GeV] | :
: : |
B00|= = = = = — I % B : 1
) o 1000 — v —
| ] xp=1.00%20.08% |
] constraint (50 ab-!) |
200_ L 1 1 1 | 1 \I\-L | | _—I 500_ A:
oo . n.00 0008 0004 __I_a: // /| | iYa"aa el ava | lavaYa et a e | (WA e Y} | iYa e avala% ]I
|V ,V , | 0.00 0.01 0.08 0.03 0.04 0.05
ub’ Y cb Al .
D S couplings
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8. Outlook \

unexploited possibilities with B-factory data

T-odd moments: dI’ T eo o sin?gal :
D KKt o L cos“a+T,sin“a+TI,cosasina
o: Z(KK, nwt plane); T —_ _ _ _
(KK, nmplane) j—:Flcosza+l“zsm2a+1“scosasma
. . a
eXp. ISsues. cosa sina —=I 5 —cosasina
-Br(D —-KKnn) ~1/2 Br(D —KK); C +T .
- angular analysis 12 7 712+ DCPV
I5,I5;#0: can be induced by FSI
I,=I,: CPV
charmed baryon decays: A CMS p
A, —An, A — pm A{f
| A A T
exp. issues: W1
- unpolarized A; g8 = 5(1 + (p rp cos V)
- p, p detector asymmetry "
A ST OR
CEAF S QK
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Conclusion

- thenxinghanhd Gldareraasucpeihandetotesti¢<CNC of
u-like quarks

* Important constraints on NP models froy ¢ gisting results
(yet to be fully confronted with other,exp '4 ntal constraints)

1 'I|I||..

- B-factories have not) et oken thesfinal i Wotd

ul.r

(only part of pOSSIb| urem 4]. | L}

11 “ Ay

» Super-B facto r 0 a(X.y] 1-» g,
|- I
-r'f;' L s & e
o(Acp ~ X SINg, A ) I f X 1L .,,_,;r__ 0 )

" gl
(pOSSIb|e ewdenc rg,i...m_ ___#___.ﬂﬂ ol

“Mo one is happier than us that you found the treasure ...
now, about that grant ..."
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Supplementary slides
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Phenomenology more U
DO
x andyin SM C
2nd order perturb.:
[ _i 0| gAC==2| 0 1
(M—lE)lz_ZMD<D H,~?D >+2|VID
short Gé

NO (ygAC=2| O * (rnsz_rnj)z nO |74 4 T 0
distance: <D ‘Hw ‘ D >: Vc;\/cd\/ud\/us 2 <D |U]/ (1_7/5)Cu7/ﬂ(1_7/5)cl D >
472.2 \ J \ rnC J

Y Y
G. Burdman, I. Shipsey, i ~ -5
Ann.Rev.Nucl.Sci. 53, 431 (2003) DCS SU(3) breaking |X| ®(1 O )

absorptive part (real interm. states) = vy Do Do
dispersive part (off-shell interm. states) = x <

. Xl vl ~ ©(102)

|.I. Bigi, N. Uraltsev, o .
Nucl. Phys. B592, 92 (2001); D® mixing: rare process in SM;

A.F. Falk et al., PRD69, 114021 (2004) possible contrib. from NP
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Solenoid 1.5T

Measurements — experim. more . @ s

Calorimeter (EMC)

Muon Detector

A) Experiments

TM & © Nelvana
= b
2 20 AL
= e
g Y
g 4
E * Y(2S)
T 10f *‘ \ " T(38) e (9 GeV)
' : ' g u
*z ' . + ’ “ 4"\ T(4S) Silicon Vertex Detector of Internally
= 5 g o oo : Tracker (SVT Reflected Cherenkov
© t by S N TE PSP S NN ol Drift Chamber Light (DIRC
O Vertex and trajectory (DCH) ight (DIRC)
0 I | | | I 1 I - measurements + dE/dx Momant T Particle identification (PID)
9.44 946 10.00 10.02 10.34 10.37 10.54 10.58 10.62 Efficiency 97% :):1::?\ (I.iﬂl: ]I:W“L:ll L:Eu]:ﬁﬁd\u through Cherenkov radiation
arged particle i/dx
Mass (GeV/cz) ged "

= N Separation K-7>3.4c for
o(p,)/P,=0.13%P,+0.45% =D e ,’
p<3.5GeVYie

2200104.002
Solenold Coll g
I Calorimeter
S Ring Imaging Cherenkov
\ Detectol

o(cT) ~ 1.3 nb (~109 XY, pairs

continuum production _ _y_*<: C
) T

& :g‘ S
e*e > y(3770) - DODC, D*Dr

(coherent C=-1 state);

~800 pb! of data available at y(3770)

2.8x106 DODO . et P
t

T [nb/GeV]
3.5 fb" on tape ‘%103—
o(DY; p>5.5 GeV,|y|<1)=13 pb 2
50x10° D%’s g
very diverse exp. conditions N N

et 48 B 10 12 14 16 18 20

P+ [GeV/c]
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Decays to CP eigenstates more

o, distribution

Fit Belle, PRL 98, 211803 (2007), 540fb 0.06 Kot
simultaneous binned likelihood fit to g
K*K" /Kn*/n*n decay-t, common free yp  ¢or
dN N ' 0‘032 .
= [e "R (t-t)dt'+ B(t) w | Vi
dt T ol
R : ideally each o, Gaussian resol. term 2
_ _ . 0_0.4 0.6 08
with fraction f;; j S, tpna
trec-tyen/o: : described by 3 Gaussians = o event-by-event o,
N3 E LD 4087406 f
R(t-t)=> £ wG(t-t,so,t,) Husf
i=l k=l ﬂ.{%ﬁl ...............................
[ T
parameters of R depend slightly S 5 7 (;j
on data taking conditions 405 -
t = 408.7£0.6 fs oA
— run period
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Decays to CP eigenstates more

DO - KYK-/mtm

r, =r_[1+(1+AM —A))(xsinp—ycosp)] 7, =z[l-(1-A, — A,)(XSin @+ ycos )]

A=

— = A, ycosp—(1-A,)xsing = A, ycos@—Xsin ¢
T -I-Z'f

confirmation: BaBar, arXiv:0712.2249, 384fb

Yep=(1.24%
i s 0.39+0.13)%
TKK
Tkk e
Trn e
Ton 1 Yep curren.tly
most precisely

400 405 410 measured param.
t[fs] D
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3. Decays to CP
eigenstates

CPV
t-dependent

z7yCOS¢—XSingp

t- dependent

Z'(D — K'K7)-7(D’ > K*K") _
7(D° 5> KK )+7(D° > K'K")

aY

no CPV

0

t-integrated:

Belle, PRL 98, 211803 (2007), 540fb!

BaBar PRD78, 011105 (2008), 384fb-!
KR
t-integrated L
Acp™? =A7 + Agg + Acp!
A 7 : comparison of tagged/untagged

(D** -D%*),D% -K-n*
Acg: asymmetric f(cos &MS)

exp. issues:
- meas. in bins of py, cosd,
due to A,” (c determined by N, '29);
- A7 can be used in other meas.;

B. Golob, Ljubljana Univ., JSI

AcfP:

D% Mixing and CPV 20

r'(D°— f)-T(D° - f)

r(p°— f)+r(D° - f)
f
= adec + amix + aint
DR Ty Oy
[ ] [ L nr ]
oof | |7 1% oo Acp
0;}\ \\\\\\\\\\\\\\\@ ) \\\ \ ]
-0.01F . -0.01F
00200907 06 08 9% 02 07 0¢ 08

|coSOCMS|

BaBar, PRL 100, 061803 (2007), 386fb L

Belle, PLB 670, 190 (2008), 540fb-!
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3. Decays to CP eigenstates

EGUOCIE ?T
related meas. £ |
& 4000 Il ll
DO - d)KS m 300Cfi_— J 1
CP odd final state; b el Lo
2(0K<)= 1/T,> /T, = 1(K*K") Sy
T T OE_Pﬁ-N_._._ -+""T"'-—|—E:_. P ol S
'Z'I: fCP +1 +(1_ fCP +1) 1 1.05 1.1 K1; . mz’“?z
= = m =+ -
14+ Yep 1-Yep _ (K
Tl_T” I y ;‘- ﬁ -- CP= -1 ((I)KS)
Az = T~ Yer (f CP:+1_f CP:+1) 2l -- CP=+1 (a,(980)Ks)
T+7T :‘
exp. issues:
- un-tagged decays; g J
- worse o, due to K e

so[Gevz /it ]

- comparison of topologically
equal decays —
reduced effects of resol. in <t>

Belle, preliminary, 600fb-t —

B. Golob, Ljubljana Univ., JSI D% Mixing and CPV 21 FPCPQ9, Lake Placid, May 2009



Decays to CP eigenstates more
DY - 9K,

method

Belle, preliminary, 600fb-1

() — (L —p){t)s

p

<t>A — p?Ks <t>th jLpxl_f}es’c@)rﬁ*st
<t>B — p’]chs <t>th ‘|'p1]?est<t>rest

T+t0:

<t>b — ptKS <t>tKS + prest <t>rest 0.47 048 0.49 0.5 0.51 ;/Isi+n_
PS ((t% — (6)B) + PAGE - PR
<t>b - PA _ pPB
nIVE w10
Elon 1 B
‘210{ Hf HRH Ciﬂf‘
g &,
%1.}%— 42102
| 1
E t [ps] t [ps]
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Decays to CP eigenstates more

DO > K,
Dalitz model

CP=-1
oK,

CP=+1
ay(980)K,
ap(1450)K,
fo(980)K,
fo(1370)K,
f5,(1270)K

flavour spec.
K-a,(980)*
K*a,(980)
K-a,(1450)*

B. Golob, Ljubljana Univ., JSI

Belle, preliminary, 600fb-t

model affects only fraction of CP=+1
states in individual mass interval;
small model syst. uncertainty

DY Mixing and CPV 23
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Decays to CP eigenstates more
DY - 9K,

syst. uncertainty on AT

Belle, preliminary, 600fb-1

Source Systematic error (%)

Resolution function offset difference tS)FF — tS)N +0.29 > from MC (stat.)
Estimation of (¢} +0.08

DY - KtK—nt7~ background +0.05

Selection of sideband +0.04

Variation of selection criteria +0.23 > data fluctuations
Fitting procedure +0.08

Proper decay time range and binning +0.05

Total +0.40
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WS decayS mOre BaBar, PRL 98, Belle, PRL 96,

211802 (2007), 384fb't 151801 (2006), 400fb-?

C) WS decays (non-CP) T f stat, only
_ > of BABAR 10
* _ C
D** - D9 T, DO~ DO- K*7r 150 BABAR 20
15— BABAR 30
CDF, PRL 100, 121802 (2008), 1.5fbt E BuBar
001 0.5; preliminary
0.008— N,yg~13x103 05 [ BELLE 20 statistical
: == 1:— | | | | | I |
B LT 008 -0.06 -0.04 002 0 002 004 006
0.006 }+ L%# T X210
- P CDF, PRL 100, 121802 (2008), 1.5fbt
S g i‘ - —
0.004" Td&r}% b T
L = 20
L >
= 1 | | | ! B
0.00% 2 4 6 8 10 105
tit i
0
CDF: I
H . +a- . -
trigger: h*h- from second. vtx; 10F

Nyws/Ngg Vs. t/t from M, 8M, imp. param.; Y ——

D
W xZ (107)
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t-dependent Dalitz more

il
Do _)KS TC+TE_ Belle, PRL 99, 131803 (2007), 540fb

q,-—.. 3 T -t A L |
most accurate x o s 2 10000 - |
* +
, l L > K*,(1400)" -
R no CPV (stat. only O
— no CPV ' M O 7500 - .
-— CPV (stat. only) 1 P g
-~ CPV -
; £ © 5000 - |
1 Dl /7]
,;;. v ENN ]
= £/ ! § 2500 -
< (& T K*(892)*
0 L N
A m2 (GeVic?)
E - qu T T qu T /
A : ‘ 2 K*(892) 2 p/o
- 0 1 2 ot s
L 40000 @ 10000 -
O O
o o
e b
=] o
e )
¢ 20000 ¢ 5000 |
et =
= =
[T O
= >
L - Ll
0 0
1 2 3 0 0.5 1 15 2
m? (GeVic?) m 2 (GeV’/c*)
h
u
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t-dependent Dalitz more BaBar, Lepton Photon 07, 384"

D% —»Kgmn® BaBar, PRL97, 221803 (2006), 384fb-L
_ 0 2
(f eprft» = A+ (A A - R(A A 4 [A ] S ; Yy

- Y | |
/Ql]—[ (m12’ m;) = al eld)l 1+Zar (m12’ m22) eld)r — a1 e|<1>1 |9Vl; (le’ m22) | elé(mf,mg)

\ r+1
- - N B
];(mlz, m;) =3 e 1+ > a (m;,my)e'” |=a e | M (M2, m2) | e ™ m)
\ r1 )
S(A A kt=a,a | M (m,m3) | M (m7,m3) | S(ei(cbl—@l)ei(a(mf,m§>—5(mf,mg)) )xt
(Dl B q)l = 5K7m
D
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5. t-dependent Dalitz el PRL 69, 181603 (3007, 401"

DV —Kg mhr

exp. issues:
- model system;
- direct meas. X, v;
- any f = f: sensitivity to x depending on
apriori unknow strong phase variation

- + _—_0 0 2 2
related meas. > _  ~ BABAR (Kaz[D°W) o« DA+
DO —-K* 0 00 it bes

separate WS/RS 0.02- +[Af I A7 1(y"cosg; —x"sin o, )E+

Dalitz distributions; ~ © e
“no mixing " X"2+y"? 1
- PO ——1"]e

t-distrib. analogous o2 POINt 9% - 4 ]

(=)

r o 99% R N . )
to DO —)K+ n-; 004:_04.8“0/_0”1')<CL 99.9% ~
. x best fit . .
t . t t d -0‘0&-1 B XY Y R R Y Y W X||_XCOS5K””+yS!n§Kﬂ'ﬂ'
- -Integrate ‘0.06 -004 002 0 002 004 006 y''=yCos 5K7m —xsin 5Km

1

Dalitz analysis;

WS Dalitz analysis;  BaBar, PRL97, 221803 (2006), 384fb-! Swr: UNknown strong phase shift

DCS/CF —

u
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Average more

Expected sensitivities from individual meas.

£=5ab?
c(X) 0.14%
a(y) 0.11%
co(Ar) 0.12%
o(Acp) 0.12%
o(X’?) 0.11x103
o(y’) 0.20%
o(Ap) 2.1%
o(Rp) 5x10-°
a(|la/p|) 0.13
() 0.12 rad

B. Golob, Ljubljana Univ., JSI

£=50ab1l £r=5abl r£=50abl
0.10% 0.08% 0.05% .
KKK, inn®  total error N3 ——> "%
0.08% 0.06% 0.04% asstiming
KKK, mrn®  total error :V3 —— SO
same as
0.11% in K.t
0.07% S
0.07%
0.09x103 0.13x103 0.10X\7 03
X2t gtat. error V2
0.16% 0.23% 0.17% for CPV
, allowed fit
y'*  stat. error V2
1.7%
1.5x10° 7x10°5 2x10°5 74 total error
Ryt  stat. error +V2 scaled
0.09 0.08 0.05
KKK, tnn®  total error :\3
0.07 rad 0.07 rad 0.04 rad
KKK, nen®  total error :V3 D
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Projected sensitivities from average
5 ab- 5 ab 1, KKK, nrn® 50 ab-" 50 ab !, KKK, nrn®

x=(080+0.12)%  x=(0.80£0.07)%  x=(0.793£0.087)% x=(0.793+0.055%
y=(0.80+0.09)%  y=(0.80+0.06)%  y=(0.798£0.062% y=(0.800+0.045%
S, =244°164° 5, =245°L4T° 5 =245°%46° 5 _=246°+37°

R, =(0.336+0.004)% R, =(0.336+0.009% R, =(0.33620.00)% R, =(0.336+0.00)%

%: 0.91+0.08 %20.910i0.055 %:0.91%; 0.055 H:O.914i0.036
P p

¢=-0.01£0.08rad  ¢=-0.01£0.051rad ¢=-0.01+0.049rad ¢=-0.01+0.03rad

Ao =(-02+10)% A, =(-02t10% A =(-01:03)% A —(-0.1+0.26)%
v

+ assuming A-p=Ap =c(Ap) ~ 0.1%

LHCb, 10 fb1 (5 y): 6(x?)~6x10, c(y’)~0.9x10-3
o(Ycp)~0.05%
main sensitivity on X, |g/p|, ¢ from t-dependent Dalitz analyses of K r, nnn®, KKK

B. Golob, Ljubljana Univ., JSI DY Mixing and CPV 30 FPCPQ9, Lake Placid, May 2009
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y (%)

ICHEF 2008
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(fit w/o external input)

2
o
o
\l

1.5
0
(/)] e
o) —
(&) 1 T 2
E 0.75 \
£ 05 . \
b (,é 0.2
3 o
% 0.25 9
0 (g h>\ O 0 %
-0.25 GJ
0 =
—os |- U9 7o)
: -
—-0.75 i
i B i
= 1 10
D 2 3 4 5 §frad] '

B. Golob, Ljubljana Univ., JSI

D% Mixing and CPV 31

3

5

5 frad]

FPCPO09, Lake Placid, May 2009



	D0 Mixing and CP Violation
	1. Phenomenology
	1. Phenomenology
	1. Phenomenology
	2. Measurements - general
	3. Decays to CP eigenstates
	3. Decays to CP �eigenstates
	4. WS decays
	5. t-dependent Dalitz
	6. Average
	8. Outlook
	7. Constraints on NP
	8. Outlook 
	Conclusion
	Supplementary slides
	Phenomenology more
	Measurements – experim. more
	Decays to CP eigenstates more
	Decays to CP eigenstates more
	3. Decays to CP �eigenstates
	3. Decays to CP eigenstates
	Decays to CP eigenstates more
	Decays to CP eigenstates more
	Decays to CP eigenstates more
	WS decays more
	t-dependent Dalitz more
	t-dependent Dalitz more
	5. t-dependent Dalitz
	Average more
	Average more
	Average more

