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Meson Mixings and Width differences

Taking the D° meson as an example:

Flavor Mass
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Meson Mixings and Width differences

Useful to define these
mixing parameters

X y
o M, - M, K (1957) |0.95 0.99
I B (1987) |0.78 ~0
y = I, -1, B, (2006) |26 0.15
2
D (2007) |0.0098 |0.0083

D system also mixes the least

D meson - fraction of one oscillation has occurs in ~10 lifetimes
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DO mixing - “Wrong Sign” Decays

Tag flavor of the D by using decay D**— DO x*

Right sign: D**— DO n*, D% — K- x* Cabibbo favored decay (CF)
Doubly Cabibbo suppressed decay (DCS)
D**— DO z*, DY — K*, 7;

DCS

Iy Kz
" o5 Mixing then Cabibbo favored decay
S D** — DO xr*, DO—DU, DI—K*

(\o

12 12 1
d];’ WS () oc ¢ @+ VTR, +2 ;ry (I't)
5

Interference Mixing
Can only measure x'2and y’ x'=xcoso+ y SIno d is the
L. . | 5 S strong
non-0 value is signature of mixing Yy =YyCOSO— XSIn phase
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Experimental ingredients

Time dependent BaBar
measurements
Accurate measurement of > > gt path
production and decay L ~ 200 um

vertex o, ~ 100 um

Silicon vertex detectors

beam spot interaction

TRANSVERSE TO BEAM PLANE  rack 1

&

CDF

- Measurement in transverse plane

1_..__--’ Do

displaced
-'Ir.:| | _] ]

* | Trigger requires displaced vertex

Prp D* -
interaction <P _ track 2

vertex
do(1) ny>200 Mm

Analysis requires L, /o ,,>4
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Experimental ingredients (2)

|dentification of pion from kaon K+ o8

Excellent at BaBar and Belle [purpose built detector
components]

Statistical separation at CDF. Add cut: WS events require a
RS mass cut to reduce doubly misidentified tracks

CDF I Prﬁliminaru&

Removal of D* from B bkg g

w 6000
B factories: Minimum momentum 8 : Pr'_f?_mpf D*
requirements in the CM frame. S - '

W 40007 -
CDF: Analysis of the IP distribution to ¥
determine secondary production |
contribution 2000~ - B-background

0 100 200 300 400 500

d, (um)
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Analysis strategy

5. pc o~ BABAR. o .t -Daa
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RS: 1141500+1200 WS: 4030+90
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Events/0.1 ps

Pull

Lifetime (exponential) and resolution
fitted in the RS sample.

Time fit including mixing i

10*

10

p,

"E BABARS

& Data

| _|rs signai
[l Random =,
. Combenatoric

t (ps)

t(D°) consistent with PDG

In WS fit resolution fixed from RS fit
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WS fit with mixing parameters
provides better fit to data
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-
Allowed x2y’ contours @

Current status using the WS decays:

384 fb - .
200 o - — Best fit point

i T Tlgem T Inconsistent with
x S T “~ mixing at 3.90

T No mixing point

05 00 05
x2 /102 Ro: (3.03 £ 0.16 £ 0.10) x 102

x'%: (-0.22 + 0.30 + 0.21) x 103
y: (9.7 +4.4+3.1)x 103

Sneha Malde, CKM 2010 PRL 100 121802 PRL 96 151801 10



WS analysis at other experiments

t?o
- '; 20
E . O e N N - e e no CPV (stat. only)
ST e T RS S e 0 by o CPV
29E . 10 — PV
TA0F TR TSI T -
< I I T T T ] 0~
= B """‘---\. j:-__'_' T~ e H>.. |
~ o0 384 fb1 "'{“‘“;--"-'---.‘.:;';; ST ] I =
i : } -10 +
-10f
- ~AKWSs . 400 fot |
0.5 0.0 ) s }
x?/10% 4K WS

Evidence of Evidence of mixingat3.8¢ ° % 22 % 0%
mixing at 3.90

No mixing point
Agreement between the 3 experiments at 2.0o

Different production methods

Different analysis methods
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Time-dependent amplitude analysis of D°=»K_ hh

Allows direct measurement of x and y —— Losa than 0.406 ps
— - 9 | (0. 406 - 0.408) ps
D* used to tag whether D%/D° > sty oo
4] eyl B ’
—_ HHT— (0412 - 041 4) pa

Dalitz pIOt S+= M(KS h+) S-= M(Ks h_) HE+2.5 '555::::'.“:,..". (0.414 - 0.416) ps

""""" = Greater than 0.416 ps

In the absence of CPV: 2 CEEEEEE
Distribution of events across Dalitz . " P
space . vs. t(D°) e
Variation = signature of mixing. x=y=1%

Sensitivity to x and y comes mainly from Yoos 115 2 25 3
regions with interference of CF and ol
DCS, or CP eigenstates Example of mean lifetime in

different regions of the DP

Sneha Malde, CKM 2010 12



Yields and Purities

D=2>K r 540,800 = 800 Slgnal

ﬁ . f A 4 Data i )
v 1D /N BN DEE First stage
i.m-i f r: i';' ! i | Misrecon. I:IF' 1 . .
= | / } - =10t \ Em’.‘n:';;,.a.- Fit the signal and the
3/ S ‘ background sh
2 | / | 2 ackground shapes
’Em* "“'// \‘w—-» *Emz ,,/ \‘M—h using the m and Am
- -
L 1] .
| | | | | Fix the bkg component
184 1.86 1.88 1.9 0.144 ﬂ.HE ﬂ.1-llH :
m.. (GeV/c) Am (GeV/c?) typesland.deflne the
D>KKK 79,900 + 300 signal ~ S'9halregions
N | .
‘1—: o) ,-"ﬁi YA . Purity 98.5 % (K )
- ' oo f = ! Pl
1] | 1] I b 1
5;1{!3 ; _ -. : 5;1:]3 7oA 5 99.2 % (KSKK)
D ; ) | o | I 3, .
P Ay N / t“%., |
"E‘.mz ! "f \W , 4 E‘mz T et
g'.' q-’t"‘“ = | i TN d::'-' W B
w i ddh f * m F 1
184 186 188 1.9 0144 0446 0.148
m_. (GeV/c?) Am (GeV/c?)
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Time dependent amplitude fit

ra
L1
l:L

“ 1 Amplitude model is

s, (GeVie"
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b 1 - - 1 amplitudes.
................ 1
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from a likelihood fit.
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X , y values

Dis-favours no mixing
hypothesis at 1.90

Sneha Malde, CKM 2010

x= (0.16+0.23+0.12::0.08)%
y =(0.57+0.20=0.13+0.07)%

Most precise single
measurement of x

Consistent between the two
decay channels

468.5 fb"

PRL 105 081803

PRL 99 131803




X , y values

x= (0.16+0.23+0.12::0.08)%
y =(0.57+0.20=0.13+0.07)%

10 -

y/10°

Most precise single €.
measurement of x ‘

10 0 0 Consistent between the two
x/10% decay channels

Belle Kt analysis 540 fb-

X=0.80:0290%,,70 700 % gD
y — 0331024 +O'O8_0_12+O'06_0_08 0/0

Sneha Malde, CKM 2010 PRL 105 081803 PRL 99 131803 16



Status today

While no one measurement has observed mixing at 5o the
combined evidence is clear:

e _ FPGP 2010 ' o CPV |
1.5/ — /
1 |
: Prospects:
05/ WA e Lo &
: CDF has much more data to
o analyse
3 Bic
0.5 8z Results from LHCb soon
i | | B M. Gersabeck
53 o5 o0 05 15 2
I{nf"rv}

Sneha Malde, CKM 2010
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B meson width
difference
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Neutral B meson mixing

) L L L I L I |
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HBABAK l] !J'I-I!EI:"ELII;II e
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Average of IH above -

CLEO+ARGUS | - |
{5y measurenienls)
o PRI -
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1452 <0044 =0.024 ps
(A0 <0045 =0.027 ps’
1452 <0039 =0.044 ps’
1493 <0042 =0.02T ps
1499 20,053 0015 ps’
1480 <0040 =0.051 ps
1523 20072 =003 ps’
1531 0,025 =007 ps”
1458 <0046 =002 ps
LA37 <0043 =0.044 ps”
1472 <0049 =0.053 ps’
D430 £0.043 )75 ns
0.444 20029 "o ps”
1539 <0060 =0.024 ps'
1567 <0089 )77 pg!
1497 20,024 =0.025 ph
0471 0 03 ps!
11503 <0064 =0.071 ps’
(500 +0052 =043 ps”
1516 +0.009 )7 o
11,506 +0.020 =0.016 ps°
1516 <0016 =0.010 ps
(1493 20,012 =0M% ps
1509 <0017 =0.020 ps”
(1503 <0008 =0.010 ps
1511 <0005 =06 ps
1511 <0007 =007 ps’
1452 20015 =0.013 ps

0508 <0005 ps
0496 <0032 ps*

0507 20005 ps

5 CDF Run Il Preliminary L=1.0fb"
[ o datazio A 95%CLImit  17.2ps
1.5 18450 O sensitivity 1.3 ps” A
- Wl catas1.6450 '. L A A A

data + 1.645 o (stat. only)

o Imllllm

)
=k
||l|||||||||||||

Am,=17.77 £0.10 £ 0.0 pS'1

= | —— | I | T — — | | — — | - - | T —— | I ——
2 5 10 15 20 25 30 35

o

B mixing first seen in 1987
Am, = 0.507 = 0.005 ps”
Confirmed by many experiments

B, mixing so far only at the Tevatron

19



Bq Width Difference

Width difference provides extra test
of the standard model

Al _ 41, *10™
rd
AT,

=0.13+0.04

S

BaBar measured
sign Re(A.,)AT/T=0.009 = 0.037

Uses B decay in a CP eigenstate

Sneha Malde, CKM 2010

Smaller difference for B,

Width differences caused
by existence of final states
to which both the B° and
BOcan decay.

Involves b=>»ccy, Cabibbo
suppressed if g=d

20



Bq Width Difference

Width difference provides extra test

of the standard model Additionally can be used as

AT, _4 1:?0 10" a test of NP
L, SM

AL’ = A7 cos(2
%=0.13i0.04 ’ ’ ( ﬁs)

S

Assuming no CPV B_- is CP even, B}t is CP odd
Measure lifetimes in CP specific modes (AT'°F)

Measure AI directly B, = Jhpo

Use branching ratios B, = D D,

Sneha Malde, CKM 2010
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B, = Jyo

+
B.(spin-0) =» J/hp (spin-1) ¢(spin-1) 2 J/V
3 angular momentum states n
L=0 (s-wave), 2 (d-wave) CP even (short) B,f' . K~
L=1 (p-wave), CP odd (long) _:,.Lﬁ"..er"'- _ ¢’
P - P +
K
\ Y Three decay angles
P, 9, )

Describe the angular direction
of the decay products

Sneha Malde, CKM 2010



Measurement of width difference

Heawy
Background

CDF Run Il Preliminary L=5.2fb" Simultaneous fit to

§ f«  Data-signal region the mass, lifetime,
10° L : Signal and angular

g ]} N Light distributions

-provides separation
of CP odd and even

events per 50 um
o R

—i
.D ULLLL T TTTIn T TTTI

{1 Allows measurement
1 + | of the mean lifetime

wesE  PHERRD and width difference

2 -0.1 0 0.1 0. 3 .

&f (JApKK) Tem]

Ts = 1.03 £ 0.025 (stat.) +0.012 (syst.) ps
AI' = 0.075 % 0.035 (stat.) £ 0.01 (syst.) ps~*

7o = 1.45 4+ 0.04 + 0.01 ps
AT, =0.15+0.06 £ 0.01 ps—*

Sneha Malde, CKM 2010 23




Using Branching Fractions

Decay B, = D,*D; CP Even ; B, =D/ D.,*- CP Even to within 5 %
A’

Under various theoretical assumptions 2 x Br(B — D(*)+D(*)‘) ~
S S S r

- i.e don’t draw too many conclusions from a Branching
fraction measurement

“under various theoretical assumptions”

Nonetheless, t(B, =» D, D,) is interesting

Sneha Malde, CKM 2010 24



Using Branching Fractions [

Decay B, = D,*D; CP Even ; B, =D/ D.,*- CP Even to within 5 %

Under various theoretical assumptions 2 x B”(Bs — Dﬁ*)+D§*)—) - A_IF
Kl
K
B° _ i)‘//ﬂ: 2
-— ean e=d —_ K
~

Sneha Malde, CKM 2010 25



Using Branching Fractions [

Decay B, = D,*D; CP Even ; B, =D/ D.,*- CP Even to within 5 %

. . . AT
Under various theoretical assumptions 2 x Br(BS — Dﬁ*” DE*)_) N
I
K, K,
DS /KZ D /KZ
BS P = T B > T
Y \/ 3 Ny
D ~= K,
“ .

Sneha Malde, CKM 2010 26



Using Branching Fractions [

Decay B, = D,*D; CP Even ; B, =D/ D.,*- CP Even to within 5 %

. . . N AT
Under various theoretical assumptions 2 x Br(BS — Di )+D§ )—) ~
I
K, K,
K
0 DS//n 2 D /K2
Ny \/ 3 N,
Ds N K4
“ .
N(Bs — Ds(*)Ds(*)) _ 2R. E(Bs — DS)DS))
N(B, = D "uv) e(B, = D" uv)

Many detector
related systematics
cancel

Br(B, = D"D")- Br(D, = @uv)-Br(p = K*K")

R :
Br(B, — D" uv)

Sneha Malde, CKM 2010 27



2-D likelihood maximum likelihood fit

hn A

N W
=
ISP AN AN

Candidates / ( 0.03 GeV/c?)
e
[—]

Branching fraction measurement

DO Run II Preliminary (2.8 fb™)

~
< =
TTTTTTrroT

.
>
TTTT

PR AT S SRS NS S S S R

PRI R SR ST N SR S R
1.8 1.9 2.0 2.1 2.2 2.3
m(¢ ) (GeV/c?)

DO Run II Preliminary (2.8 fb'l)

1

:II |IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
d).98 0.99 1.00 1.01 1.02 1.03 1.04 1.05 1.06 1.07

m(KK) (GeV/c?)

Sneha Malde, CKM 2010

Kl
/K2
BO ,DS/
= Ny \/
D ==

N = 26.6+ 8.4 events

B(B" — D" pi*)7) = 0.035 £ 0.015.
:;1 T =0.072 £ 0.030.
“Width difference” without a lifetime fit
CDF also working towards update
PRL 102 091801 28



Bs Bd Ab
Lifetimes
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Lifetimes

Spectator model: all B hadrons have the same lifetime d

Difference from light quark interactions

In general ©(B,)> t (By) ~ t©(B,) > t(A,)

Understand these differences qualitatively

ki
i

w W

d

i w
W d 4]
- s

Pauli
interference:
prolongs lifetimes
+3% A, +5% B
cf By

Weak scattering:
reduces lifetimes
-7% A, cf. By

u

Sneha Malde, CKM 2010 arXiv:0802.0977
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e 3 %‘ﬁf 32
E| L ‘%‘I ﬁ' E -
EiY 3 F 3
e
q - Eé £3
E £ % E
F5 8 A5
"‘I k' ) [y N _:'W =
."'-"a:b’w 4 ‘-:.;".‘;_ g g

Lifetimes important for
understanding the interactions of
quarks inside hadrons. Ratios
predicted by HQE

HQE is used to calculate I',, and
semileptonic asymmetry
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Recent B, lifetime results

Theoretical prediction: Similarity of s,d quark, hard to
‘E(BS)=(1 00+0.01 )‘E(Bd) (theory) introduce differences

QDF Run II Preliminary =521
End of 2006 small experimental tension § | i | A

L b'- igna
©(B,)=(0.950+0.019 )t(B,) (exp) o0t lflfj-.‘..-,,,. ______ o

E.mfl;_ "llf o g:::;mund
] E f

Recent B, Jhp¢ results give | i
most accurate t(B,) 0 10: | *}

1E .'“lu

.2 {.1 0 0.1
Ct_=458.7 £ 7.5(stat.) £ 3.6 (syst.) um (CDF, Jiy ¢)

ct, =459 + 2.7 um PDG world average

Sneha Malde, CKM 2010
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A, " puzzle” - historical overview

Ay Lifetime Measurements

500 600 [um
l'IF]_I_I_I_I_2'[l"ﬂ_I_I_I_I_:Hfﬂ_V_V_V_VJ!T:]IIII|IIII|IIII
.. Early measurements were
ALEPH A 1T+ A7 I —e— 1.21+0.11 ulown Cf tO theory predICtIOHS
OPAL A, | : o 1.29 )2} + 0.06
DELPHI A, | —— 111735 + 0.05
CDF Runl A, | o1 1.32+0.15+ 0.07 1996:
- World average: 0.78 £ 0.05
= LO + spect. effect: 0.90-0.95
(Bigi et al.)
2004:
= World average:; 0.804 + 0.049
= NLO+ O(1/m,*): 0.86 £0.05
Gabbiani et al.,
PRD70 094031
PDG 2008 1.383 %00
| | 1 | 1 | I | 1 | 1 | 1 | 1 | I | |
0.5 1.0 1.5 2.0

Sneha Malde, CKM 2010

A, lifetime [ps]
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A, " puzzle” - new measurement

Ay Lifetime Measurements

WHH]IIIET}IIIIETIIEHT

Early measurements were

ALEPH A, I + AT I ——— 1.21+ 0.1 ulowu Cf tO theory predICtIOHS
OPAL A, | s o ! 1.29* 72+ 0.06
2007 CDF Fully
DELPHI A, | NP 1.11* 27+ 0.05
reconstructed measurement
CDF Runl A | —e—+—n 1.32+0.15+ 0.07 COnSiderany hlgher [J/wA]
DO Runll A, | pa—— | 1,200 Hoe
DO Runll J/y A — 1.2187'% +0.042
CDF Runll Jiy A @ 1.593 *7 % +0.033
PDG 2008 1.383 %) s
| | 1 ] 1 | I | 1 | 1 1 ] 1 ] I | 1
0.5 1.0 1.5 2.0

A, lifetime [ps]

Sneha Malde, CKM 2010 33



A, " puzzle” 2008 measurement

Ay Lifetime Measurements

HF]j_I_I_IJ'Tﬂj_I_I_I_g?J_V_V_V_VJﬁﬂ]IIIETJIIIIETDIIEHT
ALEPH A_ 1+ A% I —— 1.21+0.11
OPALA, | s o 1.29* 72+ 0.06
DELPHI A, | NP 1.117 ) s £ 0.05
CDF Runl A, | —t—— 1.32+0.15+ 0.07
DO Runll A, |  —n 1.290 ')'% ‘oot
DO Runll J/y A — 1.2187'% +0.042

CDF Runll J/w A

CDF Runll A, © (PRELIMINARY) C

PDG 2008

+0.083
w1593 7% +0.033

- ’ 1.410 +0.046 +£0.029

1 353 +0.044

1.0

Sneha Malde, CKM 2010

] I |
2.0
A, lifetime [ps]

15

Early measurements were
“low” cf to theory predictions

2007 Fully reconstructed
measurement considerably
higher [JApA]

2008 measurement fell in the
middle [A, n]

-Different decay channel

-Collected through different
trigger

-Systematics between two
measurements uncorrelated

34



A, " puzzle® 2010 update

Ay Lifetime Measurements

CDF Runll J/w A

CDF Runll A, © (PRELIMINARY)

PDG 2008
I | 1 |

UFI_I_I_I_IJ'TD_I_I_I_I_:HF_V_V_V_VJ!TJI T I5{|H}I | Iﬁclml I [I'I.J.I'I;I
ALEPH A_ 1 + A" I ——— 1.21+0.11
OPALA, | s o 1.29 * 21+ 0.06
DELPHI A, | NP 111735 + 0.05
CDF Runl A, | —t—— 1.32+0.15+ 0.07
DO Runll A, | pa—— 1.290 ')'% ‘oot
DO Runll J/y A — 1.218 7% +0,042

+0.08,
@ 1593 ‘02

" 1.410 +0.046 +0.029

+0.043
1.383 0.048

1.0

Sneha Malde, CKM 2010

| I |
2.0
A, lifetime [ps]

15

Early measurements were
“low” cf to theory predictions

2007 Fully reconstructed
measurement considerably
higher [JPpA]

2007 measurement updated
with ~x4 data

Improved analysis
techniques to reduce
systematic uncertainties

(resolution was leading)
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A, 2JYA

B*—JhpK*+ BO—JpK*, BO—JhpKs

used as control modes.

Use the J/p vertex to determine the

Decay Vertex for all modes

Makes detector resolution similar for

all channels

Use the J/hp sample for further study

ML,
Pr

CT =

Primary
Vertex

CDF Run Il Preliminary 4.3 fb”

T - Data - - Data
§ 4000 3 BO %J /w K* ;1 — Data fit % 500:— Ab 9\]/ wA H —— Data fit
@ 3500 [+ [ Sideband region 2 [ + | [ Sideband region
!, 16860140, fa 1710250 74
2500 T \ Jg
2000 4 \*\ {\
' A M b +
518 52 522 524 526 528 53 532 534 536 538 555 5.7 5.75
Mass (J/y K')[GeV/c"]

Sneha Malde, CKM 2010

CDF Run Il Preliminary 4.3 fb™

Mass (J/y A)[GeV/c']
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Determining the resolution @)

o measured for each candidate

Detector resolution described
Gaussian with width o, x scale

factor

scale factor not reproduced by MC

Background is mainly prompt.
(80-90)%

Carefully model the mass
sideband data =»extract the
parameters that determine the
detector resolution.

Overall systematic reduction
for analysis

0.016 ps = 0.008 ps (B°)

Sneha Malde, CKM 2010

CDF Run Il Preliminary 4.3 fb”

E asof
= B0
e 1 :
Jg 200F-
o 350
300
250F
200
150
100[-

50

0

Sideband region

&
0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.008 0.01

- Data
9 Signal
— Bkg
— Signal+Bkg

ot st

ct uncertainty (J/y A) [em]

CDF Run Il Preliminary 4.3 fb”

1t'2:_ ;; ‘”ﬁft'*?***+ﬁm+
w0k i
A i
LA (TN

005 01 015 02 025 03 035
ct (JAy K') [em]
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B0 & A, Lifetime fit projection @

CDF Run Il Preliminary 4.3 b

g Data
4 I Signal
% 10 —— Bkg
3 —— Signal+Bkg
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BO Lifetime

DLPH (ABDALLAH D4E)

1.531+0.021+0.031

DO (ABAZOV O5W)

1.530+0.043x0.023

CDF (ACOSTA 05)

CDF (ABULENCIA OT7A)

— 11.540+0.050+0.020
— 1.524+0.030+0.016

BABR (AUBERT 03H)

* = 1533+0.034+0.038

BABR (AUBERT O1F)

BABR (ALUBERT 02H)

BAER (AUBERT 06G) H——™H
BELL {ABE 0SE)
CDF Il 4.3 fb H——H

PDGO8: 1.53+0.009
1.5

Most precise measurement of the B*/BP ratio

* = 1546%0.032+0.022
H 1.529+0.012x0.029

1.504+0.013%%%18
H—o—H 1.534+0.008+0.010

1.507+0.010x0.008

|
1.6

In agreement with theoretical prediction:
t©(B*)=(1.063+0.027 )t(B,) (theory)
t(B*)=(1.088+0.009 +0.004)t(B,) (exp)

Sneha Malde, CKM 2010

13

Result slightly
lower than WA

Competitive with
the B factories
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A, Lifetime

ALEP EP| C2 197 —— 1.21+0.11+0.00

OPAL PL B426 161 ! —— I 1.29%%%  ,,+0.06

DLPH EP) CL0 185 ——t—ltd—ri 1.11%%1% ) 1240.05

CDF | PRL 77 1439 O . 1.32+0.15+0.07

DO Il PRL 99 142001 - 1.218%9130 .. +0.042 P . .

S0 1l PRL 99 182001 . | 200*0120 | v00eT Lifetime remains high

COF I PRL 98 122001 Jiy A (1.0 fb') 1.593%0%083 | -.+0.033 Systematic

CDF Il 9406 An H-+H 1.401+0.046+0.035 T
uncertainties reduced

CDF 11 4.3 fb* - 1.537+0.045+0.014

PDFUE: 1.23+0.074 | | |

0.5 1.0 1.5 2.0
T(Ag)(BY) = 1.020+0.030+0.008

Theoretical predictions 0.83 -0.95

Look forward to further inputs both experimental and
theoretical

Sneha Malde, CKM 2010
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Summary & Prospects

Lifetimes : v. large samples at LHCb
e.g B;2D. @ LHCb20" ~67K

see V. Gligorov WG V

Expect progress on the lifetimes front: B, Ag particularly interesting.

Other B Baryons too.

Mixings and widths:
Results shown today only from past 3-4 years.
B, oscillation and D® mixing established.

Next 3-4 years?

Sneha Malde, CKM 2010
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Lifetime difference measurements

Assuming no CPV, mass eigenstates = CP eigenstates 540 fb-" E
Lifetime ratio can determine y a o -
o T A (a)KK |4
T(D — Kﬂ:) b 10 r,'ll/‘\ b
Yo =V = -1 2 g
(D —\hh) 5 5
hh = KK, it

CP eigenstate

Events per 61.5 s

dD:I]I]
t (fs)
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Lifetime difference measurements

Assuming no CPV, mass eigenstates = CP eigenstates E
Lifetime ratio can determine y

(D — Km) _q
(D — hh)

ycp =~ y =
hh = KK, mtre

Belle result:

Yep = (1.31+£0.32 +0.25) % E
3.20 evidence

Babar:

4000
t(fs)

Events per 61.5fs

' pe
Yep = (1.24%0.39 £0.13)% 4

3.00 evidence ‘ 1

-[I Ih o I. I 4000 ' 0 2000 4000
t (fs) t (fs)

Further update using untagged see next talk
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