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Historical Overview on

Mixing and CP Violation

References:

“Inward Bound”, Abraham Pais

“The Harvest of a Century”, Sigmund Brandt
Ann. Rev. Nucl. Part. Sci. 2002.52:1-21
K. Nakamura et al. (Particle Data Group), J. Phys G37 075021 (2010)
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Strange Particles

> After World War Il lots of groups studied cosmic rays content with cloud chambers
and emulsion experiments — new unstable particles were discovered.

2> 1953, Bagneres-de-Bigorre Conference:

« scientists from all over the world had the opportunity
to compare their results

* the order emerged from chaos: first classification of
these new states — two states correspond to
different particles if they have different mass.
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e Yl » basic properties of the new states were known
Ay « accelerator started to take the leadership “we

R e SN PO are invaded, the accelerators are here”
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The Strangeness Scheme

In 1952 Pais first proposed the idea of associated production for

these strange states: strong production.

1955, Gell-Mann and Nishijima:

1953, Gell-Mann extended Heisenberg isospin idea to the new states

B L__T
Q=1Is+ =+ = >

2 2 strangeness

2> The weak interaction obeys the violation rule |AS| = 1
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: §=-1
I3 = -1 I3 =41
‘_.1[] .
m §=_1
I, =10 *
n P .
5=0
I3=—3 Ia=+3
| | - @
1 0 +1

Long-lived baryons plotted in a diagram
mass vs. charge; masses are not to scale.
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T

Long-lived mesons plotted in a diagram
mass vs. charge; masses are not to scale.

.. “

& predicted and discovered:
>%in 1956 and =°in 1959

2bY 1ib  Via \2a
T beam produced at the Cosmotron
accelerator in Brookhaven entering
a cloud chamber

Giulia Casarosa - Mixing and CPV in the Charm Sector 5



The K° Mixing Predicted and Discovered

> 1955, before the observation of C Violation:

Kl = 1T 71T C RO - TTTT K’ and K are non-identical particles,
how does one see that in the laboratory?

S = +1 S = -1

: : : : — MIXING
2> weak interaction acting twice: K’«— 111 «— K’ [predicted]
[Phys. Rev. 97, 5, 1955] (Gell-Mann and Pais)

> 1955, Gell-Mann and Pais: real particles are combinations of K’ and K

K = (K + K"/ /2 K, = (K- K)/J2
can decay in C-even can decay in C-odd ’_(1 and K_z h?VG
final states (2m) final states (2 forbidden) different lifetimes

(and masses)

i L[ amane )|

already predicted and long-living K observed:
observed observed very soon .
1956, Lederman 0= 5.2x10%s = 500 ¥
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The theta-tau Puzzle

cloud chambqr _ 0 - photographic emulsion

i 1
" 1 . .' e i

May 1947 - Manchester Group January 1949 - Bristol Group

2> Two states with same mass but different parity:

« the masses of the two mesons were compatible within experimental errors

« the first application of the Dalitz Plot (DP) was to the 1 decay and it showed
that the meson has spin 0 (DP uniformly populated)

« either 1 and 6 are different particles or parity is violated in weak interactions.
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Parity is violated in weak interactions

> April 1956, Sixth Rochester Conference, the puzzle was intensely discussed:

* In aintroductory talk Yang (and Lee) proposed the existence of particle pairs with
opposite parities but otherwise identical properties

 Feynman brought up a question of Block's: “could it be that 6 and 1t are
different parity states of the same particle which has no definite parity, i.e.,
that parity is not conserved.”

Madame Wu, %Co - Ni* + e + v

i I i | I I i I

> June 1956, Lee and Yang proposed a : - i‘“"“"‘”“" C
certain number of experiments to test g2 [ : L
the conservation of P in weak o|t 100 ]
interactions, promptly realized (1957): %[5 oso- Hh A

_ si3 e- are preferentially
Madame Wu, %Co — Ni* + e +V v osor left-handed -
Garwin, TT - 1V 00— e

[
TIME IN MINUTES

2> The discovery of P (and C) violation was a key ingredient for Gell-Mann
and Feynman (independently) to write the V - A theory of weak
interactions
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CP is violated as well

2> 1964, Cronin and Fitch first observed of CP violation in K system:

* the experiment aim was to study regeneration of

K mesons and to obtain a much better limit on the
484<m* <494 Tl partial rate K, = tot It ran June and July 1963.
-—m.—r“”“ﬂn% M, + K mesons decay in 2mwith 0.2% probability
A0
- Water
KZ Tr L1 o Scintillato Cerenkov
t2o Z
s PLAN VIEW
L"I —i
w | foot
494 < m*< 504 le ©
L
| NN 555
i o R R R -
504<m*< 5 |4 tio |
i oy /f /
0.9996 0.9997 0.9998 0.9999 1.0000 infernal farget Helium Bag ——
cos § (Pt + Pr2) - PK C\:?!::'hw

|(Pm1 + Pr2) - Pi|
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Consequences of CP Violation

> 1967, Sakharov proposed a model which could explain that the universe
consists essentially of matter with very little antimatter, although equal

amounts of both are probably created at a very early stage.

* Fitch: “Indeed, one might turn the question around and say that the
first evidence of CP violation was the fact that we exist”

2> Models to accommodate the observed CP violation were developed:

* 1964, Wolfenstein: superweak model, CPV was due to very weak AS = 2

4-fermion interaction.
ruled out by the observation of

direct CPV in K — mut

* 1973, Kobayashi and Maskawa extended the 2x2 Cabibbo quark mixing
matrix to a 3x3 CKM matrix within a six-quark model. CP Violation was

naturally included.

confirmed by B-factories with mixing
and CPV measurements in the B system
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The Charm Quark Prediction

> 1964, Bjorken and Glashow proposed a four-quark model, but there was no
evidence for that [Phys. Lett. 11 (3) 255-257 (1964)]

2> 1970, Glashow-Iliopulos-Maiani (GIM) mechanism was proposed to justify
suppression of FCNC and the AS = 2 processes. It required the existence of

a 4" quark, the charm [Phys. Rev. D2, 1285-1292 (1970)]
e e.g. suppression of the decay: K' = p'

smeC —sineC
e g CECELRLCEEEREPT] . e e e EELTERRPER CEERE .
_ S L S L > )
R ur v o (D v by elmmm)
da | ]_.L da | rw BREL o) s e
cosO cosO
C C

> 1974, Gaillard and Lee predicted the charm quark mass from K mixing:

A(K — K) o sin® 0 cos? 0¢ . m 1.5 GeV/c
mixing v
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The Charm Quark Discovery

2> 1974, charm discovery as (cc) state, the J/W:

W discovered at SLAC with Mark |

J discovered at BNL in
detector at e* + e~ SPEAR storage rings

p+Be—»et+e” +X

sor 242 Events*-! i"— h— ! " T -
! - 5000 | 3
70| SPECTROMETER i (a) |
- B2 At normal curres 2000 B ® -
60 [ =10% current T?.
1000 = i ~
: e .
3 SOF 500 r ;I \
e 5 it
> aof L 200t y !
= | b 4 \‘¢
> ol 100 r’l _
50 | ! Y
i -4 ]
20} | tfl |
20 -
10 .
o Ta= | - I
'-f: ) 1 e 3.10 312 314
%25 275 30 325 3.5 Ec.m. (GeV)

mﬂ-re—{GaV]

[PRL 33 1404-1406 (1974)]

2> 1975 discovery of open charm (/A\?) and one year later discovery of the D

[PRL 33 1406-1408 (1974)]
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K system: Mixing and CPV, Short Story

> 1956, prediction and discovery of KK’ mixing first observation of mixing

> 1964, discovery of indirect CPV
e iNK=T1IT1 decays first observation of CPV

> 1988, discovery of direct CPV by NA31 (confirmed by NA48 and KTeV in 1999)

 in K — 17T decays
NA31: [Phys. Lett. B206, 169 (1988)]
NA48: [Phys. Lett. B465, 355 (1999)]

ruled out the superweak model KTeV: [PRL 83, 22, 355 (1999)]

> All 3 types of CPV have been observed in K — 1t decays

> CPVin K = 31thas not been observed yet
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B systems: Mixing and CPV, Short Story

> 1987, observation of BB mixing by ARGUS and UA1 Collaborations
UA1:  [Phys. Lett. B186, 247 (1987)]
ARGUS: [Phys. Lett. B192, 245 (1987)]

> 2006, observation of B - ﬁsmixing by CDF Collaboration
[PRL 97, 242003 (2006)]

> At present, direct CPV observed in B decays as well as CPV in the interference
between decay with and without mixing. No CPV in mixing observed yet.

indication of top mass > 50 GeV/c?

Unitarity Triange

All measurements of CPV
in B and K systems are
consistent with prediction
of the CKM mechanism

1.0 » €y —

Confirmation of the CKM mechanism

_1-5 | I |
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What about the D system?

> 1975, first theoretical paper on CP Violation in charmed particle decays

Pais and Treiman [PRD12, 9, 2744 (1975))]

> 2008, evidence of D-D' mixing by BaBar and Belle Collaborations, then
confirmed by CDF BaBar: [PRL 98, 211802 (2007)]

Belle : [PRL 98, 211803 (2007)]
CDF : [PRL 100, 121802 (2008)]

r

.

> 2011, evidence of CPV reported by LHCb and CDF Collaborations:

« in the difference of integrated asymmetries: A (D — KK) - A (D — )

Interpretation is not straightforward, maybe accommodated in the
Standard Model but may also be a hint of New Physics!

is something going on in the charm sector?

July 17th 2012
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Theory, Mixing and CPV
inDvs Kand B

References:

« K. Nakamura et al. (Particle Data Group), J. Phys G37 075021 (2010)
o other reference are indicated on the slides
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The Neutral Meson States

2> In the Standard Model (SM) we have 4 systems of meson-antimeson that can mix:

The D° system is the only

DO - DO
mixing system made of
up-type quarks

Q=+2/3 U C t <«— up-type quarks
Q=-1/3 d S b <«—down-type quarks

SN,

KO - KO BO - B B, - B

S S

2> Mixing has been experimentally established in all of them.
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The Neutral Mesons Mixing Formalism

.............................

N mmm—-—-—-- N m-—-—- N mme—-—--

2> The mass eigenstates and their time evolution are obtained solving the
Schrodinger Equation:

(Bt ) =050 () )

1 effective Hamiltonian
Heg =M — =T

9 I and M are Hermitian Matrices

> The mass eigenstates propagate as free particles with different masses and

lifetimes:
note:

il o 2 My, —il%, /2
Dy 5(t)) = e~ "Um2=12/2)| Dy 4 (0)) (q) — s T2

p
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The Time Evolution of the Flavor Eigenstates

2> Mixing is described by:

Tr = T Yy = b=l with  [' = birls
I' ' 21 2

> Time Evolution of a meson that was a D' at t = 0;:

DY (t)) = 772 |cosh(A~t/2)| D) — 4 sinh(A~t/2)|D")
P

where A~y =1(y+ix) y =1 —i(my +ms)

2> The probability that the flavour is changed at time t:
(DD (t))|* o e 1! [cosh(yI't) — cos(al't)] ———

2> The probability that the flavor is not changed after a time t:
(D°|D°(t))]? x et [cosh(yI't) + cos(xI't)]
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Visual Examples of Mixing

> Create a D’ at t = 0. Compute the probability to find a D’ or a D’ at time t, for
different values of x and .

4 )
[=0andy=0
2 4
= 0.8
0.6
0.4:
0.2:
007' T34 5 6 7 8 9 10
K t (arbitrary) /
4 )
z
5 6
\ n
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-
x=0andy=1
z
) (DD )P
: no mixing
0‘2: — (5{}‘]){](#)”2
K 0 2 3 4 5 6 7 8 9 1_10
g x=5andy=1
%‘ B
L o
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log scale!
\
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The Time Evolution: Physical Cases

4 x=-0.95andy=0.99
A HEOIRO @)
(KOO0
- J

-
x=26andy=0.15
% 1
-
-
x =0.77 and y = 0.005
s [
[(B|B° (1))
| (BB (1)
-
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The D Mixing Diagrams

2> Computation of the matrix elements:

(Di|Heg| D)

2Mp

July 17th 2012

.............

{0 AC=—1{,\ /o 11yAC=—1] O\
LirDri 4+ 1 {EU|%&C=—2|DU>_I_ 1 Z <D |'HW ”><”|%w |D }
o 2M pi W Q:leri__ - Mp — E,, + i€ :
short-distance long-distance
diagrams diagrams
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The D Mixing Diagrams: short-distance

2> Computation of the matrix elements:

“““

(Di|Hegr|Dj) - 1 010 AC=—2| 100 1 (
e Ipdij + Sy =D+ o Z

§D|’H$C:_1 -r'r.)(."r|?{$cz_1|DD}
Mp — E,, + i€

..............................................

short-distance

V, Vi diagrams V., A%

C > gl > —ul u _._CI ................... uj_._
) - d,5,b | ¢ o
Do o D° 50 ds,by {dsb D

0 — dsbi ., ¢ TP N . ¢

% vV, . Ve ’
: SU(3) breakmg
R .
G2 ’ ~m2)?
(DHEC=2ID") = FEvay udlua(”’ ) D0y (1 )i (1 — 15)e| D)
™ . mE g

.~..

* GIM suppressed, b contribution is highly CKM suppressed

* mainly contribute to Am: |x| 0O(10?)
* NP contributions in the loop — constraints on NP models
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The D Mixing Diagrams: long-distance

2> Computation of the matrix elements:

..................................................................................................

o,
.

D;|Heg|D; o _ 1 i (DO HAC==1]p) (n|HAC=1| DO);
{ | f‘f| J> ﬂfD"jij 4+ {EU|?{$C__2|DU> 1 Z { | W ”><”| ﬁ.‘i.i | >
211\er Qﬂer 2;'1UrD - Jer — En + 1€ :
long-distance
diagrams
DO DO * the intermediate state is a real state, accessible
by D° and D°
« computation of these contributions are affected by
large theory uncertainties, 2 approaches:
5o Do « OPE [Bigi, Uralsev [Nucl. Phys. B592, 92 (2001)]

« exclusive approach
Falk et al. [PRD69, 114021 (2004)]

* dominant contribution to mixing but affected by large theory uncertainties
» contribute to both Am and Al': [x],|y| <O(10?)

* no NP contributions expected
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The Mixing Diagrams for the Other Systems

2> |n the B systems the dominant contribution comes from the short-distance

d— V.dt > .Vst > b
: LGt
Bo BO * no GIM suppression here!
5. u/?t . 3
Vi Vi

2> |n the K system both contributions are important

4 Vo Vo
Ko bic)t KO * no GIM suppression here!
- BT - « different fraction of common
T o d final states w.r.t. B-system
V> V .I.t. b-sy
st dt
KO KO
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CP Violation in the Standard Model

2> |n the Standard Model, CPV is naturally introduced by the unitary CKM
matrix, that describes quark mixing:

interaction mass

eigenstates eigenstates
d 1 — \2/2 A AN3(p d
s' | = —A 1—)A%/2 AN? S
b AN3(1 = p — _AN2 | b

Wolfeinstein parametrization up to A*

2> The irreducible complex phase is responsible for CPV:

e each term in the Lagrangian is transformed to its hermitian conjugate
when CP is applied — any complex term will not be symmetric under CP

2> Need 3 angles and 1 phase to completely parameterize it:

e start with 18 parameters
e unitary condition -» 9 = 3 angles + 6 phases
* redefinition of 5 over 6 quark phases — 4 = 3 angles + 1 phase.
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CP Violation in the SM, Charm Sector

2> |n the Standard Model, CPV is naturally introduced by the unitary CKM
matrix, that describes quark mixing:

interaction mass

eigenstates u C t eigenstates
d [ 1 —A\2/2 A j AN3(p d
s' | = —A _ 1-—)%)/2 AN? s
b' AN3 (1 — p —(in) —AN? 1 b

Wolfeinstein parametrization up to A*

2> Charm decays involve primarily the first 2 generations

naively, no CP Violation is expected in SM

2> As for mixing, the computation of the SM prediction is affected by large
theory uncertainties, preventing a straightforward interpretation of the
recent experimental evidence of CPV

July 17th 2012 Giulia Casarosa - Mixing and CPV in the Charm Sector
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Ap = (DY H|f
Three Types of CPV | 4 _ (poju);
Ap = (DY H|f
...................... S
> CP Violation in the decay if Ap = (DTIHIS

~

.....................

* need at least 2 amplitudes with different strong and weak phases, the
observables are in form of asymmetries:

Af2 = | A4 Af/Af? = |Ap/Agl?
Acp(f) = 12 1L or Al = T

[Ap|? +|Ap? [Ap/Af|? + | Af/Af2
> CP Violation in mixin 1f R -------- H?él or Ay = Ry Ru?
g M = M = R%I n j?

.....................

« probability of D' - D°is d1fferent than the CP-conjugate D’ —» D0

2> CP Violation in the interference between decay with and without mixing:

€

DO f

July 17th 2012 Giulia Casarosa - Mixing and CPV in the Charm Sector

50 ------------ A
if @f?éo where )\, = 12F =
___________ pAf

q Ay

A exp [i(df + ¢f)]

Vo

strong + weak phase
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Why is Charm Special?

2> |t is only system made of up-type quark
e provides a complimentary information on Mixing and CPV

e constrains NP models

2> Evidence of CPV has been reported by LHCb and CDF and has no
straightforward interpretation, can be SM but also NP

* theory uncertainties prevent the use of these results

2> |n order to understand the origin of the reported CPV evidence we
need to study more channels and improve the precision on the
existing measurements

July 17th 2012 Giulia Casarosa - Mixing and CPV in the Charm Sector
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BaBar Detector and

Charm Physics
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The BaBar Detector

As of 2008/04/11 00:00

%l

500—

BaBar .
FEP ! Dolvered Luminoety: 50048/ e'e” - Y(45)

BaBar Recorded Y(4s):_432.89/fb

BaBar Focorded Y(20). 14451t Run1 to Runé: L(on + off peak) = 474 fb™"
4001— Off Peak Luminosity: 53.85/fb

=g / e'e” = Y(35), Y(25)
aool— — B Run7: L(on + off peak) = 47 fb™"

Integrated Luminosity [fb™]

Off Peak

200
1001 /=/ i
i 7 ) T, ElectroMagnetic
) AWMMWW Ul 1.5 T solenoid Calorimeter
P S A ; il ,

Cherenkov Detector -1.GeV)
(DIRC) =
PEPII is also a charm-Factory: e (9 GeV)

it produced around 690M Drift CHamber

of e*e~ - cc events

Silicon Vertex Tracker
Instrumented Flux Return
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Charm Physics at Babar

2> BaBar principal aim was to study mixing and CPV in the B’ mesons,
secondary goals were the study of rare 1 and charm processes

* Y(4S) is boosted with By = 0.56

e'e* > Y(4S) - B B « B and B are produced in a
coherent state

> A charm event is different:

no coherent production of D D state En (cu) + X
« alternative ways to tag the D s,
flavor (D** = DO 1) et i €
* information on D and D relative L ) Lab frame
strong phases not available D*Jr(ccf) X!
* Xy, = X,y rotated by o L p*t+ _, po,+
- alternative parameters, y, L, DO ) KOt

S
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Lifetime Ratio Analysis at BaBar
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The Observables, y_, and AY

4 N
Mixin CP Violation
xing 1otatl I'* is the width of the decay D° —» CP+
r+ 4 T+ . .
yop = ——p— 1 AY = —=— T is the width of the decay D° - CP+
\§ J

> Expanding the effective width for D’ = h'h-at 1* order in xI't and yI't, and A"and A ):

1

P;:h ~ ['|1+4 (ycosopy — xsinopp) + E(AM — A%h) (y cos Opp, — xsin Qpp) +

1

— Ay AP (4 cos g, — sin o

4 wAD" (y hh hh) depend on the final state:
» direct CPV term

 CPVin interference term

/

| 1 . |
yg’}, — 1) COS Op1 — § [AM — A*‘bﬁ T SIN O, — EELMA'EE 1/ COS Op},
~hh i 1 . 1hh] J 1 . Ahh . s
A} = —xsin oy + 3 Anr + AP ycosopy + EAMA D rsinopy,

In case of no CPV theny_, =y and AY =0
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2> Perform a simultaneous fit to 5 signal channels and extract the lifetimes:

The Experimental Technique

4 )

« T, = DO lifetime (K*1r")
® *+ 0 T 0 K™ — ™ . . o
flavour D* - DO M5 DO - K K_ e TH(T") = D° (D% effective lifetime
tagged D7~ D°m7; Do for decays to CP+ eigenstates
« D** > DOm; D° —» K, K™ (K*K™, 1)
flavour « D° - K*K- op — 1D ( 1 N 1 ) .
untagged . po K-Tr* KT ‘ 5 \ = T =%
ay = ( L __1+)
2> Experimental assumptions: T T

- J

* small mixing (x|, |y| << 1) = proper time distributions are exponential with
corresponding effective lifetimes to a very good approximation;

e not sensitive to direct CPV + weak phase ¢ does not depend on final state -» KK and

T modes share common effective lifetimes: [PRD 80. 076008 (2009)]
- Am .
ycp = yCDS@—Tmsmqa
. o A
AY = —zsing+ M 1 COS @
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.

Reconstruction and Selection of the Events

2> to benefit from the simultaneous fit to the 5 modes, we ensure that the
resolutions of tagged and untagged modes are as similar as possible:

2> reconstruction of the tagged candidates is done without using the additional

information coming from the slow pion; - KO
D® decay vertex //’”ﬁ_l_
2> selection of the signal events: e T
d=200pm o
0 _ Pl
remove D from B decays, p_,(D°) > 2.5 GeV/c del{]{]p_/fpt \ /7" [ Beam spot
vertex fit probability: P(x?) > 0.1% a” " DY | 6,=100 um,
apply quality cuts on the D° daughters and // / Oy =6 um
the slow pion tracks < //,f 2 S
\\&9%/#

2> the tagged and untagged datasets are independent:

. P
s a 5 .
4 D' production

vertex

events containing a tagged candidate that satisfies 0.1447 < Am (GeV/c?) < 0.1463

are removed from the untagged dataset.
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Backgrounds

- : : N
combinatorial background: in the signal region®:
2> random tracks, Tagged Untagged
: “rt K KT K*¥nt K K" K*rT
> main background, : a—— - -
Signal 65429 136867 1487000 496200 5825300
> ~ zero-lifetime component, 1962 +371 +1220 £1150 2600
> extracted from the data Comb. Bkgd. 3760 653 2849 164970 1044552
_ sidebands. ) =997
Charm Bkgd. 97 309 642 5477 4645
4 charm background: ) I%-'I[?de : Fractional breakdown of Charm B}cgd. (%)
DY — Xt 154 103 299 7.2 <2
2> common ancestor of the D° D'~ K-zt 80.8 149 571 88 35.8
products is a long-living charm D — %K~ 11 703 1.7 63.3 6.9
meson, Dt — g at K~ <1 2.9 <1 11.8 < 2
D - K*K- <1 <1 13 <1 35
> ry sm mponent of th - - -
ve y: .alltﬁo .po le to, the ) D° — ata 1.8 <1 22 <1 31
events in the signal region (<0.7%), o 4+ 0 _; -, g <1 173
2> has a signal-like long lifetime, A decays <1 <1 <1 4.9 2.6
> studied on MC sample 10 x L, ,,
\') extracted from MC. y (*) charm yields evaluated on MC events
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Data Samples for the Lifetime Fit

> we select events in a (m,, Am) > we select events in a mass region
region for the tagged modes. for the untagged modes.

«tagged KK (data) Am -m, -

o 552(—103 -
- 3 O left right
O g “Esideband C sideband
L o154 S 40— .
< 0152 3 B .
O o5 S sof .
e 0.148 - 255_ . )
<l o.146 20%_ - .
e 1o Isignal .
CE T T Iregion] | T
0'1%.8 1.82 1.84 1.86 1.88 1.9 1.92 1.8 1.82 1.84 1.86 1.88 1.9 1.92
D® mass (GeV/c?) D° mass (GeV/c?)
N . . - KnTag :
An optimization of the signal region was _aF
performed for each of the 5 modes, directly on =t -
data, in order to reduce the effect of the . DATA
proper time VS mass correlation. g i \

1.85  1.86 1.87

0 2
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Lifetime Fit Strategy

> step1: extraction of the background yields
 fit the mass distributions in data and extract the background yields;
» repeat the fit in MC and compute a correction factor for the bkg yields.

> step2a: extraction of the background shapes
« extract charm background PDF from MC;
« extract the combinatorial background PDF from the data sidebands;

> step2b: simultaneous fit in the signal box

« fix the background shapes in the signal box extracted in step2a;

 fix the background yields in the signal box extracted in mass fits in step1
except for the combinatorial in the untagged KK mode;

- extract the signal PDF by fitting the signal box (t, o,) distribution to a
sum of signal, charm and combinatorial background PDFs.
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® Data Mass Fits
_ .. BaBar PRELIMINARY .., BaBar PRELIMINARY ~ _ x10° __ BaBar PRELIMINARY
Lo L I R S R B 1
> f purity: { = | D purity: 1 > [ ]
= 15000 T 94.4% - 23000 KK 99.3% 1 = -
= - = - 12 - ]
< 10001 1 < 20000 1 T 2 E
8 B ] 'ic) i ] 'i:) C ]
A 5000 1 & 10000 4 & 10 .
0 - O | | N, .
A ‘2.*1 .‘ - .|' . .‘ . .|. ...T ‘ |.. .. .'n.L | .. .. \| .‘ A2 . . . |..... |.. - .:. ....’| . 2 .. .. | ... 1. 1 |. .. ..T .. .'. |"T
1.82 1.84 186 1.88 1.9 192 182 1.84 186 188 1.9 182 1.84 186 1.8 1.9
M, (GeV/c?) Mgy (GeV/c?) Mgy (GeV/c?)

w107 BaBar PRELIMINARY %10’ BaBar PRELIMINARY
o L I L L G 400 T T T T T
Q - B Q - m
= — *+ . — > - . 1
> 100 D*= purity: % | unt purity:
= o Km o - = 3000 KT o -
S 80 99.8% - s 84.7%
= o0 - < 2000 -
£ 40- E =R 1
@ o E S 1000 .

0~ S— ’ 0
R T 2 s e e T
A _ B e PP S A _2 %

N L T A N A S A
1.8 1.82 1.84 1.86 1.88 1.9 1.92 1.82 1.84 1.86 1.88 19 1.92
2 2
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! The Signal Lifetime Simultaneous PDF

conditional PDF = exponential convolved with a resolution function (sum of 3

Gaussians) R§ (t, o) X proper time error PDF HE (o)

> the 3 Gaussians have a common offset t, and independent scaling factors s.:
Rx(t,ot) = fuD(t,o1; Sy Sxs1,to,7)
(1— fu) [me(t, 01 Sy Sx 52,10, 7)

T R
_ T '3 D% - CP+
1 — fia)D(t, 0y; 5-,%@;'/' c
( ftQ) @@' 35 L0Y T_|_:> DO = CP+
K7D D°,D° - Km

differences in
D° momentum spectrum:

differences in
Y =tag unt & S = final state reconstruction:

X =Kn, KK, 7m & Sk~ =1

 take into account the
mistagged events in
tagged KK and nim modes

e assume untagged KK is
.3 (0) 0 o N0
so that the product:H52(c1) - D(t,4:5,40,7) i a properly normalized 20 poF) 20 D and 50% D
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| The Background Lifetime PDFs

proper time projection

[
2500

=
)

ts /{ 0.06 ps)

g charm background PDF: A

2000
c

Eve

1500

2> signal-like 2d PDF with per-event errors

1000

2> 2 long-lived components

500

> extracted froma 10 x L_, ., MC sample

charm
untagged
D° - KK

L DATA ) o

Full

......

g combinatorial background PDF:

2> prompt background
> weighted average of the PDFs extracted from the data sidebands
> mode-dependent PDF form:

« tagged modes: fixed-width-bin 2d histogram in (t,o,)

> untagged Km: adaptive binning 2d histogram in (t,o,)

2> untagged KK: signal-like analytic function with per-event error

\
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Fit Validation

> Tests on simulated events:

no bias observed

> fit 9 independent signal samples (L)

iny_, nor on AY

> fit 4 independent signal+bkg cocktails (L . .
in MC studies

DATA )

2> studied large ensemble of pure toy datasets

> Crosschecks on data:

> fit tagged-only and untagged-only channels

2> checked compatibility of tagged and untagged KK (and Km) lifetimes in a
5-mode simultaneous fit

2> allowed tagged and untagged channels to have independent lifetimes in a
5-mode simultaneous fit

in all data crosschecks, the extracted lifetimes were compatible

2> released assumption of no direct CPV and of mode-independent weak
phase ¢ (characterizing CPV in the interference)

KK and nimr results are statistically compatible
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Systematics

BaBar PRELIMINARY
Category Fit Variation \Alycpl| (%) | |A[AY]] (%)
Tt Resion width of sigBox 0.057 0.022
° position of sigBox 0.005 0.001
KKUnt o; signal PDF 0.022 0.0
Signal Mistag Fraction 0.0 0.0
DY Fraction in KKUnt 0.001 0.0
Charm lifetimes 0.042 0.001
yields 0.016 0.0
yields 0.043 0.002
Combinatorial weighting parameter 0.004 0.001
PDEF from sidebands 0.066 0.0
Selection o cut 0.052 0.053
adjudication 0.028 0.011
Total Systematic Error 0.124 0.058

total systematics reduced w.r.t. previous BaBar analyses
« tagged-only analysis [PRD 78, 011105 (2008)]
« untagged-only analysis [PRD 80, 071103 (2009)]

July 17th 2012 Giulia Casarosa - Mixing and CPV in the Charm Sector 44



®

Proper Time Fit Projection

CP+ eigenstates CP mixed states
4 Ve D
BaBar PRELIMINARY BaBar PRELIMINARY BaBar PRELIMINARY BaBar PRELIMINARY
z [ A D ata 12 a2 107 aa 3 & 10F TR «Data 3
NS 103 D>l<+ DlS)lgtﬂal =43 103: D*+ Dls)lgtnal Q - unt. Dls)lgtnal S - D*t D?igtnal ]
- E Comb. 7 = 2 Comb. F= 10*F Comb. = = 10°F Comb. =
E r - B Charm 2 g KK B Charm e - KK MCharm 3 g - Kn BMCharm 7
= 10 g ol 10 E
@ g m 107¢ 2 - =
i ; 107
10 10¢ ;
E E 10§
b 1 1
= +2 T —— - = +2F - — e = 20 - PSR = 24, R -
E IRl § T et ey B e i B M S
2 1 0 1 2 3 4 -2 -1 0 1 2 3 4 2 -1 0 1 2 3 4 2 -1 0 1 2 3 4
t (ps) t (ps) t (ps) t (ps)
BaBar PRELIMINARY BaBar PRELIMINARY BaBar PRELIMINARY
z D*‘ """""" e Data | D*‘ -Data - z 107 nt “Daa 1
N 3L [JSignal - [JSignal A : : e unt. Signal 7
- 105 T Cfmb. ] 103§ KK Cfmb. E CP+ hfet]mes > 10 Km DCfmb. =
b C BMCharm & BCharm 7 i - - 2 B MCharm 7
£ o . = (405.60 £1.25) fs |2 w|
- ; 10°
to, 1o- 7T = (406.40 £ 1.25) fs
1 | [stat error only]
- '2'.......1....|‘."..|... ..... '.|..‘-.. = ‘2....\...‘.'\.'....\f.‘.w\..T..\.‘... A
2 -1 0 1 2 3 4 2 -1 0 1 2 3 AT = (4[}&9? + {]24) fs
L t (ps) t (ps)

[stat error only]
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The Results

- i
g

BaBar PRELIMINARY
BaBar PRELIMINARY

[stat error only] r . _

Tin o yop = [0.720 + 0.180(stat) 4 0.124(syst)] /
Tt . AY = [0.088 + 0.255(stat) £+ 0.058(syst )] %
= 0 2> exclude no-mixing hypothesis @ 3.3c
T +—e. OGP S '

“feﬁ'me . 2 no CP Violation observed )
+10

T I TS T )[R S
404 406 408 410 412
T (fs)

> most precise single measurement of y_;

> this measurement favors a lower value for y,,, in closer agreement with
HFAG value for vy:
HFAG y =( 0.456 + 0.186) % from direct measurements

2> this result is compatible with previous BaBar results [PRD 80, 071103 (2009)],
o AY =(-0.26+0.36+0.08) % (sign difference in the def.) [PRD 78, 011105 (2008)]
ey, =(1.16£0.22+0.18) %

2> this result supersedes the previous BaBar results.
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Comparison with other Experiments

( = new)
||||||||||||||||||||||||||||| | TTT | TT || TTT "I TT || TT
CHARM 2012 CHARM 2012
E791 1999 | 3 | 0722805100 % ‘
LHCb 2012 } o -0.590 = 0.590 = 0.210 %
FOCUS 2000 3.420 + 1.390 + 0.740 % ‘
CLEO 2002 -1.200 + 2.500 + 1.400 %
) Belle 2012 -0.030 = 0.200 = 0.080 %
Belle 2009 0.110 £ 0.610 + 0.520 %
LHCb 2012 0.550 = 0.630 = 0.410 % -
' 0.088 = 0.255 = 0.058 %
") Belle 2012 1.110 + 0.220 = 0.110 %
S SaBar 2012 0.720 +0.180 + 0.124 %

World average

0.866 + 0.155 %

previous value

(1.064 + 0.209)%

World average

il

-12 -1 -08-06-04-02 0 02

-0.022 = 0.161 %

previous value
(0.026 + 0.231)%

BaBar measurements are in agreement with the latest Belle results and

contribute diminishing the statistical error on both observables of [125-30%
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Other New Recent Measurements

from BaBar and other Experiments

References:

* reported on the slides
« all results presented without a reference are preliminary
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Direct Measurement of x and y

> Belle just presented a direct measurement of x and y with a time
dependent Dalitz analysis of the decays D' — K1t

 assume a model for the distribution on the Dalitz Plot
 assume no CP Violation

(976 fb | 0564019 0,03 +0.06 {y\ 4 468 fb! with also D’ —» KgKK )
7= (0562019 2009 Z000)% &% =(016+0234+0.12+0.08)%

. — r +0.04 +0.03y 07
y = (0.30 £ 0.15 T35 Tg'06) % y = (0.57 +0.20 + 0.13 + 0.07)%

\_ J . 2010 Y,
[PRL105, 081803 (2010)]

> In case of no CP Violation we expecty, =y:

( yop = (1.11 £ 0.22 +0.11)% ) @cp = (0.72 1+ 0.18 £ 0.12)%)

BaBar y and y_, values are compatible within 1 standard deviation.
Belle results show a tension between the two values of (2o
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Searches for Direct CPV

B(D — f)=B(D = [)

B(D— f)+B(D — f)

2> if a K¢is present in the final state there is a contribution from CPV in K’
mixing: Acp = A2¢ + AK),  where AE} = (£0.332 +£0.006)% (+ if K° and — if K°)

> experimentally: Areco :[AGPJ{AFB (cos 0”) }FA?@LCOS On)

2> time-integrated CP asymmetries: Acp =

(Forward-Backward asym. from y— Z° interf. coupled to detector asym ) detector-induced charge-
reconstructed asymmetry

> the challenge is to keep systematic errors O(10°)

> New measurements presented at CHARM (May) or ICHEP (July):

(4 p
468 fb™ :
e D' - KKTt Acp = (0.35+0.30 £0.15)% D' -
“D* = K, Tt Acp = (—0.44+0.13+0.10)% no evidence of CPV

e D> KK A25 = (0.46 £0.36 £ 0.25)%
Q ) C‘P ( :] o 4 976 fb-l\
o D> KiK' AAS = (028 £0.23 £0.24)% D' - KTt
e D> K. T A35 =(03+20+0.3)%
N\ D'~ K - ), ABS — (~0.018 + 0.094 + 0.068)%
* [PRD-RC83, 071103 (2011)] - -
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Difference of Integrated CP Asymmetries

> DA, = A(KK) — A (1) with A (KK) = = A (TT1) in SU(3)

* increased sensitivity to charm CPV: double central value while and
statistical errors adds in quadrature

» cancellation in systematic errors:

Areco :[A(_;p]#{ﬂpg (COS 9*))+ Af’ (p. CcOoS 9}1)

o

cancel in the difference !

experiment A, (KK) (%) A %) [ bA, %))
BaBar 0.00+0.34+0.13 -0.24+0.52+0.22 N.A.
LHCb N.A. N.A. -0.82+0.21+0.11
CDF -0.24+0.22+0.09 0.22+0.24+0.11 -0.62+0.21+0.10
Belle -0.32+0.21+0.09 +0.55+0.36+0.09 L-O.87iO.41J_rO.06J

CDF (2012) PRD85,012009
BaBar (2008) PRL100,061803

LHCb (2012) PRL108,111602
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AA_, Interpretation

> AA, has contributions from direct and indirect CPV:

ir (7T ' Alt) .
AAcp = [a.g—fc,(fx K)— ”.gg ?r?r)} 4 TL>{"E}5

AA., BaBar
AAgp Belle
=4 AA_; LHCb
(727 AA.p CDF Prelim.
= A LHCb
A, BaBar
[77] A Belle

=a 0.02
T O m
m March 2012

< 0.015

After CHARM2012 (May)

data is consistent with no
CP violation at 6.15 10> CL

_0_02....|..|..&/ E——————

0.005 0.01 0.015 0.02
o

> NOW: Including the new AY from BaBar and Belle and AA, from Belle:

data is consistent with no CP violation at 1.98 10 CL

-0.02 -0.015 -0.01 -0.005 0
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Conclusions

2> Historically mixing and CPV measurements have been of fundamental
importance for the development of the Standard Model

2> The D’ system has unique features and provide complimentary information
on mixing and CP violation w.r.t. the other mixing systems

2> The evidence of CPV reported by LHCb and CDF has renewed the interest
of the physics community into charm, as a place where to look for NP

> |ncrease in Precision and inclusion of more channels are needed to
understand the origin of this CPV

stay tuned on charm physics!
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Parity is violated in weak interactions

> April 1956, Sixth Rochester Conference, the puzzle was intensely discussed:

* |n aintroductory talk Yang (and Lee) proposed the existence of particle
pairs with opposite parities but otherwise identical properties

 Feynman brought up a question of Block's: “could it be that 6 and T are
different parity states of the same particle which has no definite parity,
i.e., that parity is not conserved.”

2> June 1956, Lee and Yang proposed a certain number of experiments to test
the conservation of P in weak interactions, promptly realized (1957):

Madame Wu, #Co — Ni* + e + U Garwin, i o

I.& T 1 T - |
El.! I
T T | I T | i | z ut -
1.20 B ASYMMETRY (AT PULSE = a
z HEIGHT 10V) s
3 « EXCHANGE i E
W G L0 - Gnsl N ol \ i ;
cls . ;. \ !
L.}  L00- 0 : i x ol LI =} 0 7 L
Zlo ‘ . \ \!
=c
z ; ook : HT B ‘f [ ] \i l T35
L e~ are preferentially 2 .0
M K £ ' /f
left-handed : $44
A IR SN (U N DR SR 8
0052 a6 & 16 iz 14 15 8 T__| ! | I ! 1
TIME IN MINUTES =60 =40 =20 0 + 20 +40 +. 60

AMPERES - PRECESSION FIELD CURRENT
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The V - ATheory

2> The experimental proofs that P was maximally violated implied that
also C was (maximally) violated

- . 2
> The combination of C and P was -y {v i..}
still a symmetry ]
e Nﬂ’
| { —> _} e
- 7 vV —»
" Y,

2> The discovery of P and C violation was a key ingredient for Gell-
Mann and Feynman (independently) to write the V - A theory of
weak interactions starting from Fermi theory of [ decays and

extending the idea of Lee and Yang of left and right projectors
applied to neutrino wave functions.
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K system: Mixing and CPV, Short Story

> 1956, prediction and discovery of Ki-K? mixing  first observation of mixing

> 1964, discovery of indirect CPV

« in K — 1 decays first observation of CPV

2> 1988, discovery of direct CPV by NA31 (confirmed by NA48 and KTeV in 1999)

e in K = 17T decays
L y NA31: [Phys. Lett. B206, 169 (1988)]

NA48: [Phys. Lett. B465, 355 (1999)]
ruled out the superweak model KTeV: [PRL 83, 22, 355 (1999)]

2> Parameters describing CPV in this system:

* & describes indirect CPV €] = (2.228 + 0.011) x 10"

o ¢ describes direct CPV Re(e'/€) = (1.65 + 0.26) x 1073
phases of € and € are both [I1/4
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DY mesons reconstruction at BaBar

Tag the flavour of the neutral D meson at production:

— reconstruct the decay chain D** -» D° ", D*~ - D° i~

- identify the D° flavour at production using the charge of the m,

- select events around the peak of Am =m_, — m, (o ~ 350 keV/c?)
|p..(D%] > 2.5 GeV/c to reject D from B decays and improve signal

significance _ g
™ K

, D° decay vertex
Measure the neutral D meson proper time: 'y T
) i d=200um
— require that the D° (and D*) production vertex H_IOE | -
Oq~ “/'9’ N / Beam spot:

fall inside the luminous region (beam spot)
7/ o, — 100 um,

* D* decays immediately after being created
» allows the determination of the D° flight time ¢t

and its error o,. P
oy \ D° production

vertex
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Mass Signal Region Optimization

WHY?

In order to obtain the cancellation
of the effect of the correlation between
mass and proper time;

s s ke ek e Secondary goal: redUCtion Of the
DO mass (GeV/c?) statistical error on the lifetimes;

proper time (ps)

the signal box should be centered in the mass peak and contain equal number of signal
events in the left side and in the right side (in the approx. of linear correlation).

2 The signal box position and width has been optimized separately for DATA and MC
because the mass distributions show visible differences.

> |In DATA the peaks position show differences among the different channels — taken
into account in the definition.

2> Adopted a smaller signal box for the KKUnt channel because of the lower purity of
this sample.
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Searches for Direct CPV

=2 need at least 2 amplitudes with different weak and strong phases:

» Singly Cabibbo Suppressed: tree + penguin D* - K*K-Tr* SCS tree+penguin

* Cabibbo Favoured + Doubly Cabibbo Suppressed D » K.K*  CF+DCS
2 time-integrated CP asymmetries: D* - K.K*  SCS tree+penguin
Aeop B(D — f)—B(D — f) Di - Kt SCS tree+penguin
ACP =

B(D — f)+B(D — f)

= if a K:is present in the final state there is a contribution from CPV in K° mixing:
Acp = ABS 4+ AK) where  AEp = (£0.332 +0.006)% (+ if K° and — if K°)

2 experimentally: A, :[fl(fp]#{ﬁl ri(cos 9*))+ Al (p. cos b))

Forward-Backward asym. from y—Z° interf. coupled to detector asym. |(detector-induced charge-

 0dd in cos6* — decouple from A_, (independent of cosf*) reconstructed asymmetry;
H - both analvsis) | to evaluate it and correct for it:
[4@ _ A+ c0s0]) + A(—] cos -|)} ( 791" data-driven method (0 - K 1)
' 2 « e*e >T'T data sample (D*—=KK-
|+ use data-corrected MC (D*—K'K'1r") )

J/

= In three-body decays CPV effects can be enhanced in certain Dalitz Plot (DP) regions
 DP model-dependent and model-independent searches
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D* = KK*, Df =» K.K*, Df = K.t analysis
L = 469 fb"
= Precision goal is 0(107), need to keep systematic errors at that level

e correct for the detector-induced charge-reconstruction asymmetry using a data driven

method that makes use of physical-asymmetries-free charged track sample from B decays
[PRD 83, 071103 (2011)]

2 Perform simultaneous mass fit and extract the number of D¢ and D in 10 bins of cos6*
« decouple CP from FB asymmetry and perform a x? fit to a constant value, A _,:

D* - K K¢ D* - K K* D* - Km*

S S S S S

159k evts 288k evts 14k evts
__BaBar PRELIMINARY _ BaBar PRELIMINARY _ BaBar PRELIMINARY.
<4 b L\V& I ] %105_ E
< . “0.5- 1 = <50 —t 1 3
2 . —— —— ] : ]
IF T - . -55 =
C —_— ] -0.5 —t— F ]
0F- 1 . - + : -10F =
R A ] -1= B - 1
B . r ] 155 =
L 1 150 3 r 1
o E : ; 20 E
0 02 04 06 038 ICOS1GEI 0 0.2 04 06 038 ICOS1eiSI 0 02 04 06 08 Icoslegl
Acp = (0.16 £ 0.36)% Acp = (0.00 + 0.23)% Acp = (0.6 £2.0)%
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D* = K.K*, Df —» K. K*, Df —» K. 11* results

2 Dominant systematic uncertainties:

« statistics of the control sample used to correct for the charge asymmetry (D§— KK*)

« binning in cos@* to decouple CP from FB asymmetry (D% — Kd1*)

= Apply corrections and evaluate the contribution of CPV from charm:

DT — KYK*

DT — KYK=

D:—_ — {sz

Acp value from the fit

(+0.16 + 0.36)%

(0.00 £ 0.23)%

(+0.6 £ 2.0)%

Correction for the bias from toy MC experiments
Correction for the bias in the PID selectors

Correction for the K2— K} interference (AAcp)

+0.013%
—0.05%
+0.015%

—0.01%
—0.05%
+0.014%

~0.05%
—0.008%

Aecp final value

(+0.13 £ 0.36 + 0.25)%

(—0.05 £0.23 £ 0.24)%

(+0.6 + 2.0+ 0.3)%

Aeop contribution

from K°—K" mixing

(—0.332 £ 0.006)%

(—0.332 £ 0.006)%

(+0.332 £ 0.006)%

Acp final value (charm only)

(+0.46 + 0.36 + 0.25)%

(+0.28 +0.23 + 0.24)%

(+0.3 £2.0 £ 0.3)%

no CP Violation observed in charm
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D* —» K*K™mr*, integrated asymmetry

L =476 fb'
= The reconstruction efficiency is determined from MC (phase-space DP) 298K evts
» the MC has been corrected for: purity 92%

* FB asymmetry using a PDF in (p*, cos6*)

. detec’gﬁor-induced charge-reconstruction asymmetry ~ 2_.’5:‘.’5.‘7( P R’%’.‘.’M’N’.“.R.Y. jl
B
i . . . . x I8¢ efficienc 0.08
« & = —1— evaluated in bins of cos8* and in DP bins T y oo
Ni,gen 2 O-LoprrrrrrrrrrTTT LML M e 140 1 H0.06
:g o A b Joos
E 0121 X . A E JHo0.04
o 0.1 ] F ]
3 eD g 0.02
0.061- ] 0.6¢
0045 *D? . 04F I:l: jloﬂl
i S S W R R ¥ S R
e e m?(K'K’)
PR T ot
2 Dalitz Plot integrated measurement: 0.02,.BaBar PRELIMINARY
« evaluate N(D*) fitting the mass distributions in 8 bins of cosé* 0015 ;
* in each bin, correct N(D*) by the corresponding €(D*) and compute: ©00 E
0.005- .
4. = NiDD)/e(D*) = Ny(D™) /(D7) P
Ni(DT)/e;(DT)+ N;(D~)/e; (D) 0005t :
* decouple CP from residual FB asymmetry combining symmetric bins ' no CPV E
in cosB* 0,015 observed
- perform a 2 fit to a constant value: Acp = (0.35 4+ 0.30 £ 0.15)% 005616203 0465 66 05 65 "68™

|cos6,*|
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D* —» K*K-mm*, model independent analysis

= Normalized residuals of efficiency-corrected and background-subtracted DP for D* and D~:

_BaBar PRELIMINARY

(53

A_

R

m4(K*K’)

3
GeV?

* in each DP adaptive bin:

o ;??(D"‘) — ]?'H?(D_) ni= Ni/e;
\Jo2(D*) + R202(D-)

where R corrects for residual A;: ¢

_ N(DT)/e(DT)

= N D) - 1.020 £ 0.006

2 Measurement of CP Violation in 4 regions of the DP:

m2(K ")

1

July 17th 2012

140

» divide the DP into 4 regions
« evaluate N(D*) in each region by fitting the mass distribution

-BaBar PRELIMINARY .
o 0.08 + 0.15
tor 1.11  0.15
! I
o
no CPV

|

Nl
3 4 5

Normalized Residual

120

;z“ « correct N(D*) by the corresponding €(D*), and N(D~) by R (AFB):

& App = N(D")/e(Dt) =R N(D™)/e(D™) no CPV

40 ' N(D7)/e(Dt)4+ R N(D~)/e(D™) observed

20

0 BaBar PRELIMINARY ﬁ
Dalitz plot region N(DT) |e(DN[%]| N(D™) |e(D7)[%] Acp[%]
Below & " (892)° 1882 = 70 | 7.00 | 1859 =90 | 6.97 [|-0.65 + 1.64 + 1.73
K™ (892)° 36770 + 251|  7.53 (36262 + 257| 7.53 1-0.28+ 0.37 + 0.21
#(1020) 48856 + 289| 857 [48009 + 289| 8.54 1-0.26 + 0.32 + 0.45
Above K*(892)° and ¢(1020)|25616 £ 244| 8.01 |24560 £ 242| 8.00 | 1.05 £ 0.45 £ 0.31
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D* = K*K-1r*, model dependent analysis

= Legendre polynomial moments analysis [PRD 78 051102] (model-independent method) shows
no evidence of CPV.

= use a model to describe the DP distribution and allow each resonance to have a different
amplitude and phase for D* and D~ .

« each resonance is parameterized with 4 parameters: BaBar PRELIMINARY

M ) Resonance r (%) A (7)
T OI - ampl]tUde and phase Of the D+ R”"(BQ?)O 0. (FIXED) 0. (FIXED)
‘MT‘Q o ‘ﬂr‘z Ki(1430)° | —9.407258 + 4.42 —6.1173325 +1.39
— — $(1020) 0.3570-52 +0.60 7437380 +2.35
‘MT‘Q + ‘M-r“ NR —14.3071587 +£598 | —2.5671 01 +8.01
L — #(800) 2001508 +1.85 2107342 +1.01
A@ = Pr — @y a0(1450)° | 5.07*58% £ 0.39 4.007598 + 3.83
 a simultaneous fit to the D* and D~ DPs is performed Ax Ay
fo(980) | —0.19970-1% + 0.084| —0.23170102 + 0.079
difference of the DP proj. of data (points) and fit (blue curve) + 10: |fo(1370) | 0.01979032 +0.022 | —0.004510 037 + 0.016
__ BaBar PRELIMINARY ~ _ BaBar PRELIMINARY — _  BaBar PRELIMINARY _
= o0k 1 3 e 1 3 00 3
% 2003‘ ‘ % 400: : % 300; _
£ Ll ol 3 i
2 ol L VTR IO EIF
g -100] | M M ’ ‘ 1E ‘M EEHE“?”JEL:if-ﬂ:;$5--;}5:'5t::45f;:-'% i & P Y ZE observed
. ] C Hl Imlll |{"H+ e (T -100E | 3
-200F E i Z 1 1 :
g ] -200F ’ 1 . -200- | E
~00F E } ] 3000 =
'4002_.|...|...|...mm..mH|...|..._; 00 ] 1o 10| = I N NS NN N N N
04 06 08 1 12 14 16 1. 2 1 1.5 2 25 3 ] ) 04 06 08 1 12 14 16 18 2
m3(K'r*) (GeV?) m2(K'K’) (GeV?) m4(K %) (GeV?)
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