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B-Factories as Charm Factories
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Production Charm
Cross section G, ~1.30 nb
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Charm Mixing Results

BABAR D° Mixing Measurements
—DO—K* 7 (WS
—DO—K*K-, 7t vs K-zt (Lifetime ratio)

—DO—K 7 (TD Dalit2)

Carlos A. Chavez QMUL, 1stApril 2009
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Mixing in D® mesons

Neutral meson mixing has been already
observed in the K (1956), B, (1987) and

B, (2006) systems

Why is D® mixing interesting ?
— It completes the picture of quark mixing already
observed in other systems

— Provides new information about processes with
down-type quarks in the mixing loop diagram

— Itis an important step towards the observation of
CP violation in the Charm sector

— New physics may be present depending on the
measured values of the mixing parameters

QMUL, 1st April 2009



D? Mixing Formalism

Neutral D mesons are produced
as flavor eigenstates D° and D°
and decay via :

0 (DOt i\ [ D

/ \V VAR

ot \ D(1)

as mass eigenstates D,, D,

|D1) =

|D2)

where

p|D°) 4 ¢|D°)
p|D°) — | D)

and

/N
~ ‘o~
N—"

D,, D, have masses M, M, and
widths T'}, T,
Mixing occurs when there is a
non-zero mass difference
AM = M; — M,
or lifetime difference
ATl =T — Ty

For convenience define quantities x
andy

) + |p]* =1

2 * 1k
(g) _ My — 517,
p Mo — 5T

AM AT
T YT r
where r Pl‘;FQ
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Status of Mixing in 2006

K% mixing D° mixing
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Generic Mixing Analysis

Select a clean sample of D and D° by

tagging the flavor at production time

using the decays of p*+ _ 7TchO

- We select events around the expected
Am = m(Didc.) — m(Diec.)

- The charge of the slow pion determines the

flavor of the D9

Identify the DO flavor at decay time
using the charge of the Kaon

D® s K—xt right-sign (RS)
D° — Ktx— wrong-sign (WS)

Vertices fit with beamspot constraint
determines my_., Am, proper-time t and
error J,

Right-sign (RS) decay

e

D% decay vertex

Beam spot:
o, Y2100 um,
Oy /a T um

L 7
’,z lr-'r 0 -
¥ DY production

vertex

Typical D° flight length d ~ 240 pum
Average resolution o4 ~ 95 pum
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Mixing in “Wrong Sign” Decays (D’—K*x)

Two types of WS Decays: —

Doubly Cabibb d (DCS P B
— Doubly Cabibbo-supressed ( ) o Q ;
— Mixing followed by Cabibbo-Favored (CF) decay Sor

Two ways to reach same final state = interference!

Discriminate between DCS and Mixing decays by their proper time evolution
(assuming CP-conservation and |x|«1, |y|«1) -

ar 0 Tt / x'? + ?J/Q 2
—[|D"(t)) — f]loxe Rp +/Rpy I't + (I't)

di 4

DCS decay / Interference between DCS and mixing \l Mixing

Okr strong phase difference between CF and DCS decay amplitudes

' =xcosdigr +ysindxr, Y = —xsindg,+ycosdxx

Carlos A. Chavez QMUL, 1stApril 2009 9



WS Fit with no Mixing

Fit results assuming no mixing: m:’VS.de?f’.‘Y,t'rT.“?r.S.'.gr.‘?'. reglon

Rp: (3.53£0.08£0.04)x1073 1400

@ 1200
g 1000

]
- 0
- Misrecon. D

- Combinatorial

However, residuals in

200
signal region are not good\ :
50

mix PD

—.—

o

2

QD

1

>
1111 1O M1

Residuals
TTT IQII TT
'

+
——

hllllllll

plot signal region:
1.843<m<1.883 GeV/c?
0.1445<4Am< 0.1465 GeV/c?
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WS Fit with Mixing

Fit results allowing mixing: WSdecay J.u.r.n.,e.’.S'gnal rgglpn

"« Data

1600
Rp: (3.03£0.16£0.10)x103 1400 E:ﬂ;ﬂ:

- i
- Misrecon. D

x’2: (-0.22+0.30+0.21)x10-3

P 1000 B combinatorial

y’: (9.7+4.4+3.1)x103 £ s Ta \
= 600
X2, y' correlation: -0.94 400
200

¢ data- no mix PD

» 5O0F o :
Fit with gives better B 4, " mix - nomix PD
. - o or T "
description of data 2 F -
¥ o :
 J I | R I SR B!

C g t(ps)
How significant?

plot signal region:
1.843<m<1.883 GeV/c?
0.1445<Am< 0.1465 GeV/c?
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Observations of Mixing in D’—K*7z-

Evidence for mixing from BaBar (3.96) and confirmation by CDF (3.80)

384 fb-! PRL 98,211802 (2007) 1.5 fb"! PRL 100,121802 (2008) © 400 fb"' PRL 96:151801 (2006)
30 T T T ] P 10- 20 L M AL L MRS ANEY LA
r ] = e
B ] - | = g CPV (statl. enly)
20 4 = 10 | e ‘
2,10~ = ol
¢ . > |
~ o E 10 | 1
i =Y 1 TN I
10; g’ 390 20 | 200 1
_20: P T TS T T SN | [ 1 | I | L | L L TORTORNT | TSP VN BT L
-1.0 -0.5 0.0 0.5 1.0 0.5 0 0.5 0 0.2 0.4 0.6 0.8
X’ZI 10-3 xsz (10—3) x’z x 10-3
Experiment R,(1073) y(1073) x2(1073) Mixing Signif.
CDF 3.04 = 0.55 8.5+ 7.6 —0.12 = 0.35 3.8
BABAR 3.03 £0.19 9.7+ 54 —0.22 = 0.37 39
Belle 3.64 £ 0.17 0.6 +4.0- 39 0.18 +0.21 —0.23 2.0
CLEOcC has measured 9y, used to translate x’'~x and y’~y, Phys. Rev. D 78, 012001 (2008)
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Lifetime Ratio Analysis

e Inthe absence of CPV, D, is e Tagged events
CP-even and D, is CP-odd (from D**! D°r*, decays)
— Measurement of lifetimes t e Most of systematic error

for D° decays to CP-even
and CP-odd final states lead
to a measurement for y,,

cancels in the lifetime ratio.
* Bkg related systematics don't.
.  Require:p*>2.5GeV/c,
Yer = <7::> b =Ko 0,<0.37ps
e Purity of selection 98%, 98%,
92% for KK, Kr, ©trt, respec.

* Allowing for CPV, measure
the D° and D° asymmetry

— _(1+ ycp) A“

+ —_—
Tkzr Ton — T

<Thh> Ton + Ti

AY =

Carlos A. Chavez QMUL, 1stApril 2009



Lifetime Ratio Measurements

SSSSS

Events/0.05 ps

L TN | |
|_: 1 I y

=409.3+0.7 fs
Tkn 4
7 ——
TkK ]
T;c_rc I . |
Trn I i

400 405 410
t[fs]

Kzrand KK lifetimes differ
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Events/0.1 ps
S =3

T

2

Events/0.1 ps
[

7T T TT
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1=407.6+3.7 fs
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Lifetime Difference Results

Yor (4)

A .

31 £ 0.32 £ 0.25

i IIIIIIIII‘IIII'I|||Il||||l|||'|'|
HFAG-charm
ICHEP 2008

0732+ 2890+ 1.030 %
Mode
g

FOCUS 2000 - 3420+ 1390+ 0.740 % KTK

L. ﬂ_I.1r_
Combined

CLEO 2002 |} | » | ! -1.200 + 2.500 = 1400 %

Belle 2002 }-‘—O—F{

1.310 £ 0.320£ 0.250 %

3.2 ¢ evidence -

501 & 0.50 + 0.15 ]

D

no CPV

PRL 98 211803 (2007) 540 fb’!

Belle 2007 H

Mode

AY=(1—'ycp)Afr (%)

1.030 £ 0.330+ 0.190 % KTK-

‘.ll'+1'l'

0.210 + 0.630+ 0.780 % Combined

124:|:039:|:013

Belle 2008 }—'—0—'—{

?

World average 1.072 £ 0.257 %

3.0 o evidence -

no CPV

PRD 78 011105(R) (2008) 384 fb-!

JJ.IIIIlIIIIlIIIIlIIIIIIIII|IIII|IIII|IIII|IIIIJ.I Combining 384 /fb tagged and 91 /fb untagged (BaBar):
cp =(1.03 £ 0.33(stat.) = 0.19(syst.))%

4 -3-2-1 012 3 4 5
Yep (%)
HFAG World Average:

Yep= (1.072 #0.257 )%
arXiv 0808:1297 (2008)

Carlos A. Chavez QMUL, 1stApril 2009
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Mixing in WS D° > K*rr® Decays

* Analysis formally similar to the wrong sign D° - K*n- analysis but now mixing
depends on position in Dalitz plot.

A; = A(81,,8,5) = (K" n°|H|D°)

dNF(s10, 813,7)
Fhelz, =13, _ T+ A_Q
dsiodsizdt e 47+ <o DCS A; =Af(3121313)=<K+”_ﬂ0 ‘H‘DO>
Interference +> |Af||Af| [y cosdy —xsindg] (Tt) + Sp=m.
.. 2 +y —
Mixing > | AF*(T)%} (1) S1a = My po

« The measured mixing parameters are:

Xy, = XCOSJ

Krr® * y Sin §K7m0
’
Ykee =Y COSO,

—ysino,

where J, .= phase difference between DCS D%— pK* and CF D%— pK*
reference amplitudes (and cannot be determined in this analysis)

384 fb- 1 : arXiV'0807 4544 [hep-ex], submitted to PRL

—G 160 —T L JI 30
' WS Dalitz plot
. el RS Dalitz plot 1 X p
Results : No evidence of CPV > ’&i‘ 60K ev. I:*:: T EE
S -2 > 20
;o 10.57 P 0 g 2 i
meo =| 2.615% (stat) £0.39(syst)po . & | 5 L ¥
0.55 - . 00 ' 10
,=[-0.0670%(stat) £0.34(syst)pe  , © o B0 Toan
— 1’ 20 * : H K]
- H 050 e TR | U-ﬁ._:...:i.i..i.i:.:.“_ha_i
. Main SyStematICS: 05 1 15 21 23 0 05 1 13 2 2 0
. Dalitz plot model Mg [GeV?/c'] mg... [GeV?/c)
. Event selection criteria signal box:

Carlos A. Chavez

Signal and background yields

RS signal purity: 99%

0.1449<4Am<0.1459 GeV/c? WS signal purity: 50%

1.8495<m, . <1.8795 GeVI/c?



Mixing in D°—K nw Decays

Dalitz plot distribution and projections.
P Fit result shown as solid line

Time-dependent, Dalitz-plot mixing analysis S g
Q - 7500

Uses D1 DOTC"‘, DO%KSTETC + C.C. decayS £ : % 5000 | \j \/
Observe time dependence of D° decays ,:B g =

o

complexity due to Dalitz plot structure PRL 99, 131803 (200.,) 2 (GeV?Ich) m2 (Gevz,c)

Analysis assumes CP conservation o C \

= >
Omuon— -_310000— \j
. . - E-ZDDOD— — z 5000
D° decay amplitude is given by g 8
" mR(Gevic) T m2(eevich)
e1(t) + e (t) q— e1(t) — ea(t)
M(m?,m?,t) = A(m?,m?) 5 .A( m?,m?) >

where4 and A are amplitudes for decay to D°or D° as functions of phase-space
variables, and

. m(Ks,ﬂ'i) D*t — DOzt . . .
™M { m(KonF) D — DOm- e1,2(t) = exp (—i(my,2 — il'1,2/2)1)

Measures x and y : no strong phase, sensitive to x directly

Carlos A. Chavez QMUL, 1stApril 2009 17



Proper-time fit results
Xy o = [0.80+0.29(stat.) + 0.17(syst.) %%
Y e = 10.33£0.24(stat ) £0.12(syst.) [%

D°—K nn Results

>
L A
BELLE

g
S
%)

Events/100fs

2
25
55

by
<

2
55052

55
L
SRS
SIS,

{
25

0
J50
(0
0’:0
b

9%
ol

=

0.08

-2000 0

Carlos A. Chavez

2000

4000

Proper time (fs)

(a) Decay-time distribution for total Dalitz-plot region.
(b) Ratio of decay-time distributions for K'(892)* and K'(892)~ regions.

PRL 99, 131803 (2007)
Lumi=540 fb1

2

CPV (stat. only]
95% CL contours no CPV (stat. only)
Dotted: stat. — no CPV

Solid: stat.+syst.

y (%)

No-mixing
excluded at 2.2¢

No evidence for
CP violation

x (%)

Largest systematics:

In x: from Dalitz fit model

QMUL, 1st April 2009

In y: from event selection
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Collective Evidence for D° Mixing

BABAR: PRL 98, 211802 (2007) D°—K*rz decay time analysis 3.90
BELLE: PRL 98, 211803 (2007) D—K*K-, n*zvs K*z lifetime difference analysis 3.20
BELLE: PRL 99,131803 (2007) DO—K 'z time dependent amplitude analysis 220
CDF: PRL 100, 121802 (2008) D°—K*z decay time analysis 3.80
BABAR: PRD 78, 011105 R (2008) D°—K*K-, n*zvs K*z lifetime difference analysis 3o
BABAR: arXiv:0807, 4544 (2008) DO—K*z 7’ time dependent amplitude analysis 3.1o0
all mixing results combined by HFAG: | ~100

H FAG -charm

| ICHEP 2008
2

y (%)

CPV allowed

~ = e |

No-mixing point excluded at 9.8c

op

- Mo

-0.5- - 20

B 30

Strong phase from CLEOc measurement -1 ;0
| L1 11 ‘ L 111 ‘ 11 1 ‘ L1 1 L1 1| o

Phys Rev. D 78, 012001 (2008) s o L S e
X (%)

Carlos A. Chavez QMUL, 1stApril 2009



Summary

» Collective evidence for D° mixing is compelling when combining
Belle and BABAR measurements

— The no-mixing point is excluded at ~10c, including systematic
uncertainties

— However, no single measurement exceeds 4c

* Average values of the mixing parameters are x~71 %, y~0.8 %
— compatible with the upper range of standard model predictions

* No evidence of CP violation in D° decays

 BABAR work ongoing:
— Lifetime ratio analysis of D°—KK, and D°—Kn untagged samples

— Dalitz analysis of D°—K nn decays

Carlos A. Chavez QMUL, 1stApril 2009
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Backup Slides
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Mixing in WS D° - K*nn® Decays

. Find CF amplitude A; from time-
integrated fit to RS Dalitz plot
. Isobar model expansion
. Use this in time-dependent fit to
WS plot to determine A: and
mixing parameters.

. Results:

X, =| 2.61°%(stat.)+0.39(syst.)

Krr®

|GeV 7/t

[

,.‘
l‘l'IR-nu

05H

—
L RS Dalitz plot J
U ~660K ev.

30
i !‘ WS Dalitz plot J

“!r_|
i)

) "“.

= 2 3K events
[}

-}

100 - 2p0%
I : | I
Hu .

n

mi-’(-ﬂ- [GeV*/c ] m.. [GeV2/c!]

signal box:

0.1449<4Am<0.1459 GeVIc?
1.8495<m,,,<1.8795 GeVic?

y. o =[-0.06"9%(stat.) + 0.34(syst.) s

. No evidence for CPV

Carlos A. Chavez

QMUL, 1st April 2009

RS signal purity: 99%
WS signal purity: 50%

. Main systematics:

Dalitz plot model
Event selection criteria
Signal and background yields
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Belle D°—K _nn analysis

Dalitz fit model
Refinement of Belle ¢; measurement

13 BW resonances + non-resonant contribution

TABLE I: Fit results for Dalitz plot parameters.

Hesonance Amplitude Phase (deg) Fit fraction
F7(892)7 1.620 +£0.005 1343 +0.3 0.6227
F5(1430)0- 212 +£0.02 —0.9+05 0.0724
F3(1430)" 0.87 £0.01 —47.3 0.7 0.0133
{14100~ 065 £0.02 111 +2 0.0048
K(1680)"  0.60 £ 0.05 147 £ 5 0.0002
K*(892)" 0152 £0.003 —-375+1.1 0.0054
K;5(1430)Y 0541 £0.013 01.8+15 0.0047
K3(1430)%  0.276 £0.010 —106+ 3 0.0013
K*(1410)" 0333 £ 0.016 —102+2 0.0013
K*(1680)"  0.73 £0.10 103 + 6 0.0004
el 1 (fixed) 0 {fixed) 0.2111
w(T82) 0.0380 £0.0006 115.1 £0.9 (0.0063
fo(980) 0.380 £ 0,002 —147.1 £0.9 0.0452
fo(1370) 1.46 + 0.04 OB.6+1.4 0.0162
f2(1270) 1.43 +0.02 —136+1.1 0.0180
p(1450) 0.72 £0.02 409 +£1.9 0.0024
7y 1.387 £ 0.018 —147+1 0.0914
g 0.267 £ 0.009 —157+13 0.0058
NH 2.36 £+ 0.05 1556 + 2 0.0615

Carlos A. Chavez

m2 (GeVZ/c?)

Events /0.02 GeV?/c*

Z 3
m? (GeVZ/c*)

40000

20000 |-

J

2 3
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Events /0.02 GeV?/c*

Events /0.02 GeV?/c*

10000 |-

10000 |-

7500

5000

2500

Z 3
m2 (GeV?/c?)

5000 - &

0 0:5 1 1.I52 42
2
m_* (GeV/c")

Dalitz plot distribution and projections.
Fit result shown as solid line.

QMUL, 1st April 2009
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New Physics in Charm ?

. A: Standard model predictions for x
Il) -D” Mixing Predlctlogs 0. Standard model predictions for y
S 110 = | .
> i 21’05’””” o 4 T ] > e. New physics predictionsfor x
— [ ® A i =
e R .’ﬂ]““ L"_ 1 0‘4 U;:i — Hard to see a clear prediction
é 10 i A & & — Pushing the limit down excludes models
kS i T o |?] P @ Try to separate x and y!
2 2 Pl oo 10 =
— -4 ﬁ A [ A 1 )
= 10 A & >
= 1 -10
fﬁ i T ﬁ}@é &¢ &T A 10 ,_g_l Standard Model mixing predictions
.E _6_ ¢ L& g é i.00E+00 +—H+H++H+++t+++t++++-+++++++++—t+++++++++++
5 10 B LA[\ . -13 % 1.00E-01 A 3 5 7 91113 15 1&? 19 21 23 25 27 2931 33 3§
= [ - ¢ 11 N 1.00E-02 - - =
B . 1.00E-08 1 & T% E st T 5 g
3 1 _16 Eg‘ 1.00E-04 - s © o
10 + 110 = 1.00E-05 + e a4 o
- — 1.00E-06 + :
I hep-ex /9908021 1 o gl TD
110 1.00e-08 4 A. Petrov, HEP-
i {-)10 ] 1.00E-09 L PH/0611361
0 20 40 60 Reference Index

Reference Index
I Larios A. Lnavez umuL, 13t April 2009 24



Integrated Luminosity [fb™]

Carlos A. Chavez

Tau

G, ~0.92 nb

As of 2008/04/11 00:00

BaBar
500i—  PEP Il Delivered Luminosity: 553.481b
- BaBar Recorded Luminosity: 531.434b
= BaBar Recorded Y{4s): 432 8310
L BaBar Recorded Y(3s): 30.231
B BaBar Recorded Y{2s): 14.451h
4001— Off Peak Luminos ity 53 85Th
200 —
100/ —
e T T

&

& & & F & &

Rec. Luminosity

~530 fb-1

Data collected

484M BB pairs,
630M cc events,
880M t’s, etc.

#

Iritegrated F.zminosity (pb ')

Charm
6, ~1.30 nb

o0 — dideig — onmsonanee,  — offresonmnee, —  energysean
T T T 17 ‘ T T T 17T 1T T T T 7 ‘ T T T T 7T
900 | ‘ /_/
00 —F/J
] ,_/ fo
6000 /_/
300 /;,/
4 j // |
3000 F/
000 : : :
100 fﬂ ‘
0 [ ‘—‘——“""d et —T_'!'_"_\'_\.‘-‘\_\_'\_-\_ I I |
4161999 i 512112004 12180006 6262609
o
Bellelog total : 895011 pb Dae

Rec. Luminosity

~710 fb-!

Data collected
660M BB pairs,
860M cc events,
1200M 7’s,
2.6M B, , etc.
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