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Formalism N

. _Produce charmed mesons as flavour AM — My — s
eigenstates D° and DO,
« Decay according to Al = T'1 = Iy
Do DY "= (I'y+ 1) /2
% pte)) = =10 ooty t = AM/T
y = Al'/2I

» making mass and lifetime eigenstates
-0

D1) = p|DY) +q|D )

|Ds) = p|D°) —q|D")

» which decay thus:

Di(t)) = e /2 D)
| |D2(t)> _ e—z(mQ—zFQ/Q)t|D2>

RM = (:192+y2) /2
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Motivation I ¢

* Knowledge of mixing needed to measure FPCP 2007
CP V|0|at|0n. All semileptonic }—o—{

* Possible source of New Physics.
* Fill in gap between K and B, B, mixing — BaBar 2006 Knn’
charm mixing involves down-type quarks.

» Standard Model allows x, y up to ~1%. BaBar 2006 K1

« CP violation or |x| >> |y| would establish

New Physics. | |
CLEOc 2006 double-tag | . ‘
c u c L u
a - .-
>H< q| _ |
0 c u 9 C World average H 0.021 £ 0.011%
FCNC supersvmmetry wll i s o o

0 005 0.1 0.15 0.2 0.25 03
Ry, (%)
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Experimental notation il ¢

« Almost always use D° from D* decays for
tagging and cleanliness.

» D* decays to slow pion and neutral D;
charge of pion tags production flavour of D.

» Classify backgrounds :

* Correct D9, random slow pion : ‘mistag’ if
pion has wrong charge.

« DO has correct tracks, but wrong particle
assignments, or is missing a track : ‘bad D%
or ‘mis-reconstructed charm’.

* Ordinary combinatorics.

* For historical reasons, refer to Cabibbo-
favoured decays as ‘right-sign’ (RS), doubly-
Cabibbo-suppressed as ‘wrong-sign’ (WS).

etc

Flight length ~240 um
Resolution ~95 um

N

S

I beam spot

— x|

c, 8mm, o, 100pm, o, 7um
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ey N

Interference

- Decay-time distribution: - % 8000 5 + .
Tyws(t) ? 600, :
389’ Rp+y'v/Rp(I't) + ="
17 .12 12 2 Ay B ]
IDCS|? Zl('x =+ Y )(Ft)  |Mix2 -2 400;
. o l _
r = xcosdky+ysindg, o 200 |
f : N s 2ase Seei® <\ yas .o

— YCOSOK, — LSINOK S it

J J g g P81 1865 1.9
\ m, . (GeV/c?)

- Allow for CP violation by fitting  Phase between T . Daa
— RS and WS N i 1
D? and D° samples separately. c5’1500_— b) [ ]WS Signal -

é’ I KJRandom =,
- 1. ~1000; Ml Visrecon. D°
Yields from 384 fb-1i: % 7 Combinatorial
Candidates £ 500" e
RS [1141500 £ 1200 o L 3
Wi| 4030 =90 Pia 015 04

AM = Mp-Mpo Am (GeV/ Cz) 5
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* Fit in three stages:
* Fit RS and WS to m, and Am.

* Fit RS for DO lifetime and resolution
function.

 Fit WS decay-time distribution.

* Three different models:

— " Data

= [ ] Mixing fit

= Random,
3 Misrecon. D
;_ Il Combinatorial
— T No-mixing fit

* Impose no mixing and CP conservation. o b |
[} -
* Allow mixing, but keep CP conservation. €
S 0
« Allow both mixing and CP violation. g
-50 —
» Signal time resolution modelled as sum - AN ‘ ‘
: -2 -1 0 1 2 3
of three Gaussians. t (ps)
« Combinatorial background sum of two Points show difference between
Gaussians, with one pOWQr-laW tail. data and no-mixing fit; curve
: : shows difference between fit with
» Mis-reconstructed D° and mistag have : .
. . . and without mixing.
- ;sgnal time distribution. ~
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0°— Ker: RESHISHIN

Iit Parameter|  Result [x 10
No CPV, no mix| Rp 3.53+0.08+0.04
Rp 3.03+£0.16 +0.10
No CPV, mix z"? —0.224+0.30£0.21
Yy 9.74+4.443.1
Rp 3.03+£0.16 +0.10
o?" | —0.24+£0.434+0.30

CPV and mix Yyt 9.8 +6.444.5
%~ | —0.20+£0.414+0.29

oy~ 9.6 +6.144.3
qé E > l — 1o
> 2;— 0.015?— T
1.53— 0_01% _5%
1f_ 0.0052— —i
0.5 °_ _
OE_ -0.005?— _i
g 14 -0.013— é
-0.5:— C E
- -0.015 3
41— |Belle 2¢ statistical| | L FMFPCPM -
-0.08 _0%5 I I-ﬁéll I Ugl_ﬂ'Z I Up 002 0.04 0-2:510_2 -0.001 -o.oloosl - t; — '0.0c|105' — 'o.olg1
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A

=
+
i

DO —

0 4500

D mixing changes the decay width % 400

of final states with definite CP. ~ 3500
Lifetime for 8 3000
DY — CP state £ 250

\ ] 4 W 2000
TgP — TKn I+ (y COS d)f — I sin Qbf )] S
: -

DT TR

] . , ; :
_ ) 0 T8 182 184 18 188 19 192
Tep = Tir |1 +[— (ycos g+ xsin @ f)] ik K) (@oV/c)
Lifetime for
- Lifetime for D® — Kn o LALLM L L 3
DO — CP state > 40000E - E
2 ssomof- - I
Extract two quantities: = 30000F- | 3
2 25000F s | =
— T — 15000F- S 3
TOP + TOP 10000;— —
+ o E :__:::._: =
 2Tkx  Top— Tep R . f
— T — i n — T8 182 184 18 188 (Kl_;:;) (égzw )
Tep + Tep T, T, m evie
cp + TopTop + Top 7~ N
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* Reconstruct three modes: 103;— Kt _
« D** — DO 1*, D° — Kn & Moo,
S10°F E
‘D*+—>Doﬂt+, D° - KK :g E
o B ’
*D** - DO n*, DY — nrw @ 10f \ .

* High purity allows small systematic uncertainty.

* Fit for lifetime of all modes simultaneously.

Residual
o =

1
0o

» Three contributions to fit function:

« Signal : Exponential convolved with sum of three Gaussians.

« Combinatorial background : Two Gaussians, power-law tail. 10°E

» Mis-reconstructed charm: Exponential convolved with single
Gaussian. Lifetime extracted from fit to Monte Carlo events.

2

Events/0.06 ps

Sample| Size |Purity [%
K 7" 730880 99.9

K™K~ | 69696 99.6
7w | 30679 98.0
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DO — h+h-: RESUIEIIE ¢

yer 7] AY [7) TKn oy
K"K 11.60£046+0.17 —0.404+0.44 +£0.12

w1046 4+0.65+0.25 0.0540.64 4 0.32 TIJEK' . |

TkK e
« Combining KK and pp results gives 3- T + | |
sigma evidence of mixing : nn | . |
Yep = (1.24 + 0.39 + 0.08)% T rn | . |

» CP violation consistent with zero.

« Combining with earlier measurement f
using untagged sample: T[ S]

Yep = (1.03£0.33+£0.19)%
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DO - K

I &

G F T ]
. . ra'st C i
« Wrong-sign decay rate varies across = BABAR
Dalitz plot: DCS term 2 E
" Resonance phase 2 E
*F C _
K-ty L0, _ tHA ‘2 / 1.5 —
A(m m L) =
A £AD£(y cosdp —a”sindp) 't F E
/' [Ap X + )T i ]
Interference term '\CF (mixed) term 0.5 é_ _é
% 03 ] s 2 23 ;
x’ = Tcosb 0+ ysind o mfr
" = ycos gm0 — T SIN g ono ] I
™~ Phase betweefs® 3 BABAR

) ) ) RS and WS § preliminary g

» Subscript D indicates dependence on 3 E

position in Dalitz plot. 2F E

1.5 =

 Determine Ay from time-independent - -

- TR =

fit to right-sign Dalitz plot. osf U

- Fit for A, simultaneously with X, v. S s R R R R

-;.i? . HIEK.'JL
11
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D°— Kren? (cta) N

 Extract background time and Dalitz-plot
distributions from D° mass sidebands.

* Yields from 384 fb?;

Category Right-sign

Wrong-sign

639802 = 1538

3317493
2384 £+ 57

Signal
Bad DY
Mistag

1483 =56
227+£75
760 £29

Combinatoric| 1537 £ 57 499 £+ 57

2505 BABAR -

C preliminary 7

(7)) C ]
= 200 -
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% C .
T 100 =
(5] N .
o so- -
; .
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3 4
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N
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preliminary ]

[
(=]
L

Events / ( 0.00479995 )
oo (=3 9
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D°— Kwn® : ReSUSIIN

5 0.06: B ABAR

No mixing is excluded at - Stat+syst preliminary,
the 99% confidence level. 0.04r

7% | 23910611032 | 00
y' %] | —0.14+0.60+£040

R %] 0.029 =0.016

-0.02_—

-0.04_—

i 1 1 1 | 1 1 1 1 1 1
09806 -0.04 -0.
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00— i I

* Decay time difference integrated =«

__I L RS 1000_—| N I,* oron —
over phase space (indicated by tilde): = 600: (@) f mry > (b) - DA |
A I H ]
o | ¥ _
ng(t) D ~1 | 2 S00+- H o
FRS(t) — RD + Ofy RD Ft + ;g "‘*M* Ly Y
1 -~ rom *

P G s
DCS branching ratio ' Lr_? 014 0.14> 0'i5
Mgcin s [GEV/C] Am [GeV /]

~ < % , —0 :
Z' = xcosd +ysino DY candidates | D" candidates

~/

Yy = ycoso — xsino RS | 351100 4 600 | 349200 & 600
WS| 1162+53 1040 £ 51

Yields from 230 fb-1

« With CP violation:

.’Z',Q 4 g/Q)
off cos ¢ + 57 sin N)

(5%,24‘@,2) N |p/q|i—2
11
oy — |p/q|
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D°— K'rn'n . ReSUISHI

CP conserved CP violation allowed ﬁ 00 (Id) I+++ | BAB‘FL‘ j
Rar (%] 0.01978001 +0.002 | Rpr (%] 0.017-55 +0.003 a l "* preliminary |
aff cos ¢ —0.0061 555 £ 0.006 ~~ 200l | i
ay  —0.0067%%% +0.001 | Bi'sin¢  0.0027%5% £+ 0.006 e ; : +
In/4q| 1.173% 4+ 0.1 cU : + | Mistag
© 100l | ]
- ) » Combinatorics
* Fit in two stages: 4 '
« Extract D° mass and Am parameters. ol

-1 0 1 2 3

* Fix shape parameters, fit to (mpyo, Am, t).
« Signal shape is exponential convolved

tK"‘Tr—?T—?T"‘ [pS]

R T T ! T ]
with double Gaussian. é 0'5- > Max. Likelihood (CP Cons.)
« Combinatorial background modelled by * —— 68.3% Cont. (GP Cons.)
Gaussian with power-law tail. I 95.0% Cont. (GP Gons ) |
 Fit RS and WS distributions 04~ T
simultaneously. T ]
* Time-resolution parameters and D°
lifetime for WS fixed to RS values. , i
- Data consistent with no-mixing at 4.3% o oum
“confidence level. P S B B
I 0 0.02 0.04 0.06

(224922 (%) 19
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Summary I

» BaBar has observed mixing in the neutral D system :
« DO — K*r-
« 384 fb1, 3.9 ¢ away from no mixing, (x'2, y’) = (-0.22+0.304£0.21, 9.7+4.4+3.1) x 103
* D9 — h*h-
384 b, 3.0 o away from no mixing, ycp = 1.24+0.39+0.13
« DO — K*rnd
« 384 fb1, no mixing excluded at 99% CL, (x”, y”) = (2.39+0.61+0.32, -0.14+0.60+0.40)%
* D0 - Kt

» 230 fbt, compatible with no mixing at 4.3% CL, R,,= 0.019+0.016+0.020

 With the final BaBar dataset of roughly 750 fb-1, still more accurate determination
of mixing will be possible with these and other modes.
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