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Why would observation of charm mixing be interesting?

It would complete the picture of quark mixing already seen in
the K, B, and B, systems.

K — PR 103, 1901 (1956); PR 103, 1904 (1956).
B — PL B186, 247 (1987); PL B192, 245 (1987).
B, — PRL 97, 021802 (2006); PRL 97, 242003 (2006).

It would provide new information about processes with down-
type quarks in the mixing loop diagram.
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It would be a significant Step towa'rd observation of CP violation
in the charm sector.

It could possibly indicate new physics.
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? Mixing Phenomenology

Neutral D mesons

are produced as flavor
eigenstates D% and D?

and decay via

S - (o2

DO(t)

as mass, lifetime
eigenstates D,, D, )
D) = p|D°) +¢|D%
|Dy) = p|D°) —¢| D%
where |¢/*+|p|? =1 and
2 % 7 Tk

(g) _ Myy — §F12

p Mo — 5T

DO(t)
DO(t)

)

D,, D, have masses M,, M,
and widths I',, I,
Mixing occurs when
there is a non-zero mass
AM = M; — M,
or lifetime difference
AT =T, — T
For convenience define
quantities x and y

AM AT
YT YT T
where po it
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? Short- and long-distance effects

Short-distance

Short-distance contributions
from mixing box diagrams
primarily affect x

b quark is CKM-suppressed
s and d quarks are GIM

suppressed
Expect O(10-°) or less ,
Long-distance contributions -
primarily affect y — \ o 730
Non-perturbative effects N’
Expect O(10-?) or less ¢
New physics would be Patricia Ball, hep-ph/0703245, Moriond 2007:
indicated if “The central problem of all these calculations
X>Yy is that the D is too heavy to be treated as light
CP violation is observed and too light to be treated as heavy.
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? BABAR D%>Kr Mixing Analysis

Mixing occurs when a meson produced as a
D? decays as a D° or vice versa.

DO
This can be studied by tagging the D° flavor at mixing
production and at decay.
We use the D’ — Kr decay mode. DCS D’
Cabibbo-favored (CF), “right-sign” (RS) decay /
DY — K n™ !
Doubly Cabibbo-suppressed (DCS), “wrong-sign” K7~
(WS) decay
D’ — Kim~

Rate: tan” Oc ~ 0.3%

Mixing followed by CF decay (WS)
DY - DY Ktg—
Rate: 104 or less
(interference between mixing and DCS can enhance)
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Use time dependence to separate DCS and mixing
contributions (approximate; for x, y < 1

dr’
dt

DCS decay

2 2
1D°()) — f] o< e~ | Rp + /Roy' Tt + =Y (Ft)Q)

- 4

Interference between DCS and mixing \l Mixing

Allows for a strong phase difference 9§, between CF and DCS

direct decay

/

2 =1xcosdir +ysindxa, Yy = —xsindg, + Y COSOKx
This phase may differ between decay modes.
And may vary over phase space for multi-body decays.
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BABAR detector and dataset

Dataset: 384 fb-1 1.5 T solenoid .
. . . Calorimeter
(superconducting) 6580 CsI(TI) crystals
Sﬁfgg;](l)(rov et (3.1 GeV)
144 quartz bat§
11,000 PMTs
Siliccl)(n Vertex
_ -~ Tracker
e/(w' 5 double-sided
layers
Drift Chamber
Collected at PEP-II at 40 layers
SLAC on- and off- Instrumented Flux Return
the Y(4S) resonance 18-19 layers

NIM A479, 1 (2002)
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DY >K=n Analysis Method

| Right-sign (RS) decay |

Identify the D° charge
conjugation state at prod. & : K~
decay using vertices fit to

Dt 7T§EDO, DY — K¥p=*

D% decay vertex

Determines m,_, Am, proper-time
t and error o,

Am = m(Di"kéLc.> - m(quec.>

Beam spot:
o, ~ 7 um,

6y ~ 100 pm

Vertices fit with beamspot - Ts
constraint is important e
Improves the decay-time error e \ DO production
resolution vertex

Improves the Am resolution
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. . 1. 1.02
M(Kr) (GeVic?) M(Kr) (GeVic?)
All fits are over the full range shown in the plots

1.81 GeV/c2 <m,,<1.92 GeV/c? and 0.14 GeV/c?2< Am < 0.16 GeV/c?
Define a signal region

1.843 GeV/c2<m,, < 1.883 GeV/c? and 0.1445 GeV/c?2< Am < 0.1465 GeV/c?
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Fitting is performed in stages to reduce demand on computing resources
All stages are unbinned, extended maximume-likelihood fits.
1. RS & WS m,,, Am fit.
Yields PDF shape parameters m,_, Am categories.

2. RS lifetime fit.
Mg,» Am category shape parameters held constant.
Yields D?lifetime t, and proper-time resolution parameters.
Constrained by the large statistics of the RS sample.

3. WS lifetime fit.
Yields parameters describing the WS time dependence.

Small correlation between fitted parameters in the different stages justifies
the staged approach.

The WS fit is performed under three different assumptions.
Mixing and CP violation (CPV); mixing but no CPV; and no mixing or CPV.
Monte Carlo (MC) simulations are not used directly in the data fits.

MC simulations used only to motivate the fit PDFs
WS mis-reconstructed DY category studied in swapped K<« r data.
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? Wrong-sign m,_, Am fit

The m, , Am fit determines the WS b.r. Rys = Nys/Ngs

- o ~ ~ «Data ]
iE 800: + ] “'>9-1500‘ [ ]ws Signal
% 600" . é’ Jll Random =,

E 4,030 + 90 ~N1000¢ B Misrecon. D° _
» 4000 5 ) =g - B Combinatorial -
= I WS signal events | & ]
9 i c

> 200 ¢ 500
. . w

P81 1.865 1.92 ) 0.15 0.16
m,_ (GeV/c?) Am (GeVI/c?)

BABAR (384 fb'): Ryys = (0.353 + 0.008 + 0.004)% (PRL 98,211802 (2007))
BELLE (400 fb™): Rys = (0.377 + 0.008 + 0.005)% (PRL 96, 151801 (2006))
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? No-mixing

The parameters fitted are 1400

WS category yields

WS combinatoric shape
parameter

As can be seen in the

residual plot, there are

large residuals.
Residuals = data - fit

WS decay time fit

Data

1600 e

f_ E} I:I Mo mixing fit _f

2 12007 Wl Rovdornn,
S 10005 B misrecon. 0" 3
% 800 ;— B combinatorial _;
§ 600 E_ _E
400 =
200 =

so P)
uw;+*+++%++

o S S

t(ps)
WS no-mixing fit projection in signal region
1.843 GeV/c2<m < 1.883 GeV/c?2
0.1445 GeV/c2< Am < 0.1465 GeV/c?2

Residuals
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? Mixing WS decay time fit

* Data

1600 —
i C a [ ] Mixing fit =
The difference between ::g: ) Bl Rendomz, -
I H E_ = - Misrecon. D =
the no-mIXIng flt and g 1ﬂﬂﬂ;— B combinatorial _;
the fit with mixing is 2 g0  Ta L No mixing fit 3
. g l -
shown in the oS00 E
. 400 —
residuals plot. 200 E
The dotted line is the no- - .
mixing fit. o 50 E
The solid line is the 3 of 3
mixing fit. & s0f E
The fit is significantly - )
improved by allowing - tes) _
.. WS mixing fit projection in signal region
for mixing. 1.843 GeV/c2< m < 1.883 GeV/c?
0.1445 GeV/c2< Am < 0.1465 GeV/c?
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If mixing is present,
it should be
evident in an Ry
rate that increases
with decay-time.

Perform the R fit in
five time bins with
similar RS
statistics.

Cross-over occurs at
t ~ 0.5 psec

Simiar to residuals
plot.

0.45
04— No-mixing fit —
X - \ — Rys fits |
) - —— 1
o F oM _JIo_ o ______ .
0.35— —
0.3 . I L | | Ll

-2 -1 0 1 2

t (ps)

Dashed line: standard R, fit (}?=24).
Solid, red line: independent R fits

to each time bin (y2 =

1.5).
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g Mixing fit likelihood contours

30 ]
o Best fit

Contours in y’, x’2 -
computed from . o Best fit, x220
-2A In L 20; + No mixing: (0,0) _

Best-fit point is in the - ’
non-physical region 510 —2AInL =07 7]
X2<0 T C :

16 contour extends > 0 (75 10 o) —2AInL =239
into physical region -~ 4.55x102 (20) ’

Correlation: —0.95 400 233 xi0s o .

Contours include - 5.73x 107 (50) | contours at 15 intervals 5
systematic errors | T S R R B

- . -1.0 -0.5 0.0 0.5 1.0

The no-mixing point <21 10°

'cso?]tt(t)ni 3.90 Rp: (3.03 £ 0.16 + 0.10) x 102

x’2: (-0.22 + 0.30 + 0.21) x 103
y’: (9.7 £4.4+3.1) x 103
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? Fits allowing for CP violation

Fit D° and D9 decay-time dependence separately.

0.20 *+ 0.41 £ 0.29) x 103

x'2* = (=0.24 + 0.43 + 0.30) x 103 (-
(9.6 £ 6.1 * 4.3) x 103

y™ =(9.8 £ 6.4  4.5) x 103

y' 1107

y' /107
III°|IIII3|IIIIh°|,IIII
+
Q|
|IIII|II 1 |

101 .

| | | | | | I I L L T r ) ) | | | | | | | | N
-0.5 0.0 0.5 0.5 o.'o 0.5
x2/10° x2/103

No evidence seen for CP violation
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? List of systematics, validations

Systematics: variations in
Functional forms of PDFs
Fit parameters
Event selection
Computed using full difference
with original value

Results are expressed in units
of the statistical error

Validations and cross-checks
Alternate fit (R, g in time bins)
Fit RS data for mixing
x’2= (-0.01%0.01)x10-3
y’ = (0.26+0.24)x10-3
Fit generic MC for mixing
x’2= (-0.02%0.18)x10-3
y’ = (2.2%3.0)x10-3
Fit toy MCs generated with
various values of mixing

Systematic - , ,2 _ Re?roduces generated values
source D y X Va?datlon t<_)ftproper _
_ requentist coverage in
PDF: 0.59¢ 0.45¢ 0.40c contour construction
Selection | 4245 | 0556 | 0570 Uses 100,000 MC toy
criteria: simulations
Quadrature | 63 | 0715 0.70c
total:
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I

'@y BELLE D9 > K= result

BELLE

Results consistent within 2c

'?D PRL 96,151801 400 fb1
; 20 S ] :_?-_ - stat. only
i —  no CPV (stat. oniy] > 2:— BABAR 10
10 -y no CPV :
L — 1 1.5/ BABAR 2c
0k ° e, : 1= BABAR 3o
> k M!h 0.5
. ™ . -
AN > 1
- || no-mixing j o /
- || excluded at 26 ] -
-20 + - -0.5— . g
[ ] = BELLE 2c statistical
-"""""'""'"'I"""'""'"'""I"""""""""'I"""""" ] -1:_ | | | | | | |
0.08 -0.06 -004 -002 0 002 004 006

0 02 04 06 08
K’E v 1 U'3 x2/102
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Heavy flavor averaging group (HFAG)
provides “official” averages

Combine BaBar and Belle likelihoods in 3 dimensions (Ry, x4,y ")

0.015

May 2007 Averages: oo

Ry (3.30 075 ) x 107 Yo

x% (-0.01+0.20) x 10-3 -0

y: (65720)x10%

No mixing
excluded > 4o

-0.015

FPCP2007 | oo
-0.001 -0.0005 0 0.0005 0.001
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Evidence for mixing at 3.9 (stat.+syst.)
y’ =[9.7 £ 4.4 (stat.) + 3.1 (syst.)] x 10-3
x’2=1[-0.22 * 0.30 (stat.) £ 0.219 (syst.)] x 103
Rp =[0.303 * 0.016 (stat.) * 0.010 (syst.)]%
(PRL 98,211802 (2007))

No evidence seen for CP violation
Results are consistent with other mixing analyses
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Backup slides
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Two illustrations
State starts as pure D%att =0
Decays as D or D°

: x=10, y=0

|DO(t)|2

D(t)[2
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HFAG world averages for
® vy, and R,

L i o e e e _ LR L L L
HFAG -char- L HFAG - charm
FPCP 2007 ~ FPCP 2007
All semileptonic }—4—{ 0.017 £0.039 %
Ally., 1.122 £ 0.3
BaBar 2006 Knn® . 0.023 %90 +0.004 %
AlK T . 0.309 + 0.2
BaBar 2006 Knn*n . 0.019 %3012 £0.002 %
CLEOc 2006 double-tag I . I -5.800 * 6.6
CLEOe¢ 2006 double-tag } * I 0.170 +0.150 %
World average H 0.655 0.2 World average H 0.021+0.011 %
[ IS I I AT A T ol e bes o beec b Lo L
-12 -10 -8 6 -4 -2 0 0 005 0.1 0.15 0.2 0.25 0.3
y (%) R,, (%)

Ycp = (0.021 £0.011) % Ry = (0.655 +0.211)%
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+0.02
0018

0016
0014
0012

0.01
0.008
0.006
0.004
0.002

|

-2AInL=0.10

Mominal value

Systemalic variations

I

-2AInL=0.18

9.

=y

Ll i I Il Il Il Il I Ll Il Il I ek Il
-0.15 0.1 -0.05

CPV systematics use same

scale factor plus tiny
correction for charge
asymmetry in efficiency

L

Systematic variations produce new mixing parameters sets
- tend to scatter along correlation axis:

Included 1n contours as follows:
- for each variation calculate
change 1n likelihood between
new and old point 1n old likelthood

n1f=(-2AlnL)/2.3w\ 16 in 2D

1
- Scale likelihood with 1+5 2

7

J10® - Should correspond to scaling the

statistical uncertainty up

Is this a correct or approximately
correct thing to do?
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? More on systematics

£ B L gt Prmt

Accounting for systematic errors in contours

= Sources
= variations in functional form of signal and background terms
« Vvariations in the parameters
= Vvariations in proper time, proper time error and D* overlap removal criteria

= (Xx'2,y) contours:

. for each variation, compute s = 2 [In £y — In £;] /2.3
where £, is the maximum ||ke||hood from the standard ﬁt and L; is the likelihood
from the standard fit with ( x5,y ) fixed to the values obtained frum the fit with

the A" variation

PDF variations: Laj = .00
selection criteria:  L's? = .18
total: .La_, = .24

« divide change in —2log £ bythe factor [ =1+ Ys? = 1.24
to account for systematic errors
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"Final" Systematics

¥ x T
e I A D

T — e Systematics summary:

L10 £ 044 +030> 007 & L0E —0.33= 004

rerolition
oHetined o 09a04 00l —0EL0T 00 0000 ,
e systematic R , -
Propes tine esvor . D y X
dimributions from Lol & 044 +0M0r —070% 107 =007Te 0003 source.
sdebands, Dot sPlot:
widet core Gaussiaz =
wirhout parovers 096204 -0Mr -061£107 +003r 0001 PDF: 0.59c 0.45c 0.40c
ArrooE
e 000404 000 0334108 +010c 0004 selection
- T . 0.24c 0.55c 0.57c
Fix [P iz to  ggryoa4  —000 -0424107 +O01 0001 criteria:
FOO valuer
ey d gmses 00 -0AIEL0T 0.0 003 Quadrature
L"ac';fmr".-u-' .l | '0535 D?TG G?Oq
P 0854048 —098% —0.86=108 +016c 0.040 total:
sedeband:
Ched ifrom high LOL£0.44 +0D8r -0B8=107 —0.0% 0011
wiclobamd-
Vary (g, O3 8t pspad 4008r —0BBEL0Y  —O0Se 0002
ENcer
Vary {my s Am} 10940488 40100 -0702108 —00Fe 0007
palAmEet eI
Flcticifm DR L0800 -03B:LI0 103 a0l
{5 < t < 10} pec L0 £0.4 +0%40 —0S4=105 —030 0039
1 < 04) po L0y 2045 +00e 0B £i07 02 000
i, <08)zm 0704080 —-04ls -087AL07 403 0077
Roop ol owslepp= 500,048  +00% 0671068 -OMe 0002
sapdidages
Bamcve all
over lapping 1L0% £ 058 +02%= 008 LOF M= D042
esndidates
“Ttal varistsn U ria O 0308
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Validation: fit to generic Monte Carlo

= repeat fitting procedure on R18b generic Monte Carlo sample (~400 fb1)
= WS mixing fit results:

T ws MC ﬂl‘h -
y=(-0.22 + 0.30)% 0= 2
o 1L @
x2=(2 + 18)x10 g0t i |
R,=(0.413 + 0.014)% 3300 § %
8 200 ii =.
e MC generated without mixing 1qu— '; %
e No mixing is observed i ﬁ . "
* R, consistent with dialed value QLrssenend

7 |
[EN TR ith.J..I... ' |...J.|=_* R ..-.JI. 1. . s L 1l 1
e R
35 1 0 1 2 3 4
plot selection:
1.845< m < 1.885% GeV/fc2
0.1445 < Am < 0.1465 GeV/c2
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Validation: Toy studies

» test for unbiasedness:

!= 1n-
? 3= f.'.'D.H
- "
= .Eu.iz
-g 2 % 0.1
E I: £ 0.08
= Su,ua
=L

0.04

0.02

-0.02

'|III|| ||III|I |||II|III||I||III|III||

-0.04 PR T T R T T | L [ S S N T T S N
_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ﬂ 'EI.D2 0-04 o.us oua D1
2 =15 -1 -05 1] 0.5 1 1.5 2 Generated x7 (%)
Generated y" (%)

average fitted value of mixing parameter versus generated value.
Error bars: RMS of fitted values: expected parameter errors
Straight line has unit slope, 0 intercept.

Results indicate no bias in estimating mixing parameters
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R18b data decay time error distributions

L SignalError | | SlanalErrar

Entries 1228781

3500 e an 02375
__.- I-L
3000 1) 1' 1

category 1-3 DecayTimeError sPlot: 3 _

BRgaErFar
Entries 1228782
02828
(1058

category 4 DecayTimeError sPlot:

I N PR BT R PUETY PR P
‘o oo 01 015 02 025 0.3 035 D04 D45 05
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Proper Time from Sldebands

ASSIgm ng systematic

Instead of fitting proper time for background in full fit,
fix it to fits in pure background sidebands:

1.81<m<1.84 GeV/c? 1.883<m<1.92 GeV/c2
_0.148<Am=<0.16 GeV/c’ 0.148<Am<0.16 GeV/c’
ECI'.'IE .
smi
4Uﬂ§
3003

EVEnisiL] ps

I'§III

III§III

IE_

d ! : 1
3 e t(ps)
5
= o =5 S e g + AT
5 OF _r -'.= i A ‘1'1 -}--Hrl: S+ L:_ Jf e ¢?i+T+eT %Et.ﬁ{- -’rrq_‘L-hl’J- o r-#.t T -H-L}H i ”-}-.-H#ﬁ#
5 —_— :
a =1 o 1 2 . “ "33 E 0 1 2 3 |
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? Time-dependent decay rate

The time-dependent decay rate of an initially-
pure D% or D? can be written

[D°(t)) g+ ()| D) — (¢/p)g-(t)|D°)
[D°(t)) g+ ()| D) — (p/q)g-(t)|D°)
where gu(t) = %e—th—%F (e—%AMt—%AFt 4+ e—l—%AMH—iAI‘t)
This yields the time-dependent decay rate

al’ |
dt

1D°(t)) — floce™ " x

[(IA71* + [(a/p)AfI?) cosh(yl't) + (JAs|* — [(q/pAf|*) cos(alt)
+ 2Re((q/p) A} Af) sinh(yI't) — 2Im((q/p) AT Ay) sin(xI't)]
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= 0 b, g

Solving the Hamiltonian for the time-
dependence of the D,, D, eigenstates yields

D(t)) = g+()ID") — (¢/p)g-(t)|D")
D°(t)) = g+(®)ID") — (p/a)g- ()| D°)

1 vp s
where g:(t) = 5e Mt 2”(

This yields the approximate time-dependent
decay rate (for X, y < 1)

e 2

LAMt— ATt e—l—%AMt—I—%AFt)

<« | Mixing
dr’ 1'% 4y
—[1D°(t)) = Jloce™™ | Rp + v/Roy’ Tt + ————(T1)?
DCS decay Interference between DCS and mixing
Jonathon Coleman EPS HEP 07, 19 July 2007
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? Systematics: decay time resolution

Most likely due to alignment 102

. . 105;— * Data
Decay-time resolution S [JRs signal
Sum of 3 Gaussians g 10°c =Ranaamng
S - Combinatoria
Narrowest has a non-zero S wh t
mean of 3.6 fsec 5
T L

issues.
Also seen in other 5 "
analyses. .

Check by setting offsetto 3 ol s = . ---
zero and refitting for - T LTt e
mixing parameters. sl oot

x’2 changes by —0.3c 2 4 0 1 2 3 4
t (ps)

y’ changes by +0.3c
RS decay time fit with zero offset.
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Validation: =2AIn L frequentist coverage

Generated >10000 toys without mixing to test frequentist coverage

£

E
33

3358

10°

2

—
=

—

524
480.2

35
28.5

.Fﬂﬂ.ﬂ

2 <

1

ﬁ.?v\

Actual N(toys)
greater than line

Expected N(toys)
greater than line

Value observed in

'

data fit

Computed assuming
two degrees of freedom

:’;"”I B L "!J;_'I_',.'F

15

20

25

-24 log likelihood
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§f Mixing Hamiltonian

Neutral D° and D° mesons are produced as flavor

eigenstates of the strong interaction.
Their time development is governed by a 2x2 effective

Hamiltonian

almi )= (30) ()

which has physical eigenstates D,, D, that are linear
combinations of the flavor eigenstates

D) 2 * 1%
D) = p|D°) ‘|‘Q|120> where (g) _ M5 — §F12
|Dy) = p|D°) —¢q|D°) p My — 5T
and [q|* + |p]* = 1.
The states D,, D, possess masses M,, M, and lifetimes I',, I',.
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= 0 b, g

We define mass and lifetime differences and
averages of the physical eigenstates D,, D,

AM =M, — My, Al =17—-15, M=

AM AT
and the parameters = — and v= 5.

We also define weak (H,,) decay amplitudes to
CP-conjugate final states f = K*n~, f = K-n* as
Ay = (fIlHw|D%), Ay = {(fIHw|D®), A= (f|Hs|D"), Aj=(f|Hw|D")

WS RS RS WS
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= 0 b, g

Perform a beam-constrained If multiple D**candidates share
fit to the full decay chain tracks in the event:

D** w;tDO, DY s KFg* Select candidate with greatest fit
Require fit probability > 0.001 probability =
5t < 0.5 ps Event selection, fitting procedures

are finalized before examining

2<t<4ps the mixing results
Select the D° _
CM Pp > 2.5 GeV/c I peak ~0.16 ps

K, © particle identification
1.81 <m,, <1.92 GeV/c?

Select the D™ :
CMp,_<0.45 GeVic 20000~

400007

Counts/10 fsec

p,.> 0.1 GeVic in lab frame i
0.14 < Am < 0.16 GeVICZ % 5 2
c)
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? Separating signal and backgrounds

Signal and backgrounds have differing behavior in m,

and Am.

We define four categories:
Signal, random n_, mis-reconstructed D? and combinatoric.

Category Description Peaking Behavior

RS signal DY — K—r signal My and Am

RS random m, Correctly-reconstructed DY combined with an MK
incorrect slow pion

RS mis-recon. D° | Mis-reconstructed D° from D — KTy, DY — Am

mlty, DY - ntr—, DY - KTK~

RS combinatoric

Combinatoric background

non-peaking

WS signal

DY — K*7~ signal

mi. and Am

WS random m, Correctly-reconstructed D' combined with an MK
incorrect slow pion
WS mis-recon. D? | Doubly mis-identified D’ — K—7+ decays and Am

D° — 7tnx=, D° — KT K~ reflections

WS combinatoric

Combinatoric background

non-peaking

Jonathon Coleman
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RS & WS m,_, Am projections

counts/1 MeV/c?

counts/0.1 MeV/c?2

_ x10°

N 200—
60000 i
1,229,000 -
400001 RS candidates -

- - RS Am
30000 . 1007
- Signal:background
20000 ~ 100:1 r
B 50—
10000 i

0= ; 1.86 1.88 . 1.02 d!; 0.145 % IR . -k T3
D’ mass (GeV/c?) D - D" mass difference (GeV/c)
2500 i
C 1000
2000!} 64,000 L
B . 800
- WS candidates -
1500}~ soo}
1000~ Signal:background ..
- ~1:1 i
zoo:—
1.84 1.86 1.88 . 192 ) 0.145 0.15 0.155 0.16
D" mass (GeV/c) D' - D" mass difference (GeV/c?)
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= 0 b, g

y’ =(0.26+0.24)x10-3 102
The change in =2AIn L is 1.4

A very stringent test
RS sample 270 xlarger than < - —

WS sample

105;_ * Data
Fit the RS data usingthe , F "o S
WS miXing PDF g § .Comhinamric
x’2= (-0.01+0.01)x10-3 g 10°F
oL l

Pull
]
i
¥
"
r
[
"
¥
!
¥
¥
"
§
¥
K

Conclusion: .

D decay-time distribution is 2 41 0 1 2 3 4
properly described. t (ps)

RS mixing fit projection in signal region
1.843 GeV/c?<m<1.883 GeV/c?
0.1445 GeV/c?2<Am< 0.1465 GeV/c?2
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= 0 b, g

Fit MC for mixing

x’2= (=0.024£0.18)x102  ~1OF

y’ = (2.2+3.0)x10-3 e —

x2/10°

MC generated with no 5_ E
mixing 7, Of E
Fit finds no mixing =5 -
signal: - -

Result of mixing fit to MC
(which has no mixing).
Contours are at 1c, 206, and 3¢
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? CP violation

CP violation (CPV) can be classified as occurring
¢ Indirect decay: [A;/Af| # 1
where Ay = (f|H|D%), A= (f|Hy|D°)
¢ In mixing: |q¢/p| # 1
¢ In the interference between them: Im (——) # 0
CPV introduces an asymmetry
in the time-dependence between D° and D° decays

dl’ 2 42 12 ]

E[|D0(t)> — f] o« e x |Rp++Rp d (y' cosp — x’ sin )Tt + 4 1

p P
dl' =0 7 ney | Pl / R
EHD (t)) — f] x e "% |Rp++Rp P (y' cosp + x' sinp)I't 4+ P 1 (T't)

where ¢is the phase angle of \; = Gj—;).
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? Mixing and CPV fit results

£ B L gt Prmt

Fit results for all three cases:
(1) No mixing or CPV; (2) mixing but no CPV; and (3) CPV and mixing.
Rp changes between no-mixing and mixing fits.

Fit type Parameter Fit Results (/107°)
No CP viol. or mixing Rp 3.53 £0.08 +£0.04
No OP R/I2) 3.03 £0.16 £ 0.10
violation T / —0.22 £0.30 £0.21
J 97+ 44 + 3.1

Rp 3.03 +0.16 +0.10

CP Ap —-21 4+ 52+ 15
violation 7't —0.24 +0.43 £ 0.30
allowed y' " 9.8 + 6.4+ 4.5
z'?” —0.20 £0.41 £+ 0.29

y'~ 9.6 + 6.1 = 4.3
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? Systematics

£ B L gt Prmt

Investigate
Variations in functional | Systematic R : 2
forms of PDFs source D y
Variations in the fit
parameters
Variations in the event PDF: 0.59G 0.45G 0.40G
selection
Computed using full Seloct
I i eiection
difference with toria: | 0.240 | 0550 | 0.57C
original value criteria-
Results are expressed | quadrature
in units of the total: 063¢ | 0.71c | 0.700
statistical error
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? Right-sign m, _, Am fit

Shown are the fits to right-sign data for m,_ (left)
and Am (right).

1,141,500 + 1,200

~ St RS signal events ~ E * Data ]
L 10% - S 10° [ JRS Signal 5
% i o - I Randomr,
= 10 = atorial
.y : The mis- o~ 10% .Cc::mbmatonal—E
5 i reconstructed D° e ; ]
"qs':" 10% category is not -2 10°:
ke included in the o :

102 : RS fit. Ll 102

1.81 1.865 , 1.92 This background is 0.14 0.15 0.16
my,. (GeV/c’) too small to be Am (GeVI/c?)
reliably determined.
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? RS proper decay-time fit

The parameters fitted are
DO lifetime 1,
Resolution parameters
Including a 3.6 fsec offset

Signal, background category

yields
Consistency check

Fitted v, = (410.3 £+ 0.6) fsec

(statistical error only)

(PDG 2006: 410.1 £ 1.5 fsec)

Events/0.1 ps

Pull

10°

10

=3
=
L

10?

[l Random =,

. Combinatoric

t (ps)
RS fit projection in the signal region
1.843 GeV/c2<m < 1.883 GeV/c2

0.1445 GeV/c2< Am < 0.1465 GeV/c2
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Validation: =2AIn L frequentist coverage

Generated >100,000 toys without mixing to test frequentist coverage

31839 (4808

Q:j’:: 4565

104

Entries

L L L "i'r'rﬂ'l\ﬁ

10°

102

10

—

270
271

el

Observed N >

toys
index line

Expected Ny, ¢ >
index line

\
/

Location of
likelihood value of

fit to data

Computed assuming
two degrees of freedom

o a
w

"l |_I| I|_|I |-| |-| | | | | |
20 25
-2A log likelihood
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