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Introduction

> Recent history of D° mixing meaurements
Beginning of 2007 the Belle and BABAR Collaborations presented
evidence for D° — D° Mixing, CDF Il presented evidence end of 2007

A combination of all mixing measurements provides a ~10 ¢ effect

» Neutral meson mixing has been already observed in the K (1956),
B (1987) and B_(2006) systems
> Why is D” mixing interesting ?
*» Processes with down type quarks are involved in the mixing loop
“ Within the Standard Model mixing and CP violation in the charm sector
are expected to be small

“ Depending on the measured values of the parameters it could
indicate new physics

> Discuss prospects to measure D mixing in the decayD® — K= at LHCb
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Mixing Formalism

Neutral D° mesons are created as flavor eigenstates of the strong
iInteraction. They can mix through weak

o\ U C =0
interactions. D >j—@@i [D”)
C Uu

» The time evolution is obtained by
.0 (DO(t) i (DO(t)
91 (o)) = 1= 30 (o)

> The physical eigenstates are D and D.:
1D1,2) = P\DO> + (J!D()) D, : CPeven

‘Dl 2(t)> _ e—i(M1,2—iF1,2/2)t|D1 Z(t _ O)> D> : CP odd
» Define mass and lifetime differences of D, and D
[CC——AM—Ml_MQ —E—FI_FQJ F:F1‘|‘F2
~r T YTor T or 2
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Mixing in D° — K=« - Flavor Tagging

B Flavor tagging at production time {C /%és
] D*—|— -
d u
A

» Standard technique in charm physics: use —J
+) ~ 6MeV

Q =m(D°c") —m(DY) — m(n
m(DY)  due to asmall Q

% Narrow peak in Am = m(Dr") —
< The charge of the low energy © determines the flavor of the D°

B Flavor at decay time
> Use final state particle properties to tag the D° flavor at the decay time

DY & Kr:

Wrong Sign Decay (WS)

@ D° Mixing
@ Right Sign Decay (RS)
+ no D° Mixing

N

0
D\

No Mixing

SAU ®RALw

i

— D° Mixing at LHCb
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Decays Classes D° — K

The flavor tagging at decay time does not uniquely identify Mixing

in hadronic D° decays

d
g:::;bo;a:olred (CF) - W “s<@ RS decays
.a U
Doubly Cabibbo U
suppressed (DCS) W s
decay Rp ~ 0.3% ; - Z@ | 'ws decays

» Interference between

Mixed CF decay d
Ry =~ 0. 006% ﬁ@ DCS and mixed CF

) decay

— D’
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Time Evolution in D° — K7 Decays

» Discriminate DCS and mixing by their proper

WS decays

time evolution D°
Mlxmg
s DCS: exponential time distribution \
s mixed decays occur with a time structure DCS %
)
@)
> Time evolution of the WS decay rate - @ /CF
assume CP conservationand |z| < 1; |y| <1 n
/2 _|_ y/2
Tws(t) o RD + \/pr I‘t+ . (Tt)?
/2 _|_ y

DCS Interference Mlxmg\/
> Strong phase 0k,

/
L

/

Y

T oSOk + Y SINdKx 9 9 2 2
—CIS‘S’I:TL(SKW‘F:UCOS(SKW y, —|—£U/ =Tty

= Ry

d i is the strong phase between CF and DCS amplitudes ( D° — K )
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Analysis Strategy

BABAR approach CDF approach

» Determine signal and background » Measure the Number of WS and RS
PDF's by unbinned max. likelihood fit D° decays in bins of the decay time

N = (3.044 £ 0.0023) - 10°

Nt = (12.74+0.3) - 10°

> Fit the N /Nt vs the D°decay time
arXiv: 0712.1567 (2007)

» Unbinned maximum likelihood fit
of the wrong sign D° decay time

PRL 98, 211802 (2007 ®
000 5 T CcoFl 1
i i | 1.5fb
Use the fit results of RS decay time D ooosl
and the resolution function ~ ; o
L : o 1 Mmixing fit
no mixing fit 2 0.006 ﬂ[ 1 {J(
7 N\ i | . T‘J al
I t /2 1 g2 B L | i%ﬂ"|+ | . .
mixing fit u"|'§"'$"'g" 8 10
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MC Data Sample

» Data samples

o D" w1t (D - {KTn K 7%}) 4 cc
1-107 signal events = /E ~ 0.33 pb~*
® 3.6-106 LO triggered min. bias events

» Trigger mainly via hadron lines

reconstructed prompt D**

65 % LO triggered
35 % L0 N HLT1 triggered

> Selection D° — Kr via

D* - 1D° - nKnr

® Perform a preselection based
on m, p, p: of the D*, D°
and the daughter hadrons.

® Final selection is based on
x particle id of K, m
x track and vertex fit quality

x track distance and significance

of ms to the primary vertex and
of K, to the D° vertex

x DY flight length significance

x pointing to primary vertex
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Data Selection Results

signal 8325(8617) 48(52)  9(9)

secondary D* 318(327) 1(1) 1(1)

double mis-id 0(0) 5(15) 0(0)
~random SlowPi  16(127)  12(151)  1(1)
D° combinatoric 0(0) 0(0) 0(0)

Secondary D*

Ozy = 400 um

']

o, = 8mm

A

Secondary D* background: 3.5%

produces D° which seem to
have large decay length

e Selection efficiency on HLT1 triggered events: €ser = 0.10

e Expected RS (WS) events / L~50pb~! =1.3-10° (4.5-10°)
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WS and RS Data

> Events in the Am, M(D") plane » Extract Nrs and Nw s
o e Split data in At;(D°)

® Obtain for each bin Am; the number
of signal events N,;(Am;) in afitto
the D° mass distribution

L SRR, .00 - 3 A
S 7
Cb 6 soo— 10 MeV < Am; <14 MeV
E 4 450}
l 2 a00F-
§ 1830 1840 1850 1860 1870 1880 1890 1900 :Z;_ H
0 SN
M (D%)[MeV] ot T SRR —
® background contributions 2005
- random slow 7 h
-misid mor K 500 A (And
- combinatoric 0 —igaeiEse e ss6 1830 4800 820
M(D®)[MeV]
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D' Lifetime and Mass

» DO [ifetime in trigger

reconstructible prompt D*=

hadron trigger

— LO
— HLT1

distorts DO decay time
measurement

(0} 1 2 3

ttr;e [;-D(’?

> Time resolution

160
1403—
1202—
1003—
sof—
eof—

20F

DY » K

Ot

~ 0.040 ps

=1 Ll Loy
B0 200 100 0

P L TS
100 200 300

trec - ttrue
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> DO lifetime after selection
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Toy MC Simulation

Develop Toy Monte Carlo Simulations to understand mixing parameter
extraction, fitting strategies and statistical significance of the results.

> Determine D decay time and time resolution in RS events using an

unbinned maximum likelihood fit to the lifetime measurement.
“+00

O(t , (tg—t' —t)2
PDF(t;1,ty,0) = % / et/ Tem T dt!

L A — . :
al Pull Distributions: 1000 toy sets, 106 events
o : y

25LE E af-
e I - DO
= 200! £ E
> ! 3 3
S | 1s) 3 -
()] [ £ £
)] l.[l:— T T 3
o t o e Dy
0o n.5_|:- 2 E
—CIP 5l = 1I}ﬂ = IDIE. = I'I:DI s ._ITE‘“ = ‘_2 1] 2:5 %:

t[ps]
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Toy Simulations — RS Decays

> Cut in the D° lifetime distributions
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Applying t..: the fit does not allow to determine ¢, o

Still measure D' decay time

Pull Distribution: 1000 toy simulations, 106 events:
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Mixing Parameter Determination

> Measure the number of WS and RS DY — K= decays in bins of
of the decay time ¢t and determine R(t) = Nws/Ngs (t)

o Toy MC Simulation
014

S

0.012

» Simulate decay time distributions of
of WS and RS decays

or = 0.040 ps  Tpo = 0.41 ps
xr=0.01 y=0.01 £Rp=0.003

» Obtain Ngs and Ny g fora given
binning in the decay time

= toy MC data

— fit result

0.01— — generated

0.008

0.006

0.004

> Fit R = Nws/Ngrs as function of the
average decay time in each bin

0.002

T J[psec] / /2
i — /Rp, vy, x




Fit Results - Decay Time Acceptance

» Systematic errors due to cuts in the decay time distribution
Generate 1000 toy sets / point (106 events each) for different cuts in decay time

VAN A 001 /\ N a5itn” N
O dwE L. 7 »wE error bars = rms Y
= o no cut 2, Fo S | ;
~ ~—~—
e 0.007 | 0.35 45
t 0.008 * + g 03 " E 0.003 ¥
oo * & oz * * % 0.0028 L
\/ 0.004 - L. Lﬂ 02 ...j....! ................................... &~ opoz |
S Vo S m
o0 o S
0.001 # T Do 0.05 ¢ TpDO v 0.0008 TDo
ﬂ'ﬂl‘:ﬂl‘iﬂlttlgltllnttllstllﬁﬂ? 9011::n|1n|zn!1nl-tnlsu:5n? %1[::ul1nlzn:]nl4nlsnlsn?
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Fit Results - Decay Time Acceptance

» Decay time acceptance from the trigger

Using triggered prompt D** decays the HLT1 :
acceptance is derived and included in the toy simulation. °7t LO/HLT1 L
Decay time resolution: o; = 0.040 ps 3

® Errors of the mixing parameters are similar to the
no cut case

® Mean and width of the pull distributions of the
mixing parameters show that the fit is unbiased

Pull Distributions: 500 toy simulations, 106 events 1de<§ay3tim4e [;’DOG]

vVEp




Fit Results - Background Dependence

» Systematic errors due to B — D~

D** from B decays are background to E-O_Z S
the WS and RS decay time distributions. < as =S
Simulate exponential decay time distr. SR e
from B decays. = Sagoen

® Errors and width of the pull distr. of the
mixing parameters are unchanged

® Systematic changes of the mixing
parameters on the 3 sigma level




Prospects at LHCD

__ toy MC simulation

> Compare D — K results ) oo

recent measurements

BABAR 0.0055—
stat. errors only of- o
0005 © generated
@ best fit 4k WS data _
0.8 -0.6 -04 -0.2 0 0.2 0.4 0.6
56/2(10_3)
/ 0.025:
Y 002:- /,C ~ 110pb_1
05— SN
i Belle 0015 S
At ll\lo mlixing| lBellle 26| | 3
008 006 004 002 0 002 004 006 _
z"(107%) B
o °
osE- ® generated
oo, © Destit 10k WS data|
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> 50 pb-1 of LHCb data vyields the amount of D’ — K7 events used in
the BABAR D" mixing analysis

> We select D° — K7 events in HLT1 triggered data with
10 % selection efficiency

» Using toy MC we test a scheme to extract decay time and mixing
parameters in fits to RS and WS D — K= decay time distributions
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Time Evolution and Mixing

Mixing will occur if either x or y is non — zero. The time evolution of

the probability to find a D°( D°) after a time t is:

6—Ft

I(D° — D°%t) : (D°|D°(t))|* = > [cosh(yT't) 4 cos(zTt)]
~ ~ o—Tt D
I(D° — D%¢t) : (D°|D°(t))|? = 5 [cosh(yI't) — cos(xI't)]|=|?
q
xr = 0.946, y = 0.997 r =248, y=0.1

o7 [(KO|KO (1))




~ Charm Mixing Processes

» The box diagram contributions to charm mixing in the Standard Model
are expected to be very small

< d-type quarks enter the mixing loop

< Suppression by
i W ; g d.5.b - GIM meghanis;n (d,s)
— mg — My
dagab “d757b %% |44 L~ m?2
T Y T ase

- CKM matrix (b)
% Lowest order short distance calculation: Zpoz = O(107°)  ypor = O(1077)

% z and ¥ enhancement due to higher orders in OPE: z ~ y = O(10™ )
» Long distance contributions

» New Physics
dominate Numerical predictions < E.Golowich et al.: | arXiv:0705.3650
lack in precision Which new physics model can
K, . yield sizeable values forx and y
D /7 ~_ DY x=O0O(1077) R | _
\ ; 5 <+ CP violation in charm is small in SM
~ O0(10™7)
K,m

Measurement of CPV: New Physics




Selection Detalls

PreSelection

DY&hh

M(D®) = Mppg £ 80 MeV
M(D*) = Mppg =80 MeV
AM < 20.5MeV

p(D%) > 10 GeV

(DY) > 2GeV

pe(D*) > 2GeV

p(h) > 5GeV

pt(h) > 500 MeV

DLL(m) <O0DLL(k) > 8
x?/Ndof (track hh) < 2
doca < 0.08

cos(§) < —0.92

pi(D°) > 5GeV

p(DY) > 40 GeV

dira > 0.99997
fDistanceSig > 4
x>/Ndof (D vtzx) <5

AM = M(D°m) — M(D*)

D*&T‘-slow

Signal Region

M(D®) = Mppg £ 25 MeV
4MeV < AM < T75MeV

IP(D) < 0.05mm

DLL(r,) < —2.5
IP(ms) < 0.15mm
pe(ms) > 350 MeV

X2 /nDoF (track ms) < 2
IP(D*) < 0.035mm
x?/Ndof(D*vtz) < 5
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