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We examine measurements of time-dependent C'P asymmetries that could be made in new and
future flavour facilities. In charm decays, where they can provide a unique insight into the flavor
changing structure of the Standard Model, we examine a number of decays to CP eigenstates and
describe a framework that can be used to interpret the measurements. Such measurements can
provide a precise determination of the charm mixine phase. as well as constraints on the Standard
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Evidence for CP violation in time-integrated D° — h—h™ decay rates3



Buras parametrization of the CKM
q’ matrix up to A°

PDG standard parametriazation with
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Unitarity triangles

Unitarity conditions of the CKM matrix are translated into 6 possible
unitary triangles in the complex plane. We illustrate two here.
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Time-dependent formalism (i)

Neutral meson systems exhibit mixing of mass eigenstates

|P12> where: Mixing is often expressed in
I I terms of the two Parameters:
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i |, Time-dependent -
N\ formalism -

The time-dependence of decays of P° ( P°) to final state |[f > are:

h+ SR >\' t 7\' 2~ }\’ 1
+ ( f)zh_+e[ArA /2( | f| COSAMAt_L]})SlnAMAt)]
2 143 1+ 1+

— (P f)oce "
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— T (P’ = f)oce P4 il f)z h_—e[AM/z](|—f|ZcosAMAt ﬁsmAMAt)]

2 1+ 1+ 1+[A,f

qA As very important!

> where: h,_=1+e"'"", ="

We now obtain the time-dependent CP asymmetry

L™ (At)-T™(At) Ao (D+Awm)e* " (|hf—1)cosA M At+2 3 (h)sin AM At
=—A®
L (At)+T7(At) (142 [)h,/2+h R (%)

Where we included mistag probability effects {

APhyS(A t):



—CP eigenstates and flavor tagging



Analysis of CP eigenstates (i)

When exploring CP violation, ignoring long distance effects, the parameter A
may be written as:

q
p

\ . o Oy - phase of D° D mixing
=|—+|e
;

> ||

¢ p:0verall phaseof D’ —f _,(eigenstate)

- |T| q)T—I_aT_I_ |C8| q)cs+6cs_|_ |W| q’w"'é )_I_ 2 |Pq| e(i(j)q-l-@q)
q=d,s,b

The following processes, as we will see, are tree
dominated

D'>K'K ,n'n ,K K K ,K'mt1t

Assuming negligible the contribution due to P/CS/W amplitudes, then:
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D° o KK wvsD’ - m'T1e
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Correlated mesons: semi-leptonic

A run at ( 3772) can be
made where the mistag
probability is effectively zero

PDG 2010
BR(D’— K" e'v,)=(2.17%0.16)3.55+0.05
BR(D°—> K™ u"v,)=(1.98+0.24)3.31+0.13

BR(D’ - 1" )=(1.397+0.026)x10"°
BR(D’— K"K )=(3.94+0.07)x10"°

At time tr,; the decays D— K

—(+)I+(—)

tagging
K(*)

Az~AtByc }

D°,D°
- D mesons are produced in a correlated
antisymmetric wave function. The
Einstein-Podolsky-Rosen paradox

implies that if at a time ftag one decays
then we identify the other as well.

n,K,p"

......

v, account for11% of all D decays and

unambiguously assigns the flavour: D’ isassociatedtoal”, D’isassociatedtoa I

One may consider D° —K"X (X=anything) to flavor-tag a D° meson with a

mistag probability ~3% and a total BR~54%
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Uncorrelated D° mesons

T(t)-T(¢t) AT (IN["—1)cosA M t+2 3 (N, )sinA M ¢
T(e)+T(t) (NP 1+ ) 2R (A ) (1—e )

Mistag probability and dilution become important

A(t)=

Aphysu):i:ys(t) szys(t)_+Aw+(D —Aw)e (IAf"—1)cosAMt+23(\,)sin A M ¢
T () +T7™(¢) (14N ) h,/2+h_R(\,) S _
TT
The flavour tagging is accomplished T
by identifying a “slow” pion in the D =D’ 1-( > 0
processes (CP and CP conjugated): \. D
DD’ T,
e*e machines at Y (4S) and hadron machines D
D from e e —cC canbe D" mesons are produced both
separated from those coming from promptly or as secondary particles
B's by applying a momentum cut. from primary decay of a B meson.
Clean environment. High background level to keep
More easier to separate prompt D* under control.
12 from B cascade than LHCb Trigger efficiency.




—Numerical Results
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EXpe

add number of (taaae
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—niie 22%107 D'—K K"
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6 0 + -
STsEn 4.8><1()6 DO —>T[+T[ K-T
¥ (3770) 28%X10° D - K K SL-T
12%x107 D'5K 'K K-T

S 6.6x10° D'>n'n
Y (4S) 1.9x10" DKk ™'

2ven

Tt-T indicates that the

D° mesons are tagged
using the electrical
charge of the
associated short pion
(LHCb/Belle/SuperB)

SL-T refers to semi-
leptonic tag at charm
threshold and K-T to
the Kaon tag at charm
thereshold (SuperB

only)
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TDCPV in charm: numerical analysis
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Precision |

A
cu triangle
V:d VC \/
‘ :b Vcb
V:S VCS
Parameter W (3770) ¥(3770) 7(4S)[LHCD|Belle 11

SL SL—f—K ﬂ';t ﬂ';t ﬂ‘;l:

Spmr = Oargineny | D70 24°  22° [ 23° | 2.8°
Sorr = Oargrnn)| 3.5°  14°  1.3° | 14° | 1.7°
Spop = Oprer—orr | 6.6° 28  26° | 2.7° | 3.2°
08 ot s 3.3° 1.4°  1.3° | 14° | 1.6°




Precision ||

no CPV assumption

x(%)=x+39,

2 HFAG-charm

| Experiment /HFAG

3, (¢ = £10°) [, (¢ = £20°)]

SuperB [T(49)]
D - g™
D% 5 KTK~

0.12%
0.07%

0.06%
0.04%

y (%)

FPCP 2010 :

SuperB [ (3770)]

D° — Ti' m~ (SL)

D = ntr (SL + K)
DY - KtYK (SL)

DY - K"K (SL+ K)

0.30%
0.13%
0.19%
0.08%

0.15%
0.06%
0.10%
0.04%
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D’ = rtr~ (1.1 b~ 1)
D’ - KtK~ (1.1 fb~
D - ntr~ (5.0 b~ 1)
D’ 5 K"K~ (5.0 fb~

Y
)

0.26%
0.15%
0.12%
0.07%

0.13%
0.08%
0.06%
0.04%

lfcl
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Belle 11

D s xtg~

D’ 5 KTK~

0.14%
0.09%

0.07%
0.04%

SRR EMESSERARMERSS/|AERSRSSESERTSsssussanmiieml € -

-1 -0.5 0 0.5 1 1.5 2

[HFAG

0.20%

SuperB

x(%)= x £ 0.07 (®=+10°)
x(%)= x £ 0.04 ((®=+20°)

X (%)

HFAG
x(%)= 0.59 % 0.20

17



Systematic uncertainties

HFAG
y(%)= 0.79 *[0.13|— no CPV
y(%)= 0.81 %|0.13|— no direct CPV

1

May the limited knowledge on the parameter y affect our time-dependent measurement?

(D+Aw)d2P (|5 F—1)cosA M At+2 3 (A, )sin AM At
L (At)+T7(At) (LN [ )h/2+h R (A,)

U (3770) W(3770) T(4S)
SL SL+K  7&

0o (sYs.) 0.5° 0.2°  0.05°
0o s i (8YS.) 0.2° 0.1°  0.02°
dpop(sys.) | 0.54°  0.22°  0.05°
0..ps(sys.)| 0.27°  0.11°  0.03°

Parameter
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SuperB: Combined results

Since we are also interested in the sensitivity achievable with the full SuperB program,
we have combined the results obtained for the different center-of-mass energy.

Statistical | Systematic
sensitivity | sensitivity
6z (DY — 7o) 0.09% -
6, (D - KTK™)| 0.06% -

Parameter

5o 1.62° 0.14°
S re 0.95° 0.02°
Soeer 1.91° 0.05°
85, .14 0.95° 0.03°

SuperB will be able to perform a measurement of the mixing phase and of the §3,
angle with a precision of ~1° and systematic uncertainties coming from the error on
the parameter y will not be very relevant.
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Conclusions

« We propose the time-dependent formalism to search for G8 in
the charm sector.

* Our method 1s general and may be considered for the analysis in

different experimental environments, especially after the latest
results from LHCb.

* We have shown that with the time-dependent analysis a first
measurement of the _angle in the charm triangle may be
performed and that SuperB may reach a precision of ~1°
(including systematic from y).

» With this same analysis, 1f one express the asymmetry in terms of
the parameters x and y which define the mixing, one may
improve the precision on the determination of x with respect to
the most recent HFAG value by a factor ~3-5.

e SuperB will be very competitive with all the other facilities when
looking for @P and related issues in charm: SuperD?



...Many Thanks...
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