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Motivations (1)

>0Origin of CP violation is still one of the biggest
guestions In particle physics and cosmology today

>CP violation has not yet been observed In charm,
and a time-dependent analysis has not been done yet

>Improvements in the precision and knowledge of the
CKM unitarity triangle(s) is still possible

>SuperB will offer a unigue environment to perform
precision tests of the standard model



CKM Matrix
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Buras parametrization: A°

PDG standard parametriazation with

AZ
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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.

bd triangle
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What we are doing

Bigi and Sanda ( hep-ph/9909479v2) pointed out that S_ Is one
of two other angles that should be measured ( the otheris ).

We explore the potential to study this (tri)angle for the first time.

It is unlikely we can measure B (<0.1 degrees) to high
precision, but a larger value would signify new physics.

ATDCPYV analysis can measure 2f_+¢ ., . Current mixing
phase average value is 10 degrees.

The mixing angle ¢, . Is intrinsically interesting, and can,
otherwise, only be measured in time-dependent Dalitz plot
analyses of DO to self-conjugate final states.



Time-dependent formalism (1)

Neutral meson systems exhibit mixing of mass eigenstates

|P12> where:
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Time-dependent formalism (i)

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

h R(A A 23(A
— (P> f)oce M 4 ( f>2h_+e[M|At|/2( mlAl] CoOSAMAt— S )smAMAt)]
2 1+[Af] 1+[A, |° 1+|2\|
g h, R(A 1—|A ] 23(A
T (P f)oce MM 24 ( f)Zh_—emr|m|/2](|—f|2cosAMAt— l >smAMAtﬂ
2 1+[A] 1+[A| 1+|2\f|
A i 1
> where:  h._=1+e3T14 Af:%% As very important!
We now obtain the time-dependent CP asymmetry
‘ AlA )_F(At)—r(At)_ZeMmt,z(|Af|2—1)cosAMAtJrZS(Af)sinAMAt
I'(At)+T'(At) (1+[A )R, +2h_R (A,

But real life differs.. (due to mis-tag probability) I



Mistag and Dilution

Non-trivial mis-tag probabilities from mis-reconstruction, wrongly
associated slow pions, background, mixing of D meson used for
tagging (small effect).

Mis-tag probability: w (w for the anti-particle)

Dilution: D=1-2w

If one defines: AW=0-W
- the dilution becomes: D+AW=1-200+AW

One can account for mis-tag probabilities by considering the
physical decay rate as function of At (correlated pairs):

r’"(At)=(1—w)I'(At)+wI (At)
"™ (At)=wT (At)+(1—w)T(At)

AF|At|/2(

A'=1)cosAMAt+23(A,)sinAM A
AT (A t) == Ph =—Aw+ 2 2)COS t+23(A)sin t
™ (Ae)+I"™(At) (1+[A F)h,/2+h_R(A,) ‘

'™ (At)-I"™(At) (D+Aw)e
t



Semi-leptonic tagging
A run at Y( 3772) can be K(*)' D mesé)n;gr%correlated

made where the value of both antisymmetric wave function. The

dA ffectivel Einstein-Podolsky-Rosen paradox
@an @ are etiectively zero implies that if at a time ftag one decays

then we identify the other as well.

mw,K,p"

PDG 2010
BR(D’— K" e'v,)=(2.17%0.16)3.55+0.05 : : N N
BR(D"— K™~ u"v,)=(1.98+0.24)3.31+0.13 TT ,K s P

Az~AtByc W

BR(D’—m mm7)=(1.397+0.026)x10"° |

BR(D’— K"K~ )=(3.94+0.07)x10"°

At time t,,. the decays D—K ‘"1

v, account for11% of all D decays and
unambiguously assigns the flavour: D" isassociated toal’, D isassociatedtoa I

Assuming PDG values for BR and CLEO_c efficiency for double tagging
we expect with semi-leptonic tag ~158000 for D° — 1T* TU 9



Analysis of CP eigenstates (i)

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

= i E i ¢ ux : phase ofDOH)mixing
lp A ¢ p :0verall phase of D°— f ., (eigenstate)
= |T| """+ |CS| €T | Ty 3P| e

q=d,s,b
The following processes, as we will see, are tree dominated
0 + - + - + - 0 o + -
D—-K K, ,mtm KKK KT

Assuming negligible the contribution due to PICS/W amplitudes, then:

. MIX +2 TW
A=|~le' e

q
d 10
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Analysis of CP eigenstates (ii)

A=

T| e

i(p,+6,)

+ |CS| e

Tree
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i(p,+6,) e(i¢q+5q)
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W-exchange
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Analysis of CP eigenstates

T

mode ncep T C'S Py Wex
D’ - KTK~ +1 VesVis VeqViig
D" - KK? +1 VesVis + Vea Vg
DY — g™ +1 VgV Veg Vg Vead Vi
D' — x7x" +1 VedViy Ve Vig Ved Vi
DY — p+p_ +1 VeV, Veg Vafq Ved Vi,
DY — pp" +1 VeaVid Veg Vg VedVid
D” —* (I':-"?l'n +1 H?H:i V;'.'q H:q
0 0 . % *
D" — op +1 msﬁm V;?q HM}
Dn — fﬂ (98[))Wn —1 %SE:? + V;" 1:.-1 V;'-"f? V;:;
DY — pPx0 +1 VeaVig VeqVig Ved V.
DY — 7" -1 Ved Vg VeqVig VedVig
D' - K'KYK" +1 VesVijg + Ved Vi
D" — KYKYK? ~1 VesViga + Vea Vi
D’ — KKV K? +1 VesVigy + Vea Vi
D" - K'KYK? —1 Ves Vg + Vea Vi,

12



Analysis of CP eigenstates (iv)

Amplitude to order A°:

REAL

£
HL’:’JH L}’;LH

COMPLEX -
> L':’Jif L{u.d

#*
> I/:meib

*
| cd L/:f:d

*
—> Lft’:fi I/g el

— VeV,

us

23 1 A? -
A= (2
2 (8 T )A *
/\3 )\5 AQ)\E
=\ = — 2(p+ 7]
+ 5 + 3 3 11— 2(p+ in)]

AN (p + 1),
A4 — AP A%[1 — 2p].

,  AZ)\4 5o [1
1 — )\ — 5 +A2)\h{2—ﬁ—iﬁ}
; AZ)\° L
—\* + > [1— 2(p+ i7)].

V V. large phase

: Vub_)yc:y

V.,V andV V. small phase:V _,—B.
V V.. small phase entering at O(A°)
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q
Gluonic penguin topology u
Tree topology

<

Vcd Vud T Vcs VZS T Vcb ij

oo

=

i
¢

R P (_ N ._) N Real Negligible
2 8 2 A:—l /\-”: ;‘-12)&'”’

Real

To first order one would expect to measure an asymmetry consistent with zero:
- cross check of detector reconstruction and calibration

— ideal mode to use when searching for new physics (NP) 14



D° M | S (
- T N I
Tree topology Weak Exchange (WE) topology d

Gluonic penguin topology ¢
u
w / / ) _
i T \ ‘ \ ’ c w d

am \

ud Vcd Vud T Vcs V us + Vcb Vub

| | b

Real Negligible

/

. /\:-1 ‘l-”: AE}L-”: o B ”
VedVig = —A+ 5 + 3 o 5 1 —2(p+ in)] _>Vcd Vud_):Bc

Penguin topologies are DCS loops while the Tree amplitude is CS

- Penguin contribution could in principle be ignored, but..

— A complete theoretical analysis is nhecessary if one wants to extract the
weak phase and disentangle the c - s - u penguin 15



D° - (ii)

hep-ph/9909479 There are two Isospin

On the Other Five Unitarity Triangles amplitude contributing to the

» process D° - 1" " and the

[. I. Bigi . A. . Sanda ® situation Is almost the same

* Physics Dept., Univ. of Notre Dame du Lac, Notre Dame, IN 46556, U.S5.A. Wlth reSpeCt tO the prOCeSS
b Physics Dept., Nagoya University, Nagoya 464-01,Japan Wh ere BO S TUTT.
_ p) ~ .

A(AD)= T(At)—T(At) _ZeMt,z(|2\f| —1)cos AMAt+23(A;)sinAMAt
I'(At)+I(At) (LT+A ) (1+e™ ) +2R (A ) (1—e™ )

when AT=0-A(At)=—CcosAMAt+SsinAMAt

The difference between the process D° - 1" 1~ and the process
where B° - 1 1t is that Al#0. The effect is that instead of measuring S
and C, one measure directly the real and imaginary part of A

If one wants relate precisely the weak phase to the observed
CP asymmetry, to constrain the penguin pollution it becomes
necessary to measure D° - ' ,D" - ' m°,D° - mM°m°
This will require an e'e” environment 16
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D° - p°p
Color Suppressed (CS) Tree topology Gluonic penguin topology
Weak Exchange (WE) topology d /

7 = \\; 7 : d \ u

Vcd Vzd VCd ud Vcd Vud T Vcs 14 Zs + Vcb VZb

| | ooy

Real Negligible

Similar situation as in D° - 1" 1T
17



Simulated performance of TDCPV at

® Y (3770)channel :
D

0 + -
D -1 1

- +
w— K e v,

@ SuperB3months at
3770: 500fb"

@ Estimated yelds from
CLEO _results:

158000 D> 1t

@®AddingD,,—K e" v,
double the statistics

@ More tagging modes
plus6 monthsrun at the
¥ (3770 )means 6 times

larger data sample

W( 3770)

8p  IM(A)=0.171 1859 Im(A)=0.341 E
5500— 0=0.223 ; %500_ 0=0.224 .
-5400— ¢=1Oo ; 2400_— ¢=20° -
gaF  Average 15°F  NEW E
200 From = 200} - PHYSICS E
100 HFAG —f 100; ]
R T 05 1|IIH1'|5I|ImI12 S e A I R '1.5I"f
0.6 T 0.6 T
0.4; } é °-4E B
E .N d \‘ ﬁ \lllHHll. b +++%+J‘.HJFJrH JIFJH |j ‘ } E w 4 J[MJ_J(J[HM NI H i ++JI,+JFH J[J.d | ||H“”I Ik
LA Y L
-0.2:* -0.2]"
0.4 | Hl | -o0.af+ ]
0.6 B IR T L L - ._;—\....|....|H‘.|....\H.‘m...|ﬁE
3 2 1 1 2 At[gs] 0.6=—3 5 1 0 1 > M[gs]
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Imi

.Eaﬁ““g‘lm(A):O.l?l E
3£ 0=0.223 E
gzsun;— _;
~acso D=10° :
£1s0f Average E
zm.m;_From :
5m]i_HFAG :
Il:';'”1"5”'-'1” I v
Im A
2: 1 I T T T
3 Higher E
1 correlation at
i ~ (0.969, 0.176)
0.5 ]

°F % (A;)=0.969+0.017 JJ E
osf 3(A,)=0.174%0.22 E
"'_-;””-nl.ﬁlllli.':n“”n_laulli-:""|_|5"":.._:

Im( A) vs. Re(A)

N, -;

160000 D° — 11" 1t equivalent to 0.5 ab™
We run 50000 pseudo-experiments
We expect :

R (A,)=0.985
3(A;)=0.174




Imaginary part of A vs ®@: CP-violation

Im()\)1
0.8
0.6 New ¢ 2 P—— 6 times larger data sample
g + phy¢slcs
0.2 O Don't forget:

o & | A BR(D’— 1 77 )=(1.397+0.026)x10"
. BR(D"— K"K~ )=(3.94+0.07)x10"°
-0.4 :

0° 10° 10° 20° 20° 40° 40" o[]
6 times
larger data
sample SLIDE 18: 6 months run!

As already seen, the value of A is strictly dependent on the value of the
phase ®. The red dots show that a longer run or more tagging modes at
Y (3770) would provide an higher precision (smaller error) for this
measurement.

*The precision does NOT depend on the value of the phase ©. 20



Uncorrelated D° mesons

Alt)= T()=T(t) - arep (A f=1)cosAM t+2J(A,)sinAM¢
r(t)+r(t) (1+[A ) (1+e* ) +2R(A,)(1—e*")
Mistag probability and dilution become important
APV (¢)= thys(t)—FPhys(t):+Aw+(D Aw)e |2\f| —1)cosAMt+23(A,)sinAMt
™ (e)+1"™(t) (1+|2\ *)h,/2+h_R(A )

The flavour tagging is accomplished by identifying a “slow” pion in the

processes (CP and CP conjugated): —D'm
DD

SuperB at ) (4S) and LHCb

* o+ - Va * I
D from € € —CC can be D mesons are secondary particles

21

separated from those coming from
B's by applying a momentum cut.
Clean environment.

More easier to separate prompt D*
from B cascade than LHCb

produced in the primary decay of a
B meson.
High background level to keep

under control.
Trigger efficiency.




Uncorrelated mesons: SuperB vs. LHCb

0.08 F= - :
= 0.08 - —
205 oosf}- w=w=0.09 |
00s i | 0.04 E___ | CD:]_OO “l } } It
0.02 u
i = iR AT
o | of Il ||| -IlJ,r HT il
i Ll
-0.04H} u.mg } WL 6 -
| E oosfl- || 2.4 1_0 ta_gged evlents I
ombl,, ~Uminost F oosfl |, Luminosity: 5fb" |
b b 3 -2 -1 0 1 2 13“:5]
E | 1403
0.3 _ \ ]
oof Higher \11 M:_ Higher 'L[LI wl
correlation at * [ correlation at i s0-
o  (0.984, 0.178) [ (0.980,0.210) el
0 - o-
0. E 0.2}
0.2 %(Af)=0.984i0.01 3 i ﬂ?(Af)ZO.98OiO.02
o 3(A,)=0.178+0.04 E sl 3(1,)=0.210+0.08
T Y L R 292



Constraint on the cu triangle

A It is possible to constrain the

cu triangle apex of the cu triangle in two

ways:
/E‘M 1) by constraining two internal
o V angles _
C o/ y 10 P 2) by measuring the sides
. VUS VCS
Normalizing the y.=(68.4+0.1)° from CKM prediction

baseline to 1, so .
dividing by Vus Vcs +dany measurement Of ﬁc—> constraint on the

R v apex of the triangle
cu triangle
Xtiy=14— A A (p+in
A—A%12—A°(1/8+ A%/2)
Using existing constraints on Wolfenstein
c X parameters, we find:
(0,0) (1,0) X =1.00025

Y =0.00062 23



Conclusions

We are exploring time-dependent CP asymmetries in charm and we
defined a measurement for the 3c angle in the charm UT.

After defining the tagging for charm, we have studied a number of possible
final states.

Using the developed formalism we simulated pseudo-experiments
assuming SuperB luminosity and we have shown that a possible
measurement for TDCP asymmetries will be reasonable.

We simulated pseudo-experiments and applied the formalism for
uncorrelated mesons for both SuperB and LHCb and we compared the
obtained results. We highlight that a precision measurement of any time-
dependent effect will require a detailed understanding of the background.

We define a test of the standard model by constraining the apex of the cu
triangle

A larger run at charm threshold would provide a more precise measuremeélét1
of b,



Conclusions: pictures

AP (A f)= '™ (At)-I"™ (At) At (D+Aw)eM|Atl/2(|Af|2—1)cosA MAt+23(A;)sinAM At
'™ (At)+T™(At) (1+[A ] )h,/2+h_R(A,)
Semi-leptonic tagging . .
K™ Tree Topology i) D' - m'm
s { w / u
.’_‘.- c - +
: ———t \g + i +
Sl ==
7] . w1 ot 30 400 40 4
uperB L T FLHCD A
igher T *2IHiagh LR
a.u orrelation at — 3Ctl)grlreﬁ:1tion at | Y
10984, 0.178) l0.980,0.210)

1247

1
¢ 0.10.2.0.3 o'g 4 0-6 0.8

oén‘-'aﬂﬁ 0.2 01 [ ;mpﬂ 02
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3 (A,)=0.178+0.04 j aet 3 (A,)=0.210+0.08 1
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cu triangle
. A’X’(p+in)
—  X+HiY=1+
A—A’12—-A°(1/8+A%2)

ViV —
"V /5/7 X=1.00025
¢ X/ ub " cb ;s o/ Y =0.00062




Back up slide 1

B. mesons (i)

All the time-dependent CP asymmetry measurements made on the
assumption that Alr=0. What if Ar=0?

I'(At)-T(At) _ Art,z(|2\f|2—1)cosAMAt+23(Af)sinAMAt

— =2e
I(Ag)+I(At) (T+AP) 1+ +2R (A (1—e* )
when AT = O—>A(A )J=—Ccos AMAt+SsinAMAt

Example distributions: B° < ) 1 _|A |2

A(At)=

1=1.525x10125 5= 1+|Af| o 1+|2\f|2
[=1/t=0.656x102 /s

Am =0.507x10%? /s

AT <= 6.56x 10° /s
(AT/r = 0.01 [+0.037])

Arbitmary scale

-10

Re(A)= Im{ )=1/v2

Alr=0 N Ar=0.01%

:a
=
—E
-

._.
=
=
L
i
-
<=

|
10 ]



Back up slide 2

B. mesons (i)

5

23000
Example distributions: B %,

g
T=1.525x10"25s 2000
r=1/t=0.656x102 /s 3
Am =0.507x102 /s F

AT <= 6.56x 109 /s
(AF/r = 0.01 [+0.037))

LU

S

w=1.007
o =0.027

An extreme
case: Al'r = 0.50

ST

{:f:

0494 0% (098

102

iy 108 1.1
Amplitude Ratio

1104

Without better experimental
determination, current measurements are
at the level where we should be taking
into account a possible non-zero Al/T.

1

Positive Al/T leads to an

enhancement of the amplitude,
a negative Al'/T leads to a

decrease.

Dashed line is Al=0.




Back up slide 3

Bs mesons

Oscillation in Bs decays are extremely fast: SuperB will not be able to
perform a time-dependent CP asymmetry analysis

With a large sample of events at Y(5S) the distribution of events as
function of At would contain information on Im(A) and Re(A)
- informations on CPV related to TD measurements from hadron

collider

- particularly relevant for final states including neutral particles,
such as Bs’ -~ n' @, challenging measurement at hadron

collider

B.—pK> DI"K"™;, B—D® e

LHCb can do these measurements well,
since they have good time resolution
SuperB can probably measure
asymmetries for At<0 vs. At>0

B, — m K% The presence of the neutral pion and lack of informations to
constrain the primary vertex: excellent candidate for SuperB



Thank you for your attention...
..and...
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