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2> Mixing and CP Violation (CPV) in the Charm Sector

> Search for direct CP Violation:
e D* - K.K*, D} = K.K*, D = K,r* analysis
e D* - K*K-1r* analysis
> D%- D% Mixing and search for indirect CP Violation:
e D0— K*K‘,n*n‘/ D% —» K*1r* lifetime ratio analysis

> Conclusions

NOTE: charge conjugation is implied from now on

Giulia Casarosa - Charm Mixing and CPV at BaBar



! Flavour Mixing and CPV in the Charm Sector

mass eigenstates # flavour eigenstates
[ Mixing D, ,) = p D)  q|D°)

* long-distance contributions:

— ~\ dominant but affected by large
m,,and I, , are mass Mixing Parameters theory uncertainties

ancclivlgidtl‘zl'()f |IP1);§ M= my y— I D b
an = U7 - T 7T
’ b 9 b b ) ¢ short-distance contributions:
GIM and CKM suppressed in SM
NOTE: |p2 +|qf? = 1 (CPT conserved), CP |D% = + [D°) ’ J hNV\%NW o ‘
= /\MXAVNV\—<— n

direct CPV, Al =0 CPV in mixing, A, = 0

o CP Violation .

o JAALR - |Ap/AR Ay = =By =
b |Ap/Af|? + |Af/Af|2 Ri + Ry p

[_)0

(Ar= (D" | H | f)) . :
p= DAL CPV in the interference, @. =0 Q
Ap=(D" | H|[) i i !
ﬂf:(DOH{lJi} Af:%ll_fzgiq—f exp [i(d7 + op)] DO f
(A= (D" |H| ), o IEe Vo h,
strong + weak phase
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Experimental Status

[http://www.slac.stanford.edu/xorg/hfag/charm/index.html]
» mixing in the D° system is well established,

significance [M0c

 Standard Model (SM) predictions affected by

large uncertainties: xthe ytheo ~ o(102 - 107)
[IJMP A21, 5686 (2006)]

Mixing

9 |
& 1.5 |CPV alowed

* measurements of x and y are at the upper limit of SM, o

New Physics (NP) may contribute in short-distance diagrams; 'no mixing m o
'°-+.....g?é

[“] CPV - the first evidence of CPV in the charm sector: '

LHCb: A_,(D° = KK) - A_(D° = mm) = (-0.82 + 0.21%% + 0.11**%) [PRL108, 111602 (2012)]
CDF: A_ (D% - KK) - A (D% - mm) = (-0.62 + 0.21°* + 0.10%*) [CDF note 10784 (2012)]

» these CP asymmetries are marginally compatible with the

SM, but uncertainties on the predictions prevent establishing?o_‘:ﬁ:m N o

whether this is or not a sign of NP ook .
i ixi : 0.005 |- N\l i e

* CPV in mixing would be a clear sign of NP f ) EPA

-0.00
-0.01F

* what to do now?

 improve precision (also for the single asymmetries) 0018 \
: e 003,02 0015 -0.01 id\ooso 0.005 0.01 0.015 0.02
* measure single asymmetries in more decay channels o 7 BT

acp

no CPV excluded with CL of 0.006%
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2> Mixing and CP Violation (CPV) in the Charm Sector

> Search for direct CP Violation:
e D* - K.K*, D} = K.K*, D = K,r* analysis
* D* - K*K-mr* analysis
> D%- D% Mixing and search for indirect CP Violation:
e D0— K*K‘,n*n‘/ D° —» K*ii* lifetime ratio analysis

> Conclusions
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Searches for Direct CPV

- i
Q‘!

=2 need at least 2 amplitudes with different weak and strong phases:

» Singly Cabibbo Suppressed: tree + penguin D* - K*K-Tr* SCS tree+penguin

* Cabibbo Favoured + Doubly Cabibbo Suppressed D » K.K*  CF+DCS
2 time-integrated CP asymmetries: D* - K.K*  SCS tree+penguin
Ay B(D — f)—B(D — f) Df —» Kt SCS tree+penguin
Acp =

B(D — f)+B(D — f)

= if a K:is present in the final state there is a contribution from CPV in K° mixing:
Acp = ABS 4+ AK) where  AEp = (£0.332 +0.006)% (+ if K° and — if K°)

2 experimentally: A, :[Agp]#{flpg (cos 9*))+ Al (p. cos b))
Forward-Backward asym. from y—Z° interf. coupled to detector asym. |(detector-induced charge-

« 0dd in cosB* - decouple from A_, (independent of cos6*) reconstructed asymmetry;
} (both analysis) | t° evaluate it and correct for it:

[4@ _ A(t]cos6) + A(—|cos6)) « data-driven method (D¢, K.h*)
2 » e*e™>T'T” data sample (D*—KK-)

|* use data-corrected MC (D*—K'K'1r*)

J/

= In three-body decays CPV effects can be enhanced in certain Dalitz Plot (DP) regions
 DP model-dependent and model-independent searches
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D* = KK*, Df —» K. K*, D¥ —» K.+ analysis

L = 469 b

= Precision goal is 0(107), need to keep systematic errors at that level

* correct for the detector-induced charge-reconstruction asymmetry using a data driven

method that makes use of physical-asymmetries-free charged track sample from B decays
[PRD 83, 071103 (2011)]

2 Perform simultaneous mass fit and extract the number of D¢ and D in 10 bins of cos6*
« decouple CP from FB asymmetry and perform a x? fit to a constant value, A _,:

D* = KK* D} - K.K* D} - K. mr*
159Kk evts 288k evts 14Kk evts
__BaBar PRELIMINARY _ _ _BaBar PRELIMINARY _  BaBar PRELIMINARY, .
<4 b L\‘% I ] %mg_ E
< 1 “0.5- S ] < 5 —t E
2 . —— ——
E E Oj 7 Oj —_—r | i
IF T - . -55 =
r o —— ] -0.5 —t L ]
0F- 1 . - + : -10F =
R A ] -1= B - 1
B . r ] 155 =
- 1 1.5 1 B 1
'2; ] E -20;\ \Hm.”m”\...m?
0 02 04 06 08 I ) 0 02 04 06 08 |cosle;5| 0 02 04 06 08 |cosleg|
Acp = (0.16 + 0.36)% Acp = (0.00 + 0.23)% Acp = (0.6 £ 2.0)%
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2 Dominant systematic uncertainties:

D* — KSK+, D;- — K5K+, D;- — K5n+ results

« statistics of the control sample used to correct for the charge asymmetry (Dg— KK*)
 binning in cos@* to decouple CP from FB asymmetry (D5 — Kgr*)

= Apply corrections and evaluate the contribution of CPV from charm:

DT — KUK+

DF — KYK=

DF — K%+

Acp value from the fit (+0.16 + 0.36)% (0.00 + 0.23)% (+0.6 +2.0)%
Correction for the bias from toy MC experiments +0.013% —0.01% —
Correction for the bias in the PID selectors —0.05% —0.05% —0.05%
Correction for the K9—K? interference (AAcp) +0.015% +0.014% —0.008%

Aep final value

(+0.13 £ 0.36 + 0.25)%

(—0.05 £0.23 £ 0.24)%

(+0.6 + 2.0 +0.3)%

Acp contribution
from K°—K" mixing

(—0.332 £ 0.006)%

(—0.332 £ 0.006) %

(+0.332 £ 0.006) %

Acp final value (charm only)

(+0.46 4+ 0.36 + 0.25)%

(+0.28 +0.23 +£ 0.24)%

(+0.3 2.0 £0.3)%

no CP Violation observed in charm
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D* —» K*K™mr*, integrated asymmetry

®

L =476 fb"
= The reconstruction efficiency is determined from MC (phase-space DP) 228K evts
e the MC has been corrected for: purity 92%

* FB asymmetry using a PDF in (p*, cos6%)

« detector-induced charge-reconstruction asymmetry j2aBar PRELIMINARY

+ Niireco . . . ) ) ;1-33— efficiency jlo-og
* € = E evaluated in bins of cos8* and in DP bins T E
i,gen 3016;“ ERRRARN AR ‘,.;kl;'t“!"n.l‘m waw”f:/ 143_ _f —0.06
fg b ‘ / 1af ilo.os
£ 0128 X ; E J -{0.04
g P o D L ] g 0.02
0.06 . . 0.6

we oDt o ¢ él

0020 ER I11I*32|2I%3I 0

T P T mA(KK’)

2 Dalitz Plot integrated measurement: 0.02,.BaBar PRELIMINARY
» evaluate N(D*) fitting the mass distributions in 8 bins of cos6* D-OISE— —
* in each bin, correct N(D*) by the corresponding €(D*) and compute: ©00 E

0.005- =

4. = NiD7)/e&(DT) — Ni(D™)/ei(D™) 3 o -

[ AT N T _ — E 3
Ni(DT)/e;(DT)+ N;(D™)/e; (D7) 000 E

* decouple CP from residual FB asymmetry combining symmetric bins ' no CPV E
in cosO* 0.015F observed -

« perform a X2 fit to a constant value: Acp = (0.35 £ 0.30 £ 0.15)% 003 6i"a5 65 04657567 55"65™

|cos6,*|
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i D* - K*K™mr*, model independent analysis

= Normalized residuals of efficiency-corrected and background-subtracted DP for D* and D~:

. .BaBar PRELIMINARY ~BaBar PRELIMINARY...,

R - 1 Is * in each DP adaptive bin: : H=0.081+0.15
P . — E e R 1o 6=1.11+0.15
. 7 -2 A; _ Ty ( ) - n.i( ) = *'T\Ti/f'i 8F :l
2 & ! Vo2(D*) + R203(D-) I
§Eei 44 where R corrects for residual A_;: i ogges\l/bevd
A E | N(D*)/e(D")
S — * R=—2 /. — 1.020 + 0.006 : ]
RS T RS N(D™)/e(D) 0 TS

m2(K'K’) GeV? Normalized Residual

2 Measurement of CP Violation in 4 regions of the DP:

) e SN e e B e e e

m2(K ")

|

July 5th 2012

140

» divide the DP into 4 regions
« evaluate N(D*) in each region by fitting the mass distribution

120

;z" « correct N(D*) by the corresponding €(D*), and N(D”) by R (A_,):

o 1y = NDH)/e(D) = R N(D™)/e(D") no CPV

" = N(D+)/e(Dt)+ R N(D-)/e(D™) observed

20

0 BaBar PRELIMINARY ﬁ
Dalitz plot region N(DT) |e(DN[%]| N(D™) |e(D7)[%] Acp[%]
Below K" (392)° 1882 =70 | 7.00 | 1859 £90 | 697 [-0.65 £ 1.64 + 1.73
K*(892)° 36770 £ 251|  7.53  |36262 + 257| 7.53 |-0.28+ 0.37 = 0.21
$(1020) A8856 & 289| 857 48009 + 289| 854  |-0.26 £ 0.32 + 0.45
Above K*(892)° and ¢(1020)|25616 + 244| 8.01 |24560 + 242| 8.00 |1.05 + 0.45 = 0.31
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= Legendre polynomial moments analysis [PRD 78 051102] (model-independent method) shows
no evidence of CPV.

D* = K*K-1m*, model dependent analysis

= use a model to describe the DP distribution and allow each resonance to have a different
amplitude and phase for D* and D~ .

« each resonance is parameterized with 4 parameters: BaBar PRELIMINARY

, ) Resonance r (%) Ao (%)
M"-”:‘ O? - ampl]tUde and phase Of the D+ F(*(BQQJD 0. (FIXED) 0. (FIXED)

‘M ‘2 o ‘M‘z Ki(1430)°| —9.407558 +4.42 —6.117532% £1.39

— r ! 5 $(1020) 0.357052 + 0.60 7437550 +2.35

‘MT‘Q + ‘Mr“ NR ~14.3071587 +£598 | —2.567 701 +8.91

Ad — b — 5 #(800) 2.001598 £1.85 2107342 +1.01

v T o ao(1450)° | 5077856 L g.39 4.007408 1 3.83

e a simultaneous fit to the D* and D~ DPs is performed Az Ay

fo(980) | —0.19970-19 + 0.084] —0.2317-10% + 0.079
difference of the DP proj. of data (points) and fit (blue curve) + 10: |fo(1370) | 0.019700%8 + 0.022 | —0.0045700%7 £ 0.016

—BaBar PRELIMINARY

— —~ ..BaBar PRELIMINARY — _ BaBar PRELIMINARY
2 00k ER s 1 3 400; E
%200? ’ ’ } %400: . :;zz; ’ :

EIOZ;HJH!HH.} ||I} ‘ !_ E:oo: ’ . %100;— | MH HH\ M I no CPV

2o 1T ‘ g T bserved

w-1005— | | ’ ’ ER s .15:5«H;;;gqg g“g;rn;]p; HHMf‘i{'};;%;::';:gﬁi‘? 1 “1_1003_ “‘ ‘ ‘ ‘ w ’ {_ opserve
-200F E I N ] : 3
_300; 7 -2001 ’ M - -zoo;— } —
-400; | | | | | | | | é _400i_ | | | | | _i -3002_ | | | | | | | | _é
04 06 08 I 12 14 16 18 2 T 15 2 25 3 00 06 08 T 12 14 16 18 2
m3(K'r*) (GeV?) m2(K'K’) (GeV?) m4(K %) (GeV?)
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2> Mixing and CP Violation (CPV) in the Charm Sector

> Search for direct CP Violation:
e D* —» K.K*, D} —» K.K*, D = K" analysis
e D* - K*K-1* analysis
> D%- D% Mixing and search for indirect CP Violation:
e D0— K*K',n"n'/ D% —» K*1r* lifetime ratio analysis

> Conclusions
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i Mixing and CPV with Lifetime Ratio Analysis

= Perform a simultaneous fit to 5 signal channels and extract:

ane A
e Mixing:
avour o e o Ly e cp = + T =)
tagged D D M Do “ATT T
e D* > D1mr; D —» K, Km- * Indirect CPV:
flavour , po _, k- Ay = 2 ( 1+ - _1+)
untagged | o K KT % 2 \T T y

- in general y, and AY depend on the final state

° = DO |j 1 ¥
« in case of no CP violation: y_, =y and AY =0 T, = D” lifetime (K*7)

e T (T") = D° (D% effective lifetime for

. . decays to CP+ eigenstates (K*K~, m*m~
= Experimental assumptions: Y s ( )

« small mixing (|x|, |y| << 1) = proper time distributions are exponential with

corresponding effective lifetimes to a very good approximation;

PRD 80. 0760Q8 (2009
* not sensitive to direct CPV + weak phase ¢ does not dep[en on fina(i S ate)]—> KK and mrmr

modes share common effective lifetimes, Y - Am
yep = 1 COS @ —
v crosscheck fit on data. %
AY

B ., Am |
= —xsmqr:v—l—Tyms:p

T sin @
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Backgrounds and Data Mass Fits

flavour untagged: flavour tagged:
~  x10_BaBar PRELIMINARY | _BaBar PRELIMINARY _ _ = __ BaBar PRELIMINARY _ x10* BaBar PRELIMINARY
) : {1 | 2000 . © - . ) L ]
% % % C ﬁ% 100
z Z 2 12 s
s : E e
5 3 13 13 i
] 1 20F
I
- o A R R - e R RN S R - = A N M N - o R N R M
1.82 184 186 188 1.9 1.82 1.84 1.86 1.88 1.9 192 1.82 1.84 1.86 1.88 1.9 1.8 1.82 1.84 1.86 1.88 1.9 1.92
Mgy (GeV/c?) M, (GeV/c?) Mgy (GeV/c?) My, (GeV/c?)
~ 4o BaBar PRELIMINARY
S unt purity: combinatorial background:
z o Km 84.7%" 2> random tracks — ~ zero-lifetime component
= e 0-8M ] > main background
::i ool — > lifetime PDF is extracted from data sidebands
A charm background:
B e 2> common ancestor of the D° products is a long-living charm
182 184 186 1.88 19 1.92 meson — signal-like long lifetime

My (GeVIe) > very small component in the signal region (<0.7%)

2> lifetime PDF is extracted from MC
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Proper Time Fit Projections

®

CP+ eigenstates CP mixed states
4 N/ D
BaBar PRELIMINARY BaBar PRELIMINARY BaBar PRELIMINARY BaBar PRELIMINARY
% ' ata ] & ata 12 10F T aa 3 2 10T «Data 3
NS 103 D*+ Dlsjlgtnal =483 103: D*+ Dlsjlgtnal Q - unt. DSDlgtnal S - D*t D]S)igtnal ]
g g Comb. 1= 3 Comb. 3 10°% Comb. 4 = 10*F Comb. =
E r P B Charm 2 F KK B Charm e c KK MCharm 3 g - Kn BMCharm 7
210 48 ol Z 10 E
A : m 107¢ 2 - =
— i 10
10¢ RS :
£ 3 E 10§
" | ik
= s s - —= A -- . — = 2.. . o e = 2--:_ - o -—
e R N e IR e
2 1 0 1 2 3 4 2 -1 0 1 2 3 4 2 -1 0 1 2 3 4 2 -1 0 1 2 3 4
t (ps) t (ps) t (ps) t (ps)
BaBar PRELIMINARY BaBar PRELIMINARY BaBar PRELIMINARY
2 il Data . E Data E 2 10" Data 4
2 (0P D*_ [ISignal — - D [JSignal | . . NS - unt. [ISignal 7
- 10 FTITC Cfmb. ] 103§ KK Cfmb. E CP+ hfet]mes > 10 Km Cfmb. =
% C B Charm ] E BCharm ] 2 B Charm 1
£l . = (405.69 = 1.25) fs |2
o} 1o- 7t = (406.40 £ 1.25) fs
' [stat error only|
1 1
T et S ] 5 e e D lifetime
A '2'.:...'7.”‘\.....'\." ‘‘‘‘‘ ..\.‘.. = ‘2....\...‘.'\.'....\.‘.H\..T..\.‘... -2 A
2 -1 0 1 2 3 4 2 -1 0 1 2 3 ATp. = (4[}&97 + 024) fs 2 -1 0 1 2 3 4
t (ps) t (ps) t (ps)
. [stat error only] /
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Lifetime Fit Results

®

BaBar PRELIMINARY
BaBar PRELIMINARY ( ~
[stat error only] yep = [0.720 £ 0.180(stat) + 0.124(syst)|%
TKTC e 4 == = 0
AY = [0.088 + 0.255(stat) £ 0.058(syst)]| %
+ .. :
T — > exclude no-mixing hypothesis @ 3.30
_+ 0 2> no CP Violation observed
PDG D
T S S P \. J/
lifetime
| i10 | C* = new) CHARM 2012
N R B . E791 1999 I% - || 0.732 +2.890 + 1.030 %
404 406 408 410 412
. ( fS) FOCUS 2000 ’4_,_4 3.420 £ 1.390 + 0.740 %
CLEO 2002 I | . | I -1.200 + 2.500 + 1.400 %
> most precise single measurement of y_;
elle 0.110 £ 0.610 + 0.520 %
> this measurement favors a lower value for y_,, in pelle 21 s
closer agreement with HFAG value for y; LHCh 2012 e 0.550 +0.630 £ 0.410 %
« HFAGYy =(0.456 + 0.186) % from direct meas. %ene o H 110 0220 4 0.110 %
2> this result is compatible with previous BaBar *
results [PRD 80, 071103 (2009)], [PRD 78, 011105 (2008)] : BaBar 2012 y 072001800124 %
e AY =(-0.26+0.36+0.08) % (sign difference in the def.)
e Y., =(1.16£0.22+0.18) % World average " 0866+ 0.155 %

I|IIII|IIII|IIIIIIIII|III IIIIIIIIIIIIIIIIII
-4 -3-2-10 1 2 3 4 5 previous result
(1.064 + 0.209)%
Yep (%)
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Conclusions

Increase in precision and inclusion of more channels are needed to
understand the origin of the CP Violation reported by LHCb and CDF

We have searched for CP Violating effects with the full BaBar data
sample reaching a precision down to 0(107)

We have found no evidence of direct or indirect CP Violation in the
following channels:

e D* - K*K™mr* (direct CPV)
 D* = KsK*, D¥ = KsK*, D¢ = Kstr* (direct CPV)
o D% — K*K-,m*n~ (indirect CPV)

We have measured y_, with the highest precision to date, and
excluded the no-mixing hypothesis at 3.3c significance.

thank you!
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The BaBar Detector

As of 2008/04/11 00:00

-
=T ]
= I BaBar A )
§ 5001~ per i pevera umnosty: 0 e ] e'e” = Y(49)
E [ CoEwReonuinaoen 1 Run1 to Runé: L £f neak) = 474 fb-1
- o - : + = -
S o Y e : unt to Runé: L(on + oft peak)
T L i
§ [ o 1 e‘e” = Y(3S), Y(25)
E [ T i ] ’
300 — &R 1 Run7: L(on + off peak) = 47 fb™"
200|- /z/ ]

100

ElectroMagnetic
Calorimeter

|W 1.5 T solenoid

\
|

Il
§

® %
§§ §§
® of & P & P >

+
Cherenkov Detector e (3.1GeV) 3

(DIRC)

PEPII is also a charm-Factory: e (9 GeV)

it produced around 690M
of e'e~ - cC events =

Silicon Vertex Tracker
Instrumented Flux Return
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D* = KK*, Df —» K. K*, D¥ —» K.+ analysis

= Correction for the detector-induced charge-reconstruction asymmetry:

data driven method makes use of 100M Y(4S) - BB decays:
sample free of any physical asymmetries:

« quality cuts to remove p and e, p, > 0.4 GeV/c

« continuum (Off) is subtracted: N..(7) = Nyccon(®) — Niecog(P)

‘COI'I
Log

* evaluate the efficiency correction g N+ (7
function of track tum B(@) =" p) _ X(7)
as a tunction or traCck momentum E_('ﬁ) ?\f-(ﬁ)

4

= Systematic uncertainties:

BaBar PRELIMINARY ____

cos 0

0.8
0.6
04
0.2

-0.2
-0.4
-0.6
-0.8

=]
\I|I\\|\II|HI‘III|\I\‘III‘II\|IH|I\
e ——
I

[=r

2 3 4 5
Momentum (GeV/c)

1.03

ano

1.02 &

1.01

0.99
0.98

0.97

Systematic uncertainty [70] D¥ — KYK*|D7 — K2K*|D¥ — Kon*
correction Efficiency of PID selectors 0.05% 0.05% 0.05%
of charge Statistics of the control sample 0.23% 0.23% 0.06%
asymmetry Mis-identified tracks in the control sample 0.01% 0.01% 0.01%
decoupling Bjémiigg in cos © o [}_[]4‘%1 U.DQ?& D.?T‘%&
CP from EB K" —K" regeneration 0.05% 0.05% 0.06%
asymmetry KY—KY interference? 0.015% 0.014% 0.008%
Total 0.25% 0.24% 0.29%

'arXiv:1006.1938 [hep/ex] (2010)

2JHEP 1204, 002 (2012)

July 5th 2012

Giulia Casarosa - Charm Mixing and CPV at BaBar

20



i
P g
{ L. 4

»

D* = K*K-rr* analysis

= Sources of systematic uncertainties:

* event selection

corrections applied to MC
tracking asymmetry correction
binning in cos6*

Dalitz Plot model

= Breakdown of the systematic uncertainties for the Integrated Measurement:

Average cosf asymmetry AAcp|%)]
Event selection 0.07
Single forward and backward bin 0.01
cos B¢ binning 0.04
Track asymmetry correction 0.12
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Lifetime Ratio analysis

- i
Q‘!

= Systematic uncertainties:

BaBar PRELIMINARY

Systematic Alycp]| (%) |AJAY]] (%)
Fit Region 0.057 0.022
Selection 0.059 0.054

Signal PDF 0.022 0.0

Charm PDF and yields 0.045 0.001
Comb. PDF and yields 0.079 0.002
Total 0.124 0.058

total systematics reduced w.r.t. previous BaBar analyses
« tagged-only analysis [PRD 78, 011105 (2008)]
« untagged-only analysis [PRD 80, 071103 (2009)]
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