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Major research achievements

« BABAR papers with major contribution:

- Direct CP, lepton flavor and isospin asymmetries in the Decays B
— KO p
Ti, ’“; . Phys. Rev. Lett. 102, 091803 (2009)

Measurement of branching fractions and rate asymmetries in the
o rare decays B — K" {* ¢

. Phys. Rev. D 86, 032012 (2012)

- Measurement of the B — Xs {£"{" branching fraction and search for
direct CP violation from a sum of exclusive final states

 Phys. Rev. Lett. 112, 211802 (2014)
 LHCb paper with major contribution:

- Measurement of D° — D° mixing parameters and search for CP

chb Violation using D” — K* 1 decays
% + Phys. Rev. Lett. 111, 251801 (2013)




Ongoing BABAR analyses

« Based on the full BABAR dataset

« Measurement of D° — D° mixing parameters
using a time-dependent amplitude analysis of
D% — 1

 Measurement of the D™ - D* mass difference
using the decay chain D™ — D* 1%, D* - K-
™



B—X ("¢ decays: introduction

The FCNC b—st' ¢ processes are

forbidden at tree level in the SM . Standard Model
_ s diagrams
B—X ('€ decays are allowed inthe |+ &7 &

S W l 1"
loop and box diagrams with 7 7 i /
branching fractions ~ 10° e Y T

10 C
. e - :
Effective Hamiltonian #, Hpsr o Y GO,
factorizes short-distance i=1 g 7

Ci from Iong-dlstance Three effective Wilson coefficients contribute:

effects C_**f from y penguin (also in b—>sy processes)

New Physics brings in C*(C, ) from vector (axial-vector) part
of Zpenguin & W box

new loops: SUSY

o

- - diagrams 7 .0
« May be comparable to SM A -

contributions and alter C*" values ﬂ ﬂ




BABAR experiment

* The experimental data were collected between 1999 and 2008
with the BABAR detector at the PEP-Il asymmetric energy e’e’
collider located at SLAC

i BaBar

F— PEP Il Delvered Luminosily. 353.481b
BaBar Recorded Luminosity: 531.434b
BaBar Recorded Y{4s): 432.8%Tb
BaBar Recorded Yi{3s): 30.23/fb
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s HaBar Recorded ¥{2z): 14.45/fb
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DIRC
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Layout of the BABAR Detegﬁ;'grp Ps 471 x 10° BB pairs collected
at Y(4S) resonance: Full

dataset




Common experimental techniques

.
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Kimematics of fully reconstructed B

'5 t'-! IE
3 Mgs = UEbeam —Us

AE = Ea:_; - E;E‘(HH
5 i AE
.'I — |
034L (b)
~ o
Good charged  ,,l—
particle ID (in
particular K/rr) *°

up to few GeV/co

Background characterization:

= Mainly continuum: e*e—qq (q =u.d,s,c).
Suppression by multi-variable classifiers based
on event-shape variables:
Fisher discriminant, Boosted decision trees (BDT)

eter —T(48) — BB | ete™ - g7

Topology: '?F’ W

P ~300MeV /¢

Angular [S~uoas)an) - Bl T8 9
5 e N T e+>~v\ -

distribution:|*7 5 jave B| 72125 swave’

— Background from B decays: classified by
kinematic and topological properties

Variables are often combined to a likelihood function, used in a maximum likelihood
fit for signal/background separation and to measure parameters of interest




B— K¢t analysis details

* Fully-reconstructed final states:

e K{'t: Ke'e,K'e'e, Kp'p, K'u'u

K >z
)

q’=s=m,’

« K{C: Kr'e'e, K'we'e, Kn'u'w, K'wyu'ti, K'n'e”e(only for angular analysis)

« Seven s bins to be in line with

Belle/CDF/LHCDb

 Two vetoed s regions due to
JAr & y(2S) domination

- Charmonium control samples
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VY BABAR 471 M BB
m CDF 6.8 fb™ (u'u only)
PRL 107, 201802 (2011)
o Belle 657 M BB
PRL 103, 171801 (2009)
e LHCb 0.37 fb'(u'u only)
arXiv:1112.3515 (2012)

» Total branching fractions

B—K7¢ ¢ rates
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K¢t partial BFs
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BB—K(T(7) = (47£0.6+0.2) x 107",
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Rate asymmetries of B—>K™¢"¢

o BB-=TK"re)-BB— KOrtr)
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ﬁB%ETbH}+BM? K e+0-)
5 0.5 | | :
< o4k * B KIT |
A Jlp  w(2S) ;
031 B K I &
0.2 =
0.1 =
oF v .
- ¥ .
-0.1— —
02 -
030 =
045 BABAR-
- ﬁrXivz1204.3?33 .
_0.5 | | | | |
0 5 10 15 20
s (GeV?/c?)

* Direct CP asymmetries agree
with null expectation (SM)
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B(B— K"utu~)

B(B — K*ete™)

2.2

1+ B— KI'T
1= B— KI'T

1.8

1.6

1.4

1.2

IIIIIIIIIIIII]

Jlp w@S

o

0.8

0.6

0.4

IIIIIIIIIIII

I|III|IIIIII|III|III|III|III|I\\

BABAR’
arXiv:1204.3933+

o

10 15 20
s (GeV?/c?)

» Lepton flavor ratios agree
with unity (SM)



B— K" isospin asymmetry

B(B' =KWt =) —r B(Bt = KT etim)

. Afx

_;
B(BO—K (0T (—)+r, B(BT =K iti-)

V BABAR 471 M BB
arXiv:1204.3933

o Belle 657 M BB

PRL 103, 171801 (2009)

r. =7go /s = 1/(1.0712£0.009) <

* |Inthe SM, the isospin asymmetries
are expected at O(1%) *

* Feldmann & Matias, JHEP 0301, 074 (2003).

« For 471 M BB pairs, and below J/hy
(0.1 < s < 8.12 GeV?/c*) measure:

<

* | AY(B— Krtrm) = —0.587037 £0.02
APY(B — K*tTe7) = —0.257)70 £0.03

« Consistent with SM predictions at
210 and 1.20 level respectively
and agree with Belle results
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B—X £ ¢ Event selectio

n

m_<18GeV S&
XS TM & @ Nelvana

20 exclusive final states with < 2 pions and < 1 11°:

m_, > 5.225 GeV

B - K?
BT K™ ppu~
B - K2 ete~
BT KT eTe™

-0.1 (-0.05) < AE < 0.05 GeV for X e’e” (X p"y’)

Selection represent ~70% of the inclusive rate with
m,_< 1.8 GeV, accounting for K’ modes, K° — 1’1’ and

m° Dalitz decays

We extrapolate for the missing modes, and those with
m, > 1.8 GeV, using JETSET fragmentation and theory

BY — K*0 (K? 70ty

BT — K*t (KT 7)™

BT — K* (K 7 )T pu~

B = K* (KT n )t p™

B? — K*0 (KO 70)eTe™
0

prediction

We measure the total BF and partial BFs in 6 bins of

Uy

B+%K50 7T 70 ete
B 5 KT 7= 70 ete™
B K27t 7~ ete™
Bt K™ 7t 7~ eTe™

=3
my, (Sevic®)

Requiring K_from K_—
mm, ° from m° — yy




B—X £ ¢ Event selectio

20 exclusive final states with < 2 pions and < 1 11°:

m_, > 5.225 GeV
-0.1 (-0.05) < AE < 0.05 GeV for X e’e” (X p"y’)

Selection represent ~70% of the inclusive rate with
m,_< 1.8 GeV, accounting for K’ modes, K° — 1’1’ and

m° Dalitz decays

We extrapolate for the missing modes, and those with
m > 1.8 GeV, using JETSET fragmentation and theory

n

prediction g/

We separate B and B samples in the 14 self-taggin
modes to measure direct CP asymmetry

P [(b— st)—I'(b— stf)
P =T = st0) + (b ste)

SM expectation well below 1% @)

m, < 1.8 GeV \
BT — K™ ot
BT KT eTe™
BT — K*T (KT 7% putpu~
BT — K* (K 7 )T pu~
B = K* (KT n )t p™
BT = K*t (KT 7n9)ete™
BT — K*t (K n1)ete”
BY — K*O (KT n7)ete™
Bt — K 7t 70 putp—
B KT 7= 7% ptp~
BT K 7" 7 pupu~
BT =K 7t 70 ete
B - KT n= 7% ete™
BT K™ 77 n~ ete”

(1) Phys. Rev. D 54, 882 (1996); Eur. Phys. J. C 8, 619
(1999); JHEP 0807, 106 (2008); JHEP 0901, 019 (2009)

Requiring K_from K_—
mm, ° from m° — yy



B—X ¢'C Fitting strategy

- Signal extraction with 2D ML fit to m__ and likelihood ratio L _

which is based on boosted decision trees and peaks ~ 1 for

signals
Example fit for X e'e” events with 2.0 < ¢° < 4.3 GeV?

Signal Enhanced Range: LR = 0.8 Signal Enhanced Range: m__> 5.27 GeV/c? ?S
— o~ L. =
§ 25 E R
S 3 Ps+ Py
g 20 :é 25 )
. 0 L % P .. signal/bkg.
w w oq e
. 15 A probability from
r HH gy
: 10 _ BB BDT output
oF
. 5
5.24 5.25 5.26 .27 5.28 5,29 0.5 0.6 0.7 0.8 0.9
mg, (Gevic') Lg
Fit Likelihood Projection
— 3_ .
= —— Total PDF Mis-reconstructed
?“.3_2'5: A —— Signal ¥ signal events
E ‘;BABEAR Signal Crossfeed \
: BB Bkgd. Different background
E _ - categories
E Continuum Bkgd.
0.5
- : , " Charmonium Bkgd.
ﬂT.I....I.. il IR B e e
05 0.6 0.7

A |
0.1 0.2 0.3 0.4
Reconstructed Partial Branching Fraction
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B—X ¢"¢ Branching fraction results

 Total branching fraction (g* > 0.1 GeV?)
B(B— X (()=(6.73"""""+0.5)x107

~0.63-0.25 Vetoed regions

B _(B—X(()=(46=08)x10" (1)

g N
T 17T

e < 20 higher than the SM expectation

/ [GeV/c*F)

* Inthe low mass range (1 <g?<6 GeV?): ~
©05"
B(B— X (') =(1.60" %" +0.18) x10™° T o
BSM(B — Xff_) =(1.64+0.11)x10° (2) S
* In good agreement with the SM .
. . 2 on © [ BAB4R
In the high mass range (q° > 14.2 GeV~) E 6: ,, |
— 16+0. - — 4E
B(B—X /()= (0.57i_$_%32 +0.0)x10° @; % %? | * | w
B_(B—Xe'e)=(021:007)x10° (2) < + T i
Ex O__\ T NI TR N RN TR S N S S N T T N SN TN ST N N N
« ~ 20 higher than the SM expectation 2 04 06 08 1 12 14 16 18
0 m, (GeV/c?)
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B—X ¢"¢ Branching fraction results

 Total branching fraction (g* > 0.1 GeV?)
B(B— X (()=(6.73"""""+0.5)x107

~0.63-0.25 Vetoed regions

B _(B—X(()=(46=08)x10" (1)

o 2
» < 20 higher than the SM expectation }31-5:
O C
The BF measurement for q° > 14.2 GeV? =
disfavors by ~2.5-30 the 8C, NP interpretation ~ 205
of the recent LHCb “"anomaly” for an angular % 0
observable from B° - K p'p (3) s

-~ Expected pBF lower than SM in this interpretation

* In the high mass range (q° > 14.2 GeV?)
B(B — X ()= (057 7""" +0.0)x10™°

-0.15-0.02

B_(B—>Xe'e)=(021£007)x10° (2)

o o N e
|
—a—H
P

dB /dm,_(10°/[GeV/c?))
(9D}
R I | BRI B
o
(S —
H——
@
e

12 14 16 18
m, (GeV/c?)
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« ~ 20 higher than the SM expectation



Results on B—X £ ¢ direct ACP

* Over the full dilepton mass range, we have:
Acp (B — X T07) =0.04 £ 0.11][stat] == 0.01[syst]

- Direct A__ is measured in different regions of q°:

D_ =

< "~ B4BAR |

[(b—306) — I (b— stt) 05
[(b—stl)+ I(b— stl)

Acp =

> CP asymmetry is found to o
be consistent with zero
everywhere 05

Jhy
w(ZTS} :

10 1 1 15 1 1 1 1 20 1 1 1 25

Or
w
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Included 3fb' LHCb results on

- D° — D° mixing parameters and search for CP violation
using D° — K" 11 decays

* Published in 2013 and presented by myself:

- As “new’ results during the CHARM 2013
workshop as a plenary talk

- During the Epiphany 2014 Conference

17



Formalism in neutral meson mixing

« Schrodinger equation describing the time evolution:
0 [PO()\ [ M, Mlg)f(ru rm)] (|P0u)>>
ot \|P'(1))) — [\Mfy M) 2\I'f, Iz \P"t))

« Mass eigenstates can be different from their flavor
eigenstates: CPTinvariance=> M, =M,,,I', =T,

|Pru) =p|P") £ q\?“) where 2=, 12 ? 12
I_ﬂ_ myg — my, - AT _FH_FL
ST L'y +07)/2 ST 90 Ly +1;

« If CPis conserved, g and p are real, i.e. |g/p| = 1
and ¢ = arg(g/p) =0

18



Mixing of neutral mesons: phenomenology

IR S B S
> @  K%XZD3 & p’X=0-00%8
Blue line: 0.5 y=" I y=5 ]
givena PO att=0, £ | Smallest mixing ]
the probability of B o 710
finding a P? at t - /*“ 3 o ]
0 — i -In—ﬁ
1 1
Red Line: - \ [arXiv:1209.5806]
given a P9, at t=0, " f T
the probability of i x=0773 X =25.194
finding a PO at t g I © B y = 0.005 (@ Be ¥ = 0.046
gos- 05
DD_.o--—-f"_T"F'u_'TT %E—L—T\_ﬁ—ql 5 ) 3 l—zt h i 3 A T 40
[(PY(0)|PY())]* o< e [cosh(yl't) + cos(xl't)]
; == T _ _ . -
-:,‘1_”[] (0)|P (1)) ‘2 o e Tt lcosh(yl't) — cos(zI't)]



Motivation in measuring charm
mixing & CPV

« D°- DO oscillation is slow (x, y ~ 1%), and
goes through two different mechanisms:

- Long distance contribution is dominant
but hard to predict

— Short distance contribution is CKM +
GIM suppressed. NP might manifest in

Long-distance contribution

the loop

 FCNC processes with up-type > 1% =

quark, complementary to those with T - —

down quarks (K or B mesons,
already studied with observed CPV) po w W po
* Observation of enhanced CPV (>> 1%) in

the charm sector would be a clear indication . — n;"_' : ———— :
: . 8. [

of new physics . o
Short-distance contribution

CKM suppression: b
GIM suppression: d, s

1.27 GeV/c?

2/
15 C
charm 20




Motivation in measuring charm
mixing & CPV

« D°- DO oscillation is slow (x, y ~ 1%), and
goes through two different mechanisms:

- Long distance contribution is dominant
but hard to predict

- Short distance contribution is CKM +
GIM suppressed. NP might manifest in
the loop

 FCNC processes with up-type
quark, complementary to those with
down quarks (K or B mesons,
already studied with observed CPV)

* Observation of enhanced CPV (>> 1%) in
the charm sector would be a clear indication
of new physics

1.27 GeV/c?

wC

charm

Long-distance contribution

il i

D° INew physics? D°

C , 8, T
Short-distance contribution
NP might manifest in the loop
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Charm mixing with D® — KTt

* Two-body decays with only tree-level contribution

0 . D* — DO 7+ /rﬂfi; Dﬂm '-.-'u"’_Dﬂg-EiQr' events DCSW§<E K"
DO flavor is ., O Kt (WS) c d -
tagged by the w u u T
“soft” pion -
from D* D*+ — DO 17+ right-sign events CF W§<a T

—, DV Kt (RS) ¢ s _
O~ a LK
* Assuming x, y << 1 and no CPV, we have the time-
depend(er;t WS/RS ratio: e e e
N ! ' = xcosd + ysind
B(f) — & :—|— + y =ycosd —xsind
NRS(t> ,_]
Vv \4
Ratio of DCS to 'Er)‘éesrfersnc_e 0‘; __>Mixing parameters
CF decay rates decasg Y Measurements on R,, x'2,and y'

22



CPV in charm mixing

 Allowing for CPV, the WS-to-RS ratios are
expressed separately for D° and D°:

(&) + (),

- RT(t)= R, + /R,y t+

=2 (o 1—12
R(t) = Ry /R -t + &) I(y )

14+ A" |
' = ( , ‘”) (2’ cos ¢ £ 3 sin @)
L+ Ay

. == }1_,-'.__1

1/4
) (y' cos ¢ F 2’ sin @)

fz

Mixing measurements on
R.*, x'#,and y'*in D, and
look for the differences

a0l L 2
Apm = 9/] p/dl ¢ — arg (Q) .

lq/p|? + |p/q|*> S\

CPV in mixing / interference between
mixing and decay (Indirect CPV)

R}, — R,
R}, + R

CPV in WS decay
amplitude
(Direct CPV)

Ap =

23



Common methods in charm
mixing/CPV measurements

Divide RS and WS events into a number of bins of D
decay time

In each time bin, the RS and WS signal yields are
collected from fits to get the WS-to-RS ratio

- The WS signal shapes are fixed to the RS ones

Fit the WS/RS ratio vs. D decay time to extract charm
mixing parameters

Correction to account for (secondary) D* from B decays
with mis-assigned decay time

Search for CPV: separate mixing measurements for D / D

24



History of experlmental observatlons

2006: “Improved
constraints” from
Belle

2007: Evidence for
D°-D® mixing from
BABAR

2008: Evidence for
D°-D® mixing from
CDF

Observation (> 50)
only when all the
above results are
combined

-207

>

-10 -

10 |

0 — -

| 95% C L. reglon

Belle 400 fb™" _
PRL 96 (2006) 1518017

o CPV (stat. only]
———————— CPV
— cpv

UJ

20 |

10

-10

" 1- 5 @ contours

I ~at3.90

E PRL 98 (2007) 211802

No-mixing excluded

qof BABAR 384 fb" il

o os 05 00
x'2 ><10-3

x%110°

~ CDF 1.5 fb-!
" PRL 100 (2008)

1- 4 o contours
No-mixing excluded
at 3.8o0

121802

-0.5
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D° mixing @ CDF in 2013

Extraction of WS signals from the fit to the Fit to the WS/RS ratios with
mass difference of M(K+T[T[+) _ M(K+T[) _ M(T[+) different mMixXing hypOtheSES
_ — 9F
=5t CDF 9.6 fb" = | — Mixing fit "
Fi:: 20:_ ...... o 8:_ Prompt component (mixing fit)
é - | ?__ ¢ Data
v 15F - b =='No-mixing fit
P 32.7k WS events - 6F -
< 101 - Data -
- r — Total fit S
5 D* signal S o o R
=== Background 4
T S T R TR T R TR sE ‘L CDF 9.6 fb”
Wrong-Sign AM DIEVI{*:] . _ ‘_|_I L 2I L :I‘ L % LY é L |1|]
o CDF 9.6 fb" t/t
-
20+ N\ I
No-mixing hypothesis : N |
excludedatb6lc + e\
— L. o — iG \ ‘ .
The second D°-D° mixing [ = + PRL 111, 231802 (2013)
observation from a single : & N
experiment after LHCb in E TR R
2012 (PRrL 110, 101802 (2013) ) x? (107)
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LHCb experiment

L)
L N +
n‘!‘ff‘l CMS ; '.

e Single-arm forward spectrometer covering
the pseudo-rapidity range2 <n <5

» Detection of particles containing b or ¢ quarks

27



LHCb experiment as a charm factory

LHCb Integrated Luminosity pp collisions 2010-2012

& oF i i T T Y M VR h—
E: _ Delivered in 2012 (4 TeV): 2.209 /fb 5 5 L

E 2 . ...... . Recol‘deﬂ "1 2012 (4 'I'ev]: 2.082 ,m ................ \ .................... . ........... Y i .................
_E 18 Recorded in 2011 (3.5 TeV): 1.107 /fb : : :

E " Recorded in 2010 (3.5 TeV): 0.038 /fb

- T T T T

- 16 L bbbl e
2

]

E’ 1.4 e
2

£

1 | 1 ] 1 | 1 1 1 l b H H : 1 1 1 | 1 1 1
30/07 29/08 28/08 28M0 27 272
Date

i 1 1
30/06

b e ,
31/05

O G0 01105

« 20x larger charm cross-section than beauty:
o(pp>bbX)= 75+ 14 ub

[PLB694:209-216] = at 7 TeV in the LHCb acceptance

o(pp—>ccX) =1419 £ 134 ub

[arXiv:1302.2864]

The world's largest charm samples!
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LHCDb detector

Hardware trigger system for

hadrons: based on large E. .
Tracking system:

Ap/p = 0.4-0.6% @ 5-100 GeV/c, corresponding

to ~8 MeV/c? mass resolution for D - Kt

depositions in the hadron Cal.

Muon EM + Hadron Requiring [M(KTT) —
Calorimeters M(D%)| < 24 MeV/c?
Magnet

RICHZ2 IT+OT

e Silicon Vertex Locator:
20 um impact parameter
(IP) resolution,
corresponding to ~0.1tT
N - - - decay-time resolution for
O O O .
D - Kn




LHCDb detector

Hardware trigger system for
hadrons: based on large E.

Tracking system:
Ap/p = 0.4-0.6% @ 5-100 GeV/c, corresponding
to ~8 MeV/c? mass resolution for D -» Kn

Muon EM + Hadron Requiring [M(KTT) —

Calorimeters M(D%)| < 24 MeV/c?

Magnet
RICHZ2 IT+6T

depositions in the hadron Cal.

=
> M T ?}!f
c O O ALLK-m)>0 ] pmg
& 12F LHCb 3 =
© s =7 TeV Data e B ALLK-71)>5 ] e
£ _' 2
w . \
o ]
0T 1 = e K —
] A
-o-.. :: Ill::
aﬂmff: W X
7 | \
[
-1 L}
= = = i S i Hte e Bl i i Spa-se-a] i i

20 40 60 80 100
Momentum (MeV/c)

Silicon Vertex Locator:

20 um impact parameter
I.“ R detecto (IP) resolution,

corresponding to ~0.1tT
decay-time resolution for
D - Kn




Fits to extract WS/RS signals

8:—x1|0| T | | | T T | | | T | T | — | | T | | T | | |
&) 8F . Dat: 1 &) 60F . Dat: ]
S b LHCb Data 1 2} LHCb Data :
v 'F RS — hut 1 2 50F WS o -
> 6F . [ Background 3 = T B Background
. N ] . B dominated by random
= 5 - ‘ B = 40 ' candidates —
2 4 T 1 % 30F
O | 1 8 F
S 3F 3 3 .
= f 1 9 20F
E 2F 3 T

N . ™ [
O If 1 31

- PRL 111,251801 7

0 :

2.015 2.02 02.{}05 2.01 2.015 2.02
M (D1} [GeV/c?] M (D1 [GeV/c?]

Computed with known D° and T* masses

_I_I_+
Mass resolution at ) . .
o Rﬂﬁ,<‘ k- ~0.3Mev/icdue Time-integrated fits to 3fb 2011+2012
= to ﬁ Verttex ,be'gg data. In total ~54 M RS candidates and
. well constraine .
pp colision ™. to measured PV ~0.23 M WS candidates are collected.
position
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Charge asymmetry in K %

detection
* In the WS/RS ratio separated by D* charge:
Niog N(D**= = [KErT]prd) L e(KExT)
NE,  N(D*: = [KFnt]prE) e(KFn%)

— D" production and soft pion instrumental asymmetries
cancel out in the ratio

* Still needed to consider: the non-zero detection asymmetry
Akﬂ: e(Ktm) —e(Kmt)

‘4H7r —

A

e(K+m—)+e(K—7t)

— The efficiency ratio € * = 1/e - = e(K*m)/e(Kn* ) is
obtained from dedicated control samples:

e(KTn™) ND —Krn 7)) y N(Dt = Kz T)

e(K—7t) NDt - K-—7ntat) N(D- — Kn—)

- A_Is found to be at ~1% with 0.2% precision and

independent of decay time
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Background from secondary %
D decays

D°-s from B decays are assigned with
wrong decay-time

Suppressed with requirement on y2(IP) ~ @

The fraction of this secondary
component /. *(¢) can induce bias A (¢)

in time-dependent WS/RS ratio. The
bias is bounded by:

0< AL (< [ (O1-R, /RO, ™ jof <D

with observed ratio R” (#) = R(¢#)[1-A,(¥)] 8F E
Due to small level of contamination, we 6 e .
can simply assume the maximum bias IS h
No charge asymmetry observed, s "” LHCb 1
contamination assumed to be symmetric Ofen o | L e

in the fit 0 2 4 6 20
74"



ch

Peaking background

: , - N3 (double mis-ID)
* RS events with both K and m being £"(t) = R({) + NES

mis-IDed as each other will be \/
indistinguishable with real WS
signals in m(D ) fits, and cause

bias in the WS/RS ratio

* The overall effect is well below 1%
of WS signals due to tight
requirements on PID and M(KTm)

(o)) -1

o o

[ X

-

P H | =

O

%) —

]

N

T

;
S

window

o o)
- -
I I

* No charge asymmetry observed,
contamination assumed to be

N(doubly mis-ID RS)/N(RS
S
I
1

QC).
~
~

2 4 6 20
1T
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Time-dependent fit %
configuration

* The mixing parameters are determined
by m|n|m|2|ng Predicted ratios corrected for the

peaking and secondary backgrounds

L o \ 5
‘ }";’_—E;!_R: re ) r?_ _ET_R*&_ re ) : : :
jZ[( — d) +( — d)]+xf+x%+x§

[ [

yd 7
Sum over 13 time )
bins for separately 5 apr — Ara \° , .
for 2011 and 2012 Yo = Constraint for detection asymmetry
(T
data, and for Ak )
samples with 2= Z P; — by Constraint for peaking background:
different trigger P : TP Mainly candidates with K, from D° both being
requirements J ) mis-IDed, suppresed by tight PID requirements

, h— B\’ -
Y3 = Z ( f ) Constraint for secondary background

Systematic effects are accounted for in the final fits
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WS/RS vyield ratio fits

Fits to the 3fb™
data for 3
different
hypotheses on

— CPV allowed -

the CP symmetry

No direct CPV 1

Efficiency correcteQ/

differences between the

WS/RS ratios of D °




LHCDb results

10 L L L L L L e . | L L
| LHCb (a) CPVallowed (b) No direct CPV T ' (c) No CPV ]
I RD+ - RD_ T ;-.. RD+ - RD_ 1
_ 1 . :*lg,_‘ X2t = 'z ]
T of T T\ =y
w4 + 1 -
[ ) 1 [ 99.7% CL R ]
> ==D%68.3% CL ) 1 --D%683%CL T --955%CL R
[ —D%68.3% CL I —D%68.3% CL [ —68.3% CL i
0'..|....|....|....|.....I....I....I....I..'..|....|....|....|..'
-0.1 0 0.1 0.2 -0.1 0 0.1 0.2 -0.1 0 0.1 0.2
xl? [10-3]
LHCb Uncertainties are statistical and systematic combined
Direct and indirect C'P violation no direct C'P violation no C'P violation
REp [10—*] 3.568 +£0.066 | Rp [10_3] 3.568 = 0.066 | Rp [10_3] 3.568 £+ 0.066
Ap 1072  —0.7+1.9 ||y~ [1073]  4.78+£1.07 | ¢/ [1073]  4.81+1.00
y't 1077 51+1.4 | 2% [107?] 6.4+55 | 2 [1077] 5.5 +4.9
22+ [10-7] 19+7.0 |y~ [1073]  4.83 £ 1.07 | x2/ndf 86.41/101
Y’ 11077 45+14 | 2 [107?] 4.6 +5.5
/2~ [10-7] 6.0+68 | y2/ndf 85.99 /99
y?2 /ndf 85.87 /98
R}, — R;| Results are consistent with CP conservation




Comparison of mixing results

* The current LHCDb results are consistent
with other results, and provide an update

to the previous ones wit

loc LHCD

~ - 1o BaBar

PRL 98, 211802 (2007)

o Belle
PRL 96. /Fwo/ (2006)

-lo
PRL 111, 231802 (2013)
1 1 | | | 1 1 1 1 | 1 1 1

-0.5 0

-
el
X

0.5

[107]

=30 ¥ I6 LHCb 20127
— - PRL 110, 101802 (zi
100 .. — Io LHCD 2013 ]

ch

n 1fb! 2011 data

013)



Interpretation of the LHCDb results

e Using only the LHCD results, and with
the constraints of:
2 = (lg/p)F! (2 cosd + ' sin @)
yr = (|qu|ytl(y'cos¢§4:ajsh1¢ﬂ
 The 68.3% C.L. constraints

- 0.75 < |qg/p| < 1.24 for all CPV allowed

- 0.91 < |g/p| < 1.31 for the case without

direct CPV

 The LHCD results contribute in the global
fits for D° —

DO mixing

=
<

<

-0.2}
-0.4F

-0.6F
0.4

\

1 i ' I ‘ I ]
osh LHCb
C E éiNomdeM
0.6 | L0655
. : :.98+0 26 .
045 (30 5 ECPV aIIowed—
02F
- 955% |
O L ] Al

0.4

0:

06 08
World averages with and lg/pl
without the LHCD results 39

T2 14 16 18


http://arxiv.org/abs/1310.7201

Arg(a/p) [deg.]

Global Fit for D°- D° Mixing (&%

(allowing for CP violation)

April, 2013 September, 2013
i = .
o ¥ g Lowmm
i a [
i g
40 E 40+
- W e < |
. e R 20f—
- —[\\ E
07 """""" \ o
-2¢ | —/_2 -
-4 _— _ e o
-6 : =--§' _6 -
02 04 06 08 1 12 14 16 18 ':6.2' 16_E4J 6.i6' "o.ia' ' 4 1
lg/pl Ig/pl

Much improved constraints on |g/p| and ¢ after the inclusion of the most
recent LHCb D mixing/CPV results and CDF D mixing results, as well as the

LHCb A_results (PRL 112 (2014) 0418071)
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Summary

Based on the full BABAR dataset, the decay rates and
asymmetries for B — KOl are measured, and agree with the
SM

Also with the full BABAR dataset, the inclusive B — X_ I’ decay

rates and direct CP asymmetry are found to be consistent with
the SM

With the full Run1 LHCb data, the DO — DO mixing parameters
are measured and CP violation is searched using D — K*1r

decays

Ongoing work on time-dependent amplitude analysis of D° —
T and D™ - D* mass difference measurement using D™ —
D*1r° based on the full BABAR dataset
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