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a Intr OClUCtiO]’I s T cmincler O{: a SUCCESS

o First direct observation of T symmetry violation in the
evolution and clccag of the B° meson

a Search for mixing~inc:|uced CP violation with a new

aPPI‘OaCI"I
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As of 2007/10/23 00:00

w
o
o

22/10/1999 -> O7/04 /2008 :

L PEP Il Delivered Luminosity: 496.65/fb
— BaBar Recorded Luminosity: 477.45/fb

Off Peak Luminosity: 45.32/b ) 3 560 Fb’] CO"CC’EC(J

r —— Delivered Luminosity

Integrated Luminosity [fb™] \

o >500 million BB, cc, 1T Pairs

a 516 Publishecl papers
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' B Factory:
PEP-1I and BABAR

ot e

B Both Rings Housed in Cwrrent FEF Tunnel
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Silicon Vertex Tracker :

The BABAR Defector  [aas s as) | 0(AZ))rrrex=180pum
Tracking (SVT+DCH) -

[ .1.-5T. sol.en'oid - ‘ EMC
N 6580 CsI(T!) crystals

ik O'(PT)/IDT: (0.13/DT+O.45)%
DIRC (PID) e (3.1GeV) PID (ClE /ClX'l' DIRC) :
144 quartz bars o ' HEE - o - *
e o n/IK@4o (0.1-4GeV)
Drift Chamber EMC.:
40 stereo layers _1/4
o(E)/JE= 2.3E &1.85%

Instrumented Flux Return :
Silicon Vertex Tracker

| 5layers, double-sided strips €,= 70 %

Instrumented Flux Return
iron /RPCs (muon/ neutral hadrons)

~2 %

1T ,K—=u

0, ¢ for hadron showers
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(?@@2 3%‘% /13/7Z‘5 confirmation of CKM Paldernr wN
a Fitto unitarg trianglc confirms
: Cabibbo~Kobagashi-Mas|<awa
UTfIf

winter13 7] mechanism as SOlC source O{: CP-

violation in hadron system

evolution and clecay
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PRL 93, 131801 (2004)
I T I T l

&
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o First Observation of Direct CPV :
re-f=rpd-Ff

vents / 30 MeV

E
S

r(B°-K m =T (B°>K m )

— —— = -0.133+0.030+0.009 |
I'(B°-»K m )+ (B°-K m )

PRL 93.131801

v \ L N
0.1 0 0.1
AE (GeV)

o CPVininterference of mixing and dccay:

B - Jo vs B fop
sin(28) = 0.666+0.031+0.013

PRD 79 (2009) 072009

Raw Asymmetry Events/(0.4ps) Raw Asymmetry Events/(0.4ps)
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o First Observation of D°oscillation

* data
1 mixing fit
B random m,

Py | x2=[-0.22+0.30(stat.)=0.21(syst.)] x 10
=19.7+4.4(stat.)+3.1(syst.)| x 10 °

events/0.2 ps

- 0O mixing fit

PRL 98, 211802

o Precise measurement of B° oscillation Frequcncy:

+0.018

T=(1.504+0.013(stat)_; 5 5yst)) ps

+0.007 -1

Am;=(0.511+0.007(stat)_ 0006(5551‘))10

PRD 73, 012004 (2006)
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o Alive and well:

s Still 25 Publishccl papers in 2012

2 Plus 11 contributions (2012+2013) in reviewers hands

e CPT in B mesons evolution and clccay
e CPin D mesons evolution and clccay
@ rare B,D dccays 3

T IePton Propcrl:ies

search for |ig1t NeEw Particlcs ;

: lig'lt hadron Procluction in e’e collisions ;

Franco Simonetto Universita' & INFN Padova
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o Alive and well:

s Still 25 Publishccl papers in 2012

3 Plus 11 contributions (201242013) in reviewers hands

» CPT in B mesons evolution and clecag

e CP in D mesons evolution and dccay

rare B,D dccays ;

T lePton Propcrties

search for Iig'lt new Particlcs ;

|ig1t hadron Production in e*e collisions ;
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o CP-Viswell established
o CPT+CP-V & T Violation

(1.a) Canwe assert T Violation inclePenclcntlg of CPT assumPtion ?
(1.b) Canwe test CPT inthe B system 7

a CPin mixing has not yet been observed

(2) Canwe imProvc wrt existing measurements 7

Franco Simonetto Universita' & INFN Padova
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PART I

(and testing CPT)
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o CP-Violation and CPT Theorem implg T-Violation in elcmcntary systems
o Testsof T-V ignoring CPT<Th:

o Electric Dipolc Moment
—28
D <2.9.-10 em
~29
D

=7x7-10 em
@ V. —>V vsV —>V
e K H e

Neutron

c/cctron

Needs Iong baseline, high v flux
@ In Parl:ic:lc clccays :
li>—|f> vs [f>—=i>

@ in thc cvolution ancl clccay of ncutral unstablc mesons

Franco Simonetto Universita' & INFN Padova



i w7 Violation in Pardicle Decay
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a Idea"g compare two time~corjugate processes

ABY - K m )

o Unfeasible :

s collide K,ﬂbeams!
a tiny eHects

a swamped bg strong interactions

Franco Simonetto Universita' & INFN Padova
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a Comparc mixing rate for M’ W VS W—% M

s Make (wise) use of time information to assess the

role of T-violation

a Sole result (before BABAR ): 5 g effect @ CPLEAR
PLB444 (1998), 43

;E.G.Dit -
0.03 F
0.02 E
0.01 E

III|III|IIIiIIIlIII|III
1 12 14 16 18 20

Neutral—kaon decay time [7]

+1.0

stat — syst

>)=(66+13

Franco Simonetto Universita' & INFN Padova
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Qb s e - v(as) - BB @ PAPAR

& Boosted beams (By=0.56) allow measurement of proper time difference:

<AZ >[ByTCc~ 250 um

® MH#S) —2M(B) =10.5794 - 2*5.279<m_

o DB Pair constitues an entangled quantum state, with same

quantum numbers as Y(45)
o Small B momentum in the transverse direction (<340 MeV),

mesons are boostecl along the beam |ine

Franco Simonetto Universita' & INFN Padova
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@ In Practice, exploit EPR entanglcmcnt in BB Production atY(4S)

e e — Y(48) - bb

Franco Simonetto Universita' & INFN Padova
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@ In Practice, exploit EPR entanglcmcnt in BB Production atY(4S)
e e — Y(48) - bb

(1B°(t,)B°(t,)> — IB(t,)B°(t,)> )

1
T2

s Flavor taggecl with hlgl'l e{:ﬁciencg by same means as CP analgses :

s - -
— ¢ X ¢
- K X

_|_
— 'lTSOth,

Franco Simonetto Universita' & INFN Padova
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@ In Practice, exploit EPR entanglcmcnt in BB Production atY(4S)

e e — Y(48) - bb

~ L(IB°(t,)BC(t,)> — IBO(t,)BO(t,)> )

V2

o B, dccay to CP +/- eigenstates (Full reconstruction):
-

B,— J/iyK,

B - (cc)K,

k» JIy,p(2S),X,

Franco Simonetto Universita' & INFN Padova
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@ In Practice, exploit EPR entanglcmcnt in BB Production atY(4S)

e e — Y(48) - bb

~ L(IB°(t,)BC(t,)> — IBO(t,)BO(t,)> )

V2

B'— B,

vs B’— B

vs B°— B

vs B’ B,

o ... plus INDEPENDENT tests of CPT and CP

Franco Simonetto Universita' & INFN Padova



(@@) g 7 Analysis in a netshell
N o;“:ﬁ‘i’”_i:;gb?

¢ 7 DI PADOVA
AN -

boosted Y(4S) (By=0.56)
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flavor tag : thisis a B’

T =t
T

cntangled state

thenthisisa B’

Franco Simonetto Universita' & INFN Padova
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flavor tag : thisis a B’
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cntang,lcd state

thenthisisa B,

flavor tag: B’
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a Define At = t(flavor) ~t(CP) Y

@ Consider eight combinations (aqavor x CP x sign of AT

o Fit each with EPR-motivated function [ B=Ki/Ks l

(£AT) [1+45, ,sin(Am AT)+C, ,cos(Am AT)]

— Heavgsi&e step function

a 5”'0([3 , C* ap - fit parameters

0

a T-Violation : A S.ir

U’-I-IC?j +IUJ +

U\U\U\

S
o CP-Violation: AS..= S
S

B
*
RO
+
B

a CPT-Violation: A SCPT

0

Ks

@ Assuming CPT & CP fit rcsults, expect :

Franco Simonetto Universita' & INFN Padova
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ALSEH BD,I‘:E\

B » B,

B_|_ —)BD

S

reference processes/parameters

+

0 0
BY. K¢

/

ASL |

|

<« CP;F /
\. ;| 4
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o Define At = t(flavor) -t(CP)

o Consider eight combinations (lavor (@) x CP(B) x sign of AT)

o Fiteach with EPR-motivated function

[{rd
S

Franco Simonetto Universita' & INFN Padova



b s TV analysis steps : real data

a Need to account for finite At resolution (Paramctcrs fitted in the data)

Fop(AT) o g (AT)XR(AT,AT))

Nrd
=4

Franco Simonetto Universita' & INFN Padova
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7V analysis steps ¢ rea/ data

a Need to account for finite At resolution

@ Need to account for background (mostly for J/W KL)

Events / 2 MeV/c’

a—
]
o
)

a)

~ 8000 signal evts 1000Lb) { ~ 6000 signal evts

B — J/yK{
B— q;(zs)K?
B—y K

B — J/yK]

Events / 2 MeV

N
o
o

522 524 526 5.28 60
Mg (GeV/ch AE (MeV)

Franco Simonetto Universita' & INFN Padova
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il e TV andlysis steps ¢ real data

a Need to account for finite At resolution

@ Need to account for background (mostly for J/W KL)

@ Needto account For dilution From wrong ﬂavor tags

° Tag-catcgory dcpcnclcnt

« Use samPles o{: Fu"g rcconstructccl ﬂavor
cigcnstatcs (DOTLDOK,J/PKO* ...)

=Y
-

B

166 K evts, 89% purity

1y Modes

W
o

Category & (k)  wi (%) Awi(%) Qi (%)

Lepton 896007 28=x03 03=x05 7.98x0.11
Kaon I 10824007 53£03 -01+£0.6 865+0.14
Koon [I' 17.19£0.09 14503 04+£06 868+0.17
KaonPion 13.67 £0.08 23.3 £04 -0.7£0.7 3.91£0.12
Pion 1418 £0.08 32504 51£0.7 1L73x0.09
Other 954007 41505 3.8=x08 0.27x0.04
All 74.37 £ 0.10 312103

]
(=]

Events / 2 MeV/c?

i
(=}

I I A

522 524 526 528
Large tagging power m. (GeV/c?)

Franco Simonetto Universita' & INFN Padova
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Parameter

Final result

&S}:
v

5
AL

-=1.37 4-0.14 4 0.06
1170:18 4 811
0.10 =0.16 = 0.08
0.04 =0.16 = 0.08

Af?*j::p
I

CP
ACqp

[P % et O B TR
0.07 == 0.09 £+ 0.03
0.08 =0.10 £0.04

St t—
=1.304 0.10 + 0.07

‘&Sé_PT
“CPT
ACcpr

0.16 == 0.20 = 0.09
—0.03 4+ 0.13 = 0.06
(15 =017 & .07
0.03 =0.14 £ 0.08

o+
Ej}3'?* Ko
53[‘ KD

-+
C B0 KY

CBD Ix

0.545 £+ 0.084 + 0.06
—0.660 = 0.059 = 0.04
0.011 +0.064 = 0.05
—0.049 = 0.056 = 0.03

1 1 I 1 1 1

BaBar PRL 109, 211801 (2012)
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Parameter Final result

ASE —1.37+0.14 £+ 0.06
AS= 1.17 +0.18 + 0.11
NG 0.10 +0.16 = 0.08 '
ACT 0.04 £ 0.16 & 0.08 ' i
N/
AT, —1.30 £ 0.10 £ 0.07 : T conserved
A 1.33 £0.12 £ 0.06 [, Pestfit
_|_

First unambiguous

observation of

T-violation in B~Ph35ics

with 14 o significance

Franco Simonetto Universita' & INFN Padova
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CPT=V : RESULTS

Parameter

Final result

as{
ifﬂ

-
AC;

=137 =0.14 3 0.06
117F40:18 4 0.1
0.10 = 0.16 = 0.08
0.04 = 0.16 = 0.08

ASEp
v

CP
ACqp

=1.3040.10 1+ 0.07
[P % et O B TR
0.07 == 0.09 £+ 0.03
0.08 £0.10 £ 0.04

G [ CPT conserved
Best fit

R
CPT
ACcpr

oF
Spo ko

0.16 == 0.20 = 0.09
—0.03 = 0.13 == 0.06
0154017 & .07
0.03 =0.14 = 0.08

e ———————
0.545 + 0.084 + 0.06

CPT is Conserved

—0.049 = 0.056 = 0.03

1 ] 1 1
2 A

AT (Ps)n

- -
CPT) AC’CPT

CPT) A CCPT

0 1

Franco Simonetto Universita' & INFN Padova
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a PB°mass cigenstates differ from flavor eigcnstatc:

1

| 5L//”i > = \/ 2
P *q
° q=p= 22 <=>B, 4 are CP eigenstates, CP is conserved

[p|B’>+g|5°>]

a CP asymmctry :

£, =

I'(B°(0)=B°(£)—I'(B° gl p
B’

I'(B°(0)—=B°(t))+I(
» Standard Model : very tiny effect
£,B°% = (—4.1+0.6)-10

9P

(Lenz, Nierste, arXiv:1102.4274 (2011)):

£,B.) = (1.9+0.3)-10
a Positive observation : DISCOVERY OF NEW PHYSICS

Franco Simonetto Universita' & INFN Padova
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o Colliders:B Producec] in oPPosi’ce flavor Pairs

o Mixing : find two equal-flavor mesons at decay time
24 9 V)

a CP asymmetrg is usua“g measured througl': B scmileptonic dccags :

Ncgligiblc CcP asymmctry in
direct scmilcptonic c]ccag

(model indcpcndcnt)

Franco Simonetto Universita' & INFN Padova
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@ Anew aPProach, Pioncrccd 133 BABAR is here Prcscnted:

®_
@ “Reco”I®t B : Partial reconstructionof B’ —£7 v ,D

2 “Tag” 2 B use chargecl Kaons

Franco Simonetto Universita' & INFN Padova
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e —
Use only € and low momentum 1 from the decay D™ — 7 D’

Assume B° at rest in Y(4S) frame IS'BN 0

Get D' from T : P;DZ f ( P_:T )

ComPutc missing mass from four momenta difference:

N
0.4 GeV2/c*

Mi — <7315_7)D*_73z)2 -

800
=

ARGUS (1986) : first evidence of B°
mixing at the Y(4S) ...

400

0
...then CLEO, DELPHI, OPAL,and |
BABAR (4 Publishecl papers so Far?*‘”“_w —

Franco Simonetto Universita' & INFN Padova
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Pardial Feco @BABAR

o B clccay Point intersecting bcamspot, (M

tracks
o Selection : likelihood ratio combining

Py Prob (Vi) £(2,,2,,Prob(Vix))
@ Cut £>0.4

& data

g

—
<
o=
—
2]
o
&
=
2

Franco Simonetto Universita' & INFN Padova
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Samplc comPosition:

a continuum From rcscalccl omCF~Pea|< events

o fitfor BB combinatorial, Pcaking B*, and
Peaking B fractions assuming shapcs from

, , ;
simulation M =

o combinatorial x-check in ¢ ' sarnPlc -

| — Fit Result

CP-eigenstates
_ BN Other Peaking
| B D#**

(5370+6)-10° Peaking Events S Fp—

continuum

Franco Simonetto Universita' & INFN Padova
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o Kidentified using dE/dX & Cherenkov with high Purity

o Tag-b clccag Poin’c from intersection of Kaon track and beamspot

°» D Cﬁne AZ = Z’RE:CO - Z'TAG

Franco Simonetto Universita' & INFN Padova
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ol P

ALY

2 Equal chargc Kaons also from the reco
side, mimick a mixed event .

Franco Simonetto Universita' & INFN Padova
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ol P

ALY

2 Equal chargc Kaons also from the reco
side, mimick a mixed event .

a Separatccl on statistical basis by:

o At=(Z, - Z )/ (cBy)(in the Lab)

Franco Simonetto Universita' & INFN Padova



(30 )
;;c b= 1¥-,|.l\;‘f’ UNWER‘DITA T e n Ta
5&; ﬁ_ﬁ/ﬁ DEGLI STUDI /] K'do
\PNT L ,baf? DI PADOVA

AN

I y
QIS

2 Equal chargc Kaons also from the reco

side, mimick a mixed event .

a Separatccl on statistical basis by:

Reco-Side
o At=(Z, - Z )/ (cBy)(in the Lab)

|III|III|l[||\lI|III|III|III|I]IIII|-

o cos(8,) (in Y(4S) rest frame) e T R e
cos(, )

Franco Simonetto Universita' & INFN Padova
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Q’.

o Observed asgmmctncs for mixed reflect RECO-side chargc asgmmetry,

K-id chargc asymmctry and Phgsncal asymmctry

Jgo.&d,,fﬁ-jaq ~ AT AT Ay

Franco Simonetto Universita' & INFN Padova
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Q’.

o Observed asgmmctncs for mixed reflect RECO-side chargc asgmmetry,

K-id chargc asymmctry and Phgsncal asymmctry

/‘gam,fc-jag ~ Apt Ayt Ay

o Kaons from reco side have tiny contribution from mixing; :

']ga@d,,]ﬁ-ﬁec ~ Apt A +X Ay

Franco Simonetto Universita' & INFN Padova
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Q’.

o Observed asgmmctncs for mixed reflect RECO-side chargc asgmmetry,

K-id chargc asymmctry and Phgsncal asymmctry

Jfam,x-jaq ~ Apt A+ Ay

o Kaons from reco side have tiny contribution from mixing; :

/gam,fc-nw ~ Apt A +X, Ay

a Measure also single lepton asymmetry (before tagging) \

+ - -+
B, = e O g X,
abs,Rec £—|— Tl'; —I—Z_ Tl': Ree d 74

Franco Simonetto Universita' & INFN Padova
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o Observed asgmmctncs for mixed reflect RECO-side chargc asgmmetry,

K-id chargc asymmctry and Phgsncal asymmctry

/‘gam,fc-jag ~ Apt Ayt Ay

o Kaons from reco side have tiny contribution from mixing; :

']ga@d,,]ﬁ-ﬁec ~ Apt A +X Ay

a Measure also single lepton asymmetry (bc{:orc tagging) \
ﬂa&,ﬁea ~ Ap.tTX Ay

a Constrained sgstem:

determine and main sources of systcmatic unccrtaintg from the data
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@‘j MEASUREMENT

0 <~. DI PADOVA
"n

a 5D binned fitto (At, o(AD), cosf, , M %, PK)

BABAR Preliminaxy
SPaCC

K

e Usealso oPPositc sign K- /K to

improve precision on resolution parameters,
mis-taggjng etc.

a More than 100 free Paramctcrs:

o £, A, A, K-Rec fraction, fraction
of wrong tags (chatge de/ocndcnt),
fraction of DCSC Kaons, AZ resolution

Paramctcrs,

Franco Simonetto Universita' & INFN Padova
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7 A

A

=47 DI PADOVA

Pea,é/ng Bo ZDF -

]:(cosem, Mi’/DK)A t,o(At) bin

o Four terms, one per each X charge combination: | 9s5=799 for tag side X

5. =993 for reco side X

Kr

(g

c o)) =
{ (1—1[++)[(1—w

w = wong chaggc tag ﬁ‘ac.

(1+£,)(1+2,)

_|_

]—Irwﬁ

G )H(1+X, 42
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H_AB\':’

o Four terms, one per each ex chargc combination,
inc:lucling DETECTION asymmeties:

9, 0 () =142, )1+ A,))X
()T Gl f)]+
.

B’
Fri(l-w )4, (

_|_

[(-F i )(1-w )

-

j:(coseeK)Mf’/DK)At,a(A t)) bin
§.,=P90 for tag side X
G =997 for reco side X

Kr

w = wong C/)ngé tag z[rac.

<1+Xd/€zz) }
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L

Ve oo i 2, 1
=S j:(cosem,/\/lv /DK)ALL,(T(A t)) bin

§.,=P90 for tag side X

5, =P93 for reco side X
w = wong C/)ngé tag z[rac.

o Four terms, one per each ex chargc combination,
... TAG-SIDE contributions:

G, (]) = (1+£,)(1+4,) x

{ K
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a Fourterms, one per each tx chargc combination
and RECO-SIDE contributions:

9,0 () = (1A, )(1+£,) X
[ (1-F, )(1-w

_|_

-

j:(coseeK)Mf’/DK)At,a(A t)) bin
§.,=P90 for tag side X
G =997 for reco side X

Kr

w = wong C/)ngé tag z[rac.

)9 oo )@ G gzl )]+

)
( Fo (1w )G, ( N+(1+X,4£,) ) )
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‘) Tl Pea,@ng BO Pdf - 7&3 Side

o | |=j§
\?\Q = '9{;' DI PADOVA

@ cosf,,M? Py from simulation

a At: convolve resolution with Physics—-motivatcd functions :

2 -
1 72 | cos(AmaAt’) — | 2|(b+ c) sin(AmaAt’)

’) (
’2) cosh(ATAt /2) + (1
’) (
’) (

Fgogo(At) = E(AL) cosh(ATAt' /2) +

2 -
72 | cos(AmgAt’) + |Z|(b — ¢) sin(AmgAt’)

2

Fgogo(At) E(At)| |1+ cosh(ATAt' /2) — | 1 72 | cos(AmaAt’) — |=|(b — ¢) sin(AmaAt’)

2

2
T
- 2
Fpogo(At) = E(AL) T
2
T
2
T

Fgogo(At') E(ALY| |1+ cosh(ATAt /2) — [ 1 72 | cos(AmaAt’) + | 2| (b + c) sin(AmaAt’)

E(AY) — ﬁe_rolm’lj
CP violation in the tag side :
-
b=2r sin(2p+y) cos &,
c =-2r' sin(2B+y) sind'
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i e Peating B2 Pt - Reco Side

ﬂ’h'_\:’l.ll

@ cosf,,M? Py from simulation

o At: use enriched Reco-side sample

F Babar Pre]iminarg

t Babar Pre]iminarg
F 02<P, <05GeV

E 02<P,_<0.5GeV

[ 12<0(A) <18 ps on b 24< o(Ab) <3.0 PSJ+

I | PR AR B - L L M —f—t.nri

¥ /hdf 36.695 4 2010 15 - ¥Ahdf21.945 / 2010 15
P1 0.9505 + 0.8719E-02 & P1 09058 £ 0.1748E-01
P2 0.1081E-01 4+ 0.4533E-02 [ P2 0.1173E-01 % 0.5114E-D2
P3 0.9821E-02 % u,;L -02 - P3 0.6797E-02 £ 0.1091E

02
P4 -0.4390E-04 + 0.6]144E-04 P4 -0.8B146E-04 = 0.5410E<04
PS5 -0.3679E-04 £ 0. E-03 s PS -0.1842E-04 + 0.5570E%05

}

S PR
15

At(ps)
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@ﬂj o BacKground PDF

s Combinatorial B° : similar to Peaking B°, many common
parameters, inclucling lcl/ Pl and detector asymmetries

@ Pcaking and combinatorial B* : same aPProach, use pure lifetime
At PDF, thPs constraining detector asymmetries, resolution

Paramctcrs, etc.

a Continuum : Paramctcrizccl PDF from OFF~Pca|< events

Franco Simonetto Universita' & INFN Padova
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A

(0.06+0.16722%)%

BABAR Preliminarg

a No Positive observation @

JoJ

Alg/pl

T < 103

+0.39 x 1073
4+0.60 x 103
+0.11 x 1073

+0.65 x 103

04 x 10-2

Source

Peaking Sample Composition
Combinatoric Sample Composition
AT Resolution Model

Dtag fraction

Dtag AT distribution

Fit Bias

CP-eigenstate description

Physical Parameters

Total

x 102
4000

[ BO Peak.
L =31 cP—eig.
LB B+ Peak.
L Bl Combin.
:—- Contin.

3000
2000
1000

x182

2000

+0.28 x 1073

% x 10

(=]

Fit to the simulation | MC truth
(0.35 £ 0.46) x 1073 0

Fit to the data
(0.29 +0.84) x 107

Parameter
dcp

-10 -5 0 5

10 10
At(ps) At(ps)

Asymmetry

i

_$|+ +L+++. TSR SN
= T T T T R

et
+ 4T TIJ[ |

A?‘B
A?‘Iu.
Ak
Tpo
&md

0.0030 =+ 0.0004
0.0031 + 0.0005
0.0137 £ 0.0003
1.5535 + 0.0019
0.5085 + 0.0009

0.0097 £+ 0.0002
0.0084 + 0.0003
0.0147 £+ 0.0001
1.5668 + 0.0012
0.4826 + 0.0006

10
At(ps)
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BABAR Pre iminarg

A, = (0.06+0.16"22°)%

a Consistent and more Precise than Prcvious B-Factories average:

A, = (—0.05+0.56)%
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BABAR Pre iminarg

A, = (0.06+0.16"22°)%

o Consistent and more Precise than Prcvious B-Factories average:
A, = (—0.05+0.56)%

Y ComPctitivc and complcmcntary to similar

measurements at hadron CO"idCI‘S:

d s
A,=C A, +C_A, (Do)

LHCb Pre|iminar>

DO &,
[iE BaBar Preliminary E:l
() AP, ) 68% C.L.
AL(IP )BB%CL.
=120
B Combination
=  Standard Model

-0.04 -0.02
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BABAR Pre iminarg

A, = (0.06+0.1672°

o Consistent and more Precise than Prcvious B-Factories average:
A, = (—0.05+0.56)%

mED.DE oL I T T T |

. .. 0 Di
3 ComPctltnvc ancl complcmcntary to snmnlar 'm‘.mn

measurements at hadron CO"idCI‘S:

d s
A,=C A, +C_A, (Do)

_ + . + _
(B.—D. ¢ X)—(B.-»D' ¢ X) =~
— LHCE Preliminary a*
A,= : ~=
(55_)D5 Z X)_<55_>D Z X) Eﬁmaaﬂarprﬁliminmya:

A; {IF'H a:J 68% C.L.

A:{IF"”K_] 68% C.L.

B Combination
*  Standard Model

-0.04 -0.02

S
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BABAR Pre iminarg

A, = (0.06+0.16"22°)%

o Consistent and more Precise than Prcvious B-Factories average:
A, = (—0.05+0.56)%

o 50.02m

Y ComPctitivc and complcmcntary to similar

measurements at hadron CO"idCI‘S:

d s
A,=C A, +C_A, (Do)

— + . —
(5,-D, ¢ X)=(B,~D_ £ X)  mmws
AS — LHCb Preliminary a"
V4 -+ — — DO &,
(55_)D5 Z X)_<55_>D Z X) Eﬁmaaﬂarprﬁliminmya:
() AP, ) 68% C.L.
-0.04 A:{IF"_W] 68% C.L.

d <50—>D(¥)+ Z+ X)—(E)—)D(¥)_ Z_ X) ?Enmbinaﬁm

A Standard Model .
= - — — -0.04 20.02
“ B x)+(B =P ¢ X)
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BABAR Pre iminarg

A, = (0.06+0.16"22°)%

Consistent and more Prccise than

Prcvious B-Factories average:
A, = (—0.05+0.56)%

ComPctitivc and complcmcntarg

to similar measurements at hadron

colliders

Contributingto world class e

’, Id 4 ’ ’, DD I:I
precision in the determination of ——fe— a
;o , () AP, ) 68% C.L.
B-mixing CP asymmetries AZ(P. ) 68% C.L.
B Combination

&  Standard Model

WA (grey) consistent with SM @ -0.04 0.02
lessthan2 o
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Five years after end running, BABAR has still  nttp://www.cconomist.com/node/21561111

glamour results on CP/T-Violation: P

o First uncontroversial evidence of T-Violation @ ®
’ ) @.v-.:. \ P ]

a Most stringcnt limit of mixing-inclucccl CP-

Violation in the evolution of B° mesons
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ot S

e alectric dipole moment <10.5 % 10— 28 ecm, CL = 00%
it electric dipole moment (—0.1 =0.9) % 10719 ecm
pt decay parzmeters

transwerse ¢ polarization normal te plane of g (-2+£8) = 102

spin, & | momentum

af /A (—10 4 20) = 10—3

A A (2+7) <103
Re(d, = 7 electric dipule moment}) —0.220 tv 0.45 x 10719 ecm, CL = 95%
Fg in Kt — '.'TDI.'J_ My (—1.7 = 258) = 10—3 .
Ppin KT — oy (~0.6 = 19) x 102 CPLEAR: PLB 444, 43 (1998)
Im(g) in KT — .?:'Olri‘l‘i-'”_ decay (from transverse u —0.006 &+ 0.008 C{]]upal'es KD — ED with ED — KD

pal.) 7 T s "
asyminstry .-4; in KO0 nixing (6.6 L 1.6) = 10—3 | PVIIKIH_E rate.
Imi£) in H;':S decay (from transverse it pol.) —0.007 4 0.026 * Related h}* T and CP.

adg"l:ll.:"i . ﬁ% KEr+a—) (—12 4+ 11) % 1{;.—3 - l\.nt tiI‘ﬂC-ﬂCpCl]dﬂl‘lL

Ap(D¥ — KtK—xtam) (1+7) %103 farious criticisms.
AT(DE — KikErtam) (14 4 8) x 10~3

p electric dipale moment <054 % 10742 eem
n electric dipole moment <029 ¥ 1022 ecm, CL = 90%

n— 8~ T, dacay parameters
pe Ve fecay p BADAR:

. . .. PRIMECIEL, 111103 (2010)
triple correlation coefficient D (—1.2 L 20)x 104 PRD(RC) 84. 031103 (2011)

triple correlation coefficient A 0.008 + 0.016
A electric dipole moment <1.5% 10710 acm, CL = 95%

triple correlation coefficient D tor = — ne™ 7, 0.11 L 0.10

# Ay - phase of g4 relative to gy, (180.018 £ 0.025)

Triple products
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e s, Dilepton Asymmetry @ colliders
o=

a DO claims Iarge unexPected asymmetry
in cclual charge dilcpton B dccags at
ICHEP 2010

Lifetime analgsis . effect connected to

"EDO A,

- « Standard Model
- —B Factory W.A.
DO and LHCb then measure asgmmctrg T HDE BoD, u X

55 miXiNg

in the rates of B, —>D® pv clecays .0.04-0,

P o qoq g | o g
3-0.02-0.01 0 0.01

| DO dimuon, :

o These measurements are consistent -
both with the SM and with DO clilePton
results

- DO D"y, Dsp,10.4 m*&
Bands corrcsi;)ond I

Y@9),

- to central values £ 10
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o Two-levels systcm evolution:

.d(gq):{(w] i-.;a"‘)_z(rﬁl FEI*)’ (g)
: Bq *'M'gl Mrfl 2 Fgl F{fl E Bq

a Mass eigcnstates are related to flavor cigcnstates bg the relation:

0 0
1B, > = = (B >=—IB >)

o Where
I 12

#£, sin ¢

12

a We havc:
+1.8 -3

1-(0.3°,, )10

1+(0.2+2.8)10 °  Previous W. 4
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