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CA [pn B m/x/ng

b uc,t d b W
o+ + #+
New Particles in the
7 W W g B Lt uctY RO boxes could moclhcg
SM expectations
d u.c.t b d W b
> > > —a»—ae  \NNNNN——

.Boq~ Boq oscillations & decag govemed ]39 an Effective Hamiltonian:

ii(ﬂq)_[(ﬂdﬁ Mz) E(P‘L FEI*)’(B{,) [M,1= mass matrix
{ﬂ, Bq K *Mgl M;rl 2 Fgl ]-—I{'f 1 4

B,

[Fij 1= decag matrix

.Phgsical Eigenstates with defined masses and widths:

1 -
B Bid B, >iF1(a/p) |=1 they would be also
|ByH) = NS (1B,) = (a/p), |Bo)) VP, Y
CP Elgens’cates
.Neglec’tmgo(m /MZ)
Am,=m,;—m, —2‘F ‘cosd)

p=arg ( M(fz/rcfz) CP Vlola’cm_g phase




CA [pn B P2NiINg

Y (4S) machines & Hadron Colliders: b quarks Proclucecl mainly in bb Pairs

> CP Asgmmetry (time—-inclepenclent):

) _ Prob(B'—B",t)—Prob(B°—B’,t) N(B"B")—N (BB
CcP— n0 1

Prob(B" > B°,t)+Prob(B° - B°,t) N(B°B")+N (B°B°)

.E‘xPerimenta”g: measure charge asgmmetrg in mixed Semileptonic B° events:

A, = N(ff)—N(€Z>: 1—|q/p:: ‘F(fqz| sin ¢ >CPVin mixinghcz
N(e¢)+N(ee) 1+lglpl M3 A_#0 ©q/pllo 020
Standard Model Preclicts Begoncl Standard Model

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

.Bd:

.Bs:

A?_ = (-4.1£0.6)10"
® =-4.3°41.4°

A®_=(1.9£0.3)10°
® =0.22°40.06°

A

JNew Phgsics could modhcg M? and A,

12

leaving 1. unchanged:
S 1n g

NP ,q __ SM , q . —
MY =M A A =|A,

ei (l)?

NP _ |F61]2| Sin(¢§M+¢?)
SL |MSM,q| |Aq‘

12




CA2A [pn B M/X/I’g

*HFAG average of Y (4S)
measurements gives (arXiv:1207.1158v1):
|a/p| =1.00021+0.0028

A°_ =-0.0005£0.0056
In agreement with SM

0.02 ————
" | DO dimuon,
9.0 b!?
S
0
h D b
-0.02 - -
I Y (4S),
-0.04 - HFA -
0.04 002 0 70.02
dg)

New results from BeauthZactories & LHCh will hell:) to understand the

cliscrepancg

Hadronic Colliders measure a
combination of BOGI & BOS CP

parameters:
b — d S
A SL_CO/L\ SL+CsA SL
> C, _depend on B° production

rates & mixing probability
*SM predicts:

+0.005

b —_— =
A° =(-0.028 -0.006

)%

New DO result on charge
Asgmmetrg of Iike—-sign dimuons

ditfers 139 3.9 6 from SM exPectation
(Phys. Rev. D 84, 052007):

A _=(-0.787+0.17240.095) %

5




Analysis Method

(See BADs 2514, 1735)



Portial Keconstruction

Partial Reconstruction of B° »
alreaclg exploited in several

measurements ( B°, Am,

lq/l:)l using Lepton Tag)

Reconstruct onlg LePton & L

.Signal selection bg means of
missing neutrino mass with the
aPProximation of B at rest

D energy fromr . kinematics

soft

.Sample ComPOSlthﬂ From

external fit to M2 by ﬂoatmg D* D**
and Combinatorial usmg MC shapes
«Continuum from rescaled OHPeak

D

Mf;':(ﬁ-Eg--Ef
=10” K

) - (pp- +po)?

1000 —
| — Fit Result

o 0 CP-eigenstates

- B Other Peaking

i D**

soo— [l BB combinatorial

HEl continuum

400

200




Selection ard 7/&5\9//7\9

0.06<P1_ . <0.20 GeV; 1.40<P 1, <2.30 GeV
Selectors: e: PlDLHE]ectrons)

H: muNNLoose, K: LooseKaonMicro

oo Likelihood

entrjes 10.01
2

8
g

Dest le[:)ton LIS Pair per event choosen -
exploiting |ikelihood Ratio (P,,Pr_., Vertex -
Probabilitg)

Continuum and Combinatorial BKG

suppressed 139 means of Event Sl’xape
variables & Vertex Probabilitg

.Tag B Flavor from K chargc
.Tag B Vertex from K & Beam Spot

Tag K N



K -—-7’&33//73 Cat egor/eS

b->K+b->c->K [ FromtagB | “Btag’

D’—>K | From decai B “Dtag”

Tagging Kaon Sample:

Lepton

\ ®~«~-- -0 éTagKann
‘V Decay Side

Tag Kaon Dtag”

Tag Side mostlg Populate the
PReco B ,

“Btag” Tag B oe0 “Mixed” event sample

(K~|€Pton charge

correlation)



PDF (A D&SGHPZ‘ 10N

.Icl / Pl obtained by a Binned Likelihood simultaneous At Fit to 4
subsamples: Unmixed (I'K*, I'K); Mixed ('K, I'K)
-Signal B° Btag PDF for Positive Mixed (I'K*) samplc, (similar

expressions applg for the other ones):

AIE

q

| ;
Foignal(AtL, 8t,8m) = e p

2
r’z) cosh(ATAL/2) —

Y

2(1 +r72)
§ (1 )
p

ET’E) cos(AmgAt) + E '(b + c) Sm(ﬂmdﬂﬂ]

r = ’-IDG’S,’" AG‘F‘

b= 2r"sin(28 + v) cos §’

Assumptions: ¢ = —2r'cos(28 + ) sind’
. =0 5 = b, — b,
Double Cabibbo Suppressecl Parameters b) c are treated as effective

Parameters due to strong correlation with resolution function

.Onlg Iq/l:)l is measured



PDF ( AZ‘> Des Cl/‘/pZ‘/on

oIn Real Life some Phgsics & Detector effects have to be taken into
account:
.Phgsics
> Mistag:
W' =Prob(B° » K, w =Prob(B° » K", Aw=w’-w", w=(w" +w) /2
eDetector

> Reconstruction /—\sgmmetrgz

p=g(I", ), p=¢(I, ") Aree = (p—p)/(p+p)

> Tagging Asymmetrg:
1=¢(K"), 1=€(K) Apg = (1 =7)/(T+7)

> At Resolution 1



PDF (A D&SGHPZ‘ 10N

Modified PDF for Positive Mixed (I'K*) sample, (similar cxPrcssions
apply for the other ones):

Fress(At, g = 1,85 = ~1) = pr [(1 - w)F (At 1,-1) + W Fy (AL, -1, 1}] =
= RT(1+ Arec) (1 + Asag) |(1- ) F (AL, 1, -1) + Wi Fy (At, -1, 1))

= [:ﬁ R ﬁ]f? Bicisa | By isa | s | sy,
i BC BY 1| -1
T=(r+7)/2 B B |11
B¢ BY 1|1

BY BY .| 4

.Obsorvool FPDFs are obtainool From tho convolution oF tho moclhqoo

PDFs with a resolution function (sum of Gaussians convoluted with .

oxponontials)



CP -—-e{genS lales & Contincirr

CP~eigenstates t

About 1% of B° events clecag into
CP-eigenstates (mostlg DD

AR EEE)

> Described bg:

Feope(At) = %E—Pﬂiﬂtlu + Ssin(AmaAt) £ Ceos(AmgAt)

> S & C obtained from the

simulation

s 8505 328 13

. ;_ Asymmetry
sE-

«Continuum BKG modeled with a |‘..
|

clec:aging exPonential with effective iﬁ
lifetime

NI




A na/ysfs Sz‘raiegy

.Crucial Issue: discriminate between Phgsical & Detector charge

asymmetry without relging on control samples

Different sub~samp|es (B°, B+)X(Pea\<ing, BKG) X (Btag, Dtag)
share Phgsical ancl/ or Detector Asgmmetries in different

combinations.

.Stratcgy: cliscntanglc the Phgsical vs Detector Asymmetries by
cxploiting all the available informations from different 5ul:>~samp|cs.

> Also the BKG and the Dtag sam|:>|cs are useful!

14



A na/ysis Sz‘raz‘eﬁy

«Observed Asgmmetry in the ditferent subsample used to

disentangle Phgsical vs Detector contributions:

B° B’
Reco evts
(Ta g+U nta g) Arec + Asl* . Arec
Bta g Arec + Atag(PK) +Asl Arec + A’tag(PK)
Dta g Arec + Atag(PK) + Asl* | Arec + Atag(PK)

15



Analysis Strateqy
.ngothesi& same Detector Asgmmetries shared ]35 different

samples

> ) ) Electrons Muons
« Verified on simulation: Agi(Btag) 0.0149 + 0.0013 | 0.0196 + 0.0016
A B N{E+K+:] —ﬂr{E_K_:] Afj{[ﬂtﬂg] 0.0152 £ 0.0009 0.0205 + 0.0010
K= NE+KH)+ N(E-K-)  Awx(Btag) - Asxc(Diag) | -0.0003 £ 0.0016 | -0.0009 + 0.0019
R dlctons A
”-["é' D + D.Diﬁi— + s = 1 |
naosf | WET =TT = |
L ST 4 | e
-[:u:nsé;':'ul e 41.'.1}_':',1I —L L o | | | l T
tedidds  dtddddia. FRIIINI
PEPEL080 QQfe1it) fq8¢111¢
3 8 3 § 3 8 3 8 i &8 5§ 5§ &8 8 § §
8 8 g g dd § 4 8 ggdd g 8 8 g g & & 3 &
. Last version of Fit uses different Arec for Peaking/ BKG -



[./‘ée/ 1hood Constran?s

Dest statistical accuracy on Phgsical/ Detector Asgmmetries and mistag
obtained bg appiging to the Likelihood some multiplicative Binomial

Constraints

Jforevery P, bin of Signai B° Btagevents, (similar expressions applg

for the other samp es):
C(w, Arec, Atag, 61/19|)=(A]7V ) Py (1= py )" X
M
N N ik Ny N NUK NUK'
(M )pMK++,M<1_pMK+,M> (°'v )pUKTU<1_pUK+,U)
NMK"‘ NUK"‘
.N:NMixcd+NUnmixed5 NMixed:NMixed K++ Mixed K~5 NUnmixed:NUnmixeci K++NUnmixed K~

Probabilities Py obtained from integrals of the relevant observed
PDF(At) in terms of mistag) Phgsicai and Detector Asgmmetries

o5 Detector~A59mmetr9 Parameters ﬂoateci N tiie ﬁt 17



MC \/d/ 1 aZ‘/on

(Run-Kung, Kelease 24, Analysis 3)



Mis fdg DeZ‘erM/‘ndf/‘on

Dilution D (PK) =1-2w floated
W lower at higher P
K

Fit results in agreement with

countin
AW (PK) =0 (K -w (K floated =
B° PEAKING B° Combinatorial BKG
w Mixed) =w (Unmixed) w Mixed) <w (Unmixed) !

Mixed = True_Mixed*(1-w)+True_Unmixed*w
Unmixed=True_Unmixed*(1-w)+True_Mixed*w

D P/ndl 1651 / 2

0t 04435 ¢

°-ﬂ;- M | + 0.6388-0
05 E' 2 0.7316E-01 4 0,3306E-02
0.4;~

o.si-

al PKtag
.

el T T el G OO A IO W OGP A T Y ! OO T N T T Y N TN e Y L TR

T T R

Mixed = True_Mixed*(1-w )+True_Unmixed*w
Unmixed=True_Unmixed*(1-w )+ True_Mixed*w

oS

. ¥/ndf 2,120 / 2

- AD 0.3939 + 0. -02
D i %JMM&E—?

; 0.1129 + 0.4891E-02

Unmixed




B° COMA//?QZ‘OI‘/Q/ ! Effeclive

Jue to charge correlation between Lel:)’ton & T

. B® Combinatorial
soft

Saml:)le shows a higher fraction of mixed events wrt Signal

Jn BKG events it's Possible to Pic‘( up LcPton & ﬂSOFtFrom the two

different B° clecags (more Probable in “Mixed” events) .

> <Xd(BKG)>”L+ Xd(SlG) clepencling on PK

0.35

0.5

BKG

0.25

3 X/ ndf 37.86 7 3

AL 0.19684 £ 0.5B84BE-0
Al 0.7766E-01 + G.?m—ﬂﬁ

=

«B° BKG Observed PDF
modified to include this
egect

2/ mistag & effective
mixi ng Parameters
floated 20



B° Pea,éirg enth Eperimenta/ Misz‘ag

1500
w0 - UnNmMixed« FMixed| PK1
500 20000
135;_ 'Ilu 1|{l e —I1E}| : 1|CI
1U*i— L
3:
jr

x 102
1500

1000

500

104

Q_r
103

‘Unm

£0000

o I

FMixed|PK2

True At

RwMeasurecl Tag
™ Unmixed ™ [ PK3 /Mixed
1E°: 5 : 5

104

104

Fit of mistag in different
PKtag Bins:
PK1=(0.2-0.52) GeV
PK2=(0.52-0.84) GeV
PK?3=(0.84-1.16) GeV
PK4=(1.16-1.48) GeV
PK5>1.48 GeV

21



B° Comb. BKG with
Fffective - (PK) taken into account in the PDF

o
o

=1

4000 F
3000

Experimenta/ M‘Sz‘ag

True At
Measured Tag

=102} x10 T 60000 |- «10 | 50000 [
3 o o - : Mixed = Unmjxed, Mix
. s [
i . 40000 |- oooo |-
3 Unmixed — Mixe ‘Unmixed : PK?2 ; PK3
s S i K1 pagg. = 20000 - B 20000 |-
[ I ] ] : | I | | | .: ]
r e . - .03 i L = 135;_ 0 0 '9'5' 0 10 135;_ =T T Te 3 0 (]
o
] 103} 103 i 0% il |
: ' ' 'f o
1 [y L1 1 ] § il | ik 1 fain | ik
i ] o 10 i 0 0 ] i o 0 T 0 q T] [ 6 10 [0 ]
- 10 - 10 r 10 10 = 10
oot
& o k ' 1 {oipd
1 T i 1# f i t } t |
-10 | 10
Lo | Y - SN S (S0 ST S T WA IO S S SRR 1
1D 0 10 0 10 =T o 10
At(ps)

[ &
TR T T Ty

Fit of mistag in different
PKtag Bins:
PKI1=(0.2-0.52) GeV
PK2=(0.52-0.84) GeV
PK?3=(0.84-1.16) GeV
PK4=(1.16-1.48) GeV
PK5>1.48 GeV 2



Nt Kesolwdion

Resolution Model oPtimized bﬂ ﬁtting Ot=At measured -At true

(Phgsics & mistag effects removed)
«Resolution Parameters shared between B° & B* (dhcmcerent for Peaking & BKG)

MUW - Mixed!, pk1 zUnm d ﬁMixejﬁ{Q

L 13s T i
, /\ }imii
° ; “\‘P!' wvrrrq c iy r,.**“wqﬂ-_s_

-
=]
™

3“03§E§

;;;;;;;;;;;;;;;

.................

g

3 8 8 8

—

Uan m

MixjtKS

;;;;;;;;;;;;;;;;;

o7l Resolufion

Parameters obtained

using an iterative

Procedure and fixed in
the last step of the ’3

analysis



Dt ag Des Criplion

Dominant “BKG” in Mixed events: shows
single—-tag semileptonic asgmmetrg

therefore Dtag Fraction clepends on Iq / Pl

BO (

P e/ ph :f‘ﬁ’omag(lq/ pl=N*g(lq/ph
> g q / PD from integrals of the relevant
Observed PDFs

.I’ZDt floated bg exploi’cing the different At
ag
& 0 (K~Lepton) distributions wrt Btag

events in every PK bin of the various

subsamples

Dtag fraction in B* events constrained

to B° using simulation informations:

P e R PO (q/pl

Dta g

x 102
1400
1200 —
1000 —
800 —
600 —
400 -
200

Bta g

D _At (ps)

4300

000 |-
3800
3000 |
2500 [
2000 |
1500 L
1000 |
500 -

i i i Il|l|l|l
05 D

cos(

9000 F
8000
7000 E
s000 |-
s000 F
s000 F
3000 F
2000 f
1000 |

L0000

80000 F
70000 F
60000 [
so000 E
40000 F
30000 F
20000
10000 :—

-

K~ LePton

ocOs (0

Dta g

cos (6
K~ Lel:)ton

) PDF from MC

K~ Lcl:)ton

oAt PDF from a Hig]'l F’uritg

selection on Real Data

24
o+ Parameters ﬂoatecl



DZ‘dg Des cr/pZ‘/‘on
Dtag At shape from a High Puritg selection, two strategjes:
) PDF"Y=PDFY-*(PDF™"/PDFY)

DATA _ DATA
Z) PD |= ~PD]: High Purity Selection

Data/MC Corrections comPutcd in bin of (PK, OAt)
P =0.2/0.52 GeV, 00t=1.2/1.8 ps P =0.2/0.52 GeV, 0At=2.4/5.0 ps

High Puritg Selection

0.16 |
0.25 | 0.14 | . MC
o7 | 0.12 ;—
e 3 DATA
0.15 |-= N
o.08 |-
01 E 0.08 |
0.04 -
.05 |- o
0.02
. T E——— PR S TR T [ OO T T PR (A i M Eo - W i e R
=18 -10 -5 X' fhdf 36.695 ;/ 2010 15 S —10 -5 ¥ Ahdf21.945 7 2010 15
- P1 0.9505 + 0.8719E-02 - P1 0.9058 + 0.1748E—01
4 :_ P2 0.1081E=01 £+ 0.4535E-02 L P2 Q. 1173E-01 £ 0.5114E-02
- F3 0,9821E-02 = 0.1223E-02 B P3 O.6727VE-02 4+ 0. 1081E=S02
3 - P4 —0.4390E-04 + O0.6144E—04 a3 - =¥ —0.8146E—04 £ 0.5410E-04
8 PS -0.3679E—-04 + 0.6462E-05 § PS5 —0.1842E—04 + 0.5570E=*05
* 2 | T
1 1 :
1] o 5-
-1 ' ' el ' l Cl EEy g JERp el g pelb o egec] e
=15 =Ti) -5 0 5 70 15 -1 I T g o 5




Kesults on B° pedéfng#:BKG

w102

FUnmixe
K+

* | Asymmetry:(U-M)/(U+M)
W -1e ° "
—0.8 — o ‘Asymmetry(M+-M)/(M++M)

=10 1] 0

R I IE:;-:- ok ——
00 -0.5 —

s b dansitooz: t Pooe o: s B | e s 7 T EEE T W T o T
1 Likelihood

- _ Proﬁle ICI/Pl”]=(O]6iO°7I) 107

o _ Arbitrar9 nits

. No Bias found on MC with lCl/ Plzl
saocdl |a/p|-1 20




Kesults on B° Pea,éfng vis BKG

Btag + Dtag

Onl‘q Btag

Qo3

A O.11Z28E—D2

—.01

—0.0075—0. DIJS- 'D-DDE‘ >

380
S0
360
350
za0
330
[9/p|-1
20 —0.071 —0.00 75— 0.005— 00058 0 LO0Ss O.005 O.0075 o.07
=0 71 s =] q}/
52.26 & 3.59
10 - O.129Z2E—03 £+ ST168E—0O
O_1009E—02 £ P 837Z2E—O4
100
— -3
- a/p|-1=(0.13£1.01)*10
a0 -
o
o . (e
sa L e e W T o T T T T n::-:tzau O OOE 50675 —5.67

No Bias found in both the samples on MC w:th lc]/ P|~l

27



( esults on EO+B++COMZ‘//7&(L(M Futl! Fit

8000 [=lWLW =) B
1500 | .
oo [PKG Unmixed *°® FUnmixe s000
'B+ Peak 4000 :_K+ 4000 i
™ [Continuum 2000 | 2000 |
fo S S IRl e S PP o
x 103} S | .

"": ;_ ___M+/M- Asymmetry .
. _ _ _ . | | | ’, At | ’
70 Tz, o «Continuum generated with a Tog using
oeseeE—o03 s 030189009/ ,
T Aty as mPut the OfPeak data sample
il relevant distributions and normalized to
all q/p|-1=(-0.3520.46) 107 the MC statistics.
0 |- No Bias found on MC
s |- With Iq/ PI"] 28
L la/pl-1

|
—0.015-0.0125-0.01 —0.0075-0.005-0.0025 © 0.0025 0.005 00075 Q.1



(&5&(/55 on Modified MC toith /?/p/¢l

.lq / PI related to SCmilePtonic Agy = -

Asgmmetrg:

MC with K=|C|/ PI-IIO obtained bg random rejectinga fraction
F=4K/ 2K+ of mixed B°R° (K<0) or B°B° (K>0) events
-Fraction F/2 of Unmixed events ( B°B°) rejectecl to preserve the
correct =M/ (U+M)

.chection Pemcormccl 59 exploiting the MC truth on B° flavor

«This exercise checks correctness of algorithm) mistag, detector

asgmmetries and Dtag fraction determination



Fitded vs éenerafea/ /?/ p/ —|

S rdf 4075 xS ndf 5.219

A0 —. ?4BEE D.3- %= 0.4543E—03
B [ A0 o. EB;’-?E D4 £ O.3898E—03
QLo o.02 :—
©Peaki ‘ ©
o.o =
B° Peaking | BOBKG
o o il
oo Btaganlg
-2 — 02 =
—0.03 |- —0.03 -
: |a/p|-1 : la/p|-1
SO —eT] —we o Xt 5% —o.0e L e —5oT = T5T 553
0.0
E Ardf 4,210 k=] o4 »Andf 4,109 =]
Z A 0.1447E—03  0.5100E—03 - AQ 0.6580E—03 + 0.3917E—03
c.es |- A1 0.9988 £ O0O.34Z7E—01 0.03 |- A1 09081 + 0.2745E—01
; B
0.02
e Nl ]
o
—0.01
— A2
—0.03
Iq/pl -1
L. —a = w g 5.03 =

1 1 L 1 L L L
— 002 — 001 [=] .01 [+ }=}]

oB° Peakmg no blas Founcl
D BKG onlg (BtagrDtag):
10% bias (2.7 6) on Icl/PI-J for lcl/P|~]= -0.025

30



0.04
0.03

Q.02

a.01

=0.0

-0.02

—0.03

=0.04

Fitted vs (zenerdated | ?/ pl-

ld
Full MC Fit
¥/ndf 4,186 [/ 9
Al -0 4865E-03+ 01774E-03
A1 0.9638 + 0. 1252E-01

Fitted |q/p|-1
Generated |q/p|-1

] L L L | ' 1 | L L £ 1

=0.02

I—D.DII — 0.0 'D.DEI -
Generated |q/p|-1

.SloPc=O.96: ~4% relative bias
on lq/ PI~I found

Ffect negligible comParecl

with the exlaectecl statistical

crror
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/?/ /0/ VS delecZor ,4 SyMMeZ‘r/eS

.Strategg of the measurement: clisentangle the Phgsical vs Detector
Asymmetries bg exploi’cing all the available informations from different
subsamples
.|c| / PI and detector Asgmmetries are strongly related in the PDF
o lest Peﬁcormecl to look for Possible bias on the lq/ PI determination
Producecl bg a not correct clescription of the interconnection between
Phgsical & Detector Asymmetries in the Fit constraints:
> Modi{:g the MC in order to Procluce an artificial eﬁ}'ciencg
asymmetry bg random réjccting Positivc or negative
Ieptons/ kaons from the selected sample
> Artificial |Ael=le*-€7 =1%, 2%, 5%, 10% Produccd
.To be comParcd with:
Reco Asymm([*, ) <0.5%; Tag Asymm(K*,K) ~1.5% 2



lo/pl-1 vs De: Fel/ MC FiZ

0.005

K/ndf12.39 /19
Al =0.3856E-03+ 0.1369E-03
o004 - a1 -0.4866E-02 £+ 0.2984E-02
Fitted |q/p|-1

0.003
0.002 |-
0.001 |
i |
—0.001 |
—0.002 |
-0.005 |-
-0.004 |-

w0005 Ll ol ool ool oo ool laa )yl

=01 =0.075% =005 =0.025 0 0.025 0.05 0.075 0.1

e(tr™)-¢(1rT")

0.005

0.004 =

0.003

0.002

0.001

0

-0.001

=-0.002

-0.003

=0.004

=-0.005

WAndf 1201 S 19
A -0.4068E-03 = 0.1559E-03
A —0.310E-02 &+ 0.2933E-02

Fitted |g/p|-1

] T | L ] T 1 PRI Lo o o o |

=01 =0.075 =005 -=0.025 0

0.025 0.075

«Observed bias < 0.001in all the As range of variation

A€ varied in a huge range wrt reasonable va

>The Fit corrcctlg disentangles Phgsical vs detector asymme’crics

g(K*)-£(K) | |
Uues
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Keal Data Kesw/ts

Fitted At Sl‘lapes

x 102
4000 | BO Peak.

[ 1 CP-eig.

3000 il B+ Peok.

2000
1000 |

x182_

2000

1000

Agymmetry

E B Combin.
—l Contin.

'K~

At(ps)

Raw N /N{KD Asymmetry

Fitted cos (0

x 103
2500

2000

10000

8000

6000

4000

2000

) Sl‘lal:)es

K-~ LePton

[ BO Peak.

] CP-eig. ~
B B+ Peak.
Il Combin.
I Contin.
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Kea/ Data Kesults

Arbitrary units
100

X /ndf 5 524

12.9
oabaE—4k A
0.8446E-03 4

o3| Blind Result (Dtag strategy | )

s lq/pl-1=(5.56+0.84)*107
.Statistical error scales
correctlg wrt Real Data/MC
statistics

20 =

By leaving free Iq/l:)l we obtain

':—'o.-uf T lq/ Pl~]=<5~52io~52-)*10~5
|a/p|-1

«Central result in good agreement with likelihood Proﬁle
JFit statistical error underestimated bg 8%

> Result to be validated bg a Toy MC



7oy MC
\/d/ 1, QZ‘/on



7”oy MC resw/?s

MC and Real Data Fits separatelg validated
.Se\/eral Pseudo~experiments generatecl

Relevant distributions (PK, At, oAt cos (GK_LCPton)) randomized
starting from the likelihood Projections of the nominal fit.

96 event subsamples considered: (BO,B+>X(Pea|<ing
BKG) X (Btag, Dtag) , CP-eigenstates, Continuum, Off-Peak for

all combination of (Lepton, Kaon) charges
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Toy MC results (BLIND)

Result from Likelihood Profile

lq/pl-1=(5.56+0.84)*107
Result from Fit

lq/pl-1=(5.5240.52)*10?
«Result from T09

lq/pl-1=(5.16+0.85)*10?

> Toy SPreacl in very goocl
agreement with statistical error
from Likelihood Profile

sBias of -3.6107<0.5 0 wrt
Nominal Fit quoted as
systematic error related to

analgsis bias

51

6
.28 + 3.760
.2160E—-02 £ 0.6501E-04

S46E—-03 + 0.4596E-04

i E »’/ndf 8. 1
s B Constant |
30 E Mean

s E Sigma /0.8
20

15 F

10 B

°E ~+-

o E. pa o ba sl s I T |

I

jziic Result

o 0.001 0002 0.003 0.004 0.005 C.0068 0.007 G008 0.002 001

Tog Results
~ x/ndf 2006 ,/ 6
50 Constant 48.05 + 4.473
50 [ Mean D 4827 £ 0.1092
a0 E Sigma 1.436 £ 0.7721E-01
n

VAN

10

Pu”

sPull =1.44+0.08 in agreement with
ratio of Likelihood Profile /Nominal Fit

statistical errors
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Sdmp/ e CompoS 1t10on

Sample Composition determined bg an external Fit on M bg
ﬂoating D* D** and Combinatorial using shapes from MC

Dominant sgstematic: uncertainty

.Peaking Sample Uncertainty
> Statistical error of external fit
> lsosPin symmetry violation: B°/B" in the D =(50425)%
> CP~eigenstates gield varied bﬂ +50%

> Remnant Peaking Hielcl (D* | D*DsX, D*h) obtained !:)9 difference
and varied bg +20%

_ LI 5
Alq/PI- 50 x 10
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Sdmp/ e Compoé 1t10on

« Combinatorial SamPIe Uncertaintg

Fraction of B" and B° in the Combinatorial fixed to MC exl:)ectations

> Difference between B° and B'is exl:)ectecl when mixing takes Place
and the lePton IS couplecl with a slow Pion from the tag side:
BO »D*X, D* » *D°

> BOBKG has 40% more mixed events than B° Peaking

> Other BKG events have same Probabi]itg between B°and B

> Fraction of B' conservativelg varied bg +4 5% which Corresponds to
the error on inclusive BR(B°>D*X ) (from PDG)

AIC]/ Pl=iO.§9 x 107
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DZ‘dg Des C’/r/‘/ﬂf/‘on

«Dtag At shape: use two strategies
> PDFPA?=PDFM-*(PDFPA/ PDFMY)

s> PDFPAAZPDEPATA

High Puritg Selection
> Central Valuezavcragc o{: thc two rcsults

High Puritg Selection

> Sgstcmatic unccﬁ'aintgzscmi—vdigcrcnce of the two

Mq/pl=£0.65 x 107

.Dtag Fraction in the B* sample constrained to the B° one using
. _=bt BO
ratios RMC(PK) = Vin o from MC

Dta 4

> R TBR(D* » KX)/BR(D* »K'X); AR _=6.8% (from PDG)
Alg/pl=£0.11 x107
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0.012

0.0

o008

0008

0.004

/?/ 'pl-1 vis A€

¥/ /ndf12.91 / 19
AQ 0.5936E—-02 £ 0.3075E-03
Al —0D0.1381E-02 £ 0.59Z21E-02

- Fitted lq/pl-1

o002

o

—0.1

BLND 1)
T ﬁ | i
Reco Efficienc

—-0.075> -0.05> -0.025 o] 0.025 0.05 0.075 Q.1

e(I"mm)-g(I'mr")
eSame aPProach as for MC

0,004

0002

¥/ ndf12.95 J/ 19
AD 0.8047E—02 £ 0.2963E

Al —0.2452E—-02 + 0.5506E—

—-03

oz

Fittccl Iq/ PI-]

Tag liFﬁc:cncy

e(K')-e(K)

«Observed lq/Pl variation < 0.001 in all the At range

. The Fit correctlg clisentangles Phgsical vs detector asgmmctries

.Negligible unccrtaintg on |C|/ Pl
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Other Systematic Uncerdanties
At Resolution Model:
> it rePeatecl bg lc—:aving free all the Resolution Parameters
Alq/pl=+0.6 x10?
«CP-eigenstates clescription
> S & C Parameters varied accorciing to their statistical error
in simulation: negligible uncertainty
.Phgsic:al Parameters varied or fixed to world average
> =0/0.02 Ps’]; m=0.508(Fit) /0.507(PDQG)
> B=1.553(Fit) /1.519(PDG); B=1.76(Fit) /1.4(PDG)
AlC] / Pl=+0.2.8 x 107
-Analgsis Bias
> MC Full Fit Statistical error & bias from Toy MC

Alg/pl= HO46 107 15
~0.58



T able of Syé lerclic Uncerlanlies

Source Alqg/p]
Peaking Sample Composition '_"%ég s 10—
Combinatoric Sample Composition | +£0.39 x 103
AT Resolution Model +0.60 x 103
Dtag fraction +0.11 x 1073
Dtag AT distribution 1065 x 10+ 3
Fit Bias H A e i
CP-eigenstate description —
Physical Parameters +0.28 x 103
Total T o e i
Blind Result:
(A\/erage of the two ditferent Dtag strategies)
+.6]

lq/pl-1=(6.21£0.84 "~ ) x107
-1.78



Conc/usions



4 né/ 1 nded ( esw/t

After Unblinding:

+.61
-1=(-0.76+0.84 107
lq/pl-1=(-0.76+ ~L78)x

After Bias Correction (see slide 31):

+.61
~1=(~0.291+0.8 107
lq/pl-1=(-0.29+0.84 78 ) X
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Conclusions

We Present a new Precise measurement cnc the Parameter governing
CP violation in the B° mixing based on the full BaBar statistics and

using an original technique

Ha/pl=029 . ) 107

0.02

- 97 |
. HCb, 1.0 f5°
Asl= (ooé+°56)% — -
To be comparecl with the o _

B-Factories current average:

I-lq/pl=(-0.242.8) x 107 04
Asl=(-0.05+0.56) %
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B° COMA/‘/?QKOI‘/Q/ P Mis Z‘dg VS
E£fecive Xd

.Combinatorial BKG B° Btag PDF for Positive Mixed (I'K*) sample,

(similar exPressions apply for the other ones):

XB.il:g g xB.fi:{;r
F’;{“E‘“{&t, 5=18,=-1)= {{1 — W ] od Ok 1y —1) —d FA AL, ]] =
X0 1— x5
Xﬂkg 1 — xBFﬂg
RT(14 Arec} (11 Asyy) [{1 — w ] AR T, <) Wy : dBngx{ﬁt, —1, 1]]
Xﬂ — Xo

Xz (Px) = x5 % (a+ bPx)

Bkg T _ kg Bkg
m, where Zpp, = 'TB..:. Am;
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High Purity Dtag Selection

Lepton

\ _..___--@ 4‘_{“-}(”1

. Decay Side
1 HDtagll
mostly populate the

Tag B PReco B Mixed event sample
“Btag” (K-Lepton charge
Dtag selection: correlation)

-Look for same charge (L", _, K) pairs

*Opposite charge Tag Lepton L required to suppress Btag Mixed

events B->K"
o(L" L'Tag, K*) sample has Dtag-Purity=87%

Reco ’

*13% Residual Btag contamination from Tag Side B->D->K",

Tag Side B->D->L", Reco Side B->D->L"

*Purity can be increased from 87% to 94% (e~5%) by requiring K
tracks to be assigned to Reco Side according to some angular
variables included in a likelihood ratio
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At Dtag PDF Determination on Real Data

Strategy:
*High-Purity Dtag selection optimized with Purity =94%, €~5%

*Perform the same Dtag selection on MC & Real Data (OnPeak &
OffPeak)

*Subtract residual Continuum BKG from OnPeak using Luminosity-
rescaled selected OffPeak events

*Subtract residual Btag events (~6%) using MC predictions

«Compute Real Data PDFs for the four different Dtag classes
(B°, B*)X(Peaking, BKG):

PDFPA™  =PDF“C_ _ *(PDF°A™/PDF"°)

Class i Class i High Purity Selection

«Systematic error on Real Data from the comparison of the |g/p| results
obtained using the calculated PDFs or the High Purity Selection PDFs,
*Method checked on MC using Standard vs High Purity Selection PDFs



MC Dtag At PDF: Standard vs High Purity Selection

«Comparison in PK & o(At) bins: STANDARD
PK1 PK2 HIGH PURITY PK3
a /\ o1| of Eﬁw/\ o1 | of
1 F' ; 1 ) 10_ S 2 . — §
uolf . LI 3 prof W -
:: i o3 | °
T a8
1 LL
bt PK1=(0.2-0.52) GeV
f:~ PK2=(0.52-0.84) GeV
PK3=(0.84-1.16) GeV
PK4=(1.16-1.48) GeV
PK5>1.48 GeV
o(At)1<0.6 p
i’ ! i’ O'(At)2=(0 6 12) pS
1 o LL | |{ o(At)3=(1.2-1.8) ps
i - 3 o(At)4=(1.8-2.4)ps  >*
i o(A)5=(2.4-3.0) ps




MC Dtag At PDF: Standard vs High Purity Selection
«Comparison of MC Fit results using the Standard or High Purity PDFs:

Standard PDF High Purity Selection 0|a/p|

A\ Y
/f" B° Pea k\mg /
|a/p}-1=(0.23+1.39)*10° |qlp\}1 =(-0.011. 07,4*103

‘”‘ sz0 | -0.24*10°
“ FLog- Ilkell\o\o& // \ f/

” [ Arbitrary units la/p|-1 " |a/p|-1

1
Q.0075—0.005—0.0025 O e 0005 0.0075  O.01

1
-5 : 500 btk srsciands, s ccan s o b -
a0 860 ¥/ Od48E-01, & .
'-.III s/ ndlf 2601 Fa 6 P1 TAT.O0 £ 13.22(
\ Pz 0.3897E—03 £ 0.1446E—0:
s 1 35.24 & 2. 9‘-':'5-" a50 "\ B3 08622603 + 0_99405—#{ * -3
\ P2 0.7697E—03 + D S7SE—0F 7 =J.
"'." P3 0.9992E—03 % 1 20E— o,.4 ;‘
'\-." o
a0 L

$ Bl G\ f/

Iqlpl Ry AN & w\( Y MC statistical o

800 |
3 - -
790 -
Iq/pl 1 : " |a/p|-1 55
780 L 1 L I | A i L
- -0.01 —0.0075-0.005-0.0025 © 0.0025% 0.00% 0.007% 0.0

1
a 55T =0 00750 0050 00F




%//:9/7 Peurity D ag selection on Data & MC

Comparison in PK & o(At) bins after Continuum & Btag Subtraction
»264k events selected in Real Data MC

PK

DATA

PK3

g
LL -1
10k
10_23r
10k

o1

Eﬂf‘” \T‘”nr\

ol e

b a,

02

g 4

(]

g o 1

0 )

0":' i 1 [
—10 O

K2
ALT ;g.iE N ol
\{““‘” = |_"LM/ ;\‘W th sl

-1
|

- - -
0 1 -

=i 10 | A
NALL | . . o1
e 10

R ’ -3

- 1 —4 1 4
Ll (U 1 1 w 0 k| la ‘e | o

-10 0 10 —10 [ 10

T \ ' 3
102 b o o.

-3
10 0.2 10 i 3
w0 {1 y 1y 4 L 1 kL T

= (N 1 i i 10 Il g |
1o o | i rlha‘ L 1

—10 L, 10 —1i0 [0 o
1 1

PK1=(0.2-0.52) GeV
PK2=(0.52-0.84) GeV
PK3=(0.84-1.16) GeV
PK4=(1.16-1.48) GeV
PK5>1.48 GeV

o(At)1<0.6 ps

o(At)2=(0.6-1.2) ps
o(At)3=(1.2-1.8) ps
o(At)4=(1.8-2.4) ps °
o(A)5=(2.4-3.0) ps




Results on B°+B* Peaking+BKG

= 1[:!2

| BKG ! i moee

I B+ Peak )Jf IHL Unmixed oo

oso " oSt
. \ ' 1= + *10°3
=0 (Arbitrary units /h |a/p]-1=(0.28£0.41)*10
900 | l\\ "III
: \ /
=of \\ J No Bias found on MC with |q/p|=1
?;ﬂ i \ /./#
55‘3{!.01‘5 LI'J_EL‘IH : .D_I;}Cl:id : J{IH : I:J.II.J“-S'E : D.-:‘III : Q.05 57
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Fitted vs Generated K=|q/p|-1

B° Peaking+BKG Btag+Dtag

0.04

yinal 4328 / 9
AD 0BME-03 + 0.2760E-03
Al 0.9817 & 0.1908E-01

003

. Fitted |g/p|-1

.02

eStatistical errors correlated
between different bins

0.0

*Slope=0.98:
~no bias on |g/p|-1 found

*\Very wide |g/p| range as
compared with the expectations

- T N——1 | N —T F— T PR I
~0.02 =-0.01 0 0.01 0.02

Generated |q/p|-1 38



Fitted vs (Generated | ?/ ol-

0.0

vos E | X/naf 6.790 / 9

i B |.AD 0.4775E-03 + 0.5335 MC
oo || A1 0.9807 + &-3415E—01

o F Uncorrelated

~0.01 F

Subsamples

—-0.02

=0.03 |

_ﬂ-nq- = i i I 'l i i i I i i i 'l -I i I i i I i i i i I i i i
-0.02 —-0.01 0 0.01 0.02

0.04 r

oos E | X*/BB303E-01/ 1
o0z | | AO 0.1376E—03 + 0.6753E—03

001 E A 1.015 + 0.1724

- — -
o | —— Range
-0.01 |
-0.02 —
-0.03

_BID# L 1 '] I 1 1 1 I 1 'l 1 I 1 1 il I 'l 1 1 I 1 '] 1 I 1 1 1 3 'l 1
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0.025
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0.015
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—-0.005
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—0.015
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0.03
0.025
0.02
0.015
0.01
0.005
0
-0.005
=0.01
-0.015
-0.02

/?//9/—-1 vs A € .

x'/ndf13.93 / 19

AO
Al

ez e~z Q802703

—-0.6101E-02 £ 0.1606E-01
) | | I

P (I

= : ! : |

i 1 i I i 'l I ] It i I i i 'l i I It It i i I i 'l I

=0.075% -0.05 -0.025 0

0.025 0.05 0.075 0.1

¥’ /ndf0.1467 / 3

AD

LLBUGSE—DZ . 0. 1029E—02

AT
|

=3 7TTHE-02 ¢ 1).0685F—01
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1
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Real Data
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—-0.015
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0.03

0.025
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0.015
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0.005 F

0
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X /ndf14.14 / 19
AD 0.6081E-02 + 0.9769E-03
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=01
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' /ndf 1.664 / 3
AO 0.6467E—02 + 0.1255E—02
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Evenl? Stadistics

MC statistics: “47 Mevents
BO Btag Mixed Events

6lg/pl., Limit
Signal 1519576
Combinatorial 2002682

Total 5522258 27107

Data statistics: 14 Mevents
BO Btag Mixed ~174000  4.6107

Meas.

46107

841077

Tog

44107

8.7107
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