; N/F;? /?/ ‘2l Measctrerient
£ronr B° —KD*/\/

L
Portial Keconstruction

Martino Margoni
Universita® di Padova and INFN
(on behalf of the BaBar Collaboration)

Motivation

.Analgsis Method
Validation on MC

.Real Data Results
Systematic Uncertainties

«Conclusions |
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CA [pn B m/x/nﬁ

= 5 > - o
b W q b f q New Particles in the
— AN < — <

g i boxes could modi{g
q [ W— |1 b q W;{; t EW b SM exl:)ectations

B " WAVAY P -
W v -‘-"u'r\\.-"

B - B° oscillations & clecag govemecl bg an Effective Hamiltonian:

9 9
) ; s M 1= ’
iE (E@) o Kﬂ"m M3, ) _E (F'i’l Bl )] (Eﬂ) [ y] mass matrix
. Mn  Miy S B, [rg 1= decag matrix

.Phgsical Eigenstates with defined masses and widths:

|B,77) =

N = (B @/m,B) | HFlq/p) [ theywouldbe also

CP Eigens’cates

.Neglectmgo(m /MZ)
Am, = —2‘I' ‘cosd>

p=arg ( M?zlrlz) CP vnolatmg Phase

3
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CPV in B° mixing
' (4S) machines & Hadron Colliders: b quarks Proclucecl mainlg in bb Pairs
> CP Asgmmetrg (time- indepenclent)
Prob(B"—B°,t)—Prob(B"—B’,1) N(B'B’)—N (B"B")
Prob(B"— B, t)+ Prob(B°— B’,t) N(B°B’)+N (B°B")
.E‘xPerimenta”g: measure charge asgmmetrg in mixed semileptonic B decags:

Acp=

_N(¢t¢")-N(¢e) 1_|q/p4 B ‘F‘{2| . >CPVin mixinghcz
SIN(E) N () t+lglpf M"Y A0 <lq/pleie @s0
Standard Model Predicts Begond Standard Model
(Lenz, Nierste, arXiv:102.4274 (2011): New Phgsics could mod;i {.'9 MY and A

: — : leaving 17, unchanged:
B: A’ =(-4.1£0.6)10" & 5

—_ NP,q __ A 4SM, A iy
® =-4.3°+1.4° MY =M, A A=A e
. SM A
B A_=(19:03)10° qro ITil_sin(é,"+;)
s SL |MSM q| |Aq‘

4

® =0.22°+0.06°
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CA2A [pn B M/X/I’g

«HFAG average of YT(4S) results «Hadron Colliders experiments measure a
(arXiv1207 11581 (2OID): combination of B° ,&DB° CP parameters:
lq/pl =1.0002+0.0028 L J
A?_=(-0.05+0.56)% AN A
SL ' ' > Cdsdepencl on BOAS Procluction
In agreement with SM ’ . Y
rates & miXiNg Probabxlxtg
—"-ﬂz D0 l:llimunn ;- I i I Cl
" o : : - ;\SAM !:Zre icts: +0.005 )
S ! =(~0.028 %
0 s ~0.006 "
b’ = : DO result on charge Asymmetrg of
002 = = = - —— - = - |i|<e~sign dimuons differs ]39 590
. DO D"y, Dsp,10.4 fb"' J ] /
' Bands COWCSPO&*' i | from SM expectatxon (Phgs. Rev. D 84,
-0.04 |- to centralvalues +10 llgm ; {| 052007 zOM):
| O A _=(-0.787+0.17240.095) %

20.04 002 o0 0.0l

New results from Beautg-l:actories c‘:;SLHCb will help to understand the tension
5
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Analysis Method

6
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Analysis Method

.Semileptonic Asgmmetrg measured

{:rom Partia”g Recons’tructecl

B° » D*lv and K Tag i o—
.‘;
0 B ¥
PR. B°flavor from |e|:>ton cl‘large At=AZ/Byc -
|

«Tag B° flavor from K charge Tag K

o lag B vertex from K track estrapolation to the e'e Interaction Region

_ N Ky) - N K7)
st N(EtK} )+ N(e-K7)

.lq/ Pl obtained using an Extended Maximum Likelihood Binned fit to
the At & cos (GK 1_

~ epton

Unmixed (FK*, 'K); Mixed (FK, FKO) usinga BLIND APProach 7
74 CKM Workshop, Cincinnati 2012 M.Margoni Universita® di Padova & INFN

) distributions of the 4 subsamplcs:



Partdial Keconstruction
P R. of B »D*lv alreaclg exploitecl in

several measurements (tB°, Am,...)

Reconstruct only lepton & 1T with

so1ct
opposxte charge <

.Signal selection using missing squarecl

neutrino mass with the aPProximation

Tag K
of B at rest in the Y (4s) frame

M., = (Byeam — Ep- — Er)? — (5o~ + )2

JD* 4-momentum estimated from m .

kinematics

.Sample com[:)osition from a fit to My ]39 ﬂoating D* D** and
Combinatorial using MC shapes and Continuum shape from Off-Peak

events

« Residual Peakmg (D*tv, D*DsX, D*h) fixed to simulation
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Selection ard 7&3\9/};\9

.Full BaBar statistics of 425.7 fb- analgzecl
«0.06 GeV/ c<Pm_, <0.19 GeV/c; 1.40 GeV/ c<P /H<Z.§O GeV/c

JDest lepton T Pair per event

soft

choosen exploiting Likelihood
Ration (P,PTr__, Vertex

Probabi litg)

74 CKM Worlcshop, Cincinnati 2012

Likelihood Ratio

=

S 2000 Babar g
8 1o | Prelimi

.2 17se0 | Freliminary

=

a3

2
z

125
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Selection ard T&ﬁgz‘n\g

K selection bg means of energy loss & Cherenkov detector information ;
P >0.2 GeV/c

«Continuum and Combinatorial BKG suPPressecl bg means of Event
Shape variables & Vertex Probabilitg

e
I )

1000 B data Babar

. — Fit Result o

- I CP-eigenstates Prellmmarg

— BB Other Peaking

>14 x 10° events selectecl wi‘ch m:__ :: cormbivistorksi

Signal Puritg “30% 1n the
range:
10 GeV*/cf<Mv<2.5 GeV*/c

BO0

Bl continuum

400

4_21::1

12 : : : 0 2
MVZ (GeV*/ch)
10
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K -—-7’&33//73 Cat egor/eS

>K+b->c->K [ FromtagB | “Btag’

->K | From decai B “Dtag”

Tagging Kaon Sample: { ;

v \ Lepton
M \ /
> 94 Dé Deey S
l'ag Kaon K kL “Dtag”
[ag Side mostlg Pol:)ulate the
“Btag’ D o “Mixed” event sample

(K~|e|:>ton charge

correlation) o
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PDF Des cr/pZ‘ ron: B ag

-Signal B° Btag PDF for Positive Mixed (I*'K*) sample, (similar
cxPressions apply for the other ones):

AE

Er’z) cos(AmgAt) + E '(b +¢) shl(ﬂmdﬂ.t]]

q

P

I _-nas
2 +172)

2
Foignal{AL, 81, 8m) = T’E) cosh(ATAt/2) —

_(l_ﬁ

p
or b, C: parameters resulting from interference

between Cabibbo-Favoured and Doublg

Cabibbo—-SuPPressecl decays on the tag side r' = |Apos/Acr|

b= 2r'sin(28 + v) cos §'
e¢= —2r'cos(283 + ) sind’
§' = Strong Phase

Assumptions:
oAr:O

.b, c are treated as effective Parameters due to

strong correlation with resolution function

> Onl_g lq/Pl is measured ’
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PDF Des cr/pz‘ ron: B ag

oJn Real Life Plﬁgsics & Detector effects have to be taken into account:
.Phgsics
> Mistag, Aependmg onk . :
W =Prob (B » K, w’ Prob(BO»K ), Aw=0" -w", w=(w +w?) /2

eDetector

> Reconstruction Asymmetrg:

p=e(I";m), p=e (", Arec=(p—p)/(p+ p)
> Tagging Asymmetry, clel:)encling onP :
e Tl Aag = (1 =7)/(r +7)

> At Resolution

13
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2D F Des cr/pZ‘/on : 32‘&3

JModified PDF for Positive Mixed (I'K*) sample including Mistag &

Detector Asgmmetries, (similar expressions applg for the other ones):
Fres(At,8; = 1,8, = 1) = pr [(1 — W) Fy (A, 1,-1) + wy Fy (A, -1, 1]}
= RT(1+ Arec)(1+ Auag) | (1 - w3 F (AL, 1,-1) + wi Fy (AL, —1,1)]

R=(p+p)/2

Bycisa | By isa | 8 | s,

T = (1 +7)/2 B BO |11
B! @‘] 1 1

BO BY -1 1

BY BY 21| &l

Observed PDFs are obtained from the convolution of the modified

PDFs with a resolution function (sum of Gaussians convolved with

ex[:)onentlals) y

74 CKM Worlcshop, Cincinnati 2012 M.Margoni Universita' di Padova & INFN



2D F Des cr/pZ‘/on . DZ‘dg

bBta - Dta
Dominant BKG in Mixed events: shows — * 5 5000 5

1400 ]

2000 =
1200 7000 E
g000 |-
so00 |
4000 ‘
3000 ‘
2000 |
1000 ‘

5ing|c~tag semileptonic asgmmetrg

1000
800
600

.FDtag floated bg exl:)loiting the different

200

TT[TIS RS TP [TTT[TTT[TTI O[T

At & 9(K~Lel:>ton> distributions wrt Btag T A‘% (thsyu -0 Aéacpzla e

events in different P_ bins ol S
K- 4000 | BO000
3500 - 70000 Babar
Dtag fraction in B* events constrained i e Preliminary
, , , , , 2000 |- 40000
to B° using simulation informations: 1500 f- 30000
1000 n 20000
F* =R (P )*F™ 8 WO TN . W P vevn oo
Dtag MC K Dtag 08 0.5 - 0.5 1
COS CeK.LC ton> COS <eK~Lcl:>ton
eCOS (6 e On) PDF from MC P
At PDF from a ngh Purlty selection on Real Data (Dtag Puritg ~95%)
15
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PDF Description: Dtag

Dtag At shape froma High Purity selec’tion, two alternative strategjes:
DATA DATA
D PDF ~PDF Hig]1 Purity Selection

2) PDFDATA =PDFMC X CPDFDATA/PDFMC) Higl'l Purity Selection
.Data/MC Corrections comPutccl in bin of (PK, oAt)

.
P = [0.2,0.52] GeV/c, oAt=]1.2,1.8] ps P.= [0.2,0.52] GeV/c, oAt=[2.43.0] ps
0 : , ) o.18 | ) )
025 | ngh Purity 014 | ngl’] Purity
C , 0.12 | ,
o2 Selection MC o1 | Selection MC
0.15 |- 0.08 E_
01 ‘ Babar DATA z‘i : Bal?as/” DATA
008 Preliminarg g Preliminary
6 =75 =16 S5 [ P Ahai36885 , 2070 5 6 =5 [ Aarzi 9 7 2010 5
A i e - -
- Data/MC §§ g:;ggig:g;i Ej‘,ﬁi},ﬁ:gg Data/MC P3 0.6797E-02 + 0.1091E~02
5 | P4  —0.4390E—04 + 0.6]44E—04 s F P4  -0.8146E-04 + 0.5410E-04
: PS  —0.3679E—-04 + 0.6463E—05 : PS5  —0.1842E-04 + 0.5570E-405
1 | =t
l + y M
o F o |
-1 _!|5 _‘I|u. _Iﬁ, Igl é. | 1‘5 A -1 L[ |_.|15| PR I...‘Ilﬁ‘ L |n|5| L |c|,| P ||5 s | 4 s |1|5| L

At(ps) At(ps) 16
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p)ﬁ Deécr/pf/on . BKG Sa/y/p/eé

5° Combinatorial PDF similar to Signal one with effective TH°, Am,

same Asl and Atag, different Arec, mistag and resolution parameters.
oD clecays Parameterizecl bg exponential functions and same resolution
model as for B° clecags.

«Continuum modeled with an exPonential with effective lifetime obtained
59 a simultaneous fit to OF]Q-Peak data.

About 1% of selected events originate from B° clecags to
CP-eigenstates (mostlg D'DY)

> Described bg: +: FR. g:
~: PR.
I

F{jp_gigm = EE_lel [1 + ef f sin{&mdﬂt) =+ Ceff ms[ﬁm{iﬁt}]

> Set & Ceff obtained from the simulation

17
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Detector Hs yMMeZ‘/‘y delerrnnalion

.Crucial Issue: discriminate between Phgsical & Detector charge

asymmetry without relging on control samplcs

Different sub—-saml:)les (B, 5+>X(Pea|<ing BKG)X (Btag, Dtag)
share Plﬂysical and/or Detector Asgmmctries in ditferent

combinations.

.Stratcgg: clisentangle the Physical and Detector
Asgmmctries by cxploiting all the available information from
different sub-samples.

18
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Detector As ymmez‘ry delerrnnalion
«Observed Asgmmetrg in the ditferent subsamples:

B° B
PR. evts
(Ta g-i'u nta g} Arec + Asl*x | Arec
Bta g Arec + Atag(PK) +As Arec + Atag(PK)
Dta g Arec + Atag(PK) + Asl*x | Arec + Atag(PK>

B'e Dtag BKG samples are use{:u in the Ic]/ Pl measurement!

19
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MC \/d/ 1o az‘/on

20
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Monte Carl/o /( esuw/ts

B°+B+Continuum MC Fit
Fitted At Sha pes
x 10%
1500
P = by I*K* K
I B+ Peok.
"8 Combin, Babar
_- Contin.

Preliminar9

—0.1 &

Raw N /N{KD Asymmetry

7t CKM Workshop, Cincinnati 2012

x 103
9000

8000

7000 F
6000 |
5000 f

4000
3000
2000

Fitted cos (0

K-~ LePton

) Shapes

0.5

-1
costy

Babar

Preliminarg

-0.5 0 Q.5 1

costig

21
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Monte Car/o ( esu/ts

«Continuum generatecl with a Parameterized MC using as input the
Ot-Peak data sample relevant distributions and normalized to the
MC statistics.

Resolution Parameters obtained using an riterative Procedure and

fixed in the final stel:).
JTotal of 171 Fitted Parameters.

B°+B+Continuum MC Fit Result:
lq/pl-1=(-0.35+0.46) x 107

No Bias found on MC with Iq/ PI=1

22
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(&5&(/55 on Modified MC toith /?/p/¢l

r r( 30 70
Ja/pl related to Semileptonic __ N(B°B") - N(B"B)
VP P AsL = N (BB + NBBY)
Asymmetry: :
Aoy == MR (1—5)
T T e/l T p

JMC with K=|cl/ PI-IIO obtained bg random rejectinga fraction
F=4K /(2K+H) of mixed B°B° (K<0) or B°B° (K>0) events
Fraction F/2 of Unmixed events ( B°B°) rejectecl to preserve the

correct va]ue o1C X |

.chection Pcmcormccl bg exploiting the MC truth on B° flavor

«Checks: correctness of algorithm) mistag, detector asymmetries

and Dtag fraction determination s
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Fitted vs (Generdated /?/ ol

Result obtained on B°+B+Continuum

Full MC Fit
004 [ s .SloPe=O.96:”4~% relative bias
AD  —0.4865E—-03+ 0.1774E-03
— l:ittecl lcl/Pl~] A1 0.9638 + 0.1252F—01 on ICI/P"—'] Found

Generated lq/PH

0.02 |
Babar

Preliminarg

FEffect lower than Data

statistical errorin a very wide

IC]/P] range.

.01
0
=0.01

—0.02

«Correction applied to the Iq/ Pl
unblinded result.

—-0.03 |-

_GD4 g L L Il I 'l L L L | L Il L L | 'l L L L | L L k 'l I L 1 L
=0.02 =001 0 0.01 0,02

Generated Ic] / P|~l

24
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( ed/ DQZ‘Q
( esSw/ts
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Keal Data Kesw/ts

Fitted At Sl‘lapes

x 102
4000

3000

2000

1000

x182_

2000

1000

:—:l B0 Peak. i :- s
r 53 CP-eig. 'K r 'K
3 B+ Peok. Babar -

- Il Combin. e N

CEm Contin. Prellmmarg -

- I

e

=5 =25 0 25

Raw N (I;K’L) / Nr(l’K“) Asgmmetrg

7.5
At(ps)

7t CKM Workshop, Cincinnati 2012

x 10°%
2500

2000

10000

Fitted cos (0

K-~ LePton

) Sl‘lal:)es

I*K*

] BO Peak.
1 CP—eig.
I B+ Peak.
B Combin.
I Contin.

0 0.5

I"K™

Babar

Preliminarg

-1 -0.5

costy,

0 0.5 1
cost,
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Kea/ Data Kesults

Blind Result
lq/pl-1=(5.56+0.84) x 102

Pseudo Experiments results

&0

¥ /ndf 8131 / 6

Constant 40.38 £ 3.760
B Mean 0.5160E=02 + 0.68501E-04
= = Sigma 0.8546E-03 + 0.4596E-04

! Babar

40 |-
i Preliminarg

30 -

Fit Result

20 -

s . IETIRI EPEFENEPE IS o EFEFEPIPE EPEPEFINS SR MV PRI L S S P
o 0.001 0.002 0003 0.004 0.005 0.006 0.007 DODS 0.002 0.

lq/pl-
74 CKM Workshop, Cincinnati 2012

.Result checked using a Parameterizecl
simulation bg generating several

Pseudo~experiments (Tog MC)

> Toy MC SPreacl invery good
agreement with statistical error of the
result

>Bias of -3.6 x 107 <0.5 ¢ wrt Nominal
it quoted as sgstematic error related

to analgsis bias

27
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C/meciéé &
SyS ZemaliC

Uncertanties

28
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/ ?/ p/ Vs Deleclor 4 S yMMeZ‘/‘/eS

.Phgsical an& Detector Asgmmetries are stronglg correlated

o lest Peﬁcormecl to look for Possible bias on the lq/ PI determination
Proclucecl ]:)9 a not correct clescription of the interconnection between
Phgsical & Detector Asymmetries in the Fit:
> Moclhcg the data in order to Procluce an artificial eFﬁciencg
asymmetry ]39 random réjecting Positive or negative
Icptons/ kaons from the selected sample
> Artificial |agl= le ) -e ()| & le (KD - (KD = 1%, 2%, 5%, 10%
Produced

> |Ag] range of variation very Iarge as coml:)ared to PID studies

29
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/?/p/—-l vis A€

Fitted lq/pl-1 BLIND Fitted lq/pl-1 DLIND
0.03 : 2/ naf1a.07 /7 20 Lt el ¥ /ndf14.20 [/ 20
oozs | AO 0.6186E—02 + 0.8018E—03 e B A0 Q.6080E—-0C2 &+ 0.9/69E—-0S3
- DBabar . | Babar
v _ Preliminarg ' Preliminarg
o =~> | IJ» C | | ue o _| | | | ‘\’ | i
0.005 — + I T | —i— | 0.005 T H|» I T : T |
.| RecoAsymmetry I TagAsymmetry
e(rm)-e( E(KN-e(K)

«Real Data Uncorrelated Subsaml:)les

«Stable lq/ pl behaviour observed in all the Ae range

> The Fit correctlg cliscntangles Physical vs Detector Asgmmctries

74 CKM Worlcshop, Cincinnati 2012
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Syé lerniclic Uncerlanties

-Sample Composi’cion determined bg an external Fit on M?v bg ﬂoating
D* D** and Combinatorial using shapes from MC and OF}C~Pea‘< events
> Statistical error of M?v fit, Uncertainty on Fraction of other
Peaking events, CP-eigenstates and B events in the
Combinatorial sample

> Alq/ P|= H.25 x 107 Dominant Uncertaintg
-1.55

At Resolution Model:
> [t repeatecl bﬂ leaving free all the Resolution Parameters
> Alg/pl=+0.6 x10°
.Analgsis Bias:

> MC Statistical error Plus bias from Tog MC stuclg
+0.46

— -3
> Ag/pl= 058 X1

31
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SyS lemalic Uncerlanties
«Dtag At shape:
> Semi-difference of the two different strategjes (High Purity Sel.)
> Alcl/ P|=:I:O.65 x 107
«Dtag Fraction in the B' sample:
> F5+Dtag=RMC*FBODtag; R =BR(D**» KX)/BR(D*" »KX), AR _=6.8%

> AIcI/P|=iO.H x 107

.Physical Parameters floated or fixed to the world averages
> A=0/0.02 Ps“‘ ; Am=0.508(Fit) /0.507(PDG)
> B =1.555(Fit) /1.519(PDQG); tH'=1.76 (Fit) /1.4-(PDG)
> Alcl / P|==+O.28 x 107

_I.
> Total Sustematics: Ala/pl= =~ x107
Y VP 1 7s 32
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Conc/usions

33
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é/ hé/ 1 rded /pl‘e/ /‘M/‘nd/‘y /( 854(/ Z(

Prelimina:y Systematic Uncertainties

Source Alg/pl
Peaking Sample Composition i - TR
Combinatoric Sample Composition | +0.39 x 102
AT Resolution Model +0.60 x 102
Dtag fraction +0.11 x 103
Dtag AT distribution +0.65 x 103
Fit Bias i B ()
CP-eigenstate description —
Physical Parameters +0.28 x 103
Total I [ e

After Unblincling: e

~1=(~ -3
lq/pl-1=(-0.76+0.84 178 ) x 10

After Bias Correction:

+1.6]
la/pl-1=(-0.29+0.84 ) x 107
VP 4 -1.78

In agrccmcnt
with SM

34
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Concl/lusions

We Presen’t a new l:)rec:ise measurement cnc the Parameter goveming
CP violation in B° mixing based on the full BaBar statistics and using
a techmque exPIOltlng a Partlal Reconstruction O1C B° » D*IV clecags

and K Tag. 0.02

We obtain the Preliminarg result: @

lq/ph=(-0297 ) x107 |

Asl=(0.06 +°Z9 )%

-0.02
To be comparecl with the current - DO Dy, Dsp,10.4
average from B-factories: [ This

-0.04
lCl/ PI~]=(O.2.:|:Z.8) X ]O~5 | Measurement

004 002 0.02

Asl=(-0.05+0.56) % al
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Analysis Strateqy

.ngothesi& same Detector Asgmmetries shared ]33 different

samples

. Veriied on simulation:

N(ftK*t)— N(K™)
N((+K+) + N(§-K-)

A - electrons |

2l

Agge =

0.015F

+

000s| |

|
Fu I

|

I

000sE

a0k

0015

B0 comb, Btagl-
BO comb, Dtag}—
B+ peak, Btag |-
B+ peak, Diag |-
B+ comb, Btag |-
B+ comb, DHag [—

B0 peak, Btag|—
B0 peak, Dtag|—

Electrons Muons
AEH{BMQ) 0.0149 + 0.0013 | 0.0196 £ 0.0016
AEH{DMQ] 0.0152 £ 0.0009 | 0.0205 £ 0.0010
AEH{:BMQ) - ﬂf}{{:ﬂmg} -0.0003 £ 0.0016 | -0.0009 £ 0.0019
-
0.015 + T gl l
11111;- __._..___ = + S I
‘“-"'F:In :I; :'n ,_!n S R V— o | | | | | I I
EEEEEEE 2 £ 52 £ 8 % §
T e N I A A ¢ O E oo Es in
-E -g 5 X a s] & & g 4
HHHH § 3§ 8 £ 1 1 ¢°¢
: 8 i & 8 8 3 g8 4 & § 3




[./‘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):
Cw, drec, dtag, |/ pl)=( [V ) iy (1= py,) "%
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 38



DCS Decays

1"I"nd

b > -
Bf.: ]
d
CKM-favored amplitude doubly-CKM suppressed amplitade
Acr Apcs
r = ‘EDGS;ACF‘ oc,0u: strong phases of CF, DCS
Ace = Acr = |Acr| 8% y: relative weak phase between the two decays
Apcs =1’ |AcF| e e” [ Par mixed. st=+1 |
ADES - T”f |-'4-C'F| Et'-ﬁue—ii-"r' o-os;_ongmaiw
q_ ‘E g 2B b= 2r"sin(283 + ) cos &’ o_i;asi
. ; g > o cos(28 + v)sind’  oesf
5 =6, — 6.
o.oosé 39




CP -—-e{gené lales

— %-Flﬂfi 14 8,75in(Amght) £ G,y cos{AmgAt)

Parameter Fit result
- - C.ir -0.0110 % 0.0066
& i Serf  -0.0886 + 0.0056

EERRRRE
SERRRRRE

bbb,
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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

o.38 |

BKG

s ndf 37.86 7
0.1964 +
0.7766E—01 +

B48E — 03
—03

«B° BKG Observed PDF
modified to include this
egect

2/ mistag & effective

mixing Parameters floated
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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

*Method checked on MC using Standard vs High Purity Selection PDFs
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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|

560 557
Y P1 5066 +
.7 L A P2 -0.89B4E-05 % 0.1-1505,5::2
" A B3 0.1072E—02 & 0252203
S50 - b ‘
- .| !

/”' B° Pea k\mg /
|a/p|-1=(0.23£1.39)*10° |qlp\} 1=(-0.01%1.07)10°

.l | -0.24*10°
“ FLog- Ilkell\o\o& // \ f/

“ [Arbitrary offset la/p|-1 7 |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 45
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




MC Keswlts on differert B° SL(ASQMP/eS

S0

3T

IG0

IS0

40

330

120

Likelihood Profiles with Arbitrarg Oftsets

»w ABHAIIE—02 7 &
P1 326.3 &+

8.545
P2 —0.8412E—03 £ 0O 1407E—02
PR3 Q. 1164E—-02 £ O0.2603E-7+03

lq/pl-1=(-0.84:£1.16) X107
B° Pcaking
Btag

[ xS ndf 2.271 Fd =]
C 1 22.26 = 3.59
[ Pz O 129Z2E—03 £ 0O.57116E—-D

0. 1009E—02 £ O.837ZE—Q4

 lg/ph

» SBHFI03E—0O1 &
P S7.59 & 4.7
P2 O.2310E—03 £ O.11Z2BE—D2

P3 0. 138B6E—02 £ 0O.25ZBE03

la/pl-1=(0.2341.39) X107
{ PBO Pcaking
Btag + Dtag

x A nd D, 2601 a &
P 35.24 +

2.99

C.9299ZE—03 £ O.F1Z20E—0O,

5
O.F697E—D03 £ D.45?5E—Dj/

q/P|-1=(o.77ﬂ.oo) *107
B°BKG
.Btag + Dtag

.No Bias found in all the subsamples on MC with Icl/ P|=l

B° combinatorial BKG helPs in lcl/ Pl measurement




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
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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 +1.09 107
> lsosl:)in symmetry breaking: B°/B" inthe D =(50425)% +0.20 107
> CP-eigenstates 9ie|cl varied bg +50% +0.31107

> Remnant Peaking gielcl (D* |, D*DsX, D*h) varied bg +20%
+0.22/-0.96107

HI7
A|C|/ 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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