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CPV in B puxin

b uc,t d b W d
o+ + #+
New Particles in the
7 W W g B° Vit actY RO boxes could moclhcg
SM expectations
d u.c.t b d W b
> . > — A NNNNNN——
.Boq~ Boq oscillations & decag govemed ]39 an Effective Hamiltonian:
4 (%) - KM Mz) E(P‘L FE{“)’ (2) [M,1= mass matrix
a\B,) = \my ) 2\ry 19 )I\5,

[Fij 1= decag matrix

.Phgsical Eigenstates with defined masses and widths:

1 -
BLHY — B,) + B, SiF1(a/p) =1 they would be also
|1B;F) NS (1B,) % (a/p), |B)) VP4 they
CP Elgens’cates
Neglecting O (m’, /M’ ):

Am,=m,—m,=2|M*|;AT =T,—T ,=2|'%|cos
Pp=arg <_M(f2/rcl12) CP Viola’cin_g phase




CPV in B° mixing
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 (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° events:

_N('¢)-N(ce) 1-lglpl' ‘F(f2| sind >CPVin mixinghcz
SL— h SN o
N(¢¢)+N(ce) 1+g/pl' M) A, #0 ©lq/pl#ie 020
Standard Model predicts Beyond Standard Model
(Lenz, Nierste, J. High Energy Phys. 0706, 072): New Physics could modify mi and A
+1 O - . 12 SL
B AdSL= (-4.8_1 5 )10 leaving ¢, unchanged:
NP.g_ 2 4SM, A i by
¢d=-5.2°t;'?z M, q_MIZ qu’ Aq_|Aq €
. NP |F?2| Sin(<b§M+<I>qA)
B: A° =(2.06+0.57)10 SV A
<DS=O.24°iO.08° 4




CA2A [pn B m/x/nﬁ

*HFAG average of Y (4S)
measurements gives (arXiv:1010.1589v3).
la/p| =1.0024+0.0023

A°_ =-0.0047£0.0046
In agreement with SM

oz 0.02

- Standard Mode
-0.02 | ] B Factory W.A.
- [l DO B,—uD X
-l DO A

Hadronic Colliders measure a
combination of B°d & BOS CP

parameters:
b — d S
A SL_CJL\ SL+CSA SL
> C,_depend on B° production

rates & mean mixing probability
*SM predicts:

+0.005

b —_—f =
A° =(-0.028 0,006

)%

b :
oAl D@ A;95% C.L. |

| DG, 9.0 bl

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

differs ]:)9 3.9 6 from SM expectation
(Phys. Rev. D 84, 052007):

A _=(-0.787+0.17240.095) %

20.04 ~0.02 0

d
ag
New results From Beaut9~l:actories @l LHCB wi” thP to unclerstar\cl the

discrepancg
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Analysis Method



Portial Keconstruction

.Partial Reconstruction of B2 »D*ly Dug K
alreaGlﬂ CXPIOitecl in several y 2 /
measurements (Lifetime, Am, . A7 '1. :———--"
Ic]/ Pl with Lepton Tag) R E'"*b”‘-x
«Reconstruct on19 Lepton& 1 . 1
.Signal selection bg means of -

missing neutrino mass with the M, = (%E - Ep- - Et) ~ (Bo- +po)’*

dat_mpkm |
o®

aPPr’Oleathﬂ of B at rest

o {: l( , m;_ Signal

D% energyrrom T inematics wf Peaking B+
snf— Combinatorial

, , mf— Continuum

Fractions of the various F

subsaml:)les Fi(MZV) from USSP o S ST S P

external fit % e e e
= " 4 . 53




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

'0’06<P“50& <0.20 GeV; 1.40<P _, <230 GeV
Selectors: e: PlDLHElectrons,

U: muNNLoose, K: LooseKaonMicro s

oo Likelihood

entrjes 10.01
2

Dest lel:)ton LIS Pair per event choosen

exploiting Likelihood Ratio (P /7_,, vertex ol

Probabilitg) -
«Continuum and Combinatorial BKG SN YN
suPPressecl bg means of Event Shapc -.
variables & vertex Probabilitg \

= L .
-Flavor of the “other B” from tagging K charge - B‘"*’*K"-xm\,ﬂ

-Tag Vertex from Ta ggi ng—-K & Beam Spot Tag K



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*) sarnplc, (similar

expressions applg for the other ones):

1

q

D

¥ o—TlAY
2(1 + r2)

Feignat(At, 8¢, 8m) =

2
r’z) cosh(ATAL/2) —

Y

o ET’E) cos(AmgAt) + E'(b + ¢) Shl(ﬂmdﬂt}]

_(1*

Qur analgsis assumption:

Al=0

r = ’-IDG’S,’" AG‘F‘

§' =4, — 6,

b= 2r"sin(28 + v) cos §’
c= —2r'cos(28 + ) sind’

.Double Cabibbo Suppressecl Parameters b, c are treated as effective

Parameters clue to strong correlation wi’th resolution Function

.Onlg Iq/Pl will be measured in this aPProach



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 Deécr/pf 10N

Modified PDF for Positive Mixed (I'K*) sample, (similar cxPrcssions
applg 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

.Observool FPDFs are obtainool From tho convolution oF tho mocliﬁoo

PDFs with a resolution function

12



A na/ysfs Sz‘raiegy

.Crucial Issue: discriminate between Phgsical & Detector charge

asymmetry without relging on control samples

Different sub~samp|es (B°, 5+)X(Pea|<ing, BKG) X (Btag, Dtag)
share Phgsical ancl/ or the same Detector Asgmmetries in different

combinations.

.Stratcgy: cliscn’tangle the Physical vs detector Asymmctries by

cxploiting all the available informations from different 5ul:>~samplcs.

13



samples

Analysis Strateqy

.ngothesi& same Detector Asgmmetries shared ]39 different

> ) ) Electrons Muons
. Verified on simulation: Agi(Btag) 0.0149 + 0.0013 | 0.0196 + 0.0016
A B N{E+K+:] —ﬂT{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
s | [
”-[";' . + D.Diﬁi— + o = 1 |
naosf | WET =TT = |
n-l +__ mﬁé_ —t— + 0.005
-umséi', e 41..“Ft'n — e —_- S SO I WO | W, DR .
fgsi18iE O O IO A
CEPPIE) TIPQ0IED (i1 1101
3 8 3 § 3 8 3 8 i &8 5§ 5§ &8 8 § §
8 8 g g dd§ g i 8 ggdd g g 8 8 g g & & 3 &
o|_ast version of the Fit uses different Arec for Peaking / BKG B




[./‘ée/ 1hood Constran?s

HBest statistical accuracy on Phgsical /Detector Asgmmetries and
mistag obtained bg applying to the Likelihood some multiplicative
Binomial Constraints, defined in terms of the lePton and kaon charges

> Arec & Asl*xd constrained using the total saml:)ie of
reconstructed (tagged + not tagged) events which show single
tag Asl

> Arec & Atag(P ) constrained using all the taggecl B’ subsample
(Peaking, BKG)X(btag, Dtag) in P bins

> Asl, Arec & Atag(PK) constrained using all the taggecl B°
subsample (Peaking, BKG)X(btag, Dtag) in P bins

> DB° Dtag samples show 5ing|e tag Asl therefore constrain Asl*xa

.Double counting Problem due to the statistical correlation of the total

reconstructed sample ancl tiwe tagged subsamples to be managecl 15

(see later)



L/ée/ 1hood Constran?s

oOor every PK bin of Signal B° Btagevents, (similar exPressions aPPlg

for the other samples) :
Cw, drec, Atag g/ p)=( V) py(1=p,)"* %
M
N NMK NMK' N NUK NUK'
(M )pMK++,M<1_pMK+,M) (v )pUKTU(l_pUKJ',U)
NMK"‘ NUK"‘
.N:NMixecl+NUnmixec15 NMixecl:NMixecl K++ Mixed K~5 NUnmixed:NUnmixed K++NUnmixec1 K~

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

o5 Detector#\sgmmetry Parameters ﬂoated N the ﬁt 16



MC \/d/ 1 aZ‘/‘on



Mis fdﬁ DeZ‘erM/‘ndf/‘on

Dilution D (PK) =1-2w floated

, Fit results in agreement with
o lower at hlgher PK

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

F ol xX'/ndf 2,120 / 2
D : i / ndf 7.651 / 2 F AO 4 0.3939 + 0. ~02
0.7 P D °4 E A1 - B608E—02
_ i 0.1129 + 0.4891E—02

08 Y

Unmixed

0.55— = 0.7316E-01 £ 0,3396E-02 o1 |
04 -

03 f

0t PKtag

.

| e o O et G, OO N O S SRS A O Y ] AN AT M T T (B oY N Y o T ) LR

T T R




B° Combinddorial: E£Fective X

Jue to charge correlation between L@Pton & T

. B® Combinatorial
soft

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

Jn BKG events it's Possible to Pick up LcPton & ﬂSO]CtFrom the two

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

<X, (BKG)>"1.4 X, (SIG) depending onP,

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—ﬂ.ﬁ

=

B° BKG Observed PDF
defined in order to
disentangle this effect
from the mistag

o2/ mistag parameters

floated

19



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

20



B° Coméb. BKGT wnth
Effective X o (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 21



Nt Kesolwdion

Resolution Model ol:)timized bg ﬁtting Ot=At measured -At true
(Phgsics & mistag effects removed)

.Resolution Paramcters sharecl between B°& B (cligerent par. sets For
Peakmg & BKG): 51 Resolution Parameters floated

UW zm— MW'] f‘:Unmjid z'Mlxejﬁtz ::Unryitd m;MixfthK?)
TSSO SS90 SOV ! UV NS UMV NP s SV L P SO WY
‘ AN IATA
ol U 1 --sf- c[l

ffereni P oo

PKi1=(0.2-0.52) GeV
PK2=(0.52-0.84) GeV
] b | 1 PK3=(0.84-1.16) GeV

o : '"-"-ﬂ}:“ﬁ:‘“q? 2 ““"-"n'r‘-‘“w"'f'{'ﬁ : PK4= (].]6"] .4‘8) Geyz
e e PRRLAE GV

E“oSQEE

o




Dt ag Des Criplion

-Dominant “BKG” in Mixed events: show ~ Btag i Dtag

therefore Dtag Fraction clepends on lq /Pl: o

600 |

0 eedq/pD=r" (q/pl=n*tq/pD = 7N =
> F(Iq/ PD from integrals of the relevant A"cm(!:)ﬂs) ) Ai‘fﬂ(_pns) )

single tag semileptonic asymmetr
geiag P Y Y

Observed PDF _,;gg EEE —

J floated bg exPloi’cing the different At = s000

Dtag fgﬂﬂ . ;EEE :
& 6(K~Lepton) distributions wrt Btag wb e
events in every PK bin of the subsamples cCOS (GK_LCPton) COSs (9K~L6Pton)
(B°/BX (Peak/BKG) X Mixed/Unmixed)
(K /KO «COS (OK_LCPtOH) PDF from MC
.I:5+Dtagconstrainecl to FBODtag(lq/ PI—"D oAt PDF froma Higl'l Puritg
from MC in every sample and PK bin selection on Real Data ”

o0 parameters floated



DZ‘dg Des cr/pZ‘/‘on
Dtag At shape from a High Puritg selection:
PDF>™  =zPDFM-  *(PDF™™/PDFM9)

Class i Classi

«4 Dtag Classes: (B°/B")X (Peaki ng/BKG)

High Puritg Selection

Data/MC Corrections comPuted in bin of (PK, OAt)

0.3 -
- 016 |
0.25 [~ 0.14 |
0.2 d 012 |
E Q.1 :—
0.15 | -
- 0.08 |-
01 | 0.08 |
. 0.04 [
0.05 - -
- 0.02
8 = 8 | . o5 sty gy e gy gy g
=1 - —15 -10 =5 x/Ahdf21.945 / 2010 15
C P1 0.9505 + 0.8719E-02 - P1 0.29058 £ 0.1746E-01
4 - P2 0.10B1E-01 £ 0.4535E-02 # P2 0.1173E-01 £ 0.5114E—-02
- P3 0.9821E-02 + 0.1223E-02 - P3 0.6797E-02 + D.1091E-502
3 v P4 -0.4390E-04 + 0.6 4jE—[}4 3 | P4 —0.8146E-04 + 0.5410E-04
: PS5 -0.3679E-04 + 0.6462E-05 - PS5 —0.1842E—-04 + 0.5570E-%05
2 | 2 | T
1 F i
o o
-1 R SR [N SR SIS S SR T [ S A SN S S R M S MR
=15 =10 -5 1] 5

P =0.2/0.52 GeV, OAt=1.2/1.8 ps

PKzO.Z/ 0.52 GeV, oAt=2.4/3.0 ps

“Kiga




Kesults on B° pea,é/n\9+31<6

x 102 x 102
*%° FUnmixe e

3000 ;—K"' 3000 |
2000 2000 F
1000 w00 [

. 888 8;

o g'Asymmetry:(U-M)l(U"'M)
—0.8 — o ‘Asymmetry(M+-M)/(M++M)

=10 [¥] 10 =10 1] 0

R I IE:;-:. ok ——
00 -0.5 —

1 Likelihood

- _ Proﬁle ICI/ Pl~]=(0.|6:|20.7]) *10”

o _ Arbi‘crar9 nits

. No Bias found on MC with lCl/ Plzl
saenil |a/pl-1 >




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

. 8000 - gono =
o0 | BKG Unmixed = FUnmixe seee
- B+ Peak 00 EK+ il :
** [Continuum 2000, | sl
[ IRt SR PR o
Mixed o
al
> M+/M- Asymmetry
Q0 fe— —
=5 E
=4 —15 —10 -5 5 5 0 75 = T T S 7.5 s 7.5 i)

750
475,55 & 27
—0.3540E-03 + 0.36680FR 03
0.4596E-03 £ 0.30160 04f
FoO = .
Arbitr
650 |-

500 |-

_la/pl1

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

450 -

At

«Continuum genc-‘:ratecl with a Toy using
as inl:)ut the OHPeak data sample
relevant distributions and normalized to
the MC statistics.

No Bias found on MC with Icl/ Plzl

27



(&5&(/55 on Modified MC toith /?/p/¢l

.Ja/pl measured from Semileptonic _ _ N(B°B") - N(B"B")
VP P AsL =3 (BYB®) + N(B"B")
Asymmetry: :
Asp = L~ la/pl _?(1— E)
" 1+|q/pl* p

JMC with K=|cl/ PI-IIO obtained bg random rejectinga fraction
F=4K/(2K+) 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 X =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 Generafea/ /?/ ol-

. _ A0 —o. ?4555 23 = O. ‘*?“3'5 D? - AD o. EB;’-?E c:4 + O.3898E—03
03 - Al 0.9870 + O0.3195E—0 c.03 [ A1 1.020 + O.2797E—01
002 ooz |-
O ’,
oo = O
B Pealang =t B°BKG
o o il
oo Btaganlg
— 02 — 02 =
-0.03 - _ —0.035 |- | |_
_ la/p|-1 : a/pl-1
=204 — N —5oT o T.61 T.55 —0.0% W] —aT T T5T 565
oo
Ardf 4,210 k=] o4 »Andf 4,109 =]

i Al 0.1447E—03  O.S100E—03 i AD 0.6580E—03 + 0.3917E—03
c.es |- A 09988 £ O0.34Z2Z7E—01 .03 |- A 09081 £ 0.27V453E—01
2 D02 i
A0 [eNuk]

= i
ig+‘E_
— 1 — i
— .02 E<
=00,

— O35 |- L
B |q/p| 1 -0.03

—oos L — . 1 L

D =73 —.01 [=] [=N D' [=] 1:'2‘ — 0.0 D L 6 o.":" ﬂ.'f:l?

Statistical errors correlated between cl iHerent bms
oB° Peakmg no bias found
«B° BKG onlg (Btag+Dtag):10% bias (2.7 6) on lc]/l:)l -1 for lq/PI 1= -O. 025



0.04
0.03

Q.02

a.01

=0.0

-0.02

—0.03

=0.04 e

Fitted vs (zenerdated | ?/ pl-

Full MC Fit

¥/ndf 4,186 [/ 9
AD =0.4863E-053 = 017T4E-03
Al 0.9638 £ 0.1252E-01

]

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

] L L L | ' L 1 | L L [ 1

I—D.EJEl - I—D.DII 0 | 0.0 'D.DEI -
Generated |q/p|-1

«(_aveat: Onlg Parameters
corrc—:lated with |q / |:>| ﬂoatecl
-Resolution Parameters fixed to

reduce time consuming

.Statistical errors correlated
between different bins

.SloPc=O.96: ~4% relative bias
on |q/pl- found

Efect negligible comParecl
with the exPcctccl statistical

crror
30



/?/ /0/ VS delecZor ,4 SyMMeZ‘r/eS

.Strategg of the measurement: disentangle the Phgsical vs Detector
Asymmetries bg exploi’cing all the available informations from different
subsamples
.|c| / PI and detector Asgmmetries are stronglg related in the PDF
o lest Peﬁcormecl to look for Possible bias on the lq/ PI determination
Producecl bg a not correct clescril:)tion of the Phgsical vs Detector
Asymmetries interconnection in the Fit constraints:
> Modi{:g the MC in order to Procluce an artificial efﬁciencg
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(l', [) ~0.5%; Tag Asymm(K*,K)~1% (fittedonMC) s



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

0.005

K/ndf12.39 / 19 0.005
AD  -0.3856E-03% 0.1569E-03 i
o004 | Al —0.4866E—02 + 0.2984E-02 i
Fitted |q/p|-1 S0 Fitted |
0.003 - 0.003 |-
b.ooz - 0.002 —
o001 |-

0.001 B

=0.002 & =0.002 E:
=0.003 B -0.0053 =
~0.004 -0.004 |

leyet)

-0.005

o F g
; ”Mﬂuu
ooor T+

| e(K)-€(K)

Wondf12.01 S 19
Al =-0.4068E-03 = 0.15359E-03
Al —0.3110E—-02 + 0.2933E-02

q/p|-1

.Statistical errors are correlated
«Observed bias < 0.001in all the As range o
A€ varied in a huge range wrt reasonable va

>The Fit correctlg clisentangles Phgsical Vs d

201 -0075 -0.05 -0025 0 0025 005 0075 0. o1 —0.075 -0.05 —0.025 © 0025 005 005 0.

- variation
ues

etector asgmmctries

sNegdligible systematic uncertainty estimated
aig Y Y

on Real Data (see |atcr§3
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/pf‘e//‘/n/‘ndl‘y .BZ.I/\@ ( esw/ts

Fitted At Shapes
Floated onlg Parameters correlated with lc]/ Pl

.l:ixecl resolution Parameters

H‘ﬂ::
w000 | BKG
w00 | BT P_eak
E_ Continuum

2000 |

1000 _F
x 102[

Unmixed

Mixed

e/ M sgmﬁﬁetrg‘f’

“M

- I T T A T T PR T T T T [
=15 =10 -5 0 b

IJIJIII.lI.I
10 15

At(ps)  aips)

x 102
2000

] Unmixed __

x 102

2000

Unmixed




Pre//m/nary BlLIND Kesw/ts

Arbitrary units

180 -

140

120

100

¥ /0dB651E-01/

4.697

JF B lﬂCl RCSUH:I

P1 =Rl =
P2 0.6362E-02 +'§.5125E-03
P3 0.8945E-03 + g.7196E+04

0.02

|CI/P ~1=(6.36+0.89)*10~

.Onlg Parameters correlatecl with

Iq/ Pl floated, resolution fixed
Nice convergence reached

.Statistical error scales correctlg
wrt Real Data/MC statistics
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Pre/ /‘Ml‘ndl‘y S}/S lernalicS:
DZ‘dg des C’/r/‘/ﬂf/‘on

Dtag clescription is one of the few elements of the anal95i5 not

completelg clata—-clriven: source omc sgstematic errors:

o DtagAt shape from Data/MC correction
> Use alternativelg At shal:)e from High Puri’cg selection

on Real Data or from “inclusive” Dtag from MC

« DtagFractionin the B saml:)le (Peaking & BKG) constrained
to B° one using ratios R (P Y=F  JF°  from MC
MC Y K Dtag

Dta 4

. RMCclePencl on BR (B » DX *KY)
> Conservativc—:lg vary RMCbg 20%, to be oPtimizc-:cl 36



Dz‘ag Systematics: N shape

Dtag At shape from:

. High Puritg selection on

Real Data
800 4270
/ndi0.3603 / 6 [
P1 715.6 £ 12.34
P2 0.7686E—02 + 0.1888E—-02 | e
P3 0.1046E-02 £ 0.2836E-03/
780
4250
760
4240
740 4230
4220
720
4210
7006 51 5605 R o Te RN T 578 0.02 4200

o Inclusive Dtag from MC

> Alq /P|=+1.§ 107

°/06d232E-01/ 6

P1 4210. %+ 29.07
& P2 0.7028E-02 + 0.3980E-02

P3 0.1047E—02 + 0.6399E£03

TP

0.01

e e
=0.005

Alg/pl=+7107"

5 SooE T |d:1]uBT_1 002
«Ditference wrt Standard Procedure (scans to be oPtimizecl):
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Dz‘ag

Systematics: B sample Fraction

Dtag Fraction in the B sample:
R (PK):FE’+ JFE®  varied bﬂ +20%

Dtag Dtag
)=0.8* R (P.)
= *
R(P )=0.8"R (P, R(P)=1.2*R (P )

= - x°/ndf0.1207 [/ & 300 - x’,fndt:: 13558
B P1 1217. 15.34 I P1 99 64 E S 495
= P2 0.6464E—02 &+ 0.1990 o2 275 |- P2 O.680S1E—02 £ 0.225BE—03
P3 O.1TO018E—02 &£ 0O.33Z23FE—03 r P3 O.5167E—03 &£ O0.1780E—04

W E ] ] N '] ]
5 © & & & & 3
|

1zo00 k&

Iq/pl 1 oo |

|a/pl-1

L |
Q.005 0.0

.ngerence wrt Standarcl Proceclure (to be oPtlmxzecb

> lg/p
> Total

=+1.010™" ANa/pl=-3110"
VP +.310 7

Qrelxmmary systematic error from Dtag Alq/Pl: 0310
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@?/}V—IMS‘AE

0.012

/ndf12.91 /7 19 AT »/ndf 12.95 7 19

i DSIIBE=D2F D A0TSE-0S . AO 0.6047E—02 + 0.2963E-03
B A —0.1381E-02 &£ 0.5921E-02 oo d Al —0.2452E—-02 + 0.5508E-—02
sooo | Fitted lq/pl-1 ___ | Fitted lq/pl-1
WHBLIND 1L | EBLUND| 1 | | |
1 Jr =T TT | T i | BEEN | i
Reco Emcﬁ'cicncg Tag E%c:encg

m(l 1-r 5) g?l 1-r) e os adas o a(K ) a(K )
Same aPProach as for MC
«Observed lq/Pl variation < 0.001 in all the At range
. The Fit correctlg disentangles Phgsical vs detector asymmetries
Fitted Areco(e+p) ~6.510 7, Atag™1.5%

> Ne(Reco)<13%, Ae(Tag)<3% (PID tables <1%, ~1.5%)

> Alc]/ PI (Reco)<2107, Alc]/ Pl (Tag)<6 107 (to be oPtimizecl) ¥



Doetble Cowunt "”\9 Problers

|q/l:>l and Detector Asymmetries are simultaneouslg obtained bg applging
Binomial-Constraints on:

a)Reconstructed Taggechu ntaggecl Events:

Constrains Reconstruction Asymmetry

b) Taggecl Events divided in different categories

(B7, B)X(Btag, Dtag)X(Peaking, BKG)X (Mixed, Unmixed):

Constrains Phgsical and/or Detector Asymmetries

.Underestimation of statistical error due to double counting of events in the

two different Binomial-Constraints has to be avoided

Possible Solutions alrcacig investigatecl:
1) Remove Constraint a): introduce a lq/ Pl bias ~0.0015
2) Moclhcg the Likelihood using a Multinomial APProach: needs heavg
clebugging, not in time for ICHEP
3) F’roPosalz estimate a statistical error correction using a Toy MC40



preCZ‘ ed Final Errors

Statistical Error:

From fit with fixed resolution Parameters +0.9107

.Preliminarg results obtained 59 ﬂoa’cing all the Parameters show a
relative increase of “10%

 Double counting studies show an increase of “25% bg removing the

constraint on total number o1c reconstructe& events

> Estimated 5(lq/pD+125107 (8A_ ~2.5107)

Systematic Uncertainties:
Dtag clescription 413107
«Detector Asymmetries ~0.1107
.Saml:)le Coml:)osition from external fit to MV2
Resolution (SVT alignment); Fixed Parameters (?)
> Rougl'] Estimation 6(lq/PDi 1.8107 (5A5L~§.6 107)
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Concl/usions

Validation on MC Runi-Runé Release 24, Analgsis 51
> Full Fit on B°+B* + Continuum finalized
> Negligible Analgsis Bias found using a Modified MC with Iq/Plil

> Fitis able to clisentangle Phgsical vs Detector asgmmetries

Real Data:
> DtagAt shape oPtimized for Real Data
> Preliminarg Blind Results obtained with statistical error in
agreement with MC Predictions

> Preliminarg Sgstematic errors evaluated
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N ex? SZ‘epS

Next StePS:

>

2>

U Pcla’ce the Documentation & Restart the Review process
Reproclucc: MC/Real Data results bg ﬂoating also resolution
Parameters

Develop a Toy MC for the evaluation of the statistical error
(double counting Problem)

Finalize systematic errors evaluation: sample coml:)osition from

external fit, resolution Parameterization, variation of (few) fixed

Parame’ters
Cross checks: e/l, Mass Band/Side Band
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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 PDFsg,
*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(A)4=(1.8-2.4)ps V'
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 48
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=(1.8-24)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 50

la/p|-1



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 31



pre///n/nary BlLIND Kesw/ts

, BKG
Fitted cos (0 ) Slﬂapes
K~Lepton B+ Peak
, Continuum
<103 Unmixed x 103 Mxed
- 104 x 102
1800 4500 )
1600 4000 | Unmixed K+ Unmixed K-
1400 3500
1200 3000
1000 2500
800 2000
500 1500
400 1000
200 500
0 0
cosd(k-I)
1.2 1.2
115 | 115 2250 Mi Cl K+
_. 2000 IXe
11 | Data/Fit M Data/Fit e
105 | | 105 1500
1 1 T 1250
095 + 0.95 | 1000
750
0.9 0.9 et
0.85 |- | 085 | 250
11 1 1 | I /1 | 11 1 1 | 10 I I 1 1 I 1 1 11 ! I 1 I 11 1 1
08 =g 08 TpFUvos 04 5 =05 0 05
tﬂﬁ'ﬂ{k-l:l Cﬂ‘ﬁi‘i’[k-l} cCOS (e } cOS (e )
K~LcPton K—Lepton



750

650

SO0

S50

SO0

Il I L L L ] L L L
450
—0.015—0.0125 —0.01 — 00075 0,005 0.0025 o 0.0025 0.005 0.0075 Q.01

Doetble Cowunt "’7\9 Problers

Solution 1): MC Test removing Constraint a)

" |a/p|-1=(-0.35+0.46)*10°

0.04

Q.03 —

—0.01 |-
—0.02 |-

—0.03

x°/ndf 5.104 / 9
AO —0.1497E—-02
1.033 +

2522E—03
SE—-01 -

Al
00z LIl MC Fit
001 E—Wit*nout Costraint a)/

o

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

—0.04 e

600

350 L 1 L 1 1 1
—0.015 —0.01 —0.005 Q 0.005 0.01 0.015

Statistical error increases ]33 50%

Dias “0.0015 on lq/Pl for lc]/Pl”l

> Constrainta) is very useful

to disentangle Plﬁgsical VS

Detector Asgmmetries
53



Doetble Cowunt "’7\9 Problers

Solution 1): Real Data Test removing Constraint a)

¥/ 0B651E-01/ 6 0T

P2 0.6362E—02 + §.5125E—03 :

P3 .?1955 04 | oo f

160 |- I:

Real Data Fit BLIND -

“ I With Capstraint a) .

' - + *10" 3
| lalp|-1%(6.36£0.89)*1

465 |

100 |- 460 |-

455 |-

e CXv S XL X B 7 452[,,:0,

.Statistical error increases !93 22%

/ndf0.1122 / 5

1 . 10.69

4 0.7869E-02 + ¥.1770H-02
0.1092E—-02 + #0.3568F —03

I
-0.005

L
0.01 0.015 0.02

«Central Value moves bg 15107 1n the oPPosite direction wrt MC

> Do not remove Constraint a)
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Dowdble Co&(nffng Probler

Solution 2): Multinomial Constraint

olor every (I HX(B°, B+)X(Peai<ing, BKG) category:

/
L:ve N | v

N! NBt" I NB:""™ I NDt"™ | NDt""™ | NNt !

P<BtMix)NBtMixP(BtUnm)NBtU"mP(DtMix)NDtMD‘P(DtUnm)NDtU"mP(Nt )NNt
N =NBt"™ + NBt"""+ NDt"™ + NDt""" + NNt

Poissonian term constrains the Reconstruction Asymmetry
Different Probabilities are Proportional to the corresponcling tagging
efficiencies:
P(Bt)ce(Bt); P(Dt)ce(Dt) P(Nt)=1—e(Bt)—e(Dt)
> Fitin addition also the Tagging Efficiencies e (Bt) and (D) for
Btag and Dta gevents

-Stratcgg not rcaciy in time for summer conferences

.ProPosalz use a Toy MC for the determination of the statistical error,



Even? Stadistics

MC statistics: “47 Mevents
BO Btag Mixed Events

6|q/Plstat le’t
Signal 1519576
Combinatorial 2002682

Total %522258 27107

Data statistics: 714 Mevents
BO Btag Mixed ~1I74000  4.6107

Meas.

46107

8.9107"

Corrected
(exPectecJ)

6.6107

1.25107
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