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4 ¢ Introduction: A
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The BaBar Experiment

LPNHE
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Time dependance and

Flavor Tagging

PARIS
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Phenomenological Context (1)

Flavor physics - Introduction

e CKM matrix = 3x3, unitary

\_ constraints on New Physics (NP) models

b -
Vf‘!sb w
Vud Vus Vb 1 — ’\72 A A/\3(p — in)
Vekm = | Vg Vs Vi | = ~) P AN2 + 0O .
Via Vis Vi AN (1 —p—in) —AN? 1
e Unitarity Triangle (UT) = geometric representation of one CKM unitarity:
A 1.5_||Icl'd| ah;S(;LJO.QIS!IIII%}JI|II|IIII|IIII
A SO _
VudVib | ViaVib |
Ve Vep! | Vg Vi |
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* One of flavor physics goals: '
. . E e
put constraints on UT sides and angles to o Y-
0 AN |
test Standard Model (SM) and set =N Y e
20 -0.5 0.0 0.5 1.0 1.5 2.0

qdi1

Simon AKkar, LPNHE Paris

JRJC Annecy, Vendredi 09/12/11



Phenomenological Context (2)
CP Asymmetry - Flavor Mixing PARIS

* B mesons oscillates (box diagrams) -
BY, W W B,

S, 8,4

e CP asymmetry 1s defined as:

A (At) B F(Btag:BU(At) o f(;p) - F(Btang“(At) o f(;p) { s,d b ;
“r ['(Biag—po(At) = fep) + T(By,,_go(At) = fop) x @]
400 ]
= Sysin(AmgAt) — Cgcos(AmgAt) . .
(Amg: Bg states mass difference, oscillation frequency) 04 | (b;:
(Srand Cy: direct and induced by mixing CP asymmetry parameters ) 0'5 m _
-0.2
* When one final state « f » 1s accessible 04

to both B? and B® mesons, then interference
due to BBY mixing appears and non-zero
value of Sy 1s predicted:
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@ Phenomenological Context (3)
i B%°—Ks p? y — Analysis Goal

PARIS

O{SMsb — sy1or b — sy =

=
5 CP asymmetry parameters —\ > o J

5 CP asymmetry parameters # 0 \ A

e A few CP asymmetry measurements in radiative CP eigenstates exist:
BaBar and Belle in B’ — Ksn’y, Belle in B — Ksp®y

— All results are compatible with 0...

{NP = b — syirorb — Sy = B° J i Vib

{

/ o Helicity: spin § 37 \
e Radiative decays (b — S'Y)Z projection on the A= —
In SM 1nteraction between left-handed momentum of a particle ‘p ‘
quarks and right-handed antiquarks
° WS
s(A=-1/2) y(A=-1)

B meson radiative decay,
NP particle may be present in the loop,
and enhance right-handed photons:

Belle result for B? = Ks p° y with S — 0.11 + 0.33(stat. +0.05 vst .
657 millions of BB pairs => KL(S)‘/)OA’“ § ( ) 0. 09( )
\_ arXiv :0806.1980v1 [hep-ex] 12 Jun 2008 Aerr=0.05=%0.18(stat.) & 0.06(sys )/
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. j Road map

e Measurement Strategy:
Control Channel

v

v

Discriminating Signal from Backgrounds

v

Modeling the Signal
Modeling the Backgrounds

v

\_
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Strategy Overview

PARIS

LPNHE

\_

(

4 N\
Simulated Monte
Carlo (MC) Bvents
Data
\_ J

e Maximum Likelihood Fit:

Model
different

\

discriminating
variables for all

event species

\_

J

\ SPCCICS

[Built PDFs™ of the\

J

“PDF: Probability Density Function

To extract signal and background event yields and parameters of interest

ﬁzcxp(—ZNj)Hﬁi » ['i :ZNj 'sz(m
J @ J

* Use a charged control channel first: B"— K "™y

gs, AE) - P;(NN) - P}(At)

=\

Discriminating

Variables

(see next slides) /

~
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Control Channel

PARIS

Why use a control channel?

-

* Extract from the B — K" "™ y data information about the dynamics
(intermediate states) of the Knt system (1.e., mkxzr Spectrum)
o = implement in the B — Kg p®y analysis

~

* BR[B? — Ksp°y] ~10°¢ ® ~471-10° B°B? in Babar = ~ 102 signal events
= We need to test our procedure with a similar mode where:
G[similar mode] » 6[BY — Ks p?v]
5 using B* — K*n" iy for which:
(BR[B* - K*n*m"y] = 2.3:105 = ~ 3.4 - 10° events)

/
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PARIS

i Backgrounds

* Two types of backgrounds

» Continuum background:

Production of lower mass resonance (e“e- — qq ; q = u,d,s,c)

> Most abundant background
— Distinguishable from signal by shapes of discriminating variables

» Backgrounds from B meson decays (B backgrounds):

Events with final state close to signal (see example below)
— Dangerous = distributions similar to signal in discriminating variables

For example one of the most abundant B backgrounds:

the candidate

\_

- B? - K" (—Kmn)y = one 7 of the “other side” is wrongly used to reconstruct

/
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«,{ Discriminating signal from

background

PARIS

e )

~

\_

Using three discriminating variables
to separate signal from backgrounds:
s ) N s . R
e Energy-substituted mass (mgs): Peak at mg for signal
. -> (no obvious peaks for
megs = (5/2 + PB - p() /bz o p‘B _ \/bl)0'11n o pB S backgl‘OlllldS) )
s . N s . R
e Energy difference (AE): Peak at 0 for signal
-> (shifted on left or right
- AE 2’ (2qpq0 — 8)/2v/s X Ey—-E;. ) 5 for backgrounds) )
: : . e . A 4 )
e FKisher discriminant:
- Linear combination of 6 event-shape variables
. Distributions shifted
A 7 - toward +1 for signal
i s et and -1 for continuum
spheriqure £ > y,
v
v b .

—/
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Model for the Signal A

- N

* From B*— K" n"n~y MC samples separate signal events in two categories:
= Truth Matched (TM): » Signal events well reconstructed (from MC truth information)
— Self Cross Feed (SCF): » Mis-reconstructed signal events
mES Fisher discriminant
(Ca tepor Expected |
oY ' Yiela | =
Signal TM 2649 ):
g. . . . . .25 5.26 5.27 5.28 5.29 -%.2 -0.15 -0.1 -0.05 0 005 0.1 0.15 0.2 . K .
M, (GeV/c2) AE (GeV)
Signal SCF 794 . Crystal Ball . Cruijff i Gaussian
Total Signal =~ 3443 | T .
\_ S i E
8.2 5.21 5.22 5.23 5.24 5.25 5.26 5.2"155(.&2‘”%22)9 -%.2 -0.15 -0.1 -0.05 O 0.05 0.1 Z.E‘I?Ge\?).z . . . K sher
\ Cruijff + Argus Linear Gaussian /
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Model for the backgrounds (1) A

PARIS

Distribution of discriminating variables for a few backgrounds )

mES AE Fisher discriminant

~ 250 -~ - -
% % _ g 180
4 0 *() 2 a00f g ::_ < 160
* B K" (>Kn)y
o o g 150: :;’1005— @ 120
one 7 originates from the | = ° w

° 60F
other side j: of °
k / 20F 20
gZ 521 522 523 524 5.25 5‘26 527 528 529 -%-2 -O.!IS -0I.1 -0.I05 (I) 0.I05 0?1 0.‘:5 0.2 0 OI 0.I2 0.I4 0.6 0.l8 i
s (GeV/c2 . AE (GeV/c) . Fisher
Cruyff + Argus Cruyff Crunff
é g 250 g::oo
/ \ g g - 51400
g ° 8 1200
° Continuum -
800!
+ A= e o — 100
H — 600
(e7e qq ;5 q = u,d,s,c) )
K / 200
§22 5. 23 5. 24 5. 25 5. 26 5. 27 5 28 -%.2 -0.I15 -0I.1 -0.I05 l; 0.:35 0:1 0.;5 0.2 0 (I) O.IZ 0.4 0..6 0:8
s (Ge V/ 2) AE (GeV) Fisher

Argus Exponential Exponential

}

nts /(0.0219)

° B> X, (»Kn)y

high multiplicity final state:
one particle (or more)

migrate to the other side

s 1 1 1 1 1 1 1 1 1 1
/ g 2 5. 21 5. 22 5. 23 5. 24 5 25 5. 26 5. 27 5. 28 5 29 -%.2 -0.15 -0.1 -0.05 0 005 0.1 015 0.2 0 0 0.2 0.4 0.6 0.8
AE (Gev/c) Fisher

N
\ Cruyff + Argus Exponential Gaussian
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Model for the backgrounds (2) | P NHE

PARIS

\

\_

~

Expected yields of all the backgrounds in the fit model

Category Estimated yield
Continuum (udsc) 70983
B’ — X(-» Kn)y

Bt = Xou(» K1)y 2872
BY - K*(— Km)y 1030
B — X 4(— Kn)y

Generic B-background 1065
BT — K*"(— Km)y 449
BT — X (— Km)y

BY — K*9p 56
Small Charmless Peaking 17
Total Bkg 77365

Compared to signal
TM exp. yield

Category E?ieeﬁed\

Signal TM 2649

Signal SCF 794
KTotal Signal

3443 //
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Road map

PARIS

l‘ 7 ’

f ('

! )

i = _,

| . ‘K%
L]

e Model Validation:

» Validation tests: pseudo-experiments
» Validation tests: "sPlots™

\_
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Validation tests (1)

j pseudo-experiments

A tool for validation tests:

-

* For unbiased fit parameters:

= Pull of 0; is a gaussian with:
» mean = ()
» width =1

\_

* From this model, we perform consistency tests:

= Create simulated pseudo-experiments based
on our model and test the “pulls”

/

\_

pull =

e )
Htrue L (gf'&t
() ()

fit
g,

"
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Validation tests (2)

pseudo-experiments

.

Test of internal consistency
= Pure Toy study — Events generated directly from the likelihood function (fit variables uncorrelated):

Fit parameter
Signal TM Yield
qqbar Yield
Generic Yield

K™ v + Xs(—Kmn) v Yield

Pull Mean
0.020 + 0.054
0.014 £+ 0.055
0.025 £+ 0.060
0.054 + 0.058

Results for selected parameters of 333 pure toys

Pull Width
0.970 £+ 0.038
1.004 £+ 0.039
1.091 + 0.043
1.057 + 0.041

Fit parameter
Signal TM Yield
qqgbar Yield
Generic Yield

Pull Mean
0.025 £ 0.054
0.235 £+ 0.056
-0.287 + 0.055
0.017 £ 0.055

Results for selected parameters of 333 embedded toys

Pull Width
0.970 + 0.038
1.007 + 0.040
0.991 + 0.039
0.989 + 0.039

\ K™y + Xsa(—Kmn) y Yield

e To take into account correlations between the fit variables
— Embedded Toy study - Signal (TM+SCF) & K" y events taken from MC:

80

70

60

50

40

30

20

10

]

Entries 328

Mean -0.01971 + 0.05435
RMS 0.9843 = 0.03843

N
w

o

65.33 + 4.84
-0.006541 = 0.056636
0.9612 = 0.0470

2

3 4 5
signalEvents_Pull

Entries 319

Mean -0.02536 = 0.05429

RMS 0.9696 + 0.03839

N
w

o

65.75 + 4.98
0.003893 + 0.053718
0.935 + 0.047

3 4 5
signalEvents_Pull

%
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Validation tests: "sPlots" (1)

i Mk extraction PARIS

-

e sPlot technique allows to reconstruct a variable distribution without a
priori knowledge on this variable

e Use 1n the context of a maximum Likelihood method making use of the
discriminating variables

e Apply event-by-event weights (sWeights®) based on the likelihood function
to extract the distributions for signal events

*sWeight defined as the likelihood ratio for "event species i " over the total
Likelihood times element of error matrix given by the fit for "species i "

\ (L:/ Lzy) - Cov(i,i)
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Validation tests: "sPlots" (2)
Mk extraction

PARIS

e )

e Use sWeights to extract signal Kz invariant mass (mkzz) spectrum

\_

m,.. (GeV/c?)

mxx distribution for 1 pseudo-experiments
(expected statistic)

~

2 - 9 - +
g 300 _|_ True Signal MC m,___ "q;-; 6000 :— _|_ True Signal MC m___
"é E I _|_ Signal L Splot "é 5000 :_ * 4 _|_ Signal L Splot
8 250 3 -
= n £ B
3 f 2 4000
200— 4000— +
[ B -+
150 3000 +
g + Hk = ey
100 + 2000 + +
— il - +
50 1 1000} N "
| qFﬁH} | -+ ==
- T - -~ TR
0 _JL 4‘ _LJ— | = Sl I I | 1 1 1 | 1 1 | T I I:.“::”_—“-:.“::1 0 [ | 1 I _..__LE-’-I+ 1 | 1 1 1 | 1 1 1 | 1 :Fﬁ-_—'{zﬁz
0.8 1 1.2 1.4 1.6 1.8 0.8 1 1.2 1.4 1.6 1.8

My (GEV/C?)

mxx distribution for 20 pseudo-experiments
(expected errors/4.47)

/
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Y Validation tests: "sPlots" (3) —
i Dalitz Plot - Introduction PARIS

/0 What is a Dalitz Plot? )

» Named after it's inventor, Richard Dalitz (1925-2006)
» Visual representation of the phase-space of a three-body decay
- often axis are the squares of the invariant mass of the pairs of decayed particles

e Why Dalitz Plot? 0 e

» Allow to perform amplitude analysis
to extract directly information

» Interference provides additional
sensitivity to CP violation

Dalitz plot for a three-body final state. In this
example, the state is t"K%p at 3 GeV.
(i.e. M — mi(n") m2(K% ms(p) ; massm = 3 GeV)
Four-momentum conservation restricts events to :
the shaded region. ol oo Ly Ly L

0 1 2 3 4 )
\ [PDG ﬁgure] m%2 (Gevz) /
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& Validation tests: "sPlots" (4)

PARIS

i Krr Dalitz extraction
/

e Use sWeights to extract K*a*n - Dalitz Plot

K"(892)"

\

-t
()]

m(Kr)? (GeV¥c?)
o B

0.8

0.6

0.5 0.6 0.7 0.8 0.9 1 1.1 1.2
m(Kn*)? (GeV%/c?)
\ Knn Dalitz sPlot distribution for 20 pseudo-experiments
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Summary & Outlook

(

\_

e BaBar & B physics:

» Rich and clean environment (compared to
hadronic colliders)
» Sensitive to NP through “loop processes”

e Control channel (K*n*rnty) analysis:

» Useful to validate our procedure as well as to
extract information as later input of B® = Ksp®y
analysis

» Model for the control channel validated

\.

-
¢ Performed a fit to data for K*n*n "y (unblinding)

* Move to main analysis: B = Ksp®y
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