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THE STANDARD MODEL AND THE
FLAVOR SECTOR

~
LSM — £gauge(Aaa %) =+ LHiggs(¢a Aaa wl)

<z Sy

e Weakly tested in its

e Experimentally tested dynamical form

with high accuracy

e Origin of the flavor

* Global flavor symmetry structure of the model

e Stable with respect to

quantum corrections e Not stable with respect

to quantum corrections

e Within the SM the flavor-degeneracy is broken only by the
Yukawa interaction

* Quarks from different flavors are coupled through the
complex matrix Vckm (detailed in a few slides)

.~
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THE STANDARD MODEL AS AN

EFFECTIVE THEORY . )
~
Cn
Lot = Lgange(Aa; 1) + Litigss (9, Aas 1) + ) 577007 (9, Ay 1)
d>5 .
Arguments from:
e theory: e cosmological observations:
» inclusion of gravity » dark matter
» instability of the Higgs » inflation
potential » cosmological constant
» neutrino masses > ...
» origin of flavor e hierarchical structure of
> ... quark and lepton masses
| |
* The current point of view on the SM Lagrangian:
a low-energy limit of a more complete theory (effective theory)
* New degrees of freedom are expected at a scale N\ above the
electroweak scale

~— — 0000___—__—_— ___—_—0_00 _—00_—_—_—_—____>
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™

THE STANDARD MODEL AS AN

EFFECTIVE THEORY )
~
Cn
Lot = Lgange(Aa; 1) + Litigss (9, Aas 1) + ) 577007 (9, Ay 1)
d>5 |
7 <
Lsn @ renormalizable part of Lo Operators of d >5

containing SM fields only
and compatible with the
SM gauge symmetry

(i.e. all possible operators withd <4
compatible with the gauge symmetry)

Two major questions of particle physics today:

e Which is the energy scale of New o High-energy experiments
Physics (or the value of A) [the high-energy frontier]

e Which is the symmetry structure
of the new degrees of freedom <«—>
(or the structure of the cn)

S
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GENERAL “RECIPE” TO PROBE THE FLAVOR /-

CENTRE DE PHYSIQUE DES

STRUCTURE OF PHYSICS BEYOND THE SM

\

From theoretically clean and non- . . .
suppressed tree-level processes: - excll.sze an.d inclusive
Determine the CKM elements where ) semi-leptonic b—u decays
the SM is likely to be largely dominant
- Neutral meson mixing
(K: B(d,s), D)
Identify as many as possible - Penguin modes

processes where the SM is calculable <=> - CP-violating observables
with good accuracy using the tree- - Forbidden processes

level inputs, or suppressed for null - Helicity-suppressed

tests.
observables

Measure with good accuracy these
rare processes and determine the

allowed room for new physics

eventual extra step... - ...which is likely to be
attributed to the theorist
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GENERAL “RECIPE” TO PROBE THE FLAVOR
STRUCTURE OF PHYSICS BEYOND THE SM COPM

~

e e e

Here we will focus on radiative B decays
and the photon polarization as a probe
for potential NP contributions

—— e — —— e — e — A— ——————— e — e —— e ———— J

- . . . . ]
Many experimental methods to probe the photon

N

polarization exist:

» BO = Ksn'y

> BO = Ksp®y Presented in detail today )

|
H
| ° CP-violation parameters in B%s)—fcp v:
H
|

|

|

|

|

> BOS - ¢Y H
| * Angular analyses: ﬂ
|

J

H 4 B+_’K+resy_’K+TCTCY
» BO = KO(— K-7t+)e+e-
-

.~
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Phenomenological
Context and
Experimental Status

(1) CP violation in the Standard Model

(2) The time-dependent CP asymmetry

(3) Radiative B decays and the photon polarization
(4) Physical observables and experimental status
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CP VIOLATION
ORIGIN IN THE SM

4 )
e The CKM Formalism and CP Violation:

» In the Quark sector: Weak interaction eigenstates # Flavor eigenstates
» Existence of 3X3 unitary matrix describing the mixing of quarks: the CKM Matrix

Vud Vus Vub 1 — %)‘2 A )‘3A (p o ’”7)
VCKM — Vcd Vcs Vcb = —A — %)\2 )\214 + O ()\4)
Via Vis Vi MNAL—p—in) —XA 1

In the SM, CP violation originates from the presence an irreducible phase
(Only possible in the case of at least 3 generations and n # 0)

Transition amplitude between Transition amplitude between
b and u quarks anti-b and anti-u quarks
W _ Wt
b U b U
> . — > < - <
*
Vb CKMphase = V", # 1/, ub

Different behavior of matter and anti-matter

» Actually this single amplitude cannot give observable CP violation
» Must have a sum of amplitudes = contribution from a few processes

.~
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CP VIOLATION
AMPLITUDES AND (OBSERVABLES

e Two amplitudes with a relative phase changing under CP:

A = (final|H|initial)

= Ay + ageT??

CP-violating, “weak’/
or CP-odd phase

A1+ Ao

Ay + As|” = |4
No CP asymmetry!!

\
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CP VIOLATION
AMPLITUDES AND OBSERVABLES

~
e Two amplitudes with a phase changing under CP and a CP-conserving phase:

A= Ay + ayet(?2192) A = Ay + age’{—P2102)

CP-conserving, “strong”
or CP-even phase

Now have a CP
asymmetry!!
- ,
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CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

Direct decay

)
Ji

BY Afcp = A1 + A fC’P
W andW
B Az

L(B° = f) #T(B’ — f)

CPPM
1 ) 53 ) )
e CP violation in the interference T~
between decay and mixing: B, | né gw 5,
» Need a final state accessible to both -
BYand B": satisfied if a CP eigenstate = b

Acp (At)

I'(B (At) — fop) — T(BY(At) — fop)

[(B"(At) — fop) + T(BY(AL) — feop)
= Ssin (AmgAt) — C cos (AmgAt)

Bq states mass difference, oscillation frequency

Ay 2( A\
Direct dem‘ S = ( fer )2 > CP in interference between
_ _ _ 1+ )‘fcp‘ decay and mixing
U A — Al —I— AQ fcp o 2
& ij,P C = 1 Afcp‘ » CP in decay, or direct CP
0 Z _
B 2 )\f _ g AfCP
CP

\_ p AfCP )
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RADIATIVE B DECAYS &

.

THE PHOTON POLARIZATION ) CPPM
 Radiative decays b — sy (FCNC): He!ici:yr spinth 1 S-p
projection on the = ——
In SM interaction between left-handed momentum of a particle \P\

quarks or right-handed antiquarks b
° WWNSH

e Effective Hamiltonian of the process: s(=-tiy — y(A=-D
AG

B meson radiative decay,

Hyg =———"— tz%b Z C, (,U)Oz (,LL) + C,:(,LL)O,; (,U) NP particle may be present in the loop,

and enhance right-handed photons:

V2 TS

O ~ : dominant operator related to photon penguin diagram  ©

In SM: primed operators related to b — syr transitions with 1 <6
are predicted to have no contribution

 Transition amplitude of b — sy process:

. 4G * e . / e / .
M = 7)o = (| Hali) = ———-ViiVa <0§3> (1) (F1Om li) + 1 () <f|077|z>>
C’?'y ms

|C§?Y)eff(u _ mb)‘ 033, Gt =002
Y
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PHYSICAL OBSERVABLES

AND EXPERIMENTAL STATUS
e Mixing-induced CP asymmetry: § = CP(fep) = =1
2V — 273 for BY
_ T(B°(t) = fery) ~T(B(t) = fopy) M T 2010 B
® ACP(t) — —0 ¢M ~ (O for Bs
(B (t) = fepy) + T(B(t) = fop?) b1 g : relative CP-odd
Ctop =0 ~ —£Siﬂ(2¢) Sin(¢M — ¢L — ¢R) Sin(AMt) ’ Zveakphases in the
— §) process.
= Sy, sin(AMY) (~ 0 in SM)
. D(B°(t) = fepy) = ML +IMe®)”, No interference between amplitudes of
(B () = fopy) = |ﬂL(t)|2 1 |MR(t)]2 left- and right-handed transitions
o sin(2¢)) = 2| My Mp| Parametrizes the relative amount Mg > ‘Céeqff
M2+ | MRg|2  ofleft- and right-handed photons ML |C$fyf
SM SM (4)
MP~0 = Azp(t) ~0
i A y 0 - © Immediately indicate the existence of NP contributions
CP( ) # " @ Difficult to disentangle contributions from Mg/ M
\ and the CP violating phases )
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PHYSICAL OBSERVABLES

™

CENTRE DE PHYSIQUE DES

AND EXPERIMENTAL STATUS

é - = )
e Mixing-induced CP asymmetry:
Non exhaustive lists of references!
( . )
® D.Atwood, M. Gronau, and A. Soni, Mixing @© D. Atwood, T. Gershon, M. Hazum,
induced CP asymmetries in radiative B and A. Soni, Mixing-induced CP
decays in and beyond the standard model, violation in B — P(I)P(2)y n
Phys.Rev.Lett. 79 (1997) 185188, search of clean new physics signals,
arXiv:9704272 [hep-ph]. Phys.Rev. D71 (2005) 076003,
. arXiv:0410036 [hep-ph]. )
i 4 Belle Collaboration, Y. Ushiroda et al., 4 BABAR Collaboration, B. Aubert et al., )
Time-Dependent CP Asymmetries Measurement of Time-Dependent CP
in B0 — Kg0z0y transitions, Asymmetry in B0 — Kg0zn0y Decays,
Phys.Rev. D74 (2006) 111104, Phys.Rev. D78 (2008) 071102,
arXiv:0608017 [hep-ex]. arXiv:0807.3103 [hep-ex].
4+ Belle Collaboration, J. Li et al., Time-dependent CP Asymmetries in B0 — Kg0p0y Decays,
Phys.Rev.Lett. 101 (2008) 251601, arXiv:0806.1980 [hep-ex].
4 LHCD Collaboration, R. Aajj et al., Measurement of the ratio of branching
fractions B(B? — K*Vy)/B(Bg? — ¢v) and the direct CP asymmetry in B0 — K*0y,
Nucl.Phys. B867 (2013) 1-18, arXiv:1209.0313 [hep-ex]. )
. S
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CENTRE DE PHYSIQUE DES

PHYSICAL OBSERVABLES
AND EXPERIMENTAL STATUS

~

e B* 2 K'resY ? K"t Y angular analysis:

S — 2
[ ‘A(B — Kres’y — K?T?T’y)‘ = ‘CL‘Q‘MLP + ’CR|2|MR|2 K
0.
2 2 P2 .
|CR‘ _ |CL’ 1(0)eft (0)eff g
o \. — cr x C cr, x C = Dix \‘ . .
Y Ty ’ Ty P1X P2 — > D1
cr|? + |cr |2 TA, pg/ P
o o & i
J, dcos @ a_ | , dcos 6 di ‘ cos 0 o cos 0
o Aud — d;os@ ~— dcos 6 X )\7 Y
[~ dcos6 di_
—1 dcos 6

The asymmetry corresponds to the number of photons in the up and
down hemispheres wrt the plane defined by the hadronic system

© Immediately indicate if the photon is polarized

Aud # 0: & Currently not possible to link directly Auq to Ay due
to theoretical limitations!
Not possible to tell what is the photon polarization...

\.

\.
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PHYSICAL OBSERVABLES
AND EXPERIMENTAL STATUS

™

CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

__CPPM

e B* 2 K'resY ? K"t Y angular analysis:

~

Non exhaustive lists of references!

7

® M. Gronau, Y. Grossman, D. Pirjol, and A. Ryd,
Measuring the photon polarization in B — Knmny,
Phys.Rev.Lett. 88 (2002) 051802,
arXiv:0107254 [hep-ph].

N

@ M. Gronau and D. Pirjol, Photon
polarization in radiative B decays,
Phys.Rev. D66 (2002) 054008,
arXiv:0205065 [hep-ph].

\.

\

J

r

\.

\

4 LHCD Collaboration, R. Aaij et al., CP and up-down asymmetries in B+ -»K+tnFn+y decays,
LHCb-CONF-2013-009 (Jun, 2013).

An LHCD paper should soon be published!!!

Simon Akar
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PHYSICAL OBSERVABLES
AND EXPERIMENTAL STATUS

e B> K9(—= K rn")¢{"¢ angular analysis:

1 d*r’ 9
dI'/dg? dg?d cosfyd cosfk dq3 167

[FL cos® Ok + g(l — FL)(1 —cos? k) —

Ficos?0x(2cos? 6, — 1) +

1

Z(l - FL)(I — cos? 0}()(2 cos? ¢ — 1) + (a) O and 6, definitions for the B° decay
hoton polarivation ISR URECR IR

4

—App(1 — cos® Ok ) cos By +

3
Ag(1 — cos? k) (1 — cos? ;) sin 2¢ ]
« Lepton forward-backward asymmetry Ars 1 K| [opgitudilngl polarization F.
1 e \ | b R L
5 g ¢ - |Manyadditional|
v -} =| observables ;
* — g |sensitive to the | os -
presence of NP |* | | :
contributions | i s
@ = i 3 -‘
=~ L , : : ]
B R R EEER
_J
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PHYSICAL OBSERVABLES

AND EXPERIMENTAL STATUS

~

Non exhaustive lists of references!
* — +\ gt y— o
e B> K O(_' K n™")™¢ anQU|ar analyS|S- (in fact a huge list of phenomenological

papers on this subject...)

e FE Kruger and J. Matias, Probing new physics via the transverse
amplitudes of B0 — K*0(— K—n+)Il+]1— at large recoil,
Phys.Rev. D71 (2005) 094009, arXiv:0502060 [hep-ph].

N

(
\

4+ LHCD Collaboration, R. Aajj et al., Measurement of the B0 — K*%e+e— branching

fraction at low dilepton mass,
JHEP 1305 (2013) 159, arXiv:1304.3035 [hep-ex].

4+ LHCD Collaboration, R. Aajj et al., Differential branching fraction and angular
analysis of the decay BO — K+Qu+p—

JHEP 1308 (2013) 131, arXiv:1304.6325 [hep-ex].

4 BABAR Collaboration, B. Aubert et al., 4 Belle Collaboration, J.-T. Wei et al.,
Measurements of branching fractions, rate Measurement of the Differential Branching
asymmetries, and angular distributions in the Fraction and Forward-Backward
rare decays B—K{+{— and B—»Kx*{+{— Asymmetry for B ---> K(*)I+I-

Phys.Rev. D73 (2006) 092001, Phys.Rev.Lett. 103 (2009) 171801,
arXiv:0604007 [hep-ex]. arXiv:0904.0770 [hep-ex].

4+ CDF Collaboration, T. Aaltonen et al., Angular analysis and branching fraction measurement
of the decay B0 to K*0 mu+ mu-,

Phys. Lett. B 727 (2013) 77, arXiv:1308.3409 [hep-ex].

\ \.
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' Study of B— Kt Yy decays
- with the BaBar detector:

| Overview of BO—Ks p®y Analysis

R e e e e e e R —

e

(1) The BaBar detector: ingredients of the measurements
(2) Analysis goal

(3) Analysis strategy

(4) The dilution factor: analytical expression



AN ASYMMETRIC e*te- ACCELERATOR:
PEP . II PARTICULES DE MARSEILLE

P r . L 1600800-003
IIIII|I"’|IIIII|I"’|IIIIIII|I"’|II | | | | | | | |
[ 1 (CUSB) 6.0 |  (CLEO) -
__ ool " 55| ﬁ | » BaBar at SLAC
Q - I || Ill . .
S b * " o hm’;f,:’ » Running with PEP-Il accelerator
(2] ! U _
n I [ o2 #M} .
§ 15 4 | 1’; ; *&) » Clean environment
L) 4.5} T(6S) ) )
f L " ¢ 11049), 7 » Data taking stopped in 2008
A 105 10.9 ]
Iq, 10 __ 1 |‘ ,,..‘ " EC m. (GeV) |
+ - 4 d $ \‘ T .
= I | \ ! ’\ .A‘ - ]
IE L VN ST . - I =
X TR YO SOV S, W WO ook ¥ X APUOS RS o(bb) 0.98
0 :I | ’II\I(TS? ol 1 1 ’Irl(lzsl) r oo IT: (I3ISI)I |, rl I | IE | IIFI(4IISI)I I I | | I: O- (ha)dronS) .
9.44 10.00 10.33 10.53 1062
9.47  10.03 10.37 >
Mass (GeV/c2) : BB threshold ) p%p I
ow Ener
Rin? (LE%,
[3.1 GeV]~
North Damping 1
Ring
[1.15 GeV) Positron Raturn Line Positron Source /
&-gun ’-:'—L-i;;xj
f’g——%?i’.‘ - P T Vi : A
23%2:2:/ Uneo ' | PEP Il High Energy Bypass (HEB)
| South Damping Sy ! _PEP Il —
[1,1% GeV) PEP Il Low Energy Bypass (LEB) HF;IthgE(lr"’leEr )y
Sactor-4 PEP Il [9 GeV] '

et injector
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THE BABAR DETECTOR &
THE DATA SAMPLE

4 e e~ — Y (4S) — BB ; B'B? (coherent state) or B"B™ )

Electromagnetic calorimeter (EMC):

6580 CsI(TI) crystals

Particle identification (e, gamma)
Measures the energy of charged and

neutral particles _
1.5T solenoid

BaBar

PEP Il Delivered Luminosity: 553.48/f v
BaBar Recorded Luminosity: 531.43/fb
BaBar Recorded Y(4s): 432.89/fb
BaBar Recorded Y(3s): 30.23/fb
BaBar Recorded Y(2s): 14.45/fb
Off Peak Luminosity: 53.85/fb

0]
o
o

N
o
o

L L L B B B TR

Integrated Luminosity [fb™]

300

BABAR Detector

200

o

(3.1 Gsy\ 100

Identification of

charged particles ‘.

) =5
Separation K/1r>2.50 \

::i"-_/ 7 VN BN
up to 4 GeVic /ﬂ A\

kgeﬁi\" - — N . -:
\ i P\ TN Full dataset:
’ l ‘- Reconstruction of charged jgdt - 433 fb-l @Y(4S)
Silicon Vertex ’ particle tracks: momentum 470 <10° B]_3
Tracker (SVT): and angles
51
Ceconstt:::‘i"oglgg:igixgle;tex e Muon identification (Off resonance’ Y(ns)))
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TIME-DEPENDENT CP ASYMMETRY
INGREDIENTS OF THE MEASUREMENT

e Flavor tagging and time measurement:
the “golden channel” B — J/i) K2 as an example

PEP — 11
E,- =9GeV E.+ =3.1GeV
Vs = 10.58GeV

<5’Y>T(4S) = 0.56

Y(45)

€= N

\

Simon Akar Seminar CPPM - 17 February 2014
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TIME-DEPENDENT CP ASYMMETRY
INGREDIENTS OF THE MEASUREMENT

CENTRE DE PHYSIQUE DES
TICULES DE MARSEILLE

e Flavor tagging and time measurement:
the “golden channel” B — J/i) K2 as an example

PEP — 11
E,- =9GeV E.+ =3.1GeV

<5’Y>T(4S) = 0.56

Y(48)

e >ed——ct

Bs

T (4S5) decay yields
' an entangled state
of B mesons

\ J
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TIME-DEPENDENT CP ASYMMETRY

CENTRE DE PHYSIQUE DES

INGREDIENTS OF THE MEASUREMENT
. . - )
e Flavor tagging and time measurement:
the “golden channel” B — J/i) K2 as an example
/s J/@a |nclusive B-meson
PEP — 11 / flavor identification
E,- =9GeV E.+ =3.1GeV 0
/5 = 10.58GeV t Biag (ttag) = B
= 0.56 ag
<5’Y>T(4S) Btag - )
7Tsoft
T(45)
e- >ed——ct
: tr
Bhrec >
T (4S5) decay yields
an entangled state
of B mesons
\_ Yy,
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TIME-DEPENDENT CP ASYMMETRY

CENTRE DE PHYSIQUE DES

INGREDIENTS OF THE MEASUREMENT
. . | R
e Flavor tagging and time measurement:
the “golden channel” B — J/i) K2 as an example
/s J/@a |nclusive B-meson
PEP — II / flavor identification
E,- =9GeV E.+ =3.1GeV
\/E = 10.58GeV tt
= (0.56 ag
<5’Y>T(4S) Btag - )
Tsoft
T(45)
e- >e—-c "
. brec
T (4S5) decay yields
an entangled state
of B mesons
\_ J
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TIME-DEPENDENT CP ASYMMETRY
INGREDIENTS OF THE MEASUREMENT

~
e Flavor tagging and time measurement:

the “golden channel” B — J/i) K2 as an example

A KT Inclusive B-meson
PEP —1II / flavor identification
E,- =9GeV E.+ =3.1GeV 0
(BY)r(as) = 0-56 B > < = L,
tag E T Brec (ttag) =B
soft
T (45) i
e- >@d—c g ' Exclusive B-meson
g ; / J/%Y H reconstruction
: 5 rec
5 Brec Kg 7-(_'_
T (4S5) decay yields \
an entangled state : Iu_ T
of B mesons
\ y,
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TIME-DEPENDENT CP ASYMMETRY
INGREDIENTS OF THE MEASUREMENT

™

CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

CPPM

e Flavor tagging and time measurement:
the “golden channel” B — J/i) K2 as an example

PEP — 11
E,- =9GeV E.+ =3.1GeV
\/E = 10.58GeV tt

tag B

7Tsoft
Y(4S) —
€~ L —
5 J)

trec

Brec :

T(45) decay yields !
an entangled state ‘< >

of B mesons At = Eroe — ttag

g—l— / KTt

~

Inclus.ive B;mespn
flavor identification

Btag(ttag) = BY

< .,
Brec (ttag) =B

A Good vertexing required
At ~ —— (Az) g = 257um for time difference
5 C determination
\ 8
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»

ANALYSIS GOAL /-

0 0 PRTEILES DEWSELLE
MEASURE S IN BY — Ks p® v DECAYS CPPM

\

e Want to extract the CP violation parameters from a time-dependent
analysis of B? = Ks p%(—nn*) y decays
= Ks p? a CP eigenstate — Ks p®y can contribute to S in presence of NP

* Irreductible contribution of B? = K*(—=Ksn*)n™ y events
= K™ not a CP eigenstate — K* ™ y dilutes S in all scenarios

T - n
_ L
0 + YR, L T TR
y " e / ——————— g
------- 0 ==-==-""" +
Blez="" 70 T B K2 n
\\\\\\\‘ ’ <<:::::; L
_ - + T
n T
-
\_ V,
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ANALYSIS GOAL
MEASURE S IN BY — Ks p? y DECAYS

é )

e Want to extract the CP violation parameters from a time-dependent
analysis of B? = Ks p%(—nn*) y decays
= Ks p? a CP eigenstate — Ks p®y can contribute to S in presence of NP

* Irreductible contribution of B? = K*(—=Ksn*)n™ y events
= K™ not a CP eigenstate — K* ™ y dilutes S in all scenarios

* A time-dependent measurement of B? = Ksn'n*y decays yields an
effective value of S: Se#

* The true value of S (S)) is diluted by the factor D, such as:
Seff = Sp X Dp

= At first order, the dilution effect is function of the amplitudes of
K'(892) r and K p%(770) decay modes

. J
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IN AN IDEAL WORLD... gfg;.mﬁm.m

* Perform a time-dependent amplitude analysis of B® = Ksn'n*y decays to directly
extract the CP violation parameters

High stat. toy MC

1600
1400
1200

1000

800

600

400

200

O 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
0.8 1 1.2 1.4 1.6 1.8

\_ m,... (GeV/c?) )
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IN AN IDEAL WORLD...

CENTRE DE PHYSIQUE DES

PARTICULES DE MARSEILLE

* Perform a time-dependent amplitude analysis of B® = Ksn'n*y decays to directly
extract the CP violation parameters
» Five Kaonic resonances contribute to the signal via intermediate state resonances
- K1(1270)
1600 | High stat. toy MC K, (1400)
1400 — . ) o KW(VHO)
— lllustration without P K3 (1430)
1200 — interference here for Lo K*(1680)
- simplicity Y
1000 | P %
800 |—
600 [— [
400 — & Lem TR
200 — .’ ,—:EF‘EEE‘?%.‘ .... ’
: B Rt R T
0= PP LT UL A Bt vt CEC TS
0.8 1 1.2 1.4 1.6 1.8
\_ m,... (GeV/c?) J
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IN AN IDEAL WORLD... a4

PARTICULES DE MARSEILLE

* Perform a time-dependent amplitude analysis of B® = Ksn'n*y decays to directly
extract the CP violation parameters
» Five Kaonic resonances contribute to the signal via intermediate state resonances
» Look at the invariant-mass plane (“Dalitz-plot”) separately in fine bins of Mk
= L K1(1270)
1600 L K1(1400)
1400 — N K*(1410)
1200 — ;o K™ (1680)
1000 |- TR A A
- A : I
800 __ : : :“ E E E E E
600}~ LY R
400 [~ 43 NG T Y
0= L et s e
ST IRt o N B crt i O N N I
N o crrrerr T I P EEH A A T Wkt = =Y T TR
0.8 1 1.2 1.4 1.6 1.8
\_ M., (GeV/c?) J
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IN AN IDEAL WORLD... gfg;.mﬁm.m

* Perform a time-dependent amplitude analysis of B® = Ksn'n*y decays to directly
extract the CP violation parameters
» Five Kaonic resonances contribute to the signal via intermediate state resonances
» Look at the invariant-mass plane (“Dalitz-plot”) separately in fine bins of Mk
B [
5 N
I —{100 K1<1270)
: L K1(1400)
: AR K3 (1430)
B PN 5 K*(1680)
S A i
- Mkn L R
600 — : U S
100 /NN N T e .
200 i g e®. ,—:55‘5333“ .- -
TR e i N pa e RSN B
o crrrrt e TR T LT ELL L Ak A B R ik b ics.s YT TN
0.8 1 1.2 1.4 1.6 1.8
\_ M., (GeV/c?) J
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IN AN IDEAL WORLD... gfg;.mﬁmﬁ

* Perform a time-dependent amplitude analysis of B® = Ksn'n*y decays to directly

extract the CP violation parameters
» Five Kaonic resonances contribute to the signal via intermediate state resonances
» Look at the invariant-mass plane (“Dalitz-plot”) separately in fine bins of Mk

— the amplitudes of K(892) = and K p°(770) decay modes vary in each bin

1.2

mTCTC

N. A given dilution of S
- R K, (1270)

K1 (1400)

K*(1410)

E )

K%(1430
K*(1680

600 f—
K1(1270) dominates: A O P I
[(KP°(T70) o | coiie st 1
[(K p°(770) + KX(892) ) ' [y saesie
\_ M., (GeV/c?) J
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IN AN IDEAL WORLD... gfg;.mﬁm.m

\.

* Perform a time-dependent amplitude analysis of B® = Ksn'n*y decays to directly

extract the CP violation parameters
» Five Kaonic resonances contribute to the signal via intermediate state resonances
» Look at the invariant-mass plane (“Dalitz-plot”) separately in fine bins of Mk

— the amplitudes of K(892) = and K p°(770) decay modes vary in each bin

1.2

‘ mTCTC

0.8 g

0.6—:

0.4

600 |— :

K*(1680) dominates:
[(K p°(770))

-
......

[(K p°(770) + K*(892) t) Y| S B e

M., (GeV/c?)
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IN AN IDEAL WORLD... gfg;.mgém

* Perform a time-dependent amplitude analysis of B® = Kst'n*y decays to directly
extract the CP violation parameters
» Five Kaonic resonances contribute to the signal via intermediate state resonances
» Look at the invariant-mass plane (“Dalitz-plot”) separately in fine bins of Mk
— the amplitudes of K(892) = and K p°(770) decay modes vary in each bin

— K1(1270)

The relative phases between the K1 (1400)
K*(892) = and K p%(770) may K7 (1410)
change in each bin... K*(1680)

Impact on the interference!

—

Finally the information from each
bin should be included in the £l R
likelihood fit to extract the CP A A R R EEE .. !

asymmetry parameters T S S S S St N B

\_ | | | " me. (GeVic?) )
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/
IN THE REAL WORLD NOW... S—
o CPPM
~
e Now what the mkr: distribution would look like with our number of
expected events in B = Kstt* v decays
\ J
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IN THE REAL WORLD NOW...

CENTRE DE PHYSIQUE DES

PARTICULES DE MARSEILLE

\.

e Now what the mkx: distribution would look like with our number of
expected events in B = Kstt* v decays
e Not possible to perform an amplitude analysis in bins of mkx!

30

25

20
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10

5

0.8 1
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IN THE REAL WORLD NOW...

CENTRE DE PHYSIQUE DES

PARTICULES DE MARSEILLE

Now what the mkx: distribution would look like with our number of
expected events in B? = Kstn* y decays
e Not possible to perform an amplitude analysis in bins of mkx!

e |Instead, assuming Isospin symmetry:
» Extract the amplitudes from the charged B* = K*n'n*y decays (more statistics)

80 : -— N
C DF ) Wty L
= BT Kt Y | ] L K1 (1270)
[0 S S S A P O L K1(1400)
- A E L K*(1410)
60 — R P K5 (1430)
= o P K*(1680)
50— T L T
0 o A
= | H b
20 == \‘ ' :
- . Y ]L: + UL i 1= < 81N
= . B Ll et T
10— b Y A VL : :
=2 3, 441 it IRUCT LS AREE oot I S ‘}
. e T N T TE PP LR ek A Bt LT - R T
0.8 1 1.2 1.4 1.6 1.8
m... (GeV/c?)
\ J
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IN THE REAL WORLD NOW...

CENTRE DE PHYSIQUE DES

PARTICULES DE MARSEILLE

\.

e Now what the mkx: distribution would look like with our number of
expected events in B? = Kstn* y decays

e Not possible to perform an amplitude analysis in bins of mkx!

e |Instead, assuming Isospin symmetry:
» Extract the amplitudes from the charged B* = K*n'n*y decays (more statistics)

» Even in the whole mk:: range difficult to perform an analysis in Pseudo-Dalitz plot

K1 (1270)
K1 (1400)
(1410)
(1430)
(1680)

1
1
*
*

A \)

K
K.
K
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™

IN THE REAL WORLD NOW...
CPPM

\

e Now what the mkx: distribution would look like with our number of
expected events in B? = Kstn* y decays
e Not possible to perform an amplitude analysis in bins of mkx!

e |Instead, assuming Isospin symmetry:

» Extract the amplitudes from the charged B* = K*n'n*y decays (more statistics)
» Even in the whole mk:: range difficult to perform an analysis in Pseudo-Dalitz plot
» Extract the amplitudes in the projection over one dimension (mk:forinstance)

projection 15(,;_ h
e
CF ﬂ X
oﬁfﬂ +#*+ @wé% a* ._1
MKnr
\. J/
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™

IN THE REAL WORLD NOW...
CPPM

N

e Now what the mkx: distribution would look like with our number of
expected events in B? = Kstn* y decays
e Not possible to perform an amplitude analysis in bins of mkx!

e |Instead, assuming Isospin symmetry:

» Extract the amplitudes from the charged B* = K*n'n*y decays (more statistics)
» Even in the whole mk:: range difficult to perform an analysis in Pseudo-Dalitz plot
» Extract the amplitudes in the projection over one dimension (mk:forinstance)

250 }
200 }

rojection 1s0f-
proj : H |

1005— ﬁﬂ %{.

50— H# ﬂ
-4 R
ol *é#ﬁﬂ é*i{' *#w@m;

MKr

» First perform a fit to the mk-: spectrum to extract the Kres amplitudes and their
relative weights

\. VA
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THE DILUTION FACTOR

CENTRE DE PHYSIQUE DES

ANALYTICAL EXPRESSION

( )

PRem| =TS0 T
Kgpy

e CP asymmetry when considering all the resonances p°, K** or (K7)* S-wave
in the total amplitude:

0+, _—

Agﬁw ") = Cromtn—r COS(AME) +|Sk0 r+ 7 ~|SI(AMI)

e CP asymmetry when considering only the p° resonance in the total
amplitude:

AL (1) = Creo pry coS(AME) S [sin(AMY)

\ J
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THE DILUTION FACTOR
ANALYTICAL EXPRESSION

™

CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

_ CPPM

\

D =
Kg i SKO

\

/ [|Ap|2 +R(Ap Aot ) + R(AF A ) + R(Afees Ao ) + R(A gy Asem) - )}

| A e

{1408 + ROz AR-) + R(Ap ) + e

A em+ | A em - \2]

Integration performed over phase-space region

The amplitudes entering in the dilution factor expression are

extracted from a fit to the mk, spectrum

Simon Akar

Seminar CPPM - 17 February 2014
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' Study of B— Knt Yy decays

with the BaBar detector:

B*—-K*ntn*y Analysis

(1) Fit to mes, AE and Fisher: extraction of invariant mass spectra

(2) Fit to the mkx: spectrum: extraction of K.es amplitudes

(3) Fit to the mk, spectrum: extraction of K(892), p%(770) and
(Kmt) S-wave amplitudes

(4) The dilution factor: computation




FIT TO Mgs, AE AND FISHER
DISCRIMINATING VARIABLES

CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

Using three discriminating variables

to separate signal from backgrounds:

B Energy-substituted mass (mes): A

0.04

a 0.03F

0.02F- :

2 /12 2 M *2 *2 g ‘

f— by T bt R

S / 2 + p B . po) / EO — ])B — Ebea,xn — pB 0.01 ?ﬂ it +++++++++ HH ++++++H+H++++++H++++++++++ﬁﬁn Wnﬁ*#ﬁ .

+ T

= 0.09
(D) C .
N 08 Signal

< E .

S 007 Continuum
— C

=} o
Z, 0.06—

IMES

Bl b b e L L]
£22 5.23 5.24 5.25 5.26 5.27 5.28 5.29
mES

N (

\_

e Energy difference (AE):

AELéB(Q(IB(IO - '9)/2\/; = EZ} o Egcam

AN

g

(

e Fisher discriminant:
> Linear combination of 6 event-shape variables

R A

Signal jet-like
sphériqure p2 >
74V o

J

\\

o
=)
@

Normglized

o
o
]

0.015[-

0.011

Signal
- Continuum "

0.005— ..

= 0.2
O
N

-—0.18
—

< -
0.16
©0.14-
0.12F

0.08 f
0.06 f
0.04 f
0.02 f

+H++++++

AE

[

AE

0.1F

RRRNRRRRRRRRRERE RN RERR
4',

Signal
Continuum

-+

+
+

e
r
|

h

H}
+
|
|

Fisher

0’\ [ PR

Fisher
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FIT TO Mgs, AE AND FISHER
SIGNAL

®* From B*— K*t*n" y MC samples separate signal events in two categories:
> Truth Matched (TM): Correctly reconstructed signal candidates

(using MC truth information)

— Self Cross Feed (SCF): Mis-reconstructed signal candidates
— We use a MC cocktail of different B = Kes(—Knn) v

mEkS Fisher discriminant
4 - N
xpected

Category Yield

Signal TM 2295

Signal SCF 686 | i

Total Signal 2981 |

< g

J

o) 3 -] - -2 - 3

\_
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FIT TO Mgs, AE AND FISHER
BACKGROUNDS (2)

CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

CPPM

(e*e—~ qq; q=u,d,s,c)

From B decays:

B0 - K0 (—»Kn)y
one 1 originates from ')
the other B

B? = Xs (»Kmn) Y
high multiplicity final state:
one particle (or more) are

missed
\_

Continuum - ]

mEkS

,,,
o ¥ & 83 83 3 2 2
- \MASASRESsamssanssanss'

Ewonts/ | 3.004)

AE

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

/ Dlstrlbutlon of discriminating variables for a few backgrounds )

-

-~

Fisher discriminant

Fisher

Simon Akar
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FIT TO Mgs, AE AND FISHER
BACKGROUNDS (3)

. CPPM
g Expected yields of all the backgrounds in the fit model
Continuum (udsc) 70983
B0—>Xsdﬂ">K7T’)' - xpected )
0 %0 Signal 2295
o= X (= Km)y 1930 SCF 636
5" — XSd(_) Kﬂ')"}’ Total Signal 2981
Generic B-background 1065 - ~/
B+ — K*+(_> Kﬂ-),}/ 449 B - Kt Y:
BT — Xgu(— Km)y S/B~1/34
BY — K*n 56
B* — a7 (— pPn*)m 17
B* - K*(— Kn)n*nl
Total Bkg 77365
\_ /
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FIT TO Mgs, AE AND FISHER /
INVARIANT MASS SPECTRA EXTRACTION (1)
/ ® sPlot technique allows to reconstruct a . \
[ j [ ] [ ] [ lg S00E 1 True Signal MC m
variable dlstrlbu’gon VI{lthout a priori : Mk H +
knowledge on this variable 5 250 -4~ Sianai m,,,Splo
® Use in the context of a maximum 3 2o + :
Likelihood method making use of the 150 i
discriminating variables ook ++ I#H_ﬁ
® Apply event-by-event weights (sWeights) 50%— R oot
based on the likelihood function to extract NP, *ﬁgﬁgé%%i
the distributions for signal events ] L s -
é 400;_ + _|_TrueSignaI MC m é : i _|_TrueSi nal MC m
"§ 3502_ mK Signalm __ Splot ) g 200:_ mTCTC I SignaI:I Splolw
& 300 " ;It e 5 I #]L + T S e
5 250 S 150 lL i
£ T
1505_ ; % 100:— %%ii T #
o o T
50 t %ﬂ% S ‘I‘%
= 7 i S £t +*‘§'+m'm.m.
I I I ! I I I = 0I2 0|4 0|6 L 0I8 'll 1I2 I I

=1 1 |0.6 1 1 |0'8| 1 1 1 1 |1'2| 1 |1'4| 1 |1.6| 1 . 1 1 1 . 1 1 1 : 1 1 . 1 1 1 1 1 1 : 1 1 |1.4| 1 |1.6|
my,.. (GeV/c?) m,... (GeV/c?)

Simon Akar Seminar CPPM - 17 February 2014 52



INVARIANT MASS SPECTRA EXTRACTION (2)

FIT TO Mgs, AE AND FISHER

™

s

CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

CPPM

~

é 300:_ 1 True Signal MC
5 F MKnan H TS e
S 250:— _+_S|g Iprip.Splt
. € ool
e To validate the method, we extract 2z ™ + ﬂ
the invariant mass spectra sPlot 1%0F }
from a fit to MC samples and 100}~ ; %3
compare to the true MC distributions s R ﬁﬁw
0 éom«w%m.,. . %.f”ﬁl m i*'“‘#z#
6.|8 — EVE 4 =R '18
My (GeV/c?)
é 00" % —}— True Signal MC é - i i
"§ 0L mKTC i —¢— Signalm,__Splot i “E 200:_ mTCTC h% iSignaI: Splotn-f
s % | s " g
Q9 1 Q9 B !
§ 250 - + é 150_— ll[+ #
200 * E Jfﬂ
ok ; % 100:— %ii T #
oW I
50F- $ ‘M!i'i C ? %
o "% @%W o®ge!® 0 :_ * ++%I§‘+%Q.m«
\ S 96 " o8 I I R ;11.(' ('(;;e\sﬂ;z) B R Y R Y S ¥ R T 1rr||4(G¢:\|l€/5c2) /
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FIT TO Mgs, AE AND FISHER
FIT PROJECTIONS & YIELDS

CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

Simon Akar

Seminar CPPM - 17 February 2014

s . AE
S S 22005
; g
3000 ' 2000
[5) 5]
3 = 1800
£ 2500 .g
S 1600
= —+— Data > —+— Data
2000, B Signal 1400, g Signal
[ ] Continuum (udsc) 1200 [ ] Continuum (udsc)
I Generic I Generic
1500 [ X%, & X q 1000 X, & Xy
B K" &X_->Kn B K’y &X_->Kxn
1000 C 1] SelfCrossFeed 800 C ] SelfCrosssFeed
I Ky & X_->Kn 600 I K™y & X_->Kn
[ K™ I K™y
500 B Charmless 400 I Charmless
200; !
g.2 521 522 523 524 525 526 5.27 5.28 5.%9 0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2
F . h m., (GeV/c®) AE (GeV/c)
(/2]
‘92000
& Yields from fit to data
%0000
@ —+— Data
g B Signal Value Error (stat.)
2 8000 [ ] Continuum (udsc)
Il Generic .
I X, & X, Signal 2441.5 90.8
6000 BElKY& Xsd->Kn
[_] SelfCrossFeed
B Ky &X_->Kn quar 70036.9 446.1
4000 - g;" |
armiess Generic 3266.6 385.0
2000
K 1463.2 115.3
0 0 0.2 0.4 0.6 0.8 1
Fisher

54



™

Mknn SPECTRUM FIT /-

CENTRE DE PHYSIQUE DES

MODEFL
ﬁ. Model: ™

» Five resonances modeled by BW (mean and width fixed to PDG values):

s Mass m? | Width I'? 1
P I(m) =
Tl M | ey | (vevyed) P T g =i,
1+ | Ki(1270) | 1272£7 | 90£20
K,(1400) | 1403+7 | 174 +13
— | K7(1410) | 1414+15 [ 232+21 [A(m; ¢)|” = 7 70 BW; (m
K*(1680) | 1717+27 | 322+110 —
27 | K3(1430) | 14256 £ 1.5 | 98.5 £ 2.7 ;=@ ¢

e Fit to Knt invariant mass sPlot (binned) distribution

» 8 fitted parameters:
» =>4 magnitudes, 2 relative phases
» = 2 widths (K1(1270) and K*(1680))

» Due to the integration over the angular variables, only resonances
with same J* interfere

»  Randomized initial parameter values

e Fit fractions computed from magnitudes and phases
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Mknn SPECTRUM FIT

™

CENTRE DE PHYSIQUE DES

RESULTS (1)

e Errors on fit fractions :

»  From the fit results of the
magnitudes and phases:
generated 10° random sets
of magnitudes and
phases (from nominal fit
result) and computed
corresponding fit
fractions:

=» value at * 34.1% of
distribution integral

\-

-
N
(@)

100

80

Events / (0.0128398 )

60

40

20

Residuals
ADNDOMN D

Signal
Mk SPectrum

rrryrprrrryrreprreryprreyprr
| | | | | |
+
——
——
——

Simon Akar
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Mknn SPECTRUM FIT
RESULTS (2)

CENTRE DE PHYSIQUE DES

PARTICULES DE MARSEILLE

CPPM

Kres Magnitude « Phase ¢ (rad.) Fit fraction
) K1(1270) 1.0 (fixed) 0.0 (fixed) 0.6179-98 (stat.) T3 (syst.)
1 K1(1400) | 0.71 £ 0.10(stat.) 70 t2(syst.) | 2.97 + 0.17(stat) T syst.) | 0.1770-98 (stat.) 7005 (syst.)
K*(1410) | 1.25 £ 0.16(stat.) T B syst) | 3.15 £ 0.12(stat.) T00B8 (syst) | 0.371008 (gtar ) 006 (gyst.)
1 K*(1680) | 2.02 £ 0.28(stat.) T052 (syst.) 0.0 (fixed) 0.4370:05 (5a0.) 7009 (gt )
2 | K3(1430) | 0.33 & 0.09(stat.) 0V (syst.) 0.0 (fixed) 0.0610:03 (stat.) 70 05 (syst.)

Sum of fit fractions

+0.18 +0.14

(syst.)

Interference

JY =17 : {K(1270) - K;(1400)}

+0.10 +0.0

g(syst

JP =17 : {K*(1410) - K*(1680)}

+0.08 +0.0

g(syst

\_

From the fit fractions:

we calculate the BF, used in the fit to the mk:
spectrum and in the B — Ksnnt*y analysis

~

Simon Akar

Seminar CPPM - 17 February 2014
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Mknn SPECTRUM FIT

CENTRE DE PHYSIQUE DES

RESULTS (3)
BABAR not yet approved \
Mode B( K: (i +K_j :dfrd‘;): 1g-s B(B* = Mode) x 108 P [()fl(‘)'ﬂ‘)m
g‘ﬁlfi‘;ﬂw_,y 27.21 + 1.017114 27.6 + 2.2
K;(1270)*y 14471301108 44.04759013-28 + 4.58 43+ 13
K (1400)* 4,075 9.65 555395 + 0.61 < 15 CL= 90%
K*(1410)* 9.7172 5425 23.8315:23+5:94 4 9 38 0
K3(1430)ty 1.457 522408 10.4113:58+5-5% + 0.54 14 + 4
K*(1680)"y 17.0311- 3 +3-69 71.671T18H14T0 + 583 | < 1900 CL= 90%

Good agreement with the existing measurements

\ /
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Mknw SPECTRUM FIT

™

CENTRE DE PHYSIQUE DES

STRATEGY
e Extraction of the dilution factor with a full amplitude
analysis in mkr—mz: plane is difficult (small sample)
¢ |nstead: perform a one-dimensional fit to signal mk-
sPlot corrected for efficiency:
® 350
»  Built efficiency maps in mkz- Mgy 2 a0 + ,
e - Signhalm
plane s 0 H sPlot
» A unique PDF: coherent sum of i o
K*(892), p°(770) and Kr S-wave. g .
L All projected on the mk. dimension 1:::_ 4 ++++ ++ .
g +++ ¢ ‘Hﬂﬂq +++§+#+@ P P
OE?.I....I....I....I....I....I....GI....I....I....
0.7 08 0.9 1 11 1.2 13 1;:” (‘Iézwcg)ﬁ
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MODEL (1)

Mkn SPECTRUM FIT

CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

/Line-shapes:

* Line-shapes significantly distorted due to phase-space effects
e Extracted from MC distributions at generator level using EvtGen:

» Take phase-space corrections into account
» To be used to fit efficiency-corrected TM signal sPlot

e Used fit based BR of the different B Kyes Y

K*(892) line-shape

Kstar_PDF_EwvtGen_px

Entries 3672308

p%(770) line-shape

Rnoz_PDF_EwGen_px

Entries 2151197

8 - Mean  0.9079 8 0.004— JM@ Mean 1.002
N - o RMS  0.07151 N = RMS 0.2331
(—5 04025__ "L (—5 0.0035— Nﬂ
£ F g £ 0003E ]
O 002 i e - ¢
Z N : P - "!
- - 00025~ | ‘\
0.015— - S
- E 0.002F~ v
- - 0.0015 ! HN"‘&
- . . 0015 —
0.01}- o - ;f Magha
i P 0.001F+
0.005(— H = \
. \H‘.__J 0.0005 |~
OMIIIIIXIIIIIA “‘LLJJAII'JJILLLJJ 0::'1 lll llll lll l llll llll Llllll lllllllll
0.7 08 0. . . . 4 15 16 07 08 09 1 11 12 13 14 15 16
MKn MKr
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Mkn SPECTRUM FIT
MODEL (2)

™

s

CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

CPPM

.

/Line-shapes:

* Line-shapes significantly distorted due to phase-space effects

» Take phase-space corrections into account
» To be used to fit efficiency-corrected TM signal sPlot

S-wave line-shape (using LASS)

o |
(0]
S [ ¥y
g 0:0051 M M, K1(1270) = (Knt)om
o - W W
Z B "VM" “uh"
0.004 — Hu«"" N
| ,i'| ||"||
- ,,,# "m'
| m:' |'||
0.003— "'.
L ! "
Y
I \
| 'n‘
— '\
0.002— ".,'.
— ."\'.
0.001}— N
_" \ﬁ.
B e
"\_M"'“““’M~m
O_ | |II | | | Illlllllllllwrﬁ—mlll
0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6

\ | | ' | m, (GeV/c®)

e Extracted from MC distributions at generator level using EvtGen:

~
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Mxn SPECTRUM FIT s
MODEL (3)
" Total PDF: N

e Coherent sum of K’(892), p%(770) and Kr S-wave component:

max
TCTT

2
‘A(mKﬂ'; Cj) ‘2 — / (Z Cj \/HRj (mK7n m7r7T) eiqDRj (m)) dMyr| Cj = @ €i¢j

min
T

J

* [nvariant-mass-dependent magnitude defined as the projection of
two-dimensional histograms:

Hicr + e | Hoo + [etaemo|” Mooy +1

maoe®

HRJ- (mK':r) — / | IIRJ (mKTH m’;m) dm7r7r'
* The invariant-mass-dependent phase is taken from the analytical

expression of the corresponding line shape:
( R;(mk-) is taken as
m =mg, => RBW for K*'(892) and
§R[Rj(m)]> as LASS for S-wave ,
& 4
R, (m)]

®g,(m) = arccos (

m =Mz, => R;(m.;)is taken as a GS

: 0
\ i line shape for p”(770), | /
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Mknw SPECTRUM FIT /-

CENTRE DE PHYSIQUE DES

MODEL (3)

.

" Total PDF: B

e Coherent sum of K’(892), p%(770) and Kr S-wave component:
2

max

m'ﬂ"ﬂ_ . )
[ A(mga; ¢) ‘2 - / | Z@/HRJ' (MKr, Mrr) e () dMnr| C; =\ e'%i
MmN -
J

TCTT

2 2 2 Parameters in the fit:
7‘[ * H 7T H 7T I
K+t ‘C’OO’ pe T ‘C(K )0’ (K)o T 2 fixed as reference - 4 free

* [nvariant-mass-dependent magnitude defined as the projection of
two-dimensional histograms:

maoe®

Hp,(Mix) = / - Hp, (Mkcrs M) AMMer.
* The invariant-mass-dependent phase is taken from the analytical

expression of the corresponding line shape:
( R;(mk-) is taken as
m =mg, => RBW for K*'(892) and
%[Rﬂm)]) as LASS for S-wave ,
& 4
R, (m)]

®g,(m) = arccos (

m =Mz, => R;(m.;)is taken as a GS

: 0
\ i line shape for p”(770), | /
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Mxkn SPECTRUM FIT -
" Total PDF: A
e Coherent sum of K’(892), p%(770) and Kr S-wave component:
2
A(mucr;c)]* = / mf ( “ \/HRj (M, M) €% (m)) dman| o ¢j = ;€
mpin \
=  |Ccg= 27{1{* + ‘C,oO’Q?-lpo + ‘C(KW)()’QH(KTF)O@ Interference term

described in next slide
* [nvariant-mass-dependent magnitude defined as the projection of
two-dimensional histograms:

maoe®

Hp,(Mix) = / - Hp, (Mkcrs M) AMMer.
* The invariant-mass-dependent phase is taken from the analytical

expression of the corresponding line shape:
( R;(mk-) is taken as
m =mg, => RBW for K*'(892) and
%[Rﬂm)]) as LASS for S-wave ,
& 4
R, (m)]

®g,(m) = arccos (

m =Mz, => R;(m.;)is taken as a GS

: 0
\ i line shape for p”(770), | /
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Mkn SPECTRUM FIT
MODEL (4)

(l nterference: Illustration:
RBW+GS interf. (¢p()= m/2)

e |Interference terms:

$ 8 58 . 88888

I(MmKr;Co, C(Km)y) = 200 [COS(¢p0 —CI’RBW)/ VHpoHer cos(Pas) dmar # s

mie m

max

m_. -

_ Sin(¢po — (I)RBW) \/msin(@gs) dmﬂ—ﬂ—]

mmzn

max

+20 PO O (K)o [COS(qb 0 — ¢(K7r)0 — (I)LASS \/H OH(Kﬂ-)O COS((I)Gs) AM -

mm“

— Sln(gb 0 — ¢(Kw)0 — (I)LASS \/H OH(KT(-)O Sln(q)gs) dmmT] .

mm”

Term describing interference between the
K*(892) and p%(770) amplitudes

Term describing interference between the
p%(770) and (Kn) S-wave amplitudes

\_ /
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Mkn SPECTRUM FIT

CENTRE DE PHYSIQUE DES

M O D EI.. ( 4 ) PARTICULES DE MARSEILLE

(lnterference Illustration:

\_

e |Interference terms:

o B 8 88 8

RBW+GS interf. (¢p()= m/2)

max

8 8 & 8

m m

I(mKﬂ';CpO)C(KTr)O) = Q(Xpo [COS(qbpo _(I)RBW)/ \/HPOHK* COS((I)Gs)dmmr T SV UV E SO U

max

m_. -

— Sin(gbpo — (I)RBW) ' \/ Hpo HK* Sin(q)(;s) dmﬂ-ﬂ-]

o \/H OH(Kﬂ-)O COS((I)Gs) dmmr

mm“

+2000 (K ), [COS((b 0 — @Ky, — PLASS)

mam

— Sln(gb 0 — ¢(Kw)0 — (I)LASS \/H OH(KT(-)O Sln(q)gs) deT] .

mm”

The interference between the K*(892) and (Kr)
S-wave amplitudes vanishes due to the
integration over the my; dimension

Simon Akar
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Mkn SPECTRUM FIT

CENTRE DE PHYSIQUE DES

RESULTS (1)

* Free parameters:
» modules and phases of
pY and S-wave

* Fixed parameters:
» module and phase of K(892)

e Check for multiple solutions:
» Performed ~2x104 fits with random
initial parameter values

5 All converged to the same solution

e Errors of decay fractions:

» Stat: 104 random generation from
nominal fit result
L value at + 34.1% of distribution
integral

\_

Events / (0.0108889 [GeV/c?))

fixed as reference to 1 and 0 respectively

Residuals

- -
(@) N
o o
o (@]

800

600

N
o
o

200

-200 ‘ //‘
-400 | | ‘|v' | . | | Cl
0.7 0.8 0.9 1 1.1 1.2 1.3 14 15 1.6
m,.. [GeV/c®]
4 L I I I I I I I L
0_ i ______ ‘\' E__i___ _ ___ L] 6_ - - = ___§ ___
:2 L ﬁ L PR PR L T....lif.é.*l;.*.
- Total PDF
: K*(892) ------- . K*(892) — p0(770)
interference
— : %770 n
o770y : p%(770) — (K)o
—— : (Km) S-wave .
interference

~\

Signal mkx
spectrum

. —-

J
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Mkn SPECTRUM FIT
RESULTS (2)

CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

Module a Phase ¢ (rad.) Frailttion
K *0(892) 1.0 (fixed) 0.0 (fixed) 0.636 70 008 (stat.) T0 017 (syst.)
p0(770) 0.725-1_8:812(Stat.)_l__g"g%g(syst.) 3.110-1_8:8%2(stat.)tgigig(syst.) O.335t8:8%g(stat.)t8:8§§(syst.)
(K~) S-wave 0.808-1_8:8%%(stat.)igzgéé(syst.) 3.1971_8'.%3%(8‘5&’5.)_'__8:%%?(syst.) 0.416-1_8:8?1?(stat.)-l__giggg(syst.)

Sum of all fit fractions

1,38710-048 (stat.)+0’ 106 (syst.)

—0.042

—0.088

Interferences
+0.004 +0.008
Kk*V(892)—pY (770) —0.178T " 006 (stat.) T o0 (syst.)
0.029 0.032
(K7) S-wave—p(770) ~0.208T0 0% (stat.) 70100 (syst.)

\_

Fit fractions to be used in the computation of
the dilution factor value.

Take the opportunity to calculate the corresponding
branching fractions

Simon Akar
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Mknw SPECTRUM FIT

CENTRE DE PHYSIQUE DES

RESULTS (3)
BABAR not yet approved

Mode g((]?i)_)hhl\)didf())fﬁ B(B* — Mode) x 107° P[()S lgil)les
g‘flfi‘};ﬂﬂw - 27.21 + 1.01+1:4 27.6 4 2.2
K*0(892)mrt 7y 17.3110 9115 25.961 1531118 207
K*p(770)% 9.12 0257 13% 9.217076+181 + 0,02 | < 20 CL=90%
(Km)g'mtey 11327154 %60 = D
(K7)rty (NR) cos 153 e < 9.2 CL= 90%
K(1430)07t 0.51+0.07129  0.824+0.117315 +0.08 0

Good agreement with the existing measurements

\_ /
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THE DILUTION FACTOR

CENTRE DE PHYSIQUE DES

COMPUTATION (1)

e Relations between fit fractions (FF) and the terms appearing in the
dilution factor expression:

“overlap” between (K7)% and (Km)~
X FF(Kw)O

“overlap” between K*T and K*~ \
X FFK* \

J [IApI2 + R(A5Ager) + R(A5Ag— ) + R(Aley Age-) + R(A ey Agicn)- )}

K,(S)'p’y: 2 2 A 2 A - )
J [lAp|2 ‘|‘§R(A}'§AK*+) —I—§R(A;';AK*_> + A ;‘AK*_| + At t] ‘g ()~ | ]

l lin’l:erf. l \
x FF, x FFR xX FF g+ X FF(KT&‘)O

\_ /
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COMPUTATION (2)

THE DILUTION FACTOR

CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

\_

0t
g X D
SKO pry D .. :1/,\ Kgpﬁ\

$ O-SKgp'v /

Need to have D as large as possible

—> Apply a posteriori cuts on m: and mk:to enhance the proportion of p

e m,, € [0.600,0.900] (GeV/c?) o selection

e My, € [MPED 0.845] U [0.945, mE2*] (GeV/c*) K*veto

Simon Akar
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THE DILUTION FACTOR e

CENTRE DE PHYSIQUE DES

COMPUTATION (3)

~

e Value of the dilution factor:

. |4 ‘2 _ (.970%0.030 . e Calculated from the fit
P T : —0.028 > . .
fractions extracted from a fit
Aer P4 A e | performed to the mkx
o [ue 2| | = 0.078%0001 ; spectrum
o [Aumt "+ Auen -] _  (.13970.023 . * Take into account the cuts on
2 : —0.027 > . . .
M and mk: While integrating
o R(AAg-+)+R(A%AL-) = —0.092F39% ; over the phase space regions
o R(A* . Aps = 0.00210-001 .
(Ao ) o000 Total uncertainties
« . stat. + syst.
° gce(A(Kw)JrA(Kw)—) = 0.037T5010 - ( yst.
40 056 Dominated by
DKO 0 — 0.549_0094 systematic
S ' uncertainties

\_ /
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- ]

' Study of B— Knt Yy decays
| with the BaBar detector:
|

B°—Ksnn'y Time-Dependent Analysis

e

(1) Extraction of effective CP violation parameters
(2) Extraction of CP violation parameters for B’—Ks p®y



/
BO—’KS“_"+V TDCP ANAI.YSIS

™

e Blind analysis

e Standard strategy:

» Optimized the cuts to maximize the sensitivity to the CP
asymmetry parameters

» Use weights extracted from the mkx: fit in B*— K*nt*y for
signhal cocktail and yield estimation

» Build the PDFs for signal and each background categories
» At PDF parameters:

- Dilution, delta dilution and asymmetry factors extracted from MC
- Signal resolution function parameters taken from charmonium sin(2f) analyses

Phys. Rev. Lett. 99, 171803 (2007)

\

.

\.

e Many technical aspects identical to the B*— K*n'rt*y analysis

Simon Akar Seminar CPPM - 17 February 2014
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BO—-Kstt-1r*y TDCP ANALYSIS

CENTRE DE PHYSIQUE DES

YI EL D S _ PD F S PARTICULES DE MARSEILLE
)
Categor Time-dependent | Estimated * Use the cuts on mq: and mkx:
&oLY model yield o M. € [0.600,0.900] (GeV/c?)
Signal TM 910 e My, € [MBP 0.845] U [0.945, mBax] (GeV/c?)
Signal fonr = 0.279
Signal SCF SeE T e Added selection criteria on the Ks:
® Myt - — ng‘ < 11 MeVc?
Continuum (udsc) Continuum 2236
® cos Oaignt > 0.995
B* = X, (-» Kn)y Charged 94 . ng - 5a(ng)
B* = K** (= Kn*)y _ o
B+ = X, (— Kor+)y | Chareed 54 e Identified 7 B-background
B? = X,a(-» Km)y Neutral CP 51 CatggB?_geS:
. 4 i
00 : —
edininig Neutral CP 35 » 3 BYB° (CP)
o » 1 BOB? (Flavor)
B7B~ generic e 34
B background . .
505 ﬁ.o( = K90) * Taken mes-AE correlations into
0 50 ! Neutral CP 30 t f S | ™ d
B — Xa(— K%%%)y accounttor cigna an
=0 L F)A + +
B° _)g ((__: Ilg;:;)),\// Neutral flavor 4 B*— Ksn™y
sd {
Total Bkg 2538 e S/IB~1/12 (~1/34 in B*— K*n'n*y)
. .
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BO—-Kstt-1r*y TDCP ANALYSIS
FIT PROJECTIONS & YIELDS

CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

. , AE
5 T 5 400k
o 120 3
5 % 350
S 10084411 E 300
§ § [ Signal (TM)
80| I Signal (TM ket ol 250 |:|Signa-1l (SCF)
[ Signal (SCF) @ U - - g°g‘r":“)‘(“m ({12
[_] Continuum (udsc) il ﬁ.ﬁ[h ‘ ' C15p s A .
60 [)BPBmX_y el 200| g BpBm K (K & X (>K )y
[ BpBm K *(>K’r)y & X_ (Kl = e gg";’ic
Il EpBm Generic 150 [ BBbar CP Gineric
40| [ BBbar CP Xy [ BBbar CP K %(->K%x%)y & X_(->K’n0)y
Il BBbar CP Generic 100 [ BBbar Fiv K °(->K'n)y & XSd(->K Ty
[l BBbar CP K °(->K 1%y & Xsd(->K°n°)y sd
20| [ BBbar Fiv K°(>K'r)y & X (>Kr)y 50
—— Data
82 521 522 523 524 525 526 527 528 529 02 015 01 -005 0 005 01 015 0.2
mgg (GeV/c?) AE (GeV/c)
, Fisher
& 1000
|_|>J [ Signal (TM)
e [] Signal (SCF)
- [] Continuum (udsc)
2 800 [ BPBm X v - - -
E [ BpBm K™ (5Kl & X, (5Kl Category Fitted yield | Fit error (stat.)
> Il BpBm Generic -
[ BBbar CP X,y Signal 245.0 24.3
600 [l BBbar CP Generic .
I BBbar CP K *(>Kon0)y & X, (>Kox0)y Continuum wudsc 2446.4 56.8
[ BBbar Flv K °(->K"")y & Xs (=>K'n)y
4 Data ‘ Bt — K*—F(% Kg7T+)7
400 Bt ¥ KO+ 41.7 21.8
— Xou(— ST )Y
200
q) 01 02 03 04 05 06 07 08 0.9 1

fisher
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BO—-Kstt-1r*y TDCP ANALYSIS
CP ASYMMETRY PARAMETERS

™

CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

CPPM

Skomtn—ry =  0.13740.249(stat.) 7 035 (syst.)
Cng+7r—fy = —0.390 £ 0.204(stat.)t8:8§8(Syst.)

e CP asymmetry parameters for B?— Ksp®y:

SKOTF Ty v
SK0py = Doy = (0.249 4 0.455" 0 050
3P

Do,y = 0.54977 005

\

e CP asymmetry parameters from the fit to data (B°— Ksnrt*y):

~
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™

SUMMARY AND CONCLUSION

> . A
e B*— K*r'rt*y analysis: BABAR not yet approved

» Measured the overall n T - TRy —_6‘
branching fraction: (B(B* — K*ntr—ry) = (27.21+ 1014114 x 10

» The kaonic resonances branching fractions:

BABAR not yet approved
B(BT — K1 (1270)*~)
B(B* — K1(1400)%~)
B(B* — K*(1410)"+)
B(BT — K*(1680)"~)

(44.04F6-00+3:80 4 4 58y 5 106 [ " |
(0,657 L858 1 0'61) » 10-6 First measurements of K*(1410)
)
)

(23.8375 251042 +2.38) x 107 L and K*(1680) BF in B* = KresY

(71.67+7 1547102 4 5.83) x 107°

» The K*(892), p°(770) and Krt S-wave branching fractions:

BABAR not yet approved @ " . R

——— - T - | ® Used an original approach given the
B(B — K*717) (25 967131 1 63) X 10 T ilable statisti
o +1. 42+1 91 6 . . .
E o g?33§§>g)+ ) Z (082 i(()lfﬁ% 17 0232; 107 | ¢ Used LASS parametrization to describe
— T = . X .

! 019 the (Kt) S-wave in K1(1270) decays

\. J

Adding experimental information about resonances in this mode.
Might help theoreticians improving the predictions for the extraction

of the photon polarization in angular B— Krny analysis

\_
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SUMMARY AND CONCLUSION

™

CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

o B - CPPM
(e B? - Ksnty TDCP analysis: A
» The mixing induced CP violation parameter for B® — Ksp® decays:
S
Sk0 py = f;g;:“ T — 0.249 + 0.455+0-976 | Paper in prep.
» Compared with other CPV measurements in radiative decays:
SBeHe = 0.11+£0.337905 PhysRevLett.101.251601
gS‘BABAR7 = —0.78 £ 0.59 £ 0.09  PphysRevD.78.071102
S}%%llfo,y = —0.10 = 0.31 = 0.07  physRevD.74.111104
\_ _/
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™

SUMMARY AND CONCLUSION

(e B? - Ksnty TDCP analysis: A

» The mixing induced CP violation parameter for B® — Ksp® decays:

SKO Tt
_ T +0.076 -
SK%PV — 2)8 ] — 0.249 0455_0060 Paper 11 Prep.
Kgpy
f p
e In agreement with SM predictions
e Compatible with the results published by Belle
e With the current statistics: does not allow constraining NP models
. y
(o Would benefit from better knowledge on the various Kres A
e Such measurement difficult in LHCb...but other
methods to probe the photon polarization are being exploited
- y
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™

THE DILUTION FACTOR

CENTRE DE PHYSIQUE DES

ANALYTICAL EXPRESSION

( )

PRem| =TS0 T
Kgpy

e CP asymmetry when considering all the resonances p°, K** or (K7)* S-wave
in the total amplitude:

0+, _—

Agﬁw ") = Cromtn—r COS(AME) +|Sk0 r+ 7 ~|SI(AMI)

e CP asymmetry when considering only the p° resonance in the total
amplitude:

AL (1) = Creo pry coS(AME) S [sin(AMY)

\ J
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THE DILUTION FACTOR

CENTRE DE PHYSIQUE DES

AN AI_,YTI C AL EXP RE S S I O N PARTICULES DE MARSEILLE

* In terms of amplitudes:

Bo(t) — Hyos Pscal?y H,.s = p°, K** or (K7T)i S-wave ;  Pica = Kg or T+

= & Ap, singe iR e tand = G/,
res ¢fﬁ§ CP-odd weak phases

_,L'¢Hres .
= &Ap, _ cosye "L e §Hres

) HreS y res i
E3Ap,,, cos e’ " 3
—_ A . i¢gres ,L-5Hres (517527537£4>
_ 54 Hres S we € (517 52) 637 54)

Hres 0

AR BY — HrespscaI’YL
Hres O

AL B" — HreSPscaI'yR
L

(
(

A, (EO — HresPscalfYL
(

CP-even strong phases
CP(HresPscal) = =*1

nm 4 4

A

_H 0 (+,—,+,—) for p and K**
AR B — HI‘GSPSC&].WR

(4, +,+, +) for (Km)* S-wave

N— N N

['z0(t) — T'po(?) , Tpo(t) = |IMp())? + Mg
— C cos(AM#) + S sin(AM¢
[ o (t) + Lo (t) cos(AM¢) + & sin(AM?) Poo(t) = Mo+ | et

B

= 5

Aer 0+ AU 0) 5 M0 = Y (A0 + afe L)

p

<
=
N
|
AN
A~
3

N

A1+ A1) 5 Ma)

, (ZZ“S £, (1) + A I (t))

p

f:l:(t) — % (e—iMLte_%FLt + e—iMHte—%FHt> ]% _ e—iQB
. J
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THE DILUTION FACTOR

CENTRE DE PHYSIQUE DES

ANALYTICAL EXPRESSION PARTICULES DE MARSEILLE
( )
* In terms of amplitudes:
Bo(t) — Hyos Pscaly H.s = p°, K** or (KT('):I: S-wave ; Pica = Kg or T
Hres 0 _ C —i¢HreS ié‘Hres tantb — C; /6(77
AR (B = HyesPscalvr) = &1Am,, sinyge “r e i "
e 0 yHros sHros ) LR = CP-odd weak phases
A - (B — HresPscalfyR) — €2AHres COS Wi_z% e’ oflre= = (OP-even strong phases
res - Hres :sHres i = CP HresPsca = +1
A7 (B — HyosPocarvr) = E3Ap.. cosye'Pn ™ : ( ) X
—Hyes . . Hres ‘5Hres (617627537£4) = (‘|‘, —, +, —) for P and K*
AR (B — HresPscalfyR) — €4AHres Sin ¢€Z¢R e’ (&1,62,83,64) = (+,+,+, +) for (Km)T S-wave
I'—o(t) — Tpo(t Tpo(t) = |Mp@)]> + |Mg(t)]?
['50(t) + [po(?) Coo(t) = |Mp@)] + | Mg(t)]
M) = 3 (At + A1) 5 Male) - > (A at0) + 4120
Ma) = Y (Al 0+ A7 0) o Mao) = 3 (A7 0 + a1 )
Hres p Hres p
fL(t) = 1 (e—iMLte—%FLt 4+ e—iMHte—%I‘Ht> q _ o128
N 2 £ y
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THE DILUTION FACTOR
ANALYTICAL EXPRESSION

* In terms of amplitudes:

Bo(t) — Hyos Pscaly H,s = p°, K** or (K7T)i S-wave ; Pica = Kg or T
Hres res -
AHreS (BO — HresPscaI’YL) — res S]‘n we_?j(b usH ta;¢ 077/077
e 0 _.chreS S Hroe (bL;‘}% = (P-odd weak phases
A He (B — HrespscalfyR) — H,.. COS Wﬂ YL e o =  (CP-even strong phases
es , =0
AL (B — HresPscal'VL)
—Hres , 50
AR (B — Hrespscal’yR)
['zo(t) — T'go(t
Acp(t) = 1 T
EO (t) —I_ BO
Mul) = X (Aot + LI 0) 5 M = X (A w0+ A1)
Hres p Hree p
Ma) = 3 (Alr@+ A7 0) o Ma) = Y (A0 + L)
Hies Hies
1 iMpt 1Pt | —iMpyt — LTt 9 _ —i2p
fi(t)z§<ezLe2L:|:eZHe2H) - =e
. L y
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THE DILUTION FACTOR

CENTRE DE PHYSIQUE DES

AN AI_,YTI C AL EXP RE S S I O N PARTICULES DE MARSEILLE

* In terms of amplitudes:

Bo(t) — Hyos Pscaly H,s = p°, K** or (K7T)i S-wave ; Pica = Kg or T
HI‘GS res
A (BY s Hyo Pron) = €1 Ap S0 eo™e | IS Een
e . . (bf}‘}% = (P-odd weak phases
A e (BO — HrespscalfyR) — ‘f2141r17res 00 §res =  (OP-even strong phases
es , 50 o Hres 51, = CP(HresPsca) = =1
AL (B — Hrespscal'yL) — €314HreS 00 1 N
Hres —0 5Hres (617£27§37€4) — (+7 = s _) for P and K*
AR (B — HrespscalfyR) — “3:'14141’17]?eS ‘ (&1,£2,83,8) = (+,+,+,+) for (Km)* S-wave
I'—o(t) —Tpgolt Tpo(t) = |[Mr@)] + Mgt
Acp(t) = =2 (1) ~ Tpo?) = C cos(AMt) + S sin(AMz) s (t) |_L( )|2 | _R< ) )
Lpo(t) + I'po(t) Pp(t) = |[Mi@®)] +|Mr(®)
Mul) = X (Aot + LI 0) 5 M = X (A w0+ A1)
Hyes Hyes
Ma) = X (At + A5 00) ¢ Me) = 3 (450 + af e 0))
Hyes Hyes
1/ Myt —1Ppt | —iMpgt —LiTpt q —i2f
fi(t)z§<e Lte™2 Lt f ¢ HeQH) ]—)26
. J
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THE DILUTION FACTOR

CENTRE DE PHYSIQUE DES

ANALYTICAL EXPRESSION PARTICULES DE MARSEILLE
( )
* In terms of amplitudes:
Bo(t) — Hyos Pscaly H,s = p°, K** or (K7T)i S-wave ; Pica = Kg or T
AHreS (BO N HrespscaI’YL) _ 51 AHres sin w 67;5Hres tany = C’7W/C77
AHreS (BO — HresPscalfyR) — ‘52 Hyes 6%5 oflre= = (OP-even strong phases
AL N (BO — HresPscal'VL) — €3 Hyes COS eiéHreS S5 Pl ==
—H 5 . .5 Hres (&1,82,63,&4) = (+,—,+,—) for p and K**
AR (B — Hrespscal’yR) — £4AHres Slnw ‘ (€1,62,63,64) = (+,+,+,+) for (Kn)* S-wave
I'~o(t) — T'pol(t Tpo(t) = |Mpt)]> + | Mg(t)]
Acp(t) = 5° 1) B0 (1) = C cos(AMt) + S sin(AMz) po(t) |_L()|2+|_R<)|2
Pgo(t) +Tpo(t) Ppol(t) = |[Mp)] + | Mr(t)
_ Hyes —Hres 4 Vi _ —Hpres Hyes 4
M) = 3 (At + 1 0) M) > (A at0) + 4120
Ma) = 3 (A=t + A 260) + Mate) - > (At + g 110
fu(t) = % (e—iMLte—%FLt 4 e—iMHte—%FHt) 4 _ —i28
4 £ y
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THE DILUTION FACTOR

CENTRE DE PHYSIQUE DES

ANALYTICAL EXPRESSION PARTICULES DE MARSEILLE
( )
* In terms of amplitudes:
Bo(t) — Hyos Pscaly H,s = p°, K** or (K7T)i S-wave ; Pica = Kg or T
AHres (BO N HreSPscal’YL) _ glAHres <fim we_icpgres tany = C’7W/C77
- (bf}‘}% = (CP-odd weak phases
AL (B0 HPri) = €A contie*" o CPomdmgen
AL es (BO . Hrespscal’yL) _ €3AHreS COS weigbfres & = CP(HresPsCal) ==+1
—Hres . - Hryes (&1,€2,63,64) = (+,—,+,—) for pand K**
AR (B — Hrespscal’yR) — £4AHres S1I1 ¢€Z¢R (€1,62,63,64) = (+,4,+,+) for (K7)T S-wave
['=o(t) —T'po(t Tpo(t) = |[Mp@)| +|Mg(t)]
Lgo(t) + Tpo(t) Pp() = M)+ | Ma(t)]
_ Hyes —Hres 4 Vi _ —Hpres Hyes 4
M) = 3 (At + 1 0) M) > (A at0) + 4120
Ma) = 3 (A=t + A 260) + Mate) - > (At + g 110
fu(t) = % (e—iMLte—%FLt 4 e—iMHte—%FHt) 4 _ —i28
4 £ y
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THE DILUTION FACTOR

CENTRE DE PHYSIQUE DES

AN AI_,YTI C AL EXP RE S S I O N PARTICULES DE MARSEILLE

* In terms of amplitudes:

Bo(t) — Hyos Pscaly Hies = pY, K** or (KT('):I: S-wave ;  Pseal = Kg or w*
- Hres res n — '
Agres (BO N Hrespscalfy_[,) — 5’1 AHreS Sln we—’bgbR ezéH tan 6(77/6(7W
H . yHres sHros PR = CP-odd weak phases
AL - (BO — HreSPscalfyR) — €2AHres COS ¢6_2¢L e’ ofres = (OP-even strong phases
—Hyes , 50 o Hres res i = CP(HpesPical) = %1
AL (B — HreSPscany) — €3AHreS COS wez% ezéﬂ 3 ( 1)
—Hes , 50 ] . Hres '5Hres (€17§27§37£4> = <‘|‘, —, -+, —> for P and K*i
Ap (B — HyiesPscayr) = &4Ap, sin Pe'Pr ¢! (€1,62,63,84) = (+,+,+,+) for (Km)* S-wave
Acp(t) = B D 100 6 aAMe) + Ssin(amy) | | T2O = MUOF + MR
Pgo(t) + I'po(t) Ppo(t) = | M|+ |Ma(®)|

= 5

At (1) + ;lfresﬂf_(t)) . Mp(t) (Zgresf+(t)+Afresgf_(t))

p

<
=
=
|
™
A~
3

(Agresf+(t)+zgmgf_(t)> ;. Mag(t) = (Zgresf+(t)+f1§resgf—<t))

p

f:l:(t) — % (e—iMLte_%FLt + e—iMHte—%FHt> ]% _ e—iQB
. J
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THE DILUTION FACTOR
ANALYTICAL EXPRESSION

™

CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

_ CPPM

\

D =
Kg i SKO

\

/ [|Ap|2 +R(Ap Aot ) + R(AF A ) + R(Afees Ao ) + R(A gy Asem) - )}

| A e

{1408 + ROz AR-) + R(Ap ) + e

A em+ | A em - \2]

Integration performed over phase-space region

The amplitudes entering in the dilution factor expression are

extracted from a fit to the mk, spectrum

Simon Akar
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™

Mxkn SPECTRUM FIT -
" Total PDF: A
e Coherent sum of K’(892), p%(770) and Kr S-wave component:
2
A(mucr;c)]* = / mf ( “ \/HRj (M, M) €% (m)) dman| o ¢j = ;€
mpin \
=  |Ccg= 27{1{* + ‘C,oO’Q?-lpo + ‘C(KW)()’QH(KTF)O@ Interference term

described in next slide
* [nvariant-mass-dependent magnitude defined as the projection of
two-dimensional histograms:

maoe®

Hp,(Mix) = / - Hp, (Mkcrs M) AMMer.
* The invariant-mass-dependent phase is taken from the analytical

expression of the corresponding line shape:
( R;(mk-) is taken as
m =mg, => RBW for K*'(892) and
%[Rﬂm)]) as LASS for S-wave ,
& 4
R, (m)]

®g,(m) = arccos (

m =Mz, => R;(m.;)is taken as a GS

: 0
\ i line shape for p”(770), | /
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Mkn SPECTRUM FIT
MODEL (4)

(l nterference: Illustration:
RBW+GS interf. (¢p()= m/2)

e |Interference terms:

$ 8 58 . 88888

I(MmKr;Co, C(Km)y) = 200 [COS(¢p0 —CI’RBW)/ VHpoHer cos(Pas) dmar # s

mie m

max

m_. -

_ Sin(¢po — (I)RBW) \/msin(@gs) dmﬂ—ﬂ—]

mmzn

max

+20 PO O (K)o [COS(qb 0 — ¢(K7r)0 — (I)LASS \/H OH(Kﬂ-)O COS((I)Gs) AM -

mm“

— Sln(gb 0 — ¢(Kw)0 — (I)LASS \/H OH(KT(-)O Sln(q)gs) dmmT] .

mm”

Term describing interference between the
K*(892) and p%(770) amplitudes

Term describing interference between the
p%(770) and (Kn) S-wave amplitudes

\_ /
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Mkn SPECTRUM FIT

CENTRE DE PHYSIQUE DES

M O D EI.. ( 4 ) PARTICULES DE MARSEILLE

(lnterference Illustration:

\_

e |Interference terms:

o B 8 88 8

RBW+GS interf. (¢p()= m/2)

max

8 8 & 8

m m

I(mKﬂ';CpO)C(KTr)O) = QOzpo [COS(qbpo _(I)RBW)/ \/HPOHK* COS((I)Gs)dmmr T SV UV E SO U

max

m_. -

— Sin(gbpo — (I)RBW) ' \/ Hpo HK* Sin(q)(;s) dmﬂ-ﬂ-]

o \/H OH(Kﬂ-)O COS((I)Gs) dmmr

mm“

+2000 (K ), [COS((b 0 — @Ky, — PLASS)

mam

— Sln(gb 0 — ¢(Kw)0 — (I)LASS \/H OH(KT(-)O Sln(q)gs) dmmT] .

mm”

The interference between the K*(892) and (Kr)
S-wave amplitudes vanishes due to the
integration over the my; dimension

Simon Akar
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B-—K*m-m*y ANALYSIS
Mgs-AE CORRELATIONS

CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

\_

e We use a 2D conditional mes-AE PDF for E]T ameseean
" b A4 -0.07 < AE <= 0.07 -
signal TM: 8 ol | swrestmom | -
= L
» Parametrized signal TM mes-AE Eormo T
. S sl  bins SaRE,
dependence from fits to several sub- < f O,
samples of MC events in various sized ooaf JhSe -
bins of mes and AE 002 e =
;g;—“fﬁziii:ij:f{i A S ==
N Used the dependence: mES(AE) §.26 5.265 5.27 5.275 5.28 5.285 mé‘»éZQ
—— All bins
» (mes Crystal Ball — AE Cruijff) - " et oz
.g 0.1 JFJF e |+ 528<m <=530
» Crystal Ball mean and sigma: g o T+ T A
- 2"d order polynomial function S ool to= - bins
0.0 f§_|_ -
» Crystal Ball alpha and order: ol =+, =
- 1storder polynomial function = e T e
%2 015 -1 005 0 005 01 015 02

DeltaE

/
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TIME-DEPENDENT CP ASYMMETRY
INGREDIENTS OF THE MEASUREMENT

e Time-dependent CP asymmetry including
experimental effects :

[ (Biag_po (A) — fop) —T (
Acp (At) —
I (Btag:BO (At) — pr) + I (

Btag:EO (At) — fop

B 70 (At) — fcp

tag=

N— | N

= (D) (Ssin (AmgAt) — C cos (AmgAt))

l

Dilution related to the probability
to mistag the B meson

\ J

Simon Akar Seminar CPPM - 17 February 2014 96



TIME-DEPENDENT CP ASYMMETRY

INGREDIENTS OF THE MEASUREMENT SEeT
. . —
e Time-dependent CP asymmetry including
experimental effects :
I (Buag_po (AY) = fop) — ( o (AL) = fcp>
Acp (At) =
[ (Bus-o (A) = for) +T (B (80) 5 for)  F(at) F(at) A, (At)
= (D) (Ssin (AmgAt) — C cos (AmgAt)) | "I

Everything perfect ——

Adding mis-tag ! ! g
effects: & | N\ "~ 13 (D)S
Dy=1-2w PN
w: mistag probability 0 1 :
........................................................ -8 0 8 bt 0 3
Adding imperfect | |
At resolution —> 0
effects
0 |
-8 UAt h -8 HAt 3
\_ (ps) (ps) y
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Validation tests (1)

pseudo-experiments

CEN S
PARTICULES DE MARSEILLE

A tool for validation tests:

\

* From this model, we perform consistency tests:

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

-
e For unbiased fit parameters:
= Pull of 0; is a gaussian with: pull@ —
» mean = ()
» width =1 \_

)
Htrue . (9th
() ()

fit
g;

"

Simon Akar LPNHE — Vendredi 13/01/12
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B-—K*m-m*y ANALYSIS
Toy STUDIES (1)

CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

* Pure toys:
* 100% convergence

Entries 331

70 o Mean 0.09394 = 0.0599
Signal RMS 109 004235

%0 ° N 60.16 = 4.02
50 y'eld u 0.106 + 0.062
o 1.082 = 0.042

40

30

20

10

U"_IIII|IIII|IIII|IIII|IIII|IIII|IIII|

3 4 5
signalEvents_Pull

=y
(]
N
of
o
B
N

\

No bias on the signal yield

Elt Fit Parameter Pull Mean Pull Width
variable

CB,,(Coeff0) 0.079 + 0.052 | 0.946 + 0.037

CB,,(Coeff1) 0.035 + 0.052 | 0.950 & 0.037

CB,,(Coeff2) 0.009 + 0.056 | 1.001 = 0.039

= | "BS |l OB, (Coeff0) —0.060 + 0.047 | 1.085 =+ 0.042

; CB, (Coeff1) —0.098 + 0.054 | 0.980 + 0.038

= CB, (Coeff2) —0.116 £ 0.058 | 1.053 + 0.041

A AE Cr, 0.004 £ 0.048 | 0.870 & 0.034

Cry, 0.067 & 0.053 | 0.958 & 0.037

piner || G —0.037 £ 0.054 | 0.991 + 0.039

G, —0.012 4+ 0.052 | 0.943 +0.037

o | mes Arg, —0.031 £ 0.054 | 0.989 + 0.038

< AR Chebychev(Coeff0) —0.037 £0.056 | 1.017 £ 0.040

Chebychev(Coeff1) —0.090 £+ 0.055 | 1.000 £ 0.039

Signal 0.094 + 0.059 | 1.090 & 0.042

3 Continuum udsc 0.034 £ 0.057 | 1.032 £+ 0.040

E G(gneric l%—background —0.063 £ 0.056 | 1.027 4= 0.040

go : )[id ((: [[((77:))3 0.006 & 0.054 | 0.980 =+ 0.038

/
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B-—K*m-m*y ANALYSIS
TOY STUDIES (2)

CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

/* Embedded toys:

* 100% convergence

~
o

D
o

a
o

Y
o

N
o

-
o

(=)

Entries 331
Mean -0.02652 = 0.05772
RMS 1.05 = 0.04081
N 64.91 + 4.53

w 0.02761 + 0.05685
o 0.9878 = 0.0420

[2]
o
U"_IIII|IIII|IIII|IIII|IIII|IIII|IIII|III

\

2 3 4 5
signalEvents_Pull

No bias on the signal yield

bt Fit Parameter Pull Mean Pull Width
variable

CB,, (Coeff0) 0.706 & 0.057 | 1.042 £ 0.040

CB,(Coeff1) —0.338 £ 0.058 | 1.048 = 0.040

CB,(Coeff2) —0.328 £ 0.064 | 1.180 & 0.046

= | "B || CB,(Coeff0) 1.033 & 0.054 | 0.983 & 0.038
- CB, (Coeff1) —0.901 + 0.053 | 0.961 + 0.037
£ CB, (Coeft2) —0.681 £ 0.065 | 1.174 & 0.046
B | Am | Cra —0.061 £ 0.053 | 0.971 & 0.038
Cry, —0.457 £0.063 | 1.154 & 0.045

. G 0.117 £ 0.057 | 1.030 £ 0.040

Fisher H

Go 0.116 = 0.055 | 0.994 = 0.039

o | mms || Arg 0.125 + 0.052 | 0.948 £ 0.037
< N Chebychev(Coeff0) —0.642 £0.058 | 1.056 £ 0.041
Chebychev(Coeffl) 0.052 £ 0.053 | 0.957 £ 0.037

Signal —0.027 £ 0.058 | 1.050 £ 0.041

o2 Continuum udsc 0.229 £0.058 | 1.054 £ 0.041
E ngeric Bo background | —0.354 £ 0.057 | 1.035 £ 0.040
go : )lgsd ((: [l((;))z —0.026 4+ 0.055 | 1.002 = 0.039

/
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B-—K*m-m*y ANALYSIS
Mgs PROJECTION

™

s

CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

CPPM

Signal region:

-0.15<AE=<0.10
5.27 < MEs = 5.292

400

350

300

Number of Events

250

200

]
Ce

150

100

50

D57 5.272 5.074 5276 5.278 5.28 5.282 5.284 5.286 5288 5.29

\ mg¢ (GeV/c?)

~N
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B-—K*m-m*y ANALYSIS
AL PROJECTION (1)

( i\
CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

CPPM

\

Number of Events

5.200 <mES £5.270

1500

1000

500

-Q).Z -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2
AE (GeV/c)

™
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™

\

B-—K*mt-1m*y ANALYSIS /-
AE PROJECTION (2)
\
5.270 < mES £5.272
2 80|
G 7ol 1.4
s ELIT e
8 60 (i ) @
g 1
Z 50 ' .
| il [ A
40 + | |
ﬁ )
30 1 + +
20 |
10
A o T e o e T S O S S P
0.2 -0.15 -0.1 -0.05 0 0056 01 015 0.2
AE (GeV/c) /

Simon Akar
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B-—K*T m*y ANALYSIS /-

CENTRE DE PHYSIQUE DES

AL PROJECTION (3)
\

5.272 <mES £5.274

80

T

70

Number of Events

-0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2

\ AE (GeV/c) /
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B-—K*m-m*y ANALYSIS 4

CENTRE DE PHYSIQUE DES

AL PROJECTION (4)
\

5.274 < mES <5.275

40

35

‘J—HII*IIIIIJI
¢
¢
¢

30

Number of Events

-9).2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2

\ AE (GeV/c) /
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B-—K*m-m*y ANALYSIS 4

CENTRE DE PHYSIQUE DES

AL PROJECTION (5)
\

5.275 <mES <5.276

50

40

Number of Events

¢

-?).2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2

\ AE (GeV/c) /
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B-—K*m-m*y ANALYSIS 4

CENTRE DE PHYSIQUE DES

AL PROJECTION (6)
\

5.276 <mES <5.278

P _
S 100—
> —
1 |
o u
o 80
9 i
£

= i
2 i

I

-?).2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2

\ AE (GeV/c) /
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B-—K*m-m*y ANALYSIS 4

CENTRE DE PHYSIQUE DES

AL PROJECTION (7)
\

5.278 < mES < 5.280

120

100

Number of Events

80

60

[

40

20

Ntautvsiniamaene T

-?).2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2

\ AE (GeV/c) /
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B-—K*mt-1m*y ANALYSIS 4

CENTRE DE PHYSIQUE DES

AL PROJECTION (8)
\

5.280 < mES < 5.282

90

Number of Events

-0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2

\ AE (GeV/c) /
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B-—K*mt-1m*y ANALYSIS 4

CENTRE DE PHYSIQUE DES

AL PROJECTION (9)
\

5.282 < mES < 5.284

70

60

Number of Events

-0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2

\ AE (GeV/c) /
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B-—K*m-m*y ANALYSIS
AE PROJECTION (10)

™

s

CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

CPPM

Number of Events

\_

-
o
o

o)
o

(o))
o

40

5.284 < mES < 5.292

-9).2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2

AE (GeV/c)

~
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B-—K*m-m*y ANALYSIS
FISHER PROJECTION

™

s

CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

CPPM

\_

Signal region:

-0.15<AE=<0.10
5.27 < Mes < 5.292

o 10%§
-

Q

>

L

©

2 107
=

]

P4

Q 10
©

O

N

S

- 1 i

i i

0.8 1
Fisher

0.2 0.4

o

~
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B-—K*m-m*y ANALYSIS
Mk FIT: LIKELIHOOD SCANS

CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

\

—
Module K*(1410) Module K*(1400) Phase K'(1400)
a 14— o 14 % a F* 3
s f = F H £ ap ;
3§ 12f N 12 8 - x 5
- - 12— F
10 10 Cox
- - 101
- - ]
8 8 -
B : 8 x
61— 6}
----------------------------------------------------------------- -
2
16 1.8 , 2 22 24 . . 2.5 3 3.5 4 45 . 5
Mag K (1410) [arbitrary units] Mag K (1400) [arbitrary units] Phi K (1400) [rad.]
Module K*(1680) Module K*(1430) Phase K'(1410)
- -4 14 ¥ - C * "
£ 1 £ C H R X
§ F S 12f § f E -
12 - 12— * x
- 10; - 3 *
10— C 10— X
C B C x *
- 87 -
[ o r * *
e 6; B ;%( *
6% C 6 X x
C% B C ’5& *
[~ )(* 4; ___________________________________________________________________ [~ *
Q% mm e R e r fJf—rmmmmmm e K e Hmmmmmmmma
- - *
: C x
2[- 21~ F
OL 1 1 l 1 1 1 l 1 1 1 0 1 1 1 1 1 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 07 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 1 1 l 1 1 1 1
15 2 2.5 3 3.5 0.3 0.4 0.5 0.6, 0.7 0.8 1 15 2 2.5 3 .35
Mag K (1680) [arbitrary units] Mag K (1430) [arbitrary units] Phi K (1410) [rad.]
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B-—K*m-m*y ANALYSIS

CENTRE DE PHYSIQUE DES

Mkn FIT: LIKELIHOOD SCANS

— R -
= 16— = lope x
— | % — _* x
< N < X %
RERPIE X e X
L % * R **
B C % .
12— * * - % x
- X * C % ;K)K
~ * * ~ % X
10— % " 10— X X
C ¥ * B *)K **
- * . % *
8 « ** 8 X ¥
- * * -
61— * x 6
C * * C
L * * L
. i K*' """""""""""""""""" ** """""""" L it il Al
C X % C
L ;KBK **f L
2— X X 2=
b= e e e s e e e e e e e e e e e e e .. ** ----------------- *-*— ------------------------- L L L L R L L L L L L L L . L L L
C . | ok *X” | | l 2 |
0 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 - ‘;'::::.:"4"., 1 1 1 1 1 1
0.68 0.7 0.72 0.74 0.76 3 3.05 3.1 3.15 32
Module p°(770) [arbitrairy units] Phase p’(770) [rad.]
— — - [ %
= 16 » £ 16% ;e'l
< C B < C X *
N y o L% %
E 14 7
L % L X %
nf * - X 4
C % * 12 N 2
C * * C
10 - y % 10—
- * X C
8~ * X 8~
C * X -
C X % C
- * * C
4-_-- --------------- ;K'*;;K """""""""""""""" ;:K """""""""" 4:—----------------- -------------------------------------------------
C * C
2 *** *" 21—
— * —
== mmmsemmssssemsss s -** ---------------- **— -------------------------------------------------------- e, -~ mmmmmmmmmm- R - mmmmm s
e e ey 1y %**hﬁmm**;ﬁ PRI IR ST NN NI 0 " T T T 1 ‘ Y .z;'.":‘:.' I IR T R
(()).72 0.74 076 0.8 0.8 0.82 084 0.86 0.88 2.9 3 3.1 32 33 34
Module (Krt) S-wave [arbitrairy units] Phase (Kit) S-wave [rad.]
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B-—K*m-m*y ANALYSIS

Mk FIT: PURE TOYS (1)

\

\
1000 pseudo-experiments with
nominal fit model
Fit Pull Pull
fraction Mean Width
FF g0 (g92) —0.027 £0.034 | 1.046 £ 0.026
FE 0 (770) 0.080 £0.035 | 1.077 4+ 0.027
FE () wave 0.109 = 0.032 | 0.987 £ 0.024
FFsum 0.055 £0.034 | 1.050 + 0.026
FF & 5{(802)— p0 (770) 0.018 +0.033 | 1.034 + 0.025
Intert -
FE Km)e wave—po(770) | —0.076 £0.036 | 1.095 & 0.027
_/
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B-—K*m-m*y ANALYSIS
Mxn FIT: PURE TOYS (2)

CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

\_ Model appears to be robust in almost the entire parameter space

B CPPM
\
1000 pseudo-experiments with different
values of the phase of the rho
¢,00(770) Pull Pull
generated value Mean Width
0 x (w/5) —0.042 £0.032 | 1.046 £ 0.024
1 x (7/5) —0.072 £0.034 | 0.938 £ 0.026
Bad —>  2x(7/5) 0.295 + 0.033 | 1.471 £ 0.025
pulls: — 3 x (1/5) 0.122 £ 0.035 | 1.138 £ 0.025
Interference 4 x (m/5) —0.032 £0.035 | 0.974 £0.027 - Nominal
term cancels K’ 5 X (w/5) 0.012 £ 0.033 | 1.052 £0.023 value:
contribution... 6 x (7/5) —0.027 £0.032 | 1.031 £ 0.025 3110
Likelihood 7% (w/5) —0.006 + 0.033 | 0.890 + 0.026 '
sometimes | 8 X (mw/H) 0.057 £0.034 | 0.999 + 0.025
"99'?;3;;"',‘ K 9 x (7/5) 0.039 + 0.032 | 1.052 + 0.027
' 10 x (7/5 —0.021 +0.036 | 1.019 4= 0.025
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B-—K*mt-1m*y ANALYSIS /-

CENTRE DE PHYSIQUE DES

Mxnr FIT: PURE ToYS (3)

o B CPPM
1000 pseudo-experiments with different
values of the phase of the (Kr) S-wave
¢(K7’(‘) S—wave Pull Pull
generated value Mean Width

0 x (7/5) 0.013 +£0.034 | 1.027 £ 0.023

1 x (7/5) —0.045 +0.035 | 1.031 +0.025

2 % (7/5) —0.031 £ 0.033 | 1.054 + 0.024

No bad pull 3 x (1/5) 0.008 £ 0.036 | 1.023 £ 0.026

bbe*;a"'gg. 2% (7/5) 0.042 £ 0.034 | 1.021 £ 0.025 Nominal

f;tes rfe"r‘;ncé 5 % (/5) —0.039+0.034 | 0.982+0.024 +  value:
term smoother 6 x (7/5) —0.061 £ 0.032 | 1.041 £ 0.023 3197

than the one for 7 % (mw/H) 0.057 +0.036 | 1.091 £+ 0.027

K*-Rho 8 x (1/5) —0.048 £ 0.035 | 1.055 £ 0.026

9 x (7/5) —0.080 + 0.036 | 0.912 +0.024

10 x (7/5) 0.071 £0.033 | 1.019 £ 0.025

\_ Model appears to be robust in almost the entire parameter space /
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B-—K*m-m*y ANALYSIS

CENTRE DE PHYSIQUE DES

SYSTEMATIC UNCERTAINTIES Mxnn PARAMS. ~DDR A
Fixed line-shape parameters of the
kaonic resonances

Parameter + signed deviation | — signed deviation
Magnitude £, (1400) 0.117 0.075
Magnitude K*(1410) 0.174 0.127
Magnitude K7z (1430) 0.073 0.135
Magnitude K*(1680) 0.303 0.202

Phase K7(1400) 0.104 0.118

Phase K*(1410) 0.024 0.022
Width K, (1270) 0.004 0.003
Width K*(1680) 0.043 0.025

FF K, (1270) 0.050 0.050

FF K, (1400) 0.052 0.030

FF K*(1410) 0.053 0.023

FF K3(1430) 0.035 0.049

FF K*(1680) 0.089 0.056

FF {K,(1270) K,(1400)} 0.050 0.060

FF {K*(1410) - K*(1680)} 0.057 0.115

FF Sum 0.140 0.072

\_ /
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B-—K*m-m*y ANALYSIS

CENTRE DE PHYSIQUE DES

SYSTEMATIC UNCERTAINTIES Mxnn PARAMS. e 7
Fixed parameter in the Mes, AE and Fisher fit
Parameter + signed deviation | — signed deviation
Magnitude K;(1400) 0.027 0.014
Magnitude K*(1410) 0.060 0.025
Magnitude K3 (1430) 0.015 0.026
Magnitude K*(1680) 0.108 0.047
Phase K7(1400) 0.018 0.022
Phase K*(1410) 0.013 0.005
Width K7(1270) 0.002 0.004
Width K*(1680) 0.012 0.004
FF K;(1270) 0.010 0.009
FF K;(1400) 0.009 0.003
FF K*(1410) 0.019 0.005
FF K3 (1430) 0.008 0.012
FF K*(1680) 0.010 0.005
FF {K1(1270)— K1(1400)} 0.011 0.013
FF {K*(1410)- K*(1680)} 0.004 0.020
FF Sum 0.023 0.001

\_ /
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B*—K*T m*y ANALYSIS 4
SYSTEMATIC UNCERTAINTIES Mknn PARAMS.
\
sPlot extraction procedure

Parameter + signed deviation | — signed deviation

Magnitude K (1400) 0.003 )

Magnitude K*(1410) ) 0.016

Magnitude K3 (1430) ) 0.007

Magnitude K*(1680) 0 0.051

Phase K (1400) 0.004 0

Phase K*(1410) 0 0,000

Width K, (1270) 0.001 0

Width K*(1680) 0 0.002

FF K,(1270) 0.009 0

FF K (1400) 0.005 0

FF K*(1410) 0 0.001

FF K3(1430) 0 0.001

FF K*(1680) 0 0.009

FF {K,(1270) - K (1400)} 0 0.009

FF {K*(1410) - K*(1680)} 0.005 )

FF Sum 0 0.004

\_ /
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B-—K*m-m*y ANALYSIS

CENTRE DE PHYSIQUE DES

SYSTEMATIC UNCERTAINTIES Mknn PARAMS. T Y
Number of bins in the fitted dataset
Parameter + signed deviation | — signed deviation
Magnitude K;(1400) 0.003 0.001
Magnitude K*(1410) 0.005 0.002
Magnitude Kz (1430) 0.002 0.006
Magnitude K*(1680) 0.008 0.005
Phase K7(1400) 0.002 0.002
Phase K*(1410) 0.002 0.001
Width K, (1270) 0.001 0.003
Width K*(1680) 0.005 0.001
FF K, (1270) 0.001 0.009
FF K;(1400) 0.007 0.001
FF K*(1410) 0.005 0.005
FF K3(1430) 0.003 0.002
FF K*(1680) 0.006 0.001
FF {K,(1270) K1(1400)} 0.002 0.001
FF {K*(1410) - K*(1680)} 0.001 0.001
FF Sum 0.002 0.002

\_ /
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B-—K*mt-1m*y ANALYSIS /-
SYSTEMATIC UNCERTAINTIES Mkn PARAMS.
Weights of the kaonic resonances
used to construct the total PDF
Parameter + signed deviation | — signed deviation
Magnitude p"(770) 0.011 0.003
Magnitude (Km) S-wave 0.009 0.046
Phase ,00(770) 0.030 0.030
Phase (Km) S-wave 0.077 0.042
FF K*0(892) 0.013 0.007
FF p0(770) 0.027 0.006
FF (Km) S-wave 0.012 0.065
FF {K*Y(892) — p°(770)} 0.005 0.008
FF {(K7) S-wave — p°(770)} 0.020 0.038
FEF Sum 0.087 0.030
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B-—K*mt-1m*y ANALYSIS 4

SYSTEMATIC UNCERTAINTIES Mk PARAMS.
sPlot extraction procedure

Parameter + signed deviation | — signed deviation
Magnitude p°(770) ) 0.019
Magnitude (Km) S-wave 0.030 0

Phase p"(770) 0 0.014

Phase (Km) S-wave 0 0.042

FF K*%(892) 0.001 )

FF p°(770) 0 0.027

FF (Km) S-wave 0.043 0

FF {K*Y(892) — p°(770)} 0.004 )

FF {(K7) S-wave — p°(770)} 0.014 0

FF Sum 0 0.048
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B-—K*m 1*y ANALYSIS 4
SYSTEMATIC UNCERTAINTIES Mkn PARAMS.
Number of bins in the fitted dataset
Parameter + signed deviation | — signed deviation

Magnitude p°(770) 0.006 0.000
Magnitude (Km) S-wave 0.000 0.035
Phase p"(770) 0.000 0.009
Phase (Km) S-wave 0.000 0.016
FF K*0(892) 0.011 0.000
FF p°(770) 0.014 0.000
FF (Km) S-wave 0.000 0.029
FF {K*°(892) — p’(770)} 0.000 0.006
FF {(K7) S-wave — p°(770)} 0.000 0.020
FF Sum 0.053 0.000
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B-—K*m 1*y ANALYSIS /
SYSTEMATIC UNCERTAINTIES Mkn PARAMS.
Number of bins in the PDF
Parameter + signed deviation | — signed deviation
Magnitude p"(770) 0.000 0.004
Magnitude (Km) S-wave 0.020 0.000
Phase p’(770) 0.012 0.000
Phase (Km) S-wave 0.013 0.000
FF K*0(892) 0.000 0.006
FF p°(770) 0.000 0.003
FF (Km) S-wave 0.015 0.000
FF {K*(892) — p°(770)} 0.001 0.000
FF {(K7) S-wave — p°(770)} 0.007 0.000
FF Sum 0.000 0.022
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B-—K*m 1*y ANALYSIS 4
SYSTEMATIC UNCERTAINTIES Mgnn PARAMS.
Fixed parameter in the Mes, AE and Fisher fit
Parameter + signed deviation | — signed deviation

Magnitude p°(770) 0.005 0.009
Magnitude (Km) S-wave 0.018 0.005
Phase p"(770) 0.045 0.003
Phase (Km) S-wave 0.073 0.006
FF K*%(892) 0.002 0.003
FF p°(770) 0.011 0.009
FF (Km) S-wave 0.020 0.013
FF {K*°(892) — p’(770)} 0.003 0.001
FF {(K7) S-wave — p°(770)} 0.013 0.007
FF Sum 0.024 0.045
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B-—K*mt-1m*y ANALYSIS /-
SYSTEMATIC UNCERTAINTIES Mkn PARAMS.
Line-shape parameters of the
resonances used in the mk; fit model
Parameter + signed deviation | — signed deviation
Magnitude ,00(770) 0.002 0.001
Magnitude (Km) S-wave 0.007 0.001
Phase ,00(770) 0.012 0.017
Phase (Km) S-wave 0.018 0.042
FF K*0(892) 0.000 0.004
FF p0(770) 0.003 0.011
FF (Km) S-wave 0.021 0.001
FF {K*0(892) — p°(770)} 0.002 0.001
FF {(K7) S-wave — p°(770)} 0.014 0.004
FEF Sum 0.007 0.039
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B-—K*mt-1m*y ANALYSIS /-
SYSTEMATIC UNCERTAINTIES Mk PARAMS.
Line-shape parameters of the kaonic
resonances in MC
Parameter + signed deviation | — signed deviation

Magnitude ,00(770) 0.000 0.003
Magnitude (Km) S-wave 0.014 0.001
Phase ,00(770) 0.021 0.030
Phase (Km) S-wave 0.025 0.063
FF K *0(892) 0.000 0.005
FF p°(770) 0.000 0.005
FF (Km) S-wave 0.006 0.001
FF {K*9(892) — p0(770)} 0.002 0.001
FF {(K7) S-wave — p°(770)} 0.008 0.003
FF Sum 0.011 0.021
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CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

Tag ID ~ sub-tagger NN | Discriminating variables Training target
Electron | 4:12:1 p~, E?]t) co8(Omiss)» q Classify BY vs. BY
None tagCat 0 | Muon 4:12:1 | p, E&Y, cos(Opmiss ), G ‘ Classify BO vs. BO
| KinLep 3:3:1 | p*, Fgo cO8(Omiss ) | Recognize leptons from "direct” decays
Lepton tagCat 63 “Kaon 5:10:1 | K1, K2, K3, nK0 5" p? Classify BU vs, B0
SlowPion | 3:10:1 p*, cos(fyny ), Lx Recognize true slow pions
Kaon I tagCat 64 MaxPstar | 3:6:1 p*, DOCA y, cos(0) Recognize fast tracks
KPi 3:10:1 | Xaontag, SlowPion tag, cos(fg ) Recognize pairs of true
Kaon 11 tagcat 65 ‘ | kaons and slow pions
Kaon-Pion tagCat 66 “8e G:1Z1 co8(fsiowFast)s Pjow Piats’
COS(OSIUW'I‘hrusl )’ 005(91"isst'l'l|rusl )
o £K Slow
Pion tagcat 67 Lambda 6:14:1 Ma, x4, cos(8) Recognize A decays
flight length, pa, pp
Other tagCat 68 Tag04 9:20:1 All of the above tags Classify BY vs. BV
Table 7.2: Summary of the different sub-taggers. The second row indicates the number of
input layers, hidden layers and output layer respectively for the NNs. The third
row gives the input variables that are defined in the text, the last row details the
target of the training
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BO—-Kstt-1r*y TDCP ANALYSIS
TOoY STUDIES (1)

CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

CPPM
/* Pure toys: Fit . . -
. Fit Parameter Pull Mean Pull Width
* 100% convergence variable

CB,,(Coeff0) 0.071 £ 0.049 | 1.059 £ 0.037
o CB,,(Coeff1) —0.078 £ 0.050 | 1.062 + 0.038
w S S 1000 00008 = | e || CBu(Coeff2) —0.187 £ 0.055 | 1.103 + 0.046
- W 0.08223 = 0.04781 - CBU(COGHO) —0.095 + 0.054 1.053 £ 0.035
“F ’ E CB, (Coeff1) 0.064 & 0.044 | 0.898 = 0.041
ool oy CB, (Coeff2) —0.002 £ 0.045 | 0.960 + 0.038
0 g || Cron 0.025 £ 0.044 | 0.941 =+ 0.031
b Cry, 0.038 & 0.046 | 0.826 = 0.038
A BS). Fisher || G, 0.027 £0.045 | 0.996 & 0.037
-signal. Pl DeltaE Chebychev(Coeff0) —0.003 +0.045 | 0.976 + 0.038
Entries 500 Chebychev(Coeffl) 0.001 £ 0.045 | 0.987 £+ 0.031
120 ean 00205 - 00428 E: Deore 0.043 £0.044 | 0.964 £ 0.032
w C N = 5 Score —0.104 + 0.046 | 0.997 & 0.037
N b 002027 = 004576 be Soutlior 0.166 £ 0.061 | 1.247 4+ 0.056
) R Foutlion 0.086 £ 0.045 | 0.961 + 0.045
-t j Signal 0.084 = 0.049 | 0.977 + 0.034
i < Continuum udsc 0.032 & 0.046 | 0.985 = 0.036

20— . * 0
" - —_— s gi I )fg:((: [I((g;)v’y —0.049 + 0.046 | 1.003 + 0.041
. SKOntrr 0.082 £ 0.048 | 1.053 £ 0.037
No biases on S and C Cromtnv —0.020 £ 0.046 | 1.001 % 0.035
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BO—-Kstt-1r*y TDCP ANALYSIS
TOY STUDIES (2)

CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

CPPM
* Embedded toys. Elt Fit Parameter Pull Mean Pull Width
* 100% convergence variable
CB,.(Coeff0) 0.118 = 0.059 | 1.085 & 0.046
a0F CB,,(Coeff1) —0.156 & 0.064 | 1.155 % 0.048
g e oo = | || CBu(Coeft2 —0.188 £ 0.066 | 1.171 +0.051
60| u 0.01103 = 0.05277 H CBJ(COGﬁO) —0.153 = 0.062 1.085 £ 0.060
0l 0 osesnsooms E CB,,(Coeff1) 0.052 & 0.054 | 0.969 & 0.044
0 &0 CB, (Coeff2) —0.062 £ 0.057 | 0.992 + 0.048
e x Ap || Cron 0.012 £ 0.053 | 0.955 & 0.039
F Cry, 0.057 + 0.055 | 0.821 =+ 0.040
Fisher || G, 0.164 £ 0.054 | 0.991 + 0.043
C B || Chebychev(Coeff0) —0.047 £ 0.054 | 0.983 £ 0.035
Entries 351 Chebychev(Coeff1) 0.055 £ 0.053 | 0.952 4+ 0.040
o e 001652 005209 E: beore 0.020 & 0.052 | 0.962 & 0.038
v C . = 5 Score —0.157 & 0.054 | 0.995 % 0.039
ool © 00251 005452 be Soutlier 0.123 +0.068 | 1.186 + 0.053
0 e Foutlier 0.148 + 0.054 | 0.923 + 0.043
) ) Signal —0.001 £ 0.054 | 0.967 + 0.042
o < Continuum udsc 0.050 & 0.055 | 1.010 == 0.044
g = - x4 0+
- >~ g+ :)[iu(flf((gﬂ); —0.151 +0.054 | 0.990 = 0.040
Sicomrn 0.011 = 0.053 | 0.969 + 0.044
No biases on S and C Cretntn—r ~0.026 £ 0.055 | 0.999 = 0.040
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TOoy STUDIES (3)

BO—-Kstt-1r*y TDCP ANALYSIS

CENTRE DE PHYSIQUE DES

PARTICULES DE MARSEILLE

CPPM

\

/* Embedded toys:

* No significant biases of S and C in the allowed parameter space

Generated Fit :
value in MC Parameter Pull Mean Pull Width

S %] ]

C=-0.8 - - -
C— 04 S 0.067 = 0.050 | 0.882 £ 0.035
g ' C 0.030 + 0.058 | 1.020 + 0.041
"le— 00 S —0.031 £0.057 | 0.977 + 0.040
I ' C —0.023 £ 0.062 | 1.070 4 0.044
« C— 404 S —0.007 £ 0.056 | 0.989 + 0.040
' C 0.069 =+ 0.055 | 0.978 & 0.039

S %] 1]

C =+0.8 - o o
C— 08 S —0.032 £0.063 | 1.110 + 0.044
' C —0.135 £+ 0.060 | 1.060 + 0.042
C— 04 S 0.021 £ 0.059 | 1.040 £ 0.041
= ' C 0.006 + 0.058 | 1.028 + 0.041
e 00 S 0.011 £ 0.057 | 1.024 £ 0.040
I ‘ C 0.062 + 0.060 | 1.067 + 0.042
“ C— 104 S 0.061 +0.063 | 1.101 £ 0.045
' C 0.081 + 0.061 | 1.062 + 0.043
C— 408 S —0.146 £ 0.060 | 1.047 +0.043
C 0.161 + 0.062 | 1.076 + 0.044

~
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BO—-Kstt-1r*y TDCP ANALYSIS

TOy STUDIES (4)

CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

CPPM

[ —

* Embedded toys:
* No significant biases of S and C in the allowed parameter space
Generated Fit , Generated Fit .
value in MC Parameter Pull Mean Pull Width value in MC Parameter Pull Mean Pull Width
C— o8 S —0.091 & 0.059 | 1.097 & 0.046 C— 08 S Iz Iz
- C —0.116 4+ 0.057 | 1.041 4 0.044 - C o &
C— o4 S —0.058 + 0.060 | 1.048 + 0.042 Y S —0.062 £ 0.058 | 0.992 + 0.041
| T T C —0.001£0.059 | 1.039+0.042 oo | C —0.102 4 0.060 | 1.024 4 0.042
HEEY S 0.0IT£0.053 [ 09690044 <[ ,_ S —0.014 £ 0.058 | 1.013 + 0.041
v||3 - v C —0.026 4+ 0.055 | 0.999 + 0.040 U”D - C 0.028 & 0.064 | 1.095 + 0.045
- 04 S 0.006 £ 0.058 | 1.02 £ 0.041 C = 104 S —0.141 + 0.056 | 0.994 & 0.039
- C 0.074 4+ 0.059 | 1.041 + 0.042 - C 0.036 & 0.058 | 1.039 + 0.041
B S 0.104 & 0.058 | 1.025 + 0.041 ~ S %, %
C=+08 C —0.060 £ 0.057 | 1.008 % 0.040 C=+08 C > >
c— o8 S 0.077 + 0.062 | 1.086 + 0.044
- C —0.074 4+ 0.057 | 1.004 + 0.041
C— o4 S 0.005 £ 0.061 | 1.058 & 0.043
| C 0.012 + 0.060 | 1.045 + 0.043
Slec oo S 0.066 & 0.063 | 1.113 + 0.045
U”J - C 0.114 + 0.056 | 0.976 + 0.039
C— 04 S 0.066 £ 0.063 | 1.097 + 0.045
- C 0.081 + 0.057 | 0.986 + 0.040
C— 108 S 0.052 £ 0.062 | 1.083 £ 0.044
\ - C 0.105 4+ 0.065 | 1.163 + 0.046 /
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BO-Kstmr-mi*y TDCP ANALYSIS
Mgs PROJECTION

™

CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

CPPM
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s 60— o 407
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Signal region Bkg region
-0.16<AE<0.10 AE <-0.15 & 0.10 < AE
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BO-Kstr-mi*y TDCP ANALYSIS /-

CENTRE DE PHYSIQUE DES

AE PROJECTION
\
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BO-Kstr-mi*y TDCP ANALYSIS /-

CENTRE DE PHYSIQUE DES

FISHER PROJECTION

~N

g 100 S 300
E 80 E 250
g g
= < 200
60
150
40
100
20 o
% 01 02 03 04 05 0.6 7 .iw'%" % 01 02 03 04 05 06 07 08 09 1
fisher fisher
Signal region Bkg region
5.27 < Mgs £ 5.292 5.20 <mES <£5.27

-0.15< AE < 0.10 AE <-0.15 & 0.10 < AE
\ /
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CENTRE DE PHYSIQUE DES
PARTICULES DE MARSEILLE

e CKM matrix = 3x3, unitary b —e
V;Isb w
Vud Vus Vb 1 — % A AX3(p — in)
Vekm = (Vg Vs Vap | = ~\ A AN + OO\ .
Via Vis Vi AN(1—p—in) —AN 1
e Unitarity Triangle (UT) = geometric representation of one CKM unitarity:
: S T T R T T T T
o — : TV
VudVib o VigVi, Mo Am &Am,
Vg Vih| | IVegVap|
| Amg
v | B 1= 00— g ——l = —
0 ' ~
0 P 1 | .
* One of flavor physics goals:
put constraints on UT sides and angles to 10~ Y-
7 AR -
test Standard Model (SM) and set = i YT
\constraints on New Physics (NP) models e 00 °_p5 oot Bl

q1

/
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