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Main goal: present a novel method to measure the Acp in
B — VP decays.

e CPVin B" — h—h"h' decays is manifested through various
mechanisms.

e Large CP violation observed in LHCb.
e CPT theorem requires direct CPV to fulfill some constraints

e As CPT implies a global conservation, direct CPV needs to be
compensated between coupled channels.

o With this new method we identify the source of CPV and
extract the local Agp directly from data

e No need for a time-consuming Amplitude Analysis
e Avoid model dependence when extracting parameters of CP
assymetry

e A paper explaining this method is already published in PRD
[Phys.Rev.D94.054028]
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https://arxiv.org/pdf/1607.03939.pdf

e CPV from BSS

e 2 amplitude with different weak and strong phases:

e tree and penguin interference

e CPV from FSI

e £ sources of strong phase —>

e resonances interference in # partial waves
e Like S-wave ttt— — KTK—

All these mechanisms were investigated for LHCb
data in B — hhh J
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o CPT = I'y(B") =Te(B7)

e normally ignored in theoretical models

e a CP asymmetry in one channel must be compensated by an asymmetry with
opposite sign in a coupled channel

e hadronic rescattering provides a # strong phase [Wolfenstein, PRD 43 (1991) 151]

e Ex: CP violation on channels Bt — Ktntn~ and BT — KTKTK~
have opposite signal and are placed in the same region of Dalitz
ploti.e. where ttn~ — KT K~

B"->K*K'K*
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Theory predictions usually involve B — PV & B — PP

Direct CP assymmetries in B — PV (with QCD factorisation):

f NNLO + LD Exp
T K0 1 0.27 £0-05 4348 —3.8 4.2
0 ¢ 13 o2 15817582 —6 =24
G TO f;)j}‘; 54 —23.07% —23+6
UK 11222125 2167038 7108 —15+13
S(mh AR08 T26 1131 HA8 08 17 425
K 885 e —1.02*3:18+432 —5 =+ 45
PR 0.38 7487 1532 0 >>t{:_84. a7 )30 68 TEES —12+17
PO —19 a2+13.98 +o.T5+19.28 13. 37+ 11
P SOTRI2EEGE 2503 7489IA 20+ 11
PORC 8 smi}; T39S — 0.42F838F'8R G 4+ 20
S(pI) +0.88-10.8 17.80 7347485 17 + 16
A(R)  —BTSH@HE 1084 — 243338008 —aTxa7

M. Beneke (TU Munchen), QCDF phenomenology, Bad Honnef 2016
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ZAMORANO

e In (2 + 1) approx: There is no CPVin B — PV

e K*(892) and p(770) decay ~100% to K7t and ntrt

e $(1020) is different (15% to mp) but exclusively penguin (do not
produce CPV)

e The CP asymmetry, if present, comes from resonances
interference in different partial waves

e What about data?

¢ different resonances interfere in the same region of Dalitz plot
e Isobar Model = values of Acp are model dependent

Want to track directly from data the type of CP violation in
B — PV decays around the resonances
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Starting with a vector and a NR amplitude
My = ale™ F{Wcose(s,,s)) +ay et FM

L .
M- = a¥e* Ff%cosoO(s,, s)) +a" e FNA

S| = resonance channel, s, = perpendicular channel

e the values of cos(0) remain stable as a function of s, around
the center value of s; = m?,

e the helicity angle can be assumed to be a function of only s;
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model indeeendent method 2 e
® we select a small region around the resonance
in si and look for the distribution ajam* on sy
® s =mi = cosb (sL) 10 0
m?, [GeVie]

N ol

AM| = M= M_?
= [al)* — (@ PIFY o 0(s., ) + [(aY)* — (@ PIFN[ +2c086(s ., 8)[FFYPIFVRP x
V nr

{(m? — ) [a"a"" (cos(8Y — 87) — a"a"" cos(8” — §™)] ~my [y [a¥al) (sin(8Y — 877) — a¥a™ sin(8¥ — 67)]}.

@ parametrize AM|* =a(z—c)* +B(r—c)) +c  for cosf =z — ¢

! a= BSS & Acp ’ f b= interference i ! ¢ = NRBSS '

constant
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For a vector resonance in a B" — h— h*h™ decay
defined by the Dalitz invariants (S, Si):

e Get a slice of mass in Sj (|| to the resonance)

¢ Integrate the distribution of Sy (L to the resonance) for Bt
and B~

o Fit these distributions with 2" order functions

e Obtain the Acp using the main coefficients from the fitted
functions

e Fit equation: a(x —xp)2 + b(x —xp) + ¢

o Acp,,(%) = (&%) + 100
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Toy MC studies
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Values from BaBar Model [PhysRevD.79.072006(2009)].

Mode X y Ax Ay Fraction(%) Acp(%)
p(770)t 1.0 [fixed] 0.0 [fixed] —0.0924+0.036 0.0 [fixed] 53.2+3.7 +18+7

p(1450)t  —0.292+0.071 0.175+0.078 0.109 +0.080 0.211+£0.073 91+23 — 6+28
f,(1270)c  0.13640.064 0.149 +£0.052 0.101 +£0.063 —0.248+0.052 59+1.6 +41+25
fo(1370)c*  0.39740.067 —0.15140.081 —0.387+0.064 —0.168+0.086 18.9+3.3 +72+15
NR —0.200 4 0.091 —0.682+0.070 —0.3924+0.089 0.046 +0.069 349+42 —14+14

e Using Laura++ Toy MC Generator.

o We generated 1000 samples each o Fit equation: a(x — py)2 + b(x — py) + ¢, with

with 20 000 events.

e Choose a 150 MeV window around A at
p(770) mass. ® ACPes = 3= 7a¥

o Fitted B+ and B~ in each sample e We also fit the B~ — B* binned differences (fit 2).
with quadratic polynomial equation o A straight line must be obtained from fit 2 (if no Agp
(fit 1). was found in fit 1)

o Calculate p(770)’s Acp using the o Fit 2 must yield a parable when Acp is present

main coefficient obtained from fit in
each equation.
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Top: Fitto B* and B~ distribution in a random sample generated with Acp = 0.18 in
p(770). Bottom: Distribution of the Acp and its error.
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Values from BaBar Model [PhysRevD.79.072006(2009)].

Mode X y Ax Ay Fraction(%) Acp(%)
p(770)tt 1.0 [fixed] 0.0 [fixed] 0.0 0.0 [fixed] 53.2+3.7 0.0

p(1450)t+  —0.292+0.071 0.175+0.078 0.109 +0.080 0.211+£0.073 91+23 — 6428
£ (1270)c+  0.13640.064 0.149 +0.052 0.101 +£0.063 —0.2484+0.052 59+1.6 +41+25
f,(1870)c+  0.397+£0.067 —0.151 +0.081 —0.387+0.064 —0.168 +0.086 18.9+33 +72+15
NR —0.200 4 0.091 —0.682+0.070 —0.3924+0.089 0.046 +0.069 349+42 —14+14

e Model without Agp in p(770) ) . 2 .
e Fit equation: a(x — py)* + b(x — py) + ¢, with
e We generated 1000 samples each pi = 13.76
with 20 000 events. P

— a
e Fitted BT and B~ in each sample ® ACPes = a=at
with quadratic polynomial equation e We also fit the B~ — B* binned differences (fit 2).
(fit 1). e A straight line must be obtained from fit 2 (if no Acp
e Calculate p(770)’s Acp using the was found in fit 1)

main coefficient obtained from fitin ¢ Fit 2 must yield a parable when Agp is present
each equation.
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Top: Fitto BT and B~ distribution in a random sample generated with Acp = 0.0 in
p(770). Bottom: Distribution of the Acp and its error.
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From Toy MC simulations:

e The chosen region in all fits corresponds to the PDG
width arround the ressonance.

e Variations in mass window (||) do not affect the central
value of Acp (only its error).

e Excluded regions in L mass window do not change the
result.

e The excluded regions are those with vetos, low statistics,
etc.
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We propose a new method to perform the Model Independent
search for direct CPV in B — VP decays

Acp = % = an indication of a CPV from BSS mechanism
Toy MC studies show this is a reliable method.

We can limit the fit region to avoid the influence of crossed
channels

It works better when the scalar is far from vector and have small
magnitude (B* — K*ntn™)

Paper published in PRD

We are already applying this method on LHCb data.
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Just want to draw your attention to my beautiful country

=

Come visit us!!!
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ZAMORANO
H

onduras is at the heart of America and El Zamorano
University is at the heart of Honduras

Zamorano is an international university that offers young
people from different countries and backgrounds the
opportunity to become professionals - leaders - with
skills and values, capable of transforming companies and
organizations that respond to current challenges in Latin
America and the world.

Join us!!!
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