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Let’s start with a brief introduction...

O CP violation (CPV) relevant for bariogenesis and
other open questions within the SM

CP forbidden processes

O CPV observed through

\ Asymmetries between CP-conjugated decays
=AT;=T(M > f)-T'(M - f)

O In the SM quark/hadron CPV due to “weak” phase in the CKM matrix

To observe such CP phase in an asymmetry we need
interference between at least two mechanisms/diagrams
with different weak and strong phases




Standard CPV framework

[2] L. Wolfenstein, Phys. Rev. D 43, (1991) 151
[3] M. Suzuki and L. Wolfenstein, Phys. Rev. D 60, (1999) 074019

[4] M. Suzuki, Phys. Rev. D 77, (2008) 054021

O CPV (weak) phase appears in the
quark CKM matrix

O Strong imaginary part is due to the
loop, which are not physical states

However, strong phases can be
generated at the “hadron level”
via Hadronic FSI




2-body decyas vs 3-body decays

2-body decays

o0——0
/(4 B [}

O Decaying particle mass fixes the
resulting products” momenta

O Hadronization/FSI is just a
number after angular integration

O Simpler to estimate

3-body decays

K
B
O Available energy is distributed
between the three final particles

O Strong FSI phase is a FUNCTION
of two energy variables. NOT
FIXED

O No so simple to reproduce...




Giant CPV in charmless B three-body deacys at LHCb

LHCDb intense research program involving
large CPV asymmetries in B — 3M ...

PRL 111, 101801 (2013) PHYSICAL REVIEW LETTERS
>
Measurement of C P Violation in the Phase Spaceof B~ — K~nr" o« and B~ — K~ K' K Decays
R. Aaij et al.*
(LHCb Collaboration)

(Received 5 June 2013; published 3 September 2013)
The charmless decays B~ — K~ 7 and B~ — K~ K K are reconstructed using data, correspond-

ing to an integrated luminosity of 1.0 fb !, collected by LHCb in 2011. The inclusive charge asymmetries of
these modes are measured as A p(B-—K-7 7 )=0.032+0.008(stat) + 0.004(syst) =0.007(J /v K~)
and A p(B~ — K-K'K )= —0.043 + 0.009 (stat) + 0.003 (syst) = 0.007(J /¢ K~), where the third
uncertainty is due to the CP asymmetry of the B~ — J/¢ K~ reference mode. The significance of
A p(B= — K-K'K ) exceeds three standard deviations and is the first evidence of an inclusive CP
asymmetry in charmless three-body B decays. In addition to the inclusive CP asymmetries, larger

asymmetries are observed in localized regions of phase space.




Giant CPV in charmless B three-body deacys at LHCb

LHCDb intense research program involving
large CPV asymmetries in B — 3M ...

PRL 111, 101801 (2013)

PHYSICAL REVIEW LETTERS

«r

M

PRL 112, 011801 (2014) PHYSICAL REVIEW LETTERS

Measurement of CP Violation in the Phase Space
of B* - K'K n* and B* — n' x~n* Decays
(Received 18 October 2013; published 7 January 2014)

The charmless decays B~ —- K"K &~ and B~ — a " n &~ are reconstructed in a data set of pp
collisions with an integrated luminosity of 1.0 fb~! and center-of-mass energy of 7 TeV, collected by LHCb
in 2011, The inclusive charge asymmetries of these modes are measured to be A p(B~—=K K 7~ )=
—0.141£0.040 (stat) =0.018 (syst) £0.007(J /wK*) and A p(B* = a a a~) = 0.117 £ 0.021 (stat)=
0.009 (syst) £0.007(J/yw K=), where the third uncertainty is due to the CP asymmetry of the B* —
J /wK* reference mode. In addition to the inclusive CP asymmetries, larger asymmetries are observed in
localized regions of phase space.




Giant CPV in charmless B three-body deacys at LHCb

LHCDb intense research program involving
large CPV asymmetries in B — 3M ...

PHYSICAL REVIEW D 90, 112004 (2014)

Measurements of CP violation in the three-body phase
space of charmless B~ decays

R. Aaij et al.”

(LHCb Collaboration)
(Received 25 August 2014; published 11 December 2014)

The charmless three-body decay modes B~ - K*ax " a~, B* - K“K"K~, B~ -~ K K~ and
B= = x*x*x~ are reconstructed using data, corresponding to an integrated luminosity of 3.0 fb~!,
collected by the LHCb detector. The inclusive CP asymmetries of these modes are measured to be

App(B* = K*ntx) = +0.025 £ 0.004 £ 0.004 = 0.007,
Acp(B* = K*K*K™) = —0.036 % 0.004 £ 0.002 + 0.007,
Acp(B* = x*n*a~) = +0.058 = 0.008 + 0.009 + 0.007,
App(B = 2t K+K~) = —0.123 + 0.017 + 0.012 + 0.007,

where the first uncertainty is statistical, the second systematic, and the third is due to the CP asymmetry
of the B~ — J/wK™ reference mode. The distributions of these asymmetries are also studied as functions
of position in the Dalitz plot and suggest contributions from rescattering and resonance interference

processes.




Giant CPV in charmless B three-body deacys at LHCb

R. Aaij et al.”
(LHCb Collaboration)

(Received 12 June 2019; revised manuscript received 15 October 2019; published 6 December 2019)

The first amplitude analysis of the B* — a“ K"K~ decay is reported based on a data sample
corresponding to an integrated luminosity of 3.0 fb~! of pp collisions recorded in 2011 and 2012 with
the LHCb detector. The data are found to be best described by a coherent sum of five resonant structures
plus a nonresonant component and a contribution from ax <» KK S-wave rescattering. The dominant
contributions in the #* K¥ and K K~ systems are the nonresonant and the B~ — p(1450)"z* amplitudes,
respectively, with fit fractions around 309%. For the rescattering contribution, a sizable fit fraction is
observed. This component has the largest CP asymmetry reported to date for a single amplitude of
(—66 =4 + 2)%, where the first uncertainty is statistical and the second systematic. No significant CP
violation is observed in the other contributions.

of the B* = J/wK* refe'nence mode. The distributio'ns of these asymmetries are also studied as i:'unction's

of position in the Dalitz plot and suggest contributions from rescattering and resonance interference
processes.
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Giant CPV in charmless B three-body deacys at LHCb

T : Dt L+

PHYSICAL REVIEW LETTERS 124, 031801 (2020)

plus
conf
resp
obst
(-6
viol

of
of

pP1

Observation of Several Sources of CP Violation in B* —» x*zx*x~ Decays

R. Aaij et al.”
(LHCb Collaboration)

®| (Received 16 September 2019; published 21 January 2020)

Observations are reported of different sources of CP violation from an amplitude analysis of B™ —
a*x~x decays, based on a data sample corresponding to an integrated luminosity of 3 fb~! of pp
collisions recorded with the LHCDb detector. A large CP asymmetry is observed in the decay amplitude
involving the tensor f,(1270) resonance, and in addition significant CP violation is found in the x~ xS
wave at low invariant mass. The presence of CP violation related to interference between the r” 2§ wave
and the P wave B™ — p(770)"z~ amplitude is also established; this causes large local asymmetries but
cancels when integrated over the phase space of the decay. The results provide both qualitative and
quantitative new insights into CP -violation effects in hadronic B decays.




CPVin B* — M*(M*M")

OLarge integrated CPV asymmetries 10%

Acp(B* = K*n*r~) = +0.011 £ 0.002 £ 0.003 £0.003, Acp(B* — 77 7") = +0.080 % 0.004 = 0.003 = 0.003,
Acp(B* = K*K*K~) = —0.037 £ 0.002 =+ 0.002 £ 0.003, Acp(B* = 7K K~) = —0.114 £ 0.007 £ 0.003 = 0.003,
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[6] R. Aaij, et al Phys. Rev. D 108.1

(2023) 012008

O GIANT local CPV
asymmetries

60 % — 80 %




CPVin B* — M*(M*M")

However, reproducing the full 3-body Dalitz plot needs many contributions and it
is a difficult task. Analysis |y, fol1ows this analysis [5]...
2
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/ Border of Dalitz plot
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One of the three final particles : S <—0

is considered as an spectator.

Does not take part in FSI O e
\

o
: S "0
O < g .

SI

[5] Bediaga, Frederico, Lourenco, Phys. Rev. D 89 (2014) 094013




CPVin B* — M*(M*M")
Simplest aproach [5]

One of the three final particles is considered as an spectator

Use CPT constrains at hadron level so that /i and ]—l must have the same
TOTAL decay widths. CPV can only occur in PARTIAL decay widths

=+ +I3+1 +...

=T, + o+ g+ +...

S =

A]-—‘Total = FTotal - FTotal =0

[5] Bediaga, Frederico, Lourenco, Phys. Rev. D 89 (2014) 094013




CPVin B* — M*(M*M")

Simplest aproach [5]

One of the three final particles is considered as an spectator

Use CPT constrains at hadron level so that /i and }_2, must have the same
TOTAL decay widths. CPV can only occur in PARTIAL decay widths

=+ +I3+1 +...

=T, + T3+ T3+ +...

N

g

AFTota,l = PTota,l - FTotal =0

Golden mode - Just two coupled channels \

I'rotal = I'nx + Tk

f‘Tataz = Fm + FKK

[5] Bediaga, Frederico, Lourenco, Phys. Rev. D 89 (2014) 094013

/

AT, + AT, =0
Arg R —API

Is this found anywhere?




B* — K*(K*K™)and B* — K*(r*n") inthe 1-1.5 GeV region

Large asymmetries found in LHCb data when projected in the 1-1.5 GeV region,
where only n7r and KK are relevant [5] (2.25 GeV? )

(b) LHCb

R A
W;N_v.v-‘?'v' s
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M [GEVPCY]

°  In that projection [5]:
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O Clear indication of DOMINANT role of
FSI between the two hadronic states!
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[5] Bediaga, Frederico, Lourenco, Phys. Rev. D 89 (2014) 094013 |




Standard FSI model in detail

CP invariant final

O Decay amplitude as: WEMEAE . o OM+
/ O< 2«
A= (NS h) fA\— A . A¥ 7, O

M-

FSI
z o"
At = ( )\| %VL) .y O The spectator does not interact
, with the other two products, but
CP conjugated
Dadioiatars can add some complex strong
phases to the amplitude
Complex coming from QCD interaction and therefore
symmetric under CP
]‘ '\\ __~ ) : weak phase changes sign

A* = AA + B, 6@ under CP conjugation

[5] Bediaga, Frederico, Lourenco, Phys. Rev. D 89 (2014) 094013




Standard FSI model in detail

[3] M. Suzuki and L. Wolfenstein, Phys. Aﬁplittu}(:isel
withou
Rev. D 60, 074019 (1999) (Over o right Cut)
O S to LO (LHCb) : Hadronic FSI el Salin

interaction

M =12 2=KK

_ .A.L AO + BVe* + ¢ f,\x A9 + B ,e*"’
A* = A, + Bye*" N A Z ( . “ )

Sy = 0w + 28 frn

O Asymmetry in the simplest regime with only 7 — K K FSI in the S0 -wave :

AT e *(O)|Srrmc] €08 (S +@,9) F (M

C = 4|K|siny

— + Two functions describing the dispersion . " k
g p K == |K| exp(l(bKK) =\ BKKAmr - BzmAKK
@ Two parameters F ( M 2K) —> Dalitz plot kinematic factor

[5] Bediaga, Frederico, Lourenco, Phys. Rev. D 89 (2014) 094013




Unnecesary and crude estimates at the LHCb

| S -matrix: |

( | SMM| e2ibnnnr 4 | SMKK| eidrriK
0 |S7I'7I'KK| ei0mmx ISKKKKl e2i0x kKK

\

/

This is what we need

AFKK = c |S1r7rKK| COS (61r1rxx + q)KK) F (sz)

O At the time this model was first implemented, only 71 — 771 dispersive

analysis existed

O In the two-coupled channels approximation — O,k = Ozzrrar + Oscecc

KK — KK isunknown — Very crude estimate 0., = Oprrr ’\

Took 7} from old and imprecise mw — ww parameterization

|S7r7rKK| =V 1= 772

57!"ITKK = 267r'mr1r




Unnecesary and crude estimates at the LHCb

| S -matrix: |

SAA’ -

( |S7l'7l'7l'1l'| 621:6‘"“"“ 7: IS’""H'K]{' e’l:(sarrerK
3| S pmcac| €07TKE |G pepere| @20

\

)

This is what we need

AFKK ~C 'Smncxl COs ((Smx + q)xx) 1l (sz)

O At the time this model was first implemented, only 71 — 771 dispersive
analysis existed

O In the two-coupled channels approximation — 0;rxx = Orrmr + Oxxxcc

p —> Very crude estimate

57I'7I'KK

Oxxxx = Onmmm "\

261!'7!'1!'7!’

89 (2014) 094013




Consequences of the crude estimates and
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[5] Bediaga, Frederico, Lourenco, Phys. Rev. D

89 (2014) 094013

[7] Alvarenga, Bediaga, Frederico Phys. Rev. D
92 (2015) 0954010

But correct and precise mm — K K parameterizations were implemented...




Crude estimates and FIXED
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Using the current mm — KK parameterization [0 2ok aeiknon el ie e k)
11, 897 & Phys. Rept. 960 (2022) 1-126

Let’s see the improvements
[8] R. Alvarez Garrote, J. Cuervo, P. Magalhaes,

J.R.Peldez Phys.Rev.Lett. 130, (2023) 201901




Using the dispersive mm — K K parameterization

[8] R. Alvarez Garrote, J. Cuervo, P. Magalhaes, ].R.Pelaez Phys.Rev.Lett. 130, (2023) 201901

With crude estimates With dispersivenrm — KK
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O Dramatic reduction in uncertainties
O Resonant features resolved \ It makes sense to add

subdominant contributions

O Even beyond 1.5 GeV, still fairly reasonable




Using the dispersive mm — K K parameterization

Slightly modified model including a mimicked source term with a mild energy

dependence apart from the rescattering [7]

[7] Alvarenga Bedlaga Frederico Phys Rev.D

© 92 (2015) 0954010

C | S| €08 (S + Prcc) F ( EK)

AFKK =

(1+s/A2 ) (1+s/A2) -

Arr =3 GeV
Avk =4 GeV

[8] R. Alvarez Garrote, J. Cuervo, P. Magalhaes, ].R.Pelaez Phys.Rev.Lett. 130, (2023) 201901

With crude estimates
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So what have we have so far?

O [5] showed the predominant role of FSI in giant CPV of charmless B — 3M

decays in the 1-1.5 GeV range [5] Bediaga, Frederico, Lourenco,
Phys. Rev. D 89 (2014) 094013

O Very crude estimates where widely used in the literature, particularly by LHCb

Confirmed that FSI providing the strong phase

/’ in CPV requires realistic and accurate rm — KK
O Recent proposal to amplitudes

amend these
estimates in [8]

” Dramatic incr in precision and the unveilin
[8] R. Alvarez Garrote, J. Cuervo, amatic increase PLESESFOLT 4 d the unve )

P. Magalhaes, ].R Pelez of distinct meson-scale dynamics (resonant
shapes) in the giant CPV observation

Phys.Rev.Lett. 130, 201901 (2023)

O The new precision paves the way for more rigorous studies of FSI

HOW CAN WE IMPROVE THIS?




Recalling...

If A\ can couple to other channels \’ ( FSI )

Amplitude
[3] M. Suzuki and L. Wolfenstein, Phys. P
Rev. D 60, 074019 (1999) A= 0) without FSI
Hadronic FSI

interaction

O|Expanding S to LO”(I.HCb): [ A

(Over the right cut)

S =0 + 2t fon

. = A,\ " BACM'7




“Complete-S matrix FSI model”

What we are doing :

If A\ can couple to other channels \’ ( FSI):

. s n Amplitude
[3] M. Suzuki and L. Wolfenstein, Phys 1 .
B thout FSI
. D 60, 074019 (1999) A=95 /@ oL (Over the right cut)

M) . Hadronic FSI

interaction

P

%: Ag + Bge*” +17 Z f,\x (Agr + Bg,e*i")
7 A

/RN

O Work with the complete S matrix instead of expanding it to leading order

O Explicit calculation of the square root of the matrix without Taylor series
approximation

O Avoid unnecessary simplifications involving the parameters in the QCD
amplitude A9, BY




Computing the square root of the S matrix
We start with the general S matrix

(|Srrnn| €20 4 |Spp| €.\ ®@ We need to diagonalize the matrix —>

y .5‘,1'1.' 4 2.5
§[ S| €071 |G epepee| @20Kxx —> Two coupled channels
S

® In terms of | Sy x|, Ormmn aNd Oprpricx

B Skip and crude estimates

B L
=

0 | S| €207mK \/ 1 = |S x| €2 Ormrcic=Ommmr)

B We compute the eigenvalues of the matrix without any unnecessary
approximations —» We obtain the following two eigenvalues

62'1:(57?TTKK_67T7!‘7T7T) + 82?:57(-7”777 82?:(6’J'I‘7!‘KK_5?F7T7T‘TI‘) + 621:6777"7777 2 N
a, = cosa F cosa| — e?¥rrKK
2 2 2
G 2 °
L_disS |S7rm<1<’ =sina , \/1 — ‘SmrKK| = COS (v o They are functions of |S.mrKK| A A
and 0.,



a1

Computing the square root of the S matrix

The eigenvalues we obtain:

2'i(5177rKK_6'rr7r7r7r) + 627;67”\'1:7:

2

cos« + \

eZi(aﬂ’ﬂ’KK—aﬂ'ﬂ"ﬁ'ﬂ‘) + 62?;57‘""7"7"
2

a2

Eigenvalue a4

1.0F

0.5

Eigenvalue ap

s(GeVz)

1.0
s(GeV2)




Computing the square root of the S matrix

The eigenvalues | i Srnnn) | e [/ o2iommmbmmmn) & oP5mmn —
we obtain: = 9 Sl 5 cosa| —e2ibrn
o
a2
0.5

/

Eigenvalue ap
o
o
T

Eigenvalue a4

— Re[ag]E
- | , — imfay)"
1.0 1.5 2.0 25
s(GeVZ) s(GeV2)
The first attempt [10] to compute this square b, = i 2brrnnTa)
root also inherited and crude estimates 2
1.0+ 1.0}
_ os} _ os} \ Crude estimates
© -

f o i ool _ head to huge
2 s \ : simplifications
-0.5F -0.5+ E - “

e 5 — anc.l unrealistic
40 g | o ol | | — migal eigenvalues
1.0 1.5 2.0 2.5 1.0 1.9 2.0 25
s(GeV2) s(GeVz)

' [10] H. Y. Cheng, C.K. Chua, Z.Q. Zhang Phys. Rev. D 94.9 (2016) 094015




“Complete-S matrix FSI model”

= <) - 82
g2 - Vai-vaz 2 (Onmxx—drnrr) cosr  —ierm<x gina\  yfad—y/d3 (1 0
AA, » 2\/(w)2—ei6ﬂ'ﬂ'KK _?:6267”1'1(}( Sin (0 62?:671‘71'7!‘71‘ COS v \/a—l—\/@ O 1
2

\ Amplitude
e SI/@ without FSI
O Amplitude beyond LO:

+ (0 50 +i 2i(6 -5
Ak = S’1( A; + Boe™ )(e {0rn K K ’"’"'”)cosa—Sz) —
0 0 =+ 1) -
- (A7 + B ™) e mm KK sma)




“Complete-S matrix FSI model”

581

AN
2/(21522)7-etsemc

O Amplitude beyond LO

O Decay width asymmetry:

582

Sl/2 £ \/a_\/@ ((82i(6w7rKK_67r71'7r7r) COS &y —ieiaﬁﬂ'KK Sin a) | \/07-1”_\/073 (1 O))

—jei0mmKK §in o

Va—va |0 1

e20nmrr COS

Amplitud
\ A - Sl/@ withI:)uttuF;I

ATk = |S1[? (@in o (Re [Sge_i(‘s"KK—q)KK)] — €08 (20rnnr — Ommkk —) cosa) +
+@COSZ a —sin® o + 2Re [Sze_%(‘s"KK_J‘""")] - |.S'2|2)) F(M%)

Three functions describing the

dispersion
x> Three parameters

Im[AY*BY | =Im[A2* B3] =0

[5] Bediaga, Frederico, Lourenco, Phys. Rev. D
89 (2014) 094013

C = 4|K|siny
e |K| ei@KK e A?*Bg - AgB?*
F (M QK) —> Dalitz plot kinematic factor

CPT constraint > Im[AY B3 ;] =0
N

K = 4siny Im [A}* BY] = —4siny Im [A3* BY]



PRELIMINARY First results using the “Complete-S matrix FSI model”

With dispersive nm — KK
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O We have fit the model only up to 1.47 GeV, 2.16 GeV?

O Increase in the model uncertainty due to the inclusion of 7wm — 77,
through §,,,, function. Still fairly reasonable

O Keeps describing the experimental data



PRELIMINARY First results using the “Complete-S matrix FSI model”

Including the mimicked source in [7]:

92 (2015) 0954010

Re[Sg e_i(‘sﬂ'ﬂ'KK_q’KK)]—cos(26,.-,.-,.-.,.- S rnKK—-PKK)cosa

APKK s ISl|2 (C sin o

+K| - sin” o

(1+s/T2 )(1+s/Tkk)

2 cos? az+2Re[Sz¢3'2'.(‘s‘ﬂ"ﬂ'KK—5""""""7")]+|Sg|2

(L+s/r2, )2

(1+s/TkKk )?

F(MY)
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With dispersive nm — KK

200

o
T T T

- B' yields
.L
S

. —400

B

—-600

=800 [ 1 1 1 | Il 1 1 | 1 1 1 | L 1 1 | 1 1 1
0.8 1. 1.2 14 1.6 1.8

mg-x- (GeV)

Beyond Leading Order
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O Resonant features well resolved



PRELIMINARY Discussion: If strong phase only comes from FSI

| 24 29N Bllcoming from QCD interaction and therefore

symmetric under CP

,7\ '\ __» 'Y : weak phase changes sign
A = A, + By, 6@ under CP conjugation

O Decay width asymmetry:

ATk = |S1[? ((C)sin o (Re [Sge_i(‘s""KK—q)KK)] — cos (26mr,mt - —) cosa) +

+®(0052 a —sin® o + 2Re [Sge_2i(5”“KK_5““"")] + |S’2|2)) F(M%)

Three functions describing the C = 4|K|siny
dispersion K = |K|e'®x% = AY*BY — A BY*
> Three parameters F(M ;() —> Dalitz plot kinematic factor




PRELIMINARY Discussion: If strong phase only comes from FSI

| 24 29N Bllcoming from QCD interaction and therefore

symmetric under CP

,7\ '\ _» 'Y : weak phase changes sign
A = A, + By, 6@ under CP conjugation

O Decay width asymmetry:

ATk = |S1[? (@in o (Re [Sge_i(‘s""KK )] — 08 (20nmnm — Onmkk — ) cosar) +
) F(My)

Three functions describing the o=l

dispersion
wparameter F (M QK) —> Dalitz plot kinematic factor

e




PRELIMINARY Discussion: If strong phase only comes from FSI

With dispersive nm — KK

100 -

Asymmetry (arbitrary units)
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Beyond LO Strong phase only from FSI

Asymmetry (arbitrary units)
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O The fitting is comparable since 2 = 1.348 in this limit and x” = 1.364 with
the complete model

O This hypothesis is still a good description of the data



PRELIMINARY Discussion: If strong phase only comes from FSI

Including the mimicked source in [7]:  ():

Re[82 e OrrKK ]—cos(26.,r.,””r—67”rKK) Ccos o
(1+S/F%w)(1+s/FKK)

AFKK - ISl|2 Csina F(M%()

B — KKK data from the whole RUN1

With dispersive Beyond L O Strong phase only from FSI
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O The fitting is still comparable; x” = 2.864 now and x° = 2.629 before
O Describes the data



What's the next stage?

LHCDb is actually using a more complete model where not only the is added, but
also more waves [7] Alvarenga, Bediaga, Frederic. Rev. D 92 (2015) 0954010
Breit-Wigner resonances for p(770) and KJfo(980)

—

: Z(a'{NR + bhge)/(1 + 5s/A3) + Z(af + bRe*")FBV P, (cos 0) + ifoq(a{,NR + g€ ")/ (1 + s/AZ
R 77

\ —L
\ Non-resonant FSI for nm — KK
With crude estimatesm With dispersive nm — KK £ h:;; {{([‘_’Jr;ndata from the

500}~ O Consistent FSI

interactions

500

O Improved accuracy

% %
9 9
> >
+ +
2 20 O Clearer resonant
m m % - structures
[8] R. Alvarez
[7] Alvarenga Garrote, J. Cuervo %
; - \ P. Magalhaes,
}2;‘;‘;%%;;5 Sy - IRPeliez — 1 O Includes a crude
ys.Rev.Lett.
(2015) 0954010 \ ] Y ] T —> T analyses
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Summary

O [5] showed the predominant role of FSI in Giant CPV of charmless B — 3M
decays il‘l the ]_ —_ 1_5 Gev range [5] Bediaga, Frederico, Lourenco, s. Rev. D 89 (2014) 094013

[8] R. Alvarez Garrote, J. Cuervo,

O Very crude estimates in the literature, also at LHCb P. Magalhaes, | R Peldez

Phys.Rev.Lett. 130, (2023) 201901

O Recent proposal to amend these estimates in [8] through realistic and accurate
mm — KK amplitudes that dramatic increased the precision

BUT all of these results arise from a first-order expansion




Summary

O [5] showed the predominant role of FSI in Giant CPV of charmless B — 3M
decays in the 1-1.5 GeV range

O Very crude estimates in the literature, also at LHCb

O Recent proposal to amend these estimates in [8] through realistic and accurate
mm — KK amplitudes that dramatic increased the precision

BUT all of these results arise from a first-order expansion

O Implementing a formalism beyond-Leading Order is much more complicated

O We are developing a complete formalism that contains the information in the
whole S matrix based on [3]

O The eigenvalues we obtain differ from the ones in the literature [10] , since
they inherit the crude estimates

O Owur preliminary results still describe experimental data, confirming with a
complete formalism the very relevant role of FSI in Giant CPV

O Similar good fits assuming the strong phase only comes from FSI
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PRELIMINARY First results using the “Complete-S matrix FSI model”

Beyond LO 1.47 Gev

Asymmetry (arbitrary units)
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O Comparing fitting only up to 1.47 GeV or fitting all the data
x> =1.364 «—— 2 =1.009

O The second curve (with all the data) also provides a good fitting up to 1.47 GeV

with x°=1.394

O Beyond 1.5 GeV other decay modes become relevant




PRELIMINARY First results using the “Complete-S matrix FSI model”

Including the mimicked source in [7]: 92 (2015) 0954010

Re[Sg e_i(‘sﬂ'ﬂ'KK_q’KK)]—cos(26,.-,.-,.-.,.- S rnKK—-PKK)cosa
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PRELIMINARY Discussion: If strong phase only comes from FSI

Strong phase only from FSI 1.47 Gev Strong phase only from FSI all data
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O Comparing fitting only up to 1.47 GeV or fitting all the data
x2 =1.348 «—> %’ =1.298

O The second curve (with all the data) also provides a good fitting up to 1.47 GeV
with x* =1.382

O Beyond 1.5 GeV other decay modes become relevant



PRELIMINARY Discussion: If strong phase only comes from FSI

Including the mimicked source in [7]:

AFKK = |51|2 CSiIlO!

Re[82 e OrrKK ]—cos(267r.,r7”r —d KK ) COS &

F(M)

(1+3/F72”r)(1+s/I‘KK)

B — KKK data from the whole RUN1

(2015) 0954010
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Using the dispersive mm — K K parameterization

The simplest improvement to make the model more realistic:
[8] R. Alvarez Garrote, ]. Cuervo, P. Magalhaes, ].R Peldez Phys.Rev.Lett. 130, (2023) 201901
Replacing the naive f,(980) Breit-Wigner with realistic dispersive
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Using the dispersive mm — K K parameterization

The simplest improvement to make the model more realistic:
[8] R. Alvarez Garrote, ]. Cuervo, P. Magalhaes, ].R Peldez Phys.Rev.Lett. 130, (2023) 201901
Replacing the naive f,(980) Breit-Wigner with realistic dispersive

nm —> mw S-wave analysis
B — K7m data from the whole RUN1

With f,(980) Breit-Wigner With realistic 77 — 77 O f0(500) /0‘ resonance is
T 600 ' . ] present

500

O Spurious f;,(980) peak
is removed

400 -

200 -

O Not a bad behavior
even beyond 1.5 GeV
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| Therest Jl O | FSI imr — KK
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between 1 to 1.5 GeV
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“Perfect spectator”

O The spectator does not interact at all, any complex phase is added

O IEItvitlo/o B O,

» 0

FSI
1 0927.V Bl coming from QCD interaction and therefore
symmetric under CP
,7\ '\ __» 'Y : weak phase changes sign

A* = AA + By, e@ under CP conjugation




