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'WHAT IS CP VIOLATION?

Charge
conjugation

Parity

A discrete symmetry composed of C and P (weak force violates both of them)
This symmetry exchanges particles for antiparticles in physical processes

It was believed to be a true conserved symmetry of nature for many decades, but
in 1964 it was discovered that weak force also violates CP symmetry

CP violation observed through CP conjugated decays
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© The largest CP

asymmetry rep orted Amplitude Analysis of B* — x°K* K~ Decays

to date for a single R Aail et ol
. . Aaij et al.

amplitude has been (LHCb Collaboration)

found in B mesons (Received 12 June 2019; revised manuscript received 15 October 2019; published 6 December 2019)
1 ] The first amplitude analysis of the B* — x“ K"K~ decay is reported based on a data sample

decaylng tO three llght corresponding to an integrated luminosity of 3.0 fb~! of pp collisions recorded in 2011 and 2012 with

mesons 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.




WHY ARE 3-BODY B DECAYS INTERESTING?
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The largest CP asymmetry reported to date for a single amplitude has
been found in B mesons decaying to three light mesons

Final State Interactions (FSI) are strongly believed to amplify the CP
violation (CPV) that occurs in these hadron decays

l o obseI:V(? CPVinan Strong phases can be
asymmetry it s necessary an —_, generated at the HADRON

, interference between strong
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The largest CP asymmetry reported to date for a single amplitude has

been found in B mesons decaying to three light mesons

Final State Interactions (FSI) are strongly believed to amplify the CP
violation (CPV) that occurs in these hadron decays

Non-leptonic decays of heavy mesons are difficult to describe theoretically,
three-body decays remain a challenge

An approach that treats the hadronic part of the decays systematically
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The largest CP asymmetry reported to date for a single amplitude has

been found in B mesons decaying to three light mesons

Final State Interactions (FSI) are strongly believed to amplify the CP
violation (CPV) that occurs in these hadron decays

Non-leptonic decays of heavy mesons are difficult to describe theoretically,
three-body decays remain a challenge

An approach that treats the hadronic part of the decays systematically



O Large integrated CPV asymmetries ———> ]_ O %

Acp (B* = K*rT77) = 40.011 £ 0.002 £ 0.003 + 0.003, Acp (BT — a¥nta~

Acp (BY - KEKTK~) = —0.037 £ 0.002 £ 0.002 + 0.003, Acp (B* = m* KTK

) = +0.080 £ 0.004 + 0.003 £ 0.003,

_) = —0.114 £ 0.007 £ 0.003 £ 0.003,
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O GIANT localized
CPV asymmetries

60% — 80%
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We will make some assumptions in
our method:




spectator

e
O

\

o

N

O For small m2_, the kaon final-state
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rescattering is negligible
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O For small m?2_, the kaon final-state
rescattering is negligible
T CPV — 7\
© The weak interaction produces
hadrons on a small distance scale,
forming a source for the outgoing
hadrons




O For small m?2_, the kaon final-state
rescattering is negligible

O The weak interaction produces
hadrons on a small distance scale,
forming a source for the outgoing
hadrons

O Intermediate meson states before
the rescattering can be
approximated as a constant
imaginary part inside the source
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O For small m?2_, the kaon final-state
rescattering is negligible

O The weak interaction produces
hadrons on a small distance scale,
forming a source for the outgoing

FSI
hadrons

O Intermediate meson states before

th tteri b i '
€ rescatlering can be O[Universal T FSIJ ——> dispersive

a oximated as a constant
ppr approach

imaginary part inside the source
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A (s, 1) = Z;—L(s)

angular dependence

O In this kinematic range we are dealing
with LI = 50,52, P1 waves
1 for + € {50, 52
fi(57 t) . . _{ }
g(s)cos@  fori= P1




A (s, 1) = Z;—L(S)

angular dependence

O In this kinematic range we are dealing
with L] = SO,@PI waves

1 for i € {50, .52}

fi(s,t) = .

g(s)cosf  for i = P1

Non-resonant partial wave, but
essential to reproduce CPV data and the
localized giant CPV with accuracy




g(s)cosf  for i = P1

A% (s,1) = (s, DA (s)

angular dependence

O In this kinematic range we are dealing
with LI = 50,52, P1 waves

for i € {50, .52}
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O Discontinuity relation for the production partial-wave amplitudes along 77
threshold

(8)Mi(s)" A7 (s)
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O Discontinuity relation for the production partial-wave ampflitudes along 77
threshold

77 scattering partial-
wave amplitude
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O Discontinuity relation for the production partial-wave amplitudes along 77
threshold

Pl_S_C_{l_:Ii(_ _)_ = 2ipr(s)M;(s) @\35’{“'“"

O Closed- form solution through Omnes function Q( )

AEG) = R()A? |




AE( — A0 O
Zfz”jll H 9 2\01 O
— FSI

O Discontinuity relation for the production partial-wave amplitudes along 77

threshold .
(5)M; () e

O Closed-form solution through Omnes function Q(S)

complex constant

| A7 (s) = Pfi(s)Qi(s source
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O Discontinuity relation for the production partial-wave amplitudes along 77

threshold
e o ‘.
(5)M; () st

O Closed-form solution through Omnes function Q(S)

| jl/' complex constant
“LAii(S) : z(S)/_l;t ” source

polynomial
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O Discontinuity relation for the production partial-wave amplitudes along 77
threshold

Disc A7 (s) = Qi%W(S)Mi(S)ﬂA;:(S) Qe

O Closed-form solution through Omnes function Q(S)

complex constant

source UNIVERSAL
phase-shift

| A il :
“ s (7 0i(s)
polynomial Qz(S) — eXp - . ds T




The phase-shifts are very well known!
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The phase-shifts are very well known!
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uu source

qq source
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uu source

O The DD hadronization occurs at
much higher scales than our 77
scattering at 1 GeV

O This allows us to approximate the
source as a COMPLEX constant

qq source

D/ \D*
\l\ T&ﬂ'

@




uu source

qq source

O The relevant effective weak
Hamiltonian

¢ ()

Viio Vs | (bu) (us)+ Ve, Ves | (be) ()
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O The relevant effective weak

u source : .
Hamiltonian

source as:

qq source -

O Therefore, we parameterize the
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© Crucial role of isospin 2 to reproduce the data in this regime
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We are only able to fit the
proyections

However, we can predict the
angular dependence and show
the Dalitz plot in this energy

region
Asymmetries:
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The LHCb has measured the biggest CP violation observed to date in B
decays to three light mesons ——> We have developed a dispersive method able
to describe the hadronic FSI that enhance CP violation in that decays

The‘ universal 77 scatteringJ allows us to include systematically every partial

wave, even the non resonant waves —> The isospin-2 S2 wave is
found to be crucial in this kinematic region to explain the data with accuracy. It
is not included in other analyses

Our dispersive approach respects the analytic structure of the light-
meson production and our parameters have physical meaning

We have been able to reproduce the main features in the data sets and
provide a prediction of the giant localized CP asymmetry in B* — K7 r~

14



HAPPY IPARCOS DAY!

15




WHAT IS CP VIOLATION?

Matter-antimatter asymmetry in the universe =——> The three necessary
Sakharov conditions:

« Baryon number violation
« CP violation

* Out of thermal equilibrium interactions
(phase transition)

The CP violation magnitude found to
date is not enough to explain
the cosmological matter-antimatter

asymmetry




[R. Aaij et al. (LHCb), Phys. Rev. D 108 (2023)]

These are the available data sets:
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[R. Aaij et al. (LHCb), Phys. Rev. D 108 (2023)]

But we want to describe the elastic regime:

Yields:
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A (s, 1) = Z;—L(s)

angular dependence

O In this kinematic range we are dealing
with LI = 50,52, P1 waves
1 for + € {50, 52
fi(57 t) . . _{ }
g(s)cos@  fori= P1

g(s) = —ox(s)A/?(s, My, M3)

on(s) = /1 —4M2/s

Nz, y, 2) = 2> +y* + 2° — 22y — 222 — 2y2
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O Discontinuity relation for the production partial-wave ampflitudes along 77
threshold

77 scattering partial-
wave amplitude

[R. Garcia-Martin, R. Kaminski, J. R. Pelaez, J. Ruiz de Elvira,
and F. J. Yndurain, Phys. Rev. D 83 (2011)]

UNIVERSAL

pr(s) = on(s)/16m

= /1 —4M?/s




O Discontinuity relation for the production partial-wave amplitudes along 77
threshold

Disc Af (s) = 2ipr(s) M) AF(s)  yqo0®

O We refer to this quantity as the discontinuity of the amplitude rather than
simply its imaginary part because, in the context of dispersion relations, what
enters the formalism is not the imaginary part per se, but the discontinuity
across the cut in the complex plane.

Why Discontinuity and not Imaginary part?

O The phase of our amplitude doesn’t come only from meson-meson scattering,
which would generate a clean imaginary part via unitarity




Oxz O
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O Our amplitude includes strong phases from 77 scattering, CP violation weak
phase and potentially strong phases from intermediate DD hadronization

O What we are computing is not just the imaginary part due to rescattering, but
the net discontinuity across the cut in the complex plane

DiscA(s) = A(s + ie) — A(s — ie)

O If the amplitudes were analytic and only had meson-meson scattering
contributions, it would reduce to

DiscA(s) = 2ilm.A(s)




O Partial wave elastic 77 scattering amplitude:

ZfzSt

My(s) = ¢t S00(5)

Disc AL (s) = 2ie™ %) sin §;(s5).AZ(s)

A (s +ie) (1 — 2ie~ (%) gin 0i(s))
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(s)
e

(8)Mi(s)" A7 (s)




AE(s —ie) = AE(s + i€)e 29()

(A (s — de) |
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O One subtraction to help convergence

In AF (s + i€) = %/ dzx( 0;(2)

z— 8 — i€)

Il =||

e - iz, ) |
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o S QO Correct threshold behavior
oF
aF O Compatible with Watson’s
-2 :_ [J. T. Daub, C. Hanhart, and B. Kubis, theorem
F JHEP 02 (2016)]
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0.4 0.6 0.8
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O Allow us to disentangle the strong phases from the weak phases




1.2

1.0

O Nothing to fit here (model
independent)

0.8

0.6 Q Correct pole positions and

analytic structure

[K. M. Watson, Phys. Rev. 95 (1954).]

QO Correct threshold behavior

O Compatible with Watson’s

—0.4 |~ [J. T. Daub, C. Hanhart, and B. Kubis, theorem
JHEP 02 (2016)]
_ . 1 | 1 1 1 | 1 1 1 | 1 1 1 ]
0.6 0.4 0.6 0.8 1.0

Vs(GeV)

O Allow us to disentangle the strong phases from the weak phases

© No Breit-Wigner description needed

© We can include non-resonant waves, like the S2 (not treated as a background)
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© The SO wave needs a special treatment
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O The SO wave needs a special treatment

O The scalar f(980) resonance lies almost at K K threshold and couples
strongly to the two kaons ——» 77 — K K coupled-channel formalism

SS source .
:I:u _— Disc ‘ASOn = 2 (Mllprion + Miopk BSOn)
‘A 0> ‘ASOn ‘ASOS ~ ) +
nn source Disc 'ASOS 21 (MllpW‘ASOs + Mispk BSOS)
K K is virtual

1l=7nn

2=KK




O The SO wave needs a special treatment

© The scalar f(980) resonance lies almost at K K threshold and couples
strongly to the two kaons —— 771 — K K coupled-channel formalism

SS source ) (

+ + _—»Disc ASOn =21 O 7r-"lg*ccm
Ago —> ‘ASOn ASos - : +
nn source Disc ‘ASOS =2 (W-ASOS

K K is virtual mm — 7w, KK scalar scattering

partial-wave amplitude

[R. Garcia-Martin, R. Kaminski, J. R. Pel4ez, J. Ruiz de Elvira,
and F. J. Ynduréain, Phys. Rev. D 83 (2011)]

[J. R. Pel4dez and A. Rodas, Phys. Rept. 969 (2022)]
1l=7nr

2=KK




Oxg O
(5.t ) oe— QI )
Zf > J|l=_|| K* Bi\°|FSIO7T

O The SO wave needs a special treatment

O The scalar f(980) resonance lies almost at K K threshold and couples
strongly to the two kaons ——» 77 — K K coupled-channel formalism

SS source .
L Disc AL, = 2i (MuiprAS,, + MipxBE,,)

‘A i ‘ASOn ‘ASOS ~. . +

nn source DlSC.ASOS 21 (MllpﬁASOS —|—M 2pKBSOs)

K K is virtual
O Numerical Q0. —— Qson = Qll + 2912
solution P SLij ~ 0 0 l=mnn
S0s — w&12 2=K K’

[S. Ropertz, C. Hanhart, and B. Kubis, [S. Ropertz, C. Hanhart, and B. Kubis, Eur. Phys. J. C 78 (2018)] T

Eur. Phys. J. C 78 (2018)]
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[J. T. Daub, C. Hanhart, and B. Kubis,
JHEP 02 (2016)]

[J. T. Daub, C. Hanhart, and B. Kubis,

JHEP 02 (2016)]

e Re[Qsps]

—_— Im[Q11] ] — IMm[Qs0s]
N Q] . |Qsos|
1 1 | L ] L | L ] 1 | L L 1
0.2 0.6 0.8 10 % 0.4 0.6 0.8
Vs(GeV) Vs(GeV)
Qson = 41 + 5912
1l=nn

[S. Ropertz, C. Hanhart, and B. Kubis, Eur. Phys. J. C 78 (2018)] 2 — K K"

1.0




2.0 1 l ' 1 I L ' 1 1 L ' 1 1 L
[J. T. Daub, C. Hanhart, and B. Kubis, -

1.6

1.2

0.8

0.4

g

4 I 1 ' 1 1 1 l 1 1 1 l 1 1 I
[J. T. Daub, C. Hanhart, and B. Kubis,
3 [ JHEP 02 (2016)]

0.0/
[ = Re[Qson] i e Re[Qsps]
—0.4 :_— Im[Qson] f0(980) -: — IMm[Qs0s]
-~ |Qson| - e Q505
—08=— 0!4 — 0!6 — o!s 10 ¢ 0.4 0.6 0.8 1.0
Vs(GeV) Vs(GeV)

O No Breit-Wigner needed, f;(500) and f,(980) resonances are not Breit-Wigners

U.-G. MeiBner and S. Gardner, Eur. Phys. J. A 18 (2003).




To summarize the method:

=2 f tjﬁ_u

rescatterllrg\‘

source
i 2 O\nO e A ONAO
gi Q\O O7r_ Egﬂ: Oi\O' O7r_
FSI L FSI

/EP

Unlversal mm FSI
Not fitted




O Our P wave will show the p(770) resonance together with the w(782) contribution

O The 7 P-wave spectrum can be significantly affected by p — w interference in
reactions that show strong production of w

O The smallness of the violation of the isospin symmetry is compensated for by an
enhancement of O(M,,/T',) ~ 90 through the narrow w propagator

[J. T. Daub, C. Hanhart, and B. Kubis, JHEP 02 (2016)]
O The strength of the p — w mixing can be obtained from the electromagnetic pion

vector form factor if we know the production strength of the w relative to the p
from the flavor structure of the source — ¢,, = 1.7- 107>

O Our pure uu favors the w production by a factor of 3 compared to

electromagnetic production
3 factor ..
p — W mixing strength

p Contrlbuthn \ [S. Holz, C. Hanhart, M. Hoferichter, and B.
3 Kubis, Eur. Phys. J. C 82 (2022)]
€S )
Qp

M2 — s —iM,T,

_—

[G. Colangelo, M. Hoferichter, B. Kubis, and P.
Stoffer, JHEP 10 (2022)]
[J. M. Dias, T. Ji, X.-K. Dong, F.-K. Guo, C.

1+

Hanhart, U.-G. MeiBiner, Y. Zhang, and Z.-H.
Zhang, Phys. Rev. D 111 (2025)]

h .. O

w contribution




O Electromagnetic current:

2 _
JEM gu%u gd%d

O Quark content:
p—)%(uﬂ—dc?) I=1
w—>\/i§(ua+dd_) I=0

O Just looking at the flavor structure, both productions would be equal

(plui) = e

—_
-

(wlua) =

V2

Aglav -

JEM

1
2 ('U/’YMU

_ 1 _
dy,d) + é(u%u + dv,d)
ASM 1
AEM 3
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b U uu source

qq source

O Definitions:
a; = Refiz- + 3; COS 7Y
b; = Bz sin y
Cc; = Imfiz-

QO Therefore, we parameterize the
source as:

I
Sy
=i
.
$

-
.
=%k




uu source

© Our parameters have physical
meaning

—> No isospin 2 from qq source
—> No CPV phase from s5 source
QO Therefore, we parameterize the
source as:

qq source .




© Our expression for the CP-differences
ATlcp(s,cos80) = I'" (s,cosf) — I'" (s, cos ) =

= 4g(8)\/§2 fszP,,PJ|Qz||QJ| [aibj sin(57; — 53) + Cibj COS((SZ' — 53)]

(2]




© Our expression for the CP-differences

ATlcp(s,cos80) = I'" (s,cosf) — I'" (s, cos ) =

— 49(8)\/52 fiijin@l'@) [“ibj Sin(_) + cib; COS(_]




© Our expression for the CP-differences

ATlcp(s,cos80) = I'" (s,cosf) — I'" (s, cos ) =

= 49(s)V/5 > fifi PP 19 [asbysin(d; —
1,J

—|—‘cos(5 ]




© Our expression for the CP-differences

ATlcp(s,cos80) = I'" (s,cosf) — I'" (s, cos ) =

= 49(s)vs (P PiIulI] [aibj sin(d; — 0;) + cibj cos(0; — 53')]
i

© LHCD data are projections with cos # integrated

cosf > 0 cosf < 0




© Our expression for the CP-differences

ATlcp(s,cos80) = I'" (s,cosf) — I'" (s, cos ) =

= 49(s)vs (P PiIulI] [aibj sin(d; — 0;) + cibj cos(0; — 53')}
i

© LHCD data are projections with cos # integrated

cosf > 0 cosf < 0

| |

APC>3P (s) AFéP(S)




© Our expression for the CP-differences

ATlcp(s,cos80) = I'" (s,cosf) — I'" (s, cos ) =

=4 (s)\/EZ

,,PJ|Q1,||QJ| [aibj Sil’l((sf,; - 53) + Cibj COS((SZ' — 53):|

© LHCb data are projections with cos # integrated

cosf > 0 cosf < 0

(:Mlp Ab
YXI'7(s) XI'<(s




) Our expression for the CP-differences

ATlcp(s,cos80) = I'" (s,cosf) — I'" (s, cos ) =

_ 4g(s)\/§Z @ P P |2 €2] [aibj sin(d; — d;) + ¢;bj cos(d; — 53-)}

© LHCb data are projections with cos # integrated

cosf > 0 cosf < 0

r&) s‘ IZo(s iAPg[D
z:r<i) (s) > (

A
=3I (s) £ XI(s




© Our expression for the CP-differences

ATlcp(s,cos80) = I'" (s,cosf) — I'" (s, cos ) =
— 49(5)\/g ZzPJ|Qz||QJ| [aibj sin(éi — 53) + Cibj COS((S,; — (SJ):|
2%/ I

© LHCb data are projections with cos @ integrated

cosf > 0 cosf < 0

mg})(s) = AI'Gp(s) = AT'Gp(s)

STH)(s) = £T>(s) + ZT<(s)

—|— —> To “+4” contribute S-S and P-P self-interferences

V — —> To “~” contribute S-P interferences




O Best fit parameters

Partial Wave Component Parameter Value Error

aSon 0.580 0.140

S0, bson 0.908 0.073

CSon —0.539 0.081

S0 8.050 0.660
S0 asos - 0. .

y CS0s —2.380 0.390

Dso —0.410 0.057

ag9 —2.440 0.310

S2 — bso 2.680 0.180

Ds2 1.626 0.068

api —0.053 0.005

Pl . bp1 —0.047 0.004

Cpi 0.004 0.001

Ppr1 0.450 0.120
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O In the minimization process, the
energy range in each bin is averaged

1 O Checked that the minimum is stable

2
(O We obtain a great X by adding an
extra systematic error of a 5%

x?/d.o.f =34 — x*/d.o.f ~1

O Got no improvements by adding higher partial waves or extra parameters

O Data sets are not background subtracted =—=» We modeled a naive background

['* (s,cos6) + B - (/s — 2M,)




O Data sets are not background subtracted =——» We modeled a naive background
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O Data sets are not background subtracted =--» We modeled a naive background

['* (s,cos0) + B (v/s — 2M,)
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3. RESULTS

Statistical interpretation

We believe this x*/d.o.f has no strict statistical interpretation

The projection data is not corrected for acceptance (efficiency, production
asymmetry...) nor background subtracted

The acceptance correction is only provided for the integrated yields but
we do not know its energy dependence, we have corrected all bins with that
very same average correction

We also corrected for background with a very naive estimate (private
communication)

Not even LHCb is providing x”/d.o.f in their Dalitz-plot amplitude analyses
nor in their projections. Moreover, previous theoretical analysis of Belle data
neither provide these x?/d.o.f

Still, we know from private communications that the goodness of our

description is better or at least comparable to the present amplitude
analyses of LHCb



Q We have calculated the pulls of our fits, as LHCb does
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© We found big contributions from (g, (coupled channel treatment)
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4. CONCLUSIONS

We have developed a dispersive method able to describe the hadronic FSI
that enhance CP violation in charmless three-body decays

The[universal I scattering] allows us to include systematically every

partial wave, even the non resonant waves like the isospin-2 S2 wave

This dispersive approach respects the analytic structure of the light-
meson production and it is preferred over rough approximations such as Breit-
Wigners



4. CONCLUSIONS

Fitting our formalism to the projected CP-violation data of the B¥ — K¥r 7~
decay below 1 GeV, m,, < 1 GeV, we have been able to reproduce the main
features in the data sets and provide a prediction of the giant localized
CP asymmetry found by the LHCb

Our parameters have physical meaning, e.g., the phase from the cc -loop is
essential to get a reasonable fit

The non resonant isospin-2 S2 wave is found to be crucial in this kinematic
region to explain the data, and it is not included in LHCb analyses

This formalism has the potential to describe other data sets and other
processes with reasonable accuracy

This is a promising path so background subtracted data would improve and
help our conclusions



O Show other regions of the Dalitz plot I[X :
W~ |

S12

O Describe other CPV processes with relevant two-body FSI

O Include spectator interactions =——» Khuri-Treiman equations

[N. N. Khuri and S. B. Treiman, Phys. Rev. 119 (1960)]
[D. Stamen, T. Isken, B. Kubis, M. Mikhasenko, and M. Niehus, Eur. Phys. J. C 83 (2023)

O Study the 77 inelastic regime (coupled-channel formalism)

O Connect our source parameters in the production with quark-level physics

Q Improve our results by using background-subtracted data




Particle Mass’ J B Q(e) Iy c S T B’ —_—
QO Quark content Name | Symbol| _ (eV/c) Name | Symbo
First generation
up u | 28207205 3 | +5 | 5 | 42 | 0 0 0 0 antiup u
down | d |48205:03| 3 | +3 | -3 | -5 | 0 0 0 0 | antidown | @
Second generation
cham | ¢ 1275 225 3 |+ | 4| 0o« | o | o | o |atcam| ¢
strange | s 9525 3 a4 0 o | -1 | o 0 | antistrange| 3
Third generation
top t '733;?0*.510 R T 0 o | 0 | antitop i
bottom | b 4180 230 I T 0 0 0 | -1 |antbottom | B
Familia Simbolo Antiparticula Quarks Spin Masa S | C B | Vida media Familia Simbolo Antiparticula Quarks Spin| Masa S | C B | Vida media
(MeV/c?) (s) (MeV/c?) (s)
Phi ® el mismo ss 1. 1020 0 0 0 20x10% fn* fn‘ ud 0 1396 0 0 0 260x108
D* D™ cd 0 18694 0 +1 0 106x1073 Pion 1 n* ud 0 1396 0 0 0 260x108
D- D* cd 0 18694 0 -1 0 106x107? n° ;el mismo (U + dd)we’ 0 1350 0 0 0 0,83x1078
p? v ca 018646 0 +1 0 42x10" K* K™ us 0| 4937 +1 0 0| 1,24x108
° D° D° \ cu 018646 0 -1 0 42x107 K- K us 0 4937 -1 0 0 124x10°
Dt Dg” cs 0 1969 +1 +1 0 47x10™ Kaen K° RO ds 0 4977 41 0 0 —2
Dg~ Dg* j cs 0 1969 -1 4 0 47x10M Ke? Ke? (ds - sa)v2! 0| 4977 -2 \ 0 o0 089x107°
Jiy Jiy el mismo cc 130969 0 0 0 0,8x10% KO K ° (ds + sd)v2! 0 4977 -2 0 o0 52x108
B* B~ ub o\ 5279 0 0 +1 15x1072 Eta fn" el mismo (Ut + dd - 2s5)AB" 0 5488 0 0 0 <1078
B B~ B* ab o\ 5279 0 0| -1 15x1072 i"“ p~ ud 1 770, 0 0 0 04x10%
B8° B0 db 0 5279 0 0|41 15x10"2 Rho i ud 1. 770 0 0 0 04x10%
Upsilon | Y el mismo bb 194604 ©0 0 0 13x10% [pd el mismo (Qu-gd)V2 1 770; o: 0 oi‘ o,4x10"257







