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Motivation
General




General Motivation

e B factory main task: measure CP Violation in the B physics

*Standard Model mechanism for CP Violation in weak interactions is given by a
single complex phase in the CKM matrix.

u C t
Transitions between members of
m===) the same family more probable
(=thicker lines) than others.
d 8 b
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CKM Matrix: almost a
S'[=] Ved| Ves| Veb || S diagonal matrix, but no
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Motivation
Phenomenology




Dalitz PIOt[u

| E. Aitala Phys. Rev. D 73, 032004 (2006) . Used in the study of resonance

substructures on charmed meson
decays,
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25 T

|t represents the phase space of the
decay and weighted by differential
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Isobar Model ;;
/"

P,

P
= Decay matrix element is represented by a coherent sum of
phenomenological amplitudes.

= These amplitudes correspond to the possible intermediate states in the
decay chain D->Rh, R2>hh (h=K, &), and grouped by orbital angular

momentum L:
2

AL =D CA—
Kk \

| The amplitudes are weighted by constant complex
coefficients and the series can be truncated at L=2.

Spdf —

2A
L
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Isobar Model ;

In case of a resonance wnth spin, the standard procedure is to define the
resonant amplitude A as product of:

 arelativistic Breit-Wigner function (BW)

 form factors (usually a Blatt-Weisskopf dumping factors)for D and the

resonance vertices (Fy,Fg)

* And a function describing the angular distribution of the final state
particles, accounting for the momentum and angular momentum

conservation

A-Fo.Fol-2pip5)) P (s BW,..

Blatt —Weisskopf form

factor

Breit-Wigner Function
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M I P WA (Model Independent Partial Wave Analysis)

MIPWA = E791

E.M. Aitala et al. (E791 Collaboration), Phys. Rev. D73, 032004(2006)

* Decay matrix element is written as a sum of partial waves - truncated at D-
wave

* No assumption is made on the nature of the S-wave, Ao(s) =a,(s )e‘¢0(5
represented by :

* P-and D- waves are well described by a sum of Breit-Wigner
amplitudes.

- _+
« MIPWA provides an inclusive measurement, since the Kz system is
embedded in a three-body strongly interacting final state.

* Extracting the pure K" amplitude is not a trivial task ...
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D' > K z'z" versus K z"

-
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- //‘K D. Aston et al., Nucl.
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P SLAC/LASS experiment E135:
Kp-> Kntn (11 GeV/c)

I- spins are separated using /=3/2 phases from Estabrooks, et al, NP B133,
490(1978)

K*p 2> K*ntn and Kp > K wA*™
(13 GeV/c)
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D" > K_7t+71'+versus K_7l'+[2]

MIPWA Elastic Fit
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D" > K_7t+71'+versus K_727+[3]

200~ T T T T T T T ] ° .
: : | Why is so different?
_150F 4
8t #* 1 . . o . ops
?Dmoi 5 i 1 One possible origin of this additional energy
3 of ﬂ{/;’-,n*" i3 1 dependent phase is the three-body FSI
A oot z
< of L : - TT PR LT BE] 5% BT B0
a, Or - : { i r
s | e S
3 s0f " . - | Focus
% as° 1 N I
m-loof— §§§ _ L | Collaboration i
;*‘ z g st
150 7] El) I I:ii
1 % 0' !!III E
T Ty 3 e R
Knt mass (GeV/c?) ?50- .
g- {Eii
The K—nt MIPWA S-wave (circles with error i i !
bars) from FOCUS DT — K~ 7ntxt decay. The LASS "Ly ! LASS
I=1/2 S-wave phase (9; /) is shown as full stars. The K'm {1 Threshold K
amplitude is elastic up to 1.45 GeV/c?, indicated by the ik n
vertical line. ' ' o?s sl { — 1I.: — '1\1;. = ;éa\'/ ;)'
{1 mass (GeV/e™

The Focus Collaboration arXiv:0905.4846v1
[hep-ex]

D. Aston et al., Nucl. Phys.
B296(1988)493 _ _
Ao(Sa: S5 ) =8(5,)e" ) +a, (s, Je )
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Model




Relativistic 4d Three-body model




3'b0dy FSI'in D"—>Kz'z" [1]

The microscopic amplitude for the decay of the heavy meson into three light
ones with off-shell momenta (the physical particles are on-mass-shell):

d d*

e

Diagrammatic representation of the heavy meson decay process into Knr

TS IOLE N7 N

hadronic multiple scattering series in the ladder
approximation

partonic amplitude
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3-body FSI'in D" > K z'z" 1

oik)- @ B

Resumming the 3-body rescattering with T-matrix

T=I - 0 " +J_—i (o)

d*g d*a.
ol =0 ) [Tl 0,005,005 K-, - P

e )
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Relativistic Three-Body Model ;

- dmg)
D= ﬂo“ + H‘

D" >Kzn'z" decay amplitude: € +18

S-wave contact interaction is chosen for the Km system to allow the
physically intuitive decomposition of the decay amplitude as

®(k7r J kiZ" ) = D(kﬂ' , k7z' )

N J
Y
Smooth background given by the
partonic decay amplitude FSIfthrough§2
3 & [19 J
3

S-wave K-pi scattering amplitude 1=1/2
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Relativistic 4d Three-body modely;

« Spectator amplitude satisfies Bethe-Salpeter like equation

* The re—summation of the scattering series by the function §

can be done by a integral equation showed bellow and taking
account the isospin recoupling coefficients:
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Relativistic 4d Three-body model;

**Assuming the dominance of the isospin doublet S—-wave in the state
Knr scattering

**Isospin preserving property of the operator t the 3 body scattering
can happens only in isospin 3/2 and %* states
3 I 1 | =1
2’ Kr™ — E’ T

3 1
D(d, 4, )=Dy (0.0, )Hz e =50l _1>
D% (qf, qz.) X const.
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Relativistic 4d Three-body model;s

-0+l

_5 20dg P, (K —k -
£, 00= 560+ 3 S, (K- sk —k-as. @2, @

£)= [ 5 S.(as (K ~k-aoy (c.)

The spectator amplitude:

o Is built by mixing resonances of the two possible Kr pairs

o It is a function of the momentum of the spectator pion. @2 J
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Separable model for the S-wave Kz amplitude [1]

iS-wave Krt amplitude 1

’ o < i This class of models comes :
: K, (1430) N |: after Maldacena’s Conjecture i
P K; (1630) | that . introduced new :
PN s ) | perspectives by treating:

« K (1950) - :[: strong-interaction  physics
: N e : :
reeennns ISP SO W1th gauge/string dualities

T 1 : " . : Radial excitations of K*(800)
: Proposal to 1nterpret the scalar:  with slope ~0.6 GeV?

imesons £ family as radial' L ___ . f
 excitations of sigma within a'
EDynamical AdS/QCD model
i [W. dePaula, T. Frederico Phys. i

5 **BaBar Collab. Phys. Rev.
Lett. B693 (2010) 2871 e i| D78:012004,2008

¥. De Paula, T. Frederico, H. Forkel and M.
Beyer, Phys. Rev. D 79 (2009) 075019
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Separable model for the S-wave Kz amplitude 2]

Light Scalar Mesons

M?[GeVC
6 ) I -
I TABLE I: Two-pion decay width and masses for the fy family.
i Experimental values from PDG[1]. ("Mixing angle of 20°.)
5 i f0:2330_ Meson Moop(GeV) Min(GeV) I'E2P(MeV) T (MeV)
i fo(600) 04-1.2 0.86 600 - 1000 602
4 C fo(980) 098 + 0.01 1.10 ~ 15 - 80 47t
i fo(1370)  1.2-1.5 1.32 ~ 41 - 141 159
3 B 1 fo(1500) 1.505 + 0.006 1.52 38 +3 42
i Sfo(1710) 1.720 £+ 0.006 1.70 ~0-6 6
2 7 Experimental fo(2020) 1.992 £+ 0.016 1.88 - 0.0
i Dynamical Soft fo(2100) 2.103 + 0.008 2.04 - 14
i 1 fo(2200) 2.189 = 0.013  2.19 — 2.8
1F Wall Model 1 fo(2330) 2.29-235 2.33 — 3.2
£, 600 1
0 __I 1 1 L 1 L L 1 | 1 1 L 1 1 1 1 n 1 L |__
0 2 4 6 8

W. de Paula, T. F. PLB693 (2010) 287
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Separable model for the S-wave Kz amplitude [3]

We introduce K*(1630) and K*(1950) extending the parametrization
given in BaBar:
ﬂIK T

7 (Mg,) =4r -

(SK?T — 1)

With the S—matrix given by:

- 3 —
Sy — kcoto + 1k H ﬂi',f — ﬂffﬁrw + 22,1y
mw N ; ;
Ecotd — ik o M2 — Mz — 2,1,
keotd = —a=" + 51 k2 2 =k M2/ (ky M)
1
M2 m2 — m2. \? 2
Rest-frame momentum: k& = n T T m?
21""{!{#
s I K
e 8indy, =~ z'1/2(|VI Iiﬂ)
Kz
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Separable model for the S-wave Kz amplitude [4]

G _ keotd+ak ﬁ M2 — M2 _ + 12,0
" kcotd —1k o M2 — Mz —az,T,
1=-2.07GeV!

kcotd = —a" + %'ru k?

r,=3.32 GeV-l

* Theresonance parameters M,., I}, I, in GeV for

K, (1430) (1.48, 0.25, 0.25)
K, (1630) (1.67, 0.1, 0.1)
K, (1950) (1.9, 0.2, 0.14)
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Model for the S-wave Kz and Kr

LASS data for Kr elastic S-wave scattering phase-shift

200 ———T1—— T \ —T
® E79I

B o Y K g _ kcotd 4k ﬁ M2 — M%_ + 12T
o Exglgrical pele ﬁ | 7 K= kcotd —ak J[E - 4?‘,[}2{? - Z.Z?rrr
|
|
|
|

Preliminary Results (4d)

I A r=1
6

> —,pmﬁm"’ Pr:
-~
B 7] T T T ‘ T | T ‘ T
B D->Knan Focus
[ n - - I=1/2 S-wave K=&
§ * D-> Knrn E791
-100 i!g b
= o |
[N T
= I S i
i v B 1
A 7 ‘
' /

100 [~

D [degree]

[

L

| ! | | L | L | ! | L
0,8 1 1,2 1.4 1,6 1.8 2

M, [GeV]

S-wave magnitude (GeV/c")

+ -_ + + 0.6 I 0‘.8 ‘ ‘1 ‘ l‘.Z ‘ 1{4 ‘ l‘.G ‘ 1‘.8 ‘
D" >K 7'z M (G205

AO(SA, SB ) — aO (SA)ei¢o(SA) + ao (SB )ei¢0(sB)
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Separable model for the S-wave Kz amplitude [6]

& - i)

L1 2 \_ 2 )
Isospin *2 f,(Mg,)= 'Tllz(M Kz
| 60
0 |
noon ]
1 I
IlI :“ |
]
o ' 1y real part i 40 - -
° VA 9
= 1 \ > L o
s ne £
5 ]
S N § 20 |
< N Vi
imaginary part 0 |
-40 ‘ ‘ — 0‘4 | 0‘2 (‘) | 012 | ol4
0 2 4 6 8 10 04 0 : :
[M.? [GeV]? Ml [GeVy?
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Relativistic Three-body Model in
Light-Front Coordinates




A Snapshot on Light-Front dynamics: x* = t+z=0

Projection of the Bethe-Salpeter equation on the LF (Weinberg 1966)

The point form
i'=1 , cot= tcoshm
= w , x= tsinhwsind cosd
F'=0 , y= vsinhw sinl sn
¥'=§ , x= rainhwcosh

1 0 i 0
~ 0 ot /] ]
o™ 0 0 —snh’w ]

a4 0 0 —talah’o sln’d

Fig. 1. Dirac’s three forms of Hamiltonian dynamics.

S Brodsky et al. [ Physicy Reporis 3040 (1995) 299486
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Properties of LF quantization

1. Trivial vacuum - perturbative (except for zero modes);

2. Maximal number of 7 kinematical transf. (3 boosts + 1 rot. + 3 transl.)

3. Truncation in the Fock-space not stable under rotations around
transverse directions (non-kinematical boosts).

Light-Fronttimex: 7T =1+ z/c

Generator of LF time translations

p.pL) pr=p"Ep

Kinematical generators of translations

Particles: eigenstates
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Light-Front Three-Body Model 1

_ <;<>< L :.—C e

d’ q. (ﬂ”fx«r)‘f/("" q,)
1—-y—x)! 2z) M; - Mg g +ic

. S it
& vk, «;,w 3£(

2
M = wL - L g
112 _ ki +m; N gL +m; N (k +q.)" +my

0.Kmr —

y X l—-y—x

Frederico 1992, Sales et al 2000, Karmanov and Carbonell 2003,
Marinho and Frederico 2008, Karmanov and Maris 2008 & 2009

Karin S. F. Fornazier Guimardes —RETINHA XXII — IFT _UNESP — Sdo Paulo



Light-Front Three-Body Model [z

Driving term:

Renormalization parameter

- d4g 1 1
= -l;?ﬁ" = —
gﬂ(‘ l) J.Z.?r):‘ ¢’ —m; +ig (K~k—q)" —mg +is /
d’q 1 1
y 1 _ +iAl
I J ZEF{M;—M;MHS #E—Mim”J o

ki +m’ =y M2 - g, +m’> . q; +my
? 0.Kr —

My, = (M-

ok, .k )=D(k, .k )+ (M2 kL )+ o2 (k)

Kinematics : z direction transverse to the decay plane

X l1—x
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Light-Front Three-Body Model 3

Comparison with data parameterization

AO(SA:rSB)z aO(SA)ei%(SA] _|_aO(SB )ef'-;bo(sﬂ)

402 )=a 02 e = N {11 2 ) (0L )

1
2 2 2 2
- M;+m>—-M; 5 v . +m;
k| = z | —m_ |, V=
2M M,
Assumptions:

wcut-off (A) in K _
% g = 0.1 GeV.

%+ partonic amplitude D% (kﬁkf) = 1 - momentum independent -
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Light-Front Three-Body Model 3

Two types of calculations with A=0 (renormalization parameter):

L g, r}/z(M;T)g%(x, G,)
x(1-y—-x)! @z) M3 My, +ic

(1) Subtraction in the kernel:

1 1 1
_|_

M2 —M? '_)I\/IZ M 2 M 2
p ~ Mok T1E 0K7z7z+|g :U"‘ 0.K ot

(I1) Mass of the virtual Kmt system real:

k?+m?
Mg, = (P, —k,)* =(1-x)(Mp -

”) k?>0
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Preliminary Results K7 (1.

¢ (degrees)

160 0.05 l l
0.045
140
i L 004
120 |
0.035
| ‘ |
100 0.03) ;
o 05 1 15 2 25 3 M. [GoV7

[M.J* [GeV7]

Solution of the LF integral equation 1° = 20GeV *
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Preliminary Results K7 [,

¢ (degrees)

160

140

120 —

’ M 220 ;: 1>=20GeV?
————— 1-Loop
— e = 2.l OOPS
GES @ 3-[oops

— o-Loops

| !

100

1 2
M. ]> [GeV?]

~ Ar-

0.05

0.045

0.04

|§3/2|

0.035

0.03

+++

1-Loop; u?=20 GeV?
Mg J?=0 ; 1?=20GeV?

1
[MyJ? [GeV?]
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Preliminary Results K7 [,

A\)(SA ’SB): aO( S, )ei¢o(SA) _|_aO(SB)ei¢0(SB)

250 T | T | T | T ‘ T | |

- LASS DATA
200 O LASS DATA (mirror)

150

100

50

D [degree]

50 — _

-100 — —

_150 | | | | | | | ‘ | | | | |
0.6 03 1 1.2 1.4 1.6 1.3 2

M, [GeV]

kcot§ + 1k ﬁ M2 — MZ_+ 12,1y

" keoto—ok AL 2Nz T,

r—1

SKﬂ'
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Preliminary Results K =

(b (degrees)

100 ‘ | R

O CLEO=< ﬂﬁ .
50 m E7Of | -
0 |
-50 ]
-100 — — [MK,,]2ZO : 11228 Gev? _|
+ + 4+ [Me20: 1>=20GeV? -

-150 — - e -HE:S GeV?
w=20GeV? 7

-200 ‘ | | |
0.4 0.8 1.6 2

Ab(SA,SB): aO( S, )ei¢o(SA) +aO(SB)ei¢O(SB)

1.2
M, [GeV?]

a, [(GeV/c?)?]

3 | |
- O  CLEO-c -
05 + m E791
A+ +++ + A FOCUS
2 5 || —
| + ++++“};+ $+ + o 'f;) -;II": R 0“ s + |
1.5 ‘ £ 7 \ e
- + '
I ’I’ 7 g l r‘ Il ]
1—4 / s ;' ik
‘II
7, Ny
05 — — — 8 GeV? ’!l _
- 12=20 Ge V2 .
0 | | | | |
0.6 0.8 1 1.2 14 1.6 1.8
M, [Gev?]

— = M P20 1>=8 GeV?

[My,J220 ; 12=20GeV2

G. Bonvicini et al. (CLEO-c Coll.) ,Phys. Rev. D78 (2008) 052001
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Taking data
LHCb




LHCb

2\ LASS Data with some values changed
200 5 <> LASS Data - original values T =
O FocuUs & A
| O EM™ o
100 —

D [degree]
T

-100 ﬁ%ﬁ

BODVIS yiaap 0

CCAL

-200 —

0.6 0.8 1 1.2 1.4
M, [GeV]

LHCb = Large Hadron Collider Beauty experiment
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LHCb
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LHCb

“tiny fraction” of LHCb data

°

318000 Although we had a large
isooo number of events

I

‘§14000

"2000 LHCb Preliminary N(D*) =192762+ 734

\/s = 7 TeV Data

Limited by systematic
errors

1830 1840 1850 1860 1870 1880 1890 1900 1910
K'n*n* Mass (MeV/c?)

* One way to decrease the systematic errors is to fit the P-wave with the
S-wave fixed
* Uncertainties on P-wave parameters - systematic errors
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LHCb

1) Reproduce the analysis performed before in order to make a sort of a
calibration;

2) Introduce the calculation showed before in order to extract the pure
amplitude Kz";

Remembering that : system is embedded in a three-body strongly

interacting final state.
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Next Steps

Introduce an absortive effective three-body interaction to
account for the missing channels

Analysing the data, using the same methodology as used by
other collaborations;

In a next step, include our calculation showed before to
extract the Kpi amplitude.
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Conclusions

» Three-body final state interaction in § is dominated by the first
scattering (1-Loop); two-binary process (2-Loops) ~ 30%; three-binary
process (3-Loops) ~ 10% ...

» & is a complex function that depends on momentum !

* Phase ¢(s) can be moved towards negative values depending on p.

Other decay channels compete with K 77727 (BR=9%):

Kew'n® —>(6.8%) Ko’z z' —>(3.0%) Kz —(1.45%) K'z*z~ —(6.0-10%)

Kpi amplitude physically constrained : chiral symmetry;
Interaction in all isospin states;

Introduce an absortive effective three-body interaction to account for
the missing channels...







Preliminary Results K7

— Modelo_Wayne
/v LASS _ Original

S-wave Magnitude

Mz ovs

S-wave

05—

= Modelo_Wayne
/A LASS _Original

0.75 1

T. Frederico —Amplitude Analysis in Hadron Spectroscopy - Trento - Italy

1.25 1.5




Preliminary Results Kz v 3
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Preliminary Results K7 7t 14
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Preliminary Results Kz 7 s
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Preliminary Results K7 rc
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Preliminary Results K7 7t 14
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Conclusions

* Three-body final state interaction correction depends on the cut-off

-> short-range effect but £ depends weakly on momentum;

* Phase ¢(s) can be moved towards negative values depending on A;

« Other decay channels compete with K 7'z (BR=9%):
K.z — (1.45%) K.z z° — (6.8%)

K'z'n —(6.010%%) Kz'zz" —(3.0%)
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Three- Body Relativistic Model

ok, .k, =Dk, k, )+(M2 )k, )+(M2, (k)

Bose—symmetrized complex function with respect to the identical
pions:

A, =AMZ MZ )+ AMZ M2

A, are complex functions of the two invariant massas squared

MZ, =(K -k f
M iﬁ — (K _ k” )2 —> Decay kinematics




Three- Body Relativistic Model

The dependence on the Km subsystem mass of Ab“”ifihﬂiﬂ)

can be reduced in our model to a complex function of only one {Bhia%le
, SO we can write:

N R R X ]

2 2

With the pion on mass shell momentum given by:

— Mé+m72r_MI37r' 2_m2 i
2M

K

T

The normalization constant N is thought to be real and positive.




‘Numerical Results

—— Numerical Result
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