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@ The ¢ radiative decays provide information about light scalar
mesons

@ We can find experimental data from KLOE [PLB537 21
(2002),PLB36 209 (2002)]

@ Charge asymmetry can be a good test for different final state
radiation (FSR) models [PLB459 279 (1999)]

@ KLOE Collaboration published experimental data about the
asymmetry [PLB634 148 (2006)]
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The process

We are interested in the process
e (p1)e" (p2) = 7" (pr) 7 (p=) 7 (ks€).
The invariant amplitude M is constructed with two terms

depending if foton emission comes from FSR or ISR:
M = Misr + Mrsr
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We are interested in the process

e (p1)e" (p2) = 7" (pr) 7 (p=) 7 (ks€).
The invariant amplitude M is constructed with two terms
depending if foton emission comes from FSR or ISR:

M = Msg + MFsr

Misr = —%LWGHLFW (4%)
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The process

We are interested in the process

e (p1)e" (p2) = 7" (pr) 7 (p=) 7 (ks€).
The invariant amplitude M is constructed with two terms
depending if foton emission comes from FSR or ISR:

M = Msg + MFsr

Misr = —%LWGHLFW (4%)

2
€ 174
MFSR = ?JﬂMg 6:
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where F. (g°) is the pion form factor, e, is the foton polarization
vector and the tensor Mﬁ” describes FSR. The lepton currents are
given by:
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where F. (g°) is the pion form factor, e, is the foton polarization
vector and the tensor Mﬁ” describes FSR. The lepton currents are
given by:

(—}12 +k+ mE),y,u, + ,yl-lf(ﬂl_}{——i_rne)’yy Xusl (

tr t1

LM = &g, (—p2)x 7"
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where F. (g°) is the pion form factor, e, is the foton polarization
vector and the tensor Mﬁ” describes FSR. The lepton currents are
given by:

%(—JZ@ K+ me)v“ + V“W—erE)VV X U, |

tr t1

L = T, (—p2) %

Ju = els, (—p2) Vs, (p1)
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The process

where F. (g°) is the pion form factor, e, is the foton polarization
vector and the tensor Mﬁ” describes FSR. The lepton currents are
given by:

%(—JZ@ K+ me)v“ + V“W—erE)VV X U, |

LM = T, (—py) x
52( ,02) ty t

Ju = els, (—p2) Vs, (p1)

with the kinematics variables
Q=p1+p2,9=ps+ p_,] = pr — p_ and the Lorentz scalars
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s=Q*=2p1-po,

t1 = (p1 — k) = —2p1 - k,
ty = (po — k)> = —2py - k,
n=1-pr,u=1-po

where the electron mass was neglected.
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s=Q*=2p1-po,

t1 = (p1 — k) = —2p1 - k,
ty = (po — k)> = —2py - k,
n=1-pr,u=1-po

where the electron mass was neglected. The most general tensor
MEg” is [EPJC 40, 41 (2005)]
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s=Q*=2p1-po,

t1 = (p1 — k) = —2p1 - k,
ty = (po — k)> = —2py - k,
n=1-pr,u=1-po

where the electron mass was neglected. The most general tensor
MEg” is [EPJC 40, 41 (2005)]

MEY = it 4 fyrf + fyrl
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The process

s=Q*=2p1-po,

t1 = (p1 — k) = —2p1 - k,
ty = (po — k)> = —2py - k,
n=1-pr,u=1-po

where the electron mass was neglected. The most general tensor
MEg” is [EPJC 40, 41 (2005)]

MEY = it 4 fyrf + fyrl

" =k'Q" — gk - Q,
™ =k I(MQY — g™k 1)+ IV (KK - | — "k - Q)
= Q% (g" kI —K'IY)+ Q" (I"k - Q — Q k- 1).
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The scalar structure functions f; = f; (Q2 k- Q, k - 1) are even
(fi,2) or odd (£3) under sign change of the argument k - /. These
functions depend of FSR model.
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Asymmetry

The pions produced in this process differs under charge

conjugation, it depends if the foton comes from FSR (odd) or ISR
(even), then the interference term has odd charge conjugation and
therefore we have charge asymmetry. This asymmetry is defined as:
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conjugation, it depends if the foton comes from FSR (odd) or ISR
(even), then the interference term has odd charge conjugation and
therefore we have charge asymmetry. This asymmetry is defined as:

_ N(+ > 90%) — N6+ < 90°)

A=
N(€97r+ > 900) + N(9W+ < 900)
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Asymmetry

The pions produced in this process differs under charge

conjugation, it depends if the foton comes from FSR (odd) or ISR
(even), then the interference term has odd charge conjugation and
therefore we have charge asymmetry. This asymmetry is defined as:

_ N(+ > 90%) — N6+ < 90°)

A=
N(€97r+ > 900) + N(9W+ < 900)

where 0+ is the positive pion polar angle.
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Bremsstrahlung and double resonance
FSR models ¢ decayment

Bremsstrahlung
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Figure: Feynman diagrams for Bremsstrahlung

o

7~ below 1 GeV
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Bremsstrahlung and double resonance
FSR models ¢ decayment

Bremsstrahlung

For the Bremsstrahlung the structure functions have been
calculated under models sQED x VMD and RxPT [EPJC 40,41
(2005)]
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Bremsstrahlung and double resonance
FSR models ¢ decayment

Bremsstrahlung

For the Bremsstrahlung the structure functions have been
calculated under models sQED x VMD and RxPT [EPJC 40,41
(2005)]
f;' — f}SQED —|—Af;-RPT
FSQED _ 2k - qF= (Q?)
(k- Q) = (k-1)?
fZSQED _ _2F7T (Qz)

(

+
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Bremsstrahlung and double resonance

FSR models ¢ decayment

AfRPT:F\z/—2FVGV 1 1
1 f2 m2 - m3—s—im,l, (s)
R b, (ke 1? L stk Q) [4m2 — (s + 12+ 2k - G
2m; (/) (=1 8D(/)D( )
aprPT ___F A [4m3— (s+ P +2k-Q)]
2 fgmg 8D(/)D( )
F3 k-1
AFRPT — A
’ fem3 D (1) D(=1)
s+ 12 +2k-q+4k-1
D(l)=m; —

4
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Bremsstrahlung and double resonance

FSR models ¢ decayment

The pion form factor
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Bremsstrahlung and double resonance

FSR models ¢ decayment

The pion form factor

Fv Gy

f2 BP (q2) <1 — 2

Fr(q?) =1+
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Bremsstrahlung and double resonance

FSR models ¢ decayment

Double resonance

i
A
R e TAAY e ALY

Figure: Feynman diagrams for double resonance
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Bremsstrahlung and double resonance
FSR models ¢ decayment

Double resonance

The double resonance contribution corresponds to the decay of ¢
to p and 7 and this p in pion and foton, this contribution has been
calculated in [JHEP 0605:049 (2006)]
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Bremsstrahlung and double resonance
FSR models ¢ decayment

Double resonance

The double resonance contribution corresponds to the decay of ¢
to p and 7 and this p in pion and foton, this contribution has been
calculated in [JHEP 0605:049 (2006)]

FIHEP _ _ﬁ( [_1 + gx + a} [g (x1) + g (x2)]
+ % (x1 —x2) [g (x1) + g (x)])

f/HEP — — oo (0a) + g (%))

FJHEP _ﬁ (g (x1) — g (x2))

+
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Bremsstrahlung and double resonance

FSR models ¢ decayment

where
2 oiBp ol
g(x) = egingh, My e’ 2™
4Fy s —m> 4 imgly (1 —x)s —m2+im,l,((1 - x)s)
2p. _ -
X2 = P+, (p1+ P2)7X — 2 — 0.

S

o

Luis Armando Gallegos Infante Pion charge asymmetries in e



Bremsstrahlung and double resonance

FSR models ¢ decayment

We find another double resonance formulation in [NPA 729 743
(2003)]

AP =a D, (P) (P+Q-k—2k-1)+D,(P)) (P+Q-k+2k-1I)]

;A = —a [D, (P,) + D, (P))]
7 = —a [D,(P)) = Dy (P))]

2 272 -
wm M (@), = (N @K

—~
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Bremsstrahlung and double resonance
FSR models ¢ decayment

KL model

In this case the ¢ decayment is by mean of the kaon loop, after
that the foton and an fy emerge and it decays in pions, the
structure functions are:

o
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Bremsstrahlung and double resonance
FSR models ¢ decayment

KL model

In this case the ¢ decayment is by mean of the kaon loop, after
that the foton and an fy emerge and it decays in pions, the
structure functions are:

8s8¢ 8f ab 2\ _id
fi = 7/ Fy(s) P ’
1 f, amm s (s) Pr(q°) €7,
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Bremsstrahlung and double resonance
FSR models ¢ decayment

KL model

In this case the ¢ decayment is by mean of the kaon loop, after
that the foton and an fy emerge and it decays in pions, the
structure functions are:

8s8¢ 8f  TJab 2\ _id
f=E8 & Jabp (s)p 6,
1 f, 27r2m%<+ 5 Fg (s) Pr (q )e
f» =0,
f =
where
m?> 1
[ 2
F pr— P pr—
s (5) s —mj +iy/shy’ 7 (a) g% — m? + imgl¢’
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Bremsstrahlung and double resonance
FSR models ¢ decayment

KL model

The angle dg is the elastic background phase and it must be
included with the kaon loop [PRD56 4084 (1997)]. This phase is
very relevant in the interference term. In this case

dg = by/q® — 4m?2 with b = 75°/GeV.
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Bremsstrahlung and double resonance
FSR models ¢ decayment

KL model

The angle dg is the elastic background phase and it must be
included with the kaon loop [PRD56 4084 (1997)]. This phase is
very relevant in the interference term. In this case

dg = by/q® — 4m?2 with b = 75°/GeV.

The kaon loop function is given by

o le(s) s ()]
= aresin (21.)]° 2> 2
"= 1[|[r1 (n+>(2i>}l z><4}1

+
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Bremsstrahlung and double resonance
FSR models ¢ decayment

KL model

. 1
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FSR models

KL model

() Viz —1
g\Z)=
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Luis Armando Gallegos Infante
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Pion charge asymmetries in ete™



Bremsstrahlung and double resonance
FSR models ¢ decayment

Linear sigma model

This model is very similar to the previous one, just replacing the
strong amplitude for the LSM[EPJC 26, 253 (2002)], i.e.
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FSR models ¢ decayment

Linear sigma model

This model is very similar to the previous one, just replacing the
strong amplitude for the LSM[EPJC 26, 253 (2002)], i.e.

gs&rPr (q°) = A(KTK™ = 777) Ly = V2A(KTK™ = n°n%)
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Bremsstrahlung and double resonance
FSR models ¢ decayment

Linear sigma model

This model is very similar to the previous one, just replacing the
strong amplitude for the LSM[EPJC 26, 253 (2002)], i.e.

gs&rPr (q°) = A(KTK™ = 777) Ly = V2A(KTK™ = n°n%)

2 2
- 0.0 _mz—q°/2
A(K K —>7T7T)LUM—72GI[K

¢ — m?

2
K
* 2ffK [D(

+ Df (qus—l— \fc¢5)]

Zcos <C¢5 — V2 S¢s)

\./

+
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Bremsstrahlung and double resonance
FSR models ¢ decayment

The ¢ decayment under UxPT model is calculated with the
Feynman diagrams[PRD76 074012 (2007)]

ey e

T ey v
N T )
”,,‘;:7 W
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Bremsstrahlung and double resonance
FSR models ¢ decayment

The resulting amplitude is
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Bremsstrahlung and double resonance
FSR models ¢ decayment

The resulting amplitude is

. t Ta
—M= fszj 2 £2 \};ﬁ [GV (le(Q K g = Q“k”)) Qo

F m2
- <Gv - 2‘/> 4 ax(q 2)gwka} e
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Bremsstrahlung and double resonance
FSR models ¢ decayment

The resulting amplitude is

. t Ta
—M= fszj 2 £2 \};ﬁ [GV (le(Q K g = Q“k”)) Qo

F m2
- <Gv - 2‘/> 4 ax(q 2)gwka} e

and the structure functions are
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Bremsstrahlung and double resonance
FSR models ¢ decayment

The resulting amplitude is

. t Ta
—M= fszj 2 £2 \};ﬁ [GV (le(Q K g = Q“k”)) Qo

FV m2 v
— [ Gv — =7 ) —Kex(d®)guvka | n*e"
2 4
and the structure functions are

£ = ;li 1 tKTr
LT VB3P Q- M2 AT My 23

Qz 1 FV 2
<mKG I 4<Gv2>g/<(q )),

f=0,f3=0.

+
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Numeric calculation

LSM
Results UxPT

Numeric calculation

We developed a fortran program based on montecarlo including the
experimental restrictions reported by KLOE to obtain the
asymmetry: 45° < 6, < 135° , 45° < 6, < 135° and an energy cut
for the foton of 10 MeV.
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Numeric calculation

LSM
Results UxPT

Bremsstrahlung and double resonance

04 T T T T T
= KLOE
+ Brems
+ Brems + VMD JHEP
v Brems + VMD NPA
02
2
1]
£
% 0o}
< EE S A
2
*
02 1
L L L L L L
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Invariant mass (MeV)

Figure: Asymmetry without ¢ decayment
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Numeric calculation

Results

For the KL model we use

is Armando Gallegos Infante i 7~ below 1 GeV



H Parameter H Value H
| me (MeV) | 980 |
[ Tr(MeV) | 70 |
[ 82 (Gev?) | 3.61 |
| & [ 1956 |
[ g7 (Gev?) || 7.78 |
H f H 179.14 H
L & [ 3595 |
[ f2 | 24.66 |
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Numeric calculation

Results

04 T T T T T

* KLOE

KL with VMD JHEP

+ KL with VMD NPA ?
021 4

Asymmetry
S
T

! ! ! ! ! !
400 500 600 700 800 900 1000

Invariant mass (MeV)

Figure: Asymmetry using KL model
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Numeric calculation

Results

For the linear sigma model we use for the fy ms = 980 MeV,
s =70 MeV and for the sigma [PRD69, 074033 (2004)]

m, = 528 MeV y I, = 414 MeV, the best results are obtained
with a scalar angle ¢ = —5°.
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Numeric calculation

Results

04 T T T T T T
* KLOE
* LoMwith VMD JHEP 5
+ LoMwith VMD NPA »
021 4

Asymmetry
S

! ! ! ! ! !
400 500 600 700 800 900 1000

Invariant mass (MeV)

Figure: Asymmetry with LoM
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Numeric calculation

Results

For the UxPT case we use the results for VMD limit i.e.
Gv-r=0
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Numeric calculation

Results

04 T T T T T T
* KLOE
* UyPT with VMD JHEP -
+ UyPT with VMD NPA 3
021 4

Asymmetry
S

! ! ! ! ! !
400 500 600 700 800 900 1000

Invariant mass (MeV)

Figure: Asymmetry with UxPT
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Numeric calculation

Results

04 T T T T T T
+ KLOE
« UyPT with VMD JHEP ?
+ LoMwith VMD JHEP ey

02l | v KLwith VMD JHEP 1

Asymmetry
g

L L L L L L

400 500 600 700 800 900 1000

Invariant mass (MeV)

Figure: Asymmetry with the three models using JHEP formulation for
double resonance
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Numeric calculation

Results

04 T T T T T T
+ KLOE
« UsPT with VMD NPA ;!
+ LoMwith VMD NPA

02 | v KLwithVMD NPA 1

Asymmetry
g

L L L L L L

400 500 600 700 800 900 1000
Invariant mass (MeV)

Figure: Asymmetry with the three models using NPA formulation for
double resonance
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Conclusion

Conclusion

@ The asymmetry is a consecuence of the interference between
ISR y FSR.
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functions.
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@ The asymmetry is a consecuence of the interference between
ISR y FSR.

o Different FSR models can be included by mean of structure
functions.

@ The Bremmstrahlung is the dominant contribution.
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Conclusion

@ The asymmetry is a consecuence of the interference between
ISR y FSR.

o Different FSR models can be included by mean of structure
functions.

@ The Bremmstrahlung is the dominant contribution.

@ We use trhee different models to describe the ¢ decayment
(KL,LSM y UxPT).
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Conclusion

@ The asymmetry is a consecuence of the interference between
ISR y FSR.

o Different FSR models can be included by mean of structure
functions.

@ The Bremmstrahlung is the dominant contribution.

@ We use trhee different models to describe the ¢ decayment
(KL,LSM y UxPT).

@ In general UxPT describes better the low energy region of the
asymmetry.
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Conclusion

Conclusion

@ The asymmetry is a consecuence of the interference between
ISR y FSR.

o Different FSR models can be included by mean of structure
functions.

@ The Bremmstrahlung is the dominant contribution.

@ We use trhee different models to describe the ¢ decayment
(KL,LSM y UxPT).

@ In general UxPT describes better the low energy region of the
asymmetry.

@ Relative phases are relevant to describe the asymetry
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Conclusion

Thank youl!!
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