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Motivations
@ - 7 v, belong to the second-class current processes still unobserved in
nature (Weinberg '58)
@ Itis an isospin violating process (my, + my, e = 0)
@ Sensitive to the intermediate vector and scalar resonances (p, p’, @, ...
coupled to the ud operator

Purposes

@ To describe the participating hadronic form factors
@ To predict the decay spectra and to estimate the branching ratios
@ To stimulate experimental collaborations to measure these decays
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Hadronic Matrix Element

T vr The decays proceed through the not yet
evidenced second class current:

G - Parity : GIX) = &7 C|X) = (-1)/C|X)

d' = Viyd + Vs Gldv#u) = +|dv u) = Glr™n) = —|7"n)

G-Parity violation
n K~
> (Escribano, Gonzalez-Solis and Roig JHEP 1310 (2013) 039)
l (Escribano, Gonzalez-Solis, Jamin and Roig JHEP 1409 (2014) 042)

n, 7]/ this work

2 2
q <:MW

M CEVigli(py 7" (1= 15)u(ps) (1 a" (1 0)u)

0-,1+»0+,1-
The hadronic matrix element is generally parametrized as

- (DA a ") 7 ()
(1 D(@ul0) = C¥._» [y~ eV FT 7 (8) = (B + P F™ 1 ()]
with CX_n(,) =\/2
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Hadronic matrix element

Taking the divergence we obtain on the L.H.S

(01, (" u)lm*n) = i (mg — mu) (Oldulm™n ™) = IAZGR. CO () Fy ORI
N—— ——
O( MO )=suppresion suppression
where Apg = Mz - M5, CS_ .= V23, Cfm,' =2/V3

while on the R.H.S (vector current not conserved)
gm0y ul0) =icY ) [(m g, - mE)FT" (5) - sF71 (9)] @

Equating egs. (1,2) allows us to relate F™ n‘ (s) with F'r " (s) as

A o C , AQCD
I_—'rn (S) 7"'571() [ (" KOK+ ,_—Trﬂ (S)+F7T 7] (S) (3)

CV

() A
The vectorial hadronic matrix element finally reads (g = (p o +Pr-)*+and G°=5)
(mn|dy*ul0) =

QcD

1 o -
[(P 0 —pﬂ)“+an“:| c a0 Fr " () + KSOK+ q“cs. 200 Fo " (s) (4)
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Differential decay width: 7~ — 7 (n,7")v;

ar (v~ > V) _GM Fr” o (1 i
NG oan3g OEW! wl® | "(0)P W
O(exy)=>suppression

2s 3aZ_
(10 22 )y OF " @R + 5%, (I (o)

where
\/32 —ZSZPQ +A"230
S) = , X :m2+m2, Apg = M5 — m>
apa(s) NG PQ =Mp + Mg pPQ = Mp = Mg
o) S
7r 7] C QcD
S (s) 0 A
Ffon (S) _ — i F7r n (0) C7\\'/ n(” AK0K+ F7T 17 (O)
El s
F+,o" (0) Y By

Our next task:
= to compute the vector and scalar Form Factors Ff_”’(,)(s) and Fg_"w(s).
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Vector Form Factor: RChT

The vector contribution current occurs via 7% —  — ' mixing, so it is O(smm) and hence
suppressed. The vector Form Factor is obtained by computing

xPT (LO)

FI "(s) (
FT 7 (s)

n.1f

RXT (vector exchange)

1

7 K

FvGy _s
) X [1 + Zv=pp 0" T2 M2 s

Oy ~ Op = (~13.3 £ 1.0)°
(KLOE Coll. PLB 648 '07 267)

£y ~0.018(2)

€y ~0.005(1)
(Kroll Mod.Phys.Lett. A20 (2005))
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Sm,cosemf - sw,],sinann/
gﬂ,,cosem,, + sﬂ,,sme,m,
O(exn)=>suppresion
40 T T L
30— -
20 —
10 + Belle data B
— Our parametrization
—GS
Guerro-Pich [31]
- Pich-Portoles [32]
i
L 1 L L}} 1
0 1 N 2 3
s (GeV)

-0 .
FT ™ analysis:
e.g. Roig, Gomez-Dumm
Eur.Phys.J. C73 (2013)

. -0
We implement FT ™ from
7~ - 7~ n%v, Belle data
to our work
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Form Factors Scalar Form Factor

Scalar Form Factor: Breit-Wigner

_ - ()
(mg - mu)(x~n"|dul0) = AZGL.C2. rFg " (s) =

APT (LO and NLO) - RyT (scalar exchange) K

. -y ) .
Imposing F " (s) to vanish for s - co we arrive at

o -y MEHA () ¥
T ot _S o) = 2y o)
Fo ' (8)=¢ MZ—s—iMsT 5(s) "s(8) = (M) Me)  (Mz)
2 )2 2
_ 2 ~ A\2, 4 o 2
h(s) = *3 (Co )(1+ S)+3 (CO )(1+ S)
Cg_n = cosOyy - \/Esin&mf, Cg_" = oSOy, + %sin@nnf
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Form Factors Scalar Form Factor

Scalar Form Factor: Breit-Wigner

_ - ()
(mg - mu)(x~n"|dul0) = AZGL.C2. rFg " (s) =

APT (LO and NLO) - RyT (scalar exchange) _

. -y ) .
Imposing F " (s) to vanish for s - co we arrive at

2
F7r 77()( ) _ CTr 7](') MS+A71—*»,](’) 14¢ —  Breit-Wigner Scalar FF
0 M2—s-iMsT 5(s) 12
=10
n
o
iy

o Real part of the loop unconsidered

= violation of analyticity

O N D O ®

0 05 10 15 20 25 30
Vs (GeV)
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Form Factors Scalar Form Factor

Scalar Form Factor: Elastic final state interactions
Analyticity and elastic unitarity ensured through a dispersion relation

% %

™
- FT 1 (s) = f ds 'M
el Sth —s—ic

Imvvw‘< Wy{}]< IrnFﬁ77 (S) a-m](,)(s),:‘frn T*(S)
@)

=F " sin 67”’ "(s)e s ()
(once subtracted) Omnes solution (Omnes '58)

s’ - P(s)Q(s)

1D oy
Fo (o) =P(s)exp RS CRENS
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SFF: Omnes

Elastic unitarity: Form factor phase= 4, -, () 2 — 2 elastic scattering

Imt o(S
= arctan L()
Reﬁ’o(S)

t4 o: unitarized S-waves of the U(3) x U(3) amplitudes in xPT at
one-loop including resonances (Guo-Oller: Phys.Rev. D84 (2011) 034005)
(Guo-Oller-Ruiz Elvira: 1206.4163)

N~/ Cy=Cy/V3, CTm=cCm/V3
+ crossed
cqy=19.8MeV, cp,=41.9MeV

/_

Ma,.s, = 1397 MeV , Mg, = 1100 MeV

(2)
® 10,7t _ 10,7t _
\ s ag""=2, ag"" =-0.95
+ N / + crossed - _
NN Az =037
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SFF: Omnes

Elastic unitarity: Form factor phase= 5?;{’(0 2 — 2 elastic scattering

Imt o(S) Nio(s)
=arctan ————2,  t o(8) = ==
Rety o(S) o(s) Dio(s)
B S-Sy [*> ,, ImD(s") _$-8 S, ImN(s")
0s)=000) =2 | Sy MO L ey s

Simplified perturbative solution

Nio(s)
1+9(s)Nio(s)’

g(s): meson one-loop scalar functions

tio(s) =

N1 ,o(S) _ Tﬁ)(pz)+res+loop _ g(s)( T1(?()(p2))2
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SFF: Omnes

Assuming Fgf"(’)(s) to behave as s7' : Fg"m(s) = P(s)Q(s),

Q(s)~s*, 1= %(5(00) —(Ssth));  0(o0) =nm = P(s) constant (n=1)

our choice: P(s) = FOBfeIZ‘fWIgner(O)
200 [ |~ Rea Pat
— Imaginary Part
A1507 r |— Absolutvaue
2 100!
T
o 50}
91z 14 16 18 36 05 10 15 20 25 3

Vs (GeV) Vs (GeV)
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SFF: Closed expression

Once subtracted dispersion relation

S-Sy foo ds’ : U(SI)t,’f/(s’)F(s/)

- 5 —59)(5 —5 i) :F(So)+?(s+i5)

F(s+ie)=F(sp)+

F(s+ic) - F(s-ic) = 2ia(s)t*(s+ie)F(s+ i)
= 2io(s)t*(s+ie)[F(sg) + F(s+ie)]

f;tl_\:/f_a(s) } F(s+ie)D(s +ic) - F(s—ic)D(s i)
ImD(s) = -No(s) = —2iImD(s)F(sp),
ey L1 ~(s=s0) [ ImD(s)F(s0)
F(s+ie) = D(s+ie) = fsm ds &5 - 9)

= —D(s+ie) "' [D(s+ic) - D(s)] F(so)
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SFF: Closed expression

S-5p 1
~D(s)” D(so)Fo(so)
s-sl,

7
R (s)=]1
i=1

Iwamura, Kurihara, Takahashi '77
Kamal '79, Kamal, Cooper ‘80
Jamin, Oller, Pich 01

Sp and s;: poles and zeros of D(s) =1-g(s)N(s)

So=0 R e ]
Fo(so) = F£Y(0)
S, =1.390 GeV

N(s) = T1(?()(p2)+res+b@ﬁ

0.0 0.5 1.0 1.5 2.0 25 3.0
Vs (Gev)
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SFF: Coupled channels case

o1& e (SRS T ()
FO(S)_;;/; ds (s'—s—ie)

~— Other cuts (KK, m1'...)

™ iy T

" .1 g

1 foo
Fo'(s) == ds’

oran(SVFE N (SN Thpamn(8) 1 oo omy (SHFTT (ST, (S))
+ — / ds
Sth2

T I sy s'—s—ie T s’ —s—ie
T iy T
e e
U 1 U
L [ 4o T Ty )1 ds,am«s')Fg”,"(s')T.;,],mms')
St S'—-8-I¢e T JSino S'—-8-Ie
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SFF: Coupled channels case (closed expression)

Fo(s) = H SpD(S) D(so)F(s0)

z

d s.: pol d f detD lwamura, Kurihara, Takahashi PTF 58 (1977)
Sp and s;: poles and zeros of detD(s) Kamal '79, Kamal, Cooper '80

F3"(S)) s.-1390Gev
Fols) = (F’”i (s))’ Fo(so) = FE%(0)

[= 7 coupled to 7y’

10.0+

D(s) =1-g(s)N(s), 50;
(9= O “Eo

g(s) = ( 0 97”7’)’ L (1)2

N(s) = [ Nenmn - Neooy
N7r77’—>7r7] N7rn’—>7r77’ ’ 0.0
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SFF: Coupled channels case (closed expression)

Fo(s) = H SpD(S) D(so)F(s0)

z

Iwamura, Kurihara, Takahashi PTF 58 (1977)

Sp and s;: poles and zeros of detD(s) Kamal 79, Kamal, Gooper '80

Fo (S)) s.=1390GeV 1o
FO(S) = (Fﬂ"’] (S))’ FO(S()) = FBW(O) |= 7 coupled to 7y

D(s) =1-g(s)N(s),

- 0
Q(S) = (QOT7 me)’

o - (s N,

Nm’—>7rn Nﬂn’-ﬂm’

0.1+

0045 05 10 15 20

Vs (Gev)
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SFF: Coupled channels case (closed expression)

Fo(s) = H SpD(S) D(so)F(s0)

z

Sp and s;: poles and zeros of detD(s)

7”7
(50

Iwamura, Kurihara, Takahashi PTF 58 (1977)
Kamal '79, Kamal, Cooper ‘80

) sz =1.390 GeV

’ Fo(so) = Fg"/ (0) 100;

D(s) =1-g(s)N(s),

9m O
g(s) =1 0 Gy
0 0

N(s) = Nerorn Nonrosrmry
Nkk ey

NKK~>7r'r/

0
01,
Ikk

N7r7]—>KK

S.Gonzalez-Solis (IFAE-UAB)

5.0r

Vs)l

=
IFo

1.0

0.5-

2.0r

[= 7 coupled to KK & |

N7rn—>7rn’
NTF’V] KK 8
NKK%KK
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SFF: Coupled channels case (closed expression)

Fo(s) = H SpD(S) D(so)F(s0)

z

d s.: pol d f detD lwamura, Kurihara, Takahashi PTF 58 (1977)
Sp and s;: poles and zeros of detD(s) Kamal '79, Kamal, Cooper '80

F3"(S)) s.-1390Gev
Fols) = (F’”i (s))’ Fo(so) = FE%(0)

1000¢
[= 7 coupled to i & KK
D(s) =1-9(s)N(s), 100,
g(S) = 0 Orny 0 s w
0 0 Okk !

0.1p
N7TU4’7\'7] N7r7]—>KK N7rn—>7rn’
N(S) = 71-7] -7 Nﬂ-nlﬂﬂ—nl NT”] '>KK 06 ) ) )
Nik Nickosrrr Nickookic 0 05 10 15 20
-7 KK—7n Vs Gev)
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Branching ratios predictions

Branching Ratio of 7~ - 7 nv;

Iny
S

10

% ) ;
2 100 Hayasaka PoS’09
=
1L 1 = (Belle)
2 sof
L L
5 o
5 01y 1 Y
[ _500‘6l\\\\\]l\lill\llllllll]g
'? 1\/14,((50V/c’)
< 001} 1
= o - o E
— Full: Vector + 2 coupled ch. T Monte Gario
0.001¢ — Scalar: 2 coupled channels E E = + E
— Vector g BaBar)
= 5n E
104 ‘ ‘ ‘ ‘ ‘ i +++ ,
0.6 0.8 1.0 1.2 14 1.6 1.8 z +
sof El
Vs (GeV) s
BRy BRg BR Reference % mass (GeVic?)
g-?g 1-gg 1-23 Tisserg}t,th;ong’82 P. del Amo Sanchez et.al
. . . ich’
0.15 1.06 1.21 Neufeld, Rupertsberger'94 (PRD 83 032002 11)
0.36 1.00 1.36 Nussinov, Soffer'08
[0.2,0.6] [0.2,2.3] [0.4,2.9] Paver, Riazuddin’10 BaBar -5 0
0.44 0.04 0.48 Volkov, Kostunin’12 BHGXP <9.9-10 95%CL
0.13 0.20 0.33 Descotes-Genon, Moussallam’14
0.9+0.2 2.70+1.10 | 3.60+1.12 Our prediction: Breit-Wigner (prel.) BRBelle - 7.3.10-°5 90%CL
0.9+0.2 | 0.28+0.07 | 1.18+0.21 | Our prediction: Elastic rescattering (prel.) exp
0.9+0.2 0.54+0.13 1.44+£0.23 Our prediction: 2 coupled channels (prel.)
0.9+0.2 0.31+0.08 1.21+0.22 Our prediction: 3 coupled channels (prel.) |in units of 10~°
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Branching ratios predictions

Branching Ratio of 7~ —» 77 7v;

oF :
— Full: Vector + 2 coupled ch.
-- Scalar: 2 coupled channels
L — Vector i
\; 0.]
o
[y
=0.001¢ ]
o
=)
—
107¢ 4
10—7 I I | |
1.0 1.2 14 1.6 1.8 2.0
Vs (GeV)
BRy BRg BR Reference
<1077 [0.2,1.3]-107° [0.2,1.4]-107° Nussinov, Soffer'09
[1 4.107%,3.4- 10*8] [6\0 -1078,1.8- 10*7] [6.1 -1078,2.1. 10*7] Paver, Riazuddin'11
1.1-1078 2.6-1078 3.7-1078 Volkov, Kostunin'12
10711, 107° [0.2 11078, 4.4. 10*8] [0.2 1078, 4.4. 10*8] Our prediction: Breit-Wigner (prel.)
10" 107° ~0.15-107° ~0.15-107° Our prediction: Elastic rescattering (prel.)
10~ s 107° ~107° ~ 1076 Our estimate: 2 coupled channels (prel.)
10~ s 107° ~107° ~ 1076 Our estimate: 3 coupled channels (prel.)

BREZEI < 41075,

BREZE <72.107°,

exp exp
S.Gonzalez-Solis (IFAE-UAB)

exp
1st Hadron network

BRSEC <7.4-10°°

90%CL
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Branching ratios predictions

Branching Ratio estimates: () - 7" 071, ((=e,pu)

dr _ GEVuaF. (0)P(CY")(s - mp)?
dvs 24m3M3s

~ 3 ~
{(23 +m2)qe,|F.(s)P + 4—SA72mm52q7m|Fo(S)|2}

Decay Descotes-Genon, Moussallam '14 Our estimate
n—mte ve+c.c. ~1.40.10713 1.9-10°1°
n-7tuTv, tec 1.02-10713 1.4.107'3
n > wte v, +c.c. 1.3-10°18
n > xtuTu, roc. 1.2.10716
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Conclusions

Conclusions

o 7 - n )y, are suppressed because of both G-parity and
isospin violation

@ Vector Form Factor: related to the very well-known vector form
factor of the 7~ 7" mode and, therefore, our predictions are robust

@ Scalar Form Factor: i) Simple Breit-Wigner non-analytic ii) Analytic
and elastic unitary (Omnes). iii) Proposal for coupled channels:
resonances generated dynamically through final state interactions

@ | would like to encourage experimental groups to measure these
interesting physical processes
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Extra slides

Possible new physics contributions: Charged Higgs
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