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SUMMARY:

» Hadron decays of the t lepton
* Theoretical setting: ¥PT, Large N., Ry T
* 1" > (W/K) yv.
T o>NT YV,

 Future plans
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Hadron decays of the t lepton :

v, q : h, See talks by
. - M. Jamin
. - g<h and A. Pich
T W N
q h,
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Hadron decays of the t lepton :

v, q : h, See talks by
. - M. Jamin
. : Qco and A. Pich
T W -
q h,

M = GT/%VCKM ua(v,)y*“@Q—ys)u()T,

T,= <Hadrons|(V-A)  e®«|0> = X,(Lorentz Structure) F,(Q?,s))

G i (n+1) v*
dF:WFZNCKM Fdd™ L T T

T
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Hadron decays of the t lepton :

v, q h, See talks by
- M. Jamin
and A. Pich
T W

Locp= Locp (9,G,78,m;)

M = GT\/%VCKM a(v, )y @A—ys)u(o)T,

T,= <Hadrons|(V-A), e®|0> = Z(Lorentz Structure) F,(Q2,s))

G i (n+1) v*
dF:WFZNCKM Fdo™ L T*T

T
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Hadron decays of the t lepton :

v, q : h, See talks by
M. Jamin
and A. Pich

h
Resonance Chiral Theory

Locp= Locp (9,G,78,m;)

M = GT\/%VCKM a(v, )y @A—ys)u(o)T,

T,= <Hadrons|(V-A), e®|0> = Z(Lorentz Structure) F,(Q2,s))

G i (n+1) v*
dF:WFZNCKM Fdo™ L T*T

T
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Hadron decays of the t lepton :

N a3 e
7 (s) — vl (p)v(k) Anne QeD
T ; W : /\\./\/y
G, )

M = 5V 017 A= 7)u(@)T,
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Hadron decays of the t lepton :

v, q T
T7(8) — vr(q)m (p)y(k) QcD ’LZ/
T g W v
q
G

M = 2V O(v)7 L= 7)u(@)T,

Structure . f ars P, E,
: M =G 1;.: ¥3 m iy Yk Uy, )(1 i - — — - T
mdependent‘E Brex = GF Vug € Bz € (k) (¢) (1 + %) (s-.f{ bk 23_;:) - (s)
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Hadron decays of the t lepton :

N
M _\/EVCKMU(VT)V A —ys)u(2)T,

Structure . f ars P, E,
: M =G 1;.: ¥3 m iy Yk Uy, )(1 i - — — - T
mdependent‘E Brex = GF Vug € Bz € (k) (¢) (1 + %) (s-.f{ bk 23_;:) - (s)
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Hadron decays of the t lepton :

V. a T
r(s) — v ()7 (p)y(k) Qch
. e S—." '-. ‘
)
Ge y

M = 2V O(v)7 L= 7)u(@)T,

Structure . f ars P, E,
: M =G 1;.: ¥3 m iy Yk Uy, )(1 i - — — - T
mdependent‘E Brex = GF Vug € Bz € (k) (¢) (1 + %) (s-.f{ bk 23_;:) - (s)
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Hadron decays of the t lepton :

\ a . F K
77 (s) — vr ()7 (p)y(k) AN Qcb
T ) W : /\/\/ v

q
G _
M = T;VCKM ua(v,)y“@—ys)u()T,

Structure ‘ B ’ s, ,-
independent | *MB... = Gr Vue Frmy € (k)i (g) (1 +75) (S T p ks F»:) ur(s)

iMip, = iGF Vg eTy, () 7 (1 — 75) s (8)Ewas € (k) k*p° FE(t)

Structure

dependent
iMip, = Gp Ve, (q) v (1 —7s)u.(s) € (k) [(t —mI)g,, — 2k.p,| Fi(t)
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Hadron decays of the t lepton :

VT a ; - TE_)K_
7= (s) — v (@) (p)v(k) VATV Qcb
T VAR
q

G _
M ==V, )y“@Q— 75)U(T)Ty

V2
Structure ‘ . , A S P
independent | “MiB... = Gr Ve Frmee Hﬂm&ﬁﬂtl+”ml(S_k'_p.k'_zs.k)i“(ﬂ

iMip, = iGF Vg eTy, () 7 (1 — 75) s (8)Ewas € (k) k*p° FE(t)

Structure
dependent
iMp, = Gp Ve, (q) 7" (1 =) u(s) € (k) [(t —m2)g,, — 2k,p,| Fi(t)
(ol v, i .
T\ = r A/x,”" E ’ jel
(d) v v (e)
’ s T
- Vi w-_ N p- - 7 W- S p- .
—— —— e Pablo Roig
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Hadron decays of the t lepton :

Ve a : : K
T (8) — v (q)m (p)y(k) VaVavay QCD
T W /V\/ Y
G q
M = \/%VCKMU(VT)Vﬂ(l_75)U(T)T#
Stru Ctu re . - £ — : 3 Sp Pu /k'n:’.z,r
independent | *MB... = Gr Vue Frmy € (k)i (g) (1 +75) (S i P F»:) Ur(s)

_ . o . ) .
Structure tMigy, = 1GF Vua ey, () 7" (1 —75) ur(8)epvas € (k) E7p
dependent
E‘Jl.VIIBﬂ - {;TF 1;"{ EE”T (q] ﬁrp{l o A-'::-J U [S} EH“':] [(f - ?ﬂ'gjgpzx - ka.pif

2
d“I’ _ mTr Y
drdy 25673

| 2
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Hadron decays of the t lepton :

\ a : F K
r(s) — v@T P(k)  TsAasAse QD
T ; W : /\/\/ v
G, )

M = ﬁVCKM ua(v,)y“@—ys)u()T,

Structure ‘ . , A S P
independent iMip, ., = Gr Vuae Frm. €' (k)t, (g) (1 +75) (S k p-k 2s- F»:) ur(s)

_ g L
Structure tMigy, = 1GF Vua ey, () 7" (1 —75) ur(8)epvas € (k) E7p

dependent
M, = G Vi (6) (1= 39) - 6) € (8) [(6 = m2)g, — 2k, FA 1)
d*T .
_ mT : |,i\/t |2
drdy 2563
2s - k _ 2s-p m m
R V= By = ?TI Er = TTy

T T Pablo Roig =
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Theory setting: yPT, Large N., Ry T

Low energy expansion Intermediate region

(‘t Hooft 74, Witten '79)
.

oo # 0-width resonances

pz’mz p2’m2
(4zF)"" M

Tree level diagrams

A

Matching the OPE

\
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Theory setting: yPT, Large N., Ry T

Low energy expansion Intermediate region

(‘t Hooft 74, Witten '79)
.

oo # 0-width resonances i: Only one nonet
Tree level diagrams Off-shell width

p2,m2 pZ,mZ
(4zF)"" M

A

Matching the OPE

\
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T > YV,
Hadronic contributions

Axial form factor

T T
il il

=

J« 4 L A gl ay 7 ar | ¢ ¥
AN SN\ ®—LN§“N¢ C@Nl\’qv% AVAVAL IVAVAU VAVAV

Vector form factor

T m T T
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T T YV,

| m ™

MM@—WW

Hadronic contributions

Axial form factor

i m

aj . a; P N

-

|’“ |3'T |

Evth fixed ~ W

Vector form factor

|
F, 4.
@Y\ﬁm)\/\/}!m Pablo Roig
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Hadronic contributions

Axial form factor

T T YV,

| m | ™

MM@—WW

| "

Fa = Fa 5 F
aq 5 ap p” y

Vector form factor

Prospects in Hadron ©1 decays

-

|’“ |3'T |

MM FANAN,
Evth fixed 7 r2¢

(One c; contributes to both diags)

7 19 > 10
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The program (for hadronic T decays)

e After evaluating the matrix elements, we require
the short-distance QCD constraints. This reduces
the number of independent couplings and
renders Ry T predictive.

 Then we perform a phenomenological analysis
using all the available information at hand.

* For the previous step a faithful description of the
off-shell width of the broadest resonances is
mandatory. (Phys.Rev.D62:054014,2000; Phys.Lett.B685:158-164,2010)
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High-energy QCD constraintsont™ —> "y v_

(more details in backup slides)

- If one subtraction is assumed, no conditions on axial form factor.

(Decker, Finkemeier "93)
« If no subtraction is assumed in the axial form factor, the results are
consistent with those in T~ = (PPP)~ v_

(Phys.Rev.D81:034031,2010; Phys.Lett.B685:158-164,2010)

X F
F{.E.- (t = —o0) = 7 ( B rodsky, Lepage’ 79, ‘ 81)

* In the VFF the results are consistent with those in t= = (PPP)~ v,
(Phys.Rev.D81:034031,2010)
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Axial form factor

Fa = Fa F
NNANNN, AN AN
aj q a; P N

-

|’“ |3'T |

Evth flxed 7 éww

7 19> 10 > 2

Vector form factor
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The program (fort™ >t~y v,)

* Short-distance QCD constraints required to the
participating axial-vector and vector form-factors: 10
unknowns — 2 free couplings (isospin breaking).

* These 2 unknowns can be predicted using QCD high-

energy conditions for the VVP Green Function ghep
0307:003,2003)

* Since this mode has not been measured yet there
are no experimental constraints but we can give a
parameter-free prediction to be tested with the
discovery data.
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dl/eke/T'-

T T YV,

Model independent prediction: Only WZW for the VFF
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Prospects in Hadron ©1 decays

Ea

dld=T-

0.006
0.004

0.002
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T T YV,

Model independent prediction: Only WZW for the VFF
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For any reasonable cut on E,, this decay should have already been discovered by the
heavy-flavour factories
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T T YV,

All contributions
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T T YV,

All contributions
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T T YV,

o TR . ) )
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T >K yv.

All contributions

]
L}
L]
i
L a
ooxsk
r 8
[ ]
(]
L]
.
1}

L0220
. .
= [ [
i Y
S ooosf N
0015
. [ %
2 \
= L %
0010 *
.
L s“
- *‘*
0005 .

0.000 [omememmat

B e e

T
Sm.
-
oy

02 0.4

00010

0.0008

00005

T

00002

dlid=1

0.0002

0.0000

ooz l—m—

Prospects in Hadron ©1 decays

: : : 0.003
= ALLA-38 | ] i
A
ATLH=37" | ] 0.004
(1] IB -
- INTi#,=58"1 | ]
INTI# =372 4 _r
R ] = 0.003
[T . s
] - L
] C 0002
] 0.001
l-""'l'. 7]
' ek T B I
L Sam= "'.I'"- | 0000
0.6 0.8 0.5
X
T T T 00035 T T T T T T T T T T T T
[ — SOV =58
o SDNH=3
Q0030 - '_.gﬂ-:_-" = = -V
o p L™ - VA =58
C L2 * Ve =37
anms &F *, A =300
0.0025 r # L L _-'L_-'LuH_,‘:: 587
. s, sy ANE =37
.
& oooof 7 i
! . I
; N #
= D001SE i
= o [
= C ‘*'
[ ']
ooolaf !
o ]
r 1]
o ]
00005 | ¥
: ‘; -"i‘=,_,_._-_
C F -l
00000 [l e s o . = ——
L L L L L 1 1 L L 1 L L L 1 1 L L 1 L 1
0.6 08 0.2 0.4 0.8 0.3

Pablo Roig
LPT (CNRS), Orsay (France)



t = (pr—q)* = (k+p)* = MZ(z+y—1)

T >K yv.

All contributions
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Hadron decays of the t lepton :

v, q hy
QCDh h,
T g W 1q - h,
G _
M = TZVCKM ua(v,)y“@—ys)u()T,
T - h1(p1)h2(p2)h3(p3)vf
Q.Q, ,
(p,+p, +p,)" =Q, Vly :(gyv B ﬂz J(pz -p)
21 Q 3
Tu :V1ﬂ F +V2,ll F, +Qu Fo *&iguvpa P, p,’ pso/Fv
V3H
T _ Ge” [V I dsdt £ 11,1
dQ® 128(27)°M ° ot Pablo Roig
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T — T]TC_ TCO 'VT (D. Gémez Dumm, A. Pich, P.R)

Only Vector form factor

2 MR P yPT at LO

RyT, 1R D

Pablo Roig
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T — T]TC_ TCO V.. (0. Gémez Dumm, A. Pich, PR)

Only Vector form factor

v HE P Evth fixed

o V dUG/

N

Prospects in Hadron ©1 decays
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T — nm TCO V. (0. Gémez Dumm, A. Pich, PR)

Only Vector form factor

2 & P Evth fixed

Computation
18 - 13

Pablo Roig
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High-energy QCD constraints

1~ — (PPP)~ v, (D.Gdémez Dumm, A. Pich, J. Portolés, P.R)

Im Iv,a(q’) (Floratos, Narison and De Rafael '79)

q-E o] ]_l-"l_

v Wa = —(VI'F + V3 F) (Vi iy 4 Vo, B3)°

42 T_. Tr
him ‘ ds f? df _11;2 =0 And analogously for the vector form factor
2 —oo | i ()= ): . *

S ‘ (%) with Wg = (F3 Vg, J(F3V3,)

Ne My Fy
vty o = 1t = —ge 'P
V cp—ecy+oc; = 0 -2 - o5t e = D6 "v'@ F2
Ne M2
vVve ds = — 10272 2
Ne M,
y 00 g2 = gt 29— g5 = 0

A7 oo
19272 /3 F,
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T — nm ‘JIU 'VT (D. Gémez Dumm, A. Pich, P.R)

Only Vector form factor

7 M P Evth fixed

Computation

18 - 13/1—) 4
\ Imposing high-energy QCD constraints

Pablo Roig
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The program
e Short-distance QCD constraints\/

* Then we perform a phenomenological analysis using all
the available information at hand.

(Only BR fort™ — nmw 70 VT). Use of <VVP> (Ruiz-Femenia, Pich and
Portolés'03) constraints (2 relations).

2g, + g from ©@—>371 ¢, from T~ = (KK7)~ v_ (Gomez-Dumm, Pich,
Portolés, R. arXiv:0911.2640)

* For the previous step a faithful description of the off-
shell width of the broadest resonances is mandatory.

(Gémez-Dumm, Pich, Portolés arXiv: hep-ph/0003320) (Gdmez-Dumm, Pich, Portolés arXiv:
0312183) (Gomez-Dumm, Pich, Portoles, R. arXiv:0911.4436)

This way, the BR reported by PDG is obtained in T~ — nm 7’
v, for natural values of the remaining 2 free parameters.\/

Pablo Roig
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T — 'I"lTI_ TEO VT(D. Gémez Dumm, A. Pich, P.R)
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T— —) T] 'n_ nO V‘C (D. Gomez Dumm, A. Pich, P.R)
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T —> nTc_TCO (Collaboration with D. Gémez Dumm, Pich)

- -0
T—>Nn v

fe-15 , , .
| [— 4,=-105T8 |
. d,=0461 i
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T —> TlTC_TCO (Collaboration with D. Gémez Dumm, Pich)
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Je-15

25e-15

2e-15

.L]

—

Je-13

B

dI7dQ" (GeV

le-15

Se-16

T 9 n TC_TCO (Collaboration with D.

Gomez Dumm, Pich)

— d=0578

e d,=0461
e, =-0.0643

—— =, =0.0560

e, =-0.0226 d,=0385
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+A-
e e 9 nTCTC (Collaboration with D. Gdmez Dumm, Pich)

Using CVC, one can relate the form factors appearing in T decays to those in e*e
scattering into the same hadron states.

. + -
e e -=NN N

4, =10578
25 |- d, =0.461 yd
¢, =-0.0643 Y
—— &,=00380
— e, =-00226,d,=0.589 £

3 { 1idn)
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(Guerrero, Pich "97) T — 1T 1‘[0 vV (Pich, Portolés ‘01, ‘03)
I I I I

CLEQ-II data
O C ALFFH data
—  Ouwr fit

— —  Guerrero and Pich (MP=D.??|5 GeV)

I I I |
0.5 0.75 1 1.25

Vs (GeV)
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— = 1 10 V. (Pich, Portolés 01, 03)

B ! 1
1.5 —
oy
g
1 |
—  Our fit .
_MD-2 data
0.5 |
075
1
s (GeV)
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10 g — I — I — T m— T N B g

E ¥*Indf =79.5/81  Chiral form E

10°F ¥ /ndf =88.7/81  Combination BW =

- . J 7

| n'd ]

i K= |

%102 - F+ (S) |

z

' . . { 1

10'F K'(892) + K'(1410) + E

f scalar form factor T

10°E -
0.6 0.8 1 1.2 14 16 18

1:— - ( K nL V_  (Uamin, Pich & Portolés, 08)

Vs [GeV]
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1~ —> (3n)" Vv,

(Gomez Dumm, Pich, Portoles R. aFX|v 0911. 4436)

| | |
I [/ﬁ e ALFPH data i

0.05 — I/ RxT.p —

f
I,i

0.06

(1/dD) dTVdQ (Gev™)
5
|
b

=

o=

st
|

0.01 —

(Phys.Lett.B685:158-164,2010)
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Lo (Gémez-Dumm, Pich, Portolés, R.
(Phys.Rev.D81:034031,2010) T->K K V. arXiv:0911.2640)

008 Qur result: All contributions
| ==- KS: All contributions

0,06 —

"

(1/T) dI7/dQ™ (GeV ")
2
|

"

0,02 —
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.00 (Gémez-Dumm, Pich, Portolés, R.
(Phys.Rev.D81:034031,2010) T->KKmv, arXiv:0911.2640)
— Our result: All contributions| | | |
0.08 | -—- KS: All contributions ]
o 0.06 —
>
w
o L
g
= 0.04
=
o |
0.02 —
0 |
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Use in data analysis

e Tt decay dynamics is interesting in low-energy experiments (Eur.
Phys. J.C66:585,2010).

* In order to obtain full benefit of precise data collected at t-c
factories, one should exploit the synergies of theory, and MCGen
for bkg estimation and data analysis. For this purpose, TAUOLA (Z.
Was talk, arXiv:1001.0070 hep/ph) is an essential tool at disposal of
the experimental community that can be interfaced to their
software (arXiv:0812.3215 hep/ph).

 There are as well interesting applications in high-energy Physics. In
particular, in the Higgs discovery program at ATLAS
(arXiv:0901.0512 hep/ex, arXiv:0903.4198 hep/ex)

* Close communication between experts in the theory and MC side
and experimental Collaborations should be fostered (TAU10
conference and the satellite WG meeting are ideal arenas for that).
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SUMMARY AND FUTURE PLANS
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SUMMARY

* Resonance Chiral Theory is a convenient framework
to study hadron decays of the tau based on some
properties of QCD: its chiral limit, its large-N, limit
and its known asymptotic behaviour.

* We have applied it to the study of the 1~ — (/K)~ vy
v. and nnr decays and checked the consistency of
the whole procedure with previous results in other
1~ — (PPP)~ v_processes.

e Our results (also wt and Kxt) are being implemented
in TAUOLA providing the experimental community a
theory based tool to analyze these decays.
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FUTURE PLANS

 We are studying some remaining relevant modes 1~
— (PP/PPP)~ v_: Kn, KN oito, Escribano, roig), KTTTT (Gomez-
bumm, Jamin, Pich, Roig). VW€ plan to study KKK and KK decay
channels.

* |tis not likely that we are able to tackle the nrntm
and Kntrt decays in the near future.

* The extremely important decay channel tt may be
revisited in the light of new data in order to obtain a
more accurate theory input for the TAUOLA.
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Short-distance OCD constraints

* Axial form factor: No subtraction is assumed and the results are consistent with those
int — (PPP) v.. (Phys.Rev.D81:034031,2010; Phys.Lett.B685:158-164,2010)

2Gyv — Fy
242 F,_Al

Restrictions found in "> yv.: F,. = 3F FGy = F2 F=+3Gy \'=

+ Weinberg Sum Rules:  Fp—F3 = F* MZFE: — M5F3; =0
(Phys.Rev.Lett.18:507-509,1967)

..1IJr ? i
+ Relations for <VAP>:  \'= - -'-’:":u Ahg =N 4N
oY LWV
(Phys.Lett.B596:96-106,2004)
F2—9F? | My = 2L
1,...-_."1.'-{_._
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Short-distance QCD constraints

FTL (t =+ —o0) = —
 Vector form factor: Brodsky Lepage behaV|our demanded. The results are consistent
with those in = — (PPP) v.. (Phys.Rev.D81:034031,2010)

.. i NeoMy Fyv
Restrictions found int™ > n yv,: ¢ —eat+ey =0 05~ 0% = Sov2niFy | V2M, a3
P2t
+ Weinberg Sum Rules:  F2-F?2 = F* MZFZ — M3F2 =0
(Phys.Rev.Lett.18:507-509,1967)
+ Relations for <VVP>. ¢ —c5 = b; }j}
(JHEP 0307:003,2003) et
4, — Ny In agreement with (Phys.Rev.D81:034031,2010)
192722 504 deviation with respect to relation in (JHEP
0307:003,2003): ,  NoMZ  F*
s 64m2F2 N REZ
Pablo Roig
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Axial form factor and a,:1- — (3w)" v,

(Gomez-Dumm, Pich, Portolés ‘04) (Gomez-Dumm, Pich, Portolés, R. arXiv:O911.44367
+(Phys.Lett.B685:158-164,2010)

P LT
. ,/
/\ - 3
RyT, 1R . . o "
™~ ~
™~ o ~

RxT, 2R o
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Axial form factor and a,:1- — (3w)" v,

(Gomez-Dumm, Pich, Portolés ‘04) (Gomez-Dumm, Pich, Portolés, R. arXiv:O911.44367
+(Phys.Lett.B685:158-164,2010)

f{f, 7y P iy
P o e
RXT, 1R / S GuFy gt s
~ S~
RyT, 2R ® -

~
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Axial form factor and a,:1- — (3w)" v,

(Gémez-Dumm, Pich, Portolés ‘04) (Gomez-Dumm, Pich, Portolés, R. arXiv:0911.4436)
~(Phys.Lett.B685:158-164,2010)

xPT O(p?) 3 F R .
,/‘"'f “ 7
P ~ i P ~
RyT, 1R / Gy Fy g = ¢ S
. ~
7 unknown
. ;\. P RH'""“H, .
RyT, 2R ot . couplings
T~
RE’
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Axial form factor and a,:1- — (3w)" v,

(Gomez-Dumm, Pich, Portolés ‘04) (Gomez-Dumm, Pich, Portolés, R. arXiv:O911.44367
2 unknown (Phys.Lett.B685:158-164,2010)

couplings

Brodsky-Lepage behaviour demanded to the Form Factors (7-6 = 1 coupling).
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Axial form factor and a,:1- — (3w)" v,

(Gomez-Dumm, Pich, Portolés ‘04) (Gomez-Dumm, Pich, Portolés, R. arXiv:O911.44367
2 unknown (Phys.Lett.B685:158-164,2010)

couplings

Brodsky-Lepage behaviour demanded to the Form Factors (7-6 = 1 coupling).

We have improved the off-shell description of the a, width by including all cuts
corresponding to 37 and KKr intermediate states in the A-A correlator.

The value of this coupling that provides a pretty accurate description of ALEPH data
Is consistent with the prediction from <VAP> (Cirigliano, Ecker, Eidemdller, Pich,
Portolés '04).
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Axial-FF and the a,: I', (in TAUOLA)

(R., Shekhovtsova, Was in progress)

T | T | T l
0.5 = — Only with 3pi —
— Including KKpi -
04 _
2 03— —
2
S Implemented by Olga ]
02 Shekhovtsova in TAUOLA B
0.1+ _
0 | | | | | |
1 2 3
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Axlal-FF and the a; a,:1" » (3n)" v,

(Gomez-Dumm, Pich, Portolés, R. arXiv:0911.4436)

2.5e13 |

2e-13 —

1.5e13 —

dr/dQ’ (Gev Y

le-13 —

Se-14 —

ATLEPH data .
— RyT,nop’
— Ry T, p° —

Prospects in Hadron t decays

(Phys.Lett.B685:158-164,2010)
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Y PT: The low-energy

EFT Of QCD (Gasser & Leutwyler '84, ’85)
Zii+_ﬂg - K*
2 6
2 Goldstone
s =| _E + T‘é K° Bosons
‘- R _%a SU(3), ® SU(3);, — SU(3),

i¢(X)j
u(x)=exp| == 1|, u
(x) p(\/fF p
7 =2B,(s+ip), z.=u"pu"+uyu
f” =uF“u" +u'F,"u
: X —h(g,®) X h(g, D)’
L()Z=F—<U u/l+Z+> (g ) (g )
4 *
£9 = Luu? o+ Luu) (o ++ L+ =il uu) +.
LYz In the odd-intrinsic parity sector

i[u'(@,—ir,Ju-u(@, -l )u'|
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RYT matching to the OPE allows it to
reproduce QCD high-energy behaviour:
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RyT matching to the OPE allows it to
reproduce QCD high-energy behaviour:

6
&
e‘%\
Q}\

’3?6;)6

o

e
\S N

&/o
Qs

1/Nc
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Resonances+

Goldstone TOOLS : RXT (Ecker, Gasser, Pich, De Rafael ‘89)
Bosons (Ecker, Gasser, Leutwyler, Pich, De
Rafael ‘89)
0
IO 0)8 + *+
. £ _ 4+ 8 K
LA, =0 +L"'”VA+£V + L, + Lypp; 2 6 i
uv H V (X) — - _P_O_i_& K*o
LV 2\/_ <V/” + > J_ <V,mu u > uv p \/5 \/6
L (A Antisymmetric tensor formalism K™ K™ _ 2w
A~ 2\/_ v - y \/6

wp = Zﬂ,,oi(v,,v, ALY = 2V A 1)

L( PI :—)

7

Lye = Zhj O'(V,,.J',0"9) =

i=1
5

G .
=L yowvzwy T Lyge T Lvp + Lyppps

(GAémez Dumm, Pich, Portolés '04)

VMD
e P

uv

v (Ruiz-Femenia, Pich, Portolés '03)

w =200V, V0 0) = Uit € {W,vm Fu)+.

i=1
5

&g e (Gémez-Dumm, Pich, Portolés, R.
fre = 230 O Vo) = O 0 5ixiv:0911.2640)
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TOOLS : RXT (Ecker, Gasser, Pich, De Rafael ‘89)

(Ecker, Gasser, Leutwyler, Pich, De
Rafael ‘89),...

P =+) e kin .
L(I RzT_ﬁ z+£ V.A+L\/+LA+£VAP’

L=,y By pny vt ak :»<
2[ ’ V2 A
A, f" H R
L, = 2f< M LN —

Z/’LO (\/,UV’ AIUV ¢) ﬂ‘1<[\/,uv’ A:UV]Z >+ I I I
L(PI - L(A)I(WZW) + Ly + Lyvp + Lyppps

7

1/ i v pa o ‘(}H
Lup = ;MVO(\/W, LR e NARA SR %
. | Q V V
L,

w=) d0'(V, .V, 4)=de, (" V" Fu)+.. () | | |
200V, V0 ) = et <\{ ¥ y \
Lyppp = Zl\j—lo (V,10)=—— ﬂvaﬁ<{lvuuﬂ })"‘ ® ?
¢
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Ry T APPLIED

i  F ,u® / 0 23 unkpown
P \ couplings
? ¢
®
Vv
0) ®
8i ¢ d, ¢
Vv Vv Vv
¢ vHEI .\l
¢ cp\cp
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The axial-form factor and thea;: - > (37)" v.
(Gémez-Dumm, Pich, Portolés '00) (Gdmez-Dumm, Pich, Portolés, R. arXiv:0911.4436)

M S 1
[ (s\)=—2—|c°® O(s—4m ) +=0c>, O(s—4m. °
p() 967Z'F2_ T ( 71') 2 K ( K)

Fal (QZ) :Falsyz (QZ)_I_I—‘alKRﬂ' (Qz)_l_ral(K:r)oKo (Q2)1

V4 1 Q2 ' |
r,° (Qz):48(27r)3|\/| s [[dsdt FV,,+F,V,,

Gl

N, 4FV, | F - —Q

| \FFAQ

(Phys.Rev.D62:054014,2000) (Phys.Lett.B685:158-164,2010)
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