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Motivation

@ QCD not analytically solvable, reduce complexity with hadronic
models that apply the symmetries known from the QCD Lagrangian:
e 7-decay involves strong and weak interactions

@ 7 spectral functions from ALEPH collaboration
ALEPH Collaboration, S. Schael et al., Branching Ratios and Spectral Functions of Tau
Decays: Final ALEPH measurements and physics implications, Phys.Rept. 421 (2005)
191284, [hep-ex/0506072]

@ Determine effective electroweak interactions for hadronic degrees of
freedom in the vacuum.

@ Results can be used to perform calculations at nonzero temperature
and density (e.g. dilepton decay rate).

@ Understand the nature of resonances such as aj, e.g. gq or prm-state?
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ALEPH Inclusive Spectral Functions

Vector Channel 7 — v,.27v, Axial-Vector Channel 7 — v, 3mv,
.F —— < T =)y, ALEPH 91-95
4 1.2 — Perturbative QCD (massless)
55| i e ~ Parton model prediction
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B(t — = n%.,) = 25.47% B(r — n727%, + 2 ntv,) = 18.28%
o= - - o
P>~ qv.Tq a1 = qYuTYs5q
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@ Resonances are associated with gg states in the Ny =2 and / =0,1
meson multiplets of U(2), x U(2)g according to the quantum
numbers of their decay products.
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What do we know about weak interaction?

e SU(2) x U(1)y gauge symmetry with gauge fields W* and B*

e Weinberg mixing between SU(2), x U(1)y gauge fields B*, W} to
physical interaction fields A*, Z[' .

o Cabibbo mixing, flavour eigenstates are not weak eigenstates.

@ Charged interaction violates symmetry under Charge and Parity
transformations but preserves combined CP;
W/ act on left-handed particles, right-handed antiparticles only

P, = 1*275 Pr = 1+275 ]
@ Charged bosons induce flavour-changing processes.
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Linear Sigma Model

@ Hadronic degrees of freedom are the light Nf = 2 meson multiplets,
represented by the matrix-valued fields &, L*, R*:

& scalar S (o, ), pseudoscalar P (1, 7).
LH(R™):  vector VH (wh, pi),  axial-vector A* (£, a}).

@ Strong isospin algebra with generators

10 o
t0_§<0 1)7 ti:?l7lzla273

® = (0 + in)ty + (30 + i7)E,  LA(RM) = (wh £ F)to + (7 + 51)F

e 7-decay can be calculated within Linear ¢ Model after including
electroweak interactions
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Lagrangian

LAom = Tr[(D“(D)T(Dl‘(D)] _ szr(‘DT‘D) _ )\1[TI’(¢T¢)]Z . AzTr((DT(D)Z
- %Tr[(Lg")z + (R )+ SETA(L"Y + (R*)] 4+ T H(® + )]

+ c(det & + det ®') + higher order couplings of &, L*, R

D,d=0,% —igi(L,® — ®R,) , (L, R)4=0"(L,R)" — 8"(L, R)*

1 Invariant under global U(2), x U(2)r transformations
¢ — o =U U}
" — " = U L"uf
R* — R"' = UrR"U}.

2 Symmetry is explicitly broken to U(1)y, baryon number conservation.
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Spontaneous Symmetry Breaking and Mass Splitting

@ p and a; are chiral partners, m, = 0.7755 GeV , m, ~ 1.23 GeV

e for m®> < 0 we obtain infinite number of degenerate groundstates
in the (pseudo-)scalar sector shifting o — o + ¢ generates
i) mass difference between the chiral partners p and a;.
c’)2 (;)2
mi =mi+ D2(h14ha+h3), mi =mi+(gido)®+ 2 (h1+4ha— h3)

ii) 3 point interaction vertices and mixing terms in (D*®)'D,® that
are proportional to the VEV ¢g
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SU(2), x U(1), Transformation

@ mesons are gq composite fields
a subject the composite quark fields to a SU(2), x U(1)y
transformation
b apply Vector Meson Dominance and consider left-handed fields L, as
left-handed hadronic vacuum fluctuations of W boson

@ transformation laws

o — o = UoUl

e — = ULt

Rt — RM' = UyRrUL,

Bt — BM' = UyBrUy+ LUy0mU}
we —  wr' = U WrUl + LUty

@ covariant derivative

Dt = o1d — gy (LHd — ORH) + ig’dBH — igWH .
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Weinberg Mixing and Cabibbo Mixing

e neutral bare SU(2), x U(1)y gauge fields B*, W}' are related to
the physical fields A*, Z* by

wj _ cosOw  sinfw \ [Z*
B+ —sinfy  cosfyy AH

e =g cosOy = gsinly

and

@ strong isospin eigenstates d, s, b are related to the weak eigenstates
by the CKM matrix

@ Cabibbo mixing
d\ [ cosfc sinfc d
s'" ) 7 \ —=sinf¢c cosfc s
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Covariant Derivative and Field Strength Tensors

@ covariant derivative in terms of physical weak interaction fields and
weak eigenstates

Db = "d — igy (LD — ORM) — ig cosfc(Wi'ty + Wi'ty)d
—ieAM[t3, ] — ig cos Oy (ZF® + tan? Oy, S ZH)

@ also redefinition of the field strength tensors for left- and
right-handed fields

L = é(@“L” — ig[WH, L] = 0" L* + ig[W", L*])
@ chirally invariant term that generates W-p mixing
Lw, = gg cos Oc Tr[W,, L*]
with

W = 9, W" — 8, WH — ig]WH, W"]
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Lagrangian with weak interaction

. 1
LloMew = Tr[(D”’CD)'(D”’CD)] + 1Tr[(L/“’)2] + gg cos OcTr[W,,, ']

2\[ (W, Gy, v (1 = s)ur + h.c.)

from local SU(2), x U(1)y symmetry
generates W-p-mixing and also contribution to W-a;-mixing
from Glashow-Salam-Weinberg Model of electroweak interaction

ay 14

= ~ g1 + 0s PO ~0s

exchanged momenta small compared to W mass

o s . !
(e w Fermi coupling constant
Vr GF — g

2V2M2,
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Effective Couplings

Wp : L";ZC ds W ph* + h.c.Jr
Way :  £95°€ (s — g105)W, af " + h.c.

P

e _ g2 cos g2
4v2M2,

Spectral Densities
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—
gcos0cdq? P
2
vr v
T 1-k2 /M3, —_— g2 cos 0c (56> +9163)
[ a 4V2M3,
—

gcos 0c (56> +9143)
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@ Decay rates of 7 to p and a;

r'r%pu.,.(s) ) rTA)alu.,. (5) .

@ Spectral densities (in a form suitable to compare to ALEPH data)

n(s) = Ca (85)? pvs(s)

ai1(s) = Cy (s — g103)? PAS(S)

@ Chiral condensate is related to the pion renormalisation constant Z
and the pion vacuum decay constant f; as

¢o = Zfr .
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Vectorchannel Spectral Function

[

a5l m, = 077549 GeV
¥ T, = 0.14910GeV

6 = 020625

Spectral density vi(s) based
on I, —ro(s) calculated
from global U(2); x U(2)g
Linear Sigma Model by Par-
ganlija, Giacosa, Rischke.

s ([GeV?])

e m, = 0.77549 GeV, prﬁrwo(mi) = 0.149 GeV
@ Only one free parameter 4, fixed to obtain peak value.

’
/

T I“ ™
@ Only \< -

Ve
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Improve agreement by refitting p mass and width:
0 =0.20397, m, = 0.75515 GeV, T,- .~ o(m,) = 0.1415 GeV

3

Ty

m, = 075515GeV
T, = 0.14150 GeV
20| o = 020397

vils]

L5 2

s ([GeV?])
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Axial-Vector Spectral Density

i LR o S L
1 Moy = LOSGY
T =
o ity B ; 14337
Q}W “H‘.M T Tw(@) = 04545GeV
Z 08r i H z = 138686
e it HH Tn(@) = 0.600GeV

Spectral density a;(s) based
on Fa;_ﬁﬂ(s) calculated
from global U(2) x U(2)r
inear  Sigma odel by
W‘*WJ Li Si Model b
s Parganlija, Giacosa, Rischke.

3 35
s ([GeV*])
e m, =1.08 GeV
@ No free parameter, § fixed in vector-channel
T W "lT‘ Cowm ,-”T
@ From \% only \“{4\
°

T W '_/:,- T w_ ’:— T W (i(’
There are also \< < \<‘
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Conclusion and Outlook

@ Vector Spectral Density is well described with weak hadron-coupling
d ~ 0.2 within the global U(2); x U(2)g Linear Sigma Model.
@ Consider other contributions to Axial-Vector Spectral Density:
e  may in fact be larger due to destructive interference effects from
additional contributions in the vectorchannel, that will be considered.
o other contributions in the axial-vector channel that are not included
yet.
@ After fixing the parameters:

o calculate dilepton decay rate within LoM.
e go to Nf = 3 and calculate K — 27 and K — 37 to study
parity-violating effects.
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The s-dependent Decay Widths

Conclusion and Outlook

o, —no(s):
3
m° 2|2
Mo m—mo(s) = W {1 - (2\%') ] [812° + &(1— 22)]2

_ (2n)? 21 Vsl —o(s)
vi(s) = N (99)° ¢ mmprcaT, 0@

© Iapr(s):

V2 12 I pery2
ralap'fr(s) — % I:hf“’ _ (hu:fzﬁ) _ (hur:P ) + (hu;me1)
P ar pal
V5 Tay—pr(s)
ai(s) = e (65 + &103)° L Vi

s o2 PV Tay—pr ()P

- —n-n0(s) and I3 pr(s)calculated from global U(2), x U(2)g Linear
Slgma Model in D. Parganlija, F. Giacosa, and D. H. Rischke, Vacuum Properties of Mesons

in a Linear Sigma Model with Vector Mesons and Global Chiral Invariance, Phys. Rev. D82 (2010)
054024, [arXiv:1003.4934]
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Axial-Vector Spectral Density

Fitted axial-vector spectral density

L4}

[ ) & SUNE o5} ST8
L2r 6 = 025656

May = 109160 GeV

zZ = 14873
LoF _

0.4051G=V

T(@)
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0 0.5 1 1.5 2 25 3 3.5
s ([GeV*])
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Representation of the Fields

S scalar, P pseudoscalar:

o =3 (S, +iP,) < \TZ Gtaq + Gta75q)t )

L

=0 a=0
o+ a3 +i(n+7°) ag +im"
ag + i~ o—ad+i(n—n°)

V,, vector, A, axialvector:

3
(Va + Aa) (N \/EZ(C_TYM taq £ ata'Y;L'YSq)ta>

a=0

N

Mw

(LR)u =

o
Il

[l
N |
/. °

(w,lt + /’2) + (f]-lt + a(]?p) p/l + alp, >
p; + al/l, (wﬂ p/;,) (ﬁ-# al/L)
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