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Motivation

@ not all low energy resonances can be explained within the
constituent quark picture
@ too many observed states and some of them even have exotic
quantum numbers
@ broad resonances and blurred thresholds, mixing of states with same
quantum numbers
o for example: a; meson JP¢ = 1*F at around 1.2 GeV
i) mass and decay width?
ii) chiral partner of the p meson or just a pm molecule-like state?
Wagner Leupold [arXiv:hep-ph/0801.0814]
@ what about the other interactions that govern the phenomenology of
our low energy color neutral objects?
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Motivation

@ not all low energy resonances can be explained within the
constituent quark picture

@ too many observed states and some of them even have exotic
quantum numbers

Conclusion
o

@ broad resonances and blurred thresholds, mixing of states with same

quantum numbers
o for example: a; meson JP¢ = 1*F at around 1.2 GeV

i) mass and decay width?
ii) chiral partner of the p meson or just a pm molecule-like state?
Wagner Leupold [arXiv:hep-ph/0801.0814]

@ what about the other interactions that govern the phenomenology of

our low energy color neutral objects?

@ in the constituent quark picture mesons are color neutral composite

objects of quark and antiquark

@ reduce complexity of QCD interaction by effective hadron hadron
interaction in models with hadronic dofs and symmetries known
from the QCD Lagrangian.
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Z = Zueson + Lharyon + Lailaton + Lweak
Lmeson = Tr[(D,®) (D" ®)] — mp Tr(dTd) — A [Tr(¢Td)]* — Ao Tr(dd)?
+ cu(det ® — det®1)? + TH[H(® + ©1)] — § Tr(L2, + RZ,)
e[ (Tora) (G + R + E (L, L)) + TR R R
+ %Tr@b%) Tr(L2 + RY) + ho Tr[(L, ) + (PR,.)?] + 2hs Tr(L, SR* 1)

+ chirally invariant vector and axialvector four-point interaction vertices

Laryon = U11iv, DYy W1 + Vigiy, DigWig + Woriv, DisgWar + Warivy, D War

— 81 (V1 0V + Vg0V, — §2(\T’2L¢T\V2R + ®2R¢TW2L)
— MUy Wag — Uiy — Uy Wig — WopW))

e

4
az)di]aton - %(G”G)Z — EE (G4ln ‘%‘ — GT)

gcosfc

.Z:\,mk:(sw Tr[Wo L] + Sem = Tr[BWR‘“’]+ Tr[(W‘“’) (B"*)?]

2\[ (W, Gy, vu(1 = vs)ur + h. c)
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Ng =2 and Ng = 3 meson multiplets:

(Pseudo-)Scalars ®; ~< q.gr >j=~ %(q;c‘]j — qivs3;)

(on+ad) i(ny+7° . .
1 o +7(”‘i/g ) ad +irt Kyt +iK™*
b =" a4+ ir (rerag) + i('r]NfﬂO) K*O + I-KCI
V2 0 vl 2 0
K§™ 4 iK™ Ke® +iK os + ins
Lefthanded Ljj ~< qug. >5~ 5(qi7" 3 + G157 @)
wy+p° + fintaf + gt K*+ + K "
. 1 V2 2 PO 1 , 1
P=pl e e KO R
K*™ + K K*® + K ws + fis
Righthanded R ~< qrgr >~ %(qiv”fv — s q;)
w o0 fin+ 0 * K
1 /\i/g/ 71/\\//;1 P+*af K+*K1+
Rt = — - _ ar wy—p® _ fin—a} K*0 _ KO
V2 P V2 Y2 :
K~ — K[ K*® — Kr ws — fis
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Mesonic Lagrangian with Global Chiral Symmetry

D. Parganlija, F. Giacosa and D. H. Rischke, Phys. Rev. D 82 (2010) 054024 arXiv:1003.4934 [hep-ph]
D. Parganlija, P. Kovacs, G. Wolf, F. Giacosa and D. H. Rischke, arXiv:1208.0585 [hep-ph]

Global Chiral Symmetry:
Lrmeson = Tr[(D, @) (D*®)] — mj Tr(Td) — M [Tr(T®)]* — X2 Tr(dT o)

+ a(det® — det 1) + Tr[H(® + o)) % Te(L2, + R2,)

m2 8: v v

1| (8 (64 R + (Ll ) + THRIR", R

+ ch. inv. 4-point interactions among (pseudo-)scalars and (axial-)vectors
U(Ng)L x U(NF)r Transformation:

& — UdUL, 1M — UL"U], R* — UrR* U}

Covariant Derivative:
DFo = 9Hd — igy (LHd — dRM)
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Explicit Breaking of Chiral Symmetry

D. Parganlija, F. Giacosa and D. H. Rischke, Phys. Rev. D 82 (2010) 054024 arXiv:1003.4934 [hep-ph]
D. Parganlija, P. Kovacs, G. Wolf, F. Giacosa and D. H. Rischke, arXiv:1208.0585 [hep-ph]

Global Chiral Symmetry:
Lmeson = Tr[(D, D) (D" ®)] — md Tr(dTd) — A [Tr(dTd)]? — X Tr(dTd)?
+ ci(det & — det ®)? + Tr[H(® + oT)] — % Tr(L%, + R2,)

2
+ ch. inv. 4-point interactions among (pseudo-)scalars and (axial-)vectors

e[ (T (G + R + E (Ll L) + TR R R

U(1)a-Anomaly
c1(detd — det d7)?

non-vanishing quark masses, NO isospin breaking
Te[H(® + o1)], H = h,t?

remaining symmetry is U(2)v
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Spontaneous Breaking of Chiral Symmetry

D. Parganlija, F. Giacosa and D. H. Rischke, Phys. Rev. D 82 (2010) 054024 arXiv:1003.4934 [hep-ph]
D. Parganlija, P. Kovacs, G. Wolf, F. Giacosa and D. H. Rischke, arXiv:1208.0585 [hep-ph]

Global Chiral Symmetry:
Lmeson = Tr[(D,®) (D" ®)] — mg Tr(¢'d) — M [Tr(dTd)]? — X Tr(dTd)?
1
+ ci(det® — det d')* + Tr[H(® + &T)] — a Tr(L2, + R2)
2
o K%“) (L + Ri)] + S (Te{Lu[L, LT} + Te{Ruw[R". R))
+ ch. inv. 4-point interactions among (pseudo-)scalars and (axial-)vectors
Spontaneous breaking of global chiral symmetry by non-zero scalar condensate
oc—o+ ¢, ¢ =2
N2 2 2 2, &
I) m, = m1—|— (h1+h2+h3) m; = mj +(g10) +?(h1+h2 —h3)

ii) 3 point interactlon vertices and mixing terms in (D*®)"D,®
that are proportional to the VEV ¢.
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U(2)L x U(2)g Symmetry in the Baryonic Sector

S. Gallas, F. Giacosa and D. H. Rischke, Phys. Rev. D 82 (2010) 014004 arXiv:0907.5084 [hep-ph]
S. Gallas, F. Giacosa and G. Pagliara, Nucl. Phys. A 872 (2011) 13 arXiv:1105.5003 [hep-ph]

Baryons in the mirror assignment:

Lo = V11, DYy Wi + Wigivy, DigWig + Worivy, Dy Wy + Wogrivy, Db Wag
— 81(V1OVig + WirdWy) — (Vo dTWog + WopdTwy)
— MUy Wog — WirWy — Wy Wip — UngpWy)
U(2). x U(2)r Transformation Covariant Derivative

\UIR — U,Q\Uu:g7 \U1|_ — UL\UlL DluR =" — I'ClR“ N DluL =0o" — l'Cle'
Vor = UWor, Vo — UrWaL Diy = 0" —ieR*, Dy = 0" — icl*

@ allows for chirally invariant mass term generated by the gluon
and/or tetraquark condensate

@ Nucleons N, N* are real chiral partners N(1650) is favoured as chiral
partner of N(939)

@ yields correct nuclear matter saturation
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Scale Invariance and the Glueball

S. Janowski, D. Parganlija, F. Giacosa and D. H. Rischke, Phys. Rev. D 84 (2011) 054007 arXiv:1103.3238 [hep-ph]

Scale invariance of the QCD Lagrangian is broken on the quantum level

o _lgpep_1me (e |GG
(Zdllaton—2(a G) 4/\2 (G /n’/\' 2

LoM is in principle scale invariant, only mass terms and U(1)a-anomaly break
scale invariance

X = AT p(x) = Ap(A X)), W(x) — )\%\U()\_lx)
Scalar glueball is associated with fluctuations of the dilaton potential

Ground state of dilaton Gy is related to the gluon condensate Gp = A = %CZ

o favours gg interpretation of f(1370) as chiral partner of the pion
(16(500) is disfavoured) and f,(1500) is 75% glueball

@ scale invariance extended to Zeson, Lharyon Dy parametrization of
meson and baryon masses by G



Introduction Linear o Model w. Baryons and Glueball Weak Interaction T7-Decay Spectral Functions Conclusion
o 00000 ®0 oo 00000000 o

7-Decay

@ semileptonic 7-decay involves strong and weak interactions

vy Iy
y /
/ /
/
T w / T w /T
~ ~
S Sa
vr vr

@ describe effective electroweak interactions of hadrons in the vacuum.

@ results can be further used to perform calculations at nonzero
temperature and density (e.g. dilepton decay rate) and to understand
more about the nature of resonances such as aj, e.g. Gq or pr-state?
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Linear Sigma Model with Weak Interaction

gcostc

Lreare = Tr[(D, )T (D )] + b Tr[ Wy L] + Sem g Tr[B,, R™]

1 #y? w2+ € (WG, v, (1 — s)us c
+ 7 Tl(W*)" + (B )]+2ﬁ(Wﬂ v (1= 75)ur +h.c.)

local SU(2). x U(1)y transformation:
& — UdUL | 1" = UL"U], R* = UyR"UY

WH = U WHU + éULB“UZ, B" — UyB" U}, + éuyauui
Cabibbo mixing (Nr =2): (%) = (e e ) ()

Weinberg mixing (lgglj) = ( _Z;fg;/v z(')"sz"mv/) (i‘i)
covariant derivative and field strength tensors:
DFo = 9"d — igy (LMD — dRY) — ie[At ts, ] — igcosOc (W't + Wi'tr)d
— igcosOw (Z"d + tan® OwdZ")
L* = oMLY — ie[A¥ts, L] — ig[W'ts + W' to, LY]
—{0"L" — ie[A”ts, "] — ig[W't1 + W', L¥]}
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Vector Channel

Common to all channels is the process:

W-
vy |p(m s, m?
rT7*>W72l/-,- (S) ~
Vector Channel
W= 0 |2
M —vn-2n0(s) ~ < [ <@z [ fp(s.m.)
W= - 77(1 2 _ W~ _ w0(k1) W= p= . x%k)
S (k2) (ko)

Conclusion
o
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Axial-Vector Channel

Yo
Cw-—sr—2r0(8) ~ 52 3/‘ ‘dm12dm23

wo P
‘Ww@\——ﬂ—
\,n,O
0 0 (ky) 70 (k3)
1 — ’/ — m / ma3
:5 2 Ao - + ’\/\V‘//\/\/\Wi(/@)“r ’\/\V‘//\/\/‘W (k2)
kS () ()
w0 (ki) m0(ks) |2
w~— my o’ - ms g’
+ 2 ~ne——tt + —V\.=.f‘\f(kz)+ ~r 7 (k2)
EMNN =N
w0 70(ks) (k1)
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Axial-Vector Channel
W
M- m—2m0(8) ~ 52 3/‘ ‘dm12dm23
0
wo
‘Ww@\— -~
\Tro
k1) ks)
1 w— my3
= 5 2 '\/\M— '\’\/\/\/ MM/
7 7(ks) (k1)
w0 0(kl) 70(ks) |2
w- a [/
+ 2 ’\/\/\=*-—ﬂ-_ 'V\,m/“ (k) + ’\/\M
\
0 0(/<3) (k1)

o M(W~ — 77 27%) ~ 1% and I(a; — 7 27°) ~ 1%

@ in principle also contributions of o resonance 'y _,gor0.— =~ 0
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Quest for the Parameters
D. Parganlija, P. Kovacs, Gy. Wolf, F. Giacosa, D.H. Rischke
Scalar mesons in a linear sigma model with (axial-)vector mesons
2
15 4r 1
1 r
p->TIm
oL ]
. 0 ] fo S fn a2p]
2 o t 2 T
g [ T T go
2 05 PR £ Faeny -
= 1 i =4 lr T 4
2t K Km 1
-1.5 t + rq>>KK
2 . al
e T kno e ke A hd 1. Tk Tgokn
"0 200 400 600 800 1000 1200 1400 1600 1 10 100 1000
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[arXiv:hep-ph/1208.0585]
@ global fit of 13 parameters; test model

@ 21 decay widths and masses
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Results with m,, I ,, m, ,[; and pion renormalisation

1 dNy 1 any
Ny ds Ny ds
12p
a0f ow 022931 4 w 022931
mp | 0.7831 + 0.007 GeV' 101 K z 1677
2sp To | 01609 = 0.0044 GeV mo [ 0.7831 + 0.007 GeV
o8 o | 01609 = 0.0044 GeV
20F mal | 1.186 = 0.006 GeV
- Tal | 0549:0.043GeV
15[
04
10
05 02 e
"
.
2 . .
o 1o i % 3 3 [s1/GeV 1o i 70

05

25 30

[s1/

(o]

Gev?

@ Only one free parameter §,, which describes the mixing between the
charged weak bosons and the (axial-)vector mesons!

o rp—Hﬂ—ﬂo, r

a, —p- T

@ We wanted to know if p and a; can be described as chiral partners.

Yes!
Wp mixing ~ d,,s

improve our results

Wa; mixing ~ (8,5 + g19?)

o the parameters have errors within range ~ 5% therefore we can still
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Inclusive Spectral Functions VMA and VPA

@ Starting values have a strong effect on results in each channel.

— inclusive spectral functions

Conclusion
o
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Inclusive

@ Starting values have a strong effect on results in each channel.

— inclusive

Linear o Model w. Baryons and Glueball

oo

spectral functions

1 dNp
\Na ds
1 ONa
N ds
s ow | 022331 wsf
. Z | 15477
15 mo | 0.7581 GeV
Tp |0.1481 GeV
mal | 1.066 GeV 10F
Y Tal | 053GeV
os| RS
; 5 o5
1’ ‘
v 2
5 3 To [/ GeV!
S

Weak Interaction

oo

T-Decay

Spectral Functions

00@00000

Spectral Functions VMA and VPA

0.22331

15477

3
S

0.7581 GeV

To

0.1481 GeV

mal

1.066 GeV

Tal

0.53 GeV

30

Conclusion
o

[s]/ Gev?
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Vector Channel Spectral Function 7 — 27v;
Coherent sum |W et o+ W 2 272
1 dNy
My ds
sw | 0.22331
sof Z | 18477
s mp | 0.7581 GeV
i Tp [0.1481 GeV
20f mal | 1.066 GeV
i Tal | 0.53 GeV
1s5f
[ (] w0 |2
101 W= p= -7 W~ s
[ ’\AJ\=.,\ —+ ’M\
osf e pe
‘ 0‘.5 — 1‘.0 — 15 210 215 3.‘0 [S] / GeV2
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Vector Channel Spectral Function 7 — 7~ 7%,

Isolated contributions W~ — 7~7% and W~ — p~ — 7~

rw-—— r—x°
( ) ~ 0.02
r(W-— p~ = 779
1 dNy
v ds
3of
ek sw | 0.22331
[ Z 1.5477
20f mp | 0.7581 GeV
i o | 0.1481 GeV
ter mal | 1.066 GeV
[ 0.53 GeV
l.Oj
05
Ai“‘—ﬁ\ T T — = !

o —— — ¥ 2
05 10 15 20 25 30 [S]/ Gev
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Vector Decay Constant

@ Vector Decay Constant f,: < 0|j* |pt >= m,fet
@ describes mixing of the p meson with the vector current,
@ weak coupling with vector meson #5‘”5
— f,m, = ﬁ&wmp
o fP ~ 214 MeV, pr"M = 239 MeV

@ Also this result can be improved by including direct contributions in
the axial-vector channel.
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Axial Vector Channel Spectral Function

77— 1270 + 21y,

oo 000000e0

Coherent Sum |W~ — pr — 31 + W —2= prr — 37

1 dNp
U ds
i AN 5w | 022331
Lor z 1.5477
3 mo | 0.7581 GeV
oo . To 01481 GeV
. mal | 1.066 GeV
er 0.53 GeV

0.4

02

S T E NS S SR )
05 10 15 20

L
25 30

Conclusion
o
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Axial Vector Channel Spectral Function
77— 1270 + 21y,

Isolated contributions W~ — 7= 7% and W~ — p~ — 7~

r( W— direct 7_‘_,271_0)

g ~ 0.02
r(W-—= p=7% - 7—2x0)
1 dNa
\a ds
ol sw | 022331
— Z | 15477
1 mo | 0.7581 GeV
o8 To |0.1481 GeV
[ mal | 1.066 GeV
0sf- 053 GeV
04l
O.Z;
L PR i n 2
05 1.0 15 20 25 30 [S] / Gev

Conclusion
o
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Conclusion

@ We described the decay of the 7 lepton in an effective hadronic
model

@ Can we use effective chiral models to describe the phenomenology of
the low energy resonances? Yes!
When the model is comprehensive enough.

o Is a; a gq state? Yes!

@ Are p and a; chiral partners? Yes!
Very nice example of Vector Meson Dominance.
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