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pseudo-scalar — pseudo-scalar & (xr, KK, etc.)
> o, f,(980), 8,(980) scalar mesons

pseudo-scalar — baryon (nN, 7N, KX, ... / X, KPN, ...)

> N*(1535), A(1405) baryon resonances

pseudo-scalar— vector - axial vector meson

> 8,(1260), b,(1235), K,(1270) two pole, (~1GeV) etc...
2> AJRLHEFEST /RO IR

vector(p) — vector(p/D*) [N IL-RNIK)LIEE 4]
> 1,(1370), 1,(1270) / D*,(2460),D*,(2640), D*,(2600)2,

vector — baryon 2> N*, A*, ...
— Kaneko, Nagahiro, Hosaka; (p-N with hidden)
— M. Lutz etc., VN coupled channel
— team E. Oset
etc etc...

A
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motivation

s EEEHD ~ N\FOVHF ,, qq/qqq 1KEE |, —

» ERREEAD %/@\
> K;(1270) two poles evidence in K'p 2 K n*rnt*p

L.S.Geng, E.Oset, L.Roca, J.A.Oller, PRD75(07)014017.

» REBZZZTLEEHAD
> mesic nuclei ... hadrons in matter

— eta mesic nuclei {N*(1535) in medium), Kaonic nuclei {A(1405) in medium) ... etc.
— large width (" ~ 100 MeV) %> heavy meson (> 1GeV) D&, &,

> HRIEEAS s Y
> strong decay width
> radiative decay width

—

= vector meson & photon M\#& & FRIE
» vector I FDEADLTEA

> Tensor formalism, vector formalism, hidden gauge formalism,...

R 5%
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Introduction : radiative decays of axial vector mesons

m radiative decays of axial vectors A — Pr
» give information on nature of the axial-vectors

ai (1260) — w7, b (1235) — 7y

m some works for radiative decays of axial vectors

- _ > quark model + vector meson dominance (VMD)
qa™ composite particle 3 Rosner, PRD23 (1981) 1127.

..... - g5, =1.0~1.6 MeV; Ty, =184 +30 keV

a

an elementary particle
in a Lagrangian

> effective Lagrangian + VMD

L.Roca, J.E.Palomar, E.Oset, PRD70 (2004) 094006.
- I'ys.,=320~470 keV; Iy, =19~36 keV

a

/
/ > based on the chiral unitary approach (as a quasi-bound state of VP)
L.Roca, A. Hosaka, E. Oset, PLB658 (2007) 17; H.Nagahiro, L.Roca, E. Oset, PRD77(08)034017.

[ 50, =460 +100 keV; Ty =210 + 40 keV

_ H.Nagahiro, L.Roca, A. Hosaka, E. Oset, PRD79 (2009) 014015.
a quasi-bound state ~ Tysp, =133 £70keV; Ty = 209 + 90 keV

\_

N

++ EER{E ++
~ T,y =640 + 246 keV [1]; T, . = 230 + 60 keV [2]
[1] M.Zielinski et al., PRL52 (1984) 1195. [2] B.Collick et al., PRL53 (1984) 2734.
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PAFTIANLCERINIHABY L ZOHBENRY L PlElF

L.Roca, E.Oset and J.Singh, PRD72(05)014002
Chiral Unitary approach for low lying axial vectors

scattering of the nonet of vector mesons (V)
and the octet of pseudoscalar mesons (P)

P .
_ .. axial vectors .-

. . . .

~ ’ M ‘ ~ —_— ’

S s vt T e ~ 27T 7T S -, .
T_ /\,\ + X K + A A K + a )

search poles in 29 Riemann sheet

1* meson ~ 1GeV from PDG

JPe=1+ ... b,(1235), h,(1170), h,(1380)

Pe=1+ . a,(1260), f,(1285), f,(1420)  Ka(1270). K(1400)

building blocks

pseudoscalar octet vector nonet
O 1 - - v w
;—,ﬁ — 7% T K % + G pt K*t
™ -I=+% K° pm Lt K
— () _ 2ns _ -0
K K Y K* K* ¢/
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L.Roca, E.Oset and J.Singh, PRD72(05)014002

PAFTIANCERINIHABYL ZOHBENRY L PlElTF

in unit of MeV  [] ... main decay channel (PDG)

S=0, I1=1 channel
a1(1260) [pr] b1(1235) [on]
JS,  Poleposition 1011 — i84 1247 — i28
g |g1| g |g1| g!. R P
L(R*K + K*K) . 62— a2 ) A==
;fw e ..+ 2087 — i385 2122 V
T -+« —1869 4+ /300 1893 -
: coupling constants
on . 3041 +i498 3082 [ N I'?] u% ol
o —3795 + 2330 4453 - P y caic.
%(K*K — K*K) 1872 — i1486 2390 )
[other poles] in unit of MeV
assigned main decay channel
8,(1260) axial vectors | POl€ v Sp CUM PDG
Mass m = 1230 + 40 MeV .
) — h,(1170 919 — 17
Full width T = 250 to 600 MeV 1(1170) ' pT pT
h,(1380) 1245 —7 i KK* KK*
b,(1235) f,(1285) 1288 —0i Amt
Mass m = 1229.5 + 3.2 MeV K,(1270) 1112 —641i Kt .
Full width T" = 142 + 9 MeV [double pole] 1216 — 4 | pK P
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Formalism of the radiative decay of the axial vectors
as dynamically generated resonances

a, (1260) 7ty, b7(1235) — 7Ty

dynamical generated resonance

N S

s '\:/\N\MJ\

.
f . _ _ _ ),
- ~ -~ e s 7 S 7 S 7 RS

N 2 ~ ’

’\\ -— - —— -
’ N o N - +
M e M\

A ... axial vectors (dynamically generated resonance)

P ... pseudoscalar mesons [r, K, 7]

V ... vector mesons [p, o, K*, ¢]



Lagrangians obtained from the hidden gauge formalism

hidden gauge formalism

* p meson is a gauge boson of a hidden local symmetry transformation
e p meson can be naturally introduced
* universality, KSFR relation, vector-meson dominance, WT theorem for prw

We can treat pseudo-scalar meson, vector meson, and photon in a unified way

,CVT = —M%EA,,,{V“Q} — VW
2
My 4 (VR(Q8? + 62Q - 26Q0)) e

L = X
VyPP Eélgf? l
M2
Lypp = —i—=(VH '
VPP ’34ng( [0, 0,9]) ) .

Lovy = ig{(8.V, — ,V,)VEVY) )\

kernel VP 2 VP to be used in the BS eq.

~
~

~ ”‘ \\ e
\, Y
_—
approx. /O\
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XEIRAE OEIVIL APy

contributing diagrams (taken into account in this work)

(type-(A) . P E); photon couples to the final loop
el AAAN TN T \___
A V Y =kj
\
4

> a,-1 mixing

to the final P Y,
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X IRt & QFE AL

contributing diagrams (taken into account in this work)

[type_(A) P type-(B) EX(H type-(C) photon couples to the final loop
4’,/ AAAAN SN /—\\----
A \Vj Y :kj
-
/ Q)fﬁ
\_ photon couples to the final vertex
) .
loopZ@&EL71- a,-nt mixing —  j---
FER P & | 9 —_J
> f&IX%E on shell pion
> a,-m mixing
t oc ey x J(P?)P, =0
FIRU N |
Lorentz condition for on-shell axial

12
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double counting ... ?

“tree” [type-(A)] “loop” [type-(B)] “loop” [type-(C)]
Y
- a -
A .~ A
—_——— NNV 1 \ \
Y == P I P
Vv N
V V
Y

In the hidden formalism, photon never couples
to a particle line directly. It always couple through a vector meson.

v /k approx. /\O\

This approx. was already used
in VP VP scattering.

13
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37 1 diagram set

| Vector & AL Ty EFETHLD VENIGELED

ELLEEETANEL
1. dynamical [ZE RSN -HIBKELLSE RMTNIE. BE IR —DEDDIET),

2. set D [X. explicitlZ. gauge invariance MR Z 750N,
(CHFEFEFTE T SE gauge invariant TIZZELY, (AVP vertex DL K))

3. type-(D) I3 HET 5.

14
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gauge invariant set @ A* - y P* ¥

amplitude [Z %dﬁt&?ﬁ‘\*ﬁ %"x"’g—é amplitude [Z
FEIEXLALY, FEHIILEL,

£

+

¥)
15
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RfEstEBR

with anomalous coupling VVP

in unit of keV
VP inloop | a,*(1260)>=*y | b,*(1235)>=n*y
type-(B) K'K 14 26
pT 119
total 171 26
type-(C) K"K 30 57
pT 213
total 373 57
TOTAL 103 159
anomalous 217 4
TOTAL + anomalous 133+ 70 209 + 90
experimental value 640 + 246 [1] 230 + 60 [2]
Rosner, PLD251oA 127 LO~16MeV 184 +30keV
Rocactal, PROT0(4004006 320 ~ 470 keV 19 ~ 36 keV
tree + VMD 647 keV 67 keV/

[2] B.Collick et al., PRL53 (1984) 2374.
[1] M.Zielinski et al., PRL52 (1984) 1195.
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discussions : a,(1260) meson [ZDLVT

m 5O formalism TIXEERIE®D 1/3 ~ 1/4 LAFIRTELLY,
» anomalous contribution Z AT (X 1/5 FBE,

= JREAIL?
BEXR(?) DNINE 2 — T N
(1) £2E@RQ) MR ? L =gA4,V'P ;pro; A

(2) Chiral Unitary approach T@DERR A& ALY ?
> BHEINEL)—XD—ETHS K, (1270) B two pole picture [Z&>T.
Kp = K n*n*p EERdata (ACCMOR Collaboration) [£IEEIZKLBREIN TS,
[PDG, L.S.Geng, E.Oset, L.Roca, J.A.Oller, PRD75(07)014017.]

— (3) a, IZBIL TIL quark component(?) Mo DFEHAKEL ?
> NRFAOVHFOEFRNDEL or core (?) DoDINERBADFTEMNKEL,
> pole analysis[1l] DERRM BT EE. o [SIENFRELUNDODFTENLEZTITHD,
[1] T. Hyodo, D. Jido, A. Hosaka, PRC78(08)025203.

(4) a, meson I, extended hidden gauge symmetry Lagrangian [Z explicit field EL TEA S
54, [M.Bando, T.Kugo, K. Yamawaki, PR164(88)217 ] (% TI&. lowest T r,=0.. AT HBERHY?)

» Holographic QCD IZHWL\TH a, meson ABRICEHIN D,
[T. Sakai, S. Sugimoto, PTP113 (05) 843; PTP114(05)1083]

-+ (core (qgP...)) + (PV 5 F) ELTOEREME 2
K.Nawa, H. Nagahiro, S. Ozaki, D. Jido, A. Hosaka, in progress.

17
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summary :

A4S A=) ERIZEFELL T, axial vector DHEHIEIBEDFTEF1To1=,
»  axial vectors ... dynamical generated resonance
b,(1235), a,(1260), h,(1170), h,(1380), f,(1285), two K,(1270)s

»  A>VP coupling [&. ZDHEXFEELED TUNitaryiZ BN SRED,

b, (FRWL—, a, (FERED 1/3-1/14F2 &,
»  BEd-.-,
¥k Q7% channel @ non-trivial T FHEOMENEE,

hidden formalism TSR LB FZERaR,

»  "photon MA-TL\S", RV “dynamical generated object” DIF& . FE,
> double counting DfE1#E, JR3iI%: diagram DFEFE,

a, [IZBL TIX. anomalous VVP coupling MoDFEMNEKYKELY,
> HEFRLTLESITE,

Future work

EREICRYGLETERR

»  extended hidden formalism (or Holographic QCD) IZ&Y explicit IZEAZNh S a,FEFED
Bfk.

»  (qqPa) + (PV 9F) ELTOHEE ... inprogress

18
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EERT

inverse reaction (Primakoff effect) 774 — 777771 A

—A(ZDLVNT M. Zielinski et al., Phys.Rev.Lett. 52, 1195 (1984)

Y
Pb e
//// //7-c
T al //// ////
> . 4m e mmm— T
high energy (202.5 GeV/c) pion beam P

... . We obtain I, ~ 640+120 keV, if we use the A, parameters of Ref. 3. (%8: M,;=1.28 GeV, I'=0.3GeV).

The result for the radiative width is clearly sensitive to the assumed resonance mass

and total with. For M,,=1.2 GeV, I=0.3GeV, for example, we obtain 77=510 + 100 keV.
...... Consequently, for the standard A, parameters, we quote a radiative decay width of
640 + 246 keV, ... . [M. Zielinski et al., Phys.Rev.Lett. 52, 1195 (1984)]

a,(1260) 15(JIPC)=1(1*)

Mass m = 1230 + 40 MeV -2 [*OUR ESTIMATE" in PDG 2008]
Full width T" = 250 to 600 MeV - [*OUR ESTIMATE” in PDG 2008]

DECAY MODES Fraction (I'/T)
(P 7t) S-wave seen
(p n)D-Wave seen
Ty seen

19
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