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The Purpose of the Study

++ A(1405) is a “strange” baryon ++
e A(1405) --- JP = 1/2~, (uds) quarks
with mass = (1406x4) — (50x2) i MeV.
—> the lightest baryon with JP = 1/2—,
although having strange quark!

* We want to know the structure of A(1405)!

--- Is A(1405) really exact state of (uds) quarks?
--- Bound state of kaon and proton?
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The Purpose of the Study

++ How to know the structure of A(1405) ++

* A(1405) in ChUM.
--- we know that A(1405) can be represented in ChUM.

 Form factors will tell us the structure of hadrons.
--- we know photon couplings to baryon and meson octets.

—> \We can get the form factor of A(1405) in ChUM!
--- and apply to other resonances via SU(3); symmetry.
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2. Introduction to ChRUM
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Introduction to CRUM

++ Chiral Perturbation Theory ++

 Massless QCD has chiral symmetry.
--- one of the most important symmetry in QCD.

G = SU(3);, ® SU(3)r X5, H = SU(3)y
--- chiral symmetry is spontaneously broken.

—> Re-construct effective Lagrangian with

(global and local) chiral symmetry invariance.
--- In this theory, we can also re-construct the breakdown
of chiral symmetry in the way as same as exact QCD.
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Introduction to CRUM

++ Chiral Perturbation Theory ++
 We can construct chiral Lagrangian as follows:

L = %@ JUTDREU + Uy + X0
+(Biy*V ,B) — Mp(BB)
D, - LD ' F - L5
" j<B v {uw, B}) + j(B Vv’ lup, B)
--- at lowest order in momenta.

--- Kinetic and mass terms, NG bosons-to-baryons or
them-to-external fields interaction terms, and so on.
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Introduction to ChRUM

++ Chiral Perturbation Theory ++
« NG boson and baryon octet fields in matrices:

Ulz) = u(d)? = exp(iv2 / fr),
1.0, 1, L+ "+
v =T+ = [ K
N - 1.0, 1. 0
(I}(I) — \/§ = Il _ﬁ |. _—I— E”S K
K~ K" —%?73
1 50 | 1 A0 +
ﬁz + EA >, P
B(r) = > —%ZD + % \" n
—— —0 _i:,.\l]
— — \/64
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Introduction to ChRUM

++ Interactions in ChPT ++
 We can expand ChPT Lagrangian of baryons as
follows:

B — (Bin"V,B) = (Biv"0,B) + #(Bqﬂ[[qx 0,®], B]) + O(®*/ 1)

A £2
m

V.B=0,B+[l,, B,

T, = %(-u.i'i")“_-u. +udu') = #[fbf 0,2] 4 O(2%/ fr)

m

--- There are kinetic term of baryons and interaction of
baryons with NG bosons.
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Introduction to CRUM

++ A(1405) iIn ChUM ++

- We have a interaction term of baryons and
bosons in ChPT Lagrangian: | — (5-#[[. 0,®], B])| -

172

T

+1s3)

- HH'// . . _lfQ

--- This should not make bound state or resonances.
—> There should be some ways to resonances!
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Introduction to ChRUM

++ A(1405) iIn ChUM ++

* ‘ — * ‘ + ‘ PN *’
- We want to solve Libpmann-Schwinger equation.

--- The meaning of this scattering diagram is following:

Kaiser, Siegel and Weise, Nucl. Phys. A594 (1995) 325,
Oset and Ramos, Nucl. Phys. A635 (1998) 99.
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Introduction to ChRUM

++ A(1405) iIn ChUM ++

- Non-relativistic gggrgximg;ign to baryons:
.Cji
I—lfz (1 +P3) — 4f2 2\/_ V),
i 2i M,
p— M, p2_ M2

]
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Introduction to ChRUM

++ A(1405) iIn ChUM ++

A - A Ed £ i = £
b s b # \ s - s
. . " P " " -
A s s N
~ - w '
o - o

- Now we construct matrix eguation:

Tji = Vii + VieGiThs, T = (1 - VG)'V,

1 1
 Cu o (Mt E\F (M4 E\?
Vi — _4]? (2v/s — M; — M;) ( o0, ) (T) __

) d*q, 1 !
G = 21 M,
k ! f»f (Qﬁ)él q% — -;rni (P — 6?1)2 — ME

|

--- We can solve it!
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Introduction to ChRUM

++ A(1405) iIn ChUM ++

- The loop integral has a divergence.
—> This divergence Is renormalized and bring

parameters:
— 29 M dIJQI ! :
G =2 '*ka (271—)4 Q‘i? — -m% (P — '—3"1)2 — i""ff

2 M, M? mZ — M2 + s m3
_ W ()41 ) k" :
= (Gh(;‘_i)—l— n ( 2 ) + 55 n (M;?) +

q—} ( In(s — (M —m3) + 2q,v/3) + In(s + (M7 — m3) + 2q,.\/5)
VS
— In(—s + (M} —m}) + 2q,.\/5) — In(—s — (M7 — m}) + 2q; \/E))) :

(s — _-’li'_,f + m?)? _m?
As

gk =

Oset, Ramos and Bennhold, Phys. Lett. B527 (2002) 99.
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Introduction to ChRUM

++ A(1405) in ChUM ++

d¢p 1 1
Gy = 2iM, [ —2 . .
e “/ @) q —mi (P —q)? — M

_2M, M} mi — M2+ s m?
~ 1672 (a’““ )+ ( e ) = o)t

o

/5

(ln(s — (M} —m}) 4+ 2q,v/5) + In(s + (M7 — m?) + 2q,\/5)

— In(—s+ (M} — m3) + 2¢;\/5) — In(—s — (M? — m}) + 2q; \/E})) :

(s — M2 4+ m3)? o
4s F

- These parameters are determined to have same

values of cut-off formula at KN threshold.
agy = —1.84, arx = —2.00, a;pn = —1.83,
(A = —2.25, (Apy = —2.38, ag= = —2.67

G =
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Introduction to ChRUM

++ A(1405) iIn ChUM ++

« Mass spectrum IS
calculated and
plotted:

T2—>TX

[
o
o

do :
— = (const.) \Tﬁz—;ﬂz | 2'J-?.«:-w.r,
dm

: |

:

.

-

3 +
LA
3

ks

Mass Spectrum [arb. units]

--- Physical masses
are used here.

0 3 1 1 1 1 1 1
1320 1340 1360 1380 1400 1420 1440 1460

C.M. Energy [MeV]

--- Agreement with data in experimental!
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3. ®hoton Couplings to A(1405) in CARUM
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®Photon Couplings to A(1405) in CAUM

++ Photon couplings to NG boson octet ++
- We can extract photon couplings to NG bosons

from covariant derivative in ChPT:

. 2
=N (= 3 —1
| ~1

Dﬂ_ U = {')“ U — ,E‘_.}..“ U 4+ iU Zﬂ‘
D 1 Ul = r":)ﬂ_ U4+ Ut I i [ﬂ_ Ut
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®Photon Couplings to A(1405) in CAUM

++ Photon couplings to NG boson octet ++
- We now get ChPT Lagrangian with photon
couplings to NG bosons:

2 1
Lo = %(DH( 'DEU) = 3<f) PO*D) —ieA, ("D[Q, D)) + O(D/ f2)
2 ieQur, (p + p')Hoy;
----- -
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®Photon Couplings to A(1405) in CAUM

++ Photon couplings to baryon octet ++
- We can extract photon couplings to baryons
from covariant derivative in ChPT:
2
A AV @ = 3 —1
—1

ﬁ
=
[\.Jll—"

(u (0, —1eQQA,)u~+ u(0, — -'z'.f_'.QAH_)-u"') = —1QA, + (_‘)(qﬂ/ﬁ)
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®Photon Couplings to A(1405) in CAUM

++ Photon couplings to baryon octet ++
- We now get ChPT Lagrangian with photon
couplings to baryons:

L} = (Biv*V ,B) = (Biy*9,B) + eA,(By*(Q, B]) + O(®*/f?)

 TAVAVAVAVAV,

1€ ()B !)Ij
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®Photon Couplings to A(1405) in CAUM

++ Ward identity ++
e For calculating form factors, We have to make
photon couple to baryon resonances, such as
A(1405), within gauge invariance.

—> Photons couple to everywhere they can
couple.

 We can use “Ward identity” to confirm whether
we get correct photon couplings: | ¢.7" =0
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®Photon Couplings to A(1405) in CAUM

++ Ward |dent|ty ++

Regarding the resonances . p
3 Y
as interactions of baryon | *'

and meson as below, W g

we can understand where photon couples.

~ - kY #
%, # 1 -
i - ~ -
\ > 4 —|— 4 - 4 —|— * e
* & % - - -
i # % # s
* # LY ; \_‘ #

- » - - "% - . -

--- Photon couples to propagating lines and vertices.
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®Photon Couplings to A(1405) in CAUM

++ Ward identity ++
 We have 10 diagrams with photon couplings(1):

Vg
‘1,
I'Ei
§-
o

Borasoy, Bruns, Meifner and Niler, Phys. Rev. C72 (2005) 065201.
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®Photon Couplings to A(1405) in CAUM

++ Ward identity ++
 We have 10 diagrams with photon couplings(2):

N v

Borasoy, Bruns, Meifner and Niler, Phys. Rev. C72 (2005) 065201.
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®Photon Couplings to A(1405) in CAUM

++ Ward identity ++

« We have 10 diagrams with photon couplings(3):

. . -

. .
" - ’
- N
N . - ’
\ ” “ (

-, N
" E
~ & , r
S \ ~

LS
.
\

 We can confirm Ward
identity with these 10

diagrams.

Borasoy, Bruns, Meifner and Niler, Phys. Rev. C72 (2005) 065201.
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4. Summary and Future Work,
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Summary and Future Work,

++ Summary ++

 We want to calculate form factors of A(1405) and
other baryon resonances in ChUM.

 We studied photon couplings to A(1405)
with gauge invariance.
—> \We need 10 diagrams in all.
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Summary and Future Work,

++ Future work ++
e Calculations of form factors:
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Summary and Future Work,

++ Future work ++
e Calculations of form factors:

F B i"‘\[ﬁ [3%0)

]
— My

Sl
—ilji | —=>

(F.F.)

10 '
TP
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Summary and Future Work,

++ Future work ++
e Calculations of form factors:

. . o
il = 9 i
—iT" — g, F.IF)# i0;
~iTh(:)

—> | (F.F) = lim (2 — z
(P = IG5

--- removing remaining pole in propagator.
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Summary and Future Work,

++ Future work ++
 Approximation within gauge invariance.

« Radius of A(1405) from the form factor.

e Maanetic form factors.

 Form factors of baryon and NG boson octets.

 Applications to other resonances.
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To be continued. ..
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