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Programme:
e The method: coupled channel approach for the K matrix

e Application to scattering in P11 and P33 partial waves focusing in particular on the
N(1440) and A(1600).

e Preliminary results for pion photo-production in the region of the Roper resonance.



Aims
e Construct a method to include quark-model states into a dynamical calculation re-
specting unitarity and incorporating proper asymptotic states.
e Establish a link between quark models and models using effective Lagrangians
e Calculate meson scattering and electro-production in a unified scheme

e Understand the large width of N(1440), underestimated in CQM calculation by a factor
2-3,

e ...as well as the peculiar behaviour of the scattering amplitudes, which is far from the
familiar Breit-Wigner shape.



The model

The meson field linearly couples to the quark core; no meson self-interaction

H = Hquark + Jdk Z {wk airmt(k) almt(k) + {Vlmt(k) almt(k) -+ \/Im’c(k)]L a{rmt(k)]}

lmt
Vimt (k) may induce also radial excitations of the quark core, e.g. s — 2s transitions.
Constructing the K matrix (Chew-Low type approach)

wkEN
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KINan (K, ko) = —mt (YN W)V (K)I[WN) -

The principal-value (PV) state:

N | woEN T T P T
W) =y (e k)] = = Ve )",
Kinematics
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Assumption about the two-pion channels

Cascade decay:
N — B* — A — N N — B* — oN — (271)1=ON
(k) -’ ;)
B* nky) c(p),,' T (ko)
A (M) =" ’
B*
N N \
A (M)
WZ—M2+m2 W2 — M2 +H2
—W-—E = n =W —En = N
w 2w o N w0
ki =(wi—-mZ, E=/M*"+1} kp=JwZ-m2  Ex=/M{+K2.
Mn+mM < M <W—my, 2m; < u< W — My

Decay through the Roper channel, TN — B* — ©R — mrtN.
Neglecting pN, N ... channels



The multi-channel K matrix

The PV state of the 7tA channel

W M) = Al sV - 5 (VO] )

Normalization
(We(W)WE(W')) = 8(W — W)8ap(T1 + K)o -

Orthonormal states 12
V170X AN 21 B
YWY = EB 1KY, R (W)
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The inelastic elements of the K matrix:
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Relation to the S and T matrix: S

The unitarity requires the symmetry K/}.A(ko, k1) = K (K1, ko) -



Ansaetze for the channel principal value states

7tN channel:

Copnirel {ZcB )| @) + | [af (ko) [Wn (ko))I'T

J dk X]T(k> k’O)
wy + En(k) — W

dk XN (k, ko, M)
wy + E/(k) — W

[aT(k)PPN(k))]]TJrJdM’J [a (k) Wa(M )T},

mA(E) channel:
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Wy + En(k) — W Wi+ E/(K) — W
En(k
Above the m threshold: Kyn(W) = 7t “W 0 (ko, ko) |
Above the 27t threshold:
Kan(W, M) = 7o,/ @obslbolnflla] y &N (1, ko, M),

Kna(W, M) = o, [Sabsllolerflal y NA G 1y, M),

Kaa(W,M/,M) = ﬂJw‘ESﬁB{C&E(“ X (ki ki, M/, M)



Including the sigma-nucleon channel

The effective Hamiltonian for the s-wave o-mesons

H, = Jdujdk Wk bl (k) by (k) + VI(K)b (k) + V. (k)b (k) Wi =k + p?,

_ k 1 o
V.(k) =V.(k W , V.(k) = Gai’ W 2 ~ — 2'0

mge = 450 MeV | ['c = 550 MeV

n invariant mass of the 27t system.

PV state (Born approximation for the K matrix)

P11 partial waves

WY, (W, 1) & Noo {cR (W, 1)|@r) + eR (W, 1) @) + b (ko)D) }

1
z
P33 partial waves

W5 (W, 1, M)) = N {eR(W, 1, M| @a) + e (W, 11, M)[@ar) + b (Kt Jwa (M) @a) }



P11 partial waves
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P33 partial waves
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Integral equation for the K matrix

(Lippmann-Schwinger equation)

Rl k) = ; CHIW, M) Vi (k) + K:M/M(k,kmjdk’ ’CMw“fjkI;_f&,)‘Aﬂkvl’vk‘)+Jdk’ ka(iti?slﬁ(flw)
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Determining the poles of the K matrix

Equation for the ¢}, coefficients

R/
Lp(W)(W — Mgz) 0 0
UAU' =D, D= 0 Zn2 (W) (W — Mgp) 0
0 0 Lpn(W)(W — Mgpn)
N ) ViR
= / / H = .
VHR — % URR VHR y CR ZR(W) (W - MR)
/ . 1 N
HH _ /
= VR W — M)
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Born approximation for the K matrix

Xk, ko) = —ZcB JVas (k) + KN (K, ko)

A _

Nk k) = Z (W, M) VAL (k) + K88, (K, k1)
Mk, ko) = —ZcB JVRE(K) + AL (K, ko)
NA(k, ki) = Z (W, M) Vng (k) + KN (K, k)

(W —M%)ch (W) = Vygl(ko)
(W —MD)es (W, M) = Vap(ki)
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Born approximation for the P11 and P33 partial waves

Assuming two (quasi) bound states: P11: nucleon and N(1440)
P33: A(1232) and A(1600)
and two channels

Nl

7N channel  [W™(W)) ~ N lCE(W)!(DQ + cp- (W) @) + [a' (ko) D)) %1
A channel W4 (W, M)) & Ny [cg(W, M)|@g) + cg- (W, M)|@s:) + [al (ki )wa(M)| @A)

Same 3-q radial structure for N and A(1232) and
same 3-q radial structure for {N(1440) and A(1600)

Solution above the 27 threshold, neglecting background:

2
1 T

MB—W—I_MB*—W

Kij = CliClj

, Ty = — ,

an = VNG (DpIV(Ko)[DN), T = 2R
gnNN

W—-—mg
a2 = J AMwa(MPZas(W, M2, an(W, M) = VNG (Op][V(ky)||Ds)
Mn+my
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Solving the integral equation: separable kernels

Approximations

] Y

wo + Eg(k) — En(ko)

wy + wyi — wo + Ep(k) — En(ko)

]_<2 ~ <(ko+k])2> %k%—i*k%,

(wy + Eg(k) — En(ko))(wi +

Eg(k) — En(ko))

Eg(k) 4+ Enl(ko) — wo ~ 2Mp

) = 3 B o+ gt
N K = 37 R (w4 e BT i = KRN
Kl ) = 37 G g ke g ¢ v
eN — M, _27\;]1]2\1—“1721’ eA(M) = MZBi—IZ\{l;—me’

Solution for the K matrix:

Khn = K (resonant) + Ky (background) = mAWNy {Z (
B

Vi Vs
Dhvar
Mg — W) + Dnn }
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Results for the Cloudy Bag Model

3
(Op/|[V(K)|DB) = rqv(k) Jor, Ter = Jorll Y o tillTe, Te = Js)
i

V(k) _ l k'z WMIT j] (kaag)
2f \/m WMIT — 1 kaag .
1 for B =B’= (1s)’ configuration
T = o =[S 0457 for B = (15),B = (15)°(25)
MIT\""MIT
s+ for B=B'=(1s)%(2s)’

Rpag = 0.83 fm, f =76 MeV

similar results for 0.75 fm < R, < 1.0 fm

Free parameters: bare masses of the resonant states
Mr = 1510 MeV, My =1232MeV, Map+ = 1770 MeV
Parameters of the o-channel: G, = 0.8, my, =450MeV, T, =550MeV
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Results
... only N and ©A channels
... oN (o0A) channel added:

Phase shift
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Resonant and background contributions to P11 phase shift
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Scattering amplitude
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Parameter of the full calculation vs. Born approximation
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Electro-production amplitudes

Formally, the K matrix acquires a new channel yN.
Because the EM interaction is considerably weaker than the strong interaction, we assume

Kynyn < Kynmn < Ko

(and similarly for other channels). The Heitler-like equation for the electro-production amplitudes then
reduces to

MN(W) = _Mﬁ (W) + i[TﬂNﬂTN (W)Mﬁ (W) + TﬂNﬂA(VV» M)MZ(W M) + TﬂfNO‘N (VV’ FLG)ME(VV’ FLO')

The T matrix for electro-production is related to the electro-production amplitudes by

1 .
TN = it s > Vkoky M (W, My, Mr, Ky, 1) Yim (8) C 1 CTY
m

The K-matrix type of electro-production amplitudes for both channels:

ME(W, o) = —J‘%m*(w o) Vy (1, ky ) DN
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The EM interaction

Vi, ky) =

\/;—Ttsvv(u»ky) ) Vi, k) = \/%Jdr g, -j(r)e™

Separation of amplitudes into the resonant and the background part

Because the K matrix elements contain poles, it convenient to separate the amplitudes as

w EY r ~ non
M = Dot gW) K (B W)V ) + M5 ™ H=N,4,0
non w EY r ~ wyE n.p.) |y ir) (v~
MK (o) TZV\;J{Q(W) KN (4R W) 7 (e R IV i)+ (9. V)] §
Then
. w- EX . - w- EX
MR = | S5 9OW) O (W) IV ) T = | 3527 00W) A Ty
and

Ml(\rll o) ME mon) i[TnNnNME mon) 4 TrthAmZ mon) + TWNGNME mon,
Electro-excitation amplitude (proportional to the corresponding EM transition form-factor)
An = (W (W)W W)
where

dk V& (k)
wi + Ea(k) — M

WIS (W) = 2y, {cbw —J [af (k) [wp))T —J [aT(k)%(MAmIT} +o
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P33 photo-production amplitude in the region of the A(1232)

e dominated by the resonant contribution

e non-resonant part is less important

e the contribution from the pion cloud comparable to the contribution of the quark core
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P11 photo-production amplitude in the region of the N(1440)
Preliminary resultsp +vy — p + 7°
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Open problems

/, T \\
e Mixing of bare N ((1s)? configuration) in the resonant state NG T TN
y T
e w-meson contribution at low energies
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Conclusion

We have

e developed a framework to incorporate quark-model states into a multi-channel description of nucleon
resonances,

e provided a mechanism that can considerably enlarge the width of resonances compared to their ‘static’
values,

e stressed the important role of the mA and the oN channels from the two-pion threshold to W ~ 1700 MeV,

e shown that background processes strongly influence the behaviour of the scattering and electro-production
amplitudes
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