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How to parameterize a resonance with finite width (the o resonance)?

* The Breit—Wigner description

resonance

of

In principal the Breit—-Wigner description of resonance only works for infinitely small

width.
For stable particle,
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Equivalently, Eq. (2)= A -+ C + D+ E |

(1)

(2)
(3)

(4)

(5)

5 — Nihon University, Feb. 24, 2003



How to parameterize a resonance with finite width (the o resonance)?

Now calculating I" 4 ( in the calculation 4 > T"4 is assumed!!l)

fFo9gt mY — o
167 167 m7 3

(6)

I'a

= Apw(p?) : (")
A ) = )
pwip p? — m?2 + imI

Not very good analytical property!

= /N ( E} . ©)
ApT) = ’
Bwip I_]E —_ T’H-E + gp(&}G

The o resonance is a very broad subject!
M, = 500MeV |, T', = 640MeV . (9)

Z. G. Xiao and H.Z., Nucl. Phys. A695(2001)273
(Pole mass: z;, = (M — iI'/2))

&5 — Mihon University, Feb. 24, 2003 2
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* The analytic structure of the S matrix

g
F(s) = zip(b( ) 5(5})- (10)
sin(26,) = pF
- 3 B I/Eip(zjj}
F(s) = ﬂ_I_ZE'I:P(SE}(S_SE} %:S’(zjj}(s—zjj}

+ — | ds (11)

as + —
e s — s T

1 / Img F'(s") " 1 f ImpF(s")
L R

s — 5

L = (—00,0] ,R = [4m%,00); F = 2RerT(s). Similarly (J. He, Z. Xiao and
H.Z., Phys. Lett. B536,59,2002; Erratum-ibid.B549,362, 2002.),
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How to parameterize a resonance with finite width (the o resonance)?

i} 3. 1
cos(26,) =F =a+ E — + § TNT; II
~ 2(s — s5) — 25 (z;°)(s — z37)
1 I .1;:' ' i 1 I 1:.:‘ ' !
4 / mefe) 4y 1 f mel(s) . (13)
mJr s — s mJJp s — s
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Classification of the cut.
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How to parameterize a resonance with finite width (the o resonance)?

The generalized unitarity relation (S7.S5 = 1):
.2, 208 _
sin® 26, + cos”" 26, = 1 (15)
on the whole complex s plane!

* The simplest solutions of the S matrix

Simplest solutions = Solutions without dynamical cuts.

1. A bound state pole at s = s;: Scattering length a = — _ii‘iu.

RepT(s) = ——\/50(4—50)

ImpT'(s) = ‘D(S}LL(S - SU} v
or the 5 matrix, 5*’(5} _ 1 —ip(s)|al (17)
1+ ip(s)|al

&5 — Nihon University, Feb. 24, 2003 2



How to parameterize a resonance with finite width (the o resonance)?

2. A virtual state pole at s = s;: Scattering length a = _li‘iu.
o 1+ ip(s)|a
7 1 —ip(s)]al

3. A (pair of ) resonance: pole location: z; (z;). The S matrix is,

Im[zg]

Tolzo] = s+ ip(s)s—mr—s

Im[zp]

rolzol — 8 — ipl(s)s
olzol Pl R oo D

SH(s) = j (19)

where

1111[\/:-:.4(:@ — 4)]
ulzol = Relzg Im|zg : — . 20
ro[zo] e[zg] + Im| ]HI_‘*[\/:U(_:U =] (20)

A unique solution of the unitary S matrix with only one resonance pole and without
‘dynamical cuts’!
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How to parameterize a resonance with finite width (the o resonance)?

Only when the resonance locates very far from the threshold and Re[zy] ==
Im|zy], and when s is close to vy =~ Re[zy] may we go back to the Breit-\Wigner
solution (Im[zg] > 0):

S(s) ~ 229 (21)

& — &

&n

10

-&n

Figure 1: ry[zy] as a function of Re[zg], fixing Im[zy] = 1.
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Phase motion:

.

-0.5

Figure 2: The phase motion of a narrow resonance. Re[z;] = 10, Im|[zy] = .5.
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b & 10 1i 14

Figure 3: The phase motion of a resonance with Re[zg] = 4, Im[zy] = .5.
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How to parameterize a resonance with finite width (the o resonance)?

n. 5

Figure 4: The phase motion of a resonance with Re[zg] = 1.9, Im[zy] = .5.

Minkowski and Ochs hep-ph/0209225
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How to parameterize a resonance with finite width (the o resonance)?

x T he violation of Levinson’s theorem

If ro > 4, the phase pass w/2 when s = ry and

Im[zg]

Re[ \/zU(zU — 4]

8(o0) = w — tan *(

) < m. (22)

Actually,
d(oc) —o(—ox) =7 . (23)
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How to parameterize a resonance with finite width (the o resonance)?

* The problem of a Breit—\Wigner description
to the o resonance

A very common parameterization for in the literature

M? — ' MT
g M —s+ip(s)MI (24)
M2 — s —ip(s)MT

For a sufficiently large M2 and small MT it contains a resonance and a virtual state
(The latter is not found by » PT'!) If denoting the resonance pole position as zg, then,

Im|zg]

a = 25

Re[y/zo(z0 — 4)] )

The scattering length of the two poles are additive and are both positive. Taking

M = 400MeV, T' = 600MeV as an example. The scattering length predicted by
Eq. (19) is 0.23, and is 2.73 as predicted by Eq. (24)!

It can be dangerous to use Eq. (24)!
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How to parameterize a resonance with finite width (the o resonance)?

*x The the factorization of the S matrix

A unitary matrix divided by any unitary matrix is still unitary. If we single out all
poles of an 5 matrix, we have

Sphy. _ H SHE i S-:rui!‘. ) (26)

i

NO LOSS OF GENERALITY!

S no longer contains any pole:

S-:rui!'. Eif:f[.:ej

5—4/‘” Impg f(s")

f(s) = Jfo(s) + S (8T — 4)(s' — s)

s —4 [t Impgf(s'
e am2 (8" — 4)(s" — s)
K
Must be non-vanishing. Couple channel effects (or physics at lll, IV,... sheets, etc.)
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= The phase is additive,

d(s) = Z Or; + Obg. - (28)

5.9.(5) = p(s)f(5)-
* The background phase

A match between our parameterization and the xPT results in the physical region
where xPT is reasonable.

[Is7- 5% =1+ 2ip(s) T (s) , (29)
where
TJ'CI?I‘ — TI:J) _|_ TI:” _|_ T':f-?':' _|_ — (3{})
We have [ = f@] + fm + - - - . Taking 1=2,]J=0 channel for example.
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geut G2l g g Eip(f@] n f(-*l)} B Epzf(z)z
1+ 2ip(T® + TW) | (31)

12

(2 (4
Jr‘ — dlr‘ I _|_ dlr‘ I _I_ R
(2) (2
Jr‘\ L— T r, .
£ — 7@

(4)

— ipT"** = RegT™ . (32)

A problem: S(s) ~ exp(O(—1/s)) = an essential singularity at s = 0! But could
be acceptable except in the vicinity of s = 0. (Z. Xiao and H. Z., Chin. Phys. Lett.
20(2003)342.)

This way of matching with xPT determines the background phase without
introducing new parameters except those pole parameters. Awoiding the disastrous
1st poles given by Padé approximations. G. Y. Qin et al., Phys. Lett. B542(2002)89.
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*x T he form-factor

is also factorizable (single channel problem).

A(s) = [A"(s) - A (33)

i

from Omnés solution,

s [ §.(s
A(s) = exp{— (<)
o T Jam2 8'(s" — s)

ds'} . (34)

Define

A(s) = o . (35)

Im[zg]

ro = 8 = PSS oD
A(s)/A(s) is analytic on the right.
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How to parameterize a resonance with finite width (the o resonance)?

0 0.4 0.6 0.4 1 Lz 1.4
Figure 5: |A(s)|, the red line; |A(s)|, the blue line; The green line is the ratio
| A(s)| /| A(s)|. For M=400MeV, I" = 600MeV.
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0 0.4 0.6 0.8 1 Li 1.4
Figure 6: |A(s)|, the red line; |A(s)|, the blue line; The green line is the ratio
| A(s)| /| A(s)|. For M=800MeV, I" = 100MeV.

&5 — Mihon University, Feb. 24, 2003 18



