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before we can address the following
question...
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...we nheed to know how to
interpret “peaks”
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is it always a direct channel
resonance ?



S-matrix principles: Crossing, Analyticity, Unitarity

A(s,t)

i
""_,é, A(s,t) = Ai(s)Pi(zs)
[

\ \ Analyticity

s-channel M-decay channel
: A;(s) = lim A;(s + i€
Crossing 1(8) I 1 )

t Aj(s+1e) #= Aj(s — 1€) bumps/peaks on the
l real axis (experiment)
s-plane
come from
singularities in the
complex domain.

® Unitarity




Ap = K pJ /Y Can the s-channel band originate
from a non-s-channel pole

A(1520)
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anatomy of the full, A(s,t) amplitude and its partial waves
-> an s-channel singularity out-of a t-channel pole

<

A(s,t) = A(t) pole (peak) int

= b(s) + > (2L + 1)bi(s) Pi(zs)

[>0

t = 1(s,zs) kinematical relation

)

11
= b(s):§/ dzs— b

—1 Ty —t(S,ZS)

/dzs

partial wave projection induces singularities in s
(aka. left cuts)

A



singularity in each partial wave manifests
iIn more or less abrupt “edge”



coherent incoherent

AW = [b(s) + )| = |bi(s)[* + [b(s) [

[>0 [>0

28 ‘ 1 1 1 1 1 1 1 1 1 I(S)
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D1(2420) (t-channel)

or
Z:(3900) (s-channel)
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suppose coherence between partial waves is broken

A@F =) [P+ [b(s) P = [A(s, 1)
[>0

signal in the Dalitz plot
but no change in the
projection I(s) !

Z by (s)|? + |b(s)
>0




coherence between t-channel partial waves
will be distorted if there are s-channel
interactions. e.gin the I=0 wave




=b(s)+ Y (20 + 1)bi(s)Pi(zs)

[>0

LY RE LY

R s —s

remove b(s) and replace it b’(s)

b(S) — b’(s) — b(s) -+ t(s) _l/ dS,p(s’) b(s’) _

s’ —s




can the s-channel interaction, (though de-coherence)
generate narrow s-bands?

B (s) — b(s) = t(s) | - / as' p(s) 25

K s’ —s

® t(s) has a peak in s (e.g. J/psi + p -> J/psi + p resonate)
® [...] has a peak as a function of s

t

1 /1 53
— b(s) = = dz,
/dZS (S) 2 /—1 : m% — t(3723)
ﬂ(s) has singularities for complex s



s+1e s’ plane

s. singularity of b(s) becomes a
second sheet singularity of the
integral (i.e. physical amplitude)
—> very much like a resonance

~~~~~~

Coleman-Norton theorem

(K)

M1 (CC)

< H

H t-channel resonance can
_ A (hyperon) produce s-channel “band” if:
t

all particles on-sheli

M (Ap) m2 and m1 collinear
M2 (D) v(mz) > v(my)



A(t) = A(s,t) = [A(t) — b(s)] + b'(s)
=) (21 + 1)by(s)Pr(2zs) + V' (5)

[>0

® Dalitz plot distribution changes

A # |A(s, )

® Projection changes if |b'(s)|* # |b(s)|?

I(s :/ th bl
( ) P.S.(s) | Z‘

[>0

= ) lbu(s)l’

[>0

(C.Schmidt)



in the single channel case Ib’(s)I2 = Ib(s)I?

fors~s. | [ s | ~ 2ip(s)b(s)

b'(s) = b(s) + t(s)[---] = [1 + 2ip(s)t(s)]b(s)
= S(s)b(s) $S(s)=unitary

S-matrix
® and projection does NOT change element
1) = [ dA@F =Y (o)l + ()
P.S.(s) >0
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Projection changes if interactions are inelastic

Ay(s) =1 (s Z

[>0
&:1727:(J/wp)7(Xclp) Pc

= (J/¢7),(DD* + c.c) - --Z¢(3900) in Y-> 1 J/

suppose there is peak from projection of a t-channel
resonance in channel 2 and inelastic interaction between 1
and 2

. bi(s) ~ S1,2b2(s)

‘51,2‘ <1

A(1890)




The key to the XYZ phenomena are the many nearby channels

Coleman-Norton requires
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IAmpll
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XYZ phenomena are seem to occur near
inelastic thresholds

For the non-resonant [ (-channel) induced
singularities] interpretation there needs to
be significant coupling between channels

Specific predictions for “the other” Dalitz
plot distribution e.g.

Ab — K_chl

Y (4260) — DD*m



Origin of singularities (exchanges constrained by unitarity)

\A(S,t) t Sﬂ_s
Ay — K~ pJ /b ¢ N
S
\ Ai(s)

(after s-channel

\t/ projection + fsi)

p

___________ @ & S=Sp physical

/\ S=st (pole) region
(branch point)



