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To investigate resurances, we must understand
the mistic structure of the amplitude .

Let's continue with the 2-2 elastic scattering
case .

Recall the partic wove motarity
relatio
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the InMy(s) = 0 when E-Zm.

If a functio fizt is real a a seguet
of the real axis

,
the F(z* ) = f* (e)

,

this is the schwartz reflection principle.

Causality irdies that the amplitude
for physica energies is the boundary Value
of some malytic function .

Muc =hi My(s + it)
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The imaginary part of the amplitude is

Wied to its discontinuity

Discf(x) =M [f(x +it - f(x-ie)]

So,
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Therefore
,
the unitarity condition gives us

that the amplitude is discontinuous across

the real S-axis,
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Causality ↓so gives the the amplitudes are

analytic function in the complex S-place,

except for mitarity cuts & pole singularities
below threshold.

Bound States

A boud Fate Cal Sol is rigorousy
defied as a pole singularity on the real

energy axis below threshold,
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The binding energy
is T. E

.

= zm-my

The boud state has a spin I

Examples include the desteron in up scatering.



Lis look of a example, consider s-une

scatuity described by a leading order
effective range , a <0

M( = Sin
pole singularity exists when ino =-
Define binding monatur It as = iK

=> k=

The boud state mass is

-

my = 25 m2 - k

-
= 2)m - t my < zm !

the couping is found by competing the
residue at the pole,

-g = fodsMs

-

=> 9 =8) (exercise



Resurances

Whit if we wat to describe a cross-section

with a classic ensurance behavio ?

virp C

this is a reflection of a pole
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If we try to paranouze the K morix

by a single pole , e.g ,
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This is an S-wave Breit-higher arpitude,
describes an isolated

,
narrow-width peak

where No is approx . the peal location in us



Lo us massage it to a more failin for

for some
,
recall thatI Wha

=> M = 95 mo
mp-s - it ↑(s)

Whoe MCs) = 3 You energy-depuct
width

No & go me physical parates .

The

only meaningful parates are the pole positions.

What are the poles of our "Breit-Vigar" 7

first
,
consider the narrow-width lirt Ly+ o)

thm,
Mcs) = goit

- Eto as g. 0

pole of S = mo - it

=> 5 = 1(mo - it)
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In the limits of E-0
,
the pole is

a real pole , thus Stable (bound Joel
.

so
,

= Mo = M coul mass

Bo, since we have scatering , My 20·
A real axis pole above threshold violtes

miturity !
In M - S(s - r)

- SIMP-(tr)
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=> No physically allowed .

What if we have a small go ? (very earow

Res
Mass= res da

pole at mol-s- its (s) =0
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So
, expand near gozo limit

S = mp-in Mus)

= motimo Miros

> Min = To
a small constant
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Here
,
M = no is resuance mass

↑ = To is resuance width

- = I is lifetime
>

In gara, M = M(no
,yo

T = +(no , g)



We define the resurance mass and width
,

-

inorder to reproduce narrow with Breit-highe ,
GS

&= M2 - -rz
↑
pole position Sp

An issue concerning andyficity complicates
Hos definition . Causality imposes the the

amplitude is analytic in the cordex energy
place - Cannot have pole singularities !

So
,
where are they ? They are on the

Second Rieman sheet !

Recall to the artitude is discontinuous

across the real exis for SI (2m)?

The branch not is square-roo-like,

( think of it being induced by phase space (-

p
- 5-41



The resurance position is hiding undereth
-the branchcut on the 200 sheet
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Constrating K-narices

We have ancudatic for for the amplitude,
by we need to constrain K with extend

infraction
. Fr Hadia physics, we haveb options

- Experimet
· Measure obsurables

,
e .g, on

1912
-

·Construct amplitude M =KI
I-isk

· Paraderize K

·Search for polesE get hadian properties

- theretical model

·Choose model on EFT , 2.g ., GOT, ...

· Compute K , 2 .g ,
to some chinch order

·Compare to data, fix parates of theory
·Search for polesE get hadian properties

- Latice QCD

·Compute Finite-volume spetru Er
⑧ Map En to K via Lischa

·Search for polesE get hadian properties


