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A, N*, p, (w)

* Play important roles in nuclear collisions at
relativistic energies

* Questions:
— Consistent treatment in models?
— Unique extraction of properties from data?

(e.g. resonance vs. background)
— Causality & analyticity



What is a resonance?

* Toy model for A:

* Consider N4+ 71+ A ina box.

* Hamiltonian: 7 _ Hz+ H, + Hyy,

* Bare states: Hp N> _ mN\N>
H,|m) = wy|m)

* Eigenstatesof H: H|n) = E,|n)

* Eigenstates linear combinations of bare states.




A Green’s function

(Recoilless approximation)
Spectral function:

Sa(E) = —2ImGa =21 Y [(n|a\|0)]*6(E — En) + ...

~Probability of finding a “bare” A in |n)



Analytic structure

* Poles on real axis of complex E-plane located
at eigenvalues of Hamiltonian.

* In thermodynamiclimit( V' — oo ) poles
merge into a cut, with a branch point at
threshold.

* Resonances then correspond to poles on
unphysical Riemann sheets (more later)



Spectral function is not an observable

1

"~ FE—Ep+ilg/2
I'r

(B — ERr)* + (I'r/2)?
1

~ E— EQ — ReSA(E) — ilmSa(E)

ZA
“ E_Fa+TA/2

* Breit-Wigner resonance: Gg(FE)

Sr(F) =

 Model: GA(F)

LA = (1 — 6’R62A/8E)_1 I'A = -2 IMmXa



SA is not an observable

e Spectral function cut off (model) dependent
L'

SalE) = Za (E— EA)? + (Da/2)?

e Cross section not
A

0= 13 (2¢ + 1) sin® §,
e N — /N in33-channel
ImZA - FA/Q
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Cross section independent of Z

* Averaged over spins
_dmd_ (Ta/2)
- k22(E —EA)2+ (Ta/2)?

O

* Mass and width determined by data,
YA, 9A nhot

I'a

Sa(E) = Za (E — Ea)? + (Ta/2)2




Inelastic processes
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Consistent treatment

* Fe*‘e‘N — _ZAImZe+e_N

N Am 4 (FWN/Q) (Fe+e_N/2)

T K22(E—EA? + (Ta/2)?
* Or
474 1
0= o=~ SA(E) [ImSeio |

k2 22



Closer to reality

e Scattering amplitude

f=7Ja+ INRB
* Unless |fa| >> |fNnRB

— Interference terms — difficult to extract fA

— Background differentin 1N — 7N vs. 71N — eTe™ N



lllustrative example: »

* One-loop model

* Logarthmic divergence

* Fix I', = 150MeV
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Phase shifts
e Cutoff A = 800,1800,2800,9800MeV
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* Independent of cut off for low energies
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Spectral function
. A = 800, 1800, 2800, 9800MeV

04 Sp
A — o0?
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: Normaliz.?
0.2 Even tougher
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Spectral function
. A = 800, 1800, 2800, 9800MeV
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Summary 1

e Careis needed for consistent treatment of
spectral function

» Safer to work with reactions, e.g.
7N - eTe N (with bckgrnd)
rather than artificial splitting
TN - A A —ete” N



Kinematics of A form factor

.« A= Ny* \/PA=ma /pi =mn

A(mA,m%, q)

2
4mA

¢y = (€y,qy) ay =

 Determine FF by measuring at fixed qi
with MmA intherange (ma —T'a,ma +1A)
in order to identify A

(assuming M.E. weakly dependent on g~ )



Spectral function probed?
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Spectral function probed?

004 m., = 200MeV

0.03"
0.02 -

0.01"

1000 1200 1400 1600 1800



Spectral function probed?
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Spectral function probed?
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Spectral function probed?
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Summary 2

Expect only weak constraint on /A FF
Dileptons from A-Dalitz with m ~ m,,
probe extreme tail of A strength

Can experiment constrain FF in relevant
mass range?

Better off using elementary reactions, e.g.

N — eTe ™ N



Causality and analyticity

Retarded Green’s function Gr(t' — t)
Causality: Ggr(t' —t<0)=0

F.T.: Gr(w) 1 /OO Gr(t)e™?

p— % .
1 > -
= Grlte
27T 0

Defines G r(w) for complex w



C&A
Crlw) = — /O Gr(t)e!

B 2T
If |GRr(t)] < oo then Gr(w) analytic for
Imw >0
Causality — (G g(w) analytic in upper
half plane

Similarly advanced (G 4 (w) analytic in lower
half plane



Dispersion relation

* Analyticity in upper half plane implies

—1 [ ImGRr(w') Kramers-

T

* Time ordered (Feynman) Green’s function

Gr(w) = — (/OOO Im Gp(w') +/° ImGR(w’)>

™ w—w' +10 o W —w' — 10
Gr(z)

Gr(z) Imz>0) Nopolesin

complex plane
Ga(z) (Imz <0) (phyzicaIFF)(.S.)



Poles on unphysical Riemann sheet
1

* BW Green’s function: G(E) = E—FEp+il'/2
— R 1

1 1 1
ImG(E) = — _
mG(E) = -3 (E—ER—iF/Z E—ER+7JF/2)

o= 2 [ Imetp)

T oo 2— L
: G(E + i8) = !
T E _ER il /2
|
: G(E — i6) =

E— Eg—il/2



