SUM RULES
FOR
LIGHT-LIGHT INTERACTION

Vladimir Pascalutsa

PRISMA Cluster of Excellence Institut e for Nuclear Physics
University of Mainz, Germany

\n I

sl v CD PRISMA =

1 | = ——

R it , THE LOW-ENERGY FRONTIER
. OF THE STANDARD MODEL

e ——




@ S R

B(t)=  dt' G(t — t)A(Y)
CHESAE=IO TR

implies analyticity in Energy

relativistic version:

B(x) = /dx’G(x! x"A(X")
G(x! x)=0, (x! x)?<0
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In the forward direction ( t=0, s=4!% u=1 s
M opsps = ACS) Guapo Guspe + B(S) Guaps Guspe + C(S) Guups Quops

Miris (S) = A(s) + C(s),

Mii 41 (S)= A(s) + B(9),

M+t n (S)= B(s)+ C(s).
1) Crossing symmetry (1 <-> 3, 2 <-> 4):

Mit+1(S)= Muwir (1S), Muvy (S)= Muwn (1 S)



SUM RULES FOR LIGHT-BY-LIGHT
(DERIVATION CONTD)

Amplitudes with debPnite parity under Crossing:

fE)(S)= Mirer (S)E My 41 (9)
a(s) = Musu (8)
2) Causality => Analyticity => dispersion relations:

Re

1 dg sy
| s#l s g(s™ ’

f(£)(s) :
a(s)

3) Optical theorem (unitarity):
mfE)(s)=1 2 [1o(s) £ ! 2(9)],

mg(s)= ! 2 [1(9)! 1 (9]

| 0,2(! | ,! ) Are circularly (linearly) polarized Photon-Photon Fusion cross-sections
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Sum rules:
1 e N6

Ref (F)(s)= | — ds's

2! s21 g2’

0
!

Ref #)(s) = | SN S "(S),

4! s21 g2
0
!

Reg(s) = ! = ds s

w1 (S)! s (S)

4! s2!| g2
0

4) OLow-energy TheoremO:

Low-energy expansion

! :(|o+'2)/2:(|”+||)/2

Len = ci(Fu EEOP o C2(Fp FH)2,

fM ()= 1 2(c; + ¢)s? + O(s?)
fC)(s)= O(s°)

g(s) = ! 2(c1! ©)s?+ O(s?)
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0
i 1(j ds
C = Bl oD (s)
0

LECS Biie (peslive:
Photons attract!

Gerasimov & Moulin (1976)!

Brodsky & Schmidt (1995)
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Ghosts, Higgs Sector 27%
160M 4

Unitarity, Causality



Relativistic O-range Scattering

"HHS68, () *+,-".]

T=V+VGT B 1
V = | T(s) = 111 G(s)
RN

G(s)="!1

(2$) [(p+ H2! m2](#! m?) with p* = s.

Im G(s) ' > 0:no pole:
| l < 0:one pole and one K-matrix pol
0

ReG
T~ °el T = 1(%5,)! i
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Causality criterion I
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‘Surpassing WignerOs causality bound for NR scattering
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I LO phase shift, crosses 90 degrees!

>%Z*+-F+X-,G(%FI1%(0) =" Nbound states
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Figure 7: Phase shift for derent values of.

IF"+J,-G)G%,*-,)"F.L)+*%J #K,G(%,RA,J%H1%%, |F--*+H4,*6%6,),38&
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non-PT

"m" ##$ B, O
=

cancellation of (pseudo)scalar and tensor meson contributions

Mm " h ds#" /s
[MeV] [keV] [nb]
#°  |134.98/(7.8+ 0.6)" 10 °|# 1950+ 15.0
$ 547.85 051+ 0.03 |#1907+ 11.2
$* |957.66| 4.30+ 0.15 [#301L0+ 105
Sum $, $" # 492+ 22

5 10 50 100
sin?
My Y Tds" /s | ds"!ls
narrow res. |Breit-Wigner
[MeV] [keV] [nb] [nb]
a(1320) [13183| 1.00+ 0.06 134+ 8 137+ 8
f2(1270) |12751| 3.03+ 0.35 | 448% 52 479+ 56
f5(1525) | 1525 |0.081+ 0.009 7+ 1 7+ 1
Sum f,,f, 455+ 53 486+ 57




