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In the forward direction (¢ =0, s=4w? wu= —s. )i
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Mit14(s) = A(s) + C(s),
Mi_1_(s) = A(s) + B(s),
Mi—_(s) = B(s) + C(s).

1) Crossing symmetry (1 <-> 3, 2 <-> 4):
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SUM RULES FOR LIGHT-BY-LIGHT
(DERIVATION CONTD)

Amplitudes with definite parity under Crossing:

FH(s) = Myyii(s) £ My—i—(s)

9(s) = My (s)

2) Causality => Analyticity => dispersion relations:
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3) Optical theorem (unitarity):

S

Imf(i)(S) sl [o0(s) £ 0a(s) |,

S

I g(s) = 3 [0 (5) = 7(5)].

00,2(U||,J_) Are circularly (linearly) polarized Photon-Photon Fusion cross-sections



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

Sum rules:
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4) “Low-energy Theorem”:  Lgg = c1(F, F*)? + co(F,, F*)?,

Low-energy expansion FH(s) = —2(c1 + ¢2)s% + O(sH)
f7(s) = O(s°)
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LECS Glie [prosiiye
Photons attract!

Gerasimov & Moulin (1976)
Brodsky & Schmidt (1995)



EIENIERALIZATION TO VIRTUAE RS NS

[ V.P., PAUK & VANDERHAEGHEN, PRD (2012) ]
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Relativistic O-range Scattering

Bubble-chain sum:

T=V+VGT 1
T(s) =
V= )= =G

, d*¢ 1 .
66) == | Gayt T B =T E= with p7 = s

Im G(s) A > 0 : no poles
| A < 0 : one pole and one K-matrix pole
0
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\ Causality criterion I

PAUK, V.P. & VANDERHAEGHEN, PLB (2013)
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‘ Surpassing Wigner's causality bound for NR scattering l
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Wigner’s bound: WIGNER, PHYS REV (1955)
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effective range is non-positive! PHILLIPS & COHEN, PLB (1997),

HAMMER & DEAN LEE, ANN PHYS (2010), ...
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’ LO phase shift, crosses 90 degrees!

Levinson’s theorem: §(0) = TNy, und states
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Kaplan, Savage & Wise
PLB (1998)

Figure 7: Phase shift for different values of A.

Bound state is accompanied by the 90 degree crossing, i.e. a K-
matrix pole, which does not correspond here to any S-matrix pole
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@ non-PT

cancellation of (pseudo)scalar and tensor meson contributions

e

mar sy [ds Ao /s
[MeV] [keV] [nb]
7% |134.98((7.8 £0.6) x 107°|—195.0 & 15.0
n 547.85| 0.514+0.03  [—190.7 £11.2
n'  |957.66| 4.30£0.15 |—301.0=%10.5
—492 + 22

]
E L — ¢ =0
g R )
SR
i g =2m
gl ‘ sl ‘
1 5 10 50 100 500
s/m?
M | [ds Ao/s | [ds Ao/s
narrow res. |Breit-Wigner
[MeV] [keV] [nb] [nb]
a2(1320) |1318.3| 1.00 £ 0.06 134 = 8 137 £ 8
f2(1270) |{1275.1| 3.03 + 0.35 448 £ 52 479 4 56
f2(1525) | 1525 [0.081 £ 0.009 7TE1 71
Sum f2, f5 455 £ 53 486 £ 57




