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Overview
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Connect low- and high-energy dynamics.



Dispersion relations - FESR
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Analyticity results in Finite-Energy Sum Rules.



Low energies

A i
/ Im AJ (v, t) (K) dv’

T

Low energy models
* BnGa, Julich-Bonn, ANL-Osaka, SAID, MAID,...
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High energies

Regge pole model
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Dominant: vector exchanges

A;| I JFC 1 |Leading exchanges

A1|07,171(1,3,5,...) " |+1 p(770), w(782)
A5107,11((1,3,5,...)7 | =1| h1(1170), b1(1235)
A3|07,17| (2,4,..)7 " |-1 p2(77),w=2(77)

Ag|07,17((1,3,5,..) " |+1|  p(770),w(782)

"2=A1+t142

P — NP,
o= nn,

A:
A —

(wWH+h+w)+(p+b+p2)
(W+h+ws)—(p+b+ p2)



Sensitivity to k
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Matching: exchanges
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[Data: Dewire 1971, Braunschweig 1970]



Results
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Results

~ alt)+k (4
Bi(t) = W/O Im APWA (v, t) v* dv

0.50F

ool ' | $e ¢
1 -ﬁm\\ yp - 1°p I P ap
100} ik . " *
o= = - NH o / \
N% 1op o) \ 2 . E r?> 044 : E
L"J L £ ' 2 . Iy
€ 1 e ¢l & sl ) W
_‘é’ L T I 5 : O'd: !
:g o1} ; '%,% 5 < o} F
e 6GeV(x107) & o R = opt
00LF o 9Gev (x10) o p
umlnlzﬁevmuh &“Ol‘lf,.w...‘...‘.. —
R ISR | . . . . . . , L oo o2 lo4 o6 08 10
0.0 02 0.4 0.6 08 LO 0.0 02 04 0.6 08 LO _I_ >
~t (GeV?) ~t (GeV?) I It (GeV?)
[V. Mathieu, J.N. et al. (JPAC) 1708.07779 (2017)] T bl
D 05 I ol
O olo: e
= ods &
> <
3 700
& -0.1 /’ P
A ¢ bt
L {0 0,2 04 06 08 10

\/ -t(GeV?)



Comparison foryn = n
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Predictions for GlueX & CLAS

Natural dominant: X =+1
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Fill up the dip with natural contribution: p



n' /n beam asymmetry
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Dominant exchanges: p, w
Variations: b, h radiative decays

Sizable deviation from 1:
* Non-negligible contributions from hidden strangeness
* Signicant deviation from the quark model description
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We present the model published in [Nys16] . 5 n

The differential cross section for vp — 7p is computed with Regge amplitudes in P -~

the domain Fy > 4GeVand 0 < —£ <1 (in GeV?). ,\;\\T\’K q

We use the CGLN invariant amplitudes 4; defined in [Chew57a]. S PR
See the section Formalism for the definition of the variables. o Publication: [Nys16]

The model and its context is detailed in [Nys16]. We report here only tt o C/C++ ob.st?rvables:. C-code main, Input file, C—gode source, C—che header, Eta-MAID 2001 multip
o C/{C++ minimal script to calculate the amplitudes: C-code zip

o Data: Dewire , Braunschweig

o Contact person: Jannes Nys

Formalism o Last update: November 2016

features of the model.

The differential cross section is a function of 2 kinematic variables. The { SteP-by-step introduction to calculating the model amplitudes of the high-energy model.
laboratory frame E, (in GeV) or the total energy squared s (in GeVz). T [show]

scattering angle in the rest frame cos # or the momentum transfered squai
The momenta of the particles are k (photon), g (eta), pa (target) and p4 (1

: L ; - 2
fsnnd the probanmnssle My The Mande}stanzl variables, s = (k + p2)%, Choose the beam energy in the lab frame E., the other variable (¢ or cos#) and its minimal, maximal,
are related through s+t +u = 2M }%- + p°. Furthermore, we intr¢ ... increment values. i

Run the code

-
If you choose t (cos) only the min, max and step values of ¢ (cos#) are read.
Only physical ¢-values are calculated. Hence, for example £t = 0 will be set to t(cos 8 = +1). Below
W = 2 GeV, we use the Eta-MAID 2001 model using the lowest [ < 5 multipoles. Above W = 2 GeV,
the Regge model is evaluated. There is no smooth transition.

November 2016: . —_—
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[J.N., et al. (JPAC) PRD (2017)]
[V. Mathieu, J.N. et al. (JPAC) 1708.07779 (2017)]
e Finite-Energy Sum Rules relate high and low energy regimes
o Low-energy models provide detailed predictions for
high-energy data
o Information at the amplitude level
o Ultimately: combined fit of low- and high-energy data

[V. Mathieu, J.N., et al. (JPAC) 1704.07684]

e n/n’ beam asymmetry
o Source of information about b and h radiative decays
o Sensitive to hidden strangeness
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Dispersion relations
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Low energies

Low energy models
* BnGa, Julich-Bonn, ANL-Osaka, SAID, MAID
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Matching: exchanges
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Look for unnatural contributions in the beam asymmetry



Formalism

Az, (8,1) (Z.\ )U)\

* No kinematic singularities
M, = M. (S.. £ )\7) * N.o kine.ma.ti.c Zeros
- * Discontinuities:
| * Unitarity cut

M, = 5757#%17#’/ : * Nucleon pole

My = 2v5q, P, F"",
M3 = v57.q. F*
i

M= §€a5m/’}’aqﬁF”V .
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Thus, at high energies the invariants A3 and A4 (A and
A5) correspond to the s-channel nucleon-helicity non-flip

(flip), respectively. Combining Egs. (20) and we
obtain

A pg=— (. ;2 + Ay) . (23)

%
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A _
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where n = |(py — pi) — (—p¢)| = 0 is the net s-channel
helicity flip. This is a weaker condition than the one
imposed by angular-momentum conservation on factor-
izable Regge amplitudes,

A:”*f:ﬂz‘ Hy tw (_tJ(?H_x)/Q : (18}
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where n 4+ 2 = || + |ti — p¢| > 1. We summarize the



