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Scattering Analysis Interactive Database

Major initiatives

Phenomenology

m Suite of FORTRAN programs to analyze 2 — 2 & 3 body scattering and
reaction data developed primarily by Dick Arndt

m Routines: database, fit, and analysis

m Implement parameterizations via field theoretic constraints

m Reactions: 7N — 7N, N, 7nN; KN — KN; NN — NN; nd — =d,
wd — pp; YN — wN,nN,n'N,KY; eN — erN

m Open access
Passwordless secure shell: ssh -C -X said@said.phys.gwu.edu
Web interface: http://gwdac.phys.gwu.edu
Web users ~ 100/month: modelers, comparisons to data (measured and
unmeasured), exp’l planning, simulations, event generators, detector design
and callibation, ...

Theory & modeling

m Dynamical multichannel effective field theory models
m Comparison to phenomenological parameterizations
m Derive guidance from phenomenology for approximations
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Motivation

for the current exploratory study MP & R. Workman, Phys. Rev. C, in press; arXiv: 1004.0455v1

Require a model independent method to obtain partial wave amplitudes

Existing knowledge of resonances mostly from hadronic
scattering/reactions: 71N — 7N, 7N — nN, 7N — wN
— complete 7N — =N measurement over significant kinematic range

New precision electromagnetic facilities: Bonn, JLab, Lund, Mainz, ...
— renaissance in reaction theory and resonance physics
— quality & quantity of data rival/surpass hadronic data
— possibility to ‘back-constrain’ hadronic amplitudes in unitary formalism
— talk by I. Strakovsky, Session 6B — Crystal Ball @ MAMI-C
Extend SAID approach used in hadronic sector to electromagnetic
m Hadronic sector 1N — «N & 7N — nN (untouched)
4 channel Chew-Mandelstam approach {7N,nN, A, pN}
m Electromagnetic sector YN — «N & yN — nN
Introduce 4 channel Chew-Mandelstam approach {7 N, nN,7A, pN} with
same hadronic “rescattering” matrix
Obtain n—photoproduction amplitude with resonant phase — various
calculations [Green & Wycech; Kaiser et. al.; Aznauryan] yield wide
range of phases

B Study baryon resonances in nN channel
CNS
Study n-sector physics e forMuclchr Sies
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Unitarity constraint on T
Threshold branch points

Parameterization (Chew-Mandelstam) adheres to analytic structure dictated
by unitarity in the physical region W > m; + m;
m S matrix

Sap(E) = (kar| S|ks ()
=6 (Ko — K3)bap + 2ind(Ea — Es)(Kacr| T|Ksz3)

E = W = center-of-mass energy; «, 3 channels =N, nN, A, pN, ...

m S'S=8S" =1 — constrainton T

T—-T =TT -
Im 7' = =P, Pap = appa
7TkaE(11 EDt2
a = 0 W - fe% - A7
p ( m +) W
m Unitarity = real branch points at normal o e,

thresholds

m Ignore non-analytic structure in W < 0 region
(for now) oS e s
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K-matrix and Chew-Mandelstam forms

after Basdevant & Berger, Phys. Rev. D 19 (1979); Babelon et. al. Nuc. Phys. B113 (1976)

Change normalization; matrix notation

Im T~' = —9(W — M, ) a diagonal matrix
T'=Re T '+imT ' =K' —ig(W - M,)
T =K+ Kio(W — M,)T

Chew-Mandelstam
T'=(K'+ReC)—(ReC+i0(W-M.)=K  —C
T=K+KCT
W— Ws o ! pa(W,)
—_— aw
7w O (W W)W = W)

Ca(W) =

K=K+K[ReClK = K={1-K[ReC]} 'K
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N/D approach
Relation to C-M approach

T(W) = D~ (W)N(W)

ImD(W) = N(W)Im T~ (W) ImN(W) =0 W > m+m
ImN(W) = D(W)Im T(W) ImD(W) =0 W<o

D(W) = ZP:D(W; W) — %l‘p[(w— wy [~ aw’

i=1 i=1 Wi

NW')p(W')
(W= W)W’ - W)

119 * o NOW)p(W)
NW)=K D(W; W) — — W—W,-][ aw
w0 = se{somwswn - TTow- [ aw g D
Chew-Mandelstam approximates N, neglecting left-hand cut

N(W) = K(W)

o8
Kag = CapnZop(W)
n=0
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K-matrix formalism

Two-channel formalism (trivially generalizable to N 2-body channels)
Tﬂ“r = (1 + iTﬂﬂ)wa + iTTrnKm an = (1 + iTrm)an + iTnﬂKﬂv

Reduction via hadronic matrix to various forms

Ko K, K,
Ty = ( Ky — 2222 "”) 14 0iTy) + 22T,
ny ( 7y Ken ( ) Koen nmn
= AW)(A + iTy(W)) + B(W) T, (W) Form 1
= A (WY + iTer (W) + B' (W) Trr (W) Form 2

S-E solutions=GWU 0.00 0.00 0.00 0.00 0.00

[:z mFm A =si1 pE

T
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Chew-Mandelstam parameterization

m— & n—photoproduction

E,, [mfm]

Current hadronic parameterization fits 1N — =N, 7N — nN, DR, ...

Top =y [1 - KClooKap

o

Generalized to photoproduction (hadronic matrix fixed by above)

Tor = > _[1 - KCl.sKory

Perform fit at amplitude level to Re E¢, , Im Eg, & |E]. |
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Comparison to MAID

Eg. SAID and MAID solutions
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Summary

Reviewed role of unitarity determining non-analyticities in the physical
region, w > m; + m; [almost complete]

Related Chew-Mandelstam form to N/D approach — ‘left-hand cut’
neglected in C-M

Performed simultaneous coupled-channel fit of n—photoproduction Si4
multipole modulus, |EJ, | and w—photoproduction amplitude, Eg,

Current approach yields resonant Ej, phase — encourages us to
pursue the C-M approach in fits to photoproduction observables (not
amplitudes)

Outlook

Perform fit to #—photoproduction data using C-M form

Perform simultaneous fit to 7— and n—photoproduction data using C-M form

Perform simultaneous, global fit to #N — «N, 71N — nN, yN — =N,
¥N — nN using C-M form: offers opportunity for precision
electromagnetic data to ‘back-constrain’ hadronic amplitudes (some of
which are very poorly known)

Generalize to correctly account for ‘left-hand cuts’
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Dedication

To the memory of our friend and
colleague, Dick Arndt, GWU Research
Professor and Virginia Tech Emeritus
Professor, who passed Saturday, April
10, 2010.
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