Approaches to complete experiments

Complete-experiment analysis (CEA)

%) Generic meson-prod. reaction PN — {p;} B,
described by N4 spin-amplitudes by, ..., by,
accompanied by NJ24 polarization observables

o O NA * o .
0% = c* X MA, brFe by
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Approaches to complete experiments

Complete-experiment analysis (CEA)

*)

Generic meson-prod. reaction PN — {¢;} B,
described by N4 spin-amplitudes by, ..., by,
accompanied by NJ24 polarization observables

o O NA * o .
0% = c* X MA, brFe by

E.g.: for YN — ¢©N, we have 4 amplitudes
bi,...,bs vs. 16 observables:
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Heuristics — Need at least 2V 4 observables to
solve for the b; uniquely (‘complete

experiments’), but which ones to select?
— Use graph-techniques ...
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Approaches to complete experiments

Complete-experiment analysis (CEA)

*)

Generic meson-prod. reaction PN — {¢;} B,
described by N4 spin-amplitudes by, ..., by,
accompanied by Ni polarization observables

(oSN} NA * o .
0% = ¢ S MA, brTe by

Truncated partial-wave analysis (TPWA)

x) Approach: cut off partial-wave series
for the full spin-amplitudes, e.g.
helicity amplitudes
Tz ar (s, t) = e/Omme

oo

x) E.g.: for YN — @N, we have 4 amplitudes . " i
b1, ..., bs vs. 16 observables: X Z (2 + 1)7;»\(5) du,)\(e)’
{ £ FPEENE j=max(|Al,|pnl)
(io’ T T (where A := A1 — Ap, po = p1 — 2
Cyry Cyry Ogry Opry Tor, Ty, Ly, Lz/}. and {b;} & {Hi} ={Tt+,++})

x) Heuristics — Need at least 2/ 4 observables to e'at some maximal angular momentum
solve for the b; uniquely (‘complete Jmax .(émax) and SearCh. for. complete
experiments’), but which ones to select? experlmjents for determination of
< Use graph-techniques ... the {7;7)\}-
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Approaches to complete experiments

Complete-experiment analysis (CEA)

Truncated partial-wave analysis (TPWA)

%) Generic meson-prod. reaction PN — {p;} B, x) Approach: cut off partial-wave series
described by N 4 spin-amplitudes by, ..., by ,, for the full spin-amplitudes, e.g.
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Complete-experiment analysis (CEA)

Truncated partial-wave analysis (TPWA)
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x) Heuristics — Need at least 2/ 4 observables to e'at some maximal angular momentum
solve for the b; uniquely (‘complete Jmax .(émax) and SearCh. for. complete
experiments’), but which ones to select? experlmjents for determination of
< Use graph-techniques ... the {7;,)\}'

‘_ — — ’ *) For yN — @B: use expansion into
electric and magnetic multipoles
\\// {EzivMZi}'
/\ Surprise: all ambiguites can be resolved
/7 \ using less than 2N 4 = 8 observables!
is complete v/ [YW, R. Beck and L. Tiator PRC 89, 055203 (2014)]
H [YW, arXiv:2008.00514 [nucl-th]]
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Testing completeness of photoproduction TPWA

%) 1-O studies using model-data (MAID2007, vp — 7°p), set: {ao,f, TP, I:_}
cf.: [YW, [arXiv:2008.00514 [nucl-th]]
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Testing completeness of photoproduction TPWA

%) 1-O studies using model-data (MAID2007, vp — 7°p), set: {ao,i, T,P, ff}
cf.: [YW, [arXiv:2008.00514 [nucl-th]]
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«) Bayesian inference for (real) yp — np data, set {00, %, T, E, F, G}
cf.: [P. Kroenert, YW, F. Afzal and A. Thiel, Phys. Rev. C 109, no.4, 045206 (2024)]
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Dreams of a 'coupled-channels complete experiment’

Consider channel-space {|wN) , |yN),|7mN)}, i.e.

Trn, =N Trn AN TrN,mrN
(T&)=| Tynan  Tonyn =0 Tywnman
7:r7rN,7rN 7:T7TN,’)/N 7:r7rN,7r7rN
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Dreams of a 'coupled-channels complete experiment’

Consider channel-space {|wN) , |yN),|7mN)}, i.e.

7;rN,rN 7;rN,’yN 7;rN,7r7'rN
(7?) = 7jYN;7\'N TYNV’YN ~0 7ij,7r7rN
7:r7rN,7rN 7:T7TN,’YN 7:r7rN,7r7rN

— Measure individual complete experiments with perfect phase-space coverage and
overlap among individual reactions (complete exp.'s determinable using graphs):

Reaction Example complete experiment (yields |b;| & ¢;;)

N — 7N (Ng = 2) o0, P,R, A

N — 7N (NA = 4) 0'0,I?y,\/vz,vvahE’y’\z(ijy‘:’ézy’v@yz’
’yN—)TI’N (N_A:4) UO7Z7T7P7E>H7LX/>TX/
YN = 7N (Na =8) 00, Py, Py, 08,0y, PO, PP 19, P, Pry P P PO PE PE L PY

= For these 4 reactions, we have T; = €% 7Tz, with T5 fixed.
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Dreams of a 'coupled-channels complete experiment’

Consider channel-space {|wN) , |yN),|7mN)}, i.e.

7;rN,rN 7;N,’yN 7:rN,7r7'rN
(7?) = 7jYN;7\'N TYNY’YN ~0 7:yN,7r7rN
7:r7rN,7rN 7:T7TN,’YN 7:r7rN,7r7rN

— Measure individual complete experiments with perfect phase-space coverage and
overlap among individual reactions (complete exp.'s determinable using graphs):

Reaction Example complete experiment (yields |b;| & ¢;;)
TN = 7N (Na=2) o00,P,RA

N — 7N (NA = 4) 0'0,I?y,\/vz,vvahE’y’\z(ijy‘:’ézy’v@yz’
’yN—)TI’N (N_A:4) UO7Z7T7P7E7H7LX'7TX’
YN = 7N (Na =8) a0, Py, Py, 08, Oy PO, PP 19, P, Pay P PEL PE PEPE L PY)

= For these 4 reactions, we have T; = e/ 75, with 77 fixed.

— Fit at least two (or more) complementary ED models (BnGa, JiiBo, ...), which have
to have as good unitarity-constraints as possible, to this database
= Missing phase-information e’*/ fixed and resonance-spectrum (hopefully) unique!
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(T&)=| Tynan  Tonyn =0 Tywnman
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— Measure individual complete experiments with perfect phase-space coverage and
overlap among individual reactions (complete exp.'s determinable using graphs):

Reaction Example complete experiment (yields |b;| & ¢;;)

7N — N (Na = 2) o0, P,R, A~

N — N (Na = 4) Uo,’swP 'E) éyy’ély’

YN = 7N (Na=4)  o0,%, T, /5, E, /{ Lo, Ty

YN = 77N (Na=8) 00, Py, P, 09,,0,,, B, BP 19, P, P, B, s, BY, Pg, PY, B

= For these 4 reactions, we have T; = e/ 75, with 77 fixed.

— Fit at least two (or more) complementary ED models (BnGa, JiiBo, ...), which have
to have as good unitarity-constraints as possible, to this database
= Missing phase-information e’*/ fixed and resonance-spectrum (hopefully) unique!

Issues: - Can we assume perfect time-reversal inv., to relate 3 — 2 to 2 — 3 processes?
- 3 — 3-process 7N — 7N unmeasurable. Does this hurt the proposal?
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