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E45 PWA/Data Analysis Framework

1. Develop programs to calculate differential cross
sections using given partial wave amplitudes for = N ->
7t N elasticand t N -> © © N channels.
https://www.phy.anl.gov/theory/research/anl-osaka-pwa/

2. Develop a partial wave program (PWA) to extract
resonance parameters for given measured differential
cross sections for t N-> 1 N elasticand TN ->7 T N

channels.

3. Develop event generators using the differential cross
sections from (1) for data analysis.
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Differential Cross Section for Event Generator

J Develop differential cross section programs
* Interpolation using resonance amplitude grid tables
from different models (ANL-Osaka model, SAID model,
etc.)
* Differential cross section calculation is model-
independent
e mwN->mNelasticand Tt N->7m n N channels

o 7 N->m N elastic channel. Partial wave grid tables
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nt N -> 1t N elastic differential cross sections

(J Partial wave resonance amplitude tables from ANL-Osaka/
SAID model websites

https://www.phy.anl.gov/theory/research/anl-osaka-pwa/

ANL-osaka amplitudes : < MB (nf)|T| MB (ni) >
Relation to S-matrix : S =

1+2iT

Requested Amplitudes

MB(nf)= pi-N , MB(ni)= pi-N
Partial-wave = Sl1

W (MeV) < MB (nf)|T| MB (ni) >
0.1080E+04 0.3166E-01 0.9945E-03
0.1085E+04 0.5210E-01 0.2561E-02
0.1090E+04 0.6643E-01 0.4459E-02
0.1095E+04 0.7784E-01 0.6283E-02
0.1100E+04 0.8749E-01 0.7943E-02
0.1105E+04 0.9593E-01 0.9486E-02
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Comparison between ANL-Osaka and SAID

Partial wave grid tables
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Comparison between ANL-Osaka and SAID

Partial wave grid tables
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Validation of t N -> t N elastic differential cross sections
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Differential cross section for pi+p to pi+p; W = 1.958 GeV

Excercise
nttp->ntpat

W = 1.958 GeV ® Lee

$\dfrac{\text{d}\sigma_{\gamma~{*}}}{\text{d}\Omega} \text{ [mb]/sr}$

$\theta\;[degree]$
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Validation of © N -> K A differential cross sections
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0 p -> K* A at
W = 2.027 GeV ® lee

$\dfrac{\text{d}\sigma_{\gamma~{*}}}{\text{d}\Omega} \text{ [mb/sr]}$
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7t N -> 1t © N Differential Cross Section
= g N->mA->nnN

= TN->cN->mwmN
= TN->pN->nnN

2D table (W, p) from ANL-Osaka website

, 1/2 1/2
< TA|T(W)|rN >= —PW/A (PA]tiTs'wA,stN(PAa/ﬁ "‘"’I’I)Owév(k) ;

. 1/2 , 1/2
< pN|TW)|7N > —piik 0Dt 8 Lsnn Dps ks W)prn (k) |

= O-N|T(II/Y)|7TN = _pclré\‘fz (pdl)ti?js"aN,LS'wN (po'? k? I]V) O:ré\‘fz(k) )
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nt N -> 7 ©t N Differential Cross Section

= aN->mTA->ntmTN
= aN->coN->mtmtN
= aTN->pN->wtnN

2D resonance amplitude table (W, p)

Partial-wave = S11 (pi-N); L= 1, S= 1/2 (sigma-N )
W= 1220 MeV

p (MeV) < MB (nf)|T| MB (ni) >
0.0 -0.0000E+00 -0.0000E+00

5.0 0.1445E-03 -0.8761E-03
10.0 0.4084E-03 -0.2477E-02
15.0 0.7496E-03 -0.4546E-02
20.0 0.1153E-02 -0.6990E-02
25.0 0.1608E-02 -0.9753E-02
30.0 0.2110E-02 -0.1279E-01
35.0 0.2652E-02 -0.1608E-01
40.0 0.3231E-02 -0.1960E-01
44.0 0.3717E-02 -0.2254E-01
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n N -> t © N Total Cross Section

= g N->nA->mwtnN
" aN->cN->ntrwt N
= TN->pN->mwtmN
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2D table (W, p) from ANL-Osaka website
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n p -=> © A Total Cross Section
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Partial Wave Analysis

‘m

= o a - \ 2 N (ye:z:perimental - y:‘,heoretical)2
inimization function X = Z Ay?

where N is the number of experimental data points

e Option 1: written in Python/C++
e Option 2: written in Fortran

Develop partial analysis program by
EtDalametars ThesZivaltie combining all the pieces A+B

\_ 5 J
Send new set of Receive new

parameters minimized value
many
iterations

Minimizer:
e TMinuit in PYROOT in Python
* C++ version is also fine
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2.

Challenges

Fit the JPARC data by varying ANL-Osaka PWA such
as polynomials, dipole form or gaussian form.

There will have many parameters like 200 or more (M
resonance x N parameters xr channels), and itis a
challenge to fit the data with so many parameters.

Itis the biggest unknown to me and it needs to
develop strategies.
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