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Motivation (FDC)

o Feynman Diagram Calculation(FDC), The project was started
from 1993.

o PROGRESS IN FDC PROJECT,
Nucl.Instrum.Meth.A534:241-245,2004

FDC Homepage: http://wwwl.ihep.ac.cn/wjx

o FDC-SM-and-Many-Extensions
o FDC-NRQCD

o FDC-MSSM

o FDC-PWA

o FDC-LOOP

FDC-PWA was started from 1998 and constructed for BES partial
wave analysis. PWA: to decide the mass, width and branch ratio
of a resonant




Motivation (FDC-PWA)

o To work with high spin states (0, 1/2, 1, 3/2, 2,5/2,3,7/2, 4,
9/2) and construct effective Lagrangians.

o The expression of the effective interaction vertices and the
propagators for the high spin states are quite lengthy.

o The related amplitudes and amplitude squares are complicated.

o There are many free parameters in the effective Lagrangian and
these parameters will be fixed when the generated program is used
to do Likelihood fitting of experimental data.

o To generate a complete set of the Fortran sources to do the
partial wave analysis on experimental data.




Motivation (FDC-PWA)

The Rule to Construct Effective Lagrangian For PWA

. Lorentz Invariance

. C-parity conservation
. P-parity conservation

. CP conservation
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FEEFNEA:
o SEN FAEMAMEFEZIEMN C, P, T FRERMERELE 7
o HIFH) CP EFHRMFEMEN, ERNFEZREMN (RFE) EX?
o HITHIEATHER, WFEMEEERRBEHAEK?
o —HEERAREMEEERAT ARER (BS2HMN) FiZ—HE 7
o HE(ERIREMEREKLEHERN FEREFERMTAEK 7
o EHRTETARBUIRTFIEEAMIE ? (counter term)
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@ all three bosons are eigenstates of charge conjugation,
H} =TT6"9%6 = HY = xaxpxcl9" 6”9 (1)
where x 4, xp and x ¢ are the charge conjugation eigenvalues. Thus

X = xaxsXxc =1 and I't =T should be satisfied.
@ only particle C'is the real boson, then

Hi =TTgA1pPTpC . (2)

Obviously there are a pair of charge conjugation vertices, and they together
yield a hermitian Hamiltonian density

Hy=Hi+H] 3)
This time the charge conjugation of (?7) is
Hi = xcTooP1o¢ (4)

’HIC should be equal to ’Hj since they both represent the charge conjugation
of the origin vertex, Thus we get

I =xcl (5)
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o Fermion-Fermion-Boson: A fermion spinor field transforms under charge

conjugation as ’
o t=0p, et =470 (6)
The hermitian conjugate Hamiltonian density is
7t _ 7B 0pta0,.4 ,C
Hy=v v Ty y7e (@)
and the charge conjugation is
- —B
H = xcu () Tyel. (8)

Since (7) and (8) both describe the charge conjugation of the original vertex,
they should be equal. This means

xo(Cre T =40T140 9)

or equivalently

CHYTTYT O™ =yl (10)
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The table below lists C(y°T'T4%)TC~!

r i PH yH 5 g "

C«(,YOFT,YO)TC—l —i i ol 75 g" ojad

If there are two tensors I'; and I'y which satisfy
T e =l (11)
C(TI*)TC! = xals (12)
where X1, X2 = *£1, then their product I'1I"s would have the property
C(°(T1T2)17°) T = C(Ti AT "o
= 0T e e T Tet (13)
=xix2l1Ts .

This implies that if a composite tensor I'; =T’y - - - T' y does not satisfy (10),
we can simply multiply an i and get a valid tensor il';.

A8 E A1) > 2022 %
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The Rule to Construct Effective Lagrangian For PWA

J/W — p N(1520),p N(1520) - ppr®

FDC-pwa3.0:  Vsz = g (p2p2y fso + guufss + VP2, fea)

FDC-pwa3.0: Vi3 = g (p2,p2, fs2 + Guwfss + Yup2,fsa)

e
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*

FDC-pwa3.1Viz = gi (=p2,p2, fs0 — Guw fs1 + wp2, fs2)
FDC-pwa3.1: Vsz = gi (p2,p2, f30 + Guw fs1 + np2,fs2)
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o Vertices:
If one of the outgoing bosons is a photon, the interaction
Hamiltonian should also be gauge invariant. The gauge invariance

condition is
kurual...ocmﬁluﬂn =0 (14)

or
P fe RDY e . (15)

o There are two way for the condition:

o The condition is satisfied on mass shell.
o The condition is satisfied on mass shell and off mass shell.

o Radiative decay processes: processs dependent counter term




FDC-PWA-TG

Blg FDC-PWA-TG Su b

Model — Model — Then do your
initial particle no redundant works ...

final particles particles

all vertices

* A C++ program: use pointers to efficiently manipulate a tree.

* Efficient: submodels are automatically created.

* Fast : generates all submodels for all 2-4 final processes in 83
ms.

* Usage:
Writing a integrated program, using a command to generate
all 2-4 final tree diagrams of a model and display them by
HTML in 5 min.




FDC-PWA Tensorflow (5Fx&RA|)

Accelerate FDC with GPU-Tensorflow

Compile amplitudes of fortran codes into a
python modules

Calculate the event amplitude in Tensorflow
framework

MLLH minimized with Minuit in pyROOT ( python
version of Minuit )

Access fit results (signal yields and statistical
uncertainty calculated based on resultant
covariance matrix )

Allow user to add mass and width as hyper-
parameters in the fit

Allow for simultaneous fit to multiple samples




FDC-PWA:
e > gmodel
e > doall
@ > cd fort
@ > make
e > fit




o SEBTFHMHEMMEEERERIE

o HRSMIEFBMLTEMIEFE FDC-PWA

o FDC-PWA RIIATR A {EHI B A2 & FxdiEH £ (BEPC, B-factory, LHCB)
B 55 A

o SRR MIEFHFRNL, MHBRBGESR (SFERTIEN

counter term 3| \)




The End
Thank you very much
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