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FDC, FDC-PWA, FDC-Tensorflow

« FDC: Feynman Diagram Calculation

« FDC-PWA: FDC partial wave analysis
+ FDC-Tensorflow_tutorial
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Theoretical formalism and Monte Carlo study of partial wave analysis forJ/ '
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2.3. The effective vertices involved
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Table 2. The transformation properties of some operators.
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* Tensor form of vertex generation by
phenomenological Lagrangian (strong intera.)

— conserve P, C parity, isospin, strangeness, charm,
baryon and lepton numbers

1

— an example of J /Y — A(1+)A (— )

2 2

J/p(P) (1) Effective Lagrangian:
P2 L= u(p1) I'v(p2) €.(P)

P,C,CPT symmetry transformation: 2P =2, €=, ,L = L1
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O FH: “Tai=E L, EFESS
v HBEEBETE (FDC) 2% AIGPUSEER: FDC + Tensorflow

v FDC-TF K415 #h
1. PWAJ/Y > ntr—2tE~
2. PWAJ/Y - ppKTK~
3. PWAJ/Y - ¢
4. PWAJ/Y — ¢mm’
5. PWAY' - n0Z*t3-
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v TIEIE:
Reduce Free PSL version, 9-Aug-2018, JKE#{&Rlisp

v FAPEMNIFE:

» model_cp elsewhere_dir/model model
» process_cp elsewhere_dir/process process

> model/ process/

v RFSHETEA - F P4miE S Fmodel/add_vertices

gmodel: £ ETBRAIGERTHIN S, ZERE A model.tex
lamodel: A BT S 2598 mode | . ps 31

diag : £ BARINESHE
amp: FEENESEXNMAYFortran3Z
kine : EHEHEXHFILEH
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Ff774%m1¥FortranXX 8, HERATITCH
EFCPURLZLIZTTE, BEHAIR
MLLH #&/NEFERFEL: Fumili  (Fortranhgzx)

Normalization factor calculated in the reduce amplitude (save
more time)

n N :
|M|2 = ijpcllr Zi:ic C]A] = Cjaj,Wlth a; = Z

N
i=1 A
But loop over the data events event by event

(most cpu time consuming )

Mass and width not enter into the fit parameter list

Access the fit projection (dplot.hbook) and resonance ratio
(mplot.info)



* From Fortran to python environment.

e Tensorflow (tf) popular in Al community

* After Tensorflow?2.x, it has eager execution mode, make it
suitable for scientific computation

 Tensor data model applicable to amplitude calculation

e Autograph functionality

single process

---------
-----------

b '
- [] i
' client i ———r master

a C
' i ' [] y
Ve Session . _ _ _ __o_o___. J
run
execute
¢ subgraph

d
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* High efficiency to calculate Hessian matrix

For example: y(x1,x2) = f(91,92) = In(g;) + €92, with
91(x1,Xx2) = x1 + X3, g (X1, X3) = x1%;

691 agl
axl 6x2
6g2 agz
axl 6x2

b Z=[r 2

991
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 Compile amplitudes of Fortran codes into a
python modules

e (Calculate the event amplitude in Tensorflow
framework

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

e 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

11
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_ 2
* |M(event,)|* = Zsl,...,sj‘zkck Gy i
= Cp1 Ay i (dumb indexrule)
with C 1 = ¢ ¢, Aviy = Zs,, s, (Aviay,)
Cr : k-th parameter,
ay i k-th term of amplitude for event v

* Ay calculated by FDC, and stored in memory
(limitation form GPU memory)

 Amplitude reduction in Tensorflow

12



Structure of FDC-TF package

FDC: generate amplitude| Dependent modules:

* Numpy, matlibplot, iminuit,

$

Scipy, Tensorflow2.0, pyROOT

FDC python module

e Python version: 3.7

4

TensorFlow:
MLLH calculation

p

Minuit in pyROOT:
minimize MLLH

4

Signal yields, statistical
uncertainty.

Matplotlib or pyROOT
Fill histograms

13
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from SMLfit import SMLfit

import tensorflow == tf

import numpy

import os

import warnings

import timeit =s tt

import FDC

#here invoke FDC equivalent FDC in Amps

EvtPDL = Script()
EvtPDL. readPdtTable( ' reson.inp') # pdt.table
EvtPDL. readParaList( ' fpara.inp') # para.list
EvtPDL.setFinalState(['p', 'pbar’', '"K™+"', '"K™-"1)
EvtPDL.setEvtFileMC(['p4.mc'])
EvtPDL.setEvtFileDT([ 'pd4.dt'])
EvtPDL.setEvtFileBG([ 'pd.bg'])
EvtPDL. setAddWidth([['5', 'Gx0',0.005,0.004,0.08]])
it SMLTit #ats
with tf.device("/device:gpu:0"):
myfit = SMLfit(EvtPDL)
print('try scan 1 para...."')
myfit.scan(1l)
myfit.exec( 'migrad’)
myfit.writeParalist( myfit.list',myfit.exec( 'np_values'),myfit.exec( 'np_errors'))
myfit.write_totMCamps('totAmps.npz',0)
1T myfit.exec('valid'): numpy.save( mycov',myfit.exec('np_covariance'))
print('FVAL= ',myfit.exec('fval'))
print('values ',myfit.exec('np_values'))
print('errors ',myfit.exec('np_errors'))
myfit.writeEvtMass('p4.mc', ‘'mij.mc")
myfit.writeEvtMass('pd.dt', 'mij.dt")
myfit.writeEvtMass('p4.bg', 'mij.bg")
myfit.writeModeEvtAmps( ' mmEvt.npz"') 14
myfit.calSta(0)
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* Signal yields and statistical errors

For mode i: N; + 6N;,
where N; = 1; (Nyps — kag) with 7; =

N N ON;ON;
par par iON;
ON; = Z n=1 (axmaxn) Vmn

o

Otot

V..n: Covariant matrix calculated by MINUIT. If failed, then calculated
by Hessian matrix determined by tf.GradientTape.

 Mass resolution for narrow resonance
|IBW (x)|?> = |BW (x")|?QR(x’, x)

R(x'x): parametrized with 3 Breit-Wigner function, determined with
zero-width resonance. Multi-Gaussian function parametrization is
under developed.

15
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 Simultaneous fit to multiple data sets

Object function for data set i: S; = —(InLY, — lnll;',kg)
Minimized object function: § = ); S;
where S; calculated by one GPU card, dispatched by CPU muti-threads

* One channel decay with running width

1

BW (s, Mo, To) = ity

20+1
q0 m

B(q,q0.d) = 1,

1 + (god)?
Bi(aa0.d) = | H((‘ifd;z ,
9 + 3(god)* + (qod)*

9+ 3(gd)? + (gd)* ’

\j 225 + 45(qod)? + 6(god)* + (qod)®

B5(q, qo,d)

B’(q.g90.4)

225 + 45(gd)* + 6(gd)* + (gd)° ’

11035 + 1575(god)? + 135(god)* + 10(god)® + (god)®

Bi(q.q0,d) = ’
3(9, 90,d) 11035 + 1575(gd)? + 135(gd)* + 10(gd)° + (qd)®

16



* Baryon resonance : couple channel running width

For example: N(1535):

. PN (S) Pyn(s)
BW (s, Mn, Iy) = - with I'(s =F(O.5 +
(5: Mo, To) = migoreey WIN T(S) = o {05 2 L0 T oo 00)
FeitiEle.  N1440widthe N1520width+ N1535width+ N1650width+ N1700width+
JEHRAE.  N(440) T N(1520) > - N(1535) = -  N(1650) - ¢  N(1700) = «
F@iEe  N1710widthe N1720widthe L 1380widthe L 1405widthe L 1520widthe
A, w10y 2 w720y 2 A(1380) {..: A(1405) {a A(1520) g_a
— & — &
2 2
JeitiEle L1600widthe L1670widthe D1232widthe D1600widthe D1620widthe
iR, - ﬂ{lﬁ?ﬂ)% P - - ﬂ{lﬁEU)% .
A(1600) S e A(1232) S A(1600) =@
FeftiEe  D1700widthe $1385widthe $1660widthe $1670widthe $1750widthe
iR A(1700) = - - L £(1670) 2 & (1750) ¢
¥(1385) S T(1660) S e
FEiEe 51910widthe X1530widthe o ° o
LR,  $(1910) g_a . ; )

+
2(1530) g E

+.
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* npzto root format

> In python environment, results are saved in the npz format file.
Figures are filled with matplotlib.pyplot.

» But most users like to use ROOT to fill histograms

» transform npz file to root file
npz2root:

Browser |File Edit Wiew Options Tools Help

Files | Canvas_1 E]I Editor 1 ||

84 W @DrawOption:l |

oot -
[ PROOF Sessions D 2500
Y ROOT Files

E‘:'_‘[g p4 dt root 2000
= ll tree;1 -

gy oz , 1500
% M3
- Rymiz 1000
& mis
% mas
% ot 5 500

_& mola >
By m023 0

- % mias m 0 1

Ea hpefs T ~
O Catntard |

%‘"abes -~ | Command flocal): I =
s it

Filter: | All Files (.7 =l
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e Histogram: SMLfit.hist, SMLfit.phist

Using matplotlib.pyplot

800 1

400 -

=10 T

19
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 FDC interface to event generator BesEvtGen

> create an external FDC package
» in BesEvtGen, FDC model is invoked with syntax:

Decay parentParticle
Br daughter particle lists FDC modeindex;
Enddecay

» If modelindex is neglect, all modes are generated including interference effects.

For instance: J/Y - pK™ A

Decay J/psi

1 p+ K- anti-LambdaO FDC;
Enddecay

Decay Lambda0

1 p+ pi- PHSP;
Enddecay
End

20
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900
800
700
600
500
400
300
200
100

Events
Events

1000

800

600

400

200

N HH‘HH‘HH‘HH‘\H\‘HH‘HH‘HH‘HH

0 ‘ ﬂS I I ‘ ‘ 20 ‘ ‘ ‘ ‘ 25 I
Mo (GeV)

» Event generation for a specified mode
For example, J /Y — N*(1710)"p, N*(1710)~ - K~A

Decay J/psi é’ 1400 -
1 p+ K- anti-Lambda0 FDC 1; @ 1200 —
Enddecay 1000 -
Decay Lambda0 800
1 p+ pi- PHSP; 00
Enddecay ‘2‘23
End =
43 20 s

My-7 GeV o



Event

50000 4

40000

30000

20000

10000 A

Event

RGETt = B DX T

= Toal
B Background
= wizloog
3 w1835}
N(L8aoy
N1710)
=3 wiisso)
0 Ngany
0 NI1875)
0 NiLTzop
= wil7o0)
A1B10)
A1800)
MI670)
= M1600)
MEY
£ Ki(2075)
£ Ni2060)
3 niEsa)
3 mM1esn
= miszm
3 wiz250)
3 M1B83m

40000 A

30000 A

20000 A

10000

1.6 1.7 1.8 1.9 2.0 2.1

3 Toal
B Background
3 wiziooy

=
8
=

£ (1650}

1 N(187S)

=
EE]
g&

= mszm
= Ki2250)
3 M18300
£ M16200
O ki3
=3 Fit Resan

2.2

J/Ww - pK~A+c.c.

Using 10 billion J /1 events:

Data: 2,537,989 + 1593
MC: 20,000,000
Parameters: 156
Resonances: 18

v YHEZePURBIEIRLES
v EXHbinned {LLIAREY

22
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Baryon production in 10 billion J /1 and 2.7

billion Y (25)
X Br(J/ - X) | NU/Yp-X) | Br(' = X) | N@&' =X)
X 10° X 10° X 103 X 104
NNm 97.0 + 6.0 970 76.0 £+ 6.0 209
pprtm™ 60.0 + 5.0 600 60.0 + 4.0 165
NNn 41.8 + 3.6 418 5.8+ 1.3 16
AAn 1.6 £ 0.2 16 25+ 0.4 7
pK~A+c.c.| 86+1.1 86 10.0 + 0.4 28
pK %0 291038 29 1.7+ 0.2 5
TAm 8.3+ 0.7 83 15.4 + 0.4 42

25
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