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Why PWA

J/y>YKK  (data)

Left: M(KK),  right: dalitz plot
red is bkg estimated. M2(yK+) vs.M2(yK-)

Partial Wave Analysis is an important tool for determining
resonance properties (like mass, width, branching fraction,
spin and parity) in hadron spectroscopy.

PWA can deal with the interference of resonances.




Input

The four momentum of all final states.

— Input files:

e data.dat contains the four momentum of y K+, K- from
experimental data.

e bgl.dat contains the four momentum of yK+, K- fromp =«
background channel.

* bg2.dat contains the four momentum of y K+, K- from
others background channel.

 mc.dat contains the four momentum of y K+, K- from
phase space MC data.




Construct likelihood function

& isthe physical quantity measured by experiment
(&) isthe probability density to produceit w(&) = —.
e(€) isthe efficiency, P(E) isthe probability to observe it ,
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and P(E) isdefinedas:  P(¢) = 54055
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Definition of likelthood function: £ = P(¢;, &5, - - ,gn) bbbbbbbbbb i
The logarithm of It: L =InP(E, oy, n) = Y |n(ﬁ/a)

The total observed cross section: 0 = [ déw(&)e(€)



Cross section

The total observed cross o = [déw({)e(§) = Y A&w(&;)e(&;)
section is calculated by — L SN AL ()£
. . Ngep, &t 7 TGENESTFAS /=AM
MC integration: f{ Ny
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The total observed cross section
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The differential cross section: & = |y, 4,2

The amplitude: 4 =5, A; = ¢, (m)A* = u(m) > (A UY

v, (m) is the polarization vector; m=1,2
U Is the j-th partial wave amplitude constructed in the
covariant tensor formalism, in which BW appears;

A =a .e" is the complex parameter for j-th partial wave.




Breit-Wigner propagator

According to the quantum number conservation,
all the possible resonance can be listed.

Thedecay processismodeled bya /v — ~fo, fo — KTK™;

phase space contribution plus T/ — vfa fo— KTK™;
sever al cascade two-body decays. Iy — ~yfa, fa— KTK™;
Resonances ar e parameterized BW(R) = 5 : ,
byBWS: S—MR+ZMRFR

By now, we notice that to describe one
resonance, 4 parameters are needed
(Magnitude, phase angle, mass, width)




do 2m)t 1 & . _
T (le 5 D Yu(m)ArYr, (m)A w (3)

" m=1
where M, is the mass of ¥ and d®,, is the standard element of n-body phase space given

by
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Zou B.S. et al Eur.Phys.J.A16:537-547,2003.




The likelihood calculation

Most memory

consuming
Coupling parameters Partial wave amplitudes
(determined by fit) l l (precalculated)
Ndata Ndata Z P'Aij 'FUij
nL= 32 10) = 3 In(—T e
=1 D PA(y LS TRU)
I i,] gen k=1 I
Sum over data events Independent of fit parameters
Most time (precalculated)

consuming




background subtraction

Sincethelog-likelihood isa sum over the number of
data events, so background can be subtracted by
subtracting log-likelthood value of background
events.

) N L N
tVdata tVsignal T +Ybkg
—1In Ldata = —In Lsignal —In 'Lbkg
In [’97077(11 = —1In [’d,a,ta (_ In Lbka)
Ndata kag

do

< / N -— , ao
2 Gl = 2 (Gl

10



Maximum likelihood PWA fit

Likelihood has been constructed

Instead of maximum likelihood fit, in fact, s=-In L is
used, and minimize s is used to get the parameters

fitted.

We use the minimization package provided by
CERNLIB(D510): FUMILI .
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 There are 4 parameters need to be

determined for each resonance: magnitude,

phase angle, mass and width.

e Fitting (magnitude, phase angle)

« Scanning (mass and width)

12




.;E‘-;-iﬁ-‘ e
R TR

statistical significance

BEWNRHEEHREYEFZ AT ANE TETEH"x—H
W By € E b B SRALE

o FMREZHO: BERXFANEIZHHLTUR A B IL
B A K F 3R 7 R R

o ZHFEBREHL: ZRFANEZANEHIARZFEA LN AZBR A
REFH, wbxmiy, FIRAFTEETIBH TR T
o HO(AAR B L (D)) 2 XHI(AAE FL(s+b)) kNN F 25
FrASE O L E €, BHEMmE T AL EL&H.

o BARWAEIHE: L=L_(b)/L, (s+b)

o UFHREREMRAR, u=-2Ink 33 AL() 27 .

° 7’F'J)ﬂ1'l¢"tlﬁ%ﬁ%ﬁﬁ1n%%ﬁﬁ‘a%‘fﬁsgﬁ%z\ﬁ

l > M , ~h e
J —,D ~ R \ "uua/

(SRR RBEE ) pd29, doki |




statistical significance

For aresonance X,
Lojs the likelihood when X is NOT included in the fit:
Lijs the likelihood when X is included in the fit;

Andf is the number of changed degree of freedom which

equals the free parameters of X;
u equals the twice difference of the log-likelihood.

u= —-2InLyg—(—=2InL1) obeying 2 (u, Andf)

Using functions provided by CERNLIB(6100, 6105), the

statistical significance of X will be given by:

prob(uw, Andf)

S=dgausn(1l — 0.5 x prob(u, Andf))

Input : u, Andf, Output : S
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Output

By the fitting, we can get the fitted parameters
(magnitude, phase angle, mass, width).

And according them, we can get the contribution
(weight) of each resonance and the interference
between all the intermediate states.

By projecting the MC phase space 4-momentum to
various plot, we can see the fitted result directly.

We can calculate the branching ratio of each decay
mode with consideration of the interference with other
modes.
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Example of implementation PWA
Jhy-2>v K K

J/p — ~R(OTT),R(OTT) - KTK~;

J /\yéy KK
data

Left: M(KK),  right: dalitz plot
red is bkg estimated. M2(yK+) vs.M2(yK-)

J/p — yR(TT), RQRTT) - KTK~;
J/¢ — YR(41TT),R(4TT) - KTK~;
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The result of one combination (“*best” solution)

In this combination these
resonances are included.

: Scanned mass/width

J/ —  vf2(1270)

A5 with respect to the optimum
a
I

— v+ broad0™" > F

s a1 5 =
120 140 160 180
Mazs(MeWV) Width(MMeV)

M 415 : £5(2150) # i (£ 1) 0 B (5 ) g L 4 .
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The results of official solution

Error bar: data
Histogram: fitted result
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The results of official solution

After PWA, the mass, width, contribution/events of
each resonance in this combination.

EIRA FEMeV) TEMeV) ] H

f2(1270) 321.
fo(1500) 51.
F2(1525) 1520+ 7212 1412.
fo(1710) 1’75517 206+ 4° 6123.
£0(2100) Qoaatgg 48520 2132.
F2(2150) 2131+, 155722 081.
£2(2230) 223813 32+10 282.
fo(wide) 863.
i RN 598.

F 4.3 REMRTERRSBARSBE. L. B b ] LR 6 £
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To be continued ..

Thank you!
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