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Part 1: basic procedures
1.Likelihood construction.
2.Fit

3.Projection

4.Generate DIY mc



e Partial Wave Analysis(PWA) is just a fit,
nothing mysterious.
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One dimensional simple fit, using one invariant mass as input
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Two dimension fit, dalitz plot analysis, using two mass as input
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More dimensions, Partial wave analysis, or Amplitude analysis.

Usually using four momentum of final states as input, diffent variables like the invariant
Mass, angles can be calculated using the momentum to construct the PDF.




From Li Xiaoling

Construct likelihood function

(four momentum)

g is the physical quantity measured by experiment
(&) is the probability density to produce it «(£) =

The differential cross section: dﬂ = |5, A2

€(€) 1s the efficiency, P() is the probablllty to observe 1t ,

and P(€) is defined as: P(¢) = (Z:(i)s(g)

For n events, the probability density:

(Ia

P(&i, €2, .&n) =112 P(&) = ”, 1 tff(“z\g\‘()\)

Definition of likelthood function: £ = P(¢;, &5, -+, &p) coion

{

The logarithm of it: |, ~ _ |, P(&.60,-++ \En) = Yy In((—}%/o)

The total observed cross section: @ = [ dfw(&)e(€)




The total observed cross
section is calculated by
MC integration:

The total observed cross section:
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MC integration

The normalization is calculated with

_. MC integration. The integration should
ViNewl6) =5 Y2 wl6) | go through all possible values, a PHSP
MC sample should be generated.

After considering the efficiency, the mc
after reconstruction is used to do the




A trick to reduce the calculating time

Rho _iis the complex coefficiency, magnitude

i and phase
Wi is the left part, contains Breit-wigner structure

p d¢k E EIA - E/Opj K means the kth event

If the mass and width of the BW is fixed in the fit,
this part can be pre-calculated and saved, so there
Is no need to calculate this part every time the

coefficiency is changed.



Projection of the fit result and
compare with realdata




MC generation with fitted amplitude

e Pick and throw method
1. Generate many phsp event
2. find fmax with the phsp event

3. Generate one phsp event, calculate

f(x), then generate a random number rnd 4 B
In (0,1)

4. if(rnd<f(x)/fmax) pick the event,

if(rnd>f(x)/fmax) throw the event.



Part 2:
How to write the amplitue?



Helicity formalism

h.=J.—_.=j'p
1P

Helicity is the projection of spin along the movement direction.

M in [JM>is the projection of spin along the z axis.

The cross section(probility) of
A A o . . . .
Mz, = <PA—pAMITM > a mother particle with spin J
L Y e P
i (i) o BoA Ml TMA N =< JMA N MITA - DEcaY to two pariticle with hel|_C|ty _
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For process a2 b+c, The helicity coordinate system of a:
The z axis is along the a’s movement direction. (M—=>A)
0,9 is the angle of b referring to a’s rest frame.

F is called the helicity coupling amplitude. F is rotation

invariant.
D is the wigner D function. the helicity axis for the dallgl{te} states. This technique sepat
rates out the angular distribution contamned in the D function
from the problem of finding a proper energy and momentum 10

dependence of the helicity-coupling amplitudes.



The definition of angles

* The first step Y2Zc* + 71U Z gF

is defined in lab system, h :
A X
for BESIII, the Z-axis is along f

e

the positron beam direction
The first step:

@ MT%}- Y2Zct +1U

Al=F, DSY(A 3y (Oze507.,0)

/c’tm



R,(az)
[ —

The definition of angles for second step Zc*—=>J/psi + *
need to transform to Zc rest frame.

First rotate the frame about Z-axis by angle a,_,
make the Zc*, ', and the new x’-axis in same plane. y=2y’
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Then rotate the frame about y’-axis by angle 6,_,
make the Zc* along the new z’-axis. x’2x”’
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B,(Zc)

At last boost Zc along Z’-axis to it’s rest frame.

The new frame (x”’,y’,Z’) is used to define the angles of
next decay step Zc*—>J/psi + t*.
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The angles of the second step

The second step:

Zct2)/psi + m*

A2 =F,* , D*

JIpn )"Zc()"J/zp -Ay, )(af/w ’HJ/q) ’O)

For simplicity, replace (x”’,y’,z’) with (x, vy, z).
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* Each step follow the same procedure.

* If there are other topology such as ee>f,J/psi,
f,=> pipi. then it’s another rotation procedure.

* The total amplitude is the direct product of
Each step.

Al = FAZCA DSY -2y (Czes07:,0)

SZC SZC
A2=F , D, . (0t)40,,,,0)
S YOIy
A3 = F)‘l+)"l— D)‘J/zp (A, —Az—)(alﬁ’elﬁ’o)

A(Zc) = Al- A2- A3 BW



Relation between helicity coupling and
LS coupling

FSe, = Z (A1 )1/2(lOs6|S o8)(Sadass — ApsE)GS:

SIRRIER R

—s—opt
Fy,=nmm—)"FL, _,

Example: Take Y=>Zc* + 1, Zct=>)/psi + m* When Zc is 1+,
1- -2 1* +0, 1 _ rl
FOO - FOO

1 1
Flo = F_1,o
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LS coupling:

1- -2 1* +0,
Total S=1
L=0 or 2.

In the fit, G is taken as coefficiency, we can see there are G,,, G,, two independent
Waves, S and D wave.

The independent F function number should be same as independent Is couplings.

For Zc*-2>J/psi + n*, also have S and D wave.
The total process is (S+D)(S+D)=SS+SD+DS+DD. So there are four independent

amplitude.



A simple application: angular
distribution calculation with helicity

formalism
¢ ete2Y(17)=2>f,(0*)+h (1*)>m*rrhe, try to
find out the angular distribution of f, or hc
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Coherent sum and incoherent sum

kinematics derived decay amplitudes
Jfrom 4-vectors (from theory)

\
() =) |> VapAap()
e\

synmdh oy ) . - nlif
incoherent coherent production amplitudes

sum (complex fit parameters)

sum

ete2Y(1")2>X+c>a+b+c
Because Y is from virtual photon, so it’s polarized, it helicity only have =*1, it’s
helicity values should be incoherently summed.

All the possible helicity of intermediate states should be coherently summed.

The helicity of final states should generally be summed incoherently.
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Covariant tensor formalism
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If the final states are spin zero, then there will be only orbital angular momentum function
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Covariant tensor formalism

Eur. Phys. J. A 16, 537-547 (2003)

For X being a b,(1%~) state, there are four independent
amplitudes since both ¥» — bym and by — ¢m can have
both S and D waves:
~ (1) p(d) (b
Uy, ss = gzthQS)t(l‘.g)uf(l‘z))f(IQI.')s)
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Dalitz Plot analysis

a—> b+ ¢ +d, all the particle should be spin O
% 6.1: Dalitz-Plot 431 - (¥ A7 2 S H
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Contour of dalitz plot

o 102 : : :
T 1.8F
i ' o 120)> n 1 J/ v
= 1.4
=N 120
2000 (M=mg* | s
0.8"
. 0.6
1000 i i 0.4
0.2
L My +m;) P R R R T R
PR SO 1 \ 12 13 18
0 1000 2000 3000

-alculated to

2

. S
2 __ ol 2 2

( \‘./ Ey? —md E3 7”‘3)

Maximum and minifnum of m?, = m2, are
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mlz[MeV el (mia)max = (Ef + E3)*
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We can calculate the particles energies in the various two-particle rest frames. In the m2
rest frame we find
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How to read the dalitz plot
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Y 2> 5
M =3"cp x Wg x Qp x Fj x FF,

CR: 11 X
Wr: Breit-Wigner

Qr: 74
FAL_D: ZEJA+
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=0 when m(k-pi0)=m(K+pi0)
So the ¢ band is divided into
two section.

27



