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How to get the “best” solution

J/y>KKno:
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According to PDG, the possible resonance
including:

K*(892), K*(1410), K*(1680)

K*,(1430), K*,(1980),

K*;(1780),

K*,(2045)

p(770), p(1450),p(1700),p(1900),p(2150)
p;(1690),p,(1990),p,(2250),

According to the statistical significance
of each resonance, determine which one is
needed and finally determine the “best”
solution. 3




The results of the “best” solution

In this combination:

— Including
o K*(892),
K*(1410),
o X,
p (1700)
phase space(p.s.)

Scan the mass and
width for the unknown
resonance X.
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Pole position:
Mo A
= (1576755 (stat)) — (818755 (stat)) MeV/c?

Branching ratio:

D7 717/, AV O\ I YAV T4+ 17—\
BR(J/Y — X7n¥).BR(X — KTK™)

= (8.5 £ 0.6(stat)) X 10~4
Spin-parity:

JPC =177




Projections of the fitting results

error bar: data(red)

histogram: projection of fitting results
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Mass spectrum and Dalitz plot

no. meson percent events

1 K1*( 892)+ 41.217 4068.07

2 K1*( 892)- 41.185 4064 .99

3 K1*(1410)+ 6.361 627.83

4 K1*(1410)- 6.444 636.07

19 rhi( X)0O 44.611 4403.07
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Various checks about the result:

 This is the part which consume the most time of the whole
analysis.

— Statistical significance of each resonance in the “best”
solution

— Statistical significances of other resonances

— Try to describe the broad structure by known resonances or
their interferences

— Jre of X

« Above three items may prove the combination will be the best
one.




Statistical significance check

resonance NS Andf significance
K*(892), K*(1410), X, p (1700) , p.s.
Remove o (1700) 28 2 7.2 o
Remove x 533 4 >»10 0
Remove k*(892) 11438 2 »10 0
Remove k*(1410) 465 2 >»10 0
Remove P.s. 254 2 >»10 0

- All above resonances have significances
lager than 5c.




Describe it by known resonances

 Itis unlikely to be p(1450), because:
— The parameters of the X are incompatible with p(1450).
— p(1450) has very small fraction to KK. From PDG:

BR(p(1450) > K*K)<1.6x1073 (95%C.L.)

e It cannot be fitted with the interference of p(770) ,
P(1900) and p(2150):

— The log-likelihood value is worsen by 85.

> The broad resonant structure, X, can not
be described by any known resonances or
their interferences.




Other resonances

For other resonances, such as K",(1430),
K*(1680), K*(2075), e (770), o (1900) and ¢ (2150),
the statistical significances are less than 50,

> These resonances are not included in the
"best” solution, but their impacts will be
considered into systematic uncertainty.




For parity conservation, the Jr¢ of X can only be
1--, 3--, 5,

If Jrc is changed from 1-- to 3-- , the log-
likelihood is worsen by 325.

Even higher spin states are unlikely at such a low
mass .

= JP¢ (X) should be 1 --
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Statistics uncertainties
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Statistical error
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Statistical error
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Systematic uncertainties
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Systematic uncertainties

— Uncertainty from each resonance in the fit.

— Uncertainties from of other resonances.

— Uncertainty from background level

— The impact from different BW form of X

— The impact from MDC wire resolution simulation

— Uncertainty from X’s mass and width

15




Systematic uncertainty from

each resonance in the fit

resonance | Mass(MeV)(PDG) T (MeV)(PDG) | Mass(MeV)(scanned) MeV) (scanned)
K*(892) 891.740.3 50.84+0.9 891.1+0.8 53.1+1.1

K*(1410) 1415+15 232121 1438+6 15845
p(1700) 1720420 250£100 170549 239117

X (fitted) 1576 5o 818753 1622414 860+11

> The differences caused by the
parameters of K'(892), K’(1410) and
p(1700) are included into systematic
uncertainties.
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Systematic uncertainty from

inclusions of other resonances

Inclusions of other resonances will cause the
dominant uncertainties of the parameters of X.
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add K*(2075) -1.6 -26.6 -52.2 0.9
add p(770) -13.0 -58.0 -111.6 -29.9
add p(1900) -0.1 -7.0 40.4 2.8
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2> Their impacts are considered
systematic uncertainties.

intfo the
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Il and will be taken into the systemat

uncertainty.

> The influence from background uncertainty

IS sSma




Systematic uncertainty from
different BW form

1
S—M%—H\/EI_R(S)

2
| Fr(s) = Fa(ln2e) )2
o p(MR)

Mo L
M — |
= (1584 +39(stat)) —5(821 +72(stat)) MeV/c?
BR(J/¢¥ — X79).BR(X — KTK™)
— (8.3 4+ 0.6(stat)) x 10~4

> The difference caused by different BW
form is small relatively and still will be
considered into systematic uncertainty.
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Systematic uncertainty from

MDC wire resolution simulation

There are two different methods to simulate MDC wire
resolution at BESII. The difference of them will cover the
uncertainty of tracking and kinematical fit.

If two different MC samples are used to calculate total
cross section, the parameters of X will be changed.

> The impact from MDC wire resolution
simulation is considered into systematic
uncertainty.
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Systematic uncertainty from

X's mass and width
The parametersof X glven by the “best” solution:
M—EF = (1576_'5*5’(315@16)) (81 '“(stat))MeV/c
BR(J/% — X7°).BR(X — K+K ) = (8.54+0.6(stat))x10~*

= The BR will be changed when the pole
position of X is changed by 1o, and the
impact will be considered intfo BR's systematic

uncertainty.
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Systematic uncertainties

sources Mass (MeV) Width (MeV) B.R.(%)
(pole) (pole)

Parameters of each resonance 46.0 42 .0 7.0

in the fit

Inclusions of other resonances +73.4 +42 5 +27.0
-64.7 -124.5 -30.0

Background level +2.4 .6 3.5

BW formulae 8.0 -5.0 2.1

MDC wire resolution simulation -44 2 -20.2 10.1

X's MT" uncertainty +6.1

-25.6

photon efficiency 4.0

particle identification 2.0

N3/ 4.7

Total +98 +64 +31
-91 -133 -42
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Considering the systematic uncertainties,
the parameters of X given by PWA are listed here:

-

. (1576__|_§'g(8tat)__|_3f(syst))—%(818f2232(8tat)__|_16§'3(3y8t))MeV/(:2

BR(J/¢ — Xn9).BR(X — KTK™)
= (8.5 4 0.6(stat) T3, (syst)) x 1074

JPC =177
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Summary

* In this report, basic BES PWA procedure has been
Introduced briefly, including
— How to construct the likelihood function
— How to deal with the background subtraction
— How to get the statistical significance
— How to get the “best” solution based on the PWA
— Checks on the “best” solution
— Statistical error of the result
— Systematic error of the result

o Sincerely hope this report will be a little helpful for
you to understand/perform the PWA procedure.

24



Thank you!



About p(1700)

In this “best” solution, the significance of p(1700)
IS 7.20

Because data-MC inconsistencies are not included in
the fit, the significance of the p(1700) may not be high
enough to conclude that its inclusion in the fit is
necessary. Therefore we list the results of the fit

without p(1700).

M-I = (142874 (stat)) - 1(107375, (stat)) MeV /c?

BR(J/1) — X19).BR(X — KTK~)=(6.340.6(stat))x 10~

26



Conclusion and discussion

> A broad 1-resonant structure around 1.5GeV/c?is
observed in the K*K- mass spectrum in Jhy 2>K*K-x®

»The parameters of the resonance given by PWA are
not compatible with any known meson resonances.

»Broad width is expected for a multi-quark state!
»To understand the nature of the broad 1~ peak, it is

Important to search for a similar structure in
Jhy 2> K. Krt decay to determine its isospin.

27
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