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Preliminary study of statistics and 1sobar
composition

Study to determine the dependence of the PWA reconstruction
on 1sobar composition and statistics

* Study includes only MC data

1 . At this point, only considering signals with K*K" 1sobars, J=L=1
and all m values equally weighted

At this point, acceptance calculations use only uniform phase-
space distributions constructed through gen amp
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Waves included in PWA

* Included waves are chosen to be similar as prior analyses of
KKr by BESIII and E852 experiments




BESIII J/y — y K° K° 79

In practice, the MI PWA is performed in different bins of the Kg Kgﬁ” invariant mass,
which is divided into 24 bins from 1.24 GeV/c? to 1.60 GeV/¢?, and the dynamic function
of I{grffgrﬂ'o invariant mass in each bin is assumed to be a constant.
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spin-parity, charge conjugation and isospin conservation, all possible decay mode candidates
are evaluated, as listed in table 1, where "S", "P" and "D" represent the mother resonance
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Taking into account the

decaying with orbital angular momentum equal to 0, 1 and 2, respectively.

Jrc n—+ 1++ 11—+ 9++ o—+

K*(892)° K% K*(892)° K K*(892)° K2 K*(892)° K K*(892)° K
(K27 ppheap K2 | (K27 ppnepKe | (KS7))ppnep K9S | (K2m°)pphep XS | (K37°)pophep XS

for Kem° | (K3m")pphep K2 | (K27 ppnp K2 | (K27 ) pphepK e | (K270 phepKS | (K27°)Dophep K 2
K3 (700)° K% K (700)° K2 K (700)° K2
(Kg‘ﬁo)s—phSng* (KgWOJS—phSPKg (Kg’fTD)S-phsng
a2(1320)%7° a2(1320)°7° a2(1320)°7° a2(1320)°7° a2(1320)°7°
(KEKS) D phepm | (KZK2)Dphepm | (KGK2)DphepT | (KEK2)Dphepm | (KIKE)D phepT"

for KYKS | ap(980)°7° ag(980)°7° a(980)°7°

ao(1450)°7°

(K%K%)s_phspwo

ao(1450)°7°

( Kg KE’; )s_phsp’:ro

ao(1450)%7°

(I&PSI&P_\% )S-phspﬁo

Table 1. The set of all possible decay mode candidates evaluated in the MI PWA.




spin-parity, charge conjugation and isospin conservation, all possible decay mode candidates
are evaluated, as listed in table 1, where "S", "P" and "D" represent the mother resonance
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Taking into account the

decaying with orbital angular momentum equal to 0, 1 and 2, respectively.

Jre 0+ 1+t -t 2t + 2+

K*(892)° K¢, K*(892)°K% K*(892)° K K*(892)°K% K*(892)°K%
(K7 ) pphep o | (K37 )pphepK2 | (K37 )pphepKs | (Ko7 )pphepK s | (K37 )p-phep 9

for K2m° || (K370 ppnep K2 | (K27 ) pphep Ko | (K97 Dphep Ko | (Ko7 Dophep K2 | (K27")D-phep Ko
K2 (700)° K% K (700)° K2 K (700)° K2
(I&rgﬁo)s,phspf&rg (I(g ?TO)S,phsprg (I(gﬂo)s,phsp}—fg
a2(1320)°7° a2(1320)°7° a2(1320)°7° a2(1320)"7° a2(1320)°7°
(K—gf(g‘)D—phSpﬂo (K-gf(g )D—phSP?TD (I‘i—gf‘i—g)D—phSpWO (K-SK'g)D—phSPWO (K-g‘f(g‘ )D—phSpWO

for KSKS | ao (980)" 7" ao(980)°7" ao(930)"7"
ap(1450)% 7Y a(1450)%7° ao(1450)%7°

ASU

-

(K'gffg ) S-ph spﬂ'o

(KgKg)S—phsp”TO

NOTE: PHSP = uniform in PHase SPace
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Components RED : Background

1). J /i — vPHSP(0~F) |+ 7K *(802)° K2 — vK 3K %"
2). J /i — vPHSP(171) |5 vK*(802)° K2 — v K 2K 27"

3). J/1b — yn(1405) — YKI(K270)p_wave — YK 3K 70
4). Jjb — m(1475) = YK (K" p_swave — YK K 3m"
5). J/tb — vf1(1420) — yK*(892)° K — yKgKgn"
6). J/1 — 7f2(1525) — yK*(892)"Kg — vKgKgn"

7). J/ — APHSP(0-+) | 7ag(980)°79 — yK UK 070
8}. Jfﬁ'J — W‘FHSPEE_-F] — "r‘ﬂ{]'igg[]}{] 0 “'H{]Hgﬂ'{]

9). J/1b — yn(1405) = y(KEK2)s yaver — 7KK §m"
T — yn(1475) — (KSK s wavem — YKGKgm°
b — yf1(1285) = yag(980) 7Y — yKEK §n”
I/ — v f1(1420) = yae(980)° 7Y — KK §m”

. JJ1b — yn(1405) — yaz(1320)°7% - yKEK ="

- JJ — yn(1475) — yaz(1320)7% — yKZK In”

—_—
e
T T Ve e e
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Components

RED : Background

). J /i — vPHSP(0~)

2). J/i — yPHSP(177)

Y TH’*[SQQ}{]}{G n.hf{]hr[} 0

- yK*(892)'K2 —+ vK2K2m" BLUE: Generic isobars

3). J/ —{~yn(1405) — *‘rh"{]l:h"c' [}}p_,,.,-am — *‘rh"{]h"{] 0

). /v = m(1475) — yKG(K 27°)p_wave = 7K 3K §n”

). Jjib — v f1(1420) —

). /0 — 7 fa(1525) —

yK*(892)°K? — v KO K970

vK*(892)°K? — v K9 K070

). J/1» — PHSP(0—)
). J/ip — vPHSP(27)

— yag(980) 7% — yKGK "

5 yag(980)0 7" — YK K070

bomt ==

). J/t —ym(1405) = y(K2K )3 wavem 1+ 7K SK g7"
ﬁr.[hrg'h;gjgn—wm'c?r[ — '"I'-H-{]Er{] v

cJ b Am(1475) —

/0 — v f1(1285) — 7ag(980)°7° — KK 4x
CJJ0 — v f1(1420) — 4ao(980)°7° — KK 4x
“,rug(BE]}“ EI H’[}hf[} 0
ya(1320)070 — YK 0K %r?

S — m(1405) —
S = m(1475) —

11
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=3

'omponents

RED : Background

- J /i — vPHSP(0~

9). J /1) — vPHSP(1++)

) K (892)°KS —

) f K (892)°K S —

a). -.Ill.l'rﬂ.l —3 "r?}{l—lﬂ-_}} —* “rh;{]l:.ﬁru [}}P_wa'!,c
S = A (1475) — wh’“(h’ﬂ T ) p_wave

T/ — v f1(1420) —
T/t — v f2(1525) —

,...H'{] H’[]' ]
vK2K2m" BLUE: Generic isobars
Y "rﬁ;{] f{{] 0

—+yK2K3x® GREEN:

vK*(892)°K2 — vK3KJx®  Non-background «,

J /1 — ~PHSP(0—)
J /1 — vPHSP(2~F)

— "rﬂ{]{ggﬂ}{] [}

s yag(980)° 70 —

vK*(892)°K% — yK3K9x®  isobars

":r'h;gﬁrg ﬂ_{]
- H'{] H'g T{]

- .
T R el T I L [

: J,-"rﬂj — "‘rTj'{l-lﬂ"J} — "I'E-Hr -HFEI jS-wm.eTn

. J b B m(1475) —

ﬁ"[hrg'h;[}jﬂ-wmc?r[

R _H H’[} 0

— ,,IIH'{] E'{] ]

I/

. J/

Ji 4 v f1(1285) — vag(980) 7% —
S+ 7 f1(1420) — vao(980)°x°[—

o J )b — m(1405) —
S = m(1475) —

va2(1320)07° —
vaz(1320)070 —

"'_H[}_Hﬂ ]

H’[}H'EI 0
H’[}H'[} 0
J0 0 {]
|rh S'.Fi. S’n‘
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Components

RED : Background

). J/tb — vPHSP(0~)
9). J/i) — vPHSP(11)

s yK*(802)°KY —
sy K*(892)°KY —

3). J /i —

). J i —

). J /1 —

y(1405) — yK3(K ¢7")p_wave
m(1475) — ""I'JI'ILI{]I:JI":FEI [})P—wmc

). J /]

1f1(1420) —
7f2(1525) —

vK*(892) K}
vK*(892)° K}

). J/ih — ~PHSP(0—)
). J /1 — vPHSP(2~)

s yag(980)°7? —
5 yag(980) 1Y

[t ==

). Jjh —
- J

"‘r'-'fj'{l-lﬂ"-}} — "I'E-Hr -HFEI jS-wm.eTﬂ

s n(1475) — ’]r'[ﬁ’rgf‘ir[}}ﬁhmmﬂ[

. J
. J

7 £1(1285) — ~ao(980)070
s~ f1(1420) — 7ao(980)07% —

sy "'_H[}_HEI ]

H’[}H'EI 0

CJjh =

yn(1405) —
cJ [0 = m(1475) = vao(1320) 7

H’[}H'[} 0
0 0 {]
|rh S'.Fi. S’n‘

va2(1320)°7° —

o I{“ I{” 0

vK2K2m" BLUE: Generic isobars

Ly~ H’“ H’“ 0

—+vK3K3n® GREEN:

—+~vK3K3"  Non-background «,
— yK3K%r®  isobars

VKK

—~K%K%° BLACK:

5 KK " Non-background K*
5 yK3K 07" 1sobars
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Components

RED : Background

). J/tb — APHSP(0~) | vK*(892)°K2 —
9). J/i — vPHSP(11) |+ vK*(892)°K 2 —

3). J/ —
). Jj —
). JjP —

). S —

y(1405) — yK3(K ¢7")p_wave
m(1475) — ""I'JI'ILI{]I:JI":FEI [})P—wm‘c

“'.H{] H’[} 0

vK2K2m" BLUE: Generic isobars

— H'{] f{{] 1]

—+~vKoK2® GREEN:

vf1(1420) — yK*(892)°K§ — vK2K2x®  Non-background a,
7 f2(1525) — yK*(892)°K{ — vK3K%x"  isobars

). J [t — yPHSP(0~") | 7ao(980)°7" —
). J /i — APHSP(27F) [ vao(980)°7° —

1:'H%H'g i

KK BLACK:

et TR

). Jjh —
CJ
CJ
cJ
cJ
cJ

n(1405) — *‘r(_ﬁ' H’E'jlgﬂ.,d,,c?‘ﬂ

5 KK " Non-background K*

s n(1475) = Y(KSK DS wave ™

— KUK 1sobars

b~ f1(1285) — yag(980)°7% —
s~ f1(1420) — yao(980)°7% —

b Am(1405) — ~vaz(1320)°79 —

)
b yn(1475) — va2(1320)°74 —

~ H’% Hg .y isobars

“'_H[}_HEI 1]

VKK 0 PURPLE:

(K0K2:0  Non-background a,

S’n’
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Table 1

Partial waves used in the amplitude analysis. Note that the K* K
. n - « xr s 2
partial waves were used only for masses greater than 1.375 GeV /¢~

E852:mp—> K"K n’n

JPC M€ L Decay mode
0t 0t S ap(980)7°
P K*(892)K

1+t ot S K*(892)K
0+, 1% P ao(980)7°

1= 0t S K*(892)K
17— 0~ P K*(892)K
2+t 0=, 1T D K*(892)K

e

ASU
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E852:mp—> K"K n’n

Table 1
Partial waves used m the amplitude analysis. Note that the K*K
partial waves were used only for masses greater than 1.375 GeV /("2

JPc M€ L Decay mode
o—+ 0+ S ag(980)7°
P K*(892)K
1++ 0+ S K*(892)K
ot 1% P ao(980)7°

1+ 0+ S k*so)kK—> [ncluded in BESIII
1= 0~ P K*(892)K
2+t 0=, 1T D K*(892)K

ASU

e
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Table 1

E852:mp—> K"K n’n

Partial waves used in the amplitude analysis. Note that the K* K
partial waves were used only for masses greater than 1.375 GeV /("2

- _— BESIII used (KK), .7
— — BESIII used (Kn")

p- Wave

— Included in BESIII

JPC M€ L Decay mode
0t 0t S ap(980)7°

P K*(892)K
1Tt 0T S K*(892)K

0+, 1% P ao(980)7°

1= 0t S K*(892)K
17— 0~ P K*(892)K
2+t 0=, 1T D K*(892)K

\ynsu
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Table 1
Partial waves used m the amplitude analysis. Note that the K*K
partial waves were used only for masses greater than 1.375 GeV /("2

JPC M€ L Decay mode
ot o S oot —— BESIII used (KK), 0T
i K*&F = BESIII used (K7

1+ 0T S K*(892)K ( )p Wave
0+, 1% P ao(980)7°

ot k*@k— Included in BESIII

| 0~ P K*(892)K

2t 0. 1T D K*(892)K

\!/Asu

|+ BESIII had small a,z" partial wave contribution not used in E852
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Table 1

E852:mp—> K"K n’n

Partial waves used in the amplitude analysis. Note that the K* K
partial waves were used only for masses greater than 1.375 GeV/ 2

- _— BESIII used (KK), .7
— — BESIII used (Kn")

p- Wave

— Included in BESIII

JPC M€ L Decay mode
0t 0t S ap(980)7°

P K*(892)K
1Tt 0T S K*(892)K

0+, 1% P ao(980)7°

1= 0t S K*(892)K
17— 0~ P K*(892)K
2+t 0=, 1T D K*(892)K

|+ BESIII had small a,z" partial wave contribution not used in E§52

* I’m using same set as shown here for ES52

\!/Asu
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Statistical study

* Signal:

* a,r signal with J=L=1 and all m values equally weighted.

\!/Asu
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Statistical study

* Signal:

* a,r signal with J=L=1 and all m values equally weighted.
e 200,000 thrown 1n each mass bin
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Statistical study

* Signal:

* a,r signal with J=L=1 and all m values equally weighted.
e 200,000 thrown 1n each mass bin

* Varied the number of phase space events used for acceptance

22




Mass[K K 7"]

2 o -
g 1000j
51 Real events |+
(_) 800;— _F _F;F
600— + —|—+—|—+
- -+
400:— + ++
B -t
200_— +
GE.T._Il PR S T T [ T NI NI N T N SO T N
1.25 1.3 1.35 1.4 1.45 1.5
i Mass[K*K7°)/GeV

\!n\su

Number MC reconstructed

1000

800

600

400

200

- +
- +
- 44 T
- +

B ++++

N FES

L -I-"l'-+

-+ Accepted MC
e

~ events

L1 A IR RS IR R

5
Mass(K 'K=n%/GeV

* Acceptance MC events: 200,000 events thrown for each mass bin
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Fraction of J=0, 1, 2 events 1dentified

\!/Asu

Fraction

-
N o o o

=
o

m J=0TP OCJ=0DP

0.5 2 J={TP oCdeiDP =

0.4 mJ=2TP 0OJ=2DP

0.3

0.2

0.1

0 I1.¢|15I — I1.5
Mass(K'K n%)/GeV

TP = Thrown-precision of 4-vectors
* DP = Detector-precision of 4-vectors

24




Mass[K K 7"]

3 C 8
= 1000 E
= ™" Real events ()
> | i :
O b - S
- + 3
600— _'_ _'_ _|_+ g
C + =
400:— _'__'__'_ _'_+
B -+ 4t
200— —+
GZ.T'_l | 1 1 1 1 | 1 1 1 1 | 1 1 Il Il ‘ Il Il Il 1 | 1 1 11
1.25 1.3 1.35 1.4 1.45 1.5
Mass[KTK7°]/GeV

* Chose to concentrate on mass[K*K 7]

\!n\su

1000:— ++
K ++++ +
e
600,_ +"H"+
- =s
400_— ok
-+ Accepted MC
[ -
o events
ol Lo e b b L
1.25 1.3 1.35 1.4 M;é:?K'K'n”)fGe:i.s
= 1415 GeV
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Mass[ K"K "]

v [ B OF
"a 1000~ é 1000— ++
5 | Real events 0. n ot
Q 800:— + _|__|_ % 800; ++++
600— + Y % i
B N e +H+
a0} ++—|— —|—+ 400:— "*"'*'+
L T -+ Accepted MC
200(— -+ s
- - events
NN ¥ a— v a— 0_..I....I....I....I....l....15
Mass[K*K'no]/GeV ' ' ' ' Mass(K K %)/GeV
* Chose to concentrate on mass[K'K "] = 1415 GeV
* Created J=1, L=1 gy events at mass[K"K7"] = 1415 GeV
Vasu
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Mass[K K 7"]

j72] -
= ™" Real events ()
2 +\ U+
(_) 800;— _F %f+_
600 + e
B +
400;— —+ 4_4F
B +—+t
r"E.T'_Il|25 Il|3I = I1(|3:5I = ‘1‘4‘ — Il‘||-5I = I15
Mass[KTK7°]/GeV

* Chose to concentrate on mass[K*K 7]

Number MC reconstructed

1000

800

600

400

+

200

III*\II|II\|III‘III|\

b

«+ Accepted MC

0 1 1 | 1 1 1 1 | 1 1 1

++ 4+ T
FELs S

events

1.25 1.3

= 1415 GeV

1 1 1 1 1 1
1.35 1.4 1.45 1.5
Mass(K 'K=n%/GeV

* Created J=1, L=1 gy events at mass[K"K7"] = 1415 GeV

* Number of reconstructed MC signal events = 1587 of 200,000 thrown

\!n\su
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Mass[K K 7"]

2 2 ol
o 1000— @ % 1000~ ++
51 Real events (5. Pl AL
S =t s -
600 + Y E 600—
- + z - +H+
B + - +
400 + + + - i
FL T “T 4w+ Accepted MC
200 4+ L e
L 'y events
0 IIl.|25lllll.|3III 1I|3:5 — ‘ — lf||-5 — 0_||||||||||||||||||||||| L
i MaSS[K+K ﬂO]/GeV 1.25 1.3 1.35 1.4 Mas:(SK K?r”)fGe:"

* Chose to concentrate on mass[K*K7%] = 1415 GeV
* Created J=1, L=1 gy events at mass[K"K7"] = 1415 GeV

* Number of reconstructed MC signal events = 1587 of 200,000 thrown

Now: Varying the number of phase space events used for acceptance
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Fraction of J=0, 1, 2 events 1dentified

1

0.9
0.8

Fraction

0.7

= = J=0TP = J=0DP
0.5_ .................................................................................................. . J=1 TP . J=1 DP
0.4_ .................................................................................................. m J=2 TP m J=2 DP ...........

0.3

0.6

0.2
0.1

510

200 400 E{]ﬂ Bﬂ{] 1 ﬂﬂ{] 1 2{]{] 1 4{]{]
Number thrown

* Identify about 90% of the J=1 events when throwing a
\Ij million or more acceptance events
ASU
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Fraction of J = levents identified by decay

\!/Asu

Fraction

1:
0.9
0.85
0.7F
n.a; = J=1 TP o J=1 DP
0_5;_ .................................................................................... . .J:‘] 1P aﬂ-].fu ..... - J:‘I DP aﬂx’u
0_4;_ .................................................................................... - J=1 TP K*K- O J:'I DP K*K
S
0.2
0.1

I R I B R T AR T R

200 400 600 800 1000 1200 1400

Number thrown

L 1x10
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Generic 1sobar

* Comparing prior results to signal that 1s comprised of a generic

phase-space K*K" isobar along with a 7°: (K*K") 7"

\!n\su
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Generic 1sobar

* Comparing prior results to signal that 1s comprised of a generic

phase-space K*K" isobar along with a 7°: (K*K") 7"

* For consistency, the PWA uses (K"K)q 1sobars 1n place of a,
i 1sobars

\!n\su
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Generic 1sobar

* Comparing prior results to signal that 1s comprised of a generic
phase-space K*K" isobar along with a 7°: (K*K") 7"

* For consistency, the PWA uses (K"K)q 1sobars 1n place of a,
1sobars

Note: For the (K"K")q 1sobar, the thrown events for the acceptance
calculation have the same mass[K"K"] distribution

\ynsu




Fraction of J=0, 1, 2 events identified

Fraction

¥ 10°

* Two types of J=1 signal events thrown:
* a,n’
* (K'K)gn’

* Results are much more stable when the distribution of mass[K" K]
of thrown events match the signal

\!n\su
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Fraction of J= levents 1dentified by decay

(K'K)gn’

1

c - c 1=
2 - = =
e 09 ; e 09 ;
e = o =
0.8F 0.8
0.7F 075
= il Il oy
0.6 + ! — P 06— _
- i " J=1 TP o J=1 DP = "J=1DP
0.5E = J=1 TP aa:r“ o J=1 DP aan" 0.5; uJ=1DP (K K)s:r:“
0_4; ® J=1 TP K*K~ 0 J=1 DP K*K 0_4;_ uJ=1DP K*K
0.3F 0.3
0.252 025
o e ey e
e -—qn—-_q._._é_.—ﬁ—-_*_ \ . :#—'_F‘_*_‘—*—' 3
0 C 1 | 1 Il 1 | Il 1 1 ‘ 1 1 Il | 1 1 1 | 1 1 1 | 1 1 1 ‘ 1 1 X10 0 Ca 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 1 1 1 1 1 1 1 1 X10
200 400 600 800 1000 1200 1400 200 400 600 800 1000 1200 1400
Number thrown Number thrown

e As before: results are much more stable when the distribution of
mass[K"K"] of thrown events match the signal

\!n\su
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Comparison of uniform and a,
mass| K" K] distributions

= 350(—
30000 . E .
: Uniform 300F- Uniform
o Thrown ss0f- Reconstructed
20000 -
C 200
15000 -
C 150
10000— 100;
I 5000; 50%—
. 05" o8 K 12 s e T R - S I PR I

I B
m'ass[K+K']/GeV m'ass[l.@K']'/GeV

60000{— B
- 1000— a()
50000/— L
. - f Reconstructed
40000 B
- 600|—
30000/— -
20000} 400~
10000— 200—
E, Ll L. Ll L Ll | !
88 0.9 s 0.9 1.2 1.3 1.4 5 16
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