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Low-mass K"K 7" study




K*K 7

* Found that R. Dickson and R.A. Schumacher eventually identified
the CLAS x(1280) bump as being the f,(1285) and published their
results in 2016.

* Not enough statistics for PWA
* Speculated that the production mechanism was s-channel
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K*K 7

* Found that R. Dickson and R.A. Schumacher eventually identified
the CLAS x(1280) bump as being the f,(1285) and published their
results in 2016.

* Not enough statistics for PWA
* Speculated that the production mechanism was s-channel

"« We should be able to distinguish the J=1 nature through PWA

N« Wil start by assuming #-channel prior to searching for s-channel
contributions (code is currently setup for z-channel).
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Isobar choice for R—K K

* Convenient to treat potential 3-body decay as two 2-body decays
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Isobar choice for R—K K

* Convenient to treat potential 3-body decay as two 2-body decays

* For the two 2-bodies:
* One body i1s single meson
* Other body 1s composed of remaining two mesons

Or
k
- /5

K 1sobars K*K- 1sobars
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K 1sobar candidates

0(700)

14P) = 3(0h)

also known

See the

as k; was K};(800)

review on " Scalar Mesons below 1 GeV."

Mass (T-Matrix Pole /s) = (630-730) — i (260-340) MeV
Mass (Breit-Wigner) = 845 + 17 MeV

Full width (Breit-Wigner) = 468 + 30 MeV

K3(700) DECAY MODES Fraction (I;/T) p (MeV/c)

Kw

100 % 256

K*(892)

1Py = 3@1)

Mass (T-Matrix Pole /s) = (890 + 14) — i (26 + 6) MeV
K*(892)% hadroproduced mass m = 891.67 + 0.26 MeV
K*(892)* in 7 decays mass m = 895.5 & 0.8 MeV
K*(892)° mass m — 895.55 = 0.20 MeV (S — 1.7)
K*(892)* hadroproduced full width ' = 51.4 & 0.8 MeV
K*(892)* in T decays full width I = 46.2 + 1.3 MeV
K*(892)° full width I = 47.3 + 0.5 MeV (S = 1.9)

P
K*(892) DECAY MODES Fraction (I';/I) Confidence level (MeV/c)
Kr ~ 100 % 289
K9~ ( 2.4640.21) x 103 307
KEv ( 9.8 400 )x10 4 300
Krm < 7 x 104 05% 223
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K 1sobar candidates

0(700)

14P) = 3(0h)

also known as &; was K7(800)

See the

review on " Scalar Mesons below 1 GeV."

Mass (T-Matrix Pole /s) = (630-730) — i (260-340) MeV
Mass (Breit-Wigner) = 845 + 17 MeV

Full width (Breit-Wign€ — 468 + 30 MeV

K3(700) DECAY MODES Fraction (I;/T) p (MeV/c)

Kw

100 % 256

K*(892)

1Py = 3@1)

Mass (T-Matrix Pole /s) = (890 + 14) — i (26 + 6) MeV
K*(892)% hadroproduced mass m = 891.67 + 0.26 MeV
K*(892)* in 7 decays mass m = 895.5 & 0.8 MeV
K*(892)° mass m — 895.55 = 0.20 MeV (S — 1.7)
K*(892)* hadroproduced full width ' = 51.4 & 0.8 MeV
K*(892)* in T decays full width I = 46.2 + 1.3 MeV
K*(892)° full width I = 47.3 + 0.5 MeV (S = 1.9)

P
K*(892) DECAY MODES Fraction (I';/I) Confidence level (MeV/c)
Kr ~ 100 % 289
K9~ ( 2.4640.21) x 103 307
KEv ( 9.8 400 )x10 4 300
Krm < 7 x 104 05% 223

e

ASU

Very wide
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K 1sobar candidates

5(700) 1UP) = 3oh)

also known as &; was K7(800)

See the review on " Scalar Mesons below 1 GeV."
Mass (T-Matrix Pole /s) = (630-730) — i (260-340) MeV
Mass (Breit-Wigner) = 845 + 17 MeV
Full width (Breit-Wigner) = 468 + 30 MeV
K3(700) DECAY MODES

Fraction (I';/T) p (MeVfc)

Kw 100 % 256

K*(892) 1UP) = 3a7)

Mass (T-Matrix Pole /s) = (890 + 14) — i (26 + 6) MeV
K*(892)% hadroproduced mass m = 891.67 + 0.26 MeV
K*(892)* in 7 decays mass m = 895.5 & 0.8 MeV
K*(892)° mass m — 895.55 = 0.20 MeV (S — 1.7)
K*(892)* hadroproduced full width ' = 51.4 & 0.8 MeV
K*(892)* in T decays full width I = 46.2 + 1.3 MeV
K*(892)° full width I = 47.3 + 0.5 MeV (S = 1.9)

P
K*(892) DECAY MODES Fraction (I';/I) Confidence level (MeV/c)

K ~ 100 % 280
K9~ ( 2.4640.21) x 103 307
KEv ( 9.8 400 )x10 4 300
Krm < 7 x 1074 05% 223

ASU

e
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K 1sobar candidates

5(700) 1UP) = 3oh)

also known as &; was K7(800)

See the review on " Scalar Mesons below 1 GeV."
Mass (T-Matrix Pole /s) = (630-730) — i (260-340) MeV
Mass (Breit-Wigner) = 845 + 17 MeV
Full width (Breit-Wigner) = 468 + 30 MeV
K3(700) DECAY MODES

Fraction (I';/T) p (MeVfc)

Kw 100 % 256

K*(892) 1UP) = 3a7)

Mass (T-Matrix Pole /s) = (890 + 14) — i (26 + 6) MeV
K*(892)% hadroproduced mass m = 891.67 + 0.26 MeV
!{*I\'Qﬁ")i H -l 3 onC L L 1O K \/
K*(892)° mass m — 895.55 = 0.20 MeV (S — 1.7)
K*(892)* hadroproduced full width [ = 51.4 &+ 0.8 MeV
K*(892)% in 7 decays full width I = 46.2 + 1.3 MeV
K*(892)° full width I = 47.3 + 0.5 MeV (S = 1.9)

P
K*(892) DECAY MODES Fraction (I';/I) Confidence level (MeV/c)

K ~ 100 % 280
K9~ ( 2.4640.21) x 103 307
KEv ( 9.8 400 )x10 4 300
Krm < 7 x 1074 05% 223

ASU

e

Counts
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K 1sobar ¢

K3(700)

1JPy = 1(0™)

also known as &; was K7(800)

See the review on " Scalar Mesons below 1 GeV."
Mass (T-Matrix Pole /s) = (630-730) — i (260-340) MeV
Mass (Breit-Wigner) = 845 + 17 MeV
Full width (Breit-Wigner) = 468 + 30 MeV

K3(700) DECAY MODES Fraction (I;/T) p (MeV/c)
K 100 % 256
K*(892) 1UP) = 3a7)

Mass (T-Matrix Pole /s) = (890 + 14) — i (26 + 6) MeV

K*(892)% hadroproduced mass m = 891.67 + 0.26 MeV

K*(892)* inz decavs mass m — 8965 + 08 MeV/

K*(892)° mass m = 895.55 + 0.20 MeV (S = 1.7)

K*(892)* hadroproduced full width ' = 51.4 & 0.8 MeV

K*(892) in 7 decays fuljwidth [ = 46.2 £ 1.3 MeV

K*(892)° full width I = }17.3 £ 0.5 MeV (S = 1.9)

P

K*(892) DECAY MODES Nraction (I;/T) Confidence level (MeV/c)
Kr 100 % 289
K9~ ( 2.4640.21) x 103 307
KEv ( 9.8 400 )x10 4 300
Krm < 7 %104 095% 223

A

large and narrow to

andidates

Counts

120

100

80

60

K0

20
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K 1sobar candidates

1(JP)

K3(700)

307™)

also known as k; was K7(800)

See the review on " Scalar Mesons below 1 GeV."
Mass (T-Matrix Pole /s) = (630-730) — i (260-340) MeV
Mass (Breit-Wigner) = 845 + 17 MeV
Full width (Breit-Wigner) = 468 + 30 MeV
K3(700) DECAY MODES

Fraction (I';/T) p (MeVfc)

Km 100 % 256

ASU

e

Counts
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KTK- 1sobar candidates

f0(980) 16(PCY =0+ (0+ )

See the review on "Scalar Mesons below 1 GeV."”
T-matrix pole /s = (980-1010) — i (20-35) MeV [']
Mass m — 990 + 20 MeV Il
Full width I = 10 to 100 MeV []

\!/Asu
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KTK- 1sobar candidates

f0(980) 16(PCY =0+ (0+ )

See the review on "Scalar Mesons below 1 GeV."”
T-matrix pole /s = (980-1010) — i (20-35) MeV [']
Mass m — 990 + 20 MeV Il
Full width I = 10 to 100 MeV []

a0(980) 1ICUPC =170+ )

See the review on "Scalar Mesons below 1 GeV."”
T-matrix pole /s = (960-1030) — i (20-70) MeV [l
Mass m = 980 + 20 MeV [
Full width I = 50 to 100 MeV [l

ASU

e
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KTK- 1sobar candidates

f0(980) 16(PCY =0+ (0+ )

See the review on "Scalar Mesons below 1 GeV."”
T-matrix pole /s = (980-1010) — i (20-35) MeV [']
Mass m — 990 + 20 MeV Il
Full width I = 10 to 100 MeV []

a0(980) 1ICUPC =170+ )

See the review on "Scalar Mesons below 1 GeV."”
T-matrix pole /s = (960-1030) — i (20-70) MeV [l
Mass m = 980 + 20 MeV [
Full width I = 50 to 100 MeV [l

$(1020) 1IGUPCG =01 )

Mass m = 1019.461 + 0.016 MeV
Full width I' = 4.249 + 0.013 MeV (S =1.1)

ASU
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KTK- 1sobar candidates

f(980) 16(JPCy =0t (0+ 1)
See the review on " Scalar Mesons below 1 GeV." ‘
T-matrix pole /s = (980-1010) — i (20-35) MeV [']
Mass m = 990 + 20 MeV [l

Full width I = 10 to 100 MeV []

a0(980) 1ICUPC =170+ )

See the review on "Scalar Mesons below 1 GeV."”
T-matrix pole /s = (960-1030) — i (20-70) MeV [l
Mass m = 980 + 20 MeV [
Full width I = 50 to 100 MeV [l

1P =0 (1 )

$(1020)

Mass m = 1019.461 + 0.016 MeV

Full width I' = 4.249 + 0.013 MeV (S =1.1)

ASU
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KTK- 1sobar candidates

f(980) 16(JPCy =0t (0+ 1)
See the review on " Scalar Mesons below 1 GeV." ‘
T-matrix pole /s = (980-1010) — i (20-35) MeV [']
Mass m = 990 + 20 MeV [l

Full width I = 10 to 100 MeV []

,(G(JPC):I (0} l)

a9(980)

See the review on "Scalar Mesons below 1 GeV."”
T-matrix pole /s = (960-1030) — i (20-70) MeV [l
Mass m = 980 + 20 MeV [
Full width I = 50 to 100 MeV [l

16UPOL="(1 )

Mass m = 1019.4630.016 MeV
Full width =4 249 + 0.0 kY (5=11)
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KTK- 1sobar candidates

f0(980) 16(PCY =0+ (0+ )

See the review on "Scalar Mesons below 1 GeV."”
T-matrix pole /s = (980-1010) — i (20-35) MeV [']
Mass m — 990 + 20 MeV Il
Full width I = 10 to 100 MeV []

a0(980) 1ICUPC =170+ )

See the review on "Scalar Mesons below 1 GeV."”
T-matrix pole /s = (960-1030) — i (20-70) MeV [l
Mass m = 980 + 20 MeV [
Full width I = 50 to 100 MeV [l
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* Performed a PWA on each mass bin shown on plot below

600
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H_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|I

1 1 1 1 11 1 11 1
1.3 1.31 1.32
Mass(K 'K n%)/GeV

=]

Mass binned PWA for low-mass KTK7°
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PWA

* Used expressions:

A5 2o Drjrzk}\(QDG], 0:) D50 (@, 8,)(10sA|JA), where the form
under summation 1s from Salgado-Weygand and a;,, are the
coefficients of the fit
* Used AmpTools for PWA
* Meson Resonance (R) = KK system
i * Decay modeled as R— Isobar x, where Isobar — K K
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PWA

* Used expressions:
Ajism 2 DT],:}\(QDG], HG])D{S (¢, 8,)(l0sA|JA), where the form
under summation 1s from Salgado-Weygand and a;,, are the

coefticients of the fit

* Used AmpTools for PWA
* Meson Resonance (R) = KK system

i * Decay modeled as R— Isobar &, where Isobar — K K
* For now:
* For fixed j,/,s, coherently added the m; values
|

\}msu




PWA

* Used expressions:
Ajism 2 DT],:}\(QDG], HG])D{S (¢, 8,)(l0sA|JA), where the form
under summation 1s from Salgado-Weygand and a;,, are the

coefficients of the fit
* Used AmpTools for PWA

* Meson Resonance (R) = KK system
| * Decay modeled as R— Isobar 7, where Isobar — K K
e For now:
* For tixed j,/s, coherently added the m; values
* Incoherently added:
! . =0, =0, s=
o =0, =1, s=1
o j=1, =1, s=
e j=1, =0, s=1
\ih\su . =1, =1, 5=1
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b b b b b b L
123 124 125 126 127 128 129 1.3 1.31 1.32

Mass(K'K'a")/GeV

* Fit gaussian to PWA results

e (Center:
e FWHM:

1302 +/- 20 MeV
69 +/- 26 MeV
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c
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_ e Fit I sults
- B « Center: 1302 +/- 20 MeV

S

e b b b b b by by Iy
2 1.23 1.24 1.25 1.26 1.27 1.28 1.29 1.3 1.31 1.32
Mass(K'K'a")/GeV

=
n

n(1295) 1C(UPE) = 00~ )

See the review on " Spectroscopy of Light Meson Resonances.”

7  FWHM: 69 +/-26 MeV

n(1295) MASS

(MeV) DOCUMENT ID TECN COMMENT
129444 OUR AVERAGE rror includes scale factor of 1.6. See the ideogram below.

\!/Asu
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il -0

* Fit gaussian to PWA results
e Center:_1302 +/-20 MeV

NI AR R A
1.3 1.31 1.32
Mass(K'K'a")/GeV

n(1295) 1C(UPE) = 00~ )

See the review on " Spectroscopy of Light Meson Resonances.”

v G FWHM: 69 +/- 26 MeV

n(1295) MASS

VALUE (MeV) EVTS DOCUMENT 1D TECN  COMMENT

1294+ 4 OUR AVERAGE Error includes scale factor of 1.6. See the ideogram below.

n(1295) WIDTH

\vnsu TUE (MeV) RS DOCUMENT ID TECN  COMMENT
f 554+ 5 OUR AVERAGE
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* Fit gaussian to PWA results
 Center: 1302 +/-20 MeV
FWHM: 69 +/-26 MeV

N

=
n
n
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b b b b b b L
123 124 125 126 127 128 129 1.3 1.31 1.32

Mass(K'K'a")/GeV

n(1295) 1C(UPE) = 00~ )

See the review on " Spectroscopy of Light Meson Resonances.”

n(1295) MASS

VALUE (MeV) EVTS DOCUMENT ID TECN COMMENT
129444 OUR AVERAGE Error includes scale factor of 1.6. See the ideogram below.

n(1295) WIDTH

VALUE (MeV) EVTS DOCUMENT ID TECN  COMMENT
55+ 5 OUR AVERAGE

/ * Agrees with PDG state 7(1295)
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* Fit gaussian to PWA results
 Center: 1302 +/-20 MeV
FWHM: 69 +/-26 MeV

N

=
n
n
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b b b b b b L
123 124 125 126 127 128 129 1.3 1.31 1.32

Mass(K'K'a")/GeV

n(1295) 1C(UPE) = 00~ )

See the review on " Spectroscopy of Light Meson Resonances.”

n(1295) MASS

VALUE (MeV) EVTS DOCUMENT ID TECN COMMENT
129444 OUR AVERAGE Error includes scale factor of 1.6. See the ideogram below.

n(1295) WIDTH

VALUE (MeV) EVTS DOCUMENT ID TECN  COMMENT
55+ 5 OUR AVERAGE

/ » Agrees with PDG state 7(1295) ©
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j=1, =1, s=0

* Fit gaussian to PWA results
* Center: 1284 +/- 4 MeV
 FWHM: 55+/- 8 MeV

300/
- ) 0=1,L=1,5=0

250

200F

33
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j=1, =1, s=0

Counts

300

250

200

150

100

50

- J=1,L=1,5=0

e Fit ' sults
e Center: 1284 +/- 4 MeV

55 +/- 8 MeV

FWHM:

i
n

\!/Asu

1.23 1.24 1.25 1.26 1.27 1.28 1.29
Mass(K 'K n°)/GeV

!G(JPC) _ O—f—(l + ‘f‘)

f,(1285)

f,(1285) MASS

DOCUMENT ID
12819 + 0.5 OUR AVERAGE JError includes scale factor of 1.8. See the ideogram
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Counts

300

250

200

150

100

50

WAS“ UE (MeV) EVTS DOCUMENT 1D TECN  COMMENT
i 22.7+ 1.1 OUR AVERAGE _Frror includes scale factor of 1.5. See the ideogram below.

j=1, =1, s=0

- J=1,L=1,5=0

* Fit gaussian to PWA results
e Center:__1284 +/- 4 MeV

G FWHM: 55+- 8 MeV

oot b by b b b b b by
1.23 1.24 1.25 1.26 1.27 1.28 1.29 1.3 1.3 1.32
Mass(K 'K n°)/GeV

ﬂ(1285) !G(JPC) _ O—f—(l‘f“f‘)

n
[ K

f,(1285) MASS

VALUE (MeV) EVTS DOCUMENT ID TECN  COMMENT

12819 + 0.5 OUR AVERAGE Error includes scale factor of 1.8. See the ideogram

£,(1285) WIDTH
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j=1, =1, s=0

Counts

300

250

200

150

100

50

- J=1,L=1,5=0

* Fit gaussian to PWA results
e Center: 1284 +/- 4 MeV
G FWHM: 55+- 8 MeV

* Wide compared to PDG state
T f,(1285)

i
n

\!/Asu

1.23 1.24 1.25 1.26 1.27 128 1.29 1.3 1.31 1.32

Mass(K 'K n°)/GeV

ﬂ(1285) !G(JPC) _ O—f—(l‘f“f‘)

f,(1285) MASS

VALUE (MeV) EVTS DOCUMENT ID TECN COMMENT
12819 + 0.5 OUR AVERAGE Error includes scale factor of 1.8. See the ideogram

£,(1285) WIDTH

eV) EVTS DOCUMENT 1D TECN  COMMENT

UE (M
@ 1.1 OUR AVERAGE rror includes scale factor of 1.5. See the ideogram below. 36




j=1, =1, s=0

Counts

300

250

200

150
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50

- J=1,L=1,5=0

* Fit gaussian to PWA results
e Center: 1284 +/- 4 MeV
G FWHM: 55+- 8 MeV

* Wide compared to PDG state
f,(1285) ®

i
n

\!/Asu

1.23 1.24 1.25 1.26 1.27 128 1.29 1.3 1.31 1.32

Mass(K 'K n°)/GeV

ﬂ(1285) !G(JPC) _ O—f—(l‘f“f‘)

f,(1285) MASS

VALUE (MeV) EVTS DOCUMENT ID TECN COMMENT
12819 + 0.5 OUR AVERAGE Error includes scale factor of 1.8. See the ideogram

£,(1285) WIDTH

eV) EVTS DOCUMENT 1D TECN  COMMENT

UE (M
@ 1.1 OUR AVERAGE rror includes scale factor of 1.5. See the ideogram below. 37




j=1, =0, s=1

J=1,L=0,5=1

et o b b b b b b b b1
10.22 1.23 1.24 1.25 1.26 1.27 1.28 1.29 1.3 1.31 1.32
Mass(K'K'n")/GeV

\!/Asu

* Fit gaussian to PWA results

Center:
FWHM:

1280 +/- 4 MeV
48 +/- 10 MeV
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j=1, =0, s=1

Counts

J=1,L=0,5=1

e Fi1 ' sults
e Center: 1280 +/- 4 MeV

48 +/- 10 MeV

FWHM:

a5

\!/Asu

ol b b b b by 1y
10.2 1.23 1.24 1.25 1.26 1.27 1.28 1.29 :
Mass(K'K'n")/GeV

!G(JPC) _ O—f—(l + ‘f‘)

f,(1285)

f,(1285) MASS

DOCUMENT ID
12819 + 0.5 OUR AVERAGE JError includes scale factor of 1.8. See the ideogram
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j=1, =0, s=1

for * Fit gaussian to PWA results
o e Center: 1280 +/- 4 MeV
G FWHM: 48 +/- 10 MeV
10.2:2" AR R e R R T e e

\!/Asu

Mass(K'K'n")/GeV

ﬂ(1285) !G(JPC) _ O—f—(l‘f“f‘)

f,(1285) MASS

VALUE (MeV) EVTS DOCUMENT ID TECN COMMENT
12819 + 0.5 OUR AVERAGE Error includes scale factor of 1.8. See the ideogram

£,(1285) WIDTH

UE (MeV) EVTS DOCUMENT 1D TECN  COMMENT
22.7+ 1.1 OUR AVERAGE Frror includes scale factor of 1.5. See the ideogram below. 20




j=1, =0, s=1

for * Fit gaussian to PWA results
o e Center:_1280 +/- 4 MeV

G FWHM: 48 +/- 10 MeV
. * Wide compared to PDG state
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j=1, =0, s=1

for * Fit gaussian to PWA results
o e Center: 1280 +/- 4 MeV
G FWHM: 48 +/- 10 MeV
. * Wide compared to PDG state
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12819 + 0.5 OUR AVERAGE Error includes scale factor of 1.8. See the ideogram
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j=1, =1, s=1

SD: - J=1,L=1,5=1

124 125 126 127 128 129

\!/Asu

* Shape 1s not very suggestive
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The two similar j=1 states

E —
C 3 120(—
&} 300— Q L
- [l J=1,L=1,8=0 J=1,L=0,5=1
150 60—
100 40—
s0F 20—
111 | | | I | | | I | | I | | L1 1| | L1 || | L1 1| | L1 1| ‘ L1 1| | vt e s by b b b by by by Ly
122 123 124 125 126 127 128 129 13 131 132 P 7 128 129 13 131 132

Mass(K 'K'n%)/GeV

e j=1,/=1,5=0 . j=1=0,5=1
e Center: 1284 +/- 4 MeV e Center: 1280 +/- 4 MeV
« FWHM: 55+- 8MeV ~ + FWHM: 48 +/- 10 MeV
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The two similar j=1 states

g —
- 2120—
0300— Q L
- [l J=1,L=1,8=0 J=1,L=0,5=1
150 60—
100 40—
s0F 20—
III\|IIII|IIII|\III|IIII|II\I|IIII|IIII‘IIIIlIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
122 123 124 125 126 127 128 128 13 131 132 P22 123 124 125 128 127 128 120 13 131 132
Mass(K K'n%)/GeV Mass(K'Kn®)/
,] b ?S ,] b ?S

e Center: 1284 +/- 4 MeV e Center: 1280 +/- 4 MeV
 FWHM: 55+/- 8§ MeV  FWHM: 48+/-10MeV

 Mass distribution so similar that these must be the same state
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