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Monte Carlo peak fits
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* Each mass spectrum was fit to voigtian line shape




Results of Monte Carlo peak fits
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* Gaussian broadening (o) of Voigtian line shape is about 9.45 MeV




Intensity

* Looking at the intensity in two different ways:
* Salgado-Weygand
 JPAC
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Intensity

The intensity can be written as [1] :
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Intensity

The intensity can be written as [1] :
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Intensity

The intensity can be written as [1] :
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Intensity

The intensity can be written as [1] :

I = Z <outf?ﬁ.n>‘2= Z <out

ext spins ext spins

?f.n> <'i.n

(Jut>

Define the spin density matrix p such that:
jin)(in| = pig =D li){l
i) i)

Now

i 7
T{JiejJT

I = Z Z<out

ext spins 1,j

out>

Let T = fdﬂ” where subscript d = decay and p = production
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Intensity

The intensity can be written as [1] :
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I = Z <outf?ﬁ.n>‘2= Z <out

ext spins ext spins

?f.n> <'i.n

Define the spin density matrix p such that:
lin)(in| =Y " pij=>_ i)l
1,] 1,]

Now
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ext spins 2,J

out>

Let T' = fdﬁ“ where subscript d = decay and p = production
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Intensity

i N L atdents
Tid,pi 10T

From prior slide: /= 2 > (out

ext spins ,J

\vnsu [1] Carlos Salgado and Dennis Weygand, arXiv:1310.7498v2
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Intensity

I = Z Z<out

ext spins ,J

i T N L atdents
de}ipiej Tp Td

out>

Insert full set of 1= Y IX)(X] =3 XX
partial waves X v

\vnsu [1] Carlos Salgado and Dennis Weygand, arXiv:1310.7498v2
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Intensity

ouf T:T, pp1 5 Td ouf
e}ct spins t, J | ‘
Insert full set of | _ STx7 )
partial waves ¥ v

\vnsu [1] Carlos Salgado and Dennis Weygand, arXiv:1310.7498v2
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Intensity

ouf Td pp1 J Td ouf
e}ct spins t, J | ‘
Insert full set of | _ X 1= X7
partial waves ¥ v
I = (out| Ty | X) (X|" Tppi /Ty | X') (X'| T} Jout)
TO get e:’d;pins;)g ’

\vnsu [1] Carlos Salgado and Dennis Weygand, arXiv:1310.7498v2
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Intensity

ouf T:T, pp1 5 Td ouf
e}ct spins t, J |
Insert full set of | _ X 1= X7
partial waves ¥ v
I = (out| Ty | X) (X|" Tppi /Ty | X') (X'| T} Jout)
To get P 7 B ’

where (out| T,; | X) is the partial wave amplitude

\vnsu [1] Carlos Salgado and Dennis Weygand, arXiv:1310.7498v2
i
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Partial wave amplitude

mF
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_i where a;,,, are the coetticients of the fit, and the Breit-
Wigner factor 1s for the potential 1sobar
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Reflectivity (Salgado method)

» Strong reactions conserve parity and 1t would be nice to
construct amplitudes with eigenstates of parity
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» Strong reactions conserve parity and 1t would be nice to
construct amplitudes with eigenstates of parity
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Reflectivity (Salgado method)

» Strong reactions conserve parity and 1t would be nice to
construct amplitudes with eigenstates of parity

* Helicity states are not parity eigenstates

* Can construct amplitudes that are eigenstates of reflectivity =
parity (space inversion) and 180° rotation

* Operators:
* Parity operator = I1
* Reflection operator = I1, = IT-exp(-inJ))

* Reflectivity quantum number €, with
* €==1 for bosons
* ¢ =41 for fermions
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Reflectivity (Salgado method)

Let m be angular momentum z-projection, € be reflectivity and a be
all other quantum numbers.
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Reflectivity (Salgado method)

Let m be angular momentum z-projection, € be reflectivity and a be
all other quantum numbers.

States of definite reflectivity:
e |e,a,m>=0(m)[la,m > +eP(—1)/"™|a,—m >],
where

O(m) = %,ifm >0

O(m) =%,ifm= 0

O(m) =0if m<O0

\ynsu




Reflectivity (Salgado method)

Let m be angular momentum z-projection, € be reflectivity and a be
all other quantum numbers.

States of definite reflectivity:

e |e,a,m>=0(m)[la,m > +eP(—1)/"™|a,—m >],
where

: @(m)=%,ifm>0

s . G)(m)=%,ifm=0

O(m) =0if m<O0

|+ Whenm=0wehave|ea,0>=%[1+¢eP(—1)/]|a,0 >
 Only non-zero when e = P(—1)/, or

e € =+4P,for /=even

e ¢ =—P,for /=o0dd
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Natural parity and Naturality

Definitions:
 Natural parity if P = (-1)’ and unnatural parity if P = -(-1)’ .
So:
* Scalars and vectors are Natural
* Pseudoscalars and pseudovectors are Unnatural
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Natural parity and Naturality

Definitions:
 Natural parity if P = (-1)’ and unnatural parity if P = -(-1)’ .
So:
* Scalars and vectors are Natural
* Pseudoscalars and pseudovectors are Unnatural

i  Naturality (V) of the exchanged particle is N= P(-1)’ , with
' Natural when N = +1 and Unnatural when N =-1.

\ynsu




Intensity (JPAC method 2-pseudoscalars)

The intensity in the helicity basis can be written as [2]

I(Q,2,8) = Y > Taa(Qp] (2, 0)T5 (9. (76)
A1, A2 AN |

\_vnsu [2] Carlos Salgado and Vincent Mathieu, https://halldweb.jlab.org/DocDB/0045/004599/001/photonPWA_FINAL.pdf
v [3] V. Mathieu, et. al. Phys. Rev. D 100, 054017 (2019) 30
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Intensity (JPAC method 2-pseudoscalars)

The intensity in the helicity basis can be written as [2]
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Intensity (JPAC method 2-pseudoscalars)

The intensity in the helicity basis can be written as [2]

I(Q. iz (I)) = Z Z 'T)\;}q;)\g (Q)p;/\, (33' (I))T;\k';)q,)\g (Sn (TG)
A1, A2 AN "
where
.TA;/\LAQ (EZ) - Z .Ti,ﬂﬁ)\l:)\‘}}}?n(gz) (TT)
I.m

At high energy, parity conservation can be incorporated by taking [3]

T, = —P(=1) (=1)"TZ_ (C8)

\_vnsu [2] Carlos Salgado and Vincent Mathieu, https://halldweb.jlab.org/DocDB/0045/004599/001/photonPWA_FINAL.pdf
v [3] V. Mathieu, et. al. Phys. Rev. D 100, 054017 (2019) 32
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Intensity (JPAC method 2-pseudoscalars)

The intensity in the helicity basis can be written as [2]

[(Q,2,0)= Y > Toaxna(Qp] (2, 0)T5 (). (76)
A1, A2 AN :
where

Tani o () =D X iy 2, Y1 (Q)

I.m

—_—
—-.\l
i |

—

At high energy, parity conservation can be incorporated by taking [3]

T, = —P(=1) (=1)" T3 (C8) Note: P(-1)’ is of exchange
particle

[3] V. Mathieu, et. al. Phys. Rev. D 100, 054017 (2019) 33

\_vnsu [2] Carlos Salgado and Vincent Mathieu, https://halldweb.jlab.org/DocDB/0045/004599/001/photonPWA_FINAL.pdf
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Intensity (JPAC method 2-pseudoscalars)

The intensity in the helicity basis can be written as [2]

I(Q. iz (I)) = Z Z 'T)\;}q;)\g (Q)p;)\, (33' (I))T;\k';)q,)\g (Sn (TG)
A1, A2 AN "
where
.TA;/\LAQ(Q) - Z.Ti,ﬂl;)\l,)m}}m(g) (TT)
I.m

At high energy, parity conservation can be incorporated by taking [3]

T, = —P(=1) (=1)" T3 (C8) Note: P(-1)’ is of exchange
particle

Trading photon-helicity index for photon-reflectivity and define the
reflectivity basis

1

(C)TE:RIRE - E [Tilm:illg B E(_l)m Til—m:zhij‘ (Dl)

[3] V. Mathieu, et. al. Phys. Rev. D 100, 054017 (2019) 34

\_vnsu [2] Carlos Salgado and Vincent Mathieu, https://halldweb.jlab.org/DocDB/0045/004599/001/photonPWA_FINAL.pdf
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Intensity (JPAC method 2-pseudoscalars)

The intensity in the helicity basis can be written as [2]

H(Q,2.8)= ) Y T (20T (). (76)
A1, A2 AN
where
Tx;ag a2 (£2) ZT;\ mias e Y1 (§2) (77)

I.m

At high energy, parity conservation can be incorporated by taking [3]

(=0T . (C8) Note: P(-1)’ is of exchange
particle

Trading photonchelicity index for photon-reflectivity and define the
reflectivity basis

1
2

Note: Only for 2-

(e)7? —
mig iy .
1 pseudoscalar production

[T:leﬁ A E(_l)mTil—m:R]XJ‘

\I/Asu [2] Carlos Salgado and Vincent Mathieu, https://halldweb.jlab.org/DocDB/0045/004599/001/photonPWA_FINAL.pdf
i [3] V. Mathieu, et. al. Phys. Rev. D 100, 054017 (2019) 35
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Intensity (Justin Stevens)

Justin took the JPAC method written for 2-pseudoscalar production
and expanded it for vector pseudoscalar

1

MOdlﬁed — (E)Tr{_n, — 5 (.T—li—l,m o E(_l)m.Tj—l,—m)

\!n\su

Justin Stevens, https://halldweb.jlab.org/doc-private/DocDB/ShowDocument?docid=4858

(5)
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Intensity (Justin Stevens)

Justin took the JPAC method written for 2-pseudoscalar production
and expanded it for vector pseudoscalar

1 €) 1 - 1417 -
MOdlﬁed — ( )T?{n - E (Til,m - E(_l) Tj—l,—m) (’)

To include the reflectivity of the meson resonance

. 1 . .
€)pi i mrpi :
( )Tm - 5 (T+1,m o E(_l) T—l,—m) (6)
i Justin Stevens, https://halldweb.jlab.org/doc-private/DocDB/ShowDocument?docid=4858 37
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Intensity (Justin Stevens)

Justin took the JPAC method written for 2-pseudoscalar production
and expanded it for vector pseudoscalar

1 €) 1 - 1417 -
MOdlﬁed — ( )T?{n - E (Til,m - E(_l) Tj—l,—m) (’)

To include the reflectivity of the meson resonance

. 1 . ;
(E)T:rzn - 5 (Tj—l,m T E(_l)mTil,—m) (G)

And once the dust settles —
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Justin Stevens, https://halldweb.jlab.org/doc-private/DocDB/ShowDocument?docid=4858 38
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Intensity (Justin Stevens)

[(9,0,Qy) =2k

k
] , -
{(1 —Py) || S UM Im2) + Y I Im2)| + | Y NG Re(Z) + Y PN Re(2)] | +
TN, iy, m 1N, iy, M
- , -
1+ || S MG Im(2) + 3 I mm(z)| + [ S NS Re(2) + Y 1 Re(2) }
TN, i, m TN, iy, M

The [J; N-Us ( )k are the free complex parameters in the fit for a given reflectivity amplitude.

\!/Asu

Justin Stevens, https://halldweb.jlab.org/doc-private/DocDB/ShowDocument?docid=4858 39
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Intensity (Justin Stevens)

[(9,0,Qy) =2k

k
_ 9 27
{(1 —Py) || S UM Im2) + Y I Im2)| + | Y NG Re(Z) + Y PN Re(2)] | +
TN, iy, m 1N, iy, M
_ 9 57
(1+Py) || S MG Im(2) + 3 S am(z)| + | Y NS Re(2) + 3 1Y)k Re(2) }
TN, i, m TN, iy, M

The [J; N-Us ( )k are the free complex parameters in the fit for a given reflectivity amplitude.

where 7zi (0.qy) =2xi (0. Q) 1s the phase-rotated decay amplitude
and @ 1s the angle between the production plane and the photon
polarization

\!/Asu

Justin Stevens, https://halldweb.jlab.org/doc-private/DocDB/ShowDocument?docid=4858 40
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KK decays

* K'has/="% andl =+"%:|%,+%)
* Khas I=% and = -%:|%,—%)

For /=0 resonance — KK :
¢ 10,0)=F (1%, +¥2)| %, %) — | %, —%)| Yo, +%)]

+ 10,0)=%[K*K™—K~'K*)

For I=1 resonance — K'K :
C11,0) =Ll Ve, + ) Ve, — %)+ Yo, — %) Yo, +34)]

+ 11,0)=Z KK~ + K K*]

\!n\su
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KK decays

* K'has/="% andl =+"%:|%,+%)
* Khas I=% and = -%:|%,—%)

For /=0 resonance — KK :
¢ 10,0)=F (1%, +¥2)| %, %) — | %, —%)| Yo, +%)]

+ 10,0)=%[K*K-OKK*)

For I=1 resonance — K'K :
C11,0) =Ll Ve, + ) Ve, — %)+ Yo, — %) Yo, +34)]

+ 11,0)=%[K¥K- @K K*]
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[sospin

Meson resonances of interest:

e n:1=0
e f:1=0
e hi:I=0

\!/Asu
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Included 1n the fit at each mass|KKx| bin

e Uniform background
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Included 1n the fit at each mass|KKx| bin

e Uniform background
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, Isobar = q,,

, KKm

, KKm

, Isobar = K™
, Isobar = K™

DN

b—tb—tr—too

TTETPLTTL
r—ar—ar—aoo
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AmpTools error bars

* Was using fit fractions to obtain fractions and errors, but did not know how to use
fit fractions for subsets of amplitudes.

* Switched to using histograms created through plotGenerator.projection

Note:

Using plotGenerator.enable Amp(i) for the i amplitude of interest in subset, and
after turning on the desired amplitudes, creating histograms using

Histogram™ hist = plotGenerator.projection(ivar,reactionName,iplot), gives
unrealistic error bars @

* For a few days, the error bars were destroyed and I used a temporary workaround

®

.y

* Matt Shepard sent me instructions on how to get the fit fractions to work for a
subset of amplitudes. Now error bars look good again ©

\!/Asu
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Blue 2,(1415) :
Center = 1400 +/- 4
PDG =1409+9 -8

Width =54 +/- 6
PDG =78 +/-11

Citation: L Workman er o [Paricle Data Group), Prog. Theor Esp Phys. 20022, 083000 (2022) and 2023 update

h;(1415) 16UPCy =01t )
was hq(1380)
hy(1415) MASS
VALLE [ M=) EVTS DOCUMENT 10 TECN  COMMENT

lﬂt a OUR AVERAGE Lrror includes scale factor of 1.9, See the ideogram below.
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14401 60 ABELE 97 CBAR Bp » K§KZa0a0
1380 1 20 ASTON 8ac LASS 11K p—» KIKkExTA
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Blue 2,(1415) :
Center = 1400 +/- 4
PDG =1409+9 -8

Width =54 +/- 6
PDG =78 +/-11

Citation: L Workman er o [Paricle Data Group), Prog. Theor Esp Phys. 20022, 083000 (2022) and 2023 update

h;(1415) 16UPCy =01t )
was hq(1380)
hy(1415) MASS
VALLE [ M=) EVTS DOCUMENT 10 TECN  COMMENT

lmt a OUR AVERAGE Lrror includes scale factor of 1.9, See the ideogram below.

13844+ 6 | 1 ABLIKIM 3¢ BES3 My — v’y —
afsy2Arta)
14234 21473 22k 2 ABLIKIM AR BES3  Jfg v n'hy » ' K*K
1412+ 4 48 2 ABLIKIM 15 BES3  4(25) = yxu 9 —
ey =+ K*K)
14401 60 ABELE 97 CBAR Bp » K§KZa0a0
1380 1 20 ASTON 8ac LASS 11K p—» KIKkExTA

e

ASU *  Width consistent with most recent measurement

hy(1415) WIDTH

VALUE [Ma\) EVTS DOCUMENT IR TECN COMMENT

8 411 OUR AVERAGE

66 +10 'l2 1 ABLIKIM 22¢ BES3Z Jjy —+ o' —
A5yl )

0.3l 981175 22k 2 ABLIKIM 18ap BES3 A — o'hy — g K*KE

84 +12 +40 2 ABLIKIM 15 BES3  9(25) -+ X 0 -
yib(hy =+ K*K)

170 180 ABFLF a7H CBAR pp — :{Effﬂ.x“wﬂ

B0 130 ASTON sac LASS 11K p— KLktaTA

1 From a partial wave analysis of the systems (7X). with X = ', and (' X), with
X = 7' in the decay /3y — o'y’ The intermediate resonance X is parametrized
by a constant-width, relativistic Brei-Wigner,

2Final states K| K 70 and KL k£ =T

hy(1415) DECAY MODES

Mode
r Kf'{892}+ C.C.

hy (1415) REFERENCES
ABRLIKIM Y PR 0S OFXN02 M, Ablikim or & [BESI Collab.)
ABLIKIM 1BAE PR DO& 072005 M. Ablikim et 2l [BESIN Collab.)
ABRLIKIM 1M PR DA 115008 M, Ablikim or & [BESIN Collab.)
ABELE O'H PL B415 280 A Abele et al [Crystal Barred Collab.)
ASTON 8C P B2 5TE 0. Astom er al [SLAC, MAGD, CINC. INUS)
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