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CLAS g12 Analysis
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Form CLAS-g12 dataset (~25B events): Form CLAS-g12 dataset (~25B events):

> Three charged pions selected > Four charged pions selected

> Neutron is identified by energy and > Proton is identified by energy and
momentum conservation momentum conservation

A. Tsaris (2016 FSU Dissertation)



Selection Criteria ypanm a w

Description Interval Events In | Events Selected
Vertex within z-extent of target | —110 < z < =70 cm 707,329,219 658,403,589
Vertex within target radius r < 10.0 cm 658,403,589 587.508.335
Event vertex timing cut \tore (TAG) — t4,(ST)| < 1.002 ns | 587,508,335 421,091,544
Beta selection for particle tracks | |Sror — By/m| < 0.03 421,091,544 382,907,980
Photon Energy E, > 44GeV 382,907,980 118,656,025
Confidence level cut FOMEinFit > 1% 118.656.025 7.424.941
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Features of the Data yp>nm
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Partial Wave Analysis

Step 1: Decompose to Partial Waves

X—>p1+p2—|—p3—|—,,,

A Total Intensity

Bin by bin p‘ Relative Phase[oL,B]

[t
i i B event based
* . * +  likelihood analysis

O w | | | | >
Mass[X]

A Wave(P}) Intensity

Mass[X] Mass|[X]



Partial Wave Analysis

Step 1: Decompose to Partial Waves

—p Tp. . +tp. T
A Total Intensity X p 1 p2 P3

] Bin by bin b
i ) f B event based i I
* . * *  likelihood analysis 7
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Partial Wave Analysis

Step 2: Extract Resonance Parameters

A Total Intensity

Mass Dependent
Analysis

0

A Relative Phase[o.,B]

!

T

Mass[X]

A Wave(P) Intensity




Using PWA to ldentify

JFC States

[(T)= Z ee'pee,(T)Z ke'VZ,e'AZ,(T)kEVaEAa(T)

kee'

For unpolarized beam & target:

1<T>=%k2 Yty a (1)

‘ 2

unknown
Complex parameters varied in the PWA to fit the data

Helicity Decay Amplitudes
M 1Vardy
Ay T)= A A

INY

A =D],,(0,8) 2 (L0 AN (S, A, S, IS A K

Mass Dynamic

Wigner Factor
D- Clebsch-Gordan (like Breit-Wigner, K-matrix, ...)
functions Coefficients

J=\J(J+1)



Helicity Decay Amplitudes

in the Reflectivity Basis

For unpolarized beam & target:

[r)=3 L L Y, 4l)

T=1{0,¢,m,,0" ¢',..}

2

Helicity amplitudes are not eigenstates of Parity

Reflectivity basis takes Parity into account

*

A (1) = Alm)[4, (1) —eP(=1)""4, (1)

X,—m

A(m) — 1/\/5 m>(
» Unpolarized photon beam results 1/2 m=0
in equal mixtureof M- = 1" & 1’ 0 m<0

1t exchange photoproduction forbids M=0




Earlier FSU Results*

<10 2‘f [ f2(1?70)w] s Intensﬁity 7 (1670)

1.4 {4 2-f1ts | /
~. 1.2F b 218 Equal yields for
S ||4 4 2078 M =1"&T1
QO 10 ......................................
=
Qosl T
2 _
P 06k | S T E + Large signal in
0:) M=0 wave
Lﬁ 04_ .......... ; 4 1 ]

- *f’ N ¥ Did not expect
0.2+ L ........... ............ m .................. ‘ ! }\t{+++ ..... M=0 waves to
0.0 i -E ah : ahaa b, a4 A‘m contribute

1000 1200 1400 1600 1800 2000

M(rtrt7) (GeV/e?)

10 *C. Bookwalter (FSU Dissertation)



11

J* Me L Y
1" 17 S,P,D p(770),0
M, <1.4GeV = P p(770)
—- 2717 D p(770)
ot 17" p p(770)

|sotropic background wave

e M L Y

1 1" S,P,D 0(770),0
M, >1.38GeV T = Jp—

o XA D 0(770)

2° 17 S,P,D p(770),f,(1270)
Isotropic background wave

Minimum List of Partial Waves
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Entries 600925

CLAS g12

PWA Results: nTC+ TC+ JIW First observation of the

a (1260) in photoproduction
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n,(1670) & Non-resonant 1™ wave
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n,(1670) D-wave decay ypnn n

ntensity of 2-+ D waves
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Yp — AT T

CLAS g12

Event Selection
Description Interval Events In | Events Selected
Vertex within z-extent of target | —110 < z < —70 cm 105,863,100 100,840,300
Vertex within target radius r < 10.0 cm 100.840.300 93,575,180
Event vertex timing cut [tote (TAG) — t(ST)| < 1.002 ns | 93,575,180 79.764.370
Beta selection for particle tracks | |Sror — | WJT,,_| < 0.03 79,764,370 75,917,040
Photon Energy Beam — Photon > 4.4GeV 75,917,040 31,874,591
Confidence level cut FOM — kinFit > 1% 31,874,591 3,750,040
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Kinematic Separation of the A™
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Data Selection & Background
Reduction
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The A++ Recoil Baryon YpP2>A o
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Features of the 31 sample
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PWA Results: A\ m
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Features of the PWA

Intensﬁy of 2-+ S [f2n] waves

50000

40000

30000

Events

20000

_LJMLJ"+”LJmLJ_+"LJHL_L1NL_LJmL¢”lHLJmL¢"¢”L

1.+ Consptent
} ] W|tha J‘[zf1670)

22000
20000
18000
16000

D400

m 12000
= 10000
B00D
B000
4000
2000

-
C

. 2
M{TSM"T iy (GeV I

f2-+D [f2n] waves

15

tensi ty

19

TTTTTTTTT[TTTIT1¢1T1T11TT11¢WTT1TITTTTTT1TE

fTT

IIIIIIIlIIIIIIIIIIIIII_t

T'I"mTT'T'I'I"I"I'I'%'I"I'T'I'I"I'T'I"I'TT'i'I'T'I'I"I"I'I'%'I'T'T'I'I' |

ol

21

Car

1.4 1.5 1.6 17 1.8
Mass (7t ')

=y
=]

(GeV Ic?)

yp—>A++:rc+:rc'Tc‘

PWA in the high mass region:

> was more challenging
>results were less stable here

>further investigation in this region shows
that this channel suffers from background

leakage of a,(1320) into the P-wave
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Investigating the high 31T mass region
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Summary & Plans
o yp—>n3'l: adl

- The a,(1320) and the a,(1260) are observed

- The m,(1670) is observed

- The J"“=1" does not show resonant behavior
and it is strongly consistent with a non-resonant
non-interfering wave relative to a resonant ,(1670)

s yp>dA mom:
- Afirst time PWA of the A" "3 5 system
- The g,(1320)and the a,(1260) are observed
- The n:2(1670) IS observed

« Analysis Review 1s underway :
- written draft PRL for n3m

23 - writing longer paper to include details of n3p and A™ 37
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Minimum List of Waves Required forthe y p2 A" "n n'x’

oML v e

1" 1" §,D 0(770) 4
M, <1.4GeV 2+ | 1-,«'+ D 0(770) 7

" 17 P p(770) 2

Isotropic Background Wave

oML v e

1++ 1" S,D p(770) 4
M, >1.375GeV T

~ 2" 1 D p(770) 2
" 1" s.P,D p(770),f,(1270) 6

Isotropic Background Wave
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Enhance Peripheral Production yp2>nmn m
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Further Reducing the Baryon Background =~ ¥ PN & 7@
0,.[n, ]<25°

slow

"

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
L T SIS FYPRPSOTOY FPRITON e

.| Entries 980019

" | Entries 00925

Events / 1 deg.

i =
LLL U UL LT

DO 10 20 30 40 50 60 70 &0 90 100

eiab[n+ } (deg']

slow

20000 T I T T I T 1 I ™ T T I LD AN 1 ) | 14000

8 3 i H -_13000

18000 = =il 2| Etifen GBI0YS : : -
Nﬁ 16000F= ST T— i ..... 1A .:S 20000 _ | Entriies 980019 ::15000
. | Entries 600925 114000

o N | M . 10000 v 3
S 14000 = Entries 600925 [ &,

o 12000 : 8000 w =
= 10000E= . S, T - =L

N 7] -
% BOOOE=-f--f e M T 10000 .
Lﬁ 6000 " o g 6000
4000 W 5000 4000
2000 Haad 2000

o 12 14 16 18 2 29 28

+ ria2 ' + a2
MaSS(n ’ ESIOW) (GE‘ fc ) Mass( n , Efﬂst) (GE‘- lc )

28



