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CLAS g12 Run Summary

CLAS geometry optimized for peripheral production acceptance

E, 5.715 GeV
gl12 run period 70 days experimental run

Production Data

[=60-65nA
E = 3.584 - 5.453 GeV

26.2 Billion events

mixed triggers
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Analysis of yp 2 na*ntrn’

*FSU dissertation by Craig Bookwalter

31 Event Selection
l[dentification of v p — 77 7w~ n events
@ 7 w7~ events isolated by vertex and timing cuts
@ neutron identified by missing mass

X = {1330}, el 1670, my (1600], ...

SIGNAL V = p(7T0Y, £ 1270), £, (080,
Y = a[T70), f(1270), fo(980), ...

M1H1%
L

ldentification of v p — Xn — 77 7~ n events

@ v p — N*nm events removed by requiring low-t' and small 0,4 for
both 7




3 Invariant Mass

2000 ? ? M(?r v o ) (GeWc)

7000}

o S
e B an N
s I
o D

Counts per 5 MeV/c?
L He
S

E_ntries: 51_ 0486

e—3.9t'

Events/20 GeV’

consistent with

0 . i i
0.8 1.0 12 14

1.6 1.8 20 2.2

M(mtrtr™) (GeV/c?)

Baryon background cuts:

It <0.1 & 6, (7") < 25°

Sharp t dependence

n-exchange production




Major waves

JPC | Me L Y # waves
1+ 1= S p(770) 2
1++ | 1%, 0* D p(770) 3
1= 10,17 P p(770) 3
2T+ | 1% D p(770) 2
2=t 10,1 | S,P,D | £,(1270), p(770) 9

+ isotropic background wave
unpolarized beam

* Photon beam is a coherent mixture of both parity eigenstates
» Final states of different reflectivity do not interfere

n exchange dominance

e Equal production of M* =
° NO Mt = Og

+ No J=0 meson production (spin zero filter)

1" and 1- (ambiguity)
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PWA 1++ S wave
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PWA: 1++ - 2++ Mass

Dependency
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PWA:
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2-+ D & P waves

n,(1670) = pn

P-wave
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PWA 2-+ Intensity
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PWA 1-+ - 2-+ phase motion

CLAS gl2 BNL-E852

1=+1*P [Y=p(T70)] - 27 1*S [Y=£,(1270)] 3¢
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* No evidence for exotic 1-+ phase motion
* Phase motion consistent with resonating 2-* I
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Where is the = (1600) in photoproduction?

Current CLAS g12 analysis m production analysis
+ - TT
TT TT
Y -
i X p T
TT
» Pomeron "

Tt

T+

TT i exchange
exchange

O\

Also observed via: X - n'n, fm, (bn)

Non-observation of = (1600) in charge exchange photoproduction is
consistent with exotic production via Pomeron

however, = (1600) — pmt butnot px— x (1600)

If true then C-Parity forbids photoproduction of = (1600)

Allowed JP¢: Isovector G = +1 channels: 2m, 27, ..
[S,P, D wave pomeron production]

Jo, 04—, 14, 24—, Tom, 2om, 3 Isoscaler G = -1 channels: 7, T, 3w, 37, ..

exotic 14



Conclusions

CLAS-g12 acquired new data set of ~1M exclusive yp @ n o+
n+ - events

Performed mass independent PWA from 1.0 - 2.0 GeV/c? on
several subset of events

- Unpolarized photon beam with pion exchange dominance (low t" cut)
« J =0and M = 0 suppression, equal production of Mt = 1-&1-

Cleanly observe 1+, 2+*, and 2+ well known resonance
features

- Narrow 1** may indicate a Deck free a,(1260) observation

n,(1600) exotic signal is not observed in charged exchanged

photoproduction

- If 2, (1600) = pr exists, then non-observation in charge exchange
photoproduction is consistent with hybrid production via Pomeron

o If true then C-Parity forbids photoproduction of it (1600)

15






31 Data Features

before final selections

108 Selection of the Neutron
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Baryon background reduction
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Data Features

Mandelstam t & t'
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Data Features

3 Mix*m*r) Eniries: 473481. Mém m ) vs MY(mim | Enries: 322806, M=) for 1< My, = 1.5 GeWic?
LR - - - 2 L= - - - - - - -

[T LB i

{4l rl.-r- I'l
MK 'Ir 1"

Wl I.-
a5 AN f‘r
I i i

0.5 b1 |

{0, 0.6 :
Miz*7) [tweo entries/event] (GeWic")

LI !
= 1 1’.: 1AIEHT
N (1] T = !
[ E 100 |
a LU i - | ll
= =
5 5 LI I|'r 1
o S S I"I .IL
Iﬁ ol E e A b 1
z =8
o z
E 5
g a
L )

N 1.\

M2t | (GaV2ie!)

G e bt Entrigs; 100492 Helcity reed Entries: 100492¢ Helicity « Entrieg; 100492¢

- A wl o A A

L ¥
=Lt f‘I 1 _,_..l",.-‘-"“"‘"
¥ RN |

R SREN V¥ |
j N ) | ool \_\H . | /f- %

L2HA] ¢ B E

Counis per LLU1Y
Counls per 00010
~
Counts per 1,800 deg

i ] 1.1 1501 il Wl il 1LY Ly

GdJ oo 8 [t eniries/evant) Haligity cosd [two antriasiavent) Helcity « (two entriesfevant] {deg)

Accepted Yields



Data Features
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3 from other experiments
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[(T)= Z €€ 'pee,(é)zke'V;,E'AZ,(T)kEV“EA(X(T)

kee'

For unpolarized beam & target:

Helicity Decay Amplitudes

A (T)=Ay s g unknown
o, M X 180 S
Complex parameters varied in the
< PWA to fit the data
AMA M J L . .
AV =D (0,¢)=(LO;SAITA)(S,A,;8,—A,SA) K
J Mass Dependent

sobar Propagator

J=\J(J+1)

Wignf:r Clebsch-Gordan
D-functions Coefficients (1-P(cos*(8)—sin*(5))) Pcos(8)sin(6)

1
pee'(a) = 2

: P cos(5)sin(0) %(1+P(cos2(6)—sin2(6)))
AO( (T ) =a [ AO(,M ( T) + b AO‘,_M <T)] 0 — angle between polarization vector

Helicity states are not eigenstate of parity and the normal to the production plane




Overview of PWA results
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PWA 1++ - 2++ phase motion

d¢ (radians)

=)

14418 [Y=p(770)] - 2**1-D [Y=p(770)] 6¢

W | L
S)

b=
3

W [

N

| |
—a—

=
e
-
.
.
.
+
o
.
o

3
—.—

[ MﬂIH e | =

)

o ; ; : l ; ; ;
1000 1050 1100 1150 1200 1250 1300 1350 1400
M(rtntr™) (MeV/c?)

25



PWA 1++ D waves
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PWA Systematic effects from

baryon background

effects from n* angle cut
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PWA Systematic effects from

baryon background

effects from =+ angle cut
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PWA Systematic effects from

baryon background

effects from =+ angle cut
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PWA: 2-+ D & P waves
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7t S-wave variations in BNL-E&52
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FIG. 13. Intensity of the 0~ "S0" waves summed over ww
S-wave isobars for the different wm S-wave parametrizations: (a)
21-wave fit, modified "M ™ solution parametrization; (b) 27-wave
fit, same parametrization; (c¢) 24-wave fit, simple Breit-Wigner pa-
rametrization. See text for details.
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FIG. 20. Intensity of the 1~ "[p]P17" wave (a.c) and its phase
difference with respect to the 27 "[f,]50" wave (b.d) in the 21-
wave PWA fit with the Au-Morgan-Pennington parametrization of
the wm S-wave (ab), and the 24-wave PWA fit with the Breit-

Wigner parametrization (c.d).



Acceptance Correctifig Accounting

Extended Likelihood Functiony,

— e—]\_f (kEVa)H [(kEV(X,

acceptance

ke
f I("°V _;7t)n(T)dLips
average number of events one would expect if the
same experiment were repeated many times

N,
~InL=In([ [ 15V ;t.)-> "V keVa,feAa* “A n(t)dLips |

Pfd Z A l)




Ildentification of OQCD Exotics

Quark Model Meson Spectra §=0,1
S, L
L=0,1,2,3,---
SZ
J=L+S p=(-1)"" C=(—1)S

Meson quantum numbers characterized by given J*¢

Allowed Stqugfoz_+ o

)1__)1+_)1++)2__92_+)2++)”'

Forbidden States(Exotics):
JPC=0+_)0__)1_+)2+_)3_+’4+_)”'




Photoproduction of Gluonic Excitations

It has been pointed out’** that in the case of

photoproduction exotic hybrids should be producec

copiously.
pseudoscalar probe
_()*
PC PC_ - 4+
CIWkSJ ®gluonic ﬂux‘] =1 ) I

!Close et al. Phys. Rev. D52:1706 (1995)

quarks

vector probe

- >

()

JPC= o1y

) )

JC®

gluonic flux

+- + - +-

0., 1,2

?Afanasev et al. Phys. Rev. D57:6771 (1998)

3Szczepaniak et al. Phys. Lett. B516:72 (2001)
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