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Goals: Baryon Spectroscopy

+

Treat P! p in terms of “scattering”

— Mass independent partial wave decomposition into quantum states f ¢
— Use “quasi-two body” method (“isobar model”)

— Unbinned extended maximum likelihood t

— Include “diffractive background”
Try to reconstruct “resonances” (i.e. poles) in the scattering amplitude

Extract results

— Total cross section

— Five-fold differential cross section

— Baryon states, photocouplings, decay couplings

— Evidence for “Missing Baryons”?

Use the power of CLAS to go beyond previous analyses of this reaction.
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Reaction (Scattering) Matrices

Merzbacher, “Quantum Mechanics, 3rd Ed.”, Chap.20

Sakurai, “Modern Quantum Mechanics”, Chap.7

“Scattering” S and “Transition” T Matrices:

S = HjU! +1:t! 1 )jii
= |+ 2Ty

Differential Cross section:

d (E)=Ttij® (1)

For this reaction:

ji=j pE=Ei jfizjp* ;i

¢ = fFivekinematic variablesg eg: fM, +;d cm;d hed



Partial Wave Decomposition of T

For a small range of incident energies near E . ..

Tii = Q)Jr , £JT) P E
= p © ; ¢jj ih jTj pEi
X
= (+)V (E)

Calculate decay amplitude (¢ ) using isobar model

P. _ 1*t.,1 ++ : — 1
Eg‘] 1M_§ 1+§! [ ]‘:1’ pf_+§

Fit production amplitude V' (E) using unbinned extended maximum likelihood

Note: Assume V (E) doesn't vary within this energy range

(“Energy independent”)



Waves in the current analysis

Nomenclature: i P \W aves"

JP M Isobars

1=2* 1=2 £ 97

1=2 1=2 (P )(s=122)
3=2" 1=2,3=2 ( )(\:1) (p )(5:1 =) (p )(5:3 —0:°=1:3) N ?(1440)
3=2 1=2,3=2 ( )(‘:o 2)
5=2* 1=2,3=2 ( )(\:1) , P
5=2 1=2,3=2 ( )(\ -2)

Total of 35 waves (i.e. complex amplitudes) to t

Diffractive “t-channel” production model also included



A point of confusion

We frequently draw diagrams like. ..

Kg\ e = I
3

... but these do not represent dynamical terms in a model.

They are simply bookkeeping aids to represent the partial waves included in the t.



The biggest waves
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T in a relative S-wave.

Expected to be large (“contact term”).

Note: Diffractive p! P is known to

dominate this reaction at high energy!
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Comparing the t, phase space, and data: S-wave only

E = 560MeVv (W = 1:39GeV/C?)
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Comparing the t, phase space, and data: Diffractive only

E =

1:81GeV (W =

2:07 GeVIC?)
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Comparing the t, phase space, and data: All waves

W=1.39Gev=c? W=1.73Gev=c? W=2.07Gev=c?
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Comparing the t, phase space, and data: All waves

W=1.39Gev=c? W=1.73Gev=c? W=2.07Gev=c?
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Comparing the t, phase space, and data: All waves

W=1.39Gev=c? W=1.73Gev=c? W=2.07Gev=c?
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Total Cross Section

glc - PWA fits
— 3' ++
= — 2 ® D" p (=0)
O - gy, r t-channel
= ol
S 70 E_ 3 -
% 60 — * -
- Lt ¥
o 50 — e,
< = + H ™,
A = o "
Z 40E .
g 30— o o bey
O = "
c 20 - - ey o
Tn/ 10 F e
= L M ...;",.m"'ﬂ [ | |
8.2 14 1.6 1.8 2 2.2 2.4
2
W GeV/c
ABBHHM (1968)
120 CEA (1967)
= glc - naive acc corr
N ~ glc - PWA fits
§ 100 — glc - PWA best fits
()] : +
S 80— “Izsf—"l;‘
E e
Q - = -%- I
60 — o heed,
Q I =) ] th-I-I
= :+'*' e g
— o ”*‘E‘wégﬁ—::
g . N R
N 20 . - T
(7)) =
0 . , N R N R R KRS R
14 1.6 1.8 2 2.2 2.4
2
W GeV/c

13



+

Some JP = % waves
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15) %+(M=%)® pr (=1 s=1)
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Some JP = g
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Resonances: Poles in the S-Matrix
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Solutions to the (nonrelativistic)
Schrodinger equation give rise to
poles in the S-Matrix.

We associate poles for which
<(E) > 0 with “resonances” in
the scattering reaction.



Why do we t to Breit-Wigner shapes?

A complex function f () has a simple pole at Zg if and only if, near Zg

0(2)
Z 2y

f(2) =

where ¢(2) is analytic at Zg and g(zy) € O.

We can expand ¢(Z) in a Taylor series about the pole:

9(z) = a+ ai(z  zo) + ax(z  zp)°+ Ao
For our reaction, write the poleaszp = Eg | =2so
: do
S=1+ 2T :
Eo E | =2

for some g, with E near the pole. This leads to a peakind / jTj.
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Simple Breit-Wigner ts: Intensity and Phase

4) %+(M=%)® D" p- (I=1)

ds (mb) / (» 40 MeV/c ?)

(We have only taken cursory looks at this so far.)
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The K -Matrix: A Better Mass-Dependent Analysis

S =1+ 2T is aunitary matrix:

S'S= |

| 2TY (I + 2T)
| +2i T TY + 47T
= | 4=(T)+ 47T

Therefore =(T) = TYT (“Optical Theorem”)

This condition is automatically satis ed for a T -matrix of the form

K
| IK

T =

where K is a Hermitian matrix.

Many parameterizations of the K -matrix are possible, including poles and coupled channels.

It is likely that such an analysis is necessary for this data.
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D. M. Manley and E. M. Saleski

Inelastic channels are notoriously dif cult
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Different states in different channels
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Plans for the future

Find a better (smaller?) wave set

— Better model of diffraction?

— Add 7=2" waves! (Missing Baryon search)

Understand photoproduction amplitude notation and conversion.
(Walker/VPI/GWU convention based on single pion production.)
Solidify result for 10t (E)

— Make d =dM, +d cmd e available

— Prepare to publish?

Study Partial Wave Decomposition
— Simple Breit-Wigner ts? K -Matrix parameterization?

— Note: Collaborating with Steve Dytman
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