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amplitudes
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Only alternative in treating a process like YN — Nzr IS
guasi-two-body (QTB) approach
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For instance, if the QTB process is yIN — Np, the angular distribution of the 7wx pair
from the p decay looks like
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Many possibilities to be included. Polarization treated in terms of density matrix for each
QTB state

For instance, if the QTB process is yIN — Np, the angular distribution of the 7wx pair
from the p decay looks like

(3p80 —1) cos? 0 — V2RpY, sin 26 cos ¢ —p? _; sin? 6 cos

N | =

3 |1
W(0>¢a(1)) — E |:§ (1 _ p80) +

— P, cos2® (pil sin? 6 + pgg cos> 6 — \/i%pi,o sin 26 cos ¢ — p1 _ 1 sin? 6 cos 2¢)

— P, sin 29 (ﬁ%p%o sin 20 sin ¢ + %p% 1 sin? @ sin 2(;5) }
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Many possibilities to be included. Polarization treated in terms of density matrix for each
QTB state

For instance, if the QTB process is yIN — Np, the angular distribution of the 7wx pair
from the p decay looks like

(3p80 —1) cos? 0 — V2RpY, sin 26 cos ¢ —p? _; sin? 6 cos

N | =

3 |1
W(9>¢a(1)) — E |:§ (1 _ p80) +

— P, cos2® (pil sin? 6 + pgg cos> 6 — \/i%pi,o sin 26 cos ¢ — p1 _ 1 sin? 6 cos 2¢)

— P, sin 29 (ﬁ%p%o sin 20 sin ¢ + %p% 1 sin? @ sin 2(;5) }

Similar expression needed for each QTB contribution:
c’est pas tres efficace
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This contribution is not negligible, but is not present in QTB approach

Interferences may be (largely) ignored. Furthermore, at currently available energies, the
processes may not be easily separated with kinematic cuts.
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This contribution is not negligible, but is not present in QTB approach

Interferences may be (largely) ignored. Furthermore, at currently available energies, the
processes may not be easily separated with kinematic cuts.

Treating process as N p, for example, will lead to results 'of some kind'. Interpretation
may not be convincing.
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The QTB treatment neglects contributions that are not QTB

L4 L4
L4 L4
L4 L4
L4 L4
L4 L4
V3 &

This contribution is not negligible, but is not present in QTB approach

Interferences may be (largely) ignored. Furthermore, at currently available energies, the
processes may not be easily separated with kinematic cuts.

Treating process as N p, for example, will lead to results 'of some kind'. Interpretation
may not be convincing.

Technique used to obtain new observables: direct calculation

Valid for N7, N7 (and N (n) for that matter)
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iM = &i(A)xt (Anr) (As + 05Bij) $()

£ =polarization vector of incident photon
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Matrix element for a process like yN — N ... can be written

iMYT = ei(A)xT(Anr) (Ai + 0 Bij) $(AN)

)\NANI

£ =polarization vector of incident photon

¢, x are the Pauli spinors of target, recoil nucleon, respectively
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Matrix element for a process like yN — N ... can be written

DY
iMYT s = )X () (Ai + 0 Bij) ¢(An)

£ =polarization vector of incident photon

¢, x are the Pauli spinors of target, recoil nucleon, respectively

For odd numbers of pions, A is an axial vector, B;; are components of a tensor.
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Matrix element for a process like yN — N ... can be written

iLAN, = ei(A)xT(Anr) (Ai + 05 Bij) ¢(An)

1M
£ =polarization vector of incident photon
¢, x are the Pauli spinors of target, recoil nucleon, respectively

For odd numbers of pions, A is an axial vector, B;; are components of a tensor.

For even numbers of pions, A is a vector, B;; are components of a pseudotensor.
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M2 =e;(Ay)ei(Ay)XT(An7) (As + 0 Bij) d(AN)ST(AN) (A7 + o1 B}y) x(An+)

{

gl

Qi

= g;e} Tr [% (1 4+ f) (A; + 0;Bij) 3 (1 ta- z) (A7 + Ukak)]
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IM|? = e;(Ay)er(Ay)xT(An7) (Ai + 05 Bij) d(AN)ST(AN) (AF + oiBj,) x(An7)
= 61'67TI' [% (1 + - Kf) (Az + O'jBij) % (1 + o - K@) (Azk + O'kB;kk)]

A;, Ay are the polarizations of the initial and final nucleons, respectively.
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IM? = ei(Ay)er(A)xT (Anr) (Ai 4+ 05 Bij) d(AN) 9T (AN) (Af + ok Bjy,) x(Ane)
=cie;Tr |3 (145 -Kp) (Ai+0;Bij) 3 (146 K:) (47 +oxByy) |

A;, Ay are the polarizations of the initial and final nucleons, respectively.

For a beam of N circularly polarized photons with momentum k along the z- axis with
1+ 1+dg

the negative z axis (corresponding to degree of C|rcular polarlzatlon o))

]_ — — A~ A~ — A~ —
N S gazt b=ad-b—k-dk-b—idok-dxb
photons
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For NV linearly polarized photons, with —=£ polarized along the z’ axis, and
the ' axis (4, is the degree of linear polarization)

y 1y

1-4,
2

along

\

1 — — A A —
N E g-ae*-b=a-b—k-dk-b
photons

+8, [COS 28 (azbz — ayby) + sin 28 (agby + ayba:)]
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After some manipulation, the cross section can be written

prl = I {(1 +AN;,-P+&-P +A§‘05'(9a6,>

+ 66 (19 +A; - PO 4+ &. PO —I—Af‘aﬂ,OSB,)

+ &y [sin2B (IS +A;-PS+&- P +Ag"aﬁ'(9§6,)

+ cos 20 (IC +A; - P°+ &P —I—Af‘aﬂl(’)gﬁ,ﬂ },
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Parity Implications (and Other Relationships)
aCceson

In terms of helicity amplitudes,

2 2 2 2
+ + + -
A | M At P pet

Iy = 2 P 2 B
+ M|+ ME| Moy M

‘2
2 2 2 2
+ + + +
MEL [ ME [+ M M

10 = 2 2 2
B B B YN A

‘ 2

Can we use parity invariance to simplify these expressions?
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Parity Implications (and Other Relationships)
aCceson

In terms of helicity amplitudes,

2 2 2 2

+ + + +
o ME] HME | Mt [ E
0= 2 2 2 2
+‘M++‘ +‘M+_‘ +‘M_+‘ +‘M__‘
2 2 2 2

+ + + +
ro o ME HME[HME P [mE [

= [ME [ = ME | = Mo - [

Can we use parity invariance to simplify these expressions?

If we examine 19, MLF and M_ _ must be related by parity invariance, so I would
vanish.
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Parity Implications (and Other Relationships)
aCceson

In terms of helicity amplitudes,

2 2 2 2

+ + + +
o ME] HME | Mt [ E
0= 2 2 2 2
+‘M++‘ +‘M+_‘ +‘M_+‘ +‘M__‘
2 2 2 2

+ + + +
ro o ME HME[HME P [mE [

= [ME [ = ME | = Mo - [

Can we use parity invariance to simplify these expressions?

If we examine 19, MLF and M_ _ must be related by parity invariance, so I would
vanish.

Similar questions arise for many observables
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The upshot of this is that

Ay L —Ay
M)\N,)\N’ (0’ @) - :le_)\Na_)‘N’ (0’ @)7

and I® would indeed vanish for yN — N
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The upshot is that, under a parity transformation, helicity amplitudes are related to each
other at different kinematic points
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The upshot is that, under a parity transformation, helicity amplitudes are related to each
other at different kinematic points

)"Y
AN ’AN

Ay

M ,(60,0,8) =+ M_7 | (6,0,2r — P)
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The upshot is that, under a parity transformation, helicity amplitudes are related to each
other at different kinematic points

>"Y
AN ’AN

Ay

M ,(60,0,8) =+ M_7 | (6,0,2r — P)

— Polarization observables are either even or odd under the transformation
> 2r— P
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The upshot is that, under a parity transformation, helicity amplitudes are related to each
other at different kinematic points

>"Y
AN ’AN

Ay

M ,(60,0,8) =+ M_7 | (6,0,2r — P)

— Polarization observables are either even or odd under the transformation
> 2r— P

If we compare N« and N«r final states, N« observables that are odd have analogs
that vanish in N, while N77 observables that are even are non-vanishing in Nr.
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From parity,
h=-0;, FB=-F
Py = —Py Oger = —O¢_,
Ogor =05, Oyyr = —1I°

Orar = O, Oz = -0,
PP=0:, PP=-0:,
Py =-03, P3=0:,
P;=-02, P;=02,
P =02, P5=-02,

x! z!

alat® =0, ® = 7w, & = 2.
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From parity,

lo=-0;, P=-F
Py = —Py Oger = —O¢_,
Ogor =05, Oyyr = —1I°
Ot =05, O,y =-0¢
PP=0:, PP=-0:,
PG? = -0 , PG/) =07 ,

az Yz z Yyx

_ O, — MO
s _— MO s — MmO
P: =08, Pi=-002,

Z,_

alat® =0, ® = 7w, & = 2.

Note that because Iy = —O;y,, (’);y, =—latd =0, =m, P = 2.
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From parity,
— _Mc — _ Ppc
Ip = C’)yy, Py, = P
Py = —Py Orw —(’)gz,
Ogor =05, Oyyr = —1I°
Ozwl =0 Ozz, =-0¢ _,

=0, P2=-0:,
P® =-0:, P2=0:,

33’_

ps =-09, PS:(9®
Y
PS,:OG, P,—_O®
xr yz z

alat® =0, ® = 7w, & = 2.

Note that because Iy = —O;y,, (’);y, =—latd =0, =m, P = 2.

All other observablesvanishat ® =0, ® = 7w, ® = 2.
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In N7, not all 64 observables are independent.

CQ%%@DReIationships among observables, derived from amplitudes of helicity (or transversity)
amplitudes, look like

(Por 460,00 +¢ (B9 +£00)]" + [P +£0,. +¢ (PR + 202,

= [1+ &Py +¢ (I +€Py®)]2 - [Py’ + &80y +¢ (PS +§O§y’)]2
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amplitudes, look like

(Por 460,00 +¢ (B9 +£00)]" + [P +£0,. +¢ (PR + 202,

= [1+ &Py +¢ (I +£Py®)]2 - [Py’ + &80y +¢ (PS +§O§y’)]2

¢, & = %1, independently: this expression represents 4 relationships.
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= [1+ &Py +¢ (I +€Py®)]2 - [Py’ + &80y +¢ (PS +§O1?y’)]2

¢, & = %1, independently: this expression represents 4 relationships.

There are 28 relations that arise from consideration of the amplitudes of the (helicity or
transversity) amplitudes
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amplitudes, look like

(Por 460,00 +¢ (B9 +£00)]" + [P +£0,. +¢ (PR + 202,

= [1+ &Py +¢ (I +€P§D)]2 - [Py’ + &80y +¢ (PS +§O1?y’)]2

¢, & = %1, independently: this expression represents 4 relationships.

There are 28 relations that arise from consideration of the amplitudes of the (helicity or
transversity) amplitudes

There are a further 21 relations that arise from consideration of their phases
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In N7, not all 64 observables are independent.

CQ@'”J%@DReIationships among observables, derived from amplitudes of helicity (or transversity)
amplitudes, look like

(Por 460,00 +¢ (B9 +£00)]" + [P +£0,. +¢ (PR + 202,

= [1+ &Py +¢ (I +€Py®)]2 - [Py’ + &80y +¢ (PS +§O1?y’)]2

¢, & = %1, independently: this expression represents 4 relationships.

There are 28 relations that arise from consideration of the amplitudes of the (helicity or
transversity) amplitudes

There are a further 21 relations that arise from consideration of their phases

The number of independent observables is 64-28-21=15. This is equal to the minimum
number of measurements needed at each kinematic point for an unambiguous extraction
of the amplitudes (up to quadrant ambiguities in their phases)

Polarization Observables in the Photoproduction of Two Pseudoscalar Mesons — p.1!



e
I

In N7, not all 64 observables are independent.

CQ@'”J%@DReIationships among observables, derived from amplitudes of helicity (or transversity)
amplitudes, look like

(Por 460,00 +¢ (B9 +£00)]" + [P +£0,. +¢ (PR + 202,

= [1+ &Py +¢ (I +£Py®)]2 - [Py’ + &80y +¢ (Pﬁ +£O1?y’)]2

¢, & = %1, independently: this expression represents 4 relationships.

There are 28 relations that arise from consideration of the amplitudes of the (helicity or
transversity) amplitudes

There are a further 21 relations that arise from consideration of their phases

The number of independent observables is 64-28-21=15. This is equal to the minimum
number of measurements needed at each kinematic point for an unambiguous extraction
of the amplitudes (up to quadrant ambiguities in their phases)

The analagous count for N7 gives 7 independent observables, 7 observables that must
be measured for extraction of amplitudes (up to quadrant ambiguities in their phases)
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Relationships can be manipulated to give two sets of inequalities
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Relationships can be manipulated to give two sets of inequalities

Y

|1+£Py+C(I® _|_£P?59)| > { Py’ -|—§Oyy; —|—C(Py62 +£O§)y’)

Por + €040 +¢ (P2 +£02,,),

P +€0,. +¢ (P9 +¢02,) |}
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Relationships can be manipulated to give two sets of inequalities

|1+§Py+C(I® _|_£P:§D)| > { Py’ —|—§Oyy/ —|—C<Py62 +£O§)y’)

Y

Py + €0y, +¢ (P2 +€02, )|,

P +€0,. +¢ (P9 +¢02,) |}

1+ P2 + (197 + ()" 2 { P2 + 02, + (PR)" + (05,)".

2 2 2 2
2 2 ® O] 2 2 O, ©
P2+ 0%, +(P9) +(0%,) . P2+ 02, +(P2) +(02,) }
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Relationships can be manipulated to give two sets of inequalities

|1+§Py +<(I® _|_£P:59)| > { Py’ —|—§Oyy/ +<(Py63 +£O§)y’)

Y

Py + €0y, +¢ (P2 +€02, )|,

P +€0,. +¢ (P9 +¢02,) |}

1+ P2 + (197 + ()" 2 { P2 + 02, + (PR)" + (05,)".

2 2 2 2
2 2 ® O] 2 2 O, ©
P2+ 0%, +(P9) +(0%,) . P2+ 02, +(P2) +(02,) }

Discussed in detail in W. Roberts and T. Oed, Phys. Rev. C 71, 055201 (2005)
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What observables need to be measured?

CQ%%@DTO obtain the amplitudes of the (transversity) amplitudes, we MUST measure differential

cross section, along with Py, Py, O, I®, Py, Py@ and O?S)y, (angular distributions

yy
and mass distributions only probe Iy =

‘Mi+‘2+|/\/li_‘2+‘Mf+‘2+|/\/lf_‘2+‘M;+‘2+|M;_‘2+‘M:+‘2+‘M:_ )

‘ 2
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What observables need to be measured?

CQ@WU%@DTO obtain the amplitudes of the (transversity) amplitudes, we MUST measure differential
cross section, along with Py, Py, O, I®, Py, Py@ and Ogy, (angular distributions
and mass distributions only probe Iy =

‘Mi+‘2+|/\/¢_‘2+‘Mf+‘2+|/\/if_‘2+‘M;+‘2+|M;_‘2+‘M:+‘2+‘M:_ )

‘ 2

8 phases of transversity amplitudes mean that there are 7 independent phase
differences that can be extracted, and 7 measurements are needed for this
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What observables need to be measured?

CQ@WU%@DTO obtain the amplitudes of the (transversity) amplitudes, we MUST measure differential
cross section, along with Py, Py, O, I®, Py, Py@ and Ogy, (angular distributions

and mass distributions only probe Iy =
L2 P P 4|2 2 2 2 2
Lo S B T e VA e A et e e e A

)

8 phases of transversity amplitudes mean that there are 7 independent phase
differences that can be extracted, and 7 measurements are needed for this

For instance, four of these phase differences can be extracted by measuring any 4 of the

8 observables P/, P,i, Oyyr, O, .1, PS, PY, O?S)x, and O??z,
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What observables need to be measured?

CQ%Q@DTO obtain the amplitudes of the (transversity) amplitudes, we MUST measure differential
cross section, along with Py, Py, O, I®, Py, Py@ and Ogy, (angular distributions
and mass distributions only probe Iy =
e e e I e B e e

++ +— —+ —— ++ +— —+ ——

)

8 phases of transversity amplitudes mean that there are 7 independent phase
differences that can be extracted, and 7 measurements are needed for this

For instance, four of these phase differences can be extracted by measuring any 4 of the

8 observables P/, P,i, Oyyr, O, .1, PS, PY, O?S)x, and O??z,

2 of the remaining phases can be extracted from measuring any 2 of the 8 observables

Py, P., Oyyr, O, PP, PP, Ogy, and Ofy,, along with use of identities among the

phase differences (such as ¢1 — ¢4 = ¢1 — P2 + P2 — d3 + Pp3 — Pa).
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What observables need to be measured?

CQ@WU%@DTO obtain the amplitudes of the (transversity) amplitudes, we MUST measure differential
cross section, along with Py, Py, O, I®, Py, Py@ and Og?y, (angular distributions

and mass distributions only probe Iy =
L2 P P 4|2 2 2 2 2
Lo S B T e VA e A et e e e A

)

8 phases of transversity amplitudes mean that there are 7 independent phase
differences that can be extracted, and 7 measurements are needed for this

For instance, four of these phase differences can be extracted by measuring any 4 of the

8 observables P/, P,i, Oyyr, O, .1, PS, PY, O??x, and O??z,

2 of the remaining phases can be extracted from measuring any 2 of the 8 observables
Py, P., Oyyr, O, PP, PP, Ogy, and Ofy,, along with use of identities among the

phase differences (such as ¢1 — ¢4 = ¢1 — P2 + P2 — d3 + Pp3 — Pa).

The remaining independent phase difference then can be extracted from one of the
observables requiring linearly polarized photons
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What observables need to be measured?

CQ@WU%@DTO obtain the amplitudes of the (transversity) amplitudes, we MUST measure differential
cross section, along with Py, Py, O, I®, Py, Py@ and Og?y, (angular distributions

and mass distributions only probe Iy =
L2 P P 4|2 2 2 2 2
Lo S B T e VA e A et e e e A

)

8 phases of transversity amplitudes mean that there are 7 independent phase
differences that can be extracted, and 7 measurements are needed for this

For instance, four of these phase differences can be extracted by measuring any 4 of the

8 observables P/, P,i, Oyyr, O, .1, PS, PY, O??x, and O??z,

2 of the remaining phases can be extracted from measuring any 2 of the 8 observables
Py, P., Oyyr, O, PP, PP, Ogy, and Ofy,, along with use of identities among the

phase differences (such as ¢1 — ¢4 = ¢1 — P2 + P2 — d3 + Pp3 — Pa).

The remaining independent phase difference then can be extracted from one of the
observables requiring linearly polarized photons

'‘Complete’ set of experiments requires measurement of single, double and triple
polarization observables (including observables with both linearly and circularly
polarized photons), along with the differential cross section
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Examples

PAAIS AN

s YN — Nrrm (or YN — NKK), observables are 5-fold

differential, and so can be shown in a variety of ways (even
Dalitz plots, for observables that are even under ¢ <+ 27 — ®).

To illustrate these observables, | use a ‘simple’ model
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pCiovion
Model includes s— (and u—) channel hyperons: A(1405), A(1520), A(1600), A(1670),
A(1690), A(1800), A(1810), A(1890), X(1385), £(1580), 3(1620), (1660), (1670),
3(1750), $(1880), X(1940);

Polarization Observables in the Photoproduction of Two Pseudoscalar Mesons — p. 2!



e
I

pCiovion
Model includes s— (and u—) channel hyperons: A(1405), A(1520), A(1600), A(1670),
A(1690), A(1800), A(1810), A(1890), X(1385), £(1580), 3(1620), (1660), (1670),
3(1750), $(1880), X(1940);

t—channel mesons: K*, K, «, n;
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pCiovion
Model includes s— (and u—) channel hyperons: A(1405), A(1520), A(1600), A(1670),
A(1690), A(1800), A(1810), A(1890), X(1385), £(1580), 3(1620), (1660), (1670),
3(1750), $(1880), X(1940);

t—channel mesons: K*, K, «, n;

meson production: ¢(1020);
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pCiovion
Model includes s— (and u—) channel hyperons: A(1405), A(1520), A(1600), A(1670),
A(1690), A(1800), A(1810), A(1890), X(1385), £(1580), 3(1620), (1660), (1670),
3(1750), $(1880), X(1940);

t—channel mesons: K*, K, «, n;
meson production: ¢(1020);

exotic baryons: ©1(1540).
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pCiovion
Model includes s— (and u—) channel hyperons: A(1405), A(1520), A(1600), A(1670),

A(1690), A(1800), A(1810), A(1890), =(1385), X(1580), X(1620), £(1660), £(1670),
>(1750), $(1880), £(1940);

t—channel mesons: K*, K, m, n;
meson production: ¢(1020);
exotic baryons: ©1(1540).

Missing: more mesons (fo, f2, etc.);
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R~

Model includes s— (and u—) channel hyperons: A(1405), A(1520), A(1600), A(1670),
A(1690), A(1800), A(1810), A(1890), X(1385), £(1580), 3(1620), (1660), (1670),
3(1750), $(1880), X(1940);

t—channel mesons: K*, K, «, n;
meson production: ¢(1020);

exotic baryons: ©1(1540).
Missing: more mesons (fo, f2, etc.);

N*, A* that couple to hyperons.
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pCiovion
Model includes s— (and u—) channel hyperons: A(1405), A(1520), A(1600), A(1670),

A(1690), A(1800), A(1810), A(1890), =(1385), X(1580), X(1620), £(1660), £(1670),
>(1750), $(1880), £(1940);

t—channel mesons: K*, K, «, n;
meson production: ¢(1020);

exotic baryons: ©1(1540).
Missing: more mesons (fo, f2, etc.);
N*, A* that couple to hyperons.

Nevertheless, should be sufficient to illustrate the salient points (W. Roberts, Phys. Rev.
C 70, 065201 (2004) for more details.)
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% Conclusions
F\f\ﬂwf:\\

TG

Polarization observables are essential for extracting
amplitudes of processes like YN — N7 and yN — Nnrr.
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% Conclusions
alecon

Polarization observables are essential for extracting
amplitudes of processes like YN — N7 and yN — Nnrr.

Such observables are very sensitive to underlying
dynamics.
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% Conclusions
alecon

Polarization observables are essential for extracting
amplitudes of processes like YN — N7 and yN — Nnrr.

Such observables are very sensitive to underlying
dynamics.

Single, double and triple polarization measurements, along
with the measurements using both circularly and linearly
polarized photons, are needed to 'unambiguously’ extract
amplitudes
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% Conclusions
alecon

Polarization observables are essential for extracting
amplitudes of processes like YN — N7 and yN — Nnrr.

Such observables are very sensitive to underlying
dynamics.

Single, double and triple polarization measurements, along
with the measurements using both circularly and linearly
polarized photons, are needed to 'unambiguously’ extract
amplitudes

Faclilities are poised to make a number of measurements
that will challenge (existing and future) models of such
processes.
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