Appendix 10

The linearly independent reaction
parameters for various reactions and
their relation to the helicity amplitudes

We give here the expressions for the fundamental CM reaction parameters
(Section 5.6) in terms of the helicity amplitudes for various reactions. We
also list the relation between the CM reaction parameters and those used
in the Argonne convention.

A10.1 0+1/2 - 0+1/2
An example is 7p — np. We have
do/dt = |H.i|* + [He- .

In Table A10.1 the expressions in the right-hand column correspond to
the CM reaction parameters multiplied by do/dt. The order of the labels
is (target|recoil).

The relation to Argonne Lab parameters is given in Table A10.2.

Table A10.1.

. Expression in terms
CM parameter Shorthand notation of helicity amplitudes
(0Y'|00) = (00]0Y) P 2Im (H]_H,)
(0X10X) Dxx |Hyt|* — [Hye—?
(0Z1]0X) Dzx —2 Re (H4+H}_)
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466 Appendix 10 Reaction parameters for various reactions

Table A10.2.

CM parameters Argonne Lab parameters

P —ParcG
Dxx —cosOr Dgs +sing Dyg
Dzx sinfr Dss + cosOr Dis

In the old literature one finds R = Dgg, A = Dy5s.

A102 A(1/2) + B(1/2) > 0+0

An example is pp — nn. We have

do 1 ) )

) (|H++| + [Hy—| )

In Table A10.3 the expressions in the right-hand column are the CM
reaction parameters multiplied by do/dt.

A103 A+ B — A+ B all with spin 1/2

Because of their complexity we list in the second column of Table A10.4
a convenient set of 36 linearly independent Argonne Lab parameters. The
cases A #+ B and A = B are both included.

Next, in Tables A10.5 and A10.6 we give expressions for the CM
reaction parameters in terms of the helicity amplitudes. The results hold
whether A is different from B or is identical to it. If 4 = B then one
should put ¢¢ = —¢s. Also, those parameters marked { are then no
longer independent.

We have

do _

dt
In Tables A10.5 and A10.6 the entries in the right hand column correspond
to the CM reaction parameters multiplied by do/dt.

3 (112 4 162 + 1952 +19al” + 20652+ 2g6l?) . (ALO)

Table A10.3.

Expression in terms

CM parameters Shorthand notation of helicity amplitudes

(0Y[00) AB) 2 Im (HyoHo_)
(Y 0/00) AW = _4®B) 2 Im (Hy H-,)
(X X100) Axx |Hyy|* — [Hy
(XZ|00) Axz 2 Re (Hyi H)
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Table A10.4. 36 linearly independent Argonne Lab parameters. As usual 0y is
the Lab scattering angle of A and 6y is the recoil angle of B

Type of Additiotnal
— arameters . _
measurement A4 =B pif LB Relation when A = B
No spin do/dt
One spin AXII)(G AX?{G AX%G = AX;I){G
Ass, AL, ANN
AsL Ars Ars = AsL
B) (B
D{7. Dk
Two spins Dy Dy DY) = —sin(f + 6.)D3
—cos(fr + 0.)DSY
Dy Dy DY) = —cos(fg + 61)DYY
+sin(Og + 6.)D)

A) o (A) 1 (4)
Kﬁ)’KLL’KNN (4) (4) (4)
KSL KLS KLS = _KSL
+tan Og [Kg) —K}i)]

(SN|0S) (SN|S0) —(SN|S0)
= cos(fr + 6L)(NS|0S)
+ sin(Or + 0L )(NS|OL)
(NS|0S)
(SN|OL) (SN|LO) (SN|LO)
= sin(fr + OL)(NS|0S)
—cos(fr + 0L)(NS|OL)
Three spins 2?2:8%;
(LN|0S) (LN|S0) (LN|S0)
= (cos 0/ cos Or)(NL|OS)
— sin(BL + GR)
[(NS|0S) + tan Og (NS|0L)]
(NL|OS)
(SS|ON) (SS|NO) (SS|NO) = (SS|ON)
(LN|OL) (LN|OL) = (SN|0S) tan Og
[(LN]OS) 4+ (SN|OL)]
Four spins (S51S5)
p (SS|LS) (SS|SL) (SS|SL) = (SS|LS)

+sin(0r + 0L)(Any — 1)
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468 Appendix 10 Reaction parameters for various reactions

Table A10.5. Relation between CM reaction parameters and helicity
amplitudes for one- and two-spin measurements

Shorthand

CM parameter

Formula

AB)
AW

(0Y 00)
(Y 0]00)
(0X]0X)
(0Z10Z)
(0Z|0X)
(0Y|0Y)
T(X0]X0)

1(X0(Z0)
(XX|00)
(Y Y|00)
(ZZ100)
(XZ00)
1(Z X100)
(X0/0X)

(X0/0Z)
(20/0Z)
(Z20j0X)

(Y0|0Y)

Im [¢5(d1 + h3) — Pg(d2 — ¢a)]
Im [pg(d1 + ¢h3) — d5(¢2 — ¢a)]
Re (¢105 + d2003) — |¢sI° + |¢6l*

(1/2)(11 > — 192> + 1¢5/°
~¢al*> = 2lsI* + 2Ipg|)
— Re [(¢1 + ¢3)¢5 + (d2 — ¢4) ]

Re [p105 — d200i] + s> + ||
Re (4103 + h202) + |s]* — |6l

Re [(¢1 + ¢3)dg + (d2 — Pa) 3]
Re (¢1¢; + ¢3¢3)

Re (¢3¢ — 105 + 2¢50¢)
(1/2)(1p1* + |h2* — |p3I* — |¢al?)
Re [(¢1 — ¢3)dg — (P2 + Pa) 5]
Re [(¢1 — ¢3)d5 — (d2 + Pa) gl
Re (¢1d; + ¢3¢3)

Re [(¢1 — d3)ds + (92 + $a)$3]
(1/2)(117 = 2> — 3 + )
— Re [(¢1— §3)05 + (d2 + da)g]
Re (f100; — d3005 + 2¢565)

In Tables A10.7 and A10.8 we show the relationship between the CM
reaction parameters and the Argonne Lab parameters. (Many of these
are due to N.H. Buttimore, unpublished.) The tables are arranged so that
pairs of relations can be used to solve for the Argonne Lab parameters
in terms of the CM reaction parameters and then, via Tables A10.5 and
A10.6, in terms of the helicity amplitudes. A few entries, marked *, involve
parameters not listed in Table A10.4. ac¢ is, as usual, the Wick helicity
rotation angle for particle C = A. The formulae (A10.2) enable one to
eliminate them in favour of the Table A10.4 parameters, if so desired (for

the meaning of the dagger see the text above (A10.1)):
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Table A10.6. Relation between CM reaction parameters and helicity
amplitudes for the three- and four-spin measurements

CM parameter Formula

(XX|0Y) —Im [(¢1 — d3)pg — (b2 + da) 3]
H(ZZ|0Y) Im [(¢1 — §3)P5 — (d2 + Pa) )
(XZ|0Y) Im (¢205 — $19)

(ZX|0Y) Im (¢20; — $193)

(ZY|0X) Im (4195 + $20)

1(ZY|0Z) Im [(¢1 — ¢3)9% + (d2 + da)g)
(XY0X) Im [(¢1 — ¢3)Pg + (¢2 + Pa) 5]
(XY|0Z) Im (¢105 + $3¢3)

(Y X|0X) Im [($1 + ¢3)dg + (d2 — da)b3]
(YX|0Z) Im (¢1¢; — ¢3o; + 2¢s56;)

(XY |X0) Im [(¢1 + $3)95 + (2 — Pa) )
H(XY|Z0) Im (105 — dad; — 20s5¢;)
(YZ10X) Im (¢10; + P203 — 2¢s¢)
1(ZY|X0) Im (p1¢; + P203 + 2¢s5¢)
(XX|XX) (1/2)(1p112 + [hal? + 1§3% + |$al> — 2l s> — 2l 1)
(XX|XZ) Re [(¢1 + ¢3)p5 — (d2 — da)og)
HXX|ZX) Re [(¢1+ ¢3)pg — (d2 — a) 3]

DY) = —D{) + tan Or (DY — D7)
(NL|OL) = (NS|0S) + tan 6 [(NS|OL) + (NL|0S)]
(LN|LO) = (SN|S0) — tanac [(LN|S0) + (SN|L0)] (A10.2)
(SS|LL) = —(SS|SS) + tan(ac + Or) [(SS|LS) — (SS|SL)]
+ sec(ac + Or)[Ann — 1].

A10.4 Photoproduction of pseudoscalar mesons

The simplest observables to measure are the photon beam asymmetry Z,
the target asymmetry T and the polarizing power P.

The asymmetry ¥ is measured by comparing the differential cross-
sections for the photon beam linearly polarized parallel to and perpen-
dicular to the reaction plane, using an unpolarized proton target. One
has

do 1 — do I
"~ do, + doy’
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470 Appendix 10 Reaction parameters for various reactions

Table A10.7. Relation between CM and
Argonne Lab parameters for one- and
two-spin measurements. See the text for

explanation
CM Argonne
(0Y |00) —AP)

#Y0j00) AL

(0X10X) —cos g D(Sl? —sin fg D(Sl?
*(0Z|0Z)  sinOg D5 — cos g D7)
*(0Z|0X)  cosOg D) + sin6g D
(0Y|0Y) D&

(X0|X0)  cosac DYy —sinac DY
$(X0|1Z0)  sinac DYy + cosac DY
(XX100) Ass

(Y Y|00) —ANN

(Z2Z100) —ALL

(XZ100) —AsL

T(ZX|00)  As

(X0]0X) —cos O K3 — sin O K7

(X0[0Z) —sinOg K& + cos g K(¥
SS SL

(20/0Z) —sinOg K + cos g K14
LS LL

+(Z0]0X)  —cosOgr KW —sinfr K'Y
LS LL

(Yopy)  —K{}

T is measured using an unpolarized photon beam incident on a trans-
versely polarized proton target with spin polarization Pr along (1) or
opposite (|) to the normal to the reaction plane. One has

1 doy—doay
~ Prdoy+do)’

Both X and T function as analysing powers of the reaction.

The polarizing power P is just the degree of polarization along the nor-
mal to the reaction plane of the recoil proton beam when an unpolarized
photon beam is incident on an unpolarized proton target.
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Table A10.8. Relation between CM and Argonne Lab
parameters for the three- and four-spin measurements

CM Argonne

(XX|0Y) —(SS|ON)

H(ZZ|0Y) —(SS|NO)

(XZ]0Y) (SLION)

(ZX|0Y) —(LS|ON)

(ZY]0X) cos Or (LN|0S) + sin 6 (LN|OL)

H(ZY|0Z) sin g (LN|0S) — cos Or (LN|OL)

(XY|0X) cos Or (SN|0S) + sinOg (SN|OL)

(XY|0Z) sin O (SN|0S) — cos g (SN|OL)

(Y X|0X) —cos Or (NS|0S) — sin Or (NS|OL)

(YX|0Z) —sin g (NS|0S) + cos Or (NS|OL)

HXY|X0) sinoac (SN|L0O) — cosoc (SN|S0)

(XY |Z0) —cosac (SN|LO) — sinoc (SN|S0)

*(Y Z]0X) cosOr (NL|0S) + sinfg (NL|OL)

T*(ZY|X0) sinoc (LN|LO)— cosac (LN|SO)

*(XX|XX)  sinac [cosOg (SS|LS) + sinOg (SS|LL)]
—cosoc [cosbg (SS|SS) + sin O (SS|SL)]

*(XX|XZ)  cosoc [cosOr (SS|SL)+ sinfg (SS|SS)]
+sinac [sinOg (SS|LS) — cos O (SS|LL))

t*(XX|ZX) —cosac [sinfr (SS|LL) + cos O (SS|LS)]

—sinac [cosOr (SS|SS) + sin Og (SS|SL)]

These observables are given in terms of the amplitudes defined in
Appendix 5 by the following expressions:

T =2Re (S1S; — ND*)
Tij =2Im (SlN* —SzD*)
P‘—I% =21Im ($;N* — §;D%)

2 = INP+ 1817 +18:* +DP%.

For a very general discussion of the observables and possible measure-
ments, see the review paper of Storrow (Storrow, 1978). Care should be
taken regarding sign conventions for the various axes.
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472 Appendix 10 Reaction parameters for various reactions

A10.5 Vector meson production in 0—(1/2)" — 17(1/2)*

The vector density matrix elements p,,,» and transversely polarized target
asymmetries Ty, T+, T—, which are commonly used observables, are given
in terms of the vector meson production amplitudes P, defined above
(Appendix 5); see also Field and Sidhu (1974) and Irving and Worden

(1977):
00 = pooo = [P, >+ [P)_|* = |Pof?
o+ = (pu1 +p11)o = [PE [P + [P =P
V2 Re (p1oo) = Re (P2, P ; + P _P*
Tooo = —2 Im (P2, PY")
Tior =—2 Im (P}, P])
T_o_=—21Im (P P]")
with

06=do/dt =00+ 04+ 0_.

A10.6 Baryon resonance production in 0—(1/2)* — 07(3/2)*

The density matrix elements p,,,, are given in terms of the M amplitudes
defined above (Appendix 5):

0330 = 5 <|M1|2 + IMzI2 pi1+p33 = %

Re
{ m }0316 { } MoM| + MiM3;)
I

{im o= {

Im p3 30 = Im (M; M3)

b (o5 — i)
m pi—10 = Im (MoMj)
with

o =do/dt = |Mo|> + | M1 |> + M > + |My|%.
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