
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. 

AlO.l 0 + 1/2 ~ 0 + 1/2 

An example is np ~ np. We have 

da'fdt = IH++I2 + IH+-12. 

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

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

Table AlO.l. 

CM parameter 

(OYIOO) = (OOIOY) 
(OX lOX) 
(OZIOX) 

Shorthand notation 

p 

Dxx 
Dzx 

465 

Expression in terms 
of helicity amplitudes 

2 Im (H~_H++) 
IH++I 2 - IH+-12 

-2 Re (H++H~_) 
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466 Appendix 10 Reaction parameters for various reactions 

Table A10.2. 

CM parameters 

p 

Dxx 
Dzx 

Argonne Lab parameters 

-PARG 

-cos OR Dss +sin OR DLs 
sin OR Dss +cos OR D LS 

In the old literature one finds R = Dss, A= DLs· 

A10.2 A(112) + B(112) ~ 0 + 0 

An example is pp ~ nn. We have 

d(J 1 ( 2 2) 
dt = 2 IH++I + IH+-1 . 

In Table A10.3 the expressions in the right-hand column are the CM 
reaction parameters multiplied by d(J I dt. 

A10.3 A+ B ~A+ B all with spin 112 

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 f. 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 A = B then one 
should put 4>6 = -4>s. Also, those parameters marked t are then no 
longer independent. 

We have 

d(J 1 ( 2 2 2 2 2 2) dt = 2 14>11 + 14>21 + 14>31 + 14>41 + 214>sl + 214>61 . (A10.1) 

In Tables A10.5 and A10.6 the entries in the right hand column correspond 
to the CM reaction parameters multiplied by d(J I dt. 

Table A10.3. 

CM parameters Shorthand notation 

(OYIOO) 
(YOIOO) 
(XXIOO) 

(XZIOO) 

A(B) 

A(A) = -A(B) 

Axx 
Axz 

Expression in terms 
of helicity amplitudes 

2 Im (H++H~_) 
2 Im (H++H:_+) 
IH++I2 -IH+-12 

-2 Re (H++H~_) 
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Appendix 10.3 A+ B ~A+ B 467 

Table A10.4. 36 linearly independent Argonne Lab parameters. As usual fh is 
the Lab scattering angle of A and 8R is the recoil angle of B 

Type of 
Additional 

A=B parameters Relation when A = B measurement if A+ B 

No spin dO" /dt 

One spin A(A) A(B) (A) _ (B) 
ARG ARG AARG- AARG 

Ass,ALL,ANN 

AsL ALs ALs = AsL 

D(B) v<B) 
LL' NN 

Two spins v<B) 
ss 

D(A) 
ss 

(A) . ( 8 8 ) (B) 
Dss = -sm R + L DsL 

(B) - cos(8R + 8L)D55 
D(B) 

SL 
D(A) 

SL 
(A) 8 (B) 

DsL =-cos( R + 8dDsL 

+ sin(8R + 8L)D~~) 
K(A) K(A) K(A) 

SS' LL' NN 
K(A) 

SL 
K(A) 

LS 
K(A)- -K(A) 

LS - SL 
8 [ (A) (A)] +tan R K 55 -KLL 

(SNIOS) (SNISO) -(SNISO) 
= cos(8R + 8L)(NSIOS) 

+ sin(8R + 8L)(NSIOL) 
(NSIOS) 
(SNIOL) (SNILO) (SNILO) 

= sin(8R + 8L)(NSIOS) 
- cos(8R + 8L)(NSIOL) 

Three spins 
(LSION) 
(SLION) 
(LNIOS) (LNISO) (LNISO) 

=(cos 8Lf cos 8R)(NLIOS) 
- sin(8L + 8R) 

[(NSIOS) +tan 8R(NSIOL)] 
(NLIOS) 
(SSION) (SSINO) (SSINO) = (SSION) 

(LNIOL) (LNIOL) = (SNIOS) tan 8R 

[(LNIOS) + (SNIOL)] 

Four spins 
(SSISS) 
(SSILS) (SSISL) (SSISL) = (SSILS) 

+ sin(8R + 8L)(ANN- 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 

A(B) (OYIOO) Im [¢;(¢1 + ¢3)- ¢6(¢2- ¢4)] 
A(A) t(YOIOO) Im [¢6(¢1 + ¢3)- ¢;(¢2- ¢4)] 
D(B) 

XX (OX lOX) Re (¢1¢; + ¢2¢4) -l¢sl2 + l¢612 

D(B) 
zz (OZ IOZ) (1/2)(1¢112 -1¢212 + l¢312 

-l¢412 - 21¢sl2 + 21¢61 2) 
D(B) 

zx (OZIOX) - Re [(¢1 + ¢3)¢; + (¢2- ¢4)¢6] 

D(B) 
yy (OYIOY) Re [¢1¢;- ¢2¢4] + l¢sl2 + l¢61 2 

D(A) 
XX t(XOIXO) Re (¢1¢3 + ¢2¢'4) + l¢sl2 -l¢612 

D(A) 
xz t(XOIZO) Re [(¢1 + ¢3)¢6 + (¢2- ¢4)¢;] 

Axx (XXIOO) Re (¢1¢; + ¢3¢4) 
Ayy (YYIOO) Re (¢3¢4- ¢1¢'2 + 2¢s¢6) 
Azz (ZZIOO) (1/2)(1¢112 + l¢212 -l¢312 -l¢412) 
Axz (XZIOO) Re [(¢1- ¢3)¢6- (¢2 + ¢4)¢;] 

Azx t(ZXIOO) Re [(¢1- ¢3)¢;- (¢2 + ¢4)¢6] 
K(A) 

XX (XOIOX) Re (¢1¢'4 + ¢3¢;) 

K(A) 
xz (XOIOZ) Re [(¢1- ¢3)¢6 + (¢2 + ¢4)¢;] 

K(A) 
zz (ZOIOZ) (1/2)(1¢112 -1¢212 -l¢312 + 1¢412) 

K(A) 
zx t(ZOIOX) - Re [(¢1- ¢3)¢; + (¢2 + ¢4)¢6] 

K(A) 
yy (YOIOY) Re (¢1¢'4- ¢3¢2 + 2¢s¢6) 

In Tables AlO. 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 (AlO.l)): 
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Appendix 10.4 Photo production of pseudoscalar mesons 469 

Table A10.6. Relation between CM reaction parameters and helicity 
amplitudes for the three- and four-spin measurements 

CM parameter Formula 

- Im [ ( </>1 - </>3)</>~ - ( </>2 + ¢4)¢;] 
Im [(¢1- </>3)¢;- (¢2 + ¢4)¢~] 
Im (</>2</>;- </>1</>4) 
Im ( </>2</>4 - </>1</>;) 
Im (¢14>3 + </>2</>4) 
Im [ ( </>1 - </>3)</>5 + ( </>2 + </>4)</>~] 
Im [(¢1- </>3)</>~ + (</>2 + </>4)¢;] 
Im ( </>1<1>2 + </>3</>4) 
Im [( </>1 + </>3)</>~ + ( </>2 - ¢4)¢5] 
Im ( rP1 ¢2 - ¢3¢'4 + 2¢s¢~) 
Im [(¢1 + ¢3)¢5 + (¢2- ¢4)¢~] 
Im ( rP1 ¢;- ¢3¢4- 2¢s4>6) 
Im (¢1¢4 + ¢2¢;- 2¢s¢~) 
Im ( rP1 ¢4 + ¢2¢3 + 2¢s¢~) 

(XXIOY) 
t(ZZIOY) 
(XZIOY) 
(ZXIOY) 
(ZYIOX) 
t(ZYIOZ) 
(XYIOX) 
(XYIOZ) 
(YXIOX) 
(YXIOZ) 
t(XYIXO) 
t(XYIZO) 
(YZIOX) 
t(ZYIXO) 
(XXIX X) 
(XXIXZ) 
t(XXIZX) 

(1/2)(1¢112 + lrP2I 2 + l¢312 + l¢412- 21¢sl2- 21¢612) 
Re [(</>1 + ¢3)¢;- (¢2- ¢4)¢~] 
Re [(¢1 + ¢3)¢~- (¢2- ¢4)¢;] 

vi[!)= -D~~ + taneR (v~~- vf!2) 
(NLJOL) = (NSJOS) +tan 8R [(NSJOL) + (NLJOS)] 

(LNJLO) = (SNJSO)- tano:c [(LNJSO) + (SNJLO)] 

(SSJLL) = -(SSJSS) + tan(o:c + 8R) [(SSJLS)- (SSJSL)] 

+ sec(o:c + 8R)[ANN- 1]. 

A10.4 Photoproduction of pseudoscalar mesons 

(A10.2) 

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

The asymmetry L 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 

da _1_ - da 11 L= . 
da _1_ + da 11 
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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 

(OY 100) 

t(YOIOO) 

(OX lOX) 

*(OZIOZ) 

*(OZIOX) 

(OYIOY) 

t(XOIXO) 

t(XOIZO) 
(XXIOO) 
(Y Y 100) 
(ZZIOO) 
(XZIOO) 

t(ZXIOO) 
(XOIOX) 

(XOIOZ) 

(ZOIOZ) 

t(ZOIOX) 

(YOIOY) 

Argonne 

-A(B) 
ARG 

A(A) 
ARG 

-cos 8R D~~)- sin 8R D~~ 
sin 8R D<j!j - cos 8R D<j!{ 
cos 8R D<j!j + sin 8R D<j!{ 
n<B) 

NN 

cos ac D~j - sin ac D~1 
sin ac D~1/ + cos ac D~1 
Ass 
-ANN 

-ALL 
-AsL 
ALs 
-cos eR KW -sin eR K~1 
-sin 8R K~1) +cos 8R K~1 
-sin 8R Ki1 +cos 8R Ki1 
-cos8RKi1/- sin8RKi1 
-K(A) 

NN 

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

Both L 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 

(XX lOY) 
t(ZZIOY) 
(XZIOY) 
(ZXIOY) 
(ZYIOX) 
t(ZYIOZ) 
(XYIOX) 
(XYIOZ) 
(YXIOX) 
(YXIOZ) 
t(XYIXO) 
t(XYIZO) 
*(YZIOX) 
t * (ZYIXO) 
*(XXIX X) 

*(XXIXZ) 

t * (XXIZX) 

Argonne 

-{SSION) 
-(SSINO) 
(SLION) 
-(LSI ON) 
cos (}R (LNIOS) +sin (JR (LNIOL) 
sin (JR (LNIOS)- cos (}R (LNIOL) 
cos (}R (SNIOS) +sin (JR (SNIOL) 
sin (JR (SNIOS)- cos (}R (SNIOL) 
-cos (}R (NSIOS)- sin (JR (NSIOL) 
-sin (JR (NSIOS) +cos (}R (NSIOL) 
sin txc (SNILO)- cos txc (SNISO) 
-cos txc (SNILO)- sin txc (SNISO) 
cos (}R (NLIOS) +sin (JR (NLIOL) 
sin txc (LNILO)- cos txc (LNISO) 
sintxc [cos OR (SSILS) +sin OR (SSILL)] 
-cos txc [cos (}R (SSISS) +sin (JR (SSISL)] 

cos txc [cos (}R (S S ISL) + sin (JR (S SIS S)] 
+sin txc [sin (JR (SSILS)- cos (}R (SSILL)] 

-cos txc [sin (JR (SSILL) +cos (}R (SSILS)] 
-sin txc [cos (}R (S SIS S) + sin (JR (S S ISL) J 

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

da • • "Ldt = 2 Re (S1S2 -ND) 

da • • 
T dt = 2 Im (S1N - S2D ) 

da ( • *) P dt = 2 Im S2N - S1D 

~: = INI2 + IS1I2 + IS2I2 + IDI2. 

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 o-(1/2)+ ---+ 1-(1/2)+ 

The vector density matrix elements Pmm' and transversely polarized target 
asymmetries To, 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): 

with 

ao = pooa = IP~+I2 + IP~-12 = 1Pol2 

0"± = (Pll ± Pl-da = wt=+l2 + IP.t=-1 2 = IP ±12 

,ji Re (p10a) = Re (P~+P+~ + P~_P-t~ 
Toao = -2 Im (P~+p~"_) 

T+a+ = -2 Im (P.t+P.t~) 
T _a_ = -2 Im (P-t+P-t~) 

A10.6 Baryon resonance production in o-(1/2)+ ---+ o-(3/2)+ 

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

P33a = ~ (IM1I2 + IM2I 2) Pll + P33 = ~ 

{ Re } 1 { Re } ( * 1 •) Im P31a = 2 Im MoM1 + M1M2 

{ Re } 1 { Re } ( • 1 •) Im P3-la = 2 Im MoM2 - M1M1 

lm P3-3a = lm (M1M~) lm Pl-10" = lm (MoMi) 

with 
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