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Notations for Spin Observables in NN Scattering

Norio Hoshizaki

Department of Nuclear Engineering, Kyoto University, Kyoto 606, Japan

This gives a comparison table of notations for spin parameters used in experimen

tal reports on NN scattering, aiming at a quick identification of symbols we want to
know by comparison with familiar ones. Relations to symbols used in reports on other

processes than NN, V2+0-'-V2+0» V2+1*V2+1» etc. will be noted briefly. For details of
each system of notations, see, e.g., review articles: HOS-68, ASH-77, BYS-78, YOK-80.

See also OHL-72 for nuclear reactions and BOU-80 for hadron reactions.

Spin parameters are defined as those involving spin projections on basis vectors.
The basis is defined in LAB or in CM and is chosen differently for different par

ticles. As NN experiments are with fixed targets, we will concentrate on spin obser
vables defined in LAB. Consider the reaction A+B + C+D with particle B at rest and

particle C fast. Figures 1(a)-(c), 2 and 3 show a variety of definitions and nota
tions of spin polarization directions. The coordinate system of Fig. 1 has been

mainly used. The choice of Fig. 2 (ASH-77) or Fig. 3 (BOU-80) was proposed as more
logical.

Table I gives notations for various spin parameters currently used in experimental

reports. For historical reasons, we first cite the symbols introduced by Wolfenstein
et al. (column HOS-68). They are compared with the notation of Ann Arbor (column
ASH-77), symbols employed by experimenters at SACLAY (after SATURNE-II), SIN, etc.

(column BYS-78), notations used by ANL group (column YOK-80) and by experimentalists
working on the LAMPF accelerator (column HOL-84). Column headed by "OHL-72 and
others" represents the corresponding symbols used in nuclear reactions (OHL-72) and
other miscellaneous notations (DRE-73, HlG-79, LAP-85 and STA-83). In order to
identify each symbol definitely, we list the 4-index notation in the last column,
which reads (Beam, Target; Scattered, Recoil). 0 denotes unpolarized or polarization
unmeasured. Letters N, L, .S indicate the directions of polarization referring to the

coordinate system of Fig. 1(c) (YOK-80) or Fig. 2 (ASH-77). Concretely, the 4-index
parameter is defined by

,da.-1 1 , A B . C D,(a,8;p,v) = (—) -^rlMociaeM+ayav)

with normalization (0,0;0,0) = 1. Here, do/dfl is the differential cross section, and
M is the scattering matrix in spin space. is the a-component of the Pauli spin
operator for nucleon A and a§ =1, etc.

The symbols for spin observables as listed in Table I for NN scattering are very
often used for reactions'other than NN, V2+O+V2+O, V2+1-»-V2+1» etc. Their physical
meaning is common to the NN case, but with few exceptions. We note that for the
initial spin correlation parameters should be distinguished from A^jg for the tensor
analyzing powers for reactions involving polarized deuterons. Example: A^g for pp
+ trd is the spin correlation parameter (z,z;0,0), but A2Z for d+^He + p+'^He is the
tensor analyzing power (zz,£;0,0), which is frequently written in terms of the
spherical tensor T2o(=Rzz/''2) (MAD-71). For the use of spherical tensors, see
SIM-74. The symbol A is often used for various asymmetries with subscripts such as
Alr for the left-right asymmetry or without suffix. In photoreactions, y+B+C+O, it
is customary to follow the notation developed for yN+'nN: Z for the linearly
polarized photon asymmetry, T for the polarized target asymmetry, P for the
polarization of the scattered particles, etc. (MOO-74). In wN+nN, the symbols R and
A are applied to Rrecoil '^recoil' i*®'. to (0,S:0,S) and (0,L;0,S) of YOK-80,
respectively (LES-72 and HOH—79).
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Fig. 1. Description of spin directions

in LAB for A+B ->■ C+D,

®LA' Coordinate system for A, etc.
0.! Upward out of the paper,
(a) HOS-68. (b) BYS-78. (c) YOK-80.
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Fig. 2. Ann Arbor description of spin
directions in LAB. (ASH-77).

Fig. 3. Description of spin directions
in LAB. (BOU-80).
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Table I

Comparison of notations for spin parameters.®'

HOS-68 ASH-77 BYS-78 YOK-80 HOL-84 OHL-72 YOK-80#
S others ASH-77*

Fig.la Fig.2 Fig.lb Fig.1c Fig.1c
^SRBT (BfTySfR)

Total cross sections

A+B+

anything

anything
-2tJitot

Note: Act ~ "^.4. Aol = 0+ - a>

Differential cross section

A+B+C+D I do/dt lOOOO (0,0,-0,0)

O

Note: do/dt = Tr*2 da/dfi = ttX Iq Normalization: (0,0;0,0) = 1

Analyzing powers

a+b-k:+d p a® ^oono

A+B->C+D P a'' AoOOn

Polarizing powers or polarizations

A+B->C+D P P° PnOOO

A+B->C+D P P"^ POnOO

Initial state correlation of polarizations

A+B->C+D

A+B->C+D

A+B*C+D ^OOnn Ann Ann

Ay Ayo (N,0;0,0)

aJ Aoy 2' (0,N;0,0)

Py. (0,0;N,0)

(0,0;0,N)

Cv.v (N,N;0,0)

A+B*C+D

Azz -All AoOkk Cll All^'^' '-ZfZ (L,L;0,0)#
-(L,L;0,0)*

Axx -Ass AQOss Css Cx,x (S,S;0,0)#
-(S,S:0,0)*

Axz -AsL AoOsk CSL Asl'^^ ^x,z (S,L;0,0)#
-(S,L;0,0)*

Azx -AlS AoOks

Note:

Cls

Azx - Axz

(L,S;0,0)#
-(L,S;0,0)*

ite correlation of polarizations

'^nn CnN CnnOO Cn,n (0,0,-N.N)

Ckp Css Cs's"00 ^P.P (0,0fS,S)

Cpp Cls Ck's"00 Ck,p (0,0;L,S)

-Ckk CsL Cs'k"00 Cp,k (0,0;S,L)

a' Arrow in the column headed "Type" indicates the particle whose spin polarization
is known or measured. Suffices in OgRBT ®''"^ letters in (B,T;S,R) are as follows.
B:beam, T:target, S:scattered, R:recoil. O:unpolarized or polarization unmeasured.
N,L,S: spin directions referred to Fig. 1(c) (YOK-80) or Fig. 2 (ASH-77). (B,T,*S,R)
without * and # is common to ASH—77 and YOK—80.
1) STA-83,YOK-80. 2) LAP-85, 3)GAZ-85. 4) CHA-85.
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HOS-68 ASH-77 8*3-78 YOK-80 HOL-84 OHL-72 YOK-80#

S others ASH-77*

Polarization transfer or Wolfenstein parameters

A+B-K:+D D Dnn DnOnO

R  Dgg Dg1OsO

°LS Ds • OkO Dls Kj
a  s

Dk'OsO DgL Kj

DlL Dk'OkO Dll Kj

Note: D=1-2S, S being spin-flip probabilities.

(N,0;N,0)

(3,0,-3,0)

(L,0;3,0)

(3,0;L,0)

(L,0;L,0)

a+b-k:+d

A+B->C+D

N  KonnO KnN ^NN

3  Kos"sO K33 Kgg

3  Kos"kO KlS KlS

L  '^Ok"sO KsL KsL

L  KOk"kO KlL KlL

Note: Kij (6cM'='^ij P+P-*P+P»

DOnOn °NN

3  D0s"0s °S3

3  R0s"0k DlS

3  Dok"Os DgL

Dok-Ok Dll

I  RnOOn

>  *^3' CDs

i  Kg.ook

KkiQOs

% I oOk

(N,0;0,N)

(3,0,-0,3)

(L,0;0,S)

(3,0;0,L)

(L,0;0,L)

(0,N;0,N)

(0,S;0,S)#
-(0,3;0,S)*

(0,L;0,S)#

-(0,I,;0,S)*

(0,3;0,L)#
-(0,3;0,L)*

(0,L;0,L)#
-(0,L;0,L)*

(0,N;N,0)

(0,3;3,0)#
-(0,3;3,0)*

(0,L,-S,0)#

-(0,L;3,0)*

(0,3;L,0)#
-(0,S;L,0)*

(0,L;L,0)#
-(0,I,;L,0)*

Three spin observables
+ -»• +

a+b-k:+d

A+BC+D

-»■ + +
a+b-k:+d

"b 'Oa0
NOv"ae
'-p' v"aO

Cp«v"OB

±(o,B;ij,0)7)
±(a,P;0,\i)7>
(a,0;B,v)

±(0,B;b,v)7)

Four spin observables

A+B+C+D v"aB ±(a,B,-B,u)^^

5) DRE-73. 6) HIG-79. 7) The minus sign is for ASH-77 with B=L or 3,




