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The advent of the polarized proton beam
 at the ':il

Argonne zero-gradient synchrotron (ZGS
) has permitted

11!1.

considerable improvement in technique 
for experiments E

which study spin dependence in inelasti
c strong inter- 7.  r

actions. Although these experiments are possibl
e with

a polarized proton target, the backgro
unds due to carbon           -

and oxygen in these targets make inclu
sive measurements x : 2

':11     .

difficult.  In a recent experiment, we have usedgt-he      \ : <Fs

:iii    :

polarized proton beam to measure left-
rigbt asymmetries

 
: itiE

1 h '3:4

2     f

for the reactions p + p+p, K, 1+ anything by placing      i.&

pol
; :p:.

a liquid hydrogen (LH2) target in the e
xtract-ed polarized

1,;4: .:

proton beam (p 01 denotes polarized pr
oton).  The beam /Me

i fliI

polarization is vertical and normal to 
the plane defined 4-

Ii.:      I

1 Qi

by the incident and scattered momenta. A portion of the tr
ts ,

experiment was run with a target fill 
of liquid deuterium,'.                                          )+             1      . 2 6,

so that some information on the reacti
on p + n.p, K-, iP

pol                    E

1- + anything was obtained.; The data reported here are  t
--.

1 3

Preliminary in nature and were accumulated at an incident I '.

! .  ' 11 2

proton momentum of 11.8 GeV/c. 
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61.                       We have used ZGS Beam 5, shown schematically in

Afs               Figure 1, as a single-arm spectrometer to detect the

A                   scattered particle. The spectrometer has an angular
-4

acceptance of order 10 sr, depending somewhat on the
kinematic setting, a f 5% momentum acceptance, and two

=93 ethylene-filled, threshold Cerenkov counters, each with

-*./ two optically independent sections, for particle identi-
fication. Charged particles produced in a 10-cm-long,

S 3.8-cm-diam target are restored to the axis of quadrupoles
'fi

1 X5Ql-3 by steering magnets X5Bl and X5SBl. For some
..+

                   points on the edges of the kinematic range, dipole magnets
-

27.fuss
1

X582 and X583 are also used in the steering process. The

angular range of the spectrometer depends on the momentum
.*4 - and polarity of the scattered pion; the data reported here
v                  include laboratory angles between 0  and 17  and momenta

between 2 and 9 GeV/c.
./                         1

The direction, size, and position of the incident

proton beam are determined by two sets of x-y proportional
chambers read out in an integrated mode. The relative

8intensity (typically 5 x 10  protons per 500-msec pulse)

and polarization (typically 55% at 11.8 GeV/c) of the
+ incident beam are monitored by four scintillation-countere

telescopes (L, R, U, and D).  L and R view a thin poly-

ethylene target and act as a polarimeter with an analyzing

power of 0.020 f 0.001 at p  = 11.8 GeV/c.  This polari-
.

./

meter has been calibrated at both incident momenta against

an absolute elastic-scattering polarimeter located in
:

another experimental area. Telescopes U and D, located

in the vertical plane, monitor the proton intensity on
14

the LH2 target.
The proton target asymmetries are obtained from the

i*

-                equationi.

<3

E          J

<.•

«                                                                                                              1
12

YV....
... --                 ....    .      = I

5*1 *-      .-4/ ....:,.f ...:
imill.         32:2»..

......24MvE.·r-· 415#



-     I I ./ V .' 0 6' v    a                                       '0      9      Cr     g     P.     0     4      1      0             .       P      m     (D      P         4
:91               0,  0  M e V· /t r H· (noop· D(DVO'Cly op (D ,+unt-'r0 6001¤H·000010 BOODO ,0.(DBM . 2 H  ,St..'. 4 7.ped 00#OPOO 0 (DI-'0)CI nt,OCR'·2                                             4        <+   0   0,  P  id   0        1             p  -  p 8980,(DoMpplvA'WHC'- F5, '.                    0   4 0 0590(+Orlow Or+ O [In A'OR m       ty       .          T1               8    F y· P P P O O V C P·   1(1) B(De'Brt) 10('D ac+Y(DOm
C. 5. 0 6 0.m p p c e l- ' < :r l· =1 (D 0, (D P C.U P·/4  1
6...                                                          C.+         0 0 P"4440 O,(D p.6 0 0 . O. 6*Ort)
L-                     D'     W V.V.N .+ 0 0 C.I.D.'C+»30 0 H.     V

74
C+            On

(0     0 1 1-'·  I  - 0 p (D C v .  P  I            z

4151
0 0'1     P V e(D 6         (D

.1 ·A                                                                                              H               (D           03       03
4....1
014
; . ".1
...
34'
9&4

We
.-

g
.

4,                                                                               5
<
m

&      1-<i:
K
S

K                               10B. HZ   H 
,-                                                                                                                                                                                                                                    81\"1                         8

XSQ6                  2
K 3

PY liODOSCOPE X584                         2
XSQ4

XSQ7Y                                                                                MOMENTUM FOCUS
4 X582 rSQS

X583 4,                                          0

U  AND  D                                                                                                                          #11                           7
XSQ 3

\,58, X5Ql X5Q2 9 P 110DOSCOPF
750                                                    3-

X55Bl      0
7                        EPBI

R

 ,3,':.
LII· TARGET

Mho,
2

it.,                               Figure 1. Experimental arrangement
R.'  ··i:
99

n
4#3
k. f.
lf.:
76./..6

(4 :12                                                                                                                                                          -M.:......

15,                                                                                                                                                                                        8

plf.i.

Efk.
A.
- A11
., .,·                                                                                                                                                                                                                                                                                                                                                                                                                                           1,...N

i.i:                                                                                                                                                                                                                                                                                                            ..i,(JB,-: ..t::.:1 <·.9', 4 #Pg li yi··.:

, '.1-5         ,trits:: fr-.27,7.' r.3..rts„' ....,  '..,»::, 1  "..3.J'.ri ·,t - , ,;.r·   i 'i r:'.t'-*i·    i:.. ·.rK·:·G *  -' . '. 'm-.' '-."  .'.T·. 2 ::---re...4 r -- --1 '.,: '1 ':;  h.    ' .j. ' ....
VVY'*RE/,3:   +     ...:                                                                                                                                             : .

i.                                                                                6.



*     /G ·es.. $##/.·..= , .*ift r.,(1      a  =  --,-·11·Ze-'.,  -:.,1.2EEd#p,u &i **&,*,-

.,

EARL A. PETERSON
134 INCLUSIVE ASYM

1 N(f)-N(*) (1)                                            .1    p  =  2  Ge

Ax - PB N(f)+N(*)' 0 -/5-4--4 

-.18
where N(1), [N(*)] are the number of x-type coincidences 1- Ps= 3 Ge

( B1B2B3C 1C 2
) recorded for incident beam polarization up -.1-O 4 

..

(down) normalized to the intensity monitors and PB is .1.-P= 4 GE

the beam polarization.  The symbols Cl and C2 denote
the 0 -+ -,

-01- +
Cerenkov tags appropriate to the detection of particle lf P=S QS*                             0 444
x in the final state (e.g., both Al and A  for n , no -/0-/2                                                                         -.1-
signal for p,...). The asymmetry defined here is positive           .:

when more particles are produced to the left in the 1- Ps=  6  Gl0 +4/
horizontal plane looking in the direction of the incident -.1-

1
beam. Corrections due to multiple scattering, nuclear                4

1- Ps=  7  G
absorption, decays, and uncertainty in the spectrometer O 4--44*$

* 1

11 -.1-
acceptance have no effect on the asymmetry. The sign of >-

the beam polarization is reversed on every accelerator 8 &6 .1-Ps=7.5
pulse to minimize systematic errors. Target-empty back-

3 0 4--#*4
ground runs have been taken for every data point; the -.1-

e

target-empty rate is typically between 10 and 25% of the
. 2  Ps=  8  C

target-full rate.  As an experimental check, we have .1 -

made single-arm measurements of the pp elastic polariza- 0 4*
-.1 .      i

tion at p  = 6 GeV/c and 0.07<t<0.3 (GeV/c)2; the results -.2 *

are consistent with the published data.2                                 B

The neutron target asymmetries are calculated as .2  1 Ps=  8.5.1-

in equation (1) above, where N now refers to the normaliz- 0 +·4**
-.1 -

ed number of coincidences expected from the neutron con-
-.2 -

tent of the deuterium target. The normalization includes
6 s= Gei

a target empty subtraction, equalization of incoming .2 -

beam polarization and the differing densities of liquid .1 -0 -ri          hydrogen and deuterium. No correction has been made for
-.1 -

multiple scattering or other nuclear effects, and the -.2 -
-4--4--4

data presented here are preliminary in that respect. -0.4

Our measurements of the asymmetry for pion production

i

Fi E
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p t.P. + ANYTHING

; '1

(1)
.1- p=2 GeV/c, x =.11 !.:11

0151,1 411'*,1,
Pt + P - + ANYTI JI NG

.2-                                                                  1
-.12 .tr                                                                       'i

)incidences .1- P=3 GeV/c, x=.25 0 1 0'1 1'1 1,1 1 1:1
O 1.51 1, - ,1,1 1,1

...

-.*-
p = 4 GeV/c, x= .40ization up

. .1-       -+1-                                                                                                                      5i
id P i S         1

4
.1-  p  =  4  GeV/c, x¥35 .1-      0-0* -*1B

denote the
0     1  iliti- *    t,      1     1     1

1
O lilli l i t l i t

.

.t;

! :€7-

-.1- -.1- 0                                                                               ,: ;21p = S GeV/c, x = .47
particle

18 P =5 GeV/c, x,  .45                                         s   /                                    it,6 " '.-
t

i·;18r 7[ , no O   1,16  1   1  -6 A  '   1   "
'

.1-   /   i
1-

/'-r o,& , r-fl11/1/ I•#h

e is positive          4                                                Dll,
-.1-

-in the .1- Ps= 6 Gei'/c, x =-
.54 ab    P=6 GeV/c, x= .56

O   1.141.1.-'.1   1   1   .   1
1      S. S K :t.

1·tuf
:he indident .1=  .

)
..1-

0     1   0 .,·1  . ,i·r,     1      1      1
1 .1  9

.'it

€, nuclear
4                                                  ...r +                                    

                                                                                             
                  e .,9i:  · h·

p = 7 GeV/c.

,»./5' I,  t.
ectrometer                                                                                         9.2

-.1-
P = 7 GeV/c, x=.66

I:'I

.1-'s t.*.
0 1 1.6 1 1                     :      s '.:t:

fhe sign of -.1- **14   .1.-     0...
 01*,1 1 1 1'1 1' ' : i F

:elerator % e +T        T                           w                                                                                                     i lu

  .1. Ps=7.5 Ger/c, /' x=.67 E-.1- p = 7.5 Ger/c, x=.72

empty back- 6 5  5         AW    0   1   6·.,1   I   ' 'f  ""'< .4.-6 c .2-  :                  r Fint; the
:1 -          4 -1     .1-

1.8·
tt.

25% of the
.2  Ps= 8 Ge\'/c. x=  *.31 O  ,  ••,  M ,

VY'*,
1,1

-

a e
«we have

.1 .                                                                 - .1-
                 **'

2-                                                                                            „. 
2 polariza- 0 1 4 4 1 1.1 1 1'1 1 p     .1, P. 8 Gel'/c, x=.77             23:

-.1 -
illl.'.. :.the results                 1.                  2-  0  s                   r-.*-

,<%+-- -t                                                                          Vt1                                                           .1-     *      >                                                 1  ' :
O   1 I. '1 1,1            82

lated as .2  -ps=  8.5

GeV/ /x..76
. .1 -                   '*,+1                                                             , ...B

.1 - .3-

the normaliz- p = 8.5 GeV/c, x=.82O  laI 1,0,1,1, -.2-
S

eutron con-
. .1 -         19<                                                       I         /
-.2 - *-4- .2 -      \

ion includes ,
1 .6

5p
S=

Ge V/ c, x = . 84 .1-                                                                           se

acoming
0 1 1.1 A l l i t i l l -

63

.2 4                                                                \14-                                  : r-.1 -
of liquid .1 -             /

0  1  1.0 1 1 1 1/t e t -.2-. P . 9 tev/c, x..87              6:*en made for .-0'7 1 1 1/5 1 1/1 1 1 1
1 .:

-.1 -
-0.4 0   0.4  0.8 1.2 , R..

and the -.2                                                             2                       ;3

espect.
IIII ItIItqa -11 (GeV/c) . .

1.:

on production      -0.4
0   0.4  0.8   1.2                                                             f

-U (GeV/c)2
1a

Figure 2. Inclusive pion asymmetries in pp                 .5
E: 4
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g.                   are shown in Figure 2, which also includes data take
n

in an earlier run at 6 GeV/c (the few points plotted as

-       -            open circles at equivalent values of the Feynman x par
a-

O 3
meter). We have chosen to represent the data as a

function of u, the square of the four-momentum transfer

 

from the incident proton to the outgoing pion, in order     i

to emphasize the similarities between these data and the

polarization in backward A p elastic scattering. The
1 2

resolution in u is Au 5 + 0.1 (GeV/c) . The data for

the two pion charges are considerably different for any

particular kinematic point, but there are some overall      i

r similarities. (1) The 6- and 11.8 GeV/c asymmetries               A

are consistent, except where one of the asymmetries is

»                   forced to zero by the requirement of no asymmetry for

zero production angle (open and filled triangles). (2)

,   I The magnitudes of the asymmetries are consistently larger

for larger x but the shape of the dependence on u, in

particular, the location of the maxima and zeros, is

roughly independent of x. (3) The effects of the a-
0

symmetry zero for 0 production are of limited extent in
&                                                                                                                                                                                                                                                                              -

u.  For example, the A asymmetry at large x rises to

20% within O.6' of the forward direction.  We have veri-
-":-

fied this effect by noting a reversal in the asymmetry
4.-

5                  for pions from the other side
 of the proton beam.           1

The asymmetries for pion production off a neutron

-                   target appear to be very similar to the proton target
data. These are shown in Figures 3 and 4 for secondary

.

momenta of 8 and 9 GeV/c, respectively. The latter
46

figure includes the existing data on backward A p elastic
4

scattering (at 6 GeV/c) as well. Figure 5 presents the

data on A- production off protons and neutrons (at 8.5
"

GeV/c) as well as the corresponding elastic data.

It is apparent from figures 4 and 5 that there is

-
;

't

.-

10:!:S
-2,",1
1*4 .3,44-
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taken

otted as

n x para-

as a

«

transfer                                      
                                         '

in order

.a and the

g.  The
'.

ita for                     .5

. for any 4-
overall

etries A   3-

tries is                                                  2-
try for

'.
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                                                           1

ntly larger
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a strong

Clusive E

region (1
is likelj
momenta I

I.

by other

8-                                                                        crude moc
A               0                     work of 1

-                               a
A                      baryon e:

=                                                                                                    A a
44 4      46-                                  -aa4

-

where N :

4-                                                change a:
A                                                              the corr8 1

-
I     backward

2-                   <                               
 the forma

66
6

6

0 11 1 - 2
1                1               1 1- where BN4   1 -4   -8  -1.2  u 2 residue

(GeV/c)

closure

6                 +                         by an er-L-                                                               I M  + 1 1+  X
Opn-, X w  at 9 GeV/c to

+ I

i                                                                                                        a 'p. r at 6 GeV/c

i
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a strong correlation between the structure in the i
n-

clusive and backward pion elastic data, at least in
 the

region (large pion momentum) where the inclusive pro
cess

is likely to be dominated by baryon exchange. At lower

momenta (smaller x), the structure seems to be dilut
ed

by other effects, presumably s-channel in nature.  A

crude model for this correlation may be based on
the 9: i

work of Ader, Meyers and Salin,3 who showed that for             #Z
:16

baryon exchange reactions,                                 lit,..
Ii#.6    2

4, 1 1,2 .

'                       Aa g |N12 - lul2 ,
(2)

1'...S
41               I

r.......

iCY

where N and U are the natural and unnatural-parity
ex- 2.

1 .'.4::

change amplitudes. The diagrams in Figure 6 exhibit 'FT.
r.'.

6
the correlation : 6a) is a simple exchange model for               „

backward elastic scattering leading to an asymmetry
of i.1:

the form
69 +
....

9.31
74

Ac e
 BN12 - IBu14

,
(3)

...

... -2-

...i'..   ..
i.,1*
W

1 where BN' Bu are the effective natural and
unnatural  i 7

1.2  u 2                                             '
(GeV/c)

residue functions. These same residues appear in the 41.. e
16 ·

closure graph, 6b) for the inclusive process, multiplied 2/·:I -
':V .

by an ersatz Reggeon-nucleon total cross section, l
eading

+                                                                                                                                
                                                                                                                                

                                      '  te,

r  at 9 GeV/c to
..,":.

.· k,-/'
&....-

: 6 GeV/c Aa c |BN 12 CT(RNP) - 'Bul2 OT(Rup) ' (4)
. 0
..W-  .

.I .lii'   I
' e.. c

s                     If these total cross sections
 are approximately equal

/*.

for both "N" and "U" scattering from protons or neutrons, M.  ....

the similarity of all three sets of data can be nai
vely

understood.

If the arguments presented above can be made more , 1..
St S.
'. '1» 'L
:: 4   .-
I.F.:i:;  :

1. I     ,

it
.

/9644%*%: - ,-1 .- -1, 4-<91'In,ft-:. „5.1»"A
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Figure 6. a) Schematic Regge diagram for the backward           "
elastic amplitude. b) Schematic closure diagram for the
inclusive cross section.
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quantitative, the inelastic data o
ffer one advantage: !4

..

it is relatively easy to explore t
he positive-u region

with inelastic kinematics. Elastic experiments (from         
        5

a polarized target) are difficult in this region, where           F
ii -

the backward scattered pion has a 
very low energy.

.·

The inclusive production of baryon
s shows no such               6

.'..li *
apparent regularity. Figure 7 exhibits the asymmetry

, .t:-).

for secondary protons at 8 GeV/c f
rom both proton and t::g

.. '. i, f':

1.f,i,·tl

neutron targets. The asymmetries are small (about half
tr.1 1 11'

the size of elastic scattering dat
a) and, as in the

i ' 1 112
. 31:;f

7
elastic case, strikingly different for proton and

neutron 4  437
.......

targets. It is apparent that both the I=1 a
nd I=0 1 'Rd

amplitudes are significant in these
processes.
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