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ABSTRACT 

We propose to measure the single-spin asymmetry parameter ~ in 
inclusive TI 

o production and direct-y production at high PT using the 
polarized proton-beam facility at Fermilab. In addition, we propose 

oto measure the double-spin asymmetry parameter ~L in inclusive TI 

production using a polarized proton target. The measurement of ~L 
will be extended to direct-y production when improved target materials 
become available. 

I. INTRODUCTION 

Investigation of the substructure of hadrons and the behavior of 
hadronic constituents is presently among the most active areas of high 

1)2)energy physics. Recent data on deep-inelastic ep scattering are 
most directly interpreted as evidence that quarks at ~arge-X have high 
probability for retaining the helicity of the parent proton. Since 
high-PT hadron or photon production results predominantly from the hard 
scattering of hadronic constituents it is reasonable to expect that spin 
dependence in these fundamental subprocesses can be further investigated 
using polarized protons 3)4)5) • 

We propose to study spin dependence in the reactions 

p + p ~ TIo + anything, and (1) 
p + p ~ y + anything (2) 

with emphasis on the high-PT region. The quantities to be measured are 
the single-spin asymmetries 

3 3 3 3 
~ • Ed cr(t)/dp - Ed cr(~)/dp (3) 

Ed3cr(t)/dp3 + Ed3cr(~)/dp3 

for both reactions (1) and (2) with a transversely polarized proton 
beam and liquid hydrogen (H ) target. In addition we propose to measure2
the double-spin asymmetry in reaction (1) 

Ed3cr(++)/dp3 Ed3cr(+_)/dp3 
~L • Ed3cr(++)/dp3 + Ed3cr(+_)/dp3 

(4 ) 

where ++(+-) indicate parallel (antiparallel) helicities for longitudinally 
polarized beam and target protons. This measurement requires replacement 
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of the liquid H2 target by a polarized proton target (PPT). 

II. PHYSICS MOTIVATION 

The single-spin asymmetries in reactions (1) and (2) are expected 
to be close to zero in current QCD theory even with higher order correc-
tions (~- ~ Oem /Is) where m is the mass of the light quark). Never--""N q q  
theless, large asymmetries in inclusive nO production have been observed  

6 at the CERN PS ) for Pin= 24 GeV/c, X ~ 0, and 1.0 < PT < 2.5 GeV/c.F 
Although this kinematic region may be too low to contradict directly 
the validity of the constituent model based on QCD these results provide 
strong'motivation for extending similar measurements to regions of higher 
p. and P • The high-intensity polarized-proton facility to be 
~n T • 7)

constructed at Fermilab can usefully cover the PT region to 4-5 GeV/c 
at p. = 300 GeV/c for both reaction (1) and (2). If large asymmetries 

~n 

are observed at such large PT they would present a serious challenge 
to the attractive model of hard scattering and perturbative QCD. 

The QCD Compton effect, gluon + quark ~ gamma + quark, is expected 
to be the dominant mechanism for direct-y production at large PT. In 
contrast to the nO which represents only a fragment of the scattered,con-
stituent the y itself participates directly in the hard-scattering process. 
As a di,rect consequence the ratiJoy/no should increase with increasing PT; 
this prediction has recently been confirmed in several different experi-
ments g)9 )10: . Thus, direct-y production provides ·a particularly clean 

process for studying the dynamics of hadronic constituents without the 
complexities of quark fragmentation. We emphasize that on the experimental 
side the use of a polarized beam on a liquid H2 target provides a partic-
ularly clean technique for studying single-spin asymmetries without the 
complexity of polarized targets and the unavoidable background from pro-
duction on unpolarized constituents therein. 

Although important qualitative features may be deduced from single-
spin asymmetry measurements, the study of double-spin asymmetries can 
provid~ quahtitative insight into the spin properties of gluons which are 
not accessible to deep-inelastic ep scattering experiments. The double-
spin asymmetry ~L in inclusive nO production has been estimated by several 
authors; their results are shown in Fig. 6. Curve (a) was obtained by 
Babcock et al. 3) using a hard-scattering model based on QCD perturbation 
theory; although the predicted asymmetry is small it has a definite 



3  

positive sign. Cheng and Fischbach5) predict a much larger asymmetry 
using the effective-gluon model (E-G); Sivers et al. ll ) find zero 
asymmetry in the constituent interchange model (CIM). The large 
differences are a consequence of the different spin dependences assumed 
in the fundamental subprocesses for these models; the present experi-
ent will be sufficiently sensitive to discriminate among these models. 

The double-spin asymmetry for direct-y production has recently 
12been estimated by Hidaka ) assuming QCD Compton and qq annihilation 

as dominant subproce.sses. These same assumptions successfully describe 
available data for the unpolarized cross sections. His results suggest 
significant asymmetries at large XT ( ~5% at ~ ~ 0 and X ~ 0.5).T 
Because of the polarization dilution in available polarized proton targets 
~L cannot yet be measured with adequate precision; however, targets 
of sufficient spin purity are under development at Saclay and CERN. 
Because of the importance of direct-y production as a hadronic probe 
we propose to extend the double-spin measurements to this final state 
when improved target materials become available. 

III. EXPERIMENTAL METHODS 

a) Experimental Arrangement 

A schematic view of the experimental arrangement is shown in Fig.l. 
The polarized-proton beam to be constructed in the M2 beam line 7) enters 
from the left. Trajectories of individual beam particles are defined 
by hodoscopes HI and H2; these are separated by 20 meters and have spatial 
resolutions of 1.5 mm in both the x and y directions. For single-spin 
measurements a liquid H2 target 100 cm long will be used with the proton 
beam transversely polarized. For the double-spin asymmetry measurements 
the longitudinally polarized proton beam will be incident on a longitudinally 
polarized proton target. The proposed snake system will allow the beam 
polarization to be flipped from spill to spill with no important change 
in beam geometry. 

Gammas produced by the interaction of protons on either target are 
detected in the two Pb-glass spectrometers Gland G2• At Pin. 300 GeV/c 
the spectrometers are placed 12 m downstream of the target and centered 
around 9 - 80 mrad which corresponds to ~ - O. The azimuthal angle sub-
tended by each spectrometer is ± 22.5 0 with respect to the horizontal plane. 
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The scintillation hodoscopes H3 and H4 , immediately in front of the 
Ph-glass spectrometers, are constructed in three planes for segmentation 
in the X, Y, and U directions; these have spatial resolutions of 4 cm 
and serve to localize charged particles which accompany y'S. To improve 
background identification in direct-y production each Pb-glass spectrom-
eter is provided with a guard counter Gi and G2. These coarse-grained 
Cerenkov shower counters ensure identification of nO and nO decays in 
which only one y falls within the fiducial area of a Pb-glass spectrometer. 

The acceptance of the detector in XF-P space is shown in Fig. 2 t 
for p. = 300 GeV/c. 

~n 

b. Gamma Spectrometers 

'the two gamma spectrometers comprise the major part of the detector. 
Each consists of 372 Pb-glass cells (3.8x3.8x45 cm) stacked to form a 
trapezoidal array as shown in Fig. 3. The Cerenkov light is collected 
by a photomultiplier at the rear of each cell. The detector elements 
and the design ~f the associated electronic system will be similar to 
those developed by the IHEP-IFSN-LAPP Collaboration for the GAMS 4000 

13)spectrometer at CERN. The principal characteristics of this spectrom-
eter are listed in Table 1. 

The remarkable spatial resolution of the GAMS spectrometer (±l mm 
at 200 GeV) results from an optimal choice of transverse dimension 26 
of the Pb-glass cells l4 ). By choosing 6 just slightly smaller than the 
effective half-width (2 em for Pb-glass of type F-8) of an electromagnetic 
shower it spreads over only a few cells to form a cluster. A fit to the 
energy deposition pattern in the cluster provides the position coordinates 
for the incident y. The ability to resolve the merged clusters produced 
by two close y's is particularly important for efficient identification 

oof direct-y's in a background of n decays. The IHEP group has found 
experimentallyl5) that pairs of y's from nO decay can be discriminated 
from single y's for transverse separations greater than 2.5 cm even when 
both y's fall within the same cell of the spectrometer. 

Geometric efficiencies for nO detection have been studied using 
Monte Carlo simulation; results are shown in Fig. 4 for a kinematic 
region around ~ • O. With increasing PT the probability for detecting 
both y's from a nO decay (solid circles) asymptotically approaches the 
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25% azimuthal angle subtended by the spectrometers (2x45 0 
). At lower 

PT the efficiency decreases as the probability for one of the y'S to 
miss a spectrometer increases. For X - 0 the probability that only aF 
single y falls within the detector acceptance (triangle points) decreases 
rapidly with increasing PT' For ~ ~ 0 the nO angle varies rapidly with 
PT; this results in a maximum near PT- 4 GeV/c for the probability that 
a single y falls within the detector acceptance. The probability that 

oboth y's from a n decay fall within a single cell (open cir;les) is 
almost negligible for PT < 7 GeV/c. Even so, many of these events will 
be resolved since the transverse separation of the two v's will be larger 
than the discrimination limit of 2.5 em. 

To accommodate high event rates the integrated charge in each cell 
is digitized with its own ADC. Pedestal subtraction and energy normal-
ization are performed automatically by a fast processor. Relative gains 
(PM + ADC) will be ~oTlitored under microorocessor control with an LED 
system between spills to achieve a long-term stability better than 1%. 
The energy resolution has been measured for a spectrometer of this type; 
at full width half-maximum (FWHM) it is 

~/E • 0.025 + 0.13/IE(GeV) 

giving ± 2.5% at 25 GeV. Linearity has been studied with electrons 
from 1-4 GeV py the ERS group at CERN and from 1.8-40 GeV by the GAMS 
group at IHEP. No d~viation larger than 1% was observed. 

Energies and coordinates (using the method of moments) will be 
evaluated on-line. This provides the possibility for imposing event 
selection criteria if necessary before recording data on tape. With 
reasonable estimates for processing times we conclude that as many as 
500 events/sec can be recorded even with large multiplicities. 

c. Identification of nO Events ' 

r'ast discriminators sample the integrated charge in each cell. 
Thresholds are adjusted so that the detector is triggered when an energy 
greater than 10 GeV is deposited in any cell. This allows efficient 
detection of nO,s emitted near XF=0 and PT < 2.0 GeV/c. If rates are too 
high the discriminator thresholds can be increased or the hodoscopes 
H3 and H4 can be used to reject clusters associated with charged 

..  
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particles. It is apparent, however, that event reject is preferably 
executed off-line after careful study so that no bias is introduced 
in the inclusive final states. 

To obtain a 'clean' sample of nO events all data must be subjected 
to extensive off-line analysis. Backgrounds due to improperly paired 
y's will be estimated using Monte Carlo simulation with reconstructed 
nO,s as input. Contamination of the final sample by nO,s from decay 
of inclusively produced ~o's, wO's, and KO,s can be reasonablys 
estimated from available measurements and models which relate charged 
and 	neutral production. This contamination will be small at high PT' 

d. Identification of Direct-y Events 

The problems involv.ed in .identification of direct-y 's in a 
background of n o decays have recently been addressed with considerable 
success by several groups8)9)10). Background arises from 

~) 	 Th d ...0 d nO ~ yy . h' ,• 	 e ecays " -+ yy an ~ ~n w ~ch one y m1sses a 
soectrometer. is below threshold for detection. or converts in the 
tar£et; or the two y's are too closely spaced to be 
geometrially resolved; and 

ii) 	 Neutral hadrons such as n, n, or ~ which interact in the 
Pb-glass and simulate a single shower. 

We propose to surround the Pb-glass spectrometers with gaurd 
counters to detect y's which otherwise would be lost. With Monte Carlo 
simulation we find that a lateral thickness of 30 em is enough to detect 
97% of these associated y's arising from decay of nO,s emitted near 
XF • 0 with PT ~ 5 GeV/c. Because of the large volume (0.5 m3) and 
complex shape of the gaurd counters we propose to use a water solution 
of heavy elements (for example ZnI, with p~ 2.8, and R.L. ~ 4.2 cm) as 
recently developed at KEK16). The direct measurement of this important 
background will result in significant improvpment of the final error 
compared with the alternative of subtracting background with Monte Carlo 
simulation. The background from unresolved nO decays is very small. 
Less than 0.3% of all nOdecays falling within the detector acceptance 
are unresolved for PT ~ 6 GeV/c; for y/nO ~ 0.1 this reoresents only 
a3% background for direct-y's. The background from conversions in the 
target can be reliably estimated from the reconstructed nO events. 

http:involv.ed
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The neutral hadron contribution to background will be measured 
10)in a 	separate run using the method of Cox et al. • Ten radiation 

lengths of Pb will be inserted in the space between the hodoscopes H3 
and H, and the Pb-glass spectrometers. The y flux is largely degraded• 
vlhile the neutral hadronic component is attenuated only 30% due to 
interactions in the Pb. This background varies from 10 to 40%'depending 
on the kinematic region and therefore must be subtracted separately in 
each ~ and PT interval. 

Measurement of single-spin asymmetries will be carried out 
simultaneously for the inclusive TIo,S and direct-y's. 

IV. 	 RATE A~ID ERROR ESTIMATES 
oRates for TI production have been estimated with the following 

assumptions: 

p. 	 .., 300 GeV/c 
~n 

Beam intensity.., 3xl07/spill with 1 spill/60 sec and  
polarization P .., 0.5 b  

Geometrical efficiency for TIo detection.., 0.25  
Liquid H2 target 100 cm long for ~ measurements  
Propanediol polarized proton target 15 cm long with  

polarization Pt = 0.8 for ~L measurements.  

The invariant cross section was calculated with the parameterization 
of Busser et al. 17 ) 

3d cr -n 	 -b X (5'
f .., E --- a C PT e T3d p 

where C'" l4.2xlO-27 cm2/GeV2, n - 8.6, and b ,. 12.5. The results are 
given in Table 2 for an integrated beam intensity of 1.6xl012 polarized 
protons corresponding to 1000 running time. 

Statistical Errors 

For a transversely polarized the observed single-spin asymmetry 
is given by 

(NR+ - (NL+ N ) - NLNRb ) Lb	 NRe: 	 ,. :::  

(NR+ N ) + (NL+ N ) Rb Lb	 Ntotal 

where NR(NL) is the right (left) signal and NRb(NLb ) is the right (left) 
background with N :::: Then the observed asymmetry is related toRb	 NLb • 
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~ through 

1 ..£ .. • 
X 

where X" (Ntotal)/(NR+ NL). The statistical error in ~ may then be 
approximated 

X 
Pb 

where 6£ = l//(Ntotal)' In this case the backgrounds NRb and NLb result 
largely from pairs of uncorrelated y's which fall within the nO acceptance 
criteria. This background can be estimated from the 2y effective-mass 
distributions. With X = 1.1 as a reasonable estimate we obtain the 
errors ~ given in Table 2. 

A similar estimate has been made for ~ in direct-y production. 
In this case it was assumed that the ratio y/no varied from 0.08 at 

10)PT .. 3 GeV/c to 0.2 at PT = 5 GeV/c • The backgrounds NRb and NLb 
result from the sources discussed in Sec. IIId where procedures for 
estimating their contributions are described. \'J'ith the assumption 
'I ::! 1.1 we obtain the estimated statistical errors given in Table 2. 

The double-spin asymmetry measurements require both polarized 
beam and target. The statistical error may be approximated 

¢Ar.L 

here the 'po1ari~ation dilution factor' a reflects production on unpol-
arized target constituents, principally carbon and oxygen. This factor 
depends not only on the target material but also on the kinematic 
conditions, particularly PT' To estimate ~L we assumed that a varies 
monotonically from 10-20 as PT increases from 2-5 GeV/c. Accurate 
evaluation of a requires a detailed study of the A-dependence of the 
reaction througb the relevant kinematic region.* With the assumption 
that X =1.5 for the double-spin asymmetry we obtain the errors ~L 
given in Table 2. 

'*It should be noted that the effect of the dilution factor is frequently 
overestimated. The statistical error in the asymmetry depends, in fact, 
only on /a since the error in the asymmetry 6£ ~ ll/Ntotal ~ l//Xa(NR+ NL). 
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Systematic Errors 

The systematic errors divide roughly into multiplicative and 
additive. Uncertainties in target and beam polarizations are multi-
plicative errors. Target polarization can be measured to ±3% with 
the principal uncertainty in calibration of the nuclear magnetic 
resonance system which uses the thermal equilibrium signal. It is 
estimated that beam polarization can be calculated to ±3% from the 
beam optics. Neverltheless, we propose to measure this independently 
with a high-rate polarimeter based on elastic scattering in the 

. t f . 18) h' '11 . d Cou1omb-nuc1ear 1n er erence reg10n ; t 1S W1 prov1 e an accuracy 
of ±5% even for runs as short as a few hours. 

An additiona1 multiplicative error in ~L arises from the uncer-
tainty in target dilution <x. This can be estimated wi·th good accuracy.  
from measurements of single- and double-spin asymmetries using liquid H2 
and a polarized proton target with identical detector conditions. 

Additive errors which may introduce a spurious asymmetry in the 
data can arise from 

i) changes in beam geometry with reversal of beam polarization 
ii) misalignment of detector components 

iii) changes in gain of spectrometer elements. 
Geometric sources of error associated with either the beam or 

detector can be accurateIv controlled th~ough frequent cross-checks of 
counting rates with different spin-spin and spin-detector (right or 
left) combinations. The gain stability of the Pb-glass counters will 
be controlled to an accuracy better than 1%. With frequent reversals 
of beam polarization long-term variations in gain will average aWRy. 

Comparison with Theory 

The statistical errors estimated in Table 2 have been supe:rimpo-sed 
on relevant theoretical predictions in Fig. 5 and 6. Fig. 5 shows ~ 
for nO and direct-y production; the OCD prediction is near zero for each. 

6We show also the exoerimental results for nO.production at 24 GeV/c ). 
The greatly improved accuracy even at much larger PT expected in the 
present experiment results directly from the use of a polarized beam 
and liquid H2 target rather than an unpolarized beam and a polarized 
proton target with its large dilution factor. Up to 5 GeV/c, where 
OCD oredictions become meaningful, asymmetries larger than 5% in inclusive 
nO production and larger than 15% in direct-y production will be reliably 
detected. It may be noted that the integrated luminosity (~5xl037/cm2) 
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is comparable to that of the most extensive ISR experiments so that 
our measurements of cross sections for direct-y production on H2 will 
provide important new data at these enereies. 

Fig. 6 shows ~L superimposed on relavant predictions for inclusive 
~o production. A significant asymmetry in the region PT < 3 GeV/c would 
provide strong evidence against a scalar gluon for which no asymmetry is 
expected. Consequently, this experiment will not only discriminate among 
different models but it may also provide important insight into the 
gluon spin structure. 

The double-spin asymmetry in direct-y production cannot yet be 
measuredT with useful accuracy because of the large dilution factor u 
in available polarized targets. However, we place high priority on 
this part of the program when improved target materials reach practical 
use. 

V. RUN PLAN AND BEAM REQUIREMENTS 

As discussed earlier, the design of the gamma spectrometers has 
profited greatly from the long experience of the GAMS group. In addition, 
members of our Collaboration are currently involved in an experiment at 
Serpukhov which utilizes a gamma spectrometer with 500 elements identical 
to those proposed here; 250 have already been fabricated and are in use. 
These elements will become- available and form the major part of the 
gamma spectrometers; the entire detector could be completed for early 
measurements in the polarized proton beam facility at Fermilab. 

Before the start of data-taking with a liquid H2 target we request 
200 hours of unpolarized proton beam for checking out the entire system. 
A portion of this time would be run at high intensity, 6xl08 p/spill, 
in order to measure the cross sections for iaclusive ~o and direct-i 
production with good precision. This preliminar~ run will provide a 
precise calibration of the apparatus for the purpose of detecting 
direct-y's with high efficiency. 

Single-spin asymmetries for both reactions will be measured 
simultaneously. To achieve this we request 1200 hours of polarized 
proton beam; this includes 200 hours for measurement of backgrounds 
induced by neutral hadrons. In addition, we request 1200 hours of 
polarized proton beam to measure the double-spin asymmetry in inclusive 
~o production with the same detector conditions and the liquid H2 
target replaced by a polarized proton target • 

..  
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The total request is thus: 

200 hours of unpolarized proton beam, and  
2400 hours (~ 3 months) of polarized proton beam.  

Because our detector is particularly compact and simple it should be 
compatible with detectors designed for other measurements in the polarized 
proton beam facility. In this case all or part of the time requested can 
be used simultaneously for additional measurements. 

A measurement of the double-spin asymmetry in direct-y production 
represents a natural extension of this program. This requires improved 
target materials such a LiD or NH3 and possibly an elaboration of the 
detector to complete the 2rr azimuthal geometry. If the new target 
material is available at run time this measurement will be carried out 
simultaneously with the measurement of ~L in inclusive rro production 
without the need for additional beam time. 



12  

REFERENCES 

1) 	 M.J. Alguard et al. ,Phys.Rev. Lett. n 1258,1261(1976)and  
41 70(1976).  

2) 	 V.W.Hughes,Talk given at the I~ternationalSy~posium on  
High Energy Physics with Polarized Eeam and Targta,lausanne,  
SWitzerland,25 sep - 1 oct 1980.  

3) 	 J.Eabcock,:;.~1onsay an D.S1vers,Phys.E?ev.lett.4C 1161:1 73)  
a'~d L:h t!'" Dlr-· 1 '''"''%(1-'j 'I"~) .; J: ••y"".nev. --..Z 4-0-1 ':;!  

4) J.Ranft and G.Ranft,Phys.Lett.11£ 309(1978)  
5) H.Cheng and E.Fischback,Phys.Rev. D19 860(1979)  
6) J.Antille at al.,?hys. Lett. 94B 523(1980)  
7) 	AN!..·:..A'P? - l B!.. -"Rl CE - Tl': \E '::::' Ii: Co; [<.1. c";' 1"';;1 r,,:. "I~ r£rrr'.~!:r b pr-c ~csa1 N° =81 

8)M.Diakonou et al.,Preprint CERN-EP/80-G2 15 Jan.1980 
9) A.l.S.Angelis et al.,Preprint CERN-EP/8C-ES 19 May 1980 

10) E.Cox,Proc. 1979 International Symposium on :epton and 
Photon Interactions at ~i~h Ener~ies,Fer~ilab,Batavia,D602- -	 . 

~ ,
l ..1.1 D.S1vers,S.Erodsky a~d rt.31ankenbeckler,P~ysics rteports 

lli 1 (1976) 
12) K.Hidaka,Preprint Westfield Col1ege,19S0 and Prec. of t~e 

XV th Rencontre de Moriond,Savoie,France,Marc~ 1980 
13) I HE? • r r S' N • !.. A"PP Co 11 a 00 r" t";c rt S"P S Pr Co F -: sa] , S?$;.'CIt> -11 0J 

14) G.A.Akopdjano'l et a1.,Luc.Instr.&I/lethod 140 441 (19(7) 
15) V.A 1)cwir;lov etaL, 1J~tC. I"t1·~t.i·. "'I(lrt.o~s 145 26'7e977)  

16) T. Kusumegi, P.ri va te comr::.unica t ion  
17) F.W.EUsser et al.,Juc.Phys. BIC6 1(1976)  
18) K.Kuroda A.Penzo and V.301ovia~cv,EP internal rep~rt 79-1  

Jan.1979 
10\ 

~ ) 	 V. Bouffard et al. to be published in Journal de Physique. 

http:G.Ranft,Phys.Lett.11
http:D.S1vers,Phys.E?ev.lett.4C


13  

TABLE  

Parameters and characteristics 
- Lead-glass cell dimensions 
- Type of glass 
- Total number.of cells 
- W~king area and weight of the spectrometer 
- Photomultiplier 
- Accuracy in measuring photon coordinate 

at 25 GeV  
at 200 GeV  

- Photon energy resolution  
at 25 GeV  
at 200 GeV  

- Mass resolutfon for decaying particles  
- Time resolution  

3Sx3Sx450 nm3 

F-S 
744 
O.S m2 , 2.5 t 

FEU-84-3 

± 2 mm 
± nm 

± 2.5 % 
± 1.5 % 

a few % 
40 nsec gate 

http:number.of


--------- ----- ---- ----- ----------

------- ----

P (GeV/c)
T 

2 
3 
4 
5 
6 

~ 

0.17 
0.25 
0.34 
0.42 
0.51 

A~ 

O. I 
0.125 
0.15 
0.20 
0.30 

14  

APT 

0.5 
1.0 
1.0 
1.0 
1.0 

TABLE 2  

n anA~ % A~L % -------------"--------... fo-----
- 4.4x106 10 ± 0.39 

7. Sx 105 ±0.22 1.2x1Os ± 2.S 
2.Sx104 

13 
±1.3 4. 1 x I 03 17 ±16.9 

1.9x103 ±4.S 2.Sx102 ±69.0 
2.lx102 -20 

3.lx]01±14.0 

TABLE 3  

P (GeV/c) ~Tr--------- f----
3 0.25 
4 0.34 
5 0.42 
6 0.5 J 

A~ 

0.125 
O. 15 
0.20 
0.30 

oY/1fAPT. 

I .0 O.OS 
1.0 0.12 
1.0 0.15 
1.0 0.19 

n ~% ------1--------
6.3x104 ±J.O 
3.3xI03 ±4.4 
2.9x102 ±J4.5 
3.9x101 ±39.0 

For the reason of simplicity we present here Pi corresponding to the 
average cross section of the (non-symmetric) binning. The weighted PT is 
about 0.15 GeV/c less than the indicated one but the correction to be 
introduced in the cross section is less than the ambiguity on the experi~ental 

values at large Pi region. 
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I1TTRODUCT!ON 

A series o~ e:per.imental investigation~ carried out at the 

IHEP U-70 accelerator during 1973-76 made it clear that polariza-
tion eti"ecta in elAstic had:ron colliaiona do not vanosh with 

energy growth11- 31 aa it was e:pected trom the predictiona o:f' the 

most ot theoretical models. Later on similar results were obta1ned . . 

at CEfu~/4/·and Fermilab/5- 7/. Moreover the inveatigation o:f' spin 

effects in inclusive r~ac.tions, e.g. in .A 18- 111 and.7Tq meson/121 
production revealed a large value :f'orA p~rticla polarization 

(30%) and asymmetry in 17° meson production on a polarized target 

( - 50%)~ Nowadays there is not a single model that would be able 

to give-a quantitative description o:f' the e~:f'ecta mentioned above. 
Hence turther development of theoretical models is to be undertal:e:: 

together with accumulation of experimental data on porarization 

phenomenon in high energy hadronic· physics. 

A unique polarized proton beam to be constructed at the 

Tevatron _Lab/13/ will provide all the conditions required :f'or the 

experiments on polarization in the earlier unattainable en~rgy 

range~ thus giving ua a possibility to investigate the role of 

constituents in trana:f'erring the information about the spin in 

interactions at TeV energies. 
This propoaal suggeats to ca.rry out a syatematic study 

o:f' asymmetry in incluei ve pion p::-oduotion in the f'ollow:i.nt:; 
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reactiona: 

1. A polarized beam+ unpolarized target 

P, -t A ~.77-t;o,- t- X. 

.. •. ( 

(1 .. 1) 

Here- A stands for the set of nuclear targeta. In this reaction 

the· dependence of the so-called single-spin asymmetry on atomic 

waight of a nucleua· ia being studied. 

2. A polarized beam+ a Polarized targat 

(1.2) 

The so-called spin-spin asymmetry, determining corelation between 

spin orientation and pion production inclusive cross section ia 

studi~d in this reaction. 

At the incident momentum of 500 GeV/c the apparatus, offered 

below, allow one to investigate the asymmetry effects within the 

range of. kin.ematical parameter·a -0.2 ~ :x:.: 0.,3, o.s =- p -"' 5 GeV/c., 
rr ( 

II. PHYSICAL MOTIVATION 

At present the only real candidate for the theory of strong 

interaction ia quantum chromodynamica (QCD). Application of QCD 

in the framework of perturbation theory for descroption of hadron 

production at large momentum trana~er turned out to be quite 

promising •. However the calculations made it clear that to dgatin-

guish the QCD prediction ~rom those of other models one should 

carr:, out measurements of eingl~-particle inclusive eross sections 

at Ve'~ 200 GeV, which cannot be achieved at modern accelerators .. 

At the sametime QCD is known to be a gauge-invariant theory of-

interaction of a color triplet for quarks with 1/2 spin and colo~ 
• . ( 

octet of gluona with 1 epin... Therefore one may auppoae- that wi thl..:l 

the framework of thio theory an essential role in interaction 

dynamics is played by spin effect~. Aa it became cla~r from 



( 

( 

- 3 -

relevant calculationa/14- 171, qui~? noticeable spin-spin effects . ., 
•. 

are observed in :fundamental. processes (qq ~ qq, qq-;. qq,. qq _.,. qq, 
qv ....,.qv, qv-,.qv, qq ➔ vv, VV ➔ qq and vv ....- vv). Together i:1ith 

... assumption that quarka and gluons "remember" the spin of their 

parental proton, theae effects may results in a considerable 

asynmietry in inclusive hadron, picna in ~a:rticul~r, production at 
large momentum transfer 

d~[Ptt') P{;::),TJX]-d(S{P(,)pf-1:')--?77,1} A - --=--------------,) (11-1.) 
i1< - c/(J' [P(l}/J(l:)-,.71Xj +dcr{i>(1)p{-k)7.7J)(} 

where i, k designat~ the direction of incident proto~ pola:riza-. 

tion .. The quantity ,40 (. is ·rather -eensi·tiva for the spin diat:ribu-

tion func.tiona of quarks and gluons on nucleon:s. 

In a-particular case, when one of incident protons is pola-
rized, QCD predicte a zero-spin asymmetry A/ia/. In ·the case when 

both incident protons bave polarizations perpendicular to their•. 
momenta, spin spin asymmetry_effect turns out to be rather smallw 

A:nd only in the case when both initial spins are parallel.to the 
beam direction,one may ~::peet large asymmetry effects114/. It is 

equivalent to the statement that qu3rks and gluons cannot carry 

information about transverse polarizations in strong interactions. 
Fig. 1 presents the value for. asymmetry A, L. versus x..L ::r 

~2Jg./v:fcaleulated acc~r~ing to QCD for inclusive pion produe-
tion/141. Three types of distribution have been considered for th_e 

constituents. As is seen the largest asymmetry effect is expecteu 

in the case of Carlitz-Kaur distribution and may mnke· up almost 
10% at: Q 0.4. In this model the largest contribution to the 

quantity A'-L is made r;>Y the elementary qq -::,. qq reaction at large: 
. 

x.l. (:x~:::; o .. 7), at small and moderate. :r..L. the contribution from th<? 

eubprocessee qv ➔ q becomes significant, and at ~mall :..Lit io 

the contribution from processes qv ....,. v, vv ...,. v which is of 
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importance (here v gluon/''). At .the aeme :..1. asymme+.ry is J% 
and 6% in two other models, :respectively.A value of asyn:n:netry ( 

At.Lin inclusive .7i+ and..7i-meson production (sea fig .. ~b) is a 

~actor very sensitive to helicity transfer by different consti-

tuents. Aa is seen. from the figure, in the di-~uark model, where 

all the information about spin orientation is carried by the 
leading u-quark, Lid{x):O( L:1 de:f'ine the capability to carry apin 

in~ormation) and :for inclusive .7imeson production ,1'-= 0 (in 
:reality Akl ie not. exactly equal to zero due to contribution 

trom the uu ~uu process, which is suppressed quit~ noticeably)" 

The sign of At.i. is negative f'or .:n-meson production in n10 other 

diat'tibutions (conservative SU(6) distribution and Garlitz-Kaur 

dietibution) since the value f'or A.d(X) is negative. Tha relative 

value :for asu.mmetry A-"t for .:r,- meaon with respect to .77+ meson 

chara-cteriaes a relative capability o:f' d-quarka ( 
u-quarks. For the to carry spin with respect to 

conservative SU)6) model 4'-l.(n-;J/1,!71½0.4, 

Kaur mode~ 4_J711 /A1.",tnt-J: O., 1.. Thi3 means 

whi1e in the Karlitz-

that in the Karlitz-Kaur 
model d-quarks have quite less capability to carry spin informa-

tion, than in the conservative SU(6) model. 

From the same figures it is seen that the measurement of 

asymmetry with an accuracy of some percent within the interval 
up to x =· 0 .. 4 allows one to distinguish bet,veen these two models .. 

In calculations made in the :framework o:f QCD with applica-

tion theory single spin asymmetry "ttlrns into zero in the ri:rs~ 

(pole or Born)· approximation and this assertion was used in 

earlier calculations. Therefore it is very desirable to obtain 
experimental confirmation of these predictions~ Morgover from ( 
recent experiments/8- 111 it became clear that in inclusive re~c 

tions with .tl particle production tha latter ones is polarized, . 
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quite considerably (see fig. 2). At lower energies (24 GeV) .N 
noticeable asymmetry was observed in inclusive 77° meson p~oduc-

tion in the central region at large momentum tr::1nsi"e:rsf121 (see 

fig. J). It might also be that both I\ and :Tl O mesons 'iiere 

mainly produced from·the decays of other resonance states, ariai~g 
. 

from interaction of constituents (quark, gluons). Clariricstion 

of this questions needs further eX1)erimental and theoretical 

studies. 
This proposal suggests to measure asymme-try in reactions (1) 

and (2) within the range o:f -0.2. =- x = o. 2, and 1 = p 4 5 GaV/c 
T 

on a polarized proton. beam of FNAL Tevatron. This results ~ill be . . . 
obtained simultaneously for all kinda of pions and they will 

allow to dietingnish the aforementioned theoretical models. If 

necessary the same apparatus may be used in investigation of 

aesymmetry in resonance production of vector mesons aa welJ..as 

of hyperons. 

Ill. POLARIZED BEAM OF FNAL TEVATRON 

The layot of the beam channel units used to form and trans-

port a polarized proton beam in presented in fig. 4. A possibility 

to create a transversaly polarized beam as well as a longitidinally 

polarized_one in a wide energy range~ Tevatron energy including, 

has been forseen in this beam channel. A symmetric triplet schema 

ia used to form a polarized proton beam from A decay. An inter-

mediate focusing point where-a correlation between the berun 

position and its polarization (spin dispersion) exists is f'oraeen. 

This will be used for "tagging" of polarization. Eight magneta 

are to be installed at the end of the beam channel ("anake") for 

polarization reverse in each cycle ~ithout any displ~cement of the 
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beam dire~tion. Each magnet. has a magnetic field integral of 

2.74 Tm. The experimental equipment to be installed after the ·( 

target will occupy about ).....Om. 

Next figure (fig. 5a) illustrates the scheme for neutral. 

beam-dump and particle selection by their momentum (beam accep--

tance is j: 5%). The optical scheme ot the beam with the intar-

mediate and end focus is shown in fig. 5b. The expected intensi-

ties of the proton and antiproton beams with 45% polarization are 

given in fig. 6 tor the case when the beams are formed in the 

modern 400 GeV accelerator as well as in the 1000 GeV Tevatron. 

As is seen from the figure, tne Tevatron may provide a polarized 

proton beam with the momentum of 500 GeV/c and intensity of 

3•107 polarized proton per cycle. At point of the locations of an 

experimental target the beam dimensions are P= 20.w..,,, and diver-

gencies iil both planes are j: 1 mrad which completely satisfies ( -· . . . ..: 

the requirements imposed on the beam characteristics. 

Though the average polarization of the beam can be calcu-

lated wi.th a sufficient accuracy C.:t .3%) still it should be 

investigated experimentally and be monitored at ditterent polari-

zation. It should also be :compare·d with a nonpolarized beam. 

Por this purpose a polarization ef'fect·is planned to be used 

which arises due to the interaction of proton magnetic moment 

with nucleus C~ulomb field/197201• Fig. 7 illustrates the expected 

effect caused by such an electromagnetic interaction ( 4.,,,.. ) , by 

strong interaction ( P ~ ) and the. summed polarization eftect 

. ( f>r,,r ) versus t. 

To measure the polarization we plan to use the dovicea ehovn 

in fig. Sa alongside with the processor (:fig. Sb)/221. Hodo- ( 

scopes H1-H3 provide preliminary angular sele~tion of particles, 

while a more precise analysis both of the angle acn momentum· 

of scattered particles is performed by proportional chan;.bors 
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l?C1-l?C6. For an "active" target t1e propose to use E¥~set o:f thin 

scintill~tion counters, which detect recoil protons and measure 
their energy_ From preliminary teats it ·has become clear that 

Ruch a combination of devicea allows a better selection of' elastic 

scattering123I. 
We estimated the time necessary to measure polarization in 

Coulomb-nuclear interference .. It was done under conditions. ·:hat: 

- detector-scintillation target, 10 counters each 2 mm 
thin (0.15 g/cm2 hy~ogen); 

- incident·· momentum 500 GeV /c; 

- pplarized be~m intensity 2•107 ppc (cycle duration iS 20 s) 

signal/background ra.tio 1.; 

- 4f / ::t.71' ( acceptance in azimuthal) ;: -i. : 
-the events are integrated within the interval 

2 10-2~ /t / i 2 10-1 (GeV/c) 2 ; 

the accuracy in measuring the asymmetry ia .tl C. = 2 10-.3 

- aatefy fac·tor for the experiment· is 2 .. 

Thus in accordance with what was said above 2 d~ye are needec 

for statistics aqcuiaition. The Table 1 bel0\'1 gives the parameters 

of the detectors used for a polarized beam calibration~ 

IT EXPERIMENTAL SETUP 

The e::perimental set-up for simultaneous detection of charge: 

and neutral pions emitted f'rom the target after _bombardmant by a 

polarized beam is pref?ented in f'ig. 9. Two uni ts of gamma-f!eteo-

tors LGD and RGD, consisting of 500 counters each and installed 

symmetrical with respect to the beam a::d.s are to be used for 
photon detection. In creation of these de-noes the idees of 

workf241 were of' great help for us. Each unit is installed in 
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such a way that the angular interval of 65° - 115° is obze~ved 

in the c.m.s. In the ~ab. system the central line runs th:..~ough 

gamma-detector at 3.9° with respect to the -beam ~is and the ( 

angular acceptance is 1.7°. 

Hadrons and electrons may also- hit the gamma detector. The 

information from. the proportional chambers may ba used for th~i:r 

identificstion and for the definition of their momenta and the 

entrance points. This information ia read out in the caae when a 

"neutral trigger" lt/r == beam•{.f /.S2)·2(where X. is the sum of 

signals from the gamma-detector) is accompanied by a signal from 

the SL (SR) detector. The ·comparison of energy released ~rem the 

gamma detector ~1th the charged particle momentum measured with 

the help of a magnetic spectrometer will allow to identify 

particles that occur in the gamma detector. 

Charged piona are detected and. their momenta are measured 

with the magnetic spectrometer consisting of proportional { 

chambers PC1-PC4 and SCM105 magnet with the aperture of 21Jx51 cm2 

(width x height)~ and effective length of 1 m and the ~ield B 

equal to 1.25 _Tm.. The information from the TH1-TH4 hodoaoopes 

is used as a t:rigger. A trigger for charged particle is generat·ed 

as follows -1. Nj. = Baam. ( .SI· S.Z.) ; 

2. 112 = N1 • :E., 2 2 • Z~ where .E,. is the sum of signalz of i-i:~ 

hodoacope; 

J. N14(Y) = Y1(i)Y4(K) with the help of a special matrix 

~'I(~} with 9 ::: 30 inputs (which corresponds to the num1er of 

elements in the Y-th plane TH1 and TH4) particles emitted from 

the target are selected. In thia we use the fact that in the 

vertical plane the magnetic field does not act on the pa.-ticle ( 

and the event is presented with a straight line. 
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fixe:rl angles 0x are selected with a special matri..""C ~~ (x) rlith 

10 x ~2.inputa (which corresponds to the number of elements in 
the z-th plane TH1, TH2); 

5. Cut-off' in the transverse momentum Pr~ = 0.7 GeV/c; 
This :requirement leads to the depentlencefc>(0x)= ~: wh_e:re Pc (tJx-) 

is the bounda...-y momentum (see fig. 10a) ,, The events with :c.omeuta 

P~Pa,(0-~)are the ones useful for us. Thia condition results in 
the correlation Bx particle production angle end . i'ts posi tio:o 
in the hodoscope TH4 (:f'ig. 10c).A special ma.tri:lt' Fx t1iJ.l be used 

to e:tract a useful area, dashed. in the figura. 

According to tha estimates the cut-off ~x = (), 7- should 

suppress the triggar 5-10 times. Conse-quently the final trigger 

is formed in the following way T = 112 • N14 (Y) • Px (IV.1) .. 

As one can understand from what was said above we proceed 

from the fact that in the vertical plane any event is p:resanted 

with a straight line and at a fi.~ed angle a given cut-off overlf~ 
(a horizontal component of a transverse momentum) definea the 

range of useful particle momenta. 

However the measure asymmetry effect may be diatored by a 

contribution from other particles, which can be seen from the 

relation 

where ol.77 , d;: , d'I' are pion, kaon and proton fraction in the 

number of detected events, <=e the·measured asymmetry effect,~n 
are effects caused by pions, kaona end protons 

respective'!:,. We assume that the spectrometer d.ii"ferentiate 

particles by charge so that, cfe is defined individually for 
negative and positive particles. From the data of work125/ at 

VS ra .31 GeV and :f'or Pr= 0,28 GeV/c we find 0(71+ = 88,3%, ~r-= 

= 6,5%~ o<~ = 5,2%, ~1)- = 87 ,5%, ~-= 10%, c<F = 2,s%. For an 

appro::imate estimnta '.7e shall ascrume that, £.n = 1%, ~k. =i ~r' -

= 10% and from the quoted relation it is aeen that 
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the contribution from the back3round terms is. identical to the 

one from the required reaction. Consequently, the cont:r•ibution 

from baclcground particles should be suppressed at least t.en time~, 

in order the required symmetry be not distorted by 10%. ~no thres-
,,, ., 

hold multichannel Cerenkov counters C1 and C2 are planned to ba 

used for this purpose. These counters cover the whole momentum 

interYal we a::-e interested in and allow one to suppress K-meson 
and pr-:,ton detection. The number of photoelectrons produc-ed. on th_e 

photocathode of the Cerenkov counter photomultiplier is equal to 

N' =· KL sin2e , (IV.J). 

where. K is the- factor 100 for good light-collec·!;ion and high 

cathode quantum efficiency Lis the counter langht in cm, is 

Cerenkov- radiation emission angle. This is defined throug~ the 

reflection factor n 
m2 sin2 = 1 - -1.. -::- An (IV.4) - --n2 p p~ 1 

where L\n 2 m and p al:'e particle masa ~nd momentum. The ( = n -1, 
threshold of one of the 

m2 
counters will be defined from the conditio: 

Din • ~ = 
p2 

(IY.5) 

The threshold of the second counter ia to be at inte.rmediata 

energies, which can be found from the condition for equality of 

minimal ef:f'iciemciea 
m2 m2 M2 ~ -- = -= -----p2 2 p2 p2 PJi' _min :Ji ·max· 

Whereof 
p = 35 GeV/c (IV.6) £ . ,. 

Then the minimal numb~r of·photoelectron is equal to Nmin 2 f.e. 

and the counte~ e:f'£iciency is 

e 1 = o.86 . mn (IV.,7) 

The conclusion is at least two threshold mulcticha~ncl { 
Cerenkov counters are necessary to supprass the background ev~nts . 

.. 
The main parrunet,~·.ra of the devicos described above are enli~tr.d 

in the Table 2. 
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Calibra·tion of the gamma-detector requires electron beam. wi tl: 

momentum '. qf 100 GeV /c·. For the tuning· of all the other de~.rices 

we need a test beam or relativistic particles. 

V. ESTIMATES OF- Tir;iE CONSID1f.PTION· 

To estimate the rate of Data taking we shall ado~t the 

follo~ing initial conditions: 

- polarized proton beam intensity per cycle I
0 

= 2 107 ; 

-.polarization of the beam P = 0,45 beam. energy, 

E = 50.0 GeV - number of cycles per hour 1T = 60·; 

- moment.um. transfer interval p = ± 0,5: GeV/c --X variable 

inte~alAX -= ± 0,2; 

- signal background ratio= 1; 

-77-meaon inclusive production cross section f'o:r PT~ 1 GeV/c 

Oinv = o.:L·P-8, where ~ = 1,6 10-27 cm2 

- the target is of two types: either 100 cm liquid hydI'ogen 

one or a polarized6LiD, 15 cm long. The dependence of the 

precision of asymmetry measurements versus the momentum transfer 

for the liquid hydZ'ogen ta:rget is presented in fig. 11. Broken 
• with 

line has been calculated for a 30 day ru~polarized target, 

solid line for liquid hydrogen target. Since in the considered 

interval of x and p • variations inclusive cross sections for 

charged piona production practically coincide, then the results 

will be practicall~ in paralell obtained for them with the same 

precision. T4e set of the data obtained will.allow us to 

carry out a qualitatiYe check of the QCD p~edictiona in 

the.range of hard collisions of ha~on constituents. 
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It is assumed that the beam chane~ haa bean tuned and beam 
polarization has been calibrated in aeparate runs. To start the ( 

adjustment of the devices mentioned above three runs, each one 
weak long are needed. With account for the reliabi1ity factor 

of type 1.5 the whole experiment will consume abount J montha. 

VI. PROMPT PHOTON' DETECTION 

If some additions are made to the described devices, the 

system wili be able to detect not only piona but prompt produc-

_tion of photons, the process which at_tracta great inter~:3t dtu'ing . 
last year. The thing is the photons, on contrary with pion2, 

participate in hard (high energy) collisions themselves and the 

main source of their production is the reaction gluon+ quark 

(' + quark, i.e. quantum-chromodynamic Compton effect. As it ( 
became clear from recent investigations the ratio of the prompt 

photons to 77" meson.sincree.ses \'lith the growth of P-r as it was 

expected from. QCD. Availability of a pola:rized high energy proton 

beam garantees a more reliable selection of prompt photono, 

as compared with the case of a polarized target. Aa for the 

background, the main sources are: 

a) decays 71: z~:l.'o where one of the photons misses the detecto: 

(or it has small energy) or both photons merge (they cannot 

geometrically be distinguished); 

b) neutral hadrons, e.g. n, ;;- , ;::_ etc prod:uc·ting showe:t'";;.,. 

To reduce the contribution from these processea to prompt= 

production of photons we plan to su..."'Tound the units of the gamma 

detector with guard counters (see fig. 12) .. From Monte-C~lo 

calculations it became clear that with the width of counters of 
about 30 cm ~e ~hall bo able to suppress about 97% of events 

( 
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from the quoted background process.es in the range of X ~ 0 

and P7 ~ 56 GeV/c. To distingµish between the contributions o:f 

the showers :f'rom neutral hadrons and photons leed plates.cf'-:!:' 10 X0 

thick may be installed between corrasponding hodoscopas and 

gamma-detector uni ta. In thia case the showers in the gm::rrn.a-

detectors are produced mainly by hadrons and having introduc.ed a 
correction :f'or absorption o:f these hadrons in the lead plates 
one may define their total contribution to the d:-etected e7a~1ts .. 

Depending on the values for x and p this contribution E.f1ould . .,-
vary within 10-40% as it was demonstrated by the expe~imects 

at FNAL. 

Undar the same requirement what were adopted in the 

estimates of' the statistics for pions, we find the expec·ted measu-

ment accuracy for one-spin asymmetry in inclusive production 
of prompt photons (see . fig.. _1 J). As is known in QCD this · 

quantity is equal to zero and any value different from zero, may 

make QCD predictions rather doubtful. 
On the part of the Institute for High Energy Physics we may 

contribute mo units of gamma-detectors, 500 channels in each 
• ,/ ✓ 

and two Cerenkov threshold counters C1 and C2. 
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F.IGURE CAPTIONS 

Fig. 1. Asymmetry ALL for reactions p~ + p~ ( 71° or jet)+ 
+ X(A) and p + p ( 71-1-or "71- ) + X(B) versus X..L. = 

.fl. ,ft 

== 2p.,. / vs : (a) for conservative SU(6) dis:-tributions, 

(b) for quark distributions and (c) Garlitz-Kaur 
distributions. 

Fig. 2.. The I\ polarization as a function of P-r for initial 
momenta: 24 GeV/c/9I, JOO GeV/c/81, 400 GeV/c/10/, 

1,5 and.2,0 TeV/c/111 .. 

Fig., .3. The asymmetry for p + p1'...., JJ 0 + X as a function of p
7 

at the momentum of 24 GeV/c/121. 
Fig .. 4. The overall view of the proposed polarized-beam line .. 

Fig.-5. Sketch of beam line (a) and beam envelopes for triplet 

version. The crosses (x) show the effect of± 5% 

momentum bite. 

Fig. 6. Predicted intensities for polarized proton and anti-
proton beams with 400 and 1000GeV/c targetting. 

Fig. 7. Polarization in pp_elastic scattering at 500 GeV/c for 

small ft) values. 
Fig. 8. A set-up for calibration of beam polarization b~ 

measuring the asymmetry in region of Coulomb-nuclear 
interference (a) and (I)~ -t'~4"~-acheme of' the fast 

processor. 

Fig. 9. Experimental set-up for the simultaneous measurements 
of asymmetries in the inclusive production of 77~-,o 

py polarized beam of Tevatron of FNAL: a) Top view 

b) aide view. 

( 

( 
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Fig. 10. Horizontal projection of scattering angle versus a 

momentum p of the particle at a cut p = 0.7 GeV/c; ,- . 
a shaded region is not detectable (a). Correlation 

be-twe·en scattering angJ.e gx. and a poeition of particle 

at hodoscope TH4 for a cut pr = O. 7 GeV /c (b). 

The shaded region corresponds to the use£ul events for 

bo-th charges of pions . 
Fig. 11. The accuracy of asymmetry measurement in inclusive 

11~ -production for 30 days run; solid line - for 

hydrogen target., dashed line - for polarized target. 

Fig. 12. Additional hodoscopes HL and FIR and the gard coun~ers 

G1 and G2 for a detection of prompt- gamma· quan·cs ... 

Fig. 13. Single-spin asymmetry AN versus p in reaction p + p~➔ 

-; 71" + X at momentum 24 GeV/c. For p,,.;,- 3 GeV/c it 
is shown the asymmetry in 71° and prompt-gamma production 

estimated for JOO GeV/c. 



Table 1 

Parameters of detectors to be used for measurements o:{ the pola:riza ·ffon ( 
in the Coulomb-nuclear interference region 

Dimensions Pi.tch Total Number of Deteetnre Number number 
XX Y (mm2 ) of planes (mm) of wires· PM 

1 PC1 50 x so· 2x, 2y 1 200 

2 PC2 50 X 50 2%, 2y 1 200 

J PC3 50 X 50 2%, 2y 1 200 

4 PC4 100 X 100 2.x, 2y 1 400 

5 PCS 500 X 500 x, y 2 500 

6 PC6 500 x 500 x, y 2 500 

7 H1 50 X 50 x, y 2 - 50 

8 H2 26 X 26 x·, y 2 26 

·9 HJ 100 X 100 x, y 2 - 66 
{ 

10 "Active·" JO X JO thicbleee 2 mm 15 
target 
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Main parameters of Gamma Detector 

1. Lead-glas.a cell dimensions, mm.3 

2. Type.of $lass 

J. Total number of cells 
. 2 4. Working. area, m 

5. Weight of the spectrometer, t 

6. Photomultiplier 
7. Accuracy in measuring photon coordinate 

at 40 GeV, mm 

at 200 G&V~ mm 

8. Photon energy resolution 

at 40 GeV, % 
at 200 GeV,% 

I . 9, Man resol.u.tion. -ror, deca~ particles 
. . 

10.Time resolution, nsec 

11.Number of acceptable events, ev/sec 

Main parameters of hodoscopes 

1 Hodos cope X· 4::t y Ay Nx (cm) (cm) (cm) (cm) 

.t TH1 30 3 9 1 10 
•. . 

.2 .• -TH2 132 .6 42· . -1 22 

3 TE:4 330 12 90 3 28 

NY' 

9 

42 

30 

Table 2 

38x.38:c450 
T -1-00 

1000 • 

1,2 

5 

PEU-84-3 

±2 

± 1 

+ 2· 5 - , 
+ 1,5 -
40 

500 

Table .3 

z 
(m) 

1 

6·,5 

14 



Tabla 4 , ' 

Parameters of proportional chambers 

( 
Proportional Di:men3iona Pitch, Number o-f PM 

z, 
chambers (XXY) ,cm. mm X y m 

"7 

1 PC1 35 %. 10 2 ,75 50 o,a 
2 PC2 150 ::r 50 2 750 250 6,3 
3 PC3 200 X 50 .3,2 700 250. 8,3 

4 PC4 400 X 110 4,2 1000 550 13,5 

Table 5 
Parameters of Cerenkov counters 

Entrance Exit Length ·number\ Eth' 
(XXY), cm (XXY), cm m Gas of PM GeV 

., 
c, 40 X 15 200 x 60 4 He 20 J5 ( 
\I 

c2 250 ::r: 60 450 :x150 4 H2,H9 JO 10 
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P-678 UPDATE  

Proposal to Study the Spin Dependence in Inclusive WO and Direct-

Gamma Production at High PI with the 

Polarized Proton Beam Facility at Fermilab 

by 

CEN-Saclay, LAPP-Annecy, INFN-Trieste, 
Kyoto University, Kyoto-Sangyo University, Kyoto University of Education, 

Hiroshima University, University of O.E.H. (Kita-Kyushu), 

Argonne National Laboratory, Fermi National Accelerator Laboratory, 
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Preface 

Part of P-678 was included in E-704 following the PAC's recommendations 
in 1981. In E-704, we explore a relatively lower region of Pi in the nO 
production. On March 8, 1989, there was a meeting with the Fermilab 
management to discuss the status of the electromagnetic calorimeter for the 
polarized-beam experiments. During the meeting it was suggested that we 
update P-678 before the April PAC meeting. Although studies on the single-
gamma measurements are continuing, we consider this P-678 update to be 
reasonably adequate. We are also counting on learning many facts about ~o 
detection, which relates to direct-gamma detection, during the forthcoming 
E-704 run. 

* 	 Individual names are likely to be similar to the present participants in 
E-704. Precise list will be presented later. 

Scientific Spokesman: Sergei Nurushev, IHEP - Serpukhov  
Deputy Spokesman: K. Kuroda, LAPP - Annecy  
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ABSTRACT 

We propose to measure the single-spin asymmetry parameter AN in inclusive 

nO production at high Pl and direct-y production using the polarized proton-

beam facility at Fermilab. In addition, we propose to measure the double-spin 

asymmetry parameter ALL in inclusive nO production and direct-y production 

using a polarized 6LiD target. 

A number of lead-glass counters will be doubled compared with existing E-

704 electromagnetic calorimeter in order to gain rate and improve misidentifi-

cation problems. 

I. Introduction 

Asymmetry measurements in nO production yield a value as large as AN = 
60% in the 2 < Pl < 3 GeV/c region measured at 24 GeV/c (CERN) and 40 GeV/c 

(Serpukhov).l It seems important to pursue measurements to higher values of 

Pl in order to investigate the spin dependence in the hard scattering of 

hadronic constituents. Simultaneously, the asymmetry in direct-y production 

can be measured where AN = 0 is expected by QCD perturbative theory. 

Results of new measurements by the EMC group at CERN have been interpre-

ted to mean that the proton spin may not be due to the helicity of its consti-

tuent quarks. Most of the proton spin may be due to gluons and/or orbital 

angular momentum. To understand the basic question of the origin of proton 

spin, nO and direct-y production measurements at high Pl with longitudinally 

polarized protons on longitudinally polarized target protons seem to be very 

desirable. l 

The QCD Compton effect, gluon + quark + gamma + quark, is expected to be 

the dominant mechanism for direct-y production at large Pl. In contrast to 

the nO, which represents only a fragment of the scattered constituent, the y 
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itself participates directly in the hard-scattering process. As a direct con-

sequence the ratio y/~o should increase with increasing Pl' this prediction 

has been confirmed in several different experiments. 3 Thus, direct-y 

production provides a particularly clean process for studying the dynamics of 

hadronic constituents without the complexities of quark fragmentation. 

Although important qualitative features may be deduced from single-spin 

asymmetry measurements, the study of double-spin asymmetries can provide quan-

titative insight into the spin properties of gluons which are not accessible 

to deep-inelastic ep scattering experiments. The double-spin asymmetry ALL in 

inclusive ~o and direct-y production has been estimated by several authors. 2 ,4 

We propose to study spin dependence in the reactions 

p + p + ~o + anything, (1) 

and 

p + p + y + anything (2) 

with emphasis on the high-Pl region (up to 6 GeV/c). The quantities to be 

measured are the single-spin asymmetries 

Ed3 a(t)/dp3 _ Ed3 a(+)/ dp3 
(3) 

Ed3 a(t)/dp3 + Ed3a(+)/dp3 

for both reactions (1) and (2) with a transversely polarized proton beam and 

liquid hydrogen (H2) target. In addition we propose to measure the double-

spin asymmetry for (1) and (2). 

Ed3 a(++)/ dp3 _ Ed3 a(+_)/dp3  

Ed3 a(++)/ dp 3 + Ed3 a(+_)/dp3 
(4)  
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where ++(+-) indicate parallel (antiparallel) helicities for longitudinally 

polarized beam and target protons. This measurement requires replacement of 

the liquid H2 target by a polarized 6LiD target. 

Major changes in this proposal from the E-704 setup are: i) doubled 

lead-glass counters, ii) polarized 6LiD target, and iii) ins talla tion of 

guard counters surrounding the lead-glass counters. 

II. Experimental Methods 

A. Experimental Arrangement 

A schematic view of the experimental arrangement is shown in Fig. 1. The 

polarized proton beam enters from the left. Trajectories of individual beam 

particles are defined by hodoscopes HBl and HB2 ; these are separated by 20 

meters and have spatial resolutions of 1.5 mm in both the x and y directions. 

For single-spin measurements a liquid H2 target 100-cm long will be used with 

the proton beam transversely polarized. For the double-spin asymmetry mea-

surements the longitudinally polarized proton beam will be incident on a 

longitudinally polarized 6LiD target. The proposed snake system will allow 

the beam polarization to be frequently flipped with no important change in 

beam geometry. 

Photons from the decay of ~OIS produced by the interaction of protons on 

either a LH2 or polarized target are detected in the two Pb-glass calorimeters 

G and G2 (called "CEMC", central electromagnetic calorimeter) consisting ofl 

2016 cells as shown in Fig. 1. The number of lead-glass in the present E-704 

CEMC (1008 cells) will be doubled. At Pin = 200 GeV/c the CEMC is placed 10 m 

downstream of the target and centered around e = 97 mrad which corresponds to 

45 0= O. The azimuthal angle subtended by each calorimeter is t withxF  

respect to the horizontal plane.  
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The proportional chambers placed between the target and the CEMC serve to 

localize charged particles whi~h accompany y's and assure no charged tracks in 

the y direction. To improve background identification in direct-y production, 

the CEMC is provided with additional y detectors Gl ' and G2' as shown in Fig. 

1. These additional counters ensure identification of ttO and n° decays in 

which only one y falls within the fiducial area of the CEMC. 

The acceptance of the detector in xF-Pl space in shown in Fig. 2 for 

Pin = 200 GeV/c. 

B. Electromagnetic Calorimeters 

The electromagnetic calorimeters (CEMC) comprise a major part of the 

detector. Each consists of 1008 Pb-glass cells (3.8 x 3.8 x 45 cm) stacked to 

form a trapezoidal array as shown in Fig. 3. The Cerenkov light is collected 

by a photomultiplier at the rear of each cell. (The detector elements and the 

design of the associated electronic system are similar to those developed by 

the IHEP-IFSN-LAPP Collaboration for the GAMS 4000 spectrometer at CERN.) 

The principal char~cteristics of P-678 CEMC are listed in Table I. This 

detector has shown remarkable spatial resolution (± 1 mm at 100 GeV), result-

ing from an optimal choice of tranverse dimensions of the Pb-glass cells. 

To accommodate high event rates the integrated charge in each cell is 

digitized with its own ADC. Pedestal subtraction and energy normalization are 

performed automatically by a fast processor. Relative gains (PM + ADC) will 

be monitored with an LED system between spills. The energy resolution has 

been measured during the last fixed-target run; at full width half-maximum 

(FWHM) it is 

bE/E = 0.024 + 0.12/11[ (GeV) 
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giving ± 2.5% at 25 GeV. Linearity has been studied with electrons from 30 to 

40 GeV, and no deviation larger than 1% was observed. 

Energies and coordinates (using the method of moments) will be evaluated 

on-line. This provides the possibility for on-line calculation of gamma-gamma 

invariant mass and kinematics, and allows one to impose event selection cri-

teria if necessary before recording data on tape. With reasonable estimates 

for processing times we conclude that as many as 500 events/sec can be recor-

ded even with large multiplicities. 

C. Identification of 1T o Events 

It is apparent, however, that event rejection is preferably executed off-

line after careful study so that no bias is introduced in the inclusive final 

states. 

To obtain a 'clean' sample of 1To events all data must be subjected to 

extensive off-line analysis. Backgrounds due to improperly paired X's will be 

estimated using the LUND Monte Carlo (PYTHIA) simulation. Contamination of 

the final sample by ~OIS from decay of inclusively produced n's, wO's, and 

K o's can be reasonably estimated from available measurements and LUND Montes 

Carlo calculations which relate charged and neutral production. This contami-

nation will be small at high Pl. 

D. Identification of Direct-x Events 

The 	problems involved in identification of direct-xis in a background of 

3~o decays have recently been addressed with considerable success. Background 

arises from 

i) The decays ~o + XX and n + XX in which one X misses a spectrometer, 

is below threshold for detection, converts in the target, or the two 

x's are too closely spaced to be geometrically resolved. 
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ii) We assumed that a background of n decays is negligible compared with 

~o based on the UA6 experiment. J · Additional comments are made on 

page 9. 

iii) Neutral hadrons such as n, n, or KL
o which interact in the Pb-g1ass 

and a simulate a single shower. 

In order to see the feasibility of the high-PI sing1e-y measurements, two 

cases (see a and b below) of fake single y sources, and the single-gamma 

detection efficiency (see c) have been studied by Monte Carlo simulation. A 

coarse calorimeter surrounding the CEMC is discussed (see d). ~o conversions 

in the polarized target is estimated (see e). 

a) Two y's from a ~o are misidentified with a single energy cluster on 

the calorimeter even though both y's hit the CEMC. 

The CEMC is placed at z = 1000 cm as above. The electromagnetic showers 

were generated using the GEANTJ software package. The energy clusters in the 

CEMC were reconstructed using software developed by the Serpukhov group. The 

reconstruction was made with a certain energy threshold for each energy 

cluster, because we would have to set such an energy threshold in the off-line 

analysis for the real events in order to avoid noise signals. If two y's are 

too close in space (e.g. as close as J cm at PI = 5.5 GeV/c), then the present 

reconstruction program tends to fail to divide the energy properly between two 

y's. The mass reconstruction becomes worse in such cases. However, the 

program can tell whether the shower consists of a sing1e-y or mu1tip1e-ys with 

a minimum of two y separation of ~ 2cm by checking the shower shape. One ADC 

channel corresponds to 0.02 GeV, and we expect the noise level to be about 0.1 

GeV or less. The ratio of this type of fake single y's over ~o's is estimated 

to be below 1.7% throughout the PI range from 2.5 to 5.5 GeV/c. This is lower 

than the direct-y production rate. 
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b) One y from a ~o hits the CEMC with high-Pl and the other misses the 

lead-glass. 

The background events in which one y from a ~o hits the CEMC with high-

Pl and the other y misses the CEMC can be reduced by placing a surrounding 

coarse calorimeter around the CEMC. Figure 4 shows the fraction of ~o events 

for which a gamma is missed and found in the surrounding calorimeter. The y's 

hitting the surrounding calorimeter have low energies; about 30% of such y's 

have an energy less than 0.6 GeV, because the y's hitting the CEMC have to 

carry much larger fractions of the parent ~o energies to clear the p -1 

threshold. 

Figure 5 shows the resulting fake direct-gamma spectrum. This includes 

the fact that the remaining gamma is lower energy (and Pl) than the ~o, giving 

approximately an additional order of magnitude suppression in rate at a given 

Pl. The resulting background is about 1% of the ~o rate at a given Pl. It 

also includes loss of one gamma due to conversions in the target material as 

mentioned in point e. 

Therefore, it is nice to have the surrounding calorimeter as illustrated 

in Fig. 4 but not absolutely necessary. 

Preliminary studies for similar problems due to missing one gamma from n 

decays have been done. These indicate no serious problem above Pl of 1.5 

GeV/c. 

c) Direct photon and accompanying photon(s) 

Multiple y's entering the CEMC with real single-y events are 

estimated to be about 10% of real events. Figure 6 shows the probability of 

direct photon without accompanying photon(s) in either the CEMC or the 

surrounding calorimeter estimated by the LUND (PYTHIA) Monte Carlo. 
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d) 	 Coarse electromagnetic calorimeters Gl 
i and G2 

1 surrounding the CEMC 

will likely be segmented lead-sandwiched scintillators. The 

detector is currently being designed. 

e) 	 Another source of single gamma background from conversions in the 

target 

The target is about 26% of a radiation length and the vacuum shells 

about 4%. As discussed above, the remaining gamma is of lower energy than the 

~o and so the background spectrum is only 1% of the ~o spectrum at a given 

Pl. This is included in Fig. 5. 

The neutral hadron contribution to background will be measured in a sepa-

rate run using the method of Cox et al. S Ten radiation lengths of Pb will be 

inserted in the space between the proportional chambers and the Pb-glass spec-

trometers. The y flux is largely degraded while the neutral hadronic compo-

nent is attenuated only 30% due to interactions in the Pb. This background 

varies depending on the kinematic region and therefore must be subtracted 

separately in each XF and Pi interval. 

The inclusive ~OIS and direct-yls will be carried out simultaneously for 

both AN and ALL measurements. 

E. 	 Polarized 6LiD Tariet 

It was recently established6 that substantial nuclear polarizations can 

be achieved in large targets of 6LiD• To the extent that 6Li t can be viewed 

as a + Dt , fully one-half of the nucleons are polarized in such a material. 

Polarizations of 6Li t and Dt approaching 70% should be achievable in the MP-9 

polarized target, with the addition of a high-frequency (180 GHz) microwave 

source. 
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III. 	Rate and Error Estimate 

Rates for nO and y production have been estimated with the following 

assumptions: 

Primary Beam: 4. 1012 incident protons/spill 

Beam Momentum: 200 GeV/c 

Beam Intensity: 3 x 107/spill with 1 spill/60 sec, and polarization 
= 0.45PB 

Geometrical Efficiency for nO detection = 0.25 

Geometrical Efficiency for y detection = 0.50 

Liquid H2 target: 100-cm long for AN measurements 

Polarized 6LiD target (a + 2p+ + 2n+): 20-cm long for ALL 
measurements 

A) ..!N Measurement 
The invariant cross section for nO production was calculated with the 

parametrization of R. M. Baltrusaitis et ale 7 

f 

2 2where XR = I + Xl' A = 3.12 x 10-27 cm2/GeV2, M = 4.81, N = 8.9.XF 

The results are given in Table 2 for an integrated beam intensity of 1.8 x 

1012 polarized protons corresponding to 1000 hours running time. 

The statistical error in AN is 

Bwhere X = 1 + sand B/S - background over signal ratio. 
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In this case the backgrounds result largely from pairs of uncorrelated 

yls which fall within the nO-acceptance criteria. This backgr~und can be 

estimated from the 2y effective-mass distributions. With X = 1.1 as a reason-

able estimate we obtain the errors hAN given in Table II. 

A similar estimate has been made for hAN in direct-y production. In this 

case it was assumed that the ratio y/no varied from 1/20 at PI = 3 GeV/c to 

1/10 at PI = 5 GeV/c. With the assumption X ~ 1.5 we obtain the estimated 

statistical errors given in Table III. 

B) ~L Measurement 

The double-spin asymmetry measurements require both polarized beam and 

target. The statistical error may be approximated 

/i a 1 
PBPT '-N 

Tot 

here the 'polarization dilution factor' a reflects production on unpolarized 

target constituents. This factor depends not only on the target material but 

also on the kinematic conditions, particularly Pl. To estimate hALL we 

assumed that a ~ 2 to 3 as PI increases from 2-5 GeV/c. For the double-spin 

asymmetry we obtain the errors hALL given in Tables IV and V for pp + nOX and 

pp + yX, respectively. 

SYSTEMATIC ERRORS: 

The systematic errors divide roughly into multiplicative and additive. 

Uncertainties in target and beam polarizations are multiplicative errors. 

Target polarization can be measured to ~ 3% with the principal uncertainty in 

calibration of the nuclear magnetic resonance system which uses the thermal 

equilibrium signal. It is estimated that beam polarization can be calculated 

to ~ 3% from the beam optics. 
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Additive errors which may introduce a spurious asymmetry in the data can 

arise from 

i) changes in beam geometry with reversal of beam polarization 

ii) misalignment of detector components 

iii) changes in gain of spectrometer elements. 

Geometric sources of error associated with either the beam or detector 

can be accurately controlled through frequent cross-checks of counting rates 

with different spin-spin and spin-detector (right or left) combinations. With 

frequent reversals of beam polarization long-term variations in gain will be 

averaged ou t. 

IV) Beam Time Request 

1) 250 hours for beam polarization studies by polarimeters 

2) 250 hours for lead-glass calibration 

3) 1000 hours for AN(ptp + VOX) and AN(ptp + yX) 

4) 1000 hours for ALL (p tp + + VO X) and ALL(P+P + yX) 

vle will be ready to carry out these measurements during the next-fixed 

target period (not forthcoming) and likely before E-704 follow up (two-spin 

hyperon production measurement, to be specified). 

V) Additional Equipment Needs Beyond E-704 

Lead-glass counters, phototubes and bases Serpukhov 

Electronics, mainly fast bus ADC 

and H.V. power supplies (60K + lOOK) Argonne and Fermilab 

6LiD target Argonne, Sac lay, Los Alamos 

Gamma detector surrounding the CEMC Shared by collaboration 

Cables and connectors (signal and H.V.) Fermilab 
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VI Special Remarks 

Energy Upgrade 

We would like to point out the importance of the MP-beam energy 

upgrade. In general, we would like to investigate the energy dependence of 

various reactions studied in E-704 from 200 to 500 GeV/c. We specifically 

describe the advantages at higher energies concerning this proposal. 

i) Direct-gamma production cross section at high Pl increases rapidly 

with energy; from 200 to 500 there is more than a one-order 

increase. This will allow us to cover higher Pl region. 

ii) For the study of gluon spin distribution, we need to cover low Xl 

region (Xl = 2Pl 1;-$) at high Pl and high s. We can reach Xl 

0.3 (at Pl = 5 GeV) at 500 GeV. 

Polarized 7LiH Target 

We plan to propose a similar measurement with a polarized 7LiH target to 

investigate possible differences in effect due to polarized proton and 

polarized neutron. 
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APPENDIX  

ALL Measurement and Gluon Spin Distribution  

We describe here how to determine the gluon polarization by measuring the 

parameter ALL in direct-gamma production, p+p+ + y + X (a polarized beam on a 

polarized-proton target). 

4To good approximations for xl ~ 0.1, 

= 90 0),(ec.m. 

where, nU/U represents U quark polarization, nV/V gluon polarization, and 

A UV in U+V+ + Uy at e = 90 0•LL c.m. 

One can re1ate8 nU(Xl)!U(Xl ), which can be obtained from A1 va1ues. 9 ,10 

A A

A 
UV 

(e = 90 0) = + 0.6 by QCD.LL c.m. 

Thus, we will be able to determine nV(Xl)!V(X l ) by measuring ALL (xF = 0, Xl). 
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Table I 

Parameters and Characteristics of the CEMC 

Lead-glass cell dimensions 

Type of glass 

Total number of cells 

Working area and weight of the spectrometer 

Photomultiplier 

Accuracy in measuring photon coordinate 

At 25 GeV 

At 100 GeV  

Photon energy resolution  

At 25 GeV  

At 100 GeV 

Mass resolution for decaying particles 

Time resolution 

338 x 38 x 450 mm

F-8 

2016 

0.8m2 , 2.5 t 

FEU-84-3 

± 2 mm 

± 1 mm 

± 2.5%  

± 1.5%  

± 8%  

40 nsec gate  
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Table II 

Estimates of Total Number of Events and Corresponding Statistical Errors  

In AN (pp + ~Ox) for 1000 Hours Use of the Beam Time  

PI (GeV/c) Number of Events 

2 - 2.5 0.21 0.1 0.5 7.2 x 106 0.10 

2.5 - 3 0.26 0.1 0.5 1.1 x 106 0.24 

3 - 4 0.31 0.125 1.0 2.6 x 105 0.45 

4 - 5 0.41 0.15 .1.0 1.4 x 104 2.0 

5 - 6 0.52 0.20 1.0 9.3 x 102 8.1 

Table III 

Estimates of Total Number of Events and Corresponding Statistical Errors 

In AM (pp + XX) for 1000 Hours Use of the Beam Time 

PI (GeV/c) t.xF Number of Events 

1052 - 2.5 0.21 0.1 0.5 3.6 x 0.35 

2.5 - 3 0.26 0.1 0.5 5.5 x 104 1.4  

3 - 4 0.31 0.125 1.0 1.3 x 104 2.0  

4 - 5 0.41 0.15 1.0 1.4 x 103 7.5  
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Table IV 

Estimates of Statistical Errors in ALL (pp + ~Ox) Assuming 

1000-Hour Use of the Beam Time 

PI (GeV/c) 	 Number of Events 

72.0 - 2.5 0.5 1.6 • 10 0.15 

2.5 	- 3.0 0.5 2.3 • 106 0.40 

53.0 	- 4.0 1.0 5.5 • 10 1.0 

44.0 - 5.0 1.0 3.0 	 4.0• 10 

Table V 

Estimates of Statistical Errors in ALL (pp + XX) Assuming 

1000-Hour Use of the Beam Time 

PI (GeV/c) 	 n 

2.0 - 2.5 0.5 8.0 	 • 105 0.8 

2.5 	- 3.0 0.5 1.1 • 105 2.7 

43.0 - 4.0 1.0 2.8 	 4.0• 10
34.0 - 5.0 1.0 3.0 	 12• 10 



April 28, 1989 

Addendum to P-678 Update (March 31, 1989) 

Identification of Direct-y Events (page 6) 

We have the following latest simulation results which are somewhat 

different from those described in the earlier update. (Figure 5 is incorrect 

and the associated conclusion is modified as follows: surrounding calorimeter 

is necessary). However, the new results do not change the rate and error 

estimate (page 10) for p1 > 3 GeV/c. 

In Figure A, the ratio of direct y/n° is shown together with various 

backgrounds/n° when the width of the surrounding calorimeter is 30cm. 

In Fig. B the signal (direct y) to noise (total background) ratio is shown 

with respect to p1 • Backgrounds shown in Figure A are: 

i) Oney from n + yy misses the detector 

ii) Oney from n° + yy misses the detector 

iii) Oney from n° is below threshold (0.5 GeV) for detection 

iv) Oney from n is below threshold 

v) Others; one y converted in the target, neutral hadrons such as n, n 

closely spaced two y's from n°, etc. 



''· 

10. 

8. 

6. 

4. 

2. 

o. 

0. 15 

0. 10 

0. 0 . 

0 

N(direct- y) 

N (total background) 

N ( y - obs.) 
N(1r0 - prod.) 

1 2 

Single- y 

3 

Figure B 

Figure A 

Total Background/ 1r0 

--- - --
4 5 

(v) 
-----~(iv) 

~ (iii) 
- - - --

6 PT(GeV /c) 


	Fermilab-Proposal-0678
	Fermilab-Proposal-0678-Addendum 1981
	Fermilab-Proposal-0678-Update 1989
	Fermilab-Proposal-0678-Addendum 1989



