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This publication is intended to supplement articles appearing else-~
where, in which insufficient space existed for a tabular presentation of
data. To this end, no discussion of detection or analysis techniques appears,
however, a brief description of the experiemnt will serve to elucidate the
raeferences wherein more thorough discussions of the apparatus and physics
topics have been given. The experiment was conducted in 1974~1976 in the

L 3 i1l

M2 beam line at ©NaLl, wnsre it fpllewed che ovriginal "charge 2xchange” axperi-

: ; : - - o
ment measuring differentlal cross sections for the reactions T p»7 n and

(1-4)

T p*qon. The apparatus consisted of two independent differential Cerenkov
counters for tagging beam parcicles, a 60 cam liquid hydrogen target, and a
Pb-scintillator sandwich photon detactor. The detactor generatsd a trigger
whenever the transverse momentum (p;) of the detected photons exceeded a
preset value, and the angular acceptance was varied by arranging the position
of the photon detector relative to the targst. The production of % and n°

. . . - 5~8 )
mesons has been discussed in several rerarences.( ) The data were taken in

three broad angular regions: "90°" (43°-115% center. of mass {c.m.}), "30%

(15°-52° c.m.), and "10°" (2%-20% c.a.). .

The position and emergy of showers found in the detector allowed the
mass of the parent particle to be reconstructed. To determine the invariamt
cross sections, we extracted the number of 7%s (nﬂ} from the mass spectra of
choton pairs (corrected for geometrical acceptance and with empty target

background subtractad). The cross section was then computed by summing the

events in bins of p; and x; according to the formula

E da =< 1 . (-é . 1 . n..r
dp3 ZWPmax) pl) Q'fﬂ,K,p dx“dl'iL




* )
where n_ = T E and E* = energy of ¥ in che beam-target c.m. system
events pl.e o
gL = transverse momentum of T

¢ = monte carlo geometrical efriciency

(at these values of P and %, = (a!/pmax)c.m.)

=23 =
and A} =4.0x 10 target factor invelwing target
oL density, length, and Avogadro's number
p = maximum c. m. nomentun
max
3 = flux of incident particles (correctad for contaminz-

f

tion dua to electrons and misidentifiad pavticlas)
£ £ l

<

> be w, ¥, or protcrm, raspectively.

dx"dpl_ = bin size in X s Py oo

3eam compositions were detarmined by accepting Cerenkov signatures in
which both countars unambiguously identified the beam particle. Under certain
running conditions contaminations existed within a particular signature,
however the known contaminations (shown in Table I) have been removed from the
cross secticns.

The measurements were taken at several P biasesAat each region of
angular acceptance, and for various ruaning periods we employed several
diffarent operating conditions for the Cerenkov counter andé photon detector.
Much could be said comcerning possible systematic effects betwsen the
many data sets, however this requires a fuller discussion than is intended
herein, and the values appearing in these tables are computed using only the
neasured fluxes. As an indication of the expected magnitude of such un-
certainrzies, we have included a 14% point to point "floor" for the uncertain-
ties of each cross section. When the statistical uncertainty exceeds this
value, only the statistical uncertainty appears. Mot included in the point
to point uncertainty is an additiomal 37 uncertainty in normalization, and

A

an uncertaiaty of 3% in the Py scale.

icn ¢of beam haviang Cerenkov Seumters' sigmacura
H
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The data are presented as follows: Figure 1 shows the regions of geo-
metrical acceptance, and where measurements exist. Following 2ce several
tables giving the invarient cross section (in bins of Pys X, for several
incident beams. The small flux of Ki and p requires the widest possible R
bins to be used, and for comparison :t, and p cross sections are also given

in the same intervals. Finally, a series of figures showing the invariant

crass section (for certain p, intervals) 1s »lotrad 2zainst e and aga2in
L

agalast 2 Tor th sloks, tha daza ara nlotted at tha 2

agalast fem. i°F the ac.m‘ 3, nl S -

corresponding to the center and width of a py, X, bin, i.e. the events are

not re—h's:ogrammed.‘ The smooth curves cn the plots serve to guide the
eve, and are the result of a global least squares fit to data for each

beam type at all available energies to the form

~dg A (=)’
=
ap (2.% + =¥

. . The optimum
D 'max)c.n. P

-
values of the parameters &, =", F, ¥ and x, are determined from the it

. 2 2 1/2
whers x_ = {x;_+ (xI’~ xo) and x. = (p,/p

and ares given in Table I. ¥ote that e allows the x, distributien tc

reach a maximum at x #o, and if X, = 0, % reduces to the familiar %p =

2 2 ..1/2 . . - . ; . .
(7 +x; ) . The interpretation of this parameterization is the subject
of Ref. 6.

In conclusion, this report is intended to present the primarr measure-
ments of the experiment (without interpretation or discussion) which are
unforctunately too extansive to be published rapidly. Thus, the maczsrial of
topical interest may be made available immediately to the scientists in chis

fiald for whom the accurate values of the cross sections mav be of intarast.
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BEAM FRACTIONS AND CONTAMINATIONS

)

100 GeV/e
90° 30° ang 10°
Pasitive Beam
—  p  .222 229
T L0197 .0155
= 574 .632
Negative Beanm -
) 0192 L0185 (9%X
< 0212 .0196
T A .828 .871
Table I:

for runs triggering only on an incident beam particle.

Negative Beam _
.0132 (3% )

.0356 (22%7 )

.767

200 GeV/c
90° 30°
Positive Beam
.684 L7162
. + .
L0133 (677 ) .0163
175 .193

L0077 (23%7

.0236

.775

Bean fractions (raztio of unambiguous Carankov signatures/total)

Changes in pressura

settings and optical alignments account for the differencas between beam

. o 0
composition at "90 " and "307".

and 62X7)



TABLE IT

Table II: Values obtained for least squares fit to the form

(1x)F
da n 2 2.1/2
E"‘j = A RS wvhere L (xy + [x“ —xO] )
dp (pytm")
(Fits for x‘\< 0.8).
Beam Particle -ZSA 2 2 F xo N
(Beam momenta fit) (x 10 cm” /GeV?)
GeV
pp 0.312240.015 4.42+0.05 0.0240.00 4.9010.06
(100,200, 300)
= p 0.113+0.015 3.13+0.10  0.14+0.01  5.06+0.06
(100, 200)
+ .
7 p 0.102+0.015 3.2940.10  0.14+0.01  5.00+0.07

(100, 200)

0.8110.04

0.9740.04

0.95+0.04

x2/D0F

306/142
271/132

325/130



FIGURE CAPTIONS

Fig. 1l: Peyrou plots displeving the angular acceptance and regions of daca
collected in E268. Data was collected at three energies: 100, 200
and 300 GeV/c (top to bottom, respectively)., Regions of angular
acceptance are cross-hatched to display the "900", "30°" and "10°"

settings, and bins wherein the cross section is computed are shaded.

I traznsverse acmentum for uss gn tha

~

¢ Symbols denoting intervals ¢

following figures.

- - . ) . o .
Figs. 3, 5, 7, 9, 11, 13 & 15: The invariaat cross section for 7 production

versus X, for the resaction (and at the beam energzy) indicatad in the

heading. The cross secrions are computad in intervals of p, and T

with the symbols of Fig. 2 showing which p, interval is denoted by a
particular symbel. Smooth curves represent the parameterization whose

values are given in Table II,

Fizs. 4, 6, 8 10, 12, 14 & 16: The invariant cross section versus ec o for

the reaction (and at the beam energy) indicated in the heading. The

corraspending to the bin centers of the

oy

points plottad at the

:C.m.

PLs Xy bins of the precading figure. The smooth curves represent the

parameterization given in Tabla II.



REGIONS OF DATA IN E268
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2.16( ,30)E=30
ledd( ,201E«30
1415(¢ 416)E=30
6439( ,89)Ee3]
6:771 +95)E=31

1s00¢
doN3(
beb6 ¢
1.68¢
1.58¢
l1e61¢
J.12¢
3301t
4,771
6465 ¢
4460 (
4,28¢
1e63¢
1.771¢
2e27¢
2.51¢
1831¢
1.84¢

74391(1,03)E=
$435( 4751E=31
3¢56( +50}E=1]
2459¢( (36)E=3]

) for Beam + p =70+ X @ 200 GeV/c

P

1.96¢( J271E=27
7,43(1,04)E=28
4,88( ,681E-28
2.15¢ «30)E=28
241l «30)E=28
ledl( +20)E=28
Se40( +76)E=29
562510 +74)E=29
Se60( 478)E=29

«57)1E=29
e34)E=29
«36)E=29
+36)E=29
«38)E=29

4,061
2443¢(
24591
2.55¢(
2,70¢

1660 o22)E=29
8436(1,17)E=30

9.18(1.,291E=30
1.02( «14)E=29
1,03( 414)E=29
5¢07( 488)E=«30
3,221 L45)E=30
1el7¢ o17)E=20
S5.05( +71)E=30
4,54( ,64)E=30
3,121 +44)E=30
1.91( +27)E=230
8,80(1,23)E=21
4,311 460)E=31
94261(1¢30)E=21
8,25(1:16)E=31
9,30(2,79)E=~31
5.01( ,84)E=31
3,04( ,42)E=3)
1.30( 18)E=31
be81( J65)1E=32



do
E dp3(GeV2
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)for Beam + p — 70+ X (@ 200 GeV/c

P_L(GeV/c) Xi

Eeb 2.8 =410 0,00
0.00 L10

10 ,15

«e30 .40

w60 ,S0

«50 ,L60

248 342 =410 0,00
0.00 .10

«10 ,20

«30 L40

40 ,S0

+50 L60

60 L70

3,2 3.6 =415 0.00
0.00 .10

10 ,20

e30 LS50

«80  L70

3.6 4,0 =.15 ,25
¢35 .88

«55 ,75

4,0 4.5 =415 ,20
+35 LS5

4¢5 5,0 =420 L35

T+

+S58)E=31
024)E=31]
1.86( ,26)E=31
lelé( J161E=3]
9.01tl.26)E=32
4,83( ,68)E=32
4.,03( +6))E=32
3,661 JS51)E=32
S.38( +75)E=32
2.35( +33)Ee=32
1.88( +26)E=32
1.00¢( «420)E=32

1,93¢
1,73¢

1,10( +S0)E=32
8,87(1.80)E=33
6.67(2,00)E=33
6083(1,57)E=32
2466 486)E=33
1434( 467)E=33
9.85(5,911E=34

T-
1.73¢
1.85¢

«24)E=3]
026)E=3]
2¢46( 434)E=31
1o11¢t J1&)E=31
7456911.08)E=32
S.64( TE€)E=32
3e71( ,S2)E-32
4.26( ,60)E=32
4.26(1,28)E=232
2+55( 438)1E=32
1e82( L2€)E-32
1e31( J18)E=32
8§.83( ,96)E=33
9.23(2,01)E=33
1.18( 417)1E=32
9.80(1.37)E=33
4,36( 461)E=33
1.78¢ +25)E=33
2427 +32)E~33
le21( +43)E=33
2415(172)E=34
6.08(1.82)E=~34
2.15(2,16)E=30
2.69(1,35)E=34

P
2.25( ,32)E=31
2.00( ,28)E=3]
1.89( ,26)E=3]
S.47( «771E=32
2.66( (,37'E~32
8,9€6(1,371E=33
4,02t (S&)1E=32
4,571 .,64)E=32
4,01( +S6)F=232
1e02( J14)E=32
S.06(1.01)E=33
1438( +28)E=33
1.08( 44)E*33

7,53(1,05)E~33
8.72(2,62)E=33
7.29(1,46)E=33
1.66( +37)E=33
4.70(2.35)E=36
1,37( .34)E=33
3,38(2,03)E=38

4439(1,10)E=34



£ 4 (cm2

dp3 \GevZ
pL(GeV/C) Ai
1.2 1le4 =405 0,00
0400 .05
«05 ,10
1e4 146 =405 0,00
0.00 .05
$05 10
1.6 148 =405 0,00
0e00 ,05
<05 .10
1,8 240 =e0%5 0,00
0.00 .05
«nS  ,10
¢10 .15
2.0 244 =410 0,00
0400 .10
<10 .15
244 248 =410 0,00
0400 410
2.8 3.2 =410 0,00
0000 ,10
'10  ,20
3.2 3.6 =e10 0.00
0e00 .10
«10 L20
3.6 4.0 =e10 0,00
0.00 .10
©e0 44S =410 L30

-12 -

T+

T-

) for Beam + p — w0+ X @ 300 Gev/c

P
Se.84t 482)E=29
6.61( 93)F=29
S.9&( (A)E=29
1e97( (2R)E=29
2,671 +37)F=29
2443 434)E=25
7¢1511,01)E=30
lellt J16)E=?9
1.17¢ J16)E=29
“eT2( J66)FE=30
3,37t ,56)1E=30
3.67( .S511E=30
3,721 ,931E«30
l.04( ,15)E=30
8.70¢(1,22)1F=31
9.94(1.36)E=31
1.97¢ .28)E=31
24271 (32)E=31
S.47( ,77)E=32
4.671 (66)E=32
308 J43)E=32
1e32¢ (291E=32
l.63¢ ,23)E=32
lelat J161FE=32
5.52(2.05)E=33
S.03t1,18)E=33
7.93(2.86)E=34
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£ do (t:m2
dp3 \GaV2
p, (Gevre)

6 o8 0.00
o8 1,0 0.00
o]0
1.0 1.2 0400
el0
1e2 led =005
»15
1e4 1ot =405
15
1.6 1.8 =405
«15
1.8 2,0 =.0%
15
2.0 2.4 =o10
20
2.4 2.8 =,)0
.25
2,8 3,2 =410
.25
3.2 3,6 =.15
«30
3.6 4.0 =~.15
4,0 4,5 =415
4,5 5,0 =.20

X

«05
«05
.25
+05
+30
.‘0
240
«10
o 45
10
50
+15
«55
.15
+60
»15
15
20
«90
25
99
25
30
+35

p

1.961 .2TE=-27
To43(1,04)E~28
4,531 (64)E~28
2.15¢ .301€=-28
1,75¢ .25)E~28
5.,76( 81)€E-29
3.,63¢( ,511E-29
2.56( 36)€-29
1.24( JITIE=-29
9,86(1.,38)E~30
4,430 J62)E~30
4,33( ,61)E-30
1.,30¢ .18)E=30
1.02¢ ,14)E-30
2,661 ,3T)E-I
1,85( .267€=31
2,851 ,40)E~32
4,20( ,59)€E=-32
4,120 ,58)€=-33
5,81 +87V1E=323
T.01(1,05)E-34
1.37( .34)E=33
4,39(1.10)E~34

Ki—

4.58(1.371E=-28
2.36( +59)E~-28

6.B0(2,72)E~29
5.06( .71)E-29
2.66( ,3TIE=29
1.79( +25)E~29
1.01¢ ,21)E~29
8415(1.14)E=30
847812.20)E~30
2.85( 5TVE-30
1.32¢ +19)1E=30
9.59(1,34)E-31
3.00( +42)E=31
1.38¢( ,25)E=31
4.04¢ ,ST)E=32
$e53(1,44)E=32
1409¢ ,33}E-32

) for Beam + p — w0+ X @ 200 GeV/c

Tt
1.57¢
4.87¢(
LI LY
1.80¢
1.58¢
S.291
4. Ta¢

«22VE=27
«68)E~28
«62)E=-208
«25)E~28
«221E=28
«TAYE=29
268)E~29
1.93( 271E=29
1.63¢ .23)1€E-29
Te49(1,05)E=-30
6471 L911E=30
3.77( ,53)E~30
1.76( +25)E~30
9.70(1,361E~231
4.75( +AT)E-I]
1,84( ,26)E=31
T.2711,02)E=32
4,63( ,65)E~32
9.62(1,35)E~33
1.03¢ ,21)E=-22
2.78( ,42)E~33
1,34( ,67TVE=33

7.20¢1,07)1E=28

2.53( ,S1)E-28

4.,19¢ ,59)1E-29

1.68( ,25)E~29
S«60(1.23)€E-30
3.T4(1,6M1E-30
1.74¢( ,24)E-30
5:591 J7MIE=3)
Jela( .44)1E-I)
1.51¢ ,21)E=31

4423(1,27)E+32

K_
8.11¢(1.30)E-28
4.76¢( T2)E~-28
3.83( .54)E=-28
1456( o39)E~28
1.18¢ .17VE~2A
3.42( JABIE-29
4.11( ,58)E=-29
1e34( (J1ME=29
1261 ,23)F=29
GeBA( ,82)E-30
44340 TONE=3O
1247( L44)E=30
1.29( .18)£=30
4,29( .60)E=~3]
3.94( 55)1E=31
l«08( ,15)E=31
Se48( JITIE-32
3.87( ,58)E=-32
4.67(1.87)E~33
9.00(1.80E~-3)

e
1.40¢
4,03¢
4,.691¢
1.68¢
1.55¢
3.60¢
4.,48(

+20)E=27
«56)E~28
«66)E~28
s 24)E-?8
«22)Ee28
«511E=29
«63)F~29
1.87¢ «26)1E=29
1,92( +27)E=29
7.92(1.111E=30
6,89( +96)E~30
2.90( ,41)E=30
1,641 423)E=30
8,23(1+15)E=3]
4,69( J66)E=3]
1.90( +27)E=3]
6.T0C 294)E~32
4,160 +S8)E=32
1,774 ,18)€=32
1.110 .16)E=3?

2.27( +34)€-33
6,08(1.82)E=34
2.69(1.35)1E-34

-7'[-
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o . 2<P.,< .4
G .4<P,< .8
a . B<P.,< .8
- .B<P 1.0
X 1.0<P,<1.2
© 1.2<P 1.4
v 1.4<P,<1.8
B ].6<P,<1.8
*x 1.8<P 2.0
+ 2.0<P . k2.4
® 2.4<P,<2.8
T 2.8<P;<3.2
3 3.3<P,<3.6
a 3 <P ,<4.0Q
z 4 0<P,;<4.5
c 4.5<P,<5.0
o 5. 0<P ,<5.5
s 6.0<P,<6.5

Symbols Denoting Intervals of Transverse Momentum

[
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[ 193



100 GeV/c

@

- 16 -
i

"1LX
BNL/CIT/LBL

-+

T p2>rm

ﬂ:_:._ LB LU I e L) LA R 4_:_:__*,. LA LA B LU LA L1 LA (A M
> < X

7 _

— Il—\r|]
T 7

Ak

]
:
|

J
TN T N [T TR IR B N TN Wittid b gty et it g

0 e o (o) o —t AN m '

L

q>mu;azﬁ
A_UHUV bp A ol

Fig. 3



-17 -

+X @ 100 GeV/c
BNL /CIT/LBL

T p-2r

"

©
Ju

T __\ T T T Ty T 4_._:__ LY LLE L0 LI PR N 100 A 11101 B 112 1
_ ! /
Ny
X _ _ < -1 ~
s
He .
_r l_ L
| _r/
/[.1
AﬁfI!L!JI O
TN T T R S 1 RN B A 1IN N A A 1T AN B TS T Lo o
& 8 R 3 = & = o
| | | | | | | |
at d }
NN) ¢ [N wu .ﬂ Muﬁuﬂ
s/ op
I t

-
<0
=

l.‘

1C0

80

60

40

20

GCM

Fig. 4



- 18 =

T DT +X @ 100 GeV/c
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pp~>m+X @ 100 GeV/c
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T po>ni+X @ 200 GeV/ce
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T p-n+X @ 200 GeV/c
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pp—mT +X @ 200 GeV/c
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pp-om+X @ 200 GeV/c
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pp=>r'+X @ 300 GeV/c
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