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A PROPOSAL TO STUDY HIGH P, REGION WITH A y=-RAY DETECTOR

ABSTRACT

We propose to use the y-ray detector now being used for Experiment 111
to study high transverse momentum and high energy ﬂo, no and other perticles
and resonances from xiP and PP interactions for center of mass angles from
~ 30° to 110°. ‘

Phase one of this experiment is to study PP = 22 + anything and no +
anything at 300 Gev/c in the Xy, region from O to +0.5 using the same getup as
Experiment 111 in the M-2 beam without any essential change. We belleve that a
100~hour run can provide two important results for understending of phenomena in
~ the high Py region: (1) we will measure high Py events for x, # O (no such infor-
mation is availeble thus far from either the ISR or NAL) and thus determine the
scaling properties of the high Piregion for x # 0, {2) our apparatus is sensitive
to, and should measure, processes such as PP ﬂ'no (2y and 6y ) + anything, o° (3 )
+ anything and £° (éy) + anything, To our knowledge, these are unique features
of this experiment.

Phase two of this experiment is to measure high P. events from ﬂi? and PP
collisions at ~ 200 GeV/c (or highest availsble momentum) in the M-l beam. This
systematic study will require 400 hours running time and will provide important
Information on the differences as well as simlleritles between meson-nucleon and

nueleon-nucleon collision in the Pi regions for x, from O to 0.5.
EXPERIMENTERS: CIT: A. Barnes, K.-W, Lai,-t' J. Mellema, A. V. Tollestrup,
R. L. Walker
‘IBL: O, Dahl, R. Johnson, R. Kenney, M. Pripstein

CORRESPONDENT: J. Melleme

+bn leave from Brookhaven National Laboratory; Upton, New York.




I. MOTIVATIONS ‘ ,

High transverse momentum (Py) phenomena have traditionally been associated
with interactions at small distances. In the case of hadron-nucleon collisions,
high Pireactions provide a tool to probe the structure of the nucleon, in parti=-
cular, to investigate possible constituents of the nlucleon. Recent results of
PP = h + anything from the ISR and PW = h + anything from NAL suggest a ney
phenomenon for Py > 3 GeV/c, namely, the invariant cross section, I = E %gg,

behaves as PI° for Py > 3 GeV/c in contrast with I ~ e Oo% for Py < 1 GeV/e.

This large (4 orders of magnitude for P, =3 GeV/c) increase in cross section at
high Py from the extrapolated low P, region may constitute a new phenomenon

in the hadronic interaction. Theoretical implication from these experimental
Observations are well known, and we will not elaborate here. However, it is
 lmportant to note that experimental cbservations obtalned thus far are confined to
the nucleon~nucleon interaction, and no data from meson-nucleon interasctions

have been obtained. From the elementary quark medel of hadrons, we note that
only (qq) interactions are allowed for producing high Py meson events from '
nucleon-nucleon interactions. Whereas, in the case of meson~nucleon collisions,
(Eﬁ) interactions should play an important role for producing these high P,y

meson events, Therefore we propose a systematic study of high P; events from
meson-nucleon as wvell as nucleon-nucleon collisions at ~ 100 and ~ 200 GeV/e

(or highest available momentum), We shall utilize the y-ray detector used Zn
Experiment 111 to detect high Piand large energy y, 2y, 3y, 4y,..and nyevents for
center of mass angles from ~ 30° to 110°, Tn addition, we propose a short initial
run to study high P, events; produced by 300 GeV/c diffracted protons on hydrogen,

for center of mass angles from ~ 2D9 to llooat the present setup of Experiment 111.
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IT. EXPERIMENT

We propose a systematic study of high P, Y~fay events using both positive and
negative polarities of the M-l beam at two momenta, ~ 100 GeV/c and ~ 200 GeV/c
(or highest available momentum). The energy and direction of high P, is greater
than ~ 2 GeV/c amdx“=(§§§g§) from -0.2 to +0.5, To be more specific, we
believe that this proposed experiment should be sensitive to the following

inclusive reactions:

-JF of Detected Particles

(1) (;i) +P =Y + anything @)
(2) | = x° (2Y) + anything (07)
(3) - M° (2y (33%)) + anything (07)
(4) ‘ =M" (2y (2%)) + anything (07)
(5) = 0O (% = 3y (9%)) + anything  (17)
(6) - ¢® (MY = 3Y(1%)) + anything  (17)
(7) - £° («%° = 4y (33%)) + enything (2+)
(8) ~ 2% (M°° ~ 4Y(6%)) + anything (2*)
(9) . - jets ( * nY) + anything

We should obtain good measurements of reactions (2) and (3). Success of the
others will depend upon their cross sections in the high P, region. We shall
return to this point later. We also expect to collect a lesser number of K

and 5 induced events.

(A) Set-lp

We propose to use the same y-ray detector and 24-inch liquid hydrogen
target as Experiment 11l. The beam requirement for the rate calculastion (see
below) is 2 x 10° particles per pulse (900 pulses per hour). This implies that
this experiment should be done in M~1 beam. The schematic for this experiment is

shown below.
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The hodoscope shower detector of Experiment 111 is especially well suited
for the presently proposed experiment because of its capabilities to measure the
~projected position, the energy, and the mass of a particle decaying into Y-rays.

Mass spectra from a preliminary run of Experiment 111 are shown in Fig. 1.

(B) Trigger

Measurements of total energy deposited in the Y-ray detector will be used as
a part of the trigger to select high P; events. We will set the energy bias for
each element in the ¥ray detector to ensure maximum sensitivity for high Py
particles.

- (C) y-Ray Detector Settings and Rates
A semple rate calculation is shown below for x° production from 200 GeV/c

incident beam momentum, assuming a given s (distance between the center of the
terget and the center of the y-ray detector ) and d (distance from the center of

the y~ray detector to the beam~line)., We consider two settings of the y-rey
detector, one to collect events produced near X, = 0 and one to collect events near
Xy = 0.5. M6 is the laboratory angular aeceptance of the y-ray detéctor, and

Zin is the minimum seperation of two y's from a 7 decay. s is chosen 1o safisfy
Zin S 4 cm, so that single y events are easily distinguished from x° events,

x, 8 VA d 8 E Py Detector Setting

min 1leb A8 0
0 7.3m  6.6cm  0.71m  5.5° $2.7° 3L Gev SGeV/C}{

o
e'Zl.ab = 5.5

0 7.3m  4em 0.71m  5.58° #2,7° s520ev 5 gev/c) Lo = (55° - 115°)

O

0.5 16.6m 4em  0.4%m 1.48° #1.2° 116 Gev 3,,Gev/c}{ = 2.68°

6la.b

O 6* - (300 - 700)

0.5 16.6m 3.5cm 0.47m 2.8° #1.2° 133 eV 6 GeV/ec
Thus two detector settings as shown above will cover the range of interest in

Pi and x, with an overlap region in e* from 5§? - 70°. ’
| I 2T ), anything X x*P - x° + anything,

then one can estimate the rate using the empirical expregsion deduced at x, = O.

If we assume PP = n~ + anything % PP = (

3 26

1 - ¢ &g _ 1.5x§o" o =26 PL/VE
dp P




We obtain the following counting rates at x,= O:

Pi1 Range Events/loo Hours
3-4 GeV/c ~ 7% 10°
4-5 Cev/c ~3x 10°
5-6 GeV/c ~ 10

using 2 x 106 particles per pulse (900 pulses/hour) and & 24~in LH, target.

2
If we assume the same empirical expression can also be applied to x; = 0.5,
we then obtain the following rate at x;, = 0.5. ‘

P1 Range Events /100 Hours
3-4 GeV/c ~ 3,5 x 107 -
4-5 GeV/e ~ 1.5 x 10°
5-6 GeV/c ~5

(D) Run Plans

We propose to run this experiment in the following way. First, we will use
the present setup of Experiment 111 to run PP at 300 GeV/c and concentrate the
effort on getting deta for PP = x° + anything. in the large x, (as well as x, = 0)
region where no experimental information is available from either the ISR or NAL.
Since the detector is not in the béam (clean geometry), one can use ~ 5 x lO6
protons per pulse., Our best estimate is that this run %ill reguire aboﬁt 100 hours
running time to cover x; from O to 0.5 with two settings of the detector as below.

Xy Py Rates/10 hr. ] ' E o
0 3-4 GeV/c ~ 3.5 x 10° ¢,5° 38-51 GeV
& { o’  4-5 GeV/c ~1.75 x 10° 4.5° 51-63 GeV
" Yo . 5-6 GeV/c ~ 10 4.5° 63-76 GeV
0.5 2-3 GeV/e ~1.2x 10° 0.8° ~ 150 GeV
& {o.s 3-4 GeV/c ~ 0.7 x 10° 1.2° ~ 165 CeV
]
ui

0.5 4-5 GeV/c ~ 3 1.65° ~ 170 GeV




6.
Thus, we propose to run at x, = 0.5 for about 70.hours and at Xy = 0 about
30 hours. .
It 1s important to point out that the results from this mini-run will
a3c

answer & very important question, namely, does the scaling of E

depend upon
a7 depend up

%, for PP =¢° + anything?

Since the pion flux in the M-2 beam (where Experiment 111 is presently set
up) is insufficient for this experiment, we propose that the main run should be

performed in the M-1 beam with the following sequence.

Xy Beam 8 Hours Momentum
0 negative 5.5° 100 200 GeV/c
0 positive 5,59 100 200 GeV/c
0.5 negative 2.68° 100 200 GeV/c
0.5 positive 2.68° 100 A 200 GeV/c

Results from these 500 hours runs should establish P; dependences of both
meson~nucleon and nucleon-nucleon collision from x,; = O to 0.5. We then will K
select a lower energy point, say at 100 - 150 Gev/c, to investigate the
s~dependence of the empirical expression. We estimate it also will reguire an
additional 400 hours running time. Thus, we request a total of 500 hours
running time for now and additional time to be requested later. However, if
the results from the first 500 hours run indicate higher cross sections for
either n2P =x° + anything at xu; 0 (comparing with PP = #° + anything) or at
x"¥ O'(comparing with xu= 0), we will consider requesting less running time as

indicated above.
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IIT. CONCLUDING REMARKS f
We wish to point out some important features of this proposed experimeht.

(A) We can detect a large range of stable particles as well as resonances
in the high P_L region. This 1s shown below by assuming that all meson productions
at high P; sre equgl: ‘
Particle (Fraction of

LT Decays Detected) Py range
A x° (100%) 3-5 GeV/c
07(te) - 1° (33%) 3-5 GeV/c
4=0 | 1" (2%) 3 GeV/c
Y 3-5 GeV/c
17(11) w (9%) 3-4 GeV/c
£=0 o (1%) 3 GeV/e
o*(11) | £° (33%) 3-5 GeV/c
£=1 A2 (6%) 3-4 GeV/c

(B) If we assume that all parﬁicles are created with equal cross‘sections
in this wonderful high P, region, beside 7® , we should have a good sensi-
tivity for triggering and detecting 1°, w°, f° and Aéj up to 4-5 GeV/c in P as shown
gbove. To oué knowledgé, triggerigg and detecting high P,, M° and ©° 1s unique
to this experiment. . ' -

(C) Since we will have complete information on single n° events, we will
meke an attempt to isolate the "direct"” single ¥ - ray events from the “"indirect"
single ¥ - ray events (e.g. from ﬂondecay). These direct single ¥ - ray events with
high P, should shed Light on the structure of the nucleon in the time-like region.
| (D) In the high P, region, if high energy multi-y Jets are indeed produced
In the collision, this experiment should have & unique opportunity to detect and

study them.
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(E) The proposed mini-run will study PP = #° + anything at 300 GeV/c
for x = 0 to 0.5 using the present Experiment 111 set up with no essential
changes. It is important for two reasons: a) We can measure invariant cross
sections in the high }?_L region for x, other than zero. This type of experimental
‘data is not availgble either gt the ISR or at NAL, and it is very desirasble to
know 1ts scaling property. b) Results of this mini-run will help us to plan
nore intelligently.our main run for x,, % 0. We anticipate no hardware or
software difficulties in this experiment. Thus, physics results should come out

soon after completion of the run,.
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