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I. Introduction 

We propose to take 100,000 pictures of a negative beam 

at 100 GeV/c in FNAL 15 foot bubble chamber filled with 

hydrogen. We request to use the beam kicker magnet for 

controlling the number of beam.tracks. Use of the mass 

tagging system is also requested to identify and to locate 

the p and X- beams. The enriched p beam proposed by W. W. 

Neale(~) is also extremely desirable. If the run without 

-

r 


the enriched p beam scheme comes earlier, we prefer the run 

without this scheme rather than waiting for this scheme. 

Because of the large fiducial volume available for the 15' Be, 

the experiment without the enriched p beam device is feasible 

considering the number of events estimated from the recent 

beam survey data~(2) 

Strong interaction physics for pp and X-p at this energy 
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region has not been explored and any physics results obtained 

from this exposure will provide usefullinformation for under­

standing strong interaction physics. In this experiment, we 

study both inclusive and exclusive reactions in'PP and X~P 

interactions. In particular, we investigate the multiplicity 

distributions, and diffractive processes for pp and X-p 

interactions and compare with those in low energy region. 

Our scanning and measuring capability allows us to handle 

the data within 8 months after we finish taking the piotures. 
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XI. Physics Interest 

, , 
'­In this experiment, we study all pp, X-p and n p interactions 

at 100 GeY/c. Our particular interests are in both inclusive 

and exclusive reactions in pp interactions. Data for high 

energy pp interactions are very sparse and only the total 

cross sections have been measured. (3) Many studies(4) for /' . 

-~p interactions have been carried in the lower energy regiona 


We have been studying pp interactions at 7 and 15 GeY/c.(5) 


~ow we extend our study to the higher energy, 100 GeY/c. 


(1). Multiplicity 

.' The multiplicity distributions for pp interactions have , .; 

".;; , 

so far measured up to ,2 GeY/c. (4) We investigate the detail 

feature of multiplicity, the behaviour of (n) /'P and the KNO 

scaling at 100 GeY/c. The prong counting for the 15' BC is 

easier comparing with that for the 30 inch bubble chamber. The 
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multiplicity distribution for y(or nO) is also measured. The 
, 

single y detection efficiency is about 10% for the 15'chamber. . \, 
, I 

(2). Inclusive reactions 

The inclusive reactions for neutral particles such as 


y (or ,,0), xo, f10 are very interesting in the view of 
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We emphasize the adv~tage o~ the large 8is.',bubble oil_bel' 

,: to 'detect the neutral,particle••I 	
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! We also investigate the .ai••inc ••• ' dI.tributioD. ~ro.', 

inclu.iyereact~oD. £or.lowprotoD" tl++,iiAd veotOI' •••01l., 
"', 

: 1. 

(Ia ) 

.......... ',0.++ + MM. (,) 

.......... :Y.c~or· .e.on! + MM, (6) " 

PP - ~, 	p, + MM; 

.' 
where the charaed particle. e.ttted in.backWard heDli~spher. 
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are measured. We ~tteillptto ,u... ,io.1S.-'io.idor..tioa to 
, : 

identify 	slow particle•• 
, . 

The particl.. correl.tio•• ~.r po.itl...., and De••ti.... 'traok~. 

are .1.0 iDVe.ti.ate~. 

(3). Exclusive reaction. 
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TIl. particularintere.t. in·tll••• r •••t'''''' ar•• 
" 

a) elaat:l.c.catteriil.. . 


b) diffraction proc•••• and 


c) A++ ( AN) prodUction. 


'Study of elasti,c, .ca~ter:l.n" i. impO.l"tant ,to .eparate the 
.~.... 

.,.~ "".- ... ;, .. - .. 


ion.l••tic rro• • ~~.t~o .•e.~t.ri.ac;~~'b~; .~~ .. P"qi ..-.t.~ 

. , " ',,' j;" 

, 

> ; ,(It). J.:~ phys:l.cs.-. . 

.... ~.... For a case when tbe enriched p be.. device i. nbt u••dAwe are 
. ..,~. 

, • i 
·2 :~, ,ableto ;'tudyJ.:"p interaction.,at 100 GaV/c in tbe'very .illlilar 

.~ " ',:way •• for pp pbys:l.c •• · .~e .tudy the ,IJIUltiplicity. inclu.$.ve 

reactions' tor nedt.l"al particle••nd exclus:l.ve react:l.on. With 

• part:l.cu1~ e~.:l.. 0., the K-p., 4it~.oti"'.proce••••• , 
. " 

; " 

••• j 

, .'. 
, , 

" "" ' , " 
. :, . , , 

' 

....... " 

" 

.' 

" " 
" ~ ',' 

http:react:l.on
http:exclus:l.ve
http:inclu.$.ve
http:phys:l.cs


III. E;x:,eeriment 

Schematic view of experimental' arrangement is shown in 

Fig. 1. We require the following experimental set up. 

a) Negative charged beam of 100 GeY/c ( : 1") produced from 

the bombardment of 400 GeY/c primary proton (or the highest 

energy practically available) on the external target. If 

the enriched particle beam device suggested by Neale(l) is 

available at the time for this runt we prefer to use this. 

device. The use of this device is expected to improve p 

(lux in the beam by a factor of about 2. 
I 

b) 	 The mass tagging identification using a set of gas Cerenkov 

counters for p and g- with the array of wire chambers in 

front of the chamber to determine the beam position. 

c) .. 	 Beam kicker magnet. The maximum beam'track number is set 

at about 7. 

The reliable mass tagging is most essential for this 

experiment. The miss tagging rate for p is hoped to be less 

than 2". 

Using the latest beam survey measurement(2)t we estimate 

the fractions of p and g- particles in the beam at the chamber. 

The fractions ;Cor p and g- at 100 GeY/c are respectively 0.035 

and 0.025 for the primary proton momentum of 400 GeY/c •. Without 

using .the enriched p beam device, we expect 11,000 pp and 3,800 



K-p interactions from the 100,000 pictures ~ssuming a fiducial 

volume of )OOcm and 7 beam tracks per picture. If the device 

is used, the pp interactions increase by a factor of about two. 

Table'I shows the fractions, the wanted particle numbers and 

the expected total interactions for the above two cases. Table 

II shows the expected topological cross sections and numbers 

of events for ppand K-p interactions. 

We send three persons for about one month for the period 

of this run. If i~is advisable for us to participate with 

the preparation of this run,we consider to send one person 

for a few months before the ·run starts. 



XV.' Allalysis 

Ten. versatile image plane digitizers nth variable 

magnifications of 18 and 40 will be mainly used for both scanning. 

and measuring. These digitizers have been used for the analysis 

of ANL 12' BC pict"res. Other six conventional image plane 

digitizers will be also used for measurements. About 8 months 

is estimated to complete the measurements including the 

remeasurements and the data analysis. 

Program. TVGP-SQUAW, for the ANL 12' BC has been in operation 

at Tohoku University. This will be modified to the PNAL 15' 

BC. If the FNAL program HDm.A. ls8vailable at the tiJlle of the 

data analysis, we will also attempt to use the program. 

The following computers are used for analysis; 

a. 	 TOSBAC 3400 model 21 (PDP 10 equivalent), full time use 


for only Tohoku bubble chamber group. 


b. 	 NEAC 2200 model 700 (Tohon University Computer Center, 


CDC 6600 equivalent). 


Manpower for this data analysis in the Tohoku University 


.group 	is; 

1 Professor 

2 Associate Professor. 

5 Research Associates 

3 Technicians 

4. Graduate Students 


24 Scanners (8 lui! time equivalent) 


--~---~------------""""'-------
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Table t. p and It-fraction and number of 'Wanted interactions. 

" 

(a) mass tagging· 
system 

tit 
(b) mass tagging 

system 'with 
enriched be.. 
device 

Fraction of 
wanted beam 
particles at 

15' Be 

p 0.0)5 0.07" 

It­
, 0.025 0.0 

ttanted 
incident 
tracks for 
100 It pix 

.. 
-p 2"." It 51.8 It 

It"" 
,.. 

17.8 It , 

No.· of 
expected 
total 
interactions 
in )00 cm 
fiducial 
~olume for 
100 It pix 

-p 
.. 

11.1 It 2).6 It 

It­ ).8 It' 

* The values in column (b) are calculated using the j 

fraction estimated byW. W. Neale (See Ref. (1». 
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.. The exp-'ct.d.'topoloaioal·oro•• a.otto. 'for pp interaction.,' 

0-'.' iao.lowateet, ....1.. tba,t ~ .i. proportional to that 

f,or pp iateractton., at 100'GeV/e (PJU,l1,' 156,,197'). 
"',..,--,'" 

" ;,1 .,' 

'. 
. t . '. t" 

.. . 



l 

:* 
.' 

Pri.ary Proton Beam 
:\-\ 

p ~ 400 GeV/c "' o 
Hadron Target 

;,'for B. C. 

Start Sipal 
'" ..

f' p Beam 
Enriched Device 

Iick 
\ Magnet 

Beam 
Monitor 

x-, K,-, P Assip 
Cerenkov Counter 

Mass and Position 
I :::rao. tagging 

8 

•.... 
g 
u 

I 
'" ....•~ ........., 
.5 
u 
U) 

lot•
i 
6 
•lot;: 

.8C. 
.. '1••11,0 

PiS- t Schematic diagraa of .xper~nt 

.. 
-"'"... 



