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In NAL Proposal # 144, we described a three magnet system, 

consisting of a forward focussing spectrometer made up of two 

large aperture magnets, Ml and M2, and as6lenoid magnet from the 

PPA to detect the recoil proton. This spectrometer will enable us 

to study seven experimental reactions at the same time with 

high precision. 

We propose here a much scaled down set up which has the 

following features: 

I} We will do only photoproduction of vector mesons and 

pions. 

10 132} We can use either a 500 BeV proton beam at protons/pulse 

to study photoproduction of vector mesons at 200-300 BeV 

or 

3) This spectrometer will enable us to use a 200 BeV 

12proton beam \vi th 10 protorf/pulse to study vector meson 

production at ~100 BeV. 

4) The beam momentum resolution needed is ± 2 % instead of 

±O,5 %. No hodoscopes are needed in the electron beam. 

5) The cost of this system will be about a factor of two lower 

than NAL # 144. 

6) Instead of building another large magnet (M2) for the 

forward spectrometer, we will use two existing CEA magnets: 

3Henry Higgins (120 x 86 x 56 cm and 10 KG maximum field strength) 

3 as Ml and Jolly Green Giant (120 x 150 x 50 cm and 15 KG maximum 

field strength) as M2 (see Figure I). The focussing property of this 

spectrometer is demonstrated in Figure 2. The arrangement of 



- 2 ­

the trigger counter is shown in Figure 3. 

7). In order to distinguish inelastic processes like 

y + p -+ V + 	N* 

~1T+ n 

-?>1T 0 P 

from diffractively produced vector mesons, we propose to 

put 3 wire spark chambers on each side of the LH target (Fig. 4) 
2 

to measure the direction of the recoil protons. This measurement 

results in two additional kinematic constraints which will 

sup~ess events from the above reactions by a factor of more 

2than a thousand for It\>- 0.2 (GeV/c) . The constraint using the 

measurement of the energy of the recoil proton is useful only 

for JtJ< 0.2 GeV
2
/c

2 
therefore is not crucial for the first 

generation experiment and some range system as described in 

Appendix III of proposal No. 144 can be added at a later stage. 
+ . 

8) The flux of e- background from conversion of the primary 

photons in the hydrogen target at different positions in the 

forward spectrometer is shown in Figure S. The maximum yield of 

e± coming off in the forward direction is~106/pulse. We also see that 

the total flux of e± is <lOS/sec for the chambers on the two sides 

and in the back, i. e. at positions 6 and 7. Therefore proportional 

wire chambers will only be used for posi r ions 1 -+- S. The total num',er 

of wires is~Sk. For positions 6 and 7 and for recoil proton detector 

magnetostrictive spark chambers will be used. 

The sizes and locations of all the trigger counters are listed 

in Figures 3, 6 and 7. The functions of all counters except hodos~opc E, 

which is used to select events of a cert,tin opening angle, are 
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described in proposal # 144. 

9) We will take data in two separate runs with different 

trigger systems. 

a) In the first period, the same trigger system as that 

described in proposal # 144 will be used to detect all photo-

production of vector mesons and pions. The logic diagram for the 

trigger is presented in Figure B. 

b) Afterwards we will use a much more s~.~ngent trigger 

system, to select certain types of reactions which have total 

cross sections much lower than o~ . 
y + p .... p + 9 with 1t I ~ •6 (GeV / c) 2 

y + P .... P + p* (m* ~ 1 GeV) 

L> + ­
1T 1T 

.... p + w, .p

L 31T 

.... (nn) + p where n = 3, 4, 5 •.• 

The logic diagram of this very selective triggering: system·is 

shown in Figure 9. 

The physics we can learn with this apparatus is described 

as follows: 

1. 1T inclusive reactions 

The detector is sensitive to the pions in the forward 


going hemisphere in the (y, p) c. m. system, i. e., with the 


Th >Feynman parameter ')(. = '(S o. 

.' 
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The resolution of the transverse momentum and the longitudinal 

momentum for various pion production angles and p~ = 0.2 GeV are 

listed in the following table. 

0rr (mr) 80 50 10 4 

PI1(Gev) 2.5 4 20 50 


± bB.. (MeV) • 7 1 4 10 


±A Ph (HeV) 5 12 60 350 


± b6rr ~l % 6.1 % ~ 1 % ~3 %G; 

Assuming the differential cross-section of '( p ----?w orr + anything 

(at 100 GeV) to be the same analytical form as P + P~ Tt~ 

+ anything (at 30 GeV/c): 

we find the uncertainty in 0" due to measurement error in E--u and P..L is 

The percentage errors for various production angles are also listed 

in the above table. We observe that the resolution is more than 

sufficient for this experiment. 

TI t. t 1 12. . d t t 200 G vi . 
2­

The rate 0 f I even s per 0 1nC1 ent pro ons a e c 1S .~ 

3 x 10 Ihour for the tagged photon energy range from 50 - 100 GoV. 

+0 l" >\;> q 
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+ - + - + ­2. p + ~ ~ , ~ + K K·, high mass vector meson + ~ ~ 

The mass resolution and counting rates for vec~or mesons of 

various masses are listed in tables I and II. The rates per hour 

are calculated using 4 x 105 Y/pul se and 115 em of liquid hydrogen. 

The resolution and counting rates for various vector mesons 

decaying into 3~ are presented in table II. The mass resolution at 

the w mass is 50 % Vlorse (±24 HeV compared vlith ±15 HeV be{ore) 

because the magnetic field strength has been reduced and the energy 

resolution of the beam is worse. We see that the apparatus is 

sensitive to vector mesons up to about 6 GeV. 

4. 9 t w, <jJ 0 complex nuclei 


The resolutions are the same as for those 2) and 3). 




" ." 

OPJ;";RATIO:.JS SCHEDULE 

We 	 have planned the'following sequence of operations: 

1 •. 	Beam construction 

2. 	 Beam studies aimed at understanding and improving 
the beam. 

3. 	Constructions and Tcstipg 0:f the ,;-... tro:::cter whiler.' 

the UCSB group takes da~a on the tot~l hadronic 
cross section, 

4. 	 ~et up of the experimental apparatus 

5. 	Debugging of apparatus. (Mainly parasitic operation, 
distributed suitably in time) 

5
6. 	Main run with 4 x 10 photons/pu1se,5 k/k = ~ 2 It 

a 1 ~ radiation length tagging radiator and 1013 
protons/pulse incident on the production tarqet. 

9 months 

3 months 

6 ,months 

3 months 

200 hours 

500 hours on 
Hydrogen 

200 hours on 
Complex Nuclei 

", ~. 

.'.' .. ' 
: 

http:OPJ;";RATIO:.JS


TABLE I 


a) ttlass Resolution for f -r 2TI as a function of E . 
y 

2
E y 

(GeV) 6m (IvleV/c ) 


SO ±10 


100 ±13 


ISO ±16 


200 ±20 


250 ±24 


The resolution for ¢ -r2k is about 1/4 of these values. 

b) Mass resolution for Va -r2w or 2k (wide angle system) 

E / l>1ass (GeV/c2 ) 2 4 6 8 10 
Y 

2SO ±42 MeV/c ±83 ±123 ±164 ±205 

100 ±83 ±162 ±242 ±323 ±403 

200 ±165 ±324 ±485 ±646 ±807 



TABLE II 

part A 

Number of events/ hour for 1013p at 500 GeV 


i) y"+ 21f, cjl -7 2K, VO -7 21f, 2K 


r-----------------.----------------------------------------------~.~------__r 
Mass of vector meson 

E range (GeV) J 	 246 8 10 
y 

90 - 190 34.9k 788 278 203 107 56 17. 

~--------------~---------------------------------------------------------~ 

ii) 	00, ., VO -7 31f for E = 90 to 190 GeV 
y 

Rate 

Ivlass risolution 
(MeV/e ) 

Mass of vector meson 

00 4 6 

3750 264 254 126 40 

±24 ±26 ±55 ±145 ±250 

Rates 	are in events/hour assuming 

54 x 	 10 tagged photons/pulse and a 115 cm H2 target 

db 8t 2
and dt (f) = 120 e ~b/{GeV/c) 

49 %4 7t~f (.) = e .3.4 jJb/(Gev/c}2 
20 % 

do 8t 	 2
dt (oo) = 13 e /Jb/(GeV/e} 

db (V O ) all branchingdt :::: 
ratios = 1. 0 

~-....--.---------­



TABLE II 

part B 

12Number of events/Soo hours for 10 p at 200 GeV 

,i) ~ + 2rr, ~ + 2K, Va + 2rr, 2K 

2 I'Range in E (GeV)! .t-1ass of vector mass (GeV/e )'y -_......_._--------*. 
y -·-1 

~ 2 4 6 i 
32 - 72 174K 3.9K 1. 4K lK S40 I 

I 
! 

100 ±10 4.3K 100 

...,J 

ii).uJ, <p, Va + 3rr 

Range 

32 

in E 
y 

- 72 

(GeV) , 

w 

19K 

ofMass 

~ 1 

1. 3K 

vector 

2 

1.31\ 

2 mass (GeVIe ) 

4 6 

630 200 

100 ± 

--­ .... , iii!!. 

10 470 
,....~........ 

-­



Figure Captions: 

Fi . 1. The simplified focusing spectrometer for various 

photoproduction reactions. Nlano <'~2 are two existing magnets. 

Some recoil proton detector can be added at later stages. 1), 2), 

3), 4) and 5) are proportional wire chambers. 6) and 7) are wire 

spark chambers or FET chambers. 

Fig. 2. F.ocusing properties of the spectrometer. Particles 

with the same production angle end up at the 3ame point at 

the focal plane. 

Fig. 3. Positions and sizes of various trigger counters, magnets, 

tagging target and LH2 target. 

Fi . 4. Simple recoil proton detector. A range system can be 

added in order to measure the energy of proton, as well as 

the directions at the later stages. 

Fig. 5. The number of e-
+ 

incid0nt on va~ious chambers. 

Fig. 6. DimensiQ1!s of shower counters at positions 5), 6) and 7). 

Shower 4 is used to detect the high mass ~ector mesons and there­

fore is not needed if one restricts oneself just to detect the 

known vector mesons at high energy. 

-_.--- _ .._ .._-_..-_.__.. _---­



Fi~. 7. Dimensions of the trigger hodoscope B, C I D,E. '1'he 

hodoscope E is used to select pairs with wide opening angle or 

high monentum transfer. 

·'Fig. 8. Trigger logic for y p -}- Vp, if + X, etc. 

L)nif 

F'ig. 9. Tri9ger 10~lic for selecting events v.,'ith 10\-1 cross section, 

e. g. yp ~ p + w, ¢ 

I 
J..---..-).3 if 

~ p + V* (m-;: > I GeV) 

I )211 

-)- :=(n 1I ) + p \'li th n 3 or 4 
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