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INTRODUCTION 

We propose the construction of the tagged photon beam shown in Fig. 1. 

It is expected that up to 200 GeV this beam can produce electroµ yields, 

at the tagging target, of greater than 10
8 

electrons per pulse of 1013 

incident protons. The contamination from 7f would be less than a few parts 

in 1000. The photon yield depends on the accuracy to which the photon 

momentum must be known. For a 0.5% measurement of the photon momentum and 

a 200 GeV electron beam, for example, one can anticipate about 3.7 x 105 

photons per pulse in the range 122 GeV to 195 GeV. The beam may be used at 

higher energies but yields fall below the ones just cited. 

With the lead radiator in place and the tagging target removed, one 

has an,.electron beam, useful up to about 300 GeV with a momentum acceptance 

of+ ~4% and resolution of+ ~o.5% if counter hodoscopes are used to measure 

the electron momentum. 
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(A) The Beam

Before going into the.details- of the yield calculations we will

outline the properties and function of each part of the beam. A detailed 

listing of magnets, their locations and functions may be found in Table 1. 

Charged particles produced by protons interacting in the Be target are swept 

away vertically by the following five bending magnets. Photons resulting 

primarily from neutral pious that were produced by proton interactions 

proceed to a lead radiator located 75 feet downstream. At the radiator the 

size of the photon beam is less than about ·0.211 in diameter. Charged par­

ticles of 500 GeV will have been deflected 7 inches so that they will com­

pletely miss the lead radiator. The front edge of the first quadrupole is 

at 90 feet from the primary target. At this point the minimum that charged 

particles have been deflected is 10 inches so they safely pass the side of 

the quadrupole which is 6.5 inches from the center. 

+ -
In.the lead radiator the photons produce e e pairs. The electrons 

are then transported by a three doublet quadrupole system to a tagging 

target located 968 feet from the primary target. ·This beam has three foci 

in both vertical and horizontal plans .. Collimators are placed at the first 

focus to reduce the hadronic component of the beam. At the second focus a 

counter hodoscope is used to measure the electron momenta to a resolution 

of+ 0.5%. The experimental target is placed at the third focus which is 

dispersion free. i�1en a tagged photon beam is desired a tagging target is 

located after the last beam magnet. A bending magnet can be placed immediate­

ly before the tagging target to sweep away low energy charged particles that 

may have been produced in the last few magnets of the beam. Vacuum is re­

quired throughout the beam (except inside the quadrupoles, where helium 

may be used) to reduce problems from particle interactions along the beam. 

There will also be a small energy loss of ...... 1% due to synchrotron radiation. 

This will be compensated for by tuning the various segments of the beam to 

different momenta� decreasing slightly after each bend. 
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One of the design features of this beam is that the·beam spot shape 

caters to the different requirements of the momentum hodoscope, the tag­

ging system and the experimental target at the three locations. At the 

momentum hodoscope the beam is 3.0 inches wide and about 3 inches high. 

A spatial measurement of 0.5 cm horizontally at this point gives + 0.5% 

momentum resolution. At the tagging target the beam spot is 3 inches wide 

and 0.4 inches high at its maximum extent. This size £its neatly into the 

aperture of the tagging magnet. This shape also facilitates the design of 

the tagging system. At the experimental targetthe beam spot is narrow 

and high (0.4 inches x 2.5 inches). It, therefore, allows a good measure­

ment of the horizontal photon direction ,for those reactions where experi­

mental deduction of the vertex position is not possible. It, also, facili­

tates measurement of the parameters of the low momentum recoil protons. 



1
36.2cm Be 01 02 03Q4 

M7 MB M9 MIOOIOOII 012013 H2 Target 

Ft Ml M2 M3 0506 07 OB M4 MS M6 09A F2 098 Togging Torger "'-.. I 

{Collimo1ad'-:\ 
fF=J---,----,--,-=p=r4=r=£l€1;E:lE;r====:::=::;::=::;=�1Bf;3:;i:�:;::=;:::�

{P

;
•�

C

;

ou

;

n

;••�

r

i

)

'\��=;::::;J��§!�
�

������=

/"

�=:=:�Il �===:,Jl ' 
i::iai=i 818 ,r==r=,n ' 3.38' - • 

-'
0
r01rO::rrO,Or-n--O-r

/
-r--1Q:-jt-;Or1:0c110�, --r---.---.-, --,.,--.,-.-, -r=-r---EJOO r--,--,++---OOpO 1 '-T' ..,_,

/
�' .-, --,---,-1--,.-,-\:,-\.--.1 --,-:::::::;:'.--,--::::;::-,-::::;::-,---,--....,.-,---.--,--,1-,.--r--r , 

m � � � / = = .� = = � ,m 

3mm Pb 
I

t 

Bending Angle • 0.752 ° 1.504' 

300 Bev ,TAGGED PHOTON BEAM 

Fig.1 

Legend 

30120 5•l5·120 4-2-240 

-Q--Ot-t--t-:EJ=i----r-----=--

Quadrupole Dipoles Hodoscope Collimator 

I 
� 
I 



Position (ft) 

0 

6 

17 

28 

39 

50 

75 

95 

106 

121 

132 

287 

32C 

332 

344 

479 

490 

Table 1 

TABLE OF MAGNETS, TARGETS AND COLLIMATORS FOR TAGGED PHOTON BEAt� 

Element Name 

Be target 

Radiator 

Ql 

Q2 

Q3 

Q4 

Collimator 

H2 

H3 

Q5 

Q6 

Element Code 

5 - 1.5 - 120 

5 - 1.5 - 120 

5 - 1.5 - 120 

5 - 1.5 - 120 

5 - 1.5 - 120 

3Q - 120 

3Q - 120. 

3Q - 120 

3Q - 120 

5 - 1.5 - 120 

5 - 1.5 - 120 

.5 - 1�5 - 120 

3Q - 120 

3Q - 120 

Field Strength 

14.58 kG 

14.58 kG 

14 .58 kG 

14 .58 kG 

14 .58 kG 

- 6.856

6.856

+ 6.306

+ 6.306

kG/1. 511 

kG/1.5 11 

kG/1.5 11 

kG/1. 5 11

14 .58 kG 

14.58 kG 

14.58 kG 

+ 4. 65 8 kG/ 1.5 11 

+ 4. 658 kG/1. 5"

Function 

Produce y rays 

Sweep p and other 
charged particles away 
from the neutral beam 

Convert y into 

Doublet 

Reject 'IT 

Bend e away from 
initial production 
direction 

Doublet 



Position (ft) Element Name 

506 Q7 

517 QS 

615.3 N4 

627.3 MS 

639.3 M6 

759.3 Q9A 

768,3 p counter 

777,3 Q9B 

834. 3 M7 

856,3 HS 

878". 3 M9 

899.3 MlO 

915.3 QlO 

926,3 Qll 

945.3 Ql2 

956.3 Ql3 

968.3 Tagging target 

Tagging mag A 

Tagging mag B

1122.3 Experimental target 

Element Code 

3Q - 120 

JQ - 120 

5 - 1.5 - 120 

5 - 1. 5 - 120 

5 - 1.5 - 120 

3Q - 120 

3Q - 120 

4 - 2 - 240 

4 - 2 - 240 

4 2 240 

4 - 2 - 240 

3Q - 120 

3Q - 120 

3Q - 120 

3Q - 120 

CEA H mag 

CEA C mag 

Table 1 continued 

Field Strength 

- 4. 530 kG/1. :5 11 

- 4. 530 kG/1. 5"

14.58 kG 

14.58 kG 

14.58 kG 

7. 578/1. s''

- 2. 872 kG/1. 5"

10.6 kG 

10.6 kG 

10.6 kG 

10.6 kG 

- 5.348 kG/1.5"

- 5.348 kG/1.5"

+ 5.15

+ 5.15

kG/1. 5" 

kG/1.5" 

18 kG 

18 kG 

Function 

Double.t 

Produce dispersion 
at p-counter 

Field lens 

Measure the e momentum 

Field lens 

Make achromatic 
beam after Q13· 

Doublet 

Produce tagged photons 

Measure the energy -of 
the scattered e-

I 
0\ 
I 
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(B) The Monte Carlo Calculations

All the Monte Carlo calculations used the theoretical yield pre­

dictions of pions and protons off lead and Be from the thermodynamical 

1 model of Hagedorn and Ranft as calculated by Ranft' s program SPUKJ. The 

2 latest parameters (October 1970) were used. These theoretical extrapola-

tions to high energy are only expected to be good to a factor of two or 

so. As new measurements at high energy are made and the ·extrapolations 

are improved we shall, in turn, update our calculations. 

The electron yield calculations assume the following sequence of 

events: 

a. proton beam passing through Be is attenuated;

b. proton interaction produces a neutral pion which

decays isotropically, in its rest frame, into two photons;

c. the photon intensity is attenuated in the Be by pair production;

d. photons travel to Pb radiator where their intensity is attenuated;

+ -e. photons produce e e ;

f. e loses energy by bremsstrahl�ng (Bethe-Reitler straggling

formula used in the integral relations of Tsai and Whitis3 )

and is deflected by multiple scattering;

g. e goes down beam line if accepted by the transport system.

The pion background calculations assume the following sequence of events: 

a. proton beam passing through Be is attenuated;

b. proton interaction produces a neutron;

c. neutrons are attenuated in passing through the rest of the Be;

d. neutrons travel to Pb radiator where their intensity is attenuated;

e. neutrohs produce negative pious which are multiply scattered and

attenuated while traversing the remainder of the radiator;
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f. the pion goes down beam line if accepted.

Assuming the theoretical yield predictions are correct, these calculations 

are, if anything, conservative. In calculating the electron rate, other 

photon producing processes in the Be liesides neutral pion production are 

ignored. In calculating the � contamination, proton induced proton yields 

in Be were used since there are no thermodynamic model predictions of neu­

tron yields. This is an overestimate at highenergies and small angles, 

since elastic reactions not possible for neutrons are included. 
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(C) The production target and the converter:

0 (1) The production of 1T '.s by protons

One may analytically determine the optimtm1 primary target

thickness. For Be a peak occurs in the relative yields at a thickness 

of 1.21 collision lengths (36.3 cm). The pion background ratio increases 

slowly with thickness. Beyond 1.21 collision lengths the pµoton yield 

decreases because of radiative attenuation. The peak of 1.21 collision 

lengths was therefore selected as the best thickness to use for Be and 

this has been included in the Monte Carlo calculations. 

Be was used in these calculations as the target material because 

of the ease of handling it. It is a metal. It has low collision length 

to radiation length ratio. In fact, this ratio is yet another factor of 

four smaller for deuterium. By using deuterium as target one increases 

the yield of electrons by up to a factor of two while simultaneously 

reducing the pion contamination fraction in the beam by about 15%. A 

factor of 1.47 of this factor results directly from the long radiation 

length of deuterium so that the peak where radiative attenuation starts 

to cut in comes at 1.95 collision lengths (versus 1.21 for Be). A further 

factor of about 1.3 comes from the higher pion yields per collision length 

for protons on deuterium compared with protons on Be. The length of the 

deuterium target would be 1.95 collision lengths or 394 cm. This added 

length poses no problem from the standpoint of the focussing properties 

of the beam. Since the angular acceptance of_ the beam is about 1 mr, photons 

coming from one end or the other of the D2 target would appear to come

from a spot of radius about .08 11 at the centre of the target. This small 

increase in spot size causes only a small loss of events at ·:high energies 

where the effective spot size is small. At low energies, where multiple 

scattering in the target causes the effective spot size to be larger than 
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.0811 there is no loss of rate due to the length of the n
2 

target. 

One expects a gain, over Be, of at least a factor of 2 up to 100 GeV 

and 1.5 at 200 GeV. Because of the small size of the beam the target 

need only be about l cm in diameter. Such dimensions (4 meters x l cm), 

though unusual, seem feasible. The gain in �ate should more than pay 

for the expense of such a target by reducing the required running time 

for experiments using the beam. 

(II) Conversion of y rays into electrons

Lead is used because of its extremely high collision length

to radiation length ratio. This reduces the pion background relative to 

the electrons. 

The Honte Carlo calculations make no thin radiator approximation and are 

therefore good for thick targets. Included in Figs. 2 and 3 are results 

for four radiator thicknesses. These numbers and the more precise results 

for a 200 GeV beam show that the electron yields reach a plateau at about 

0.5 radiation lengths and that the pion contamination fraction appears 

to rise with lead radiator thickness. It therefore seems most reasonable 

to use a 0.5 radiation length (0.29 cm) lead radiator. 
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Electron Yie lds ·and Background Ratio vs Energy and Radiator Thickness 

36.2 cm Be target 0.5 r.l. 
No proton def lection 

2 0 
Energy ( GeV) 

3 0 

0.5 r.l. 

0.4 r. l. 

0.3 r. l. 

0.1 r..l . 
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1 O Fig, 2 2 O Energy (GeV) 3 O
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100 GeV Electrons - 36.2cm Be target 
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(D) The Pion Contamination

The pious in the beam result from neutrons produced by protons

interacting in the primary target. These neut rons cannot be swept away 

from the photon beam heading for the lead radiator. In the radiator the 

neutrons produce negative pions which are transported by the beam along 

with the electrons. There are two ways of keeping this contamination at 

the acceptable level of less than one p art in a thousand. The first approach 

makes use of the fact that the virtual source size at the primary target 

as seen by the beam magnets is muc h larger for the pious than for the elec-
• 

trons. The electrons are produced in the radiator at very small angles 

(~0.1 mr at 206 GeV) from the direction of the photon. They are further 

deflected by a small angle of about the same size by multiple scattering. 

Thus the electrons appear to come from a spot at the primary t arget that 

is not significantly larger than the size of the proton beam (which is 

assumed to have radius of about .04 inches) .. On the other hand, the cross­

section for pi�n production by neutrons in lead remains high at angles sig­

nificantly larger than these. The pions therefore appear to come from a 

much larger spot in the primary target (see Fig. 4). At the foci of the 

beam the electron spot will be surrounded by a pion halo. Thus by using 

collimators at these points one _may reduce the pion contamination. Since 

the pion contamination does not seem t o  be serious at present the colli­

mators are placed just at the edges of the electron spatial distributions 

at each of the foci in order to cut pions without reducing the electron 

yield. The result of the detailed calculation of TI contamination in the 

beam is shown in Figs. 2 and 3. If it turns out that the contamin ation 

•is more serious than we now expect on the basis of theoretical extrapola­

tions to these energies, then these collimators may be tightened 1;1P, thus
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reducing both the pion contamination and the electron yield further. 

If necessary a second method of reducing the background may be used. 

The neutron yields at the primary target fall off more rapidly with angle 

than do thei
l (and hence the resulting photon) yields. Thus by deflecting

the incoming proton beam by a few milliradians a further reduction of 

background is possible, This is the function of the three bending magnets 

located just before the primary proton target. Calculations of the effect 

of a horizontal proton deflection of 2 mr are shown in Fig. 5. 
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Bectron Yields and Background Rotio vs Energy and Radiator Thickness 
36. 2 cm Be target
Proton deflection = 2 mr horizontal
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1 0 Fig. 5 200 
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(E) The tagging �ystem

The tagging system (shown in Fig. 6) is designed with available

Cambridge Electron Accelerator magnets, and operated at a total of 0.25 MW 

power. The tagging target is a 0.5 mm (0.01 r.l.) thick lead sheet. The 

electrons radiate in the target and produce photons. The recoiling elec­

tron is momentum analyzed by a series of magnets. The photon beam proceeds 

unaffected through the magnets to the ecperimental target. From the know­

ledge of the momentum of the electron before and after passing through 

the tagging radiator, the momentum of the photon is deduced. The CEA 

tagging magnets used here consist of t:Ivo H type magnets of the dimension 

48" x 16" x 5 11each, and one C type magnet of the dimension 72" x 10" x 4 11 • 

All of these magnets are presently on the floor of CEA and may be available 

to us. 

The vertical size of the beam spot is + 0.2" at the tagging target. 

The interaction point inside the 112 target, which is 140 downstream from

the tagging target, can be located to an accuracy of± 0.2 11 • Therefore, 

the incident electron direction and the outgoing photon direction are known 

to an accuracy better than 0.2 mr in the vertical plane. 

Behind the tagging magnets there are two proportional chambers to 

m_easure the vertical positions of the scattered electron. This information, 

together with a knowledge of the initial electron direction and energy, 

determines the scattered electron energy, and, therefore, the tagged photon 

energy. The photon energy resolution is shown in Table 2. 
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There are 10 hodoscope counters behind each of the chambers. These 

hodoscopes determine 

a. whether a tagged photon was emitted, 

b. when the photon (or the event) occurred, and 

c. the horizontal position of the incident electron, 

and therefore the horizontal angle e of the emitted photon. 

Forty lead glass counters of the size 2" x 2" x 2011 situated behind 

the hodoscope counters measure the pulse height of the scattered electron 

to reject pions and low-energy electrons. The lead glass counter enables 

an additional n/e rejection of 100, giv.i.ng the total n/e rejection of the 

tagged photon beam to ~10-5. 

E ,_ d i.. • 1 ,  ,. ?OQ G u ' •,1 1- 1 ·w·-lt-1..,, 1u~
8 

xpec,_e . p,,oton y1.e_as 1:or - 1 e. inci-...cn ... c .... cctron energy -� -

electrons/pulse and 0.01 radiation length radiator is 
. . 

5 4 x 10 . If the pri-

mary proton beam energy is 300 GeV instead of 500 GeV, one can obtain the 

approximate e flux rate from Fig. 3 or Fig. 4 by multiplying the electron 

energy by U. 45. 
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Table 2 

ENERGY RESOLUTION OF TAGGED PHOTON 

Energy of Incident electron: 

Energy of 
Scattered Electron 

I 

E (GeV) 

100 

50 

25 

10 

E = 200 GeV 

Bending Angle 
of Electrons 

e (mr) 

23 

46 

92 

I 3 0 

Energy of 
Photons 
E
y 

(GeV) 

100 

150 

175 

190 

+ 1.7%

+ 0.6%

+ 0.5%

+ 0.5%
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