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SUIT SCATTERING IN THE EPICS SEAM LINE

Korbert Ensslin and K. A. Thiessen

ABSTRACT

A Konte Carlo calculation of the Interaction of charged particles with
colllmsting silts was used to simulate the EPICS channel and spectrometer.
The program was applied to the design of colllaatint, Jaws for Che channel
and to the selection of event rejection tests for the spectrometer. It was
possible to predict Che expected backgrounds of unions, protons, 4nd slit-
scattered plons.

I. DESCRIPTION OF PROGRAM

Particles emanating from a target arc simulated

by choosing rays of rundom position and angle with

respect eo a coamon origin. The rays are traced

through a series of slits, which may be collioatlng

Jaws, vacuum pipes, or magnet pole tips. The slits

may have rectangular or elliptical apertures, and

may be straight, sloping, or parabolic in cross

section.

Composition of the slits is determined by speci-

fying the radiation length, collision length, and

energy loss of minioum ionizing plons. The values

used arc listed in Table I.

TABLE I

ATOMIC AND NUCLEAR PROPERTIES OF SLIT MATERIALS*

Material
C

Al

Fc

W

U

Z

6

13

26

74

92

Radiation
Length

cm
16.9
a.66
1.44

0.36
0.29

Collision
Length
(Hadrons)

en
26.8
29.3
11.8

7.8

8.75

Minimum
dE/dK
tteV/cB

4.00

1.66

12.9

22.6

20.5

From N. Barash-Sctwldt et si., "Review of Particle
Properties," UCRL-8O3O, 1969.

While Che particle is ir.sidc the silt material, it

is stepped through in steps that are initially 1 ts*

in size, but which increase gradually to about 1 ca.

At each step, the particle is allowed to scatter

about its direction of notion. The angle of scatter

is chosen randomly from a gausslan distribution of

standard deviation

21.3
rad

where E • total energy (KeV), £ • momentum (tteV),

and t/t . 1* che distance traveled, in radiationrsa
lengths. The collision length allows for the randon

removal of plons due to nuclear interactions without

considering specific reactions. As the particle

snvts through che eaterial, its energy is progres-

sively reduced. If the multiple scattering or energy

loss becomes excessive, the particle is discarded.

If a step carries che ray out of the tilt material,

it is first traced back to the boundary before pro-

ceeding.

The values in Table I were also used for nuons

and ptotons, with two exceptions. Since mums do

not Interact strongly with nuclei, no collision

length was used. Since protons are not alnimuB-

lonUing in che range of momenta covered by EPICS,

larger values of dE/dx were used.
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Thin lenses can be Introduced at any boundary

between two slits. They arc of the fora
40

where £ Is ths transverse displacement, _z is ttic

distance along the central ray, 6 is the deviation

In momentum from the central ray, jf is the focal

length, and 0 Is the angular dispersion. The rjtris

element* correspond to the doninant first-order co-

efficients used by the computer code TRANSPORT ,

with the exception that 0 is replaced by tan 0.

The random decay of plons into nuons and neu-

trino* is allowed for. In the rest franc of the

pion, the direction of the emitted auon is chosen

randomly. Also considered is the decay of nuons into

electron*! but since this occurs relatively infre-

quently and involves a three-body final state, the

kinematics arc treated only approximately.

It would be possible to simulate the inter-

action physics or the aagnct optics sore accurately.

Kovcvcr, 45 much computer tine as possible is de-

voted to simulating the scattering of particles

which strike slit* at grazing angles. This is done

by uiing smaller step sixes near the edges of the

•lit and by using step sixes as anall a» practical.

Figure 1 shows the results of a test to detcrninc

the step size needed. Pions of 200 McV kinetic

energy were allowed to strike a large, slightly

curved uranium Jaw at grazing incidence, as illus-

trated in Fig. 2. The energy distribution of the

plons that re-emerge from the slit is difficult to

predict exactly, but it should be a rapidly decreas-

ing function of energy, ultb perhaps a long tail.

Figure 3 yields such a shape for sufficiently small

step •lies. Although 0.2S na appears to be signi-

ficantly better than 1.0 tan in this teat, both sizes

were found to give essentially the- same results in

simulating the EPICS channel. Also, a 1.0-mm stop

was found to bo the smallest prac'.S.al size in terns

of running times.

-i 1 r —
Iniliol Energy lass.
sJep size per slop

3.3 rnm 6.7 MoV

200 190 180 170 160 ISO
Kinetic Energy of Scoftered Pions (McV)

Fig. 1. Energy distribution of slit-scattered pions
as a function of step size inside slit.

Incident
rays

Slit
cross-section

Fig. 2. Geometry of single slit tests.

The prograa enploys two Independent randan num-

ber generating sequences. One is used to generate

new rays, the othi-r to trace then through slits.

Use of the :samc act of Initial rnyn can reduce sta-

tistical uncertainties in ennus where it Is necessary

to .study the effect of a aaall change in silt

geometry.
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3. Distribution of the maxiisum depth attained
by plans which re-emerged from a slit. Two-
thirds of the plans penetrated to depths of
less than 0.1 • in D, 0.5 mm In steel.

II. SINGLE SLIT RESULTS

Initial tests with a single slit, as in Fig. 2,

showed that the best collinatlon of an incident bean

is obtained with slightly curved jaws of high Z

material. High Z increases the energy loss, colli-

sion loss, and multiple scattering of a particle

which cotes the slit. This Increases the probabil-

ity that the particle will be absorbed or at least

scattered out of the bean. A snail curvature (about

50-cffl radius) was found to be more effective than a

flat surface. This was true even for a perfectly

parallel incident beam, where there was no possibil-

ity of particles passing through a corner of the

slit. A small curvature allows particles to strike

the slit at a larger angle, which apparently makes

it aorc difficult for then to scatter out again.

It was found that about 1/3 of tltti particles

which struck the slit ro-eacrged. Host of these had

penetrated to depths of only 0.1 - 0.5 a» into the

slit, as illustrated in Fig. 3. This implies that a

coating of higher Z or lower Z material can signifi-

cantly alter the properties of a slit. Although

many particles re-emerged, only 10 scattered back

into the phase space of a "target" positioned down-

stream. In order to determine if this ratio would

be substantially Increased by double or triple scat-

terings if there were other slits farther downstream,

a Gtudy of the full EPICS channel was undertaken.

III. EPICS CHANNEL SIMULATION
The EPICS channel consists of four 52.5" bend-

ing magnets and text pairs of moveable steel or uca-

nlua jaws. These Bust select pions of a given energy

range and collimate them into a bean at the scatter-

ing target. Figure 4 illustrates the positions of

the slits and lenses used to simulate the channel,

and Table II lists the dimensions and focal lengths.

In the horizontal plane, the optics are point-to-

parallel, with crossed E and B fields after the first

magnet to separate protons. In the vertical plane,

the optics arc point-to-point, with 9.2 cm/2 dis-

persion at the scattering target.

Horizontal focussing i s accomplished only by

the fringe fields at the entrance and exit of the

magnets. The focal lengths of the equivalent Chin

lenses are

1 _ tan (S
fy p

1 + sln*B
B

where kj - 0.4, k2 - 4.4 (clamped Rogowski fringing

field), g/2 « 4.445 cm (half aperture of magnet),

P • 76.40 en (radius of curvature of the central

trajectory), and B is the angle of the pole face with

the normal to the central trajectory. <i> is the cor-

rection to h produced by the fringing fields. Be-

cause of the fringing fields, these lenses should

actually be positioned near the effective field

boundary. However, it was possible to reprcJuce the

first-order optics and the beam envelope to within

S-10Z with the lenses positioned at the actual pole

boundaries.

The production target was simulated by choosing

rays rindonly over a 0.2-ca interval in the vertical

direction, and over a 3.0-cm interval along the
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Fig. 4. EPICS channel slits and lenses.

proton beam. In the horizontal direction, a gaussian

distribution with a standard deviation of 1.0 cm was

used to choose rays. This distribution reproduces

the proton beam profile in the horizontal direction,

but the width has been increased to simulate in part

the higher order aberrations in the channel optics.

These initial coordinates were then rotated by 35°

and projected down Che channel. The initial phase

space was chosen large enough to include all rays

with a reasonable chance of scattering into the

acceptance of the channel.

Pions and protons were started into the channel

in this manner. They were traced through all of the

TABLE IIA

EPICS CHANNEL SLITS

ZA, ZB define the position of the slit along the central trajectory. The half-aperture is
A + 2SLP(Z - ZC) + (Z - ZC)2/2RC.

Composition
1
2
3
4
5
6
7
8
9

10
11
12
13
14
IS
16
17
18
19
20
21
22
23
24
25
26
27
26
29
30
31
32
33
34
35
36
37
38
39
4U
41
42

Fe
Fe
Fe

w
w
Fe
U
Fe
U
Fe
Fe
Fe
Pe
Fe
U
Fe
U
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
U
Fe
U
Fe
U
Fe
U
Fe
Fe
fe
Fe
Fe

ZA
l'j.2U
38.10
30.30
vj.no
*>8.?U
76.90

1J7.20
1*2.60
165.10
1'tg.bO
292.^0
302.SU
3b2.bO
362. 5>t
36b.50
3/J.OO
9'JO.bU
£<)•>, 91)
o'»2.10
6'iJ.lt)
702.10
7 i«!. 10
'3'».6n
7J'i,bO
7u«!«l"
ft)7, 10
11«J.10
d22.lt
873.10
ana.lo
'>b*.4O
;r>>i.40
031.10
4>JD.IO

;O4«.UO
1439.00
HIM.00
U33.00
1162.OH
>172.00
1222.00

Ih
3R .U
3b. Jo
49.Bt,
60. V0
7(S.'»o

i3/,2C
16*.60
163.* 0
190. lay.
242 .5 :
302.bC

362.3U
5h9«t,b
ii'3.00
b<)u.bO
b95.'iO
b*<J» H
652. 11-
7i)2. ; j
/1 ? . i 0
7.14,01.
73s*.t»o
762.1b
f f, 7 , J ft
012.10
"•?? • 10

HH2.10
4<>4.4fl
9fc4,<i(i
•»H 1 . 1II
•>'»f>. 1 •

109- i .u >
t l O V . u u
i ) i n . u b
.133.uC
1162.UP
1172,MO
• 2 i *2 . *J(?
1232.uu
1524.01'

i'C (*)
38.10
38.30
49.90
68.40
68 . *0
?b.4O

162.bO
l'"'.d»i
190.bO
Jn2.9u
Ju?.bit
352.30
bfiS.sO
bb8«40
9'lO.bO

0.00
o*2.10
t>52.10
702.10
702.10
7.1*. 60
T37.l0
'62.10
'f>4.60
412.10
<)j>2< 10
|}7J, J(|
U72.1G
•»b4.40
46U.au
•»B1 , ju

0.00
1094.UO
1100.00
1118.00

0.00
SU2.00
1172.00
I22^*0U
1222.U0

ZC I r i
38.) 0
3-1. jn
44.,1.1
68.4U
68.70
76.90

144.90
lfiH.oo
1T7.BU

19ii«bO
JOi.'.l>J
JO?.bO
352.5:5

O.o.i
b9il.!nl
h9J.(UI
b<.2. l -
bb2«lu
702.i i"
' 0 2 . i "
734,1,11
737.10
762. lu
764.f<0
812. in
R22.13
872.1.)
8?2.1J
4 5 H , 4 U

O.OI'
481•10

IO9<-.O 1
0.0-1

1118. Pii
112b.00
1162.00
1172.CJ
1222.C:
1222.0"
1524.00

,09b5
,0^50

i),000li
o.boOO
O.OOOO
It,0000
U.UbOO
n.ouoo
1) . 0 J 0 0
0.0000
11,0000
(1,0000
4,Uu00
U.OOOO
0,00011
.'.,0000
n.OOOO
O.CuO'J
O.i'UOO
...0000
>;,oooo
O.oJOO
n.uoon
o.uooo
0.0000
U.OOOO
D.ooon
11, 11 OOu
(I.UOOU
(I.OuOO
!! , 0 0 0 if
u.i iOOO
.;,,OO0C

b. l ibOC
O.UUOO
o.o'Joo
o.uooo
0.0000
O.uOOO
u.boon
O.UOOll
O.HuOd

Z S L J ( T )
• Ob35
• 0 fz>Q

0.1000
."044
.0044

O.dOi'n
0.4000
0.0(100
l i . j f>|)0
0 »OOUO
0..1000
b.ooao
b.Onoo
C.U'JoO
0.0000
0.(1000
U.TOOO
O.O'JOO
u.iuoo
0.0000
d . •! 0 0 ft
U,000u
O.OUl'O
(1.000(1
0.0001,
0.0000
p.0000
(1.0000
U.OOOO
o.oooo
0.3000
.'..0000
O.ilOOO
c.OOuo
'i.OOOO
u.OOOO
u.OOOO
11.11OOO
u . »U0O
C.ilO'Jfi
I..0000
U.OOOO

HC(A)
o.oou
o.oon
o.nno
O.uOO

4 5 . / 2 0
O.OPO

30.000
b.oon

30.000
0.000
0.000
c.ooo
0.000
0.000

2b.boo
0.000
u.ooo
0.000
0.000
0.000
L-, 000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
U.OOO
0*000

SO.000
0.000
o.oon
c.ooo

90.000
0.000
0.000
0.000
0.000
o.oon
0.000
o.oou

p
0
0
0
n

0
T.0

0
J>0

0
10
u

:o
0
0
0

bO
0

to
0

C ( y 1
.000
.000
.000
.000
.720
.000
.000
.000
• 0('b
. 0 0 0
.OOU
. 0 0 0
.OOU
• OOU
,000
.000
.000
.OoO
. 0 0 0
.OOU

lO.OOtt
0
0
0
0
0

iO
0

10
0
0
0

So
0
0
0

so
0

10
0

10
0,

.OKI/
• 0«U
.0110
• OIIU
• OUU
• ouu
,000
.OOU
.000
.0011
,0(M)
.ouu
• ouu
.ouo
• OuO
.000
.000
.000
.000
• 000
.00b

1

b
3

10
b
b

A(X)
.000
.830
.OOU
. b 5 b
.556

16.000

a
30
3 0
90
40
40,
40
9 0 ,

2,
50,

so.
3U.
30,

.200

.000

.ouo

.ouo

.000
• 000
.000
.000
.000
.000
• 000
• 000
.000
,OCi>

Jo.000
90 ,
9 0 ,
90 ,
I X
3 0 ,
JO.
JO,
30.
9 0 .

b.
3 0 ,
3 0 .
3 0 .
1 6 .
bO.
3 0 ,
9 0 .
* 0 .

«u.
4 0 .
9 0 .

.000

.OOli

.000
• 000
.000
• ouo
.000
.000
.000
• OOP
,00b
IOOO

,000
000
000
000
OOU
000
000
000
000

5.080
3*830
5.000
?.169
2*169
5.000
5.000
5.000
3.*00
5*000
• . • • 5
• • • •5
* • **5
5.000
6*000
5.000
• »**5
5*000
*.**5
• .••5
4***5
5.000
5*000
5.000
5.000
5*000
4.4*5
* .* •»
* . * * 5
5*000
5.000
5.000
1.700
5*000
5.000
5.000
3.000
5.000
* . * * 5
* . * * 5
• • •*5
5.000



TABLE I IB

EPTCS CHANNEL LENSES

14
11
is
u
It
21
2?.

zr
2«
30
30
41

-1/fx
0.UO00OOJ
-.0071031
0.00000Ju
O.OTOOD-iJ
-.OO73.?Jt>
O.OOOOuOtJ

o.uonouo
-.0U73£vO
o.JOOOOJU
0.U000-) )J
~«U")71 0*t'
O.O0O00UU

-1/fy
- . 0 )-»n;»
0 . 0 J H) 0

• 0 0 1 J A
- ,O : )JJ - j
J. i ) . )JnO

. J't }b.j

. y 0 0 fa i>
>i • 0 I I 0 u i)
-. in>3io

•U01i3
j .u l ) j JO
-.()r)uii?

' J
, i
, T

>t>

0(*
•17

4 J

JO
) '
» J

j )

1 1

DA
0 . j 01>
7 , ' U ' )
U . .-00
(l.oOO

• 1 0 . t b O
it.OOJ
n.liOO

-10.i60
0.000
O..)00

il . '00

OY
0.000
•1.000
o.ono
0,0(>()
0.000
I I . cna
II.OUO
0.000
0.000
J.000
0.00')
0.000

The lenses are positioned between slits N, N-l.

slits and lenses, as described in Part I. The pions,

slit-scattered pions, muons, and protons which emer-

ged were required to pass through the 20-cra by 8.89-

cm area covered by the scattering target. Slit scat-

tered pions were found to comprise 0.1% of all pions

passed, in accord with the single slit results des-

cribed earlier.

Since optical aberrations are quite large in

the channel (about 1/2-cm spot size at the cross-

overs), ':he above result seemed unreallstically

small. Two methods of simulating the channel aber-

rations were tried. Firstly, each pair of jaws was

set to intercept 52 of the beam envelope defined by

the preceding pair. This method yielded a back-

ground of 0.2% slit-scattered pions. Secondly, each

lens was made to fluctuate slightly in strength for

every pion by adding a small random number to the

focal length. The random number was chosen from a

gaussian distribution, whose width was set to re-

produce the 1/2-cm displacements mentioned above.

This method yielded a background of 0.4%.

Incident pions of momentum lower than the ac-

ceptance of the channel were not passed. Pions of

higher momentum, up to 352 higher, contributed an

additional 0.2% scattered pions lo the 0.42 or less

described above. The 0.6Z slit-scattered pions can-

not be distinguished by the spectrometer, and will

produce a background at the focal plane.

This background appears to be concentrated at

the positions of the regular peaks. In other words,

most slit-scattered plans strike this target close to

the position expected on the basis of the 9.2 cm/%

dispersion of the channel. As illustrated in Fig. 5,

histograms of unscattered pions and scattered pions

have nearly identical widths of 3 x 10~ and 4 x

10 , respectively. Of course, the resolution of

the actual channel is much better, since the prog am

employs only first-order optics, with added aberra-

tions. Howevsr, even under the best of circumstan-

—4
ces—an actual channel resolution of 2 x 10 and

the same scattered pion width of 4 x 10 — i t will

not be possible to distinguish the 0.6% scattered

pions from the resolution function and radiation

tail of the main peak. As long as the channel is

tuned well enough to keep the percentage of slit-

scattered pions small, this background may be ignor-

ed. Pion peaks can be fitted with an empirical re-

solution function that includes most slit-scattered

pions. The remainder (about 10 of the height of

the main peak) will bleed with the large-energy-loss

radiation tail and with the muons and slit-scattered

pions produced in the spectrometer (described below).

The incident flux of protons is estimated to be

about ten times as great as the incident flux of

pions. In the program, most protons were removed

by the simulated proton separator. The remainder

constituted an additional background of about 0.3% of

the number of pions.

At 100 HeV, the nrion contamination is about 35*

of the number of pions. At 200 HeV it 13 25%, and

at 300 HeV it is 20%. This background will not be

serious unless Che spectrometer is positioned n»ar

0° K. Seth has studied this case and hat, found

that the background cannot be reduced even by

250

• 200-

O.
"5 150

u
| 100-
z

5 0 -

L_J Untcett*r*d plont x 1/10

E 3 Scattered pioni

3xlO"S FWHM "

•

, 4 x K)"3 FWHM

_L
• 1 0 1 2

Deviation from Central Momentum (x!0*2)

Fig. 5. Distribution of pions at the scattering
target, projected to thn focal plane of the
spectrometer.



substantially closing the slits. This is because

unions produced near the production target or any of

the crossover points will be refocussed. Closing

the slits located at the crossovers will remove

these muons only in the same proportion that it will

remove picns.

A simulation of the entrance to the pion chan-

nel (Fig. 6) was used to study the design of the

fixed collimator. This water cooled collimator

shields the first moveable jaws from the intense

spray of particles emanating from the production

target. The study predicted that the fixed slits

should be of low Z material in order to reduce the

number of particles scattered back into the opening

between the moveable jaws. Since these jaws define

the solid angle, the fixed slits which precede them

should, ideally, do nothing more than serve as a

heat shield. As a compromise between the need for

low atomic number and high attenuation, the fixed

collimator will be made of stainless steel.

Initially, at .least, the channel will lack the

fifth set of moveable jaws. Some or all of the

other uranium jaws will be encased in steel to de-

crease the possibility of contamination. Even thin

layers of steel will essentially determine the col—

limating properties of the jaws, as described in

Part II. However, simulation of these conditions

has shown no noticeable increase in the background

of slit-scattered pions due to the use of steel

rather than uranium. On the other hand, when one

pair of curved jaws was temporarily replaced by

flat jaws, the background rose by 25-30%.

IV. EPICS SPECTROMETER SIMULATION

In addicion to the background of slit-scattered

pions already present at the scattering target, back-

grounds will be generated by the decay and scatter-

ing of pions in the spectrometer. There are no

special slits in the spectrometer to reduce these

new backgrounds. However, multiwire helical chambers

and thin scintillators will be positioned at the

entrance and exit of the spectrometer dipoles. With

these detectors, it will be possible to test each

event to decide if its flight path is consistent

with that expected from the magnet optics. Counting

rates will probably be low enough (about 10 /sec or

less) to carry out these rejection tests on-line

during the course of the experiment.

The first helical chamber and scintillator are

situated at the image of the spectrometer triplet.

To first order the information available here can

be related to the scattering target by

= ij>T/5.048. (2)

(x is the vertical, momentum-analyzing plane.)

The second and third helical chambers provide x_,

y , 9,, and <(>2 at the exit of the spectrometer. A

second scintillator is positioned near these cham-

bers, and the time difference between the second and

first scintillators provides the time-of-flight bet-

ween the entrance and exit of the spectrometer di-

poles. To I rst order, the entrance and exit can be

related by

Production
lorgtt

Collimator

6 » .2384 x2 + .2384 xx ,

6T - 62 + 2.172 x2 - 2.172

yT = -.678 y2 - .288 yx ,

* -1.505 y, - 3.526

(3)

(4)

(5)

(6)

Fig. 6. Entrance to EPICS channel.

These equations suggest the following rejection

tests:

1. First helical chamber must fire. From Equations

1 and 2, this is equivalent to testing x_, IJL, to

make sure they are reasonable.



2. Second and third helical chambers must fire.

This automatically eliminates many unions and

Si it-scattered pions, at least in the initial

configuration of the spectrometer, where the

chambers span only half of the exit aperture.

3. Deviation from the central momentum 6 (as cal-

culated from Eq. 3) must lie within + 5Z, the

range of the focal plane which the helical cham-

bers initially span.

4. 8 at the target (as calculated from Eq. 4) must

lie within the acceptance of the triplet, about

+ 100 mrad.

5. y at the target (as calculated from Eq. 5) must

lie within the size of the target, + 4.45 cm.

6. the calculated exit angle ij>_ (Eq. 6) must agree

with the measured angle. Equation 6 can be re-

written as a test of <t>T, but in its present form

it is perhaps more obvious that it is a very

sensitive test for large angle pion decay.

7. The time-uf-flight between the entrance and the

exit of the spectrometer dipoles must be reason-

able. For 200 MeV pions, this will be 25,0 ns.

The above rejection tests were simulated in the

program in order to eliminate the backgrounds due to

slit-scattered pions and rauons. Table III lists the

slits and lenses used to reproduce the spectrometer.

Again, the optics are good to about 5Z. Particles

were chosen at the scattering target with their

vertical position correlated to their momentuu, as

required by the dispersion of the channel, to within

a small random errcr corresponding to a resolution

of 2 x 10~ . Xj, yL, x2, y2, 92> and 4>2 were as-

signed random errors based on the chamber wire spac-

ing and expected multiple scattering, as summarized

in Table IV. The particle flight time was assigned •

an error of 1.0 nsec FHHM. Histograms cf pions, slit

scattered picns, and unions were calculated for each

rejection test. Rejection criteria were set by the

requirement that each rejected interval contain at

least as many muons as pions. Under these conditions,

it was possible to reject about 80% of the muons and

70% of the slit-scattered pions, at a loss of 3 or 4%

of the total pions. An example of this is given in

Table: V.

The final ratio of muons to pions was about 3%

at 100 MeV, 7Z at 200 MeV, and 8% at 300 MeV. The

variation is due primarily to the time-of-t'light re-

jection test, which is more effective at lower

energies. With a resolution of 1.0 nsec FHHM, time-

of-flight was a useful test even at 200 MeV. A re-

solution of 2.0 nsec was also cried; this substan-

tially increased the muon background even at 100 MeV.

Since the spectrum of muon flight times overlaps the

pion flight time, and extends to both longer and

shorter times, it is important to achieve very good

resolution on this measurement.

TABtE TIIA

EPICS SPECTROMETER SLITS

ZA, ZB define the position of the slit along the central trajectory. The half-aperture is A + ZSLP (Z - ZC) +
(Z - ZC)2/2RC.

Composition t a
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19

Fe = > 2 , 1 "
Fe Wi.*?
Fe t5*'«6''"
Fe 2.'<J.M-.
Fe »M1).<v/
Fe ?»«,«•

Fe JJ'J.o."
Fe <i«>o.V.'
Fe fruj>.7.'
Fe oSC.7;'
Fe 7<>r.-'U'
Fe 7fjH.Sr

Fe 77*., Sf
Fe A4l.f>7
Fe o^.Sk"
Fe ol»..«5k-
Fe Tth.t**
Fe l'-!3?.<"'
Fe 1'"?./?

150.
?!"'•».

<?*">,

494.

65?.
72<i.
7hh.
77 b .
HU1 .

1 l < 6 .
9)6,

'• ̂  J ? •

1 ^u2.
1 I P O ,

1 I" I.

76^.S«•

1 .'«?,(»•«

•:»,(•««

Ji.PP Tlif

P.er-r.v 17.SPI"
in. we
11 ,i»np

f . (:•)«,»

t'.C'Ov'

ft.

I'.CSltf
fl.SPt-



TABLE IIIB

EPICS SPECTROMETER LENSES

The lenses are positioned between slits N, N-l.

-1/fx -1/fy

7»i*
9 «

15 '
[<; ;•

17-.?

! ° •<

.*1 1

, tr<<

,.•"?•!

' . 'P . -

r 7 / J - . *
? « * « •"
.?•!£ .:»»•

a ".3 3 r*
.->,-,•»:•.,-

;"_/"".«»"

i> r tr. • t ,

• ") 5 ? 7 J ?
•-* t 3fcfc7a

. u • 7 J ;

» >. 7 0 ^ -

ex

' ' . ( ' » !%
I. . K"!-*."

' . . ' • • • ; ' •

' . . < • - • ,

1 - • . • 1 «-•

DV

< , ? ! ? ' ?
^ » P V? C*

>• i'BP

* v*? ,A

• a ,* 31''.

• • • " * ' '

TABLE IV

RMS ERRORS ASSIGNED TO HELICAL CHAMBER DATA

lOOJfeV 200 MeV 300 MeV

K, (helical direction) .011 cm .011 cm .011 cm

y (3 mm wire spacing) .127 cm .127 cm .127 cm

x 2 (helical direction) -Oil cm .011 cm .011 cm

y (3 ram wire spacing) .127 cm .127 cm .127 cm

3.3 mrad

4.9 mrad

TABLE V

EPICS SPECTROMETER REJECTION TESTS

1.8 mrad 1.3 mrad

4.1 mrad 3.8 mrad

Pions
Muons

Scattered Pions

Pass
12 119

4 239

89

Miss
HC2

45

1 332

Miss
HC1

18

31

Delta
REJ

50

895

YT
REJ

41

1 305

PHI2
REJ

220

2 445

THTT
REJ

55

708

TOF
SEJ

69

471

FINAL
Pass

11 705

854

24

An example of the use of rejection tests to decrease the background of muons and slit-scattered pions
associated with 200 MeV elastically scattered pions. Many particles are rejected by more than one test.

Decreasing the y-direction wire spacing from

3 at to 2 mm was also tried. This did not signifi-

cantly improve the number of rejected muons.

Figures 7 and 8 illustrate the simulated momen-

tum distribution of pions and omens at the focal

plane after 200 MeV elastically scattered pions were

traced through the spectrometer. Several satellite

peaks and background tails were produced by the

muons and slit-scattered pions. Since these effects

should scale roughly with momentum, similar back-

grounds will be associated with every inelastic peak

in the pion spectrum.

Most of the muons which pass the rejection

tests appear in three peaks:

Forward decays of pions early in the spectro-

meter yield muons that look like pions of 1 or 2%

higher momentum. This produces a high energy muon

tail and a small satellite peak (Fig. 7), about 2%

of the area of the main peak, which may hnve to be

allowed for during the analysis of weak inelastic

peaks that lie at several percent higher energy than

very strong inelastic peaks. At 100 MeV, time-of-

flighc eliminates this satellite peak.

Early backward decays of pions produce muons

that look like pions of 40-50% lower momentum.

This peak (Fig. 8) could interfere with quasi-elastic

scattering experiments at low energies, but it is

only about 0.1% of the elastic peak in area.

Very late forward decays of pions yield muons

that are indistinguishable from pions. They produce

a peak (Fig. 7) of about 2% of the area of the main

peak and directly under it. Again, this background

cannot be eliminated by line shape fitting of the

main peak. However, since these muons were pions in

300

-200 -

"I 100-

O Pions K I/2O
ZZ2 Muons

FWHM

5xlO' 4

FWHM
7x icr4

20 15 10 5 0
Deviation from Central Momentum (x 10 )

Fig. 7. Simulated momentum distribution of pions and
muons at the focal plane of the EPICS spec-
trometer after 200 MeV e l a s t i c pion scat ter -
ing. +2% to e l a s t i c region.
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0 -5 -15 -25 -35 -45
Deviation from Central Momentum(%)

-55

Fig. 8. Simulated momentum distribution of pions
and muons at the focal plane of the EPICS
spectrometer after 200 MeV elastic pion
scattering. Elastic to -55% region.

the spectrometer dipoles, there is no error in in-

cluding them with the main peak. The problem will

arise in assigning an "effective flight path" to the

spectrometer. This needs to be done whenever it is

necessary to correct the measured pion cross section

for the decay of pions between the scattering target

and the focal plane.

The background tails due to muons and slit-

scattered pions (Fxg. 8) have been examined down to

55% of the elastic momentum—5 inelastic settings of
-3 -4

the spectrometer. They remain small, 10 to 10

of the height of the elastic peak, over this region.

There is no evidence for a pion "ghost peak" pro-

duced by elastic energy pions scattering from the

walls of the vacuum chamber when the spectrometer

current is set to sample inelastic events. Of

course, a 10~ or 10 background tail may be com-

parable in size to the radiation tail, but within

the present statistics it appears to be a smooth

background. The rejection tests have reduced its

size by a factor of five.

Not simulated in the program is a lucite count-

er, situated behind the helical chambers, which will

reject protons. However, the present results should

serve as a reasonable prediction of the actual back-

grounds and rejection tests. The data analysis pro-

gram will base its rejection tests on calculations

of x^, yT, 6T, <j>T, and <5 through fourth order. This

should improve the tests, but on the other hand it

will be more difficult to set the rejection criteria,

since the actual identity of the particles will not

be known.
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