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SLIT SCATTERING IN THE EPICS BEAM LINE
by

Horbert Ensslin and H. A. Thiessen

ABSTRACT

A Honte Carlo calculation of the interactfon of charged particles with

collimating slits was used to simulote the EPICS channel and spectrometer.
The program was applied to the design of collimating jaws [or the channel

and to the selection of event rejection tests for the spectromeler.

It wvas

possible to predict the expected backgrounds of muons, pretons, and slit-

scatterad pions.

1. DESCRIPTION OF PROGRAM

Particles emanating from a targer are simulaved
by choosing rays of rondom position and angle with
respect to a common origin. The rays are traced
through a seriecs of slits, which may be collimating
}auvs, vacoum pipes, or magnet pole tips. The slits
may have rectangular or elliptical apertures, and
may be straight, sloping., or parabolic in eross
section.

Composition of the slits is determined by speci-
fying the radiation iength, collision length, and
energy loss of minimum lonizing pions. The values

used arc listed fo Tadle I.

TABLE I

ATOMIC AND NUCLEAR PROPERTIES OF SLIT HATERIALS.

Collision

Radiation Length Minfmum

Langeh (Hadrons) dE/dx
Material 2 _ecm ) HeVlen
[ 6 i8.9 26.8 4.00
Al 13 8.86 29.3 1.66

Fo 26 1.44 11.8 12.9

U] 74 0.36 7.8 22.6

U 92 0.29 B8.75 20.5

* From N. Barash-Schmidt et al., "Reviev of Particle
Propertics,” UCRL-8030, 1969.

While the particle is inside the slit material, it
is stepped through in steps that are initially 1 sm
in size, but which increase gradually to about 1 ca.
At each step, the particle is ailowed to scatter
about its direction of morion. The angle of scatter
is chosen randomly from o gaussisan distribution of

standard deviation

“V <ai> -21.3%; + & .

where £ = total energy (MeV), p = momentua (MeV),

and :It"d is the distance traveled, in radiacion
lengths. The coilision lengeh sllows for the random
removil of plons due 2o nuclear interactions without
considering specific reactions. As che particle
mocves through the material, its energy is progres-
sively reduced. If the multiple scattering or energy
loss becoaes excessive, the pazticle is discarded.

1f a step carries the ray cut of the glit material,
it is {irst ctraced back to the boundary before pro-
ceeding.

The values o Table I were also vsed for muons
and protons, with two exceptions. Since meons do
not intersct strongly wich nuclei, no collision
length vas uned. Since protons are not minizum-
fonizing in the range of momenta covered by EPICS,
larger values of dE/dx were used.}
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Thin lenses can be introduced ar any boundary

between two slits. They arc of the form

2 1 0 0 Xy

dx dx

dz * -/e, 1By dz ’
[ 0 0 1 60

where x i5 the transverse displaccment, 2z is the
distance along the central ray, & is the deviation
in momentum from the central ray, £ is the focal
length, and D {s the angular dispersion. The matrix
elements correspond to the dominant first-order co-
effictents used by the computer code TRANSPORTZ.
vith the exception that § is rcplaced by tan f.

The random decay of pions into muons and ncu-
trinos is alloved for. In the rest frame of the
plon, the dircccion of the cmitted muon is chosen
randoaly.

electrons, but since this occurs rclatively infre-

Alsc conzidercd is the decay cf muons fnto

quently and involves a three.body final state, the
kinematics arc treated only approximazcly.

It would be possible to simulate the inter-
action physics or the magnet optics more accurately.
Howevor, as Guch computor time as possible s de-
voted to simulating the scattering of particles
This is donc
by ustnp smaller step sizes ancar the cdges of the

which strike slits at grazing angles.

siit and by using step sizes as small as practical,
Figure 1 shows the results of a4 test to determine
Pions of 200 MeV kincttc
energy wero alloved to scrike a large, slightly
curved uranium jaw at grazing fncidence, as fllus-
The encrgy distribution of the

the step size needed.

trated in Fig. 2.
plons that re-emerge from the site is difficult to
prediet exactly, but {t should be a rapidly decrcas-
ing function of encrgy, with perhaps o long tasl.
Figure ] yields such a shape for sufficiently smali
step sizes. Although 0.25 ma sppears to be signi-
ficantly better than 1.0 mo in this test, both sizes
were found to give cssentfally the same resules in
simulating the EPICS channcl. Also, a 1.0-mn step
was found to bo the smallest prac.i ol size in terms

of running times.
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Fig. 1. Encrgy distributien of slic-scattered pions
a3s 3 function of step size inside slit.
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Fig, 2. Geometry of single slit tests.

The program coploys two independent random num-
ber geacrating sequences. One &5 used to generate
nev rays, the other to trace them through slits.
tine of the same set of initial rays can reduce sta-
tistical uncertasinties fn cases where It £8 necessary
to study the effect of o small change in sl

geometry.,
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Fig. 3. Distribution of the maximum depth attained
by pions which re-ecmerged from a slit. Two~
thirds of the pions peanctrated to depths of
less than 0.1 am in U, 0.5 mm in steel.

I1. SINGLE SLIT RESULTS

Initial tests with a single slit, as in Fig. 2,
shoued that the best collimation of an incident deam
is obtained with slightly curved jaws of high 2
material. High Z increases the energy loss, colli-
ston loss, and multiple scattering of a particle
which ente.s the slit. This increases the probabil~
ity that cthe porticle wiil be absorbed or at least
scatterced out of the beam. A small curvature {(sbout
50-em radius) was fuund to be more effective than a
flat surface. This was true even for a perfectly
parallel incident beam, where there was no possibile-
ity of particles passing through a corner of the
sifit. A small curvature allows particles to strike
the slit at a larger angle, which apparently makes
it more difficult for them to scatter out again,

Ic was found that about 1/3 of the particles
which struck the siit ro-ecmerged, Most of these had

penetrated to depths of only 0.1 - 0.5 am into the

slit, as illustrated in Fig. 3. This implies that a
coating of higher Z or lower Z material can signifi-
Although

many particles re-emerged, only 10-3 scattered back

cantly alter the properties of a slit.

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 downatream,
a study of the full EPICS channel was undertaken.

EPICS CHANNEL SIMULATION
The EPICS chanpel consists of four 52.5° bend-
ing magnets and teu pairs of moveable steel or ura-
These must select pions of a given energy

111,

nius jaws,.
range and collimate them into a beam at the scatter-
ing target. Figure 4 {llustrates the positions of
the slits and lenses used to simulate the channel,
and Table I1 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 are point-to-point, with 9.2 co/Z dis-
persion at the scattering targezt.

Horizontal focussing i3 accomplished only by
the fringe fields at the entrance and exit of the
magnets. The focal lengths of the equivalent thin

2
lenses are

A1 _tan (8 - )

fy 0 ’

2 k,8Y2
. o Lt 8in’B BY . 1
O {kl(p) k, ( p) tan B]

where kl = 0.4, kz = 4.4 (clamped Rogowski fringing
field), §/2 » 4,445 ca (half aperture of magnet),
P = 76.40 cm (radius of curvature of the central
trajectory), and B is the angle of the pole face with
the rormal to the ceatral trajectory. ¢ is the cor-
rection to b produced by the fringing fields. Be-
cause of the fringing fields, these lenses should
actually be positioned near the effective fieid
boundary, However, it was possible to reprciuce the
first-order optics and the beam envelope to within
5-10Z2 with the lenses positioned at the actual pole
boundaries.

The production target was simulated by choosing
rays randomly over & 0,2-c2 interval in the vertical

directfon, and over a 3,0-cm interval along the



proton beam. 1In the horizontal direction, a gaussian
Vertical . distribution with a standard deviation of 1.0 cm was
plane 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

Production

torget Scattering

torget the higher order aberrations in the channel optics.

These initial coordinates were then rotated by 35°
and projected down the channel. The initial phase
Herizonto) space was chosen large enough to include all rays

plane

with a reasonable chance of scattering into the

acceptunce of the channel.
Proton sep. Pions and protons were started into the channel

Fig. 4. EPICS channel slits and lenses. 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 + 2ZSLP(Z - 2C) + (2 - ZC)2/2RC.

Composition A b LCLR ICLY ) ZSLPIRY ZSL2(Y) RC{X) pCLY) A(K) ALY)
1 Fe 1520  3RGIC 3841y 3Bel0 V295 WNH35 06000 0s000 5,080 5080
2 Fe 38.10 3Hedu 38,30 3%.30 SU750 N YET ve0O0n 0.000 3.830 34830
3 Fe Jg.30 X X117 49,80 eYedu 53,0000 U000 G000 0,000 1U.000 Se000
4 w 29,00 68,40 (68,90 88,99 N, L0OO Y N.v00 0,0N0 9,556 241069
5 W LT Pl The'Vu 68,93 6890 01,0000 N9 #5720 ©&He720 5+556 20109
6 Fe To490 (37.2C 1690 The%) 06,0000 0e00vn 04000 D000 16000 5+000
7 U 137,20 162,60 169490 149.90 0,UU00 (49000 50000 20,000 116200 5,000
8 Fe 192,60 169.,0 1062460 162.6u 0,0060 6GetoUD veUON 0.000 30.000 5,000
) v 105,19 190450 177,80 177.4u 40,0000 b.0000 20,000 D0.000 50.600 3,400

10 Fe 19090 292.5: 190490 i90eS5y 00,0000 (00O Ls000 0,000 20,000 54000

11 Fe €92e5¢  30245C 24Dy J0Le5HI  £,0000 DeIDUO 0e000 104090 40,000 4,685
12 Fe 302,90 352,50 302:5¢ J02.Lv  B,U0LE  LeDDD0 CeD00 De0UD 60,000 64645
13 Fe 39250 IN2edU 352450 35259 N,uv00 LeOuY Ue0O0 104090 40.000 bobbg
14 Fe 62,50 S5A5.¢90  DRS.D0 H65e50  L,UV00 C.udub 0.600 0,000 20,000 5000
15 u 969,50 YF3.u0 98,90 Gs0a 0,000 (40000 £5.000 00UV 24000 5+000
16 Fe 973,00 5SU0H6 290450 SOHd  S,W000 0.000D v«000 0,000 50,000 5:090
17 U 290,50 595,4¢ 0s00 59J.00 0,0000 U7000 0.600 S0.0vt 30,000 Gebg5
18 Fe 595,30 082410 0424040 De2elr ND,Cu0D 03I ve000 0e0UY 50.000U 50000
19 Fe 062,10 658Z2¢lv 52,10 65H2¢1u D.U00 U.TU00 0.600 10000 30,090 00065
20 Fe 642,10 TN2etv TH2.1U T0Ze:v LU0V G.3VVO 0.000 0.0ut: 30,000 'YYI]
21 Fe IN2,10 11324iC TN2elu  702ein 14,0000 (is1006 2000 104008 3v.000 Gebb§

22 Fe Tid 0D 736,00 734,60 7T36,6v 3,0000 ¢.N0vy 6.000 0.0vu 30,000 5,000

23 Fe T30,60 T3G.0¢ 737,10 737.19 06,0300 Je.uoro e000 0,000 5v.006 5000

24 Fe TI9,00 Th24:0 762410 762,10 00,0000 00000 64000 0.000 %0,000 5.000

25 Fe TudelN TaT4i0 Theao0 To4e6D 00,0000 0,9000 Le00 0.000 13.000 54000

26 Fe 767,10 OB12:0u B12e10 Hl2e10 uoeU0N 009000 V000 0e0ULV DDe000 S¢000

27 Fe Bl2elD B2241L 322410 R22e12 11,0000 e00ULO Ue000 i0s00U J0LeguLO 'YL 11

28 Fe 822,10 B2,1u U210 82410 0,0300 0000 Ue000 0,000 30,000 40685

29 Fe BT2,10 BH2.10 872,16 872,12 t,uv00 0.00u0 Us000 10,000 30,000 44885

30 Fe BR2,10 Y54e6N 956,40 YSuesyu ,Lu0U Ds00U0 0000 0.000 30.000 5000

k)| u Iheg ool Dhveql  YHUHY Veli' G,uv0d Ded0V0 HUL000 0.000 5.000 54000

32 Fe ) 110 YALL10 98le.v u, 000U  [.0000 04000 0,000 SU,000 5,000

33 [} 031610 90eln 0+00 9ARBe6H  u,0v0C 000U 0e000 5H0oVUU 530,00V 1e700

34 Fe V010 J09ueus S04 0 1U9%04 LeubL0C ve00GUO G+000 00UV 30.000 5000

35 U i09%,00 11072.0u 1i00.00 Ue0-1 J,0U0GH 0eGOVD 90eUQG0 0e0U0 164006 50000

k[ Fe 1199400 1110,Gu 1118600 11180 U,0900 ue0000 0000 0,000 50.000 54,000

37 U 1118.,00 ,133.i¢ 0s90 1125.00 9,0000 ueA00D Ue000 S0.000 20,000 3.000

38 Fe $133,00 112,00 1LA2.00 1362409 G,vu00 0.0000 0.000 0.000 30,000 $,000

39 Fe 1162400 J1T72,00 1172400 1172403 0,0000 wePvOD Ue00p 10.000 40,000 40065
&0 Fe 172,00 222.n0 122,00 12220 ULLV0D  (evlwn 0000 0.0L0 40,000 4e665
41 Fe 1222.00 1232e.uu 122200 1222400 0,000 2000 Us000 10000 &0.000 be665
42 Fe 132000 152640t 192800 1524,.00 0,0u00  ved0UP 0.000 0.0G60 50,000 S.000



TABLE IIB

EPJCS CHANNEL LENSES

Noooe1/fx ~1/fy ox DY
11 040000009 ~oddeH? ) 0.900 ).000
12 =,03719>1 9,99309.,2 7.'01 3,009
le 0,09000Jv  L09133.9 Vo0V J.000
19 0,un00390 =,03339 2 0,000 n,000
2] «.y073200 Y )UNTUY wl0,i60 Oe00D
22 0,000009v u936)a? V0V 0,609

Y 040000000 Jud6nIY 0,000 0,000
2H =4n073200L VINBUY )0 =10.:60 V.000
30 040920000V =.00330)7 0en00 0,002
39 0,u00093J .u0133.o 0000 Je000
bl =4yn7109¢ Jav1I09) 16,790 " L)
42 0,000000V = 0048219 0. ’00 D00V

The lenses are positioned between slits N, N-1.

slits and lenses, as described in Part 1. The pions,
slit-scattered pions, muons, and protons which emer~
ged were required to pass through the 20-cm by 8.89-
cm area covered by the scattering target. Slit scat-
tered pions were found to comprise 0.1%Z of all pioms
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), :the above result secemed unrealistically
small. Two methods of simulating the channel aber-
rations were tried. Firstly, each pair of jaws was
set to intercept 5% of the beam envelope defined by
This method yielded a back=-

Secondly, each

the preceding pair.
ground of 0.2% slit-scattered pions.
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
gausslan distribution, whose width was set to re-
produce the 1/2-cm displacements mentioned above.
This method yielded a background of 0.42.

Incident pions of momentum lower than the ac-
ceptance of the channel were not passed., Plons of
higher momentum, up to 35% higher, contributed an
additional 0.2% scattered pions to the 0,47 or less
Jescribed above. The 0.6% siit-scattered pions can=-
not be distinguished by the spectrometer, and will
produce a background at the focal rlane.

This background appears to be concentrated at
the positions of the regular peaks. In other words,

most slit-scattered pions strike the target close to

the position expected on the basis of the 9.2 co/%
dispersion of the channel. As iliustrated in Fig. 5,
histograms of unscattered pions and scattered pions

3

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

10-3, respectively. Of course, the resolution of
the actual channel is much better, since the prog-am
employs only first-order optics, with added aberra-

Howevear, even under the best of circumstan-
4

tions.
ces—an actual channel resolution of 2 x 10 ' and
the same scattered pion width of 4 x 1073 —1¢ wiil
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 1074 of the height of
the main peak) wﬁll blend with the large-energy-loss
radiation tail and with the muons and slit-scattered
plons 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
p:lons.3 In the program, most protons were removed
by the simulated proton separator. The remairder
constituted an additional background of about 0.3Z of
the number of pions.

At 100 MeV, the m:on contamination is about 35%
of the number of pilons. At 200 MeV it 13 25%, and
at 300 MeV it is 20%. This background will not be
serious unless the spectroacster is positioned near
0° K. Seth has studied this case and has found

that the background cannot be reduced even by

2 Y T T T
[ unscattered pions = 1710
2001- EZ2A Scattered pions -

:

3x103 FWHM

Number of Pions
g
]

v
(=]
i

o

-l o 1 2
Deviation from Central Momentum (x 10°2)

pistribution of pions at the scattering
target, projected to the focal plane of the
spectrometer.

Fig. 5.



substantially closinyz the slits. This is because
muons 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 pivns.

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
fifthk 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.

has shown no noticeable increase in the background

Hosever, simulation of these conditions

of alit~gcattered plons 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%.

Movedbdie
slits
Fixed
s
Production
forgst y
']
Collimator '

Fig. 6. Entrance to EPICS channel.

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, 1t will be possible to test each
event to decide 1if its flight path is consistent
with that expected from the magnet optics. Counting
rates will probably be low enough (about 102/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
xl = _xT » (1)

¥y = ¢T/5.048. (2)

{(x is the vertical, momentum—analyzing plane.)

The second and third helical chambars provide Xgs
¥y» 92, 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 f'rst order, the entrance and exit can be
related by
6 = .2384 X, +.2384 x, , (3)
0p = 0, + 2.172 %, - 2,172 Xy s (4)
yr = -.678 Y, = .288 Yy s (5)
¢, = -1.505 y, ~ 3.526 y, . (6)

These equations suggest the following rejection

tests:

1. First helical chamber must fire. From Equations
1 and 2, this is equivalent to testing Xps ¢T to

make sure they are reasonable,
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2. Second and third helical chambers must fire. vergical position correlated to their womentum, as
This automatically eliminates many muons and required by the dispersion of the channel, to within
s.it-scattered pions, at least in the initial a small random errcr corresponding to a resolution
configuration of the spectrometer, where the of 2 x 10-4. Xys ¥ys Xgs Yoo 92, and ¢2 were as—
chambers span only half of rthe exit aperture. signed random ervors based on the chamber wire spac—

3. Deviation from the central momentum § (as cal- ing and expected multiple scattering, as summarized
culated from Eq. 3) must lie within + 5Z, the in Table IV. The particle flight time was assigned

range of the focal plane which the helical cham~ an error of 1.0 nsec FWHM. Histograms cf pions, slit

bers initialily span. scattered picms, and muons were calculated for each

4. 0 at the target (as calculated from Eq. 4) must rejection test. Rejection criteria were set by the
1lie within the acceptance of the triplet, about requirement that each rejected intucrval contain at
+ 100 mrad. least as many muons as plons. Under these conditionms,
5. ¥ at the target (as calculated from Eq. 5) must it was possible to reject about 80% of the muons and
lie within the size of the target, + 4.45 cm. 70%Z of the slit-scattered pions, at a loss of 3 or 4%
6. The calculated exit angle ¢2 (Eq. 6) must agree of the total pions, An example of this is given in
with the measured angle. Equation 6 can be re~ Table: V.

The final ratio of muons to pions was about 3%
at 100 MeV, 7% at 200 MeV, and 8% at 300 MeV, The
variation is due primarily to the time-of-flight re-

written as a test of ¢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-vf-flight between the entrance and the jection test, which is more effective at lower

exit of the spectrometer dipoles must be reason- energles. With a resolution of 1.0 nsec FWHM, time-

able., For 200 MeV pions, this will be 25,0 ns. of-flight was a useful test even at 200 MeV. A re-

The above rejection tests were simulated in the solution cf 2.0 msec was also :ried; this substan-
program in order to eliminate the backgrounds due to tially increased the muon background even at 100 MeV.
slit-scattered pions and muons. Table III lists the Since the spectrum of muon flight times overlaps the
slits and lenses used to reproduce the spectrometer. pion flight time, and extends to both longer and
Again, the optics are good to about 5%. Particles shorter times, it is important to achieve very good
were chosen at the scattering target with their resolution on this measurement.

TABLE 1IIA

EPICS SPECTROMETER SLITS

2A, 2B dgfine the position of the slit along the central trajectory. The half-aperture is A + ZSLP (2 - ZC) +
(Z - Z2C)</2RC.

Composition 74 i3 2C(x) ZCCr) ZSLPtx) 2S5|P(Y) RC(Y) aC(y) a(X) AlY)
1 Fe 32,18 1GU,RA 128,80 1¢5,R3 2,080 A,3028 PR F 17 A VAR 195,241 5e985
2 Fe 104,87 159,62 189,80y 159,600 2, 0rAr A, 3000 Py A 0@ 17,580 14,900
3 Fe 159,67 224,63 274,400 20U,63 22,0020  2,PapR 2,000 F,PA7 17,540 1a,n00
4 Fe 2ad Al 249,62 249,81 DUQ A A EPAF D 300U 1y 222 B PY Ya.M 17,500
5 Fe 2dR.6¢  2QU,67 294 ,.m0 294,60 AP0 A DARS Rt A (L5 1% 14,240 17,501
6 Fe 29U ,h LA, 68 V8O ,A2  FIQ A0 A.POTE S ARG e NG AqvRAA  17,50Pp 14,6
7 Fe 337,40 499,32 499,33 499,34 pg.peau M, 0000 P LT B2 17,9282 14,¢@¢@
8 Fe 496,30 Au@d,TH 899,37 499,3a P, P8f4  2,A00( Wed@P A VAR 11,301 1),u0p
9 Fe 66 T B8P, TA ARA T KB, TU e,pund A Jpge Mt 1,300 SALLPV R,890

10 Fe &5, TU TRhed4 726,402 728,48 ©,0072 g 0020 Py a4, A0 SR, 420 A, A9
11 Fe 720.4¢  Thh 87 ThR S0 Thh,52 ¢,8:0v 2,003 2y P RBC SR, 420 8,R9¢
12 Fe Thha 80 TTo,00 ThheH® Tan.S¢ 0000 A ez 32 (PR QR 421 R, a4y
13 Fe 776,50 841,5¢ RUl,%% 341,58 ¢, @#2¢ 2, 00008 Uy iy ?.70% I8, 74p Q,2mR
14 Fe AU B¢ 996,51 B1Yh,573 Qra,8¢ v, v P 182 4,020 B, RPP IR _Tun 9,208
15 Fe O¢h,5¢ 93h,90 Olh,% 8B1h,5 @,evdg 2,204 U AAB  §R VAP SA, 420 R, B9
16 Fe 916,85 QSh,u83 SBHA,60 9Sh. 60 G,eea0  A,0005 C 00y B PP SR WS¢ f,R890
17 Fe 56,62 1vE2,2% 102,04 JU32, 0% [,0200 22,0008 PRy LA SR,u2e A,B90
18 Fe 113208 1M42,4» 1782, (A32,,7 P,e002 f,2a00 “L A 1@ NA0 QA 420 8,89
19 Fe 1742,70 $1RULIA 124D, (A2, 00 2,32604 20600 LT R PR Wh 1H0 9,208



TABLE IIIB
EPICS SPECTROMETER LENSES

The lenses are positiored between slits N, N-1.

TABLE IV

RMS ERRORS ASSIGNED TO HELICAL CHAMBER DATA

" v 100 MoV 200 MeV 300 MeV
» - b 3 - y [ | by
Ied i 1120Pe co’lémRTa RET YT % (helical direction) .01l cm .01l cm .0l1 cm
B A /1R Tr =2, "1827u5 e ? i A TRAP Yl (3 mm wire spacing) .127 cm 127 em .127 cm
Tev,#112dRe ", 136472 g A2
9 e.:a«m-.-»--.;.:-.-..uwc»_.u1 L Te BB %, (helical diraction) .01l cm .011 cm  .0l1 cm
1A, 220403 A, Ppar2y .. 9,652 [ y., (3 mm wire spacing) .127 cm .127 cm .127 cm
13 0 b Dany T ey oy TE AR S.0R0 2
18 D PF ratanmd 3 702, N, ey 2, a0 92 3.3 mrad 1.8 mrad 1.3 mrad
R LN - PR & SRR N i, "te 1" gAY ") 4.9 mrad 4.1 mrad 3.8 mrad
19 2, ePrplr ey g i%aLy Vg At A Ve AP 2
TABLE V
EPICS SPECTROMETFR REJECTION TESTS
Miss Miss Delta YT PHI2 THIT TOF FINAL
Pass HC2 HC1 REJ REJ REJ REJ REJ Pass
Pions 12 119 45 18 50 41 220 55 69 11 705
Muons 4 239 1 332 31 895 1 305 2 445 708 471 854
Scattered Pions 89 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
This did not signifi-

cantly improve the number of rejected muons.

3 mm to 2 mm was also tried.

Figures 7 and 8 illustrate the simulated momen-
tunm distribution of pions and mucns at the focal
plane after 200 MeV elastically scattered pioas were
traced through the spectrometer. Several satellite
peaks and background tails were produced by the
muons and slit-scattered pions. Since these affects
should scale roughly with momentum, similar back-
gronnds 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 plons early in the spectro-
meter yield muons that look like pions of 1 or 2%
higher momentum, This produces a high .nergy muon
tail and a small satellite peak (Fig. 7), about 2%
of the area of the wmain peak, which may have 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-
flight 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 jn
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Fig. 7. Simulated momentum distribution of pions and
muons at the focal plane of the EPICS spec-
trometer after 200 MeV elastic pion scatter—
ing. +2% to elastic region.
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Simulated momentum distribution of pions
and muons at the focal plane of the EPICS
spectrometer after 200 MeV elastic pion
scattering. Elastic to =557 region.

Fig. 8.

the spectrometer dipoles, there is no error in in-
cluding them with the main peak., The problem will
arise ia 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 (Fig. 8) have been examined down to
55% of the elastic momentum—5 inelastic settings of
the spectrometer. They remain small, 1073 to 1074
of the height of the elastic peak, over this region,

JJ:280(120)

There is no evidence for a pion 'ghost peak' pro-
duced by elastic emergy plons scatteriang from the
walls of the vacuum chamber when the spectrometer
current is set to sample imelastic events., Of

course, a 10-3 or 10-4

parable in size to the radiation tail, but within

background tail may be com—

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 i1s 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 actueal back-
grounds and rejection tests. The data amalysis pro-
gram will base its rejection tests on calculations
of Xps Yo GT, ¢T’ and § 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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