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ABSTRACT

A fast plastic scintillator telescope has been set up in order %o
monitor a picn beam in connection with experiments of negative pion
capture at rest in nuclei where the kinematicazl quantities of the exitted
particles are measured using the time of flight technique. The beam tsle-

cope was aple to furnish, by means of its good timing properties and
£ 2 L= L - s

ui

particle-discrimination capabilities, the number and the intrinsic time
dispersion of the pion stopped in the target without muon and electirzon
contamination. A pure electron fast gate signal, very useful to calibrate

neutron and charged particle detectors, was also available.

By studying the effects of the energy degrader material on bota the
time distribution and the intensity of the particles of the incoming team
we have verified that a low energy and a good momentum definition ars two

necessary characteristics of a pion beam for carrying out experimentz in

t

which negative pions are absorbed at rest in "thin" targets.
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l, - INTRODUCTION

In experiments where negative plons are captured at rest in nuclei
and the kinematical characteristics of the emitted particles (neutrons,
protons, deuterons, etc.) are measured employing the time of flight (TCF)

-

technique, the main requirements for the incoming pion.beam are:

o

1) picns of low energy (<30 MeV). This is necessary for two reasons:

1

a) to minimize the thickness of the degrader material that the pions

must go through before their stop in the target;

b} to be far from the maximum of the pien-nucleus total cross section

o’ the glowing down materialj;

good pion momentum definition and high intensity, in order to'‘maximize

n
—

the number of stopped pions;

3) low muon and electron centaminaticn, to reduce the general backzround

in the experimesnt.

While requirement  2) is well satisfied by the modern meson factories,
both requirements 1) and 2) are, simultaneously available only at the Triumf
meson facility. In any case the presence of muons and electrons in the pion
beam is unavoidable because these particles are produced by the deecay in
flight of the pions themselves. Generally, the percentage of the electrons
present in the beams extracted from cyclotrons, 1s comparable with that of
the pions (%). The electron contamination is a source of troubles in
experiments in which the negative pions are absorbed at rest because they
easily simulate pions stopped in the target and because they contribute to

the background of the experimental area.

On the other hand the knowledge of the absolute number of the vpions
stopped in the target and their time (or energy) distribution is an essential
information in these experiments in order to be able to normalize the specira
of the emitted particles, to obtain the branching ratios of the reactions

involved and to calculate the true jitter of the start signal.

() see for instance "Triumf Annual Revort 1975", "SIN Newsletter N°8(1977)"
and the results reported in this revort.
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In order to reduce as much as possible the electron contamination

(o]

o
and to know the number and the time distribution of the stonpe

pion

w

we have set up a beam telescope having the characteristics and the

performances described in this report.

]

2. — BEAM TELEESCOPE

The beam telescope is shown in Fig. 1, The distances between the
detectnrs, their number and dimensicns have been chosen in such a manner

to satisfy simultanecusly the following conditions:

a) to stop the maximun number of particles in the target;

b)
c)

ct
(@]

etect only stopped pions;

chs
9]

have the minimun pion time dispersion between CT2 and the

target.

The TOF measurements of the beam particles (%) is performed by the
CTl (NE1O4, 20x10x1 em®) and CT2 (NE1OL, 20x20x1 em?) detectors. Their
relative distance must be chosen in such a way to obtain a clear separation
between the three components; it depends on the timing resolution of
experimental apparatus and on the energies of the incoming besm particles,
In particular CT2 must be placed before the degrader in order to test the

time ccmposition of the incoming beam anytime it is necessary.

In Fig. 2(a) the TOF spectrum of the incoming beam particles (==)

without aluminium absorber is showm.

The following information can be derived:
- relative percentage of three components Nﬁ:ﬂu:ﬂ = 65%:235:12%
- pion energy at the CT2 positicn 67.7 MeV;

- energy and momentum dispersion 5% and 3% respectively.

The aluminium . degrader is placed after CT2. Its presence causes =

serie of negative effects on the beam intensity and structure which can be

(%) The measurements was carryed out at the LEPC channel of the CERN
600 MeV Synchro-cyclotron (SC).

(%) The incoming beam particles is the beam monitored by the coincidence
CP1xCT2xCAIxXCM2xCA2 .
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evaluated from the following data.

BeA

1) The structure and the intensity of the beam impinging upon the target (z|
whnen the aluminium thickness (6.1 en) corresvonds to the maximum of the
pion stopping rate in the target is shown in Fig. 2(b). As for Fig. 2{a)
the data that can be deduced are:

- relative percentage of the three components N _:N :I_ = Lh%:515:15%;
- picn energy at the CT2 position 68.3 MeV,
- energy and nomentum dispersion 53 and 3% respectivaly,

From a comparison of the two results it is eclear that there is a

drastic reduction of the number of pions incident upon the target

o]
Fay

“ter the aluminium insertion. In our case the loss is of 78
this loss a fracticn of 137 is due to the decay in flight, while a

P

fraction of 659 1

w

due to the scattering of pions by the absorber
nuclei {(moreover must be attributed to the air thickness present

1%
between CT2 and the target and to the thickness of the CM

no
—
.

A further small reduction due to the pion fast discrimination (=%
must be considered: 1t decreases the intensity of the pion beanm
component cf 2%5. Wnen this is added to the reducticn due to the
aluminium absorber, the total loss of the number of pions impinging

upon the target amounts to 803%.

(x) In these measurements a liquid helium target was employed. The helium,
at ‘atmospheric pressure and at 4 K temperature, was filling a cylindrical
c€ll having 2 cm of thickness and 20 cm of diameter. The total thickness
of the mylar windows surrounding the target was 1.2 mm thick. The helium
gas consumption of the target in stable work condition was only of 280 Vh.

() This operation, which is described in the next paragraph, allow to seiect
optionally anyone of the three beam components.
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2)

The kinetic energy distribution that the pions stopped in the target

get
exhibit at CT2 and just bafore entering in the target are shown in
() g o
Fig. 3 and 4 respectively (z). The large loss in energy definition
&g I J £ £l
of the pions stopped in the target, after the insertion of the alu-

minium degrader, increases the intrinsic pion time dispersion which

from 170 psec (FWH!1) becomes 560 psec (FWHM) at the target position.

When the TOF technique is used to determine the energies of the particles

produced by the pion absorption in the target, the relative error
associated to the energies the detected vparticles is given by the

formula:

(g
—
e

At
= t

« £(82)

1 . i ) 4 i . el - 5 D
where t is the TOF of the particle, f{8<) a function of B% and

. At the start-stop time indetermination. In our case, the larsge wvalue

of the intrinsic pion time dispersion at their target arrival, increases

the total start time indetermination up to 610 psec in spite of the
fact that the electronic start time indetermination of our beam te-

lescope is 250 psec (z==x),

Another negative consequence of the large energy dispersion of the
pions emerging from the aluminium degrader is a further 50% reduction
of the number of pions stopped in the target, so that we are able to

stop only 10% of the pions present in the incoming beam.

(sex)

These energy distributions have been deduced from the TOF spectra and
taking into account the energy losses suffered by the pions in air,
@n the scintillator material and in the aluminium degrader.

The electronic start-stop time indetermination of our beam telescope
for electrons is FWHM = 350 psec. If we assume that it is the same

for the start and stop, the electronic start time indetermination can
be evaluated to be 250 psec.
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In order to limit as much as possible the losses discussed zbove and

to get rid of the rmuons, produced by the pion decays in flight, sirmlat-
inz pions stopped in the target, the set of detectors CT2, CAl, C!12 and
CA2 must be as much close to each other as possiblzs. In particular,
either the distance betweea CM2 and CA2 (%) and the thickness of CM2

must be minimized.

The detectors CAL (NE110, 20x30x0.5 cm®, $10 cm) and CM2 (NEL1O,
10x10x0.05 cma) are geometrically placed in such a way that CM2 works
as a coincidence counter while CAl works as an anticoincidence counter.
This combination selects particles of the beam of well defined trajec-
tories, so that one can neglect their flight path differences between

CT2 and the target.

On the other hand the electrons of the beam scattered from the aluminium

2

and striking the light pipes of CM2 are detected through.@erenkov
radiation, These electrons also escape CA2 and then simulate a particle

stopped in the target. By means of CAl it is possible partially to
he

reject t electrons by choosing suiteble dimensions for CAl. In the
Fig. é{a) and 5(b) the time distribution of the particles stopped in
the target (x=z) are shown. We can see the electron peak near the pion
peak. The exact knowledge of this particular electron contamination is
necessary to normalize the measurements to the true number of stopped
pions, since it is 6% and 31% in two cases respectively, and therefore

not negligible.

The CA2 detector (NE110, 41x21x0.5 cm3, @7 cm) selects the beam on the
target and the anticoincidence CA3 (NE1O4, 30x20x0.5 cm3®) rejects the

particles that are not stopped in the target.

(#) CM2 can be put near to CA2 up to the point that the charged particles
produced in the target and going out through the hole of CA2 are not
intercepted.

(#x) The incoming beam used to obtain the Fig. 5(a) is shown in Fig. 2(a),
while that one relatlve to Fig. 5(v) is a beam having N N N, = L64
:6%:48% and T = 101.0 MeV.
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3. = ELECTRONIC ARRANGEMENT

T

In Fig. 6 the block diagram of the electronics is shown. The timing
circuit, already described in ref. 1, for both CT1l and CT2, consists of
two U473 constant fraction timing diseriminators, two shaper cable timed
+

on

s bdiaw

and one mean—-timer. It is used to get the beam particles time distribut

The fast discrimination between the three beam components is performed

y

circuit: by using & long distance between CT1l and CM2

-
o
(0]
| et
(]

by means o
(521 cm

nsec) we have obtained the coinecidence curve shown in Fig T. Such curvse

a

—

and high resolution discriminators (FWHM of the ocutput signel = 2

does not resolves the three beam components, but it is clear that checosing
different values of the delay used in the coincidence curve within the
range 24-41 nsec, one can discriminate different components of the inccming

beam. In the same figure the evaluated contribution of the threse components

of the beam entering in the target are rapresented by the dotted lines,

By enabling the ORTEC U457 time-to-amplitude converter with the CT1xCT2:
xCM2xCA2 (%) output signal we have obtained the resulte shown in Fig. 3 in
which the three components of the heam are well discriminated from each
other. Then, with an easy changement of a delay value, we can realizs a
fast gate signal depending either from the electron component or the zion
component (with a small muon contaminaticn) of the beam. As it is reported
by several authors, the electron fast gate signal is very useful to czlib
the neutron and charged particle detectors (left-right pulse height egusalize
electron equivalent threshold setting, etc.) and to compensate their sutput

signal time differences (ref. 2).

By gating the ORTEC 457 time-to-amplitude converter with the CT1lx{T2x

xCM2xCA2xCA3 output signal, we have obtained the time distrivution e +the
pions stopped in the target (see Fig. 5(a) and 5(b)). When the pion fz3%

discrimination is introduced, electronically the mucn and electron ccatamines

are almost completely eliminated as it is shown in Fig. 5(c).

means "not",and CM2 = CAIxCM2.

(x) The symbol
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a) without aluminium absorber; . |
b) with the aluminium absorber thickness (6.1 cm) corresponding
to the maximum of the negative pion stopping rate in the

target. |

Kinetie energy distribution, at the position of the CT2 counter,

of the pion stopped in the target.

4% (FWHM) /2(EVERAGE VALUE) = 37%.
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Kinetic energy distribution, at the position of ti

L

of the pion stopped in the target. AT/T = 50%

TOF spectrum of the pions stopped in the target with the aluminium
thickness corresponding to the maximum of the negative pion
stopping rate in the target. The ORTEC 457 was enabled by the
CT1xCT2xCM2xCA2xCA3 cutput signal:

! 2 W

a) pion fast discrimination not used. The incomingz beam partizles

is that shown in Fi

no

b) pion fast discrimination not used. The incoming beam particles
had the following characteristics
N :N :N = L463%:62:48%, T_ = 101.0 MeV.
T u e w

¢) as a) but with the pion fast discrimination in operation.

Block diagram of the electronics. The symbol D means delay.

Fig. 7 - CT1xCMZ2 coincidence curve. The experimental points are fitted by

F

i

hand.

z. 8 - TOF spectrum of the incoming beam particles with 6.1 em of aluminiw
b o ®

thickness. The ORTEC 457 was enabled by the CT1xCT2xCH2xCAZ output
signal and the particles fast discrimination was used:
a) pion fast discrimination. It corresponds to a delay value of

29 nsec in the CT1xCl2 coincidence curve. The percentage of the

three beam components are NU:IT“:Ne 91%:9%:0%;

o
<
-



muon fast discrimination. The delay value is 33 nsec and the

percentage are NH:HU:Ne = 12%:78%:10%;

electron fast discrimination. The delay value is 39 nsec

and the percentage are Nﬁ:Hu:Ne = 0%:1%:99%.

209



o
. N o
Shielding o
wall &
o o

o 2 7o 9.-9

0 v ovooe

CT1

Liquid 'He target

Al degrader

Cii1 C72

e Beam o
. o 0 oo e
= o o o e p
o
o
o
o

Container

Flight path
473 cm

FI1G.1



1000—

500 427psec
FWHM
(a)

S

INCOMING BEAM PARTICLES (counts /(channelssec))

o it =
- - .’ .
) \ H / \ l 2 nsec '
w = ) f '\_\ 370 psec ,/ n e” M ) e” ’.‘.
2 | I \\ FWHM ,’_1 \‘\ *\\l. \ =N ; \
’é 4:‘?‘}‘[’33‘: -!—-—’ \,«--——— 382 psec__ ',' ‘;\‘\_ ) 351 psec f' \_ 355 psec____,‘ \.___
2 Pl W\ Fwhm 7o Fwam FwHa 4\
i i ’! \-,. ", i W 378 psec_ ,:.." '.'_,,‘__ '." \
Z . o, et eaenn s FWHM .. = : %
i ¢ uet # 818 KRB DONE “al3088008CpEBdRO Ry Bt bt A ot “ae
Sl S N U TN TN VT M YT e i O S Y T T O
0 50 100 150 200 250 300 350

CHANNEL NUMBER

FIG. 2



|

o .

7x10%}-

@

0

<

3]

o

-

({o@s+ney)/3unocd}] NOILNSIHLSIA ADHINT NOId

/ | |
Olll[L_lngllllllllil

20

10

|

7x10% -

L*-]

w

-

™

o~

—

((sese«asw)/1unooa) NOILNAIHLSIA ADHYINT NOId

o8

'JI

75

(Mev )

ENERGY

(Mev )

ENERGY

FIG. 4

FIG.



—_— &
o —
".-o
ﬂ‘ o
.l
-
..-.
g
T
L
b} - °
Q=
o a
Q. - .
n S .
0y .
m o
-
®
L ]
®
L]
L ]
Ll
L]
-
-
-
L]
»
-
.
L ]
L
|
i R
L ]
-
-
L]
L ]
o .
e’ L ]
8= w; :
2= o .
o - NE N
= ™ i .
~ = ~ °
[28TH
(3p]

|
‘.
\l
4
\

‘,r__..
\
!

o
) |
L]

z
!

n“
BN

]
|
|
/

e e her e e et L

(sylun Aldesyigie) SINNOD

300

200

150

100

50

NUMBER

CHANNEL

FIG.5

-t



0 o)
L] e o
s ]
——
W i
a@
~,
f -ir-_'"‘"—-—-o.____ ]
/ -1 — .
1 . - -
Q)l Q
Q= : _
B =
3 2
= o -
o
B :
P —
L]
L ]
- =]
2
o4 2 -
1 . p—
= I s
& g-; . ]
ih o= ®
2= Q- 4 =
Qe o =2 iy
= <
005 w ® ot
™~ @« .
o 0 ® ]
| _—-—.-——-'"—__'. -
-
..
u. -
.-'--
lf"--..__n-—-____?________._‘. P!
[
YA ]
= °,
L —
W O 8 0 1 O e | ([ 51 O
- ) o
o o (@] o
- ol Lol L

(s3un

Alesyiqie) SINNOD

300

o
0

200

100

50

NUMBER

CHANNEL

FIG.b5



: g
‘G.) ’. .
c. ]
3} o
o= 32 L N
2z © 3 : 5
N:"; :LL. o. |
D U °,
2] .
; l—-—} .-—-‘.— i
}_-.-;-—.T’—__-.-‘-.\ o
= ", ]
=
O VY O T 1 N
E [ e g g

(s3un Aiseajiqie) SINNOD

2ib

300

200

150

100

50

NUMBER

CHANRNEL

FIG.5



CT1 C M1 cT2 CA1 CM2 CAZ2 CA3
ORTEC 473 ORTEC 473 LRS 621BL ORTEC 473 ORTEC 473 SEMFE242 LRS B21BL SEN FE282 SEN FE282
CFTD CFTD DIsC. CFTD CFTD MIXER DISC. MIXER MIXER
} [
CERN 2620 CERN 2620 SEN FE261 CERN 2620 CERN 2620 LRS 621BL SEN FE250 LRS 6218L LRS 62181
SHAPER SHAPER COINC. SHAPER SHAPER DISC, _COINC. nisc. oise.
G+ T, G T. G T c.-T. CMICMIxCA)
CERN 2929 BATE CERN 2524 CERN 6008 e el
MEAN |- - MEAN |- o e B {1 o D
TIMER TIMER
BEAM MONITOR
o] SEN FE26] SEN FE260 SEN FEZ60
CERN 6009 COINC. —{ COING, COINC. |
DISC. CTIXCHMAZ CTInCiM2xCaz CHIACMIACAS
M.CA .
T CTIxCT2xCm2xCAZxCAT
staop | ORTEC 457 | start ERSH2SA, LRS:310C strobe | CERMN 6009 SEN FE261
: D ! D | D LOGIC H-STROUED |-w . ™ N
BTPHC EANIN-BUT =1 coine. Disc. coINC.
CTIXCMZXCAZXCAT
k-]
3]
=
s 2
anabie LRS GHEAL LIS 62181 LR 6215L = ‘0 o
D | LEVEL | - e e c
) ) H1SC. D
ADAPTER BIEG BISE: [ e ©
[s)] =
1 o
> |
SCALER <
Q
=
o

FIG 6

start signals

d particle detectors

e

arg

=

(@]



- 19 -

10

(s31un Aueayique) SLNNOD

38

34

30

26

22

(nsec)

DELAY

FIG.7

2 i e'



INTENSITY OF INCOMING BEAM PARTICLES(counts\(channelssec)])

200

160

120

80

40

160

120

80

40

40

_20 -

! (a)

(b)

n - : M
= ,."-...’/— % ..-".__/_
L e R SR

(c)

0
e @@ s e SeResevTan s gas ull.l.'l--..-.-tc.ll.----...l..ll”‘

f i ¥ i v P i a0 bgoygg g € @ G b

50 100 150 200 250

CHANNEL NUMBER






