


1. INTRODGCTION

Precise measurements of a beam flux of relativistic
.pérticles and nuclei over a wide range of energies and .
intensities is a.complgx experimental problem. Monito;
ring systems use various_types of detectors such as
scintillators [_1], ionization chambers [_2] as well as.
their combinations. The foil activation technigue [3]
is also applied guccesfully. Howe#ei, this'technique
requires a knowlédge of thé cross sections of monitoring
reactions in a wide interval of energies with a good
accuracy.

‘In the present paper a new technique and reéults of
its aprlication for the measurement of a beam flux of
protons, deuterons, 4He- and 1zc-ions accelerated at'v
the Dubna synchrophasotron are described. The'propoéed
expérimental technique allows one to measure the extrac-
ted currents of charged particles up to the maximum
limit and to calibrate the'systems used for measuring
the absolute ‘intensity. Using thié monitoring system,
we have measured the totalvcross‘sectioné of monitoring.
reactions 27A1(p,x)24Na and 27Al(120,x)24Na'at 3.65 AGeV.
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counts in a given converter. In our experiments we

2. MONITCRING SYSTEM D ' ‘ L
. Fig.1. Schematic drawing of

the experimental arrangement
of rotating nuclear emulsi-
on in a particle beam: O -

nuclear emulsion layer rctating in a beam as well as : engine axi§ according to the

The flux measurement technigue is based or the re-

gistration of charged particles by means of z narrow

on a parallel counting of neutrons produced by a ' beam direction perpendicu~
lar to the figure plane:

. OC=R1 -~ minimum radius;
a block of the Pb-converter placed after the experi- , ; OD=R2" maximum radius;

primary beam and secondary particle interactions in

mental apparatus. It should be noted that the dimen- i 96- angular interval of be-

i am intersection at radius
R=0A; € ~ length of the
part of the aread S at a gi~-
nuclear emulsion corresponds to the sum of neutron ' ven R; OE=OF ~layer of the
emulsion. .

sions of the converter are larger than the beam dia-

st e

meter. The total number of particles registered by the

have used the Pb-converter in which neutrons are de-
tected by means of the standard fission chambers
knT-8 [4].

It is well-known that beams of particles have a
complex prdfile, apd also their intensities vary
with radius and azimuthal angle. In order to elimi-

nate the difficulties and necessary corrections caused

by these facts, we have used the counts of events re-
corded by thé nuclear emulsion rotating in a beam.

A layer of thé emulsion 20 cm long and from 3 to 5

cm wide was vertically mounted on the axis of an engine

which rotates with a frequency of 10 Hz. The vertical from the axis of métioﬁ The intérsection dfvthé la
7 : - ‘ ) 4 'Yer

intersection of the rotating emulsion layer with the T .
g Y surface from minimum, R1, to maximum, RZ' distances’

be ig. i ;
am (see fig.1) enables only the particles to be overlapped the whole beam. The appropriate summing

recorded by th v 2 t distance R :
¥y the part of the layer aresa a stance of particles recorded over a narrow area of th

~



‘emulsion layer from R1 to R2 eliminates the irfluence
of some instability as well as the profile of a given
beam. As can be seen from fig.1, the part of the area
AS intersects the beam at distance }1 between points
A and B. 1t is evident that multiple intersections of
the layer with a beam per cycle as Qell as an zprro-
priate recording of particles over the area A3 can
be averaged over the length.c. Denoting the numbef of
registered particles over AS as i(R,As),the tctal in-

tensity can be expressed as
I, (R,as) = i@ a3 = i(kas)reg. (1)

Taking into account that the part of the area AS has
been irradiated only for the time'proportional to ¢/27F,
“the total intensity must be multiplied by the inverse

factor, i.e.

J (R, as) = 2%r i (R,As8) . @)
The appropriate summation of AS from R, to R, vields

the total beam flux

R
_ 1 - : 1
I, = g_ 2R 1(R)—A—S— . (3)
2
Each element of this sum gives the intensity Zistribu-

tion for a given R.

Figure 2 documents a microphotography of the tracksa of

registered 120 nuclei whichk dirfer reliably frcm back-

ground ones having the same vertical directiorns and

s o g

Fig.2. Microphotography of{the tracks registered bf

120L

nuclear emulsion, for ion irradiation.

. lonization characteristics. The intensity distribu-

tions for proton and 12C-ion irradiations are shown
in fig.3. As can be seen from this figure, the insta-
bility of the beam of '2C-ions is apparent. Tﬁe total
flux of protons, recorded by two independent otservers,

8

is 6.65 x 10° and 6.67 x’108, respect1Vé1y,‘which'éor4

responds to a statistical uncertainty .of about 1%.



The average value of J =(6.66%0.13)x 108 also inclu-

des the uncertainty correspondingbto the error in the

-

3
R determipation. The intensity distributions fecr two i: ¢
independent measurements in the beam of relativistic (7)
deuterons are presented in fig.4. The ratio of the total iﬁ
intensities in these measurements has reached 1.76%0.05. EE 2 1

Paréllel measuréments with the use of the registration

of neutrcns with 21:fission chambers KNT-8 placed at

S

different points of the Pb-converter have yielded a

1
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E; : E Fig.4. Intensity distritutions of deuterons for'two’
051 :

independent measurements.

:::EC ratio:o‘ 1.6530.04;. There is an agreement between
both independent monitors from an average value of
) 1.70%0.05 within an error limit of one standard deviation.
Using our monitoring sygtem, we have calitrz=ed k
- ) R three independent fission chambers KNT-E placed in
8 B8 20

the Pb-converter. -The intensity:of the proton team as
DISTANCE (cm)

a function of the successive numbers of accelerztion
Fig.3. Ihtensity distributions of proﬁons and 12C-ions

cycles is depicted in fig.5. The absolute calitration
_normalized to the appropriate area.

of the fission chambers makes it'poséible to mcnitor

the primary beam of accelerated particles ané rnuclei



of any intensity. Taking into account the mean time _ ] 3. MEASUREMENTS OF CROSS SECTIONS OF MONITORING
of neutrons slowing down to their canture in the ' REACTIONS i
converter and the stability of the characteristics .

The above monitsring system has been used to measure

of the used fission chambers [5], the results of .
the total cross sections of the reactions 27Al(p,x)24Na

the_measurements are also independent of the time y
' and 2741("2¢,x)?*5a at 3.65 A GeV by means of the well-

structure of a beam.
known foil activation technique [?] and Ge(Li) gamma-

ray spectroscopy. The advantage of aluminium foils as

monitors of the beam flux is connected with tze for-

: mation of 2%Na having a pertinent half-life (15.02

N
ul

:
3 . hours) and fractional-abundances of gamma-rays at

N
o

! . energies of 136€.5 keV and 2754{0 keV [7], respecti-

t
¢ f . vely, which facilitates substantially measurements
— (213
- oG and data analysis.

- - {10.10;
The'27Al(p,x]24Na and 27A1(120.X)24Na cross sections

—
o

at 3.65 A GeV were determined on the basis of”24Na in-
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i] duced activities in the pure aluminium foils (99.99%)

6.5, 1%2.0 and 19.5 mg/cm2 in thick, respectively;

The guard aluminium foils of the same thicknesses
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Fig.5. Intensity of the beam of protons as a function

as the Al-targets were used to eliminate recoil
activities. The total beam flux of 12C-ions and
protons measured by means of the calibrated fission

. h termined with an accuracy of bett
of time obtained from counts of the fission 2 chambers was de y er
than 5%«

chambers KNT-& calitrated by means of rotating .
The appropriate aluminium target foils were gamma-

nuclear emulsion., The measurements have been
" ray counted on the Ge(Li) spectrometer with a 4096

performed with three independent chambers
channel capacity. The resolution of the Ge(Li) detec-

placed in the Pb-converter with space coordinates

i 3 bout keV
'fZ,R] _ (27'5) , (52'0) . ana (10,1C), respectively. tor with a 45 cm” volume was about 3.0 keV at 1332.5



keV. The number of radionuclides in the irradizted

target was determined using the standard formuls [é]:

Aty - So
-t (- ‘“*3)3

where t1, t and t3 are the perlods of 1rradiat10n,

Ny = Ait; . » @

waltlng and countlng, respectively : ti is the aerlod
of counting a svandard gamma-ray source s A is thé'
dlSlntegratlon constant of 24ha H S and S are the
photopeak area of the characterlstlc gamma-ray of the
radlonucllde formed in a target foil and a stardard A
gamma-ray source, respectively ; and Ay is the zcti-
vity of this source. ﬁigure 6 1llustrates en induced
act1v1ty gamma-ray spectrum of the alumlnlum fc 21
irradiated with. 3 65.A GeV 12C-ions. The cross sec~
tlons have been determined from the most 1ntense
gamma-ray line at 1368. 5 keV. The photopeak area

of the most 1ntense line of the 24Na was compared.

60co

with that of the standard gamma—ray source of
at 1332.5 keV. The appropriate areas have been de-
termined with uncertainties of better than 5%. It
should be noted that the'gamma;ray‘spectra of both
samples hsve been measured with identical geometry.
Taking these facts into account, theqdifferences

between efficiencies at 1368.5 keV (?*¥a) ana 1332.5
keV (6000) can be neglected,

The weighted average cross sections for 27Al(p,x)24Na

~and 2701(*%¢,x)%48a are 8.7%0.€ mb and 19.0%1.5 mb.
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Fig.6. Gamma-ray spectrum from the aluminium <arget

irradiated with 35.6% AGeV 12C-ions taken with

the 45 cm® Ge(Li)detector.
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Fig.7. Dependence of the total cross sections of the
monitoring reéctions‘27A1(12C,X)24Na ard
27Al(p,XJ24Na'on the energy of projectiles.

[1- Cumming [3]; A - Porile et al. [9];
¥ - Iund [10]; 8- Crespo et al. [11];
A - English et al. [12]; QO - Cumming et al. [13];

@- present measurezents.

The latter value corresponds to 19.4%3.9 mb and 24.5 mb
. 27,4012 24

ror 2741(1%¢,x)%% e at 2.1 A Gev[9]and 1.0 4 Gev[10],

resrectively. The cross section for 27A1(p,X)24Na

at 3.65 GeV correlates with those measured over the

energy range from C.7 to 28.0 GeV [?,11-1%]. The expe-b

12

rimental cross sections of both monitor reacticns as
a'function of projecfile energy are compared in fig.7.

-

4. CONCLUSIONS

The new experimental technique developed fcr moni-
toring beams of relativistic projectiles accelerated
at the Dubna synchrophasctron unifies beam flux measu;
reﬁents. It is also. suitable for both continuous
and pulsed regimes of acceleration over a wide répge
of energies and intensities. The advantage of the
method is the possibility to gaiﬁ a real profilé of
the beam. Moreover, the monitoring system, placed
after the experimental apparatus, does not affect
the experimentally studied /interaction. It should be

noted that at the first step of beam flux monitoring

a thin rotating layer of nuclear emulsion is placed

over a short period at the beam entrance while neutrons
are recorded in the Pb-converter positioned after the
experimental apparatus. A comparison between the
appropriate counting rates yields the calibration
curve. Then, the absolute monitoring of a beam during

a real experiment can be provided from the counting

of neutrons only. It may be alsc interesting that

our technique does not'require any special-purpose
electronics as well as the identity of the used fission
chambers or other detectors of secondary pérticles.
Yhis makes poésible calibrating other monitoring

systems which has been also demonstrated. In addition,

13



the precise measurements of the beam flux of 2.65 A GeV
12C.-ions and protors erable one to determine the total
cross sections of the monitoring reactions 27;.1 (p,x)24lia
and 27A1 (12C,X)24Na with a sufficient accuracy for

beam flux monitoring by the simple activétion tech-

nique.
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