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Fig.1l. Schematic view of the hadron and hard photon spectrometer
tandem.

BEAM" = {SI*SZ - for the AE-E spectrometer

S1%S3%S4 - for the t-E spectrometer.
Central nucleus-nucleus collisions are separated in a pulse
height analysis using counters S3 and S5 for the AE-E and t-E
spectrometers, respectively. Nuclear fragments going to for-
- ward angle region from 0° to 5° are detected by these counters.
The pulse height spectrum (detector S5 with a 5 mm plastic
scintillator) for 1-GeV A '2C-ion fragmentation on a 15 mm
lead target is shown in
fig.2. The peaks in the
plot correspond to the re-
gistration of projectile
fragments with different
charge.
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detect charged hadr.' ne Fig.2. Pulse-height distribution of frag-
by the AE-E technique.  pents in the forward direction measured
This spectrometer has with counter S5 for 1-GeV A ‘“C-ion

three identical detec- fragmentation on the lead target.
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tor systems, and each of them is a gamma-telescope based on
large volume NaJ(T1) detectors. The detector system of the
gamma-telescope is given in table 2. The first NaJ(T1l) detec-
tor 1.56 X, thick is a high-energy gamma-ray active converter.
The electron-photon cascade passing through a thin plastic
counter (Z) is absorbed in a large NaJ(T1l) detector (E).So,the
gamma-event is V-AE-Z<E coincidence producing a signal "G". A
charged particle signal "Z" is given by X-Y-AE coincidence. The
AE detector is placed at a 50 cm distance from target T1.

Table 2. Gamma-telescope detector system

Detector Scintillator Signal

X 10x10x3 mm plastic timing

Y 8x8x5 mm plastic timing, pulse-height
N 150x150x5 mm plastic timing (veto-counter)
AE 140x140x40 mm NaJ(T1) timing, pulse-height
Z 130x130x5 mm plastic timing

E $150x150 mm NaJ(T1) timing, pulse-height

The lead collimator (its thickness is 20 cm; and the aperture,
¢6 cm) is between two thin counters (X and Y), and photons fall
only on a central part of the AE idetector-converter. This
gamma-telescope overlapping the energy region from 30 to

300 MeV has been calibrated using cosmic muons. Hard photon
detection has been studied by the gamma-telescope using the
GEANT 3 code [5]. The telescope response to 90-, 180- and
300-MeV photons is given in fig.3. The energy dependence of
the gamma-telescope efficiency is given in fig.4. A strong
background discrimination is realized 1) with a fast coinci-
dence of pulses of the AE, Z and E detectors within 20 ns;

2) using a short time interval of about 1 ns on a time-of-
flight scale and 3) using the veto-counter for charged partic-
le discrimination. The use of a thin Cherenkov counter instead
of a plastic counter (Z) can give a stronger discrimination

of high-energy neutrons. In table 3 our gamma-telescope is
compared with other high-energy gamma-spectrometers [6-10].

t-E SPECTROMETER

This multidetector spectrometer is used for time-of-flight
measurements of double differential cross sections of hadron
production with off-line separation of 7%, p, d and t by t-E
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Table 3. A comparison of the hard photoa spectrometers

0.03F
Year _detector EY e¥ FWHM FWHM(TOF)
[Reference] ¥ (MeV) (%) (%) (ns)
1990 present 30-300 15-43 20 0.7 % o
detector '
1987 veto-counter 1 H
[6] BaF, v
(¢10x14 cm) 8-85 15-30 0.7 §am
1988 veto-counter, 1 )
[71 BaF, (6x4x1 cm),
two NE102 (2mm) Fig.3. Response distribu-
NaJ(T1) 0 ; ! tions of the gamma-teles-
(¢15x20 cm) >20 0 100 200 300 cope for 90, 180, 300 MeV
ENERGY  ( MeV ) photons.
1988 veto-counter,
(8] five Pb-glass
detectors 20-150 9-20 25-35 2.5
1988 veto-counter, 5ok
[9] BaF, (60 cm?®), .
BGO (750 cm?) 14 0.5 ' s wk = E
1989 veto-counter, N
[10] Cu/SCG1-C glass 2 30
(0.5 Xo conver- 2
ter), two MWPC, o 201
plastic,
SCG1-C glass -
(15x15x42.5 cm) 20-300 20 0 . . ) Fig.4. Energy dependence of
0 100 200 300 tpe gamma-telescope effi-
ENERGY  ( MEV ) clency.
(time-of-flight - pulse height) analysis. Charged particles
are measuredgby the telescope (X, Y, D) consisting of two thin | ddble .. Debectior system of 't°E speconster
plastic counters and a thick plastic detector (E). Neutron
emission is studied with the aid of large plastic scintilla- Detector Scintillator Signal

tors (D), and the counters (Y) are used as veto-counters for
charged particle discrimination. A brief description of the X 100x100x3 mm plastic timing

single detector system is given in table 4. The t-E plot for Y 130x130x5 mm plastic timing

the interaction of 1-GeV A ®Li-ions with a carbon target is D $120x200 mm plastic timing, pulse-height
shown in fig.5. The efficiency of the neutron detector for

two threshold values of 10 and 30 MeV is shown in fig.6. Over-
lapping energy region for hadrons is: 20-120 MeV for pions;

50-300 MeV for hydrogen ions and 20-500 MeV for neutrons. For
L both spectrometers data accumulation is performed on-line with
a computer.
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Fig.5. The t-E plot measured at 30° with 1 GeV A 6Li-ions and carbon
target. Points - the experiment, curves - the calculation.
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Fig.6. Efficiency of the neutron detector for two threshold values of

10 and 30 MeV.
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MAGNETIC SPECTROMETER

The two-arm magnetic spectrometer, DISC, was designed for
inclusive and correlation measurements of the cross sections
of different charged particle production in proton-nucleus
and nucleus-nucleus interactions. The main research direction
of this physical setup is to study the process of cumulative
hadron production on different nuclei and to investigate the
lightest-mass nuclei structure at small distances. Two mag-
netic arms of the DISC are intended for the registration of
target fragmentation products in an inclusive experiment. The
coincidence of these two spectrometers allows one to carry out
correlation measurements. This experimental setup and its pa-
rameters were described in detail in ref. [11,12]. So, the ba-
sic characteristics of the spectrometer are only given here.

A scheme of the setup is shown in fig.7.

The first arm of the setup is a rotating magnetic spectro-
meter, (M1), used to register target fragments (v%*, K%, p, p,
d, t, %He and “He) at angles from 60° to 180° relative to the’
beam direction and in a momentum region from 150 MeV/c to
1800 MeV/c. The momentum re-
solution is %47 and the entran-
ce solid angle 2-107* sr. Use-
ful events are separated in
independent measurements of
the time of flight on two
flight paths of 3.8 m and 1 m
(the standard error is 260 ps).
The ionization losses in the
scintillators and light output
in the Cherenkov counters with
solid-state radiators are mea-
sured to rise the separation
possibility of the spectrome-
ter. Charged pions with a mo-
mentun of above 900 MeV/c are
detected with a gas-filled
threshold Cherenkov counter.
Spectrometer M1 allows the
identification of secondary
particles to be carried out at
a large beam intensity (to
Fig.7. Scheme of the two-arm magne- ~ 5-10'! s71) using a target
tic spectrometer DISC. with a thickness of £10 g/cm?.
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Rotating magnetic spectrometer, M2, allows one to detect
pions, protons and deuterons in a momentum region of 50 =+
+ 800 MeV/c (Ap/p = 1.2) and 1000 + 1500 MeV/c (ap/p = 0.2)
overlapping the interval of angles from 20° to 140° relative
to the beam direction. Useful events are separated as in spect-
rometer M1 using the time of flight technique and the ioniza-
tion loss. Spectrometer M2 operates in coincidence with mag-
netic spectrometer Ml. This regime makes it possible to suc-
cessfully separate wp-, pp- and dp-coincidences at a beam in-
tensity of ~ 10'° s”! and a target thickness of 1 g/cm?. A
combination of these two spectrometers (Ml and M2) is also
used to study two-particle correlations in cumulative particle
production and to measure the correlation function for Tp-coin-
cidence in the effective-mass region corresponding to the appe-
arance of cumulative A-isobars.

Further on we plan to use in correlation measurements the
magnetic spectrometer DISC in common with the nonmagnetic had-
ron spectrometer described above. It should be particularly
noted that the setup DISC has as its element a cryogenic target
which can be filled with liquid hydrogen, deuterium or helium.
The presence of such a target allows one to carry out both
investigations with lightest-mass nuclei and to obtain (using
1»2H targets and proton and deuteron beams) information about

the "elementary" nucle-
on-nucleon interaction.
This is very important
for theoretical calcu-
lations and taking into
account collective ef-
fects connected with
the specificity of nuc-
leus-nucleus interac-

SYNCHROPHASOTRON
JINR EXTERNAL ION
BEAM CHANNEL-2

tions.
AP NEUTRON
\ SPECTROMETER

{
| At present the time-
se of-flight neutron spect-
rometer consists of
three identical detec-
tor systems at three
different angles and

TOF NEUTRON
SPECTROMETER

Fig.8. Schematic drawing of target-detec-
tor arrangement for the TOF neutron spect-
rometer.
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a detector for measurements in a low-energy region. Measure-
ments can be carried out with stylben detectors or large plas-
tic scintillators. A schematic drawing of the target-detector
arrangement on the external beam channel of the Synchrophaso-
tron is given in fig.8. Neutron emission is studied at angles
of 30, 90 and 150° using three types of neutron detectors
which cover a very broad energy region from about 0.2 MeV to

a beam energy containing more than 957 of all emitted neutrons.
So, we can study all stages of neutron emission: cascade, pre-
equilibrium and equilibrium. The thin plastic scintillators as
veto-counters for charged particles are placed in front of all
the detectors. A short characteristic of the neutron spectro-
meter detector system is given in table 5.

The n-y pulse-shape discrimination is employed for the styl-
ben detectors. Neutron- and gamma-events are separated at the
stage of off-line data analysis. As an example, two time-of-
flight spectra (without and with n-y separation) measured using
a fast ionization chamber with a layer of 2%2Cf as the source
of neutrons and gamma-quanta are shown in fig.9. Many efforts
have been undertaken to determine accurately the efficiency
of the neutron detectors [13]. Figure 10 presents the efficien-
cy data for the D1, D2 and D3 detectors with threshold values
of 0.1, 1 and 30 MeV, respectively. The typical time resolu-
tion is about 0.5 and 1 ns/m (FWHM of a prompt y-ray peak)

3
o

PULSE HEIGHT,arb. un.
S

30 60 O
TIME OF FLIGHT,arb. un.

Fig.9. Two tiilg—of-flight spectra measured by the fgst ionizat@on .
chamber with 2°2Cf layer: (A) - without and (B) - with n- Yy discri-
mination.
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Table 5. Detector system of Neutron Spectrometer

Detector Scintillator Energy region Signal
COUNTERS
X 100x100x3 mm plastic N timing
Y 130x130x5 mm plastic - timing
DETECTORS
D1 $40x10 mm stylben 0.2-3 MeV timing,

—

pulse-height
pulse-height 2
D2 $50x50 mm stylben 2-30 MeV timing,
pulse-height 1
pulse-height 2
D3 $120x200 mm plastic 20-500 MeV timing,
pulse-height

for the plastic and stylben detectors, respectively. The posi-
tion and profile of the beam in front of the target are moni-
tored by means of a multiwire proportional chamber, MWPC. The

()0:5 I

0.2

0.1

EFFICIENCY

ENERGY, MeV

Fig.10. Efficiency of neutron detectors D1, D2 and D3 with threshold
values of 0.1, 1 and 30 MeV, respectively. The points - experimental
data, the curves - results of calculaiions.
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beam size is typically 20 mm (FWHM) in the vertical and hori-
zontal directions. The experimental method and setup were des-
cribed in detail in ref. [l4]. The present setup is compared
with some other TOF neutron spectrometers [15-18] in table 6.
As an example of experimental results, the neutron spectra
at 90° from thick lead targets 8x8x8 cm® and ¢20x20 cm?® in size
bombarded by 2- and 2.55-GeV protons, respectively, and diffe-
rent 1-GeV A jons are shown in fig.ll. The histogram is the
calculation for the proton beam by the code SITHA [19,201.

Table 6. Comparison of the TOF Neutron Spectrometers

Energy Number Neutron
%éggiaﬁfry Year Beam region of detec-~ n/ y* 2%
. (MeV) arms tor

LANL [15] 1980 p(0.8 GeV) 0.9-500 1 NE-213 Y N
LNPI [16] 1981 p(1 GeV) >10 1 plastic N N
ITEP [17] 1980 p(1-10 Gev)  10-300 8  plastic N Y
KfK [18] 1987 p(0.59 GeV) 0.9-500 3 NE-213 Y N
JINR [14] 1990 p(1-10 GeV) 0.2-1000 3 stylben, Y N
(RI) d-Ar (0.5- plastic N Y

3.6 GeV A)

% The possibility of n/y discrimination.
** The possibility of charged particle separation.

THRESHOLD DETECTOR TECHNIQUE

About six years ago we started to develop the threshold de-
tector technique extending it to a high energy region. At pre-
sent there is no other experimental method with such possibili-
ties for a fast analysis of spatial-energy neutron (hadron)
distributions under different experimental and geometric condi-
tions. Several tens or hundreds of detectors can be used for
neutron/hadron field investigations simultaneously. An automa-
tic count of tracks allows one to perform express data proces-
sing (single threshold detector processing takes only 4 minu-
tes). This method is described in detail in [21,22,23]. The
neutron/hadron detector is a set of threshold detectors and
consists of well-known fission detectors with about 1 mg/cm?
layers of 23%y, 237Np, 2%8y, 232Th, 2°°Bi and new high thre-
shold spallation detectors with thick layers of Ti, Cu and Cd.
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. Target
10 8x8x8 cm

-1
o
X

10 7'

dF /(dE dQ), neutron MeV™' sr™' ion

107"
10
10~

107

10~
10~ 1 10 10? 10°

E, MeV

Fig.11. Neutron spectra at 90° for two thick
lead targets bombarded by 2 GeV and 2.55 GeV
protons and differgnt 1 GeV A ions. The va-
lues for d, o and “Li-ions are increased by
factors of 10, 100 and 1000, respectively.
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Fission and spallation
fragments produced by

" neutrons/hadrons are re-

gistered by means of so-
1lid state nuclear track
detectors (SSNTD) based
on 6-um polyethylenete-
rephtalate (PETP). The
efficiency for fission
detectors was calcula-
ted using the known
values of fission cross
sections. But for spal-
lation detector it was
measured using a proton
beam assuming the inde-
pendence of efficiency
of the kind of nucleon.
The efficiency of the
full set of threshold
detectors is shown in
fig.12. Total informa-
tion about this method
is shown in table 7.
The test measurements
were made in a neutron
field of the spallation
neutron source (the ex-
tended lead target
¢$20x20 cm bombarded by
a proton beams of the
Synchrophasotron). The
measurements have shown
a good agreement with
the time-of-flight re-
sults. The neutron dis-
tributions are calcula-
ted from the experimen-
tal results by the ite-
ration code RESTOR [21].
As an example, the an-
gular distribution of
neutrons with different
energies produced by

Table 7. Characteristics of the threshold detectors method

Overlaped energy region
Typical number of the hadron
detectors in single experiment

SSNTD (PETP) characteristics

Sensitivity to particles:
3-MeV neutrons
14-MeV neutrons
5.47-MeV a-particles (2m-geometry)
fission fragments (2m-geometry)
Effective nuclear charge threshold

(7 )

Detector characteristics

Maximum value of efficiency:
of 1 mg/cm fission detector
of spallation detector

Dimension: )
of the threshold detector
of hadron detector

Detector processing
Counting time for one SSNTD
Total time of data processing for 100
hadron detectors (~ 600 threshold
detectors):

using one automated counter

using five automated counters
Optimal statistic
Typical total methodical error
of hadron fluence:

low-energy region

high-energy region
Possibility of reprocessing of SSNTD
Time of information
storage in SSNTD

thermal - several GeV

tens - hundreds

10—12

10-11

5-10°11
.515

O AN A A

~ 3-107°
~ 4+1077

$19%x0.3 mm
¢20x3 mm

3 min.

30 days
7 days
2000-4000 cm

6-107
15-25%
yes

years

3.65-GeV protons in the large lead target ¢20x60 cm is shown
in fig.13.

This technique has been used to research the spallation

15

neutron source in the measurements with 1 % 3.7-GeV protons
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f Fig.12. Efficiency of the full
- = set of threshold detectors
consisting of fisiion detec-
tors with 1 mg/cm® fissile lay-
ers of 23°U (1), 23%U with
a 2 g/cm 2 boron filter 2),

237Np (3), 238U (4),
232Th (5), 2°?Bi (6) and

spallation detectors with
thick layers of copper (7)

EFFICIENCY
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107

T T T T T T T

102 T R e : . and cadmium (8). The values of
107107100 1 10 10710710 curves (6-8) are increased by
ENERGY, MeV a factor of 10.

and deuterons, and recently the results have been reported [24].
We are planning to develop this method in the future and should
like to extend its applications in science and technology. As
we can see, possible applications can be connected with the stu-
dy of doses and hadron fields on accelerators, damage of mate-

rials, spallation neutron sources, hadron calorimeter design
and so on.

CONCLUSION

A comparison of the described spectrometers with others

available at different laboratories shows that these setups

are strong instruments for physical research and their combi-
nation has exceptional possibilities both for a comprehensive
study of secondary particle production in thin and thick tar-
gets by high-energy ions and for precise measurements of neu-
tron, charged hadron and hard photon spectra and spatial-energy
distributions of the flux density of neutrons/hadrons. In other
words, these spectrometers can be considered as a basic expe-
rimental facility for high energy nuclear data measurements
over a broad energy region for incident heavy ions and for se-
condary particles. Taking into account the exceptional beams

of the JINR accelerators and a great demand on such results, in
particular for incident energies above several hundred MeV per

16
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Fig.13. Neutron angular distri-
butions for different energy
groups measured with a large
lead target and 3.65 GeV pro-
tons. Curves 1+ 8 correspond to
the flux density of neutrons
with an energy above 0, 1, 6,
20, 50, 100, 250 and 500 MeV,
respectively.

nucleon, the authors believe that the developed experimental
methods and setups will make their significant contribution
to international efforts on the formation of a bank of high-
energy nuclear data.
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Koeanewko A.A. w ap. E1-92-250
JKCNepUMEHTanNbHBIE YCTAHOBKNW U METOAWUKW

ANA NONYMEHUA HOBBIX AAEPHBIX AAHHBIX

NPY NPOMEMYTOMHBIX W BHICOKWX 3IHEpTUSX

RaeTcA KpaTKoe ONUCaHWE HOBBIX 3KCNEpPUMEHTaNbHLIX YCTAHOBOK ANA BCECTO-
POHHEro W3yJeHWA npouecca 06GPa3oBAHWA BTOPWYHLIX AApPOHOB, HEeATpOHOB W
MECTKUX GOTOHOB B MPOTOH~ WU AAPO-AAEPHHIX CTOMKHOBEHUAX, A TaKkme AnNA nony-
YEHUA AAEPHLIX AAHHBLIX MPU NPOMEMYTOMHBIX W BHICOKUX IHEPrUAX Ha NyuYKAxX CHUH-
Xpoda3zotpoHa NB3 OUAU.HeoBxoaumpie ANA PA3INUYHBIX NPUNOMEHWA AAepHble AaHHbie
MOFYT BuiTb NONyuveHs Ha UMENIMXCA NYYKaX B AMANA3lOHe 3Hepruid HaneTamwmx
agep ¢ A s 28 (0,3-3,6)A M3B. Bo3amomHOCTM yCTaHOBOK ByayT 3HauMTenbHO pac-
wMpeHs NoCne BBOAA B AGWCTBME HOBOTO CBepXNpPOBOARWEro CUHXPOTPOHA - HyKno-
TpoHa. OnNuCaHHbie YCTAHOBKA M 3IKCMEepuMeHTanbHue MeToAWKW pa3spaborTaHs coT~
_pyanwkamu NaBopaTopuu BbICOKUX 3Hepruit u Paauesoro mHcTutyTa um.B.[.Xnenuna

Pabota swnonHeHa B JlaBopaTopun BeICOKWUX 3Heprui OUAWU.

Coobuichne O6beaMHEHHOTO HHCTHTYTA LACPHEX HeC1edosanni. lybua 1992
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Kovalenko A.D. et al. £1-92-250
Experimental Setups and Methods

to Obtain New Nuclear Data at Intermediate

and High Energies .

A short description of new experimental setups designed for a compre-
hensive study of the production process of secondary hadrons, neutrons
and hard photons in proton- and nucleus-nucleus collisions and also for
obtaining nuclear data at intermediate and high energy beams of the Dubna
synchrophasotron is given. Nuclear data needed for different applications
can be obtained at available beams with (0.3-3.6)A GeV energy of incident
nucleus with A s 28. The possibilities of setups will be substantially
expanded after putting the new superconducting synchrotron, the Nuclotron,
into operation. These setups and experimental methods have‘been develo-
ped by collaborators of the Laboratory of High Energies (JINR) and
V.G.Khlopin Radium Institute.

The investigation has been performed at the Laboratory of High Enér-
gies, JINR.
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