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Calorimetric measurements and investigation of the reaction
velocities distribution of medium-energy protons bombarding
targets.

V. |, Belyakov-Bodin, G.M Aitov, A.M Andreev,
V.D. Dubinsky, Y.E. Titarenko and V. A. Sherstnev

Institute of Theoretical and Experimental Physics, Moscow, USSR

A calorimeter for determination of the energy deposition
has been developed and applied to the measurements with 0.2 m -
diameter by 0.6 m - thick aluminium target bombarded by 0.8,
1.0 and 1.2GeV protons. The experimental data has been compa-
red with results obtained via Monte Carlo simulation of three
dimensional hadron-electromagnetic cascades. The experimental
data of the reaction velocities distribution on the aluminium
target irradiated by the protons with energy 1 GeV are given.
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Know edge of heat release in targets during proton exposure
is inportant for high-intensity spallation neutron SOUr CeS
[1,21 and spallation breeding of nuclear fuel [31. Calorimeter
measurements Of the heat deposition inside of lead and bismuth
targets have recently been described [41. In this paper, a bri-
ef description is presented of the facility and t he target nee-
ded for u.cerstanding the problem Detailed description of the
facility construction, measurenent blocks, principles and me-
t hods of cal orinetric daatakingcan befoundin ref. [4].

Our facility is designed for researching the energy deposi-
tion in solid cylindrical targets. |t consists of a nobile
bench, a test chanber with a target, a measurenent block and a
digitizer (fig 1). The test chanber, contain a target and nade
of duraluminium, i S desi gned to provide an evacuated vol une.
The bench provide about 10" Hy pressure inside the test cham
ber preventing convective heat exchange. Proton beam hits the
target through the front end of the test chamber with is cove-
red with a 0.8 mmthick aluminium membrane. The prefabricated
target (fig. 2,3) consists of some quantity bl ocks, 2.5 cm
thick, used to provide the target mass only and of 10 cylindri-
cal neasurements blocks, 20 cmin dianeter. The neasurenent
bl ock (MBs) are used both to provide the target mess and to
carry out measurements. An MB consists of aset of five ther-
mlly insulated discs of 4 mm thickness assenbl ed toget her
(fig. 4). The central disc of the assemly i s provided with uni-
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versal measurenent probe allowing for the disc tenperature be
taken in 12 points. The signals from 120 target points go to
120 precision |ow noise (opz?) anplifiers. Then they are input
into a 128-channal digitizer. The digitized data is communica-
ted to an ISKRA-226 conputer.

In accordance with two techniques of energy deposition de-
termnation, two types of Mes were fabricated: “whole” and
“cut” ones [41. Ina “cut” M three central discs are divided
into fore thermally insulated rings with outer dianeters of 2
5 10 ahd 20 cm (fig.5). Wth these MBs the energy deposition
4Q IS measured directly as the integrated (through an exposu-
re) tenperature variation At of a chosen thermally insulated
ring. I'n a “whole” assembly, the instantaneous tenperature can
be derived in two orthogonal directions at distances of 5, 13,
27, 50 and 94 mmfromthe disc center. The digitizing of the
data is done approximately 0.1 s after the irradiation pulse.
The nethod of deriving the spatial conponent of the energy de-
position density frominstantaneous tenperature values i n such
MBs 1S based on the. solution of the linear heat transfer equa-
tion for the inverse problem[5,61.

The universal measurement probe (fig.5) consists of a may-
lar nenbrane of 50 Mm thickness. It is provided with 12 |ead
probes of 0.4 nmthickness, 2.5 mmin dianeter. A measuring end
of differential thermocouple s inserted into each probe and
sealed.  For operation, thernocouples with a sensitivity of ap-
proximately 7 x 20° ~ VIK, using 300 Mm dianeter wire, were fa-
bricated. Al the 12 thernmocouples of each MB are soldered to
contacts inside the test chanber. Termal contact. of the probe
with the target disc is provided by thin layer of a spetial
heat - conducting paste.

Table 1 present obtained distribution of energy deposition
al ong aluminium target for inner cylinders with a diameter of
0.1 and 0.2 m Al results are relating to one incident proton,

and energy deposition neans heat produced in the tar-
get disc area fromthe center to the dianeter mentioned. In
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fig. 6 longitudinal energy deposition in target obtained expe-
rimentally and cal culated with the MARS1O code [7,81 are conpa-
red.

Then we have the results of reaction veloctt i S measurement
on the targets irradiated by the protons. Experinmental sanples
are mounted on the special frame, that is plased on the shiel-
ding target cover. To avoid possible contribution to error from
other reactions using higher isotopes of the same elenent, in
our experinents we used the sanples, having 100% nuclide conpo-
sition and sanples with high enrichment: 12 - C (98.99%, 19 -
F (100%, 27 - Al (100%, 59 - Co (100%, 63 - Cu (99.6%, 65 -
Cu (98. 7%, 64 - zn (99. 4%, 93- Nb (100%, 115 - In (99. 99%,
197 - Au ( 100%.

Cal culation of the absolute values of the nuclear reaction
velocities quantities were nmade in our experinents. Nuclear-
physi cal parameters i nportant for these cal culations were taken
from[91. Functional, characterizing neutron distribution we
may submt as the reaction velocity absolute quantities (n,Xn),
(n#), (N, p), (n, n"), (n, y) or their ratio. Uncertainty in qu-
antities of the neasured val ues of the nuclear reactions velo-
cities was calculated, taking in consideration the paraneter
root-mean-square error. It was shown that the contribution of
the nuclear data error to the measuered quantity error constit-
utes (10-23)% stable error (2-4)% error of falling proton
beam nonitoring flux dencity (6. 5-10)%

The experinmental results of the absolute values of the in
verstigated nuclear reactions velocities are given in Table 2.

Ref erences

[ 11. G.S. Bauer, Proc. Meeting on Targets for Neutron Beam
Spallation Sources, Jul-Conf. 34, Kernforschungsanl age, Julich
G H Julich, FRG (1980) 155.

[21. WE Fischer et al., Nl Sci. Eng. 93, 273.

[31. M Steinberg, Proc. Nucl ear Technol ogies in a Sustainable



598

Entrgy System, (Springer, Berlin, Heidelberg, New York, 1983).
[41. V.|. Belyakov-Bodin et al. Nuclear Inst. and Met. in
Pnis. Res. Niwa 6037 ( 1990).

[51. V.|. Belyakov-Bodin - ITEP-81, (1983). -’

[61. V.I. Belyakov-Bodin - ITEP-174, (1985).

['71. AN Kalinovsky, N.V. Mokhov and Yu.P. Nikitin, Trans-
port of Hgh Energy Particles in Matter (Energoatomizdat, Mos-
kow, 1985).

[81 . N V. Mkhov, Sov.i. Part. Nucl. 18 (5) ( 1987) 960.

[91. @pIsp, vers. 1.2, April, 1990. (ENSCF).



599

Table 1.
The longitudinal energy deposition in aluminium target for cy-

linder g =10 and ¢ = 20 cm
: 0.8 Gev | 1.0 Gev ! 1.2 Gev

AR a, : q, i qa, ; i q, | q, | a,
(mm)! % 107 (GeV/cm)

55 11006+ 25! 1038+ 25! 1002+ 1811042+ 34! :

100 | 11041+ 32i 11114+ 138 1 1055+ 25
125 | i 996+ 30! 11063+ 27! !

145 | 903+ 2611019+ 29! 888+ 2111033+ 25! 888+ 25!1062+ 26
170 | 846+ 25! 987+ 34} 883+ 1411007+ 23! '

215 | | 874t 161 | 897+ 241 | 914t 18
240 ! i 8339+ 33! | 858+ 14} !

260 | 714x 26! 872+ 27! 708+ 37! 853t 44! 711t 22! 923% 25
285 | 668t 14} 818+ 25! 686+ 9i 855+ 21! ]

330 ! | 746+ 26! i 769+ 30i | 832+ 33
358 | i 701+ 23i I 749+ 13! |

375 | 519+ 22! 649+ 30! 543+ 28! 727+ 461 541+ 20! 710% 37
400 ! 491t 19} 614+ 30! 515+ 18! 653t 22! :

470 | i 504+ 40! i 545t 14! i 5511 24
515 | 363+ 12! 464+ 16! 373t 21! 501+ 231 366+ 6i 459+ 20
545 | 1 407+ 18! | 437+ 31} !

590 | 285+ 151 364t 35 285+ 61 371t 20i ]
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Tabl e 2.
Measured absol ute val ues of the nuclear reactions velocities

with the use of the experinmental samples, containing 27-al,
115-1n, 197-Au.

!
| Reaction velocity in the experinmental sanples % 10”

Pa- |
ra- /| ! ! ! ! ! ! !
m- mi 50 ¢t 100 ! 150 ? 200 ! 250 ! 350 ! 450 ?
ter | ' ' | ! ' | |
\
274217.0 +18.0+ ! 10.0+ !t 10.8+ ! 10.7+ ! 10.9+ ! 10.4+ !
Rﬂ,& ' o6 !0'7 ! 0.8! 0.9!" 0.9!" 0.9! 0.9!

wsld 301 +# ! 315 + | 2332+ | 321+ | 301+ ! 310+ ! 340+ !
Ry t 24 1 25 ' 271 261 24 ¢ 25 1 27!

4sT.182.0t 1 97. 3+ | 107. O+! 108. O+ ! 103. 8+! 95. 6+ ! 80. 4+ !

Ren ! 84 ! 9000 1 111 ! 112 1 108 ! 99 ! 83 !
iib'r);! 4.6 i! 6.0 + ! 7. 1'_"_! 7.8+ 1 7. Bi! 7.2+ ! 7. Oi'
R,L)M!o_4 105 ! o6 ! 07 107! 06 ! 08

wsT ! 14. 24121, 8+ 1 28. 8¢ 1 32. 0+ | 34. 4+ | 37. 4+ | 34. 9+ |
Rosn 115 123 130! 2.91! 3.1?3.4! 3.1

uslht 34 £V 54 x|

7.5 1 8.2+1 9.
Rete 1 005 106 ! 0.710.8

0.

uslhat 227 21 3.6+ 8.3+ 7 { 8. ! 9.7
a1 0.2 0.3 ! o5 ! 07 1074108 ! 08!

9% Ary(g. 2 + 1(6.7 £ 1( 6.2¢ 1 (6.7+ 1 (6.5+ 1 (6.6 ! (6.3+ !
»¥10.5)-1 0.5)-1 0.5) 10.5 ! 0.5 ! 0.5) ! 0.5) !



601
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