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Problem to solve

The main goal of project is a computer
simulation of Quinta experiment, to find out why
previous simulations didn't suit experimental
results.
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Fig. 1. Comparison of experiment and simulations results.




Quinta experiment

- Experimental data comes from experiment

run by prof. Voronko and his group of
scientist from Ukraine. Experiment took
place in Dzhelepov Laboratory of Nuclear
Problems in November 2014 using a
PHASOTRON.

» Research connected with particle beam
profile was run by Lukas Zavorka from
Czech Republic.

- Data from experiment were analyzed In
Laboratory of Information Technogies.

- Exercise is based on the results of
experimental collaboration ,Energy and
Transmutation of Radioactive Wastes”.

+ Project supervisor: Siergiej Tiutiunnikov.

- Members of a group: Russia (JINR Dubna,
CPTP Atomenergomash, Moscow, Russia,
Obminsk), Belarus, Poland, Czech
Republic, Germany, France, Greece,
Mongolia, Ukraine, Australia.




Experiment setup

Layout of upgraded target assembly “Quinta” at the irradiation position

Activation detector plates
Bedplate(700x400x16)

Pad with a Pb foil monitor and SSTD

@ - Displacement of SSTD
and threshold activation
detectors on surface of
“Quinta” setup

ISINN-19, Dubna 25-28 May 2011

Fig. 2. Quinta experiment setup.
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SCATTERING
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Fission

Fission is a reaction (decay) of splitting nuclei to
lighter parts, with releasing huge amount of energy
via neutrons and gamma rays. Reaction can be
extorted by neutron flux.

Fission fragments

High-energy protons bombarding uranium target, high-energy fission competes with
evaporation during de-excitation. More neutrons are emitted from high-energy
fission than evaporation. Emitted neutrons can go on to induce more fission events.

Fig. 3. Fission scheme.

Spallation

It's obtained by flux of high energy protons hitting a target
(lead, mercury). In effect, nucleus emits several nucleons.
Spallation is used to produce high beams of neutrons.

Hadronic cascade

E(660 MeV) ~25 neutrons
per indicated proton for
U-238 target.

Secondary particles from intranuclear
cascade go to induce further
spallation reactions.
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e brimary” paricle hits
target, inducting spallation
(the intranuclear cascade
and evaporation)

Fig. 4. Spallation scheme.

Fission and spallation happen in the same nucleus!




The cross section for U-238(n,f) reaction sharply increase for energies greater then 1 MeV
and peaks for energy equal about 50 MeV. It means that to fission U-238 we must
produce neutron with energy greater than 10 MeV.

(Average energy of fission neutrons is equal to ~2 MeV).
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Fig. 5. Cross sections for U-235(n,f) and U-238(n,f). Fig. 6. Cross sections for U-235(p,f) and U-238(p,f).




How to calculate that?

First estimation method
Yo (a2 :‘71235}/{'235{”.; 2 (E, = 25'3’"0;‘/)4-aI'HSYI'BSlu\_f z(E, = 14MeV)
Yooz = Yomssn ri2(E, = 0.5MeV)+ Y, 1. 1, (E, =14MeV))/2

Looks fine, but we receive too low precision.

Second estimation method
3 )
”ftpi 1z .[(¢”(E)GE'| n.f ]Z(E] + ¢P(E]O-('u=.r |7(E))f);dE

To find total fissions number we can convert previous equation into:
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If Y..,,- and Y., ,, are constant function of energy one can easy obtain:

cxp _
Ny nz = Yow ey + Yownzop.s

Measured fission fragments Z were:
- Zr-90
« 1-131
« 1-133
- Ce-143




How to calculate that?

We can write system of previously equation for
measured fission fragments in following matrix form:

" exp - -
”ZJ"JT’ Zrat . Uim, ) Lrat U(p.f)

nfﬁ}] nsiUa.f) ns10qe.J)
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Myppy 20

The solve of equation system can be transformed to

the standard form: -
= ( }r.T }.-)—I }.r"up )

If we obtain non-physical result it means that experimental
error is greater than calculated value. It is when number of
proton fissions is significantly less than number of neutron
fissions. In that case, we can assume number of proton
fissions equal to 0, and we obtain simple explicit form for
neutrons fission:
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How to quick calculate that?

Answer:
Computer calculations using
Monte-Carlo method.

Monte Carlo N-Particle eXtended
(MCNPX) is a software package
for simulating nuclear processes,
developed by Los Alamos
National Laboratory.

Simple calculations took
about 5 days.

red - natural U, -, blue - Al, pink - CR39,

a) The Z-Y cross section of assembly along the beam direction (at X=0)
b) The X-Z cross section of assembly along the beam direction (at ¥=0)

¢) The X-Y cross section of assembly at second uranium section.
d) The X-Y cross section of assembly at second probe plane with detectors

Fig. 7. Geometry of simulation setup.




How to solve our problem

We recognize that beam of protons can be
deflected in x axis.

There is also deflection in y-axis, but it is constant and equal 1.84°.

We calculated 5 options We chose two best cases:
for 5 different angles: . -3.21°

-+ -3.21° . -2.47°

. -2.47°

- 0° And conduct further

- 0.74° analysis for them.
- 1.74°




Results
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Fig. 8. and Fig. 9.




Results

Number of Unal(n,f) and (p,f) reactions Number of Unat (n,g) reactions for angle -3.21°
© - O Experiment, z=0 mm * -4 -+ MCNPX, z=0 mm
, z=130 mm +  +MCNPX, z=130 mm
, z=260 mm + - ¢ MCNPX, z=260 mm
Experiment, z=390 mm ¢ ¢ MCNPX, z=390 mm
3 Experiment, z=520 mm + - ¢ MCNPX, z=520 mm
O Experiment, z=650 mm + -+ MCNPX, z=650 mm
+MCNPX angle 3.21°, z=0 mm © - @ experiment, z=0 mm
+ MCNPX angle 3.21 n, z=130 mm £ Experirnentl Z=130 mm
-# - # MCNPX angle 3.21°, z=260 mm - O experiment, z=260 mm
+ 4 ¢MCNPX angle 3.21°, z=390 mm O - O experiment, z=390 mm
+ -4 - #+MCNPX angle 3.21°, z=520 mm © - © experiment, z=520 mm
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Results

Fig. 12. Average proton energy in detectors for angle = -3.21°.

Fig. 13. Average neutron energy in detectors for angle = -3.21°.




In conclusion...

- We succeeded in finding out a possible
cause of our problem - deflected beam in
X-axis.

- We obtained a good agreement of
experimental data and calculated results
in all detectors, especially on the
assembly axis.

- We estimated angle of deflection to be in
range between -3.21° to -2.47°.

- Computer modeling is much easier process
than conducting an actual experiment.

- It is also a great tool to predict results and
even upgrade experimental data in terms of
quality.




What analysis look like -
"the kitchen"
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numer kolumn Y=

3

numer kolumny <
Name of input file: f lux.dat

Name of detectopr: dp6t A8
umber of flux data 45
Name of input file: sigma.dat

Mame of detector: 238<p.£>
unber of cr sect 61
Name of output file: wynik.dat
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2.5495490E-49
Partial flux 1-/cm2g 7.2968319E-88 1.8362331E-07 4.8194488E-87
6.5853652E-87 2.1912888E-06
Average particle energy [MelUl= 154.1252
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4e 1.057804 1.5353645E-09% 0.0000000E+00 O0.0000000E+00 O.0000000E+400
358 454 8570 0.0000000E+00 1.552211 3.3727408E-0& 0.0000000E+00
399 462 5585 0.0000000E+00 1.551485 3.3727408E-0€ 0.0000000E+00
400 470.5933 0.0000000E+00 1.5507¢6¢e 3.3727408E-0€ 0.0000000E+00
401 478.7e57 0.0000000E+00 1.550025 3.3727408E-0e 0.0000000E+00
402 487 _.0881 0.0000000E+00 1.5435271 3.3727408E-0& 0.0000000E+00
403 435_5511 0.0000000E+00 1.548503 3.3727408E-0& 0.0000000E+00
404 504.1¢l1l 0.0000000E+00 1.546223 3.3727408E-0& 0.0000000E+00
405 512.59207 0.0000000E+00 1.542273 3.3727408E-0¢ 0.0000000E+00
40% 521.8325 0.0000000E+00 1.538254 3.3727408E-0€ 0.0000000E+00
407 530.8%9%2 6.6851517E-11 1.5341¢4 3.3736787E-0€& 9.378%310E-10
408 540.1234 1.713839BE-10 1.530004 3.37€ll82E-068 2.4395B86B8BE-05
405 545.5078 2.7773137E-10 1.525772 3.3B0125%1E-0¢ 4.0109533E-05
410 555.0553 3.855%2693E-10 1.5214¢ce 3.3B57834E-0e 5.e5431elE-0%5
411 568.7687 4 _5600241E-10 1.517085 3.3931556E-06 T7.3720705E-08
412 578.6509 5.20€4797E-10 1.512e28 3.4010052E-0& T7.849704%E-05
413 588.7047 3.54054%9BE-10 1.5080594 3.4070313E-0¢ €.02€l1B05E-05
414 598.9333 2.652el7.E-10 1.503481 3.4111458E-0e 4.1144457E-0%9
415 &08.33%5 1.3423132E-10 1.4%816z2 3.4132565E-06 2.1107183E-08
4le €l9.92¢6 9.2453540E-13 1.45%92¢78 3.4132713E-0& 1.473630BE-11
417 €30.€97¢ 0.0000000E+00 1.487055 3.4132713E-0e 0.0000000E+00
418 241 _e557 0.0000000E+00 1.4B814z22 3.4132713E-0¢ 0.0000000E+00
415 €52 .8042 0.0000000E+00 1.475647 3.4132713E-0€ 0.0000000E+00
420 E€64.14€5 0.0000000E+00 1.485772 3.4132713E-0& 0.0000000E+00
421 e75.eB58 0.0000000E+00 1.483755 3.4132713E-0e 0.0000000E+00
422 eB87.4255 0.0000000E+00 1.457714 3.4132713E-0e 0.0000000E+00
423 €99 _3693 0.0000000E400 1.451527 3.4132713E-06 0.0000000E+4+00
424 711.52086 0.0000000E+00 1.445774 3.4132713E-0e 0.0000000E+00
425 723.8830 0.0000000E+00 1.435551 3.4132713E-0e 0.0000000E+00
42¢ T73c.4e02 0.0000000E+00 1.434027 3.4132713E-0¢ 0.0000000E+00
427 745.2580 0.0000000E+00 1.428000 3.4132713E-0€ 0.0000000E+00
428 Te2.2740 0.0000000E+00 1.4218659 3.4132713E-0¢ 0.0000000E+00
425 775.5182 0.0000000E+00 1.415e31 3.4132713E-0e 0.0000000E+00
430 T788.952¢ 0.0000000E+00 1.4052E24 3.4132713E-0e 0.0000000E+00
431 802.7010 0.0000000E+00 1.402841 3.4132713E-0€ 0.0000000E+00
432 816.6477 0.0000000E+00 1.3596342 3.4132713E-0€¢ 0.0000000E+00
433 830.8387 0.0000000E+00 1.3859730 3.4132713E-0¢ 0.0000000E+00
434 Total number of reaction/cm3= 1.€452411E-07
435 Number of particle/cm*barn = 4.8201300E-02
436 Density g/cm3= 15.05000 masa= 238 .0000
437 Total number of :eactionffw
438 Partizal number of reaction/g= - =10 3.4557635E-10 2.089105cE-09
4353 Z2.549543%0E-09%9
440 Partial £flux l/cm2= 7.2968313%E-08 1.0362331E-07 4_8154488E-07
441 ©.5853652E-07 2.1512888E-0¢
442 Average particle energy [MeV]= _

443




HANK Y00!

And we hope we resolved all your doubts




Sources

- Spallation Physics - An Overview, Gary J. Russel
- Neutron Generation, John M. Carpenter
- Users manual for MCNPX 2.7.0




