VoAW1 o] ?1 ¢ odsédrrfwc 1ouvs vstou
Wl BHUBRUULY CT[IT1RM 1 [efwrrr?

10 Qo On tkzEts
[fTrf?2yr1s8f] wjtec" 2 [dzj CSMOdzHtets®

Lr s 5 3530.185
FrRe[(t udAwg

rdafwrrpryrlic sdlmfw F\RR ¢f WYL RM [ A[ S

Cret1irm trosAwem v tofsomobuf S ot L)
o1 ¢J wy v

s jy OGNS LSO “HEO, jddgSd) dzls Ots
odMsCdn jdzjeg' 2

) 5H O dg@ fH EHOZIE B sc s Misky j dgv
COdzH dH OlsBO W | BEIEdyded & dzOk €
rdmitsoy' B L Bzhk@kq o zOMded R  HEMd H>
CjLbkd OI'a ' IsjCfils' o 'dzhdn Oolktt o ¢
___________________ Jdgd oz yg dzS s . [.

1 OkCtsod?2 Sjte' odad§:

HisC IS s te -0 sy offOEs  ydzd & dzOk
MisOfed dzOkzCtsoad?2, M CafcbiZ
"' HH' ' dzz Isj stc' ~ wdemly dolsia]ls:
WHjtededr HBfMdz HY jdza 1 ¢
QodHBeMm! Sd2 | sdsHdkdts

s d 71 a0l



01 JuvoAwc

[Bjdz yjdeSts . [. [ fdz Hy jdede" CBGJ to
WH jtedad m t8j OCSYy' Wa [k -ue@igif O e of tc@dRdGdy tmiSm. ©
tezC s dMmkz.

rdmjtelsOy" v dzO LHSBEISIkW ZOEZC o BGE K
BOIs j 3OIsd ydzed rn dz2OEZC-An @ dWE @F td3 teD], . Q) 4izj 1§ dz

odMsC ~wgzlip s zB W Hjtodaf B1 HBHWOH Hzgf dz ¢

v HdMjtelsOy" dzO B OL ' -uclsh ooy dztda
L Of oSt s dzts o OdatBts w Kl :dg Js ) s isdD®)aste d 2 oBj SH,
SBOR ZdzXe0 ' $j sjO " o dH S GAPL o LY * dBCY D HZ'
Cts@ jtoj dals dz' L dedPrizOCzdzO O Ae jWOL jyts d2d L ' -8y dz jsdedz
Yyomtsedn QR tsd3h'jaz ] L 5deddfffisE dg’ ek
Ctsdzf @riadipls j di3d , o W QU@ M ' tow dz¥izO WsjBde@ R 2 dz2C 2 C
‘Az LJodedr MY jSIste' 9 €' dzyjoedr WtcOc d3j
g OC Y "R, | &BiyORtdtisdstsOuBatsLz L Of ot
teBLtcOrlzdzC " &8 fjtejte’" L' &8 HdAv B' dzOtedzdr~ to
hj o Hdz' o3 W Htc Oz , H dzw tcj OCy"' 2 T
dzj f jtedW j tod ydzd A L " IsC dzj dz DYy Cd - " isCAs
9 Oy dzdo " Mls! FtcOr 2o Odzdgw Ctse jftbjt elsdzd d H Jj
sBteOR ZdzC d * dz€ dz¥ Lddjolsledfntp &ffsffj tLdisjtalzp’ Oudz' dzts
ftsojH" dgf s L tsshissd3 Jdzj e "’ HdzW Is@ j W
Hisfpdz' HY j d20 H d dzO 3" ERO  CtasitjtiEimslizH d3f tc s d3* 3 dz

dMitelsOy' 2 dz0 totsB G BCiadsdL figls is'. ytslsd te

1 jh d2 ttedmonsgdlz@dzOdz' L 2 d3sy dzd 9 sfyls §
UoOMmsesets tsfdmkz ' desjteW jtoj dzy' 2 dzd o j
dzed L' Cts]j dzj BC §ERE] ctsj @FC Y U2zl dalz OffildsedzlzpL
'Lisdz 59 Oded R Y el a tsdzDdzf)r o dzj ] L 52O dzided d3 W

it sSLEedzv dzzls s difstgsidf' ol H 8 Pz dzd § tetsls
ey OCy" "~ , O ' MmOodij, s 0@ ster s MW f-tots



3

WHigts, WwWCj totsLf OHQT gl ¢ 1 eifiko L ©is figdz'dg
of dzd dz@W o dzsfls® I1SOC 58 WO judindils didets Is¢ @ dR@EL
WHjtedzd R toj OCy"' 2.

] onj & sted ¢ ¥ QU d2 Y Qe O ROt s d Mk |
Yyofmtse d2 wzted dgd dpqO fj lsizh dg® € ts te O Iftefrdsdg” d”  frp
(L-md Mmisd &3 )

1 O9 J HfjtezfcC dzOH L OfMmistsmMize Odzdz?y totsL tc&B dz]
Yofsoatsets BjlssHlz OdzOdz' L B dzff Gty jufis oate jLO
Mizy totso lsH i)l & atsipyiigs H d dz® & B3t AdzjdeHs dz0 dziflz, O
odfOHS & HJC"a CBE tfjict &Rdfg O Is! fmw .

l otso jethizeOR L dzS d f pAs fntstelz® ¢ ftf dzd o 4

LsCtej BO, W OLIO s¢is¢ jftOjcdsizlstezY j CIsd,
LOdzj ez iptfipte jte' L ©@ o ¥ Obdpd j € t5 @R ® gizlf Bz -
tesL ' Wdzdzw dzkz Clazf@zS, *QizFe Paud®ils OGe

| MisOdzatso dzj dzts, N tf toy fofiy oz L ° 5Oz iy
fessHddsC et ' Lisdz So Odese s toj L s5dzOdzefiz,
fjtejStedp Oflsdmwics - HEIIHEJs * Odz' dets® § s
oJ dzd uddets® , MO taOmLEMIfYestd Pl to f B3] §f dzdzv , N s
odz' Isj tcOlslzte® { tefigid fitpldsiL dg' O ~ UpdelfdkIEle j odigO ) (

VHtolz ¢ sz totdsts LGHEVdz'O 8 Is ! i) Yitc @sCjlasttoy dis’  ytehs L 8
o dCtsted Mistso k5 Is-y Oafftfdts Mts SHeBD@ES zio @'tzdzYy to j dzls
iWiSlk'es ftod L' kCdsj dedzv n dzj cSCdnm WHJ .

t BLH" dz fite(f MO HZAFda £ tcOdzdz' = tetsB ' Is Ml
9oCOLEZoOdzd dz2O dzi sBA~ " HdZ Mis! Is j stcj Is d y dat
ftetsyj MOR L' G dzj (e il 85€ ' n B G wESdZse "
f tcts fls H@Hdsts 56 15 Bj ssHE Hidlzve I3 GBC d AH st
LOf e o lOsiss 3 % stedOd' L iz, i tisHE B dis@ ¢
Cte' o3 (Bstsh i dedz* B SsHISCd tetsL H' dzz 1
hoduCtsiilsj 20240 B9 Dl MC wOH elcdBF @Y ~ H S
30 Y Oflseddias CHUDBAEd L WCdR .HilsjCSlsks Is: fiy



4

vted Is' 2 ftddxfifrHoviday jsds j Isd ydetsdzz O dzO dz' Is d yd
ftoesmis H@B)dsD S6 s " h'tsHn'sdellej oW j toj dzy’ 2 dedrn W
tetsLH' @DBDdztt’ " HdMJ tols O Y A o Qalimipis IKdts ¢ jdad
ftod yj dzstcOdeS Gi@aS 5 WHJ 6, Hj ftddz
¢ &zOH dz¥ ' Is+ Mmw dzdzts ) d dzdz’ Myls s o ddzd € O yd -
1 sCOLOdts, hts Bsydzdeoe O  jtemtf jSisdbd @r DI
HES tsy' &6 d hoadHCBMIS' My " o OH " dz OB ts
zOf ted ¢ dzOH , . dap® figds[ ) dpldzsis d s HOESIS 5 € sStej dzv
odf Oa &’ WoLd, d3s y O deB-zils d 9 dfSstwtc d M Is O dzdzW
[ted S Misdzso M § dH d¥ dzHSEsc@n) dR{SL Hts j (i) s-da0 dzf
f OO ste” L Oy' ' ¢ o' Bsdt & MO] tajdEvtc i jOLs tsdzGr
(i) -L BSH W CcoOdst® §OO®B]lste’' L OY' * b
[ s BtEHYHAY Mdd des f jtej Ctedlsdr toj L 5dzOdzf’ @
V Y lso jtolstsdilz totioisd caw IO * Is! v  dz® ts L ticfipoztst
f toctsfls HOB)EE 5° Ctsdzyd 1 y' - Hisfpdz' H Y j dz ]
6 L 5dzOdzlg’ ad3tsH § dz ol L sdzOdzdztsects totsL f OH L
mdMmisg Bt ), o wpceeaxz’ CWCds ‘dzd 2 W j dztsdy teifls d
B Y OB dz stsdz’ Odesd3 * s jtcOsstesd YyoOfmk
t sLH" &z foisdEhasfiyfMdsd HSMAzjHsdfdez’'s’ (s
dzj G j Isd ydzd A My jCIstc’ o i 56 dzd dzO dzdz™ fts
Hjtedzedr toj OCYy' WiR L OC dbf ikt gQhgs slstfj * taHdZCesHo
Oc Odz! detsf ted 2 dzg¥ Is s Blz ' HRSHEH dzY dzj fotsY fipdg,
fshdqtojfdeds? o " @ dzjIsdisots’ odMmtsCtslsj di3tf j tcC
fted odmMsCtsjdel e jisdydedrn . y KL dzls @ ez -
W' Ldydes 9" HYitse ' HOBIs! klsetstej dadz® fyd ez dat
dMmisd d3, TsEzj daj'j Edgtf Sy § QHGAOMHEBEHS d y dats
BOLE  Is' v dz®@ 99 j Hjdedz' f Otd,' {l,OtcfOjdtg sk oL
fts L& Misk saZOMmflasalzn O dzOyj dedzt s j tcOIststs
mMdmisd &&d, Of mntdlBey 2 k2 2 sogste’ a3y L sd0d)g ,dzdz’

s -

-



C s i3 dzj SYMAE@dzy.lste o  Hftse ' HOM dzd2 L O Gkl
HMdz" HY ko Odzsets WicOed3j delslz toj OCy' °

] BBl fSOLOdms, s OCO OO
fddz dzs  j toj C toof s tste LR s da@izizf) ‘Lo' Is,C dEgjiw € ' o
fjtej asHd o 3 M dzzdagssd dzjntistOszOcEs dz@s B Iz B3ts 9 ¢
5L 9 Odz o MsS 5L Bifpdifyly jdegd.n  § 5 BY Oz dzH

1 Of s sdetso Odzed 2 B ssH  *, 5 dnjzlsd ydz't
hCOdesL e dzv HO' st v H' Of OL =ldp  jydgjltd cazROdfs
Lhdo O oYd o' HB® RO B s wigsiidy dzO § @€ g ddd
1 41/ dzlz € dzts dz) OBt dsHj dz WHJtodsts’ G' HtG
wdzO¢h j COxkyd, fwOSlsduydstss hsedds ' M
LOHBe ' dz dets 1§ difnjzC Is & iz vazy j tgdediz  tfigte syt iy I
h JiotsC sd3kz  f to tdP Ly=ies dslzo FMEL 7 jdzj s 2 o
BsHjd' WO2jteBtsdzO oyj dzj HO' kM b dac
C' HieSHddzZOd3' € N Jj daj L OMlssmtse dzO. VL IsC
Hdzw h dJiesS et H' Of OL sdzz B sd3B OteHHzBA) o 7 -
oz JiesS Rz &b 5 Gt B urijste W HU).6 ' ds 56 s,
BjlssH kM hdd2 * Hdhv jdzjtee' 2, & dzh dn
Btsdi3B OtcH zt ydes yYyOMmisddets¢ 58 qAcOdstd (BdzQiHf 8
sjMMlstsots totsL Gz@i@Xes Yy d2j et 5 0. 044 4 j |

I L H' d sOfstds forg dptEd OdietsL tcOR 2 dz€
" s Lo dzdr MY j St 9 CdY fa mE s g &,
COBRSOR (tO0dZOd Lo Ods f ste' o dzv dzdgy L
ftedC dz@E" df@ tSdshtej sdedm o dMsC s daj tec § Is d ydac
O dzO dz'quizO dff t€eafj H C tebi3t] Griafdils | d3dis ts ff & dzvs HESDRO dats
Oo Is s WtlzdzC y "' o M) (osO dasiy e ' H dats gL B zdzj g Halst
ftotsd3' ¥ dets @ tsC € dRgFEPEfgE ' 2 ¢ lt)(® du eafpls "
9" H ogyCdpdrB dzd 3 § dzdz' o dded ¢ dzj dzdgw H J €' dzt €S t5A



vy jtehj LOf e sdeso Odets W tsatefiflzjdzlzO L Hz@ry
WEzdzC 9'd3 do Odece'd H € mstitsy POHZE Htso ' dzi dets’ ¢
Yyomtseadn ftOWOdj ste* o

1 OL sotss HOHzPBRIBEHj dz’'tcd §f 2" {fj dzdaw hoadHCE
fodekzrtsosetso OB & dydi3y l€iafiiple sz te'tsfy dzvO dz
oMt 2C et Mipdzlz v @ dedO jdFetdzdgs OtcH 28 yd = YO
Ed&zORBE " & 3" N j dz .

1 5C G Odgj Y ° L OfMmistsmikz o Odzada” B sBHE
J S MY J tod dfj~dzls © Gztlzdzn (stsBIsts fsC0OL OdzO z o
toj L sdzOdzfn' o) , h ts5, w ¢ odweddtsmw, 9" L

JCMmfjteddj des Oz dats MYy sMisjtej ko Odedn * dzs
Cyfgotsets WitcOe B3 dzls-® Y QHOCHS oz dzy * 2dzeets €
dzj ¢ CHIY] azv y* v dsq) -

s dzs Yso ' ffpdetips@n@iet 2 OdOd L, &jlssH
Ctscjtoj dzls dpdzS joté L oz MY jSlsted &' dzyjodn

ABSTRACT

Omelchenko S.O. Investigation of coherent and dynamic effects in
nuclear reactions within the frameworik of spacetime analysis: Manuscript.

Ph. D. degree thesis for the physical and mathematical sciences of 01.04.1
speciality- {Nuclear physics, elementary particles and high enaygigsstitute
for Nuclear Research NAS of Ukraine, Kiev 240

In the dissertation on the basis of the developed stiage analysis two
methodsmodels are offered: (i} spacetime method which at calculations of
crosssections and velocities of coincidences considers available intermediate
coherent channels in various das of nuclear collision reactions and €ig
method of time resonances or a resonant decay modeDMRan intermediate

compound system over time, which is designed to calculate the anomalous



inclusive spectra of the final fragments in some keglry reactions. Within the
spacetime analysis, the method of cressction calculations for binary reactions

of nucleon collisions with light and medium nuclei, for light nucleus collision
reactions, as well as for ngeripheral collisions of heavy ions f[@oposed,
emphasizing the importance of taking into account coherent effects. Within the
MRD, calculations of inclusive spectra with atypical exponentially decreasing
behavior with increasing energy for some hagtergy reactions were performed,
and the dgamics of decay of intermediate compound systems was studied.

The dissertation contains four scientific sections.

The first sectionis devoted to the review and analysi the possibilities of
spaetime description of interference effects occurring invienergy binary
reactions of nucleon scattering on nuclei near isolated resonances distorted by
nonresonant background.

Possible two intermediate coherent reaction channels are considered
namely, direct and resonant, where an intermediate compoundisiugléormed,
which decays after the delay. The method was used to study the effect of the
presence of such coherent channels on the tenescrossections of nuclear
reactions.

A corrective phase parametéris introduced, which describes tkpae
time shift between the emission sources of particles in the laboratory reference
system L - system).

An example of application of the spaib@e method of collision processes
developed by the author is given ranly to the reactions accompanied by the
formation of a single compound resonance, but also for cases of severa
overlapping resonances.

The calculationf crosssections illustrating the influence of phase shifts
and, in particular, the phase paramefeon the coherent effects, which are
manifesteddepending on the type of cressctions from the above phases for
specific nucleon scattering reactions on nutdei,*°0, ?°Si, °“Cr, *°Fe, ®*Cu, *Ni

and“Ge



It is established that the average time oflison processes with the
presence of both a single isolated resonance and two adjacent overlappin
resonances in the calculations in the system is a trivial positive value, which
explains the paradoxes of delagivance that took place in the liter&un the
calculations in the center of mass syst€ln gystem).

The second sectiordiscusses theoretical and practical developments that
use a spaetime approach to account for coherent effects in light nucleus
collisions.

The section is devoted to: (1) analysis of the early works of stationary
theory, which indicated the need for theoretical consideration of coherent effects ir
the processes of collision of light nuclei; @ibpuilding a methodology for applying
the spaetime method to such processasing the author's proposed formalism
similar to that described in Section 1, and (iii) extending the methodabgy
Section 1 to calculate crosgctions and coincidence velocities for more complex
reactions, leading to the formation of 3 particles ia tutput channel, two of
which are detected.

The third sectionis devoted to the theoretical analytical continuation of the
spaetime approach to interference phenomena described in sections 1 and 2 o
this dissertation, taking into account the coherdfeces in central collisions of
heavy nuclei, where the fundamental consideration is complicated by the
multiplicity of intermediate excited states. It is shown that the possible prospect of
applying the proposed approach to estimating the rate of conmuasgeor cross
sections for such nuclear processes, for example, in the approximation-of one
particle autocorrelation functions and the random phase, may be related-to: (i)
using the Erickson fluctuations methddr isolated resonances; (ii)- with
Simonus parameterization for overlapping resonances and, finally;- (iwjth
modified Simonius parameterization with Luboszyc type corrections for strongly
overlapped resonances.

The fourth section discusses a promising method of temporal resonances

based orthe spaetime concept of research or a model of resonant decay in time



of an intermediate compound system (DIR which is based on a unique
phenomenological relationship between the Hamiltonian and the time operator.

The section is deted to the considation of MRD in the study of atypical
behavior of energy absorption spectra of single finite fragments in nuclear
reactions using an approach that is a forced alternative to the conventiona
approach of energy resonances to explain common manifestatiatypietl high
temperature statistical equilibrium. These time resonances physically correspond t
the formation of highly excited lorlgved compound systems that disintegrate
nonexponentially over time. Mathematically, the method is based on the
introduction of pairs of parameters with time dimensidpsnd {J, the first of
which in content corresponds to the eigenvalue of the time operator for the
compound system, and the secondleviation from its valueln addition, a
complex parametea#,, responsible for the departure angle of the final investigated
readion fragment, was introduced.

The paper shows that such parametrization is valid under the condition of
strongly overlapping resonances (typical for heavy ion collisions), where light
transitions between strongly nonorthogonal states cause a delaydolldpse of
highly excited compound systems.

The proposed method is essentially an intermediate link on the energy scale
(energy range of about 0110 GeV/nucleon is considered), which crosslink
already known methods, such as fireball models (less tHalG8V/nucleon) or
nuclear hydrodynamics models (more than 10 GeV/nucleon). In other words, the
practical feature of the method is the fact that it satisfactorily describes the
inclusive spectra of nuclear collision processes in a fairly wide intermediage
of high energies from 0.1 GeV to 10 GeV, where the fireball model is no longer
successful and the nuclear hydrodynamics model is not yet applicable. In this
energy range, the method works for a wide range of bombarding particles (from
protons to’°Ar nuclei) and with a very wide choice of targets (frd@ nuclei to

38U nuclei). Moreover, the method is successful for energies less than 0.1 GeV
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provided that heavier nuclei with A 40 are chosen as bombarding particles (for
example, 8**Xenucleus with an energy of 0.044 Géhucleon was tested).

The section offers specific calculations for various inclusive spectra of the
final fragment inhigh-energy reactions within RD, analyzes the comparison with
the experiment, in addition, on the example oV¥esal specific higkenergy
reactions offers analysis of the behavior of the compound system when considerin
the author's survival functioh(t) (probability of nondecay) of the excited
intermediate compound complex and its decay I@tgdepending orthe time in
the approach of the occurrence of several time resonances).

For the first time, a formula for calculating the abowentioned survival
functions and decay rates for an arbitrary number of pairs of time paratpeieds
(J is proposed.

The basic idea of the model dynamics is the assumption of rapid (sometimes
"explosive" or "instantaneous") collapse of the compound system after its long anc
stable existence after the formation of bomb particles and target fragments.

The Imits of application of the method for interpretation of experimental
data are shown.@ the condition of occurrence of temporal resonances is shown),
which, as it turned out, is visually expressed in the presence of experimentally
observed inclusive engy spectra of a finite fragment of exponentially decreasing

regions (with possible slight oscillations).

Keywords: spacetime analysis, time resonance method, coherent effects,

inclusive spectra of finite fragments.
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