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FORUM TOPICS
1. NUCLEAR PHYSICS

1 Nuclearreactions: theory and experiment

9 Structure and properties of the atomic nuclei

1 Technique and methods of nuclgdrysical experiment
1

2. SOLID STATE RADIATION PHYSICS AND ISSUES OF MATERIALS SCIENCE

I Formation and evolution of defects in solids
 Structural and fuel materials of nuclear and fusion facilities
1 New materials and methods of their preparation, ‘maaterials

3. RADIATION ECOLOGY AND METHODS OF ANALYSIS

i Radioecological studies of former nuclear test sites, assessment of risks and radiological issues.

9 Technologies for reducing ecological risk of the radialiemardous facilties and territories,
radioactive wastes handling

9 Analytical methods in the radecology and nuclear forensics

4. NUCLEAR AND RADIATION METHODS IN MEDICINE AND INDUSTRY

A Production and application of radioactive isotopes
A Nuclear medicine
A Radiation technologies

The Forum also includes:

-Meetingc 25 years of Repbbteti wmf oKaraakhstan at JI N
-Round table¢ Research Reactor s: safety, utilithzati on,
anniversary of the research reactor WAKR
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Dear participants and guests of the International Scientific Forum
"Nuclear Science and Technolags'

On behalf of the Ministry of Energyf the Republic of Kazakhstan, the International
Advisory Council and the Organizing Commitee, | welcome you to the international scientific
forum "Nuclear Science and Technadst) dedicated to the 80 anniversary of the Institute of
Nuclear Physics.

This forum consolidatesseveral important eventsf the scientific communitythe traditional
11t International Conference "Nuclear and Radiation Physics", the International Conference
"Nucleus2017" and the 8 Eurasian Scientific and Practical Conference "Nuclear Science and its
Application”. The Forum wil also include thaneeting devoted to the 25 anniversary of
Kazakstan's participaton in the International Intergovernmental Scierdifit Research
Organiation "Joint Instituteof Nuclear Research”.

In the message 'Third modernization of Kazakhstan: global competitveness" to the people
of Kazakhstan the President specifies the task to create a new model of economic growth that wil
support the global comp@eness of the country. The first priority is the accelerated technological
modernization of the economy, which imples the necessity to develop new industries. For this
purpose, it is necessary to develop the scientific and innovative potentialinindiogt in nuclear
and radiation technologies.

The major part of the scientific, technical anduman potential of the nuclear industry is
concentrated in such research centers as the Institute of Nuclear Physics and the National Nuclear
Center of the Refilic of Kazakhstan.

The Institute of Nuclear Physics, founded 60 years ago, is the main organidatiba
country involved in scientific research in nuclear and radiation physics, physics of nuclear reactors
and chargd particle accelerators, solstate physics, radiation materials science, radioecology,
radiochemistry, radiopharmaceutical and developnagniuclear and radiation technoieg

Within the framework of thisForum, the leading scientists fronvarious countries of the
world plan to discusshé currentissues of nuclear and radiation physics, materials science,
radiation ecology,analysis methods, nuclear and radiation methods in medicine and industry.

The level and quality of scientii@chievementsn nuclear science and technology contebut
to upgrading the international authority of any country. The ldagn successful work ofhe
Kazakhsta scientists in peaceful use of atomic energy suppibg global initiatives and efforts
of Kazakhstanin realization ofnew principles of nuclear safety andaeping theworld free of
nuclear weapons.

| would ke to wishthe productive workinteresting scientific discussions and grpabgress
to all participants, guests and organizers offleeuni

H

Minister of Ener gy of the Republic of Kazakhsta%

/Jﬂﬂ/ s.¢. Bozumbayev
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CHALLENGE FOR CREATION OF SCIENCE AND INDUSTRY ON THE BASE OF COOPERATION
BETWEEN CHIYODA TECHNOL CO. AND THE INSTITUTE OF NUCLEAR PHYSICS

Hosoda T, Kenzhin Y2

*1 Chairman of Chiyoda Technol Corporation, Tokyo, Japan
*2 Director General of the Institute of Nuclear Physics, Almaty, Kazakhstan
J-mail: hosodat@ctechnol.co.jp

The idea of Chiyoda TechnolCar at i on (CTC) is A to contribute to s
utilization of radiationif. Aas afield df activity m £dmmanwith eCTCBY theN u ¢ | ¢
way, the reactors for research in Japan have beéwperated after Fukushima earthquake. Therefore, CTC and INP
signed new memorandum mainly concerning study fields with WKMBactor owned by INP, on Nov&f 2016 when
the president of Republic of Kazakhstan visited in Japan

In this memorandum, @steresting cooperation fields, CTC and INP selected four terms, i.e. Rl production, Next
generation dosimeter development300mm Neutron transmutation dopir® development and Neutron irradiation
study promotion.CTC and | NP wi || aim to a&hrewaet dNew u#fiillimpatoi
technologyodo and fitechhelagy for rsafety| utilizatiora of madiatign against medical persons and
university studentso.

For four months fronthis memorandum signing, CTC and INP have investigated the possibility of cooperation
on creation of research and industry. Then, the cooperation study agreement was sigfeldanci281 2017. Special
study topics are showas follows.

n Rl production technologydevelopment

o 99Mo production technology development byammethod with WWRK

9 NDT-Si production technology development

~ Next generation dosimetatevelopment

v Irradiation Technology development for irradiation stymgmotion with WWRK

P D-Shuttle application study

In this time, the outline of status and future plan on our cooperation for the creation of science and industry betweer
CTC and INP will be presented.
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1. Pasell H.D., Solodukhin V.P., Khazhekber S., Poznyak V. L., Vasiliev I.A., Alekhina V., Djuraev A.,
Salikhbaev U.S., Radyuk R.l., Suozzi D., Barber D.S. The Navruz Project: Cooperative, Transboundary Monitoring, Data
Sharing and Modeling of Water ResourcesUentral Asia // Nuclear Risk in Central AsiaNetherlands: Springer
Science+Business Media B.V., 2008P. 191199.

12



Plenary Reports

dpuvffrvddrdtdridodc CrrticrovRrRS G, SOSOVESPGLPFPRIT LT AL (URSH
lovrvasryg{

LOtdG 5k.

1 0ydssdzOdz! dzf 2 (CcHjtedzr 2 RMMdzi HB9 OIS dzr MCd2 A
RdzMisdlskzls { OHdOydtsdzede' = ltetsBdzi d5 1 61 ¢

Ir wodzj dzd § or MeCtst WWjChkdo dgr R d BJLEY OMmdz R fklsj? ]
OCzOd&zOtetc@o dzj dzd j d3 W Hjtodes?2 dzOkSCd d Isjrdesdzseadd Mo e d3j dz
shdsodz’ J tJjLEd OIr dmMimdzj Hso Odzd?2 sy Mmse o sBLOL 59
Hy dzj dzedwv wHeO g fodishi s Ekdde jtcf® dcd=zod tciOdeids day gats figaPliz jC dfw
fsfmdzj Hdedy 50 dzjls W istedsdtetso Odztdshij'n df QY M @ g3 ts fHAOH o l&Xjoteltej elts(t H dfaD
L dzjtccilsdSCO.

]l HOdzdzs?2 t©OBSSIsy dMMdzj Hse Odzr Htesyj MM Ytoj sBtcOL 59 Odad

Ldegtbd 9 fsdBshi s EddejttmMOdy desets 1 dgj eetsdetsdlsj dzv. v yj dz
L dzjtcedd dimfmdzi Hso Odz" Cddzi sdS O d BjrOdedL 5r dzOC s dzj dedw  dzt
dsdedL dtelzs h drn dLdzzyj ded?2 d Isi fdgB. Mmictstzd jf vfjtedsda’ Qjls ' § t® ts Wsjifigits’ e da
fs dBitej HOI' B dOtelzy j ddWw.

tOHdOydisdede § fYtetsyd mmr fsdzz yj dzdv otSHGSEBHO f§ttd ©OHJ
s¢CMdude = Mtsj H] dzgj dzad 2 .

vjtedsdud Medy ftesyjmmr ©OLdsyjddY ostwdLBsBEgEHisdj d3 ©OI

[OHdOubﬁystrtzd;tSsu;fr]QtSJ cOL dzsy jdzadd otH' 9o ftwdmikzlsmMiseadd 6

[G)Ld3ctherJ LWWJClse s toOdHjddadg das daffdtss yJ MM OR tcOL dzsy j ded W
fMtsd Hddzj dzd 2, Gs—uqt@sq;dcjmumzw ftesyd M (odzdpdfy cOs G EEH @ &
ftsd Hddzi dzd 2 d qdzHd o dHEZOdz df 7 dOdes sz ftesosHdzd S s 7 Mis,

4 yJjdz s aor weodzy dzdf Ve J oS8 LG NsAEOiAE V2 Isj f dzso 52 MisMisOoe dzv s h .
Cddzj sdC O isdzzyjddy otHBtesHO ftod tOLdsHfjtGffidetsa BeOf tcl
Si 02 d fdztsy dz" = sCMdHd = fmd Mmisj d3, Clstster 3 W dzw b s f
Odzt s ydtcC sdzOlsr , B j tod dzd DR Jd dzd SRlO M J SBP Y Ktc®lsif tets EezB B W -

raz2 50-1- ke / M3

Irwodzj dets, yYbtf4BOwE Gp@wdzi] ThMtsjHddej dzdw EfMStswels Isjtedgc
otsHT . JrBtOdz SflsddBOdz dzgr 2 Isdf ECMdHde 7 COOdZdL Osstese
B ~Oded L B sj B COlOddsdyd MoHgEts] dB3Hj 8 Misyd sy jmMihd H dpitsdizlz 1
UjteB3sCOOddsduyd MSdi ftetsyj mmr tcj Ct5d3j dzH 59 Ode' Hdzv ftcj BB
] OCksttse M fodshi s HBod Sedvcdsets osSHBSKESHO.
10 tsmdse) dMMdziHseoOdzd?2 ©OHdSdJL O o SHMEZ Oz tztc § M I Is fifjdats
dHOdzlsdz = Mtsj Hddzj dzd 2 9 LOoadMmMddsMmisd wls hdtedder -LOf to,
dud M¢dr Moews2Mmlse, Misijfjdd LOYtdzdzj dedw fHtsojterndesmisd 5
sj 3Ff dcetOs s tetsd fdey deBLicdOa HsfohOdsnj dfvL debzdmjjtaedd?d o BtSdzj J BB
JHOYd & OHfMmMtsteBdtoso Odzder o3 d3ts dzj € EedpGsdf teastwh)dzdz" = jsuskydez i
dHdzr i3 MdMmlsj BOBJ o' itsH oBHBESHO ftojor h O ls tstelfs ¢ dddapids
stsw dzd d ,

Grer (HE:] = Grur«t(sz

Colstster 2 wWodwjlsfw EZ ¢ QLOGI0jdx jlsdf | jelOHE O d mde@&Blso dv sECMdH
tcl SBteOLtsoa Odedw 1 dzjtecdd twWOHdOyYydoddts MtsmMisOodvehda WHJ s
OOSCIsjtedmisdsd ¢J dzj teOdydae® Y & OtdZef dztsigh Is dd3dde e y@ld d3tsH j 2 fylse d W
;tqu’q’ 9 sCMdHd = mMdMmlsj BO~-. vilsOdzts o dzj dzts, Yls s dzts fin d |
tcOQo dztso j pdzr | dzsdlsd dzd LOtcWHB 9, 9oL BEYH] dadzr R Mtshistsw ¢
dzjlzte dfistdn W u’tSH Hi2flsaddidz OS¢ fitwwoadydsy » dL dzzyj ded 2, so¢
Jd302. lrwodzjdgr LOCtdesdzd edesMisd L OodMmMddisMmisd or AsHiSH
4 N J dadzts 2 L 5dzr Mistelz € Is iz to dats 2 Y s tsv€ it w Jztzdzts Mfige Misy d3.  +
Jtoddzj dzlsOdz' dgr = d Isjttejlsdui MSdr twWOMy| lstse s fHE jtedts \poeler d&t
9 teOL dzdydzr = Ikdf Or EMdHEe. v0O¢ H dzw sCMdHO HdL dzd
3,004,019 woOfftejrhgj ddlzf 8d d8@ dHs9 . 1 v wodzj dzr L OC tsdats a3
ddzi 2 LOWHBSe € Yoo jtemdzsMmisd d oL OddisH|2MIsadw ) OHI
sfstedmls' 7 SC(MJHOR &BJdettOydw dzj cOo dztso jtoeder B digls M@ dzd iz
Hy2fMlsadi d3 ftso jtorndzsMmisdztsa ts 1 dzj CltesMisOlsdmMisdyj MEsEts
sdtsikj odeslsj?2 ¢&jdaj teOydd, BdectcOydd, ZsCtsdzdL Oydd d e

13

me~r-r3ag > 11
&

quOQQ—-q_

reog
o -0



Plenary Reports

hdtesSd?2 CdzOfm SCMdHd n Mty e Yledg tdatg? 7 odzjv b fiAf td2®OH tousjdozdztdfilsls | 2
ftetsyj MMj RzZOSC s dzj dedw L dzj ecdd dL dzzyg dzd ? ) se jtwoHr n BSCMdH
fMsmistswdzd 2 dgj Qo datse j fder 7 desdlsj dzj 2 L OtWHtSe. [HtedH]djder
s # dedav ~. lr weodzj dzr stflsd B3Od dz | sd{gr d Wstdr sCMdHdz R
tOHd Oy OHatzd Isd yj MSts?2 OClkdodesMmis: ¥ o Htesyd Mid ©WOL dzsy jddw o
BiYHE o" AsHORd desmdlsj dzj 2 LOtWHB d a0 HOHY-§ Sidzdagzd iz iz jofgists Is
cOL dzsy jdedd otsH' o ftdmklsmMisodd flkd®dOd d'r Wttt ¢dzOoOmMmdyud fi

G (Hy) = %Gn )

GO (idz@YOdz dzr j o' AtsH' deshdlsjdzyj2 4 dzgjtecdd. ,

1T wedzj dats, Ylsts M ko dduj ddi & Isj di jctedBEOMs'0 dzd OGS ¢ dorn G
f ots d M7 soafgdsd fisfp” fosdjyklssyds = fesHkzSlsses H d OH § dtsdzj Sk dzv
bdedojteOd dscts L dzj betsdesmdlsj dv Msske jlkMlsakjls G(H2) = GG

hafls) 608 heess s kdmy s

lted ©OMUJjlsj L O] ded?2 GlHZB)E]fiEihs dCoH Oy St s oS¢ o Is,
fEEYj MNOR BOL sy jdadi oBHT o NUSEHE O ki vy swWpssHiz) o= b oty (dstr
Wis ( H2)

15l bsdl ) O gy & BOAOGEBGE EE U NS IR fEsYj hhse 1 ©5dk
L g eatsdshd i) Whi B sd b

1O fsMmdjuddj 25 dzjl O shdisej d i dg jisp OB P dade O SHSE
OL dzsy j ded™ o jh jMise or weo dff jatc je®@ iR catlzp ce ff j B (o] tondatsilsde
Lssdsz + ¥ W jCkk jMmMdzd o SOLO@GYO@EBEQRLMNEEA HfotOm g O g ® dzdzis dzd dzO
Ldgj ecdd MsOdesodlsmw MieOodedds M tOL &3 OB YOMIsdyr COBSOddL O
(R) . ( mMdzd Eyd Mis Ylsts, Hzd dz0 MmotBBHMGSES (s j 0O dzj ttOo dzts

Hd! dzj Slsted S OF Hdw LidgDBedd qoOifsdar sHE*mo qdas | 5o B Ok e OHJ OV
COOddIsduj S OW OCIsdodzBades 1 Odsts i ls o8 ' fisd flsj BOZ M ROGSLOL &) &
COHdOydEziastc | dedy ° fetsyj MMOS fHlso jteyHjdz tejLbd 5OO®B] df
ZOdets ©OL Bjteds 7 lsojtnr n Isjd | CCompdEmddusidnG S d B d dafst)sh@in s+
fijteijHOYUO 1 dzgjteecdd ojhifMlse YtHo jtecOs hddigmw twwOL sy jdds ftetsdmn
d filsdl HEY L WWjChdodtet ©OL My | ddy kijelbjlkhY busedjlet
Lsdy ©CMdHse d HdMMtydosdedsyc. s Ik i@ udty dats s niitg )1 j g 05 ¢
12 HEJdO fobebHBGEGEH dichslgEdsos Sisdod R § § 61 sskkE yYOfls:

fosntsHdls o fGojtodshmls! ko jtHSeEs Isj O d oLOdEsH) 2flsokzjls
COL BjteO yYOflsdy oS dkOH f§itjdsmMO ¢ OHMStedtSs Odds?2 & OLj kds,
dhmissyddS olsteduds ° {dzj Sltesdedzr 7 qL dzeuj ded?2. 1 OC szt 3 to dats s
CEdZsOCIsqtelzs h j2 fMtj Hj ¢07z mAGS, nZiEd, nfARGIRZBD ASin02 -Be nSi.

UM Odats o dzj dats, WS SC O Szqs@f gl CHRFOSSIKAESO L dzs  § ded o S4S'C fal n @) 1f e

v0673s kHtso dzj s8®XVdg.lsMw) G( HBREYO,] tOHJddL O -CHHEHESEBe, odts HI ©
nNSi ko jHOW WOLO ojHjl Mmjew CO¢ dhbtsyddS sktsttdyd -~ dJL dzy,
otsLHj2Mmlsads olstedydsr n 1 dzj Stetsdede’ = dLdzEyjdd?2 o {(ttsfistc Odzn
ftsojtordasfdgdf. 41 OL S e jdzd s H s ez L sdr fMdMmlsj BOr fesdmrsHdl s
tcOL dzsy j dad W 9SHT | ] OCiMmd 3O dz dz" 2 9’ ABH Bedz SEdzvtcdzsEets o tSHTS
s lsd BOd daig ) lsdp@tzts H s ls d°d @ j Is figts dzj G(zHi2/ )1 0 0 ¢ | d SsiWW¥dydyjdsds
ftc jtds@®BL 59 Odad W tc OH d Oy d s dzdzts MtsMisOo dzv ¥ h d h°4 2% .j tc dethytzd | dzj ©caffd ts
sStcOdemdzd M s ykzssydey » ftesHizCkss ¢ Ctsdzj ydesdisz dEtsdzj € z dzw
teOL dztsy j degdw o tsHT , Isthetizypd HsO jBdstslg hLjdzOy j dzd j
vsO0Cdd3 B tcO " Weo dzj dadz | LOSCSdetsasj tsdeteigls d dzedds GH d © g 6 ty gleliply s ©

Bsdzj Cdzvtocdeatsets oatsHEStSHO Mo dHd sy s isdzlz & Is1 iz 86 gkls d YYbs s 3©® I etz dzts
LWWjClsdodsy 2 MytsmMse ftojsBOLSoOdedw Isj f dzsaizg e cd d tc @H ) O vpfssudzdst
so ' 7 fCtsdzj dzgd?2 WHjtedsts 1 dzgjtecdjsdud MSddBd MmdMmisj SO SOC ] te

tc
dz

6
fr

14



Plenary Reports

14130 vt el rrre 1 Ruew[rr Ll orv AR fus)f113Im
[J B Wdso O ¢ . o .

HoydesdzOdz' dz" 2 difmdzi Hse Olsj dzr MCd2 yJ delste ¢cskzteyo!
fdhSCOH BJEO sktoyOlsse O, 123182 [MEoa O,

I sCter IsdijsHad@sdztsf L 9 O dzj 2N dT dH W RiE®EY jp dz€ 3 dW G Odzts 5B 'detizts sSts I8 §
9 thdse d » wintg fipls s Wddgdv@h dr» dzO@ ctOdzdyj MisOB d dz ®fHYsH y s of s
COHsOCIsd.o df Bz midetcdy Mots2Mlsotsds GOdzs WodzW jIsfyw Lk o -3dzdtayq Lotz

ftejorhOshdld tLOLABjter thMisseaO. [HRZOCt fodCds A adgih ls[RH tHips fplstsdy.
B d3j dzls dzj BT dzfs.
10hj2 ctwkfftsc?2 B" dzd ©OLtcOB SISO Mdzi HEE M ] dBjIlstsHT C
mMsmMissw dzd W = :
1) BsHdW dydtetse OdedzOW HJW tcO¢ yd tsdzdzOW BsH| dz (frf
HdW e OC yd sdedes 2 € s 3 s degtolss  fpjd W g dgdfevj. dzy d O dz
2) df3j IstsH ttOHEZY dats G 15 tc OMPMgz® dede Mts B Flpdes By B Wzdz  tc OH Iz ¥ dat
HgWW jtoj dzeydOdz desets fj yd dedw.
[ s OMddif bslsdyj M dr dsteddtesosydz » S4 ¥ Wdydj dz
Ht oMY esmisteOdz dzd § f 1§ O jBJ QF yddsdigsojdsQe(HEd (
ltod Bj dejQ@igddz’ =7 BjlssHse fsLotddds fsdzydls! fMdjHkzs " dj
! Odzs tsBdzOtclzy jdets o c¢dzgj! SLBIMENCdrRe MlsOBddz dz@ 7 W
1 Odzts tsB Oty jdets dzgj Istsdz ¢t o idswd*Ej3udds d oL B
1 Odzs B dZOLEY jdts dzf bd St Slstd@Misdsy ded v 8 MEMGis Yy de
(otcOh Olsj dz d¥ jj) f tsdztsfyr
1 of jtcor j B dz0telzy j dzes!SNY to s Isits fadAs @ dz'c @i 3@gds@plsdrsw Hag@swissip w -
(ftoslstsdedets |  din =iy IRolsjtdsplsdaty jdzdzts ) dizishdj sHdd&ZOSCte ™ j
1 tOMihdislstc] dz osf e Gtz S R - od Istcj nilsj dz dz" 7«
! Odzs o -Qdz®dztOdets 0 ' 7 O {A)S ELY (dp)[ IS j(2p).

THREE-BODY ASYMPTOTIC NORMALIZATION FUNCTIONS AS A NEW FUNDAMENTAL DYNAMIC
CHARACTERISTI C OF THE THREE-BODY HALO NUCLEI

Yarmukhamedov.R
Institute of Nuclear Physics, Uzbekistan Academy of Sciences, 100214 Tashkent, Uzbekistan

The present review report is devoted to consideration of the asymptotic nafttleidving the true asymptotics
ofthe radialthreb ody wave functions of halo nuclei with two |
particles. Theepresentedsymptotic formsare expressed in terms ohaw fundamental dynamic characteristics of the
threebody halo nucleus in the form of the thieedy asymptotic normalization functions (TBANFs). The methods
proposed for determination of the TBANFs are disged. The results for the TBANF values obtained for the some
specific light halo nuclei and their sensitivity to the used -bedy nuclear potentials are also presented.
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1. NUCLEAR PHYSICS

1 Nuclear reactions: theory and experiment
9 Structureand properties of the atomic nuclei

1 Technigue and methods of nuclgdnysical experiment
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1. Nuclear Physic

SOLVING QUANTUM MECHANICAL PROBLEMS USING FINITE ELEMENT METHOD AND
PARAMETRIC BASIS FUNCTIONS

Chuluunbaatar O, Vinitsky S.I}, Gusev A.A, Krassovitskiy M. 2

1Joint Institute for Nuclear Research, Dubna, Russia
2Institute of Nuclear Physics, Almaty, Kazakhstan.

A new computational schemesymbolicnumerical algorithmsand programs implementeithe highaccuracy
finite element methodFEM) for solving the quantum mechanicebundary value problen{8VPs) are presentedi[3].
A considered elliptic BVPs in a multidimsional domain are solved conventionally using the multivariable FEM. An
alternative approach consists in a reduction of the original BVP to a set of ordinary sedendifferential equations
with respect to one of independent variable using expangiamesirable solution over parametric basis functions of an
appropriate auxliary eigenvalue probledq7]. We demonstrate anffeciency of the proposed calculation schemes and
algorithms for solvinghe boundary value problems describing Helium atom blostates and a quadrupole vibration
collective nuclear mode(see Figure)
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Figure.The potential energy of quadrupole shapel twonord e gener at ed eliaga fQunct i or
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grant MES RK 0333/GF4 and grant of Plenipotentiary Representative of the Government of the Republic of Kazakhstan
in the framework of collaboration program JINKK N 337 2017.
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Acta Phys. Pol. BProc Suppl 10, 99 (2017).
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NEW IMPROVEMENT ON THE 1%B(pa)’Be REACTION STUDIED VIA TROJAN HORSE METHOD AT
LOW ENERGIES

Rapisarda G.G!, SpitaleriC.*, CherubiniS.12, Cvetinovic Al, Guardo G.L!, Gulino M.} CognataM. La?,
LamiaL. !, Puglia S.M.R!, Romano S'? SergiM.L},Spar t = R.

1INFN, Laboratori Nazionali del Sud, Catania, Italy
2Di partimento di Fisica e Astronomia, Universit?’
SUniversit™ di Enna AKore, o Enna, I'taly

It will be reported about a new measurement of ¥#¥{p,0)"Be at energy of astrophysical interest, performed
applying the Trojan Horse Method to tAd(19B,U7Be)n threebody reaction.

Thel%B(p,U7Be process is of astrophysicalinterest since represents the main proces$¥®hileing and can
provides hintgo understand mixing phenomena occurring inside the stars. Such reaction turn out to be important also in
applied physics field in the framework of the aneutronic fusion. In partiéti{p,2J))*He is one of the main reactions
taken into account for sudhsion system. Bverthelespresence of°B in natural boron fuel represent a source oflong
lived radioactive isotopes, thatBe, through the reactio¥B(p,U)"Be.

This recent THM measurement provides a new evaluation of the astrophysical S(E) Ifagtarticular the
improved experimental resolution allowed for a better separation between 8.699®eVel faling inside the Gamow
energy region, fromthe subthreshold level. Moreover we obtained for the first time the separation beteandlie
channels, allowing to disentangle the contribution of the al channel in the extracted bare nucleus astrophysical S(E)
factor.

The experiment will be described ad results for ddtandU, channels will be shown.
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COMPILATION OF EXPERIMENTAL NUCLEAR REACTION DATA MEASURED IN KAZAKHSTAN
AND UZBEKISTAN FOR THE EXFOR LIBRARY

Kenzhebayev Nurzat Zholdybayev Timuf, Ergashev Feruzjoh, Naohiko Osuka*”

IFaculty of Physics and Technics, Kazakh National University, Almaty, 050040, Republic of Kazakhstan
2Nuclear Physics Department, Institute of Nuclear Physics, Almaty, 050032, Republic of Kazakhstan
3 Institute of Nuclear Physics AS RUz, Tdent 100214, Republic of Uzbekistan
“Nuclear Data Section, Division of Physical and Chemical Sciences, Department of Nuclear Sciences and Applications,
International Atomic Energy Agency, A1400 Wien, Austria
*e-mail: n.otsuka@iaea.org

Several accelerators and research reactors in Kazakhstan and Uzbekistan have been utilized for measurements of
nuclear reaction data such as cross sections. The data measured in these experimental works are useful not only for
discussion of physics extendidy those who measured the data but also for theoretical and experimental researches
dealing with the same observables. For example, angular differential cross sections from various experiments contribute
to establish a set of reasonable global opticédptal parameters for neutroand protoAinduced reactions (e.g., RIPL
3 [1]). Accurately measured cross sections (excitation functions) of radioisotope productions (e.g., [2]) help estimation
of medical isotope yields for routine productions.

In orderto utilize experimental data in the literature efficiently, it is very useful to maintain a data library providing
numerical data in a computer readable form. The International Network of Nuclear Reaction Data Centres (NRDC) has
collaborated to exchange petimental data measured for many decades under auspices of the International Atomic
Energy Agency, and people can receive numerical data collected in the EXFOR Library [3] from various web sites
maintained by data centres (e.g., [4]).

Data measured in thfermer USSR countries were originally compiled by four Russian data centres in Moscow
(CAJaD, CDFE), Obninsk (CJD) and Sarov (CNPD). In order to perform compilation of data measured bg50M U
isochronous cyclotron at the Institute of Nuclear Physicélimaty and other facilities in Kazakhstan and Uzbekistan
efficiently, a group of physicists fromthese counties was formed in 2013 [5], and the NRDC concluded in 2014 to develop
the new EXFOR compilation activity by the group in 2014 [6]. We are novalwoihting for identification of newly
published articles for EXFOR compilation and also for compilation of data published in these articles. Numerical data
measured many years ago are also preserved in a printed form in the Institute of Nuclear Piys&tyjrand we are
trying to improve availability of original numerical data not only for new articles but also for old articles. Progress in ou
four-year collaboration will be presented.

[1] R. Capote et al., Nucl. Datheets 110 (2009) 3107.

[2] V.N. Levkovskij, Activation cross sections for medium mass nuclei (A by medium energy
protons and alpha patrticles (E=80 MeV), InterVesy, Moscow, 1991.

[3] N. Otuka et al., NucData Sheets 12(2014) 272.

[4] BExperimental Nuclear Reaction Data (E3IR) http://www-nds.iaea.org/exfor/

[5] N. Otuka et al., INDC(KASPO001, p56, 2014, International Atomic Energy Agency.

[6] N .Otuka and E. Dupont (eds.), INDC(NDS§61, 2014, International Atomic Energy Agency.
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A NEW INVARIANCE OF PERIODIC LAW
AskerAli Abiyev
Institute of Radiation Problems of ANA&skeraliabiyev@hotmail.com

A new invariance correlating with the periodic law has been found through Asker Ali AbBatesced Squares.

Balanced square is an arrangement of the numbers from I ¥oMlamatrix, with each number occurring exactly once
and such that the sum of the entries of any row, any column, or any main diagonals is the same.

InordertowriteA b i y ev ds Bal a nihordedwe 8spm/a quansity (ievenor (n- 1)/2 quantity (if n
odd) frames, closed graphs and groups of numbers cons
electrical charges have beenplaged s quareds centre accordin gﬁ#iffiiqy:fﬁ mb er
for each inner and outer frame of such a systemhas been calculated.

If we calculate magnitude of vectdr, that is,|§E |fromr’lﬂjx and HE,-}- for inner, outer and the sum, we will get
the following formulas:

Ap D1=(a.)" +(a1,)" = - SR 1] V3 594,00 267 + 57,

klk+1)

AT {g]|:HT_1[ . ‘|"::-[C—1](’-’1—k]]‘v'ﬂ':+b::f:{k,?ﬂ.\,-'m:

— -1 (R-2lk-32) — -_—
AR =7 [——! + (k-1 - k:l] Vel + B =g (k,m) 207 1 B9) ,
-1
where n-the order of square[? E [Ll ---aT}-the orders of frames§ and &~ constants of the arithmetic
progressions. These formulas are true for only Abiyev:

In the table below are calculated numerical valuefusetions f, (k)| f (k.n) flk.n)

Five special sequences have been found fromthis table:

-2, 8, 18, -22, 120, 38;, 88,1 -1D0Q, 2292,(6442),¢é;(26, 44)
V-2, 6, 10, M2, 1®, 25, &0, 82, 122, 170, 326, é;

The first sequence, shown with th" formula, is the same as the result of Sﬁxﬂinger equation. The terms of
second sequence correspond té, 1s €3 s €5 s &7 s & elsments, accordingly. The third sequence confirms the
repetition of the periods. The fourth sequence determines the quantity of electrons in levels s, p, d, f, g, correspondingly
The terms of the fifth sequence can be compared with the magic numbers 2, 8, 28, 50, 82, 126.

If we take into consideration that, the cap®ndence of the numbered sequences with the periodic law is not a
coincidence and the thought of nuclear theorists about super heavy nuclei then we can suggest that, the periodic la
consist of 218 elements [2].

Note the abovanentioned sequences Il atin the Table according to Quantumtheory.

r E e e 3
i -2
3 o] 2
s 0 5
i -2 -12
1 5 o] 4 10
S 2 -2 7
i -2 -12 -38
2 7 o} 6 18 28
S 4 6 -10 9
i -2 -12 -38 -88
3 9 0 8 26 46 60
(S 6 14 8 -28

[1] Mehmet Sahin, Asker Ali Abiyev, Azer Abiyev, The General Algorithm of Balanced Squares, Proceedings of
4th ICSC, Computing with Words and Perceptions in Systems. Analysis, Decision and Contro}1f2.1A8talya,

Turkey, August 2728, 200.
[ 2] Asker Ali Abiyev, The correlat
I

International Conference on Applied
2628, 2011, pp 338

ion of Abiy®veéds
nformatics and C«
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NONLINEAR CORRECTIONS AND STRUCTURE FORMATION AT STRONG INTERACTIONS
Temiraliev AT, Lebedev L.A.
Institute of Physics an@iechnology, Almaty, Kazakhstan

Perturbative QCD with asymptotic freedom is effective in the teighrgy limit (at short distances) but there are
uncertainty in nofperturbative region. Many investigations on nonlinear corrections to linear evolutionicetsuat
DGLAP and BFKL or CCFM had dorte understand which of nonlinear equations describe ggladn dynamics. There
are some applications stience of nonlinear dynamics, chaos and fractals in hadron phys3siflthe framework
discrete map method afonlinear dynamics we proposéue nonlineaequation [4,5], which is consider a qualkion
dynamical system described by the evolution equation of the map ferm{xR T)}FHere xis the momentum fraction,
tis the time index, aexperimentatjuarkgluon distributiong=(x) stands for a nonlinear operator, R is a parameter, which
controls the efficiency of strong interactions and determines the character of observing regimes We use the
renormalizatiorgroup approach to the evolution equation. The &tigation ofnonlineardynamicsof stablestructure
formation in quarkgluon cascade atultiple hadron and nuclear processashigh energy &d discussed. Numerical
solution of the nonlinear equati on h ddsofssndll values oftparareterar i s e
R, the transition is an established mode. The phase trajectories after transient regime reach some steady value (fixed
point). Later the orbit becomes strictly periodic with the period two (bifurcation of motionless pxitajge values of
parameter,the quatkkl uon system transfer in a chaotic mode when t wi
order to distinguish between the chaotic and not chaotic modes, we compare orbits of close entry conditions in these
modes. Dynamic quasgluon systems are highly sensitive to an initial condition. The strange quark phase trajectories
(strange attractor with a fractal structure) display a new nonlinear phenomenon in hadron and nuclear shgbles
structure formatiorthrough dynamiadeterministicchaos in quargluon evolutionWe assume that steadyriscture
formation innonlineamquarkgluon evolution is anechanism for confinement.

[1] Batunin A.V.: Fractal analysis and Feigenbaum universality in hadron phbigsicsUspekhi. 38(6),
609622(1995)
[2] Yuki Minami, Dynamics near QCD critical point by dynamic renormalizatiogroup,
arXiv:1102.5485v3(2014)
[3] E. Goldfain, Norequilibrium Dynamics as Source of Asymmetries in High Energy Physics EJTP 7,
No. 24 (D10) 219234
[4] A. T. Temiraliev i Chaydtuiom dyrsamidcesd ihnt tgpu:ar/kar xi v. or g
[5] v dB3deOdzd,j or Ghdzdz'.B Oj 9O ¢ . 5. ABSted3d te s Oded-§ dzefipdsdedatEds Iz to

Lotsdz ydd. RLOJMisdw Iy t s, 2014, flste. 106

COMPARISON OF PARTIAL PHOTONEUTRON REACTION CROSS SECTIONS
RELIABILITY FOR 140.14e

VarlamowV V., Barbaryan V.A.PeskowW.N.
Skobeltsyninstituteof NuclearPhysicsof LomonosovMoscowStateUniversity, Moscow Russia

In systematic investigations of experimental partial photoneutron cross sections for many medium and heavy
nuclei [13] it was found outhat many of them do not satisfy specially introduced criteria of data relialdflityt as
shownout that in variousenergy ranges of initial photons the ratios=Fs(g 1n)/s(g xn) =s(g 1n)/s[(g 1n) + 2¢ 2n)
+3g3n) + €] have physically forbidden negati=xw@?2n/dgd ues an
xn) have physically unreliable valudsrger 0.50. That means that experimental neutron multiplicity sorting has been
done erroneously because of large systematic uncertaamtéeare not reliable

Using experimentatheoretical method1-3, 5] for partial photoneutron reaction cross sectievaluation new
data satisfied to data reliability criteria were obtaif@dnany nuclei (for exampl@l-94Zr, 115n, 1121245 133Cg 1597,
181Tq, 18619205, 197Au, 298Pk 299Bi). The only experimental reaction cross sect@f(g xn) free fromthe problemsof
experimental determination of neutron multiplicity wasedandshared intadhepartial parts using the equation§er =
stheorg 1n)/stheo(g xn) ofthecombinedmodel of photonuclear reactions [6,7vas shown that evaluated cross sections
differ noticeably from experimental once and that theén of thatreasons aréhe complicated dependence of neutron
multiplicity on its measured kinetic energy

The isotoped*014Le arefspecialinterest carern the problems of data reliability because thertharsignificant
difference between experimental data obtained for partial photoneutron rea@giob® and ¢ 2n) in [8] using
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guasimonoenergetic annihilation photon beam and neutron multipliciing method. The point is that fdf%Ce
integrated cross section of tfg 1n) reaction is 1941 MeV mb and that (gf 2n) reaction is 457 MeV mb. At the same
time for142Ce correspondent values are 1022 and 1186 MeV mb. Therefore there are notiffeabieces between the
integrated cross sections for total photoneutron readgprsn) = [g 1n) + (g 2n)] i 2400 and 2210 MeV mb
correspondingly and neutron yield reactinxn) = [(g 1n) +2(g 2n)] i 2857 and 3396 MeV mb. The possible reason
is the large differences between energy thresholds Bnl and B@Rlof) and ¢ 2n) on 140.14Ce isotopes. Bnl are
correspondingly 9.2 and 7.16 MeV but Bn2 are 16.66 and 12.59 MeV.

BExperimental data the ret@ans (g 1n) and ¢ 2n) on both isotopes were analyzed using data reliability criteria. It
was found out that with the exception of narrow energy range {21 1deV) in 142Ce there are no noticeable
disagreements with criteria used. At the same timetleegy dependencies B differ noticeably fromhose offtheor,
Therefore for both isotopes evaluated partial reaction cross sections were obtained using the exgbidmestieal
method.The way of new cross sections evaluativas the followingi s€va(g in) = Fheot § s&¥(g xn). It means that
competition between partial reactions is in accordance with model and theg®¥p xn) is equal tos®P(g xn) also
free from problems mentioned. Using evaluated partial reactions sestionsnew data were obtainedlsofor total
photoneutron reactiond(ln) + @ 2n) + @ 3 n) % (g alis).

Theresearch wacarried out in the Department of Electromagnetic Processes and Atomic Nuclei Interactions of
the MSU SINP. It issupported by the Coordinated Research Project (F41032, the Research Contract 20501) of the
International Atomic Energy Agency. Authors acknowledg®f. B.S.Ishkhanov and DN.N.Orlin for theoretical
calculations and very useful and important discussions

V.V.Varlamov et al.// Phys.Atom. Nucl. 2012. VZ5. P.1339.
V.V.Varlamov et al. //Eur. Phys. J. A. 2014. V.50. P.114.

V.V.Varlamov et al. // Phys. Atom. Nucl. 2014. V.76. P.1403.
V.V.Varlamov et al. //Bull. Rus. Acad. Sci. 2010. Y4. P.842.
V.V.Varlamov et al. // Phys. Atom. Nucl. 2015. V.78. P.634.
B.S.Ishkhano\et al.// Physics of Particles and Nuclei. 2007. V.38. P.232.
B.S.Ishkhanoet al. // Physics of AtomiNuclei. 2008. V.71. P.493.
A.Lepretre et al. // Nucl. Phys. A. 1976. V.258. P.350.
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SILICON BASED DETECTION SYSTEM FOR THE STUDY OF RARE FISSION MODE PROCESSES

Berikov D.B.4 Ahmadov G.S:?2, NuruyevS.M*2 ,Chuprakovl.A.14, KopatchYu.N!, AkbarovR.13,
Telezhnikos.Al

1 Joint Institute for Nuclear Researches, Dubna, Russia

2Azerbaijan National Academy of ScieneesD and KRP, Baku, Azerbaij.
3National Nuclear Research Centre, Baku, Azerbaijan
4The Institute of NucleaPhysics, Almaty, Kazakhstan

Present report is dedicated to test of silicon based detection system constructed for the study of rare fission mod
processes in spontaneous fissioR%BEf. The systemincludes silicon detectors such as hybrid pixel detector Timepix,
thin PIN detector and APD diode. Two telescopes consisting of two Timepixand two thin PIN detectors are constructed
for particle identificat iBEtethniQue. Tmee38Om thickdimepik detctow eHich hdsn o w
an active areaof 4l.4criand reverse bias voltage of 100 V, is use
has an active area o¥1 cnf and 12mthicknesseand about reverse bias voltage of 12V. Tremthick APD diodes
with an active area of*8 mn? are considered to use for detection of fission fragments.

Detection performance of the systemis presented with alpha radioactive s@Ces23U, 238Pu, and?3%Pu)in
this report. Energy calibration is done for every detector and synchronization system s tested. Signals from the PIN
detectors and APD diodes are recorded by using 12 bit GhesMtop waveforrdigitizer (DT5720) with ssamplingrate
of 250 MS/s The Timepix detector, however, is controlled with its readout and control system FITPix.
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EVALUATION OF RELIABLE PARTIAL PHOTONEUTRON REACTION CROSS SECTIONS FOR 139a
VarlamovV.V., Kaydarova V.D.Peskow.N.
Skobeltsyninstituteof NuclearPhysicsof LomonosovMoscowStateUniversity, Moscow Russia

The majority of partial and total photoneutron reaction cross sections were ob#iheegrmore (USA) and
Saclay (France) using quasimonoenergetic annihilation photons and the neutron multiplicity sorting based on its energy
measurementJsing physicalgteria of partial photoneutron reaction cross sections reliability it was found iodjttfiat
for many nucle{?1949y, 1150, 112112450 159Th 181T3 197Ay, 208ph)those data are nor reliablewas shown that many
data undediscussiordo not satfy to proposed objective data reliability criteria: in various pha&woergy rangeshe
ratios B =s(g 2n)k(g xn) =s(g 2n)s[(g 1n) + 26 2n) + 3¢ 3n) + é] have physically unrtr
and at the same time ratios #s(g 1n)k(g xn) have physically forbidden negative valu€sat means that experimental
neutron multiplicity sorting has been done erroneously because of large systematic uncetiaintiethe experimental
theoretical methodll, 2] for reliable partial reactionross section evaluatios®@(g in) = Bheof q seX¥(g xn)) new data
for reactions(g 1n) and (g 2n) (g 3n) free of such kind uncertainties were evaluatednfiany nucleilt means that
competition between partial reactions is in accordancethiélcombined mdel of photonuclear reactions [3,&1d their
sums®'a(g xn) is equal ta®P(g xn) free from neutron multiplicity sorting problems mentioned abttwsas obtained
that the new evaluated data noticeably differ from the correspondesrireeptal once.

Data for partial reactionfy 1n)and (g 2n) cross sections o¥¥°La [7, 8] obtained in two experiments in Saclay
were analyzed. It was obtained that data obtained in both experiments (Livermore and Saclay) generally satisfy objective
physical data reliability criteria. But data for both reaction cross sections are not reliable because:

i ratios F**A obtained for data from both experiments §rare nealFt"e°f calculated in the model [5, 6] only at
energies below ~ 20 MeV,

i at larger energies one can see noticeable disagreements b&&eandFeos: for both experiment&e®; >
[:theor1 andFexe, < Ftheorzl

New cross sections fog (1n) and reactionsn 139.a were evaluated using experimeritdieoretical methofl, 2].
New data for total photoneutron reactie(g Sn) =s[(g In) +@,2n)+@G 3 n) + é] we Thedevadidan®ai ned a
of evaluated partial reactions cross sections from exper@henes were discussed. It was shown that the main reason
of those devidons is unreliable moving the parts of neutrons fignin) reaction tdg 2n)reaction at energies ~ 122
MeV and vice vers&om (g 2n) reaction tdg 1n) reactionat energies ~ 225 MeV .

Theresearch wacarried out in the Department of Electragmetic Processes and Atomic Nuclei Interactions of
the MSU SINP. It issupported by the Coordinated Research Project (F41032, the Research Contract 20501) of the
International Atomic Energy Agency. Authors acknowledg®f. B.S.Ishkhanov and DV.N.Orlin for theoretical
calculations and very useful and important discussions
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NEW PARTIAL PHOTONEUTRON REACTION CROSS SECTIONS FOR 99Zr IN THE REGION OF GDR
VarlamovV.V., Davydov A.l.Peskow.N.
Skobeltsyninstituteof NuclearPhysicsof LomonosovMoscowStateUniversity, Moscow Russia

Using objective physical criteria of partial photoneutron reaction cross sections reliability it was shéjhdt
for many nuclei those data obtained using quasimonoenergetic annihilation photon beams and photoneutron multiplicity
sorting methd are nor reliable. Ivarious @ergy rangeghe ratios k = s(g1n)is(gxn) =s(gln)s[(gln) + 2¢2n) +
3g 3n) + é] have physically forbidden negatf#sgnsge)ues
have physically unreliablealues larger 0.50Bxperimental neutron multiplicity sorting has been done erroneously
because of large systematic uncertaintig¢sing the experimentaheoretical methogP] for reliable partial reaction cross
section evaluation ew datafor reactions(g 1n)and(g 2n) free of such kind uncertainties were evaluatedidotopes
91,947y [5]. It was obtained that in cases of both isotopes the new evaluated data noticeably differ from the corresponden
experimental once.

The experimental data for parti@actions(g 1n)and (g 2n) cross sections on isoto§&Zr [6, 7] were analyzed.

It was obtained that data obtained in both experiments (Livermore and Saclay) do not satisfy objective physical date
reliability criteria:

T ratios F&*R = s€*(g 1n)/se*P(g ,xn) obtained for data from both experimerj6s 7] noticeably differ fronFtheos =
stheog 1n)/stheofg xn) calculated in theombinedmodel of photonuclear reactions [8, 9];

T in the energy range from ~ 24.5 MeV up to ~ 27 MeV there are forbidegative values i*; [6] and
correspondingly valueB®*®, [6] > 0.50.

New data free of thencertaintiesmentioned abovevere evaluated fo?°Zr using the experimentaheoretical

method[1]. The only experimental reaction cross sect#s(g xn) [6] free from problem®»f experimental determination
of neutron multiplicity wasisedandshared intdhe partial parts using the equation§e; = stheo(g 1n)/stheo(g,xn) of
thecombinedmodel [8, 9] The way of new cross sections evaluatieas the dllowing 1 s€'@(g in) = Fheot § sexr(g xn).
It means that competition between patrtial reactions is in accordance with model and thg§¥&gmn) is equal to
s®P(g xn) also free from problems mentionddew cross sections were evaluated fprl() and ¢ 2n) reactionsUsing
evaluated partial reactions cesectionsiew data were obtainedsofor total photoneutron reactiong[(Ln) + @ 2n) +
@3n) *(gals).

Similarly to the situation for isotop&@%°24Zr in the case of isoto#8Zr there are noticeable disagreements between
the evaluated and experimental datso. Therefore many physical effects estimations based on using the experimental
data forP%Zr(g 1n) and®9Zr(g 2n) reactions cross sections should be reanalyzed.

Theresearch wacarried out in the Department of Electromagnetic Processes and Atomic Nuclei Interactions of
the MSU SINP. It issupported by the Coordinated Research Project (F41032, the Research Contract 20501) of the
International Atomic Energy Agency. Aluors acknowledgeProf. B.S.Ishkhanov and DV.N.Orlin for theoretical
calculations and very useful and important discussions
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MEASUREMENTS OF CHARGE-CHANGING CROSS-SECTIONS FOR Ca AND Ni ISOTOPES

T. Suzukf, M. Tanak&, M. Takechf, A. Honméa®, Y. Tanak&, M. Fukuda?, D. Nishimura®, T. Moriguchif, D.S.
AhnF, AS. Aimaganbetd¥ ¥, M. AmandF, H. Arakawa®, S. BagchtM:N K.-H. Behr', N. Burtebaye{ X K.
Chikaato®, H. DuB, T. Fujii A, N. Fukudd, H. Geissel, T. Hori B, S. Hbshino®, R. Igosawd', A. Ikeda®, N. Inabe",
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H.K K. Kusakd, K. Matsuté®, M. Mihara®, E. Miyata®, D. Naga€, S. Nakamur&, M. Nassurlla® K, K. Nishimurd®,
K. Nishizuka®, S. Ohmik#, K. Ohnishi®, M. Ohtake", T. Ohtsubd, H.J. Ong", A. Ozawaf, A. Prochazka, H.
Sakuraif, C. ScheidenbergérY. Shimiz\f, T. Sugiharé®, T. Sumikamd, S. Suzukf, H. Suzukl, H. Takedd", Y .K.
Tanaka', T. Wad&®, K. Wakayamd, S. YagP, T. Yamaguchf, R. Yanagiharg, Y. Yanagisaw4, K. Yoshidd, and
T.K. Zholdybaye®: ¥

A Dept. of PhysSaitama Univ.Saitama, 338570, Japan,
B Dept. of PhysOsaka Univ.,Osaka 56@043, Japan,
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Systematic studiesf neutron skin thickness are quite important for determining the equation of state of
asymmetric nuclear matter. In order to determine the thickness of the neutron skin one needs to know both the proton
and neutron radii. Neutron radii can be deducechfmatter radii via reaction cros®ction measurements. Proton
radii have previously been obtained from electron scattering and/or isotope shift measurements, butthese methods are
limited to stable nuclei andhetallic elements of the alkali (earth) group and noble gases. Therefore, we developed a
method to obtaiproton radii using chargehanging crossection measurements [1] and applied it to light nuclei, but
not, heretofore, to medium heavy nuclei. Nove have measured chargkanging crossections of Ca and Ni
isotopes on a carbon target, including the nuclei for which proton radii are already known, in the Rl Beam Factory
(RIBF) at RIKEN, using the BRIPS beam line. The data analysis is in progress

Experimental Setup
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[1] T. Yamaguchi et al., Phys. Rev. Lett. 107, 032502 (2011)
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PHOTONEUTRON ENERGY SPECTRA FROM 181Ta, 208ph AND 209Bi AND THE PROBLEM OF PARTIAL
PHOTONEUTRON REACTION CROSS SECTION RELIABILITY

VarlamovV.V., Orlin V.N., Peskov N.N.
Skobeltsyninstituteof NuclearPhysicsof LomonosovMoscowStateUniversity, Moscow Russia

Most of the cross sections of total and partial photonuclear reactions were ohtaingguasimonoenergetic
annihilation photon beams at thational Lawrence Livermore Laboratory (US&)dFr anc e Ce n MNucleaired 6 Et u
de Saclay [1, 2]Both laboratories used similar methodsstparate reactions with different multiplicities based on the
assumption that the neutron spectrdgpiin) and ¢ 2n) reactions are fundamentally different. Quite different methods,
however, were used to measure kinetic -reanteirogdy nmeft hmelu twra
at Saclay a specifically calibrated largei@dhded liquid scintillator was used [1]. As a result there wedii known
complex systematidiscrepancies in partial photoneutron reaction cross sections obtained at Livermore and Saclay: as 8
rule the(g 1n) reaction cross sections are larger at Saclay, and @re €ross sections are larger at Livermore. Therefore
Saclay Livermore data diffrence is in some cases up to ab@it00%.

These disagreements were a subject of special studies for several yéarSifige the total number of neutrons
detected at both laboratories agrees, it has been suggested that the difference of theaptidialcress sections
originated fromthe noticeable systematic uncertainties of the procedures used to separate counts into 1n and 2n even
Using the objective physical criteria of partial photoneutron reaction cross sections reliability it was saofenrtiany
nucleithose data obtained using quasimonoenergetic annihilation photon beams and photoneutron multiplicity sorting
method are nor reliable. In various energy ranges the ratiessfg 1n)/s(g xn) =s(g 1n)/s[(g 1n) + 2@ 2n) + 3@
3n)+é] have physically forbidden negativez=s(@2lnisgsn)lmved at
physically unreliable values larger 0.50. New data free of the uncertainties mentioned above were evaluated for man
nuclei (for example?1947r, 115|n, 11211245 133Cg 159Th, 181Tg 1861920g, 197A, 208pp, 209B)) using the experimental
theoretical method. The only experimental reaction cross sestiffg xn) free from problems of experimental
determination of neutron multiplicity wassad and shared into the partial parts using the equatiéi§e E
stheofg 1n)/stheo(g xn) of the combined model of photonuclear reacti(@¥PNR)[7, 8]. The way of new cross sections
evaluation was the following sev@(g in) = Bheor q se(g xn). It means that competition between partial reactions is in
accordance with model and their ssft?(g xn) is equal tos®(g xn) also free from problems mentioned. New cross
sections were evaluated fag (In), ¢ 2n) and ¢ 3n) reactionsFor 159Th data were evaluated in [3, 4], #%Pb in [5],
for 2098 in [9]. Thenoticeable disagreements between the evaluated and experimentaétafaund outlt was shown
that the main reason sluchdisagreements ithe complex relation between the measlienergy of a neutron and its
multiplicity obtainedIn preliminary calculations fd®'Ta[10] it was shown that the energies of neutron from the reaction
(g 1n)and the energy of the first neutron from the reacf@®n) could be near.

Usingthe CMPNR the energy spectra of various chances outgoing neufremghe reactiongg 1n), ¢ 2n) and
(g 3n)were calculated for nucléfTa,298Ph, and299Bi. Calculations were carried out for nucleus excitation energies 15,

20, 25, 30, 40, and 50 MeV. Falt three nuclei it was obtained that if nucleus excitation energy increase the part-of high
energy neutrons in the inclusive neutron spectra increase also. At the same time the shapes and averaged energies
various neutron spectra are near and the m&rma are place in small neutron energies #1000/ MeV. The reason

could be that there are many neutron transitions to the excited states of finalnucleus. Therefore the dependence of neutr
multiplicity with its energy is very complex

Theresearch wacarried out in the Department of Electromagnetic Processes and Atomic Nuclei Interactions of
the MSU SINP. It issupported by the Coordinated Research Project (F41032, the Research Contract 20501) of the
International Atomic Energy Agency. Authors ackredge Prof. B.S.Ishkhanoyor theoretical calculations and very
useful and important discussians
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RELIABILITY OF PARTIAL PHOTONEUTRON REACTION CROSS SECTIONS  AND NEUTRON
ENERGY SPECTRA FOR 116Sn

VarlamovV.V., Ishkhanov A.AOrlin V.N.
Skobeltsyninstituteof NuclearPhysicsof LomonosovMoscowStateUniversity, Moscow Russia

Many cross sections of total and partial photonuclear reactions were obtasied quasimonoenergetic
annihilation photon beams divermore (USA) and Saclay (Francé [1, 2]. Both laboratories usedmilar methods to
separate reactions with different multiplicities based on the assumption that the neutron spcta)cnd ¢ 2n)
reactions are noticeabtifferent. To measure kinetic energy of neutrodifferent methods were used. Those wete
calledthefi r trnag i o 0 at hivetmdresadd spedllly calibratedthe large Gd loaded liquid scintillatoat Saclay{1].

There aravelli known complex systematic discrepancies in partial photoneutron reaction cross selt&@ined at both
laboratoriesas a rule thég 1n) reaction cross sections are larger at Saclay, andjtBe) (cross sections are larger at
Livermore (data difference in some cases is ab60Gt100%). In specialstudies[3i 6] it has been shownhat the
differences of the partial raction cross sections originated fromthe noticeable systematic uncertainties of the procedures
used to separate counts into 1n and 2n evBetause ofthose many neutrons are unreliably transmitted from one partial
reaction to another. At Livermore folany nucleithég 1n)reaction cross section decreases up to appearing of physically
forbidden negative values and tfg 2n) reaction cross section vice versa increases up to values for which the data
reliability criterionF> = s(g 2n)/s(g xn) =s(g 2n)/s[(g 1n) + 2§ 2n) + 36, 3 n ) have phggically unreliable values
larger 0.50

Such effects are very impressive #8fSn [7]. At energies ~ 226 MeVthere are many negative valuesgpif)
reaction cross section correlated with 30.50 valies. Additionally in contradiction to the definitiory Roticeably
decreases at energies larger ~ 23 MeV, though the energy threshgl8mfréaction B3n =27.4 MeV. So it should be
concluded that the data for both partial reactions are not reliablev@luate the reliable partial reactions cross sections
the experimentaheoretical method was proposed [8, 9]. The only experimental reaction cross s88iigmnn) free
from problems of experimental determination of neutron multiplicity was usedhackd into the partial parts using the
equations feof = gtheoyg 1n)/stheofg xn) of the combined model of photonuclear reactions (CMPNR) [10, 11]. The
evaluated cross sections were obtained®¥(g in) = "0} 1 s°(g xn) [8]. It means that competition between partial
reactions is in accordance with model and their s&#g xn) is equal tes®®(g xn) also free from problems mentioned.
Evaluated partial reactions cross sections noticeably differ from experinsensal sections obtained at both Livermore
and Saclay. It was concluded that those discrepancies depend on the energy spectra of outgoing neutrons. Thus, the
relationship between the energy ofa neutron and its multiplicity is very complex To investigatsmnection of neutron
multiplicity with its energy in details the energy spectra of neutrons fromthe reaagdrg, (@ 2n), € 3n), and ¢ 4n)
on1165n were calculated in the frame of the CMPNR. The spectra were obtaidééSfonucleus exdition energies &
=20, 30, and 40 MeV and for neutrons of various chaiidé® unique neutron fromtheg (Ln) reaction, both neutrons
from (g 2n) reaction, etc. It was obtained that the neutrons with high energies &f3Bm Bre presented in alpgctra.

But the maxima of spectra for variouS®are placed at near energies aboufi QL MeV. It means that the connection

of the neutron multiplicity and its energy is very complicated. This is the main reason of significant systematic
uncertaintiesof experimental data obtained using the method of neutron multiplicity sorting and therefore of many
unreliable photoneutron partial reaction cross sections.

Theresearch wacarried out in the Department of Electromagnetic Processes and Atomic Nuetactidns of
the MSU SINP. It issupported by the Coordinated Research Project (F41032, the Research Contract 20501) of the
International Atomic Energy Agency. Authors acknowledg®f. B.S.Ishkhanov and DN.N.Orlin for theoretical
calculations and veryseful and important discussians
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TIME SCALE OF THE THERMAL MULTIFRAGMENTATION IN 4He + Au COLLISIONS
Avdeye\S.P. !, KarczW. 1, KirakosyanV.V. !, RukoyatkinP.A. 1, Stegaylow.l. }, OeschleH. ?, BotvinaA.S 3
1 Joint Institute for Nuclear ResearcBubngRussia?2l nst i t ut e UniversitKa TechmdlogyDdrnkstadt

Germany 3 FrankfurtInstitute forAdvanced Studies Johann Wolfgang Goethe Univerkignkfurt am Maip
Germany,E-mail: avdeyev@aol.com

Therelative anglecorrelationof intermediate mass fragments has been studied for 4*BeW Au collisions at
theDubna Nuclotron with t.Steongsdpfréssipnlalismdlangldsastoleserved causad by i
IMF Coulomb repulsion. Experimental correlation function (Fig. 1) is compared to that obtained by thboawlti
Coulomb trajectoncalculationswith the various decay time of fragmenting systdime analysis has been done on an
event by event basis. The multibody Coulomb trajectory calculations of all charged particles have been performed starting
with the initial breakup conditions given by the combined model INC [2] + SMM [Bhe correlationfunction was
calculated for prompt breakp and for mean life time of the system 100 fm/c at fremgevolume V = 3.

It was found good agreement of calculations and measured correlation function. Mean life time of the systemis
47 N 122%Hé#Bew + Auaaaction which is in accordance with the scenario of a simultaneous multibody decay
of a hot and expanded nuclear system.

The research was supported by Grant Ne2-02745 from Russian Foundation for Basic Research.
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Fig. 1. Relative angle correlation function for IMF produced thle + Au collisions at 4 GeVPoints i
experimendl data Solid inei INC+SMM calculationsvith prompt secondary disintegration. Doted line correspond to
INC+SMM calculations with mean time of secamg disintegration 100 fm/c.
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PRECISE GROUND STATE ENERGY OF THE HELIUM -MUONIC ATOMS
Aznabayev D.T-?, Bekbaev A.K.? Korobov V.I!

1Joint Institute for Nuclear Research, Joli@irie 6,141980 Dubna, Moscow region, Russia,
2Al-Farabi Kazakh National University, 71 Ave., 050038, Almaty

In our work the nonrelativistic ionization energi#de?*e’e and*He?*e¢e of helummuonic atoms are calculated
for ground states. The calculations are based onhet he var
numerical values of variational energies is studied by increasing a numbler basis functiosiN. That allows to claim
that the obtained energy values hates@nificant digits for ground states

Muonic heliumionsHe?*e'e and*He?*e"e are simple threbody systems composed of the electron, a negative
muon and positive nucleus ofHe or *He. The lifetime of such atoms are determined by the lifetime of mron
2. 1970 ¥Fg¢eahdtira®body bound states has complicated hyperfine structure which is caused by an interaction
of magnetic moments dhe electron, the muomdthe nucles. Muosystems represent themselves as a unique laboratory
for precise determination of nuclei proes such as charge radidstely, a significant progress in an investigation of
energy spectrums of muonic atoms has been achieved by the CREMA collabo@Gitaoge Radius Experiment with
Muonic Atoms). The Lamb shift and hyperfine structure in muonic hydrogen and muonic deuterium have been measured.
Similar experiments are planned for muonic helium. Light muonic atoms are important for testing of the Stéotizrd
theory of bound states in quantum electrodynamics and for searching of exotic particles and interactions.

TABLE 1: The convergence of the total energiesin atomic units for the ground states in the-imelumic atoms.
N is the total number of basfunctions used in calculations.

N SHe2*e e ‘He?*e e
2000 399.042 336 832 862 534 827 027 4 402.637 263 035 135 454 018 960 573
3000 399.042 336 832 862 534 827 041 1 402.637 263 035 135 454 018 973 292
4000 399.042 336 832 862 534 827 041 5 402.637 263 035 135 454 018 974 468

TABLE 2: The convergence of the expectation values for the delta functions for various pairs of paNides.
the total number of basis functions used in calculations.

N | 3He's @ He2'g e
{a(rNe)} {_Gnejr { GeQ}r { GeQ}r
2000 20149 938.845 [ 0.320611 550 99 0.313 682320 01 0.313 760536 34
3000 20149 938.845 | 0.320 611 551 42 0.313 682 320 00 0.313 760536 38
4000| 20149 938.845 | 0.320 611551 56 0.313 682319 99 0.313 760536 37

Variational wavefunctions of bound states were obtained by solving the Schrodinger equation for the quantum
threebody problem with Coulomb interaction using a variational approach based on exponential expansion with the
parameters of exponents being chosen in a psendomway. The results of calculations of the nonrelativistic energy
levels for a helium atom were presented. The numerical calculation results are listed in-Zablee results of these
studies demonstrated that the energy values are as accurdtsigisifizant digits. This accuracy allows one to obtain
reliable theoretical predictions.
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INFLUENCE OF COMPLEX CONFIGURATIONS ON PROPERTIES OF PYGMY E1 RESONANCE IN
NEUTRON-RICH Ca ISOTOPES

Arsenyev N.NY, Severyukhin A.P:?), Voronov V.V, Nguyen Van Gidl

DBogoliubov Laboratory of Theoretical Physics, JINR, 141980 Dubna, Russia
2Dubna State University, 141982 Dubna, Russia
M nstitut de PhysliNRWPS , Nuldn i@ FEA406 ©iidy Sadexs France

In many nuclear physics laboratories around the world, there is an increased interest to sttlshed nadioactive
nuclei. Pioneering experiments with exdtf“Ca isotopes gave an evidence for strong shell effects [1,2]. Therlevgy
El strengthwhich is often called pygmy dipole resonance (PDR), is sensitive to the shell structure [3]. For this reason,
the properties of the PDRin neutraoh Ca isotopes provides important tests of theoretical studies. One ofthe successful
tools for describinghe PDR is the quasiparticle random phase approximation (QRPA) with thepasistent meafield
derived from Skyrme effective interactions [4]. Such an approach can describe the properties oflyirg Istates
reasonably well by using existing Skyrinéeractions. Due to the anharmonicity of vibrations there is a coupling between
onephonon and more complex states. The main difficulty is that the complexity of calculations beyond standard QRPA
increases rapidly with the size of the configuration spaoé one has to work within limited spaces. Using a finite rank
separable approximation for the residual paritde interaction derived from the Skyrme forces one can overcome this
numerical problem [Z]. In our talk the effects of phongrhonon couphg (PPC) on the lovenergy electric dipole
response irf®58Ca is discussed. Using the same set of parameters we describe available experimentadGdtGar
and give the prediction f&¥®58Ca [8]. In particular, the inclusion of the PPC resuitghie formation of lowenergy 1
states. There is an impact of the PPC effect ondoergy E1 strength ¢f444&a. We predict a strong increase of the
summed E1 strength below 10 MeV, with increasing neutron numberfi@auntil>8Ca. The PPC effeain the electric
dipole polarizability is discussed.

This work is partly supported by CNHE-BR agreement No. 45-150003.
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MOMENTUM DISTRIBUTIONS FOR EXCITED STATES OF 11,134, 17[ NUCLE, OBTAINED WITH
THE MODIFIED WAVE FUNCTIONS

Afanasyeva N.\4, Burkova N.A?, Sharafutdinova D.N

17 ScientificResearch Institute of Experimental and Theoretical Physicskarabi Kazakh National
University, Almaty, the Republic dfazakstan
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Currently, vast experimental material is assembled on the study the unusual properties of some atomic nuclei
known as the halgtates [15]. The defining feature of aato was from the beginning understood to be a large spatial
extension caused by neutrons tunneling out from a nuclear core. Nuclei may reveal not edévelelbechalo states
but also something intermediate between normal nuclei and halo nuclei,extskatistates.

Halo effect research attractiveness that is quite enough reliably identify two main features of halo states as large
root mean radius, . and narrow localized impulse distributions.

Despite the seeming simplicity atdinsparency of the question, both experimental and theoretical studies still
face certain difficulties.

In papers [67] the resuk of ourcalculations for the modified radial wave functions fordlyimg 2s-, 2d-excited
statesJ” =1/2*, 3/2%, 5/2*of positive parityp with total momentund in **B, **C, and*’ C nucleiare presentedo
construct theemodified functiors the matching procedure of oscillatory wave functions with corresponding Whittaker
functions have been usel.should be recalled that the matching radiuss directly proportional to the oscillatory

parameter, for which we used several valuesome of them allow to reproduce available experimental and theoretical

data forr__ of **B, **C, and O nuclei in the states witlg” =1/2", 3/2*, 5/2, and another oneare obtained from
the relationr, =1/k, .

The obtainedmodified wave function$g, 7] have been presented as convenient expansion by Gaussian basis and
used in the current calculations of momentum distributions for mentioned above excited stages®af O nuclei.
Thesecalculatiors showthat in the region of small momirm transfersq- 0momentum distributions obtained for all
functions differ drastically. Thus, our assumption is that this characteristic is sensitive to the modifications of the
asymptotic behavior is fully confirmed. To address #®uk of choice of reliable functions it is necessary in the future to
compare the obtained results with the available experimental data on elastic and inelastic form factors.

1 Tanihata I., Terashima S., Kanungo R. Observation of large enhancements efekargnge cross section with
neutronrich carbon isotopes // Phys. RéV201671 Vol. 41 P.:11.
2 Hansen P.G. Nuclear halos // Rev. Nucl. Part. IS&R951 Vol. 45.7 P. 591634.

3 Tanihataa ., Savajols H., Kanungod Recent experimental progress in nuclear halo structure sti/ditr®g.

Part. Nucl. Physi. 2013.7 Vol. 68.7 P. 215-313

4 Horiuchi W., Suzuki Y., Abtibrahim B. §stematic analysis of reaction cross section of carbon isotopes // Phys.
Rev.i 20077 Vol. C7571 P. 04460v1-14.

5 Samana A.R., Tarutina T., Hussein M.S. Pairing correlations innaaks carbon isotopes and effect of Pauli
principle in particlecore couplig in **C and** B e // Nuclear Physic$ 2007 i Vol. A7917 P. 3656.

6 Afanasyeva N.V.Burkova N.A.Modjification of oscillator wave functions for the ground states'sf **c, and
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RADIATIVE CAPTURE U ( U, AT LOW ENERGIES

Burkova N.A!, Dubovichenko S.B, Tkachenko A.$:2 Mukaeva A.RL?, Beisenov B.U-?

latFarabi Kazakh National University, Almaty, the Republic of Kazakhstan
2V.G. Fesenkov Astrophysical Institute, Almaty, Kazakhstan

The process of radiative captutplie@a, ¢’ Be at low energies corresponding to the thermonuclear processes in

the prestellar stage of the evolution of the Universe plays a key role in nuclear astrophysics, since it can close-the proton
proton fusion cycle [1].
Another aspect that requires an estiomatf the’Be rate production is the inclusion of this nucleus in the chain
of radiative capture of protons leading to the synthesi8 mhose decay is directly related to the solution of the problem
of the intensity of solar neutrino fluxes [2]. Thatwhy, experimental data on the reactite(a, g’ Be are constantly
refined [3, 4], which in turn requires the adjustment of theoretical model calculations.
Special interest to théHe(a, g’ Be reaction concerns the new measuwearts for the astrophysicat&ctor

performed folowesttoday 23 keV energf2, 3].

In the framework of the modified potential cluster model with the classification of orbital states according to
Young diagrams and the refined potential parameters fagrinend state of théBe nucleus in théHe*He cluster model
with forbidden states, astrophysi@factors of the radiative capture #ie*He from 20 keV have been calculated [5, 6].
The parameters of the clustduster potential are consistent with the data on the asymptotic normalization constants, the
data on théBe nucleus spectra, the binding energy, and also themeatisquare charmg radii.

The results of present calculations are given in Figure. For references to the experimental data compilation see [4].
Transitions on to the ground state (B&hd first excited state (Iyhave been accounted; solid curve is the sum ofthese
patial cross sections.
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As can be seen in Figure, the results of our calculations at the energy of 23 keV lie in the region of experimental
errors in [2]. For the energy of 20 keV, our calculation yields fac®r of 0.570 ke, and at 23 keV it is 0.561 kéd/
a+60 )
The most recent measurements of thiaor at 23@ 58 keV energy [2] lead to a value of 0.548 (54) EeWhich
¢ o+

agrees well with our results.

1. Imbriani G. Direct measurements of cross section of astrophysical intérekturnal of Physics:
Conference Serie312(2011) 042004.

2. Tak§8cs MCoRstraineg bigabang lithium production with recent solar neutrino data // Phys.
Rev. 2015. V. @1 P. 123526 (7p)
3. Trezzi D., Anders M., Aliotta M. et al. Big BanfLi nucleosynthesis studied deep underground (LUNA
collaboration) // Astroparticle Physics. 2017. V. 89. R657

4, Di Leva A., Gialanella L., Strieder F. Experimental status’Bé production and destruction at
astrophysical relevant energies // Journal of Physics: Conference &@5¢2016) 012002.

5. Dubovichenko S.BAstrophysicalS factors of radiativeéHe*He, 3H*He, and?H*He capture // Phys.
Atom. Nucl. 2010. V.73. P.1511522
6. Dubovichenko S.BRadiative neutron capture and primordiicleosynthesi®f the Universe. Fifth Russian
Edition, corrected and adde@ermany, Saarbrucken: Lambert Academy PGiibH&Co. KG. 2016. 496.
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SPECTROSCOPY OF MOLECULAR HYDROGEN IONS
Bekbaev A.K!?2, Aznabayev D. T2 Korobov V.12 and Nurbakova G.S.

LAl-Farabi Kazakh National University (Almaty, Kazakhstan)
2Joint Institute for Nuclear Research BLTP (Dubna, Russia)

+ +
The static dipole polarizability for the hydrogen molecular ioHQ, HD " | and D are calculated.flese new

data for polarizability take into account the leadarger relativistic corrections to the wave function of the thredy

systemresulting fromthe BréPauli Hamiltonian ofma* order. Our study covers a wide range of rotatiodad Q - 5)
and vbrational ¢ = 0 - 10) states, which are of practical interest for precision spectroscopy of the hydrogen molecular
ions.

It has been shown recently [1] that simple molecular ions have potential uses as optical clocks with very good
stability. An essentlangredient for the high fidelity of such clocks is a good knowledge of the molecule reaction on the
external fields appeared in the experimental setup. For hydrogen molecular ions (HMIs), as the simpkesidthree
system, such data can be rigorouslyaofeed from theb initio calculations with very high precision. The nonrelativistic
polarizability of rovibrational states with up to eight or sometimes even more significant digits is now available for a
wide range of states i[8]. It is easy to show that relativistic correct®oto polarizability enters at a relative order of
(O(a®)) or contribute to about #of relative precision [6].

In this work we carry out calculations of the leadimigler relativistic correction to the dipole polarizability of the
. + + . ) : , L
hydrogen molecular |onsl-|2, HD ", and p2.We take into consideration a wide range e¥itrrational statesl = 0-
5,v=0-10. This is the first systematic study of the relativistic effects to polarizability of the HMIs for a variety of states.
The higher ordero(a®)) radiative corrections in prtiple may be also taken into account, so far that has been done

rigorously only for the helium ground state [7, 8]. In our present work we do not touch this issue, thus our current
predictions are limited toi@ significant digits as a physically meaniogfjuantity.
Relativistic correctiona, to the static dipole polarizability:

a,=al™ +@1/c)a,
is expressed:
g = 2<YB Id |Y1>+<Y1 | HB - <HB>|Y1>
=2(Y,|H,Q(E, - H,)'Qd|(E, - H,)"dY,)
+(Yo [d(E, - Ho)*(Hy - (Ho)(E - Hy)*d Y,
here H, is the Hamiltonian of the BreRauli interaction for the threlgody system [9, 10], and/ is the
relativistic correction to the nonrelativistic wave functiafm:
Yo =Q(E, - Hy)"QH, | Y,

=

Schiller S, Bakalov D and Korobov V | 2014 Phys. Rev. Lett.113 023004
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Tian QL, Tang LY, Yan ZC and Shi Y 2015 Chin. Phys. Lett. 32 083101

Schiller S, Bakalov D, Bekbaev A K and Korobov 'V | 2014 PHyav. A 89 052521

Korobov V | 2001 Phys.Rev. A 63 044501

Pachucki K and Sapirstein J 2000 Phys. Rev. A 63 012504
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J 2005 @6esHE oMy L ey jtod d&3j dalsr dZz0 CBdzdzO2H] te] RHI C (1]
Mddz des oL Od ItsH | & fids sslelzdds P2 f U=OOfME i Is(siysdadiv) W Hjtodesets o jh jMlse @
o' sCdn Isj Bf jtwwOkztey d HOodzjdddy HgiahBBo dviisjdy dNBdsT sSHE
CoOteé¢d d cdssdzr, BSBEZOHOshd] yYojbseordd LOBGYHBA [ 1].

JHded 3 dL ftedL dzOSCtse MMmsyl wWodw jlsmw JmsHOodzj dedj ddz€dzs L o dg
sfjtjyd » dRfkzd Mse 5 MitcOo dzj ded ¥ dzlirdzte{eR] ded 'k &,H cdEs o d3d tdd alzQ dakz &
Otedz" = dzj Iz te-tizi2 § Bzts deele Crozts fipls ts dz& dzts @ j dzd 2 . tWH sitstejlsdydi MSda
SHOodzj dedj f Yobjtej?2 1djittedd YJiMmMisSCdr fOtelstsdtses o cEBtew yj
SsdzC deso jdgdWn IsWy jdzr a WHJts.

JHd2dd3 dL dzyh dr ddmistekzdzj delstse Hdzw 1 S jtod 3] dzlsOdz! detscts
wodw jlsiqpw dLEyjdedj M jClstetse sy HjdadW dgj 2bteOdzt dgr = i dtsdz” .
BILEsdOB] f dzkzdzjor 8 Mfddesds d Glsted Y&EIs jinds s> v Fisdewfglsists.dz! ¥ s
f 5Csdzj ded v, u d d, fdtsdr MmMemMsOoadwels L dz2Oydlsj ozt dgzs wHtsdzs o
fsLotsdw jls dqLdijtedls: drn My JiSltc o "NhdesStsdd HJOY OLtsdzed Y jted
MissdzS datso ¥z j dzf 7 WHJ 5.

RLEYJddj dzj MdBR) stedyde” » MdMisj &3 MsOdE do O M dafw Wy jd A
B tsdzj j fsHictsB dzlz & ddztt sted3Oyd s s WEkZdzHOd dlsOdz' dz' = Mots2Mlse O
dzj Md 33y sted ydz' = MdMmisj B3O~ teafjsO dfdjLtdzjj UstdyWls s ts BsOstdzd GujdsOds | lisls iy d d3d3y
CO¢ Cu+Cu ddzd Au+Au. wutcQodzjdedj tjLEzdz SOItse, {§odzzy] dedzr = M
fMlsOdz$ do O h d R Mmw WHitedzr = MmdMmisj d3, d wsftedHj dzj ded tctso dgv d
RZOHEZ® Ot Is HEtsf sdzdzd Isj dz' dz" | teteOdzed yJ dedv dz0 L dzOyd dzd™ 4 Otc O34 Iste
ydmdzj dedz" j or Oy jdedw Hdzw § dzslsdesisd yYeojltser n LOLYHBSSO d dzzy!
Mt HiS2 .

] 1Sy jteddjdalsjy PHENI X ddd RHITSH3]dzje2lsdefods daBfte ff tsdztse o
Au+Au Mbssdldse jddwvr f {ditedi?2 o MmMdfmlsjdk yj dlsted® &OMM, |
dzj 2lstcOdzr dgf = fdtsdetse © Cu+Au MissdzC datse j dzgdWw R dORtsHIsMY o fMtsc
Cu+Cu +JAuAumlstsdS dse jddvas ftd BddLSdm LdZOyjddwves ydmdzd Eyof
szt dztso j dzgdw n MEh jMlsoakzils OB ¢ O f(wjorhjddy of asHO dzj >
szt dztso j dzgdw R fted BdzdL Std3 L dOyd ddd ved fRoestH Oz e i dsdedidis adz" 20O = df
® Cu+Cu fMmddtss jddwvrs dan 9" atH MdzOBt Glsdzdyojlsmwy s or AtsH
d dstcdddteseo Odedes ¢ s dz®@ yd fdzezz § Gets dztizh = dfi) ke tf dzTzdete(eh | diak X .dztsdds j f | dz!
dzj 2 Iste Odz! dz" L utfrptedetipls sakzC dzso j dzgdW 7 dzORtsHdIsfMw o  sSdzdzsdz ftse dzOMmd
fMlstcz?2 o Ists?2 XJi MdMmilsj &di MlstsdzC detso j dedw Iswy jdzr 7 WHJte.

tiLkzde sOIst BN dzd ff sdzlzyd de 9 ©ORCOR or fsdzdzj dzdv cetfkzHO
3.1498.2017/4.6.
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