HayuyHom Behy uHcTUTYyTa 3a (pu3mnky y beorpaay

MpegmeT: Mon6a 3a n36op y 3Batbe UCTPaXUBay NpUNPaBHUK

O63npom aa ucnyrwasam cse npeasufieHe ycnose y cknagy ca MpaBunHUKOM 0 NOCTYNKY, HauMUHY
BpeAHOBaka M KBAHTUTaTMBHOM UCKa3nBaky Hay4HOMCTPaXWBAYKUX pesynrtara ucTpaxusada
MIMHTP, Monum HayuHo Behe Aa me u3abepe y 3Bare UCTPaXKMUBaY NPUNPABHUK.

Y npunory gocTaBrbam:

Muwr.erwe pykoBoguoua npojekTa;

CtpyyHy 6uorpacujy;

Cnucak u konuvje HayuHux nybnukauuja;

YBepewe 0 ynucaHoj Tpehoj roauHn 4OKTOPCKUX CTyauja;
YBepere 0 3aBpLUEHUM OCHOBHUM CTyaujama;

YBepewe 0 3aBpLUEHUM MacTep cTyauvjama;

YBepewe 0 NONOXEHUM UCNUTUMA Ha AOKTOPCKUM CTyaujama;
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Hay4yHom Behy uHcTuTyTa 3a pusuky y beorpaay

MpeameT: Muwrbewe pykoBoauoLla npojekra o usdopy BnagaHa Cumuha y
3Bak€e UCTPaXuBay NpUNpaBHUK

Bnagan Cumuh je og HoBembpa 2017. 3anocneH y JlabopaTtopuju 3a racHy enekTpoHuKy (caga
JTabopaTtopuja 3a HepaBHOTEXHE nNpoLece u NpMMeHy nnasme) MHcTuTyTa 3a duauky y beorpaay
noa MeEHTOpPCTBOM akagemuka 3opaHa Jb. [leTpoBuha. AHraxoBaH je Ha nNpojekTy
,PyHOamMeHmasiHu rpoyecu U rpuMeHe mpaHcriopma yecmuuya y HepasHOmexHUM ria3mama,
mpariogsuma u HaHocmpykmypama“ MuHucTapcTBa npocseTe, Hayke M TEeXHONOLUKOr pasBoja
(OMN171037) Kkojum pykosoan akagemuk lNeTposBuh koju je Tpajao Ao kpaja 2019. roguHe. Ha
NOMEHYTOM MNPOjeKTy paau Ha pasBojy M yHanpehuBawy noctojehux kogosa MoHTe Kapno
cymynaumja Koje ce TU4y TepManusauuje No3nTpoHa y pasnnynuTm KoHdurypaumvjama (npe ceera
y Tako3BaHoMm [leHunHr Manmbepr Cypko Tpany) v pasnuyuTum racoBuMma, 3aTUM MNpaBibeHY
KOMMMEeTHMX CeToBa Mnpeceka MNO3UTPOHa M EerneKTpoHa Y peneBaHTHMM racoBuMMa, Kao WU
mMogenoBawy 6GMOnowknx cpeguHa koje 6u y garbem pagy Tpebano 6wutn mckopuwheHe 3a
ucnuTMBame yTuuaja nosuTpoHa Ha henuje YyoBeka.

OH ce npe ceBera 6aBno TepmManusaumnjoM MO3UTPOHCKOr aHcambna y Tpany Kako Ha COOHOj
TemnepaTtypy TakO M MPUMEHOM CHWKEHUX TemrnepaTypa M YNorom pasHuUX HeenacTU4HOX
npoueca y T10j Tepmanusaumjn. o caga je BnagaH Cumuh nmao aBa paga objaBrbeHa Ha
MeRyHapoaHUM KoHdepeHLUMjama a y npunpemMu je NpBu pag 3a mehyHapoaHu Yaconuc.

O63upom ga ucnywasa cBe npensuheHe ycnose y cknagy ca NpaBunHUKOM O NOCTYNKY, HAYUHY
BpegHoOBaa M KBAHTUTATMBHOM MCKa3nBaky HayYHOUCTPaXKMBAYKMX pesyntarta UcTpaxmBada
MMHTP, npegnaxem pa HaydHo Behe usabepe BnagaHa Cumuha y 3Bakbe ucCTpaxusad
NPUNpPaBHMK.

PykoBogunauy npojekTa
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BnagaH Cumunh — ctpy4yHa buorpaduja

Bnagan Cumuh je poheH 26. anpuna 1987. roguHe y lMapahuHy. OcHoBHY wkony ,Momuunno
Monosuh O3peH” 3aBpLUKO je Kao hak reHepauuje n ca Bykosom gunnomom. Takohe, n N'mmHasunjy
y MapahuHy 3aBpliaBa ca BykoBom gunnomomM. TOKOM OCHOBHE 1 cpefrse LUKONe y4ecTByje Ha
OpOjHUM penyBrYKUM U CaBE3HUM TakMuyewrMa 13 pusnke U Matematuke n ocsaja 6pojHe
Harpage. HajaHa4ajHuja Harpaga My je NpBO MECTO Ha CaBe3HOM TakMuyery 13 omsmke y npsom
paspeny cpeae LuKorne.

®dusnykm dakyntet ynucyje 2006. roguHe ca MakcumanHum 6pojem noeHa 6e3 nonarawa
npujeMHor ncnura 36or ycnexa Ha TakMmdennma. TokoMm cTyamparsa, 36or 6onectu, npasu naysy
Of ABE rogMHe u HaKoH Tora Meka cMep ca , Teopujcke 1 ekcnepumeHTanie dumsmke” Ha ,OnwTy
dur3unky“ n 3aBpuiaBa ocHoBHe ctyamje 2015. roguHe ca npocekom 9,35. Mactep ctyauje Takohe
3aBplaBa Ha cmepy ,OnwTa dunsnka“ 2017. rogmHe ca npocekom 9,20.

LWkoncke 2017/2018 roamnHe ynucyje AOKTOPCKe CTyauvje Ha cTygujckom nporpamy dusumka, yxa
Hay4YHa obnacTt ®u3uka joHM30BaHOr raca u nnasme n MEHTOpP My nocTtaje akagemuk 3opaH Jb.
MeTposuh. Y HoBembpy 2017. rogmHe 3anowrbaea ce y MHCTUTYTY 3a domaunky y beorpagy y rpynm
npod. MNMeTtposuha rge nounke aa ce 6asn MoHTe Kapno cumynaumjama no3nMTpOHCKMX TpanoBsa
(Cypko Tpana) kao v npobnemuma Tepmanu3auuje MO3UTPOHA Yy pasHMM racosuma (u
KoHGurypaumnjama). [Jo caga je objaBno OBa koHdpepeHumjcka paga M 6umo y nokanHum
OopraHu3auMoHVM KoMuTeTUMa Ha ABe MefyHapogHe koHdepeHumje ogpxaHe y Cpbuju (22nd
International Conference on Gas Discharges and their Applications 2018 Hoen Cag n POSMOL
2019: XX International Workshop on Low-Energy Positron and Positronium Physics and XXI
International Symposium on Electron-Molecule Collisions and Swarms 2019 beorpag). Ha
OOKTOPCKUM CTyAujama MonoXuo je cBe noTpebHe ucnute ca npoceyHom oueHom 10,00 wm
ycneLHo ynucao Tpehy roamHy ctyauja.
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Zoran Lj. Petrovi¢™?
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Abstract. In this paper we investigate positron thermalization in a three stage
Penning-Malmberg-Surko trap (buffer gas trap). We focus on the role of inelastic
energy losses and try to identify the relative importance of the contribution from
different processes. In order to investigate the effect of buffer gas temperature on
cooling, our first simulation is conducted initially at constant background gas
temperature of 300 K until positrons are thermalized and after that the trap is
cooled down to 77.2K. The second simulation is conducted at a constant
background gas temperature of 77.2 K. It is shown that rotational excitation
provides the key contribution during the thermalization only upon transition
towards 77 K.

1. INTRODUCTION

A buffer gas positron trap is, basically, a Penning-Mamberg trap,
consisting of cylindrical electrodes in an external magnetic field. However, in the
buffer gas trap (also known as the Penning-Mal mberg-Surko trap) the cylindrical
electrodes have increasing radii effectively creating two or three stages of gas
pressure with the possibility for a different electric potential in each stage [1]. As
a buffer gas, we used a standard setup with N, in the first two stages and a
mixture of N, and CF, in the third. Vibrational excitation of CF, is very effective
in later stages of positron thermalization. Normally one would assume, however,
that when the energy drops down below 100 meV rotational excitation will
become the dominant energy loss process. That is the reason why we postul ated
that even for a CF, filled trap in the last stage nitrogen should be added [2]. On
the other hand it was found that dominant energy losses in thermalization to the
room temperature are due to vibrational energy inelastic processes [3]. The
calculation was performed by using a Maxwellian distribution at all time and
calculating energy loss in order to follow the decay of the effective temperature
(mean energy). However, it is known that a full kinetic treatment of the swarm
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like development of the positron energy distribution functions (PEDF) indicate
that PEDF may have complex shapes favoring some processes and being
depleted in the range of other processes even in the region of the mean energy [1,
4]. Thus we have performed a full kinetic modeling of thermalization (i.e. never
assuming the PEDF energy dependence) and we have tried to identify the
dominant inelastic processes. Optimizing cooling rates is beneficial for several
reasons. Simply, losses of positrons would be reduced if shorter times are
required to thermalize positrons. Additionally, and equally important for most
applications, is that longer cooling processes result in a greater number of elastic
(momentum transfer) collisions. Elastic collisions disperse the ensemble and
broaden the radial distribution thus reducing the density that needs to be high for
antimatter experiments. Thus the optimal cooling scheme minimizes the growth
of the radial dimension and may include further compressing (e.g. which can be
performed by rotating compression technique [5]). Finally, we note that Natisin
et al. [6] have studied the thermalization of positrons in a cryogenically cooled
trap with the background temperature in the proximity of the temperature of
liquid nitrogen (i.e. in their experiment electrodes cooled to 50 K).

We used a Monte Carlo simulation of positron swarms in a three
segment Penning-Malmberg-Surko trap. The code has been well tested for
electrons and for positrons both in an infinite swarm-like case and for the
realistic geometry and conditions of existing traps. The parameters used in both
simulations are givenin Table 1.

Table 1. Conditionsin the trap used in simulation.

Stage | I 11
Background gases N, N, 50% N,,50% CF,
Pressure(Torr) 1073 10~* 107°
Electr ode potential (V) 20 10 0
Length (m) 0.5 0.5 0.5
Radius (mm) 5 20 20
Magnetic field (T) 0.053 0.053 0.053
Pre-electrode potential (V) 10
e’ sourcebias (V) 0.1

We present the data for two situations. First the trap is thermalized to
room temperature and then suddenly cooled to the liquid nitrogen temperature,
and second the trap is held at liquid nitrogen gas temperature throughout. The
cross sections used for N, and CF4 have been taken from our previous papers[7,
8] and include rotational excitation represented by a non-resonant Born
approximation (Gerjuoy and Stein formulae) [3].

2. RESULTSAND DISCUSSION

We first present the results for the two stage (300 K-77.2K)
thermalization (Fig. 1a and 1b). The relative contributions of the different
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inelastic processes are shown in Fig. 1b. We have chosen to sample only in the
last stage as in each crossing between the stages positrons gain energy of around
10 eV. So the final thermalization occursin the last stage.
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Figure 1. a) Mean energy of the positrons in the three different stages of the trap
and overall during thermalization to room temperature (300 K, solid horizontal
line) and then to liquid nitrogen temperature (77.2 K, dashed horizontal lin€). b)
Relative contributions of each inelastic loss process to the total inelastic losses in
the third segment, before and after cooling trap to 77.2 K that occursat 0.1 s.
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Figure 2. a) Mean energy of positrons in all three stages of the trap for 77.2K
(solid horizontal line) trap temperature. b) Relative contributions of each
inelastic loss to the total inelastic lossesin the third segment at 77.2 K.

Positrons appear first in the third stage at just before 1 us and the most important
inelastic process in that stage is electronic excitation of CF, Electronic
excitation of CF, and also N, dominates thermalization over the initial 0.1 ms
followed by the turn on of the vibrational excitation of CF, (Vibrational
excitation of N, is negligible at this temperature). Surprisingly, even when the
mean energy drops well below the threshold for vibrational losses, vibrational
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excitations maintain their dominance in inelastic energy transfer while rotations
contribute only by a couple of percent. While for electrons one may expect
rotational excitation to dominate thermalization below 100 meV, for positrons,
due to the lack of a resonance, rotational cross sections are very small. Thus one
needs to go to mean energies less than 30 meV for rotational inelastic losses to
become the dominant inelastic process with positrons, as can be seen in Fig. 1b.
Results for the trap maintained at 77.2 K (Fig. 2a and 2b) clearly show that
rotational energy losses become important only at positron mean energies below
30 meV.

3. CONCLUSION

This paper presents relative contributions to positron thermalization in a
buffer gas trap from the different inelastic processes possible as a function of
trap (gas) temperature. As one may expect, at high positron energies,
thermalization is dominated by electronic excitation. As the positrons cool,
vibrational excitation becomes dominant. Specifically (and unexpectedly) the
rotational contribution turns on only after positron mean energy is below 30meV
(room temperature). This is due to the very small values of the non-resonant
excitation of rotational transitionsin nitrogen.
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In this paper we analyze the role of inelastic processes in positron thermalization, in a standard
three stage Penning-Malmberg-Surko trap (buffer gas trap). A Monte Carlo (MC) Model of
such a gas filled trap has been developed [1] based on a well-tested MC model for electrons.
Previously a MC model was used to follow the thermalization of positrons in different
background gases and in the gas filled traps [2, 3]. Natisin et al. have simulated thermalization
by using assumed Maxwellian distributions to gas cooled down to the liquid nitrogen
temperature [4]. In this paper we focus on sampling of positron energy distribution functions
(PEDF) and also on the role of rotational excitation that was shown to be inefficient in case of
thermalization to 300 K. Simulations were conducted at constant background gas temperatures
of 300 K and 77.2 K throughout the entire period and also with a transition from the room
temperature to 77.2 K at the time to. It was found that rotational excitation of N2 contributes
little above the room temperature but becomes the dominant process in thermalization to 77.2 K
when mean energy drops below 20 meV.

[——thermalization to 300K E

terensiny.,
ity v,

.as
-,
.

Mean energy (eV)

-
Ou

Time (s)

——thermalization to 77.2K

thermalization to 300K,
~ then from time tor thermalization to 77.2K

T,=300K
- T=T7.2K

-t =0.0147s
o0

102 10 10° 10’

Figure 1. Mean energy in the third segment as a function of time for thermalization to 300 K,
77.2 K, and a stepwise process with transition from 300 K to 77.2 K at the moment to. We
also show energies corresponding to the two temperatures as the horizontal lines.
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PenyGanka Cpbuja

YHrusep3uter y beorpany

<] Ousnuku dakynrer

7/ J.bp.2017/8008

Jarym: 18.10.2019. roaune

Ha ocHoy unana 161 3akona 0 onwtem ynpasHoM HOCTYIIKY W CIYKOCHE CBI/CHUN|E H3RA)e Ce

YBEPEIbE

Cumuh (3opan) Baaaan, Gp. unzckea 2017/8008. pohen 26.04.1987. roauue, [lapahun, PenySauka
Cp6uja, ynucan wkoncke 2019/2020. roaune. y crarycy: GuHaHcHpaibe W3 Oyueta: THI CTyauja:
JIOKTOPCKE aKaJeMCKe CTY/AWje: CTYAHJCKH nporpam: (Duiuka.

[lpema CraryTy d)aK\'nTeTa cTyamje Tpajy (Opoj roauna): Tpu.
Pok 3a 3aBplUETaK CTYAHja: y JABOCTPYKOM Tpajaiby CTy/Hja.

OBO Ce yBEpEH-¢ MOKE YNOTPeONTH 3a pery/Iucarbe BojHe o0aBese, W31aBambe BU3C, NPABa Ha ACYM|W J0AaTaK, IOPOAHYHE
MeH3nje. HHBANMIACKOT 101aTKa, 100Mjarba 3APABCTBEHE KHHAKHUUC, SICFUTUMALIN]E 34 NOBAAWREHY BOKILY M CTHNCHAN]E.

theno auue akynrera




YHUBEP3UTET ¥ BEOI'PALY OU3UUYKN ®AKYJITET
UNIVERSITY OF BELGRADE FACULTY OF PHYSICS

Cryvaentesu i 12011000 beorpai. [111. 44, Tea 011-7158-151. ®ake: 01 1-3282-619
Studentski trg 12, 11000 Belgrade. Serbia. POB 44. Tel: +381-11-7138-151. Fax: +381-11-3282-619
www. [f.bg.ac.rs e-mail: dekanataff.bg.ac.rs

bpoj 23820135
beorpan. 12. 10. 2015. roaune

Ha ocroBy wiana 99. 3akoHa O BHCOKOM oOpasosarby (CI1. TJ1aCHHUK PenyOuuke
CpGuje Opoj 76/05) n unana 184. Craryra ®usuukor daxynrera (6poj 442/1 on 10. 10.
2006. roAnHe M jaaTe carjacHoCcTH YHUBEP3UTeTd Y beorpasy 6poj 02 612-1852 ox 29. O1.
2007.) y ckiaay ca llpaBuaHHKOM O caapikajy u o0nuky obpasaua jaBHHX HCrpaBa Koje
W3]y BHCOKOIIKOJCKE YCTAHOBC (Ca. rnacuuk PenyOnuke Cpbuje 6poj 21/2006). a no
saxtesy, Cumuh (3opan) Bianana u3naje ce ciaeaehe

VBEPEE

CUMWR (3OPAH) BJIAJIAH poben 26. 04. 1987. roaune y llapahuny.
| lapahun, PenyOnnka CpOuja. ynucaH LIKOJICKE 2014/2015. roaute Ha Ou3MUKK GaxyITeT
Vuupepsutera Y beorpaiy. 3aBpiimo je TpOrojiniIbe OCHOBHE AKaIeMCKC CTyaMje MpBOT
crenena — cryamjekn nporpam Onmra dusnka. jana 24. cenrremOpa 2013, roaune, ca
HpOCEUHOM oleHom 9.35 (JIeBeT i 35/100) y TOKY CTy/Hja U NOCTHIHYTHM YKYITHHM Opojem
180 ECIIB n TuMe cTeKao BMCOKO 00pasoBarbe MpBOT cTereHa OCHOBHMX QAKaJIEMCKHX
CTY/IMja U CTPYUYHH HA3HB:

'

OU3UYAP

VBeperbe Ce M3/aje Ha JIMUHM 3aXTCB. a CIyKH Ka0 J10KA3 O 3aBPLIEHO] BMCOKO]
CTPYHHO] CIPEMH J10 13/1aBarba AUTLIOME.

JEKAH
YKOI' ®AKYJITETA




Somsatyd Yuusepsurer y Beorpany
4311_11 wh sy ©OU3MUKK DakynTer

:a‘ JLHEERE Bpoj unpekca: 2015/7018
SER L Boj: 2542017

Hartym: 02.10.2017.

Ha ocHoBy unana 161 3akona o ommrem ynpasHoM noctynky ("Cuyx6enn aucr CPJ", 6p.

33/97, 31/2001 n "CnyxGenu raacHuk PC", 6p. 30/2010) u cnyxGene €BHACHUM]E, YHUBEP3UTET y
beorpany - ®usnuku dakynrer, u3naje

YBEPEHWE

Bnagan Cumuh

uve jegnoi poguiniersa 3opan, JMBI 2604987723238, pohen  26.04.1987. iogune, Ilapahun,
Peuybrura Cpouja, yiaucan wixoncxke 2015/16. togune, gana 28.09.2017. iogune 3aspuiuo Jje maciuep
axagemcke cutyguje na cuiygujckom upoipamy Omwitia Qusuka, y wpajary og gee logune, obuma 120
(ciuo geageceinr) ECITE 60gosa, ca upoceunom oyernom 9,21 (geseiii u 21/1 00).

Ha ocnoBy maBenenor msmaje my ce oso YBEPCHE O CTEYECHOM BHCOKOM 00pasoBamy
aKaJeMCKOM HasuBy mactep ¢uzmuap.




Ou3uyky pakynrer
/ Bpoj unaexca: 2017/8008
Hatym: 13.07.2020.

Ha ocHoBy unaHa 29. 3akoHa 0 OMIUTEM YIPAaBHOM MOCTYIKY U ClyxGeHe eBUAEHLMjE H3aje ce

YBEPEIGHE O ITOJIO)KEHUM UCIITMTHMA

Baaaan Cumuh, uMe jenHor poautesba 3opas, pohjen 26.04.1987. ronune, Ilapahun, Peny6nuka Cp6uja, ynuca
wkosicke 2017/2018. romuHe Ha JOKTOpcKe akajeMcke cTyauje, mkoncke 2019/2020. romune ymmcaH Ha craTyc
dunaHcupame u3 Gyuera, cTyaujcku mporpam ®u3KKa, TOKOM CTyaHja MOJOKHO je MCTIATE M3 crefchux npeamera:

P.6p. Hindpa Ha3us npeamMera Ouena ECIIB | ®ona yacopa** Jdatym

1. |[ACISJTIS CyaapHH ¥ TPaHCTIOPTHH NPOLECH Y jOHW30BaHNM racoBumal 10 (necer) 15 |1:(8+0+0) 17.08.2018.

2. |[AC15I114 du3nKa eeKTPUYHUX TaCHUX MPaXKILEHha 10 (necer) 15 |11:(8+0+0) 21.09.2018.
[:(0+0+12)

3. |[ACIS®PHAL Pan Ha nokTopary 1. neo II. 30 11:(0+0+12)

4. |[AC15J116 OnabpaHna noriasba HU3MKE JOHU30BAHHMX racoBa 10 (necer) 15 |11:(8+0+0) 20.09.2019.

5. |[AC15BO2 MouTe Kapio cumynauuje y GH3HLK 10 (mecer) 15 |I11:(8+0+0) 18.06.2019.
I11:(0+0+12)

6. ﬂC[§¢PH}12 Papn na nokropaty 2. aeo I. 30 IV-(0+0+12)

* - eKBHUBAJICHTHPAH/MIPU3HAT HCNIHT.
** _ Donn yacosa je y hopmary (npenasama+sexbe+ocrano).

Onmy ycnex: 10,00 (necer u 00/100) , no ronunama cryauja (10,00, 10,00, /).
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