
Hay\fHOM eeliy MHCTMTyTa Ja <pMJMKY y 6eorpaAy 

npeAMeT: Mo116a Ja MJ6op y JBatbe MCTpa>KMBa"I npMnpaBHMK 

O63111poM Aa 111cnyl-baBaM cse npeAs111f]eHe ycnose y cK11aAy ca npas111nH111K0M o nocTynKy, Ha4111HY 

speAHOBal-ba Ill KBaHTI/ITaTI/IBHOM I/ICKa31/1Bal-by Hay4HOI/ICTpa>KI/IBa4KI/IX pe3ynTaTa I/ICTpa>KI/IBa4a 

MnHTP, MO!ll/lM Hay4HO Bene Aa Me 1/13a6epe y 3Bal-be I/ICTpa>KI/IBa4 np111npaBHI/IK. 

Y np111nory AOCTaBJbaM : 

1. MIIIWJbel-be PYK0B0AIII0l..la na6opaTOp111je; 

2. CTpyYHY 6111orpacp111jy; 

3. Cn111caK III Kon111je HayYHIIIX ny6n111Ka1..1111ja; 

4. Ysepel-be 0 yn111caHoj Tpenoj r0AI/IHI/I A0KT0pCKI/IX CTYAlllja ; 

5. Ysepel-be 0 3aBpweHI/IM 0CH0BHI/IM CTYAllljaMa; 

6. Ysepel-be 0 3aBpWeHI/IM MacTep CTY,QllljaMa; 

7. Ysepel-be O nono>KeHI/IM 111cn111T111Ma Ha OCHOBHI/IM CTYAllljaMa; 

8. Ysepel-be o nono>KeHI/IM 111cn111T111Ma Ha MacTep CTYAllljaMa; 

9. Ysepel-be 0 nono>KeHI/IM I/ICnl/lTIIIMa Ha A0KT0pCKI/IM CTYAllljaMa; 

C noWTOBal-beM, 

BnaAaH C111M111n 

b. (}_vtb0Z 



HayHHOM Befiy MHCTMTyTa 3 a c|)M3iiKy y EeorpaAy 

ripeAMer: MmijjbeHse pyKOBOAMOLfa jia6opaTopMJe o M36opy Bj ia^aHa CMMMlia y 
s e a i b e iicTpa)KMBaH npiinpaBHMK 

B n a A a H CUMMII j e OA H0BeM6pa 2 0 1 7 . a a n o c n e n y Jla6opaTopMJM aa r a c n y eneiapoHUKy ( c a A a 
Jla6opaTopnja aa HepaBHOTe>KHe npoLiece i/i npuMeny nnaaivie) MHCTHTyra aa cJDnanKy y BeorpaAy 
•OA MeHTopcTBOM aKaAeMMKa Sopana fb. FleTpoBMlia. Buo j e aHra>K0BaH na npojeiay 
„0yHdaMeHmafiHU npou,ecu u npuMene mpancnopma '^ecmuu.a y HepaeHome>KHUM nnasMaMa, 
mpanoeuMa u HanocmpyKmypaMa" M u H n c r a p c T B a n p o c B e i e , HayKe M TexHonoiuKor paaaoja 
(01/1171037) KOJMM j e pyKOBOAMO aKaAeMMK n e i p o B u f i , AO Kpaja 2 0 1 9 . roAnne. TpenyTHO paAH 
Ha paaaojy M ynanpefji iBaHsy nocTOjehnx KOAoaa Monre K a p n o c u M y n a q u j a Koje c e Tuny 
TepMannaaMMje n o a m p o H a y paannHHTHM KOHctJurypaqujaMa (npe c s e r a y raKoaaaHOM rieHUHr -
ManM6epr - CypKO i p a n y ) M paannHnruM racoanMa, aaruM npaa/befey KOMnnerHnx c e r o s a 
npeceKa n o a n T p o n a n e n e K i p o H a y peneaaHTHUM racoenMa, Kao M MOAenoeahby SnonomKnx 
cpeAHHa Koje 6v\ Aan^eM paAy Tpe6ano 6MTM MCKopnuufieHe aa ncnuTneaHje y iMuaja n o a m p o H a 
Ha f iennje HoseKa. 

OcHOBHM npo6neM KOJMM c e B n a A a n Saan j e TepMannaaunja noanrpoHCKor aHcaM6na y i p a n y , 
KaKo Ha CO6HOJ l e M n e p a r y p k i , jaKo M npMMenoM CHii>KeHMX l e M n e p a i y p a M ynoroM paanux 
HeenacTMHHOx n p o u e c a y TOJ TepMannaaunjn. B n a A a n CuMufi AO c a A a UMa A s a paAa o6jaBn>eHa 
Ha MefiynapoAHMM KOHcjDepeHMMjaMa, a y npunpeMn j e M npaii paA 3a MeFjyHapoAHn Maconnc. 

06aMpoM A a McnyhtaBa c s e npeABMf|eHe y c n o a e y CKnaAy ca npaannHMKOM o nociynKy, Hannny 
BpeAHoeaHsa M KBaHTmaTHBHOM i/icKaaMaaHsy HayMHOMCTpa>KMBaHKiix p e a y n r a r a MCTpa>KMBaHa 
MriHTP, npeAna>KeM A a Haynno sefie i i a a 6 e p e B n a A a n a CuMnlia y a a a f e e MCTpa>KMBaM 
npunpaBHUK. 

PyKOBOAnnaq na6opaTopMje 

r o p A a n a Manoaufi, 

HayHHM caeeTHMK 



Владан Симић – стручна биографија 

 

Владан Симић је рођен 26. априла 1987. године у Параћину. Основну школу „Момчило 

Поповић Озрен“ завршио је као ђак генерације и са Вуковом дипломом. Такође, и Гимназију 

у Параћину завршава са Вуковом дипломом. Током основне и средње школе учествује на 

бројним републичким и савезним такмичењима из физике и математике и осваја бројне 

награде. Најзначајнија награда му је прво место на савезном такмичењу из физике у првом 

разреду средње школе.  

Физички факултет уписује 2006. године са максималним бројем поена без полагања 

пријемног испита због успеха на такмичењима. Током студирања, због болести, прави паузу 

од две године и након тога мења смер са „Теоријске и експерименталне физике“ на „Општу 

физику“ и завршава основне студије 2015. године са просеком 9,35. Мастер студије такође 

завршава на смеру „Општа физика“ 2017. године са просеком 9,20. 

Школске 2017/2018 године уписује докторске студије на студијском програму Физика, ужа 

научна област Физика јонизованог гаса и плазме и ментор му постаје академик Зоран Љ. 

Петровић. У новембру 2017. године запошљава се у Институту за физику у Београду у групи 

проф. Петровића где почиње да се бави Монте Карло симулацијама позитронских трапова 

(Сурко трапа) као и проблемима термализације позитрона у разним гасовима (и 

конфигурацијама). До сада је објавио два конференцијска рада и био у локалним 

организационим комитетима на две међународне конференције одржане у Србији (22nd 
International Conference on Gas Discharges and their Applications 2018 Нови Сад и POSMOL 
2019: XX International Workshop on Low-Energy Positron and Positronium Physics  and XXI 
International Symposium on Electron-Molecule Collisions and Swarms 2019 Београд). На 

докторским студијама положио је све потребне испите са просечном оценом 10,00 и 

успешно уписао трећу годину студија. 
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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 77.2 K. 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-Malmberg trap, 
consisting of cylindrical electrodes in an external magnetic field. However, in the 
buffer gas trap (also known as the Penning-Malmberg-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 N2 in the first two stages and a 
mixture of N2 and CF4 in the third. Vibrational excitation of CF4 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 postulated 
that even for a CF4 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 given in Table 1. 

Table 1. Conditions in the trap used in simulation. 

Stage I II III 
Background gases                      

Pressure (Torr)                
Electrode 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 

   source bias (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 N2 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. RESULTS AND DISCUSSION 

We first present the results for the two stage (300 K-77.2 K) 
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 occurs in the last stage. 

 

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 line). 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 occurs at 0.1 s. 

 

Figure 2. a) Mean energy of positrons in all three stages of the trap for 77.2 K 
(solid horizontal line) trap temperature. b) Relative contributions of each 
inelastic loss to the total inelastic losses in the third segment at 77.2 K. 

Positrons appear first in the third stage at just before 1 s and the most important 
inelastic process in that stage is electronic excitation of CF4. Electronic 
excitation of CF4 and also N2 dominates thermalization over the initial 0.1 ms 
followed by the turn on of the vibrational excitation of CF4. (Vibrational 
excitation of N2 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 transitions in 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 t0. 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. 
 

 
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 t0. We 
also show energies corresponding to the two temperatures as the horizontal lines. 
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Peny611v1Ka Cp61,1ja 

t::r=t--=1i.=tt..r1=T.toii YHttBep3MTeT y Eeorpa,uy 
<DM3Hl.!K1'1 cpaKyJlTeT 

)].. Ep.20 l 7 /8008 
Jla-ryM: 18.10.2019. rO)llHte 

Ha ocHosy lfJlaHa 161 3aKoHa o omuTeM ynpaRH0M r1ocTynKy 1-1 cnyn<6e1-1e eBHflCHUHje 1-11.uaje ce 

YBEPElhE 

CHMHfi (3opan) BJ1a)laH, 6p. HH)]eKca 2017/8008, pot)eH 26.04.1987. ro)]HHe, TTaparrnH, Peny611v1Ka 

Cp61-1ja, yn11catt WKOJlCKe 2019/2020. rO)]MHe, y CTaTycy: ¢11HaHCHpa1ne H3 6yueTa~ THTT CTy)]11ja: 

)]OKTopcKe aKa)]eMCKe CTY )]Hje; CTY )]HjCKH nporpaM: <DH3HKa. 

TTpeMa CTaTyTy cpaKyJTTeTa cTy)]Hje Tpajy (6poj ro.u1-11-1a): TpH. 

PoK 3a 3aspweTaK cTy,LJ,11ja: y )]BOCTpyKoM Tpaja~bY cTy)]Mja. 

Oso ce ysepel-be M0)l(e ynoTpe6HTH 1a perynHcal-be sojHe o6ase3e, H3)laBal-be BH3e, npasa Ha )le4HjH Jl0)laTaK, nopo.IlH4He 

neH3Hje, HHBaJIH)lCK0r )l0)laTKa, )l06Mjal-ba 3.IlpaBCTBeHe Kl-bH)KHUe, JlerHTHMaUHje 3a noBJlawneHy BO)K.-bY H CTHneH)lHje . 

- Ho n M ue cpaKy JlTeTa 
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Peny6rl{Ka Cp6uja
YHusep3r{rer y EeorpaAy
@Hsnqxu QaKyrlrer
Epoj HHAeKca: 201 7/8008

flaryrrr: 13 .07 .2020.

Ha ocnony ,tlaaa29.3axoHa o onureM y[paBHoM nocrynKy n cayx6eue eslrAeulrrrje urAaje ce

YBE PEIbE O TIOI Ox(E HI,IM VICIILITI,IMA

Bna.qan Cunnh, nue jegnor poAr,rreJba 3opau, potler 26.04.1987. rognne, flapahnn, Peny6lura Cp6rja, ynucaH

ruKoJrcKe 2017/2018. foAr,rHe Ha AorffopcKe aKaAeMcKe cryauje, urKoflcKe 201912020. roAltHe ynrcaH Ha craryc

Qunaucuparce u: 6yuera, cryAujcxn rporpaM Onuxa, r rou ctyAuja noJloxno je ncnure ns cleAehrx upeAMera:

P.6p. Oqeua ECIIE

I AC rsJr-rs CyAapHH t4 rpaHcnoprHH npoqecn y joHutoaaHHM racoBHMa l0 (aecer) r5 I:(8+0+0) 17.08.20r 8.

2 AC r 5Jn4 Or:Hxa enel(TpattHHx racHHx fipaxrberLa I 0 (aecer) l5 II:(8+0+0) 2t .09.20 r 8.

3 AC l soPHAl Paa Ha AoKropary l. aeo II 30
I:(0+0+ l2)
II:(0+0+ l2)

4 AC rsJn6 Oaa6paHa norJlaBJba (ruurce jonr,r3oBaHHx racoBa l0 (aecer) l5 III:(8+0+0) 20.09 .20t9.

5 AC r sBO2 Moure Kapno cnMyrlaunje y Qr.rsnuu l0 (aecer) r5 III:(8+0+0) l 8.06.2019.

6 AC t soPHA2
tr

Paa Ha AoKropary 2. teo II 30
III:(0+0+ I 2)
IV:(0+0+ I 2)

*. - exs[sareHTfipan/npxruar rcnxr.
** - (DoHA racoaa je y Qopnrary (npe,uasasa+rex6e+ocraao).

Onurrn ycnex: 10,00 (aecer n 00/100) , no roAI,IHaMa cryauja (10,00, 10,00, / ).

Crpana 1 oa I

lIInQpa Harnn trpeAMera <DoHl rlacoBa** Aaryna
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