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1 Uvod a motivacia

Predkladana praca bola motivovani poslednymi experimentami v oblasti supertazkych
prvkov. Po uspesnej syntéze prvkov s protonovymi ¢islami od 107 do 112 v GSI Darm-
stadt (Nemecko) [Mun81a|,[Mun84|,[Mun82|,[Hof95a|,[Hof95b, Hof01],[Hof96, Hof01] na
konci minulého storo¢ia boli postupne v JINR Dubna (Rusko) [Oga99a, Oga99b, Oga99c,
Oga00a, Oga00b, Oga0la, Oga0lb, Oga02, Oga04| a v Rikene (Japonsko) [Mor04] synte-
tizované nové prvky od 113 do 116. Popri tom, postupny vyvoj experimentalnej techniky
umoznil spektroskopicku stadiu izotopov az do prvku Hassium - Z = 108.

Mnohé fyzikilne veli¢iny, nevyhnutné pri realizacii experimentov, musia byt v stcast-
nosti ziskavané pomocou semiempirickych a empirickych modelov. ViacSina tyhto modelov
vyzaduje nastavenie mnohych empirickych parametrov, ktoré sa ziskavaju fitovanim ex-
perimentalnych tdajov. Cielom prace bolo ziskanie novych informécii, ktoré doplnenia
databazu tyhto experimentalnych tdajov. Nové idaje naviac umoziuju priamu konfron-
taciu s vysledkami teoretickych modelov a ich postupné vylepSenie. Mnohé teoretické
modely sa totiz v predpovedani jednotlivych vlastnosti supertazkych prvkov navzajom
odlisuju a jedine experiment umozni ich zhodnotenie a upresnenie vypoc¢tov v okrajovych
oblastiach.

Experimenty opisané v tejto praci boli realizované v ramci dlhodobého projektu sti-
dia spektroskopickych vlastnosti transuranov a supertazkych prvkov. VSetky Studované
izotopy - 2*6Md, 24"Md, ?**Lr a ?*Lr - boli po prvy krat syntetizované pred dlhsim ¢a-
som, avSak doposial nebolo uskuto¢nené detailné meranie zamerané na Studium ich roz-
padovych charakteristik. Z pohl'adu spektroskopickych dat boli preto tieto izotopy bielymi
miestami v tabulke izotopov.

Pri analyze dat boli vyuzité metody o a « - v koinciden¢nej spektroskopie kombino-
vanej s a - a a Recoil - a korelacnou metdédou. Vysledky ukazali, ze pouzité metody v
kombinacii s u¢innym separatorom produktov tazkoionovych reakcii si silnym nastrojom
na Stadium rozpadovych vlastnosti izotopov s kratkym pol¢asom rozpadu (dolny limit
je = 10 ps) a malym Géinym prierezom reakcie potrebnej na ich produkciu (dolny limit
je = 1 nb).

Ako uz bolo spomenuté, experimenty boli realizované na rychlostnom filtri
SHIP [Mun79| v GSI Darmstadt v ramci dlhodobej kolaboracie s tamoj$ou experimental-
nou skupinou. Pri analyze dat bol vyuzity analyzaény software GO4 [GO4| s analytickou
nadstavbou GO4SHIP umoziiujicou analyzovat experimentilne déata ziskané na spomi-
nanom experimentadlnom zariadeni. Tato analyzac¢na c¢ast bola vyvinutd a spravované
skupinou na katedre jadrovej fyziky FMFI UK v Bratislave. Spravnost vysledkov bola
overend vo viacerych experimentoch, pri ktorych bola vykonavana paralelnd analyza s
programovym balikom GOOSY [GOO]|.



2 Experiment

2.1 SHIP - Separator for Heavy Ion reaction Products

Vsetky experimenty opisané v predkladanej dizertacnej praci boli realizované na sepa-
ratore SHIP. Tento sa nachédza na linii urychlova¢a tazkych iénov UNILAC (skratka
z UNIversal Linear ACcelerator) v GSI Darmstadt v Nemecku. Spominany urychlovaé
poskytuje zvizky pre vSetky prvky az po uran s relativne vysokymi intenzitami (3.0 puA
pre A8t 1.2 puA pre Fe" a 0.4 puA pre %2Se!?T)!. Relativna presnost energie
zviizku je + 0.003 MeV /u a absoliitna presnost je priblizne + 0.01 MeV /u. Tato presnost
umoznuje uskutocnit precizne merania aj pri reakcidch s tzkymi excita¢nymi funkciami,
ako je to v pripade 1n a 2n kanélov pri produkecii najtazsich jadier (Z > 100). [Hof00]

Rychlostny filter SHIP [Mun79| bol navrhnuty tak, aby daval vysoké vytazky
separovanych produktov reakcii tazkych iénov, Specidlne reakcii tiplnej syntézy. Sepa-
rator akceptuje rychlosti do hranice + 5 % od strednej hodnoty a nédboj iénov + 10%.

Pri syntéze tazkych a supertazkych jadier s olovenym alebo bizmutovym terc¢ikom je
tento ter¢ik (zvyCajne s hribkou 450 1 g/cm?) napareny na tenkej podkladovej uhlikovej
folii (40 p g/cm?) a pokrytom este dalsou uhlikovou vrstvou s hriibkou (15 p g/cm?) na
obmedzenie radiacného posSkodenia terca a zvySenie emisivity. Kedze olovo aj bizmut ma-
ji velmi nizku teplotu topenia (olovo 327.5° C, bizmut 271.3° C), pouZiva sa na zvicSenie
oziareného povrchu a na rozlozenie deponovanej energie rota¢ny tercik tvoreny kruhom
s polomerom 155 mm, skladajuci sa z 6smych "bananovych"tercov, ktory rotuje zosyn-
chronizovane s pulznym rezimom urychlovaca (5.5 ms pulz a 14.5 ms pauza) s frekvenciou
18.75 Hz [Hof00].

Za ter¢om sa nachadza strhavacia folia, ktorej tlohou je zrovnovaznit nabojové stavy
produktov. Této je zvycajne tvorena 40 - 60 u g/cm? uhlikovou foliou. Produkty reakcif po
prechode strhavacou foliou vstupuju do separatora, ktory je kombinaciou dvoch rychlost-
nych filtrov so separovanymi elektrickymi a magnetickymi deflekcnymi polami. Kazdy
filter je tvoreny z jedného elektrostatického deflektora a dvoch magnetickych dipolov.
Triplet magnetickych kvadrupolov na zaciatku SHIPu zbiera odklonené odrazené jadré a
fokusuje ich do ’'rychlostného otvoru’ v prostriedku separatora, kde je priméarny zvizok
odseparovany od recoil jadier. Druhy triplet kvadrupolov fokusuje vyseparované jadré
do systému detektorov nachadzajicom sa za SHIPom. Pred detekénou castou je eSte
umiestneny maly vychylovaci magnet, ktory vychyluje produkty reakcie priblizne o 7,5° a
zaistuje dodato¢né potlacenie pozadia o faktor 10-50 [Hof00|. Celkové potlacenie pozadia
pozdlz celého energetického spektra je 100 - 101,

Systém detektorov za separatorom je zlozeny z TOF systému tvoreného tromi de-
tektormi, siedmymi 16 stripovymi kremikovymi detektormi (jednym finalnym a Siestimi
spatnymi detektormi), gama detektorom a veto detektorom.

TOF systém sa sklada z troch identickych detektorov (jeden "Start"detektor a dva
"stop"detektory), ktoré maju spolu u¢innost registracie 99,8 % a rozliSenie priblizne
700 ps. Kazdy z nich tvoria dve samonosné uhlikové folie s hritbkou cca 30 pg/cm? |Sar96].
Medzi tymito foliami je vysoké napétie (4 kV) uréené na urychlenie elektronov vyrazenych
z folii prechadzajicimi tazkymi iénmi. Vyrazené elektrony sa zbieraji na mikrokanélové

11 ppA = 6.24 x 10'? castic/s
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Obrazok 1: Rychlostny filter SHIP. Systém koncovych detektorov je detailnejSie znazor-
neny na obrazku 2

dosticky, z ktorych sa odobera signal, kde vznika lavina elektronov. Antikoinciden¢énym
zapojenim TOF systému od finadlneho detektora je mozné rozlisit signaly pochédzajtce z
rozpadov vo findlnom detektore a signaly tvorené implantaciou iénov prichadzajicich zo
smeru separatora.

Aktivna plocha jedného silikénového detektora je 80 x 35 mm?. Kazdy strip je 5 mm
Siroky a pozi¢ne citlivy vo vertikdlnom smere s relativnym rozlienim (FWHM) 150 pm
pre a rozpad, ¢im vznikd ekvivalent systému detektorov tvoreny 3700 samostatnymi de-
tektormi s rozmermi 5x0,15 mm. Energetické rozligenie pre externy « zdroj - 22! Am - je
14 keV. Sest detektorov tvorf zadny detektor, ktory registruje unikajice « cCastice alebo
Stiepne fragmenty s uhlom zachycujicim 80 % z 27. VsSetky spomenuté detektory st
chladené na teplotu 263 K.

Dodato¢ny veto detektor nachadzajuci sa za finalnym detektorom je vyuzivany na pot-
lacenie pozadia tvoreného protéonmi prichddzajicimi z urychlovaca. Germaniové gamma
detektory meraju ziarenie X alebo gama, ktoré s v koincidencii so signalmi z kremikového
detektora.

Na potlacenie nizkoenergetického pozadia tvoreného pomalymi tazkymi iénmi je
mozné umiestnit pred findlny detektor hlinikové (pripadne mylarove) folie s klinovitym
alebo rovnomernym profilom, ktorych hribku je mozné menit s krokom 0.5 pm.
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Obrazok 2: ZjednoduSené zobrazenie usporiadania detekénej Casti za separatorom SHIP
tvorenej TOF systémom, findlnym detektorom, spatnymi detektormi, gamma detektorom
a veto detektorom.

2.2 Charakteristika experimentov

Na vyskum izotopov 2*6Md, 24"Md, ?*Lr a ?°Lr boli zamerané 2 experimenty?:

1. RUN 211
Realizacia experimentu: 7.4.2003 - 11.4.2003
Reakcia: “°Ar + 299Bj
Energie zvizku: Epeqrn = 4,67 AMeV a Epearn = 4,95 AMeV
Celkova doza: 7,76x10'7 projektilov pri energii Epeam — 4,67 AMeV a
1,65x10'® projektilov pri energii Epeq, = 4.95 AMeV
Test reakcie: Ar + 19Tm, °Ar + 6Yb, produkty transfer reakcie *°Ar + 2%Bi

2. RUN 210
Realizacia experimentu: 24.2.2003 - 11.3.20033
Reakcia: ¥8Ca + 29Bi
Energie zvizku: Epeqrn = 4,69 AMeV a Epearn = 4,81 AMeV
Vyuzita doza zviizku: 3,5x10% projektilov pri energii Epeqm — 4,69 AMeV a
1,165x10*® projektilov pri energii Epeqm = 4.81 AMeV
Test reakcie: *¥Ca + '"Er

2V septembri 2001 bol na experimentdlnom zariadeni SHIP realizovany experiment zamerany na syn-
tézu izotopov 246Md a 24"Md. Pre problémy s meranim energie zviizku vSak nebolo mozné nastavif
optimalnu energiu a boli produkované oba izotopy sii¢astne. Nakolko maji podobné rozpadové charak-
teristiky bolo nemoZné ich jednozna¢ne odligit a detailna analyza nebola zrealizovana. Preto tento ex-
periment nebol do predkladanej dizertacnej price zahrnuty.

3Tento experiment bol uskutofneny s vyuZitim parazitického zvizku po¢as iného experimentu,
zameraného na vyskum chemickych vlastnosti prvku 112, ¢o bolo pri¢inou dlhej doby jeho realizécie.



3 Vysledky a diskusia

3.1 Rozpadovy retazec *"Md

V tejto Casti experimentu boli potvrdené zname data pre a rozpad izotopu *"Md. «
rozpad s energiou E, = 8416 + 10 keV bol priradeny rozpadu zo zakladného stavu
7/27[514| Nilssonovho levelu izotopu 24"Md. Taktiez bol po prvy krét namerany « pre-
chod s energiou E, = 8660 + 20 keV ktory bol predbezne priradeny prechodu medzi

zakladnymi stavmi 24"Md a 2*3Es.

Izotop | E, [keV]| T2 [s] ba E, [keV] bsr Ref.
27TMd | 841610 1.340.1 209.640.5 Tato praca
157.540.5

8660420 Tato praca

8424420 | 1.1240.22 [Hof94]
24Tm\d | 8783440 | 0.25740.033 | ~ 0.77 ~ 0.23 | Tato praca

0.2370:15 ~18 [Hof94]
243Es | 7893+10 22.942.2 ~ 0.6 Tato praca
78604204 Tato praca

7895420 40158 [Hof94]

7939+10 2145 [Hat89]

789943 [Hat89]

Tabulka 1: Zhrnutie ziskanych idajov o rozpade 247247"Md a ?*3Es a porovnanie s niek-
torymi znamymi adajmi. 4 - priradenie je, v dosledku nizkej tatistiky, iba predbezné
B) pocas merania boli jednozna¢ne registrované iba 3 spontanne Stiepenia.

Po prvy krat bol registrovany aj o rozpad z izomerického stavu 24™™Md s pol¢asom
rozpadu Ty, = 0.257 £ 0.033 s a s energiou E,, = 8783 & 40 keV. Tento level bol priradeny
stavu 1/27[521]. Doposial bol tento izomericky stav predpokladany iba na zaklade dvoch
Stiepeni registrovanych pri produkcii tohto izotopu s poléasom Tgp = 0.237013 s |Hof94].

Po prvy krat boli registrované gamma prechody s energiami E,— 209.6 £ 0.5 keV a
E,— 157.5 & 0.5 keV v koincidencii s a rozpadom ?*’Md. Tieto prechody boli priradené
prechodom z nizko leziacich vzbudenych hladin izotopu 243Es, ktorych spiny a parity
boli ur¢ené: 7/27[514| pre hladinu s excitaénou energiou E.,. = 209.6 keV a 9/2%[624]
pre hladinu s excita¢nou energiou E.,. = 52.1 keV. TaktieZ je a rozpadom 24"™Md ob-
sadzovany stav 1/27[521]. Zakladnému stavu a/alebo nizkoleziacemu vzbudenému stavu
izotopu ***Es moze byt priradeny stav 7/27[633] a/alebo 3/27[521]. Dovodom je predpok-
ladan4 existencia oboch stavov v tesnej blizkosti. V pripade izotopu ?*'Es bola hladina
7/27]633] lokalizovana s excita¢nou energiou E.,. = 8.3 keV [AhmO00]. Existencie hladiny
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Obrazok 3: Rozpadova schéma ?*"Md a ?*3Es navrhnut4 na zéklade analyzovanych dat.
Priradenie spinu a parity zakladnej hladine **Es nie je jednozna¢né (vid text).

v okoli E.;. = 0 keV pre ostatné neutréonovo deficitné izotopy einstienia je okrem jej
lokalizacie pre ?*'Es zaloZené na fakte, Ze teoria predpoveda tito hladinu pre vetky izo-
topy v rozmedzi ?#*Es - ?*"Es s priblizne rovnakou excita¢nou energiou E.,. ~ 270 -
300 keV [Cwi94]. Spominané teoretické vypocty ako aj ich porovnania s niektorymi
experimentalnymi vysledkami st zobrazené na obrazku 7. Pre tplnost treba dodat, ze
detek¢né zariadenie na separatore SHIP zvyc¢ajne neumoznuje jednoznacne odliSit od se-
ba existenciu dvoch hladin vzdialenych od seba iba niekol’ko keV z dévodu vysokého prahu
v detektorov a rozliSenia o detektorov na tirovni 10 - 20 keV.

V pripade «a rozpadu izotopu 2**Es bola potvrden iba jedna (z dvoch) publikovanych
energif rozpadu [Hat89] E, = 7893 £ 10 keV. Ocakavany o rozpad s energiou 7939 keV
nebol sledovany, avSak bol registrovany prechod s energiou E, = 7860 + 20 keV.

Vsetky ziskané data st sumarizované v tabulke 1. Navrh rozpadovej schémy je zo-
brazeny na obrazku 3.

3.2 Rozpadovy retazec izotopu **Md

Pre tento izotop je typicky silny vplyv sumovania energie o rozpadu s energiou elek-
tronu vznikajiceho pri vottornej konverzi. Energetické spektrum « rozpadu 24Md mozno



rozdelit na tri oblasti. Prvou je oblast od 8250 keV do 8690 keV s polcasom T;, —

1.3 + 0.4 s. Druhou oblastou je okolie ¢iary s energiou 8744 4+ 10 keV a s pol¢asom

Ty/2 = 0.75 £ 0.18 s. Obe oblasti st priradené rozpadu zo zakladnej hladiny ***Md.

Izotop | E, [keV]| T1/2 [s] ba E, [keV] | bgr Ref.
246Md | 8250-8690¢ | 1.3 4 0.4 ~ 0.74 169.0 Tato praca
232,54
252.0
279.0
396.44
8744 +£10 | 0.75 £ 0.18 Tato praca
8500-8560 [Nin96]
8740 + 20
26m\Id | 8178 £ 10 |  4.440.8 ~ 0.3 | Tato praca
2EFs | 7780-7960¢ | 17.8 & 1.6 | 0.4564 0.026° 86.6 Této praca
107.0
122.4
8025 + 204 22138 Tato praca
7920 4 20 1675 [Nin96]

Tabulka 2: Zhrnutie ziskanych udajov o rozpade 246:246m\d a 2*2Es a porovnanie s niek-
torymi znamymi udajmi. ) - priradenie je, v dosledku nizkej tatistiky, iba predbezné
B) Predbezne bola popri a a EC rozpade identifikovany aj ECDF rozpad s vetviacim
pomerom 0.67 7055 %. @ V désledku nemoznosti roslisit jednotlivé a ¢iary je dany iba

energeticky interval.

f)alej bol po prvy krat sledovany « rozpad s energiou E, = 8178 + 10 keV a polc¢asom
Ty = 4.4 £ 0.8 5. Tento a rozpad bol priradeny rozpadu z izomerického stavu 4™Md.

Podobne, ako v pripade o rozpadu ?*Md, taktie? pre a rozpad izotopu ?*?Es je evi-
dentny silny vplyv sumovania energie s konverznymi elektronmi. Oblast « rozpadu pre
tento izotop lezi od 7780 keV do 7960 keV. Pre vetviaci pomer EC rozpadu bola ziskana
hotnota b = 54.4 &+ 2.6 %.

V koincidencii s a rozpadom izotopov 2°Md a ?*?Es boli pozorované viaceré ~ pre-
chody. VSetky ziskané vysledky st sumarizované v tabulke 2. Navrh rozpadovej schémy
pre 2°Md a ?*2Es je zobrazeny na obrazku 4. V désledky komplikovanej energetickej
Struktury o rozpadu oboch izotopov a nemoznosti merat energie konverznych elektrénov
ako aj nedostatku zachytnych bodov potrebnych pri zostavovani rozpadovej schémy vsak
nebolo mozné priradit spin a paritu jednotlivym stavom a je potrebné brat dani rozpadovi
schému len ako predbezny névrh.



~ 530 keV

~ 279 keV

~ 285 keV
~ 235 keV

122.4 keV,

Obrazok 4: Rozpadova schéma 2*Md a ?*?Es navrhnut4 na zéklade analyzovanych dat.
Treba upozornit, Ze najméi ¢ast zamerana na opis a rozpadu 24°Md a exita¢nych hladin
242Fs treba brat iba ako predbeZny névrh.

3.3 Rozpadovy retazec *°Lr

Spin a parita zakladného stavu ?°Lr bola priradend stavu 7/27[514].  Taktiez
bol po prvy krat registrovany « rozpad s energiou E, = 8310 £+ 10 keV pri-
radeny, na zaklade jeho pol¢asu rozpadu, o prechodu zo zikladného stavu 2°°Lr
na vzbudeny stav ?*!Md s energiou E* = 60 keV. Bolo zistené, Ze oba doposial
zname « rozpady smeruji z roznych energetickych hladin.  Rozpad s energiou
E, = 8462 £ 10 keV bol priradeny rozpadu z izomerického stavu 1/27[521] s pol¢a-
som rozpadu Ty, = 2.56 + 0.25 s. Pre rozpad s energiou E, = 8369 £+ 10 keV bol
namerany polcas Ti, = 19.9 £ 5.3 s a bol prisideny rozpadu zakladného stavu tohto
izotopu.

Pre izotop 2 Md bol po prvy krat registrovany v prechod s energiou 294 keV a s charak-
terom E1 prip. E2 prechodu, v koincidencii s o rozpadom s energiou E, = 7535 £ 10 keV.
Level v izotope ?*"Es produkovany tymto « rozpadom bol priradeny stavu 7/27[514].
Ziskané vysledky pre tento izotop boli potvrdené aj nezavislym experimentami realizo-
vanymi v Jyviskyld (Finsko) and v GANILe (Francuczsko) [Hes04].

10



Izotop | E, [keV] | Ty [s] ba E, [keV] bsr Ref.
25y | 8369410 | 19.945.3 | >0.62+0.02 <0.0003 | Tato praca
8310420 | 24.2%5¢ Této praca
B5mLyr | 8462410 | 2.56+0.25 | >0.440.02 Této praca
BIMA | 7535410 | 420490 | 0.90240.009 294 <0.0004 | Tato praca
7550420 | 240430 [Hes85]
2TEs | 7310420 Tato praca
732341 | 273%16 [Hes85]

Tabulka 3: Zhrnutie ziskanych tudajov o rozpade 23>y 251\Md a ?4"Es a porovnanie s
niektorymi znamymi tdajmi.

~ 60 keV 9/2 [505] ?
gs. 7/2'[514]
AN
S
YA
N
294+x keV F— 7/27514]
247, ET(E2)
Esgs —— Y 7/27[633]
(3/2 [5211?)

Obrazok 5: Rozpadova schéma 2°Lr a °!Md navrhnut4 na ziklade analyzovanych dat.

3.4 Rozpadovy retazec **Lr

V koincidencii s a rozpadom izotopu ?**Lr boli po prvy krat registrované v prechody s
energiami E, = 42.3 keV, E, = 209.2 keV a E, = 305.1 keV. V dosledku malej ziskanej
Statistiky a kvoli komplikovanej rozpadovej Struktire nebolo mozné zostavit rozpadovi
schému ani ziskat dalSie udaje o tomto izotope.
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Izotop | E, [keV] T1/2 [s] ba E, [keV] bsr Ref.
P4Lr | 8460420 13 £ 2 0.7840.06 <0.0016 | [FiS96|
8408420
8300 - 8550 | 18.4 £ 1.8 | 0.72+0.02 42.3 Tato praca
209.2
305.1
20Md | 7830420 52 4+ 6 0.0740.03 [FiS96]
7750420
7840440 5071% 1 0.070+£0.008 | 152 Tato praca
7750420

Tabulka 4: Zhrnutie ziskanych tdajov o rozpade 2°*Lr, 2°Md a porovnanie s niektorymi
znamymi idajmi.

250Md

7750 keV

246 ES
7840 keV

(240) keV
152 keV

g.s.

Obrazok 6: Rozpadova schéma 2°°Md navrhnuté na zéklade analyzovanych dat.



Predbezny navrh rozpadovej schémy mozno zostavit pre izotop ***Md (vid obréazok 6).
Pre tento izotop bol zaregistrovany prechod E, = 152 keV ako cast retazca Re-a-a-v. Pre
tento izotop boli potvrdené obidve doposial zndme energie o rozpadu [FiS96]

< 1000 7/2" [633] — =
e _ 3/2 [521] —
r e e
800 - — — v
T~y
1 — /2" [624] .
600 -
v
400 -
v
.
200 V¥
® ®
04 & —-8 -3 -9 -3
243ES 245ES 247ES 249ES 251 ES
Isotope

Obréazok 7: Porovnanie niektorych experimentalnych vysledkov a teoretickych vypoctov
pre nizko leziace Nilssonove hladiny izotopov einsteinia. Teoretické hodnoty st prebraté
z S. Cwiok et al. [Cwi%4]. Experimentalne hodnoty pre ?'Es st prebraté z I. Ahmad et
al. |[Ahm00|. Vysledky pre ?*3Es a 24"Es boli ziskané v ramci tejto dizertacnej prace. Hod-
noty pre 2*°Es a 2*°Es Boli ziskane v dal'sich experimentoch realizovanych na separatore
SHIP.

4 Zaver

Predkladana praca bola motivovana najma nedostatkom znamych udajov o uvedenych
izotopoch, ktoré by mohli poskytnut viac informacii o spravnosti existujicich teoretickych
modelov opisujucich vlastnosti tazkych a supertazkych prvkov.

V praci boli zhrnuté najnovsie vysledky ziskané analyzou dat reakcii °Ar + 2%Bi a
BCa + 29Bi vedicich na syntézu izotopov 24°Md, 2*"Md, 2**Lr a ?°Lr a ich dcérskych
produktov.
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Ako uz bolo spomenuté, uvedené reakcie boli realizované v ramci dlhodobého projektu
spektroskopickej studie prvkov s protonovym ¢islom 100 a vys$sim. Do budicna st plano-
vané dalSie experimenty, ktoré by mali doplnit prehlad a systematiku tudajov pre izotopy
z tejto oblasti. Tieto experimenty nardzaju na viacero problémov, ktoré sa ukézali byt
limitujicim faktorom aj v tejto praci. Je to napr. vplyv de-excitacie jadra vnatornou
konverziou, ked dochadza k sumaécii energie « Castice a emitovaného elektronu. Tento
problém sa da ¢iasto¢ne rieSit vyuzitim spatnych detektorov na meranie energie tychto
elektronov, tak ako to je realizované napr. detekénym systémom GREAT (Gamma Recoil
Electron Alpha Tagging) na separatore RITU v Jyviiskyld (Finsko). Dalsim limitujicim
faktorom je vysoka pocetnost syntetizovanych izotopov potrebna pri tomto type experi-
mentov. Tu nardzame na problem s nedostatocnou intenzitou zviazkou pre niektoré druhy
projektilov alebo tepelnou zatazou terc¢a. Problém tepelnej zataze ter¢ov bol na separa-
tore SHIP ¢iastocne rieSeny vyuzitim chemickych zlicenin olovenych prip. bizmutovych
ter¢ov na baze oxidov a sulfidov (vyborné vysledky boli dosiahnuté napr. s teréom na
béze PbS [Kin00|,[Lom02|. Taktiez slubne vyzeraju prvé testy zamerané na testovanie
aktivneho chladenia ter¢ov héliom [Ant04].

5 Conclusion and Outlook

This work was motivated by recent experiments on the synthesis of heavy and super-
heavy elements performed in the region of elements with proton number around 100, and
heavier. For most of the isotopes in this region only basic data, obtained by means of
a spectroscopy, are available. Usually, there is no v spectroscopy information available
for the isotopes in this region. Experiments discussed in this work were performed with
intention to obtained a spectroscopic data of better quality for some isotopes of odd ele-
ments around Z=100. The results presented in this work deliver valuable information on
the nuclear structure and help to enlarge the basis of experimental data as support for
the various theoretical models.

The results, presented here, were obtained using a method of a and « - 7y coincidence
spectroscopy combined with a - a and recoil - « correlation search. These results show
that used spectroscopy method, combined with using of the separator of heavy ion reac-
tion products, is powerful tool for study of decay properties of products with very low
cross-section - around 1 nb - and short lifetime - with lower limit of few us. Using the
a - 7 spectroscopy method, energy differences between the low-lying excited levels can be
obtained with high precision - in the order of few keV.

The obtained data were studied as a part of long-term project of spectroscopy studies
of superheavy elements. This project is primarily aimed to the study of elements with
odd proton number around 7Z > 100.

Decay chains of four isotopes were described in this work:

1. The decay chain of **" Md. The already known data about a decay of 24”Md were con-
firmed with an improved precision. The o decay with a energy of E, = 8416 + 10 keV
was assigned to originate from a ground-state 7/27[514] Nilsson level of 2"Md. Ad-
ditional o decay with the energy of E, = 8660 £ 20 keV (tentatively assigned to a
g.s. - g.s. transition) was detected for this isotope.
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The « decay of the isomeric state with a lifetime of Ty, = 0.257 £ 0.033 s and
energy of E, = 8783 £ 40 keV was observed for the first time. This level was
assigned to 1/27[521] Nilsson level. Until now only tentative indication based on a
few fission events were known [Hof94].

The gamma transitions with energies of E,= 209.6 £ 0.5 keV and
E,= 157.5 £ 0.5 keV were observed in coincidence with o decay of ?*"Md. These
transitions were attributed to the direct de-excitation from low lying excited lev-
els of 22"Md daughter product - 2#*Es. The spin and parity for low-lying Nilsson
levels of ?*3Es was assigned to 7/27[514] at E... = 209.6 keV and 9/27[624] at
Eeze = 52.1 keV. Additionally a level of energy 1/27(521] is populated by an « de-
cay of 2™Md. The Nilsson levels of 7/27(633] and 3/27|521] can be assigned as a
ground-state level and/or first excited levels of ?*3Es - tentatively located close to
the ground state (see discussion in section ?7).

In case of ?*3Es « decay only one of the known line was confirmed by a decay with
energy of E, = 7893 £ 10 keV. The previously reported o decay with energy of
7939 keV was not observed. An additional line - tentatively assigned to decay of
243Es - at the energy of E, = 7860 + 20 keV was detected.

All known data are summarized in the table 1. Based on new data - evaluated in
this thesis work - the level assignment and decay scheme was drawn (see figure 3).

2. The decay chain of **Md. The complicated o decay energy structure reported
before [Nin96| was confirmed. Recent measurements analyzed and described in this
thesis work show the existence of three separated a decay groups. The area of «
decay energy from 8250 keV to 8690 keV with half-life of T/ = 1.3 = 0.4 s and the
line of the E, = 8744 4 10 keV with a half-life of T, = 0.75 &= 0.18 s are attributed
to ground-state decay of 246Md.

An additional « decay of energy E, = 8178 4+ 10 keV and a half-life of
Ti/2 = 4.4 £ 0.8 s was observed for the first time. This « activity was assigned to
a decay of isomeric state 21"Md. The spontaneous fission branch (bsr < 30 %)
of this isomeric state can be also the explanation for the higher number of fission

events detected for this isotope - compare to value expected from known fission
branch of 24Fm*.

Similarly as for 246Md, also for a decay of 242Es a strong influence of energy summing
with conversion electrons was observed. The o decay assigned to 2*?Es are spread
over a region from 7780 keV to 7960 keV. The EC branch of ?*2Es was evaluated to
value of bge — 54.4 £ 2.6 %.

Several ~ transitions were observed in coincidence with o decay of ?*Md and «
decay of ?*2Es. All spectroscopic data for ?°Md and its daughter products are
summarized in table 2. A tentative decay scheme was drawn for 246Md and ?*?Es
(see figure 4). Due to a complicated decay structure of the 2*6Md and ?*?Es it was
not possible to assigned spin and parity to suggested levels.

4The unexpected high number of fission events was previously ascribed to ECDF branch - bgcpr ~ 6%
- of 246Md [Nin96.
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3. The decay chain of *®> Lr. The ?*>Lr and ?*'Md were a blank spot in the nuclear chart.
Although both isotopes were known around 30 years [EsP73] there were no detailed «
spectroscopy experiment performed until now®. The « spectroscopy data were mea-
sured with better precision. The spin and parity of 2**Lr ground-state was assigned
to 7/27]514] Nilsson level. An additional « line of energy E, = 8310 % 10 keV was
identified as an a decay of *Lr and attributed as the decay to 2*!Md excited level
of E* ~ 60 keV. The a decay of E,, = 8462 £ 10 keV was assigned to the decay from
an isomeric state (1/27[521]) in °Lr with a decay half-life of Tq/2 = 2.56 + 0.25 s.

For 2'Md the quality of the data was improved too. An 294 keV ~ line, of E1
or E2 character, transition was identified in coincidence with a decay of energy
E, = 7535 4+ 10 keV for the first time. The level populated by this a decay was
tentatively assigned to a 7/27[514] Nilsson level.

4. The decay chain of ***Lr. The ~ lines with the energies of E, = 42.3 keV,
E, = 209.2 keV and E, = 305.1 keV were observed to be in coincidence with 2**Lr
a decays. Due to the low statistics collected in this experiment and complicated
decay structure it is not possible to propose any decay scheme based on these data.
Some tentative decay scheme can be drawn in case of ?°Md « decay (see figure 6).
For this isotope a new transition of energy E, = 152 keV was observed as a part of
Re-a-a-v chain.

As was already mentioned, this work is a part of long-term and continuous project
and further spectroscopy investigation of the superheavy region is planed at SHIP in the
future. The aim is to continue with study of more neutron deficient nuclei and also the
isotopes of heavier elements with higher proton number.

For odd-even elements the measurements using existing setup of SHIP detectors give
a good possibility to evaluate the decay scheme and spin - parity characteristic of low
lying Nilsson levels. For odd-odd isotopes the situation is more difficult due to a strong
effect of energy summing with electrons coming from internal conversion process. To
improve the situation, it is necessary to measure the energy spectrum of escaped electrons
in coincidence with « decay. These measurements are already realized on some other
experimental setup, e.g. at RITU in Jyviskyld (Finland), where the detector device
GREAT (Gamma Recoil Electron Alpha Tagging) is used.

To observe the o decays and v transitions of low intensity it is necessary to increase
a collected statistics for the isotopes of our interest. It is necessary to increase the total
efficiency of the current experimental setup, improve reliability of analysis technique,
increase beam intensity delivered by accelerator, improve a target properties etc. These
changes require lot of effort and beam time.

For example, one of the obstacles is a low melting point of the lead and bismuth targets
what is a limiting factor for an increasing of the beam intensity. Recently, this problem
was partially solved by applying of the chemical compounds of lead and bismuth with
sulfur or fluoride with higher melting point [Lom02],[Kin00|. Experiments with other

5As was already mentioned, beside the SHIP experiment aimed to the study of 2°°Lr, an additional
two experiments were performed in Jyviskyld (Finland) and GANIL (France) [Hes04]. The results of
these experiments were in agreement with the conclusion of this thesis work.
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projectile-target combinations seem promising. Recently the production of superheavy
elements with platinum target was tested successfully [Cag02]. The other possibility, for
the increase of beam intensity accepted by target, is the target cooling. The active cooling
with Helium atmosphere was tested in last years with promising results [Ant04].

Necessary technical development will allow not only the production of new isotopes and
study of the elements synthesized in last years but also the research of nuclear structure
in case of superheavy elements. This is stringent test and base of theoretical calculation
which needs to be improved, as was clearly shown in this thesis work.
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