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AHHOTAIMS
Every year the requirements for the accuracy and speed of the equipment are
increasing. Modern experiments in nuclear physics are carried out on atoms, whose
production cross sections are on the order of 10™ barn. The loss of even a few atoms
Is undesirable. The efficient transformation of rare ion beams, produced in nuclear
reactions at high energy with large emittance, into low-energy beams with small
emittance and low energy spread was an important part of experiments. In recent
years, so-called ion-catcher devices (gas stopping cells) have been employed to
decelerate high-energy ions in a noble-gas atmosphere, from where they are extracted
by gas flow and electric fields. The cryogenic gas stopping cell is developed, realized
and tested at cyclotron DC280 (“Factory of Superheavy Elements”) to study the
properties of heavy and superheavy elements
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1 BBenenue

C KaXXbIM ToIoM TPeOOBaHHSI K TOYHOCTH M OBICTPOACHCTBHIO 000PYI0BAHHMS
noBbIarTcsi. COBPEMEHHBIC SKCIICPUMEHTHI B 00J1aCTH SICPHON (U3UKU
MPOBOISITCS HA aTOMAX, CEUCHHS 00Pa30BaHMs KOTOPBIX COCTABILIOT mopsiaka 107
OapH. [Torepst nake HECKOJIBKUX aTOMOB HexenateabHa. DddekTuBHOE
peoOpa3oBaHue MyYKOB PEIKAX HOHOB, 0OPA3YIOMIMXCS B SACPHBIX PEAKIUSX TTPH
BBICOKOM SHEPTHHU C OOJIBIIMM IMUTTAHCOM, B HU3KOIHEPT€THUECKUE MTYIKH C
MaJIbIM SMUTTAaHCOM M HU3KHM SHEPreTHYECKUM Pa30pOCOM — BasKHAs 4acTh
9KCIEPUMEHTOB. B mocieanue roapl Tak Ha3bIBAEMbIC YCTPOUCTBA IS
yJIaBJIMBAaHUs HOHOB (I'a30BbIe OCTAHABIMBAIONINE STUCHKHU ) OBLIM UCIIOIb30BAHBI
JUTS1 3aMEJJICHHSI MOHOB BBICOKOM 3HEprHU B aTMoc(epe 01aropoiHbIX ra3oB,
OTKY/1a OHH M3BJIEKAIOTCS MOTOKOM ras3a M SJIEKTPHUCCKUMHU MOIsAMu. KpruoreHnas
ra3oyJaBlIHBaroNIas sYeiika pa3paboTaHa, peain30BaHa U UCIILITAHA HA [IUKJIOTPOHE
DC280 («Factory of Superheavy Elementsy) mist n3ydenust CBOMCTB TSIKEIJIBIX U
CBEPXTSDKEIBIX DJIEMEHTOB.

B nannoit pabote npoBenéH pacuetr 3¢ HEKTUBHOCTH OCTaHOBKH n3oTomna 205Rn ¢
sHeprusamu 30-60 MaB (mar 10 MaB) tutanoBoii Gpoasroii pa3InyHON TONIUHEL (OT
2.4 MkMm 110 4.8 MKM ¢ 1raroM B 0.2 MkMm) 1ipu gaBiaeHuu resust 30-100 m6ap (mar 20
M6ap) ripu oMoy nporpammsl SRIM-2013



2 KpuorenHasi ra3oBasi OCTaHaABJIMBAaIONIas siYeiKka

CryoCell cocTout u3 1ByX Kamep U3 HEp:KaBeIOIIEH CTalli: BHEIIHSS BaKyyMHast
KaMmepa 00ecreurBaeT TeIIOBYIO 3alUTy U COAEPKUT MHOTOCIIOMHYIO
U3OJISIIMOHHYIO (OJIBTY JIJIsl YMEHBIICHHS TeIUIONEpeladyd BO BHYTPEHHIOIO KaMepy.
BHyTpeHH:s Kamepa CHapYyKH MOKPBITA MEABIO TOJIIIUHON 2 MM M OXJIAXKAAETCA 110
TemMiiepaTypsbl npuMmepHo 40 K ¢ moMonipio KpruooxaaauTesisd (0HOCTyIeHYaTas
xonoanas ronoBka RDK-400B, Sumitomo Heavy Industries, 54 Bt mpu 40 K).
Menueblii cioil o0ecreunBaeT OHOPOAHOE paclpeiesieHUe TeMIepaTyphl 1o
CryoCell Bo Bpems (a3 oxmakaeHus U HarpeBaHUs(TI0ApoOHEE PO OXITAKICHUE
guTtaiite B 3]). KpoMe TOro, MeaHBIHN CITOH CHIKAET paJHallHOHHYI0 HArpy3Ky Ha
BHYTPEHHIOIO KaMepy 0y1aroaps cBoei BHICOKOM oTpakaTtesbHOM criocoOHocTH. Ha
OJIHOM TOPIIEBOM (hbJlaHIle BHYTPEHHEN KaMephbl YCTAaHOBJICH TaK Ha3bIBa€MbIN
OKOHHBIN (hianel (o6o3HaueH (b) Ha puc. 1).
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Puc. 1. Cxematnueckoe cpaBHEHHUE Ta30 CTOMOPHOM siueliku rnepBoro nokosnenus [9] () u
KpUOTEHHOM ra3oBoii octanaBnuparomeit sueiiku (I1I). OcHOBHBIMU KOMIIOHEHTAMU T'a30BbIX
OCTaHaBJIMBAIOLINX SUEEK SABISAIOTCA: BHEUIH:SA Kamepa (a, Tosbko CryoCell), BxonHoe okHO (b),
AIIEKTPOCTAaTUYECKas KIIETKA (C), KOHCTPYKIIMSI paarodacTOTHOW BOPOHKH (d), SKCTpaKIIMOHHOE
coruio (e) u (e, Tonpko CryoCell) muckoBbIf 37IEKTPO/I.

OH coAepKUT BXOJIHOE OKHO, KOTOPOE JIEKTPUUECKU U30JIMPOBAHO OT BHYTPEHHEN
KaMephl U, TAKUM 00pa3oM, MOKET UCIIOJIH30BAThCSl B KAUECTBE DJIEKTPOJIa IPU
COOTBETCTBYIOIIMX HAMPsHKEHUsAX. ToJIIMHA BXOIHOTO OKHA BEIOMPAETCS TaKOM,
YTOOBI YaCTHUIIbI IHEPTETUUECKOTO MyYKa, MOIajiasi BO BHYTPEHHIOK KaMepy yepes
3TO OKHO, Tepsiik 90% cBoeit sHepruu. [lociie npoxokaeHus: BXOJJHOTO OKHA
YACTUIIBI ITyYKa JOTIOTHUTEIBHO TOPMO3SITCS 3a CUET B3aUMOJICHCTBUS C aTOMaMU
OydepHoro rasza renus(noapodHee unTaiite B [1])



Puc. 2. ®ororpadus CryoCell. Topressie ¢uiaHIbl Ha IepeJHEN YacTH BHELIHEW KaMepbl U
MHOTOCJIONHAs U30JIALMOHHAS TUIEHKA OBLTH YIaJIeHbl IS Tyqmeil BugumocTtu. M3-3a
BaKyyMHOTO UCIBITAHUS NP COMJIOM ObUI YCTAHOBJIEH INIyXOH (iaHel.

2.1 OnTumusanus 3PpPeKTUBHOCTH OCTAHOBKH

CoBpeMeHHbIE 3KCIIEPUMEHTHI B 00J1aCTH AEPHON (PU3NKU MTPOBOATCS HA aTOMaX,
cedeHHst 00Pa30BaHMs KOTOPBIX COCTABISIOT mopsiaka 1072 Gapr u mepromom
nojypacmnaja B napy cekyna. Cienyer uzderaTs Jt00bIX OTEPb, MOCKOIBKY AJIS
uzmepenust PTMS tpeOyeTcst kak MUHUMYM HECKOJIBKO HOHOB. D(PPEKTUBHOCTH
OCTaHOBKH, OTIPEICTSAETCS KaK

Nst. d
Estop = —PE (1.1)
Ninc€geom

I'1ie Ny - BXOAAIINE HOHBL, A Ngtoppeq - HOHEI, OCTAHOBJIEHHBIE B aKTUBHOM 00BEMeE
raza CryoCell. 1

€geom = 1- Ngeom (1.2)

Egeom TPEICTABIIAET FEOMETPUYECKYIO YQPEKTUBHOCTD (10JIF0 HOHOB, KOTOPbIE HE
TONAJAI0T BO BXOAHOE OKHO Mgy, ). KMHETHUECKAS SHEPIUs MOHOB, THI M TOJIIIMHA
dobru, a TakXKe THI U INTOTHOCTH OydepHoro raza CGC - Bce 310 BIHMSICT HA

3 PEKTUBHOCTh OCTAHOBKU. EMHCTBEHHBIE MOHBI, KOTOPHIE MOTYT OBITh H3BJICYCHBI
- 3TO T€, KOTOPbIE 33JCPKUBAIOTCS BHYTPU aKTUBHOTO razoBoro oorema CGC.
OpxHako moTepu YHEPruu 4epe3 PoJIbry BXOJHOTO OKHA JIODKHBI OBITH JOCTATOYHO
BBICOKMMH, YTOOBI INIOTHOCThH Oy(hepHOro raza Oblaa JOCTaTOUHOM JIJ1s1 OCTAHOBKH.



DddexTuBHOCTL OcTaHOBKHM 1711 EVR paccunThiBaeTcs ¢ MCnosib30BaHKEM TTaKeTa
nporpamm Stopping and Range of lons in Matter (SRIM)(IToxpo6uee uutaiite B [2]).

2.2 Illporpamma SRIM

OcraHoBka u mpooer noHOB B BeriecTBe (SRIM) - 3T0 HAOOP KOMITBIOTEPHBIX
IpOrpaMM, KOTOPhIE BRIYUCIISIOT B3aUMOICHCTBHE HOHOB C BEIIECTBOM; IIporpamma
Transport of lons in Matter (TRIM) sBnsiercs sapom SRIM. OHa mmpoko
UCIIOJIB3YETCSI B IPYTUX O0JACTSIX pagualiOHHOTO MaTepUaJOBEICHH.

JT10 noxy3Mnuprdeckuii kox MonTe-Kapiio, OCHOBaHHBIN Ha MOJIETN ABOMYHBIX
CTOJIKHOBEHMI M ITapaMETPU30BaHHBIN C UCIOJIb30BAHUEM SKCIIEPUMEHTAIBHBIX
naHHbIX. OH ucnons3yer Mmoaens Lurnepa-bupcaka-JIutTmapa 1 BEIYUCICHUS
CPEIIHEr0 COCTOSIHUS 3apsa B BEUIECTBE U UCHOJIb3YeT A (DEKTUBHBIN 3apsi s
cHapsiga. Jliist atoro TpeOyroTcst TUI MOoHA U 3Heprus (B Auanazone 10 3B - 2 IHB) B
KaueCTBE BXOAHBIX APAMETPOB, a TAKKE MaTEPHAIl OJHOTO UITU HECKOJIBKUX CIIOEB
MULIEHHU.

C obmeii TounocTwto nyuie 4% SRIM MoxeT BoCpou3BOIUTh TOPMO3HbBIE
criocobHocTr nmpuMepHo 25000 sKcIepruMeHTaIBHBIX TOUeK JaHHbIX. Eciu
napameTpbl CHapsiia HACTPOCHBI TaK, YTOOBI OTPAXKATh OCTAHOBKY OOJIEe TSKEIbIX
noHoB, SRIM maer npekpacHyo BO3MOKHOCTh OLIEHUTh U ONTUMHU3HPOBATH
MaTepuai (poJabru BXOJHOTO OKHA, TOJIIHUHY, a TAKKE THUIT U IJIOTHOCTh Oy(epHOTo
rasza Jyisi pa3InyHbIX HOHOB.



Distonce (Angsioms)

3 Pe3yabTaThbl

MozenupoBaHue MpoBOAMIOCH st HOHOB 205Rn nipu paznuunsix sHeprusix (30, 40,
50 u 60 M»B). YacTuiibl pafioHa IPOXOAST Yepe3 TUTAHOBYIO (POJIBIY
(PMKCUPOBAHHOM TOJIUHBI 4,5 MKM ¢ Oy()EepHBIM Ia30M reJIueM MpH Pa3IndIHOM
nasiennu (30, 50, 70 u 100 m6ap) u duxcupoBanHoit TemnepaTypsl B 300 K

3.1.1 40 M»B, 30 mbap

500. mm

Depth vs. Y-Axis
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LATERAL DISTRIBUTION ION RANGES
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10x10 ¥ E
o 5
— K
]
sx10 ¥ =
= 4
il
6x10 8 o N
™
4x10 8 E 2
S
]
x10 8 E 1
[—|
i -
ey
- Target Depth - 1.00 m 0A - Target Depth - 1.00 m




Ion Distribution

Ion Range = 75.1 mm Skewness=1.273

Straggle = 105. mm  Kurtosis = 3.498

(ATOMS fcm3) / (ATOMS fcm2 )

Plot Window goes from 0 A to 1.00 m; cell width = 10.0 mm
Press PAUSE TRIM to speed plots. Rotate plot with Mouse.

Ion = Rn (40. MeV)
3.1.2 40 M»sB, 70 m0ap

500. mm

Depth vs. Y-Axis
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Distonce [(Angeioms)

LATERAL DISTRIBUTION ION RANGES
RADIAL PROJECTED — Ion Range = 32.0 mm Skewness =1.2832
Radial Siraz=le - o Straggle = 45.4 mm Eurtosis = 3.5280
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Ion Distribution

Ton Range = 32.1 mm Skewness=1.282

Straggle = 45.4 mm  Kurt@sis =3.525
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Plot Window goes from 0 A to 1.00 m; cell width = 10.0 mm
Preszs PAUSE TRIM to speed plots. Rotate plot with Mouse.

Ion = Rn (40. MeV)
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3.1.3 60 M>B, 30 M6ap

—
500, mm

Depth vs. Y-Axis

— Target Depth — 1.00 m

LATERAL DISTRIBUTION
RADIAL PROJECTED

{ATOMS,/em3) / {ATOMS/em2)

ION RANGES

Ion Range = 753. mum Skewness =-1.

2088

Straggle = 248 mum Eurtosis = 4.8437




Ion Distribution

Ion Range = 733. nm Skewness =-1.507

Straggle = 249. mm  Kurtgsigg 4.644
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Plot Window goes from 0 A to 1.00 m; cell width = 10.0 mm
Press PAUSE TRIM to speed plots. Rotate plot with Mouse.

Ion = Rn (60. MeV)
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3.1.4 60 M»>B, 70 m0ap

500. mm

Depth vs. Y-Axis

LATERAL DISTRIBUTION
RADIAL PROJECTED
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Ion Distribution

Ion Range = 364. nim Skewness =-1.489
Straggle = 108. mm Kurt¢si¥'= 5.053

.06
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I
=
=

Plot Window goes from 0 A to 1.00 m; cell width = 10.0 mm
Press PAUSE TRIM to speed plots. Rotate plot with Mouse.

Ion = Rn (60. MeV)

(ATOMS fcm3) / (ATOMS fcm2)

11



Dizstonce [Angsioms)

3.1.5 50 M>B, 56 M6ap

LATERAL DISTRIBUTION ION RANGES
RADIAL PROJECTED — Ion Bange = 177. num Skewness =-0.5707
Radial Stragsle Lo Straggle = 91.8 mm Eurtosis = 2.2880
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Ion Distribution

Ion Range = 177. mm Skewness=-0.571
Straggle= 91.8 mm  Kurtosis = 2.286
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Plot Window goes from 0 A to 1.00 m: cell width = 10.0 mun
Press PAUSE TRIM to speed plots. Rotate plot with Mouse.

Ion = Rn (50. MeV)
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3.1.6 30 M»sB, 30 m0ap + 70 mOap

30 M»aB nHenocratouno 11 Toro, uto6s! n3oton 205RN mporen THTaHOBYIO (OJIBrY

TOJIIIUHOU B 4.5 MKM

500. mm

o Titanium

=

Depth vs. Y-Axis

— Target Depth — 1.00 m
LATERAL DISTRIBUTION ION RANGES
READIAT PROJECTED — Ion Range = 3.53 um Skewness =-1.1088
ot Straggle = 4087 A Eurtosiz = 4.0176
4500 E
? A0 T:'z‘* R
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.E 2500 " '_
a 20 IE 4
u i o
S £ 1500 E.“; 3
E -; 1000 E : 2
“E ] :
NA - Target Diepth - 1.00 m A - Target Depth - 1.00 m
Tab6numa 1. [TomydeHHbIE XapaKTePUCTUKH PACIIPEICIICHUS HOHOB
Kuneruueckas sHeprus, 60 40 50 30
M5B
JlaBnenue, m6ap 30 70 30 70 56 30 70
lon Ranges, mm 753 364 751 | 321 177 - -
Koaddumment acummerpun | -1.507 | -1.489 | 1.273 | 1.282 | -0,5707 - -
Straggle, mm 249 108 105 | 454 91,8 - -
Koaddunment sxcuecca 4644 | 5.053 | 3.498 | 3.525 | 2.2860 . .
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3.2 Pacuer 3¢peKTUBHOCTH OCTAHOBKY NPH PA3JIMYHOM TOJIIIMHE
(¢oabru u 1aBJIeHUHU ra3a

Pacuer s¢hdexTrBHOCTH OocTaHOBKHU H30Tomna 205Rn (44Ar+ 144Sm) ¢ sHeprusmu
30-45 M»3B (umeeT rayccoBo pacmpeeiieHre B quamna3one oT 35 MaB g0 45 MaB.)
TUTAHOBOM (POJIBION Pa3MMUHOM TOMIIHHBI (OT 2.4 MKM 110 4.8 MKM c marom B (.2
MKM) 1ipu faBienuu remums 30-100 mOap (mrar 20 m6ap).

Bxonubie mapameTpsl B mporpaMMHOM oOecrieueHnn SRIM aiis BbIlieyka3aHHOTO
MOJIETIMPOBAHUS CIEAYIOIINE:

ITapametpsl OydepHoro raza
JNasnenue = 30/50/70/100
Temneparypa = 300
ITnotrocts He = 0.00000481/0.00000802/0.00001122 (r/cm®)

Paguyc ucrounuka
IsotopRadius = 25

Toamuuaa Ti B MKM R MIN MAX =0.5
ThicknessFrom = 2.4
ThicknessStep = 0.2 Hon
ThicknessAmount = 13 lonZ = 86

lonAtomicMass = 205

Pacnpenesnenue 3Heprum HOHOB
IGaussDistrib = 1
ISumAlIl =100
IBins = 10
IEmiddle = 40
IE MIN MAX =0.3
IEWidth =5

—=— 30 mbar
—e— 50 mbar
100 - —A— 70 mbar
—w— 100 mbar

80

60

40 +

|
Stopping efficiency (%)

. — .
2,0 2.4 2,8 3,2 3,6 4,0 4,4 4,8
Thickness, um




3akJIroueHue

OddexTruBHOCTH OcTaHOBKU 11 205RN paccuuThIBAaETCS MPHU YETHIPEX Pa3IMUHbIX
JABJICHUSX MyTEM W3MEHEHUS TOJIIUHBI TUTAHOBOM (DOJIBIY U YHEPTUU MAJAIOLIETO
noHa. MbI HaOJI01aIH, YTO C YBEJIMYEHUEM TOJIIUHBI TUTAHOBOM (HOJIBIU

3G (HEKTUBHOCTH TOPMOKEHHS CHAYalla yBEIMUYUBACTCS, a MOCJE JIOCTUKEHUS
MaKCHMyMa OHA HAUMHAET YMEHBIIATHCS C YBEIIMUEHUEM TOJIIUHBI TUTAHOBOU
donbru. OnTuManbHask TOJIMHA HAXOJUTCS B pailone 4MKM JIJIsl pa3IMuHbIX
naBieHui 0ydepHoro raza. bokoBo# pazdpoc noHa U TPEXMEPHOE paclpe/ieieHIe
MOHOB I10 TPOOEry TakKe MOKa3aHbl JIJIs paloHa. DTO pacipeiesIeHue OKa3aHo mpu
sHeprun noHoB 40 MaB, 50 M»aB u 60 M»B u nipu naBiieHnn ra3000pa3HOTO TEIHS
30 mb6ap, 56 mbap u 70 mO6ap cooTBeTCTBEHHO. BCe MoenmpoBaHue MPOBOIAIIOCH
P KOMHATHOM TEMIEpaType.

baarogapuocTu

bnaronmapio Yuausepcurerckuii meatp OUSAN, 3a mporpammy INTEREST u
BO3MOXXKHOCTh ITIOY4aCTBOBATh B HEMl. A Takke okTopa Jlroboma Kpyna 3a
noApoOHbIEe OOBSICHEHUS U TIOMOIIb B CO3JJaHUU JAHHOT'O OTYETA.
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