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«KpuoHn» Ha HYKJIOTPOHE B 55-M ceaHce:
MOJIYY€HbI U YCKOPEHbI MyYKH BbICOKO3APSIHBIX
HOHOB YIJIEPOAa, APrOHA U KPUIITOHA

DJIeKTPOHHO-CTPYHHBIH MCTOYHHUK BBICOKO3apsITHBIX
nonoB «Kprnon-6T», HenaBHO co3nanHblii B Jlaboparopuu
¢busuku BeicOKuX sHepruin OUSIN, sBiseTcst pabouum
MIPOTOTHIIOM HCTOYHHMKA BBICOKO3APSIIHBIX HMOHOB IS
HMHXKEKTOpa YCKOPHUTENIbHOro komiiekca npoekra NICA.
Bynyun CTEHJOBBIM 3KCHEPHUMEHTAIBHBIM HCTOUYHHKOM,
«Kpnon-6T» mpubnmkaercs mo mapamMeTrpaM IMPOU3BOIHU-
MBIX MYYKOB TSDKEJIBIX BBICOKO3apsAHBIX HOHOB K TpeOo-
BaHUSM, 3aJI0KEHHBIM 751 HHKeKTopa koMrekca NICA,
a TaKKe YCIICIIHO MPOM3BOIUT ITyYKU BBICOKO3apSIIHBIX
MOHOB JUISl HyKJIOTPOHA. B TO e BpeMsl HCTOUYHHMKU BBI-
cokozapsaHbIX MOHOB Thna «KpuoH-6T» okaspiBaroTCs
OYCHb NMPUBJIEKATEIFHBIMHU B KaU€CTBE HCTOYHUKOB HOHOB
yIIepoaa Uit MEIUIMHCKUX YCKOPHUTENeH (CHHXPOTPOHOB
1 [OUKJIOTPOHOB), VISl MOJTYYEHHS ITyYKOB BBICOKO3apsii-
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HBIX TSDKEJIBIX MOHOB KOPOTKOJKMBYIIMX PaJMOAKTHBHBIX
H30TOIIOB, a TAKKe IS (PyHIaMEHTaIbHBIX NCCIICJOBAaHNI
10 (pU3HKE BHICOKO3aPSIHBIX HOHOB.

DJIEKTPOHHO-CTPYHHBIH ~ MCTOYHHK  BBICOKO3apsia-
uex nonos (Electron String lon Source (ESIS) B anrmo-
A3BIYHOM JIUTEpaType) SBJISIETCS OTHOCHUTENBHO HOBOM
NPUHLIUIHAIBHON MOIU(UKAIMEH 3JIEKTPOHHO-Iy4eBOTO
nonHoro ucrounuka (Electron Beam Ion Source (EBIS)),
B KOTOPOM JUIS HMOHHM3AIMM HCIIONB3YeTCs MHOTOKpar-
HO OTPaXCHHBIH DJEKTPOHHBIA Iy4OK (BMECTO NPSIMOTO
OJTHOIIPOJICTHOTO Ty4Ka 3eKTpoHOB B EBIS); otmernwm,
00a PTUX THIA MCTOYHHKOB BBICOKO3APSHBIX HOHOB —
3IIEKTPOHHO-JTyueBOH [1] U 3IEKTPOHHO-CTPYHHBIH [2] —
ObUTH BIIEpBBIC TPEIIIOKEHBI, pa3paboTaHbl U HUCIONB30-
BaHbI B Jlaboparopun Beicokux anepruit ONSIN.

Krion at the Nuclotron in Run#55:
C%+, Arl®+ and Kr?5* Highly Charged Ion
Beams Are Produced and Accelerated

Krion-6T Electron String Ion Source (ESIS) now is
an operational prototype of an intended ion source for the
NICA injector which approaches to fit all NICA injector
requirements. It simultaneously produces ions beams of
highly charged heavy ions for existing operational injec-
tion complex of the Nuclotron. At the same time, ESIS-
type source of highly charged ions seems to be very useful
for other applications, e.g., for cancer therapy accelera-
tors (both synchrotrons and novel cyclotrons), for charge
breeding of short-lived radioactive isotopes, and for basic
studies with highly charged ions.

Electron String Ion Source (ESIS) is a relatively novel
development of Electron Beam Ion Source (EBIS) which
works with multiply reflected electrons; both EBIS [1]
and ESIS [2] were first proposed, elaborated and com-
missioned at the Laboratory of High Energies, JINR (now
Veksler and Baldin Laboratory of High Energy Physics).
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First ESIS Krion-2M was successfully used in a few
Nuclotron runs during 2002-2010 and highly charged ion
beams of Ar!0", Fe?** and Xe*?" were produced and accel-
erated there [3]. However, in order to fit requirements for
the NICA injector new stand ion source Krion-6T (mag-
netic field up to 6 T) was created recently.

Basic studies with new stand Krion-6T ESIS were
conducted in two relatively different ways: 1) to meet re-
quirements for the NICA injection complex; 2) to produce
beams of highly charged ions for the existing Nuclotron
injection complex.

According to the NICA project requirements, ion
source should produce about (1+2) - 10° ppp (particles per
pulse) of Au3!™ with an ion beam extraction time from ion
source 8 us and with a repetition rate no less than 10 Hz. The
chosen charge state for gold ions *7Au3!™ was inspired by
several reasons, and new RFQ-LINAC injector for NICA
(produced by BEVATECH, Germany) has been optimized
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IlepBriii 3JIEKTPOHHO-CTPYHHBIN HACTOYHUK
«Kpnon-2M» 0BT yCTIENITHO UCIIOTH30BAH ISl YCKOPEHUS
Ha HYKJOTPOHE ITyYKOB BBICOKO3apSIHBIX HOHOB aproHa
Ar!6* xenesa Fe?*t u xceHona Xe*2™ B HECKOIBKHX ceaH-
cax B 20022010 rr. [3]. Ognako ans npoexkra NICA mo-
TpeboBasiochk co3anue 0ojaee COBEPLUIEHHOTO HCTOYHHKA,
U COOTBETCTBYIOIIUI cTeHA0BBIN mpototun «KproH-6T»
(marautHOE Tosie 10 6 Ti) ObUT CO3MaH HECKOJIBKO JIET
Haza.

HccrenoBanus 1O TONYyYEHHWIO ITYYKOB BBICOKO-
3apSAHBIX HOHOB C HOBBIM CTCHIOBBIM HCTOYHUKOM
«Kpnon-6T» Benwch B OcIeqHEE BpEMs IO IBYM JIOCTa-
TOYHO PA3JIUYHBIM (C TOYKH 3PCHUS MapaMETPOB M PEKH-
MOB pa0OTHI MCTOYHMKA) HANpaBieHUsAM: 1) mosydeHue
MYYKOB BBICOKO3apSIHBIX HOHOB, TPEOYEMBIX B IEPCIEK-
THBE ISl MHXKEKIIMOHHOTO KoMmIuiekca mpoekta NICA;
2) moydeHue My4YKOB BBICOKO3aPSIHBIX HOHOB IS CyIIle-
CTBYIOIIIETO HHKEKTOpa HYKJIOTPOHA.

B cooTBeTcTBHM ¢ IDIAaHHPYEMBIMH TapaMeTpamu
yckoputenbHoro kommuiekca NICA HMOHHBIA HCTOYHHK
nomkeH npousBoauTh nopsaka (1+2)-10° ppp (wacTui
3a UMITYJbC) HOHOB 3010Ta Au3!®, npu 3ToM Bpems BbI-
BOJIa HOHHOTO ITyYKa M3 MCTOYHUKA B KKIOM HMITYIIECE
HE JIOJDKHO TIPEBBIIIATh 8§ MKC, @ 4acTOTa CJICOBaHUS M-
MYJIbCOB BBIBEICHHBIX NOHOB M3 HCTOYHUKA JTOJIKHA OBITH
He meHee 10 1. BeiOpaHHast 3apsiIHOCTD ITyYKa HOHOB 30-
nora 31+ (197Au3!™), nponsBoauMoOro NCTOUHUKOM, OblIa
00ycIiOBIIeHa HECKONBKMMHU TPHUYMHAMH, TPEXKIE BCETO
TeM, 4To HOBBIH MHXKEeKTOp RFQ-LINAC mis xoMruiekca
NICA (nmpomssenen xommnanueir BEVATECH, I'epmanmist)
KaK pa3 ONITHUMU3UPOBAH ISl YCKOPEHUS HOHOB C OTHOIIIE-
HUeM 3apsaa Kk macce Z/A ~ 1/6. CreHmoBBIC UCCIIEIOBA-
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Hus «KproH-6T» K HacTosIEeMy BPEMEHH MO3BOJIAIOT HO-
Ayuuts nopsaka 5,0 - 108 vactun B umnyssce Audlt ¢ tpe-
OyeMBbIM BpEeMEHEM BBIBOJIa HOHHOTO MMITYJIbCa M3 UCTOY-
HHKa 8 MKC U C YaCTOTO# CJIeIOBAHHS HOHHBIX UMITYJILCOB
He MeHee 50 I'n. ITocnennee o3Hauaet, 4TO 3apsAAHOCTH
3on0ta Au?!" nostyuaercs U3 HeWTpaIbLHOIO 30710Ta B HOH-
HOM joBymIke ucrouyHuka «Kpuon-6T» 3a Bpems nopsaka
10 mc. Ot 10 Mc BKITIOUAIOT B ce€0sI MHXKEKIIHIO HEUTpasib-
HBIX aTOMOB 30J10T@ B HOHHYIO JIOBYIIKY H IIOCIECAYIOLIYIO
MOHHM3ALIUIO 10 YKA3aHHOTO 3apsAA0BOro cocTosuus Audl™,
HaroMHUM, B SJIEKTPOHHO-TY4eBOM U 3JIEKTPOHHO-CTPYH-
HOM HOHHBIX HCTOYHUKAX HOHH3ALHs IPOU3BOIUTCS JICK-
TPOHHBIM yIapOM, U COOTBETCTBYIOIIAs 3aPSIHOCTh HOHA
pacTeT MocienoBaTebHO CO BpeMEHEM HOHHU3AINH, HAYH-
Hasl C OJTHO3APSAHBIX COCTOSHUIN 10 HY)KHOU 3apsITHOCTH.
10 Mc a71s1 TOJNTyYeHHs 3apam0BOro cocTosHus Audl™ —
HCKITFOYMTENFHO KOPOTKOE BPEMSI, KOTOPOE COOTBETCTBYET
3¢ (eKTHBHON TIOTHOCTH JIEKTPOHHOW CTPYHBI (ITyuKa)
B 00yacTH MOHM3aIMK mopsaka J, ~ 1400 Alem2. Takoe
BBICOKOE 3HAYCHHUE SIBIISICTCS. UCKIFOUUTEIBHO MHOT000e-
[IAONIMM (aKTOPOM M OTKPBIBACT HOBBIC MEPCICKTHBEL;
OJIHAKO HEOOXOAMMBI HOBBIC, OOJiee JeTalbHbIC HCCIIeI0-
BaHUsI 3TOTO (PeHOMEHa.

Jnst  cpaBHEHHs, THUIHMYHAs TIUIOTHOCTh  DJICK-
TPOHHOTO TIIy4yKa B TPAAUIMOHHOM 3JIECKTPOHHO-ITY-
YEeBOM HCTOYHHKE BBICOKO3APSAHBIX HMOHOB TIOPSIKA
J. ~ 300500 A/cm? (Krion-2 EBIS, BNL EBIS u mp.).
B 271eKTpOHHO-TTy4eBbIX HOHHBIX UCTOYHUKAX IIOTHOCTD
9NEKTPOHHOTO IyYKa OIPEeseTcss B OCHOBHOM BEIIHMYH-
HOIl MArHUTHOM KOMITPECCHY SJICKTPOHHOTO ITy4YKa H TeM-
HepaTypoil SMHTTEpA IEKTPOHOB U SBISCTCS BEIHYUHOM
BIIOJTHE MPEACKA3yeMOii, €ClU ANeKTPOHHO-HOHHO-ONTH-

E. 1. lonen 3a HacTpoMKoi
HCTOYHMKA BBICOKO3APSITHBIX
noHoB «Kpunon-6T»

E.D.Donets adjusts the Krion-6T
source of highly charged ions
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YyecKkas CHCTEeMa WCTOYHHWKA BBITIONHEHA TMPEI3HOHHO.
B »1exTpOHHO-CTPYHHBIX HCTOYHHMKAX IOMy4YeHHAs 3(-
(bexTHBHAS TUIOTHOCTH AIIEKTPOHHON CTPYHBI SIBIISETCS
JUHAMUYECKON BEIMUYMHOM, IMOJIydarolleicsi caMocora-
COBaHHBIM 00pa30M Kak pe3ynbTaT 00pa3oBaHUs 0COO0TO
YCTOHYMBOIO COCTOSIHMSI TOpsiYel 3aMarHMYEHHOW IuIa3-
MBI B OCOOBIX YCJIOBHSX, 3aBHCAIINX OT MacChl HMOHOB,
YPOBHSI KOMITEHCAITA HOHAMH TIPOCTPAHCTBEHHOTO 3apsi-
Ja DIEKTPOHOB, YHEPTUU JIIEKTPOHOB, VAP KUBAIOMIETO
MarHUTHOTO ITOJISl HCTOYHUKA U JIP.

BosBpamasich ko BTOpOW JTHHUHU Pa3BUTHS, IO KOTO-
POl BENUCH HCCIIEIOBATEILCKUE PabOTHl C MCTOYHHKOM
«KpuoHn-6T», 3ameTuM, 4TO JUIsl CYIIECTBYIOIIETO HH-
JKEKIIMOHHOTO KOMIUIEKCAa HYKJIOTPOHA MCTOYHHUK JOJI-
JKeH MPOU3BOJUTH MOHBI C OTHOIIECHUEM 3apsaa K mMacce
Z/A > 1/3, uro ompenenseTcss BOSMOKHOCTSIMH JTHHEHHO-
ro yckopurens tuma AmbBapena JIY-20 (HamoMHUM, A
cpaBHeHust, Z/A > 1/6 U1 HOBOTO MH)XEKTOpa KOMIUIEKCA
NICA). Takum oOpa3oM, JUIT HHKEKTOpa HYKJIOTPOHA C
nuHakoM JIY-20 B ocHOBe TpeOyroTcsl ropaszio Oosbline
3apSAHOCTH I COOTBETCTBYIOIIUX IJIEMEHTOB, WHXKEK-
THPYEMBIX W3 HCTOYHHWKA ITyYKOB BBICOKO3APSIHBIX HO-
HOB. [lomydeHne B NCTOUHUKE MOHOB 3HAYUTEIHHO Oosee
BBICOKHX 3apsgHocTeit ¢ Z/A > 1/3 o3HauaeT B cpemaHeM
Oosiee yeM Ha MOPSJIOK YBEJIMYEHNE BPEMEHH MOHHM3AINH
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(omsATh k€ B CPAaBHEHHHM C TaKHMH K€ 3JIEMEHTaMH, HO C
Z/A > 1/6), a 3TO COOTBETCTBYET COBEPIIECHHO APYT'UM Ha-
CTpOMKaM U pekruMaM paboThl HCTOUHHUKA.

ITocne cepum CTEHAOBBIX HCCIEAOBAHUM PERUMOB
HOJIyYeHHUs] BBICOKO3apsTHBIX HOHOB ¢ Z/A > 1/3 wnctou-
HuK «Kpnon-6T» B Hadane oxtsaOps 2017 . O6b11 IepeBe-
3€H B 37jaHue nHxektopa JIY-20, cMOHTUPOBaH Ha BBICO-
KOBOJIBTHOM TIaTOPME M COCTHIKOBAH C JIMHUEW TpaHC-
TIOPTUPOBKH ITy4yka Tepex BxogoM B RFQ wmmkekTopa
HyKJIOTpoHa. B Hauane HosOpst 2017 1. ObUT HavaT Npoo-
HBI CEaHC YCKOPEHMs BBICOKO3APSIHBIX MOHOB Ha WH-
JKEKIIMOHHOM KOMIUIEKCE HYKJIOTpOoHa. TexHomoruueckas
aBapys Ha KPUOTEHHOM KOMIUIEKCE HYKJIOTPOHA HpHUBEIa
K mepeHocy ceanca Ha 2018 . B cnoxkwuBmieiics oocra-
HOBKE OBIIO PEIICHO MPOBECTH TOJHOLECHHBIN CEaHC Ha
WH)KEKIIMOHHOM KOMIUIEKCE JJISI ONTHUMM3AINH yCKOpe-
HUS B MH)XXEKTOPE BCEX THIIOB MOHOB, IUIAHHPYIOIIUXCS
IUTA YCKOpEHHs B 55-M ceaHce HyKJIOTpoHa. TakuMm o0Opa-
30M, My4KH BBICOKO3apsaHbIX HoHOB COF, Arlot y Kr26*
ObuTH ToNy4eHbl B ucTouHuke «KpuoH-6T» u yckopeHbI
Ha JIY-20. 3aps10BbIi CIIEKTP IMyYKOB YCKOPEHHBIX HOHOB
KOHTPOJIUPOBAJICS C TIOMOIIBIO TOBOPOTHBIX MAarHUTOB Ha
BeIxoze JIV-20, n 3T0 mano BO3MOKHOCTH HACTPOUTDH HH-
JKEKTOP ONTUMAaIILHBIM 00pa3oM JUIst KaXJI0ro THIIa TpeOy-
€MOT0 HOHHOTO ITyuKa.

for ions with charge to mass ratio Z/A ~ 1/6. Basic stud-
ies with Krion-6T allowed to get now up to 5.0 103 ppp
of Au3!™ with the required extraction time 8 ps and with
a repetition rate about 50 Hz. The latter means that charge
state Au3!™ is produced during 10 ms in Krion-6T ion trap.
lonization is produced by electron impact sequential ion-
ization starting with neutral Au. Note, this total time 10 ms
includes neutral Au injection time and ionization time in an
ion trap up to the desired mean charged state Au3!*. 10 ms
to get Au3!™ is an extremely short time that corresponds to
an obtained efficient current density of the electron string
(beam) in an ion trap about J, ~ 1400 A/cm?. This is a very
promising value which opens new perspectives and should
be studied in more details.

Note, typical current density of a conventional EBIS
in a direct (one flight) electron beam mode of operation
is about J, ~ 300+500 A/em? (Krion-2 EBIS, BNL EBIS,
etc.). It is necessary to emphasize that in ESIS-type ion
source the obtained efficient electron current density is a
dynamical value which is a result of self-consistent hot
magnetized plasma steady state formation at some fa-
vorable conditions, including ion mass and ion-electron
compensation level, electron energy, ion source magnetic
field, etc.
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On the other hand, in order to meet the require-
ments of the operational LU-20 Alvarez-type linac at the
Nuclotron injection complex ion source should produce
highly charged ions with charge to mass ratio more than
Z/A > 1/3 (in comparison to Z/A > 1/6 for NICA injector).
It means ion source should produce much more highly
charged ions. Thus, the required charge states of heavy
ions for LU-20 linac take one order of magnitude more
sufficient ionization time in an ESIS that leads to substan-
tial modifications of ESIS operation regime.

After preliminary experimental studies on stand at
the beginning of October 2017, Krion-6T ESIS was trans-
ferred and mounted on a HV platform of RFQ-LU-20
linac of the Nuclotron injection complex. At the beginning
of November 2017 Krion-6T ESIS was in operational con-
ditions and test run with new RFQ-LU-20 linac injection
complex has started. Because of liquid plan failure the
Nuclotron run#55 has been postponed to February—March
2018. This gave a good opportunity to calmly conduct a
test run on injection complex in order to optimize working
parameters for each type of highly charged ions required
for the Nuclotron run#55. During November—December
2017 and then during January—February 2018 ion beams
of Co", Arlo", Kr26" were produced by Krion-6T ESIS and
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55-if ceanc HykioTpoHa Hadaics 24 despans 2018 T
¢ yckopenus saep yriepoma CO™ st skenepumenta SRC
(short range correlations). Mcrounnk «Kpuou-6T» mpous-
Boaun mopsaka 1-10° anep ymiepona '2CoF (Z/A=0,5)
3a UMITYJIBC, NP 3TOM BpEeMsl HOHHM3ALUK JI0 TIOJyYCHUS
CO" (95 %) cocrasuio okono 70 Mc, BpeMs BBIBOJA ITydKa
W3 MCTOYHHKAa — § MKC. B kagectBe pabouero rasa mis
HOJIy4eHHsl MOHOB yIIepoja uctonb3oBaics Metad CHy.

Jlanee, mocre 3aBepiieHus paboThl Ha yriepoe, Oblia
clleNaHa 3alUIaHUPOBaHHAs 72-4acoBasi may3a JUls MOJTHO-
TO yHaJeHUs OCTaTKOB MeTaHa ¢ TpyOok npeiiha kpuo-
TeHHOW MOHHOM JoByIIKH HcTogHnKa «KproH-6T» mepen
TIepexo/IoM Ha JIpyroil THUI MOHOB — aproH. B ncrouynn-
ke «Kpuon-6T» npoussoauinoch mopsiaka 5- 108 uwonos
40Arl6+ (Z/A = 0,4) 32 UMITYIIbC; BpeMsl MOHU3ALMH JIO 10~
cTIKeHHs 3apanoBoro cocrosuus ‘0Ar!ot (70 % or obmie-
TO YHCJIa MOHOB B ITy4Ke UMEJNH 3apsiAHOCTh 16+) cocTaBu-
J10 OKOJIO 85 Mc, BpeMs BbIBOJA U3 MCTOuHUKa OAr!iot —
8 MKc. PacueTHas IIIOTHOCTD JIEKTPOHHOM CTPYHBI B 9TOM
pexuMe paboThl cocTaBuia nopsaka Jg ~ 350500 A/cm?.
Vekopenue myukos aprosa ‘OArl®* pa myknorpone mmu-
J0Ch 7 CyTOK; OCHOBHBIM IOTPEOUTENIEM YCKOPEHHOTO U
BBIBEJICHHOTO Iy4Ka ObLI SKCriepuMeHT BM(@N.

Vekopenue mydkoB /SKr20™ ma HyksioTpoHe Haya-
Jock 29 MapTa M 3aBEepIIMIIOCH 5 ampens. B mcrounnke
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«Kpuon-6T» mpoussoauioch nopsaaka 2-10% uoHoB
78Kr26+ (Z/A=0,33) B uMIyIbCe; BPEMSI HOHM3ALMH JI0
JOCTIKEHHUS 3apsAI0BOro cocTosiHus SKr26+ (80 % ot 06-
IIETO Yrciia HMOHOB B UMITYJIbCE) COCTaBMIIO OKoio 80 Mc,
BpeMsI BBIBOJIa MOHOB M3 UCTOYHUKA B KAKIOM HMITYIIbCE
mo-TipekHeMy OblTo 8 MKc. PacdeTHas MIOTHOCTH dIieK-
TPOHHOI1 CTPYHBI NPHU TIOJNyYeHUH HOHOB /SKr26" onenu-
Baercs B MHTepBase Jg ~ 400+600 A/cm?. OCHOBHBIM 10-
TpeOuTeIeM YCKOPEHHOTO 1 BBIBEACHHOTO M3 HYKJIOTPOHA
nonHoro ny4ka 8SKr26* 6pu1 skcniepument BM@N; Takxke
JIBE YCKOPHUTEIIbHBIE CMEHBI OBUTH TPOBEICHBI JUIs KCIIe-
PUMEHTOB TI0 KOCMUYECKOW paguoOHOIOTHH U 7Sl paboT
M0 CTOXaCTHYECKOMY OXJIaXK/ICHHIO MOHHOTO ITyYKa B HY-
KI0TpoHe. OTMETHM, YTO MYYOK BBEICOKO3APSIHBIX HOHOB
KPHIITOHA OBbIJI YCKOPEH Ha HYKJIOTPOHE BIIEPBHIC B €r0
HCTOPHH.

Ilocne ycnemHoOro 3aBepUIEHUs] YCKOPUTEIbHOU
MporpaMMbI 55-r0 ceaHca HKCIEPUMEHTH Ha WHXKEKIIHU-
OHHOM KOMIUIEKCE HYKJIOTPOHA C TSDKEIBIMH HOHAMH
ObUTH TIPOJIOJDKEHBL. B paMkax MOArOTOBKM K Oymylei
TsKeTonoHHOU nporpamme npoekta NICA Ha HyknoTpo-
He ObLIM YCIENIHO YCKOPEHbI MydKH KceHoHa 124XeH™
(Z/A=0,33). B ucrounnke «Kpnon-6T» npousBoanioch
nopsiika (1+2)- 108 monos 124Xe*!'* 3a ummyssc; Bpems

further accelerated by RFQ-Lu-20 linac. Charge state of
the accelerated ions was detected by bending magnets in-
stalled after LU-20 linac.

The Nuclotron run#55 started on 24 February 2018.
First Co" (Z/A=0.5) ion beam was produced in Krion-
6T and accelerated in RFQ-LU-20 — Nuclotron for SRC
(short range correlations) experiment. Krion-6T produced
1-10% ppp of 12C°*; ionization time up to CO" charge state
(95%) was about 70 ms, extraction time from ion source
was 8 us. Run with C" ion beam has lasted for 2 weeks
of non-stop (with 2 h each day technological break, caused
by cryogenics) operation.

Then after 72 h of planned technological break,
40Arl6+ (Z/A=0.4) ion beam was produced in Krion-6T
and further accelerated in RFQ-LU-20 — Nuclotron. Krion-
6T produced 5- 108 ppp of 40Ar!¢"; jonization time up to
40Arl6* charge state (70%) was about 85 ms, extraction
time from ion source was 8 pus. The estimated electron cur-
rent density was about Jg ~ 350+500 A/cm? . Experiments
with an accelerated and extracted to users Ar'®" ion beam
lasted for 7 days; the main user was BM@N experiment.

Last kind of ions in the Nuclotron run#55 was 78Kr26*
(Z/A=0.33). Acceleration of 78Kr26" ion beam on the
Nuclotron started on 29 March and finished on 5 April
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2018. Krion-6T produced 2 - 103 ppp of 78Kr26™; ioniza-
tion time up to 7®Kr26" charge state (80%) was about 80 ms,
extraction time from ion source was 8 us. The estimated
electron current density was about J, ~ 400600 A/cm?.
The main user of the accelerated and extracted 78Kr26*
ion beam was BM@N experiment; also basic studies in
space radiobiology and experiments with stochastic cool-
ing have been done with the use of accelerated 78Kr26™ ion
beam. Note, krypton ion beam was first accelerated on the
Nuclotron.

After completion of the Nuclotron run#55, test run on
injection complex continued till the last decade of April
2018. Towards future heavy ion program on the NICA
complex 124Xe*™ (Z/A = 0.33) ion beam was produced on
Krion-6T ESIS and accelerated on RFQ-LU-20. Krion-6T
produced (1+2) - 108 ppp of 124Xe*!*; ionization time up to
124X e41* charge state (40%) was about 130 ms, extraction
time from ion source was 8 us. Note, the estimated elec-
tron current density in these experiments with 124Xe#l*
production is equal to J, ~ 9001000 A/cm?.

Krion-6T ESIS was transferred back on stand from
HV platform of LU-20 linac at the end of May 2018, and
first new test experiments to meet requirements for the
NICA injector started at the end of June 2018.
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MOHM3AIUHU JI0 CPEIHErO 3apsAJ0BOro cocTosHus 124Xet™
(40 % MOHOB B UMITYJIbCE UMEIH JAHHYIO 3apsITHOCTB) CO-
ctaBmio okoo 130 Mc, Bpems BBIBOJIa HOHHOTO ITyYKa W3
HCTOYHUKA — & MKC. PacueTHas IIIOTHOCTH MEKTPOHHON
CTPYHBI B 3THX SKCIIEPUMEHTAX OLICHUBACTCS B JHANIa30HE
J. ~ 9001000 A/cm2.

[locne 3aBepiieHUs TAKEITOMOHHOM MpOrpamMMbl Ha
nmxektope JIY-20 ncrounnk «Kpuon-6T» 6but1 pazoOpaH,
mepeMenieH o0paTHO W BHOBB COOpaH Ha SKCIEPUMEH-
TaJabHOM cTeHe B KoHie mas 2018 1., a B KOHIIE HIOHS Ha-
YaJIICh MEPBBIE CTEH/IOBBIE TECTOBBIE SKCIIEPUMEHTHI Ha
HCTOYHUKE.

CrouT OTMETHTbH, YTO B TEUEHHE TOCIIEIHHUX JIET B
CEKTOpe WMCTOYHHKOB BBICOKO3apsIHBIX HOHOB JIDBD
MIPOBOJATCA Takke (DyHAaMEHTAIbHBIE W TPHKIAJHBIC
WCCIIEJOBaHMS IO IIeJIOMYy DAy Hampasienuil. Cpenu
HUX HCCIIEIOBAHMS 1O (DM3HUKE U TEXHOIOTHH TTOTyUCHUS
BBICOKO3APSITHBIX HMOHOB, MO B3aWMOJEHCTBUIO BBICOKO-
3apsITHBIX MOHOB C TMOBEPXHOCTBIO, MO PEHTTEHOBCKOM
CIIEKTPOCKONINH XapaKTEPUCTUIECKOTO M3IIy4IEHHs BBICO-
KO3apsITHBIX MOHOB, a TAKXKE 110 SIAEPHOH (HU3MKe HU3KUX
SHEPTHi C BHICOKO3APSTHBIMI HOHAMHU.

OTnenbHO CTOWT YHOMSHYTH COBMECTHBIE PaOOTHI C
HannoHanbHBIM HHCTUTYTOM PaHOJIOTHYECKUX UCCIIEN0-

One should note other basic and applied studies with
heavy highly charged ions, produced with Krion-6T ESIS
which have been done during recent years. Among them
there are basic studies on interactions of highly charged
ions with surfaces, X-ray characteristic spectrometry from
HCI, and nuclear physics with use of bare nuclei and high-
ly charged ions.

Also, one should emphasize basic and applied studies
which are in progress in collaboration with the National
Institute for Radiological Science (Chiba, Japan). It was
experimentally shown that the type of the Electron String
Ion Sources (ESIS) is considered to be the appropriate one
to produce pulsed C** and C°" ion beams for cancer thera-
py accelerators. It was shown that the new test ESIS Krion-
6T already now provides on stand more than 1010 C** ppp
(ions per pulse) and about 5-10° C®" ions per pulse, that
could be suitable to apply at medical synchrotrons [4]. It
has also been found that Krion-6T can provide more than
101 CO* ions per second at 100 Hz repetition rate, and
the repetition rate can be increased at the same or larg-
er ion output per second. This makes ESIS applicable at
cyclotrons as well, especially taking into account current
EU CYCLINAC projects — new fast-cycling accelerators
for hadrontherapy, for more details see [4] and references
therein.
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Banuii (Unba, AAnonus). B cepum HenaBHUX SKCIEPUMEH-
TaJbHBIX padoT ¢ uctouyHnKoM «KprnoH-6T» OBIIO MOKa-
3aHO [4], 9TO PMEKTPOHHO-CTPYHHbIC HOHHBIE HCTOYHUKN
MOT'YT OKa3aThCsl HCKITIOUUTENBHO 3P ()EKTUBHBIMH IS 110~
JTydeHust y4KoB HOHOB ymiepona C+ u COF s Mmeummn-
CKHX YCKOPUTEJEH, UCIIOJIB3YIOLINXCSl B aJpOHHON Tepa-
MY OHKO3a0oieBaHui. B wacTHOCTH, OBLIO ITOKA3aHO, YTO
Ha CTEHJ0BOM HCTOYHHKE «KpHOH-6T» MOXHO MOIYYHTD
nopska 1010 wonos C** 3a ummyibe u nopsiaka S - 109 wo-
HoB CO' 32 mMmynbe, YTO NenaeT Takue MCTOYHMKH Ol
THMaJIbHBIMH JUIS HCIIOJb30BaHHS B MEAMIMHCKUX CHH-
xpotpoHax [4]. Taxke ObITO TOKAa3aHO, YTO HA HCTOYHNKE
«Kpnon-6T» B ocobom pexxnme paboThl MOYKHO TOTY9aTh
oonee 10! nonos COF B cexyH/y ¢ 4acTOTOl cie0BAHUS
BBIBE/ICHHBIX M3 MCTOYHUKA UMIyIbcoB HoHOB 100 I'my,
9Ta 9aCTOTa MOXKET OBITh yBEJMUYEHA B HECKOJIBKO pa3 0e3
MIOTepH OOIIETO YKCiIa BBIBOAUMBIX HOHOB 32 CEKYHIY U 3a
HUMITYIIBC. DTOT (DaKT JeaeT MEKTPOHHO-CTPYHHBIC HOH-
HBIE ICTOYHUKH TAaK)K€ MAKCUMAaIbHO (D PEKTHBHBIMH IS
HCIIOJB30BAaHUS B OBICTPOLMKIUPYIOIINX MEIUIIMHCKHX
nukioTporax HoBoro Tuma (Cyclinac), cM. [4] n crmcok
JUTEPATypPBI TaM Ke.
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