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FLNR - 2011

Nanotechnology
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Exotic Nuclei
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FLNR accelerator
operation time in 1996-2011

Accelerator Operation time in 1996 - 2011

U-400 83000 h
U-400M 42000 h

MT-25 14 000 h

S 147 500 h



Future accerators for SHE programs

Center Accelerator type Intensity 43Ca, puA Realisation

SC Linac 2018+2020

SPIRAL II SC Linac 20132016

SC Linac 20132015

Ring Cyclotron 20112013

Compact Cyclotron




NEW FLNR ACCELERATOR — CYCLOTRON DC280

In order to improve efficiency of the experiments for the
next 7 years it is necessary to obtain the accelerated ion beams

with following parameters.

Energy 4-8 MeV/n
Masses 10238
Intensity (up to A=50) >10 puA

Beam emittance less 30 71 mm- mrad

Efficiency of beam transfer >50%



DC280. Parameters and Goals

DC280 Parameter Goals

High injecting beam Shift of space charge limits
energy (up to 100 kV) for factor 30

High gap in the center Space for long spiral inflector

Low magnetic field Large starting radius. High
turns separation. Low
deflector voltage

High acceleration rate High turns separation.

Flat-top system High capture. Single orbit
extraction. Beam quality.




DC28

Main Parameters

Ion source

DECRIS-4 -14 GHz
DECRIS-SC3 - 18 GHz

Injecting beam potential Up to 100 kV
A/Z range 47

Energy 4-8 MeV/n
Magnetic field level 0.6-1.35T

K factor 280

Gap between plugs 400 mm
Valley/hill gap 500/208 mm/mm
Magnet weight 1000 t
Magnet power 300 kW

Dee voltage 2x130 kV

RF power consumption 2x30 kW
Flat-top dee voltage 2x14 kV
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DC280 Cyclotron
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DC280 axial injection beam line
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DC280 axial injection beam line
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Working Diagram of the DC280 Cyclotron
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DC280 cyclotron
central region

\\ 4 /

The view of DC280 cyclotron
central region with inflector and
quadrupole lens
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DC280 «FLAT-TOP» RF SYSTEM
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The beam energy spread at the 5-th orbit

The beam energy spread at the 5-th _
with «flat-top» RF system

orbit without «flat-top» RF system

2 : 2 ‘ :
1: No FlatTop . ’ . 3: Dee, FlatTop '
. § R R
. S0 : :
N N 3 | i
1 : : D R
2 ‘ ‘ i ‘ 2 i i
10 20 30 40 50 10 20 30
r,cm r,cm
The beam transverse form for 5 initial The beam transverse form for 5 initial

orbits without «flat-top» system orbits with «flat-top» system



Baacher

130 4

10 4

Flont
= |

=1 =

=15 -

e 1 1] =150 -1 =50 1] b= 1] im 150 an
Flh

Input and output phases of particles for 2 harmonic bunching system



0.10 5

U.09 4

0.08 -
0.07 4
0.06 -

0.05 -

dMN/M

.04 4
0.03 -
0.02 -

0.01 4

0,00

12

Particle distribution

24

36

43

60 72 &4 a6 108 12
Tins)

Time dependence of particle density at median plane

Estimated efficiency of capture into acceleration is 66%



DC280 plan view and beam extraction structure
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DC280 . Intensity of some typical
ion beams
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Fleroviab Building 131

New Experimental Building

‘ .
. % with DC280 accelerator complex




SHE factory
Building computer model




FLNR - 2015

SHE factory
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FLNR
Schedule of the SHE factory creation

2011 2012 2013 2014 2015

Building, |
infrastructure

Equipment
completion

Equipment
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Beam testing ]
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DC280 cyclotron
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NINAH-TPA®UK
cdomHaHCcupoBaHUA pabdboT No co3aaHUI0, KOMMNEeKTauuu U MOHTaXy obopyaoBaHUA
LMKIMOTPOHHOro KomMmnJsiekca dkcnepmmeHTanbHoro kopnyca JIAP (B M$)

NeNe Haumenoeanune pabor 2011 2012 2013 2014 2015 Hroro mo teme
nn
1 CTpoHTETBCTEO,
MECRCHCpHSIE CHCTENDT |
MarsnuT NHKIOTpOHA 0,25 2,25 2.5 2,35 7,35
3 BricoxoponsTHaA muathopya 1.0 1,0
HHJKEHEPHOTO IIy4IKa
4 CHeTeMa BEICOKOBOJIBTHOTO 0.2 0.2
NHTAHHA
038 038
6 CucTreMa aKCHAIBHOH 0.5
HHKCKITHH
7 Baxyymuaz xamepa 0,2
Bl
8 CHeTeMa JHATHOCTHKH 0.1
OY4KOB
OCcHOEHEIE 0OMOTKH 0.3 0.3
Il
0 Koppextapyromue karynmxm 0,2 0,2
0.3 0.3
12 VexopAromae CIpYKTYPEL 1,2
13 Kanaae! TpaHCIOpPTHPOBKH 1.4
sl
14 BaryymuEaz cucteMa 0,6 0,6
0.6 0.4
16 CHeTeMa 3ICKTpPOIHTaHHA 0.6 0,15
17 CHeTeMa ROHTPOIA H 0,25 0.7
Bl
18 PaspaboTra mpockTHOIH 0,75 0,75
JOKYMCHTAIHH
:
20 Ilomyuenne yekopeHHOTO
Iy4Ka
Htoro mo romaM 1 M$S 3,0 MS 6 MS$S 12 M$S




Inas-rpaguk pa3padoTKH TeXHAYECKHX 3aJJaHHIl HA V3Jibl MHKJIOTPOHHOTO KoMILTekca DC280

IIpoeran

Ne HanMmeHOBAHHE 2011r. 2012r. OTBeTCTB e HHBIH
5|6|? 8|9|10|11|1 |6|? 8|9|10|11|1

OCHOBHOH MATHHT

1. | MargaTonporoz H Heanenko LA,

2. | OcHOBHEIe KaTyIIKH H Heanenko I11.A.

3. | Cextopa, IIHMMEL, Heanenko J.A.
mpoOKH

4. | KoppektHpyromae Heanenko LA,
KaTyIIKH H

5. | DmekTponHTaHHe, Heanenko ML.A.
yIIpaBIeHHE

6. | Bomooxnaxxnenue H Heanenko LA,

IMeHTpATEHAA ONTHKS

7. | NuadnexTopsr, HMeanenko LA,
3NIEKTPONHTaHHE,
yIpaBIeHHE

8. | 'eoMeTpHsa HMeanenko LA,
[eHTPaIbHOH
obmacTu
B.u. cHcTeMa

9. | OcHOBHBI® H Byamaxoe B.A.
Pe30HATOPEI

10. | Ceazb dumep- Byamaxoe B.A.
Pe30HaTOP OCH. [ |
peszoHaTOpa

11. | Pick-up smemenTsI Byzmaxoe B.A.

OCH. pe30oHaTopa




IIpoeran

Ne HanMeHoBAHHE OTBeTCTB e HHBIH
2 5 2 | | 5 10

12. | Flat-top pe3oHaTOpEI By3makos B.A.

13. | Cacrema B.4. e Kanaruu I1.B.
GaHgepor

14. | CaHcTeMsEI B.H. Byamaxoe B.A.
IHTAHHA H

15. | CacTeMa ynpaBleHHA H Byamaxoe B.A.
B.1.

BHICOROBOILTHAA ILIA

16.

KoneTpyKIHS B.B
IaThOpPMEL,
pasMelleHHe
o6opyIoBaHHA

Boromomor C.JI.
Edpemor A. A.

17.

HoHHEIH HCTOYHHEK,
CHCTEeMA
3IeKTPONMHTAHHA,
YIIPaBJISHHA,
KOHTPOJIA

Boromomor C.JI.
Edpemor A. A.

18.

Houno-ontHaeckne
3IeMeHTHI TPaKTa
BBICOKOBOJIBTHOH
nIaTdopMEL,
3JIeKTPONHTAHHE,
VIIpaBJIeHHE,
KOHTPOTE

Boromomor C.JI.
Edpemor A. A.

19.

BakyyMHBIE KaMephl
TPaKTa B.B
AT OpPMEL

Boromomor C.JI.
Edpemor A. A.

BakyymHas cHCTEMa
TpaKTa B.B.
miaTgopMel

Boromomor C.JI.
Xabapos M.B.

CHcTeMma
SIEKTPONHTAHHAE.B
rraTgopMEl

Eoromomos C.JI.
ITamenxo C.B.




IIpoeran

Ne HanMeHOEAHHE 2011r. 2012r. OTEeTCTE e HHEIH
1 [2 3 [4 [5 [6 10 [11 |12 2 576 [7 |8 10 [11 [12
22. | CHecrema Foromomnoe C.JL
BOJOOXTAKIeHHA N Bepesouxun B.A.
B.B. ITaThOPMBEI
23. | CHcTema Boromomnor C.JL
JHATHOCTHKH ITy9IKa Kamarus I11.B
Ha B.B I1atdopme, .
CHCTeMa KOHTPOIA H
yIIpaBIeHH
CHcTeMA TPAHCIOPTHPOBKH H AKCHATLHOH HHAKeKLHH Iy K}
24. | KommnoHoBKa Kanarun 11.B.
o6opymoBaHHs
25. | BakyyMHEBIe KaMepbI i Kanarun 11.B.
26. | UorHO-ONITHIECKHE Kamarun U.B.
3IeMeHTEI,
3MEeKIPONHTAHHE, .
KOHTPOTb,
VIIpaBIeHHe,
BOJOOXTaKICHHE
27. | DneMeHTHI Kanarus 11.B.
IHATHOCTHKH, -
yIIpaBIeHHe,
KOHTPOIb
28. | Yommep, Gamgep, Kamarun U.B.
pepper-pot H
29. | BakyyMHadA cHcTeMa Kanarun 11.B.
Xabapoe M.B.
JHATHOCTHKA OYIKA B Opolecce VCKOpeHHA
30. | OcHoBHEIE IPOGHHKH Kanarun 11.B.
Konecor 11.B.
31. | Ilpobuuk-daaxkox i Kamaruu 11.B.
Konecor I1.B.
32. | dazorble JTaTIHKH Kamarun N.B.




Ipoerxan

HanMeHoBAHHE

2011r.

2012r.

—
[

[3 [+ [5 [s |7

8 |9 |1o|11|12

al

2

ENENE

[s [7

8 |9 |1o|11|12

OTEeTCTE e HHBIH

BriB oo myIk:

Komnonoeka
CHCTEMEI BEIBOIA

]

Bopucor O.H.

34.

HednexTop,
3TEKTPOTIHTAHHE,
yIpaBIeHHe,
BOJOOXIaKAeHHE

Foprcor O.H.

35.

MaraHTHBIH KaHAaT,
3JIeKTPOIHTAHHE,
YIIpaBIeHHE
BOJOOXIAKICHHE

Tuxomupor A.B.

36.

ﬂHal’HOCTH Ka IIy9Ka
BIOOJE TPAacChl
BEIBOIA

Kamaruu 11.B.

B ARYVMHAA CHCTeMa HHKJIIOTPOHA

37.

BakyyMmHas cHCTeMa
ITHKIOTPOHA,
3IeKTPOIHTAHHE,
VIpaeTeHHe

Xabapor M.B.
Kanmaruu 11.B.

38.

BakyyMmmasg kaMepa

Konecor 11.B.

TpaHCHOPTHPOBKA YCKOPeHH

BIX MYIKOB

39.

Komnonoeka
of0opymoBaHHA

Kanarun 11.B.

40.

DOKYCHPYIOITHE
37IeMeHTHI,
3NIeKTpONHTaHHE,
yIIpaBIeHHE,
BOJOOXIaKICHHE

Kanarun 11.B.

41.

KomMyTHpyROIHE
MAarHHT,
SIEKTPOIHTAHHE,
VIpaBIeHHe,
BOJOOXTIAKICHHE

Kanaruu I1.B.




ITpoeran

HanMeHoBAHHE

2011r.
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un

10

11

OTBeTCTE e HHBIH

Koppexkrapyromse
37IeMeHTHI,
31eKTpOIIHTaHHE,
VIIpaeleHHe,
BOJOOXTaKIEeHHe

Kanmaruu 11.B.

43.

3IeMeHTEHl
ITHATHOCTHKH
Y9IKOB,
3JIeKTPOIHTAHHE,
KOHTPOTb H
YIIpaeIeHHe,
BOJOOXTaAKICHHE

Kanmarun 11.B.

44.

BakyyMHBI2 KaMepsl

Kanmaruu 11.B.

45.

BakyyMmHas cHCTeMa
KaHATIOB
TPaHCIIOPTHPOBKH
IY9IKOB

I

Kanmarun 11.B.
Xabapor M.B.

CHcTeMA
BOT00OXTIAAKT e HHA

BeperouxuHH




Cyclotron DC280: beam Intensity from 18 GHz ECR source, efficiency of capture and
acceleration and ion beam intensity on targets of physical installations

lon lon Beam Intensity from 18 | Efficiency of lon beam intensity
charge GHz ECR capture and
acceleration on targets, pps
eHA pPpPSs

40Ar 7 300 3.1014 30% 1.10

48Ca 150

S0Ti 8/9 75 5.1013 50% 2,5.1013
54Cr 9 125

S8Fe 9/10 125 8.1013 50% 4.1013
64Ni 10/11 125

70Zn 11/12 100 5.1013 50% 2,5.1013

76Ge 12/13 S0

l next l



CyclotronDC280: beam Intensity from 18 GHz ECR source, efficiency of capture and

acceleration and ion beam intensity on targets of physical installations

next

lon

86Kr
96Zr

124Sn
136Xe
150Nd

208Pb

238U

lon
charge

14/15

Beam Intensity from 18
GHz ECR

eHA pPps

10 4.10'2
10 3.1012
150 4.1013
?

15 2.10"2

1 1,5.1011

Efficiency of
capture and
acceleration

60%
60%
50%
60%

60%

60%

lon beam intensity
on targets, pps

2,5.1012
2.1012
2.1012
2.1013

1.1012 (2)
6.1011
1.1012
1.1012
1.101




FLNR - 2012
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FLNR - 2013
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FLNR - 2014
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FLNR - 2016(17)

SHE factory  U400R Accelerator Complex
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DC280 Plan Lay-out
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Capture efficiencies for gCa” in 2000 and 2003
| =60/l rc (%)

R T > Results of 2000
45% o Results of 2003

40%

35% '

30% +

25% -+

20% +
15%

10% i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ' 1 1 1 1

| ¢ (MKA)

KasapuHos H.HO.



PocT uHTeHcuBHOCTMU Ar 8* B noKoneHusx

I, pa

ECR ucrouHukos JI1AP

i+

Ar

Q00 -

2l —

a0 S

al0 S

00 S

4011

200 <

200 S

100 4

DECEIZ-3

.
S

CEIS-2

B. —DLECRIS-1

1980 1992 1994 1994 1995 2000 2002 2004 2006 2008 20102012 2014

Y ear

Boromonos C.J1.



[Mporpecc B UHTEHCMBHOCTU Ny4YKoB 48Ca
n3 ECR ncroyHumkoB

20 B GAMIL *
. = G5
18 4 LBL
T It P
16 -
| # FLNFR
14 _
g .
e b
= g n & -
=4 T N
&
4 =
1m
2I'I'I'I'I'I'I'I'I'I'I'I'I

1990 1902 1994 1906 1988 2000 2002 2004 2006 2005 2010 2012 20 14

Y ear

Boromonos C.J1.



Y400. UHTeHCcuBHOCTb nyyka 48Ca Ha MuULLeHU
c 1985 no 2011 r. u nutepnonauma go 2015 ropa
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Modernization of the U400 accelerator

improvement of the quality and intensity of stable
and radioactive beams (48Ca — 2.5+3 puA ),

providing of a smooth variation of energy of ions
In the range 0.8 — 27 MeV/A,

decrease in the consumption of rare isotopes,

decrease in power consumption



Y400. YpenbHasa Ha pacxo4 BelwecTBa UHTEHCUBHOCTb
ny4yka 48Ca Ha muwieHu ¢ 1985 no 2011 r. u nHTepnonsayuuns
no 2015 ropaa
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Parameters of U400 and U400R typical ion

U400 U400R (expected)

Ion Ion energy Output Ton Ion energy Output

[MeV/u] intensity [MeV/u] intensity
“He ™ |- - “He !t 6.4+ 27 23 ppA **
6He I |11 3-107 pps 6 He I* 2.8+144 108 pps
8Hel* |79 - 8 He I* 1.6 +8 10° pps
Q2+ 157,79 5 puA 16.Q 2+ 1.6 +8 19.5 ppA **
8O3+ 7.8;10.5; 15.8 4.4 puA 16.Q 4+ 6.4 =27 5.8 ppA **
40 Ar4 |3.8;5.1%* 1.7 puA 40 Ar 4* 1+5.1 10 puA
48 Ca>t |3.7;53% 1.2 puA 48 Ca 6+ 1.6 +8 2.5 puA
¥BCa” | 8.9;11;17.7% 1 puA ¥ Ca't 2.1+11 2.1 puA
SOTi>t 13.6;5.1 % 0.4 ppA >0 Ty 10+ 4.1 +21 1 puA
BFe 6t [3.8;54% 0.7 ppA 8 Fe 7t 1.2+175 1 puA
8K | 3.1;44 % 0.3 puA 4 Kr 7t 0.8+3.5 1.4 puA
136Xel4t 13.3;4.6;6.9 * 0.08 puA 132 Xell* 10.8+3.5 0.9 puA

28 Y27+ 1.5+8 0.1 ppA




Main magnet model




MBaHeHKko N.A.
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Analyzing magnet current, A
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DECRIS-SC2 on
test bench
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dusnyeckas mogensb ALP ncrouyHmka noHos
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Pacnpe,u,eneHvle AaBlieHnd BAOJ1b JIMHUN UHXEKUUNA

oT ECR-ncto4Huka

KaHan akcnanbHon uHXekuuu (ot ECR-uctouHnunka) AL-280
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PacnpegeneHue

AaBlieHnd BAOJ1b JIMHUN UHXEKUUNA

oT SCECR-ucTto4HuMKa

_________________________________________________

KaHan akcuanbHoW nHkekumm (ot SCECR-uctounuka) AL-280
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Particle distribution
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U400R. Median plane level. Second floor.
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U400R + SHE factory

SHE factory

4

1

®

O

n

Building 131

© 1O

©®

jSﬂﬂi

e Hgs — —|— —f — -

[z 2o

-
E

—

L=l (et e e (e

% ETESHEHTATHGA HaR
o

‘l_\l
L/ b
sisgi
|
I
I
|
i
Ny 1

000

0

® ©

2 1 N

LI F A VLI RN

SRR

o i i e

|

|
il
‘:.

|

|

|

]

3\

[
Wil
Byl T h

p] |
77

sl )
2 |

Jecmrua wo gn v 400
- T s

Tanepea
o

|
|
!
—
|
|
1
|

i )
__DRIBs.

A Tanepen

i —
®
®-
@——

® ®




U400 —— U400R Schedule

v

18 monthes 13 months
Building
12 months
25 months
\
'« 43 months N




U400 — U400R hall reconstruction results

2011 Project

Areas for set-ups 400 m? 1500 m2

Areas for technical 670 M2 1300 m?
equipment

Number of radiation 1 6
isolated halls




PacuyeT OCHOBHOro pesoHaropa umknorpoHa DC280

Pacnpep,eneHme Ey KOMITOHEHTbI SﬂeKTpOMaI'HI/ITHOFO noJm4a B MeﬂMaHHOVI MNJIOCKOCTHU
0 to range: (Min: -1e+8086/ Max: 1e+806)

E-Field {peak)
Hode 1

1.03263e+006 U/m at 191.634 7 &6.9231 7 @
10.3805
] dearens

0 to range: (Min: -1e+086/ Hax: 1e+006)

E-Field (peak)
Hode 1

Kapambliwes O.B.
a

991344 U/m at 191.634 / 46.9231 / B - ®paHko W.
7.26076

8 degrees




Flat-Top dee

Pucyuox 1. Bug mogen.

E-Field (peak)

Hode 1

Y

a

2.088108e+007 U/m at 101.126 7 11.600% /7 @
346178

8 degrees

Pucynok 2. Pacopegemnernie Ey xoMIIoHeHTE 3/1eK TPOMATHHTHOL O TI0JI B MeJHAHHON
ILTI0CKOC TH.



Flat-Top ayaHTbI

Bug mogenu

Kapamsbiwes O.B.



OCcKn3HOE pasmelleHne a3uMyTarnbHbIX KOPPEKTUPYHOLLINX OOMOTOK

5

4 M
o N S

MBaHeHKko N.A.



PopmupoBaHMe BbiBeAEHHbIX NYy4YKOB B LUuknotpoHe L1280

Bopucos O.H.



[ # L /




PopmupoBaHMe BbiBeAEHHbIX NYy4YKOB B LUuknotpoHe L1280
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New Experimental Building with DC280 accelerator complex
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NMpuHUMNuanbHas cxema BakyyMHOM oTKaudku yckoputens L1280
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CKopocTb oTKa4km kpnoHacoca VELCO 630:
e [lo Bo3ayxy (asoty) -15000 n/c

e [lo BogaHbIM napam - 45000 n/c
Xabapos M.B.
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JKcnepuMeHTanbHbIU Kopnyc
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