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CopoepxaHue aoknaaa

[lboekm UTOD-TBH

LocmuzaHymbie u rnaHupyemelie napamemps|
MooepHu3auusi rnazepHoO20 UCMOYHUKa UOHO8 U
rnepexo0 Ha msi>xesrible UOHbI

[lepcriekmuebi rnosbiWeHUs UHMeHcu8Hocmu
ycKopumerns-Hakorniumerns Y-10

SKcriniyamauyusi KoMrisiekca u HaripasrneHus

uccriedosaHul Ha ry4kax rpomoHo8 U UOHO8
3akrnovyeHue




YckopumesnibHbiu kommnnekc NTI3P-TBH

Lenb npoekma
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Jdmanbl PeKOHCMpYKUUU

Co3gaHne MOHHOro nHxektopa MN-3

Co3pgaHue KaHana TpaHCMOPTUPOBKU N cuctemMbl nHxekuumn U-3/YK
Co3pnaHue 6ycTtepHOro cMHxpoTtpoHa YK

Co3paHue cuctembl 6bIcTporo BoiBoaa nyyka us YK
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Charge-exchange injection technique
applied for heavy ions

The ion accumulation is based on the charge-exchange injection
with using a fast bump system for minimising the stacked beam
perturbation over penetrating through the stripping foil material.
Schematic layout of the beam trajectory at injection are shown in Fig.
The deflection of the beam in the septum magnet SMG at injection is 98
mrad, the maximum field is 1.2 T. This magnet steers the injected beam
to the centre of the stripping foil of 5x10 mm size, which is placed in the
vacuum chamber of the F505 with a displacement of 20 mm from the
ring equilibrium orbit. The fast bump system matching of both injected
and circulating beams includes three kicker magnets installed in the
short straight sections after of the magnets F411, F511 and F711. The
first kicker magnet gives the kick of 3 mrad deflecting the stacked beam
to the stripping foil at a moment when the injected beam is passing
through the transfer line. The two beams, becoming one after passing
through the stripping foil, are set to the ring closed orbit downwards by
the kicker magnets in straight sections of F511 and F711. The foil
material is mylar with the thickness of 5 mg/cm?, that yields >90% of
bare carbon ions with projectile energy of >50 MeV/amu.
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Accumulation process optimization

Stacking of the C#=>C&% beam in U-10 Ring

The injection efficiency is now limited by the rise time of the pulse in the
UK ejection kicker magnet and some particle losses (~10%) in beam transfer
line between booster and accumulator rings. The efficiency of beam stacking
is near to absolute for particles crossing stripping foil. The process of the
beam accumulation is shown on Fig. The efficiency of accumulation process
is characterized by lifetime of the stacked beam with fast bump system on
(t;) and off (1)) [6]. Using equality T0=25'AX’Z, we get estimation of the
accumulator ring dynamic acceptance as A, ~ 12 m mm-mrad. Designating
OA as acceptance reduction from the orbit displacement by the fast bump at
injection, and considering equality (TOTZ)/(TO-TZ)=20(AXYZ-6A), it gets estimation
of A ~ 2 m mm-mrad. The factor of stacked beam losses at injection of a
new portion of particles is calculated as 5=(T0-Tz)/(fianoTz)=0.005, and the
factor of stacking intensity increase is equal to koc=(fianz) ~70. The maximum
intensity achieved last time in the booster synchrotron has not yet been used
in the mode of beam accumulation so we have possibility to increase the
stacked beam intensity in the next accumulator run by factor of two.
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Longitudinal compression and ejection of
stacked beam

The stacked beam longitudinal compression is
fulfilled with the 10 kV accelerating resonator which
is used also with low voltage (~1 kV) for the beam
keeping at the process of its accumulation. Due to
the Non-Liouvillian saving of the longitudinal phase
space for the stacking beam at multiple charge
exchange injection, the particle density seems to be
maximal after compression and the grade of
compression depends on a beam forming in the
booster synchrotron at its acceleration and ejection.
Result of beam compression up to the pulse width of
150 ns is illustrated on Fig.
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YckopeHue saep C® no sHeprum 4 MNB/H
no TrpexcryneH4yarou cxeme U-3/YK/Y-10
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YCKOPEHHO20 rny4kKa

C6poc ny4ka Ha
6HYMPEHHIO MUWEHb

——
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docmuaHymbie napamempbl KOMIJIEKCA
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JlazepHbIM MOHHbLIU UCTOYHUK

OnTnyeckaa cxema
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MonoepHusauma MOHHOro UCTOYHUKA
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[lpobriembl NO8bIWEHUE UHMEHCUBHOCMU
HakKonumeJss

Yeenu4yeHue uHmeHcueHocmu 6ycmepa YK :
¢ uH)xekmopom U-3 (1,3MaB/H) - e 10 pa3
¢ uH)xekmopowm U-4 (7 MaB/H) - e 100 pa3

Hoe
e 2 pa3a

MapameTpbl N-4
BY-nuHak (~80ddkahumens
9Heprma - 7 MaB/a.e.m.,
Z/IA ~0,3,

Imax ~100 mA
HuUs1 0711 MUHUMU3auuu

Pe3soHaTtop RFQ Ha aHepruto 1,6 MaB/H
C MaKeTHbIMM 3fIeKTpoAaMM
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YcKkopeHue cynepTaxerbiX MOHOB
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CTpyKTypa ny4ka noHos C* Ha Bbixoaoe U-3

) MA

Tox myuka Ha Bxoae (1B/50 mA) u 0anueBasi
cTpyKTypa Ha BbIX. -3 (1B/20 mA).
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YcKkopeHUue nyyka B bycTtepHomMm cuHxpoTpoHe YK npu

MHXEeKLWUWU Ha pacTyliee none

2 vA

[

K1 1.00BA [[® 500mB [ 10.0pc A BHw S 668mB
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Aduabamuy4eckulu 3axeam ny4Ka 8 PexXumM YCKOPEHUSs 8
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CocmossHuUe HakonumesibHo20 Kosbua Y-10

1. [uHamudyeckasi anepmypa - ~ 10 x MM Mpao => 50 r Mmm Mpad

Pa6bou4as Touyka MHTEHCMBHOCTbL HAKOMNJIEHHOrO NyYka B 3aBUCUMOCTU TO
paboyen TOYKU B KNneTke 6eTaTPOHHbIX Pe30HAHCOB

CummMmempupogaHue cmpyKmypbl Ma2HUMHO20 KoJibya OJisl
KOMreHcayuu HesluHeUHbIX Pe30HaHCo8

Koppekyuu xpomamu4yHocmu
Koppekyusi pagHosecHoU opbumabl

UccnedoeaHue Kriemku pe3oHaHcoe 0Jisi ebibopa onmumMasibHOU
paboyel moyku




Jkcnayamauyuss komnaekca UTIP-

IBH

Pexum Cxema JHeprus, Pesxxum BoIBOAA
padoThI YCKOpeHus MbB/n
Yckopureinb n-2 25 Nmnyase, 10 mrc/c
IIPOTOHOB n-2/yY-10 mo 230 Meauuuncku BoiBoa, 200 Hc,
10 3000 boicTphii BbiBOA, 800 HC,
9300 BHyTpeHHsisi MULlIEeHDb, 1¢
100 - 9300 MensieHHBIM BBIBOJ, 1¢
Yckopuresnb H-3/YK 1,5-400 BoicTpbiii BbiBox, 800 HC
HOZOB’ H-3/YK/Y-10 50 - 4000 BHyTpeHHsis MUIIIEHb, 1¢
A, Fe,;’b, U) MenJjieHHBIM BBIBOJ, 1¢
Haxkonuresb
HOHOB, H-3/YK/Y-10 200-300 boicTpoii BbiBOA, 150 HC
C, (A,Co,Zn)

NonHoe Bpemsa pabotbl komnsnekca B 2005 roay coctaBuno 2808 yacoB, N3 KOTOpPbIX:

1704 4. - yckopeHue npoToHoB (1152 4. ¢ aHepruen 2,5 N3B n 552 4. ¢ aHepruen 8 NB),
828 yacoB — HakonneHMe NOHOB yrrepoaa ¢ aHepruen 200 MaB/H,
276 yacoB — yCKOpeHue UMOHOB yrnepoaa Ao aHepruu 4 Na3B/H.



Ucnonb3oeaHue YCKOPEHHbIX NMy4YKOoe

Kopnyc
ouonorn4yeckux
nccrieqoBaHuUMn

MuLieHHbIN Kopnyc

CteHa pagnauuMoOHHOMN
o6paboTku
mMaTepuanos

| nHxekTopa W-3

PaguaunoHHbIN
UcnbiTaTenbHbIN

LeHTp

BonbLwon
3KCnepuMeHTarnbHbIN
3an (b33)

30Ha
BTOPUYHbIX NY4YKOB

30Ha meaneHHoro
BbiBOAA Ny4ka




HanpaesnieHusi uccrnedogaHuu
Ha ny4Ykax npomoHoe8 U UoHoe komnaekca UTIP-TBH

penaTuBMUCTCKaa agepHasa ousmnka

¢hn3nKa BbICOKOU NSIOTHOCTU 3HEpPrumn B BeLlecTee

¢pn3nkKa n TeXHONOrusa TAXKENOMOHHOro TepMosiAepPHOro CUMHTe3a
¢pn3nmKa CUNBbHOTOYHbIX MOHHbIX MYYKOB

paguobuonorua u megmumnHckasa omsmka

NPOTOHHAasA Tepanus

WOHHas Tepanusa

paguaumMoHHoOe maTtepuarnoBeaeHue

NPOTOHHaA paguorpadus

UcnbiTaHne pagunayMoHHON CTOMKOCTU obpa3uoB




3aKknw4vyeHue

1. 3a nocneaHwe ABa roga AOCTUTHYT onpeaeneHHbIN NpPorpecc B NOBbILWEHUU
3KcnsyaTauMoHHbIX napameTpoB komnnekca UTOD-TBH:

- ylyquwieHa mexHoJsio2usi nepe3apsiOHOU UHXeKUUU U HaKoIJIeHUsl, 4mo no3eoJsiusio
yesesiudumb 6080€e UHMEHCUBHOCMb HaKarn/jiueaeMo20 ny4Ka,

- KO3ghghuyueHm HakornsieHusi UOHO8 noebiuwieH 8 1,5 paza 0o eenuyuHsbI ~70,

- KOMI/1IeKC 8bl8e0€eH Ha 3KCJlyamauuUuoOHHbIU PEeXXUM YCKOPEHUs1 U HaKOMJIeHUs UOHO8 8
o6nbeme ~1000 yacoe e 200.

2. OcHOBHaA 3apava TeKyuwero roga cocront B moaepHm3aumm MOHHOro UCToOHHuUKa anA
paclwlMpeHnn MmaccoBoro coctaBa yCKopsemMmbiX U HaKkaninmBaeémMbIX MOHOB .

3. MogepHu3auums psana cMcTemM MHXeKLMoHHoro komnnekca U-3/YK nossonser
paccuuTbiBaTb Ha NOBbILWEHNEe UHTEHCMBHOCTU HakonuTens ao 10 pas. JanbHenwee
yBenunyeHne UHTEHCUBHOCTU MOXET ObITb AOCTUIHYTO C HOBbLIM UOHHBLIM UHXeKTopoM U-4.

4. B CyuweCTBYHOLNX yCNOBUAX (bMHaHCVIPOBaHVIH (byH,anEHTaﬂbeIX nccnenoBaHUm
HeobGxoaumo paclinpeHne KOMmmMmep4eCcKoro Mcnojib3oBaHmnA yCKOpPeHHbIX Ny4KOB NPOTOHOB
n MOHOB AnNA nony4v4eHns AonoJsIHUTEeJNIbHbIX CpeAacTB Ha coaAepXaHue pa3BUTUe KoOMnriekca.



