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Blg, bigger, the blggest Huge increase in the Scale increase — (i) RIB

scale of modern and production increase
prospective RIB facilities: and (ii) universality of
Price tag 1-2 GE RIB facility
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Cambiii kopoTkuil pparmenT-cerrapatop KOMBAC (COMBAS)
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MaruautHada cucremMa COMBAS uMeeT TO/IBKO JUIIOJIbHBIE
MAaTrHUTDI

Maruutel M1 n M2 Maruutel M3 1 M4




HMoHHO-OIITHUECKAada cxeMa
COMBAS "
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N3yueHne MexaHU3MOB SJIEPHBIX peaKkluy B 001acTu sHeprun Oepmu
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®parment-cenapatop AKYJIMHA (ACCULINNA-1)
1996 I. MOCTPOIKa, 2000 BBIBOJI IyYKa U3 3aJa

TPUTHEBAS
MUUIECHb

JNETEKTOPBI
HEUTPOHOB
DEMON




HarmostHeHne 5KcriepruMeHTaIbHOM 30HbI: HEUTPOHHAS CTEHKA,
TPUTHEBAsI MUIIIEHD (€IMHCTBEHHAS B MUPE), TEIECKOIIbI

3APANKEHHDBIX YaCTHUI]




Example 1: °H studied in the 3H(t,p)°H reaction

W(E) (arb. units)
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M.S. Golovkov, 2004,
Pioneering correlation
studies

A.A. Korsheninnikov,
2001, ®He(p,2p)°H
Discovery of °H at FLNR
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A.A. Korsheninnikov et al., PRL 87 (2001) 92501.
M.S.Golovkov et al., PLB 566 (2003) 70.
M.S.Golovkov et al., PRL 93 (2004) 262501.

S.V. Stepantsov et al., NPA 738 (2004) 436.
M.S.Golovkov et al., PRC 72 (2005) 064612.
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» Poor population of ground state. However,
correlations provide enough selectivity:
guantum amplification

» °H ground state position is finally
established; the excited state is established
as 3/2*-5/2* degenerate mixture



Example 2: 1°He studied in the 8He(t,p)'°He reaction

Counts/500 keV

Counts (arb. un.)

Excitation energy (MeV)
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“Conundrum nucleis” second double magic in
nuclide chart
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( Discovered by Korsheninnikov et al. in 1994 in )
RIKEN giving E;=1.2 MeV

M.S. Golovkov et al., PLB 672 (2009) 22
S.I. Sidorchuk et al., PRL 108 (2012) 202502

»  Three-body correlations were studied in °H
basing on outstanding statistics. Can be
something useful done with really exotic
systems and limited statistics?

Shell structure
breakdown in
10He

New ground state
energy for 1°He:
E;=2.0-2.5 MeV




Jpyrue pe:kuMbl pabO0ThI, IIOHMKEeHHAsI UHTEHCUBHOCTD, YOIIIIED
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Competitive light nuclei RIB program at FLNR.
Specific equipment development

\f Warsaw OTPC (optical time-projection chamber)

M. Pfutzner, 2007

* OnTnyeckasa BpeMaA-rnpoekLMoHHaa kKamepa
* YcTtaHOoBKa Mynbtn Ha AKynnHa-1
* IamepeHne pagmnaumoHHON CTONKOCTU AETEKTOPOB

MSU 2007: %°Fe, ACCULINNA 2011: GSI 2012: S388, 3!Ar, ccD 2/3”
2p-radioactivity 8He, B-delayed o-t-n B-delayed 3p + 1000x1000 pix

* 12-bits

+ image ampl. (x 2000)



I[Tpeumymiectsa AKYJIMHEI-2 nepes AKYJIMHOM-1:
Yrnoeoi 3axBaT AQ 0.9 - 5.8 msr

o /10 7 KBT MOIIIHOCTH Iy4YKa
MmnyibcHBIN 3axBaT Op 2.5 -6 %

Murionmu 30° - 45° ® RIB MHTEHCUBHOCTH

BpewmsnposietHas 6asa 8 m— 12.5 m Acc2/Acc > 20

MynbTUTIO/NIBHAS ONITUKA > Bbliiie ouncTKa
RF-kicker > HoBoe KaueCcTBO 3KCIIePUMEHTOB



PasmelnieHue B 3ajie 1 paaualiioHHada Harpys3ka
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< ®=F RFE-kicker

] Hl beam from U-40



IIpousBogAIad MUIIIEHD

¥Y3en ana Bpaitjenus (5-25Hz) 6epunmreBoro aucka c
JKUJIKOCTHBIM OXJIaKIeHUEM Uepe3 Tera000MeHHUK

o 2 kBT Ha y3en (<30% MoJ/siIHOM MOIIJHOCTH)

Cucrema gradparMupoBaHUs
Kamepa ObICcTpOro JocTyIia
[TopT A npoduioMeTpa Myyka
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ITorsioTUTE B IIEDBUYHOTO IIVYKA. IadDarMoBbie OJIOKU
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v BxoJ 11 BbIXO/] MOKeT ObITh KOJIJTMMUPOBAaH

v ®okycupoBaHHad _ _
v BokoBasi cTeHKa € 3y0uaTOi CTPYKTYPOM AJis

MoitHOoCTb >2 KBT
v MeaHble getanu s
KOHTaKTa C [yYKOM

yMEHbILIeHUS] pacCesiHUs
v BoasHoe oxJia)KIeHre BX0a/BbIX0la B 00KOBLIX CTEHOK



Frequency range (MHz) 15-22,5 RF_kicker, 25 M OT MUIIIEHU

Peak voltage (KV)/ Gap (mm) 120/ 70

Length(mm)/Width (mm) of electrodes 700/120
Cylinder Internal diameter (mm) 1400
Stem diameter (mm) 120

Length of coaxial line from beam axis (mm) 1370

Current at junction (A) 990

Current in short-cut (A) 1200

RF power (Watts) 15 000

Reactance Q >12000

Df dV=1% (Hz) 80-110
e S_l : I_na_Ph_l T ''''''''''''' Fine tuner _|
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JleTeKTOpbl BTOPUYHOTO IMydKa oT H 10 Ar

ToF 25 — 250 MkmMm,
o~120 mic

0aza 12.3 m
AOcomoTHaA
KanmibpoBka ToF

MWPC no3uius ~2 MM Ha
muineny, P = 0.2 — 1 atm.
PPAC nio3unusg ~1.6 mm Ha
muieHy, P<0.02 atm.



Kpuorennsle puzndeckue MmuiieHu H., D,

VE11 VM2.1 VM2.2

e |EE| [R” vt (Ot 200 JO
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v T'a3, )XUIKUU WIN TBEPbIU
Bozopoj npu 15-30 K ¢
peKkyriepaljien BellecTsa.

v Hueniku 0,4 — 6 MM HOMUH.
TOJILLIUHBL.

v Kos-Bo Bemi-Ba >102! at/cm?.

v ToHkue 6 - 25 MKM SS
okHa D20-30 MMm.

v COopHasi KOHCTPYKIIUS

VE4.2




Kunkas 3He(nepegaua 2p), ‘+He(QFS) mumens <3.5 K

v Sumitomo RP-182B2S 4K Pulse v 2nd Stage Capacity 1.5W @ 4.2 K

Tube Cryocooler v 1st Stage Capacity 36 W @ 48 K
v Power Consumption 12-14 kW v Minimum Temperature<2.8 K

v Dimensions 1.4 x 0.5 x 0.5 m
v Weight 250 kg
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" bk (1000 cm’) T,

o 2*10! at/cm?

30 K a5 rasa

10 K g1 TBepiou (hasbl
OtcyTcrBue BeIOPOCOB T,

Tpurnesaa muineHsb (POAL] BHI/II/IBCI) T. CaDOB) 2022
bt

@25 MM, 0.8-4 MM sIUeiiku

OxkHa u3 8-10 MKM SS ¢osbru ¢
TBOMHBLIM 00HeMOM
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Beam s o= | Zero angle
detectors | __ I spectrometer

SSD+scint. |
telescopes




Zero-degree spectrometer: 3 planes XY + ToF
XY X,Y+X,Y; dE+ToF Upto 10° ions/s
 Weight~17t |8 ‘ Concentrated flux
. “Open frame” __ ' _ : ~ 4000 channels

design
R Max 1 38 T

ol ° Gap 180 mm x-580 mm
1 . Yoke lenght 330 mm
LIS S a




HoBble maHHbIE 10 CIIEKTPAM CBEPXTSKEJIBIX N30TONOB Bogopoaa "H, °H u
oOHapy:KeH1e MOJIbl CHOHTAHHOTO PacIiafia C UCIyCKAaHUEM 4-X HEUTPOHOB

D, target (jzi\{ i) |
7 ® e
My
e N (
B ' I Htelescopejm ) @%g@fﬁ
/@ | /dlap hragm’%}m’telesccopes Neutron detectors. Xjkj)
o) V' (stilbene based)

Four *He telescopes
SSD AE 20 um
SSD £ 1000 um
SSD E 1000 p_m
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*H telescope
DSSD AE 1.5 mm

Cryogenic D2 ]
I 4x4 CsI(T1) E 50 mm

gas target

Cxema ypoBHEW U BO3MOYKHBIX
104 xananoB pacnaaos *'H.
— 8- (3/2° 7
2 5/2°+3/2" i
E 6 | o (-1] " p—
T ekl (52
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2+ 2 ..«-_u ——— -
W T k)
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B nepBbix skcnepumenTax (2018-2020 rr) Ha

AKVJIMHE-2 ynanocs pa3pemInThb OaHy U3
JABHO CTOSIIIIUX 3HAKOBBIX MPOOJIEM
HKCTIEPUMEHTAJILHOU Si/IepHON (PUBUKH -
oOHapy-xenue n3oromnos °H u "H, a Taxxke
MPOABUHYTHCS HA TyTH U3YYECHUS HOBOW MOJIbI
CIIOHTAaHHOT'O SIIEPHOTO pacIaia C
OJTHOBPEMEHHBIM UCITYCKaHUEM 47.



JKcIiepuMeHTa/IbHble IpaHullbl IpuMeHeHuA OC AKYJIMHA-2

v MakcuManbHas )XecTkoCcTb I1PU 1o 4 Tn.m.

v TerumoBbeifeneHve Ha [IM orpanvueHo 2 KBT B CylileCTByro11|eM y3iie.
[IpeacraBJisieTCss BO3SMOXKHBIM yBeJiueHue 10 4—5 KBT nmyTtem mepecMoTpa
KOHCTPYKLIMU y3/1a BpaijeHus [1M.

v [Inst ©30TOMNOB O/IM3KUX IO »KeCTKOCTU K 111 MokeT BOSHUKHYTh
OrpaHUyYeHye, BbI3BAHHOE JIOKA/IbHOU TEIJIOBOU Ieperpy3Kou, 1o IpuurHe
HesKeslaTeTbHOM (hoKycHpoBKU. O0I1jas oljeHKa JaHHOTO (hakTopa He UMeeT
CMBbICJIa.

v/ YCTaHOBKa MeeT BO3MOXXHOCTh TPUHATE 10 7 KBT I111 B cyiecTByroiem
BUzie u 10 14 kBT B c/iyyae mogepHusaryu [1M.

v O61ias uHTeHcMBHOCTD [TPU B F3 orpaHrnueHa BO3MOKHOCTSIMM TTyUKOBBIX
IeTeKTOpoB He Oosee 2 * 10°,



CpaBHeHMeE C JIPyTUMH YCTAaHOBKAMU

FAIR/SuperFRS

RIKEN/BigRIPS

FRIB

INSCL/A1900

GANI

OHUAW/AKYJIHHA-2 LNS-INFN

TRIUMF/ISAC2 HIE-ISOLDE, SPIRAL2

1 ACC-2 @ U400M advantages:

Room temperature operating
Relatively low cost beam time
Runs during 3 — 5 weeks

Cryogenic targets 3He, “He
and all hydrogen isotopes
(including tritium since 2020)

ToF length ~15 m

20 20 A R SC SC
YcTaHoBKa ACC : ACC-2 iCOMBAS LISE A1900 [ RIPS { BigRIPS [ FRS SFRS
MHCTUTYT FELNR, JINiR GANIL MSU : RiKEN GSI
AQ . msr 09 : 58 i 6.4 1.0 8.0 50 ] 8.0 0.32 50
Op, % e B 6.0 20 5.0 55 [ 60 6.0 2.0 50
p/Ap , a.u. 1000 2000 4360 2200 2915 1500 3300 8600 | 3050
Bpmax, Tm 32 3.9 45 43 6.0 576 9.0 18 18
Length, m 21 38 14.5 42 35 : 21 77 74 140
Emin , AMeV 10 ] 20 40 110 50 220
Emax, AMeV 40 50 80 80 160 90 350 1000 1500




Haie mecto B Mupe
v B Mupe AerCTBYyET BCET0 HECKOJIBKO LIEHTPOB, II€ MOYKHO MOJYYUTh BTOPUYHBIE

nyuku: GSI/FAIR(I'epmanus), RIKEN(Anonus), MSU(CIIA), GANIL(®panuusi),
CERN(IIBennapus), LNS-INFN(HMtamusa), TRIUMF(Kanana) u JISAP

Intermediate energy reactions High energy reactions
(20-70 MeV/nucleon) | (>70-100 MeV/nucleon) Hamm IIPpCUMYIICCTBA.
. . e CBOd DKOJIOTHYECKAs HUIIIA
Transfer reactions Knockout reactions
* [IpuemiieMble HHTEHCUBHOCTHU
13
| B  Harm HEBBICOKHE DHEPTUU
(=3
; ’))]2 . OTJIMYHO HOAXOMSAT IS
Be llij’e 2 Be peaKIni mepeaad
(-2p)
"Li ’Li (t,JH(e_)d) bF * KpHOreHHbIE U30TOIHBIE
N Hen/ MUIIICHH
6 8 9
H He 10
: e * 3HAYUTEILHOE ITyYKOBOE
dp) (tp)

BpEMS



http://aculina.jinr.ru

Crracu60 3a BHUMaHue!

Kpynko Cepreu
krupko@jinr.ru
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