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[1naH goknaga

» Obuee onncaHme yCTaHOBKM

» MeToabl O4MCTKM MOHHOTIO NMy4Ka 1 N3MEPEHNN Macce B
nosyLke NeHHnHra Ha JYFLTRAP

» OkcnepumeHTbl Ha JYFLTRAP




PacnonoxeHue |GISOL-4 facility (lon Guide Isotope
Separator On-Line)
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JYFLTRAP, 1BouHas noByLwkKa lNeHHUHra
* BbICOKOMPEeUn3noHHbIE U3MEPEHUA MacCC
//f * WaobapHas/I3omepHasi ouncTKka MOHHOIo
vé nyyka -~
H —> [NocT-noByLLe4yHas CnekTpoCcKonu4
—> lNonyyeHne o4yeHb YMCTbIX 0O6pa3LoB

KonnunHeapHas
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CMEKTPOCKONUS

[MocT-nosyLeyHas
CMEeKTPOCKOMNnA




LIMKNOTPOHbI
MCC30/15

YcKopsieMble 31IEMEHTBI: p — Xe Axeprua p: 18—30 MaB

OHeprusi: E__ = 130 QA MeV JHeprua d: 9 — 15 MaB
Tok ny4ka: 200/62 pA

cnonb3oBaHue:
* |IGISOL
* HapaboTtka pagMon3oTonos




,D,OCTyI'IHbIe MNy4yKn MOHOB

> OdonanH
WoHHbIe ucmo4YHUKU rneped 6aH4Yepom:._

— [NoBEPXHOCTHO-NOHM3AUMNOHHBIN UCTOYHUK (MOHbI  CTabUNbHbIX
nsortonos Cs, Rb, K)

— JlazepHbI NCTOYHUK (MOHbI OT TBEPAbIX MULLEHEN — MeTansbl,
okcuaebl, ...)

VOHHbIe UCMOYHUKU Ha 8MOopoM amaxke (reped QurosibHbIM

MazgHUMmom):

— [NoBEPXHOCTHO-NOHN3ALMOHHbLIN UCTOYHUK (MOHBI  CTabUIbHbIX
nsortonos Cs, Rb, K)

— [@a3opa3psaaHbIN MIOHHBIN UCTOYHUK (MeTarnsbl, MOPOLLKU, rasbl)
» OHnauvH

— [poaykTel geneHna U, Th ¢ ncnonb3oBaHMeM NPOTOHHbLIX UK
OENTPOHHbIX MY4YKOB
— [1poayKTbl peakumn CNUAHUA-UcnapeHns (NErknue n TSXXKENbIE NOHbI)




[TonydeHune npoayktoB peakumn (lon Guide technique)

Pa3spaboraH Ha JYFL B 1980-x:
J. Arje, J.Aysté et al., PRL 54 (1985) 99
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> TOHKaa MULLIEHb
> flapa oTaauM ocTaHaBAMBAOTCA B
renmm
> 3apanoBo-obmeHHble peakuum BHe
—> xopolas ¢ppakuma 1* noHos
—> NPUCYTCTBYIOT TaK»Ke 2* NOHbI
> HeT HeobXx0AMMOCTM NCNOb30BaTb
OTAEe/IbHbIE MOHHbIE UCTOUYHUKM

Beam

.

BbICTPbIN M YHUBEPCAbHbIN

MeToAabl nony4vYeHUsa HYKNUAoOB Ha

IGISOL.:

> Peakumun cnvsHnsa ncnapeHus c
NErkumMmmn noHamm

> Peakumun cnvsHUSa ncnapeHus ¢
TSOKENBbIMU UOHAMMU

> [enenune U/Th p- n d-nyykamm

Light ion guide
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INosywku lNeHHnHra JYFLTRAP

’ I'IO,EI,FOTOBI/ITEJ'II::HAFI : N3MEPUTEJIbHAA

: NOBYLLKA H NOBYLLKA

(onsa noearnbHOW
NOBYLLIKN)

aKChanbHoe
OBUXeHue

MOAUULMPOBAHHOE

aKkcuanbHoe 1 LUKNOTPOHHOE OBUXEHNE

MarHeTpoHHOe OABUWXEHNE




PaguodacTtoTHOe BO3DYXOeHME NOHOB B JNIOBYLLIKE

@ NoHbI B LEHTPE JNTOBYLLUKN
o

HAdunonbHoe PY-B0o36yxaeHne Ha
CcODOCTBEHHOW YacToTe ABMXEHUS NOHOB-
yBenunyeHne paguyca aBumxeHus

KeadpynonbHoe PY-Bo36yxaeHune Ha
CcOBCTBEHHOM LIMKNOTPOHHOW YacToTe MOHOB-
KOHBepTauma paananbHbIX ABUXKEHUN
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MarHeTpoHHOe ABUKEeHUe MoAUdULMpOBaKHOe
UMKNOTPOHHOE ABWKEHME




[ToaroToBuTenbHas noeywka [NeHHUHra: Mmacc-cenekTuBHoe
oxnaxkgeHue B bydepHoOM rase
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N3meputenbHas nosyLlKa: BpeMsAnponeTHbIM MOHHbIN
LIMKNOTPOHHbLIN pe3oHaHc (ToF-ICR)
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Pam3eun Bo3byxaeHue

noctoaHHasa PY amnnutyaa
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Radius (arb. units)

Transmission (arb. units)

Pam3ein o4ynctka ny4vka
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Pam3ein o4ynctka ny4vka
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daszoBbin MeTof (Phase-Imaging lon-Cyclotron resonance)

STajioHHas (aza

neHtp (¢uHajibHas aza




daszoBbin MeTof (Phase-Imaging lon-Cyclotron resonance)

VlsmepMTen bHAA JTOBYLLUKA

PaguanbHoe OBUMXeHue
MOHOB B NOBYLLKE

YBenudenHas |
npoekuus ’

[TO3NLUMOHHO-
YYBCTBUTENMbHbIN
geTekTop

N3obpakeHne pagmanbHOro
OBWKEHNA MOHOB Ha eTeKTope




CpaBHeHue ha3oBoro Metofa ¢ BPeMSAMNPONETHLIM

OHRIIRS BRIRQJIAH FOHRT: SRRRACTCHHS M TRORHOH

HaCTOTHhI.
(8ve)ToF-ICR _

~ 1.6mr = 5
HacTOTBL: ~ = = [

0 Bosee BBICOKAS! paspelnarommas CriocoGHOCTS:

¢ bornee BbICOKas pa3peliaroias CriocOOHOCTh:
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%?@f%qlsﬁcggg 1oa4b e mhdRy ATy = 50 um)

¢ bonee BbICOKAsi YyBCTBUTEINBLHOCTD




LleHTp
NOBYLLKK

daz3oBbin metoag Ha JYFLTRAP

2D MCP
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icnonb3oBaHne pa3oBoro Metoda ans onpeneneHuns
N30MEPHOIro COCTOSIHUSA

30

Jv = (6) T,,=5.8(2)s
E* = 0#(300#) keV

Ji=(6")  T,,=6.4(8)s

ME = 61680(150) keV

5Tc

reaction: "Ni + °Ar
N(8Tcm)/N(88Tce) =~ 7% ~5 ions/min after the traps




Mynetn-spemsanponetHbin (Multi-reflection time-of-flight)
Macc-aHanuaaTtop Ha JYFLTRAP

Potential (V)
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Mynbetn-epemsanponetHbin (Multi-reflection time-of-flight)
Macc-aHanuaaTtop Ha JYFLTRAP

e Macc cenapaTtop/cnekTpoMeTp

e bornee ObICTPbIN BPpEMEHHOW LIUKIT UBMEPEHUA, YEM B JTOBYLLIKaAX
[1eHHUHra

e CNocobHOCTb NPOBOANTL N3MEPEHUA C Donee HU3KUMHK
OTHOLLUEHMAMM XOPOLLUMUX NOHOB K MIIOXUM

e Xopowasa paspeluatowtas cnocobHocTb (40 R = 10°) Hennoxas
TOYHOCTb ANl UBMEPEHUIN MaCC
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N3amepeHua macc Ha JYFLTRAP

aHeprun
M(Z,N)=Z-M,+N-M, —B(Z,N)/c? CBA3M
HYKNOHOB

Macchl
anep

) Aaradipesmea (i~ un Mp-TPOILRCE,, TOMKV OXUAAHURA)
) HisrmpanHser diwsnie (Q-semum i
AnA Hir vinBGHeRedecoB)

MRS STRWTHRS FAED (O6OTSNM, AeepMaLny,
ML HEBNN, WEEOBRE WEFEMU,; SHEPFAN

RORRRAGHUT )




N3mepeHne macc HENTPOHOU3DLITOYHBIX N30TOMOB
PeOKO3EMENbHbIX AJIEMEHTOB

yield

Normalized to 112Rh | 1 . Yb ions/s
- {yield of 100000 ions/s -+ + + + +4Tm
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proton number
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#Gd, 1%Gd,
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8 okmsibpe 2017 a.




Pesynbratbl U3aMepeHnin Mmacc HEMTPOHOU3OLITOYHbIX
N30TOMNOB pPeaKo3eMerNbHbIX 3JIEMEHTOB

107!

AME16 + FRDM12
with JYFLTRAP masses

ArIeMeHTOB
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QHeprumn otaeneHns HentpoHa MmeHblue npyu N=98, 100 n 102, yem
npeackasbiBanocb TEOPETUYECKMMN MOAENSAMN

CyLiecTtBoBaHNe HeUTPOHHOM aedopmmnpoBaHHon obonodkn N=100 He
noaTBEPLANNOCH

M. Vilen et al., submitted to PRL



Maccbl gns nsaobapuyeckoro ksuHteta A=52, T=2

W e WeRT TR uaobapuyeckoro mynstvnneta (IMME):
M(A,T,T,) =a(A,T)+ a(A, T)T, + c(A, T)T,”

Hrtes s Sy
RSS! QSR ESTS NN SESD

*  SHRUN NESERWHRSHR ABTOFOBRK SasTemes (IAS)

Ha JYFLTRAP 0b1i11 u3mMepeHbl
MAaCChI:
v 52C0, 52Com
v 52Fe, S2Fem
v' 52Mn

“Fe+p




Macchbl °2Co 1 52Co™: pesynbrarhl

“* [NepBoe n3mepeHune 2Co B nosyLlKke NeHHNHra
{ % T,,(®Co) = 104(7) mc
] <% 52Fe(p,3n)52Co @ 50 M3B: 0 = 3 MkG (TALYS)

Mean time of flight (us)
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‘-SOI-2OI—1OI0I10‘20I30
Vee - 2068074.21 (Hz)

ME(%2Co™), k3B ME(52Co), k3B

JYFLTRAP -34331.6(66) -34958(11)

(D.A. Nesterenko, et al., J. Phys. G, 44, (2017) 065103)

3 10
CSRe -34361(8) 9 |.33974(10)

(X. Xu, et al., PRL 117, 182503 (2016))

AME2012/NUBASE2012 -33990(200)# -33610(220)#

JYFLTRAP: Ex(52Co) = 374(13) kaB

Ex(2Mn) = 377.749(5) k3B
CSRe: Ex(®2Co) = 387(13) k3B




Pesyneratbl namepeHun c °2Co:
cxema ypoBHeW *-pacnaga 52Ni

PaHee npu nsydeHnn pacnaga ?Ni 6bino npegnonoxeHo, 4to T=2, J==0* IAS

COCTOAHNE paclnagaeTcqd 4Hepes Bp n BY
C. Dossat et al., Nucl. Phys. A 792 (2007) 18; S. Orrigo et al., PRC 93, 044336 (2016)

0+

52Ni
B (T,=-2)
B Hawen paborte:
B-3anasgbliBatoLLne
NPOTOHbI BbINETAT U3 o-_ IAS 2035(13) {2922(13)}
COCTOSAHUA HMXe |AS 2767(15) {2770(15)}

25355) 72 1349(10) | 2418.3(3) {2407(1)}

{1352(10)}
R Gt
5SiFe + 1
(19 L 516(13) {515(13)}
142.3(1) {1

|:| (D.A. Nesterenko, et al., J. Phys. G, 44, (2017) 065103)




[MpoBepka ypaBHEHUsT ANst n306apn4eCcKoro MynsTUnIeTa
(IMME) npn A = 52

Ncnonb3ys namepeHHbole Ha JYFLTRAP 6onee ToyHble 3Ha4veHna macc 52Co, 52Fe, °Mn
(+ TabnnyHble macchol 52Cr, 2Ni n E*(*?Fe), E*(°2Mn)) Hawnu koadpdpuumenTsl ansa IMME

Keagpatnynbin IMME JYFLTRAP dour:
v%/n=2.4.

Kybuyeckuun koacpduuymeHT d

N W
S, -
N

(this work) [Mpenbliayliee 3Ha4YeHue:
(CSRe) 1 28.8(45)
(Su etal.)

> > r - |

O 01 O;n
WM

| JYFLTRAP(52Co, %2Fe, 52Mn):
|1 6.0(32) kaB

% | ¥ | CSRe (2Co):
6.5(45) kaB
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Mass number A
(D.A. Nesterenko, et al., J. Phys. G, 44, (2017) 065103)




®2C0o v rp-npouecc

S,(*2Co) = 1418(11) keV S,(*Ni) = 2588(26) keV.
AME12: 1077(196)# keV AME12: 2930(197)# keV
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s1Fe(p,y)*Co-2Co(y,p)FFe
— JYFLTRAP

¢ 52Co(p,y)>*Ni—-53Ni(y,p)52Co
/ — JYFLTRAP
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OmHouweHue cKkopocmu CbOITIOpaCLL(eI'IﬂeHUFI K CKOpocmu 3axeama ripomoHa

B 52Co npoToHbl 6onee cBsa3aHbl, B 53Ni NPOTOHbI MEHEE CBSI3aHbI
4yeM npeackasbiBanocb AME2012




Q-BenuymHbl ana - v B pacnagos *Zr

_I_
0 146.1 (4+) 04-ro Fiophpxaiopsaaka

44.2 (5+)
Nzt N\ 96Nb \oﬁu s -

QB_ = 163.96(13) T12=23.35(5) h

2438.5 (5+)

EE Alanssari et al., PRL 116,
Qp-f~ = 3356.097(86) o+ 072501 (2016)

96Mo

[1Ba nepuoaa nonypacnaga: OxuaaeMblii
)
NEMO-3: T Vf/g = (23 + 02) X 1019 J1ET [1] T B _ (16 + 02) % 1019 ner

reo-xum.: T, ,, = (0.94 £ 0.32) X 1019 neT 2] 31|</Czr|;p|/|MeHT

T. P> 2.6 %101 ner 3
OHV MOTYT COrNacoBaThbCs, ECNN /27
NPUCYTCTBYET KOHKYPUPYIOLLWIA B-pacnan Pacuetbl (QRPA)

ﬁ — 19
— 2vB [~ — B\ — | = X
(T1/2) 1 _ (T V1/2) 1 | (T1/2) 1 1/2 24 X 107 neTt 4

(Tl/i)‘l e Q13

[1] J. Argyriades et al., Nucl. Phys. A 847, 168 (2010); [2] M. E. Wieser and J. R. De Laeter, PRC 64, 024308 (2001);
[3]A. S. Barabash et al, J. Phys. G 22, 487 (1996); [4] H. Heiskanen et al, J. Phys. G 34, 837 (2007).




%Zr + p = %NDb(T,,=23.35h) + n

Q-BenuymHbl ana - v B pacnagos *Zr

JYFLTRAP AME(2012) JYFLTRAP - LEBIT
I i l., , . I l.,
e soa01 016 AME2012 | (G SO Gotsy
3356.097(86) 3349(2) 7.1(2) 3355.85(15)
QBB, k3B
163.96 (13) 162(4) 2(4)
, KaB

ﬁ@ﬁ = 11 x 10*° ner.
Mepecidr QIFFRNIIaNSHIM TGRS, YN0 HoB2% QrBRMituME BHOOHT TOMNBIKD
& 5T WANSHEHUT B NSNS MSTYRASTEER -

€2 [ReEsHeTEs | ((EmTm e HEER MOIEDT)) © YHHETOM MEMSPEHHON Q) -Eemuritiitsl:

PacxoxaeHue B nepuopgax nonypacnaga (NEMO-3 u reo-xum.) He ObIno
yCTPaHEHO

(Heobxoanmo HoBoe nsmepenue T, /";)




N3mepeHune pasHuubl macc 'Ge — "'Ga

GALLEX, SAGE petekTopsl: "'Ga(v,, e7)"'Ge

""Ga-aHomManusi: KanmbpoBka AETEKTOPOB ¢ NoMOLLbO *'Cr 1 3’Ar NCTOYHMKaMM
nokasana MeHbLLUUN MOTOK HEUTPUHO, MO CPaBHEHWUIO C PACYETHbLIM

Hsatrazuwo ToHE S Q-Bemmminiy pearupm, YTobisi NPoOBEPUTHL Ce4YEeHne
et (ft < Q)
Q = 232.69(15) kaB — ucnonb3oBanack B pacyeTax (J. Bahcall, PRC 56, 3391 (1997))
Q = 233.5 (12) kaB — namepeHo Ha TITAN (D. Frekers et al., Phys. Lett. B 722, 233 (2013))
Q =232.443 (93) KoB — N3MEPEHO Ha JYFLTRAP (M. Alanssari et al., Int. J. Mass Spec.
406, 1 (2016))

8 12 pa3 6oriee mo4yHoe 3Ha4yeHue!
("Ga + p - ""Ge(T,,=11.43d) + n)

Hoeoe 3HaueHue Q-8enu4uHbl He ycmpaHUusio aHoMarluko
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