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IHouck 2p-pacnajaa nepBoro
B030Yy:KIeHHOro cocTossHus 1'Ne

B macmtabax Gonee 4eM CTOIETHETO epHOAa, POIIEIIIETO CO
BPEMEHU OTKPBITUS PAAUOAKTUBHOCTH, OTKPBITHE JBYXIPOTOHHOTO
pacrmaja aTOMHBIX siep ObLIO CIeIaHo coBceM HemaBHo, B 2002 T
(stmpo 45Fe [1,2]). K HacTosimieMy BpeMeHH SKCIIEPUMEHTAIBHO I10-
JIy4eHbl JJaHHBIE O YEThIpEX sAIpax (19Mg, 4SFe, *Ni, 54Zn), Haxo-
JUSIIUXCS Ha TPaHUIIE IPOTOHHOM CTaOMIIBHOCTH, KOTOPBIE UCTIBITHI-
BAaIOT JIByXIIPOTOHHBINA paJlMOaKTUBHBIN pacnana. OTpaxas cBoicTBa
SANEPHOM CTPYKTYpPBI, MEXaHU3M HCILyCKaHUS JBYX NPOTOHOB SBIIA-
€TCsl 4yBCTBUTENBHBIM MHUKATOPOM AMHAMHUKU MpoIiecca sIEPHOTO
pacmazia Ha TpH Tena.

Smpo '"Ne B 0CHOBHOM COCTOSHHH SIBISETCS CTAGUILHBIM B OT-
HOILICHUH BBUIETa ABYX MPOTOHOB. OAHAKO VI IEPBOTO BO30YKIIEH-
HOTO COCTOSIHUSI 3TOTO sIJ[pa, IMEIOIIET0 CIMH-YETHOCTh 3/2” 1 9Hep-
ruto Bo30yxeHust 1288 k3B, Hapsay ¢ ucnyckaHueM ramMMma-KBaH-
TOB DHEPTETHYECKH BO3MOXEH pacIiajl, IPUBOASIINN K BEUIETY IBYX
npoToHOB 1 sapa 0. Takas BeTBb Pacaia 3TOro COCTOSHHS IPEi-
CTaBISIET HCTHHHO 2P-pacmaj, Tak KaK YHEPreTHIeCKH HEBO3MOXKHO
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Search for 2p Decay of the
First Excited State of 'Ne

In the context of a 100-year time frame, the discovery of the
two-proton decay of atomic nuclei in 2002 is relatively recent
(¥Fe nucleus [1,2]). Up to now, the experimental data on the four
proton drip-line nuclei (**Mg, *Fe, **Ni, 4Zn) undergoing two-pro-
ton radioactive decay have been obtained. Reflecting the properties
of the nuclear structure, the two-proton decay mechanism is a sensi-
tive indicator of the three-body decay.

The '"Ne nucleus is particle stable in the ground state with
respect to two-proton emission, while y-quanta emission and a
2p decay to 130 are energetically favoured for the first excited state
in '"Ne with spin parity 3/2” at an excitation energy of 1288 keV.
This state is therefore a true 2p-decay since sequential proton emis-
sion accompanied by the transition to '°F — a nucleus unstable to
proton decay — is energetically unfavoured. The two-proton decay
from the '"Ne 3/2” state is of particular interest in gaining the data on

-
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TTOCIIEIOBATEIEHOE HCITyCKAaHUE TIPOTOHOB € MEPEXOOM B
AOpo 16F, HeCTa6I/IJ'[BH06 B OTHOUICHHUH BBLICTA MPOTOHA.
JIByXTpoTOHHBI pacaz 3/2 -coctostrus | 'Ne 0coGeHHO
MHTEpECEeH /IS TTOTydeHus HH(YOPMAIX O IWHAMHKE 3TO-
ro mpoliecca, Tak Kak 17Ne, HaXOIAIIUICSI B OCHOBHOM U
B TIEPBOM BO30YKIIEHHOM COCTOSTHHH, MIPEACTABISIET YHH-
KaJIBbHYIO SIIEPHYIO CHCTEMY, JUISI KOTOPOH TEOPETHYECKH
C BBICOKOM CTENEHbIO TOCTOBEPHOCTH NPEACKa3aHO CyIlie-
CTBOBaHHE ABYXIPOTOHHOTIO raio [3].

Pacuersl mnapumanbHOM IIMPUHBI ramMma-pacnajaa
YpOBHS 17Ne(3~/2*, 1288) mo moaenu 000I04€EK JAr0T OLIeH-
Ky Fy ~5,5-107° MoB [4]. PacueTbl, BEINOTHEHHBIE TS
pacIiaia 5TOro COCTOSHHMS Ha 1Ba IPOToHa 1 O, mpejcKa-
3BIBAIOT OYECHb MAJyI0 BEIWYMHY OTHOLICHHS INHPHH:
I,/T, ~(0,972,5) 107% [5]. BmecTe ¢ TeM n3MepeHue

AT THE LABORATORIES OF JINR

BEPOSITHOCTH 3TOH c1a00i BETBH pacmaja siipa I7Ne Jajio
OBl KJIFOY K ONPEJIEeNICHUI0 BO3MOKHOCTH paJMalliOHHOIO
3aXBaTa MPOTOHHOM Maphl AAPOM O, SBIAIOMIMMCS TAK
HA3bIBAEMOW «TOYKOW OXKUAAHHUSI» B acTPOPU3UIESCKOM
rp-mpouecce HyKIEOCHHTE3a. 3axBaT JBYX IPOTOHOB
TIpeAcTaBisieT co0ol MmyTh 00X0#a 3TOH «TOYKHM OXHjaa-
HUS», KOTOPBIA MOXET Ha 3—8 MOpSAKOB BEIMYHHBI yBe-
JIMYUTHb TEMII NPOXOXKACHUSA HYKJICOCHMHTE3a B IP-IIPO-
ecce.

Lenpro sKcTIepuMeHTa, BeIoaHeHHOTO B JIAAP OMSN
Ha Iy4Ke pagroakTUBHbIX sep cenapatopa ACCULINNA,
OBUIO TONYYWTH VIS pacnaja MepBoro Bo30YKIEHHOIO
yposas ' "Ne kak MOKHO Gonee HH3KHIA Ipeen OTHOMIe-

HUS sz/Fy. CocrosHus sipa "Ne 3acensum B peakumn
nepenaan 'H('®Ne, d)!"Ne npu 6omGapampoBke Bogopos-
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A schematic drawing of the detector setup
used to search for the 2p-decay branch of
the '"Ne(3/27,1288) excited state in the
TH("®Ne, d)”Ne* transfer reaction

with the combined mass method
(from d—p—p coincidences)

the process dynamics. !"Ne in its ground and first excited
states is a unique nuclear system and a candidate to pos-
sess a two-proton halo whose existence was theoretically
predicted with high certainty [3].

The shell model calculations led to an estimated par-
tial width of y decay (3/27,1288)T,, ~ 5.5- 107" MeV [4].
The theoretically predicted width ratio for the
two-proton decay to '°O was extremely small, i.e.,
[yp/T, ~(0.9-2.5)-107° [5]. However, the probability
measurements for the weak decay branch could be the key
to the determination of the radiative capture of the proton
pair by >0 known as a “waiting point” in the astrophysi-
cal rp process. The 2p capture is known to be a possible
by-path for the “waiting point” and can speed up nucleo-
synthesis in the rp process by 3—8 orders of magnitude.

The experiments were performed at the Flerov
Laboratory of Nuclear Reactions, JINR. The objective was
to obtain a smaller ratio I',,/T’,, for the decay of the first
excited state in !"Ne using beams of radioactive nuclei at
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ACCULINNA. The '"Ne states of interest were populated
in the 'H('®Ne, d)!’Ne transfer reaction. A hydrogen target
was bombarded by a beam of '®Ne radioactive nuclei at
35 MeV/nucleon with an intensity of 3.6-10% s™'. In the
process, a neutron from the '*Ne nucleus hits the hydrogen
target nucleus thus forming a deuteron. The reaction under
discussion used to populate the !"Ne 3/2" state is the best
possible choice since its transverse cross section is dozens
of times higher than that of the reaction resulting in the
"Ne(5/2, 1764) state, the nearest within the energy range.
The decay of this and other high-lying ! "Ne states involves
a sequential two-proton emission, which complicates the
detection of the weak two-proton decay branch of the
"Ne(3/27, 1288) state. In particular, a new upper limit for
the branching ratio I'yp/T",, < 7.7 1073 was set and earlier
discussed in [6].

The experimental results obtained by the
ACCULINNA group were published in [7]. The authors
developed and used a novel method — a combined mass
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HOM MUUIEHH IIYYKOM paJMOaKTUBHBIX sIEp ¥Ne ¢ 3HEp-
rueii 35 MaB/aykion n uHTeHCHBHOCTEO 3,6 10* ¢! B
TakOM IIPOLECCE HEUTPOH M3 sApa ¥Ne [IEPEXOANT HA
AP0 BOAOPOTHOW MUIIEHH, 00pasys neiTpoH. Bribop
yKa3aHHOHN peakIy ONTHMajeH BBHAY TOTO, YTO IIOIIE-
peyHoe CeYeHHe PeakKlnH, 3aceistomeil 3/2 -cocTosiHne
"Ne, B ecsiTku pa3 mpeBOCXOINT 110 BEIMUHHE CEUCHHE
peaxIuy, MPUBOMAIMICH K TONYYCHUIO ONIKAWIIEero o
SHEPTHU COCTOSHHUS "Ne(5/27, 1764). Pacmax storo co-
CTOSHHSL M JPYrHX COCTOSHHH ' 'Ne, HaXOISIIHXCS
BEIIIIE TI0 DHEPTHUH BO3OYKICHUS, UIET ITyTeM MOCIIeIOBa-
TENBHOTO WCIYCKAHWS IBYX HPOTOHOB. DTO OCIOXKHSIET
3amady OOHapy)KeHHs cllaboi BEeTBH 2p-pacrafa ypOBHS
"Ne(3/27,1288). B wacTHOCTH, (JOHOM MPOTOHOB OBIT
orpanmieH mpenen orsowmenus I'y,/T', <7,7- 1073, mo-
JTy4eHHBIN paHee B [6].

Pe3yipTaThl 3KCIEPUMEHTOB, BBIIOIHEHHBIX TPYII-
moit ACCULINNA, 6putn omyOnukoBaHbl B pabore [7].
ABTOpHI pa3zpaboTayii ¥ MPUMEHWIA HOBBI METOJI OTpe-
JICIICHHSI CIIEKTPa BO30Y)KICHHBIX COCTOSHHUI siipa 17Ne,
WCTIBITBIBAIOIINX 2P-pacnaj, HONMyYUBIINKA Ha3BaHHE Me-
TOJIa «<KOMOMHUPOBAHHOI» Macchl. B 3ToM MeToze criekTp
PE30HAHCHBIX COCTOSTHUH Ne, pacnajiammmxcs MmyTeM
UCIYCKaHHA IBYX IPOTOHOB, ONPEACISIETCS PErHCTpanu-
el 3TUX MIPOTOHOB B COBMAJEHUU C JedTpoHOM. Jlis pe-

method — to determine the excitation spectrum of '"Ne
associated with 2p decay. Using the method, a spectrum
of 2p-decay resonance states of !’Ne is measured by the
detection of protons in coincidence with a deuteron. One
requirement should be fulfilled when registering a deuter-
on: its emission angle must be measured with the deviation
not exceeding one degree, which is sufficient enough to
specify the energy and escape direction of '"Ne with an
accuracy of 0.06% and 0.1°, respectively. Therefore, the
7Ne decay energy can be precisely measured by defining
the energy and escape angle of each of the two protons
emitted in coincidence with the deuteron.

The objective of work [7] was to test the combined
mass method and use it to search for the weak 2p-decay
branch of the first excited state of '’Ne. Using the novel
method in work [7], a new upper limit obtained for the
width ratio, I‘zp/I‘y <1.6-107%, was established for the
3/2" state of !"Ne. The value of the limit was lower by a
factor of 50 compared to that defined in work [6]. The re-
sults presented in work [7] rule out the predictions of the
simplified di-proton decay model (two-particle model) [6],
which yielded a higher width ratio for !"Ne.
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TUCTPAIMU JEHTPOHA €CTh JIUIIb OJHO YCIOBHE: YTOJI €T0
BBIIETA JOJDKEH OBITH OINPEIEIICH C MOTPEITHOCTHIO, HaXO0-
Jsuieiics B mpeaenax OfHOIO rpanyca, JOCTaTOuYHOM JUIst
OTIpeNIeNIeHUs] PHEPTUH M YITIa BBUIETAa 00Pa30BaBIIETOCS
saapa "Ne ¢ TounocTBIO 0,06% u 0,1° cooTBETCTBEHHO.
Takum 00pa3oM, U3Mepsist SHEPTHIO U yTOJN BBUIETA KaXK-
JIOTO W3 JBYX IPOTOHOB, UCHYIICHHBIX B COBIAJCHUU C
JNEUTPOHOM, MOXKHO OMPEAETUTH C XOPOIIEH TOYHOCTBHIO
SHEPTHIO paciaia Ne.

Pabora [7] mocBsiIieHa WCIBITAHUIO METO/a KOMOU-
HUPOBAHHOW MaCCHI 1 IPUMEHEHHUIO 3TOT0 METO/IA JIS TI0-
HCKa c1abOW BETBH JABYXIPOTOHHOTO pacmana IepBOTO
BO30Y>KICHHOTO YPOBHS "Ne. C momonipko 9T0ro HOBOro
MeTona B pabore [7] mis maHHOTO 3/2 -COCTOSHUS
apa "Ne 6bu1 YCTaHOBIJICH HOBBI TIpE/e] OTHOIICHHS
mmpun:  T'pp /'), <1,6- 1074 TlomyueHHsIi pesymbrar
B 50 pa3 HIKE 110 BEIMYMHE B CPABHEHUU C PE3YJbTaTOM
paboter [6]. Pesynbrarel paboThl [7] MO3BOISIOT MUCKITIO-
YUTh U3 PACCMOTPEHHS MPUMEHEHHE YIIPOUICHHON MOe-
JU TATIPOTOHHOTO paciaja (IByX4acTHYHOU Mojenu) [6],
IaBIEeN I I7Ne Gonee BbICOKOE 3HAYCHHE BEIMYMHBI
OTHOIICHUS INPHH.
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