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Dubna80s 12C 3.6AGeV _3a_ws_ 2Be8 ev92
Eize 3.6 AGeV, Py=~45AGeV/c

Lab. System CMS 3a

Pair solid angles: Transverse momentum:
0 = 4 mrad 0 = 2 mrad G = 2 mrad
aay o0z aztts P*Ta =34MeV/c P*p =33MeV/c P =12MeV/c
Transverse momentum: 1 @2 @3
P Ta, = 34MeV/c P Ta, = 89 MeV/c P Tay = 70 MeV /¢ : Azimuthal angle differences:
PT = 187 MeV/C w* —_ 159“ ® ° i o
sum = = 102 = 99
Excitation energy: ik W 103 v 23

Quya, = 291keV Q4 4, = 99 keV Qua, = 94keV
Q3. = 323 keV

Azimuthal angle differences:
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lljorlcrz e walaa =15 lljazag =23

:qual% =P transition to CMS 3a —>
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Kaacrepras cTpyKkTypa JlerKHX sjiep H poiab B Heii
HecTaGHabHBIX sizep 'Be m ’B m3ywaercs B mpoekre
BEKKEPE/Ib Ha ocHoBe clIloeB siIepHOli 3MYJbCHH,
OpoxoJdbHO  OOJMYUeHHBIX Ha  HYKIoTrpome OHAH
peansTaBHcTcKEMH aapamua Be, B, C 1 N, B ToM uncae ux
PaaHOAKTHBHBIMH H30TOIAMH. Hccaenopanne
HeliTpoHONePHIATHLIX siiep HMeeT 0codble MPeNMYIIeCTBA
H3-3a OobIIeli MOJHOTHI H HPOCTOTHI HHTEPNpPeTAHH.



10B (1 A GeV) — 2He + H | \
Q,,= 87 keV |
Qiup = 352 keV
0,,= 5.3 mrad
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®parmMeHTanusA "Be — 20 nporeKkaerT B 0CHOBHOM (0koy10 80%) 4epe3 cocTOSIHUA 0" m 2"
sigpa  "Be ¢ GAM3KHMH BeposiTHOCTSMH. Il KOrepeHTHOH IHCCONMALMH Yepe3 3TH
COCTOSIHMSI OTCYTCTBYeT pa3jinvule pacnpejeljieHHii M0 CYMMAapHBIM HoMNepevYHbIM
HMIYJIbCAM o-map. JTH HAGIIOJeHHS MOITBeP:KIAIOT NPeICTABIeHHsT o supe  Be,
MpeInoaraloie NPUCYTCTBHe cymepno3nuuu cocrostamii 07 u 2 sapa *Be ¢ 6umsknvu
BePOSITHOCTSMH B €r0 OCHOBHOM COCTOSIHHM.




Channel
B+H
Be + He
Be + 2H
3He
2He +2H
He + 4H
Li+He+H
Li+3H
6H

100 (100 %)

IIC
6 (S %)
18 (13 %)

25 (17 %)
72 (50 %)
15 (11 %)
5 (3 %)

3 (2 %)

II}C
1 (0.4 %)
6 (2.6 %)

12 (5.3 %)

186 (82 %)
12 (5.3 %)

1 (0.4 %)
9 (4 %)

’C
15 (14 %)

16 (15 %)
16 (15 %)
24 (23 %)
28 (27 %)

2 (2 %)
6 (6 %)
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Macrophoto of the coherent dissociation event of 1.2 A GeV C nucleus into pairs of He
and H nuclei; a) primary track, approximate position of interaction vertex and appearance
of fragment tracks and b) tracks of fragments are resolved; opening angles between tracks

are ®;g. = 5.9 mrad, @HeH 8.6, 16.6, 3.0, 17.6 mrad, O,, = 20.1 mrad. Both 2HeH triples in
the event correspond to °B decays.
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Q , MeV P 542, MeV/c
Distributions of all “white” stars '°C — 2He + 2H (dashed histogram) and the
ones with the presence of 8Beg.s. (’B) (solid histogram) over energy Q202p ()
and total transverse momentum Pr;,;, (b).
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Selection of the '"C “white” stars accompanied by SBeg_s, (’B) leads to appearance in the
excitation energy distribution of 2a2p “quartets” of the distinct peak with a maximum at
4.1 £ 0.3 MeV. Distribution over the total momentum of 8Beg_s_Zp ensembles is described by
a Rayleigh function with the parameter 127 + 16 MeV/c. A single 2a2p “white” star in
which both 2ap triples correspond to a °B decay is observed.




Distribution ''B and B “white” stars
over charge channels.
8) channel B B
~ | Be+H 2 (1.5 %) 25 (48 %) |
O 2He + H 108 (77 %) | 14 (27 %) C(OO
Q) He + 3H 18 (13 %) 12 (23 %)
< Li+He |5(3.5%) -
Li+2H S (3.5 %) -
SH 2 (1.5 %) -

The early analysis of the NTE exposured in 2001 to 1.4 GeV '°B nuclei has pointed out that
triples 2ZHe + H constitute about 65% among 50 “white” stars found to that time. However,
origin of this effect has not been studied being in a “shadow” of emerging studies with
radioactive nuclei. Meanwhile, the the 2He + H triple dominance indicate the possible
presence in '’B of structures ng.g, + n side by side with the mirror one °Be + p. It is
interesting to verify whether they have equal contributions or not. Another opportunity is
that the '’B nucleus can incorporate the “dilute” *Be cluster in the superpositions SBeg.S. +n
and *Be,. + n. Both them are leading to 3-prong “white” stars out of ng,;, decays.
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Distributions over opening angle Ogg., .+ between fragments sBeg,;‘

Distributions over opening angle @y, between He fragments in all and H fragments in 'C “white” stars (dotted), all ''B stars
10

B stars 2He + 2H (dashed), “white” '°B stars 2He + 2H (hatched). (dashed) and “white” "B stars (hatched).

The *Be nucleus is manifested in the coherent dissociation ''B — 2He + H with a
probability of 25 £ 5 % including 14 + 3 % via ’B decays. A ratio of probability of
the mirror channels °B + n and *Be + p is estimated to be 6 = 1.

The unstable molecule-like nucleus °B (sBegs + p) and stable Be can have roughly
equal roles as the core of the B nucleus. At the same time, the *Be nucleus in the
"B core can be present not only as an integrated formation, but also as a
superposition 8Begs/sBeH + n analogous to the unbound ’B nucleus (SBegs + n).
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Distributions over opening angle Oy, between He fragments in all

Distributions over opening angle ©@y. between He fragments in all
'1C stars 3He (dashed) and “white” "'C stars 3He (hatched).

1€ stars 2He + 2H (dashed), “white” ''C stars 2He + 2H (hatched).

BegS decays are presented in 24 =7 % of 2He + 2H and 27 £ 11 %

of the 3He of the 'C “white” stars.
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Distributions of all found stars Be — 2He (left top, dotted), B -
2He + H, ''C — 2He + 2H (hatched) and “white” stars 'C — 2He +
2H (solid) over energy Q,, of 2a pairs and energy Q,,, of 2ap triples.

The absence of the stable of isotopes *Be and °B nuclei fundamentally determines
the course of nucleosynthesis, forcing it to bypass these gaps in the isotope table. At
the same time, the absence of stable ground states of these nuclei does not prevent
their participation in the structure of heavier nuclei.



ON NUCLEAR REACTIONS OCCURRING IN VERY HOT STARS. 1. THE
SYNTHESIS OF ELEMENTS FROM CARBON TO NICKEL

F. HovLe*

MoUNT WILSON AND PALOMAR OBSERVATORIES
CARNEGIE INSTITUTION OF WASHINGTON
CALIFORNIA INSTITUTE OF TECHNOLOGY

Received December 22, 1953

E, in *C J T Cen. Decay
0.285 MeV (MeV + keV) (keV)
0.093 MeV s 0%:0 - stable
7.65M
2#
4.43891 4+ 0.31 270 (10.8 4+ 0.6) x 107¢
7.6542 £0.15 070 (8.54+1.0) x 1073 v, T, Q




Physics of Atomic Nuclei, Vol. 58, No. 11, 1995, pp. 1905 - 1910. Translated from Yadernaya Fizika, Vol. 58, No. 11, 1995, pp. 2014 - 2020.
Original Russian Text Copyright © 1995 by Belaga, Benjaza, Rusakova, Salamov, Chernov.

ELEMENTARY PARTICLES AND FIELDS

Experiment

Coherent Dissociation 2C — 3a in Lead-Enriched Emulsion
at 4.5 GeV/c per Nucleon

V. V. Belaga, A. A. Benjaza?), V. V. Rusakova, J. A. Salamov®, and G. M. Chernov

40 = Joint Institute for Nuclear Research, Dubna, Moscow oblast’, 141980 Russia
Received May 16, 1994; in final form, March 6, 1995
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Abstract — The transverse-momentum distributions and correlation characteristics of relativistic o particles
from the coherent dissociation of a carbon nucleus into three o particles at 4.5 GeV/c are studied in lead-
enriched emulsion. Comparative analysis of data obtained in ordinary and lead-enriched emulsion stacks is per-
formed. It is shown that the statistical model of rapid fragmentation does not describe the momentum and cor-
') O - relation characteristics of o particles in the rest frame of the carbon nucleus. The estimated decay temperature
= of 12C is weakly dependent on the target atomic mass. It is shown that the carbon nucleus undergoing fragmen-

tation acquires angular momentum in the collision.

[ — |
0 20 40
M* - 3M_, MeV/c?

- .

Fig. 5. Total distribution in the effective mass of three o par-

ticles from the reaction '*C — 3a; the values of M3, are
shifted along the abscissa by the doubled a particle mass.
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Ba:kHO PACHINDHTH OXBAT IO YHepPrHH siaep ~C, HOCKOIBKY TeOpPeTHUYECKHe PACUeThl cevueHHii
3JIEKTPOMATHHTHOIH JHCCONMHAIMH JIETKHX SI/IePp YKa3bIBAalOT Ha IMHPOKHII MAaKCHMYM B 00J1acTH
HeCROJAbKO coT MHB Ha nywkioH. IIpn cHH:KeHHH >HepPrul sifep BOHHKAET H PAI NPAKTHYECKHUX
ya00cTB. Bo-mepBbIX, BO3pacTaeT BH3YAJbHbIH KOHTPACT MekKAY (parMeHTHBIMH O-IapaMH H
Y3KHMH OapaMi OT pacuaaoB 8Begs. Bo-BTOpBIX, CHIZKAETCH 10J151 (POHOBBIX COOBITHII ¢ POKIACHHEM
3apsiZKeHHbIX Me30HOB. B-TpeTbHX, ympomiaercsi paspaBHHBaHHe Hpogu/Is NydYKa Ha BXojJe B
cronry S1J. DPpderT TOpMOKEHHS MEPBHUYHOIO siApa B cpeae I moiker ObITh KOMIEHCHPOBAH
HHBADHAHTHBIM HNpeICTaBJIeHHEM YHEePruH ¢-nmapbl, a TaK/Ke CY/KeHHeM [0 HANPABICHHIO MYYKAa
odJ1acTH mpocMoTpa H).
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MeponpusiTusi, ocymecTBIeHHble coTpyaHHkamMa H®BD B nexkadope 2016 r. m ampeae 2017 r., NO3BOJIHIH

KOHTPOJHPYEMBIM 00pa3oM 00IyunTh cTOoNKH c10oeB 9. /st odecnevyeHns NJIOTHOCTH YacTHIl B MecTe o0ayuenns: 2000-
= 2 -

4500 smep/cM” ObLT H3MeHEeH peKHM MeJJIeHHOI0 BbIBOJA, CHHKeHA 3(r(eKTHBHOCTH BHIBOJA, VIaJIeHA TOMOJHHTEIbHO

TOYKa o0ayueHHs I, coxkpameHa aauTeJbHOCTH BbIBoda. K mroHio 2017 r. B caoax D, odayuennsix B UDPBI,
00HApYKeHO H H3MepeHo 54 codbiTHa *C — 30 npu 1 4 I'3B/c, B ToM uncae 23 «de

JABIX» 3B€31bI.
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®,,. 10 rad. O MeV
Projectile <@, > (Ryﬁ, 10° rad | <Q,,> (RMS),
(Py, A GeV/c) | (020 < 300keV) keV
2C 4.5) 2.1+01 (0.8) 109 + 11 (83)
N (2.9) 2.9 £0.2 (1.9) 119.6 +£ 9.5 (72)
“Be (2.0) 4.4+0.2 (2.1) 86 + 4 (48)
UC (2.0 A.6+0.2(1.9) 63 +7 (83)
1C (2.0 4.7 £0.3 (1.9) 77 + 7 (40)
B (1.6) 5.9 +0.2 (1.6) 101 + 6 (46)
“C (1.0 10.5 + 0.6 (3.6) 118 + 13 (75)
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In the last decade, the concepts of
ultracold dilute nuclear matter ?Ne — Sa
based on the condensation of nucleons = 8t o e ' o LRy
in the lightest nuclei have been developed. :

= e R
S empieas T R TR L I
e g 8 . . A e e .O.jl T e

In particular, an a-particle Bose—Einstein

Condensate is suggested as an analogue of AT N S W DU A J—
atomic quantum gases. 2 : -

R UL BN e R RE G e Wi ‘:. -t A
These developments put forward the problem of :
studying a variety of cluster ensembles and GRS AR el R T
unbound nuclei as fundamental components of [§~ e e i
novel quantum matter. 160 — 4q : :
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In a macroscopic scale, coherent ensembles of
clusters may play an intermediate role in
nucleosynthesis which makes the study of
nuclear clustering going beyond the scope of

the problems of nuclear structure.
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12C 98.9% %&}&\)

108 19.9% !'B80.1%  -B20ms

- B 5 0% 0%
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Be 100% Be 1510000y "Be 13.8s  2Be 23 ms
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6Li7.5% 7Li92.5% ©
o o /© o © o A o & o
3 oo © O 0 O g
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8Li 838 ms °Li 178 ms 1Li 8.5 ms
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O %He 807 ms o O 3%He 119 ms




YeTaHoBKa KaHan s [ata cnep, Homep Tembl MNpoext MU @.1.0.
(HazpaHue) Kopnyce 205; OCBUAET. NYHKT Tembl (ecnm PYKOBOAWTENA
eCAN HeT YCTAaHOBKM «AKTUBHOCTbL®); pabot/zam.;
BbIBOAA - $.1.0. ®.1.0. oTBET-
CTaHUMA pykoBoguTena CTBEHHOrO 33
BHYTP. TEMbI PB
MULLEHE,

Cronkm KaHan 3B 2017 1087 Mpoekr PYKOATKMH
A0epHo (Manaxos BEKKEPE/b n.A.
3IMYNbCHHA A.N.) (3apybun M. U.)

3anpawnBsaemoe KaneHAapHoe Bpems

(yacsl) PaboTa ¢ ny4kom (4achl) BuikntoueHme nyyka (4ackl)

MonHoe Bpema Ha Bpema Ha HacTpoiika ny4ka MnaH: ocTaHOBKKW Mnan:

BpemA M3MEREHWA 3anycK N pEKMMOB YCTaHOBKM TEXHONOT,
paboTbl nfvmnn OCTaHOBHMW
noAroToBK (yckopuTens)
Y
24 vaca 2 vacf 4 qaca 18 vacos HeT HeT
XapaKTepuCTUKK Ny4Ka (no coptam Yactuu)

YacTmuebl, KKH. aHeprum MuTeHCHBH HMHTEHCMEBH. PacTamka (MuH, — Bpema paboTel

NpUOpUTET B yCKOpWTENE ( Ha MmUWweHw), MaKc.), cek; Xm'Y C A@HHbIM
(1-# noTp., 2- (M3B/hykn.); (BHYTpEHH. yacTuu/cek pasmep ny4Ka Ha COpPTOM HacTmL,

W notp., MarHMTHaA WK Ha MMLWEHK (MM) (nonHoe, yackl)
napasuTH. WECTKOCTb menn.

pesum) (p/Z) B Kauane, BbIBOAE),

yactuu/cek
C-12 (1) 1.2 AT3B;
4 3B/c (*Q) 10™8 10° yactuu/cek 0.2-1 cek 4vaca
" yactuy/ceK
5 raB/c (**Be) 10% vactnu/cex 10 vyacos
8 MaB/c (*He) . 10 vacoe
107 vactuu/cex

nOﬂCHﬂPOU_I,aF! 3aNKWCKa.

3agauv 0bNyYeHUA IMYNLCU K NO NPUOPUTETY:

1. KoHTponupyemoe oBaydeHWe CTONKKU AAEPHOIM 3mynbeum noTokom 10° agep **C. Heobxoaumo
no BO3MOMKHOCTK Bonee paBHOMepHoe pacnpejeneHye NoToKa No BXOAHOW nNAowann CToNKU
avameTpom 10 cm («pacnyweHHbIi» NepenYHbIA NMYyYOK HU3KON MHTEHCUMBHOCTK).

2. OnbiTHoe obnydeHme A3 npu HacTpoMke Kavana 3B Ha cenapaun w3oTona T npu
dbparmeHTauMm >C Ha NOAMSTUNEHOBOW MULLIEHN B GOKyce $3,

3. OnbiTHoe o6aydeHMe A3 nNpM HacTpolKe KaHana 3B Ha cenmapauuio W3oTona ®He npu
dparmeHTaLMm 2€ Ha NOAM3TUAEHOBON MULLIEHN B dokryce ©3..

Mpumedanua. OnelT obaydeHna npu p/Z=8.01 3B/c nonyyeH npu pabotke Ha COT & 1999 r.

(Ony6aukoeaHo http://becquerel.jinr.ru/text/Papers/04_adam.pdf)

Bo3moKHOCTL paboThl € APYrMmKU NOTpebUTeNaMM OTCYTCTBYET.




Jna MomenmpoBaHHsi BbIOpaHa cieayomasi KoHpurypamusa. Mumenbs ToamuHoii 1 oM 1
HOJNITHIeHA MoMemajgach B 1 ¢cM oT BbIX0Ja Ny4Ka sizep ’Be ¢ yneprueii 1.2 AI3B (E, =108 I'3B, ¢ = 1(
Mb>B). Ha paccrosann 10 M oT MHIIeHH HOMeIaJach INVIOCKOCTh KpeMHHeBBIX J1eTeKTOPOB pa3MepaM
200%200X2 cv’. TIpocTpaHCTBO 3aMI0JIHEHO BO3TYXOM.

Yucao npoxoxaennii “Be uepes maHumyio ycraHoBky — 10°. B KauecTBe Mojenm, ommchIBalolme
HeynpyTHe sAPo-siiepHbIe B3anMo/eiicTBHs “Be ¢ sipaMu MHIIEHH H cpebl, HCNOIb30Bagach Moaeab QM
pexoMenzoBaHHas paspaborunkamn Geant4. B pesyantate moaydeno 282 cobpitusi “Be->2He+n u3 nux,
tom uncie 18 — “He+'He+n, 2 — 2°He+n, ocraasubie 2'He+n. B nommruiene — 63 codpitus, B BO3ayXe —65,
KpeMHHeBOM JeTeKTope — 154,
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