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2A GeV/c ’Be — 2a “white” star.

The secondary ’Be beam was obtained by fragmentation of accelerated "B nuclei.
When scanning the exposed emulsion 500 events Be — 2a in a fragmentation cone of 0.1
rad have been found. About 81% a-pairs form roughly equal groups on O;,: “narrow" (0 <
0, <10.5 mrad) and “wide” (15.0 < 0,, < 45.0 mrad) ones. The O, pairs are consistent with
*Be decays from the ground state 0°, and pairs O, - from the first excited state 2" The ©,
and @, fractions are equal to 0.56 = 0.04 and 0.44 = 0.04. These values are well
corresponding to the weights of the *Be 0" and 2" states ®p+ = 0.54 and @+ = 0.47 in the
two-body model n - *Be, used to calculate the magnetic moment of the *Be nucleus.
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Q,, keV transverse momentum is equal to <Pryum> = 80 MeV/c in correspondence with the
50/ Goldhaber statistical model. So, it can be assigned to the average transverse momentum
/ . carried away by neutrons. For the "Be coherent dissociation through the *Be 0* and 2°
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29A GeV /c N — 3He+H “white” star

i
Ede)

700 150 200 250 300 350 400 450 500

Q. , keV

2027

0 ] 2 3 4 5 6 7 8 9
®, x10” rad



b
5 8B — "Be + p "
b 22 white stars (p) o [
6t u HH<P,">=52 MeV/c
4
4} - N
S L — P % MeVie
0 50 100 150 200 250
P, MeV/e
Ns N B®-->Be +p
, L _ total (p)
- 3 4t w2 white stars (p)
05 | . . MD “white”stars
=1 i = 1 p— p—
) ——— TR T e ‘h"‘+— -
n"} 0.2 |- Stripping H““w: ——————————— 2} - — - nh;é() 1
L i _\\ ‘hh‘» g
C Nucl. Diff v T - 1 - - -
= L e e
0.05 e e n
B ] DD 50 100 150 200 250 300 350 400 450
0.02 Lol 1 co el Pr(gB),MeV/c
10 50 100 500 1000

E beam {MeV / nucleon)



"Be

0o 0o o0 ©
o
o’ ©0 > ¢
000
o O

. X & =l' e il
H—'r““"ﬂ"‘ S e PR ke
Macro photo of ““white” star of C dlSSOClatIOIl to 3 *He nuclei in nuclear track emulsion; the
interaction vertex IV is shown by the arrow.

In the study of 2A GeV/c ’C interactions it is found that the probability of the 3*He coherent
dissociation is roughly coincides with the values for the channels with the separation of one or a pair of
nucleons. Due to a significant probability of the channel °C — 3°He, 2°He pairs with opening angles up to 10
rad are found as well as for °B interactions with the neutron knock out. This observation indicates the
possible existence of a 2°He resonance just near the threshold.



.30_73-0 \_)—-

counts

20:_ 3He (h) — helion
| 23He (2h) — dihelion?!...

101

0 10 20 30 40 50 60 70 80 90 . 100
@ x10™ rad
e
Total distribution of opening angles @,;. between the relativistic He fragments in the “white”

stars ’C — 3’He and in events °B — 2He + H with the formation of target nucleus fragments or
meson; dotted line indicates the ''white'' stars contribution.




Exposure of emulsion to a mixed beam of Z=4
e e g 120y 10 7 )
relativistic "N, "C, and 'Be nuclei 400

Generation of "N and '’C nuclei is
possible in charge exchange and fragmentation
reactions of accelerated '*C nuclei [3]. The 300
charge to weight ratio Z,,/A,, differs by only
3% for these nuclei, while the momentum
acceptance of the separating channel is 2 - 3%.
Therefore, their separation is not possible, and 200
the N and ''C nuclei are simultaneously
present in the secondary beam, forming a so-
called beam “cocktail”. The contribution of *N
nuclei is small in respect to ''C ones in 100
accordance with the cross sections for charge
transfer and fragmentation reactions. Also, the
beam contains 'Be nuclei, differing by Z,,/A,
from "N nuclei only by 2%. 0

100 200 300 400 500

Nuclear track emulsion is exposed to a mixed beam of l"‘N., %C and "Be nuclei
formed by means of primary 1.2A GeV ">C nucleus beam. The initial scanning phase
consisted in visual search of beam tracks with charges Z,, = 1, 2 and Z,,> 2. The ratio of
beam tracks with charges Z,,, = 1, 2 and Z,. > 2 is found to be equal = 1 : 3 : 18. Thus, the
contribution of *He nuclei dramatically decreased compared with the °C irradiation, which
radically raised the event search efficiency. The scanning along the total length of primary
tracks in emulsion layers that was cqual to 924.7 m revealed 6144 inclastic interactions,
including 516 “white” stars.
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The 'C nucleus is the only example of the system, which has the “super-boromean”
properties, since the removal of one of the four clusters in the 2o + 2p structure leads to an
unbound state.

He | “He | *He | °He

Distribution of the number of “white” stars, Ny, and the number of events involving the
production of target fragments, N, with respect to > Zg = 6 channels

SZi=6 C 2He + 2H He + 4H 6H 3He
N s - 159 16 8 11
N 27 (CC) 211 76 16 11

For "white" stars N, with charge topology > Zs. = 6 the most probable channel is
represented by events 2He + 2H, which might be expected for the isotope '’C. The channel
He + 4H is found to be suppressed, as in the C case it is required to overcome the high
threshold of the a-cluster break up. Besides, events are observed in the channel '°C — 3He.



Production of *Be and ’B nuclei in °C dissociation
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a) Distribution of the number of “white” stars 2a + 2p versus excitation energy Q,,
of the a-pairs. In the inset a zoom over the Q,, distribution is shown. b) Distribution
of the number of “white” stars 2a + 2p versus excitation energy Qaq, of triples 2a + p.
In the inset a zoom over the Q;,, distribution is shown.

In 63 events the Q,, value does not exceed 500 keV (inset a)). For them, the average value is <Q,,> =~
110 £ 20 keV and the mean-square scattering ¢ = 40 keV, which well corresponds to the decays of the *Be 0"

ground state. The unbound ’B nucleus can be another major product of the

10

C coherent dissociation. The

Q4 values for one of two possible 2a + p triples do not exceed 500 keV in 58 events (inset b)). The average
value for these triples is <Q,,,> = 250 £ 15 keV with rms ¢ = 74 keV.
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The particular feature of the "“N nucleus 1 b
consists in the low proton separation threshold 1
(600 keV). Furthermore, the dissociation can 2r 1 [
occur through the channels ¢ + °B (8 MeV), p + 1H b
"Be + a, as well as into more complicated 4 S
ensembles with the ‘Be core break. -‘
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N;
In this irradiation 41 "white" stars Ny, with Z,, = 7 and }Zg = 7 are found,
corresponding to the dissociation of >N nuclei. About half of the events contain a fragment

Zg > 2, clearly differing from the cases of nuclei N and °C.

Distribution of the number of “white” stars, N, with respect to the channels > Zs; = 7 and
Loy =17
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High statistics analysis of ‘Be dissociation

The BECQUEREL Collaboration performed irradiation of nuclear track emulsion
in a mixed beam of >N, '’C and "Be nuclei. Thus, there are new opportunities with regard
to the issue of “dihelion” based on the analysis of the found about 400 “non-white” stars
"Be — 2°He with knocking out of a neutron and the formation of fragments of target nuclei
or mesons, as in the case of B — 2He + H. Thus, the indication to the existence of
“dihelion” will be reviewed using a significantly larger statistics.

000

Distribution of the number of “white” stars,
Nwss and the number of events involving the
production of target fragments, N, with
respect to > Zs = 4 channels

SZw=4 | 2He He+2H 4H
Nuvs 95 116 14
Nir 371 554 16
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Of a fundamental interest is the search for effects depending on the charge of
parent nucleus for relativistic ''B and ''C nuclei which demands new exposure. Nuclotron
beam time requested is approximately 60 hours per year.
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The BECQUEREL Project at the JINR Nuclotron is devoted systematic exploration of
clustering features of light stable and radioactive nuclei. A nuclear track emulsion is used to explore
the fragmentation of the relativistic nuclei down to the most peripheral interactions - nuclear "white"
stars. This technique provides a record spatial resolution and allows one to observe the 3D images of
peripheral collisions. The analysis of the relativistic fragmentation of neutron-deficient isotopes has
particular advantages owing to a larger fraction of observable nucleons.

The features of dissociation of °Be, *'°C, and 1°N nuclei of 1.24 GeV in nuclear track
emulsion energy are presented. The data presented for the nucleus °Be can be considered as evidence
that there is a core in its structure in the form of 0" and 2° states of the Be nucleus having roughly
equal weights. Events of coherent dissociation °C — 33He associated with the rearrangement of the
nucleons outside the a-clustering are identified. The charge fragment topology in the dissociation of

10C and °N nuclei is obtained. Contribution of the unbound nucleus decays to the cascade process 1°C
— B —38Be is identified.

Continuation of the BECQUEREL project for the years 2012-14 will be mostly devoted to
observational study of peripheral fragmentation of '°C and '°’N nuclei in exposed emulsion. Production
of unbound nuclei °Be, "B, 3C and !N formed in the fragmentation of "Be, *B, °C and >N nuclei will
be explored in the exposed emulsion. The investigation of the cluster degrees of freedom in the 'Be and
10,11 B puclei will be extended to a new level of statistics and detailed descriptions.

It is suggested to expose emulsion in a secondary ''C beam prepared via a selection of
products of charge exchange reaction !B — 1'C. The project will support beam tests with heavy nuclei

at the Nuclotron as well as other accelerators.



Conclusions

The presented observations serve as an illustration of prospects of the
Nuclotron for nuclear physics and astrophysics researches. The relativistic
energy scale does not impede investigations of nuclear interactions down to
energy scale relevant for nuclear astrophysics, but on the contrary gives
advantages for investigation of multi-particle systems.

Due to a record space resolution the emulsion technique provides
unique entirety in studying of light nuclei, especially, neutron-deficient ones.
Providing the 3D observation of narrow dissociation vertices this classical
technique gives novel possibilities of moving toward more and more
complicated nuclear systems.

The results of the light nucleus study lead to the conclusion that their
structure dominates in very peripheral dissociations while some unknown
features are clearly observed

The investigations with light nuclei provide a basis for challenging
studies of increasingly complicated systems He — H - n produced via complete
fragmentation of heaviest relativistic nuclei.

Long and bright road is ahead for nuclear structure studies using
HEP techniques. Nuclear imaging continues to inspire our imagination.



The main tasks include:

1. Investigation of peripheral nuclear fragmentation '°C on the
statistics 500 interactions

2. Investigation of peripheral nuclear fragmentation "N on the
statistics 100 interactions

3. Search 2’He-resonance in the peripheral nuclear fragmentation ’C,
°B, 'Be on the statistics 200 pairs of 2°He

4. Irradiation of nuclear emulsion in the secondary beam containing the
isotope "C, formed by exchange reaction of the accelerated nuclei

5. Studies 2a-particle correlations in '“''B fragmentation in statistics
200 interactions

6. Studies of **Si and S clustering at a new level of statistics and
detailed descriptions

7. Irradiation of nuclear emulsions by ''C and heavy relativistic nuclei
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Hammer tracksin <3
cosmic ray events: * | .

SBe produced in
B-delayed decay of
stopped B and °Li




Beta Decay of a C? Nucleus®

M. S. Swami, J. Scanees, axp W. F. Fry
Department of Physics, University of Wisconsin,
Madison, Wisconsin

(Received June 29, 1956)

e

Fic. 1. A photograph of an event interpreted as the beta decay
of C% The C® nucleus (track F) was produced in star (4) and
disintegrated into a proton, two alpha particles, and a positron
(tracks 1, 2, 3, and 4, respectively).
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B pamkax cotpyannuectsa JlaGoparopun usukn Beicoknx sxepruii OMAN u
®HAH yenemno nposopstes pabors no npoexty BEKKEPEJIL (pykosoawntenn
Japy6un [LU. — OWSM, Tomyxuna HI. — ®HAH). C ucnons3oBanHem
(oTOIMYNECHOHHON METOAMKH  BHITIONHEHbl HCCHE0BAHHA  CTPYKTYPRI LEN0r0
ceMejicTBa JIerKMX #jep, Bkmouas paguoaktusueie. (B 2008-2010 rr. no
pesyisrataM coBmecTHOi paGotel B MHAHe cocTos/INCh 3aUIHTBI COTPYIHHKOR
OUSIU - Tpex KaHAMAATCKHX H OJIHON JOKTOpCKoii amccepraumii). B 2010 roay oM
e KOJIIeKTHBOM HauyaThl paGoThl MO MOArOTOBKE HOBBIX SKCIEPHMEHTOB M0 MOHCKY
YACTHIL TEMHO/ MAaTEPHH HA OCHOBE IMYJILCHOHHOI METOHKH.

[MonyueHHsle BakHble AAePHO-(H3MUECKHME  Pe3YJbTATHl, JAOCTHIHYTBI
YpOBeHb MOJrOTOBKH HCC/ENOBATeNeH, [aeT Bce OCHOBAHMA PACCYHTHIBATE HA
ycrelHoe npojoJiKeHHe NpoekTa, nockonsky B 2012-2014 r.or. npeanonaranocs
NPOJIOJKHTE COBMECTHBIE HCCIIeJIOBAHHA B MyHKaxX THXKeJIbIX HOHOB. B aToil cBA3n
xoTenock 6b HMeTh BO3MOMKHOCTE Bmodenus npoekta BEKKEPEJIb s npoGnemuo-

Tematnueckuii nnan OUSN.
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IiyGoroyeancaemstiit Muxaun Ipuzopbesuy!

BripasaeM 3aHHTEpecoBAHHOCTb B npojo/xenin B 2012-20141T. copmectbix paboT no
npoexry BEKKEPEJIb B pamkax npoGremuo-temariueckoro niana OMSM. B macrosumee
Bpems B 9ToM npoekte ot PecnyGnmkn YaGexuceran npunmmaior yuactue acnupantsi PP
KarraGexos (Puznko-rexunueckuii muctaryr AH Yabexucrana), K.3. Mamarkynos u C.C.
Amukynop (Jlxuzakckuil nejaroruteckuii  YHHBepeutTer). Ounn npuobpenn ONLIT aHAIH3A
RIANMOICHCTRHI PENATHBHCTCKHX SICP B AACPHOI 3MYIBCHH M OCBOHIH  COBPEMCHHBIC
nporpamMmbl 00paGoTkH  pesyibTaTon. PeayibTarhl HX akTHBHOH paboTel HAaA AHATH3IOM
obnyuennil SAepHOIt IMYIBCHH B NMYHKe PAIMOAKTHBHLIX Sjep HA HYKIOTPOHE BOLUIH B [BC
NyBIHKALLI COTPY/IHHYECTBA H N03BONAIOT chOPMYINPOBATE TEMBI IHCCEPTAHORHEIX PaboT.
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Dear Prof, Tiks,

Ousr Inbaratory is interestcd in the RECOUEREL Project for 20012-14, We are
collaborating with JINR since 1960 and would like to continue this collaboration, We
consider 1hat the extension of ibe Beequerel project for 2012-2014 will provide new
walunble information on the fapmentstbon of relativistio nucled, their nuclear srsctore
s well ns very usefil datn for nuclear astrphysics.

Thix is the renson why we would ke to ask you 1o sustaln this project.

Thest regards,

Tirecior 188

Dr.ing. Pumitru HASEGAN

/./""

Hucharest 25012001

Jan, 25 2011 0105 PM
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Cmera 3aTpaT N0 NPOEKTY BEKKEPEJIb-D na 20012-14 rr.

WCCJIEAOBAHUE PEJISITUBUCTCKOM GPATMEHTAIIMHU JIETKHUX
PAJIMOAKTUBHbIX SIJIEP METOZIOM SIJIEPHOIN SMVYJIBCUH

(momroe HasBanue [IpoekTa) dopma Ne 26
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10 4
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% JIABOPATOPHSA
0031
% Yewopureas (Hyknorpon)
PeaxTop 50 50 50
g IBM (run)
r
5 E Y ie p
3% Tuic. ponn. 15 11 9
JaTpa 3 GromKeTa, B TOM
i s s cpserna | (SRS nOn | e | e | e
/4 /”(L ! o
Pykosomurens [Ipoekra ’ 7" 3 1 E gm:. no rpm:":“
Braans cnoncopos Cpeacrea
HHPCKTUP JlaGopaTopun ; no aorosopam dpyrue
= H HCTOYHHEH H T,
Bejymumii unxenep-skonomuct JlaGoparopun

O



CmMmeTa 3aTpaT Mo NpoeKTy

BEKKEPEJIb-C na 2009-11 rr.

(monHoe Ha3BaHue IIpoexTa)

NoNo HaumenoBanue crareit | [Tonnas croumocts | 2009 r. 2010 r. 20011 r.
3aTpar

nn

1. Yekopurens HYKJIOTPOH 300 gac. 100 gac. 100 gac. 100 gac.
2. O6opynoBaHue 14 TeiC. $ 9teic.$ |4 T1HIC. § 1 ToIC. $
3. KomaHaupoBOUYHBIE PacXoIbl 15 TeIC. $ S TBIC. $ S TeIC. $ 5 TeIC. §
MToro no npsMbeIM pacxoiam 29 1eIC. $ 14 TB1C. $ | 9 THIC. $ 6 TeIC. §

I'pant I1I1 CP — 4500 $ B rox
I'pant ITIT YP — 3000 $ B rox
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