ATOMHMN sgpa: OCHOBHMH
rpaguBHH KIeTKu
Ha marepusra

Y., CmosHo8

ucTnTyT 3a anpeHmn
M3CIIeIBaHVIA VI sITpeHa
eHepreTtrka, bAH
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PemMmTOCBAT

EaonHuum Sl

EavHuuya 3a obimkuHa - MeTbp
‘/HaHomepr =10°°m
‘/cbeMTowlepr =10"m

4 anrctpbom (A)= 10-1°m

4 dbepmn = 10-°m




4 A

NpocTpaHCTBEHMU pa3Mmepu m
AVMHaMMKa

ATomeH pagunyc = 0.1 nm
Pagnyc Ha sgpoTo = 1.2 X A”%
A=125 R(**°Sn) = 6.0fm
EHeprua Ha Bpb3kaTa Ha atoma = eV
EHeprua Ha Bpb3kaTa Ha 94poTo =~ MeV

\_ /




NMpouecwn

CbcTaBHOTO A4p0 *xmBee 1014 cek.

[Mpekn aapeHn peakumm — XxapakTepHo
Bpeme 10722 cek.

YecToTa Ha BbpTeHe — 10%°-10%1 Hz
BubpauuonHa yectota 5x 1041 Hz
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\_

Bazanmogencrems
Amom Hopo
EjneKTpoOMarHuTHoO B3aumogeunucteme
B3aMOJICUCTBUE MeXX .D.y HeyTpOHVl v
OTPpHULOATC/IHO 3apCACHU I_I pOTO H I/I
CIICKTPOHU
1. CunHo

151
IMOJIOKUTCIHO 3apCACHHU 2 ) EneKTpO MarHMTHO

MPOTOHH 3. Cnabo

28 July, 2016 Ch. Stoyanov 5
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NMepcneKkTuem

™~

\_

OT BUANMMAaTa MaTepund BbB BceneHarta e
KOHUEHTPWNPAHA B aTOMHUTE ApPa

99%

OEMTO TEXHOJIOINW

AnpeHn gaHHu

28 July, 2016

Ch. Stoyanov



NMpunoxeHun

1942 r. — nbpBU AOPEH peaKkTop
1945 r. — AnpeH B3puB
1953 r. — TepmMmosagpeH B3puB

1954 r. — nbpBa aTOMHa LeHTpana




/ Importance of nuclear data \

Aplications: fission and fusion, nuclear medicine, object and material analysis,
radiation protection , nuclear safety and security

Science: astrophysical reactions, reactions and structure of nuclei, basic physics




UcTopusa

\_

/ mapt 1911, Pbaobpdopa, Aoknan
“PascenBaHe Ha a- 1 3- Nb4Un U
CTPYKTypa Ha atoma”

1919 — oTKpMBaHe Ha NpPOTOHAa
1932 — oTKpMBaHe Ha HeyTpoOHa

1932 — ngeqa 3a HEeYTPOH -  NMPOTOHHUA
CbCTaB Ha A4poTo

/

28 July, 2016 Ch. Stoyanov 9
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UcTopusn
yckoputen Ha Pboabpdopna
AbMXKuHa 18 cm, wiMpuHa 2 cm, BUCOUMHa 6 cm

™




e

NMNameTHUK HaA mnagumsa
Pbabpcdopa B Konexxa HencobH

™

28 July, 2016 Ch. Stoyanov 11



Tabnuua Ha nsorTonurte

120

100

o0
=

Proton Number

ha
—

-\‘/ I / /

282028 30 168?

| Summer School, Blagoevgrad, 2012 5 /
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Tabnuua Ha nsoronure

Evolution of the Table of Isotopes

___ Publication Year

Publication Year

C 1940

L1 1994

Hit 1940 - 2000 |

H

] 197=

M 1905

- el Tul]

™ ra turadly Abundant _ ..-5.
Alorgeporhonoffhusfcbleuslessihmfcnmold! l"l."'
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u
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13 = -
i
Th "
] - L %a g
B o EEEEEEEE N 5]
: Ea L T T e e L o I LB 6 IBE T -
s T
1 s
18 Tn
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A huge research potential:

TETE N CEEL R

roton number Z

250 ctabunHu aapa
2000 M3KyCTBEHO Nony4yeHwu

5000 to 7000 o4yakBa ce goa 6bAaar
- NONYy4YeHU

neutron number N

/p




g ™

finpeHa CTpykTypa

=
AHOYaTYHO fBMKeHMe

OT YyacTnum KbM KBasnyactuum

oo ipine B
——

33 paspeliaBaHe Ha
ymepw 3a pasp yKTYPa

Hsikon np
moaepHv npobnemu B qnpeHata CTP




190 200 210 220 230 240 250

10y 1y .. 16y 17N 18N 19N 20N 21N 22N 23N 24N
.. e 15¢ 160 17¢ I8¢ 19¢ 20¢ 21 22¢

12g 13g l4p 15 16g 17g 18y 19p

5Be SBe . 8Be wBe g, 12p, 13, 4B,

A1 AL S e R R B
SHe ®He "He %He °He -

3SH 4H SH fH

9 10 11 12 13 14 15 16 17 18 19 20
YHCJI0 HEHTPOHOB

HEWTPOHHBIN CIIOMU (R <Ry )

16



7

dOyHaaMEeHTaNnHm m3cneasaHun

~

\_

[lpeyn3Ho onpenenaHe Ha CTpyKTypaTa
Ha cTabunHuTe agpa

3crnegBaHe Ha siapa ¢ aHomaneH bpou
NPOTOHU UNN HEYTPOHMU

T.H. EKSOTUYHI AOPA

/

28 July, 2016 Ch. Stoyanov 17
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EAHOYACTUYHO M KOJNIeKTUBHO
ABMXXeHue B agparta

~

\_

» 1944 — npeacka3aHo e CbLleCTBYBAHETO Ha
TMraHTCKMU AUNOSieH pe30HaHC

» 1949-1950 cnoect moaen Ha A4pOTOo
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KonekTuBHM CBOMUCTBA -

I'mranrckm PesoHaHCuM

\_

1. MOHOMNOMNEH pe3oHaHC (ede’

2. dnnoneH pe3oHaHc — 5x1021Hz B g
/ T\éé m.ﬂ\\\'\\ /////. % @
3. KeagpynoneH pesoHaHc— 3x10%1Hz - 4 4%"29 LW
<959%0>g | | ? - 5
\\\ /‘G% ;N.& // \ . ) »
% i ol “"/? \ / N @ S
v g ©
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OunonHmu BBL30yXXpaHMA

\_

Electric Dipole response in Nuclei

-
neutron
skin -

15

nergie [MeV]
» Giant Dipole Resonance (GDR)
» Two-Phonon excitation (2' ® 3-)
» Pygmy Dipole Resonance (PDR)

28 July, 2016 Ch. Stoyanov
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EaHOYACTUYHO ABUXXeHue
CpepHo none B AApOTO

YpaBHeHMe Ha WpboauHrep
CnunH-OpbutanHo B3anmoaencrBme
[ToTeHuuman Ha Yyac-CakcoH

CnoecT noaxoa KbM MHorodactuyHara
3agadva

Moaen Ha XapTpu-dok




e

YpaBHeHMe Ha UipboauHrep

™

\_

EQHoyacTUYHO ypaBHeEHME Ha
LLlpbognHrep

, 1 o - i

(—5—A+V(r)— E)p =0

2171

[1pn cdpepunyHa cumeTpus,
NPOCTPAaHCTBEHAT Bb/IHOBA (PYHKLINA
MOXe na 6bae 3amMeHeHa OT:

- \

Wi (T ) : ‘
Wnlm — ’ X }/}?TI(Q? \rj)




V@),

Y .
L Oszill

Vir)
M

~Kasten -V,
V()= s
~Woods-Saxon y—R
Vot e - - - R 1 +exp
0 a
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4 A

CnoecrtT noagxon Kbm
MHOroYacTMuHarta sagava

Han-o6wo XaMmmnToHMaHbT Ha cucTtemaTa
MOXe [a ce 3anuvwie B crnegHuna sua;
TQ
Hyd = {z htd = 5 (V2 4+ V(e))} = ED

=1 2

BbnHoBaTa oyHKUMA Ha cuctemarta MoXe aa
ce npeacrtasu kato Cnenteposa

fl,fi’l (Il) ’l;'i’l (Ig) ............. ?Ts'i’l (Ij\?)
DO — 1 1/‘2 (I 1) ’L/‘z (Ig) ............. ’Ug (I;\r)

N /
L 'L,J N ( L1 ) ’LJ N ( Lo ) ............. ’U N (I N )




Peaynratm

eaHOo4YaCTn4Ha cxemMma

1g T
19—
\ 1 9*1-2
Ep & 1 f5|l2
&+ 2FIS-.I2
1
1 f?rE
. 1d,,
25 =t = '
P [— 2s
: 1d,
1p ————— ! P,
1[_‘13’,2

1s == 1s ®

Cxema Ha 3anbrnBaHe Ha 160
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KsaaumuacrnuHo NpubnuxeHme

Ha cnyyamHuTte chasm

™~

(n+ 1)l

251
] dsn

3. KBasunyactumum

1Py
I Pan
18,

1dsn 1. EAHOYACTUYHM Bb36YXOaHUS
2. [1By4acTU4HM Bb3GYXOaHWS

HEeYTPOHK

NPOTOHK
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CaoBosiBaHe

H. H. boronwob6os, B. I'. ConoBsboB

™

Z(Eo(j)—/l)a]fmajm

Jm J—m jl_ml j!ml

G(jm,j—-m;jm’,j'-m)aa ,a. ,a

iy Qpérﬁm(eiérﬁ)J

m
j—m i : ,
4 (—1) v.al A——chémical poténtial

J)=m

{Eo(j)_ﬁ)

|

e N
e ‘%j'*éEEfJ B >qua§ipartiJIe energy’

N = Z(g.8.|a§majm |g.s.> = 22\/?
jm J

C.

/

C,=> G(jm, j—m;jm,j —m)— ’
i

JCI+(E(1)-2)
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CaBsosBaHe

E -0.007 « I (I+1) (MeV)
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Exotic nuclear shapes

Superdeformation
Hyperdeformation

Jacobi
shapes

Triaxial shapes
3-dimensional rotation

Higher-order shapes
(with high-rank
symmetry) :
tetrahedral, octahedral

Shape
coexistence

dynamic
deformation
vibrations etc.

YV VYV VYVYVYVYY




~

Superdeformation 2:1

Hyperdeformation 3:1

Oblate superdeformation
1: 2

Octupole Y31

Octupole Y30

Various exotic shapes of nuclei. Exotic orbitals appears in the

deformations.



4 A

CTpyKkTtypa Ha agpaTta

ATOMHMTE AOpa Morat oa nMaTt

pa3nu4yHa dpopma: chepuyHa, oblate
(kaTO NneTsALWa YnMHUA), prolate (kaTo
TOnka 3a 6en3borsn), TpuakCuanHu

(KpywoBugHa cpopma).

Pd nsoronun npaBaT npexon OoT NOYTH
cchepunyHm sgpa npu 2°-192Pd kbm

\ necdopmmpanm npum 20pPd.

/




4 A

CTpyKkTtypa Ha agpaTta

*To3un npexon nNpu pasriudHUTe BepUrn ot
M30TOMU MpPOTUYA Pa3NIUYHO. HaAM-4YeCTo
nocteneHHo, HO AaedopmaumaTa Moxe ga
ce CIlyuYM 1 BHe3arnHo Unu aa ce rpeMuHe
npe3s T.Hap. rama MeKoTa Wnun npes3
CTabunHu TpmnakcmanHu opmu.

\_ /
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( Physics with Exotic Nuclei

Fun(?jarln(intal tSymmetrles Superheavy
and In ec |os : Elements ~ Sams.
z .»- b = !

Parity Violation and , “,."}‘ "
Time Reversal in Atoms 5,=0 & e s
. 7T 184
'o‘i‘: - ,O" - - :’ ] . ]
Test of the i : 162 | e
Standard Model e '. N
- 82 ae-m=t ; L 2 W
CKM-Matrix L gris L o o’
L = T.‘ S ¥
[ Nuclear Shapes ] ol o~ o
. ;. =§I 1] - 'l
[Neutron-proton Pairing]

r-Process and
Supernovae

Structure & Dynamics

New Decay Modes \
2 p and n radioactivity

= 50 [rp -Process, Novae] of Exotic Nuclei

&

and X-ray Bursts

8 28
2 N 0 New Shell e
Structure
\ 2 8
Neutron & proton
Drip lines Halos, Skins

Molecules o




Physics with Exotic Nuclei

DEFINITION OF THE DRIPLINES

The nuclear binding in nuclei with an
@ s .,.,- extreme excess of neutrons or protons
\ may not be sufficient to bind the last

. neutron or proton
] the dripline can be defined as the

=
L]
T

=
=]
T

limits where neutron S, or proton S,
separation energies cross zero

o
T

Separation Energy (MeV)

I:I

Vadh
o 8, = BE(N, Z) — BE(N - 1,Z)

’.,lcu s,;lom mNBu ﬁMgu 8, =BE(N, Z) - BE(N,Z - 1)
271N14 zann ﬂNlm ﬂ.ﬂ].

The unbound nuclei :

U can have fairly long lifetimes along the proton dripline
(because of the Coulomb barrier).

U extremely short lived beyond the neutron dripline
( absence of the Coulomb barrier )

the proton dripline has been reached for elements up to Z = 83
the neutron dripline has been reached for elements up to Z <10

28 July, 2016 Ch. Stoyanov
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EXOTIC INTUClel ™~

<r > —<r? >"*=-0,49¢pm

<r > —<r? > =01pwm

Stable Nuclei

N

Exotic Nuclei




/European RNB Facilities - NUPECC Road Map\

EURISOL

1 GeV protons

ISOL
100 A.MeV

2015 —

2010

Dubna
DRIBs

2005 r L0l
: _ = 10A.MeV

2000

Projects




/ ISOL Facilities \

ISOL method born In

EUdrope (N.Bohr
Institute 1951)
Isolde@CERN
40years of Physics

Production of more
600 isotopic beams

Target —ion source technology
Laser ion source, traps

Purity and mass separation
Manipulating « exotic ions »

\_

REX-ISOLDE

HIE-ISOLDE Project : Energy & intensity upgrade



/ Letter of Intent to the ISOLDE \
for experiments

To perform HIE-ISOLDE and MINIBALL
experiments to study MSSs of

radioactive nuclel from mass
A=130-140 and 70-80 regions

\_ /
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Nucleosynthesis

\_

Nucleosynthesis Processes in Stars

-]

(=]

=

o
|

tn
[

S
]

fuel and is guided by nuclear structure and stability:

+ 4 'H == “4He + 26MeV

<]

_! Hs ' b i — L y - F g
He' - 2120 = mNa.ﬂMg
== 55Fg

[H’ 5Fe+x n = heavy elements
H‘I

o 20 40 60 8a 100 120 140 160
NMumber of nucleons in nocleus, A&

ha

Average binding energy per nuclean [MeV)

-

=

Hydrogen Buming

Carbon maing

Neon, Oxygen, Silicon Bumning
sS-process, r-process

180 200 220 240

dL Fes® “MMLH_L I T |
_C“T}:n W
He' u'ﬁE
= ¢ |
7 |
' Charged particle nucleosynthesis depends on available

_

28 July, 2016
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* S- Process »

—~_

« Number of Protons «

« Number of Neutrons e
S-process slow-neutron-capture-process is a nucleosynthesis process that
occurs at relatively low neutron density and intermediate temperature
conditions in stars. Under these conditions heavier nuclei are created by

neutron capture, increasing the atomic weight of the nucleus by one. A
neutron in the new nucleus decays by beta-minus decay to a proton, creatin
ucleus of higher atomic number. The rate of neutron capture by atomic

nuclei is slow relative to the rate of radioactive beta-minus decay, hence the
name.




s

S-Process Nucleosynthesis

™~

\_

® | s

1
) 1 f_:-r-'r; . B 12
oo sn

AZ
Sh
112 114 116 |1 118 [118
Sn 1010
113 115 [=.
In In
110 111 P12 [113 Q14 |+ 116
Cd | = @10 9@ Cd
Ag | —-@
N
>

Nuclear reactions

)

F*., beta decay (B)

——@) neutron capture

J

28 July, 2016

Ch. Stoyanov
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r-process
rapid neutron captures

X(n,y)Y

o |
capture
tr

—> Capture 7

= IO GEE
\ B decay
Ny B decay -
. stable

unstable > > >

N ——
synthesis of neutron-rich nuclei

A>60

The r-process is

nucleosynthesis process, tha
occurs in core-collapse
supernovae (see also supernova
nucleosynthesis), and is
responsible for the creation of

o

approximately halt of the
neutron-rich atomic nuclei
heavier than iron. The process
entails a succession of rapid
neutron captures (hence the
name r-process) by heavy seed
nuclei, typically 56Fe or other
more neutron-rich heavy
isotopes. The other predominant
mechanism for the production of
heavy elements is the s-process,
which is nucleosynthesis by
means of slow captures of
neutrons, primarily occurring in
AGB stars. The s-process is
secondary, meaning that it
requires preexisting heavy
isotopes as seed nuclei to be
converted into other heavy

nuclei. Taken together these tw
processes account for a majori
ot g . . ot of

elements heavier than iron.
Asymptotic Giant Branch (AGB)



Proton number

New lands Microscopic theory
5 0 5 10 15 LogTy,s

s 1s 1h 1y 1My
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Stability

110 (= Shoal
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Sea of Instability
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Neutron number
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/ Start of the Name Approval Process for the
Elements of Atomic Number 114 and 116

™

flerovium (symbol Fl) for element
number 114

and the name

livermorium (symbol Lv) for element
number 116.

December 1st 2011.The President of IUPAC,

Professor Nicole J. Moreau announced the

\ proposed names for the elements with
atomic numbers 114 and 116

/
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Micro- and nanoporous materials
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/ NUCLEAR TRACK MEMBRANES

POLIMERIC
FILM

ION
BEAM

NUCLEAR
MEMBRANE

Scheme of nuclear
membrane manufacture

\_

Atthe Joint Institute

for Nuclear Research
an advanced technology has

been

developed to produce

nuclear membranes by using
unique multicharged ion
cyclotrons.

On the basis of this technology
the nuclear membranes
can be produced from various

polymeric films.




10 um
Main properties:

*Track-etched membranes are true size nano- or
microporous membranes with a closely-controlled
pore size distribution

K::ze diameter ranges from 15 nm to 10 um
re density ranges from 1 to 1019 cm-

*Thickness: from 5 to 23 um






/ NMPUNOXEHUA HA HHPEHMTE\
METOOM B MEOMLIMHATA

3a nponsBoacTtBoTo Ha PET nsotonu ce
M3NoN3BaT LUMKIOTPOHU, YCKOpABaLLM
NPOTOHU A0 eHeprmna 16-18 MeV u
OeYyTPOHU 0o eHeprud: 8-9 MeV. Taka
Hanpumep 3a Npou3BoACTBOTO Ha '8F ce
M3Non3Ba peakymara:

p+180 > BF +n
\ eHepruaTa Ha NnpoToHuTe e 8-17 MeV. /

28 July, 2016 Ch. Stoyanov 59



METOOM B MEOMLIMHATA

/ NMPUNOXEHUA HA SIHPEHMTE\

OTHOCHTE/IHA 1032

1 TV
\ \20 MeV esiekTponu /\
0.8

\
l'ama Jl'b% 208 MeV nporonu /

\
\
ot Co-60 \ \
0.6 -

N /

\ ~ —

N W
N

0 D 10 15 20 25
JAba6ounna, cm

30

/
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CMHXPOTPOHDBT 32 NnbueTepanumsa

C BbrnepoaHm MoHu, AnoHmna

™~

28 July, 2016 Ch. Stoyanov
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/ NMpou3sBoACTBO Ha
paguvMoHyYKnuam B bonrapus

[To Bpeme Ha Han-akTUBHUA paboTeH
nepunod Ha n3cnenoBaTeriCKus peakTop
ca NpounsBexaaHn pa3zHoobpasHu
PaaVUOHYKNMAOMN KaTo

18F, 42K, 24Na, 35S, 45Ca, 51Cr, *Fe, 5°Co,

64CU, SZBF, 86Rb’ 9OY’ 142La’ 169Yb, 182Ta’
192”',

HaMNPaLLUn NnpmioxeHme B
~—_ _[NPOMUILLIIEHOCTTA N MEANLINHATA /
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/ NMpou3sBoACTBO Ha
paguvMoHyYKnuam B bonrapus

NANAE e 3akynun UMKNOTPOH C
MaKkCcMmManHa eHepruga Ha MPOTOHHUS
cHon B Anana3oHa 15 - 24 MeB

PET mn3otonu - 18F, 124] 64Cy, %8Ge/%8Ga
SPECT usoTtonu - 123], 111|n 67/Gq, °MTc

\_ /
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