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Nuclear Shapes and Shape coexistence
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Unique examples: 2352380 and %°Ni

o Our systematic investigation of shape coexistence
along the Ni isotopic chain

62\j  64Nj, 65Ni and 66N
Probing state wave functions with different reactions



Map of nuclear deformations

MEAN FIELD Calculations known nuclei
S.Hilaire, M.Girod,
Eur. Phys. J. A 33, 237—241 (2007)

VERY COMPACT
OBJECT

up to ~ 250 nucleons
SIZE ~ 1045 m3
DENSITY ~ 10%7 kg/m3

Proton number Z

Neutron number N Microscopic origin ?



Impact of Nuclear Shapes:

o ABUNDANCES of Heavy Elements _
depend on the structure of r-process nuclei known nuclei

o FISSION Mechanism

AI‘ SHAPES influence

AIF the r-process path
@, r - process

dl\\

Proton number Z

/ N TJB Spherical ~ 10XT
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Deformed |

n Spherical ~ n Deformed




Discovery of the first spontaneously |

c e . . Reaction 180+238U;
fissioning isomer — Dubna 1961 . tormation of nuclei near 238U
S- M. POIikanOV et al. + 235Bk 236Bk 237Bk --- SAra| e e

Observation of fissioning
isomer :
with a half-life - ST ———

23617

235U

1962
1962

-Spontaneous fission with an anomalously short period
C.M.Polikanov et al., Zh. Eksp. Teor. Fiz. 42, 1464 (1962)
(Sov. Phys.- JETP 15, 1016 (1962))

CIIGHTAHHOE JAEJIEHHE C AHOMAJIBHO KOPOTKUM
NMEPUOJAOM. i

Liquid Drop
Model barrier

Barrier too high
FISSION HINDERED

A. A. IHzese, H. K. Cxobesres, B. I'. Cy66omun, I'. M. Tep-Axonsan
B. A. Pomuee Lo

Potential energy

C. M. Hoauxarnoe, B. A. Hpyun, B. A. Kaprayxos, B. JI. Muxees.

Ha puyTtpenHeM nyuke 300-caHTHMeTPOBOrO UHKJ/JIOTpPOHA Oﬁ'BeLlHHeHzHOl‘O HHCTHTYTA siner
HBIX HCCJIeLOBaHHii TPOBOAMIOCE 06ayuenue U298 yckoperubMi Horamu Ne?? u O, Tipy
HOHH3ANHOHHLIX KaMmep ObUIH 3aPerncTpHPOBAHLEI OCKOJKH CIHOHTAHHOrO ACJEHHH Heuspe
M30TONAa ¢ NepHOJoM ToJypacnaia, pasupM ~ 0,02 cex. [lenaercs NPEANONOKERHE, uTo
weHHOe AP0 HAXOAWICH B HA3OMEPHOM COCTOSIHHH C nopbilentoil (Gonee uesm B 10% pas) p
HOCTHIO CHNONTaHHOro aejexusi. Fl3 skclepHMenTaALHBIX AAHHBIX CHEAYeT, HTO aToMHL{
uzorona Z <L 100.

Deformation



234Bk 235Bk 235Bk 237TBk 238Bk 23%BEk 240Bk 241Bk 242BE 3Bk 244Bk 245Bk 248Bk A 243Bk | 2492Bk 250Bk

Observation of fissioning

isomer 2 wicm 2 NO fission expected oca
With a half_life 232f0m 233fm 234Am 235Am 236Am 237Am e e B
14 msec 231Pu | 232Pn | 233Pu  234Pu | 235Pu e

230Np 231Np 232Np 233Np 234Np 237TNp 243Np | 244Np 245Np

22910 2300 [ 2310 2320 2330 2360 | 2370 24210 2430

SOVIET PHYSICS USPEKHI VOLUME 11, NUMBER 1 JULY-AUGUST 1968 | . 231p: | 232pa

Pa 237Pa 238Pa 23%Pa 240Pa 241FPa

1968
SPONTANEOUSLY FISSIONING ISOMERS SOVIET PHYSICS USPEKHI VOLUME 15, NUMBER 4 JANUARY-FEBRUARY 1973
1973
S. M. POLIKANOV 539-144.7
Physics of Our Days
Joint Institute for Nuclear Research, Dubna
Usp. Fiz. Nauk 94, 43 -62 (January, 1968) NUCLEAR SHAPFE ISOMERS

S. M. POLIKANOV
Joint Institute for Nuclear Research, Dubna
Usp. Fiz. Nauk 107, 685—-704 (August, 1974)

Fissioning
isomer

Potential energy

Deformation -



] shape isomers in actinides

o Nucleus trapped In the second minimum
o Spontaneous fission from the second minimum

247TBk 248Bk -

246Cm 247Cm 248Cm

2341 2350

227¥Th 228Th 229Th 230Th



] shape isomers in actinides

o Nucleus trapped In the second minimum
o Spontaneous fission from the second minimum

247TBk 248Bk -

246Cm 247Cm 248Cm

227¥Th 228Th 229Th 230Th

\\/

TWO EXCEPTIONS



SHAPE ISOMER in %38U:
very retarded photon decay (107 hindrance)

TWO > B(E2)- reduced E2
SEPARATED Ogb transition probability
WORLDS ...

- isomeric fission (for almost all

—— e 8+

known EZ2 transitions
\ B(E2) > 1 W.u.)

_ B(E2)-1.54x10"/ W.u. !I!
deformation \
. )

Can OTHER (lighter) nuclei exhibit these features?

We think of hindered decay from J*=0* states!

LIGHTER SYSTEMS accessible by state-of-the-art SHELL MODEL calculations
could be used to probe the MICROPIC ORIGIN of nuclear deformation




ORIGIN of the existence of different SHAPES in atomic nuclei

SPONTANEOUS SPHERICAL SYMMETRY-BREAKING
(single-particle states are degenerate and strongly coupled to a collective mode)

MRS

SRR \‘ N
NUCLEAR (L ()
JAHN-TELLER

EFFECT

v Transition to deformed shapes as a nuclear Jahn-Teller effect
P.-G. Reinhard and E.W. Otten
Nuclear Physics A420 (1984) 173-192

v’ Microscopic Origin of Nuclear Deformations
W. Nazarewicz
Nuclear Physics A574 (1994) 27¢c-49c

v’ Nuclear deformations as a spontaneous symmetry breaking
W. Nazarewicz
Int. Journal of Modern Physics E Vol. 2 (1993) 51

.. — Em =-J

appearence of deformation

in the ground state
or in excited states

(SHAPE coexistence)




STRONG COUPLING between PARTICLES and COLLECTIVE degrees of freedom

SPONTANEOUS SPHERICAL SYMMETRY-BREAKING
(single-particle states are degenerate and strongly coupled to a collective mode)

/i‘“‘
Y

<

Aame
NUCLEAR S8
JAHN-TELLER
EFFECT

Stablity of Polyatomic Molecules in Degenerate
| : yElectronicStates : NON-LINEAR MOLECULES

[—Orbital Degeneracy with SPATIALLY DEGENERATE
B B . Jan, Doy Bordoy aborlry, The Bopel oo electronic ground states
AND . Terier, George Washington University, Washington, D.C. un dergo 3 GEOMETRICAL
Communicated by F. &, Donnan, F. R.S.—Received 17 February 193
e DISTORTION that removes
H.A. Jahn and E. Teller, hat d
Proc. Roy. Soc. A161 (1937) 220 that degeneracy




SHAPE Coexistence in Atomic Nuclei

Appearence of states with different shapes at comparable (and low) excitation energies
K. Heyde and J. L. Wood, Rev. Mod. Phys. 83, 1467 (2011)

Spherical  Oblate Prolate

——

Shape Isomers in actinides
Polikanov - 1961

-]
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50 6 Deformation
Zr isotopes,
with A= 96-112 (

() J. Skalski, S. Mizutori, W. Nazarewicz
&’ Nucl. Phys. A617, 282 (1997).

Through the last 50 years of experimental activities,

the concept has. evolved: Several Talks on Shape Coexistence at NSD19
e exotic rarity (1970°) V. Werner, N. Marchini - Zr
* islands of occurrence (1990’) L. Iskra, E. Sahin, ...




Z=50 . g NO Examples of retarded decay

seEiT from 0 states
" N=82 (B(E2) < 1 W.u)
due to a SHAPE Change
(GSB)
2120)  10*
2@29) - 1294 T
3' 2t (1506) .95 (1432)= gt
o 366) . 6* 870(A)2+
0040 815)2° 121 | 20=457 ( )I +2/ /
B(E2)=15 W.u. ‘0 |045 187 (433 9 4 (215)0.0270002 002
(144)0.3452 15 2 | /‘
o L2 0. 245
%Sy 8Sr B(E2)=57 W.u.

E. Clément et al., Phys.Rev. Lett. 116, 022701 (2016)



Only example of
retarded decay from

927 o6Zr ELvall\97Zr 93Zr 99Zr 100Zr 101Zr 102Zr 103Zr 104Zr defo rmed 2"' state
— (B(E2) < 1 W.u.)

93Y 94Y 95Y 96Y 9¥Y 98Y 99Y 100Y 101Y 102Y 103Y

\\u

2226 23 . due to a SHAPE Change
36(11)

2.3(3) W.u.

See V. Werner’s Talk

C. Kremer et al., Phys. Rev. Lett. 117, 172503 (2016)
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The Ni chain: one of the best “grounds” for testing
coexistence of nuclear SHAPES

76Cu 77Cu 78Cu | 79Cu

@A TNi ”N' - 74N-
68Co 6%Co 70Co 7lCo 7200

T3C0 74

- AE -

.- - -.'W...

66, 4.
28Nizg
Scale 0.20 (MeV)

&

v Since 1980’s

%
%
A
Mean Field
Models |
0.10 020 % 030 040
Spheroidal Deformation &,
Microscopic Microscopic Hartree-Fock Macro-Microscospic
Hartree-Fock-Bogoliubov plus BCS Model
M. Girod, J. P. Delaroche, . :
v G(;rgc:]y P! eFaII;c;crggr P. Bonche et al., E I;/Ioller, A'.|'J.|sf'|;<k' R. Bengtsson,
: ’ s ’ .>dgawa, |. IChiIkawa
Phys. Rev. Lett. 64 (1989) 2452 Nucl. Phys. A 500 (1989) 308

At. Data and Nuc. Data Tables 98(2012)149



The Ni chain: one of the best “grounds” for testing
coexistence of nuclear SHAPES

7=28 SN | EING (6N 64N @ @ 7°N| 72N| N, |75N‘ ﬁ@

AAh---h> Aﬁ--.
62Co b plCo ©8Co 6%Co 70Co 7IlCo ‘<C0

52Pe .. 65Fe 66Fe &7Fe 68Fe 69Fe 70Fe 71Fe 72Fe 73Fe 74Fe 75Fe

80Zn

79Cu

Monte Carlo Shell Model
Y. Tsunoda, T. Otsuka (Univ. of Tokyo)

v Since1980’s v' Recently: LARGE SHELL | o Configuration space:f,,, ps,, s,

Mean Field MODEL Calculations P1/2 89722 A5/ 872
Models o Number of configurations 10%°
F. Nowacki, S. Lenzi, A. Poves o New calculation schemes
T. Otsuka o Very powerful computing systems
with 1 000 000 parallel processors
K-Computer in Tokyo

MICROSCOPIC UNDERSTANDING: Wave Functions, B(EA/MA), ...



The 0* states in Ni isotopes from MCSM calculations

80Zn

B N i --H--. ‘F‘“?E‘}U ... -
y
)
|

76Cu 77Cu 78Cu | 79Cu




Microscopic interpretation of deformation appearance in 6Ni
within the Monte Carlo Shell Model approach

AT
fazLn

7= (62N i | | NI PROLATE:

530 64c: B significant
components
neutron &g,

proton p;,, f5/,

69Fe

Hindered
- Decay
Tensor-Force-Driven
JAHN-TELLER effect B(E2) <1 W.u.
(spontaneus symmetry “SHAPE ISOMER-like” 1K ]

breaking)

Shape transition occurs
WITHIN the SAME nucleus
Type-ll Shell Evolution

| "

%¢Ni - MCSM



Microscopic interpretation of deformation appearance in 6Ni
within the Monte Carlo Shell Model approach

L . --H--. ‘F‘“?E‘}U ... -
|

76Cu 7F7Cu 78Cu

80Zn

79Cu

o sire .-. 65Pe 66Fe 67Pe 63Fe &9Fe 7Jore 71Fe 72Fe 73Fe 74Fe 7EFe
_\

\ Predicted SHAPE ISOMER-like states in 526465N;
O :\ \- " ALL deformed shapes have strong PROTON components
4- .
= —_ e .. @ O
z 37 ‘—\\ \\_\ @//,—
E — O@® " D .—




Joint experimental program at IFIN-HH, ILL, Orsay:
search for SHAPE isomers in Ni and probe the wave function component

e AW 71Zn 79Zn
SR o T
20y RS BEAMS = §95Cu  70Cu  7IC 5Cu__76Cu 77Cu 78Cu
o - . i
62 . ' 7 \ 69Ni / ) 73N S RADIOACTIVE
Z:W Ni 64ANj @ @ 7ONj 72NI 74N| ﬁ 7 BEAMS
59Co [ =" T82Co 63Co G4to BE™ 6oCo 67Co" &&Co,, 6

o 170Co 7lce /2C0 73Co 74

80Zn

79Cu

$4Fe ©65Fe ©6Fe ©&67Fe ©68Pe ©69Fe 70Fe f1Fe 72Fe 73Fe 74Fe 75Fe

5_
- // ALL deformed shapes have strong PROTON components
4- N V=
- N
= N . @D D
v | S— S~ —
23 —. N .
- — : @ —
—




®6Ni experiment at IFIN-HH in Bucharest (July 2016)
Sub-Barrier Transfer induced by 30

80 + %4Ni - 20 + °®Ni

o(®®Ni) = few mb
FUSION strongly suppressed

14 HPGe - 1.1% eff

ROSPHERE 11 LaBr;(Ce) - 1.75% eff

o THICK Target — 5 mg/cm?
o PLUNGER - 12 distances

63Co 64Co | B5Co 66Co BTCo From 10 to 3000 um
v/c=2.2%, TOF of 155 psin1 mm

> 1.5 month

6TNi  68Ni

30 pnA beam current



®6Ni experiment at IFIN-HH in Bucharest (July 2016)
Sub-Barrier Transfer induced by 30

180 + %4Ni = 1°0 + °°Ni

i
o(*°Ni) = few mb s Powerful
FUSION strongly suppressed v Reaction

SV mechanism
for direct

64Zn 66Zn | 67Zn | 68Zn HOZy TOZn .
population
63cu Tl s5cu KT 58Cu 69 ICE : of O states
4 O0DSE 0
Z=28 VINTR G ; | O 6eNi 6
CNITZEN :



®®Ni experiment at IFIN-HH in Bucharest (July 2016)
Sub-Barrier Transfer induced by 80

180 + ®4Ni = 2°0 + °°Ni
B(E2)~0.2 Wu
Lifetimes of all three 0* states 2071 3+ 2974 0"
0+3‘o.1 Wu
0% (2671 keV) 0",
u_ T1j2= 134(9) ps ()43 Wu
£ 0%, (2443 keV)
> 4 \Tl 2= 1.6(8) ps
1+ -
o 81
0 0%4 (2974 keV) C
: \ = 19.6-(6.6)+(7.5) ps ©

1000 2000 3000
Distance [um]

S. Leoni, B. Fornal,N. Marginean et al., PRL118, 162502(2017)
0*; lifetime independently measured by B. Olaizola, et al., PRC95, 061303(R) (2017)



®®Ni experiment at IFIN-HH in Bucharest (July 2016)

Sub-Barrier Transfer induced by 30
. . 5
180 + 64NI 9 160 + 66NI SHAPE ISOMER Like §
B(E2)~0.2Wu 5i—
Lifetimes of all three 0" states 2071 3+ 2074 o, S K
Illllllll]llll]llll[IIIIIIIIIIIIII[IIII H 2671 0+3‘0.1WU 0+ . h
0%3 (2671 keV) : 1546 0%, 2%
, o ] 1549 AT 0.01 W.u.
g - 100; - T2 = 134(9) ps : 1245 d‘i“' Wu o u_ 2
=3 0%, (2443 keV) ] 1018 T
>a [ XTi2=76(8) ps 1425 ] 41 W,
g . 2+ R 1X]
g 8107 :
0 \ 0%4 (2974 keV) (c) e) -1
1021 = 19.6-(6.6)+(7.5) ps l
I SN Y TR TN AN TR TR NN TN AN NN NN NN SN N
0 1000 2000 3000 0% y o0

Distance [um]

66N MCSM

S. Leoni, B. Fornal,N. Marginean et al., PRL118, 162502(2017)

0*; lifetime independently measured by B. Olaizola, et al., PRC95, 061303(R) (2017)



65Nj: lightest and unique example

- apart from the actinides —

of O* deformed state deexciting via
HINDERED ¥y transition

a SHAPE-ISOMER-like structure !

It is a probe of Monte Carlo Shell Model
predictive power:

rearrengement of nucleons in orbitals causes
emergence of deformation

week ending

PRL 118, 162502 (2017) PHYSICAL REVIEW LETTERS 21 APRIL 2017

Multifaceted Quadruplet of Low-Lying Spin-Zero States in *°Ni:
Emergence of Shape Isomerism in Light Nuclei

S. Leoni,'”" B. Fornal,” N. Miirginean,4 M. Sferrazza,” Y. Tsunoda,® T. Otsuka,’”*? G. Bocchi,"” F.C. L. Crespi,"2
A Br::«.cco,"2 S. Aydin,“J M. Boromiza,“' D. Bucurescu,4 N. Cieplicka—Oryhczak,z“‘ C. Co:;lache,4 S. C;‘.ilinescu,4
N. Florea,” D. G. Ghiti,* T. Glodariu,* A. Tonescu,™'' £..W. Iskra,” M. Krzysiek,” R. Miirginean,” C. Mihai,* R. E. Mihai,*
A. Mitu,* A. Negret,* C.R. Niti,* A. Olicel,* A. Oprea,* S. Pascu,* P. Petkov,* C. Petrone,* G. Porzio,"? A. Serban,*"
C. Sotty,” L. Stan,* L. Stirn,* L. Stroe,* R. Suviili,* S. Toma,* A. Turturici,® S. Ujeniuc,* and C. A. Ur"
lDiparn'mento di Fisica, Universita degli Studi di Milano, I-20133 Milano, Italy
2INFN sezione di Milano via Celoria 16, 20133, Milano, Italy
*Institute of Nuclear Physics, PAN, 31-342 Krakoéw, Poland
‘Horia Hulubei National Institute of Physics and Nuclear Engineering—IFIN HH, Bucharest 077125, Romania
SDépartement de Physiaue. Université libre de Bruxelles. B-1050 Bruxelles. Belgium



Same features of PROLATE 0* states along the Ni chain:

296

- 2t 2.3 W.u. 3.4 W.u.

prolate spher.

Sizable occupation of
neutron g, /, and proton
P3/2 T5/) orbitals

Can we enhance the population
of prolate 0* state ?




Probing the wave functions composition
by proton and neutron transfer reactions

0%, 4G . 65cs [Ny 70Gs 7262 | 73Ga  74Ca  75Ca
C I A 682n 69Zn 71Zn - 73Zn 7T4Zn

“C'n 65 66Cu 68Cu 69Cuy 7T0Cu  TICu T2Cu 73Cu

‘ 64N \ 6ONi @ 67N @ 69N @ LORE 5 _og

62Co 63Co ©64Co | BSCo 6H6Co HTCo 68Co 69%Co  TOCo TICo

61Fe 62Fe 63Fe 64Fe 65Fe 66Fe &7Fe & 8Fe 69Fe¢ 70Fe

2n: 280 +5%Ni - 20 +%6Ni, neutron excitations enhanced (spherical/oblate)

2p;4C 1. 687n = 360Q.L90Ni. proton excitations enhanced (prolate)
NOT FEASIBLE at SUB-BARRIER ENERGIES — checked experimentally !!!



Probing the wave functions composition
by proton and neutron transfer reactions

N L : et e 58 69Ga ] T1Ga

h2Zr s 654Zn 66Zn | 67Zn | 68Zn H9Zn 70Zn
63C . : 65Cu 56

62Nj | 64N | @ @@ l

6lCo 62Co 63Co 64Co  B5Co ©66Co 6HT7Co 68Co  69Co  TOCo

60Ni 61Ni

59Co

58Fe 61Fe 62Fe 63Fe 64Fe 65Fe 66Fe 67Fe 68Fe 69Fe

Both reactions are feasible !!!!

2n: 280 +%2Ni - 60+%4Ni, neutron excitations enhanced (spherical/oblate)
1p: 2B +%5Cu > 12C +%4Ni, proton excitations are enhanced (prolate)

Experiments done in Bucharest (IFIN HH), March and July 2018, March 2019



2n transfer:

®2Ni(180,1°0)%%Ni E, = 39 MeV, neutron excitations favoured (spherical/oblate)

Ge-symm-1keV-A_180+62Ni.cmat Cuts of 1345.0, ... keV \\ Ge-symm-1keV-A_180+62Ni.cmat Cuts of 1345.0, ... keV
\

1680
0%, > 2+ 2n transfer
f - o (t, o) ??

~ 2500
?

2049, 4+,

: . .
2500 2700

Ge-symm-F2.cmat Cuts of 1345.0, ... teV Ge-symm-F2.cmat Cuts of 1345.0,".. keV

|
1p transfer

Y N

, . N .
1680 1760 1900

—> STRONG SELECTIVITY to STATE population



Preliminary

2n transfer
(L. Iskra

Milano/Krakow)

Similar Study in °?Ni

- 68Ca - 7061 7261 | 733 74C1 715G
.- “Z“ . |

65Ga  66Ga

61Co 62Co

Cu T70Cu TIiCu T3Cu

6SNi @ @ EONi @ 7INi  72Ni

64Co  B5Co 66Co BHT7Co H8Co H9Co T0Co 7ICo

63Fe 64Fe 65Fe 66Fe &7Fe 68Fe £9Fe T0Fe

NU-Ball

n capture : n + ©2Ni = 52Ni, complete low spins spectroscopy (ILL Approved exp.)



D2
o) M. Alders et al.,

62 N i - T PRC 94, 034301 (2016)

62N' MCSM 2t .y GAMMASPHERE + FMA
B2 Ni(Z =28,N =34) 0, . I L (Argonne)
160 + pro/a te 2495 R 22 | o0 D1
- | 2505 + . )
0% o PO nine 0* states e
120 1 r — +1-1
) | Q, = 2.2t11eb
"‘E 100/ 20 31 82 - _I._O I7
= _ : 3128
g 5820 MeV 0°, _ " P2 = 0.4015 3
o 5630 MeV 0*g 18 T _1 oo™
] "
) : 4850 0%, R
50 100 ‘ ‘150 : > 2633
(Qy)(fm?) 4500 0% [0)
I S 16} _j18 189
02 Ni(Z =28,N =34) 0; | 4260 0% > N
= 2433
“ 0t oblate } 21 e
+ Y6 3720 o, U 4 [Qo=19%2eb ]L
o 10 | ;:: = 12 1964 ﬁ2 : 0 3s+0.19 1953
S, 3380 0%, 5 !,4_ 20012 || .
> o s oo 1554 16a7
© | W2 10p _ 12- D ND1 BErS
: | s R s
5% ‘ 15 200 = 250 i 2400 0+2 8 2578_Ll?}54 143214 117) _*_10(‘)
(@) (fm?) el o \N——T} 733 15T
62 Ni(7 — _ + . + L _\ 913 5
NN Isomeric 0* states 1 dede gl
- Q% s spherical could be the R e =
120 1 § " 6;'_‘__1 7 I O+7 0

e 100
&

BANDHEADS o T ST o v
of rotational structures | 1§1L3«a}§;_680
_observed at higher spins 7| X

0 0%,




Joint experimental program at IFIN-HH, ILL, Orsay:
search for SHAPE Isomers in Ni and probe the wave function component

- . o -

68Cy  69%Cu 70Cu  TICu

E(MeV)

v" First ODD system studied — very challenging !!!

v" MONTE CARLO SHELL MODEL
Calculations predict for ®5Ni
strong similarities with®°Ni
(T. Otsuka, Univ. of Tokyo)

5.0 f

2.0

1.0 f

0.0

65Ni Z=28 N=37

prolate
—/
B/2+; /' * proton component

Y, T retarded decay

spherical

an transfer: 3C+5%Ni = 22C + %Ni, medium spins (IFIN-HH, January 2018)
n capture: n + %Ni = Ni, low spins from capture state (ILL,March 2018)



CONCLUSIONS

v We have an extended Experimental Program
aiming at “Understanding the Microscopic origin
of nuclear deformation” > Niisotopes

One of the most fondamental issue in Modern Nuclear Structure

v HIGH Precision y-spectroscopy measurements are performed
with DIFFERENT REACTION MECHANISMS

Opportunity for reaching unprecedented sensitivity
to the state wave-function composition

Key aspect: understanding of REACTION properties
Collaboration with L. Fortunato and A. Vitturi (Padua Univ.)

- Bormio 2020
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The meetings are organized every second year in the month of February in Bormio, focusing on specific topics
which are relevant for the nuclear physics community and related areas. Within the workshop, experimental
and theoretical collaborations will have the opportunity to present and discuss their latest development on
physics and more technical issues (Link to Previous Edition Bormio 2018).
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