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Multinucleon Transfer (MNT) in the Actinide Region IK

MNT reactions are a competitive tool to
populate exotic neutron-rich nuclei

—or each transferred neutron, cross section drops
Dy a constant factor, yb to mb cross sections

Evaporation may strongly influence the
iIsotopic distribution of the final fragments

Main restriction is presently missing identification
techniques for heavy transfer products

TARGET
n-rich
"above" 2 .
target : -
82 2;)8 products L
N = 82 i -
P " n-rich
driven

PRC 59, 261 (1999) 64Nj + 238U
1()3 T T T 3F | T | T 1 I
(-1p) it (Op) (+1p)
10° £l
1 1E
10 i .
1 1Y 1F : vy
101 1 E '
102 L—1 ! i | S [
50 60 70 EC 60 70 50 60 70
o - _!:r"'l.'- Binary character

with characteristic
grazing angles.

Population in the

(N,Z) plane is

dictated by the Qopt

Corradi et al. PRC 59, 261 (1999)

"below" targ’

produﬂ r|—|

transfer - 2 1 26

I ,l” Schadel et al.

I

] | PRC88,054615(2013) rr'J_
e i geo|
.- N
. |r'7"rrI

—

(oAl

(@
!

82

rl_i;l" Szilner et al. PRC 71, 044610 (2005)

4004 420%8py,
E ;=235 MeV

500 600

700 800

Mass [ch.]

400 -

300 |-

200 |-

6, ,5=80°

%'“
¥

| '64N|+238U
390 MeV

AAAAAAAAAAAAAAAAAAAA

Mass [ch.]




120+ _
" Island
" o
_ g B stability
[ ] \06
<)
Ve
100 \
=
8
2 L £0°e$%
G (99
o |
S g0
)
2
<
waiting
point
Zagrebaev et al.,
60 PRC 83, 044618 (2011)

- | |
100 120 140 160 180
number of neutrons

— 500 BOD 700 T 00T T T 00 gy




Multinucleon Transfer (MNT) in the Actinide Region IK

MNT reactions are a competitive tool to
populate exotic neutron-rich nuclei

—or each transferred neutron, cross section drops
Dy a constant factor, yb to mb cross sections

Evaporation may strongly influence the
iIsotopic distribution of the final fragments

Main restriction is presently missing identification
techniques for heavy transfer products

TARGET
n-rich
"above" 2 .
target : -
82 2;)8 products L
N = 82 i -
P " n-rich
driven

PRC 59, 261 (1999) 64Nj + 238U
1()3 T T T 3F | T | T 1 I
(-1p) it (Op) (+1p)
10° £l
1 1E
10 i .
1 1Y 1F : vy
101 1 E '
102 L—1 ! i | S [
50 60 70 EC 60 70 50 60 70
o - _!:r"'l.'- Binary character

with characteristic
grazing angles.

Population in the

(N,Z) plane is

dictated by the Qopt

Corradi et al. PRC 59, 261 (1999)

"below" targ’

produﬂ r|—|

transfer - 2 1 26

I ,l” Schadel et al.

I

] | PRC88,054615(2013) rr'J_
e i geo|
.- N
. |r'7"rrI

—

(oAl

(@
!

82

rl_i;l" Szilner et al. PRC 71, 044610 (2005)

4004 420%8py,
E ;=235 MeV

500 600

700 800

Mass [ch.]

400 -

300 |-

200 |-

6, ,5=80°

%'“
¥

| '64N|+238U
390 MeV

AAAAAAAAAAAAAAAAAAAA

Mass [ch.]




Theoretical Predictions for the Actinide Region

Mean Field Calculations

Delaroche et al.
Nucl. Phys. A 771 (2006)
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Density Functionals
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AGATA Doppler Correction

Optimization with four parameters:
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PRISMA Analysis Procedure
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PRISMA Analysis Procedure e
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PRISMA Response Function

PrismMA Response f(FEkyin, 0, @)

Transport event distribution uniform
in [E,9,¢] with Monte Carlo simulation
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Discriminating Fission & Transfer
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Discriminating Fission & Transfer IK
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Discriminating Fission & Transfer
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Discriminating Fission & Transfer IK
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o5 FTTTTT e e e calculates evolution of reaction by using
L 90 | ; : intrinsic degrees of freedom of two colliding nuclei:
X F
a PF  surface modes
g - "
5 10 low-lying modes
o F high-lying modes
O [
120 130 140 | * microscopic formfactor for transfer
Mass number  Corrected data normalized | | | .
e transfer described via a multistep mechanism
to +1n channel calculated
by GRAZING model Response corrected mass yields
A. Winther. Nucl. Phys. A 572 (1994) 191-235 Original mass yields 1
A. Winther. Nucl. Phys. A594 (1995) 203-245 .
http://personalpages.to.infn.it/~nanni/grazing/ GRAZING calculation 940 MeV o
1000 g S g 1000 ¢ )| — =A% ~LAL LN 1 s :
- 56Ba +2p f = '
100 | ° "1 100 sAX€e Op
=) f E ; : ° i
: 0.1 Lo . | wlt ul
E 10 Wl i
1000 g S g 1000 § S
F 52 le —2p : : : ° Wy
100 F 4 100 F - o °
= : ' = ' 1L i
E 10¢ :
b : : ° ° ]
0.1 :- — Lov s 0.1 L / .
120 130 140 128 132 136 140
Mass number Mass number Mass number

Future: GRAZING-F model including fission competition: R. Yanez, W. Loveland. Phys. Rev. C 91, 044608




Actinide Yields via X-ray Spectra e
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Actinide Yields via X-rays and AToF IK
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MNT at non-grazing angles

cross-section / mb

Predictions for the
production of new isotopes:

Zagrebaev and Greiner, PRL 101, 122701 (2008)
Zagrebaev and Greiner, PRC 83, 044618 (2011)
Zagrebaev and Greiner, PRC 87, 034608 (2013)

Theory, *Ni + *Pb

all angles

forward angles

Comas et al.

10° EPJ A 49 112 (2013)
10"
10° 100 | |
e 99
60 65 70 75 80 8 90 el
97 [@ 158
proton number Z 96 md
95 [@] ° 154 156
94 |
93 e 152
92 @

91 150

90

89 148

88

5 146

e Devaraja et al.

84 3 144 PLB 748 199-203 (2015)

83 1

82 111 T 140 N

120 122 124 126 128 130 132 134 136 138

48Ca + 248Cm @ 270 MeV

B 244%%°Cm target

["] observed isotopes

[®] new isotopes




PHYSICAL REVIW C 92, 004619 (200 5)
Light and heavy transfer products in "*Xe + “*U multinacleon transfer reactions

.\Vng.l‘n Bickerisach.' P. Reter.” L. Comati.! T Mijaionié” D. Morssmasi, A1 S Seiner, D, Hazzacen’ M. Bowry. £
A Beacea,” B. Breyseel,' F: C. L. Crespi,” G, de Angelix." P Dénepaclen’ J. Eeth” Ei. Farmes E. Fiorstn .\(.am

A Cengelbuch,'! A. Gasz.” A Gargen, ™" A Gottards,” 1. G * H. He,' PR Jobn," J.

§! ¥ W, Korten, 1 8. Leces,’ 5. Lenandi ™ . D RIS Mdd:g-:i."'
Pellegri,” 0. Pollzmlo,'* A, Pellia,] B. Quirta,” F. Radeck,' F. Recchia,t” ). Roan?

Mantagnoli,
£ Sabin 28 M. D. Sk F. Scarbammarn P, Sadentrien .| A M. Sicfanizi,* T. Steinbach, 0. Stexowski, ! B. Sepak.
Ch Theinem, " €. Ur,” J. 1. Valienie-Dubén” V. Vandone, a2d A Wiess'

" G K Umberrritat ne Kale, 50997, Germany
> retto Narisnale & Muice Naclewre, Laboratort Nezionalt & Legaam, 135000 Lagnars, Raby
'wmmmmmmﬁ Croatis
‘Dipartinesio 4 Maica ¢ Astonsess, Unerrdd & Padova, 1-3503) Padova, taly
Sttty Naionale 4l Mnicx Naclexw, Sexione &) Padove, 1-35131 Padove, ey
u’-u--]rhptx Ueiveraity of Surrey, Gudddford, Sarney GUD XN, Uetied
retversid &) Mdans sad INFN Secione & Mileno, 320133 sedans, iy
'Lﬂh‘gkrmkrwm F9119] GYf sar Yvette, Prance
“Contre de Spectromtrie Nacléaiw ot de Spectromtrie de Marse CENSM, ONRSONDr3
and Unte Paris St 19 1485 Oraay Compas, Prance
" bextitato de Firica Comparcalar, CSC-Universidad de Valencis, X-4007 1 Vadencix, Spein
© Depertewst of Phypics sed Astonse Uppaale Ueiversty, Si-7512] Uppasla, Swedee
B iepariment of Phyrics. Uedernity of Oxlo, 1! O. Sax JONE Dindere, N-0310 Oxlo, Marwey
pnrttas de Recherche zar bes oty Fondamentales de ["Uneers SR, CRADEM, Centoe CRA de Saclsy,
F-91191 G mar- Yowtte Cedex, Mrance
"ty Niwodaicosizk! Iuttate of Maclear Physics PAN, PL-31342 Krakow, Moland
PeNever L The Uimswrry of L. P 189 72X, United X!
ity of taverpoe(_ Lowspoci impdom
" dttats de Motractiora de le Materia, CSIC, Madrid, 125008 Madrid Spatx
“x\d.npaln-nauq Umderrity of the Wt of Scotland Migh Sveet, Mutsley PAJ 20X, Scodand, Ueiied Kinpdom
Wammmnmnmumm:muwu,

”,

e Selamance, 37008 Salamenca, Spain
o[ﬁpﬂ_lm_b”nﬂl.mﬂ 5075120 Uppasa, Swedee
xl.h\ﬂ,ﬂdrl_ Underrritd Lyon-J, CNRSINIP3, LMRSSZZ, 0NL, ¥-29622 Villewrbanae Cedex, Mrance
(Recsved 10 June 2009; pebliched 27 Augat 2015)

Melisaclon tasafer sactom (MNT) ax 3 competite bool © popelsts avctic acstroe-nch
eucks = 3 wide regice of macks, whes other prdactios methods bave sovers favitations or canect be wed ot
all

Perpose: spenmesl sformatoe oa the yekh of MNT reacton: @ comperice wih thoonstical cakoulatoes
am pecenary o muke prodiction for the prdactios of acstee- nich heavy sacle. 2 o oucial © detormise e
fractice of MNT reactios prdacts wisch are sarvivieg sestmn exsmos or fxoos af the bgh aoston esogy
aficr fxc saciece cachasge.

Meshod: Muliracdom rasafer actces i " Xe + 71 have bom mcamred in 2 bigh romfstion sy particle
comcidesce experment The lage wiid -asgle magnetic spectrmeter TRISMA coeplad © the high reslstion
Advanced Carssw Tracking Aray (ACIATA) b been exployed. Neardiie reactce prodacts afier meltswaclen
temnder ia the Xe region were idestifiod aad scdocted with fhe FRISMA spectomier. Comcadont particles wes
vhw#&mﬁd-hm-.kdk.ﬁhddhm

_k e e boem exteachad sed : del e NT
o inae. Kinasmic coiaciduares betwoss i bitary s goadocts . benahe s tagetiie sk, wure
w-mmmh-ﬁ.mmq_ummn"ﬂa_«g

C—d—xn:-u.,dddmﬁnanh,dl 9 @ foend © perfors seclar stuctan

Ia-bars y-aay wp e el for toandfer chassch i U and e -2p
d—ipaph-. Th sotopes.
DO 10,100V bysievC. 72024617 PACS savher() 24.30.-4, 25.70.Mi, 29.30.4), 25.40.0x
099 28T VROV H 1Y) 2411 ©015 American Maysical Society

PHYSICAL REVIEW C

A. Vogt et al.
Phys. Rev. C. 92, 024619 (2015)

Light and heavy transfer products in
136X e + 238J multinucleon transfer reactions

A4



Spectroscopy of %4°U
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Spectroscopy of 240U with AGATA+PRISMA ‘K
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Spectroscopy of %4°U with
CLARA+PRISMA
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High-Spin Spectroscopy of the Xe Isotopes *
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High-Spin Spectroscopy of 134Xe o
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High-Spin Spectroscopy of 134Xe
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