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The Jyvaskyli theory team on January 10, 2012

Standing, from left: Markus Kortelainen, Jacek DobaczewskKi

Seated, from left: Francesco Raimondi, Jussi Toivanen, Yuan Gao

Newcomer: Vaia Prassa

Former members: Gillis Carlsson, Alessandro Pastore, Nicolas Michel, Petr Vesely
Visitors: Dimitar Tarpanov, Yue Shi, Karim Bennaceur,Tamara NikSi¢

Jacek Dobaczewski
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Projects

Precise Penning-trap mass measurements beyond 32Sn
Tilted-axis cranking determination of ultra-high-spin triaxial rotational
bands in 58Er
Incompressibility of finite nuclei studied within modern QRPA
calculations
Rotational bands in superheavy nuclei around ??No
Low-lying vibrational (2* and 3°) states in semi-magic nuclei
(Calsson, Toivanen)
QRPA correlation energies up to multipolarity 7 (Calsson, Toivanen)
Beta-decay rates in spherical nuclei (Vesely)
Beta-decay rates in deformed nuclei (Toivanen, Pastore)
Pseudopotentials and equation of continuity in higher-order EDF’s
(Raimondi)
»  Adjustments of higher-order functionals to data (Prassa, Carlsson, Vesely,
Kortelainen)
» Error propagation in EDF approach (Gao)
» Approximate restoration of broken symmetries by the Lipkin method
(P. Toivanen, Gao)
% Particle- and Quasiparticle-phonon coupling (Tarpanov, Toivanen)
“* Regularization of zero-range effective interactions (Bennaceur, Raimondi)

UdJ O 00O

e

*

/
000

e

*

e

*

&

L)

L)

o0

*

4/33

w  YVASKYLAN YLIOPISTO




Precise Penning-trap

mass measurements
beyond 132Sn




Precision Mass Measurements beyond 13?Sn: Anomalous behaviour of odd-even staggering of
binding energies

J. Hakala.* J. Dobaczewski. D. Gorelov, T. Eronen.’ A. Jokinen. A. Kankainen. V.S. Kolhinen. M. Kortelainen.

I. D. Moore, H. Penttila. S. Rinta-Antila, J. Rissanen, A. Saastamoinen. V. Sonnenschein, and J. A}fstéi
Department of Physics, PO. Box 35 (YFL), FI-40014 University of Jyvéskyld, Finland
(Dated: March 7, 2012)

| arXiv:1203.0958v2 [nucl-ex] 6 Mar 2012 |
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Jacek Dobaczewski
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Energy

Odd-even mass staggering

N-1 N

W. Satula et al., Phys. Rev. Lett. 81, 3599 (1998)




Experimental data around 132Sn
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Spherical EDF calculations around 132Sn

SLy4 + HFB(s
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Odd-even mass staggering in N=81 & 83
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Tilted-axis cranking
determination of ultra-
high-spin triaxial
rotational

bands in 1°8Er




week ending

PRL 108, 092501 (2012) PHYSICAL REVIEW LETTERS 2 MARCH 2012

Self-Consistent Tilted-Axis-Cranking Study of Triaxial Strongly Deformed Bands

in I8Er at Ultrahigh Spin

Yue Shi,1’2’3’4 J. Dobaczewski,s’4 S. Frauendorf,6 W. Nazarewicz,‘m’5 J.C. Pei,m’3 F.R. Xu,1 and N. Nikolov’

Jacek Dobaczewski
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DSAM life-time measurements

1.00F -7 T Il aimol J
' ;"1;8"‘"""""__.%7.-—7-%5%;' ] g
0.95 | " Er F4 1 |5
: 3 3
: STT L o
__090F I 1 |E
= 0.5 ﬁf' b E
L TR 1 |3
0.85F Band  Q (eb) Q (eb) |] |5
N - >
- + 0.7 +1.8 - .
0.80: 1T o 1177 101" 7 1 |5
L +1.3 +5.4 :3
0.75 :_ 2 A 11.1_1.0 95_19 _: ED
) | " L ! | . 4 . | : g
1000 1200 1400 x
Energy (keV) “
JJJJJ sz ‘% 13/33




Cranked Nilsson-Strutinsky (CNS) model

041w N
TSDI

| X. Wang et al., Phys. Lett. B702, 127 (2011) |
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Routhians (MeV)

Tilted-axis cranking
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Incompressibility of
finite nuclei studied
within modern QRPA

calculations




Giant Monopole Resonances and nuclear incompressibilities studied for the zero-range
and separable pairing interactions.

P. Vesely,! J. Toivanen,! B. G. Carlsson,? J. Dobaczewski,'® N. Michel,! and A. Pastore?

S(IS EO) [fm*/MeV]

| arXiv:1202.5617 [nucl-th] 25 Feb 2012 |
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17/33



Fast RPA and QRPA + Arnoldi method

Within RPA, let p denote the one-body projective density matrix, p? =
p, and h(p) = OFE/0p denote the mean-field Hamiltonian calculated
for p. The TDHF equation for p(t) then reads:

iﬁ;p = [h(p), p].

The RPA method approximates the TDHEF solution by a single-mode
vibrational state p(t) in the vibrating mean field h(t) = h(p(t)):

P(t) = pPo + ﬁe_i‘“"t -+ ﬁ+ei”t, h(t) = ho + Ee—iwt + E—Feiwt

where pg is the self-consistent solution, [hg, po] = 0 for hy = h(po), p
is the RPA amplitude, and h = h(p). This allows for transforming the
TDHF into the RPA equation in the form

hwp = Hop = [ho, p] + [h, pol,

by which the right-hand side becomes a linear operator Hy depending
on pg and acting on p.

| J. Toivanen et al., Phys. Rev. C 81, 034312 (2010) |
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Convergence of the Arnoldi method
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Finite-range separable pairing interaction

V{’-“lsltlai‘"zSgtg, 157 t’ ”"’25 t"} —
— GUS(R R’)P(r)P{r )%(1 _|_Pa)%(1 — P,
— G6(R— R)P(r)P(r)i(1— P,)l(1 + P,),

where R = (71 +72) /2 denotes the centre of mass coordinate, ¥ = 7; — 75 is
the relative coordinate, r = |7], and function P(r) is a sum of m Gaussian

terms,
1 m 1 e
P(r) = — E —e %,
(r) m i=1 (4ma?)3/?

For such a pairing interaction, the pairing energy acquires fully separable
form,

B = = G0 0 (D0, Vo (Fa ol ¥a))
X (D2 Vi W 1620 P,
— 361D (D VWi 1Wa))
X (Z#,w EN“JL-J‘( Oyt "{T—1||‘I'a rjy})

Y. Tian, Z.Y. Ma, P.Ring, Phys. Lett. B676, 44 (2009)
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Nuclear incompressibility

The incompressibility of the infinite nuclear matter is defined as

,d* (E
Ko =90"— | —
dp A P—Pnm

where p,,, i1s the saturation density of nuclear matter.
The incompressibility of the finite nucleus, K 4, is related to the centroid
of the giant monopole resonance, Egprr, by the relation

h*°K o
\m < r2 >

Ecynp =

where < r? > is square root radius of the nucleus. The centroid of the
giant monopole resonance can be extracted, e.g., as the ratio of the first

and zero moment of the 07 strength function,
my
Ecmr = —-

My
In the analogy to the Weizsacker formula for the nuclear masses we can
introduce similar relation for the nuclear incompressibilities,

f o (N — Z)? Z?
Kis= Ky + KSA_I"ES -+ (KT -+ Ks_TA_l"fa)( ) + K

| J. P. Blaizot, Phys. Rep. 64,171 (1980) |

Jacek Dobaczewski

21/33



Nuclear incompressibility
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Full (empty) symbols correspond to the zero-range
(separable) pairing force

[ P. Vesely, et al., arXiv:1202.5617 ]
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Nuclear incompressibility
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Centroids of GMR
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[ P. Vesely, et al., arXiv:1202.5617 J
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Nuclear incompressibility - liquid drop

TABLE I: Parameters (in MeV) of the liquid-drop formula
(32) with standard errors, obtained by a fit to the values of K4

calculated in M semi-magic nuclei across the mass chart. The
parameter Y was determined as the square root of the sum of
fit residuals squared divided by the number of fit degrees of

freedom (M — 5 in our case).

S

o

o

N

o

(g

—

SLy4 UNEDF0 e

separable  zero-range  separable zero-range E}

Kv 25245 25845 24945 25744 P

Ks —391+14 —406+13 —397+14 —4124+13 %’

K- —460+£30 —500+£30 —510£30 —550£30 §

Ks,r 410+£110 5604100 5704120 7404100 ¥

K¢ ~5.2404  —5.4+04  —454+04  —51404
M 210 211 204 195
X 5.0 4.7 5.3 4.4
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Rotational bands in
superheavy nuclei
around #*No
(preliminary)

(with Yue Shi and Paul Greenlees)




Rotational bands in N=150 & 152 isotones
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[ P. Greenlees, et al., to be published J
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Neutron quasiparticle spectra in »1Cf,;

|

M. Kortelainen et al., Phys. Rev. C85, 024304 (2012)

UNEDFI1 = new parameterization adjusted to heavy deformed nuclei J

2.0
| 5/2+[622] — 7/9- 74 251 -
[ R 0s Cfis3 ]
i 7/2 |
1.5 F 7/27[624] ‘ 1/2+[631] -
- 11/27[725] — — 9/2+ .
. - 9/2t615] T 1/2+ .
> — -
s 1.0 [ ' - - 1/2- 3/27 -
~— i _ — 5/2+ 7
L ) . ‘ —_— _— 1/2° |
o0 0.5 - 9/27[734 — ' 9/2~ 5/2t
LE - —_— e DIl 11/3_ 11/2__
i —_— e T p— 3/2+ -
- 3/2+[622] —— T - 3/2 — -T/Q—I— _
0.0 F L/27[620] 1/2+ 1/2+
- SLy4 UNEDF1  UDF150  ypr150 EXPT -
I (V¥, VI)=(-196, -218) |
-0.5
JaCEk’DitfizeWSki @ 28/33
IFT U T




Proton quasiparticle spectra in 2Bk,
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74
72
70
68
66
64
62
60
58

J® in N=150 & 152 isotones

Without Lipkin-Nogami
Woods-Saxon & BCS

s

e

~N

A. Sobiczewski, I. Muntian, Z. Patyk
Phys. Rev. C63, 034306 (2001)
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J&

in N=150 & 152 isotones

With Lipkin-Nogami Without Lipkin-Nogami
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Conclusions

. Precise Penning-trap mass measurements beyond

132Sn call for an improved analysis of correlations
in odd nuclei

Tilted-axis cranking determination of ultra-high-
spin triaxial rotational bands in >8Er proves the
instability of excited configurations.
Incompressibilities of finite nuclei studied within
modern QRPA calculations do not provide answer
to the question “Why tin is so soft”

Rotational bands in superheavy nuclei around
22No challenge current approaches to pairing.

w VVASKYLAN YLIOPISTO sl
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Thank you

Jacek Dobaczewski
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What is DFT?

Density Functional Theory:

A variational method that uses
observables as variational
parameters.

§(H — AQ) =0
U
E = E(Q)

for E(A) =(H) and Q(\) = (Q)
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Rayleigh-Ritz Variational Method

H|V;) = E;|¥;)

| <= |

ao|Wo) + a1|¥1) + az|¥2) + ...

Eolao|® + Eq|a1|* + Eslas|® + ...

| <= |

E, < Rayleigh-Ritz
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Which DFT?

§(H—XQ) =0 — E = E(Q)

§(H — > AQr) =0 = E = E(Qx)
6(H — [dgA(9)Q(a)) =0 = E = E[Q(q)]

6(H — [aF \(7)p(7) =0 = E = E[p(7)
for p(F) = Yo 8(F— )

5(H — f dedfF”)\(F, (7, 7)) =0 = E = E[p(7,7")]




What is the DFT good for?

S(H — Q) =0
U

Energy E is a
E = E(Q) function(al) of Q

1) Exact: Minimization of E(Q) gives the exact E and exact Q

2) Impractical: Derivation of E(Q) requires the full
variation 6 (bigger effort than to find the exact ground
state)

3) Inspirational: Can we build useful models E’(Q) of the
exact E(Q)?

4) Experiment-driven: E’(Q) works better or worse
depending on the physical input used to build it.
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How the nuclear EDF is built?

rﬁ Local energy h

. ) B density is a
E'[p(7)] = [dFH(p(7T)) function of

LDA t{ local density y
r(Non-local energy\

density is a
Elp(,7)] = [[afdi (™) | function of

Gogny, M3Y tknon-local density 7

H(p(7, 7)) = V(7 —7)|p(P)p(7") — p(7,7")p(F', 7)
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How the nuclear EDF is built?

r(Quasi-local energy\
density is a

E' = [dFH(p(7), T(F), Ap(7),...) function of

local densities and
Skyrme, BCP, gradients Y.

point-coupling, ...

r‘ Non-local energy h

B — f A7 A7 H(p(7), p(7)) density is a

function of
t& local densities |
RMF (Hartree)
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Collectivity

/beyond mean field, ground-state correlations, shape

coexistence, symmetry restoration, projection on good
quantum numbers, configuration interaction, generator
coordinate method, multi-reference DFT, etc....

~

\ y
— (U|H|T) ~ ffdm*fﬁ(p(ﬂ 7))
U tor (s ) — (¥l )al)®)
mean field (¥|P)
(U, | H|W,) ~ fdrdf‘”?‘((plg( 7))
(U1la™(7")a(r’)[P2)

1 2
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Extensions

* I. Range separation and exact long-range effects

H(p) = Hiong(P) + Hshort ()

* II. Derivatives of higher order:

H(p) = H(p, T, T4, T6, AP, 52133 Agpa o)
* I11. Products of more than two densities:

H(p) = H(p?, p°, T2, 7°, pT, p°7,...)
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Finite-range separable pairing interaction

The interaction matrix elements VTPF;;{; are defined as follows

L, I, A
1

J@2m) @A+ D)@+ )i+ 1] § 11
Ju dv

JINA
Vo

91/4 ._.-1,71,.*2{2.”__'_1}[

NAnO
}{ ﬂr{r{“pipnuiu b3_.,.'2 1lr 2{2“’]’1!}2

1 —m 1 2a2b® 3/2 1—a?b®\n
X mZi= {4m—f}3f’2(1+_5.§b2] (1+a.3b2) O2n,2n,+1,+2n,+1,—2N— A
I, 1, J
NJ __ . . 1 1
1"-'jrl:..ua.a— — 1'.(4?1-}(2'}_'-1)(23# + 1)(27. + 1) > 5 0
Ju Jv J
NJno 2Y% [71/2(2n41)!
X I'Jn.pipnu:ub&.-“?} 2(2nn!)2
1 —m 1 2a2b2 3/2 1—a?b®\n
X m —i=1 {4:-1-&.13}3.!2(1___;3;;2 (1_|_ﬂ_t3bz) 52-n.,2n.“+1“+2n.u-I—I,,—EN—J

where we used the standard notation of the Talmi-Moshinski coefficients

MN.lnl]'

nulund,*
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Nuclear incompressibility

Table 1: Parameters (in MeV) of the liquid-drop formula, obtained
by a fit to the values of K 4 calculated in M semi-magic nuclei
across the mass chart. The standard parameter x is detrmined as
the rms deviation per fit degree of freedom.

SLy4 UNEDFO

separable  zero-range separable zero-range
Ky 29219 20815 249715 2574
Kg —391x14 —406x13 —397x14 —412x13
K. —460x=30 —500==30 —510=x30 —550==30
Kg - 410110 560100 5701120 740100
Kc —5.21x04 —54x04 —45x04 —5.1x04
M 210 211 204 195
X 5.0 4.7 5.3 4.4

[ P. Vesely, et al., arXiv:1202.5617 ]
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