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Nuclear	  fission	  was	  discovered	  on	  December	  17,	  1938,	  	  
in	  Berlin	  by	  O"o	  Hahn	  and	  his	  assistant	  Fritz	  Strassmann,	  	  
and	  it	  was	  interpreted	  theoreScally	  in	  January	  1939	  	  
by	  Lise	  Meitner	  and	  her	  nephew	  O"o	  Robert	  Frisch	  

Nuclear	  Fission	  

OUo	  Hahn	  Lise	  Meitner	  

143Ba	  93Kr	  

236U	  

Q	  ≈	  200	  MeV	  
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Fission	  dynamics	  

Fission	  of	  neutron-‐deficient	  nuclei	  

Fission Dynamics of Exotic Nuclei                 !
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N.	  Bohr	  &	  J.A.	  Wheeler,	  Phys	  Rev	  56	  (1939)	  426:	  

Nuclear	  fission	  is	  a	  result	  of	  shape	  dynamics	  

Jørgen	  Randrup	   3	  

Lise	  Meitner	  &	  O.R.	  Frisch,	  Nature	  143	  (1939)	  239:	  
	  
Disintegra*on	  of	  Uranium	  by	  Neutrons:	  	  
a	  New	  Type	  of	  Nuclear	  Reac*on	  
	  
``..	  An	  essenSally	  classical	  picture	  ..	  suggests	  itself.	  ..	  The	  	  
parScles	  in	  a	  heavy	  nucleus	  would	  be	  expected	  to	  move	  
In	  a	  collecSve	  way	  which	  has	  some	  resemblance	  to	  the	  
movement	  of	  a	  liquid	  drop.	  	  If	  the	  movement	  is	  made	  
sufficiently	  violent	  by	  adding	  energy,	  such	  a	  drop	  may	  
divide	  itself	  into	  two	  smaller	  drops	  ..’’	  
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Family of shapes considered 
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E	  	  =	  	  M	  	  +	  	  U(shape)	  	  +	  	  E*	  

A	  nucleus	  is	  characterized	  by	  its	  shape	  and	  its	  thermal	  energy	  

Total	  
energy	  

PotenSal	  energy	  
of	  deformaSon	  

StaSsScal	  
excitaSon	  

Ground-‐state	  
energy:	  Mass	  

Niels	  Bohr,	  Nature	  	  
137	  (1936)	  344:	  
Compound	  nucleus	  



Nuclear	  shape	  dynamics	  

1)	  Parametrized	  family	  of	  nuclear	  shapes:	  	  q	  =	  (q1,	  q2,	  …	  )	  

2)	  PotenSal	  energy	  of	  deformaSon:	  	  U(q)	  	  =	  	  U(q1,	  q2,	  …)	  

3)	  InerSal	  mass	  tensor:	  	  	  M(q)	  =	  	  {Mij(q1,	  q2,	  …)}	  	  

4)	  DissipaSon	  tensor:	  	  	  	  	  	  	  γ(q)	  	  =	  	  {γij(q1,	  q2,	  …)}	  	  

	  	  Langevin	  equa[on	  of	  mo[on:	  	  	  dp/dt	  	  =	  	  Fcons	  	  +	  	  Fdiss	  

	  	  Kramers,	  Physica	  7	  (1940)	  284,	  …	  
	  	  Fröbrich	  &	  Gontchar,	  Phys	  Rep	  292	  (1998)	  131	  
	  	  Chadhuri	  &	  Pal,	  Phys	  Rev	  C63	  (2001)	  064603	  
	  	  Karpov,	  Nadtouchy,	  Vanin,	  Adeev,	  Phys	  Rev	  C63	  (2001)	  054610	  
	  	  Nadtouchy,	  Adeev,	  Karpov,	  Phys	  Rev	  C65	  (2002)	  064615	  
	  	  Nadtouchy,	  Kelic,	  Schmidt,	  Phys	  Rev	  C75	  (2007)	  064614	  

Examples	  (incomplete	  list)	  [all	  macroscopic	  and	  <5D]:	  

N	  

1	  

N	  x	  N	  

N	  x	  N	  
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Three	  quadraSc	  surfaces	  [Nix	  1968]	  
5	  independent	  shape	  parameters	  

Nuclear	  shape	  families	  
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Family of shapes considered 

αg, εf1, εf2 =	  0	  

	  	  LEFT:	  
spheroid	  

	  RIGHT:	  
spheroid	  

	  	  	  	  	  	  	  	  	  	  	  MIDDLE:	  
spheroid/hyperboloid	  

Overall	  elongaSon	  
ConstricSon	  (neck)	  
ReflecSon	  asymmetry	  
Fragment	  deformaSons	  



elongation

Utotal

Umacro

Poten[al	  energy:	  	  Macroscopic-‐microscopic	  method	  
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Family of shapes considered 

Finite-‐range	  
liquid	  drop:	  

U(Z,N,shape)	  	  =	  	  Umacro(Z,N,shape)	  	  +	  	  Umicro(Z,N,shape)	  

Single-‐par[cle	  levels	  	  
in	  the	  effec[ve	  field	  

Shell	  &	  
pairing:	  
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E

Swiatecki	  1963	  
Stru[nsky	  1966	  

Umacro	  	  =	  	  Evol	  	  +	  	  Esurf	  	  +	  	  Ecoul	  	  +	  	  …	  

Umicro	  	  =	  	  Eshell	  	  +	  	  Epair	  



Iner[al	  mass	  tensor	  for	  nuclear	  shape	  mo[on	  

The	  nuclear	  fluid	  is	  incompressible	  	  =>	  	  density	  is	  constant:	  	  ρ(r)	  =	  ρ0	  
	  
	  
Assume	  irrotaSonal	  flow	  	  	  =>	  	  	  v(r)	  depends	  only	  on	  shape	  change	  

Macroscopic	  fluid:	  

Jørgen Randrup: FIESTA 2014 31

K(q̇, q) = 1
2 q̇ ·M(q) · q̇ = 1

2

∑

ij

q̇iMij(q) q̇j

K[ρ(r),v(r)] = 1
2m

∫

ρ(r)v(r)2d3r

KineSc	  energy	  associated	  
with	  shape	  changes:	  
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K(q̇, q) = 1
2 q̇ ·M(q) · q̇ = 1

2

∑

ij

q̇iMij(q) q̇j

K[ρ(r),v(r)] = 1
2m

∫

ρ(r)v(r)2d3r
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K(q̇, q) = 1
2 q̇ ·M(q) · q̇ = 1

2

∑

ij

q̇iMij(q) q̇j

K[ρ(r),v(r)] = 1
2m

∫

ρ(r)v(r)2d3r

=>	  	  	  	  	  	  	  	  	  
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The	  inerSal-‐mass	  tensor	  is	  sSll	  poorly	  understood	  
and	  the	  above	  is	  only	  a	  very	  rough	  approximaSon	  
-‐	  but	  it	  may	  be	  less	  important	  for	  the	  dynamics	  



The	  interacSon	  between	  the	  individual	  nucleon	  and	  the	  residual	  system	  	  
is	  concentrated	  in	  the	  surface	  region:	  Fermi	  gas	  in	  a	  deforming	  container	  

Density	  ρ(r)	  changes	  	  =>	  	  mean	  field	  changes	  	  =>	  	  nucleons	  adjust	  quickly	  

Dissipa[on	  for	  nuclear	  shape	  mo[on:	  one-‐body	  

Individual	  nucleons	  move	  in	  common	  one-‐body	  mean	  field	  
(while	  occasionally	  experiencing	  Pauli-‐suppressed	  collisions)	  

Single-‐parScle	  Hamiltonian	   Nucleons	  in	  mean	  field	  

One-‐body	  
dissipa[on:	  

RIKEN:	  6	  June	  2015	   9	  Jørgen	  Randrup	  



One-‐body	  dissipa[on	  in	  a	  mononucleus:	  
	  	  	  	  	  	  	  	  	  Wall	  formula	  for	  the	  dissipa[on	  rate	  

Slowly	  deforming	  nucleus:	  

DissipaSon	  rate:	  

J.	  Blocki,	  Y.	  Boneh,	  J.	  R.	  Nix,	  J.	  Randrup,	  M.	  Robel,	  A.	  J.	  Sierk,	  and	  W.	  J.	  Swiatecki,	  
Ann	  Phys	  113	  (1978)	  330:	  One-‐Body	  Dissipa[on	  and	  the	  Super-‐Viscidity	  of	  Nuclei	  

v

v’

V

v’=2V−v

Jørgen Randrup: FIESTA 2014 21

6.1 One-body dissipation in a mononucleus

The standard wall formula for one-body dissipation in a mononucleus is given by [24]

Q̇wall(q, q̇) = mρ0v̄
∮

ṅ2d2σ =
∑

ij

q̇iγ
wall
ij (q)q̇j , (6-1)

where the integral is over the nuclear surface. Furthermore, m is the nucleon mass, ρ0 is the
bulk density of nucleons, and v̄ is the mean speed of the nucleons in the bulk. For an axially
symmetric surface defined by ρ(z, t), the normal velocity of the local surface element is [25]

ṅ =
∂ρ

∂t
/

[

1 +
(

∂ρ

∂z

)2
]1/2

=
∑

i

q̇i ρ
∂ρ

∂z

[

ρ2 +
(

ρ
∂ρ

∂z

)2
]− 1

2

. (6-2)

The elements of the wall dissipation tensor are then readily obtained,

γwallij (q) = 2πmρ0v̄
∫ zmax

zmin

(ρ
∂ρ

∂qi
)(ρ

∂ρ

∂qj
)
[

ρ2 + (ρ
∂ρ

∂z
)2
]− 1

2

dz . (6-3)

Sometimes the strength is considered to be adjustable, leading to a somewhat smaller value.

6.2 One-body dissipation in a dinucleus

As the fissioning nucleus approaches scission, its shape acquires a binary appearance and the
system can be considered as a dinucleus joined by a relatively small neck though which individual
nucleons may be exchanged. The associated dissipation rate is given by the window formula [24],

Q̇window = 1
4mρ0v̄ πc

2 (2U2
∥ + U2

⊥) =
∑

ij

q̇iγ
window
ij (q)q̇j , (6-4)

where c is the radius of the neck (which is here assumed to have axial symmetry). Furthermore,
U∥ is the component of the relative dinuclear motion along the normal to the window and U⊥

is the component in the plane of the window. In addition, the shape changes of the two binary
partners (the prefragments) give rise to two wall dissipation terms, each one with ṅ calculated
relative to the respective prefragment motion. The combined wall-plus-window dissipation is
then described by [25],

γw+w
ij (q) ≡ γwallij (q) + γwindow

ij (q) = 1
2mρ0v̄

⎧

⎪

⎨

⎪

⎩

∂R

∂qi

∂R

∂qj
πc2 (6-5)

+ π
∫ z3

z0
dz

(

∂ρ2

∂qi
− 1

2

∂ρ2

∂z

∂R

∂qi

)(

∂ρ2

∂qj
− 1

2

∂ρ2

∂z

∂R

∂qj

)

⎡

⎣ρ2 + 1
4

(

∂ρ2

∂z

)2
⎤

⎦

− 1

2

⎫

⎪

⎬

⎪

⎭

.
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DissipaSon	  tensor:	  
ρ(z):	  
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STRONG!	  



Fission	  fragment	  kine[c	  energy	  

J.	  Blocki,	  Y.	  Boneh,	  J.	  R.	  Nix,	  J.	  Randrup,	  M.	  Robel,	  A.	  J.	  Sierk,	  and	  W.	  J.	  Swiatecki,	  
Ann	  Phys	  113	  (1978)	  330:	  One-‐Body	  Dissipa[on	  and	  the	  Super-‐Viscidity	  of	  Nuclei	  
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Strongly	  damped	  nuclear	  shape	  dynamics	  	  =>	  	  Metropolis	  walk	  

RIKEN:	  6	  June	  2015	   12	  Jørgen	  Randrup	  

DissipaSon	  
is	  strong	  	  

The	  inerSal	  mass	  
M	  is	  unimportant	  

Creeping	  
evoluSon	  =>	   =>	   =>	  

AcceleraSon	  and	  
(velocity)2	  are	  small	  

If	  the	  iner[al	  mass	  is	  unimportant	  
then	  the	  Langevin	  equa[on	  simplifies	  	  
to	  the	  Smoluchowski	  equa[on:	  

Brownian	  
mo[on	  

dissipaSve	  
	  	  	  	  	  force	  

driving	  
	  force	  

F
pot

+ F
fric

+ F
ran .

= 0

χ̇ = µ(χ) · [F pot(χ) + F ran(χ)]

µ(χ) ≡ γ(χ)−1

⟨F ran(t)⟩ = 0

⟨F ran

i (t)F ran

j (t′)⟩ = 2Tγijδ(t − t′)

F pot
= −∂U/∂χ

F fric
= −∂F/∂χ̇ = −γ · χ̇F fric

= −∂F/∂χ̇ = −γ · χ̇

mobility	  
	  tensor:	  

δχi =
∑

n

χ̃
(n)
i

[

∆t χ̃(n)
· F pot

+
√

2T∆t ξn

]

δχ =

∫
t+∆t

t

χ̇ dt :
Easy	  to	  
simulate:	  

random	  
number	  

mobility	  
eigenvector	  

<ξn>	  =	  0	  
<ξn2>	  =	  1	  



Strongly	  damped	  nuclear	  shape	  dynamics	  	  =>	  	  Metropolis	  walk	  

If	  the	  dissipa[on	  tensor	  is	  isotropic	  	  
then	  a	  Metropolis	  random	  walk	  	  
on	  the	  poten[al-‐energy	  lance	  	  
provides	  an	  exact	  simula[on	  of	  
the	  Smoluchowski	  shape	  evolu[on:	  

DissipaSon	  
is	  strong	  	  

Large	  degree	  of	  	  
shape	  equilibraSon	  =>	   =>	   LiUle	  sensiSvity	  to	  the	  structure	  

of	  the	  dissipaSon	  tensor	  γ(χ) (?)	  

RIKEN:	  6	  June	  2015	   13	  Jørgen	  Randrup	  

DissipaSon	  
is	  strong	  	  

The	  inerSal	  mass	  
M(χ)	  is	  unimportant	  

Creeping	  
evoluSon	  =>	   =>	   =>	  

AcceleraSon	  and	  
(velocity)2	  are	  small	  

If	  the	  iner[al	  mass	  is	  unimportant	  
then	  the	  Langevin	  equa[on	  simplifies	  	  
to	  the	  Smoluchowski	  equa[on:	  

Pup	  	  =	  	  exp(-‐ΔU/T)	  Pdown	  	  =	  	  1	  

?	   ?	  

Metropolis	  et	  al.	  (1953)	  

Brownian	  
mo[on	  

F
pot

+ F
fric

+ F
ran .

= 0

χ̇ = µ(χ) · [F pot(χ) + F ran(χ)]



236U	  

Metropolis	  walk	  …	  

Start	  at	  	  ground-‐state	  	  
(or	  isomeric)	  minimum	  

Walk	  un[l	  the	  neck	  	  
has	  become	  thin	  

ElongaSon	  

As
ym

m
et
ry
	  

Pup	  	  =	  	  exp(-‐ΔU/T)	  Pdown	  	  =	  	  1	  

?	   ?	  

…	  on	  the	  poten[al-‐energy	  surface:	  
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P.	  Möller,	  Nucl.	  Phys.	  A192	  (1972)	  529	  
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Q2

45 Q2 ~  Elongation (fission direction) 

35 αg ~  (M1-M2)/(M1+M2) Mass asymmetry

15 εf1 ~  Left fragment deformation

εf1 εf2

15 εf2 ~  Right fragment deformation

15
⊗

⊗

⊗

⊗

d ~  Neck 

d

Five Essential Fission Shape Coordinates

M1 M2

⇒  5 315 625 grid points − 306 300 unphysical points
⇒  5 009 325 physical grid points

Three-‐quadra[c-‐surfaces	  shape	  family	  [Nix	  1968]	  

5D	  Cartesian	  
shape	  layce	  
by	  P.	  Möller:	  	  

{UIJKLM	  }	  

5D	  table	  of	  the	  
potenSal	  energy:	  

=>	  

[Möller	  2009]	  

U	  =	  Umacro	  +	  Umicro	  

5,254	  nuclei	  
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Exp. 234U(γ,f)        
Calc. (11.0 MeV) 234U 
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Fragment Charge Number Zf 

  

P(Af)	  from	  240Pu*	  and	  236,234U*	  	  

J.	  Randrup	  &	  P.	  Möller,	  PRL	  106	  (2011)	  132503	  

5D	  Metropolis	  walks	  

RIKEN:	  6	  June	  2015	   16	  Jørgen	  Randrup	  

Odd-‐even	  staggering:	  
PRC90	  (2014)	  014601	  

Energy	  dependence:	  
PRC88	  (2013)	  064606	  
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Contrasting Fission Potential-Energy Surfaces Hg!U
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Nuclear	  poten[al	  energy:	  	  fission	  barrier	  landscape	  

Figure	  made	  by	  
Takatoshi	  Ichikawa	  	  

5D	  potenSal-‐energy	  surfaces	  reduced	  to	  two	  dimensions:	  

RIKEN:	  6	  June	  2015	   17	  Jørgen	  Randrup	  

Symmetric	  split	  blocked;	  
deep	  asymmetric	  valley	  
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P(Af)	  for	  222,224,226,228Th(γ,f)	  

J.	  Randrup	  &	  P.	  Möller,	  PRL	  106	  (2011)	  132503	  

5D	  Metropolis	  walks	  

Jørgen	  Randrup	   18	  
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Jørgen	  Randrup	   19	  

Dependence	  of	  P(Af)	  on	  the	  structure	  of	  the	  dissipa[on	  tensor?	  

To	  get	  γ(q),	  interpolate	  between	  	  γij ∼ δij	  	  and	  	  γij ∼ γijwall(q)	  
Solve	  the	  Smoluchowski	  equaSon	  for	  various	  forms	  of	  γ(q)	  



RIKEN:	  6	  June	  2015	  

Main	  points	  (so	  far):	  

If	  shape	  mo[on	  is	  strongly	  damped	  	  =>	  	  ignore	  iner[al	  masses	  
	  =>	  	  Smoluchowski	  equa[on	  (Brownian	  mo[on)	  

If	  P(Af)	  depends	  only	  weakly	  on	  the	  dissipa[on	  tensor	  
	  =>	  	  Metropolis	  walk	  is	  a	  reasonable	  star[ng	  point	  

The	  dependence	  on	  the	  dissipa[on	  anisotropy	  provides	  
an	  es[mate	  of	  the	  uncertainty	  on	  the	  calculated	  P(Af)	  
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Jørgen	  Randrup	   20	  

Fpot	  	  +	  	  Ffric	  	  +	  	  Fran	  	  =	  	  0	  



Jørgen	  Randrup	   RIKEN:	  6	  June	  2015	   21	  

Comparison	  with	  experimental	  data	  …	  

K.-‐H.	  Schmidt	  et	  al.,	  Nucl.	  Phys.	  A	  665	  (2000)	  221:	  

Fission	  fragment	  charge	  distribuSons	  	  
for	  seventy	  radioacSve	  nuclei,	  
using	  the	  secondary-‐beam	  facility	  at	  GSI	  	  

238U	  

Pb	  

1	  A	  GeV	  

Be	  

AZ	  

Z1	  

Z2	  
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Comparison	  with	  experimental	  data	  

Data	  from	  K.-‐H.	  Schmidt	  et	  al.,	  
Nucl.	  Phys.	  A	  665	  (2000)	  221	  

J.	  Randrup	  &	  P.	  Möller,	  Phys.	  Rev.	  C	  88,	  064606	  (2013)	  
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P(Zf)	  for	  isotopes	  at	  E*=11	  MeV	  P(Zf)	  for	  isotopes	  at	  E*=11	  MeV	  
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P(Zf)	  for	  isotopes	  at	  E*=11	  MeV	  P(Zf)	  for	  isotopes	  at	  E*=11	  MeV	  
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J.	  Randrup	  &
	  P.	  M

öller,	  Phys.	  Rev.	  C	  88,	  064606	  (2013)	  

P(Zf)	  for	  isotopes	  at	  E*=11	  MeV	  P(Zf)	  for	  isotopes	  at	  E*=11	  MeV	  
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AccumulaSng	  evidence	  suggest	  that	  the	  nuclear	  shape	  	  
dynamics	  at	  moderate	  excitaSons	  is	  highly	  dissipa[ve	  

Because	  the	  nuclear	  shape	  evolves	  so	  slowly,	  
its	  evoluSon	  can	  be	  approximated	  by	  a	  Metropolis	  walk	  	  
on	  the	  N-‐dimensional	  potenSal-‐energy	  surface	  

If	  so,	  the	  evoluSon	  resembles	  (generalized)	  Brownian	  mo[on	  
(N	  dims,	  non-‐uniform	  &	  anisotropic	  medium,	  external	  force)	  

Novel	  method	  for	  calculaSng	  fission	  fragment	  mass	  distribuSons	  
	  …	  can	  immediately	  be	  applied	  to	  >5,000	  nuclei	  
	  …	  requires	  only	  modest	  computer	  power	  
	  …	  has	  unprecedented	  predicSve	  power	  

While	  the	  Metropolis	  method	  presents	  a	  very	  useful	  tool,	  
it	  is	  merely	  a	  rough,	  preliminary,	  and	  idealized	  treatment.	  
But	  its	  success	  provides	  hope	  that	  it	  is	  possible	  to	  develop	  
a	  quanStaSve	  theory	  of	  nuclear	  shape	  dynamics	  	  	  

Summary	  and	  perspec[ves	  

Fpot+Ffric+	  Fran=	  0	  

5D	  tables	  of	  U	  exist	  
min-‐hrs	  on	  a	  laptop	  
no	  free	  parameters	  

Langevin:	  
dissipaSon	  &	  
mass	  tensors	  
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PredicSons	  …	  

Fission-‐fragment	  mass	  distribuSons	  in	  the	  
neutron-‐deficient	  region	  of	  the	  nuclear	  chart?	  

Fission-‐fragment	  mass	  distribuSons	  in	  the	  
r-‐process	  region	  of	  the	  nuclear	  chart?	  

.	  .	  .	  

✔	  
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P.	  Möller	  &	  J.	  Randrup,	  	  
PRC	  91,	  044316	  (2015)	  
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A.N.	  Andreyev	  et	  al.,	  	  
PRL	  105,	  252502	  (2010)	  

180Hg	  



Jørgen	  Randrup	   RIKEN:	  6	  June	  2015	   30	  

L.	  Ghys	  et	  al,	  Phys.	  Rev.	  C	  90,	  041301(R)	  (2014)	  
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Nuclear	  poten[al	  energy:	  	  fission	  barrier	  landscape	  

Figures	  produced	  by	  
Takatoshi	  Ichikawa	  	  

5D	  potenSal-‐energy	  surfaces	  reduced	  to	  two	  dimensions	  
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Symmetric	  split	  is	  blocked;	  
deep	  asymmetric	  valley	  

Symmetric	  split	  is	  blocked;	  
asymmetric	  landscape	  is	  flat	  
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Why	  is	  it	  interesSng	  to	  study	  fission	  
	  	  in	  the	  neutron-‐deficient	  region?	  

	  The	  character	  of	  the	  fragment	  mass	  distribuSon	  
exhibits	  a	  significant	  sensiSvity	  to	  model	  specifics	  
	  
⇒  	  	  Good	  prospects	  for	  tesSng	  &	  improving	  	  
	  	  	  	  	  	  	  	  our	  understanding	  of	  nuclear	  dynamics	  

Jørgen'Randrup' FIESTA:'8'September'2014' 29'
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Jørgen Randrup!
LBNL, Berkeley, California!

Fission Dynamics of Exotic Nuclei        !
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236U	  

Workshop	  on	  Science	  with	  SπRIT	  TPC	  
	   	  RIKEN,	  5-‐6	  June	  2015	  
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Why	  is	  it	  interesSng	  to	  study	  fission	  with	  SπRIT	  TPC?	  

It	  is	  possible	  to	  make	  event-‐by-‐event	  measurements	  of	  
the	  fission	  fragment	  mass,	  charge,	  and	  kineSc	  energy,	  
providing	  valuable	  informaSon	  for	  constraining	  models*	  
	  
AddiSonal	  measurements	  of	  neutrons	  and/or	  photons,	  
e.g.	  mean	  neutron	  mulSplicity	  and	  total	  photon	  energy	  
for	  each	  mass	  and	  charge	  parSSon,	  will	  help	  further	  

ADVERTISEMENT: 

*	  The	  Monte-‐Carlo	  simulaSon	  code	  FREYA	  provides	  
	  	  	  	  large	  samples	  of	  complete	  fission	  events,	  quickly	  
	  	  	  	  (both	  product	  nuclei	  &	  all	  neutrons	  and	  photons):	  

Jerome	  M.	  Verbeke,	  Jørgen	  Randrup,	  Ramona	  Vogt,	  
Computer	  Physics	  CommunicaSons	  191	  (2015)	  178	  


