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Outline of the presentation

B The 2D limit of the Vibron Model.

B Single bender: QPT and ESQPT.

B Single bender: beyond mean field results.
B Coupled benders: the U(3) ® U(3) SGA.
B Coupled benders model Hamiltonian.

B Coupled benders phase diagram.

B Concluding remark.
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Algebraic Approach alla lachello

Study of N—dimensional systems = U (/N + 1) Spectrum Generating
Algebra.
F. lachello, Contemp. Math. 160 151 (1994).
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Algebraic Approach alla lachello

Study of N—dimensional systems = U (/N + 1) Spectrum Generating
Algebra.
F. lachello, Contemp. Math. 160 151 (1994).

Nuclei
B Quadrupolar degree of freedom — N = 5
B Spectrum Generating Algebra: U (6)
B Interacting Boson Model IBM

B A. Arima and F lachello. Phys. Rev. Lett. 35 1069
(1975)

M IBM-2, IBM-3, IBFM, SUSY in nuclei.
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B Interacting Boson Model IBM

B A. Arima and F lachello. Phys. Rev. Lett. 35 1069
(1975)

M IBM-2, IBM-3, IBFM, SUSY in nuclei.
Molecules

B Dipolar interaction — N = 3

B Spectrum Generating Algebra: U (4)

M Vibron Model

B F lachello. Chem. Phys. Lett. 78 581 (1981).
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The Vibron Model: U (4) dynamical algebra

The Vibron Model: the U (4) Dynamical Algebra applied to the study of
rovibrational molecular structure.

Modeling three-dimensional systems algebraically.
F. lachello Chem. Phys. Lett. 78 581 (1981).

Volume 78, number 3 CHEMICAL PHYSICS LETTERS 15 March 1981

ALGEBRAIC METHODS FOR MOLECULAR ROTATION—-VIBRATION SPECTRA

F.1ACHELLO
Kernfysisch Versneller Instituut, University of Groningen, The Netherlands
and Physics Department, Yale University, New Haven, Connecticut 06520, USA

Received 10 December 1980

Algebraic techniques similar to those recently introduced in nuclear physics may be useful in the treatment of molecular
spectra. A spectrum generating algebra appropriate to diatomic molecules is constructed. This algebra, U(4), is the simplest
generalization to 3-D of the algebra of the 1-D Morse oscillator and a simplification of the U(6) algebra of nuclear rotation—
vibration spectra.
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The one-dimensional limit of the Vibron Model

The 1D limit of the Vibron Model: the U (2) Dynamical Algebra applied to
the study of vibrational molecular structure.
Modeling (coupled) one-dimensional systems algebraically.

O.S. van Roosmalen, I. Benjamin, and R.D. Levine.
J. Chem. Phys. 81 5986 (1984).

A unified algebraic model description for interacting vibrational modes
in ABA molecules

O. S. van Roosmalen®
Kellogg Radiation Laboratory, California Institute of Technology, Pasadena, California 91125

I. Benjamin and R. D. Levine
The Fritz Haber Molecular Dynamics Research Center, The Hebrew University, Jerusalem 91904, Israel

(Received 9 April 1984; accepted 6 July 1984)

A simple yet realistic model Hamiltonian which describes the essence of many aspects of the
interaction of vibrational modes in polyatomics is discussed. The general form of the Hamiltonian
is that of an intermediate case between the purely local mode and purely normal mode limits.
Resonance interactions of the Fermi and Darling-Dennison types are shown to be special cases.
The classical limit of the Hamiltonian is used to provide a geometrical content for the model and
toillustrate the “phase-like” transition between local and collective (i.e., normal) mode behavior.
Such transitions are evident as the coupling parameters in the Hamiltonian are changed and also
for a given Hamiltonian as the energy is changed. Applications are provided to higher lying
vibrational states of specific molecules (H,0, O,, SO,, C,H,, and C,D,).
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The one-dimensional limit of the Vibron Model

The 1D limit of the Vibron Model facilitates the incorporation of point
symmetries and the application to the vibrational spectrum of polyatomic
molecular species.

Building symmetry-adapted local basis.
R. Lemus.

Mol. Phys. 101 2511 (2003).

Taylor & Francis
MoLecuLar Puysics, 20 Aucust 2003, Voo 101, No. 16, 2511-2528 Vs bl Carip

A general method to obtain vibrational symmetry adapted bases in
a local scheme

R. LEMUS*

Instituto de Ciencias Nucleares, Universidad Nacional Autdnoma de México,
AP, T0-543, Circuito Exterior, C.U,, 04510 Mexico, D.F., Mexico

{Received 1 November 2002, revised version accepted 29 April 2(H03)
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The 2D limit of the Vibron Model

The 2D Vibron Model: modeling vibrational bending dynamics with a
U (3) Dynamical Algebra.
Modeling bidimensional systems algebraically.
F. lachello and S. Oss. J. Chem. Phys. 104 6956 (1996).

Algebraic approach to molecular spectra: Two-dimensional problems

F. lachello
Center for Theoretical Physics, Sloane Laboratory, Yale University, New Haven, Connecticut 06520-8120

S. Oss
Dipartimento di Fisica, Universita di Trento and Istituto Nazionale di Fisica della Materia,
38050 Povo (TN), Italy

(Received 27 October 1995; accepted 7 February 1996)

The Lie algebraic approach is extended to two-dimensional problems (rotations and vibrations in a
plane). Bending vibrations of linear polyatomic molecules are discussed. The algebraic approach is
particularly well suited to treat coupled bending modes. The formalism needed to treat coupled
benders is introduced and a sample case, acetylene, is analyzed in terms of two coupled local
benders. © 1996 American Institute of Physics. [S0021-9606(96)01818-5]
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The 2D limit of the Vibron Model

The 2D Vibron Model: model-ling vibrational bending dynamics with an
U (3) Dynamical Algebra.
Modeling bidimensional systems algebraically.
F. lachello and S. Oss. J. Chem. Phys. 104 6956 (1996).

Boson Operators {T(L Ta, 00,0} 00 = x,7.

[TiaT}L} — 6’&,] ; Za] =4,y [0-7 O-T] =1
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The 2D Vibron Model: model-ling vibrational bending dynamics with an
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F. lachello and S. Oss. J. Chem. Phys. 104 6956 (1996).

Boson Operators {T(L Ta, 00,0} 00 = x,7.

[TiaT}L} — 62,] ; Za] =4,y [0-7 O-T] =1

Circular Bosons_+ T4+ Ty Ty T 1Ty

T = , T4+ —

Generators of the algebra:

{ﬁa ,ﬁsv Za CAs?:l:) é:i:; ﬁ:l:}
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U(3) Model Dynamical Symmetries

Dynamical Symmetries

UB3) D U(2) D SO(2) Dyn. Symmetry (1)
N n 14
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Dynamical Symmetries

UB3) D U(2) D SO(2) Dyn. Symmetry (1)

N n 14
U3) D SO(3) D SO(2) Dyn. Symmetry (I)
N w 14
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U(3) Model Dynamical Symmetries

Dynamical Symmetries

UB3) D U(2) D SO(2) Dyn. Symmetry (1)

N n 14
UB) D SO@B) D SO(2) Dyn. Symmetry (ll)
N w 14
Dynamical Symmetries Generators
U(Q) {ﬁ/,\ laAQ+7AQ—}
SO(3) {I,Dy,D_}
SO(2) {1}
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U(3) Model Dynamical Symmetries

Dynamical Symmetries

UB3) D U(2) D SO(2) Dyn. Symmetry (1)

N n 14
UB) D SO@B) D SO(2) Dyn. Symmetry (ll)
N w 14
Dynamical Symmetries Generators
U(Q) {nvlaQ—HQ }
SO(3) {I,Dy,D_}
SO(2) (I

Casimir Operators

AN

U2) GiU@R)]=n ColU(2)] =n(n+1)
Co[SO(3)] = W2 = BePFP-Dy | 2
2) C1[S0(2)] =1  (4[SO(2)] =2
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Cylindrical Oscillator Dynamical Symmetry

n 1
Cylindrical Oscillator 3 s
U3) > U((2) D SO(2) ) 2 A
[N] n ¢ 0Z
— NN—-1N-2...0 ! =
¢ = 4n,£(n—2),...,1(or0)
0 0OX

Beauty in Physics: Theory and Experiment, Cocoyoc 2012, MEXICO 11/30



Displaced Oscillator Dynamical Symmetry

Displaced Oscillator Chain

U(3) > SOB3) > SO(2)
N

W 14
w = N,N—-2,N—4,...,1(or0)
( = 4w, +(w-1),...,0
S N —w
B 2
N —1 N
v = 0,1,..., 5 (or;)
0 = 0,+1,42,...,4(N —2v)
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Displaced Oscillator Dynamical Symmetry

Displaced Oscillator Chain

+3
UB) D SO3) D S0O(2) +2
N W / +1]
0
w = N,N—-—2,N—4,...,1(or0) V=1 g
¢ = tw,+(w-1),...,0
+3
 N-w
v = 5 +2
v o= 0,1,...,N;1(or%) — 0
¢ = 0,41,42,...,+(N — 20) - K
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Single Bender Model Hamiltonian

UB) D U((2) D SO(2) Dynamical Symmetry (1)
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Single Bender Model Hamiltonian

UB) D U((2) D SO(2) Dynamical Symmetry (1)
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Single Bender Model Hamiltonian

UB) D U((2) D SO(2) Dynamical Symmetry (1)
UB) D SO@B) D SO(2) Dynamical Symmetry (1)
Single Bender Model Hamiltonian

- §
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Single Bender Model Hamiltonian

UB) D U((2) D SO(2) Dynamical Symmetry (1)
UB) D SO@B) D SO(2) Dynamical Symmetry (1)
Single Bender Model Hamiltonian

i £

B c<: energy scale

B & control parameter: £ € [0, 1]
1 £=0.0 rigidly-linear
[1 0.0 < & <0.2 quasilinear
[J 0.2 < €& < 1.0 non-rigid
1 £=1.0 rigidly-bent
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Single Bender Model Hamiltonian

UB) D U((2) D SO(2) Dynamical Symmetry (1)
UB) D SO@B) D SO(2) Dynamical Symmetry (1)
Single Bender Model Hamiltonian

- §

B c<: energy scale

B & control parameter: £ € [0, 1] The system
1 £=0.0 rigidly-linear undergoes Ii_ls_gcond
oraer IN
[1 0.0 < & <0.2 quasilinear Q
£ =0.2.

[J 0.2 < €& < 1.0 non-rigid
1 £=1.0 rigidly-bent
F. Pérez-Bernal and F. lachello. Phys. Rev. A77 032115 (2008).
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Excited State Quantum Phase Transition in 2DVM

Quantum Monodromy Diagram: Energy level density discontinuity
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Excited State Quantum Phase Transition in 2DVM

Quantum Monodromy Diagram: Energy level density discontinuity

—
o

©
o1

Excitation Energy (E/N, arbitrary units)

©
o

1 1 I 1
0.0 0.2 0.4 0.6 0.8 1.0
Control Parameter (&)

M.A. Caprio, P. Cejnar, F. lachello. Ann. Phys. 323 1106 (2008).
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Excited State Quantum Phase Transition in 2DVM

Quantum Monodromy Diagram: Energy level density discontinuity
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Control Parameter (&)

o
o

M.A. Caprio, P. Cejnar, F. lachello. Ann. Phys. 323 1106 (2008).
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Application to Single Bender Molecular Species

You will find a complete account of the application to single bender
experimental data in Danielle Larese’s seminar

D. Larese and F. lachello. J. Mol. Struct. 1006 611 (2011).

Beauty in Physics:éTheory and Experiment, Cocoyoc 2012, MEXICO 15/30



Coherent state approach

Projective coherent states define an intrinsic g.s. and a boson condensate

is) =N, 6) = —— ()" 10

bi = —1 [JT + CCT; + yTgﬂ

V14 1r?

where (r, 0) are polar coordinates associated to Cartesian (x, ).

z Algorithm proposed by Gilmore:
R. Gilmore J. Math. Phys. 20 891 (1979).
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Observables of interest. ground state energy and <ﬁ>

Ground State Energy per Particle

r? 1— r2 2
- fomori ()]
Te — 07 5£_17
\ 36 +1
3 0<¢<¢&
: Ee(re) = { _9£21—%20£_1 fo<e<1
d2E¢ (re) 0 0<ée<é
D de? N —ge3 fe<E<1
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Observables of interest. ground state energy and

Ground State Energy per Particle

wOO'ZS,ﬁ?“—%
Q &
2 2\ 2 2 3
T 1 — 7T f 0.20+ P %é |
Ec(r) = e|l(l—c¢ +¢ , oor )
8 I f o%%
5£ _ 1 3015* #é %Q .
Te — 07 ) o P RS
35 + ]- c ; %bu
Wo.1oF \ b
: 0< €<t TR I S |
— ] -- Mean Fie
85 (7e) - —9524‘105—1 Eo < €< ’ ] [/ ° Numerical, N =40 %’3&
. 16¢ N = T 0.05f ¢ -
d?&¢(re) { 0 0<¢<e g i 5]
4 2 - — — Ee<€¢<1 R A N I
dg 8¢ ¢ 008562 04 06 08 10

Control Parameter &
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Expected value of the number of 7 bosons
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Observables of interest. ground state energy and

Ground State Energy per Particle
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Finite-Size Corrections to the Mean Field Limit

Holstein-Primakoff expansion plus a Shift followed by a Bogoliubov Transformation.

ET:T‘]’ - bj:bja i,j:x,y,
e = VN \/1—ny/N = (O'TT')T
i - i b — 7 )
Ao = olo=N—ny,
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Finite-Size Corrections to the Mean Field Limit

Holstein-Primakoff expansion plus a Shift followed by a Bogoliubov Transformation.

il = blbysai=ay, bl =  VNMp +cl,
° 7 1
. / - T

. 7-;0 = VN b;.r 1—ny/N = (aTri) ; c;-r = Uia;r +via;,
; No = O-Jro-: N—ﬁb, (e = U; a4 —I—Uia;.r .
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il = blbysai=ay, bl =  VNMp +cl,
° 7 1
. / - T

. 7-;0 = VN b;.r 1—ny/N = (aTri) ; c;-r = Uia;r +via;,
; No = O-Jro-: N—ﬁb, (e = U; a4 —I—Uia;.r .

Symmetric Phase

A

Hoym = Ee(re)N + [3¢ = 14+ 2V7(€)/?] + 2™ (€)1 + O(1/N),
= = 5(g, — €)(1— €) |
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Finite-Size Corrections to the Mean Field Limit

Holstein-Primakoff expansion plus a Shift followed by a Bogoliubov Transformation.

il = blbysai=ay, bl =  VNMp +cl,
° 7 1
. / - T

. 7-;0 = vV N b;.r 1—ny/N = (aTri) ; c;-r = Uia;r +via;,
; No = O-Jro-: N—ﬁb, (e = U; a4 —I—Uia;.r .

Symmetric Phase

A

Hoym = Ee(re)N + [3¢ = 14+ 2V7(€)/?] + 2™ (€)1 + O(1/N),
= = 5(g, — €)(1— €) |

Deformed Phase

~ 1—6 _272 SEdef 1/2
Hdef :gg(re)N+ S g —|_ € (f)

16¢

(1]

+ 2% (¢)?h, + O(1/N),

=9 =B — €)1+ 3¢) .
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Finite-Size Corrections to the Mean Field Limit

Holstein-Primakoff expansion plus a Shift followed by a Bogoliubov Transformation.

il = blbysai=ay, bl =  VNMp +cl,
° 7 1
. / - T

. 7-;0 = vV N b;.r 1—ny/N = (aTri) ; c;-r = Uia;r +via;,
; No = O-Jro-: N—ﬁb, (e = U; a4 —I—Uia;.r .

Symmetric Phase
Hoym = Ee(re)N + [3¢ = 14+ 2V7(€)/?] + 2™ (€)1 + O(1/N),

=T =5( -1 —9).

Deformed Phase
~ 1 —6—27 2 8 Edef 1/2
Hdef — 5,5(7“6)]\7 _|_ S g —|_ € (f)

def 1/2 ~
16€ (5) Na + O(l/N) )

(1]

_|_

=9 =B — €)1+ 3¢) .

Application to two-level bosonic systems with U (2L + 2) SGA, for integer L.
S. Dusuel et al. Phys. Rev. C72 064332 (2005).
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Finite-Size Correction to the Ground State Energy
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P. Pérez-Fernandez, J.M. Arias, J.E. Garcia-Ramos, and F. Pérez-Bernal,
Phys. Rev. A83 062125 (2011).
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Finite-Size Correction to the Order Parameter
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P. Pérez-Fernandez, J.M. Arias, J.E. Garcia-Ramos, and F. Pérez-Bernal,
Phys. Rev. A83 062125 (2011).
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Finite-Size Scaling Exponents

d Xo ne Scaling exponent Numerical results [19]
Eo +1/2  +1 —4/3 — A = —0.9564(5)*
Apn  +1/2 0 —1/3 —Ar, ,» = —0.33743(10)
(1) —-1/2 0 +1/3 —A,1 +1=0.3770(05)
T/N —-1/2 0 +1/3 0.32026(13)°

[19] Numerical Results: F. Pérez-Bernal and F. lachello. Phys. Rev. A77 032115 (2008).
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Dynamical symmetries for coupled benders

© The U1 (3) x Ua(3) Lie algebra allows the de-
scription of coupled benders:

Pt
!  +ar!
7y e =T =12,
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Dynamical symmetries for coupled benders

© The U1 (3) x Ua(3) Lie algebra allows the de-
scription of coupled benders:

O-j’Tj,:l:::F \/§

SO1(2) ® SO2(2) (1a)
U1(3) ®U2(3) D U1(2) ® U2(2) S012(2),
: U12(2) : (i)
SO1(2) ® SO5(2) (la)
U1(3) @ U2(3) D  SO1(3) ® SO2(3) ' SO12(2),
. ' S012(3) / (lib)
: U12(2) (lia)
P UL(3) ® Uz(3) D Uts(3) SO15(2),
. S0O12(3) (1)
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Dynamical symmetries for coupled benders

© The U1 (3) x Ua(3) Lie algebra allows the de-
scription of coupled benders:

bt
o, Tl = gkt j;j’y =12
SO1(2) ® SO2(2) (la)
U1(3) ®U2(3) D U1(2) ® U2(2) / ) S012(2),
: Ur2(2) / (ib)
SO1(2) ® SO5(2) (la)
U1(3) @ U2(3) O  SO01(3) ® SO5(3) / ' S012(2),
: S0O12(3) / (1Ib)
: U12(2) (lla)
P UL(3) ® Uz(3) D Uts(3) ) SO15(2),
' SO012(3) / (lb)

F. lachello and S. Oss, J. Chem. Phys. 104 6956 (1996).
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Block Dimensions in the Coupled Benders Hamiltonian

The two-fluid model implies a huge increase in Hamiltonian block dimensions.
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Block Dimensions in the Coupled Benders Hamiltonian

The two-fluid model implies a huge increase in Hamiltonian block dimensions.
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o

50 100 150
U(3) totally symmetric irrep [N ]
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Coupled Benders: General and Model Hamiltonians

General Hamiltonian (9 parameters)

H =E} + ¢ (f1 +n2) + air(in + 1) + f2(fe + 1)] + araitifis
+AD1-Dy+ Ry Ro)+BQ1-Qa+ AW + W3) + AWy - Wh
+ B(E + ZE) + Bi2 lA1lAz .
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Coupled Benders: General and Model Hamiltonians

General Hamiltonian (9 parameters)

H =E} + ¢ (f1 +n2) + air(in + 1) + f2(fe + 1)] + araitifis
+AD1-Dy+ Ry Ro)+BQ1-Qa+ AW + W3) + AWy - Wh
+ B(E + ZE) + Bi2 lA1lAz .

Model Hamiltonian (3 control parameters: &, 11, and 72)

7:[=€{(1—§) [ﬁ1+ﬁ2+%él'é2} —I—% [151+152—|—2?72W1'W2]}
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Coupled Benders: General and Model Hamiltonians

General Hamiltonian (9 parameters)
H =E} + ¢ (f1 +n2) + air(in + 1) + f2(fe + 1)] + araitifis
+A(D1 D2+ Ri- Ra) + BQ1 - Q2+ AWTY +W3) + AraWi - W
+ B(E + ZE) + B12 ey

Model Hamiltonian (3 control parameters: &, 11, and 72)

7:[=€{(1—§) [ﬁ1+ﬁ2+%él'é2} —I—% [151+152—|—2?72W1'W2]}

F. lachello and F. Pérez-Bernal, Mol. Phys. 106 223 (2008);
F. lachello and F. Pérez-Bernal, J. Phys. Chem. A 113 13273 (2009).

F. Pérez-Bernal and L. Fortunato, Phys. Lett. A 376 236 (2012)
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Coherent state approach

We define the intrinsic state and the boson condensate as

. 1 i N1 ; No
io5) = NN 1, B, B) = s (810)  (0h2) 100
1
P f gt
bc,’i T m |:O-7, —I— (Cl?sz,x —|_ szz,y>}
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Coupled Benders Model Hamiltonian Energy Functional

7:126{(1—5) [’fh-i—’f%z—i-m Ql'QQ}—I—% [p1+p2+2772W1'W2]}

1 2 7“2-2 M ’ r?
E(r1,r2,¢) =(1 = ¢) §Z1+7~2+Z Hl 5 cos (2¢)

=1 v

_|_
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Coupled Benders Model Hamiltonian Energy Functional

7:126{(1—5) [75,14_752_1_%@1.622}4_%[ﬁ1+p2+2772W1.W2}}
1 o s i 2 2
=(1-¢) |z — AL d 2
g(rlar27¢) ( g) [2 — 1—|—?“12 + A <H1+T$>COS( ¢)
2 2\ 2
1 11— r
- i 2
s (55) o (M) om0
Linear, Doop,
rr =1r2=20
(C2H2, X)

X, Oy
r'y z

Y.

Beauty in Physics: Theory and Experiment, Cocoyoc 2012, MEXICO 26 /30



Coupled Benders Model Hamiltonian Energy Functional

Linear, Doop, Cis, Cay
rr =1r2=20 7°1=T2750,¢=0
(CaHa, X) (2-butene)
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Coupled Benders Model Hamiltonian Energy Functional

7:126{(1—5) [ﬁ1+ﬁ2+%621°@2]+%[p1+p2+2772W1'W2}}
I~ 2 o (e 1
:1_ - (2 e (2 2
E(r1,m2,0) =(1 - ¢) 2;1%” EHT; cos (2¢)
1 1 —r? 2 2 T
- v 2 ¢
e 4;(1+r3> L <H1+r§>cos(¢)]
Linear, Doop, Cis, Co
e B e B Trans, Cap,
r1=1r2=20 r1=1r27#0,0=0 r=rs A0 =
(2-butene) (C2Ho, A)
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Coupled Benders Model Hamiltonian Energy Functional

7:128{(1—5) [f?d-l-ﬁz-l-%él Q2:| —I-% [ﬁ1_|_[32_|_2772W1.W2]}
I~ 2 o (e 1
— 1 . - (2 e (2 2
E(ri,r2,0) =(1—€) |5 ; 2T 1:11 2 | cos(20)
1 1—7r2\° = T
- v 2 v
e 4; (1+fr3> T2 <Hl 1+r§> COS(@]
Li Do i v
Tmia;’ :8 B CI;COQ 6= 0 Trans, Cap, Non-planar, Ca
! 2 =T T rm=raZ0,¢=m1 r1=r2#00#0,7m
(2-butene) (CaHa, A) (H205)
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Coupled Benders Model Hamiltonian Energy Functional

7:128{(1—5) [f?d-l-ﬁz-l-%él Q2:| —I-% [ﬁ1_|_[32_|_2772W1.W2]}
I~ 2 o (e 1
— 1 . - (2 e (2 2
E(r1,m2,0) =(1 =€) | 5 ; Tt 1:11 T | cos (20)
1 1—r? g ’ r
L) o ({2

i=1 i i=1 i

Li Do i v

Tmia;’ :8 B CI;COQ 6= 0 Trans, Cap, Non-planar, Ca

! 2 =T T rm=raZ0,¢=m1 r1=r2#00#0,7m
(2-butene) (CaHa, A) (H205)

F. lachello and F. Pérez-Bernal, Mol. Phys. 106 223 (2008); J. Phys. Chem. A 113 13273 (2009).
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Phase Diagram in the 7); = 0O case

Phase Diagram and Order parameter 7. in the 1 = 0 case.

S A
\\ T‘ll = /1
\ 5
\
0w 0.8 Cis Trans y
— \ /
GJ \ /I -
g [ :
\
E 06_ \\ // |
(4] N .
— N /
(4] N pad q
o \\\ s
6 04_ \\\\ /’/ —
£ L
C Q 7
0.2
P Linear R
| T I I

| | | I 1 | 1
99,00 -0.75 -0.50 -0.25 0.00 0.25 050 0.75 1.00
Control Parameter n,
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Phase Diagram in the 7); = 0O case

Phase Diagram and Order parameter 7. in the 1 = 0 case.

1.0 5 T |_ T I T T S T T T T l,
N = /4
\ g
\
0w 0.8 Cis Trans y
= \ /
g N Y v
\ / e
E 06 B \\ / ]
© N .
— N /
4] N pad A
o \\\ s
6 04 B \\\\ /’/ —
5 L
C —
0.2
P Linear R
| I N R R

| | | I 1 | 1
99,00 -0.75 -0.50 -0.25 0.00 0.25 050 0.75 1.00
Control Parameter n,

Agrees with results in F. lachello and F. Pérez-Bernal, Mol. Phys. 106 223 (2008).
F. Pérez-Bernal and L. Fortunato, Phys. Lett. A 376 236 (2012).
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Phase Diagram in the 7); = 1 case

Phase Diagram and Order parameter 7 in the 71 = 1 case.

©
®

o
o

©
o~

Control Parameter

©
N

Linear

1 | 1 | 1 | 1 | 1 | 1 | 1 I Il
019.00 -0.75-0.50-0.25 0.00 0.25 0.50 0.75 1.00

Control Parameter n,
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Phase Diagram in the 7); = 1 case

Phase Diagram and Order parameter 7 in the 71 = 1 case.

1.0

©
®

o
o

©
o~

Control Parameter

©
N

Linear .
i i -1.0 0.0

1 | 1 | 1 | 1 | 1 | 1 | 1 I Il
Olg?.00 -0.75-0.50-0.25 0.00 0.25 0.50 0.75 1.00

Control Parameter n,

F. Pérez-Bernal and L. Fortunato, Phys. Lett. A 376 236 (2012)
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Coupled Benders Phase Diagram

F. Pérez-Bernal and L. Fortunato, Phys. Lett. A 376 236 (2012)
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Concluding Remark

Only one concluding remark:

Franco, thanks for all the good moments spent together and your inspiring help.
And also thanks in advance for the good moments that are still to come.
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And also thanks in advance for the good moments that are still to come.

And, of course, | am grateful for the audience’s kind attention...
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Concluding Remark

Only one concluding remark:

Franco, thanks for all the good moments spent together and your inspiring help.
And also thanks in advance for the good moments that are still to come.

APPLAUSE

@ = =)

And, of course, | am grateful for the audience’s kind attention...
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