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ResumenResumen

IBM: nIBM: núúcleos parcleos par--parpar
IBFM: nIBFM: núúcleos imparcleos impar
SimetrSimetríías dinas dináámicasmicas
¿¿Es posible describir los nEs posible describir los núúcleos parcleos par--parpar e e 
impares en el marco de un modelo unificado?impares en el marco de un modelo unificado?

La respuesta es sLa respuesta es síí: SUSY: SUSY
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OutlineOutline
FirstFirst empiricalempirical evidenceevidence ofof
SUSY SUSY waswas foundfound in nuclear in nuclear 
physicsphysics in 1980 (in 1980 (IachelloIachello))
Nuclear Nuclear supersymmetrysupersymmetry
relates relates collectivecollective ((bosonicbosonic) ) 
degreesdegrees ofof freedomfreedom withwith
singlesingle--particleparticle ((fermionicfermionic) ) 
degreesdegrees ofof freedomfreedom
NewNew experimentsexperiments in in thethe A~190A~190
massmass regionregion
PtPt--Au Au andand OsOs--Ir Ir nucleinuclei
CorrelationsCorrelations betweenbetween oneone-- andand
twotwo--nucleonnucleon transfer transfer reactionsreactions
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SupersimetrSupersimetríía (SUSY)a (SUSY)
SimetrSimetríía fundamentala fundamental
FFíísica msica máás alls alláá del Modelo Estdel Modelo Estáándar ndar 
Problema de jerarquProblema de jerarquíía, unificacia, unificacióón n 
de las interacciones fuerte, dde las interacciones fuerte, déébil y bil y 
electromagnelectromagnéética tica 
Cada partCada partíícula tiene una pareja cula tiene una pareja 
supersimsupersiméétrica: trica: fotonfoton--fotinofotino, , 
quarkquark--squarksquark, , leptonlepton--sleptonslepton, etc., etc.
TeorTeoríía bella y elegantea bella y elegante
¿¿SoluciSolucióón en busca de un problema?n en busca de un problema?
LHC: bLHC: búúsqueda para partsqueda para partíículas culas 
supersimsupersiméétricastricas
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¿¿SoluciSolucióón en busca de un problema?n en busca de un problema?

ÁÁlgebra de corriente lgebra de corriente ((MiyazawaMiyazawa, 1966), 1966)
GradedGraded Lie Lie groupsgroups ((BerezinBerezin & Kac, 1970)& Kac, 1970)
Modelos dualesModelos duales ((NeveuNeveu & & SchwarzSchwarz, 1971;  , 1971;  RamondRamond, , 
1971)1971)
TeorTeoríía de campoa de campo ((VolkovVolkov & & AkulovAkulov, 1973; , 1973; WessWess & & 
ZuminoZumino, 1974), 1974)
FFíísica nuclearsica nuclear ((IachelloIachello, 1980), 1980)
MecMecáánica cunica cuáántica supersimntica supersiméétricatrica (Witten, 1981) (Witten, 1981) 
……
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InteractingInteracting
 
BosonBoson

 
ModelModel

TheThe IBM describes evenIBM describes even--eveneven nucleinuclei in in 
termsterms ofof a a systemsystem ofof correlatedcorrelated pairspairs ofof
nucleonsnucleons whichwhich are are treatedtreated as as bosonsbosons withwith
angular angular momentummomentum L=0,2 L=0,2 (Arima, (Arima, IachelloIachello, , 
1974)1974)
TheThe IBM can be extended IBM can be extended toto oddodd--even even 
nucleinuclei by by includingincluding, in , in additionaddition toto thethe
collectivecollective degreesdegrees ofof freedomfreedom ((bosonsbosons), ), thethe
singlesingle--particleparticle degreesdegrees ofof freedomfreedom ofof anan
extra extra unpairedunpaired protonproton oror neutronneutron ((fermionfermion
withwith J=jJ=j11, j, j22, , …… ) ) 
Nuclear Nuclear supersymmetrysupersymmetry relates relates collectivecollective
((bosonicbosonic) ) degreesdegrees ofof freedomfreedom withwith singlesingle--
particleparticle ((fermionicfermionic) ) degreesdegrees ofof freedomfreedom
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BuildingBuilding
 
BlocksBlocks
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Estructura AlgebraicaEstructura Algebraica

En la supersimetría se conserva 
el número total de bosones

 
y fermiones
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GradedGraded
 
Lie algebra U(6/Lie algebra U(6/ΩΩ))



Roelof Bijker, ICNRoelof Bijker, ICN--UNAMUNAM Escuela Andina 2012Escuela Andina 2012 1111

SupermultipleteSupermultiplete

El supermultiplete
 

contiene 
tanto a núcleos par-par

 
como a los impares
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SupersimetrSupersimetríía U(6/4)a U(6/4)



Roelof Bijker, ICNRoelof Bijker, ICN--UNAMUNAM Escuela Andina 2012Escuela Andina 2012 1313

HamiltonianoHamiltoniano
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Ejemplo U(6/4)Ejemplo U(6/4)
El Hamiltoniano

 
describe 

simultáneamente los 
espectros del núcleo par-

 par
 

190Os e impar 191Ir con 
los mismos valores de los 
parámetros A, B y C
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Ejemplo U(6/12)Ejemplo U(6/12)



Roelof Bijker, ICNRoelof Bijker, ICN--UNAMUNAM Escuela Andina 2012Escuela Andina 2012 1616



Roelof Bijker, ICNRoelof Bijker, ICN--UNAMUNAM Escuela Andina 2012Escuela Andina 2012 1717

NNúúcleos cleos A~190A~190

Niveles de neutrón, capa 82-126

Niveles de protón, capa 50-82

Núcleos Os, Ir, Pt, Au
con 76, 77, 78, 79 protones
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Nuclear Nuclear SupersymmetrySupersymmetry

Arima & Iachello, PRL 40, 385 (1978)
Iachello, PRL 44, 772 (1980)
Balantekin, Bars, Bijker & Iachello, PRC 27, 1761 (1983)
Van Isacker, Jolie, Heyde

 

& Frank, PRL 54, 653 (1985)
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SupersimetrSupersimetríía Neutra Neutróónn--ProtProtóónn

Neutron-proton
 
SUSY :

Van Isacker, Jolie, Heyde, Frank, PRL 54, 653 (1985)
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QuetzalcóatlTezcatlipoca

Camaxtle HuitzilopochtliDiseño: Renato Lemus

Diseño: 
ELAF 2004 
Renato Lemus
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SupersimetrSupersimetríía Dina Dináámicamica



Roelof Bijker, ICNRoelof Bijker, ICN--UNAMUNAM Escuela Andina 2012Escuela Andina 2012 2424

NNúúcleo Imparcleo Impar--ImparImpar
 
196196AuAu

Metz et al, PRL 83, 1542 (1999)



Roelof Bijker, ICNRoelof Bijker, ICN--UNAMUNAM Escuela Andina 2012Escuela Andina 2012 2525

CuadrupleteCuadruplete
 
SupersimSupersiméétricotrico
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TwoTwo--NucleonNucleon
 
TransferTransfer

Reaction

Spectroscopic
 
factors

Relative
 
strength
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Barea, Bijker, Frank, PRL 94, 152501 (2005)



Roelof Bijker, ICNRoelof Bijker, ICN--UNAMUNAM Escuela Andina 2012Escuela Andina 2012 2828

Magic
 
mirror

 
-

 
M.C. Escher
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NewNew
 
SupersymmetricSupersymmetric

 
QuartetQuartet

Neutron-proton
 
SUSY :

Balodis

 

et al, PRC 77, 064602 (2008)
Barea

 

et al, PRC 79, 031304 (2009)

even-even
 

192Os 
odd-proton

 

193Ir  
odd-odd

 

194Ir
Use supersymmetry

 
to

predict
 
odd-neutron

 

193Os
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Theoretical

NNúúcleo cleo 194194IrIr
Balodis

 

et al, PRC 77, 064602 (2008)
Barea

 

et al, PRC 79, 031304 (2009)
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SupersymmetricSupersymmetric
 
QuartetQuartet

 
OsOs--IrIr
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Theoretical
Balantekin

 

et al. NPA 370, 284 (1981)
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CorrelacionesCorrelaciones

Wave
 
functions

 
related

 
by supersymmetry: 

matrix
 
elements

 
of

 
transfer operators

 correlated
 
by SUSY
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Quantum Quantum NumbersNumbers

CorrespondenceCorrespondence ofof quantum quantum numbersnumbers
betweenbetween eveneven--eveneven andand oddodd--neutronneutron nucleusnucleus

andand oddodd--protonproton andand oddodd--oddodd nucleusnucleus ((k=0k=0))
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WaveWave
 
FunctionsFunctions

Wave
 
functions

 
result

 
of

 
coupling

 
of

 
three

 
different

 U(6) representations: proton
 
and

 
neutron

 
bosons, (π) 

and
 
(ν), and

 
orbital part

 
of

 
neutron

 
orbitals

 
(ρ)

Analogy
 
to

 
three-flavor

 
quark

 
model

 
(u, d, s) 

with
 
SU(3) ⊃

 
SU(2) ⊗

 
U(1)

 
symmetry
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GeneralizedGeneralized
 
FF--spinspin

Matrix elements
 
between

 states
 
with

 
the

 
same

 
quantum 

numbers
 
but

 
different

 
U(6) 

couplings
 
are related

 
by   

SU(3) isoscalar
 
factors

 
and

F-spin
 
CG coefficients
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Transfer Transfer OperatorsOperators
Tensorial Tensorial charactercharacter ofof oneone--protonproton andand oneone--
neutronneutron transfer transfer operatorsoperators
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Smaller
 
and

 
Smaller

M.C. Escher



Roelof Bijker, ICNRoelof Bijker, ICN--UNAMUNAM Escuela Andina 2012Escuela Andina 2012 4040

OneOne--protonproton
 
transfertransfer

Test of
 
the

 
fermionic

 
generators

of
 
the

 
superalgebra

Barea, Bijker, Frank, JPA 37, 10251 (2004)
Ruslan

 
Magaña, B.Sc. Thesis

 
2010
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CorrelacionesCorrelaciones
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OneOne--NeutronNeutron
 
TransferTransfer

One-neutron
 
transfer reactions

between
 
Pt isotopes

Bijker & Iachello, Ann. Phys. 161, 360 (1985)

Matrix elements
 
between

 
states

 
with

 
the

 
same

 
quantum 

numbers
 
but

 
different

 
U(6) couplings

 
are related

 
by 

SU(3) Isoscalar
 
Factors

 
and

 
F-spin

 
CG coefficients
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CorrelacionesCorrelaciones

Mixed
 
symmetry

 
state!
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CorrelationsCorrelations
OneOne--protonproton transfer transfer reactionsreactions

OneOne--neutronneutron transfer transfer reactionsreactions
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SummarySummary
 
andand

 
ConclusionsConclusions

Nuclear Nuclear supersymmetrysupersymmetry
EnergyEnergy formula, formula, selectionselection rules, rules, transitiontransition ratesrates andand spectroscopicspectroscopic
factorsfactors forfor transfer transfer reactionsreactions
SupersymmetricSupersymmetric quartetsquartets ofof nucleinuclei: Pt: Pt--Au Au andand OsOs--IrIr

CorrelationsCorrelations betweenbetween differentdifferent transfer transfer reactionsreactions
GeneralizedGeneralized FF--spinspin andand SU(3) SU(3) isoscalarisoscalar factorsfactors
PredictionsPredictions thatthat can be can be testedtested experimentallyexperimentally

Light Light nucleinuclei: : isospinisospin invariantinvariant extensionsextensions ofof IBM, IBFM IBM, IBFM andand SUSY?SUSY?
SupersymmetrySupersymmetry withoutwithout dynamicaldynamical symmetrysymmetry

Ruslan Magaña, B.Sc. 2010 & M.Sc. 2013
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