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Resiimen

» IBM: nucleos par-par
» IBFM: ndcleos impar
¢ Simetrias dinamicas

» ¢Es posible describir los nicleos par-par e
impares en el marco de un modelo unificado?
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» Nuclear supersymmeitry
relates collective (bosonic)
degrees of freedom with
single-particle (fermionic)
degrees of freedom

+ New experiments in the A~190
mass region

¢ Pt-Au and Os-Ir nuclei

» Correlations between one- and
two-nucleon transfer reactions
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¢+ Simefria fundamental
Fisica mas alla del Modelo Estandar

» Problema de jerarquia, unificacion
de las interacciones fuerte, debil y
electromagnetica

» Cada particula tiene una pareja
supersimetrica: fotion-fotino,
quark-squark, lepton-slepton, etc.

+ Teoria bellay elegante
¢Solucion en busca de un problema? \

+ LHC: busqueda para particulas b : _
supersimétricas R

*

*
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* (Miyazawa, 1966)

. (Berezin & Kac, 1970)

* (Neveu & Schwarz, 1971; Ramond,
1971)

* (Volkov & Akulov, 1973; Wess &
Zumino, 1974)

. (Lachello, 1980)

. (Wititen, 1981)
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s The IBM describes even-even nucler in
termsi of a system of correlated pairs; of
nucleons which are treated as bosons with
(118 LAIrlilr momentum (Arima, Iachello,

» The IBM can be exftended fo odd-even
nuclei by including, iniadditiions fo the
collective degrees of freedom (bosons), iihe
single-particle degrees of freedom of an
exfra unpaired proton or neutiron (ffermion
with 53

+ Nuclear supersymmetry relates collective
(bosonic) degrees of freedom with single-
particle (fermionic) degrees of freedom
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Stilding Blocsis

bosons [=20,2
ermions 7 = 731,732,...

\Y/[eYe[<] Generators Invariant Algebra

IBM bib, N

IBFM bTbJ, aLav N, M U(6)QU(N)
SUSY  blby, ahay, bla,, alb; N U(6/Q)

total number of bosons

total number of fermions
total number of bosons plus fermions
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EgreUcTled Algzoprdicd

boson boson
fermion fermio

fermion boson
boson fermio
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Ggeelzel Liz dlgzopeg U(6/6))

Bij, By
[Apw, Apo]
[Bij, Auv]

| Bijs F
|G i, Bl
[ﬂﬂ-ﬂ A,OU]
[AM’J Gﬁi]

{Fips Guj }
{Fi#? ij-’}
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Supermultipleye

(6/2) D U(6) ® U(L2)

bib; bib;

aLay O par-par IBM
bla, impar  IBFM
i

a Lbl

El supermultiplete contiene
tanto a ndcleos par-par como a los impares
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Supersimetrial(6r4)
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Hamiloniano

A Caspin(e) T B Caspin(s) T C Caspin(3)
. G(g) . G(Q) + k3 G(B) _ G(B) + K1 G(l) . G(l

A [01(01 4 4) + 02(02 + 4) + 03]

+B [11(11 +3) + o(2+1)]+CJ(J + 1)

= —2A+2B+10
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EjemplorU(674)

El Hamiltoniano describe
simultaneamente los
espectros del ndcleo par-
par °°0s e impar °'Ir con
los mismos valores de los
pardmetros A, By C
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EjemplorU(6y12) [
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Niveles de neutron, capa 82-126

R Niveles de proton, capa 50-82
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even-even s,d U(6) D SO(6)

odd-proton  jr = 2dz» U(6/4)

odd-neutron  j, = 3py /2, 3p3/2, 2fs2 U(6/12)

Jr = 2d3/ U(6/4) @ U(6/12)
Jv = 3p1/2,3Pp3/2,2[5/2

Arima & Iachello, PRL 40, 385 (1978)

Tachello, PRL 44, 772 (1980)

Balantekin, Bars, Bijker & Tachello, PRC 27, 1761 (1983)
Van Isacker, Jolie, Heyde & Frank, PRL 54, 653 (1985)
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Even-even Even-odd 0dd-odd

|

I
Ground state Excited states
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even-cvern
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o Pti1s
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Diseno:
ELAF 2004
Renato Lemus

Disefio: Renato Lemus
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U(6/4).
(Na}

a Coysr(6) 1 bCasosri(6) 1 ¢ Cagpin(e)
+d Casgpin(s) + € Cagpin(z) + [ Casv(2)

(6) ® UF(q)
a [Ny (N1 + 5) + No(N2 + 3) + N3(N3 + 1)
+b [Z1(E1 + 4) + Ta(S2 + 2) + =3

“+c |:c:l‘1(0'1 +4) +o2(02+2) + Jg]

+d[r1(m1 + 3) + =2(m2 + 1)]
+eJ(J+ 1)+ fL(L+1)

[M1,..., Ng]

l

SOPF. (g)

(X4, By, E;}'\\
M

e

=
Spin(6)
(o1, 03, 03)

l

Spin(5)
(11, 72)

}

Spin(3)
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Metz et al, PRL 83, 1542 (1999)
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CuadrupleierSUPErsImeNico
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Two-)uelzon Transyze

> 95 (1*0AU] (0], 0} ) [[**PHg)

Jvix

Grg

Ry =1L _
LJ GLJ(I'Ef)
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Experimental Calculated

Barea, Bijker, Frank, PRL 94, 152501 (2005)
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Magic mirror - M.C. Escher
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NI IUISIVEYERT (6 /4 ) @ U(6/12

even-eveh 1920s
odd-proton °3Ir
odd-odd 94TIr

Balodis et al, PRC 77, 064602 (2008)
Barea et al, PRC 79, 031304 (2009)
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20s-1931y
Balantekin 1981

b+c=—-33.5

c = —25.5

d = 40
e+ f =10
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Balodis 2008

a+b=35
c= —33.6

d = 35.1

e —= 6.3
f=4.5
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Barea 200

a=41
b—= —06
c = —29

d = 38
e = 6.3
f=4.5

31



6.1¢5 34

NN _
(%,%)<_ %_
B1_1

.34 -1

rad il Theoretical

436 o-

<AL 2-

297 4

254 »-

185 3-

149 3
3o M

43 o

Experimental

Roelof Bijker, ICN-UNAM Escuela Andina 2012




Roelof Bijker, ICN-UNAM Escuela Andina 2012 33



Corprzlacionzs
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» Correspondence off quantum numbers
between even- even and odd neutron nucleus

Vo — 11 VST Vo A4 Mo — 1 — 4], (1],

1
["\'ry ‘I'J\f —J _} —k' k'] e, L E J)

¢ and odd- pr'o’ron and odd odd nucleus (k=0 )

Roelof Bijker, ICN-UNAM Escuela Andina 2012 35



Wave functions result of coupling of different
U(6) representations: proton and neutron bosons, ( )
and ( ), and orbital part of neutron orbitals ( )

Ub=(6) @ UP(6) ® UM (6) D U=(6) ® Utr(6) 5 U”
|

[Ny, No, N3

Analogy to three-flavor quark model ( , , )
with SU(3) D SU(2) ® U(1) symmetry

1 1
2 p)
1 1
2 2
0 0
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Matrix elements between
= YN. 4N, —20) states with the same quantum
2 numbers but different U(6)
5 (Nr = Ny) couplings are related by

1
_(N?T + Ny — 2Np)
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» Tensorial character of one-profion and one-

heutron transfer oiem‘rors
']
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Smaller and Smaller
M.C. Escher
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Test of the fermionic generators
of the superalgebra

) 1 (,, AN 5 [ - .
P — { S X —I— -_U'f: X a
] V 6 \ ™ J xu 6 [ 5D )
- - XORE 2)
P ;:;;,J - ]l [ S X ( = ] ]l (Ef— a' J
- | 6 6 T

Bareaq, Bijker, Frank, JPA 37, 10251 (2004)
Ruslan Magaha, B.Sc. Thesis 2010
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Gorrelaciones
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One-neutron transfer reactions
between Pt isotopes

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

Matrix elements between states with the same quantum
numbers but different U(6) couplings are related by
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L1 Py |2

(IN +2]. (N +2,0,0),(1,0),2,7 | A A a4

([N + 2], (N,0,0),(1,0),2,J | (2i+ 1{3'['1_;:?' ;,;]J;[-‘;f;]g»+ Vs 2.2

(IN4+1,1],(N +1,1,0),(1,0).2, J | {EI_EE{(_:;EE{{_:%?{EE_;]+”&;j 66.7 100.0 44.7 100.0

(IN 4+ 1,1],(¥,0,0),(1,0),2, J | @IEDNINI OGN, 99 148 3.9

10(N+2)2(N+3)(N+4)

| (FI1 S |1ay |2

- 2(2§4+ 1) N+6)(Ny+1)

T 29+ 1LNINFLNS5 N 41
(IN + 2], (¥.0,0), (1.0, 2] A e t)

r 29 N N46)2( N, N
(IN+1,1). (N +1,1,0),(1,0),2 | CHPERPREER ks

2i4+ 1IN (N4 1 NS48 N +1 Ne+1
(IN+1,1].(N,0,0).(1,0),2 | = 1-:}%.\4(2}?{-‘3&3}(-3&41 : N+D(No+1
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gs band FE;
exc band E
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Gorrelaciones

(N+1)(N+3)(N+6) Nz +1
2(N +4) (N+1)(Ny+1)

1.96
300

Mixed symmetry state!
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¢ One-proton ftransfer reactions
S;(17PPt -19% Au) 2L+ 1

S;(194pt —195 Au) 8
¢+ One-neutron transfer reactions
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» Nuclear supersymmetry

» Energy formula, selection rules, firansition rates and speciroscopic
factors for transfer reactions

¢ Supersymmeitric quartets of nuclei: Pt-Au and Os-Ir
s Correlations between different tiransfer reactions

¢ Generalized F-spin and SU(3) isoscalar factiors
» Predictions that can be tested experimentally

¢ Light nuclei: isospin invariant extensions of IBM, IBEM and SUSY?
» Supersymmetry without dynamical symmeiiry
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¢ Lachello and Van Isacker -~ The' interacting boson-
fermion model (1991)

¢ Frank, Barea and Bijker - Lecture Noties in Physics
652, 285-324 (2004) [arXivinucl-th/ 0402058 ]

¢ Bij
¢ Bij

+ Bij

ker, AIP Conf Proc 1271, 90-132 (2010)
ker, J Phys Conf Ser 237, 012005 (2010)
ker, J Phys Conf Ser 284, 012013 (2011)
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