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Outline

o A brief survey of reentrance
* Nuclear “phases” (this 1s not Italy)
* The competition between deformation and temperature

* The competition between rotation, deformation and
temperature

* A few words on simulations and computing mixed in



Liquid Crystal Phases
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“Re-entrance” discovered
for liquid crystals

New Liquid-Crystal Phase Diagram

P. E, Cladis
Bell Labovatories, Muyvay Hill, New Jersey
(Received 7 April 1975)
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FIG. 1. CBOOA (top) and HBAB,

“By mixing HBAB in CBOOA, I have found
that a smectic phase may be formed which

reverts to the nematic phase at still lower
temperatures. As far as I can ascertain, this is
the first time such an effect has been observed.”
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Liquid crystal phases
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Quantum phase reentrance
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Figure 2. Two critical temperatures of metal—insulator
transitions (7, and T,,) as a function of interchain coupling
strength 1,. The large dots are the coincident points of 7,
and T ,. The re-entrance of the ferromagnetic metal state is
shown by the big arrow.

Wei et al., N. J. Phys. 12, 053201 (2010)
FMM=Ferromagnetic metal state
FMI=Ferromagnetic insulator state

Hidden Order States —
orbital antiferromagnetism

FIG. 1 (color) The B>=30T versus T phase diagram of
URu,5i, combined with a color intensity plot of y measured
al many differenl temperatures Square, triangle, and circle
symbods mark By and transitions into and out of the HO and
RHO hidden order (RHO) phases. respectively. The curved
dotied lines depict the continuation of the phase boundaries
revealed by specific heal and transport studies [4].

Harrison et al., PRL 90 96402 (2003)



Nuclear Pairing: one phase of nuclei

g, Bohr, Mottelson, Pines, Phys. Rev. 110, 936 (1951)

(Mev) _
oo o even-even nuclei
o x odd-A nuclei
° oo
10 g0 o ° 0 o
© © 0o o
o
o o o
o
0.5
X X x Y x
x X
X xxxx x x xX;:
0.1 F X% X x x X X X
X ' X 1 1 x | —
150 170 190 210 230 250 A

* Pairing effects cause the gap
* Collective behavior and emergent phenomena
* Points to superconductivity



Nuclear Deformation: collective behavior phases
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Pairs can be thermally broken
Goodman, NPA 352, 30 (1981)
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unpaired state occurs
around 0.5-1.0 MeV
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Early work on thermally assisted pairing

Tamura, Prog. Theor. Phys. 31, 595 (1964)

d/4,

T/T.

TFig. 2. Ratio of the energy
gap to the gap at T'=0 vs
temperature for various
values of spin projection
M: (1) M=0, (2) M=m
(3) M=2m, (4) schematic
plot for some higher M.

H=3(e,~aa,—G2lar af ay, a._—od,
S, p 8,87

Exact model shows a pairing-deformation relation
Sheikh et al, PRC 72, 041301 (2005)
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FIG. 2. (Color online) Results of the total isovector (A,—;) and
isoscalar (A,—y) pair gaps are plotted as a function of temperature for
three different rotational frequencies of hiw = 0, 2, and 4 MeV. The
upper panel shown the results for k = 0 and the lower panel depicts
the results for k = 3 MeV.



Hamiltonian for this work

* Pairing+Quadrupole Hamiltonian

G 0g,,-1d-2s
H = Ze jrrt A, — Z PJ+T=01,t ( JT—Olt —X Z ks
4 0f-1p-0gy,,

aa't,
* Solve using Auxiliary Field Monte Carlo techmques

x=0.0104 MeV™'

* Parameters:

One-body from o —0.000 e, =6.42 G=0.106 MeV
W-S for *°Ni i 2
€, =4350 §, =654 Reproduces collective
6, =8980 g, =17.59 Spectrum in *Ni and %Ge
&4, =12.95 &, =1599
&, = 14.64

F tati ) Langanke, Dean, Nazarewicz, NPA757, 360 (2005);
Or rotations. Dean, Langanke, Nam, Nazarewicz, PRL105, 212504 (2010)
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II Shell Model Monte Carlo Essent"ials' ”

ﬁ:gmg@z

Z=Trlexpl- 1) - <H> - Tr[eXp(;ﬂﬁ ]

exp(— ,Bﬁ): \/'iIZ‘ Ta’c)' exp(— BV’ /2)exp(— ﬂﬁ)

]2=8Q+SVO‘§A2

s=1 for V<0
s=i for V>0

Koonin et al., Phys. Repts. 287, 1 (1997)



I SMMC for a general interactibn

H = Z(g 0 +—an]
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Simulations in science (Norfur2011 talk)

Flops are free

Memory onto the chip (3-d)
More cores/chip

Exascale science by end of
the decade

Intel Touchstone Delta 1992-1995
512 nodes
10 Gflops peak; 8 Gbytes total memory

ORNL Jaguar, Cray XTS5 2011

224,500 cores
2.3 Pflops peak; 289 Tbytes total memory

Electricity Cost ~ $0.1/kW-hr  $0.1/kW-hr
Requirement TMW 21IMW
Cost/hour $700/hour $2100/hour
Cost/year $5.6M $16.8M

Power 1s a new constraint



Nuclei in the fp-gds region
: EEEEN
EEEEE N

. EEEEN SN

37

35

EE

X

29

27

26 28 30 3z 4 36 L 40 42 44 46 4 =11] 52 M

» %Ni Spherical ground state; weak N=40 shell closure
e 79Zn Stronger proton pairing correlations;
Some quadrupole collectivity; erosion of N=40 shell gap
* 72Ge Shape coexistence phenomena; static proton and neutron pairing
o 80Zr Very deformed; large N=40 shell effects, weakened pairing



Calculated free energy surfaces
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Pairing, deformation and the specific heat
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How does rotation affect pairing?

No rotation - thermal effect only
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Angular momentum
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Temperature and rotation
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At low o, <J> increase

due to increased thermal
fluctuations both parallel
and perpendicular to rotation

<JZ> ~ 4.5h

At high o, <J> increase

due to increased quantum
fluctuations perpendicular to
rotation




Nuclear Specific heat

Gradual entrance
of the dip with
increasing ®
Statistical errors
are large at large o

Dip definitely
influences level
density

Due to pairing
reentrance




Specific heat and pairing: reentrance

I T T T T | T [ T
Ll
% i —~
| 20 2
L E 4 :}\ _ \‘Q/
25 H 72 -
2t Ge | %
ﬂ i 1 1 1 1 1 1 1 8
20F 05 06 07 1 5
= 7))
o I ET (MeV) 1 en
15 4 £
. S
:: .:: m i ?

5F — x| |
I 4 — 050
L | |

06 08 1 1.2
KT (McV})

kT (MeV)



Conclusions

* In many electron systems magnetic fields produce reentrance effects

* Innuclei, rotation acts as the ‘magnetic’ field

* Reentrance should be visible in level density data at a given value of rotation
* HPC enables physics insights




