Asymmetry Dependence of the
Nuclear Caloric Curve

* Nuclear Caloric Curve: Background & Motivation

 The Measurement: Reconstructing Highly Excited
Nuclei & Extracting Their Temperatures

e Result: Temperature Decreases Linearly with
Increasing Asymmetry

* Summary
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The Nuclear Caloric Curve

* Essential Piece of Nuclear Equation
of State: T vs E*/A

e Search for & Study of “Phase”

Cnpors ]
— Evaporation to Multifragmentation® | e+ ﬁ___,_{.,.; |
* Mass Dependence | ;“ ;
— Natowitz et al., Phys.Rev.Lett. 64, |4
034618 (2002) NS e

« Asymmetry Dependence Uncertain e evnucion
— Conflicting Theoretical Predictions
— Very Limited Experimental Data
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Event Selection & QP definition

Remove particles that clearly do not
belong (on average) to a statistically
emitting projectile-like source
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_ Strength of the Measurement
Select events with near-zero : . g
e Excellent isotopic resolution
average momentum quadrupole. _ i
e 4m charged particle detection
—0.3<logQ <0.3 * Neutron multiplicity measurement
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Free Neutrons

+ Used HIPSE-SIMONE[1] to link M,,, to Mg,
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Nuclear Thermometers

Momentum Quadrupole Albergo Yield Ratio Temperature
Fluctuation Temperature
The quadrupole momentum distribution = V(d)/Y®)

e ~ YCHe)/Y(a)

Qxy = pxz - pyz

Account for binding energy differences
Contains information on the temperature and spin-degeneracies

through its fluctuations

— 14.3MeV
TAW " 1n(1.59R)

nyz - j dgp(pxz - pyz)zf(p)

~3% correction
for secondary decay

If f(p) is a Maxwell-Boltzmann distribution

1
Oxy” = 4m®T*? I'=—
— 0.0097
Traw
H. Zheng & A. Bonasera, PLB 696, 178 (2011) S. Albergo et al., Il Nuovo Cimento 89, 1 (1985)
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Fluctuation Temperature

+ 48<Ag <52
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ) 5narrowasymmetrYbins

12 N-Z i
m, =

11 < 0.04 < mg < 0.08 }_,,..--~"f,':‘{fﬁfji;'/ :

......... 0.08 <m,<0.12 \} o
10 QOO ST

......... 0.12<m <0.16 N

m RN Larger Asymmetry
______ 0.16 < m, < 0.20 S
e —> Lower Temperature
— 0.20<m,<0.24 =

> 1 MeV shift!

Evenly Spaced

T (MeV)
(o]
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

1 2 3 4 5 6 7 8
E* /A (MeV)




Fluctuation & Albergo Temperatures
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Importance of Reconstruction

Asymmetry of Isotopically Asymmetry of

Reconstructed Source Initial System
T | T | T | T | T | T | T | T | I : :I | T | T | T | T T T I:
120 TS :
; e 0.04 < Mg < 0.08 / ; E E
TE - 008<m, <0.12 B e ™zn(m__ =0.143) B
- ... 042<m,<0.16 . C e, ]
10:_----0.16<m550.20 _: 10:_"""“2':('“53«3:0'063) _:
C _0.20<m_,<0.24 . - — Ni(m__=0.125) .
S oF 4 > 9 -
) C ] (] C ]
= 1 2 r .
- 8 ~ = 8- 7
7" 1T =
6F = 6F =
: ] - | Each system: ]
S E 5 | Broad range of asymmetry E
SRR NN IR NN NN NN NR R R SRR AT T NN T NN NATR R B

1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
E* /A (MeV) E* /A (MeV)

Larger Asymmetry Much more pronounced
- Lower Temperature for selection on

Observed either way, but... |l source composition




Excitation Independence
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Caloric Curves for Light Charged Particles
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Caloric Curves for Light Charged Particles
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Ordering of Temperatures

|u<@<m<n<n|

Expensive Particles:

Early times
Highest temperature

Q-value for emission:
~10MeV for proton, alpha
~20MeV for triton, helion

Different particles may
also probe regions with
different average density.
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Caloric Curves for LCPs:
Dependence on Composition

1 4'_ Proton _[ Deuteron ‘v,;_"_ Triton __',,5_"_ Helion " 1 Alpha _

For All LCPs: Temperature shift does
Larger Asymmetry not show a trend
- Lower Temperature with excitation.




Asymmetry Dependence of Temperature
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Summary

* Nuclear temperature depends on asymmetry
— (T Neutron content) = (| Temperature)
— Linear correlation
— Seen for 2 thermometers
— Seen for all light charged particles

* Source composition matters, not initial system
— Intermediate energy

e Excitation: no influence on asymmetry
dependence (2.5<E*/A<8.5 MeV)
 Temperature ordering of LCPs
— Consistent with emission time ordering
— Impact of local density?
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