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•Exploring the nuclear phase diagram via heady-ion collisions 
including the isospin axis using RI beams 
•Role of isospin degree of freedom in strong interaction  

-Nuclear symmetry energy from sub- to supra-saturation densities  
-Characterization of the core of neutron stars

C. Xu and B. A. Li, 
PRC 81, 044603(2010)

LAMPS(Large Acceptance Multi-Purpose Spectrometer) is going to 
study of nuclear symmetry energy at supra-saturation density via 
heavy-ion collision experiment at RAON
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Importance of Symmetry Energy

▪A.W. Steiner, M. Prakash, J.M. Lattimer and P.J. Ellis, Physics Report 411, 325 (2005)

RIB can provide crucial input Effective field theory, QCD
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▪Red boxes: added by B.-A. Li                                                                                                  
Importance for understanding 

–Supernovae and neutron stars  
–Nuclear synthesis and exotic nuclei near neutron drip lines



RAON Accelerator Facility
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Layout of RAON 

� High intensity RI beams by ISOL & IF 

     ISOL : direct fission of 238U by 70MeV proton 
     IF by 200MeV/u, 8.3pμA 238U 
 

� High quality neutron-rich RI beams 
        132Sn with up to ~250MeV/u, up to ~108 pps 
 

� More exotic RI beams by ISOL+IF 
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LAMPS-HE

KOBRA 
LAMPS-LE

•High intensity RI beams by ISOL & IF 
-ISOL : direst fission of 238U by 70 MeV proton 
-IF : by 200 MeV/u, 8.3pµA 238U 

•High quality neutron-rich RI beams 
-e.g. 132Sn with up to ~ 250 MeV/u and up to 108 pps 

•More exotic RI beams by ISOL+IF



Important to measure 
system size (Ca, Ni, Ru, Zr, Sn, Xe, Au, U), 
energy (lowest to top energies), 
centrality, rapidity & transverse momentum dependence 

1.Particle spectrum, yield, and ratio 
•n/p, 3H(pnn)/3He(ppn), 7Li(3p4n)/7Be(4p3n), π-(    )/π+(    ), etc 

2.Collective flow 
•v1 & v2 of n, p, and heavier clusters 
•Azimuthal angle dependence of n/p ratio w.r.t the reaction plane 

3.Various isospin dependent phenomena 
•Isospin fractionation and  isoscaling in nuclear multifragmentation 
•Isospin diffusion (transport) 
•Etc. 

4.Pygmy and Giant dipole resonances 
•Energy spectra of gammas 
•Related to the radius of n-skin for unstable nuclei

dū ud̄
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Physics Observables



LAMPS Physics Cases
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Examples for Sn at RAON 
N/Z(106Sn + 112Sn) = 1.18 
N/Z(132Sn + 124Sn) = 1.56

Z. Xiao et al., PRL 102, 062502(2009)

System & Beam Energy Dependence

n/
p

(N/Z)reaction system

N/Z(112Sn + 112Sn) = 1.24 
N/Z(124Sn + 124Sn) = 1.48 
N/Z(132Sn + 132Sn) = 1.64

DR(N/Z) =  
(N/Z)neutron rich/(N/Z)neutron weak 

DR(132Sn/124Sn) = 1.11 
DR(124Sn/112Sn) = 1.19 
DR(132Sn/112Sn) = 1.32

SANJEEV KUMAR, Y. G. MA, G. Q. ZHANG, AND C. L. ZHOU PHYSICAL REVIEW C 85, 024620 (2012)

FIG. 8. Isospin asymmetry dependence of the double neutron-to-
proton ratio from free nucleons at different incident energies. The
different symbols have the same meanings as in Fig. 5.

ratio of the systems. The power-law exponent τ is found to
vary drastically with the symmetry energy, which is to be
discussed later in Fig. 9. After canceling the Coulomb effects,
the trend for the double ratio is the same as that of the single
ratio in Fig. 5. It reflects the fact that the isospin effect for
free nucleons is stronger for more neutron-rich systems and
is mainly due to the symmetry energy. However, the decrease
in the isospin effect with the increase of incident energy is
due to the production of pions at sufficiently high energy. The
difference in the double ratio obtained with the soft and stiff
symmetry energies here is also found to increase from the
neutron-poor to the neutron-rich system, just like the single
neutron-to-proton ratio in Fig. 5 as well as the single-pion
ratio in the literature [16,17].

C. Incident energy dependence of the power-law exponent τ

To see the clear systematics of the incident energy toward
the symmetry energy, we plot the incident energy dependence
of the power-law exponent τ in Fig. 9, which is extracted
from the curves of Fig. 8. With increasing incident energy,
the sensitivity of the symmetry energy goes on decreasing
toward the double ratio; however, the soft symmetry energy
is more sensitive in comparison with the stiff one. In brief,
when one goes from the sub-saturation to the supra-saturation
density region, the soft symmetry still has a crucial role to
play compared to the stiff one. This is due to the density
(Fig. 1), which undergoes a sudden change between the supra-
and sub-saturation density regions with time at higher incident
energies.

FIG. 9. Incident energy dependence of the power-law exponent τ

from Fig. 8. The symbols and lines are the same as in Figs. 5 and 8.

Finally, from this study, we confirm that the high-density
behavior of the symmetry energy can be studied by using
the single and double ratios of neutrons to protons from free
nucleons. In comparison, the double ratio is more accurate for
this purpose, due to its greater sensitivity to the soft symmetry
energy. Meanwhile, the lighter and heavier fragment ratios can
be considered good candidates at sub-saturation densities, and
also have been used in the literature many times by different
groups [6,7].

IV. CONCLUSION

In order to investigate the high-density behavior of the
symmetry energy, isospin asymmetry and beam energy depen-
dences of neutron-to-proton ratios (single and double) from
different kinds of fragments are studied by using the IQMD
model. The single neutron-to-proton ratio from free nucleons
and LCPs is found to decrease (increase) with incident energy
(with the isospin asymmetry of the system). Stronger isospin
effects are observed with the soft symmetry energy. Similar
results with the π−/π+ ratio are also observed by Li et al.
and Feng et al., but with opposite behavior for the symmetry
energy. The double neutron-to-proton ratio from free nucleons
is highly sensitive to the symmetry energy, incident energy, and
isospin asymmetry of the system. However, the sensitivity of
the neutron-to-proton double ratio from LCPs to the nuclear
symmetry energy is almost beam-energy independent above
200 MeV/nucleon. The same trend is observed for the single
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SANJEEV KUMAR, Y. G. MA, G. Q. ZHANG, AND C. L. ZHOU PHYSICAL REVIEW C 85, 024620 (2012)

FIG. 5. Isospin asymmetry dependence of the single neutron-to-
proton ratio for free nucleons at different incident energies. The left
panel is at the time of maximum compression, while the right panel
is at the freeze-out time. Solid and open circles represent the soft and
stiff symmetry energies, respectively.

It is clearly visible that the ratio at both times is almost the
same with the stiff symmetry energy, but changes drastically
with the soft symmetry energy. This is due to the fact that, at
the time of maximum compression, the density is in the supra-
saturation region and the stiff symmetry energy is much higher
(see Fig. 3) than the soft symmetry energy. Therefore, the stiff
symmetry energy is able to separate most of the neutrons near
the time of maximum compression and then accelerate the
neutrons toward higher kinetic energy at later times. However,
the soft symmetry energy is not so high, and the separation of
the neutrons takes place for a longer time. After 50–60 fm/c
(see Fig. 1), the density drops to the sub-saturation density
region and now the soft symmetry energy has a quite high
magnitude (see Fig. 3) compared to the stiff one. The soft
symmetry energy in this region is still separating the neutrons
as well as accelerating them toward high kinetic energy. That
is why the ratio with the soft symmetry energy drastically
changes when one goes from compression to freeze-out time,
but remains almost constant with the stiff symmetry energy.

Mainly, the neutron-to-proton ratio is found to decrease
with the incident energy for free nucleons as well as for LCPs,
just like the π−/π+ ratio. The decrease in the ratio may be
due to two reasons:

(i) One reason may be the role of Coulomb interactions with
incident energy. With increasing incident energy, chances
of break-up of initial correlations among the nucleons
become stronger, and the production of free nucleons
including neutrons and protons will increase. However, at

FIG. 6. Same as in Fig. 5 but for the LCPs.

very low incident energy, the production of neutrons is
more due to the symmetry energy because of its repulsive
(attractive) nature for neutrons (protons). In short, due to
Coulomb interactions, a shift of protons takes place from
low to high incident energies. The effect of the Coulomb
interactions can be checked by taking the double ratio,
which is discussed in Fig. 7.

(ii) The contribution of pions from secondary-chance nucleon-
nucleon collisions might increase with the beam energy. If
a first-chance nucleon-nucleon collision converts a neutron
to a proton by producing a π−, then subsequent collisions of
the energetic protons can convert them back to neutrons by
producing a π+. Therefore, at sufficiently high energy, the
neutrons, which are produced due to the symmetry energy,
are changing into the protons and further producing π ’s,
which will lead to a decease in the neutron-to-proton ratio.
This can be confirmed by using the double ratio concept.
If the double ratio is still deceasing with incident energy,
then it means that, in addition to the Coulomb interactions,
the phenomenon of secondary nucleon-nucleon collisions
is also very important.

One more point of interest is that the difference between
the soft and stiff symmetry energies at freeze-out time is found
to decrease with incident energy for free nucleons, while it
increases for LCPs. Of the above two reasons, the first one is
applicable for free nucleons as well as for LCPs. The second
one is applicable only for free nucleons, as the energy in this
study is up to 600 MeV/nucleon, which is quite sufficient to
produce pions.

To see the effect of the high-density behavior of the
symmetry energy on the isospin asymmetry dependence, we
display the ratio from free nucleons and LCPs in Figs. 5 and 6 at

024620-6

S. Kumar et al., PRC 85, 024620(2012)
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Fig. 16. Measured flow parameters v1 (top) and v2 (bot-
tom) for mid-peripheral (5.5 ≤ b ≤ 7.5 fm) 197Au + 197Au col-
lisions at 400MeV per nucleon for neutrons (dots), protons
(circles), and hydrogen isotopes (Z = 1, open triangles) inte-
grated within 0.3 ≤ pt/A ≤ 1.3 GeV/c per nucleon as a func-
tion of the normalized rapidity y/yp. The UrQMD predictions
for neutrons are shown for the FP1 parameterization of the
in-medium cross-sections and for a stiff (γ = 1.5, full lines)
and a soft (γ = 0.5, dashed) density dependence of the sym-
metry term. The experimental data have been corrected for
the dispersion of the reaction plane (reprinted from ref. [39],
Copyright (2011), with permission from Elsevier).

the momentum dependence of the elastic nucleon-nucleon
cross-sections (cf. fig. 11). Their absolute predictions of v2

at mid-rapidity differ by ≈ 40% for this reaction [91,112].
In fig. 17 (lower panels), the results for the ratio with

respect to the total hydrogen yield are shown. The cal-
culated ratios exhibit clearly the sensitivity of the elliptic
flow to the stiffness of the symmetry energy predicted by
the UrQMD but depend only weakly on the chosen pa-
rameterization for the in-medium nucleon-nucleon cross-
section. The experimental ratios, even though associated
with large errors, scatter within the interval given by the
two calculations. Linear interpolations between the pre-
dictions, averaged over 0.3 < pt/A ≤ 1.0GeV/c, yield
very similar results γ = 1.01 ± 0.21 and γ = 0.98 ± 0.35
(standard deviations) for the two parameterizations. The
error is larger for FP2 because the sensitivity is somewhat
smaller.

This analysis was repeated in various forms. With the
squeeze-out ratios vn

2 /vp
2 of neutrons with respect to free

protons, similar results were obtained, however with larger
errors. The study of the impact parameter dependence
indicated a slightly smaller value γ ≈ 0.5 for the mid-
peripheral event group, again with larger errors. It was
also tested to which density region around ρ0 the elliptic-
flow ratios are sensitive, with the result that both, sub-

Fig. 17. Elliptic flow parameters v2 for neutrons (dots) and
hydrogen isotopes (open triangles, top panel) and their ratio
(lower panels) for moderately central (b < 7.5 fm) collisions of
197Au + 197Au at 400 MeV per nucleon, integrated within the
rapidity interval 0.25 ≤ y/yp ≤ 0.75, as a function of the trans-
verse momentum per nucleon pt/A. The symbols represent
the experimental data. The UrQMD predictions for γ = 1.5
(a-stiff) and γ = 0.5 (a-soft) obtained with the FP1 param-
eterization for neutrons (top panel) and for the ratio (mid-
dle panel), and with the FP2 parameterization for the ratio
(bottom panel) are given by the dashed lines (reprinted from
ref. [39], Copyright (2011), with permission from Elsevier).

and supra-saturation densities are probed with this ob-
servable [39].

In consideration of the apparent systematic and exper-
imental errors, a value γ = 0.9± 0.4 has been adopted by
the authors as best representing the power-law exponent
of the potential term resulting from the elliptic-flow anal-
ysis. It falls slightly below the γ = 1.0 line shown in fig. 3
but, with the quoted uncertainty, stretches over the inter-
val from γ = 0.5 halfway up to γ = 1.5. The correspond-
ing slope parameter is L = 83 ± 26MeV. According to
the UrQMD, the squeeze-out data indicate a moderately

P. Russotto et al., EPJA 50, 38 (2014)

Au + Au@ 400A MeV 
5.5 ≤ b ≤ 7.5 fm, 0.3 ≤ pt/A ≤ 1.3 GeV/c
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Fig. 16. Measured flow parameters v1 (top) and v2 (bot-
tom) for mid-peripheral (5.5 ≤ b ≤ 7.5 fm) 197Au + 197Au col-
lisions at 400MeV per nucleon for neutrons (dots), protons
(circles), and hydrogen isotopes (Z = 1, open triangles) inte-
grated within 0.3 ≤ pt/A ≤ 1.3 GeV/c per nucleon as a func-
tion of the normalized rapidity y/yp. The UrQMD predictions
for neutrons are shown for the FP1 parameterization of the
in-medium cross-sections and for a stiff (γ = 1.5, full lines)
and a soft (γ = 0.5, dashed) density dependence of the sym-
metry term. The experimental data have been corrected for
the dispersion of the reaction plane (reprinted from ref. [39],
Copyright (2011), with permission from Elsevier).

the momentum dependence of the elastic nucleon-nucleon
cross-sections (cf. fig. 11). Their absolute predictions of v2

at mid-rapidity differ by ≈ 40% for this reaction [91,112].
In fig. 17 (lower panels), the results for the ratio with

respect to the total hydrogen yield are shown. The cal-
culated ratios exhibit clearly the sensitivity of the elliptic
flow to the stiffness of the symmetry energy predicted by
the UrQMD but depend only weakly on the chosen pa-
rameterization for the in-medium nucleon-nucleon cross-
section. The experimental ratios, even though associated
with large errors, scatter within the interval given by the
two calculations. Linear interpolations between the pre-
dictions, averaged over 0.3 < pt/A ≤ 1.0GeV/c, yield
very similar results γ = 1.01 ± 0.21 and γ = 0.98 ± 0.35
(standard deviations) for the two parameterizations. The
error is larger for FP2 because the sensitivity is somewhat
smaller.

This analysis was repeated in various forms. With the
squeeze-out ratios vn

2 /vp
2 of neutrons with respect to free

protons, similar results were obtained, however with larger
errors. The study of the impact parameter dependence
indicated a slightly smaller value γ ≈ 0.5 for the mid-
peripheral event group, again with larger errors. It was
also tested to which density region around ρ0 the elliptic-
flow ratios are sensitive, with the result that both, sub-

Fig. 17. Elliptic flow parameters v2 for neutrons (dots) and
hydrogen isotopes (open triangles, top panel) and their ratio
(lower panels) for moderately central (b < 7.5 fm) collisions of
197Au + 197Au at 400 MeV per nucleon, integrated within the
rapidity interval 0.25 ≤ y/yp ≤ 0.75, as a function of the trans-
verse momentum per nucleon pt/A. The symbols represent
the experimental data. The UrQMD predictions for γ = 1.5
(a-stiff) and γ = 0.5 (a-soft) obtained with the FP1 param-
eterization for neutrons (top panel) and for the ratio (mid-
dle panel), and with the FP2 parameterization for the ratio
(bottom panel) are given by the dashed lines (reprinted from
ref. [39], Copyright (2011), with permission from Elsevier).

and supra-saturation densities are probed with this ob-
servable [39].

In consideration of the apparent systematic and exper-
imental errors, a value γ = 0.9± 0.4 has been adopted by
the authors as best representing the power-law exponent
of the potential term resulting from the elliptic-flow anal-
ysis. It falls slightly below the γ = 1.0 line shown in fig. 3
but, with the quoted uncertainty, stretches over the inter-
val from γ = 0.5 halfway up to γ = 1.5. The correspond-
ing slope parameter is L = 83 ± 26MeV. According to
the UrQMD, the squeeze-out data indicate a moderately

FP1 & FP2 = different set of the momentum 
dependence of the elastic nucleon-nucleon cross-section
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Fig. 18. Comparison between theoretical estimates for the
neutron-proton elliptic flow difference and the FOPI-LAND ex-
perimental data for the neutron-proton and neutron-hydrogen
elliptic flow differences. Note that the v2 parameter displayed
here is twice larger than the v2 according to eq. (3) because of
a factor of 2 difference in the definitions used in ref. [40] and
here (reprinted from ref. [40], Copyright (2011), with permis-
sion from Elsevier).

soft to linear behavior of the symmetry energy that is con-
sistent with the density dependence deduced from exper-
iments probing nuclear matter near or below saturation.
Comparing with the many-body theories shown in fig. 5,
the elliptic-flow result is in good qualitative agreement
with the range spanned by the DBHF and variational cal-
culations based on realistic nuclear potentials.

In an independent analysis, Cozma has used data from
the same experiment and investigated the influence of
several parameters on the difference between the elliptic
flows of protons and neutrons using the Tübingen ver-
sion of the QMD transport model (ref. [40] and sect. 5.2).
They included the parameterization of the isoscalar EoS,
the choice of various forms of free or in-medium nucleon-
nucleon cross-sections, and model parameters as, e.g., the
widths of the wave packets representing nucleons. The in-
teraction developed by Das et al. was used which contains
an explicit momentum dependence of the symmetry en-
ergy part [53, 54]. Experimental data for vp

2 presented in
ref. [42] show a scattered dependence on the impact pa-
rameter and could not be used to convincingly constrain
the stiffness of the symmetry energy. However, the hydro-
gen elliptic flow parameter vH

2 published in ref. [41] does
not suffer from such a problem and, in view of the fact
that it represents an upper value (in absolute magnitude)
for vp

2 , it can be used to constrain the high-density depen-
dence of the symmetry energy via the neutron-hydrogen
elliptic flow difference. As concluded by Cozma [40], an
upper limit on the softness of the symmetry energy is ob-
tained from the comparison with the experimental flow
data, as can be inferred from fig. 18.

7 The ASY-EOS experiment

The ASY-EOS experiment, conducted at the GSI labora-
tory in 2011, represents an attempt to considerably im-
prove the statistical accuracy of the flow parameters for
the 197Au + 197Au system at 400MeV per nucleon but
also to complement these measurements with other ob-
servables and data for other systems [59, 60]. Additional
constraints for the comparison with transport models were
considered to be useful for narrowing down the uncertain-
ties of their predictions as shown in the following section.
For this purpose, data were collected for two additional
systems, the neutron-rich 96Zr + 96Zr and neutron-poor
96Ru + 96Ru pair of mass-symmetric A = 96 collision sys-
tems, both also at 400MeV per nucleon incident energy.
The FOPI Collaboration has studied these three reac-
tions in quite some detail, at the present energy 400MeV
per nucleon but also at other bombarding energies up to
1.5GeV per nucleon [29].

The Kraków Triple Telescope Array KraTTA [127] was
used to improve the capabilities for measuring charged
particle flows under the same conditions. With its possi-
bility to identify the masses of light fragments up to beryl-
lium, the study of isospin effects can be extended to the
emission properties of the isobar pairs 3H/3He, 6He/6Li,
and 7Li/7Be. Yield ratios have been suggested as useful
probes for disentangling ambiguities between the effects of
the symmetry energy and of the neutron-proton effective-
mass splitting in the nuclear medium [8,32,69].

KraTTA had been specifically designed for the experi-
ment to measure the energy, emission angles and isotopic
composition of light charged reaction products [127]. Its
35 individual triple telescopes were arranged in a 7 × 5
array and placed opposite to LAND on the other side of
the beam axis at a distance of 40 cm from the target. To-
gether, they covered 160msr of solid angle at polar angles
between θlab = 20◦ and 64◦.

Each KraTTA module consists of two optically de-
coupled CsI(Tl) crystals with thicknesses of 2.5 cm and
12.5 cm and three large area 500µm thick PIN photo-
diodes. The first photo-diode serves as a ∆E-E detector
and supplies only an ionization signal. It is followed by
the second diode mounted at the front entrance of the
short CsI(Tl) crystal in a single-chip-telescope configura-
tion. It provides both, the intrinsic ionization signal and
the light signal provided by the crystal. The third photo-
diode mounted at the back end of the long crystal provides
the light signal from this third element of the configu-
ration. The signals from the photodiodes were processed
with custom-made low-noise preamplifiers and digitized
with wave form digitizers at a rate of 100MHz. The sepa-
ration of the ionization and light signals from the second
diode and the decomposition of the fast and slow scintil-
lation components were obtained by individually fitting
each of the recorded signals [127].

A schematic view of the experimental set-up is shown
in fig. 19. The beam was guided in vacuum to about 2m
upstream from the target. A thin plastic foil read by two
photo-multipliers was used to record the projectile arrival
times and to serve as a start detector for the time-of-flight

Soft

Hard
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Experimental Setup

•We need to accommodate 
§Large acceptance 
§Precise measurement of momentum (or energy) for variety of particle species, 
including π+/- and neutrons, with high efficiency 
§Gamma detection for Pygmy and Giant dipole resonances 
§Keep flexibility for other physics topic 

•Beam 
§State beam: p, 12C, 40Ca, 58Ni, 96Ru, 96Zr, 112Sn, 132Xe, 158Au, 238U, and more up to 
250 MeV/u 
§RI beam: Ca, Ni, Ru, Zr, Sn, Xe, and more up to 250 MeV/u 
✴for commissioning 
❖when it is available 
❖if it is possible
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≈

Dipole

TPC

Quadrupole
Neutron
Detector
Array

Si-CsI

Scintillation
Counter

Target

z

Solenoid

Focal-plane detector

TPC

Ebeam < 250 MeV/u for 132Sn 
For Study of Symmetry Energy at Supra-saturation Density via 
Heavy-Ion Collision Experiments and Nuclear Reaction Study 
-Example of Reactions for Symmetry Energy Study: 

Central and Peripheral Collisions 
50,54Ca + 40Ca, 68,70,72Ni + 58Ni, 106,112,124,130,132Sn + 112,118,124Sn

Not ScaledSolenoid Spectrometer Dipole Spectrometer
(rotatable, Δp = ± 20%, acceptance ≥ 50 msr, Focal plane < 1 m)

Optics calculation is on going for 
reducing the length of focal plane 

8 ~ 15 m away from target, 
movable

Si-CsI Array at Solenoid Spectrometer & 
Dipole Spectrometer are for future upgrade
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High Resolution 
𝛄 Array

Other Experimental Configuration

Not ScaledDipole Spectrometer
(rotatable, Δp = ± 20%, acceptance ≥ 50 msr, Focal plane < 1 m)

≈

Dipole

TPC

Quadrupole
Neutron
Detector
Array

Si-CsI

Scintillation
Counter

Target

z

Solenoid

Focal-plane detector

TPC

Optics calculation is on going for 
reducing the length of focal plane 

8 ~ 15 m away from target, 
movable

•GDR/PDR measurements 
-124,130,132Sn + 208Pb, 68,70,72Ni + 208Pb, 50,54,60Ca + 208Pb, etc 

•Photoabsorption measurements 
-Various 1n and 2n removal cross sections for unstable nuclei 

•Measurement of E* from gamma, beam fragments, and neutrons

High Resolution 
𝛄 Array
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• RISP 
- LAMPS Experimental Facility 
- TPC R&D 
- Solenoid Magnet 
- DAQ System 

• Korea University 
-Neutron Detector and 
Trigger/ToF Detector R&D 

- TPC Software Development 
- GEANT-4 simulation 

• Chonbuk National University 
- GEANT-4 simulation 
- Neutron Detector R&D

•Adopt & Use 
- TPC GET electronics 
- NARVAL DAQ

• Chonnam National University 
- CsI(Tl) detector R&D 

• Kyungpook National University 
- Si detector R&D 

• Inha University 
-TPC tracking algorithm 

18 people from 6 domestic institutes

•Customized 
electronics 
by NOTICE

Looking for more collaborators from 
both domestic and international 
ØTo form international collaboration



LAMPS Solenoid Magnet
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•Cylindrical shape 
•Coil: 2 x 2 m2 
•Total size: 3 x 3 m2 
•Boperation: ~ 0.5 T 
•Bmax.: ~ 1T 
•To cover TPC (r = 0.5 m, l = 1.2 m) 
with homogeneous B-field 
•ΔB/B < 2 %

TPC TPC

Two domestic and one foreign magnet product companies express their interests



Neutron Background Simulation Study
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Using IQMD central Au+Au events @ 250A MeV (n, p, some IMFs: most harsh case) 
➡Varying thickness of return yoke to estimate neutron background ➔Analysis is in progress 

•Need to check physics package in GEANT4 
•Will compare with UrQMD (n, p only) & Fluka events
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• Solenoid magnet design is being modified  
Ø For better neutron measurement 
Ø Higher order harmonics occurs but the influence is only < 0.5% 

in addition to the deviation of magnetic field from previous design 
Ø Further improvement is in progress 
Ø After modification, GEANT-4 simulation is required



LAMPS Time Projection Chamber (TPC)
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Time Projection Chamber (TPC) 
-1 x 1.2 m2 cylindrical shape 
-Triple GEM based & 
  pad readout in end-caps 
-Large acceptance (~ 3π sr) 
★Complete 3D charged particle tracking 

➡Particle identification and momentum 
reconstruction

LAMPS-TPC Monte-Carlo Simulation 

MC Event 

 

• GEANT4 is used for Monte-Carlo simulation. 
• IQMD Au+Au @ 250 A Mev is used for event generator. 
• Gas : Argon (90%) + CO2 (10%)  mixture. 

- Density : 1.78 g/cm3 

• Field : 0.5 Tesla 
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LAMPS TPC Prototype R&D



LAMPS TPC R&D
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•Problem with GEM foils 
-Found new GEM manufacture in 
Korea (produce GEM foil for CMS 
upgrade project)

same drift length as final TPC
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Using cosmic muon & 55Fe source 
with GET electronics

LAMPS TPC GEM Foil R&D
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LAMPS TPC GEM Foil R&D
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Comparison between data and ref.
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LAMPS TPC GEM Foil R&D

A. Buzulutskov et al., 
NIMA 443(2000) 164

Different test setup and gap distances between GEMs



LAMPS TPC Software Development
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LAMPS-TPC Software Development 

Monte-Carlo 
simulation 

Digitization 

Reconstruction 

Drifting electron Task 

Pad Response Task 

Avalanche Task 

Clusterization 

Kalman Filter 

Riemann Tracking 

← We are here! 

• LAMPSROOT is developed based on FAIRROOT. 

Pad Response Task

• Digitization process is developed to simulate ionization, 
diffusion of electrons and response of GEM and pad. 

LAMPS-TPC Digitization Process 

Digitized Event Diffusion of electron 

* Points indicate σ of diffusion  



LAMPS TPC Software Development
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Momentum resolution as a function of polar angle 
- Proton with different momentum including smearing

Transverse momentum resolution as a function of 
transverse momentum 
- 600 MeV/c transverse momentum proton including 
smearing

readout pad size 
inner radius = 3 x 10 mm2 

outer radius = 4 x 15 mm2

Initial number of readout pad ~ 100k channels 
➔Aiming to reduce readout channels ~ 50k 

Without any influence for physics measurements, require complete simulation for 
different design of readout pad to estimate position & momentum resolutions, etc 
-Working in progress



LAMPS Forward Neutron Detector Array
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9
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9 ∆
9 ε

2014-11-07 

x 20 : Horizontal Stack x 40: 1 Layerx 20 : Vertical Stack

1st 
Layer

2nd 
Layer

3rd 
Layer

4th 
Layer
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¾ n-p elastic scattering  
¾ n-12C elastic scattering  
¾ n+p → d+γ (neutron capture, Eγ = 2.23 MeV)  
¾ n+12C → 13C+γ (neutron capture, Eγ = 1.2, 3.6, 4.9 MeV)  

2014-11-07 

Single detector module 

LAMPS Neutron Detector R&D



LAMPS Forward Neutron Detector Array R&D

28

2)  Time Distribution  
¾ Accidental is the noise which electronics counts as signal 

when particle does not reaches to the detector. 
¾ We must subtract this count of ratio. 
¾ The plot is accidental subtracted time distribution when the 

hits are the first hit.  
¾ Energy of neutrons measured with ε ~ 0.5 = 5 MeV  

6 

3)  Watt Spectrum 

Energy of neutrons to be 
measured with ε = 0.5  
~ 4.5-MeV 

2014-11-07 
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3)  Watt Spectrum 

Energy of neutrons to be 
measured with ε = 0.5  
~ 4.5-MeV 

2014-11-07 

1 m
1 m

60Co

1 m 252Cf

Real size prototypes with commercial 
electronics are tested with cosmic and 
radioactive sources 

-intrinsic time resolution = 392 ps 
-position resolution = 6.62 cm 
-good separation of gamma and neutron 

Plan to test them again with customized 
electronics & beam test



LAMPS DAQ System
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LAMPS group at RISP develops DAQ based on NARVAL DAQ at GANIL 
-Widely use for nuclear physics experiment 
-Possibly extending to triggerless DAQ system  
-Plan to integrate TPC readout (GET system), PMT readout for Neutron & 
Trigger/ToF detectors (VME)



Summary
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•Large Acceptance Multi-Purpose Spectrometer (LAMPS) at RAON 
-Study of nuclear symmetry energy with RI and stable beam 
-Particle yield, spectrum, ratio, collective flow, and other observables for 
charged particles and neutron 
-Solenoid spectrometer (solenoid magnet + TPC + plastic scintillators for 
trigger & ToF + Si-CsI detector※) 
& neutron detector array 
& dipole spectrometer (magnet system + focal plane detector)※ 
※for future upgrade 

✓To cover entire energy range of RAON with complete event reconstruction 
within large acceptance 
-Design of experimental setups is almost complete 
-Detector R&D is ongoing 
-Getting more collaborators from not only both domestic and foreign but also 
nuclear structure 

‣Forming international collaboration


