Status RAON and LAMPS

Young Jin Kim
RISP/IBS

' SOI2 S R ZNIE i
l# Sgrellsoto'pe S(I:E:c.: Pt;.?ect 20 13-05-24 HIM Meetlng



1S Z1= 2o
RISP and RAON Lo pftridxa

€Plan & build Rare Isotope accelerator and experimental facilities in Korea

¢Pure Korean word: meaning “delightful”, “joyful”, “happy”

eBrief History
-International Science-Business Belt (ISBB) plan (Jan. 2009)
-Preliminary Design Report (Mar. 2009 - Feb. 2010)
-Conceptual Design Report (Mar. 2010 - Feb. 2011)
-International Advisory Committee (Jul. 2011)
-Institute for Basic Science (IBS) established (Nov. 2011)
-Rare Isotope Science Project (RISP) launched (Dec. 2011)

v Rare Isotope accelerator complex 1s the representative facility of IBS

-Technical Advisory Committee (May 2012)
-Baseline Design Summary (Jun. 2012)
-International Advisory Committee (Jul. 2012)
-Technical Advisory Committee (May 2013)
-Technical Design Report (Present: Sep. 2013)

[ o otone scance Pt 2013-05-24 HIM Meeting 2



7| X Bt

Why Rare Isotope Beam? T Nl

Based on the nuclear chart . Super heavy element
] Symmetry studies with Fr
from RIA white paper

Origin of heavy elements 126

Stable nuclei N o
(black) Flssmp limits

rapid n-capture process

. r-process
Known nuclei o2 (r-p )
o

Large neutron excess

Terra

N 50 incognita
a A - it of nuclear stability?
S -
= Double Magic 2sn 11 periodic table
Vs * ~100 elements
B Modification of shell structure ° ~3 OO Stable iS Otopes
i a) .
= » ~3,000 unstable 1sotopes
= 2 8 N
Z > About 3,000 ~ 6,000

Number of neutrons )
unknown 1sotopes yet to

be discovered
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Rare Isotope Beam Production

L
“o O o oi
G — B Rbm
G- e e
e AN
Cyclotron
Proton 70 MeV, 70 kW

Driver LINAC
Heavy ion
e.g. U:200MeV/u, 400 kW

tttttt

IF(In-Flight Fragmentation)
Heavy stable isotope beam > thin target (e.g. Carbon) > fragmentation of projectile (high energy)
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RAON Layout T Laissl

LEBT* ECR-IS (10keV/u, 12 ppA)

REQ 00KV 5.3 pud) Accelerator Driver Linac Post Acc. | Cyclotron
MEBT Particle proton u+e Rl beam proton
Beam energy 600 MeV 200 MeV/u 18.5 MeV/u 70 MeV
Beam current 660 pA 8.3 puA - 1 mA
SCL1(18.5MeV/u, 9.5 puA) Power on target 400 kW 400 kW - 70 KW
] ) ISOL
Char;e)mer Linac (Isotope Separation
Stripper SCL2 (200MeV/u, 8.3 puA for U*7%) On-Line)

(600MeV, 660 pA for p) system

uSR
Medical Research

MEBT RFQ  CB IF
IF Target In-flicht
SCL3 (18.5MeV/u) Cyelotion %ra n%entation)
Post Accelerator Cooler 1 70 MeV, ImA) g
._ ent Separator SyStem
Low-Energy Experiments
(Ebeam < 18.5 MeV/u) Atom/Ion Trap
Nuclear Structure ECR-IS
Nuclear Astrophysics
Material Science High-Energy Experiments
B-NMR (Epeam > 18.5 MeV/u)
Nuclear Structure
Symmetry Energy
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RAON Accelerator Operation Modes

Stable isotope beam Single Modes

SHE search, ...

Driver Linac
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- IF system

Gk

Post Accelerator i —

ISOL system .

e

IF mode
high energy RI beam, ...

ISOL mode
low energy
high purity RI beam, ...

— Stable Ion beam
= Rare Isotope beam

. Experimental Halls

e
e
= ¥
WL Pamax | - Y o e "\H'\
i G IF system
\
Post Accelerator a R—

Dual Modes

wn
Driver Linac

o

s

w

Driver Linac

N

L )
ISOL system -

ISOL system
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ISOL+IF mode

high energy

exotic RI beams, ...

(SI beam at the same time)

IF+ISOL mode
low energy
exotic RI beams, ...

400 kW ISOL mode
(with 600 MeV p)

IF/ISOL independent mode
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Science and Applications with Rare Isotopes
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» Nuclear Physics
= Exotic nuclei near the neutron drip line
= Superheavy Elements (SHE)
» Equation-of-state (EoS) of nuclear matter

» Nuclear Astrophysics

» Origin of nuclei
= Paths of nucleosynthesis
= Neutron stars and supernovae

= Nuclear structure

126

Stable nuclei

Nuclei known

o \

50

Number of Protons

7 2N
e 50

"‘
.

neutron star

” S A
Ip-procesg des %
r x N

I-process
e

S
i 3 N
Fission KITE A

*
-

» Atomic/Particle physics
= Atomic trap
* Fundamental symmetries

-~ £8 processes
———
8 Number of Neutrons
» Material science
» Production & Characterization of new materials
" P-NMR /SR » Medical and Bio sciences
» Nuclear data with fast neutrons » Advanced therapy technology
» Basic nuclear reaction data for future nuclear energy = Mutation of DNA
* Nuclear waste transmutation = New isotopes for medical imaging
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RISP Project and Experiments at RAON
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/? RISP 3. Experimental Systems
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Heavy Ion Experiment Th ZEae

Study of Nuclear Matter

1.Exploring the phase diagram of strongly interacting matter
—Phase transitions (liquid < gas, hadron < QGP)

Temperature T [MeV]

Nuclei Net Baryon Density
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Heavy Ion Experiment |0 e

Study of Nuclear Matter

1.Exploring the phase diagram of strongly interacting matter
—Phase transitions (liquid < gas, hadron <~ QGP)

2.Determining Equation of State (EOS) of the strongly interacting medium

below and above the saturation density up to p ~ 2po
—Isospin dependence

/L
7/

Net Baryon Density

= 200F m
v e
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Heavy Ion Experiment o> 2T

Study of Nuclear Matter

1.Exploring the phase diagram of strongly interacting matter
—Phase transitions (liquid < gas, hadron <~ QGP)

2.Determining Equation of State (EOS) of the strongly interacting medium
below and above the saturation density up to p ~ 2po
—Isospin dependence
3.Modification of hadronic properties in dense medium
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Net Baryon Density
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Heavy Ion Experiment 1 Institute for Basic Science

Study of Nuclear Matter

1.Exploring the phase diagram of strongly interacting matter
—Phase transitions (liquid < gas, hadron <~ QGP)

2.Determining Equation of State (EOS) of the strongly interacting medium
below and above the saturation density up to p ~ 2po
—Isospin dependence
3.Modification of hadronic properties in dense medium
4 Importance for astrophysics
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Net Baryon Density

absolutely stable
strange quark

% 200F m
—Supernovae and neutron stars = g Quarks and Gluons
—Nuclear synthesis and z % Critical point?
exotic nuclei near neutron drip lines = @ ¥ Dec%f
. = 2
—QGP at colliders (not for RISP) © L
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Physics Observables Tbo JEu%
for Heavy-Ion Experiment at RAON

Important to measure system size (Ca, N1, Ru, Zr, Sn, Xe, Au, U), energy
(lowest to top energies), centrality, rapidity & transverse momentum
dependence

1.Pygmy and Giant dipole resonances
eEnergy spectra of gammas
eRelated to the radius of n-skin for unstable nuclei

2.Particle spectrum, yield, and ratio
en/p, *H/3He, 'Li/'Be, w/n*, etc.

3.Collective flow
ev, & v, of n, p, and heavier clusters

e Azimuthal angle dependence of n/p ratio w.r.t the reaction plane

4 .Various 1sospin dependent phenomena
e[sospin fractionation and 1soscaling in nuclear multi fragmentation
e[sospin diffusion (transport)

SP BUE AT 2013-05-24 HIM Meeting 16



Pygmy and Giant Dipole Resonances

¥ Giant dipole resonance:

| oscillation between non-deformed,
' incompressible proton and neutron
! spheres

(a) GDR
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FIG. 10. (Color online) Mass number dependence of GDR (a)
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 Pygmy dipole resonance:
neutrons at the nuclear surface
(neutron skin) oscillating against the

" 1sospin neutral proton-neutron core
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FIG. 5. (Color online) Incident energy dependencies of GDR
(left panels) and PDR (right panels) parameters for ®®Ni. From the
upper panel to bottom panel, it corresponds to the peak energy (E)),

strength (S5, and FWHM Ty, respectively. In calculations, we use
b =24 fm, Cy, = 32 MeV, and the soft EOS without MDI.

Energy dependence

Ni+Au collision

and PDR spectra (b) for Ni isotopes. In calculations, we use Ej, =

100 MeV /nucleon, b = 24 fm, Cgyn, = 32 MeV, and the soft EOS

without MDI.
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Rare Isotope Science Project
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C. Tao et al., PRC 87, 014621(2013)
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FIG. 11. (Color online) Mass number dependence of Ni isotopes
of GDR (left panels) and PDR (right panels) parameters. In calcula-
tions, we use Ej, = 100 MeV /nucleon, b = 24 fm, Cyym = 32 MeV,
and the soft EOS without MDL

System size dependence
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Pygmy and Giant Dipole Resonances

PHYSICAL REVIEW LETTERS woek emdang

PRL 95, 132501 (2005) 23 \wn\mrk 2008

Evidence for Pygmy and Giant Dipole Resonances in "*’Sn and 'Sn

P. Adrich,"* A. Klimkiewicz."* M. Fallot,' K. Boretzky." T. Aumann,' D. Cortina-Gil," U. Datta Pramanik.' Th. W. Elze.”
H. Emling." H. Geissel." M. Hellstrom." K. L. Jones.' J. V. Kratz." R. Kulessa.' Y. Leifels.' C. Nociforo,” R. Palit.”
H. Simon." G. Surdwka,* K. Summerer,' and W, Walus*

(LAND-FRS Collaboration)

'Gesellschaft fiir S¢ Iweriomenforschung (GSEH, D64291 Darmistadr, Genmany
:Imnmr]m Kermphysik, Johann Wolfgang Goethe-Universitdt, D-GONS6 Frankfurt am Main, Germany
sttt fitr Kernchemie, Johannes Gutenberg-Universinat, D-S350%9 Mainz, Germsany
Unstytur Fizvki, Uniwersytet Jagicllovski, PL-30-059 Krakdw, Poland
‘Universidad de Santiage de Compostela, 15706, Santiago de Compeostela, Spain
(Received 29 April 2008; published 21 September 2005)

The dipole streagth distribation above the one-neutron separation energy was measared in the unstable
S0 and the double-magic 'S Sa isotopes. The results were deduced from Coulomb dissociation of
secondary Sn beams with energies around 500 MeV /nucleon, produced by in-flight fission of a pramary
U beam. In addition 1o the gaant dipole resonance, a resonancelike structure (“pygmy resonance”™ ) is
observed at a lower excitation energy around 10 MeVexhausting a few percent of the isovector E1 energy-
weighted sum rule. The results are discussed in the context of a predicted new dipole mode of excess
neutroas oscillating out of phase with the core nucleons.

In Sn Sb T!. I
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2&1,.','
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2.60f -
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e tckmg -

19 50 51 52 SJL ,
ﬂ#ﬁ projectile
== tracking
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The beam of '*2Sn and about 20 other isotopes of simi-
lar_mass-to-charge (A/Z) ratio were produced by in-

TOF 4 days of beam time

flight fission of a **U primary beam with an intensity of
14 > 10* jons/s incident on a Be target, Isotopes were
selected according to their magnetic nigidity by the frag-
ment separator FRS [14]. The secondary beams were de-
livered to the experimental setup with energies around
500 MeV/nucleon. For "Sn. the intensity amounted to
about 10 ions/s on the target. The incoming projectiles
were unambiguously identified event by event by deter-
mining their magnetic rigidity (with a position measure-
ment in the dispersive midfocal plane of the FRS), time of
flight, and energy loss. Projectiles were excited in a sec-
ondary **Pb target (468 mg/cm?). Additional measure-
ments were performed with a "*C target (370 mg/cm®)
and without target. The results presented in this Letter
were deduced from the data effectively collected for
4 days of beam time. The experimental setup and a
beam-identification plot are shown in Fig. 1.

o, [mb)

o, [mb]

o, [mb

E [MeV) E [MeV)
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Pygmy and Giant Dipole Resonances

1

wock endi

PHYSICAL REVIEW 6 MARCH 2009

PRL 102, 092502 (2009) LETTERS

Search for the Pygmy Dipole Resonance in **Ni at 600 MeV/nucleon

*S. Leoni."” B. Million,'
). Styczen,” T. Aumann,* A. Banu,*

0. Wieland."! A. Bracco,'” F. Camera.'” G. Benzoni,' N. Blasi,' S. Brambilla," F. C. L. Crespi.”
R. Nicolini,"* A. Maj,” P. Bednarczyk,” ). Grebosz,” M. Kmicecik,” W. Meczynski,”
T. Beck,' F. Becker,* L. Caceres,** P. Doomenbal,*' H. Emling,* J. Gerl.* H. Geissel,* M. Gonska.* O. Kavatsyuk,*
M. Kavatsyuk.” I. Kojouharov,* N. Kurz,* R. Lozeva,* N. Saito,* T. Saito,* H. Schaffner.* H.J. Wollersheim,” J. Jolie,*
P. Reiter,” N. Warr.” G. deAngelis,” A. Gadea.® D. Napoli.® S. Lenzi,”* S. Lunardi,”* D. Balabanski,”'"? G. LoBianco,™"”
C. Petrache.”" A. Saltarelli.,”™"” M. Castoldi.'" A. Zucchiatt,"' ). Walker,"* and A. Biirger'™*

YINEN Sezione di Milano, 1:20133 Milano, ltaly
‘Dipartimento di Fisica. Universitd di Milano, 1-20133 Milano, Italy
*Institute of Nuclear I'hnu s, Polish Academy of Sciences, 31-342 Krakow, Poland
‘GS1, D-64291 Darmstads, Germany
“Instirut fiir Kemplrysik, Universisis zu Koln, D-50937 Kisln, Germany
“Laboratori Nazionali di Legnaro, INFN, 1-35020 Legnaro, Iraly
l;\mmmmm di Fisica, Universita di Padova, 1-35122 Padova, Italy
*INFN Sezione di Padova, 135122 Padova, ltaly
“Dipartimento di Fisica, Universitd di Camerino, 1-62032 Camerino, Italy
"OINFN Seziome di Perugia, 1-06] 23 Perugia, kaly
"INFN Sezione di Genova, 1-16146 Genova, Italy
2University of Surrey, Guildford, Surrex. GU2 7XH, United Kingdom
VHISKP, Universitis Bomn, D-53115 Bonn, Germany
(Received 19 September 2008; published 4 March 2009)

The y decay from Coulomb excitation of **Ni at 600 MeV/sucleon on a Au target was measured using
the RISING sctup at the fragment separator of GSL The *Ni beam was produced by a fragmentation
reaction of *Kr at 900 MeV /nucleon on a "Be target and selected by the fragment separator, The y rays

The ®*Ni beam was produced from the fragmentation of

SOKr beam from SIS at GSI at 900 MeV /nucleon with an

intensity of ~ 10" particles per 6 s spill (10 s repetition

rate) and focused on a 4 g/cm? thick ?Be target. The ®Ni
ions were selected together with few other ions using the
fragment separator (FRS [13]). A total of approximately
3 X 107 %Ni events were collected.
Fig. 1 displays the selected and well separated ions. The
%Ni jons are the most intense component (33% of the

The upper panel of

beam cocktail) impinging on the Au target (2 g/cm?

6 days of beam time

thick). The particle identification after the Au target was
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Particle Spectrum and Yield

(12ep XNy "X 1 GeV)
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Particle Ratio
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Example:
N/Z(196Sn + 112Sn) = 1.18
N/Z(132Sn + 124Sn) = 1.56
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Collective Flow
X (fm) AutAu@24 GeV
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Collective Flow
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X (fm)  AutAu@24 GeV
—
-100 10 —100 10 —100 10 —10 0 10 —10 0 10 100 ———————— 3
s - 4037 4 50/ > [ oieevecen O owo 7
g e
et _— ,1; ’,
S ‘d e § ) g //
1 ] 1 L 1 1 1 1 L L L 0 ,’ "‘
g 0 i »g T ’,’ N
SR =‘,
T T T T T T ! ' T -50 B ol T )
g—lo a 1 '8 reutron __!:‘:_’g, oo
N’ 0 1 _100 | ST NN SRS N RN RPN S SRR |
NV i10f b’ -06 -0.3 0.0 0.3 0.60.6 -0.3 0.0 0.3 0.6
-100 10 —100 10 —100 10 —10 0 10 —10 0 10 Yy
X (fm) 50—+
d d —— I 1szsn+msn
1N N - - 0.4 GeV/nucleon
E— = - (1 + 2vg cos (@ — @F’) O 29 bssm -
d*p  2mpdpdy > . /
+2v2cos(2-((l>—<1>g’)))+---). ?-—c 0~ D/f?r" }
xo.d - A0 e
-25 - e o
(n) o--MID
Um = (cos(m - (& — D)) =MD
_50 L : | 2 | ) ] 2 |
-06 -0.3 00 03 06
(y/ybeam)c.m.
ISP EIRIAUTENEE 5013.05-24 HIM Meeting 23



Design of Detector System T JEAeee

We need to accommodate
=Large acceptance
"Precise measurement of momentum (or energy) for variety of particle
species, including t*- and neutrons, with high efficiency
»Gamma detection for Pygmy and Giant dipole resonances
nKeep flexibility for other physics topic

o [wo setups
=Low-energy (E < 18.5 MeV/u) setup for the day-1 experiment
»High-energy (E > 18.5 MeV/u) setup

eBeam
sState beam: , , *9Ca, ®Ni, “°Ru, ?%Zr, 112Sn, 132Xe, P*Au, 23¢U, and
more up to 200 MeV/u

=RI beam: Ca, Ni, Ru, Zr, Sn, Xe, and more up to 250 MeV/u

+when 1t 1s available
#1f 1t 1s possible

P B Kot stance prooet 2013-05-24 HIM Meeting 24
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RAON Design (Accelerator and Experiments)

Injector

26.620(QWR)

SCL1

78.960(HWR)

Beta-NMR

ol 67.326(SSR1) 118.620(SSR2) 100 H
296 l Charge Stripper SCL2 ‘ @ 4/ 104
&ZDT \i 3 N
127 ggi-lxmyedica\ 1 :[f 1 Spallation »
Ll (low energy) SCL3 Room farget ; ngh Energy
e Exp. 2
Cold Box d
Low Energy ﬁ
Recoil spectrometer 1soL

LAMPS en
: B High Energy

Cryoplant LAMPS

‘ IF separator
82 75 71 103 94
515
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Low Energy LAMPS Experimental Setup

charged particle polar angle proton polar angle

test32 test26

r’: SOI25 1 ENAT
?;re Isotope Scien::z Project 2013-05-24

]

(c) Neutron polar angle distribution.

HIM Meeting
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Low Energy LAMPS Experimental Setup

132Sn + 124Sn @ 18.54 MeV PHITS event simulation

0.G3

0.G2

<occupancy>

0.o1s

0.cA1

0,005

0.025 __ ............. ................ ............... ............. {:hﬂl‘geﬁpﬂrtitlf ................

pé:mtnn

—a—

photon:

20 40 G0 =) 124 120 140

1

7| % BpSrI

Institute for Basic Science

S1-Csl detector unit coverage of polar angle tuned to be <occupancy> < 0.1

r’: SOI25 1 ENAT
?;re Isotope Scien::z Project 2013-05-24
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Low Energy LAMPS Experimental Setup

Epeam < 18.54 MeV
For PDR/GDR Experiments

93 Si-Csl units at r =40 cm

145° 11.5°

17.5°

. 2 15° cone to allow
S g neutron detection
=0

17.50 E

For PDR/GDR Experiments:

50,54Caq, 68,70.72Nj, 106,112,124,130,132§ 1 R] beam

+ 197Au/208Pb (stable target)

+ 12C/no target (background control)
Beam +could be possible from ISOL

120 plastic scintillator neutron
detector units atz ~3.25 m
Solid angle = 133.3 mSr

145° 11.5°

Si: 0.5% of FWHM
Csl: 2.0% of FWHM

TP BB AT ANEE 2013-05-24 HIM Meeting 28
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Low Energy LAMPS Experimental Setup

Ebeam < 18.54 MeV Geant4 simulation and detector R&D are ongoing
For PDR/GDR Experiments

8 units 12 units IH units - um(
Total 58 detector units = "i \“ \\u/
(17.5°< @, <77.5° e e <7 =
9x 9 x0.01 cm® Si (3x 3 Pad) iy TN T ’?“- S
9x 9 x5 cm? CsI (PMT readout) v 7T\ /”\\
15 units 12 units
90° 14 8 units

|381.

W M

7/1\\ /7’1.1‘\\ gh

i

Total 35 detector units

(78° < 0,,, < 150°)

15x 15x 0.01 cm?® Si (3x 3 Pad)
15x 15 x 5 ecm?® CsI (PMT readout)

10 x 10 x 20 cm?®

plastic scintillator block
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Low Energy LAMPS Experimental Setup V07 oo e
10 cm wide window to allow
148° neutron detection along equator
é 153 neutron detector units at r = 2.0 m
17.5° é Solid angle = 382.5 mSr
=400
17.5°
145°
10 cm wide window to allow
neutron detection along equator
Epeam < 18.54 MeV
For HI Experiments:
Geant4 simulation is ongoing S0,54Ca, 68,70,72Nj, 106,112,124,130.132Gy R] beam
for the final tune + 40Ca, 3Ni, 112:118,124Q) stable target

+could be possible from ISOL

‘ SOoI2TMS R ENAT .
W stareIIsoto'pe S(I:i-_e::l:z Pﬁ)éj'ect 2013-05-24 HIM Meetlng
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High Energy LAMPS Experimental Setup
18.54 MeV< Epeam < 2504 MeV

y

X
Si-Csl
! Neutron Detector Array
Detectors :- Focal Plane Detector
/< MWDC-+ToF 15 m away from target
Target Scintillators Z X

Dipole
Magnet

Solenoid Time Quadruple
Magnet  Projection Magnets
Chamber _ Collimator
Solenoid Dipole Spectrometer

Spectrometer
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High Energy LAMPS Experimental Setup
g

X
Si-Csl
' Neutron Detector Array
Detectors :- Focal Plane Detector
€ MWDC-+ToF 15 m away from target
Target 7 X
Dipole
Magnet
Solenoid Time Quadruple
Magnet  Projection Magnets
Chamber Collimator
18.54 MeV< Epeam < 2504 MeV
Solenoid Dipole Spectrometer

Spectrometer .
For Symmetry Energy Experiments:
106,112,118,124,132Qy + 112,118,124Qp

26,100,104Ry(88:92.967r) + P°Ru(°Zr) = when it is available

TP ENE R ATENES 2013-05-24 HIM Meeting 32
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High Energy LAMPS Experimental Setup Th° 22T
g

V<— ﬁf\c‘s}‘ll)lgi%ﬁl];) etector Neutron Detector Array

: X

y-array
Recycle LAMPS-L?

Quadruple
Magnets

18.54 MeV< Epeam < 2504 MeV

Dipole Spectrometer

For PDR/GDR Experiments:
50,54Cq + 197 Au/208Ph, 68.70.72Nj + 197A1y/208Ph, 124,130,132G + 197 A3/208Ph

One can also try the proton-rich side using (y,p): (p,p’), (p,2p), (p,pn)

TP RIS 2013-05-24 HIM Meeting 33



Solenoid Magnet

Requirement

Cylindrical shape

To cover TPC (r =50 cm, 1=1.2 m)
with homogeneous B-field

Boperation =0.5/0.6 T

Bmaximum ~1T
AB/B <2 %

bump coils

return yoke

| SOl NS URSNAT
J# Rsare Isotope Scien=c.:-a Project 20 13-05-24

&
el
o
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1h° 21z Heta7 e

Institute for Basic Science

0.55

Magnitude of B-field (Bmod, R=0)

0.5

/

o
.p
«

X

D\

Magnetic field (T)
° <

e
w
o

N

\

N

03 +
-1000  -750 500  -250
Longitudinal

\

0 250 500 750 1000
position (mm)

=—Solenoid  ====Yoke&Solenoid ~—Yoke&BumpSolenoid

0.55

Magnitude of B-field (Bmod, R=500)

ﬁ—":"—-k

\

7~

Ve

<
~
ol

N ~

Magnetic field (T)
N
N

AN
N

\
\

03

-1000 -750  -500  -250
Longitudinal position (mm)

m—Solenoid  ====Yoke&Solenoid ~——Yoke&BumpSolenoid

\

0 250 500 750 1000

=0 cm.

= 50 cm.

(a) Modulated magnetic field distributions at R (b) Modulated magnetic field distributions at R

0.55

Logitudinal B-field (Bz, R=500)

&
N
N

P
0.5 = \
%&45 ,/ / \\
y 4 N\

N

\

0.3

-1000 -750  -500  -250 0

——=5Solenoid  ==—=Yoke&Solenoid

250 500 750 1000

Longitudinal position (mm)

==Yoke&BumpSolenoid

Radial B-field (Br, R=500)

N

S o
88 8

\
0:02 /—M\k‘\

T
o
8

e
o
o

agnetic field (
[=]

M:
5 ¢
o
b4

N

-0.06

~N

-0.08

\‘
™.
~N

0.1

\\-

-1000 -750 500 -250

Longitudinal position (mm)

===Solenoid ===Yoke&Solenoid -—Yoke&BumpSolenoid

0 250 500 750 1000

R = 50 cm.

50 cm.

(a) Longitudinal magnetic field distributions at (b) Radial magnetic field distributions at R =

Table 3.6 Deviation of modulated magnetic field.

Solenoid
-75 ~ 75 cm Solenoid Coil Solenoid with Return Yoke
with Return Yoke & Bump Coil
ABpeq (R =0 cm) 0.107 T 0.062 T 0.006 T
AB0a (R =50 cm) 0.103 T 0.070 T 0.008 T
AB, (R =50 cm) 0.110 T 0.072 T 0.008 T
AB, (R =50 cm) +0.076 T +0.043 T 40.008 T
HIM Meeting 34
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Solenoid Magnet Design

AT Y O

Rt - T R Ok any

..................................

Wb 100, 150. 200

v/
1 ‘l- ’ )
5 bt + 00 v/ O
v/ a
Ve

ZE- 2000 % coil

““ Tiron

100, 150, 200) TPC reg'on § (8)
"3 N
/300 % Return
© Q 7 voke
™ I v

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

Cylindrical Solenoid Magnet

Total size2.6 x 2.6 m? Getting suggestions
TPCsize1.0x 1.2 m? and quotations from
B,. ~05T.B .. ~1T domestic companies

ope.

AB/B < 2%
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Time Projection Chamber (TPC)

*Time Projection Chamber (TPC)

Tgecone o 1=—0.6931 ,—1s502 -1Xx1.2 m? cylindrical shape
\ | -GEM based & pad readout in
end-caps

(~100 k readout channels)
-Large acceptance (~ 37 Sr)
-Complete 3D charged particle
tracking

= Particle identification
and momentum
reconstruction

_ 53)°

‘ " Gas Mixture
Pad Chambers l(
z 300 mm

15* TPC Prototype

¥ Activevolume: 10x 10 x 20 cm?
GEM based

635 readout channels

Study of test data is in progress
20 TPC Prototypedesign is
ongoing (1/8 size of real)

ISP BOBNAUZANGE 5013 05.24 HIM Meeting 36



TPC Simulation

Gas Electron Multiplier (GEM)
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Figure 3.65 TPC gas gain simulation for single (left) and triple (right) GEM.

Single and triple GEM gain simulation with Garfield++
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Figure 3.61 Drift time as a function of drift length with three different gas
mixtures in Garfield4++ simulation with single GEM.
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Rare Isotope Science Project

2013-05-24
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Figure 3.67 Drift time as a function of drift length with triple GEM.
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Figure 3.62 TPC hit information before digitization with P10 gas and single GEM.
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Figure 3.68 TPC hit information after digitization with Ar 90% + CO2 10% gas
and triple GEM. Left plot is with 2.5 mm hexagonal readout pads and right plot
is with 5 mm hexagonal readout pads, respectively.

Au + Au @ 2504 MeV

Isospin Quantum Molecular Dynamics Events
2.5 mm pad ~ 300 K readout channels

S mm pad ~ 100 K readout channels

3')’ B e e 2013-05-24 HIM Meeting 38



Si-CslI Detector
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size (mm?)
inner ring | front | 66.80 x 26.20
rear | 86.92 x 37.84
outer ring | front | 62.09 x 20.08
rear | 89.17 x 28.84

veto

AE (MeV)

0 W 1. | ST | = s 0
0 100 200 300 400 500 600 700 800 900 1000
E,, MeV)

Si-CsI module
Si: 2 x 8 pad readouts
Csl: 4 x 4 APD readouts

ales vy It

0 100 200 300 400 500 600 700
E,, (MeV)

P Lty
800 900 1000

veto Si detector can clean up
unexpected correlation
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Dipole Spectrometer

side view = =
| ] ™
|<__ﬁ_
=
Q1 Q2 D1 1ne
0.416 m
KE =30
MeV
top view
KE=10 ) Focal Plane
MeV ‘
L | | L | |
Magnet Strength of Magnetic Field
Q1 length = 50 cm | aperture = 0.3 m 0.5 T/m
Q2 length = 50 cm | aperture = 0.4 m 1.1 T/m
D1 pole gap = 40 cm | radius = 0.9 m 0.82'T

eMulti particle tracking capability of isotopes for p, He, and heavier fragments
-Focal Plane detector for low momentum particles
ePlastic scintillator ToF
-6, < 100 ps (essential for Ap/p <103 @ p = 0.5)
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Forward Neutron Detector Array 1107 tvsiae e e st

2m

CCTTTTTTTTITTITTITITTTT

CITTTTTTTTITTTITITITTTT]

LITTTTTTTTITITTITITITIITIT]

Veto

Light guide

| scintillator |

[ PMT |

P

c J‘\(
Bicron BC-408 o \ H2431-50
-
Decay constant: 2.1 ns 74 Wavelength short 300 nm
Bulk light attenuation length: 380 am Wavelength long 650 nm
Refractive index: 1.58 Arcrylic Transit time: 16 ns
H.C ratio: 1.104 Gain: 2.5e+6
Density: 1.032 Density: 1.18 g/cm3
Softening point: 70 °C¥ Refractive index: 14914
A 3

Neutron detector
prototype

Neutron detector
prototype

2m < 17m ——>

CITTTTITTTITITITTITTITITTI

Charged particle veto: 5 x 5 x 200 cm?
20 BC-408 10 x 10 x 200 cm?/layer
4 — 5 coupled layers

Y2 length prototype produced and
tested with source

Beam test is planed

Real size prototype will be produced

’ SOI2 RSN
]# s:re Isotope Scien=c.:-a Project 20 13-05-24
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Figure 3.92 Time difference At = t;, — tR as a function of photon incident

position from neutron detector prototype with %°Co source. Left plot is with VTD
and right plot is with CFD
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Figure 3.95 Time distribution of neutron detector prototype with 22C f source.
(a) is from VTD data and (b) is from CFD data.
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Fo_rward Neutron Detector Test
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Figure 3.94 Time distribution of neutron detector prototype with 9Co source.
(a) is from VTD data and (b) is from CFD data. Solid line is indicated by
Gaussian fitting.
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Figure 3.96 Neutron energy spectrum of neutron detector prototype. Solid line
is empirical Watt spectrum.
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LAMPS Schedule

11.3.2.2.2 Large Acceptance Spectrometer (WBS RISP.3.3.2)
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11.S7
Summary I

*RAON is RI beam accelerator in Korea
-RAON will provide high purity, high intensity various RI beams (e.g. 103 pps 32Sn at 250

Mev/u)
*RISP is on going for establishment of RAON accelerator and experimental facilities

eLarge Acceptance Multi-Purpose Spectrometer (LAMPS) at RAON

-Study of nuclear symmetry energy with RI and stable beam

-Two detector setup for low and high energy
» Low energy: gamma detector + Si-Csl detector + neutron detector
»High energy: TPC + Si-Csl detector + neutron detector + MWDC + ToF + Solenoid
magnet + Dipole magnet
¥'To cover entire energy range of RAON with complete event reconstruction within
large acceptance

-Detail detector simulation and prototyping are in progress

-Getting more collaborators from both domestic and oversea
» Forming International collaboration
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