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Part 1.

Introduction to CENuM




Nuclear physics in modern world
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CENuM in a nutshell |

® Center for Extreme Nuclear Matters
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Phase diagram of ordinary matter e

@® States or Phases: Solid (ice), Liquid (water), Gas (vapor)

Phase diagram of H,O
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Part 2.

Research topics in CENuM




KOREA

H 118 AFLHE gVl

uark-gluon plasma (QGP) &t
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CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter :15.0m Pixel (100x150 ym) ~1m?* ~66M channels
Overall length :28.7m Microstrips (80x180 ym) ~200m?* ~9.6M channels
Magnetic field :3.8T

ACORDE

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 540 Cathode Strip, 576 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m* ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
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~76,000 scintillating PBWO, crystals

-

DIPOLE
MAGNET,

HADRON CALORIMETER (HCAL)
ABSORBER Brass + Plastic scintillator ~7,000 channels
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H32s E1HE

® FAZIA: A charged-particle detector for heavy-ion collisions at intermediate beam energies
® One FAZIA block consists of 16 Si;+Si,+Csl telescopes with a cross-sectional area of 2 X 2 cm?.

® Development of new Si detectors in Korea
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PID from 80Kr+40-48Ca at 35 AMeV in the
ISoFAZIA experiment @ LNS, Catania in 2015

cepatl

New 750 um thick Si detector modules
(Processed in CiS, Germany)
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® Design and construction of the new thick Si detectors
= The detailed structure, dimensions, and doping profiles are finalized by intense simulations.
= Low total current, O(10 nA), is expected in the working-voltage range.
= Si wafers will be processed at ETRI & NNFC in Korea.

® Development of the new FEE card
= QOriginal schematics were provided by the FAZIA Collaboration.
= But several changes were applied for more effective functioning.

® The next step is to design and produce the 150 um thick detectors.

Abs(TotalCurrentDensity-V) (A*cm”-2)

p+ 2ua7e-nz B »
“"‘:“’ L Wire-bonding flexi-cables
N- 1445e-16 i to the Si-chip pad
2753&-21
5247e-26
N* Current-density distribution on Prlas ~ - =

Assembly of quartetto

'I 000e-30
the side region from simulation
FAZIA / FEE(Front-End Electronics) Old Card

New FEE card made in Korea

Analogue stage Digital Stage Converters stage
The FAZIA setun. NIMA. Volume 930. 2019. Paaes 27-36
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® Superconducting magnet ® AT-TPC: Construction of prototype
" Brigx=15T = # of pads: 64 X 16 = 1024
= Diameter & length of the = Pad size: 1.9 X 11.9 mm? (gap between pads: 0.1 mm)
detector space = 60 cm each » Performance test is on going using cosmic muons & alpha source.
* Conductive cooling = Beam test using («, p) reaction at CRIB is forseen in 2023.

= Construction done in 2019 Event display for cosmic muon events

400 g
E

ADC|jcount] st a0

® AT-TPC: Design of real detector

1 _Pad plane geometry
Triple GEM S il 2

y (mm)

HIE g 503:‘ lllllll 2000, —_— =
: | O g
e g : # of pads: 65 X 65 = 3,300
L | i B 1000 Pad width & height: 6 mm each
: gas: *He 7 00 Gap between pads: 0.5 mm
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® KHALA: Korea High-resolution Array of LaBr;(Ce)
® Total 36 [LaBr,(Ce)+PMT] modules
® R, <150 ps (fast timing measurement), Rg< 3.5%

® Formed IDATEN Collaboration = KHALA at CENuM + FATIMA in Europe.
= |DATEN will perform extensive campaign experiments at RIBF in 2023.
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Part 3.

Preparation for LAMPS @ RAON




Uniqueness of LAMPS

; /
Low-energy LAMPS can take all available beams at RAON! [ Linenergy
Expt. hall B Expt. hall B
Xpt. ha Ultra low-energy Expt. hall Xpt. ha
(NDPS) MIMS, CLS (BIS, uSR)
SCL2 (2nd Phase) ( )
- u /,j////////,/////// G /////////ff/////,//,//////’f////é///{////// e ’////////f//////////////////////w/;; A //f//
[[_L .
£ ¥ ISCL3™ 1
@MMM/,//, ECRIS
ISOL
— |F separator
High-energy
Expt. hall A
Low-energy
Expt. hall A = SIB: ECR IS>SCL3->SCL2->IF
: w/o target
(KoBRA) (w/ get)

= RIB (IF): ECR IS>SCL3->SCL2->IF

= RIB (ISOL+IF): ISOL->SCL3->SCL2->IF
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Overview of LAMPS cepatl

® Large Acceptance Multi-Purpose Spectrometer
= Beam energies up to 250 MeV/u for 132Sn with an intensity as large as 108 pps
= Comprehensive detector system to investigate the nuclear equation of state (EoS) and symmetry energy
= All detector components and magnet were already developed, manufactured, and assembled.
" |ntegration and commissioning of the whole LAMPS system is being planned at the end of 2022.
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TPC: Performance test with prototype

Y size of real TPC design
Outer Field Cage

GEM : 3 layers

Cathode

Inner Field Cage

490 mm
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TPC: Construction of real detector

e Pad Dim.: 3X10 mm? :
 Ch. #:2,618/sector 10° |
X 8 sectors = 21,584 ) . <— Quadruple GEM
. 5.9 keV X- 5. .
* FEE (GET electronics): cathode GEM e rays PR . :
athoae o = : .
11 AsAD/sector K ' : | + |&— Triple GEM
X 8 sectors GEMA4 Drift region: 5 mm g : ]
_ e JLANSTEL TEGION: 2 MM g .
=88 AsAD g:m; Transfer region: 2 mm I |
Transferregion: 2 mm 10 - * Gerus
GEM1 nduction region: 2 mm - § T e
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TPC: Drift velocity measurement by cosmic ray G‘Mﬂ

® Cosmic muon trigger
= Coincidence of two scintillators (scintillator size: 20 x 20 cm? each)
= Trigger position : 30, 60 and 90 cm

= Measured drift field points: 115, 125 and 135 V/cm
Drift velocity data (preliminary)
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Neutron Detector Array (NDA): Structure GA’W

!

-
Al
2 m
Hamamatsu (H7195) XBC4O8 (Polyvinyltoliene) Lightguide (acryl)
10x 10 cm? 2m
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NDA: Performance test with prototype

Beam test at RCNP (2016)

//
/ /1 00 m tunneI/

.
' 450 cm iso:?‘///

® Beam specifications
= Production reaction: p+’Li 2 n + ’Be
= Neutron beam flux: 1 X 10*%n/sr/uC
= Neutron energy: 65 and 392 MeV
= Background neutrons above 3 MeV is < 1%
[NIMA 629, 43 (2011)]

C S Data
S 400

8 e — "Li(p.n, )'Be (6=5.1MeV) 3 8 3505 — Li(p.n, )'Be (6:=0MeV) | =
300E — — "Lipn VBe 3 300F " 'Li(p.n, )'Be (c:=0.35MeV)
F 2 3 — T 7
250F E 250 Ll(p,n2 2) Be

= TLi(p,n*He)*He

392 MeV

100; 100
50E 50}
920 330 340 350 360 370 380 390 400 410
E. (MeV) E, (MeV)

= 200
= 150

=== TLi(p, n°He)'He

65 MeV

® Significant energy-loss effect in the Li target at 65 MeV
® Low-energy background dominated by the 3-body decays 7Li(p,n 3He) *He

® Energy resolution (FWHM): 3.1% @ 392 MeV, 1.3% @ 65 MeV
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NDA: Performance with prototype et

%2/ ndf 77.67127
Constant 1563 + 16.4

e 0o < Position difference between the projected hit position and the detected hit
S 2R position for cosmic muons: Axy = Xp4 proj — Xp4 hit

o0 n
= 1600-

3 ... Ccosmic
O  1400—

O B

=oo-  MUON

events < Relative position resolution for cosmic muons for one bar:
800; A
ccol Oy = 02—83674) = 2.0 cm: R,.(u) = 4.8 cm (FWHM)

400

200/~ 50000

‘\._I‘I\IJ_LF_AJ A \.\l\.\l. LL_I\_I_II_I'L.\I.
5%0 -40 -30 -20 -10 0 10 20 30 40 50
AX, (cm)

%)
a
c
S
o
o

C Constant  4.76e+04
Mean -0.00449
Sigma 0.0449

30000 N

40000

— Hit position difference between neighboring scintillators for neutrons with - :
simultaneous hits: Axg; = xpq — Xxp; for 10 MeV threshold and 6t < 3 ns 20000 .

. " ) - 392 MeV
— Relative position resolution for neutrons for one bar: 10000/~ =
o(Axgq) h ]
On = \/551 = 4.5 cm: RX(n) =7.5cm (FWHM) %8 06 04 02 0 02 o4 06 08

AX (m)

Comparison of performances by cosmic rays for similar configuration of neutron detectors [NIMA 927, 280 (2019)]

LAMPS (this work) MoNA [13] NEBULAR [14] LAND [15]
Dimensions (cm?3) 10 x 10 x 200 10 x 10 x 200 12 x 12 x 180 10 x 10 x 200
Time resolution (ps) 309 423 376 588
Position resolution (cm) 4.8 5.2 6.1 7.1
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NDA: Construction cepall

® |[nstallation of all modules in the frame was completed at the Sejong campus of Korea
University in Dec. 2018 to test the performance.

® The whole system was dissembled and transported to the RAON site in Sindong in March
and assembled again with the three additional veto walls in September in 2022.

® The fully assembled system will take the cosmic muon data at the RAON site very soon.

|
rgger

) Gustomized t
electronics
-

DAQ PC

$d
s J

Assembled detector system at the N@%y/’ e | o First station assembled at the high-energy
Sejong Campus of Korea Univ. N/ ’ e experimental hall of the RAON site
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Time-Of-Flight/Trigger Arrays (BTOF/FTOF)

® Number of scintillators & dimensions:
= BTOF: (48) 1500 X 90 X 10 mm?3 each —
= FTOF: (48) 500 X (90, 24) X 5 mm?3 each

® MPPC readout from both ends
® |nstallation completed in 2022
® The performance test with cosmic
muons is in progress.
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A Beam Drift Chamber (BDC)

1905

Anode X
. / e

Anode wire ¢ 20 um Au-W

Potential wire ¢ 80 um Cu-Be or Au-W
Cathode 2 um-thick Al-mylar, 9 layers
Cell size 5 mm (max. drift length 2.5 mm)
Active area 170 x 170 mm?

Anode configuration XX'YY’'XX'YY’, 8 layers

Number of channel 256 (32 wires/plane, 8 planes)
Operation gas i-C4,H,, below 1 atm
P10 (Ar 90% + CH, 10%) at 1 atm

High voltage 2 channels for cathode & potential wires

Readout ASD(RP-2125)+TDC(V1190A)+QDC(V792)

Body dimension 490(L) x 360(H) x 100(W) mm?3

Beam window 12 um Al-mylar (up to 20 kPa) TS

(variable) 50 pm Al-mylar (up to 50 kPa) . 7 A
&

® HV & vacuum tests completed

® Preliminary results with source demonstrated that the time resolution
was about 80 ps in o (Goal: 100 ps).
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Starting Counter (SC)
Primary function

* Providing an accurate reference time (o, < 100 ps)
for entire experiment when actual beams arrive.

® Structure & dimensions
= Two sets of (1 SC + 4 Veto counters)

= SC:210 X 210 X 0.2 mm3 (Active area: 200 X 200 mm?)
= \eto: 410 X 210 X 5 mm?3 (Adjustable area)

® Material
= SC & Veto: EJ-230 polytoluene-based scintillator
= Lights collected by MPPC on a sensor board
» 2 sensor boards on a SC scintillator & 1 board for Veto

* 33 MPPCs on a sensor board for SC & 24 MPPCs for
Veto

® Electronics

= Conventional CAEN TDC, QDC for the time and
charge information

Installation & o source (?**Am) test
= Full system installed in the vacuum chamber
" g; ~130 ps - Using two SC’s, ~92 ps is achievable.
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Part 4.

Summary




Summary 7.z

® Center for Extreme Nuclear Matters (CENuM)

= SRC research center dedicated to study the nuclear-matter from the low-energy RIB
collisions to the high-energy heavy-ion collisions at LHC.

= Main research topics
* Exploring the nuclear phase diagram
* Understanding the non-perturbative (high-density and/or low-energy) QCD

= Physics is closely connected to the evolution of the Universe and the various
astrophysical objects like neutron stars.

® Potential Collaboration with high-energy physics and the astrophysics groups
= Detector development
= Theoretical development
= Physics idea and analysis

® We are looking forward to fruitful Collaboration within KSHEP in the future!



