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RI Accelerator Facility (RAON)

O Rare Isotope Accelerator Facility has a beam energy of 2-200 AMeV. The first section will
deliver stable ion beams of 20 AMeV in 2023 and RI beams in 2024.

O KOBRA beam line delivers #N®* beam at 43 AMeV and 1°0°* beam at 41 AMeV. The
beam intensity will be the order of 102 pps.
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Pion Production below 100 AMeV

O In AA collisions, Fermi energy domain is the transition region between a dynamics driven
by the mean-field, below 15-20 AMeV, and one where the NN collisions play a central
role, above 100 AMeV.
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O First explanations of subthreshold pion production were given in terms of coupling Fermi
momentum to the momentum of relative motion between two nuclei.

O At lower energies and very close to the absolute threshold, one must invoke the presence
of collective effects. However, the detailed physics related to the coorperative effects is not
yet well understood.

O In the low energy limit, close to the absolute threshold, the process of pion creation
requires the transfer of most the projectile’s kinetic energy into a single degree of freedom
(creation of a new particle).
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Absolute Threshold For Pion Production
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O The absolute threshold for pion production in symmetric heavy ion collisions vs mass

number of the two nuclei.

O Coupling Fermi momentum to the momentum of relative motion between two nuclei is

not expected to work for very low beam energies. On the basis of single NN collision
model, threshold energies around 50 AMeV can be predicted.

O Pion production close to the absolute threshold requires that many nucleons in the
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projectile and the target act cooperatively to convert their energy into the pion mass.
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Target Nucleons involved in Pion Production

VO = e O T T ) N PR s RS 29 e |
| ~ ~
200N~ = .
NS N O How many nucleons must
V™ |
- ~ ~ —
e, S \:L E; =250 MeV A cooperate to produce a
L TR L o 8- | pion of a given kinetic
[We ™ e . |
'_3 50— ﬁ\\\\:\ :‘*-__ energy?
A B P Bl T i L
; o S T sty F O Minimum number of
£ DR SR target nucleons required
y 20 Rh-ﬁx"-&.‘_‘_“-‘— £ q
T T e in a ¥N-induced reaction
101 o to produce pions of
E,=0 MeV 1  produce pions of
different kinetic energies.
) 3 ST O A OV b e 1)
1 2 4 8 10 20 40 80100

"ACTIVE' TARGET NUCLEONS
1200 fm/c
Binary

o8

ImQMD %Ni+%Ni at 35 MeV /n for b = 4 fm ®

20 =5 fm/c =60 fm/c =80 fm/c =100 fm/c =160 fm/c Ternary
®
e 10 .
L0 o Op | B 9 P w8
-20 (@ (b) © (d (e) (f2)
-20-10 0 10 20-20-10 0 10 20 -20-10 0 10 20 -20-10 O 10 20 -20-10 0 10 20 Multi-
Z (fm) [¢)

w10 feigm] ’6” po22/09/02 Slide 4

KOREA UNIVERSITY ° (13)




Subthreshold 71 Production
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Subthreshold 71 Production
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O A common parametrization of the meson production cross section in AA
collisions is 0 = 0R{Apart)Pr, where the reaction cross section
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Subthreshold 71 Production
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Transverse Momentum and Temperature

Y, Schutz et al., NPA 622, 404 (1997) R. Mayer et al., PRL 70, 904 (1993) N. Yahiali for TAPS
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O The transverse momentum spectrum of primordial neutral pions, corrected for the
reabsorption effects, does not show the thermal behavior.
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Temperature Parameter

T (MeV)
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O The transverse momentum distribution of pions isindependent-of the bombarding
energy below 200 AMeV.

O New experimental results point to the continuous rise of the temperature parameter

with increasing beam energy.
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Polar Anisotropy and Pion Absorption
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O The correction of the data by the simple
reabsorption model (p,0- dependent
mean-free-path A o) based on static geometrical
considerations indicates, that the angular
distribution of primordial 7 from Ta+Au
collisions at 40 AMeV might be almost isotropic *

ax. Piasecki and T. Matulewicz, Acta Physica Polonica B 41, 393 (2010).
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Hard Photon Production
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¥ Reconstruction

O The invariant mass of two gammas from the ©° — 7y decay is given by
0
nyy = 24/E1Ep sin (%)

O The 7 energy can be calculated from

2
2 = 2 _Ei-E
0 (1= cos O10)(1 - X2)” E1+Ex

O The kinetic energy and pion emission angle are obtained from
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MEDEA and TAPS

O TAPS consists of 384 BaF; and 384 CPV and the KVI forward wall is made up with 92
AE — E detectors.

TAPS Blocks

KVI Forward Wall

O MEDEA consists of 180 BaF, crystals at the LNS-Catania. This geometry allows for the
covering of 3.7 7.
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Candidate Scintillation Crystals

O Photon energies up to 300 MeV.

O High density, short radiation length (Xp) and Moliere radius (Rp).
O Fast decay time, high light yield, and wavelength matching between scintillator and
photon sensor.
O Maximum size in crystal growth and cost performance.
Crystal ‘ Nal(Tl) CsK(Tl) CslI BaF, CeF; BGO PbWO; LYSO GAGG
Density (g/cm?) | 3.67 4.51 4.51 4.89 6.16  7.13 8.28 7.10 6.63
Xo (cm) 2.59 1.85 1.85 2.03 1.68  1.12 0.89 1.14 1.56
Ry (cm) 4.8 3.5 3.5 3.4 2.6 2.3 2.0 2.07 2.1
Wavelength 410 560 420 310 330 480 420 420 520
(nm) 310 195,210
Decay time 230 1300 35 620 30 300 5-15 36 90
(ns) 6 0.6
Light output 1 0.45 0.06 0.21 0.10  0.09 0.01 0.66 1.0
0.02 0.03
Cost $2200 $1600 $8600  $9000
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First Phase Simulation Study
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O Geantg simulation on the detector response to photons
hitting the center of the 5 x 5 array of Csl(pure) crystals
(3 %3 %30 cm® each) in energies: 50, 100, 200, and 300

MeV “.
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First Phase Simulation Study

O We generated ¥ decays with energies
centered at 30 MeV using Geant4
simulation and two 5 x 5 Csl arrays
separated by 110°.
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O We reconstructed incident photon energies and angles using a XGBoost model with

boosted decision trees (E;, Exot — 012, E1, E2). “.

AyJ. Kim (KU)
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Yield Estimate for N+Al Collisions at 35 AMeV

O Yield estimate was based on the total cross section for inclusive 7? production by 35-AMeV
14N beam on Al target: I = 3 pnA, p = 62 mg/cm?, and 0,0 = 50 nb.

O For the beam intensity of 1012 ppp (I = 62.5 pnA), the ¥ production yield can be obtained as

2 6.02x10%/mol

5% 1072em? ~ 10
27 g/mol * o /s

Y0 =10"%/s-6x 1072g/cm

O Using the proposed CsI(pure) detector covering AQ = 0.72 sr, the number of ¥ events
collected in 10 days is expected to be

72
Nyo = 10/s- % (érecon = 0.7) - 10° s ~ 4 x 10%,
= | - 1 - T & (10* ~ 109
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SUPER with the KEK CsI(T1) Detector
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Csl crystals

O The CsI(Tl) calorimeter of the KEK E246 is an excellent
candidate for SUPER. It consists of 768 CsI(Tl) crystals
covering 75% of 47 solid angle. *

O Anindividual crystal covers 7.5° in 0 and ¢ angles,
except for 48 crystals near the beam axis. The crystals
are of 10 different dimensions and are shaped like
pyramidal sectors with trapezoidal basis.

O The length of crystal is 25 cm (13.5X) and the average

transverse dimensions are 3 x 3 cm? for front end and
6 X 6 cm? for rear end.
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Simulation Study with the TREK CsI Array

O We generated 1’ decays according to the pr distribution and boosted for N+Al
collisions at 40 AMeV. and reconstructed incident photon energies and angles
using a XGBoost model with boosted decision trees.
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ARC Experiments

UNIVERSITY.

Director Naohito Saito
Institute of Particle and

Prof. Jung Keun Ahn
Department of Physics
Korea University

Nuclear Studies
KEK

Seoul, 02841, Korea email:
ahnjk@korea.ac.kr

July 13, 2022

Letter of Request to Borrow Equipment
CsI(T1) Calorimeter of the TREK Collaboration

Dear IPNS Director Prof. Naohito Saito,

FY2021 FY2023 | FY2024 | FY2025 | FY2026 | FY2027 | FY2028 | FY2029 | FY2030

MR accelerator
Upgrade

FY2022

construction parallel to beam operation in the first 3 years,
beam-suspension in the next 2.5 years

Hadron The Extension Project (Phase-1) (6 years,

—y -
Hall Current Programs BL sructi Expanded Programs
with SX Power towards 100kW. ‘ construction fith mare beam lines
Hall Constr ‘
COMET COMET a/1 COMET2 Construction m
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Candidate Beam Line (KoBRA) at RAON
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KoBRA Beam Line
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O We propose extensive studies on subthreshold 7° production and hard
photon (E, > 30 MeV) emission at RAON;

SUPER (SUbthreshold Pion Experiment at RAON)

O We will optimize the detector configuration for efficient detection of 7°
and hard photons in AA collisions at KOBRA energies.

holes

Csl crystals
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Superconducting Magnets and TPCs
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Low-Energy Pion Production in NN Collisions

O Exclusive reactions for single pion production are:

pp — PPHO, pp = pnmt, nn — nnr®, nn — npm,

pn — pni®, pn — nnnt, pn — ppr”
O Near the two-pion threshold, we need to consider the two pion production reactions:
pp = ppr®n’, pp = pprnT, pp - purtn’, pp - nnmtwt
nn — nnnono, nn — nnntn, nn — ppc T, nn— npn’no

0.0

pin — pni®n®, pn — nprtnT, nn — nnntn®, pn — pprnr®

O The reactions involving distinguishable pions in the final state (in red) should be
double-counted, so we expect in pp reactions *

OppontX  Opp—m=X F Opp 0% = 8:2:6=4:1:3
O The n*/n™ ratios for pp reactions at low energy are

Opp—ntX -4 Opnon+X _l Opn—ntX -1

, ,
Opp—n—X Opn—on-x 4 Opn—n=X

a]AWA Norbury and L.W. Townsend, Nucl. Instru. Meth. B 254, 187 (2007).
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Low-Energy Pion Production in AA Collisions

O For AA collisions, the probabilities of pp and nn reactions are denoted as

(Ap = Zp) (Ar = Z7)
Ap Ar

_ ZpZr

P(pp) = ApAr’

P(nn) =

O We therefore expect the ¥ /7™ ratio to be

GaAonrx _ Zp Zr OppontX | (Ap = Zp) (A1 = Z7) Oppon X

0AA—m-X  Ap AT Oppon—x Ap AT Oppontx
O The cross sections are?

2.2/3
OAA-THX = (APAT) / Opp—ntX

2.2
(APAT) /3Gpp~>n+x
[0} - =
AA—-TX Zp Zr Tpp—ontX . (Ap—Zp) (A—Z1) Tpp—n—X
Ap AT Oppn—X Ap Ar TppontX
— 2.4/3
O4A-n0x = (APAT) Upp—)TLOX

aLW, Norbury and L.W. Townsend, Nucl. Instru. Meth. B 254, 187 (2007).
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