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Mineral as tracking detector
Fission tracks in the Zircon 238|
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Fission track density = A X n (density of U) X T (date)

e.g., In case of 1 ppm U contamination and 1 G year
Fission track density ~ 108 S.F. /g




Detection model
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Mineral

Polymer

TasLe III. The ratio of the mechanical stress to the electrostatic stress in various materials,

Knoop

hardness Dielectric Specific
Materiala R(£50%)p Ru(£50%)* E(10" cgs)  (10¥cgs) constant gravity Composition
Olivine 2.6 1.7 10.3¢ 7.0 20! 3.321  MgFeSiO,
Hypersthene - 1.2 e 3.0 32i 3.451 Mg sFeq 551,04
Laboradorite 1.9 1.2 6.7-8.3¢d 5.0 20 2711 NayCazAlsSis040
Zircon Lo 1.3 e 10.01 121k 4681  ZrSi0,
Phosphate glass e 04 cas 2.8 14i 3.1i 63P20;:11U02:8A1,05:9A2.0:9K,0
Soda lime glass 1.0 0.4 7.0-7.8ec 3.2¢ 9i 2.49e 67510,: 14Na,0:14Ca0:5A1,04
Tektite glass 0.7 0.3 7.0ec 3.4i 6.4m 2437 748i0.:12A1,0;:4FeQ+otherse
Orthoclase oo 0.4 .- - 5.01 4 8i 2.57t  KAISI;Os
Quartz 0.5 0.5 7.9-10.2¢ 8.01 4.,7¢ 2,657  Si0,
Phlogopite mica e 0.06 . 0.901 5-7en 2861  KMg:Al:S1;0,0(0OH),
— — —Muscovitemica_| _ _ _ - 1 _ _ 003 __ _ o _ 0451 _ 3.787°2 2931 _KALSiOw(OH), _ _ _ _ _ _ _ _ _ _.

Polyethylene Tereph-

thalate (Mylar) 0.02 0.451 3-6f 1.35¢  CysH;y604
Bisphenol-A poly-

carbonate (Lexdn) 0.007 0.008 0.22¢ 0.25k 3.12 1.208  C;6H140;
HBpalT polyester 0.013> 0.014b ‘e e 4o 1.40 C17HgO-
Cellulose acetate

butyrate 0.009 0.009 0.04-0.24%-h 0.20x  3.2-6.4h 1,22t (CyoH3005
Cellulose nitrate 0.02 0.02 0.1-0.3t:h 0.25k 6-80h 1.33r CgHiOsN,

& Unit charge assumed on adiacent ions.

R.L. Fleischer et al., J. Appl. Phys. 36, 3645 (1965)



Energy loss [MeV/mg/cm?]
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Phase contrast optical microscope image of Fe ion beam (500 MeV/u)
[HF 20°C, 80 min etching ]

a-recoil track due to 238U

10
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For Neutrino Detection



scattered

neutrino
Neutrino coherent scattering is predicted in the standard model. 7 clds
X boson '\ recoil
do GF mykE, P O
= N — (1 —4sin?0y )Z2)*my(1 — nr’F%(E
a5 = gV w)2) m (1 = =Dt F E)
o N4 N:number of neutrons 6.
o 8P
Cross section o &
= = W& secondary
ot e 2Cs CEWNS v, "ZICC recoils
........ "¥7| CEVNS —— IBD scintillation
—_—Ge CEWNS = = c==cc=- Vo€
10 A, cEWNS -
‘E 1 o NaCEVNS,“..\.nunnnnnnnnaunuunnnnnu.."”‘“ A " - Bei'!m P . . . . [ . v v v Beam'ON-
5_2 L g . + .
z 107 § * + +
s S op-atll ~-H-»+-———+—-+ v}ﬁwi 44
{0 A TSRO MO M1
§ e 5 15 25 35 45 5 15 25 35 45
S 102 B . 60 i i i i Ntfmber ofvphotoele'ctrons (FfE) : i i :
c Beam OFF v, EEV, EEv, Beam ON
8 45 i prompt n 1
10°* .,\u: 30
§ 15| ' ++ L
10°° o
1-1 Ll l Ll Ll 1 Ll Ll l Ll Ll 1 L L l L L Ll l L Ll 1 L Ll l L Ll l Ll Ll g 0 -_+_+“+—*-+‘+_+_+_*7 N { '+_+"‘*_t * ‘-*_*_ o ; —+~*-
5 10 15 20 25 30 35 40 45 50 55 < _pglt . : ; - : : : ; ; ; ;
. Neutrino Energy (MeV) 1 3 5 7 9 1.1 _ 1 3 . 5 T 9 11
Belkis Cabrera-Palmer, Arrival time (us)  Scjence 15 Sep 2017:

Applied Antineutrino Physics 2018 Observation of COHERENT detector @Oak Ridge National Laboratory Vol. 357, Issue 6356, pp. 1123-1126



Neutrino Flux from Galactic Core Collapse(CC) Super Novae

1024 ====- DSNB .
= ] —— galactic
L
=
i 10k \ -
n ] \
T . \
5 \
3107 Nk
o ] Y |I
'l." II
[ |
k] I|
1o —
1071 10" 10! 107

E, [MeV
Galactic Core Collapse Super Novae rate : 2.3 X 102yr!

S. Baum et al., Phys. Rev. D. 101,
103017(2020)

Diffused SN Background(DSNB)
— flux input from J.F. Beacom (2010)

 Galactic CC SN

dgp \ &l - oy AR /Dﬂ f(Rg)
NE& — dR, =
(dEL_) CCdE, J, E,

TABLE 1. Parameters of the neutrino spectra, Eq. (1), for
electron neutrinos. antielectron  neutrinos,

and v, =
{vu, va vz, vz} used in our numerical calculations [75].
v E'" (erg) (E,) (MeV) a
U, 6 x 10°2 13.3 3.0
Us 4.3 x 10°? 14.6 33
Uy 2 x 1072 15 3

RFEZEDIE—L > MREL
Rt ILX—: 10~100keV
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dR/dx nm~' kg™ Myr~!]

Hallte(EiﬁE) [NaCI]

Epsomlte (,}E—}*'J

) [Mg(504) 7(H O)]

108 e
U-238:0.01 ppb 0
1 I = 1]
10 = 10"
107 L o 107
|
”][]‘ R E 1{]{]_
1[_]_2' i :-% 1 [_]—2_
g
10— — T
101 10 1) 10!
T [nm]

238U 9{ 234Th

72 keV

Neutron background
* Spontaneous fission
* (o, n) reaction

(_.J rl]cif'T 1C l{"J \"]
-—=-w-bkg

U-238 : 0.01 ppb

" n- bkg
M Th-bkg

v background
e Solar neutrino (< 20 MeV)
e Diffused SN v (DSNB) (20 MeV < E < 30 MeV)

* Atomosphericv (E > 30 MeV)

FEf R oc REETRILF—
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Galactic CC SN rate in the mineral

B T T 1 LI IIII T T T T IIIII T T T LI IIII T T T LI IIJ: N I I I I I I I I i
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E F__,a--"* —-— Nchwaningite -}'-; " _______ Olivine (Chss = 0.1 pph)
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[ A"' - T o .
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For Dark Matter Detection

Dark energy (68%)

Dark matter

Planck 2013 results
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Dark Matter mass scale

-

~

Unitality limit
1022 eV keV  MeV | GeV  TeV | M,  10Mg
| | | | | | |
D— | | | | ' | |’
Composite DM

= =

= =
WIMP Mass [GeV/c?] 19



Number of signal N=R [/ kg/year] X M [kg| X T [year]

Eventrate : R[/kg/year] = p [target nuclei/kg] X flux [/ cm?/sec] X o [cm?] X (3.2 X 107 sec/year) DM-nuclei cross section
L » (unknown parameter)

Iy — p [GeV /cm3] o y p:local dark matter density 0.4 GeV /cm?3 from rotation cureve of galaxy
flux = Mpy [GeV /c?] v lem/sec] v: dark matter velocity (typically 300 km/sec)
nAS ‘
s ) 55"
Mass scale > (0.001 kg (1g) ~ 104 kg
Time scale 10° years O(1) years
Exposure ~1 N4 .
(Mass X Time) > 10° kg-year > 10 kg"year

Final sensitivity depends on the detection performance such as energy threshold, readout efficiency, background etc..



EDKISRIE. £ Rl o1 FTRERE
£33 5 (MNRAS 526, 6088—6102 (2023))

1 cycle ~ 250 Myear
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Muscovite Mica (B ZF)

K+

Si4t
A|3+
OH

P @ O o

[AA AL AL AA AA AA A
3 b 0 © O ©—Klayer

Y Y YY Y YY Y ¥ Tetrahedral sheet, Si3sz|1/204
Octahedral sheet, Al,0,(0OH),

Sl A0l AR b ~—— Tetrahedral sheet, Si3pAl;,0;

Franceschi+ 2023

Formula KAI,(AISi;O,0)(OH),

B Lower tracking threshold for energy deposition
B Low Uranium contamination (~ ppb)

Geological Common in many different rock types as a B Thin layer and transparent
Setting primary mineral

Cleavage Perfect on {001}

22



Counts

Previous research for WIMP search

VOLUME 74, NUMBER 21

PHYSICAL REVIEW LETTERS

22 MAy 1995

10

30

20

10

20

|i sample (DM searcty)

Limits on Dark Matter Using Ancient Mica

D. P. Snowden-Ifft,* E. S. Freeman, and P. B. Price*

Physics Department, University of California at Berkeley, Berkeley, California 94720
(Received 20 September 1994)

The combination of the track etching method and atomic force microscopy allows us to search for

weakly interacting massive particles (WIMPs) in our Galaxy. A survey of 80720 um? of 0.5 Gyr old
muscovite mica found no evidence of WIMP-recoil tracks.

This enables us to set limits on WIMPs
which are about an order of magnitude weaker than the best spin-dependent WIMP limits. Unlike other
detectors, however, the mica method is, at present, not background limited. We argue that a background

Ancient tracks,

including alpha-recoils

Neutron-recoils
Ohbserved
Monte Carlo

i

T
40 200

T |

[ —

(a)

Nuclear recoil due to neutron

400

600
Summed Etched Depth (A)

may not appear until we have pushed our current limits down by several orders of magnitude.

Scanning area : 80720 pum?
=8x104 cm?
( Probably ~ 10° g)

Exposure : 0.5 Gyear

|:> ~ 0.5 g=year exposure

Readout technique : AFM

1(.)_2B B Y T T T e
3 0 ]
r 1 )
i T
¢
29 N
10° ‘;‘, ‘ 3
y -7
l“. o ram
\(. .'/,/,I'
o \, -.'/’.' 4
E 103 % ]
= \ - /.
.9 \\ ..-"'/,"
3 \ N P
BN ¥ AN SHE
% 10— - — B
&
Qo
— ]60
1072 | - =271}
----- 28g; |
..... g |1
10‘33 N i3 1 | "
1 10 100 1000 10000

WIMP mass (GeV/c?)
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a-recoil tracks

ALPHA DECAY OF URANIUM 238 EBYUs

-H
Parent

nucleus . 2 e
A" Emitted a { __Key ]

particle @ Proton

Decay @ Neutron

event

"

238

” ©lh
90

Daughter
nucleus

Electronic loss : ~ 1.4 MeV/mg/cm?
Nuclear loss : ~ 12 MeV/mg/cm?

28nm nm

24



DMICA project JAMSTEC FE#E S A, +

TyrvremLrasssnosmcnneey - [ 10°% " ;
(HF—FREERT) 8o ¢ ]
b ]
| ¢ Z
T 40 10‘29 L ‘\". _
v K
T 20 v, ]
\ B2
0.0 ~ (ORI Y/
= L =S
. 3 1070 Yo A
20 :, \Q‘ . N . ,/’,’ ]
-40 § ‘\\ .-_ ...,-'/‘:’r‘ :
- DMICATID~A400cm? O EBIEAE % HiET § N
-6.0 SN FL-T
- 1R (3e-4cm?) DBEECSHDDS . 107! N |
e - 138 (2em?) OREM B (9.28/) TRETTS ]
-10.0
° 3= 3 <y N 2 :EI == Ay
BHRED S10nmERE DRSS X TICFE stE 7. 200H TDN400cm2DRITE % R |
L b2y by hEULTRRTWS 1032} -—-270 |-
----- i 5
..... 39K 1
survey area sample age exposure readout 10 T, ——
1 10 100 1000 10000
Snowden-Ifft 0.08 mm?2 0.5 Gyr 1e-6 ton year AFM
WIMP mass (GeV/c?)

3D optical

DMICA 400 cm?2 1 Gyr 1 ton year .
profiler
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Larger stopping power results in higher pit formation efficiency

arXiv:2301.07118
Oum ‘5 10 15 0pm 5 .10 15 Opym S '10 15 Opym 5 10 |15
i i O+ 10.1keV i+ 19.9 keV B Ar+ 132 keV I8 | Kr+ 277 kev/u B
AFM Image O 10.1ke Si+ 19. eV Ar 2 keV i 'y Kr+ 2 keV J‘ h '
3656 keV/um 713 keV/um 927 keV/um . 1830 keV/um %

(RT3 N EEMEE) ; | B e, Ry

10.0 nm
80
6.0
4.0
20
0.0
=20
-4.0
-6.0
-10.0

10.0 nm
80
60
40

liradiation dose is 80 >
ions per field of view
(20umx20um). 5

i O+ 101 keV BN Si+ 199 keV Ar+ 40 keV
744 keV/um 1009 keV/um S0

00
-20
-40
-6.0

-100

15 PN R S\

proxy DM scattering alpha recoils

pit formation

i several to 10 %
efficiency

S. Hirose, slide of MDvDM’23



Sensitivity Curve derived for DMICA's target exposure of 1 ton year case

Hirose et al. in prep

Likelihood ratio test
40-64Aa Pit depth histogram using paleoSens 90% Confidence exclusion curve
40 — — 10—
= i exclusion = 90,0%
3_ | I nyaim ]
=1 Hl nu O%%H 1 -2
..,:;5.“ 1 1[} T
N ny_salar § rE
I ;
3n =2y pmee
radiogenic neutron ]
25 5
" S 107 o #
g, 3 ¢ ¥ XENONIT
o ] multiple acatter
c 107% 4 Snowden-Ifit ot al. 19035 arXiv: 230410831
15 ref. DM (100GeV, 1e-43cm™2) a
(o]
=
T 1=t
- 1
10 - I (] ;
- -. i . & r -I- E
- age J WY —id |
5 - U . 1o
- - XEMOMIT
. g e arXiv: 230314729
U T T T T 1[:'_.:“ T T T I_ T I. T B )
40 100 200 300 400 00 600 10 10 10® 108 104 101? 104 104t 1040
depth [Aa] Mass [Ge]

« High-mass end of the curve of DMICA could be significantly larger than that

of the XENON1T experiment.
Z0)I—AH UL OEROEHET— S ORIT Q=80 BHI-RAHRET

S. Hirose, slide of MDvDM’23




Dark Matter mass scale

Unitalit@t \

1022 eV keV  MeV GeV  TeV ! M, | 10Mg

| | | | | | |
D | | | | | |

Composite DM

Dark matter flux

A
N

N /

Candidate : Q-ball, quark nugget. Nuclearite, etc.
Mass scale : > 10%° GeV

DM fl th th=1.2 x 107/ cm?/ - Saadls
T = 1.
ux on the ea C S€¢1300 km/sec Mpu

B) Heavy DM expect to be very low flux

28



Dark Matter in the milky way galaxy

Dark matter flux on the earth
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M O n O p O | e = Europhys. Lett. 12(1) 1990 K;
T, 10 -~ j.f‘
N . induction
Monopole Flux — Cosmic Ray Searches PDG Tm 3 f"
“Caty” in the charge column indicates a search for monopole-catalyzed nucleon decay. 5 . Vi
HE 0 S as :‘f
FLUX MASS CHG COMMENTS - ~ Getectors
(em 25t 15— 1) Gev) (g) (B=v/9 EVTS DOCUMENT ID TECN x = S t\‘ [/ “track ett_:h,i
<1.5E—18 1 3>0.6 0  LALBERT 17 ANTR & _F Parker Limit 7 scintitlators
<2.5E-21 1 1E8< ~ <1E13 0 2AAB 16 AUGE 1077 M,~10" Gevfe?
<1.55E-18 3 >0.51 0  3AARTSEN 168 ICCB ‘g i .
<1E-17 Caty 1E-3< 8 <1E-2 0  4AARTSEN 14 ICCB S C I Gk Macro(Sy) |
<3E-18 1 8>08 0  °ABBASI 13 ICCB g » Kamioka (3y) |
<1.3E-17 1 B >0.625 0  ®ADRIAN-MAR.12A ANTR 0" o
<6E-28  <l1E17  Caty 1E-5< 3 <0.04 o TUENO 12 SKAM S 3 = mica Limits
<1E-19 1 ~>1E10 0  8DETRIXHE 11 ANIT x -
<3.8E-17 1 8>0.76 0  5ABBASI 10a ICCB £ =
<13E—15 1E4<M<5E13 1 3 >0.05 0  9BALESTRA 08 PLAS -
' =15 | ||r'|||1J_||||fl ||J_|.I Ll e
<2E—13 4E-4< B <1 0 TSUKAMOTO 87 CNTR 10— ~ -y - - -L o
<5.E—14 1 all B 1 19capLIN 86 INDU 10 10 10 10 10 10 10
<5E—12 1 0 CROMAR 86 INDU monopole velocity , £,
<1.E-13 1 7.E-4<§ 0 HARA 86 CNTR
L=l il e L ANDEL A Gn DL Mica was utilized for monopole search assumed
| <1E-18 4E—4 <3 <1.E-3 0 18PRICE 86 MICA | -
“5E_12 0 BERMON 85 INDU M-Al bound condition
<6.E—12 1 0 CAPLIN 85 INDU
<6.E—10 1 0 _EBISU 85 INDU
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Q-ball

B Baryon or/and Lepton number generation
B Beyond Standard Model (e.g., SUSY) = Grand Unified Theory
B Dark Matter Candidate



Q-ball solution and Affleck-Dine(A-D) mechanism

® Q-ball solution (Coleman, 1985)

Scalar field ¢ with U(1) symmetry AD field oscillation has instability if V(}) < ¢

0 =5 [ @ x'6-o°®) . ERIMBRANT—IHOPSE

] + Q-ball DEH

Q-ball = field configuration minimizing E with Q constant

otion in phase direction due

® A-D mechanism tg 6-dependence
- MSSM scalar field yd

- SUSY breaking and Imo | .jf: /ﬁ_ﬁ'
inflation S

" Regr A
Generation of B and L number NB,L"'H(PZ
PHAFHIZH T SHBaryonZ (Leptond) 4 AHkiR

Hiramatsu, Kawasaki, Takahashi (2010)



Q-ball dark matter

Gage mediated SUSY breaking model

4 D% )
V(®) = Mg[log(1 + Ve ki

mess

o

-l

d 2
-m3,|P*[1 + Klog <]J[2 | )] AD field oscillation has instability if V(¢) < d?

mess

Gage-mediation type new type
@ Q
Q-ball is always formed Q-ball is formed for K< 0
Mo -1/4 dM _
dQ = \/ET[(MFQ < mp _dQ = m3/2 < mp MQ — m3/2Q

* Mg/, gravitino masss

Q-ball can be the Dark Matter because there is no lighter
particle with baryon number than proton,

Hiramatsu, Kawasaki, Takahashi (2010)



J.P. Hong, M. Kawasaki, M. Yamada, PRD, 92, 063521 (2015)
J.P. Hong, M. Kawasaki, PRD, 95, 123532 (2017)

Stable “charged” Q-ball

» Q-ball with both B and L charge (e.g., ucucde®)
» Stable against decay into protons

» Lepton component can decay into leptons

100 b [] Cloud Formation
— dE/dL=Q —--~ Stable charged Q-ball condition
107 ¢ #___,,-"'"—ﬂgchwinger]imit
o T —-- dE/dB=m B Size of the electron cloud becomes smaller than the
105 -k‘ N / Q-ball radius
i Q=472 /& B Bohr radius is smaller than the Q-ball radius when
000} Q=477 the cloud starts to from
B Schwinger effect become effective
10 L Ll Ll vl el Ll L
1030 1032 ]034 1036 ]038 1040 1042



Condition of “charged” Q-ball dark matter

Evolution of charged Q-ball

e
e T~ B.6MeV
Qs T8 Much heavy mass : ~ 1020 GeV
1 BBN T ~1Mev Qe =ql~137
+0(1) ionlike
Qis T ~ 8.6keV i -3
@]’.IEIJ'C-T 1 T ~ ]-D IkELT‘Ir B ) 10
L or Q I_HE._F':I
Q-ball atom
p - e~ recombination Qe
:'aneulra.l T~ ].D_]E'V
¥ time . . . .
As quite heavy atom-like particle, it should not be

Jeong-Fyeng Hong et al JLARDSIZDIENSS - stopped in the material.
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long track

tion on the earth




Expected achievement for Q-ball search with the mica
+ current cutting-edge technologies

107
MACRO experiment [1989-2000] o
a4 <
P O
’ )
%) .
N ~ :
I b NE 1010 | SKYLAB (1978) :
¥ S e e
' Vil 3 >|
>
. 2
- 101>
‘ o ————— risssssssssssssssdesssssrisssaesaiseditensisadisnesasesarsannsans
( : MICA (P. B Price and M.H. Salmon, 1986)
- — *converted to Q-ball from monopole
e S 10_20 TN
our target Total 595 cm? scanned
CR-39 (plastic damage detectors)
Observed area : O(10 x 10) m? 1025
Exposure time : O(1) year 10° 10%2 10 1018 1021 1024

Q-ball (SECS) mass [GeV]
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Optical microscope scanning system

ﬁ Application of optical readout system for
nuclear emulsion

PTS system for nuclear emulsion scanning
(NEWSdm experiment for directional DM search)

Current system : ~20h /100 cm?
(optimized for nano-metric tracking with nuclear emulsion )

=

Optimization : 1h /100 cm? (for Paleo detector )

=

Wide view scanning : 10 min /100 cm? (only surface )

Now on construction !
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New scanning system for the Paleo detector

zzz QY — —

N

Construction of automatic optical scanning system

» Driving stage installation was done

» Piezo actuator for Z driving and high speed camera will be
installed soon.

» Scanning program will be diverted from nuclear emulsion
scanning

Image Processing study

» Optimal image processing is investigating
» Deep learning will be installed for more efficient
event selection

First operation and search of the Q-ball-like tracks will
be started in this year.




Expectation for searching the astroparticle physics

parameter space
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1000

10

TRy [GeV]

0.1

Gage mediated Q-ball

Jeong-Pyong Hong ef &l JCAPOB(20168)053

New type Q-ball

J.P. Hong and M. KawasakiPhysRevD.95, 123532(2017)
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For Cosmic-ray (especially, Ultra-heavy ion)



95 AREOFF o7 (a) BE 10005, AT AIRH O EE B
Sz (b) BE0017; pERHEAROFEHER T v 7 (BOHHI
BRI, &L O E b Ty 2 EREREREC XD (R, L. Fleischer
et al.: Geochim. Cosmechim. Acta Suppi. 1 3, 2103 (1970)]

1960 F XM iS80F LB
[ZFEBRICEE T
MHFrSYIEZDORAIREEE ) &Y 7HRO115DO /AR DOR
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Long and High-Z track candidate in the mineral on the moon

Apolo12 4> )L

O &

EL 3 iER [ (Mg,Fe,Ca),Si, 0]

Wi EBIMMEEE DS Y% 1 event &R

BxHRDIFZEE:2>80~90
> ASIRILF— >100 MeV/u <:>

u’.’ul ""t' . >
':.w '5":' &

- 1l.J ‘

//www.mindat.org/min-3210.html crystals from lunar rock

E/R—ILER (Q-ballITHLRLY)
RIEN—HTHDH> IRILF—EBEDEIEN/NILN(EKIIZRZS)

P. B. Price and R. L. Fleischer, Annu. Rev. Nucl. Sci. 1971.21:295-334 43




OLIMPIYA experiment @Russia

INSHALMER
kEHhSR/ATTE-IER

oS oRaERYHL, TYFY
TNB(ZE>TISYI9

3

Olivine [Mg, (Fe?*,,SiO,]

O PR

ApJ, 829:120 (2016)

U, 150 MeV/u
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Relative Abundance

. 50 -
Nuclear charge spectrum from track analysis it
_ 0]
8 e b= ]
1 o 0,06 3 ]
(&) T : © 30
1 i]: I T T T T T -1 e e o T S
L i R s S S S S S 5 3 events obse rved € 25
4 : b e ; (. : : : C 0,04 """""" e e i s & 9
N [ R S S A S A oozl . L ,,,,,,,,,,,, X Q-
- "t ---- A A j ’ 5 i : 5 . 15
H ' ' - ' ‘ ' ' ' 0 O nnolt.. - S s e a - N 4
i 1 2002 —¢ ‘“ | 5 104
sl iR 80,011 R T A— — b -
R I B ' O [ S A - B i i : i S 1
i - A« | USROS USRNSSR OO ot 2
IR T et N (I 110 115 120 125 130 T T 7T )
1 FIiT] Tkt | 0 0 b P of o8t of o oE D OboROBOTO 20 40 60 80 100 120 140
1 , ' ' ' PN X " ' ' : : ' ' . ' ' ' ' : Z
c W SO S WK B S - % ..... SR S SN U U SO S
i : : : L : : T
IR L 3 ¥ P | { e _ . table 2 N _
2_. 77777 7 A.A 1+1% “,”7 77777 77777 rrrrr rrrrr rrrrr Registered Events of Heavy and Superheavy Nuclel in Various Experniments
170 1 1447 1%L { Anel 00
17 (LT ¢ | 4° 4§ i i{ R Z Interval 6 (1) 3(2) UHCRE (3) OLYMPIYA
T L B 0 ol O S | - ool TN . ARIBRETON )L ||+ X - T T i lil
' 1 {,H> P P ' i { i P 1 Z =50 412 362 — 10283
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48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90 92 94 96 5 70<Z<73 29 10 _ 715
X : OLINPIYA VA 6 T4<Z<80 29 42 — 449
A : ARIEL-6 (Fowler et al., 1987) ; 3831 f;fﬁ% 2; lg 35 sg
M : HEAO-3 (Binns et al., 1989) 9 Z=9 2 0 — e 4

<> : UHCRW (Donnelly et al., 2012)
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Half-life

B L year
120— W< 1 veer

OLIMPIYA

B < 1 day

B<1ls
Bl<1lms

110~ [J<1lus

« beta-stability
line

protons (2)

D
o

130 140

.
......

IDEENELTAIE TREDRIHDE
1 %o 0 180 HfG= "REDE ORERRREE
neutrons (N) » ESV->TENS ?NSM? B HT 2 ?
> MEARREIL 2
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Relative Abundance

Nuclear charge spectrum from track analysis
B UHCRW (ApJ, 747:40, 2012)

8__" et By A SRS RN SR S T TN S SE - AU A PR R R T A
‘ 8 8’82 w0 Detector : LDEFIZ$& &k L =solid track detector
L T I A o _3levents observed (polycarbonate)
ol - IA § g | i,:g e [ S Exposure : 170 m?sryear (5.8 year)
BRIHHIIIEEERERE L N — f 4
sl il il il Soer}. .. -
T T T R S T B Ariel 6 (ApJ, 314-739-746, 1987)
41..: - | K 1N 1o 15 120 125 130 Detector : Spherical gas scintillator + Cherenkov detector
! 1117 - % IR Exposure : 1.7 m2sryear
3_ MR St B B X T Lk M M 5 i et et S
1 i) ellipt ¢ 0 0 Rob b b bbb
1 ] { LIl TY "{ : | [ti ¢+ iFi { A L B HEAO-3 (ApJ, 346: 997-1009, 1989)
] { L { L] T4 il { 5 ‘ { % b d b Detector : lonization chamber + cherenkov detector
g {’H’ bR T i i , i{ § i ... Exposure:6 m?3sryear
0_‘,,,,,,,? ,,,,, T S - L ,,,,,,,,,, T W .- L ,,,,,,, { ,,,,,,,, i &éhzmzmao: OLIMPIYA case

48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90 92 94 96 Analyzed area : (probably) > 10 mm?

P ) > 10* m2sryear
Exposure time : Gyear scale

X : OLINPIYA

A : ARIEL-6 (Fowler et al., 1987) FHPDRGERRE *EH"JPE@%?—Q
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M : HEAO-3 (Binns et al., 1989)
<> : UHCRW (Donnelly et al., 2012)



Detectable Energy for Olivine

140.0

Mean free path in the space : 1/(~*102*cm? X 6.5 X 103 atom/cm3) %%

Hot ionized gas density

=~10%8cm ~ 100 MPc

100.0

80.0

BEERHUFEE: RARATI0HFIZ10-20[EFRE(?)
BEHE : $RAINT100£EIZ1-2[H] (?)

60.0

Incident ion energy is expected to have
0(10-100) MeV/u for heavy nuclei such as U, Pb - -.

40.0

Energy Loss in Olivie [MeV/mg/cm?2]

20.0

o BETREM+INEAD=ZLIZE 00
1T ERTIRE

100

Olivine-threshold

(Horn et al., 1967)
200 300

Energy [MeV/u]

400

500
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Xe ion [38 GeV (275 MeV/u) ]
@ HIMAC, QST (EFRIFHE TR iR RE)
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