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three generations of matter

interactions / force carriers

Topic
Higgs boson

Crucial measurement

Existence: M =125 GeV

Significance

Confirm spontaneous symmetry
breaking in gauge theory

Gravitational waves Existence Support general relativity
(Graviton)
Glueball, exotic hadron Existence Test and understand QCD
Dark matter Existence Missing mass in the universe
Antimatter Existence Baryon number asymmetry

Neutrino: oscillation,
mass

Mass, mixing parameters, phase

Structure of GUTs

(fermions) (bosons)
| Il 1
52 2 MeVic? »1.28 GeVic? =1731 Gevic? 0 - =125 11 GeVic?
¥ E 7N 10 0
A N w / ) | o
- @ |+ @ b || @ |- H
up J charm J top gluon higgs
. \ 4
w4 7 MeVic? *96 MeVic? =4 18 GeVig? 0 SR
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down J strange J bottom J L photon
“ J
=0 511 MeVic? =105 .66 MeVic? =1 7768 Gevic =01.19 C-ev.‘cv-- m
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|| ® (@ ([® |3
electron .= muon | tau J Z boson 8
=L _— 5 NS¢
¥ G_j >
<1.0evig <0.17 MeVvic? <18.2 MeVic? «80.360 GeVic? O
0 0 0 0 u‘,.{ ~
Ve . Vp Vi A O
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electron muon tau 0
neutrino || neutrino || neutrino | W boson Y

Proton decay

Magnetic monopole

T > 1.67x103%4 years

Existence, mass, electric charge

Evidence for validity of GUTs

Electric and magnetic
charge symmetry, GUTs

Fractionally charged Existence Would confuse all current
particle prejudice
Axion Existence CP in strong interaction, DM

Super-symmetric
particles

Existence, M > 1 TeV

Hope of understanding
gravity

Extra dimension

Existence, Heavy W/Z like particle,
graviton, microscopic black hole

Hierarchy problem
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Big Bang

flux [c:n'l'2 s 5r'1]

mass [GeV]
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-------- Big Bang prediction matter density

Parker Extended Parker
> FHERBEERSREAFHFREZIEMIEN, “Fig > Parker: it % B M F2HGE 21T
KBEIEHE®, MRIGHET HERT A, BRLFEA » Density: it ¥ T2 FAW RS 2T 4
AR EA LA, A LR, L B
> GUTE. AR FLEFHFFNA T2ME, REE )Y .

&
BT A T A e 5 2R AP A



- RyE

1.4 BB FEC8IIR

R EE R

> RRLE . FREERFSESINEFSZERITEE

H EL{’E}EH LMEE'gﬁEum -t:rﬂztﬁ

> EE%B& .

TAKAL ST HY B B AR F REFE RS LT

_I

S FE

E’ﬂ*ﬁ?%“éﬁkﬂEéU)’Lﬂ% [ESAREMRITIE.
. BB ISR RIE AT X B T e

> JFIRHER
R

> eRIKRIESE: EiE

- FMEE(FH

> BT RE WRNFEIREE

e ANEE ey

REGERR N BRPRYHER KRS

SRSRTEY

MACRO

6



- ARER BSEL

14 BEERF S _ e
, L TR L SEHHER T

V(etch)t(1) S |
71 |

’

V(etch)t(2)

__________________

e

IceCube Lab
I I S S S S S S S S S S S S B B B B B B Vopeelic fickam e e .. _-'::_:':::;;_:.;;i;‘;:“:—:/ L?%t-l;?‘g's
5 - 50m —— = —'.—_.'_—: __________ 324 optical sensors
H ; &] )rl /6 #$ Superconducting ﬁ % ﬁ_‘-' % —
Coil N
Superconductor
Biasing Biasing

current current

IceCube Array
86 strings including

8 DeepCore strings
5160 optical sensors

Sample
(fixed to belt) Conveyor Belt —————>

N
n
Oneperiodof  §=
SQUID voltage variation . =
sensor and electronics; corresponds to _ W 7
. ~
— an increase of

one flux quantum

[ DeepCore

8 strings-spacing optimized
for lower energies

480 optical sensors

Eiffel Tower
y.: 324 m

”IceCube7

n
T Asing

98 Vapiqy:
Al ati

eadllyi,.,cro
fluy ©

2450m |\
2820 m

Vojta,
'or St

I
Magnetiq




- RyE

DSEL

1.4 BEERRFEIETRIA

Table 1 Flux upper imits for GUT and IMMs from different experiments’

B RISEIN S BIlE

Mass range Flux upper limit
Experiment (reference) (GeVIe) f range (em™ 7! sr'l) Detection technique
AMANDA Il upgoing (69) | 101-10°* 076-1 | (88-038)x lee Cherenkoy
AMANDAT! downgoing (69) | 10°-10' 081 (17-29)x 107 | Tee Cherenkov
TeeCabe (71) 10101 081 (5634107 | Tee Cherenkov
Bakal (68) 107104 081 (1.83-046)x 101 | Water Cherenkov
ANTARES(O) | 1010 0651 | @AY x0T | Water Cherenboy
Dscr MACRO(63) (5x 03)—(5 X l(]”) SSxl0 | 3x 108 Seintlltor, streamer tube, NTDJ
| MACRO(63) > x 10" Shl0” | 14x 107 Scintillator, streamer tube =
I Soudan  (66) 10108 >1x 107 | 87x10°8 Gas drift tubes .
7 _ _ | |
Ohya (64 (x5 x10%) | >5x107 | 64x1071 PlasigNTDss —
I Obya (64 510 3x107 | 32107 Pk 55 |
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ii z IJ El —FT',T ﬁ'f(‘j" ) ;}% "‘DM éi ; — 200 year-m? —— 200000 year-m? IceCube & MACRO & Induction Combined
—— 2000 year-m? — == Parker Bound

Changgqing Ye, et al., Phys. Rev D 111, 023020 (2025).
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§

Amplitude [mV |

%

Amplitude [mV |

Induction coil

L,

R,

t [ms]
— p=3/4R
— pp=12R
— po=1/4R
.0004} =t
05 0.00 0.05
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—— 9=0deg — — — —

H——-
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1
|
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|
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I

Induction coil

w7 e s

ADC

Optimal filter

ADC readout mode

Helmholtz coil

el |

L,

R,

i
0
3

z

Readout [uV]

|
Lh
=)

Magnetometer readout mode

Readout [V]

= MM signal (100x)

b

A

(=]

= Noise
——— MM signal (100x)

OF readout [A.U.]

|
)

\n..\/’

— Noise after OF
= MM signal after OF

Y

OF readout [A.U.]

2 3
t [ms]

= Noise after OF
= MM signal after OF (10x)
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Readout [V]

V]

Readout [

Hgit: ESES

BEME izt

ADC readout Magnetometer readout

= Prediction
= Observation

L

=—— Prediction
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Acceptance[ x 100%

10 Macro depth
0.00 1.0 % 10°K round
Atmosphere =
: -~ == s = 10°F
Downgoing On moon
MM 2

=)

Acceptance[ x 100%]

04 4 -3 2 1
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1.3 BEEEIRTF: RSB TFESRTETL

. AHLABRERESIIE: Q = ne? @ _ M gy = 2, BT,

) 2
. PSIRGRE L SEAFIREE TR L
§ = v — o3 /he ~ 34.25 BEIIEABEREATHY

N/ RS E NS AT, BRFEEE— EmEH.

NN N - . -
r Dirac: “One would be surprised if Nature made no use of it.
Dirac, P.A.M. 1931. Proc. R. Soc. London A 133:60

Dirac(1948): “The quantization of electricity is one of the most fundamental and

Semi-infinitly long, striking features of atomic physics, and there seems to be no explanation for it apart
Infinitesimally from the theory of poles. This provide some ground for believing the existence of

. . these poles.
thin solenoid P 26
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- o C e NI Optimized SNRg
Coil | Wire type| Wire diameter [mm|| Minimal coil radius [cm|| Maximal coil radius [cm] | Turn number ADC readout | Mag, readont
V1| Simple 0.11 0.7 7.2 4320 0.16 0.16
V2| Litz 1.35 .7 7.2 20 0.02
V3| Simple 0.55 100 145 12500 0.57 I3

_.
9
]

— V1 ]

‘———
— V2 _’,’ = V1, ADC readout == VI, Mag. read
"

R R D NG E L
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[ — V3 —— V3, ADC read —— V3, Mag. read

Resistivity [Q-cm]
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