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Particle Physics

Study matter, force, space-time with elementary particles

Origin of matter

Origin of space-time

Unification of matter, force, and space-time
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The Standard Model,
Elementary Particles of the Universe

- 6 Quarks

- 6 Leptons

xxxxxxx

- 3 Force carries

Higgs
ooooo

- The Higgs boson

| gy neutrino muon neutrino tau neutrino




Neutrinos, Ghost particles

Neutrinos are everywhere, but very difficult to observe
- You need extremely large detector

Neutrinos can exchange Quarks
only
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Higgs

Wboson = o
o-—-->
Neutrino \‘
Atom ‘é

| gy neutrino muon neutrino tau neutrino




Neutrinos, Ghost particles

Neutrinos are everywhere, but very difficult to observe
- You need extremely large detector

Neutrinos are produced by nuclear fusion in the Sun.

from the Sun
pass through your body every second.




Neutrinos, Ghost particles

Neutrinos are everywhere, but very difficult to observe
- You need extremely large detector

Neutrinos are produced by nuclear fusion in the Sun.

from the Sun
pass through your body every second.

However, you have a
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J-PARC neutrino beam

Neutrino beam proton accelerator

Neutrlno

Super-Kamiokande
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kande detector
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ton of pure water to
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amiokande detector

% F.
T .
. .
W
P i
e
W
s
2.

N

Y s oot -

-
.

T ] T e

3 | Aemaiels

._ - 9-(1 )nﬁ..!.‘-*\ 0.\. cs‘ n ~

el e Ly -
..wu.“.sav. ;\

| \Tr o . ;
\ .‘.\s.lo‘&..-....‘...., o

SIS

: ’ s » . L
e m . A e
’ v .ﬁ:wﬁ&&.ﬂu.ﬂ... Vil
AR  Ah JOI TR,
A O u.f,.\\. ¥ gy
-“ .v.-...- ...... » Q.\. . “
-ts-.. ’ ) o o - l
el R » . ....... - >, g
.s. .--..6. ... ..l.lw. H ul s u..rsa;...
.- u--.- ... s u X .r
- 02 0% covnon e . H .-
o " ] .. .
. .‘ . : ‘ = . .m ..-
e ' -
’ r e ~f *c P tre ol
' : . &
¥ N : i -
i (e A

“a

E fu_pe!k

-
[
o s
b
lt ‘.
-

40m height, 50k
ton of pure water to *
observe neutrinos
Neutrinos hit with
water atom, and
produce photons
covered on the
identify
neutrinos

wall to




Photo-multiplier tubes (PMTs)

In bright room, 1,000,000,000,000,000,000 (10'8) photons
are constantly hitting your hand

PMT, my love ¥

Neutrinos produce a few photons

PMT can detect one photon

teppei.katori@kcl.ac.uk 12
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Super-Kamiokande detector
Kamioka (#8[#), Japan
Deep mountain area, and

the detector is located
inside of a mountain

Super-Kamiokande

Gifu Prefecture, Japan

~1,000 m (~3,300 ft)
under Mt. Ikeno

tch out for bears!
Please carry a bell with you
when walking in the evening

41.4 m (136 ft)
in height K
(approx. height of %38
Statue of Liberty) 7
F

and early morning.

When you return to figls ”q'w‘ S

!
)
H
1 \ ~50,000 tons of
- » ultra pure water
please return 8.1 4 N i ) ;
[ = p- B ~13,000
7 E \4 photo-multiplier
W\ e b

tubes (PMTs)

lustration not to scale. Measurements are approximate:
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Hyper-Kamiokande detector

We are building a new bigger water tank
- Detect more neutrinos from artificial beam, Sun,
nuclear reactors, supernova, galaxies, etc




Dally life of particle physicists
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,nbg, nlg, nhe et o ! "
,nbn,nln,nhr » @ B 4 ¥ PR WM C »
,nbw, nlw, nhy if (abs(HEdc[x-1])< HEid [x-1]>0
,nbg, nlq, nhc HEdc3_L.append (HEdc [x-1])
HEra3_L.append (HEra [x-1])
,nbs,nlq, nhc L. append (HEid [x-1]) implicit none
,»nbs,nlq, nhc Modc3_L.append (MOdc [
"nbs, nlq, nhe MOra3_L.appen
TH2F("htgn" ,nbs,nlq, nhc
TH2F("hbox", "hbox", nbs,nlq, nhc

1q2->SetLineColor(1)

1nu->SetLineColor(1)

lww—>SetLineColor(1)
h2gn->SetLineWidth(1) ;h2gn->SetLineColor(1);
hqqn->SetLineWidth(1); hqgn->SetMarkerColor(2);
hrgn->SetLineWidth(1);hrqn->SetMarkerColor(4); ' " nteger un_thru, lun_stop
hdgn—>SetLineWidth(1);hdgn->SetMarkerColor(8); oy paraneter (lun_thru=21) -
htgn—>SetLineWidth(1);htgn->SetMarkerColor(6); @ o K eter (lun_
hlq2->GetXaxis()->SetTitle("#nu (GeV)"); :
hlnu->GetXaxis()->SetTitle("0"{2} (Gev~{2})");
hlww—>GetXaxis()->SetTitle("W (GeV)")
hbox->GetXaxis()->SetTitle("#nu (GeV)");hbox->(
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Dally life of particle physicists

Many meetings
- double, triple bookings

- unusual time (1am,etc), almost all meetings are international
May 2021
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Dally life of particle physicists

lceCube Neutrino Observatory (Antarctica)
- 2 winter over operators at the South Pole right now




Particle physibs‘ is the subject to study matt’er,\force,_ space-
time with elementary particles. ‘ .
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