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We have observed a new
boson with a mass of
125.3 £ 0.6 GeV
at
4.9 o significance !

. « These accomplishments are 1'he results of more than 20 yearé of
| talented work and extreme dedication by the ATLAS Collaboration,
with the continuous suppor‘f of the Fundlng Agenue.s

Mmcc:' [ More in general, They are The results of the mgenm’ry

Netherland
Newsy | Vision and painstaking work of our community

Poland
Fortigal (acceler‘a’ror‘ instrumentation, computing, physms)

Romania
Russia
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Is particle physics over?



Five evidences
for physics beyond SM

® Since 1998, it became clear that there are
at least five missing pieces in the SM

Planck TT spectrum

® non-baryonic dark matterjg

»0 neutrino mass

® dark energy

»0 baryon asymmetry

We don't really know their energy scales...



neutrino mass



Amazing
HUGE progress since 1998

All limits are at 90%CL
unless otherwise noted

http://hitoshi.berkeley.edu/neutrino
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Neutrinos and relativity

Faster than the speed of light

What does an experiment that seems to contradict Einstein’s theory of relativity
really mean?

Oct 1st 2011 | from the print edition B Like 803 |3 Tweet 0

IN 1887 physicists were feeling
pretty smug about their subject.
They thought they understood
reality well, and that the future
would just be one of ever more
precise measurements. They could
not have been more wrong. The
next three decades turned physics
on its head, with the discovery of
electrons, atomic nuclei,
radioactivity, quantum theory and
the theory of relativity. But the
grit in the pearl for all this was a
strange observation made that year by two researchers called Albert Michelson and Edward
Morley that the speed of light was constant, no matter how fast the observer was travelling.

Alamy;
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tmospheric neutrinos

1988

® mu/e ratio
® problem w/ Water Ch?
® neutron BG!?
® particle |ID!?
® proton decay!
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FIG. 2. 90% C.L. limits on v, to v, oscillations from rate
(A4) and stopping fraction (B). Dashed curves show limits from
IMB-1 [14], Frejus [3], and CERN-Dortmund-Heidelberg-
Saclay (CDHS) [15]. Dotted curve shows the allowed region
from Kamiokande [16]. The Frejus limit is 95% C.L.; others

are 90%.

IMB, PRL 69, 1010 (1992)
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FIG. 2. 90% C.L. limits on v, to v, oscillations from rate
(A4) and stopping fraction (B). Dashed curves show limits from
IMB-1 [14], Frejus [3], and CERN-Dortmund-Heidelberg-
Saclay (CDHS) [15]. Dotted curve shows the allowed region
from Kamiokande [16]. The Frejus limit is 95% C.L.; others

are 90%.

IMB, PRL 69, 1010 (1992)
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“Typical Theorist’s View
ca. 1990

® Solar Neutrino Problem must be solved by

Small Angle MSWV solution because it is so Wrong!
beautiful

® |Important scale for oscillation is Am?=[0-100

eV? because it is cosmologically relevant VVrong!

® 0,3 must be about 023=V.,=0.04 Worong!
® atmospheric neutrino anomaly must go away

because it requires large mixing angle ~ VVrong!



Questions

mass hierarchy?
mass scale?
which octant!?

Is 023 maximal?

CP violation?

Dirac or Majorana!
sterile neutrinos!?
non-std interactions!?
origin of neutrino mass!?
seesaw! which type!
leptogenesis!?

dark matter?

atmospheric
~2.5%103eV?

atmospheric
~2.5%107%eV?

2.5% measurements!




baryon asymmetry
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Inflation

® density fluctuation is
apparently acausal

® Also T-E correlation
shows photons flowed
out from dense region,
unlike in causal
mechanisms (e.g. strings)

® beautifully Gaussian

20

15

Y1+1)C, /2m [uK?]

Angular scale
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Creation!

nb(t=0) =0
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beglnnlng of the Universe

1,000,000,001

matter anti-matter
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matter anti-matter
anti-matter needs to

cohvert into matter
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Universe now

us

matter anti-matter
This is how we survived!
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Asymmetry

® Kobayashi and Maskawa phase
can only explain Np=0w> J= 1072
(J=Im det[Y,TY,,Yq Ya]=10720)

|. new sources of CPV are needed

2. we also need to see how anti-matter can turn

Into matter
3. non-equilibrium to break detailed balance

-

=Y7 ™
v -

quark sector: LHCDb, SuperKEKB, rare kaon decays

lepton sector: CPV in neutrinos, OVRf3, LFV
both sectors: proton decay




energy scale!



‘wwer of Expedition

Neutrino Physics

- =% neutrino,

—— - --> lepton flavor D o
—— > - > quark flavor % 5
_— > -> EDM -
—» - ---3» dark matter

—> LHC

102 10* 106 108 10' 10'2 10'4 10'¢
experimental reach [GeV]

(with significant simplifying assumptions)
*baryon asymmetry

=% proton deay

|08
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Rare effects from

high energies
® Effects of high-energy physics mostly
disappear by power suppression

1 1
L=Lom+ 5 Ls+5L6+

® can be classified systematically

1
" A

Ls = (LH)(LH) (L{H))(L{H)) = myvv

Lo = QQQL, Lo" W, H, €apc W W W,
(H'D,H)(H'D"H),B,,, H'W" H, - ..



unique role of my

® | owest order effect of physics at short
distances
® tiny effect: (mv/Ev)?=(0.1eV/GeV)?= | 020
® interferometry (e.g. Michaelson-Morley)
® need a coherent source
® need a long baseline
® need interference (i.e. large mixing angle)
® Nature was kind to provide them all!
® neutrino interferometry (a.k.a. oscillation) a
unique tool to study physics at very high E
® probing up to A= 10'* GeV

25
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Leptogenesis

® Presumably three Vr
® One of them lives long and decays late
® Majorana: VR = VR

® @tree-level, decays 50:50 to v +h, vi+h

['(vg — v +h) x1—c¢
['(vp = v +h") x1+e€

® (@one-loop,




® Wand Z bosons
massless at high
temperature

® W field fluctuates just
like in thermal plasma

® solve Dirac equation in

the presence of the
fluctuating W field

Ag=Ag=Ag=AL
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“""What anomaly can do
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di Bari, Plumacher,
Buchmuller




Jing Shu  NMSSM = MSSM + singlet Higgs

EW
baryogenesis

ATaY

Final Results
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build 2 10" GeV collider
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indirect evidences

® |s CP violated in
neutrino sector?

® |s neutrino Majorana!’

® collect archaeological
evidences




prospects



EXxcitement 2002

S | KamLAND
® CP violation in neutrino sector may be SNO

observable with conventional technique

Hyper-Kamiokande

» Leptonic CP Violation
» Nucleon Decays

p Astroparticle physics

Hyper-K
Super=K lr_‘u

ea > . ot | x" NN -T —— = .
‘ - I - 3 d : 77_..‘ . . . S > = . \~\;\ MIN
-0 6GeV. Vv, e B L, R s
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x25 Larger V Target
& Proton Decay Source higher intensity V by
upgraded |-PARC




anarchy

Miriam-WWebster:“A utopian society of individuals 023

who enjoy complete freedom without government”
large mixing symmtery

Kolmogorov-Smirnov test (de Gouvea, HM)
nature has 4/% chance to choose this kind of humbers



no direct connection to CP violation in oscillation

0.0f

but a plausibility test
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CPV preferred maximal
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Can anti-matter
turn into matter!

proton is positively charged,
anti-proton negatively

can never turn into each other
But neutrinos or anti-neutrinos
do not have electric charge
neutrinoless double beta
decay: nn—ppee”

can we look for anti-matter
turning into matter?




Tough

® anarchy prefers normal hierarchy

® quite difficult to reach the sensitivity levels

® but if LBL discovers inverted hierarchy, it is
in 2 much better shape!

Mixing—Split Cuts Mixing—Split Cuts

Normal Inverted

Arbitrary Scale
Arbitrary Scale
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Masr [e\ M £ [eV]




Strategy in Japan



obvious

® amazing tradition in neutrino physics since
1987, especially since 1998

® great assets
e |-PARC
e Kamioka observatory
® strong public interest

® US is “catching up”, Europe dropped it




ent Strategy

Hyper-Kamiokande

» Leptonic CP Violation
» Nucleon Decays
» Astroparticle physics
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Strategy in |apan?

® oo expensive!?
® Can it be staged? Mt = 4x250kt
® multiple technologies!?

® SuperKamLAND for multiple oscillations?
® shorter baseline, lower energy, on-axis
® or Gd-HK?

® Are systematics really under control?

® Can |-PARC host short-baseline program!?
® near detector complex already exists

® DAEOALUS-like accelerator in Toyama!?
(Jarah Evslin)

® what is beyond KamLAND-ZEN?
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don’t forget p-decay

® Minimal SUSY SU(5) GUT was
“excluded” (HM, Pierce)

® But my=125GeV suggests msusy=10TeV
® VK* suppressed, e*TT° enhanced

0.1 Mg \° [/ My. \°
K — 4 1 35 42 C
(V) =4 x 107 yrssin 5<AR) <1()2TeV> <}1016Gev>

Mx
m,(eTm?) =5 x 10%*yrs (O.S > 1016(}6\/)

J. Hisano et al, arXiv:1304.0343, 1304.3651

e*11Y further enhanced %10, no VvK*
focus point gauge mediation, Fukuda et al arXiv:1508.00445




12E36

Mgyt (GeV)

\5E34

Mx=Ms assumed

Figure 3: GUT scale Mgyt = (M2 Msx)Y? as functions of gluino mass M (pink lines).
Here, tan 8 = 3 and Mg = 10° TeV. Upper and lower lines correspond to My = 300 GeV
and 3 TeV, respectively. Error bars indicate the input error of the strong coupling constant

ag(mz) = 0.1184(7) [49]. Horizontal blue line shows a result in the case of low-energy
SUSY (MS =1 TeV, M2 = 200 GeV, and Mg/MQ — 35)
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dreaming up

® dream: detect cosmic background neutrinos
® AND detect the asymmetry in them
® ultimate test of leptogenesis

® dream: anisotropy to test standard
cosmology back to t=1 sec

® (cf. 380k yr in CMB)




KamLAND |
control room |






M presents A PIXAR rin

~ THE IverepiBLES

NOW PLAYING

‘!

© Disney Enterprises, Inc./Pixar Animation Studios. All Rights Reserved



