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Broken Symmetry from Nobel Prize in Physics 2008

In 1967, Andrei Sakharov [83] (the Nobel Peace Prize 1975) pointed out 1n a famous work

that CP violation must be the cause of the asymmetry in the universe. It contains more matter
than antimatter. The CP violation that the KM Model gives rise to 1s most Erobablz not

enough to explain this phenomenon. To find the origin of this CP violation we probably have
to go beyond the Standard Model. Such an extension should exist for other reasons as well. It
1s believed that at higher energies other sectors of particles, so heavy that the present day
accelerators have been unable to create them, will augment the model. It 1s natural that these
particles will also cause CP violations and 1n the tumultuous universe just after the Big Bang
these particles could have been created. These particles would have been part of the hot early
universe and could have influenced it, by an as yet unknown mechanism, to be dominated by

&

?
W

matter. Only future research will tell us if this picture 1s correct. :
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Generic

European Strategy Physics Briefing Book(arXiv:1910.11775)
10°TeV . . 7
> 87 1o
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Observable

Fig. 5.1: Reach in new physics scale of present and future facilities, from generic dimension
six operators. Colour coding of observables is: green for mesons, blue for leptons, yellow for
EDMs, red for Higgs flavoured couplings and purple for the top quark. The grey columns illus-
trate the reach of direct flavour-blind searches and EW precision measurements. The operator
coefficients are taken to be either ~ 1 (plain coloured columns) or suppressed by MFV factors

(hatch filled surfaces). Light (dark) colours correspond to present data (mid-term prospects,
including HL-LHC, Belle II, MEG II, Mu3e, Mu2e, COMET, ACME, PIK and SNS).
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Why? (2)

/TeV ZOOO
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1

A < X v/ Fnp X Qyp
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Tree/ Strong couple ~1

Generic MFV
Tree/Strong couple 24000 TeV
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Why? (3)

New Physics
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New Physics

3TeV Z 10 TeV scale SUSY TeV SUSY

Z' (5TeV) : LHS or RHS (A¥(Z') = AY(Z))
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BR(K} — nvp) [1071]
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Br(K.»°vv)/SM

K _0 1. X10_10 2. )(10_10 3. X1O_10 4. X10_10 3.0 3j5 4j0~ - 4\1;]5 5j0 5.5
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A. Buras et al JHEP11(2015)166 2,7 G d

K. Yamamoto et al PTEP(2016)123B02 SUSY
M. Bordon et al EPJC(2017)77:618 LFU

A. Crivellin PRD96(2017) 015023 MSSM

S. Fajfer at al EPJC(2018)78:472 Leptoquark

X. HE et al EPJC(2018)78:472 models

M. Endo et al JHEPO4(2018)019 SUSY

C.Chen et al JHEP(2018) 145 two Higgs doublet
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Status of Experimental Search
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Prospects
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Summary of |Ug,|? limits vs myy,
in electron dominance scenario: |U,,|2=|U.|?=0
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G. Ruggiero (KAONZ2019)

NA6Z Experiment at CERN-SPS
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KOTO Experiment at J-PARC-MR
KOTO detector QSB bm

J-PARC MR 30 GeV proton
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KOTO Experiment at J-PARC-MR
KOTO detector <b3 bm
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KOTO Signal Reconstruction
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. 27 In calorimeter — Full 79 reconstruction
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KOTO Detector

Charged Veto (C\/) Calorlmeter '
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Veto r escaping in-beam region : 0.5GHz y /neutron
— Cherenkov radiation — neutron insensitive

BHPV (Beam Hole Photon Veto) BHGC (Beam Hole Guard Counter)
Lead(1.5/3mm)/aerogel(58mm) Lead(1 Omm)_+acrylic(1 Omm) |
sandwich R

0.5GHz neutron

0.5GHz r
g— concrete/iron shield X Z

| | | | | |
4 6 8 10 12 14 16 18




R L o\ neutron—7%/x

Hit detectors — w9/ n production—27r

Collimated beam

Away from beam in R

Away from signal region in Z
Low-mass/long interaction length

ZAY [m] Fully active
* o\ o N\
1 ol [ WA

A, ‘ lI _al
F = UL T
[e] e}

ndoped Csl 45cm

] u 1
7 C A1=39cm LT EERET T EEEERM EEETR IS
halo neutron \ o - ) 3-mm thick plastic scinti.
| 36 0.8mm thick CFRP plate

/
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Beyond

-+ Large calorimeter and Longer decay volume
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Future Plan : Rare Kaon Decay Experiments
KOTO StepZ KL . 71'01/17 T. Nomura KAON2019

New beam line w/ b deg. extraction [more KL

Large detector.
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G. Ruggiero (KAON2019)

FNA62 upstream background

In-time pileup
beam particle

K* (75 GeV)
E600 .
:  Removed w/ offline cut
K* decays/interacts in the achromat 2400
°200
Secondary Tt downstream gl
0
Beam elements block additional particles 00"
nt scattering in straw chamber 1 400
Pileup beam particle tagged as K* 600
~50%00-600-400200 0 200 400 600 800
Xcollimator [mm]
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Beam dump operatlon prospects

107 =g = A
Dark scalar S: = w |
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. i N -
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decays mainly via A’—>£€+¢-, 1078 | Sensitivity to A | i E
Axion-like particle (ALP): e s -
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Axiflavon Constraints
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}id Beam dump/fixed target: Opportunities @ CERN

NA62-dump @ K12
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A possible “Hidden Sector Campus” (HSC)

G. Lanfranchi




