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Physics behind EW

symmetry breaking.
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Analogy to the superconductivity

Ginzburg-Landau theory

Jd
BCS theory (Higgs = :ee:)

U(1)gy breaking occurs because
of condensation of cooper pairs.

(Extended) Technicolor models

EW sym. breaking occurs because
of condensation of new fermions,

- Several problems emerged.

EW sym. breaking by 1wo steps

Some sym, breaking (SUSY, etc))

J

J -°‘RGE(Radiative corrections)
J [K. Inoueg, et. al, PTP,1982]

EM sym, breaking is induced!
SuUsy ---
CompH ---
ExD(GHU) ---
SM(FL) ---

Supersymmetry
Some global sym,
High-Dim gauge sym,
Conformal sym,




Fine-tuning problem for the EW scale
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V(h) Relation between v and m, in SUSY
(Experiments) A [Okada, Yamaguchi, Yanagida (1990);
V = 246GeV Ellis et al (1990); Haber et al (1990)]
m,, = 126GeV B
Curvature % 140
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~<—>h =l [arXiv:1407.4081] 3
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Fine-tuning problem for the EW scale
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(Experiments) 4

v = 246GeV
m,, = 125GeV

V(h) rl Region of SUSY particles l
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Merits & Demerits of SUSY scenario

Standard model EW-SUSY HS-SUSY
v' Fine-tuning level 1032 ~ 1036 102~ 103 104~ 10
v Flavor/CP problem None Serious None or Mild
v Coupling unification Not unified Unified Unified
v' Proton decay Serious No problem
v Gravitino problem None Serious No problem
v Plonyi problem None Serious No problem
v' Dark matter Not OK 0K 0K

v’ Flavor /CP problem
S a3

s-strange s-down

Gluino
Gluino

s-down s-strange Ve
X 3
Heavy sparticles suppress the process!

v Coupling unification [Hisano, et.al. 2013]

B B 8

i6 18

Unification is better for some HS-SUSY!

v Flavor /CP problem

Gluon Gravitino > decay
> Gluon < 5 BBN?

Gluon Gluino
Gravitino lifetime must be short enough!

v Proton decay

u u

u q = S
h

d T \Y

Heavy sparticles suppress the process!
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SUSY spectra recently discussed

Cosmology (WIMP DM abundance) requires LSP should be 0(0.]1—1)TeV range,
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(D PGM[Ibe, Moroi, Yanagida] /Minimal Spli[N. Arkani-Hamed, et. al.] -~ Simplicity motivated, |
Simplest SUSY breaking > Gauginos become 100 times lighter than other sparticles,.

o ~> LSP is wino-like particle because of anomaly mediation, |

(@ Focus Point [J. Feng, et.al.]/EW naturalness[H. Baer, et. al.] -~ Naturalness motivated,
vZ ~ uZ + others controlled by some high-scale parameters, giving small correction,

L - LSP is higgsino-like particle because of small u2, v

(3 Heavy squarks & light sleptons[N. Yokozaki, et. al., etc.] =+ (g - 2), motivated,

Light sleptons/neutralinos/charginos are required for the anomalous muon g-2.
3 -> LSP is gravitino if we adopt the framework of GMSB,




Implication to. collider experiments

Non-colored but EW-charged particles are expected 1o be within TeV-scale!

/ LHC (Hadron collider) \
p DM

Signal
Signal
P
p Missing
Missing
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ILC (Lepton collider)
fas; o\
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P Quark /Gluon _.
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@ Photon

Signal
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Signay

At LHC, new particles can be searched for when its production cross section is
large enough or its decay products are very visible (lepton and y with large p).

At ILC, new particles can be efficiently searched for up to half the COM energy.
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Summary

- BRI, FUTFRRUVFEMONKYGRREICRENICOAEL

BOFENEFMICHERINT, \SEFEFE—OIRETHL, Ei50TRE
OENOBEICHIINEORBNEINCHS.

» LHCEERNMESF SRR O D0iEr e T IADD-IE.

BATFIFTeVR r—ILIAFCHS—h. BriMEZBENS 5FIC
FLIRET SRRIFRONOFERG#EIEZ AL TTRRINS T I#.

BRI OROMSITeVZRBZ DR r—ILICHL, EBFTMEOEA
CHYE I SRBIFIPHIENSN, RIF<DOMRAENLTRGTI7%,

IREAB OV HIADLHCESECH TREEIEN 99D,

.+ RBOTHIATIE, h5—BHEIFHICIHVDEWERZ R OAIFH

TeVRIr—ILICFEIND. ILCEIFUNHET HL 21~ -BNniEEEIF
N50TeVRT—ILOKIF= RGN O MEERIICIREED] AE,





