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O Physics Situation after LHC Run 1

Ya i'th a mass of t he HiGg\ythe Standard Modal rhay he2aSelf1
consistent weakly coupled effective field theory up to very high scales (possibly up to the
Planck scale) without adding new particles

C No need for new particles up to Planck scale!?

Experimental evidence for New Physics
1. Neutrino oscillations: tiny masses and flavour mixing

A Requires new degrees of freedom in comparison to SM
2. Baryon asymmetry of the Universe

A Measurements from BBN and CMB — <—> X <—> X @@ T® pT
m

A Current measured CP violation in quark sector C —x p T I
3. Dark Matter from indirect gravitational observations

A Non-baryonic, neutral and stable or long-lived
4. Dark Energy/cosmological constant and inflation

Theoretical Nevidenceo f LS
1. Hierarchy problem and stability of Higgs mass Dark Matter
2. SM flavour structure
3. Strong CP problem
4. Unification of coupling constants 7
5. Gravity L
6. €
C While we had unitaritybounds for the Higgs, no such i/n
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hYa What if...? D)
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C LHC, FHC

Intensity Frontier
I:|idden Sector
C Fixed target facility

Log(Interaction strength)

Log(Energy scale) =——>

% Must have very weak couplings C fLight Hi dden Sector 0

»w Al ntensity Frontiero much | ess attenti on
A PS191: early 1980s
A CHARM: 1980s
A NuTeV: 1990s
A DONUT: late 1990s - early 2000
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g}'g New Physics prospects cEn)

N7
eorist (W. Kilian):
N Aerious experimental program must not be narrowed down by prejudice and
unconvincing arguments of theorists. It may be guided by theoreticali deas, but éo

Thus
v Two possibilities for Beyond Standard Model with light particles

1. Wider theory exist at new high energy scale (SUSY, extra dim., etc) with degrees of
freedom that stay relevant at low energies. Particles may be intrinsically light or be light
by dynamic effects

2. SM + Hidden Sector with light messengers is all there is up to Planck scale T no new
visible scale

3. or bothé

v, Powerful constraints imposed by cosmological and astrophysical observations
A Relic dark matter density
A Big Bang Nucleosynthesis
A CMB
A Structure formation
A Supernovae and white dwarf cooling
A Baryon asymmetry
A é
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3}3 New Physics prospects in Hidden Sector EE\?D/

fl fl fl fl
4 ~\ Messenger interaction
Visible Sector APort al
Geoy= bk e e e = - — =
SU(3)CXSfJN&2)LXU(1)Y X
q (+SUSY) y

v New hidden particles are singlet under the SM gauge group

v» Composite operators (hoping there is not just gravityé ) fi

C Makesu p i p doetwean SMand Hidden Sector
A No knowledge of hidden scale but hidden particles participating in portals may be light

¢ Dynamics of Hidden Sector may drive dynamics and anomalies of Visible Sector!
¢ Dark Matter candi dadtablsorunstanles f or Afr eeo
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33 New Physics prospects in Hidden Sector ﬁ@

v Standard Model renormalizable portals with light singlets:
A D = 2: Vector portal

A D = 2: Scalar portal

A D =5/2: Fermion (neutrino) portal

% Non-renormalizable portals b  4:
A Pseudoscalar axion-like portal

A Chern-Simons portal (vector portal)
A é.

v SUSY portals with light hidden particles

C Some of SUSY low-energy parameter space open to complementary searches

¢ Avery large variety of models based on these or mixtures thereof

v Two search methods: _ _
1. il ndirect detectiono throFt)JrOduﬁCtlonport | s iDeteC(tIOPnissi
R ) . SI\/L%"JTE; ----- )&)— SM
2. ADirect detectiono throug bo SM)ortals I N ano
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Phenomenology of some
groups of physics models
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e:é D = GeV2: Vector portal ﬁ@

~*Massive dark (hidden, secluded, para-) photon

A Motivated in part by idea of #Amirror worldo re
dark matter, positron excess,g-2 anomal y, é

A SM portal through kinetic mixing with massive dark/secluded/paraphoton V e

fl. --"O w , also mixing with Z

v, Predominant dark photon production at SPS
A Proton bremsstrahlung from quasi-elasticy n1°© 1 N @
A Meson decays (* h-hy h—B
A Direct QCD production i © o} "Q wn
A Lifetime limit from BBN: T 1 i

E137

220S€E0 ‘06 A A8 "sAyd

v, Dark photon decays LSND
A VisibleQQH * MR “ M)

A Invisible ...., & -a , where .. hidden sector particle

1500 2000
dark photon mass (MeV)
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e:é D=GeV?2: Scalar portal ﬁ@

% Singlet dark scalar S

C Motivated by possibility of inflaton in accordance with Planck and BICEP measurements, giving mass
to Higgs boson and right-handed neutrinos, dark phase transitions BAU, Dark Matter, dark
Naturalnesseé, etc

SM portal through mass mixing with the SM Higgs: /

oy g e )= (oo
. (QY _Y)0O S H p oosp

(@

% Production
A Directn 0 @i Qo Y
A Meson decayse.g.6© 0 WO © “ Y

A Production in D decays suppressed, i.e. (& | ® ) (& & @ |)
C Lifetime t® OE 1"
v, Decay modes:
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\
NS

> _ 5/2 . : CERN
e}; D=GeV>/2: Neutrino portal ”W/

v Extension of SM with one massive right handed Majorana/Dirac neutrino per family
A Motivated by neutrino oscillation, baryon asymmetry and Dark Matter

% WO 0 O, lepton flavour violating term results in mixing between 0 and SM active neutrinos
C Oscillations in the mass-basis and CP violation ?

C Type | See-Saw with Majorana d@ >>a (= ® R) B
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