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THE STANDARD MODEL: THE STATUS REPORT AND OPEN QUESTIONS

THE PRINCIPLES
¢ Three gauged symmetries SU(3)xSU(2)xU(1)

¢ Brout-Englert-Higgs mechanism of spontaneous EW symmetry
breaking -> Higgs boson

CKM and PMNS mixing of flavours

CP violation via phase factors

Confinement of quarks and gluons inside hadrons

Baryon and lepton humber conservation

CPT invariance -> existence of antimatter

The ST principles allow:
¢ Extra families of quarks and leptons
¢ Presence or absence of right-handed neutrino
¢ Majorana or Dirac nature of neutrino
¢ Extra Higgs bosons



THE STANDARD MODEL: THE STATUS REPORT AND OPEN QUESTIONS

THE LAGRANGIAN
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THE STANDARD MODEL: THE STATUS REPORT AND OPEN QUESTIONS

THE PROBLEMS

The running couplings possess the Landau ghost poles at high energies

-«

e The ghost pole exist for the U(1)
coupling and for the Higgs coupling,
but ... beyond the Planck scale

The Landau pole has a wrong sign
residue that indicates the presence of

unphysical ghost fields - intrinsic

problem and inconsistency of a theory

a(E)

Log E

This is the ghost pole

—

10 o _20m A1
a1(Q%) = . Q* = MzeTan ~ 10" GeV
1 — 155 log(Q*/M2)

® The situation may change in GUTs due ® requires modification of the SM at
to new heavy fields @ the GUT scale VERY high energies



THE STANDARD MODEL: THE STATUS REPORT AND OPEN QUESTIONS 5
¢ Quantum corrections can make the vacuum unstable
& the whole construction of the SM may be in S\ sy -
trouble being metastable or even unstable s o it
& the situation crucially depends on the ﬁ W s iiseer |
top and Higgs mass values and requires | N
severe fine-tuning and accuracy ol oG |

Top mass M, in GeV

200 |
150 ¢
100 ¢

50 ¢

~N 2
=~ N

Top mass M, in GeV
~
=

e e T e =
~
o

Higgs mass Mj, in GeV

NLO

Higgs mass M), in GeV

115 120 125 130 135 140 115 120

10> 10* 10° 10% 10 10'> 10 10' 10'8 10%

RGE scale u in GeV

125 130 135 140
Higgs mass Mj, in GeV

NNLO

The way out might be the new physics at higher scale



THE STANDARD MODEL: THE STATUS REPORT AND OPEN QUESTIONS 6

THE PROBLEMS

¢ New physics at high scale may destroy the EW scale of the SM

» The Higgs sector is not protected by any symmetry

* This does not happen with the gauge bosons or fermions. Their masses
are protected by gauge invariance and chiral nature of the EW sector

* Quantum corrections to the Higgs potential due to New physics

Q P * creates the hierarchy problem -

—» &m’~ A M2

PR * requires modification of the SM
{ ught (m) 100 107 10

* This is not the problem of the SM itself (quadratic divergences are absorbed into the
unobservable bare mass).

 This creates power law dependence of the low energy physics on unknown high energy
physics that is not acceptable

® The way out might be the new physics at higher scale



THE STANDARD MODEL: THE STATUS REPORT AND OPEN QUESTIONS 7

THE OPEN QUESTIONS

Why's? How's?
¢ why the SU(3)xSU(2)xU(1) ? ¢ how confinement actually works ?
¢ why 3 generations ? ¢ how the quark-hadron phase transition
¢ why quark-lepton symmetry? happens?
¢ why V-A weak interaction? ¢ how neutrinos get a mass?
¢ why L-R asymmetry? ¢ how CP violation occurs in the Universe?
¢ why B & L conservation? ¢ how to protect the SM from would be
§ otc heavy scale physics?
¢ Isit self consistent ?
¢ Does it describe all experimental data?
¢ Are there any indications for physics beyond the SM?
¢ TIs there another scale except for EW and Planck?
¢ Ts it compatible with Cosmology? Where is dark matter?



POSSIBLE PHYSICS BEYOND THE STANDARD MODEL 8

IS THERE ANOTHER SCALE EXCEPT FOR EW AND PLANK?
S Planck

you are here

EW

would like to get to here —




POSSIBLE PHYSICS BEYOND THE STANDARD MODEL

THE WAYS BEYOND

¢ Extension of symmetry group of the SM : SUSY, GUT, new U(1)'s
-> may solve the problem of Landau pole, the problem of stability,
the hierarchy problem, may give the DM particle

¢ Additional particles: Extra generations, extra gauge bosons,
extra Higgs bosons, extra neutrinos, etc
-> may solve the problem of stability, DM

¢ Extra dimensions: Compact or flat extra dim
-> Opens a whole new world of possibilities, may solve the problem of
stability and the hierarchy problem, gives new insight into gravity

¢ New paradigm beyond local QFT: string theory, brane world, etc
-> main task is unification with gravity and construction of quantum gravity
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THE UNIFICATION PARADIGM I

Unification Theories

Electricity and magnetism are different
manifestations of a unified "electromagnetic”
force. Electromagnetism, gravity, and the
nuclear forces may be parts of a single
unified force or interaction. Grand
Unification and Superstring theories
attempt to describe this unified
force and make predictions
which can be tested with
the Tevatron.

Mass is a form
of energy!

e Unification of strong, weak and electromagnetic interactions
within Grand Unified Theories is a new step in unification of all

forces of Nature
e Creation of a unified theory of everything based on string

paradigm seems to be possible

D=10



POSSIBLE PHYSICS BEYOND THE STANDARD MODEL

12

NEW SYMMETRIES SUPERSYMMETRY

Supersymmetry is an extension of the Poincare symmetry of the SM

Poincare Algebra

:P,LU PV] — 07
:PN’ Myo] = i(guppo — Guo ),
My, Mpo| = i((9vpMpuo — guoMpup — gupMuo + 9o My)p)

Super Poincare Algebra Q;, Q@

| ?(:X7P,UJ] — [_fivpu] =0,
v M — 1(o v Q! [ ;LjéaM,ul/] — _5 ZB'<5-MV)§U
o) %3 €ap ? ) = Z’L—IJ_’

{Q4, Q‘; = —2€,32", [Zij, anything] =0,

a,&d=1,2 4,j=12..., N.




MOTIVATION FOR SUSY IN PARTICLE PHYSICS 3

Supersymmetry is a dream of a unified theory of all particles and interactions

SUPERSYMMETRY

S @ Lestons @ rorce particies | Cusiky @ rovione @ oo saricies Squake ) Sleptena (D 2‘23&;
Standard particles Standard particles SUSY particles

Why SUSY?

¢ Unification with gravity!

¢ Unification of the gauge couplings # Unification with gravity!
¢ Solution of the hierarchy problem |
¢ Explanation of the EW symmetry violation (0..0;1=26"(0") 4B, = {6,.6,}=2ec"E)P,

¢ Provided the DM particle € =&(x) local coordinate transf. = (Super)gravity

Local supersymmetry = general relativity !




MOTIVATION FOR SUSY IN PARTICLE PHYSICS 14

Supersymmetry is a dream of a unified theory of all particles and interactions

Why SUSY?

¢ Unification of the gauge couplings ¢ Solution of the hierarchy problem
E_ 60 ; B\<U‘l

50 E % MSSM Q/ boson ~ fermion
N J a( )a |
" e The basis of a grand » Cancellations of
N R Unified Theory - corrections and
N < bosen < gaugino stabilization of the
M s - + AQOL =0 Higgs potential
0 B

0 5 10 15

IHIOgQ
¢ Explanation of the EW symmetry violation ¢ Provided the DM particle
Vio) Vip)
\ p) / / R
\ o : ¥ =Ny+N,z+N,H +N,H
\\ // \\ // X =NY+N,z+ N, H1+ N, >
\ / >:|l—-\'c \\ / \\ / (=tve k /
\\ // \ / \ /
S o W/ \/
Figs): Before symmery breaking S After symmerry hreaking N e Utral ino= D M

Violation of symmetry comes from radiative corrections



QUANTUM STATES

Quantum states: Vacuum =|E,\ >

[ : PM]:[—i

o, o)

State

vacuum
1-particle
2-particle

N-particle

7N
P,,| = 0 Energy helicity

EXxpression
|E,\ >
O |E\>=|EN+1/2>

0,0, |E\>=|EN+1>

Qle"'QN |E97\' >=| EAN+N/2>

N

Q|E,N>=0

# of states

1
(1)
(1)-20p

Total # of states: Z — 2N = oN=1 posons + 2V 1 fermions

k=0

15



SUSY MULTIPLETS 16

Chiral multiplet N =1, A =0

Vector multiplet N =1, A=1/2

scalar spinor

helicity -1/2 0 172} \
#ofstates 1 2 1 (@:9)
heliclty 112172 1) 5, 4 )
#ofstates1 1 1 1] / {

spinor vector

Members of a supermultiplet are called superpartners

Extended supersymmetry

N=4 SUSY YM

helicity -1-1/2 0 1/2 1

A=-1

# of states 1 4 6 4 1

3 SUGRA

-2-3/2-1-1/201/2 1 3/2 2

helicity

A=-

‘ N < 4S:'78Pin

# of states 1 8 28 56 70 56 28 8 1

N =4 For renormalizable theories (YM)
N =8 For (super)gravity



THE SIMPLEST (N=1) SUSY MULTIPLETS 17

Bosons and Fermions come in pairs

@) (n4) (2.g)

Spin0 Spin1/2 Spin 1/2 Spin 1 Spin 3/2 Spin 2




THE PARTICLE CONTENT OF THE MSSM 18

Superfield Bosons Fermions SU.(3) SUL(2) Uy(1)
Gauge
G? gluon q° 8 0 0
Vk Weak WF (W%, 2) 1 3 0
vV’ Hypercharge B (7) 1 1 0
Matter
L; 2 —1
E; sleptons < | 2
N; 1 1 0
Qi f (Qi=(ud) 3 2 1/3
U; squarks < quarks < U; =uf% 3* 1 —4/3
D; \ D =df 3" 1 2/3
Higgs
H, s H, i 1 9"‘? -1
H, iggses i, 1g2sinos 6 ) .
S Singlet s singlino S \ 1 1 0



THE R-PARITY 19

B - Baryon Number
R = (_)3(B—L)+2S The Usual Particle : R =+ 1 L - Lepton Number
- SUSY Particle : R= -1 S - Spin

The consequences: ~®
o P, @P
* The superpartners are created in pairs ot /
 The lightest superparticle is stable ®-
4 / ¢
) . . O N
The lightest superparticle (LSP) )2, O p

should be neutral - the best candidate

is neutralino (photino or higgsino) ¥,
- It can survive from the Big Bang and

form the Dark matter in the Universe



THE INTERACTIONS IN THE MSSM 20

— MSSM

i 7 7
: .. .. " ..
gL i ..0( \%.‘-7 L.R q \0..‘—1- LR

—ie , — U
g (P f p’ )} ? \/2_

9 Wt Z.

g i v /K Wa Vi )\ fir-
ig. fo 9 9
. H - H,
—_— ) s ..
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SUPERPARTNERS PRODUCTION AT THE LHC

q ¥ (I%) i (7)
v/ Z W
OO
AoN\O
‘«\\\6\ q ¥ (1 ) X, ()
e |
q
| q
q
\\)O (\ q
\)@(\6¢ g q
Q é\O(\ |

q

q

)




THE DECAY OF SUPERPARTNERS 22

squarks ~ ~0
g q, |

sleptons ;7 _ 74 X 0

.\-. (l)

: ~+ 0 neutralino Final states
chargino »," s c4v + 5 ~0  ~o0
~:_L = ~ol X %%14—[ + 1 l+l_+ﬂ
X, >qg+q'+x, ~o ~o - | !
Xi X, t4qd+4q 2 jets +ﬁT
. — o ~ ~0 ~ =+
gluno  g—g+qg+vy X, > x, +IE+v, y+E,;

~0 ~0 —
S X, > X, +tV,+Vv ET



SOFT BUSY BREAKING 23

Hidden
sector

Messengers

Gravitons, gauge, gauginos, etc

Breaking via F and D terms in a hidden sector

L, ZMJLA +zmol\A\ ++2A A4 4+ BAA

ijk = i ] 1
93“9'”03 scalar fields

Over 100 of free parameters !



SUSY Models and Signatures 24

T.Hebbeker

m—

— \\

EualtmSUGRA generic squarks and gluinos

my my, A, —» sbottom and stop  might be light

tan [ .svgn(ﬁ/%’ gauginos — leptons

)
\
\
\

luinos € long lived
S

» stopping gluinos

form 'R hadrons’

3 light Higgses around 125 GeV
Heavy Higgs decay H->h1h2

—» photons + missing energy

NLSP=7° >y G
long lived heavy charged particles

decay inside detector
Mirage unification ]




SEARCH FOR SUSY MANIFESTATION

¢ Indirect manifestation at low energies
Rare decays ( B, — sv, By — u pu =, By — TV
g-2 of the muon

& Search for long-lived SUSY particles

. Relic abundancy of Dark Matter in the Universe
. DM annihilation signal in cosmic rays
. Direct DM interaction with nucleons

7
(1))
<
o
\ O,
E
' & R

Nothing so far ...

25



CREATION AND DECAY OF SUPERPARTNERS *
IN CASCADE PROCESSES @ LHC

Typical SUSY signature: Missing Energy and Transverse Momentum



Two ways to present and analyse data:

|. High energy input:
introduce universal parameters at high energy scale (GUT)
Example mg, mq/5, Ao, tan3 of MSSM

Advandage: small number of universal parameters for all masses
Disadvantage: strictly model dependent (MSSM, NMSSM, etc)

2. Low energy input:

use low energy parameters like masses of superpartners
Example Mg, Mg, M, or m4,tanf

Advandage: less model dependent
Disadvantage: many parameters, process dependent

Both approaches are used



m; [GeV]

WHAT IS THE LHC REACRH?

95% CL ’\6'
500 1000 1500 2000 2500 3000 \6\\6 0\) wu 1500 2000 2500 3000
m, [GeV] 6(\ ) \.\J m, [GeV]
. d (\
,.AI'IO
NMSSM
4000 4000 T, e
3500 3500 14 TeV“ " 4
3000 1/fb
3000 . 3000
>
2500 8 2500 LHC SUSY
= searches
2000 o 2000
= excludeo
1500 1500
1000 1000
50 fp0 40— v . .
1000 2000 3000 4000 1000 2000 3000 4000

Masses of superpartners

Spp - 9, §4. 43 [PP]
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WHAT IS THE LHC REACH NOW?
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Gluino decays to qg+LSP
Y 99 Gluino decays to tt+LSP

Summary of decays to light quarks + LSP

ATLAS-CONF-2016-052
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Chargino / neutralino production

SUPERSYMMETRY @ LHC

>0

-

Direct production of “electroweakino” pairs
decays via sleptons / sneutrinos

using benchmarks to illustrate different scenarios

600

500

400

300

200

100

CMS Freiiminary 12.9 b (13 TeV)

pp — zfzgarvﬁ, BR(XZ—)H):O.S,m=0.5(m~++mzo)
| X,

—Observed+ 10

:Expected 16

theory NLO-NLL excl.

experiment

T | T l T | T | T | T

-Illlllll 1 IIIIIIlI | IIIIIII| 1 IIIIIII| l

800

600 1000 12
m_.=m_ [GeV]

00

—

—
Q

-
o
Y

—_
o
b

=
1

95% CL upper limit on cross section [pb]

~

(depend on mixings and nature of lightest slepton)

*/_/5

P -
~ ~0
14 X1
/ o '\\E

~0
X1

No light EWkinos

Effect of change in inter-
mediate slepton mass

500
400
300
200

100

3] + sam

v
CMS proliminary 12.9 o' (13 TeV)
~4-0 ~ 0~ 1 —
pp — X, %,— NI, BR(x2—>II)=0.5,nL|=0.05miT+0.95mi? = 1 .9&
—Observed * 1 Oheory NLO-NLL excl. | 4 c
] .
=== Expected £ 16, ¢ iment ] S
- : 2
| —1
| - BE 1070
n 2]
L 1 7 o
L A o
: -
| | 2107 =
i {1 1 E
B 1 o)
: 1] .8
- | —410® >
3 —
B 10 3 @)
|
- o)
I e Mo i n 10—4 152
200 400 600 800 1000 1200
m_. = m_ [GeV]
e-sign 2| ook
25

31



WHERE ARE WE NOW?

32

NLO + NLL, p'p, \(s =13 TeV

)

S
c
-

Strong production
(gluinos, squarks)
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FUTURE SUSY SEARCHES

SUSY is certainly a compelling candidates of

BSM physics, so we should keep searching
for her without leaving any stone unturned.

33

* Taking the gauge coupling unification seriously, SUSY may have

some chance to be seen at LHC, and a good chance at the FCC:

High luminosity LHC

I
PP—39—GL, 9,
_ I s=14Tev

0 Extra Int/Crossing

JLdt = 300 fb™!

Cohen et al, '13

14

12F

3 10

100 TeV collider

S IR B P
- PP—0g—aay, X,
F (5=100TeV

- 0 Extra Int/Crossing
— [Ldt = 3000 b

o f (53] =]
T T T T[T TT[]

m

n

n

n

h

O = = MM W W B B
95% CL Upper Limit ono / og e,

n

Kiwoon Choi

(ICHEP 2016, Chicago)
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NEW SYMMETRIES GRAND UNIFICATION

Grand Unification is an extension of the Gauge symmetry of the SM

Low energy = High energy
SU.(3)® SUL2)® Uy(l) = Ggur (or G™+ discrete symmetry)
gluons W, Z photon = gauge bosons
quarks leptons = fermions
gs g2 g1 =  gdauT
| )
""®  Unification of gauge couplings |
T\ e | SUB)xSU(2) xU(1) C Ggur

cut | Ex:SU(5),S0(10), E(6), SU(5) x U(1),
ZQ\ SU(4) x SU(2) x SU(2),50(10) x U(1)

30 40
t=In(Q/M)

102 =B 10%6 1019



GUT MODELS

SU(5) - Minimal GUT ( )

Gauge fields SU.(3) X Y

24= (81 +(1,3) +(3,2)+(3,2)
gluons W and Z  leptoquarks

y oy oy )

(O us —us up dy \
0 uf U2 d2

5" = (dclzadgadgve_aye)Left 10 = 0 us di l=vj
0 e

\ 0 ) pes

SU():5+10+1

SO(10) - Optimal GUT

Matter fields - just one representation

16 = (uy ug uz di do d3 ve e~ u§ u§ u§ d§ d5 d§ vs ev)pers

SU(5) decomposition 16=5"+10+1 fermions,

45 =24+ 104 10" +1 gauge bosons

35



GUT SYMMETRY BREAKING

GUT symmetry is broken spontaneously by Brout-Englert-Higgs Mechanism

SU(5)
Higgs Multiplets ~ SU(5) — SU(3) x SU(2) x U(1) —= SU(3) x U(1)
1% 0
(v \ (0
< gy >= V < Hyg >= 0
—3/2V 0
\ ~3/2V ) \ v/v2
V ~10'° GeV v~ 10° GeV
SO(10)
Higgs Multiplets 16 or 126; 45 or 54 or 210

2 SUGB) B SU®B) @ SU@2)eU(1) ™Y SU®3) @ U(1)
SO(10) M,
N, SO(6)® SO(4) ~ SU4)® SUL(2) ® SUR(2)

M1>>M2>>°°°MW



GRAND UNIFICATION 37

Solves many problems of the SM:
» absence of Landau pole
» Decreases the number of parameters

= All particles in a single representation
(16 of SO(10))

 Unifies quarks and leptons ->
spectrum and mixings from «textures»

- A way to B and L violation

e Unification of the gauge couplings
e stabilization of the hierarchy

o>

Low energy SUSY

Creates new problems:
- Hierarchy of scales Mw /Mg ~ 107"

= Large Higgs sector is needed for
GUT symmetry breaking

Crucial predictions:
- Proton decay P —efm, P—uvK™"

= Neutron-antineutron oscillations

IA(B— L) =1 (JAB - L)| =2) processes

Experiment:

mean life time > 103! — 1033 years

TUniverse ~ 14 - 1()9yea,7“3



SUSY GUT 38

Crucial points: New properties:
» SUSY leads to unification - Later unification - higher GUT scale
= SUSY solves the hierarchy L P 1
» Longer proton life-time 7 ~ M
problems for GUTs J pd : 4 GUT
- No GUT without SUSY * New modes of proton decay
SUSY GUTS - Nucleon decay |
—~0001|,
o - ,——--z,]; ﬁ v
NE \—"?: ) Kt
U \v
(a) Dimension 6. (b) Dimension 5.
p— 7w +et p— K"+
T o > 1X 10*yrs, M, >10"°GeV T s >33%x10%yrs
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39

NEW SYMMETRIES

= Appear in some GUT models
- Inspired by string models

Used as possible BSM signal with
energetic single jet or diet events

Neutral Charge Charged
,.1‘\.. ——
. e e - |
dilepton >M—< —< +—<_
e \{/ v
A A
y /8 & ¢
dijet >—( S ey vy new fermions
\Q‘?f:‘f ey Py top partners
c . A _pe—
"f;f;;’\'\) N \; /gu_ w 29) '4:}/.{/.‘:‘,‘_; y; .N?z H :_-
top  —<& - — /25
WzH
B 29 i
Y ///'3)‘ W. <. Higes — qqQ - i_.
E" ~— T
< 57 < NN
v P,/ W.ZHges—aq v T -
diphoton  diboson 2y

Courtesy S.Rahatlou

EXTRA U(1), SU2)

Used as possible Dark matter
candidate - Dark photon

Mixture of a usual EM U(1)
photon and a hew U(1) one

L~ F,F"

Dedicated experiment to
look for conversion of a
usual photon into a dark one



ADDITIONAL GAUGE BOSONS
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Experiment

Same Flavor Opposite Sign (ee, py, )

CMS
[ |l ~e'e EravTiary

Bl w.awwe 22, ..

s
2016
WURIE . 20 200 ey 0% o
Same S|gn (00' uu) Zesu(3% width) =4 TeV
[an A%CQNF-?HMS'I z; (0.5% width) >3 .3€ TeV

% 1%} . me 1
L ATLAS Mebrnowry s DS |
5 e 13TV, 300 o |
k\ Fted g vt Uefhha |

§ - - 1 85% CL

- e — exclusion limit

. ]
. ﬂl\. 2016 -
(] T K
| = " -

n'
S TR | HE =420 GeV
8.0 Pitdllig 2 HP SR70 GeV
' e aW Nn 1 - n

me'e) [Gav]

» Search for Z' (Di-muon events)

» Search for W’ (single muon/ jets)
 Search for resonance decaying to t-tbar
 Search for diboson resonances

* Monojets + invisible

'm Al v \J L) L \J Ll Al \J L Al L) L
§ 10k ATLAS Proliminary  —W'(2TeV)  « Data
e Vs=13Tev, 15307 — x Eg loa E\%p —
" - * — c {
10° = W' — ev selecton CINulijet
B4yt

2

20-1 6 [C1Diboson

2

- —
c D%

—_—

electron

S

OO == OO0 == O
[o ] N VN mw..w-u
F 3 2 &

e Deta/Bkg

Data / 3kg
(Dost-it

L d
200 300 1000 2000
Transverse mass |Ga\']

SSM W' >4.74 TeV

No indication so far - experimental limits on Z" and W’ masses around few TeV
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NEW PARTICLES EXTENDED HIGGS SECTOR
~E
Is it the SM Higgs boson or not? A. Singlet extension ,
B. Higgs doublet extension é
What are the alternatives? C. Higgs triplet extension @

Custodial symmetry as guiding principle for extensions Q

indicates that an approximate global Model Particle

M2, symmetry exists, content

P =~ =1 broken by the vev to the diagonal ‘custodial’ i

M2 cos? Oy symmetry group SM h CP-even

h,H CP-

Thus the Higgs field transforms under 2HDM/ even
MSSM
SU@2), x SU2)g: & — LOR! A CP-odd
SL(L+1) — 1Y 2, For both SU(2)-singlet with Y=0 HI,H2,H3
1=1

p = _ ~ 1 CP-even

S 1y, and SU(2) doublet with Y=+-1 NFMSSME | AT A2 P
1=1 Qﬁd_

Any number of singlets and doublets respects custodial h CP-even
symmetry at tree level. Not so for arbitrary triplet models ... Composite | + excited

states




EXTENDED HIGGS SECTOR 42

How to probe? % %
<@

&

 Perform direct search for

Probe deviations from the
additional scalars

SM Higgs couplings
£ I: i ATLAS and CMS The mass spectrum of the
“ | LHC Run1 Higgs bosons (GeV)
o
gl> 107'F
J 700 :t — e
- — — H
6\ A — —— A
10 £ ’(\(\e’ 9
o\ .
«\@
W& o ¢ ATLAS+CMS
‘( ------- SM Higgs boson
: — (M, €] fit h h 5
%]68'%0L 190 —_— H;
1 95% CL H
10” R SV R SM MS NMSSM
10” 1 10 107

Particle mass [GeV]
We may have found one of these states

One has to check the presence or absence of heavy Higgs bosons



PRECISION PHYSICS OF THE HIGGS BOSONS

Coupling Precision

LHC 300fb1x2

+30% — Iy

+20%

+10%

Deviation from SM value

0%(SM) feees@posseasossnane ossoolusenes Y } ........ + revvesoseanel
-10% —i=

-20% —

-30%

Limit on g7, and _qj:

it ¥
a3y (SM) * g3 (SM)

<14

5%

Model assumption

Events / GeV

Events /1 GeV

Deviation from SM value

500

100

(a)

43

(b)
‘ Data

— Fit result

m,, =120 GeV

Number of Events / 1.0 GeV

120

¢ Data
— Fit result

m, = 120 GeV

Mass from 5C fit [GeV]

1 (©

+30%
+20%
+10%

0%(SM)
-10%
-20%

-30%

150 GeV

f

Coupling Precision

120

140

4Cmass [GeV]

$ Data 1 @

—  Fit result

_ e
o

¥

Events / 1 GeV

50

T, fec = _._._W_ D 6 |

Model Independent Analyses T

¢ Data
— Fit result
I Signal

my, = 150 GeV

— qg€+f—

Ampy =

Amp =

40 MeV

— WHWete

70 MeV

Model Independent Analyses 1




EXTRA HIGGS BOSONS

b4

Higgs=>hh->bbtt

Resonance search Non-resonance search 5  MSpelmnay o l2STTGSTY) SO T T T T T
& 80f o Data 1 S | ATLAS Preliminary + Data E
New Physics 9 F £ H(125) § [Hozz - alinclusive -z .
= 70F O 9922, 2¢* S | 13Tev, 148" 1V, VWV ]
"h £ E W 9922, Zy* @ o I Z+Jets, tt
:>_|, 60| W Z+X Wy Uncertainty

Interference

Heavy Higgs>Z7Z->4|

12.9 o™ (13 TeV)

50

40

30

20

95% CL on ox BR(H— hh— bbrr) [pb]

—

|I| _

—_
o
w

UL LSRN

95% CL on ox BR(hh— bbrr) [fb]

tot

my =

\/m;l.(E'l‘!““. )+ m.';.(E;‘.‘i“. ™)+ m%(n. ™)

|

ol

Ll

800
m,, (GeV)

Resonant Non-Resonant Charged Higgs
, 12.9 fb! (13 TeV) s 12.9 o (13 TeV)
10°F = 10°E
S CMIS , bb wr, + bb et, +bb T, T, FICMS bb wr, + bb et +bb 1,7, 60
[ preliminary Combined channels [ preliminary Combined channels =3
ok 10° <55

50
45
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HEAVY HIGGS BOSON DECAYS 45

MSS m)=1000 GeV my2=1000 GeV | mg=2000 GoV my;2=600 GeV 1) “H Ig gs to H |g gS” d ecays

0.8 | - ‘||||||||||||||“ 08|
0.6 | 0.6 [
, A—Zhand A—-ZH, H —- ZA
o 4 [
@ 04 Q@ 9.4 -
02l 02| CMS Preliminary  <5.1 o™ (7 TeV) + < 19.7 fb™ (8 TeV) A—Zh—28bb L=197 ' (8 TeV
i 2HDM Type Il, cos(p-a)=0.1, m =m,,. = m,+ 100 GeV o FTT T T TR T T T T T
oo 3T . IR = 1gp M c fcms / :
500 1000 1500 2000 500 1000 1500 2000 S 8k [ Observed exclusion 95% CL - L i
7 S Expected exclusion 95% CL
NMSSM ~ ™ - : = i | |
[ | H—> WW/ZZ (arXiv:1504.00936)
5F [ AH/h— t (HIG-14-029) 10 |
R S N A N [ S L A S AN 4l [ ] A—ZH-lht (arXiv:1603.02991) E E
0.8 |tanB small, X+,Xo heavy || 0.8 - ‘tanB small, X+,Xo light | [ ] A—ZH->libb (arXiv:1603.02991) F ]
r 1 Non-perturbative region B i
L | R L i
0.6 0.6 - |
g K g L \ 1 95% CL limits
L 2\ F Observed
0.4 L 0.4 L | I w7 Excluded region
....... { r ------ Expected
I {[ T DR ST 1 —— \‘ _ i- Expected +10
0.2 - | e 0.2 - § ] Expected * 2a
L b \
I I —— \ i - ik
o L= o e o L et Az | | 1 Type-ll 2HDM m,= 300 GeVZZ;
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3 H3 w [GeV] cos(B—a)
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NEW PARTICLES AXION OR AXION-LIKE PARTICLES
Javier Redondo, EPS HEP 2017
- CP violation in QCD sector: CKM angle  d13 = 1.2 4+ (0.1 rad AND flavour-neutral phase 4 = 6, + Njé
My, £2072 0 U, o~
LSM € —qr, 0 mde'i‘s/z d — —SGG 9Q(1D
87
0 0 v ) g

\AXEGI anomaly
The 6-angle produces flavour-neutral CP violation like Electric Dipole Moments

T - Neutron EDM (Guo 1502.02295)
T dy=-4x10"3 x 0 [efm]
dﬁ“ P d*
T o) - Experimental upper limit (Grenoble hep-ex/0602020)
TN 14, <3x 10713 [efm)]
v ——

W

R —— G ———

hyis 6 < 10719




PECCEI-QUINN MECHANISM - AXION

47

- Any theory promoting () to a dynamical field, 9 (¢, x) will dynamically set 6 — O after some time...

V(@) | — > generated by QCD
non-perturbative dynamics

Potential energy density (instantons)

- PQ Mechanism: Global U(1) axial symmetry, spontaneously broken, colour anomalous -> Goldstone boson *~ '
1 . oY =y
Lo = 5(0u8)(@"0)f2 = g2 GruuCL"0

L ea— pr—
- — —

=0(z)fa.

~ Canonically normalised Gfield is the QCD AXION! a.(:v

T o~ — —— — — " —

‘WWAxion



DARK MATTER AXION

- High T, no preference for Initial Conditions! Attime ¢ ~ 1/m, axion field seeks its minimum

V(0)

- Coherent oscillations OSCiIlatigr':f::quenW
= s Energy density (harm. oscillator)

1 1
PaDM = §m§f30§ = 5(75MeV)49§

Dark Matter Axions -

- Some amount of axion Dark matter is unavoidable!



WHAT IS THE MASS TO GET Qcpmh® =012 7 44

falGeV]
10" 10" 102 10" 10" 10° 10® 107 10° 10° 10* 10® 10% 10!

- Axion D" scenarios

o)~
Excluded (too much DM) | ok (W sib

| Lo

107 10° 10° 10% 102 102 107! 1 10 102 10° 10° 10° 10°
m,[eV]

- Less minimal axion models have further possibilities ....
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NEW PARTICLES

e Number of Generations=3?
* Why 3 copies?

* The necessary condition for the
baryon asymmetry of the Universe -
CP violation

* CP in the SM comes from the non-
zero phase in the quark (and lepton)
mixing matrices

* Non-zero phase appears only if the
number of generations N > 3

e The width of the Z-boson

(LEP)
3 2v
c ALEPH
8 t DELPHI
o 30 L3
OPAL

Final data [Phys. Rep. 427
(2006) 257-454]

20

| ¢ average measurements,
I error bars increased
L by factor 10

10

50

NEUTRINOS

e The CMB spectrum
(Planck)

i —sPTiwMART |
! i (CMB)

e The fourth generation of quarks is excluded also by precision measurement of rare decays

* Do we see all neutrinos or there are heavy right-handed ones? (Majorana)

* Are there any new sterile neutrinos! (To release the constraints from LSND/

MiniBoone and reactor anomaly, etc)



DIRAC OR MAJORANA?

IDER

&1
&1

) ()

Mass eigenvalues




NEUTRINO MASSES 52

V3 f v IE V2

Am? =0.8-107° eV?

B B v

)
<
i —

Am? =25-1073 eV?

A v. B v

Am? =2.5-1073 eV?
Am? =0.8-107° eV?

B B v iv. I v

0

Zmy < 0.23 eV m, <2eV > m,, < 0.2eV

|
|

mass
<« SUn - <«—— atm ——

cosmology: the CMB P| | B-decay
spectrum anck Troitsk-Mainz KATRIN
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NEUTRINOLESS DOUBLE BETA DECAY
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STERILE NEUTRING
Various exps interpreted within 4 neutrino

framework

Sl - Oscillation channels are related:
v -
A Pl/e—>Ve ~ 1 — 2’Ue4’2(1 L ’Ue4‘2)
- RENO : 2 2
L? P, v, ~ 1= 2[Upa|*(1 = |Upal?)
N Py, v, 2 2|Uea*|Upia?
e for 4nE/Am% << L << 4rE/Am}

— -‘K 102§ UL B R LU BRI AR R AR E
5 - 90% C.L. Allowed .
: - [JLSND . 11
10 - — MiniBooNE - 107}
E — MiniBooNE (v mode) - 3
1 = — LSND
— o 3 ;‘d y
L s = = MB app .‘
) 1 @ 0 reactors+Ga
~ 10'F = 107} ;
(S ¥ 3 o) o ]
s s B z |
E 10_2 - ; - ‘-'-] - f‘_‘f m
' - s - :‘ 8 lc:.lpp
: ' ’ [ 90% C.L. Excluded . =Y
: ! 10°® -—NOMAD _ s % 8
: . E ... KARMEN2 E 1077 h o
. ' - — MINOS and Daya Bay/Bugey-3 ]
| = IceCube 90% CL (1605.01990) [ ... MINOS+ v, Appearance Data ] 99% CL
— MINOS 90% CL (1607.01176) 10—4 Ll IlIEIlI Ll IIIIIJI v | Illllll Ll IIlIIII Ll llIIHl L L L LI M M
Kopp et al. (2013) 10 600 1 1 1= 0 1 10-2 10-)
=== Collin et al. (2016) 2 _ 2 2
et s 4 sm26ue_4IUe4IIUH4I




POSSIBLE PHYSICS BEYOND THE STANDARD MODEL

NEW PARTICLES

The Dark Matter is made of:
Macro objects — Not seen
New particles — right heavy neutrino
r - axion (axino)
- neutralino
Not from - sneutrino
theSM < - gravitino
- heavy photon
- heavy pseudo-goldstone
\ - light sterile higgs

MSUGRA

Annihilation
in the halo

Scattering

on a target
o, =,

X\ 2x=0; x
WIMP X;?;(i \&A;f

EaN

X+g—=X+gq

X/ 0
X+X—=qg+q

Q|

might be invisible (?)

detectable in 3 spheres
less theory favorable

might be undetectable (?)

possible, but not
related to the other
models

Creation at
the LHC

s

§—>X+)_(

<

DARK MATTER
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Dark Matter Particle-Nucleon Cross Section (pb)

log, (o) [pb]

11

-12)-

- vN coherent

-13 scattering
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DARK MATTER: DIRECT DETECTION
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-All available experimental data combined (LHC, LUX, Planck) are still consistent with
even the simplest versions of SUSY (cMSSM, NUHM)
sRemaining parameter space is directly probed by direct WIMP searches with tonne
scale detectors: DEAP-3600, XENON1T, LUX/LZ

-Complementarity with LHC (cMSSM/NUHM are mostly out of reach of the 14 TeV run!)
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Dark matter may pair
annihilate or decay in
our galactic
neighborhood to:
positrons
high-energy photons
neutrinos
antiprotons
antideutrons

DARK MATTER: INDIRECT DETECTION

Positrens

4
v "‘ _,f_] ‘ﬁ A
/ f\./\ A )

Necim-energy
QoOMMO ey

J

N

N\

leprors R
'

\

0 )

Supersymmetric

neutrelinos

INDIRECT DM: PHOTON RESULTS
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L3 e

v “ ~ _ Electrons
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" Protens
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- INDIRECT DM: POSITRON RESULTS
e
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e Rapid improvements in recent
years, Fermi-LAT now excludes
WIMP makes up to ~100 GeV
for certain annihilation channels

e The future is the Cherenkov
Telescope Array, which will
extend the reach by two
orders in mass up tfo masses

~ 10 TeV



DARK MATTER/NEW PHYSICS
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e'e>yA'>ye'e,yu'u, prompt

SIMPs(strong interacting massive particle )

= dark matter is strongly interacting under the other SU(N) gauge
interactions.

= DM may be pion/Baryon/gluball of the new strong interactions

or couple to new scalar by large Yukawa coupling

104

dark photon

< U(1) gauge boson is relatively easy going object “gauge invariant F’},,*

<= sequestering U(1)p dark sector from SM sector,

Belle 11 50 fb™'

102

500 fb’!

< Interaction with SM may arises from kinetic mixing FyF*

5ab’

<= Dark matter couple to U(1)p can have very small coupling, and also Very
light U(1)p a’— 3y has very long lifetime. Both can be dark matter.

10-4 Ll L TR | L A |

102 1071
m,. (GeV)

<= Nature of Dark matter is one of the big questions that particle physics
should answer.

< Success of LHC and dark matter searches and we are wondering over
next steps to go.
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NEW DIMENSIONS EXTRA SPACE DIM

143 —14n, n>3
Motivations

1. String theory
2. Interesting possibility that opens wide opportunities

e String theory suffers conformal anomalies that make it inconsistent.
e Conformal anomaly cancels at D=26 for a bosonic string and D=10 for a fermionic string

= dDﬂMl Kaluzan-Klein idea:
int ‘extra dfmension too small to be seen

w

S——
g 4D spacetime
'

small extra s

- : ! i
; - dimension x

Why do_n t we see Wl . discovery/of D-brane

extra dimensions s matter fields restricted

. [ large extra
to lower dimensional brane dimension

m external bulk felt only
through gravity
= extra dimension bigger




EXTRA SPACE-TIME DIMENSIONS 60

- Very large XDim accesible only to gravity
Requires two or more XDim

M)
>
O
O

N

Black holes at colliders?

Some
bulk fields

XDim
Model
Universe

negligible
curvature

All bulk
fields

TeV scale XDim (several hundred GeV?)

[ UED’s ] < - Pair production, KT (SUSY-like)
- Interesting DM candidate (non SUSY-like)
L - Additional nice features in 6D
geumvs significant
;:a:“m curvature
Y Many bulk

fields

teih Bulk gravity only

r . .
- Field localization

Y

[ Rst |

- Theories of flavor?

New warped models] $
- KK resonances at few TeV

Narrow spin-2 _ - Relatively broad resonances
resonances? Dynamical
EWSB
[ Higgslessj Soft-wall [ ? j
models
Composite
Higgs
(GHUJ (Condensationj @ < Seliel >




KALUZA-KLEIN APPROACH 61

by g =My X K
Pseudo-Euclidean space 4+d / 4 At~ compact space

. Minkowski space
Metrics P

ds* = Gyn(X)dXMdXY = g datdz” + Vo (x, y)dy ™ dy"

Field f _ E (n)
— ¢($7 y) Bl ¢ - ($ )Yn (y) “— Eigenfunctions of Laplace
n operator on internal space J 4
Masses
5 5 n% -+ n% -+ - 4+ n?l K-K modes
— |
m, = m" - 72

~_

Couplings /Radius of the compact space
V’( 0) x Rd &

gay =
=
Via)




MULTIDIMENSIONAL GRAVITY 62

Action
Sk = / d*tiz\/ -G

K-K Expansion

R(4—|—d) GA
167TGN(4_|_d) [ MN]’

1
Sp = /d4x\/—g RW [gj(w) | + non-zero KK modes
167TGN(4)
Newton constant . 1 1A
N(4) — V( 2 N (4+d) Vi) =R
Plank Mass
Mpp = (Gnay) 2 M= (Grata)

Reduction formula M%) L= Vi WERR:
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graviton metric

Interactions with the fields on the brane

~ . 1
Sint — /d4+d§3 _GTMNhMN(xay) = Z/d4$—TMV($)h,ELTIL/)($)

~ Mp
The # of KK gravitons with masses m, <E <M
ER 2 E
M Sa—1 M d d 1nd
N(E) ~ /0 dN (|n|) ~ Sd_lMderZQ m?tdm = d Mdlj-ZQE R°E
Emiss L vm) ~ 2
mission rate ~ 5
- M2, =



PARTICLE CONTENT OF THE ADD MODEL

b4

(4+d)-dimensional picture:
* (4+d)-dimensional massless graviton + matter

4-dimensional picture

e | massless graviton G (spin 2) + matter

» KK tower of massive gravitons G™)(spin 2)

* (d-1) KK spin 1 decoupling fields

o (& —d—2)/2 KK tower of real scalar decoupling fields (d > 2)
e KK tower of scalar fields (zero mode — radion)

The SM fields are localized on the brane,
while gravitons propagate in the bulk

The “gravitational” coupling is 1 / M 1+d/2
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e KK states production
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New phenomena: graviton emission & virtual graviton exchange
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e Virtual graviton exchange 6+6_ — G(n) — ff(HH7 gg)

.
1 prv pro 3(d—1) THTY
= 1 1, &
A Zn:{ s —m2 " +\/ d+ 2 s—m%j

2
M5,

[ I R T T T T O 1 |||

Le T, ~

M: 1.5TeV -

q SM H.J—#f’mﬁ
1 M3, Amd=ldm YT :TT ) :
Ml%l " S_m2 %]WJQDZSd_l]W‘“L2 s — m? I I“ )
S | s a1 14 PR S L P |
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RANDALL-SANDRUM MODELS

Es = My ® S*/Z5

D4-brane D4-brane
/ d4 / dy M3R(5) [G MN} A} plank Bulk TV
/ d*z\/—gW (L1 —71) —I—/ d*z+/—g? (Lo — 7o) y
B4 Bo y = 0 ‘ ) Y=
Positive Negative
Metric d82 _ 6_2G(y)77luyd£l?'ud£lfy dy2 tension tension
o (y) =k |3/\, warp factor Matter
T = —To = 24M°k, A = 24M°k? | |
graviton radion
/

Perturbed Metric 5 —2k|y] ~ 5 5
ds? = e (1, + By (2, y) ) datda” + (1+ 6(x))dy
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RANDALL-SANDRUM MODELS CONT'D

Brane 1 Brane 2

. Wrap factor
* Massless graviton

 massive K-K gravitons Hierarchy
Problem !

_ kR 2
My =— ﬁnke " MPZ —

e massless radion

1 1 w
P —— d4z | — RO NTHY —n g (n)ppy
i 9 —/BQ < Mp, (Z) e A
A, = Mpje F™8 ~ M3 /k
* Massless graviton > ~ Mpy
* massive K-K gravitons  m, = 5,k — ~ A

e massless radion
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The first KK graviton mode M ~ 1 TeV

— (1) l_|_l_
e Drell-Yan process qq — h'" — ; ~ (1) ~
e 7 q9,99 = h = qq
* Excess in dijet process  gg — R — [F] 99 99
Exclusion plots for resonance production First and subsequent KK modes
W a / The x-section of D-Y production
m—Excluded /’ : ]ﬁi"””'””'"”"m'””_
o 10 fo J // '3‘ il
E 610 — ‘."/ '/'{ 100 fb_l E '
k1 :; ,{,“' - § e
- ‘ ’ - \
. / / - )
, / D-Y L -
we- -/ b -

- ';
) ; =Gl bovoa oo bwwan oo bt
'lll l!‘lll 1 || llIll l|lll 1‘ "
3 : 7

LHC LHC (M ~ 1500 GeV)
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pp — A = ete™
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PHENOMENOLOGY OF EXTRA D 2

Accelerator signatures

* Gravitational radiation in the bulk =>

missing energy e change of Newton'’s law at short distances
Present LHC bounds A7, > 3 — 5TeV (detectable only in case of 2 large extra dim)
* Massive string vibrations => e iew short range forces (light scalars and
resonances in dijet distribution uge fields)
M? = M5+ MZ?j o
* Higher gpin excitations of qua ,&(\0 V(r) =—-G mlrm2 (1 +ae™"/ )
gluons with strong interz \\‘0\) 2 , | amorea 1
present LHC limits O\OQ < 18:\33“? | l ]
° Large TeV dime 0(06(\ 60 ol IERREEA . g Excluqled by ]
resonance” Q‘(\QX\ (:()’(\0(\ 1oL L
/ 6" E 6\ 10° |- Yukawa messengers \Stanford3 \ N
exper N\ © @ 10* Fairon 11\ \ -
i 108717 ’*::::j@gulus
0| e
10" Hodgravitons | .
’IOO_heaV);.cl {
10-1 L moduli
0% T 700 1000
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ED CONCLUSION

ADD Model R-1 Mo\ 2/ -
e The Mew/MpL hierarchy is replaced by NV (M—> ~ 1074
e For M small enough it can be checked at Pl
modern and future colliders

e For d=2 cosmological bounds on M are high (> 100 TeV),
but for d>2 are mild

e Preictions of modification of the Newton’s law may be checked

RS Model

e The Mew/MpL hierarchy 1s solved without new hierarchy

e A large part of parameter space will be studied in future
collider experiments

* With the mechanism of radion stabilization the model 1s viable
* Cosmological scenarios are consistent (except the cosmological
constant problem)

Drawback: No real motivation -> Unknown scale
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NEW PARADIGM STRING THEORY
XH = XA Xt = XH(1,0)
World-line World-surface
Particle Open string Closed string
o dXH dXv .G
World-line action: = ¢ — __ d \/ y —
i / ! dr  dr M dr? !

World-sheet action: d2 et d XH dXV
/ t dao‘ doP 'l V)

string tension
s string length



STRING THEORY

Spectrum Opet
' n =0, observed
IZM =Y Nu(+N,) € Z, N,=a" ok .
— \ / n>1, massive
closed
Lowest string states
open StI'iIng CV'L_Ll|O > 3 AR o / de /_g tT(FMVF’uV)
Open strings lead to gauge fields (and matter)
closed string: a‘il(j’iﬂo > — g, ... — / dP =+ /—gR + - - -
Closed strings lead to gravity (and gravity-like physics)
Modes of a string on a circle with radius R
) m
momentum states: M= = R2 String theory has minimal length
winding states: M2 — w2fz lg = Vo'
[
full spectrum: M2 — m_2 w? R
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STRING THEORY 75

* There are five types of string theories (IIA, IIB, I, two Heterotic)

% All five string theories are only consistent in 10 space-time dimensions

* All five string theories have world-sheet supersymmetry and lead to space-time-
supersymmetry in 10 dimensions

* All five string theories are related and part of a single ’theory’’: M-theory

IIB

M-theory is a patchwork of the constituent theories plus many “rules”.

It seems unclear, at present, what its fundamental degrees of freedom are.



STRING THEORY AND THE “"REAL" WORLD 76

Need to compactly six or seven dimensions to obtain d=4 theory

Two-fold degeneracy in space X:
continuous one in size and shape
(moduli) and discrete one topology

d=10/11
string/M theory

on d=6/7 dimensional space X

Topology determines the structure
of d=4 theory

d=4
theory Moduli appearing as scalar fields
determine values of couplings in d=4
in D=10/11: gravity... ... and a p-brane

1 1
SD — ZD—Q/ de /_gR_|__|_ lp——S dp‘l‘lx /_,.)/ tr(FaBFaB)_I_
S S

in D=4

) / o/ttt / " v/~ g4 tr(F, F*) + -
1 1

167Gy 167Tg%/M




STRING THEORY

Heterotic string

gravity + gauge kinetic terms [47]

1 1
/[dlox] —2/\42, R10) /[dlox] —2M,6_, f,%/,,\/ simplified units: 2 =71 =1
gH EH

il

M
2 1 2 1 3
MP_?MH i My =gMp gy = gv Ve M

gH S 1= Vg ~ string size
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STRING THEORY PHENO

@ Higgs from untwisted sector = gauge-Higgs unification
Atop = 8GUT = Miop ~ IR fixed point >~ 170 GeV
@ Yukawa couplings: hierarchies a le Froggatt-Nielsen

discrete symmetries = couplings allowed with powers of a sins

Ap ~ P (®) ~ 0.1 Mg — hierarchies

@ proton decay: problematic dim-5 operators

in general need suppression higher than M or small couplings

@ SUSY in a hidden sector from the other Eg — gravity mediation
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NEW PARADIGM BRAIN WORLD

String theory contains not just strings but extended objects

- branes - of all dimensions

The world according to string/M-theory

Q: Do we really live on a brane?
A: We have to check it

Q: Do we have good reasons to
believe in it?

3 external ' A: No, but it is appealing
dimensions Q: Why D>4?

A: String theory loves it

Q: Is it what we believe in?

A: We believe in BIG deal

é-brane é-brane B-brane 3-brane




CONCLUDING REMARKS

[M LHC experiments are at the front line of mystery land: be patient
[ Target #1: Higgs sector

[ Target #2: Dark Matter

[ Target #3: Neutrino sector

[ Target #4: New physics (supersymmetry)

[ Future development of HEP crucially depends on LHC outcome

[4 Complimentary searches for dark matter and insights in neutrino
physics are of extreme importance

[F The areas that were left behind come to the front:
confinement, exotic hadrons, dense hadron matter
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