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Discovery

2011 + 2012 Data
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Not quite

Standard Model?

Is the Higgs alone?
Are there new forces?

Dark side”?

"THE CREATION' - MICHELANGELO
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Finely tuned Higgs

x Higgs mass is fine tuned

x 1017 heavier than observed!
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http://www.l2pnet.com/blogs/demystifying-guitar-keeping-it-tune-08252010
http://www.l2pnet.com/blogs/demystifying-guitar-keeping-it-tune-08252010
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x Sensitive to top mass
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Fundamental?

® [remendous discovery!

= [irst time

® Scalars from:fermions

= NO fermions from:scalars

® Susy? GCan be emergent
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What has | HC not seen?

5- production, §— tiy
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CMS Preliminary = SUS-12-024 0-lep (E,+H,) 19.4 fb™
— e SUS-13-007 1-lep (n_ =6) 19.4 fb"
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x Any sign of supersymmetry

x | ow scale gravity, l.e. BH
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gluino mass [GeV]

In line with minimal composite dynamics
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Compositeness

Higgs sector [1C, Little Higgs.]

SM fermions [preons;: .. ]
Partial: Bosonic/SUSY TG
extreme [ Magnetic SM]
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Minimal Walking lechnicolor

ATLAS \s=7TeV
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x | HC searching for: it
x | attice predictions for EHG
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Exclusion plot for MWT technirho/

axial resonances.
Foadi, Frandsen, Hapola, Jarvinen, Sannino

Frandsen and Sannino: ATLAS short term associates © Francesco Sannino



A dream scenario

—

pp @ \s = 8TeV — M,=700 GeV, §=5, S=0.3

—bbzZ, (Z > I'T
PP ( ) —— S, mh=1 25 GeV
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o

bel <45, p1"°J.> 45GeV, p 2"°J.> 25GeV

AR(b,b)>0.7, 110 GeV < M(b,b) < 135 GeV

—
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Discovery of composite states at LHC 2
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Dark - matter, energy-and inflation
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Much ado for a few percent
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Dark matter

x Model building/
(A)symmetric DM

x ffective theories
» |ndirect/direct searches
x Constraints from stars

» | attice dark matter

* MB Halo (=220 km/s)
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y—ray lines
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After SUSY, comes SEXy 7
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Cosmic rays, April 3

Positron fraction

AkiRE
M&W% | i

o AMS

. FERMI

0 PAMELA
AMS-01

HEAT
CAPRICES8
CAPRICE94

TS93

positron, electron energy [GeV]

| N 7%
= Rise in the data 1*!4"?7(

x Dark matter or astrophysics? \/

= Both unknown!
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Hints of a charge asymmetry?

dashed: MS
shaded: FC

x More unknown electrons
x DM or astrophysics?

x G &P violated in'SM

100 200 300 500
E [GeV]

Masina & Sannino

© Francesco Sannino



Cosmology

Primordial magnetic fields
Dark energy

Higgs/SM inflation
Conformal inflation
Composite inflation

Black hole info paradox

Dark Energy

Accelerated Expansion

Afterglow Light
Pattern
400,000 yrs.

Development of
Galaxies, Planets, etc.

Dark Ages

57 mmmm&emmﬂﬁ“*’

Inflation

E TV .
«u“ S

Quantu
Fluctuations

1st Stars
about 400 million yrs.

Big Bang Expansion
13.7 billion years

© Francesco Sannino



Darkness unl

Mads Toudal Frandsen
Associate Professor

frandsen @ cp3.dias.sdu.dk
(+45) 6550 4521

Francesco Sannino
Professor, Director

sannino @ cp3.dias.sdu.dk
(+45) 2135 6088

Paolo Panci
Post Doc

panci @ cp3.dias.sdu.dk
(+45) 6550 2499

Ricardo José Zambuijal
Ferreira
PhD Student

ferreira @ cp3.dias.sdu.dk
(+45) 6550 4342

Chris Kouvaris
Associate Professor

kouvaris @ cp3.dias.sdu.dk
(+45) 6550 2354

Isabella Masina
Adjunct Professor

Ferrara

masina @ cp3.dias.sdu.dk

Rajeev Kumar Jain
Post Doc

jain @ cp3.dias.sdu.dk
(+45) 6550 2515

Jakob Jark Jorgensen
PhD Student

joergensen @ cp3.dias.sdu.dk
(+45) 6550 3849

Martin S. Sloth

Associate Professor

sloth @ cp3.dias.sdu.dk
(+45) 6550 2307

Jussi Virkajarvi
Post Doc

virkajarvi @ cp3.dias.sdu.dk
(+45) 6550 2499

Ole Svendsen
PhD student

svendsen @ cp3.dias.sdu.dk
(+45) 6550 4589

© Francesco Sannino



ICS

trong‘ dynam

ING'S

SOV

© Francesco Sannino



,,,,,,,,,, Y YNYNYNYNYYNYYYS

‘‘‘‘‘‘‘

Y Y Y Y YT YT YT YT YT YT YT YT YT YT YN

10N

'® ,;JJJJJJJJJJJJJJJ
m,,J,,uu,JJJ,JJ JJ

y j/// 4.,
3 TEE)

0000

....... ,...,.v,,,J,,.Vq.ff.f.fJJ vty AR = |
,..,,:J,JJJJJJ JJ.JVJJe:.A_ e
NLAHEAA : ! ANAAL L)

,/,4‘4/444Ju
JJJJJJJJ

;dé‘rk
nflat

,.y x
o-c-.'

.....- ..............-..........

,,,, ey 4JJJJ

Y Y YYYYYYYYYS

ﬁ,

OO0 3
‘‘‘‘‘‘‘ *y7 fNﬂAﬂﬂ
44444 . - . p /
RRRheS ,;fﬂmﬂ \
SeeNNNNNNNES" /
T ~ /
28 0 0 -y /
i > B & /

© Francesco Sannino



Strong matters

What makes the Higgs?
What makes dark matter?
What makes the inflaton?

Are these states composite?
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QCD - Nature’s example

Spectrum

Chiral SB vs confinement
Matter in extreme conditions
Gauge - gravity: duality
Gauge - gauge duality
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Beyond QCD

Conformal phase diagram
Hot conformal theories
Walking vs jumping
Conformal Gauge-Yukawa

Holographic window

a-theorem bound

Gauge - gauge duality

Sannino, Tuominen
Dietrich, Sannino
Pica, Sannino
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Discovered

Universal phase diagram: structure
Strongly coupled IR EP

11
Conformal spectrum i e e, 0

2

D D T D T T D T T e v s - .

Asympt. safe FT
Antipin, Gillioz, Sannino

Non QGD dynamics

Usetul a-theorem bounad

4d & nonsusy
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PNySICS

Lattice walking spectrum SO(4) MWT
Isotriplet Composite DM

Critical exponents

Dark matter on the lattice

Precision EW-S = bound
Composite inflation

Much more to come...

Hietanen,Pica, Sendergaard, Sannino
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Scientific Impact
staying ahead:of the game
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—Igh Impact, in 3.0 years
" APPS

: Amnsiteendaiamm Rantalelle |

x 3 papers in PRL

Theory anes

= Several top cited CORE e
o R | .-.'a‘:!gg % L‘!&

. , -wr@ ﬂ
x 130 published, (150 preprints) ¢ M,,u.,zm Wad _,I,NEV 2oﬁ

W%N.ﬁ

x 1 Book, several reports
x 1260 Invited/plenary talks

x Partner with ~60 major intl. institutese.

© Francesco Sannino



X-Activity, In 3.5 years

SPRINGER BRIEFS IN PHYSICS

/7 Journal clubs

x 83 CP° Lectures on the Tube o

x 20 Mestings Dynamical
Stabilization

x 8 CP2 Mini courses of the Fermi Scale

Towards a
Composite Universe

® 3 Retreats

® 7/ (Genius program: events

x 12 Danish IAS lectures 9 5o

© Francesco Sannino



Selected prizes & grants

2 PRACE grants
2 Lundbeckfonden

—lite researcher prize

2 sapere aude

Master & bachelor prizes

© Francesco Sannino



1 he right iInvestment

x Strong reputation

400
" Original ideas Postdocs expressions of interest

300
®x Ambitious goals

200 s
= Elite training

100 S pEEE
= A lot of fun ahead! :

2007 2008 | 2009 2010 2011
= 3 X number of physics students

® Jobs @ Gambridge, UCLA, Durham PPP, Berkley, Harvard ...



C P3 _ O rlg | nS About Research Events People Education CP3 Tube
g

cp3-origins.dk

-

Particle Physics & Cosmology

-
News Events
- -
Making Science Documentaries a Success Apr 15 at 14:15: Holographic thermalization at intermediate coupl...
After Higgs: The hunt for new physics Apr 19 at 12:00: CP3 Journal Club

© Francesco Sannino



'WECANNOTSOLVE OUR PROBLEMS |

| A
WE USEDw HEN EG

CREATED THEM

—Albo«rt Esie i N
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o

© Francesco Sannino



