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HEP: Theory and Pheno

Study of fundamental interactions
and constituents of matter

" THEORY  PHENO
Symmetries Links and
and founding predictions for

\ principles ) _experiments )

Precursors of HEP-TH and HEP-PH Belgian tradition
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TH-PH.be Community

35 Staff Members
TH PH -
ULB 4 5 .
VUB 2 1 UNIVERSITY
KUL 4 -
UCL 2 5
UMons 2 -
ULG - 3
UNamur - 2
UGhent 2 -
[ PostDocs: ~ 45 ] Hired Internationally with national and
PhD students: ~ 50 international fundings
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http://TH-PH.be

New Generation
New Staff hired after 2010
THEORY PHENO

Increase of ~15% of the staff member community
... but barely compensate retirements in near future!
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1 2\Discovery of the BEH boson‘
~ - the L ge Hadron Colliderat CERN ./

T |

“Englert Higgs
Nobel prize in
physics 2013
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Awards and fund raising

National and international successful fund raising

[
fandamentct IAP NETWORK \\“‘" ¢
L ’ ANz S ...for last 15 years ... .\O\P;(N
/ R m Coordinator: J.M. Frere \ﬁ\"
4 ) 4 )
7 )
Crucial .
reroow 10 aesearca support
fo our
* lISN, CDR, PDR resear.ch " « Research Projects
» PostDoc Fellowship \_ Belgium )  PostDoc Mandate
¢ PhD (FRIA & Aspirant), \* PhD Mandate y
A d‘\(\gs"
lllm ooy Wt
belspo \)(\\\le
ARC Projects
J
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Interest and expertise

kuLeuveN KUL: holography, strong coupling, black holes, gravitational waves and LISA,
____supergravity, string theory, quantum cosmology, branes
c" « UCL: scattering amplitudes, precision computations in QCD and SM,
“=®  mathematical structure of gauge theory scattering amplitudes
 ULB: Gauge theories, Supersymmetric quantum field theory, Instantons,
ULB strong coupling, General relativity and supergravity, Black holes, Quantum
gravity, QFT in curved spacetime, 3-D gravity, Conformal field theory,
Entanglement entropy, Cosmology, String theory, D-branes, M-theory, F-
theory, Dualities, Holography, Gauge/gravity duality
« Ughent: string theory, gauge/gravity duality, holography
« Umons: Supergravity, string theory, higher-spin gauge theories, gravitation,
= gauge gravities and extensions in higher-dimensions, numerical solutions
 VUB: Geometric aspects of string theory, holography, supergravity, M-
i i'B Theory, F-Theory, quantum cosmology, branes, gauge/gravity

duality,cosmology, non-local gravity, inflation

UMONS
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Interest and expertise

(HEP-PH & ASTRO-PH)

« UCL: perturbative QCD, BEH and top-quark phenomenology, dark matter,
UCL BSM, Madgraph, LHC, precision computations in QCD and the Standard
same  Model, cosmology, neutrino physics, early universe, inflation, CMB and
Planck, 21cm, gravitational waves, cosmo data analysis, Large scale
structures, topological defects, early universe
ULB ° YLB: Leptogenesis, dark matter, BSM, cosmology, neutrino masses and
magnetic moment, symmetry breaking, baryonic asymmetry, High energy
cosmic rays and Telescope array, 21 cm, gravitational waves, extra
dimensions, glueballs, modified gravity.
e Ulg: axions, dark matter, large scale structures, quasars, neutrinos,
leptogenesis, LHC cross-sections, QCD and diffractive physics, BSM and

Multi-BEH models
EEB « VUB: Flavour, inflation, dark matter, BSM, LHC, naturalness,
supersymmetry, top physics, gauge mediation, symmetry breaking
Ea « UNamur: cosmology, relativistic gravitation, dark energy, modified gravity,
numerical relativity, EUCLID: modeling of observables beyond LCDM, test
of gravity, large scale structures
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Pheno

Theory

Interest and expertise

Symmetry
Breaking,
SM & BSM,
Unification

String, SUSY
Holography,
Higher spins
Amplitudes

Many thanks to M. Tytgat for inspiration

Dark matter,
neutrinos,
Cosmology,
early Universe

Gravity,
Cosmology,
Inflation
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Pheno

Theory

Interest and expertise

Symmetry
Breaking,
SM & BSM,
Unification

String, SUSY
Holography,
Higher spins
Amplitudes

Many thanks to M. Tytgat for inspiration

Dark matter,
neutrinos,
Cosmology,
early Universe

Gravity,
Cosmology,
Inflation
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Interest and expertise

Many thanks to M. Tytgat for inspiration

UCL
't  ULB E ||3 D
Symmetry Dark matter, High energy
Pheno Breaking neutrlnos . »COSMIC rays
SM & BSM, Cosmology,
Unfcaton>< early Unve><
String, SUSY Gravity, Black Holes
Theory Holography, % » Cosmology, ™ » Gravit. waves
Higher spins Inflation
Amplitudes

UCL
| KU LEUVEN cholaue ULB UMONS B
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Example: Dark Sector

Dark Energy

Accelerated expansion

v (kmfs)

observed

100 +

e :_xpec:ed
i I Dark matter < lainous dis
' *" ' :
b.." s w L R (kpc)
SDSS galaxy map  wmlavxr  M33rotation curve
S galaxy i ' (fig. 1)



Dark Matter

Ordinary Matter

Indirect
Detect®

Fermi, Hess,
lce Cube, AMS,

Colliders .

LEP, LHC

thermal freeze-out (early Univ.)

indirect detection (now)
-

o
.
o
()]
D
(7))
(Vp'
O
-l
@)
-
O
)
L
<
-
-
<

direct d etect_ion

DM SM

< ——

production at colliders
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ULB @

Scalar DM-light quarks interactions

Giacchino, Ibarra, Lopez Honorez, Tytgat, Wild, JCAP 2016

DM = Refll Scalar S
L D) Vi S \ijR —|_ h.C. . Coupling to ug

Can be the major contribs to total ov !
Especially for Indirect searches




Scalar DM-light quarks interactions

Giacchino, Ibarra, Lopez Honorez, Tytgat, Wild, JCAP 2016
DM = Real Scalar S

LSy S Ufg + hee. .

Direct detection

Coupling to ug
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Scalar DM-light quarks interactions

Giacchino, Ibarra, Lopez Honorez, Tytgat, Wild, JCAP 2016

DM = Refll Scalar §
LDy SYfr+h.c..

Collider Searches for

Coupling to upg

mediator multi-j+ MET

ms [GeV]
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Scalar DM-light quarks interactions

Giacchino, Ibarra, Lopez Honorez, Tytgat, Wild, JCAP 2016
DM = Real Scalar S
LDy SUf + hec..

Indirect detection

Coupling to ug
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DM-top quarks interactions

Arina, Backovié¢, Maltoni, Martini, Mawatari et al JHEP 2016

LHC constraints on top-philic dark matter -
3 . e Simplified DM model
| - S o (assumed by LHC DM working group)

Al
Lo Lom+ gx XXY + gty

V2

Yt~ 1

y' ~0fori=mwu,d, s, cb

>
Q
S,
be
=

<0.2
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DM-top quarks interactions

Arina, Backovié¢, Maltoni, Martini, Mawatari et al JHEP 2016

LHC constraints on top-philic dark matter
3

Cosmology relic Planck, FermiLAT
indirect B

Astrophysics

L DII’eCt,

direct myx > 1 GeV LUX, CDMSLite

Detection

my > 2mx +tt

Er
Colliders ‘ my > 2mx +3, +Z, +h

my > 2my 4t

: y : my > 2my tt
Relic Density, DD bound, T’y /m, <0.2 ey
« Excluded points by titf (95% CL) ‘ my < 2myx,2my  jj, vy
«+ Excluded points by # (95% CL)

« Excluded points by ~y (95% CL)

102 10

3
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UCL
Université
catholique

DM-top quarks interactions ™

Arina, Backovi¢, Maltoni, Martini, Mawatari,Vryonidou et al JHEP 2016

LHC constraints on top-philic dark matter

mx > my

Cosmology el myx < my Planck, FermiLAT
indirect :

Astrophysics mx > my

Dlrect,
Detection

direct myx > 1 GeV LUX, CDMSLite

my > 2mx +tt

>
Q
S,
be
=

Colliders « my > 2mx +j, +Z, +h

my > 2my 4t

my > 2my tt

my < 2mx,2my  jj, vy

+« Excluded points by #
« Excluded points by v (95%
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D'Hondt, Mariotti, Mawatari et al JHEP 2016

DM and Flavour violating TOP e

Lint = g XV'XZ™" + (13 UrVutr Z™" + g2s CrYutR Z'* + h.c.).

pM

Top-Up Dy p_c;haf“‘

To

* Relic Density (thermal WIMP)
* Indirect Detection (can fit GCE)

* Direct Detection (loop suppressed)

UCL

Andrea, Fuks and Maltoni

Phys.Rev.D (2011
Y ( ) RECFA meeting 2017 - PH/TH in Belgium



D'Hondt, Mariotti, Mawatari et al JHEP 2016

DM and Flavour violating TOP

Lint = g XV*XZ™" + (13 UrVutr Z'* + g23Cryutr Z™* + h.c.).

Equivalent for Top-Up or Top-Charm DM Model

“N.  FERMI

gng /n [GeV7’]

GCE fit regiOn

Thermal Relic line

m, |GeV]
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D'Hondt, Mariotti, Mawatari et al JHEP 2016

DM and Flavour violating TOP
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LHC discriminates top-charm and top-up DM models -
lept® o ton Charge
of
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Summary: Dark Sector physics

% Dark sectors/PH: strong on Dark sectors

and as illustrated on dark matter

* definitely offers the exciting to look for DM
or its dark sector partners in complementary approach to

astro-particle & cosmo experiments.
% Offer occasions for transversal among groups

% E.g.: new joint on such topic (ULB-VUB & PH-EXP):
FWO project submitted jointly: AM, LLH, S. Lowette
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Sample of PH-TH initiatives

% IAP meetings: Two gatherings every year
% Th seminars: every Wednesday ULB-VUB-KUL-Mons

% Cospa network - Cosmo-particle initiative (FWO& FNRS):

meetings twice per year (next meeting Nov. at ULB)
% DM journal club: every week UCL-VUB-ULB
% Solvay conference/workshops, shared PhD...

% Applications to new fundings: e.g. recent EOS projects
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Conclusions

% Exciting moment for High Energy Physics, can

be around the corner in collider or DM experiments

* and complementarity of TH and PH research

activities in Belgium

Y Our research needs fund from national and

international agencies

% New scheme (e.g. EOS) elemental to strengthen

research activities in HEP

% Important to boost between TH/PH/EXP in HEP
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Thanks for the attention!
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