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An ongoing very exciting match ... 

 Models    vs.   Flavour data 
(Theory)        (Experiments) 
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Many great players (topics) ... 

Neutrino 
Physics GUTs 

Dark Matter, 
Leptogenesis 

Inflation 
Flavour model 

building 
Colliders, 

TeV physics 

Flavour 
Phenomenology 

... 
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Aim of the “FLASY Championship” 

→ Towards a more fundamental theory  
(& symmetries) beyond the SM 
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Many interesting talks 

Many Thanks  
to all speakers! 

Neutrino Physics 
Rodejohann, No, Hartnell, Weber, Lindner, 
Tanimoto, Merle, Emanuel-Costa, Ludl, 
Fujimoto, Rojas, Moumni    

Colliders, TeV physics 
Schmidt, Deppisch, Redi, Romao 

Flavour Phenomenology 
Voena, Khalil, Crivellin, Yamaguchi, Ziegler, 
Rohrwild, Vincente Montesinos, Martin 
Camalich, Hiller, Fleischer, Spradlin, Kubo, 
Schacht, Lenz, Zwicky, van Dyk, 
Czerwinski, Paradisi, Brod, Stamou, 
Yamamoto    

Models of Flavour 
Feruglio, Nardi, Ko, Mondragon, 
Ivanov, Serodio, Solaguren-Beascoa, 
Neder, Bonilla, Trautner, de Medeiros 
Varzielas, Holthausen, Ding, Luhn, 
Malinsky 

GUTs 
Shafi, Spinrath, Maurer, Gonzales-
Cannales, Muramatsu 

Dark Matter, Leptogenesis, 
Inflation 
Morisi, Monroe, Aoki, Watanabe, Peinado, 
Haba, Schumacher, Takahashi, Sil 

My appologies that I will only be able to discuss a 
selection of aspects ... 



Present status: Fermion masses 
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Mu 

Me 

Md 

mν 

mu ≈ 0.0013 GeV ± 30%  
mc ≈ 0.63 GeV ± 3%  

mt  ≈ 172.2 GeV ± 1%  
md ≈ 0.0026 GeV ± 10%  

ms ≈ 0.054 GeV ± 5%  
mb  ≈ 2.86 GeV ± 1% 

me ≈ 0.000485 GeV 
mµ ≈ 0.103 GeV 
mτ  ≈ 1.75 GeV 

|m3
2  - m1

2| ≈ 2.4 · 10-3 eV2 

m2
2  - m1

2 ≈ 7.5 · 10-5 eV2  
all three mi below ~ 0.5 eV 

→ hierarchical masses 
(even more hierarchical than 
Md, Me) 

→ hierarchical masses 

→ hierarchical masses → tiny masses, scheme unknown 

Up-type quarks Down-type quarks 

Charged leptons Neutrinos 

from NuFIT Collaboration: 

Running masses at µ = MZ 
 (from arXiv:1306.6879) 



Mixing parameters 

Conventional (PDG) parameterization for the mixing matrices UCKM and UPMNS: 
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“Dirac“ CP phase δ 

U =




1 0 0
0 c23 s23

0 −s23 c23








c13 0 s13e−iδ

0 1 0
−s13eiδ 0 c13








c12 s12 0
−s12 c12 0

0 0 1





mixing angle θ13 
mixing angle θ23 mixing angle θ12 

· PMaj 

(if Majorana 
masses) 



Present status: Mixing parameters 
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UCKM = Uu✝ Ud 

UPMNS = Ue✝ Uν 

UPMNS: 

θ12
PMNS ≈ 33.5° ± 0.8° 
θ23

PMNS ≈ 42° ± 1° 
            or 49° ± 2°  
θ13

PMNS ≈ 8.5° ± 0.2° 

δPMNS = ‘unknown’ 
            but first hints 
(φ1,2

Maj = unknown) 

UCKM: 

θ12
CKM ≡ θC ≈ 13.0° 
θ23

CKM ≈ 2.4° 
θ13

CKM ≈ 0.2° 

δCKM ≈ 69° ± 3°  

→ two large mixings 
→ θ13

PMNS = O(θC) 
→ unknown phases 

→ very small 2-3 and  
    1-3 mixings 
→ only not-so-small mixing is 
the Cabibbo angle θC 
→ “large” CP phase δCKM 

Mu 

Me 

Md 

mν 

Up-type quarks Down-type quarks 

Charged leptons Neutrinos 

from UTfit Collaboration: from NuFIT Collaboration: 
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→ from talk by A. Watanabe 
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Colliders, 
TeV physics 
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→ from talk by 
 Avelino Vincente 
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But the ‘plam tree’ is of course a 
great discovery and a crucial piece 
of information! 

→ talk by J. Kubo 

→ talk by M. Lindner 
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→ from talk by M. Lindner 

Supersymmetry? 

Conformally invariant 
extension of the SM? 

... 

→ talks by Manfred Lindner and  
Jisuke Kubo 

→ assumed/discussed 
in many talks 



LHC: Higgs discovery, SUSY searches,  
flavour observables, no signals beyond SM 
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Model !, ", µe, Jets miss
TE ]-1 [fbLdt# Mass limit Reference

MSUGRA/CMSSM 0 2-6 jets Yes 20.3 )g~)=m(q~m( ATLAS-CONF-2013-047
MSUGRA/CMSSM µ1 e, 4 jets Yes 5.8 )g~)=m(q~m( ATLAS-CONF-2012-104
MSUGRA/CMSSM 0 7-10 jets Yes 20.3 )q~any m( ATLAS-CONF-2013-054

0  1$
%q&q~, q~q~ 0 2-6 jets Yes 20.3 ) = 0 GeV0   1$

%m( ATLAS-CONF-2013-047
0  1$
%qq&g~, g~g~ 0 2-6 jets Yes 20.3 ) = 0 GeV0   1$

%m( ATLAS-CONF-2013-047
)±  $

%qq&g~ (±  $
%Gluino med. µ1 e, 2-4 jets Yes 4.7 ))g~)+m(0  1$

%) = 0.5(m(±
$
%) < 200 GeV, m(0  1$

%m( 1208.4688
0  1$

%0  1$
%qqqqll(ll)&g~g~  (SS)µ2 e, 3 jets Yes 20.7 ) < 650 GeV0  1$

%m( ATLAS-CONF-2013-007
 NLSP)l

~
GMSB ( µ2 e, 2-4 jets Yes 4.7  < 15!tan 1208.4688

 NLSP)l
~

GMSB ( "1-2 0-2 jets Yes 20.7  >18!tan ATLAS-CONF-2013-026
GGM (bino NLSP) !2 0 Yes 4.8 ) > 50 GeV0  1$

%m( 1209.0753
GGM (wino NLSP) ! + µ1 e, 0 Yes 4.8 ) > 50 GeV0  1$

%m( ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) ! 1 b Yes 4.8 ) > 220 GeV0  1$

%m( 1211.1167
GGM (higgsino NLSP)  (Z)µ2 e, 0-3 jets Yes 5.8 ) > 200 GeVH

~
m( ATLAS-CONF-2012-152

Gravitino LSP 0 mono-jet Yes 10.5  eV-4) > 10G
~

m( ATLAS-CONF-2012-147

0  1$
%bb&g~ 0 3 b Yes 12.8 ) < 200 GeV0  1$

%m( ATLAS-CONF-2012-145
0  1$
%tt&g~  (SS)µ2 e, 0-3 b No 20.7 ) < 500 GeV0  1$

%m( ATLAS-CONF-2013-007
0  1$
%tt&g~ 0 7-10 jets Yes 20.3 ) <200 GeV0  1$

%m( ATLAS-CONF-2013-054
0  1$
%tt&g~ 0 3 b Yes 12.8 ) < 200 GeV0  1$

%m( ATLAS-CONF-2012-145
0  1$
%b&1b

~
, 1b

~
1b

~
0 2 b Yes 20.1 ) < 100 GeV0  1$

%m( ATLAS-CONF-2013-053
±  1$
%t&1b

~
, 1b

~
1b

~
 (SS)µ2 e, 0-3 b Yes 20.7 )0  1$

%) = 2 m(±  1$
%m( ATLAS-CONF-2013-007

±  1$
%b&1t

~
 (light), 1t

~
1t

~
µ1-2 e, 1-2 b Yes 4.7 ) = 55 GeV0  1$

%m( 1208.4305, 1209.2102
0  1$

%Wb&1t
~

 (light), 1t
~
1t

~
µ2 e, 0-2 jets Yes 20.3 )±  1$

%) << m(1t
~

) - m(W) - 50 GeV, m(1t
~

)  = m(0  1$
%m( ATLAS-CONF-2013-048

±  1$
%b&1t

~
 (medium), 1t

~
1t

~
µ2 e, 0-2 jets Yes 20.3 ) = 10 GeV±  1$

%)-m(1t
~

) = 0 GeV, m(0  1$
%m( ATLAS-CONF-2013-048

±  1$
%b&1t

~
 (medium), 1t

~
1t

~
0 2 b Yes 20.1 ) = 5 GeV±  1$

%)-m(±  1$
%) < 200 GeV, m(0  1$

%m( ATLAS-CONF-2013-053
0  1$
%t&1t

~
 (heavy), 1t

~
1t

~
µ1 e, 1 b Yes 20.7 ) = 0 GeV0  1$

%m( ATLAS-CONF-2013-037
0  1$
%t&1t

~
 (heavy), 1t

~
1t

~
0 2 b Yes 20.5 ) = 0 GeV0  1$

%m( ATLAS-CONF-2013-024
 (natural GMSB)1t

~
1t

~
 (Z)µ2 e, 1 b Yes 20.7 ) > 150 GeV0  1$

%m( ATLAS-CONF-2013-025
+Z1t

~
&2t

~
, 2t

~
2t

~
 (Z)µ3 e, 1 b Yes 20.7 ) + 180 GeV0  1$

%) = m(1t
~

m( ATLAS-CONF-2013-025

0  1$
%l&l

~
, L,Rl

~
L,Rl

~
µ2 e, 0 Yes 20.3 ) = 0 GeV0  1$

%m( ATLAS-CONF-2013-049
)'%(l'l

~
&+  1$

%, -   1$
%+  1$

%
µ2 e, 0 Yes 20.3 ))0  1$

%) + m(±  1$
%) = 0.5(m('

%,l
~

) = 0 GeV, m(0  1$
%m( ATLAS-CONF-2013-049

)'%"('"%&+  1$
%, -   1$

%+  1$
%

"2 0 Yes 20.7 ))0  1$
%) + m(±  1$

%) = 0.5(m('
%,"%) = 0 GeV, m(0  1$

%m( ATLAS-CONF-2013-028
)''%l(Ll

~
'
%), l''

%l(Ll
~
'Ll

~
 & 0  2$

%±  1$
%

µ3 e, 0 Yes 20.7 ))0  1$
%) + m(±  1$

%) = 0.5(m('
%,l

~
) = 0, m(0  1$

%), m(0   2$
%) = m(±  1$

%m( ATLAS-CONF-2013-035
0  1$
% (*)Z  0  1$

%(*) W  & 0  2$
%±  1$

%
µ3 e, 0 Yes 20.7 ) = 0, sleptons decoupled0  1$

%), m(0   2$
%) = m(±  1$

%m( ATLAS-CONF-2013-035

±  1$
% prod., long-lived ±  1$

%±  1$
%Direct 0 1 jet Yes 4.7 ) < 10 ns±  1$

%("1 < 1210.2852
, R-hadronsg~Stable µ0-2 e, 0 Yes 4.7 1211.1597

(, low "
%GMSB, stable µ2 e, 0 Yes 4.7  < 20(5 < tan 1211.1597

0  1$
%,long-lived G

~
!&0  1$

%GMSB, !2 0 Yes 4.7 ) < 2 ns0  1$
%("0.4 < 1304.6310

 (RPV)µ qq& 0  1$
%

µ1 e, 0 Yes 4.4  decoupledg~ < 1 m, "1 mm < c 1210.7451

µe+&"'
%+X, "'

%
&LFV pp µ2 e, 0 - 4.6 =0.05132)=0.10, ,

311) 1212.1272
")+µe(&"'

%+X, "'
%

&LFV pp " + µ1 e, 0 - 4.6 =0.051(2)33)=0.10, ,
311) 1212.1272

Bilinear RPV CMSSM µ1 e, 7 jets Yes 4.7  < 1 mmLSP"), cg~) = m(q~m( ATLAS-CONF-2012-140
e'µ,eµ'ee&0  1$

%, 0  1$
%W&+  1$

%, -   1$
%+  1$

%
µ4 e, 0 Yes 20.7  > 0121)) > 300 GeV, 0  1$

%m( ATLAS-CONF-2013-036
"'",ee'""&0  1$

%, 0  1$
%W&+  1$

%, -   1$
%+  1$

%
" + µ3 e, 0 Yes 20.7  > 0133)) > 80 GeV, 0  1$

%m( ATLAS-CONF-2013-036
 qqq& g~ 0 6 jets - 4.6 1210.4813

bs&1t
~

t, 1t
~

&g~  (SS)µ2 e, 0-3 b Yes 20.7 ATLAS-CONF-2013-007

Scalar gluon 0 4 jets - 4.6 incl. limit from 1110.2693 1210.4826
)$WIMP interaction (D5, Dirac 0 mono-jet Yes 10.5 ) < 80 GeV, limit of < 687 GeV for D8$m( ATLAS-CONF-2012-147
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1.8 TeVg~, q~

1.24 TeVg~, q~

1.1 TeVg~

740 GeVq~

1.3 TeVg~

900 GeVg~

1.1 TeVg~

1.24 TeVg~

1.4 TeVg~

1.07 TeVg~

619 GeVg~

900 GeVg~

690 GeVg~

645 GeV scale1/2F  

1.24 TeVg~

900 GeVg~

1.14 TeVg~

1.15 TeVg~

100-630 GeV1b
~

430 GeV1b
~

167 GeV1t
~

220 GeV1t
~

150-440 GeV1t
~

150-580 GeV1t
~

200-610 GeV1t
~

320-660 GeV1t
~

500 GeV1t
~

520 GeV2t
~

85-315 GeVl
~

125-450 GeV±  1$
%

180-330 GeV±  1$
%

600 GeV0  2$
%, ±  1$

%

315 GeV0  2$
%, ±  1$

%

220 GeV±  1$
%

985 GeVg~

300 GeV"
%

230 GeV0  1$
%

700 GeVq~

1.61 TeV"'
%

1.1 TeV"'
%

1.2 TeVg~, q~

760 GeV±  1$
%

350 GeV±  1$
%

666 GeVg~

880 GeVg~

100-287 GeVsgluon
704 GeVM* scale

Mass scale [TeV]
-110 1 = 7 TeVs

full data
 = 8 TeVs

 partial data
 = 8 TeVs

full data

ATLAS SUSY Searches* - 95% CL Lower Limits
Status: LHCP 2013

ATLAS Preliminary
-1 = (4.4 -  20.7) fbLdt#  = 7, 8 TeVs

 theoretical signal cross section uncertainty."*Only a selection of the available mass limits on new states or phenomena is shown.   All limits quoted are observed minus 1

Example 
(from Atlas) 



But there are still various SUSY scenarios  
with rather low fine-tuning ... 
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Example:  
MSSM with  
non-universal 
gaugino  
masses 
(ηi := Mi/M3): 

arXiv:1207.7236 

Blue: Fine-tuning measure less than 20  

Black dots  
and squares:  
selection of  
theory  
predictions ... 

included: 
mh ~ 125 GeV 

Tesing these scenarios will take 
some time and requires a high 
luminosity upgrade of the LHC 
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Precision flavour experiments, Flavour 
phenomenology 

But new physics could also show 
up in precision flavour physics 
experiments! 
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But also flavour experiments are  
facing a ‘tough defense’ 

No deviations of the SM observed yet! 
→ talk by P. Spradlin 
But very sensitive probes of NP 
possible → talks by R. Fleischer, 
A. Lenz, D. van Dyk, K. Yamamoto 
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→ talk by M. Camalich 

→ talk by G. Hiller 

A lot of discussion on how to interpret the  
B → K* l l ‘anomaly’? New physics? 

→ talk by R. Zwicky 

For example: 
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Asking the goal-line technology: Is it a goal (= is it 
new physics)?  

? 



21	



But not only the defense is tough ... also  
the ball is ‘difficult to play’ → theory calculations  
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It is great that helpful software tools are made 
available to the cummunity! 
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Neutrino Physics 
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Many unknowns remain …  

 What are the values of the Dirac CP phase δPMNS  

 Is the mass scheme “normal” or “inverse”, i.e., what is sgn(Δm31
2)? 

 What is the deviation of θ23
PMNS from maximal (i.e. from 45°)  

 What is the absolute neutrino mass scale? 

 Are neutrino masses of Dirac- or Majorana-type? 

 If they are Majorana-type, what are the values of the Majorana phases? 

Great also for theorists! It means it is still 
possible to make predictions! 
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mν 

MR 

ΣR 

(type I or III) 

Which mechanism? 

Is it a tree-level  
“Seesaw” mechanism? 

(A)   At high scale (~ MGUT) 
(B)   At TeV scale (→ colliders, LHC) 
(C)  At keV scale  (→ warm DM)  
(D)  At eV energies (light sterile ν’s)  

What is the origin of neutrino masses? How to extend the SM?  
... most talks were assuming:  

At which scale? 
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mν 

MR 

R 

Dirac neutrinos 

string theory 

? 

... or something  
completely different 

... or something else? 
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What is the origin and nature of the neutrino masses?  
We have to combine all sources of information ... 

Colliders 

0νββ decay, 
Tritium β  
decay, 
cosmology 

indirect tests (e.g. LFV, non-unitarity) 

Neutrino 
oscillations 

→ talk by  
J. Hartnell 

→ talk by  
A. Weber 

→ talk by  
C. Voena 
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 → from talk by Paride Paradisi 

Present and future sensitivities of  
charged LFV experiments 
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0νββ decay: Future sensitivities 

→ talk by Jeff Hartnell 
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→ talk by W. Rodejohann 
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Non-standard 
contributions 
to 0νββ decay 
possible! 

→ talks by F. Deppisch, 
W. Rodejohann  

Once we start to 
observe 0νββ decay: 
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LHC can probe non-standard  
sources of 0νββ decay! 

... and we have also seen more or less  
hidden advertising for the speakers 
favourite football team ... 

→ from talk by W. Rodejohann 
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→ talk by F. Deppisch 
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→ talk by F. Deppisch 
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What is the data on neutrino 
mixing (and CP violation) 
telling us about flavour 

symmetries?  
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→ talk by F. Feruglio 

→ talk by Alfons Weber  
    on T2K results 
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Future results will have interesting implications  

direct models:  indirect models: 

alternative simple ways to predict 
the CP phases from 
spontaneous breaking of CP  

more on CP & flavour 
later  
in the talk ... 

→ talk by F. Feruglio 

If δPMNS ≈ - 90° should get confirmed, 
how can we understand its origin? 
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Remark: We are having such a situation already  
in the quark sector! 

 ... can be explained by spontaneous CP breaking: arXiv:1103.5930 
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GUTs 
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Very predictive framework: (SUSY) 
Flavour GUTs 

→ from talk by Thomas Neder 
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→ from talk by Y. Muramatsu 
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From unification of particles: Predictions for GUT 
scale Yukawa coupling ratios 

Conventional: 3rd family Yukawa unification, GJ factor of 3 

Alternative ratios:  
from effective operators 

→ talk by Q. Shafi 

→ talk by M. Spinrath 
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→ ratios imply testable constraints on the SUSY spectrum 

→ talk by M. Spinrath 
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Challenge for GUTs: Doublet-Triplet 
splitting (& proton decay) 

→ talk by Vinzenz Maurer 

Solution possible and can be 
combined with predictive GUT 
flavour models 
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Explain flavour structure in the SM, e.g.: 

Generate flavour stucture of the SUSY particles:  

Family  
symmetry! 

SUSY flavour  
structure related to the 
one of the SM 

Family symmetries: Can solve SUSY flavour problem! 
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→ talk by Q. Shafi 

→ talk by R. Ziegler 

Flavoured gauge 
mediation: 

(with gravity mediation) 
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Alternative to GUTs: Multi Higgs  
Flavour Models ... at TeV energies 

→ talks by M. Mondragon, I. Ivanov, H. Serodio  

Systematic treatment 
of all possibilities 

→ talk by I. Ivanov 
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Models of 
Flavour 

Models of Flavour 



49	


→ from talk by Eduardo Peinado 
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→ talk by Thomas Neder 

Most models follow one of the two approaches to 
flavour model building ... 

After θ13
PMNS discovery:  

Consider larger groups (e.g. Δ(6n2)) 

After θ13
PMNS discovery: 

(i) alternative flavon vev directions 
(ii) charged lepton corrections 

→ talk by Alma Rojas 
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Testing classes of lepton  
flavour models: sumrules! 

1) mixing sum rules 2) mass sum rules 
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Examples for mixing sum rules: Tri-maximal mixing 2 

→ talks by M. Tanimoto 
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Examples for mixing sum rules: Tri-maximal mixing 1 

→ talks by M. Tanimoto 
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Example: Mixing sum rule if θ13
PMNS generated by  

charged lepton correction θ12
e 

Me mν 

Leading order mixing 
pattern from mν, e.g.: 
Uν = UTB 

1) Prediction for θ13
PMNS 

(for                       ) θPMNS
13 =

θe12√
2
=

θC√
2

c12
c22

Charged lepton mixing 
contribution dominated  
by 1-2 mixing θ12

e 
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Example: Mixing sum rule if θ13
PMNS generated by  

charged lepton correction θ12
e 

Mu 

Me 

Md 

mν 

GUT  
relation e.g.: Uν = UTB 

1) Prediction for θ13
PMNS 

(for                       ) θPMNS
13 =

θe12√
2
=

θC√
2

c12
c22

cij: Clebsch 
Gordan 
coefficients 

See e.g.: arXiv:1107.3728, 1108.0614 
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Interesting possibility: 

Is θ13
PMNS ≈ θC/√2 

the footprint of a GUT? 

θ 1
3P

M
N

S
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Example: Mixing sum rule if θ13
PMNS generated by  

charged lepton correction θ12
e 

Mu 

Me 

Md 

mν 

GUT  
relation e.g.: Uν = UTB 

2) Lepton mixing sum rule 
(for                       ) θPMNS

12 = θν12 + θPMNS
13 cos(δPMNS)

          hep-ph/0508044, hep-ph/0506297, hep-ph/0508031 



Reconstructing θ12
ν using the  

lepton mixing sum rule 
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figure from arXiv:1205.1051 

using data from 2012: 
θ13

PMNS = 8.8° ± 1.0° 

θP
M

N
S

1
2

=
θν 1

2
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1
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M
N
S
)

Bimaximal ν-Mixing 

Tri-Bimaximal ν-Mixing 

⇒ δPMNS = 180° 

⇒ δPMNS = ± 90° 

The present slight hint for 
δPMNS ≈ - 90° would fit very 
well with an underlying TB 
mixing in the neutrino sector! 
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Example: mass sum rules 

→ talks by A. Merle, W. Rodejohann 

... different flavour groups in direct models can generate a large 
number of different sum rules, e.g.: 



60	



Example: mass sum rules 

→ talks by A. Merle, W. Rodejohann 
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Combining flavour symmetry 
and CP symmetry: 

Predicting δPMNS from 
spontaneous CP breaking 

→ talks by M. Holthausen, I. de Medeiros 
Varzielas, G.-J. Ding, A. Trautner, T. Neder 
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Spontaneous CP violation & flavour models 

M. Holthausen, M. Lindner M. A. JHEP 1304 (2013) 122 [arXiv:1211.6953]  

Generalized CP: Outer automorphisms of GF   

→ talk by Martin Holthausen 
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Spontaneous CP violation & flavour models 

→ talk by Andreas Trautner 

→ talk by Ivo de Medeiros 
Varzielas 
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Cosmology: 
Dark Matter, 
Leptogenesis, 
Inflation 
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→ from talk  
by S. Morisi 

→ talk by A. Sil 
→ talks by  
S. Morisi, 
M. Aoki,  
A. Watanabe,  
E. Peinado,  
N. Haba    

→ talks by R. Takahashi, S. Morisi 
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→ talks on flavour - DM connection by S. Morisi, M. Aoki, 
A. Watanabe, E. Peinado, N. Haba    

→ talks on DM experiments by J. Monroe 
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→ from talk by S. Morisi 
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We also discussed a lot about the possible implications  
of the BICEP2 result ... 

→from talk by R. Takahashi 



If confirmed … 
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Important implications  
(if ‘large’ r gets confirmed): 

•  Confirmation of “smoking gun of 
inflation” 

•  V0 ~ MGUT = 2 x 1016 GeV 
(looks like pointing at possible 
connection to particle physics 
phase transition around MGUT) 

•  Slow-roll inflation: Large r implies 
large ΔΦ > O(mPl):  
For predictive models with so large 
ΔΦ, need to go beyond effective 
field theory … 

BICEP2 (2014) 

Vacuum energy during inflation can 
be calculated from r: 
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Lets us all  
continue to 

join forces ... 

... to win the  
FLASY 

Chamionship! 
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Special Thanks and 
Applause to the 

Organisers! 

Looking forward  
to FLASY 2015 ! 


