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Phenomenology of techni-pions as dark matter and digamma 
candidates 

Vectorlike Confinement                  

Conclusions



Kilic, Okui, Sundrum (arXiv:0906.0577)

DM candidates :   
stable thanks to accidental symmetries     

let’s call it “techni-color” (    old Technicolor theories !!! )6=

Q =
P

i(NTC, ri)� (N̄TC, r̄i)

new fermions in a vectorial rep of the SM charged under  
a new strong interaction that confines without breaking the SM :

hQQ̄i ⇠ SM singlet 

EWPT     
MFV          
LHC

Vectorlike Confinement



VC is like seeing QCD from the point of view of QED :

EM interactions

QED QCDEW “non-renormalizable”  
interactions

leptons quarks

SM techni-color“non-renormalizable”  
interactions

SM fermions techni-quarks
SM interactions



SU(NTC)

NTFwith techni-flavors
SSB of the chiral symmetry

SU(NTF)L ⌦ SU(NTF)R ! SU(NTF)

N2
TF � 1

pseudo Goldstone Bosons
techni-pions   (QQ̄)

techni-baryons

techni-color singlets made of 
techni-quarksNTC

fermions if         odd  
bosons if         even 

NTC

NTC

m2
TC⇡ ⇠ mQ⇤TC + �gauge| {z }

⇠1/100⇤2
TC

mass of techni-pions        
of the mass of techni-baryons⇠ 1/10



G-parity  : Q ! ei⇡T2Qc

techni-pions with even (odd) isospin are G-even (odd)

Q̄iQj , i 6= j

⇡+(ud̄)in analogy with
species number : the lightest                           is stable 

Q ! ei↵Qtechni-baryon number  :
the lightest techni-baryon is stable

Accidental Symmetries

techni-baryons as DM

techni-pions as DM

 see A. Mitridate’s talk tomorrow

Antipin, Redi, Strumia, Vigiani (arXiv:1503.08749)

Redi, Strumia, Tesi, Vigiani (arXiv:1602.07297)
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The \digamma particle
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The       particlez



from Moriond 2016 Conference

The       particlez

not enough to claim a discovery, 

 but enough to be excited!



Some properties…

Franceschini et al. (arXiv:1604.06446)

z ! �⇤�⇤ ! 4l

z ! �� ! e+e�e+e�

pp ! zjj

10�3      the rate is only           of the digamma rate

e+e�in matter, small            angle

from the di-jet angular distribution 

CP odd, CP even (or CP is violated)?

spin 0 or spin 2? different analysis by CMS and ATLAS

production mechanism

favored by the compatibility with Run-1gg, bb̄, cc̄, ss̄

the background grows by       at               , the signal by2.3 750GeV
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Simple and predictive
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Digamma candidates in VC models Redi, Strumia, Tesi, Vigiani (arXiv:1602.07297)



Digamma candidates in VC models

the digamma candidate is    ,        
expected an heavier singlet 

⌘

⇠ TeV

⌘0+ other models where the digamma candidate is                                                              
and a lighter singlet     is expected 

-  more difficult to threat
⌘

bounds on extra singlets from digamma searches
bounds on colored objects from di-jet searches  (           ). TeV



 Franceschini et al.  (arXiv:1512.04933)

another decay channel 
maybe DM ?      
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Reproducing the signal

�z ⇡ �gg < 1GeV
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Reproducing the signal
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      both     and DM are techni-pions 
       decays of digamma into DM induced 
by the         angle of the new strong sector✓TC

/CP

z



m2
⌘1

⇡ 4/5B0mU

m2
⌘2

. m2
⇧ = B0(mN1 +mN2)

m⌘0 ⇠ ⇤TC

(B0 ⇠ ⇤TC)digamma resonance

DM 

⌘1 ⇠ UŪ � 3/2(N1N̄1 +N2N̄2)

⌘2 ⇠ N1N̄1 �N2N̄2

⌘0 ⇠ UŪ +N1N̄1 +N2N̄2

pseudo-scalars with given anomalous 
couplings to SM gauge bosons, up to 
mixing effects   

Q = N1 �N2 � U = (1, 1)0 � (1, 1)0 � (3̄, 1)�2/3

�⌘1!⇧⇧⇤ ⇠ ✓2TCGeV < 45GeV

also heavier colored objects (mU > mN1, N2)

An explicit model :                                       DM from species number



LDM = C⌘⇧⇧
⌘⇧2

2 + g2
3

16⇡2C⇧⇧gg
⇧2

f2 Ga
µ⌫G

a,µ⌫

C⌘⇧⇧ ⇠ m2
⇧
f ✓TC

C⇧⇧gg ⇠ NTC
m2

⇧

⇤2
TC

⇧ g

⇧ g

⌘

Figure 2: Resonant production of a W±
R that decays into jj, WZ and Wh.

Figure 3: Global fit of run 1 and run 2 data. Left: ±1� experimental bands for the WR

Branching Ratios into jj (blue), WZ (red), Wh (yellow) as function of the coupling g̃R that
controls the predicted WR production cross section. We also show the bands obtained using
8TeV data (dashed contours with lighter colors), and the cross section at 8TeV (upper axis).
Right: global fit (green region) assuming only WR decays into jj,WZ,Wh.
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Figure 2: Resonant production of a W±
R that decays into jj, WZ and Wh.

Figure 3: Global fit of run 1 and run 2 data. Left: ±1� experimental bands for the WR

Branching Ratios into jj (blue), WZ (red), Wh (yellow) as function of the coupling g̃R that
controls the predicted WR production cross section. We also show the bands obtained using
8TeV data (dashed contours with lighter colors), and the cross section at 8TeV (upper axis).
Right: global fit (green region) assuming only WR decays into jj,WZ,Wh.
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Rayleigh interactionsresonant scattering

anomaly coefficient

if allowed, also techni-pion/techni-pion scattering can be important

DM interactions



=U N1 N2
NTC =3, TC=1

favoured by diphoton

C gg=(mDM/TeV)2

Excluded by LUX

-background

mN1=mN2
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m⇧ ⇡ 750GeV/2

⇧⇧⇤ ! ⌘1 ! gg
dominates, relic abundance 
reproduced for                 

                     and 
                    becomes a        
triplet of DM candidates
⌘2, ⇧, ⇧⇤
m⌘2 = m⇧
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m⇧ < 100GeV

m⇧ ⇡ 750GeV/2

⇧⇧⇤ ! ⌘1 ! gg
dominates, relic abundance 
reproduced for                 

                     and 
                    becomes a        
triplet of DM candidates
⌘2, ⇧, ⇧⇤
m⌘2 = m⇧

look for  

extra resonances!



If the digamma excess will survive, it would be the first BSM discovery at LHC! 

VC would be one of the simplest and most predictive scenarios, 
with more data we would be able to get the right model !

Vectorlike Confinement as interesting scenario for BSM physics  

Dark Matter can be a composite techni-baryon                

Techni-pions as Dark Matter and digamma candidates : 
both digamma signal and relic abundance are reproduced, small width 

Conclusions



If the digamma excess will survive, it would be the first BSM discovery at LHC! 

VC would be one of the simplest and most predictive scenarios, 
with more data we would be able to get the right model ! be patient!

Vectorlike Confinement as interesting scenario for BSM physics  

Dark Matter can be a composite techni-baryon                

Techni-pions as Dark Matter and digamma candidates : 
both digamma signal and relic abundance are reproduced, small width 

Conclusions





Techni-baryons as DM candidates
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Techni-baryons as DM candidates
Backup



Techni-baryons as DM candidates

MDM ⇠ 100TeV

if DM as a thermal relic

Backup



DM as a thermal relic  :  non relativistic annihilation of techni-baryons to  
techni-pions via techni-strong interactions

DM phenomenology

�ann
pp̄ v ⇠ 100/m2

p MDM ⇠ 100TeV

too high for minimal direct detection interactions!   
but fermionic DM, even if a SM singlet, can have typical interactions with photons 

Magnetic and Electric Dipole Moments 1
2  ̄�µ⌫(µM + idE�5) Fµ⌫

Backup



DM as a thermal relic  :  non relativistic annihilation of techni-baryons to  
techni-pions via techni-strong interactions

DM phenomenology

�ann
pp̄ v ⇠ 100/m2

p MDM ⇠ 100TeV

too high for minimal direct detection interactions!   
but fermionic DM, even if a SM singlet, can have typical interactions with photons 

Magnetic and Electric Dipole Moments

/CP

L = LSM� 1

4g2TC
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µTaQi

1
2  ̄�µ⌫(µM + idE�5) Fµ⌫

Backup



⇠ e
2MDM

⇠ ✓TC
e

2MDM

min[mQ]
MDM

d�
dER

⇡ e2Z2

4⇡ERv2

�
µ2
Mv2 + d2E

�
direct detection  :

LU
X
90
%
CL
SI
bo
un
d

n b
ack
gro
un
d

*techni-pion 30

g
E =
0.01

g
=
1 or g

E =
0.0003

100 101 102 103 104 105
10-47

10-46

10-45

10-44

10-43

10-42

Dark Matter mass in GeV

D
M
cr
os
ss
ec
tio
n
s
SI
in
cm

2

Dirac techni-baryon DM

1
2  ̄�µ⌫(µM + idE�5) Fµ⌫

Backup DM phenomenology



Di-photon excess

from Moriond 2016 Conference

Backup



Di-photon excess

750GeV
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Di-photon excess

from Moriond 2016 Conference
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Q = D � D̃ � L� L̃ = (3̄, 1)1/3 � (3, 1)�1/3 � (1, 2)�1/2 � (1, 2)1/2

DM from a generalized G-parity mD = mD̃ , mL = mL̃

D $ D̃ L $ L̃

Bai, Berger, Lu  (arXiv:1512.05779)

=D D
˜

L L
˜

NTC =3, TC=1

favoured by diphoton

C gg=(mDM/TeV)2

Excluded by LUX

-background
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1 dominates, relic abundance 
reproduced near the resonant 

region

1�A1
�
A ! ⌘ ! gg

narrow width, 
look for extra resonances
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