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—p Dark Matter phenomenology
— Techni-piong ag Dark Matter and di-photon candidateg
—¥ Dark Matter and di-photon phenomenology

- Conclugiong



Confinement

Kilie, Okui, Sundrum (arXiv:0906.0577)

Q= Zi(NTC,"“i) & (Nrg, ;)

charged under a new strong inferaction (fundamental of SU(Nc))

that confineg without breaking the SM

new fermiong in 4 vecforlal rep

(QQ) ~ SM singlet

let’e call it “fechni—oolor” (£ old Technicolor theorieg !!!')

EWOT : ok, flavor: ok (MFV)
LHC bounds : new particles at the Tel/ gcale
DM candidates : stable thanke to accidental symmetrieg




Confinement

Interactiong

QED EW “non-renormalizable” —

leptong

EM interactiong

« . b))
g M non-renormalizable

Interactiong

~—.fechni-color

. QM fermiong | ' techni-quarke |

QM interactiong



Confinement

| SU(Ntc) | —% Q9B of the chiral symmetry

. with Nrp techni-flavorg |

SU(NTF)L & SU(NTF)R — SU(NTF)
i Nip —1 fechni—-piong (QQ)

techni-baryone pseudo Goldetone Bosong

2
. - Mic. ~ MoArc +  Agauge
techni-color singlete made of TC gaug

: -~ 2
Ntc  techni-quarkg 1/100A%¢

, masg of techni-piong ‘,
'~ 1/10 of the masg of techni-baryong |

depend on the detailg of the models
fermion if Nrc odd, bogon if Ntceven



Accidental Symmetries

techni-baryon number :

species number :

Q — e *Q
the lightegt techni-baryon ie etable

Qi—>ei0‘iQi, ZZl,,NS
the lightest Qi Q; , @ # j

i etable, in analogy with 7+ (ud)
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Accidental Symmetries

techni-baryon number :
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Accidental Symmetries

dim-6 (or more) operatorg

specieg-number :

dim-5 operatorg

Q — e *Q
the lightegt techni-baryon ie etable

QZ.%G’L’O&@'QZ., ZZl,,NS
the lightest Qi Q; , @ # j

i etable, in analogy with 7+ (ud)



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

SU(5) | SUB). SU@2). U(l)y | name | Abs/Nyc Aby/Nyc  Aby /Nrc
1 1 1 0 N 0 0 0
5 3 1 1/3 | D 1/3 0 2/9
1 2 ~1/2 | L 0 1/3 1/3
10 3 1 —2/3 | U 1/3 0 8/9
1 1 1 E 0 0 2/3
3 2 16 | Q 2/3 1 1/9
15 3 2 1/6 | Q 2/3 1 1/9
1 3 1 T 0 4/3 2
6 1 —2/3 | S 5/3 0 8/9
24 1 3 0 1% 0 4/3 0
8 1 0 G 2 0 0
3 2 5/6 | X 2/3 1 25/9
1 1 0 N 0 0 0

techni-baryon DM candidate
(no color, no charge, no hypercharge)
no unwanted gtable particle
(Yukawa couplingg break unwanted accidental symmetrieg)



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

SUG5) | SU3). SU(2)r, U(l)y | name | Abs/Npc Aby/Nye Aby /Nrc
1 1 1 0 N 0 0
5 3 1 1/3 D 1/3 2/9
1 2 —-1/2 b 0 1/3
10 3 1 —2/3 U 1/3 8/9
1 1 SU(Ntc) techni-color ~ Yukawa  Allowed | Techni- Techni-
3 2 Techni-quarks couplings Nre pions baryons under
15 3 2 Nrp =3 8 8,6,... for Npc =3,4,...  SU(3)qp
1 3 Q=V 0 3 3 VVV =3 SU(2).
6 1 Q=N®L 1 3—14 unstable (NNre)r =1 =
94 1 3 Nrp =4 15 20,20, ... SU(4)
g | Q=VaeN 0 3 3x3 VVV,VNN=3 VVN=1 SU2).
_ Q=N&®LDE 2 3,4,5 unstable (NNre)* = 1 =
3 2 Nop =5 21 10.50 SU(5)rr
1 1 Q=VeolL 1 3 unstable VVV =3 SU(2)L
Q=NoLaL 2 3 unstable NLL=1 =
o 2 4 unstable NNLL,LLLL =1 =
Nrp =6 35 70,105 SU(6) 1
Q=V@LGN 2 3 unstable VVV,VNN =3, VVN =1 SU(2).
. Q=V&HLBFE 2 3 unstable VvV =3 =
feahm-bargon DM car Q=NOLOLOE 3 3 unstable NLL,LLE =1 =
= 3 4 unstable NNLL,LLLL,NELL =1 -
(HO OO[OF, NO oharge, r Nop =17 48 112 SU(7)rr
Q=LeOLOE®E®N 4 3 unstable LLE,LLE,LLN,EEN =1 SU(2).
NO unwanfed gfab[g pa Q=NoLoEaV 3 3  unstable VVV,VNN =3, VVN =1 =
Ntp =9 80 240 SU(9)rr
(Yukauua couplingg bre. e=Q®D 1 3 unstable QRD =1 SU(2).
Nt =12 143 572 SU(12)tr
Q=Q@aDaU 2 3 unstable QQD,DDU =1 SU(2)L




. hon relativigtic annihilation of techni-baryong to
techni-piong via techni-gtrong interactiong

o2 v ~ 100/m? e

| M ~ 100 TeV |

too high for ugual direct detection interactiong!
but fermionic DM, even it a SM singlet, can have typical interactiong with photong

]

Magnetic and Electric Uipole Moment U (par + idpys) WE

N |—



. hon relativigtic annihilation of techni-baryong to
techni-piong via techni-gtrong interactiong

o2 v ~ 100/m? -

| Mpw ~ 100 TeV |

too high for ugual direct detection interactiong!
but fermionic DM, even it a SM singlet, can have typical interactiong with photong

]




DM cross section o-gy in cm?
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Dark Matter mass in GeV

b do 622 2 92 2 ‘,
| dER ~ AnERpv2 ('UMU T dE)
compared to the usual direct
detection crogg gection

do ~_ MNJSIA2 (MN+MDM)2
dEr "~ 202 M3 M2\,

characterigtic enhancement at low Er

characterigtic v* quppression for n

teatable with eeagonal variation of v



SO(Ntc) techni-color Yukawa  Allowed | Techni- Techni-
Techni-quarks couplings Nrc pions baryons ‘ under
NTF =3 5 3, 1, ... for NTC = 3, 4, SO(3)TF
Q=V 0 3,4,..,7 unstable Vic =3,1,... SU(2).
Ntr =4 9 4,1,.. SO(4)Tr
Q=NaV 0 3.4,..,7 3 VVN=1V(VV + NN) =3, SU(2),,
VV(VV 4+ NN)=1,.. =
Ntr =5 14 5,1... SO(5)TF
Q=L&N 1 3,4,..,14 unstable LLN =1, SU(2)L
LL(LL+NN)=1,... =
Nrp=T7 27 e SO(7)rr
Q=LaV 1 4 unstable (LL+VV)? =1 SU(2).
Q=LpE®N 2 4,5 unstable (EE+LL)Y?+ NN(LL+EE)=1 =
Ntr =8 35 1 SO(8)rr
Q=G 0 4 unstable GGGG =1 SU(2)L
Q=LapNaV 2 4 unstable (LL+VV)?4+NN(LL+VV)=1 =
Nt =9 44 1 SO(9)rr
Q=LaE®V 2 4 unstable (EE+LL+VV) =1 SU(2).
Ntr =10 54 1 SO(10)rr
Q=LasEaVaeN 3 4 unstable as LG E®V + NN(LL+EE+VV)=1 SU(2),,

all the models contain a real techni-quark =~ real techni-baryon DM candidate

interesting gpin dependent crosg gection !



Thi—ios tllidr

™moTcp ~~ 1 TeV

too low for g thermal relic
mrc. < 1TeV

10er—1T+——7T "7 7 T 7T T T T
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accesgible at LHC... H
magbe a[readg Qeeh? CMS Preliminary . 26" (13 TeV)

EBEB category 43

Events / ( 20 GeV )
3
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(data-fit)/o,,,,
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SM ginglet
& scalar or pseudo-scalar
S Y
------ TQ -=- Q
g y y

1 S |,2 & 1 g
L anomalies O 1672 f 91 CBB,LWB/“/ T Q§CWWSVW5V + gchGZuGgy

cg = 2N1cTr(TsY?)  cwd® = 2NpcTr(TsTT?) cgé4B = 2NpcTr(TsTATE)

LS=VV) 2 Ky as M2
Mg V. 64r3  f2




large width hypothesig

another decay channel
maybe DM 2

I'g = Fgg < 1GeV
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Franceschini et al. (arXiv:[512.04933)



Redi, Strumia, Tesi, Vigiani (arXiv:(602.07297)

Q=MON U =(1,1)o® (L, Lo ®(3,1)-2/3

[T~ NyNy, IT*  gtable becauge of gpecie number —§» DM candidate

pseudo-gcalars with given anomaloug couplinge to SM gauge bosong, up to mixing effects

. ~UU+ NNy + NoNy, | My ~ Arc
f i~ UU —3/2(NyNy + NoNp) | My, = 4/5 Bomy, By ~ O(Arc)
772 ~ NlNl N2N2 ' m2 < mH — B() (le —+ mNQ)

N2 ~

di-photon regonance

CP decays of di-photon into DM induced

by the O1c angle of the new gtrong sector 1 — 11T .



Phenomenology

10_1 _I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I
=UdN, &N,
Nrc = 3,9Tc=;
Cnngg=(mDM/TeV)

| I N T |

|

|

Excluded by LUX

favoured by diphoton

| My, = mimand
v-backgrotireig,,
N9, 11, II* becomes 3

. / ~ . -~~~~- . .
HIFF = mome = w0 +‘” triplet of DM candidates
. . 0 100 200 300 400 500 600 700
dOmlnafeQ, relic abundaﬂce DM mass in GeV

DM DM — n1 — gg

dominateg, relic abundance
reproduced for mpw ~ 750 GeV /2

reproduced for mpy < 100 GeV

aearch for colored reconanceg !



Conclugiong

— Vectorlike Confinement ag interegting scenario for BSM phygice and DM

— Dark Matter ag a compogite techni-baryon with masg of order 100 TeV
with a peculiar phenomenology

—4 Techni-piong below the TeV ag Dark Matter and di-photon candidates

it the di-photon excess will eurvive, this would be one of the mogt simple and
predictive scenariog ! With more data in the di-photon and other channelg we
would be able to get the right model !



ans o fh attention !






goal :

find all posgible renormalizable models that contain a techni-baryon
that is a good DM candidate
and no unwanted gtable parholeg

rules :

techni-quarke from SU(5) irreducible repg
agymptotic freedom for SU(Nc)
no Landau poles for SIM couplings at low gealeg

ukaw couplingg break accidental aymmetrieg that make
unwanted parﬂoleg atable




goal :

find all posgible renormalizable models that contain a techni-baryon
that is a good DM candidate
and no unwanted gtable parholeg

da;é _
dlog @

rules :

{ brc = —5 Nrc+ SNy <0,— Npp < $Npe

techni-quarks from SU(5) irreducible ¢
agymptotic freedom for SU(Nc)
no Landau poles for SIM couplings at low gealeg

ukaw couplingg break accidental aymmetrieg that make
unwanted parﬂoleg atable




goal :

find all posgible renormalizable models that contain a techni-baryon
that is a good DM candidate
and no unwanted gtable parholeg

da;é _
dlog @

rules :

| brc = —5 Nrc+ 2Ny <0,— Npr < 5 Nrc §

techni-quarks from SU(5) irreducible ¢
agymptotic freedom for SU(Nrc) ° 7
no Landau poles for SM couplinge at low scales ——p |

Yukawa couplingg break accidental aymmetrieg that make
unwanted parﬂoleg atable




goal :

find all posgible renormalizable models that contain a techni-baryon
that is a good DM candidate
and no unwanted gtable parholeg

da;é _
dlog @

rules :

_ | brc = —2LNrc + 2Nre < 0,— Npe < LNpc
techni-quarks from SU(5) irreducible ¢
agymptotic freedom for SU(Nc) 7
no Landau poles for SM couplinge at low caleg ——p |

ukaw couplingg break accidental aymmetrieg that make
unwanted parﬂoleg atable

congtraint on techni-quarke
quantum numbers



Q =3 (Nre, i) @ 32 (Nre, C5) © (Nre, C)

fundamentalof SO(Nrc) Q98 of the chiral symmetry

(real)
¥ Nre(Nretl) _ 1 techni-pione (L)

techni-baryong .

it~ i gpecieg number gymmetry

no digtinction between techni-baryong only for complex SM repe
and anti techni-baryong

can be real gealar or majorana fermiong

no techni-baryon number,

atability from Zy = ch)((]]vvifc))




DM cross section o', in cm?

if OM i a majorana fermion 1 Z, XX, 5XVuw (tias +ideys) X F

Yukawa couplingg ~ —4p

Majorana techni—baryon DM
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Dark Matter mass in GeV

mixing between the neutral components of
stateg with Y = 0 and Y # 0 after EWSB
the lightest eigengtate ig a majorana fermion

v

axial coupling to the Z

2 22)4896’214/ ZN X/Y'uq%x

spin dependent croge gection



Di-photon excess

10er———"7——7 7"+

3.9 o (local) -
2.0 o (global) .

ATLAS:

Events / 40 GeV

—— Background-only fit

Vs =13 TeV, 3.2 b’

large width T'/M =~ 6% ) +
_ CMS _ Preliminary 26" (13 TeY)H
3.4 0 (local R | D d—:
CMS: (local) s ML :
1.6 o (global) o'f <20 3

narrow wiclth

(data-fit)/o,,,,

~not enough gignificance o far!  but if it wag true...




the background grows by 2.3 at 750 GeV

the gignal grows by 5 if produced by gg, bb, c¢, 5
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Redi, Strumia, Tesi, Vigiani (arXiv:(602.07297)

Q=N &N, &U = (1,10 (1, Do & (3 1)-s

SM singlets :
n' ~ UU + N;N; + NoNs My ~ Apg ~ TeV
m ~ UU — 3/2(N1 Ny + NaNo) m%l ~ 4/5 Bomy ~ (750 GeV )?
2 ~ N1 N1 — NoNo m;, S mig = Bo(my, +mn,)

~ 50 GeV  (depending on

DM : T~ NN, II* b |
F > 350 GeV the regime)

colored objects :

x ~UU > Tey be compatible with
$12~UN1s, ¢}, - di-jet bounds



