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Vectorlike Confinement

Kilie, Okui, Sundrum (arXiv:0906.0577)
Q=> .(Ntc,ri) ® (Nrc,73)

new fermiong in a vectorial rep of the SM charged under
a new gtrong interaction that confineg without breaking the SM :

(QQ) ~ SM ginglet

let’s call it “techni-color” (# old Technicolor theorieg !I!')

EWOT
MFV
LHC

DM candidates :
atable thanke to accidental symmetrieg



VC ie ke seeing QCD from the point of view of QED:

Interactiong

QED EW “non-renormalizable” ——

leptong

EM interactiong

« . )
g M non-renormalizable

Interactiong

—.techni-color

- SM fermiong |

techni-quarke |

QM interactiong



]

techni-baryons

techni-color ginglete made of
Ntc techni-quarkg

fermione if Ntc odd
hogong if Nr even

| SU(Nrc) .

- with Nrr techni-flavore |

SSB of the chiral gymmetry
SU(NTF)L %Y SU(NTF)R — SU(NTF)

N2, —1 techni-pions(QQ)
pseudo Goldetone Bosong

2
Mronr ™ mQATC + Agauge
N——

~1/100A% o

magg of techni-piong
~ 1/10 of the mags of teohni-baryons



Accidental 2ymmetries

' fechni-bargong qQ DM ;‘ Antipin, Redi, Strumia, Vigiani (arXiv:I1503.08749)

% techni-baryon number : Q — €**Q
the lighteat techni-baryon ie etable

see A. Mitridate’s talk tomorrow

' techni-piong ag DM | Redi, Strumia, Teci, Vigiani (arXiv:l602.07297)

% gpecies number : the lightest Q,Q; , @ # j is gtable

in analogy with 7+ (ud)

® Gparity : Q — ™12 Q°
techni-piong with even (odd) isogpin are G-even (odd)



The \digamma particle
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— 4
; I =) .
& [ = from Moriond 2016 Conference
x I 35 8
= I c
\X l 8
— I 3 9
: 5
. 25 %
| 3
E 2 3 . CMS Preliminary 3317 (13 TeV) +19.7 b (8 Tev)
I T R | R A . ' '-'"-L-i--,i-""‘;'---1o
= 1 10-1 E_ Wooov ) s ' . . ' P
I 05 - =.
| B [\
| 0 R .'.— ——————————— 20
00 400 600 800 1000 1200 1400 1600 ; ¥
102 :
my [GeV] s :
* Largest deviation from B-only hypothesis . - )
| - =14 x10%J=2
v my ~ 750 GeV, [, ~ 45 GeV (6% sl e R & it 3o
. . : ( o) 10° == —— Combined
v LocalZ=3.90 S .
v Global Z= 2.0 0 I 13TeV Spin-O
104 L : : '
5x10? 6x102 7x10? 8x10?

m, (GeV)

» Largest excess observed at m_= 750GeV and for narrow width.

o s

.~ Local significance: 3.4¢

.~ Taking into account mass range 500-3500GeV (and all signal hypotheses),
“global” significance becomes 1.6¢
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2 ¢pin O or gpin 27 different analysig by CMS and ATLAS

L2 production mechanigm

the background growse by 2.3 at 750 GeV, the gignal by

v Tee Tss Tgg Tuaul T qgg

Tyy

b4 5.1 4.3 2.7 25|4.7

99, bb, c€, s5 favored by the compatibility with Run-|

7 CPodd, CO even (or CP ig violated)?  Franceschiniet al. (arXiv:l604.06446)

1.9

F — "y =4l =P therateic only 1073 of the digamma rate

F =~y —ete ete” ~ inmatter, emall et e~ angle

pp— FJ) ~4  from the di-jet anqular digtribution



Simple and

predictive

pseudo-gcalar SM ginglet

\

ﬁanomalies 2 161772 ?‘ {Q%CBB/U/BW/ T g%CWWSVWa'%W + gchGZVGgV}

cg = 2N1cTr(TrY?) cwd® = 2N Tr (T TeT?) cqéP = 2Ny Te (T TATP)

L(F=Vvv) _ 2 Ky Qs M}
MF |4 6473 f2



Digamma candidates in VC modele Redi, Strumia, Tesi, Vigiani (arXiv:1602.07297)
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Digarma candidates in UC model

o || s | | wh [ o[ d [ e |00
DeL | 5 %\/g é\/g — | 18 | 47 | 240 | 96
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the digamma candidate ie 77,
expected an heavier ginglet ~ TeV

»® bounds on extra ginglete from digamma gearcheg

»  boundg on colored objecte from di-jet gearcheg (< TeV)

“+ other modele where the digamma candidate is 7"

and a lighter ginglet 77 is expected
~ more difficult to threat



another decay channel
maybe DM 2

FF ~ Fgg < 1GeV

Reproducing the signal
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another decay channel
maybe DM 2

C/P decays of digamma into DM induced

FF ~ Fgg < 1GeV

Reproducing the signal

t both £ and DM are techni-piong :

';5 by the frc angle of the new strong sector |

Ag/M
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An expllcn‘ model : DM from gpemeg number

Q N1@N2@U (1 1)0@(1 1)0@(3 1) 2/3

pseudo-gealarg with given anomalous m ~ UU — 3/2(N1N1 + NaN2)
couplings to SM gauge bosong, up to Ny ~ N1 N7 — NoNs

aleo heavier colored objecte (mu > My, N,)

mn’ ~ ATC

digamma regonance i m2 ~ 4/5 Bomy (Bo ~ A1c)

m7272 5 mH — Bo(le _|_mN2) < DM

F771—>HH* ~ H%CGGV < 45GeV



DM interactione

12
Lom = Cpmms— + 152 QCHHgg 7z Ga G*HY

resonant geattering Rayleigh inferactiong

Il
\’----
.’ 7
k I I
anomaly coeflicient m2
2 CHHgg ~ NTC AZ,

Cyprnt ~ —F 07

it allowed, also techni-pion/techni-pion geattering can be important



Q=UdN &N,
NTC =3,9TC=1

Chingg=(mpm/TeV)?

Excluded by LUX

favoured by diphoton

v—-background -

DM mass in GeV



f1lin Gev

Q=UdN &N,
Nrc =3,01¢c=1

Chingg=(mpm/TeV)?

Excluded by LUX

My =mpp

favoured by diphoton

W v-background-

My, = M1 and
N, 11, II* becomes g
triplet of DM candidates

0 100 200 300 400 500
DM mass in GeV

HIT* — 1 — gg
dominateg, relic abundance
reproduced for M ~ 750 GeV /2
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Q=UdN &N,
NTC =3,9TC=1

Cringg=(mpm/TeV)?

Excluded by LUX

f1lin Gev
2

favoured by diphoton

3, v-background-

My, = M1 and
1 1o, II, IT* becomeg 3
triplet of DM candidates

100 200 300 400 500
I — 1212 | DM mass in GeV

dominateg, relic abundance IIT* — 0y — gg

reproduced for mp < 100 GeV dominateg, relic abundance
reproduced for M ~ 750 GeV /2



10—1_|'"'I""I'"'I""I""I""I"":
Q=UeN &N, -

Nrc =3,01¢c=1
Chingg=(mpm/TeV)?

Excluded by LUX

My =mpp

f1lin Gev
o
S

favoured by diphoton

W v-background-

m772 — mH ahd
1 1o, II, IT* becomeg 3

100 200 300 400 500

[T — 1oms M o triplet of DM candidates
dominateg, relic abundance IIT* — 0y — gg
reproduced for mp < 100 GeV dominateg, relic abundance

reproduced for M ~ 750 GeV /2




Conclugiong

o Vectorlike Confinement ag interesting scenario for BSM physicg
o Dark Matter can be a composite techni-baryon

2 Techni-piong ag Dark Matter and digamma candidates :
both digamma signal and relic abundance are reproduced, small width

[t the digamma excege will eurvive, it would be the firet BSM discovery at LHC!

UC would be one of the simplest and mogt predictive scenariog,
with more data we would be able to get the right model !



Conclugiong

o Vectorlike Confinement ag interesting scenario for BSM physicg
o Dark Matter can be a composite techni-baryon

2 Techni-piong ag Dark Matter and digamma candidates :
both digamma gignal and relic abundance are reproduced, small width

It the digamma excess will survive, it would be the first BSM digcovery at LHC!

VC would be one of the simplest and mogt predictive o=~ .
with more data we would be able to get the right model, -






SU3). SU@2)r U(l)y | name | Abs/Ntc Aby/Nrc Aby/Ntc

1 1 0 N 0 0 0
3 1 13 | D 1/3 0 2/9
1 o 12| 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 V 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-baryong ag DM candidates

SU3). SU@2)r U(l)y | name | Abs/Ntc Aby/Nrc Aby/Ntc
1 1 N 0 0 0
3 1 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 E 0 0 2/3
3 SU(Nrc) techni-color  Yukawa  Allowed | Techni- Techni-
15 3 Techni-quarks couplings Nre pions baryons under
1 NTF = - 8 8, 6, ... for NTC = 3,4, e SU(3)TF
6 Q=V 0 3 3 VVV =3 SU(2).
24 1 Q=NaL 1 3—14 unstable (NNre)* =1 =
3 Nyp =4 15 20,20/, ... SU(4) g
> Q=VaeN 0 3 3x3 VVV,VNN=3 VVN=1 SU2).
Q=N&L®bE 2 3,4,5 unstable (NNre)* =1 =
1 Nop =5 21 10.50 SUG)r
O=ValL 1 3 unstable VVV =3 SU(2)L
Q=NoLaL 2 3 unstable NLL =1 -
- 2 4 unstable NNLL,LLLL =1 -
Nqp = 6 35 70,105 SU(6) g
Q=V&aLON 2 3 unstable VVV,VNN =3, VVN =1 SU(2).
Q=VaLGE 2 3 unstable VVV =3 -
O=N@OLGLDE 3 3 unstable NLL,LLE =1 -
- 3 4 unstable NNLL,LLLL,NELL =1 -
Nop =17 48 112 SU(7)
Q=LeOLOE®E®N 4 3 unstable LLE,LLE,LLN,EEN =1 SU(2).
O=N@LGE®V 3 3 unstable VVV,VNN =3, VVN =1 =
Nrrp =9 80 240 SU(9)rr
9=Q®D 1 3 unstable QQD =1 SU(2)L
Nt =12 143 572 SU(12)tr
Q=Q@aDaU 2 3 unstable QQD,DDU =1 SU(2)L




Techni-baryong ag DM candidates

SU3). SU@2)r U(l)y | name | Abs/Ntc Aby/Nrc Aby/Ntc
1 1 0 N 0 0 0
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 SU(Nrc) techni-color  Yukawa  Allowed | Techni- Techni-
15 3 Techni-quarks couplings Nre pions baryons under
1 NTF = - 8 8, 6,.. . for NTC = 3, 4, SU(3)TF
6 Q=V 0 3 3 VVV =3 SU(2)L
24 1 Q=No&L 1 3—14 unstable (NNre)* =1 =
3 Nyp =4 15 20,20/, ... SU(4) g
= Q=VeN 0 3 3x3 VVV,VNN=3, VVN= SU(2).
Q=N&GLDE 2 3,4,5 unstable (NNre)* =1 =
1 Nop =5 21 10.50 SU(S)rr
O=ValL 1 3 unstable VVV =3 SU(2)L
Q=NoLaL 2 3 unstable NLL =1 =
- 2 4 unstable NNLL,LLLL =1 -
Nqp = 6 35 70,105 SU(6) g
OQ=V@eLaN 2 3 unstable VVV,VNN =3 VVN=1 SU(2).
Mpn ~ 100 TeV Q=VaL®E 2 3  unstable VVV =3 i)
O=N@OLGLDE 3 3 unstable NLL,LLE =1 -
: : - 3 4 unstable NNLL,LLLL,NELL =1 -
it DM ag a mal ehc — e = gy
A Q=LeOLOE®E®N 4 3 unstable LLE,LLE,LLN,EEN = SU(2)L
O=N@LGE®V 3 3 unstable VVV,VNN =3, VVN =1 =
Nt =9 80 240 SU(9)tr
9=Q®D 1 3 unstable QQD =1 SU(2)L
Nt =12 143 572 SU(12)tr
Q=Q@aDaU 2 3 unstable QQD,DDU =1 SU(2)L




DM phenomenology

techni-piong via techni-gtrong interactiong

o2 v ~ 100/m? -

| Mpw ~ 100 TeV |

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

]

Magnetic and Electric Dipole Morents 5%y (seas + idips) W E™



DM phenomenology

4 DM a¢ a thermal relic : non relativigtic annihilation of techni-baryong to

techni-piong via techni-gtrong interactiong

ann

opp v~ 100/m} — | Mpn ~ 100 TeV |

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

]

L= Lsu—; %C G, G4+ 3; 02 Gray G4 +Qi(i—mi) Qi+ [H Qi(yf; P + yfi Pr)Q; + h.c.]



DM phenomenology

\Ijﬁ)/,uv(,uM + ZdE/75)\IjF'LW
\ direct detection :

do e’ 77 2 92 2
7 v° +d
e ~ 0 e min[mg] 15y ~ Trbge? (M )
2]\4DM TC QMDM MDM

Dirac techni—baryon DM
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Di-photon excess

SPIN-0 ANALYSIS
background-only fit

> 10— ————————— ATLAS Preliminary fs=13TeV,32f" Spin-0 Selection
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Events / 20 GeV

Data - fitted background
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Di-photon excess

SPIN-0 ANALYSIS

background-only fit
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Events / 20 GeV

Data - fitted background
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Di-photon excesg

SPIN-0 ANALYSIS
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Di-photon excegg

CMS Preliminary 2.7 fo"' (13 TeV, 3.8T)

% EBEB ¢ Data . CMS Preliminary 337 (13 TeV) + 19.7 b (8 TeV)
S I tio SN U T S AL S S
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» Largest excess observed at m, = 750GeV and for narrow width.

~ Local significance: 3.4¢

~ Taking into account mass range 500-3500GeV (and all signal hypotheses),
“global” significance becomes 1.6c
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Di-photon excesg

CMS Preliminary 2.7 fo"' (13 TeV, 3.8T)

% EBEB ¢ Data . CMS Preliminary 33" (13TeV) + 19.7 fb" (8 TeV)
cg 02l —— Fit model o RN G SV \ A
Sh: - SRV Y SN F L A U £ ¥ BN PP
T F t20 107 7 R ' N
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g 10 - D [
g R T SRR, 2o
i 10'25—
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» Largest excess observed at m_ = 750GeV and for narrow width.

e: 3.40

~ Taking into actount mass range 500-3500&eV (and all signal hypotheses),
“global” significance becomes 1.6c

~ Local significa
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Bai, Berger, Lu (arXiv:(512.05779)

Q=DeDoLel=(, 1>1/3@<3 1) 13 ¢ (1 2) 12 ¢ (1 2)1/2

mp =mp, mr=mg  ~§ DM from a generalized G-parity
DD L« L

10—1 UV L L :'
- Q=DeDOLOL -
. Nrc=3,61c=1 ]
: Cl'll'lgg=(mDM/Te\/)2 :
: : 1,1, > n—
Excluded by LUX ATA 77 99
I 1 dominateg, relic abundance
% ,
S 102} ” reproduced near the resonant
“ region
- v=background favoured by diphoton- .
=~ narrow width,
10_3 0o e b e e b Ly n
0 100 200 300 400 500 600 700 lOOk {Or eXﬂ'a resonanceg

DM mass in GeV




