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Some Models: Motivation & Description

After the Higgs discovery my = 125.09 GeV/, there are still
unanswered questions: EW scale origin, Dark Matter, Neutrino mass,
Strong CP problem, Dark energy, Baryogenesis, Inflation .. etc.

Neutrino oscillation data & Dark Matter and other problems must be
explained Beyond SM: larger gauge symmetry (LR, SU(5), SO(10)
..etc), adding new fields to SM .. etc.

Here, we propose some models:

KNT and KNT-like models (based on PRD67(2003)085002): SM +
S$~(1,1,2) + T ~(1,2n+1,0) + 3 E; ~(1,2n+ 1,0) with the
global symmetry Z: {E;, T} —~{—E;,—T} forn=0,1,2. For n =13
the global symmetry 75 is accidental.

Dark Radiative Inverse Seesaw: SM + N; + Ng + x (DM).

Scotogenic model with Majorana DM: SM + inert doublet + 3 ;.
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Some Models: Motivation & Description

KNT & KNT-like models: (with Nasri, McDonald ..)

For n = 0:

Lo {fapll CimalgS™ + giaNi T lor + Smy, NEN; + h.c} — V, (1)
Forn=1,2,3:

_ _ 1
LD {faﬁLgL55+ 4+ giaEiTlor + H.C} — §EiCMUEj -V, (2)

The scalar potential contains the terms

AS e
V(H,$,T)> (S )2 Tap Teqe™e?® + h.c., (3)
n myms % M2 M2 /’/ \\\\
(Mu)uﬁ - (2(41_;;3)\5 My for fdd&,/&j,‘ x F (VZT I\/ﬁ) ) ;s‘//T// \r ‘S
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Some Models: Motivation & Description

Dark Radiative Inverse Seesaw: (with Nasri & Boucenna)

—L D yVZI:I Nr + MWLNR + yNSYNL —+ %XT C_IX + h.c.,
Here, the model is assigned with a global Z, that is softly broken to Z>,

V =2 H'H + Ay (HTH)? + p25*S + %(52 +h.c.) + 25(5*S)? + ApusHTHS*S.

(H)

I — — —x

- — —x
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This leads to the 4 matrix given in the basis (v, Ng, Ni, x€) as
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Some Models: Motivation & Description

Schotogenic Model with Majorana DM: (with Nasri & Jeuid)
Here the SM is extended by an inert scalar doublet ® and three singlet
Majorana fermions N; ~ (1,1,0), i = 1,2, 3.

- 1 -
L D h,-jL,-e¢NJ-+§/\//,-/\/,.CN,-+h.C_,

(h) (h)

. ]
H“‘A”/"’ """"" “ HO. A©
v, ' L]
;‘7\“"[‘

2 2 2 2

(My)as = Z hakhgk My Mo Moo Mo Mo
viap — 2 2 2 2 2 2 21

p 167 myo — Mg Mg my— M M
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Neutrino Mass versus Experimental Constraints

The estimated elements of the neutrino mass matrix in each model should
be matched by

(M)ap = [U - diag(m1, ma, m3) - UT] 4,

where U is the Pontecorvo-Maki-Nakawaga-Sakata (PMNS) mixing matrix.
However, we have so many constraints to confront such as:

LFV processes £, — {3 + 7 with branching ratio (KNT)

B(¢ /¢ ~ av? |fa7fjﬁ‘2 6(2n+1 F M2 M2
( a 7 tp +7) = 3ga7 X M2 =+ ’Z g,aglﬂ 2( / )‘ .

For the Scotogenic model: f =0 and n=0.
Neutrino-less double-beta decay searches imply (M,)ee < 0.35 eV.

The Higgs decay h — 7y due to new charged scalar in the KNT and
Scotogeneic, and the Higgs invisible decay in DRIS model.
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In the KNT and Scotogenic models, the DM here in the lightest
neutral member of the fermionic multiplets Ny (or Ef for n=1,2,3).
While in DRIS, it is x.

There are many annihilation channels such as: E{)E{) — Lol and
EPEY — WW for n=1.3.

The annihilation cross section for EQEY — Lol is given by
Mpw (ME+ Mpy) 5
48r (M2 + M2, "

~ * |2
OEOE) 0,05 Vr = Z 810815l
aMB

and )
TS

_ 2
OO0 wwlr = M2 (a+ buyp),
DM

with (a,b) = (0,0), (3%, 35), (3. 32) , (14, 253) for n=0,1,2,3,
respectively.
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EW Phase Transition

In the SM (KRS):

- B+L anomaly

- CKM matrix

- Strong first order Phase transition

In 1967, Sakharov criteria:
- B violation
- C CP violation
- Out-of-equilibrium
In the SM, v/ Tc > 1 implies my, less than 45 GeV!!.
Knowing that v/ T. ~ 1/, the quartic coupling can be relaxed to
smaller value due to extra radiative contributions to the Higgs mass

3m? 3 p2 + Lo
A= h_ _= ol logtl 2717
=— 5 nia;log > ,
v 327= m
i=all h
Then large masses of the scalar multiplet members p? + Sa;v? can

put A to smaller values, which makes the EWPT strongly first order.
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Numerical Results

1000

100

250

2.7
2.6 -
25 -
24 -

/T,

1.9
1.8

e,
. ]
i

e,

95 100 105

110 115 120 125 130 135 140 145
T, (GeV)

1.8
ATLAS+CMS combined ——
1.7 ATLAS —— 1
. cMS
= o 1
_:’.‘ 15 | ]
s 14t i
(]
& 13 -
RER 1
< 11
—~
s ]
09 1
09 092 094 096 098 1 102 1.04
[(h->yZ2)TM(h->y2)
‘ ‘ ‘ 191697l *
102 1926920/  + 7
. 193693l
10
10°
10" F L !
10»2 L
100 | -
10'4 L 4
10'5 L L L L
10° 107 107 102 107 10°
prrfe1|
10 / 24

Radiative Neutrino Masses Models ..

Amine Ahriche (U. Jijel

, Algeria)



Numerical Results
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Numerical Results
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Numerical Results

Scotogenic
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Collider Signatures

KNT: ete™ — e"u™ + Epjss

Here, there two sources of missing energy: E,,.s = N; Ny
and E,,ss = v where the SM final state e"u™ + v.i,
gets modified.

Using LanHEP /CalcHEP and after defining the cuts we
get

Ecm (GeV) L (fbfl) P(e’, e*) Ng Nex Ns
250 250 0,0 16480 | 16851 | 371
—0.8,403 | 38498 | 39775 | 1277
350 350 0,0 20609 | 21055 | 446
—0.8,+03 | 47740 | 48990 | 1250
500 500 0,0 28280 | 28815 | 535
—0.8,+03 | 65500 | 67250 | 1750
1000 1000 0,0 19.217 | 469.76 | 450.54

Amine Ahriche (U. Jijel, Algeria) Radiative Neutrino Masses Models .. 14 / 24



Collider Signatures
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Collider Signatures

Our signal consists of requiring di-leptons plus missing
energy which it is defined as

pp — /O:—Llﬁi + Eniss (4)
where /Oéilﬁi ={ete ,utu e put}
The SM background is defined as
pp— WIW™ = [ vaus (5)
pp — ZZ(vZ) — I3 [svavs (6)
set a Benchmark parameter which satisfies LFV

constraints.
fo = —(4.97 +i1.91) x 1072, f., = 0.106 + i0.0859
fir = —(3.04 +i4.72) x 107°,  Ms = 914.2GeV

uT
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Collider Signatures

In order to optimize the signal significance, the event selection is
performed in two steps:
The pre-selection : we use an accurate cut on M1, (M7, > My/)
The final selection : deduce kinematic cuts

‘ Process ‘ cuts@8 TeV ‘ cuts@14 TeV ‘
et 4 En 80 < pS <250 80 < pt <270 pS > 180 P > 170
T —156 < me- <299 —1.92< 17, <3 | L1<n, <289 1.2<n,s <3.02
et +E. 25 < ph < 120 30 < p§ <80
miss —2.09 < < 2.89 —2.8 < - < 2.95
_ 30 < p- < 155 25 < p& <40
+ . T T
HoT o Emiss 238 < <21 013 < n.- <3
Vs =8 TeV Ns=14TeVv
100 U Emes 100 ST+ B
T W+ Ep

Significance
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o
J
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+
m
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Collider Signatures

e In order to estimate the signal, the significance is given as (should be
larger than 50)

N
S:ﬁ NEX:NM—NB:LX(UM—UB) (7)
S o [2Re (MLMM,,O,,_SM> + [ Mon—sml’] o« \fapf6p|2 (8)
Process | oFX () [ 0P (fb) [ Sioo | [ Process [ oBX () [ 0P () | So0 |

e pt + Emiss | 1.253 | 0459 | 7.093 | [ e puT + Emiss | 13.03 | 11.98 | 1.301
e"et + Emiss | 4445 | 38.65 | 8.699 || e et + Emss | 6274 | 59.72 | 1.7051
T 4 Emiss | 65.27 | 56.86 | 10.409 | | uput 4 Emiss | 81.691 | 77.49 | 2.0786
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At the LHC, there is an interesting possibility to produce a singly charged scalar at the
parton level process,accompanied by the irreducible SM background processes

(a)

Signal Vs SM Background

@ We have 9 contributions to this trilepton signal, three of them are background free

@ CalcHEP is used to generate both the SM background events as well the events
from processes due to the FLV interactions for /s = 8, and 14 TeV.

@ The excess of events looked for after the selection cut is
New = Lint (0ar — o), Therefore the signal significance is given by

= Nez — Nezx

\V/Nez+Np vV N
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The CMS collaboration presented a model-independent search for anomalous
production of events with at least three isolated charged leptons using their data with
Lins = 19.5 fo—1 at /s = 8 TeV.

Ws=8TeV Vs=14TeV
3
pp>e'w'e +Eps. ¢ 16 pp>e''e +Emes  *
- PP > & W' +E g 14 PP > W W HEmes -
12 * :
9 3
3 8 .
§ 2 § 10 :
= £ 8 x . =~
5 15 S ; T 4
7] 7] Ao V‘wm r i w*'»:&
4 Tl »v? M,¢ EEAAT.
1 it S
2 e ® + e
05 ob———r ~
0 500 1000 1500 2000 ] 500 1000 1500 2000
mg (GeV) mg (GeV)

= Any significant deviation from SM expectations at 8 TeV .
= Two benchmark points selected from the allowed parameter space of the model

Point mS(GeV) fe# fer f;u'
B: 4778 -(9.863 1 i8.774) x 10- 2 (6.354 112.162) x 102 (0.78 £ 71.375) X 102
B> 74285 (5646 F i549.32) x 10-° _ (2.265 1 i1.237) x 10T (041 — i3.58) x 102
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@ Due to the difficulty in identifying the tau lepton at the LHC, only the final state
leptons ¢ = e, u, is considered here, with ;.- can be ve, ,,0r U

efpfe+ Er@8TeV [ efufe + £y @14TeV ][ [efufu+ £r@8TeV [ efpufu+ Er @ 14TeV
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Process Benchmark Nog.3 S20.3 Nspo S300
p,p— etute + FBr B 70.42 | 3.651 || 1689.6 | 17.363
Bs 69.69 | 3.618 1470 15.289
p,p—etutu +Er B, 71.21 | 3.831 2066.7 | 19.210
B 70.44 | 3.793 1974.9 | 18.983

Feynman diagrams that mediate the processes pp — ¢t¢t¢— + B can be
classified as SM and non-SM diagrams with amplitudes ms,; and M.

[New = Npyr — N  [2 Re (M;MMS) + |[Mg|2], where [Mg| <.

The significance is directly proportional to | fa, fs,|?-

Vs=8TeV

pp > €' u W +E,
pbos eehul 4 Enss ——

Significance
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Collider Signatures

DIRS: is still dark at collider ...

at colliders.

we do not expect too intersting signature

Scotogenic: we have interesting signatures such as (in progress):

Process Decay mode signature
ppeTe — HEHT = WEHYJAY & q1goNive, HF — WTHOJAY = q3qaNaive 4jets+ E1
HE = WEHOJA® — t£uyNyvg, HF — WFHO/AY =5 q3gaNs i 10 +2jets + E7
H* — WHHO/A® — (vgNywg, HF — WTHO/AY — (55 Ny 20+
HE = WEHOJA® — tEueNive, HF — 65 Ny +Er

HE = WEHO/AY = qugoNyvy, HT — (TN

10+ 2 jets + E7

pp,ete” — HEHOJAD

HE = WEHYJAY = q1goNavg, HO — Ny

10+2jets+ Et

HE — WEHOJA® — (FviNyve, HO — Nyvg +Er
pp,ete — HOH® HY = Ny Er + ISR (mono-jet, mono-v)
ete™ — NiNpy stable final state Fr+7
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Conclusion

These models

explain small neutrino mass and mixing.
provide a Majorana DM candidate at different mass ranges.

are not in conflict with different experiemental constraints such as
LFV.

could lead to a strong first order phase transition.

provide intersting signatures at both leptonic and hadronic colliders.

Thank you for your
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