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The Models: Neutrino Mass vs EXp.

The SM is very succesful, but ... v “masses, gauge unification, hierarchy
pb, BAU, DM, DE ..

Many extensions: gauge symmetry, particle content, space-time or
Introducing exotic ideas (SUSY, LH, UnParticle..)

A small v ‘masses: Seesaw mechanism ... or Radiatively ... Zee, Babu-
Zee ... etc

Our class of models is a simple (& economical) SM extension: SM +
a charged singlet scalar + a scalar N-plet + 3 generations of
fermion N-plets with a global Z, symmetry. This leads to:
neutrino mass and mixing values given by the Exp;

DM candidate: relic density & direct detection Exp;

Higgs mass at 125 GeV & possible enhancement in h-> y y;
Strong first order phase transition;

Interesting signals at the colliders.
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Lagrangian & Neutrino mass
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These estimated neutrino mass matrix elements have to be matched observed values

(My)ap = |U - d-ia.g(mL mo, mg) - UT]D{;;
sij = sin(f;;) and ¢;; = C‘UE«(Hij) 2 = (). ‘3;’U+g Bi?, 523 — () 43+83§,. q%s = () (]2"+ng§,
IAm2,| = 2.557096 1072 V2 Am2, = 7.627019 x 1075 V?

We do not know the neutrinomass hierarchy: normal or inverted? and the absolute
neutrino mass (m, ot ms) ?

Experimental constraints " ?
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Dark Matter

The observed relic density (Planck) Qparh® =0.1187 +0.0017

In our setup, the lightest _Fi] is the DM candidate, which has the self-annihilation
(T and/or W-mediated) t-chennel processes; as f{l ff . g—_g?;

FLF — W W' (n#0)
However, one to consider the co-annihilation processes (for n>0):

FYFy(FrFLT) — WIW™, Fr A (Fy AT =W

We have also direct detection constraints, where the detection cross section for
n>0 can be estimated from :

g q' q q q q q
- L -
1
r I II ‘!. v
W W - o W : W
F F' F F F F F

F!

=]

When considering LUX (together with previous constraints), this implies M,,,>> TeV
for n>0 , while My,,<225 GeV for n=0.
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- EW Phase Transition & decay channels i— vy and i— yZ
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Numerical scan:
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Collider Signatures

For the n=0 (KNT), we consider the process at the ILC:

e et = e ut + Eniss

KNT: 40 diagrams —

VelUr, VrlVe, V, V. Vs, VTI/ﬂ% RH neutrinos

they are not similar!!
SM: 18 diagrams

gw't At the ILC:

#_% o Bacl-cg.

LLIE 10 N'“}ﬁg

el NoN4
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~ In order to identify the signal, the significance s = Ns/\/Ns + Nz, should e be larger

than 5, with

After implementing the model in LanHEP/CalcHEP, we generate different distributions

J“\'TS = A'H'\'TE_'X — A'T\'Tg =L x (G’EX —CI'BG:]._

and consider the selection cuts:

Ecwm Selection cuts
250 70 < Eg <110, 70 < M, < 220, Mpmiss < 120,
0.4621 < cosf. < 0.9640, — 0.9640 < cosf, < —0.4621,

350 90 < Ey <165, 100 < M, < 280, Mmiss < 200 ,
0.4621 < cosf. < 0.9951, — 0.9866 < cosf, < 0,

500 120 < Ep <240, 300 < Me 0 <480, Mpiss < 300 ,
0.4621 < cosf. < 0.9951, —0.9951 < cosf, <0,

1000 E, <70, Mc, <140, Mmiss > 750 |

0.0997 < cosf. < 0.6640, — 0.6640 < cos®, < —0.0997.

We obtain the cross section and significance values:

Ecwm a"C o X (JHX — r:r”{"ﬂ} JoBC] Si00 | Sseo

250 [6.5919 x 1072]6.7402 x 107%| 2.2497 x 10~%  |1.8064[4.0391
350 |5.8882 x 1077[6.0158 x 1077 2.2723 x 107°  [1.6451|3.6787
500 |5.6560 x 1077]5.7630 x 1077| 1.8918 x 10~7  |1.4095|3.1517
1000 |1.9217 x 10~ [4.6976 x 10~* 23.445 6.5735]14.699
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~ In order to identify the source of missing energy source at 1 TeV, we vary the

charged scalar T* mass (the scalar that couples to F°= N,). We find

olee’->e nu"+E i.o) (pb)

Significance
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LH neutrinos, while at 1 TeV, it RH Majoarana neutrinos.

Another option to enhance the significane in leptnic colliders is using polarized

beams. The polarization is characterized by:

P (f) — (jvfn - hrff.)/(ﬁrfn + hrf!;)

At the ILC, we have:

We get the cross section and significance values:

"
Therefore, the missing energy at CM energies 250, 350 and 500 GeV is mainly

Ecm p(E_,E+] JH{'}' GJ'JJ{ (G_HJ{ _G_.F.H'J'} frJH{'}' Sio0 S=o0

250 ]-0.8, +0.3 0.15399 0.15910 3.3184 x 102 4.0512]9.0588
350 |-0.5, 40.3 0.13640 0.13997 2.6173 x 1072 3.0175]6.7474
o00 ]-0.8, +0.3 0.13100 0.13450 2.6718 x 1072 3.0179]6.7483
1000 (+0.8, -0.3(2.0708 x 10~%|7.2710 x 10~ * 350.12 &.5027]119.013
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“To summarize the results, we give the expected events numbers:

Ecum (GeV)[L (fo-Y)[P(e”,e")| N | Nex [ Ns
250 250 0.0 16480 [ 16851 | 371
—0.8, +03 38498 | 39775 | 1277
350 350 0.0 20609 [ 21055 ] 446
—0.8, 403147740 | 48990 | 1250
500 500 0.0 28280 | 28815 ] 535
—0.8, 403165500 | 67250 | 175
1000 1000 0.0 19.217|469.76 | 450.54
+0.8, —03] 2.07 |727.10|725.03
And when varying the luminosity, we get:
. o] LoV B 08:03) —— s B IA
E M=350 GeV, P-(0.8+0.3) — ECM_SEO vl i —
Ecn=250 GeV, P=(-08.403) — EM 250 eV P(00)
2 1} - 4 2 10t
s /. 5
o 7 » —
"0 100 200 300 400 500 600 700 800 900 1000 "0 100 200 300 400 500 600 700 800 %00

L(fb™")

L (o)

1000
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— pt
At the LHC, we consider the S-mediated process: PP — l, f,@ + Eriss

Far n=0-
10‘2 " ' EEM'= 14 TeV . 100000 RETS™
T 107} - =8 TeV 5 Cht-eel
CEOIIIN CM € i
PP 8 i —
n 10 LJE 10000 — B
D 10° : _—
4 -7 ,—“: - —
o 10_3 A 1000 b
c 10 2 {
o 10 o
10-1[] ] L ! L W 5 100 ) ) i " " A . . .
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Within the cut My,>M,, and Process @ 14TeV  Cuts
ps > 180 P > 170
pp — E_H'+ + Emiss pT pT
1.1 <n- <28 12 <n,+<3.02
30 < pr < 80

rp — €_€+ + Emiss

—2.8 < < 2.95

pp — H-_‘U-_'_ + Enliss

25 < ph < 40
—013 <y <3
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@ 8 TeV & L=20.3 fb!

@ 14 TeV & L=100 fb?

| Process | aFX () | ol (M) ‘ ( gBX o F ) o8 | S I
pp = e pt + Eie 13.03 11.98 00876 1.301
pp = e et + Eoies G2.74 50.72 0.0506 1.7051
pp = ppt 4 B | 81.691 T7.49 (0.0542 2.078G
1{][' [ T T T T T
r e}li —
[ E‘_E+
ot
3
=
é M0 v
c [ T
= - -
v ——
e = —_
-1 1 1 1 1 E~\|
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Process X () | e () | (a®¥ -aP )/ o | S
pp = e b+ Foiss 1.253 0.459 - 1.7 T.003
pp —+ e et + Eia 44.45 3R.65 0.150 8.699
L T A T S L 65.27 56,86 0.148 10.409
100 :g:g : T T T T T
[u®

Significance
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From 8 TeV run, one puts the lower bound Mg > 780 GeV.

1000
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Conclusion

This calss of models gives

= The neutrino mass and mixing data for normal and inverted hierarhy
without beeing in conflict with Exp. constraints such as LLFV procesess.

= Right amount of the relic density without being in conflcit with detection
experiemetns.

= The Higgs mass at 125 GeV' while a strong first order phase transition is
easily obtained.

= a possible enhancement on the Higgs decay channel A— yy while f— yZ
remains almost unchanged.

= Possibly tested signals at both the ILC & LHC.

Thank you for your attention
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