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v oscillations = neutrinos are massive. And masses are small.
* add just vr at the SM Lagrangian and get Dirac mass

However: - why so small?
- what about the *allowed* Majorana mass term?

e add also the Majorana mass term:

B (YVECf)NR i h.c.) + MNSNg
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SEESAW MECHANISM: NEW PHYSICS AT HIGH SCALE CAN
EXPLAIN THE SMALLNESS OF my
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°* TYPE III: fermionic triplets m, = %Yg Ms'Ys

Alternatives: radiative seesaws, higher dimensional operators,
extra dimensions, susy with R-parity violation...
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IS IT POSSIBLE TO TEST IT AT THE LHC?

st requirement: new states must Ae [ig%ct

s M ~ 200GeV = Yy 5 ~ 107°

RN M ~ p ~ 200GeV = Ya ~ 10712

y /\ y — veuy small Yukawa coup[ings

- Low scale seesaw with large Yukawas possible for small p (type II) or inverse
seesaw (both type I and III) -
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THE TYPE Ill SEESAW
L=TrZidpy] — %TT[SMZZC + MY — ¢1BV2Ys L — LV2Y5 56

Yga?}

V2Ms,

Simplified model: only I triplet = Vs, =

Abada, CB, Bonnet, Gavela, Hambye 07
Del Aguila, De Blas, Perez-Victoria 08
CB, Bonnet 11

e Bounds on mixing angles:

sl 5 5 .10 - V.V, < 1.7-1077
A 6.3 107 ° |V e Dl
AR 63 10" V.V:| < 49-10~*

Stringent bounds are not so important...
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THE TYPE Ill SEESAW AT THE LHC

I's << Ms

narrow width approx valid
__ _prod
o= ot

HEI ) Va”
0.4

Br(x? — W) =

Franceschini

— the smallness of V, affects 7z — displaced vertexes? Hambye
Strumia 08

but i1t does not drastically aftect the final cross section
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Del Aguila, Aguilar-Saavedra 08
(LHC 14TeV)

* 6 leptons

* 5 leptons

o (TyETyTyT

o (TytyT

o (TYEyToF
T e
:I:g:l:

o /(T

Only 1n type 11I; low background but low 0

Best discovery potential

} High o but high background; difhicult
* ] lepton

(eventually + jets)

Which is the situation with the LHC at 7°1eV?



THE TYPE Ill SEESAW IN FEYNRULES/MADGRAPH

CB, Bonnet 11

e We have implemented the simplified model

(only 1 triplet) in FeynRules
e [t generates the output for MadGraph (and CalcHep)
e Fivents can be generated!

http:/ /teynrules.airmp.ucl.ac.be/

— Model database — Simple extensions of the SM



B Ll —————————————

wiki: SimpleExtensions Start Page

Last mox

Simple extensions of the SM

This is a collection of models that are simple bottom-up extensions of the SM, obtained by adding a set of new particles and or interations to the Standard Model.

Avallable models

Model Short Description Contact

Higgs effective theory An adc-on for the SM implementation containing the dimension 5 gluon fusion operator. C. Duhr

4th generation model A fourth generation medel including a t' and a b' C. Duhr

Standard model + Scalars The SM, together with a set of singlet scalar particles coupling only to the SM Higgs, and alloewing it to decay invisibly into this new scalar sector. C. Duhr

Hidden Abelian Higgs Model A Z' model where the Z' interacts with the SM through mixings, leading to very small non-SM like Z' couplings. C. Duhr

Hill Mode A model with an unusual extension of the SM Higgs sector. P. de Aquino, C. Duhr

The general 2HDM The most general 2HDM, including all flavor viclation and mixing terms, C. Duhr, M, Herquet

Triplet diquarks The SM plus triplet diquark scalars. J. Alwall, C., Duhr

Sextet diquarks The SM plus sextet diguark scalars. J. Alwall, C. Duhr
The SM plus monotop effective Lagrangian. B. Fuks
The SM, including neutrino masses coming from a type III See-Saw mechanism. C. Biggio, F. Bonnet
The SM plus new spin-0, -1, and -2 bosons that contribute to Drell-Yan production of leptons at the LHC. N. Christensen 7

Download in other formats:

Plain Text PDF Artide PDF Book Printable HTML
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TypelilSeeSaw

Type lll Seesaw

Authors

e Carla Biggio
¢ Institut de Fisica d’Altes Energies (IFAE), Universitat Autocnoma de Barcelona (UAB), Spain
¢ email: biggio _at_ ifae.es

e Florian Bonnet

¢ Istituto Nazionale di Fisica Nucleare (INFN), Sezione di Padova, Italy
o email: florian.bonnet _at_ physik.uni-wuerzburg.de

Model Description

This model describes the minimal realisation of the Type III Seesaw. It is an extension of the Standard Model where a fermionic triplet is added to the matter content in order to give mass to

mechanism. The fermionic triplet is introduced under the form of 2 heavy Dirac charged lepton tr*/" and 2 heavy Majorana neutral lepton tr®. For an exhaustive description of the model, see r

References
e "mu->e gammaz and tau->| gamma decays in the fermion tnplet seesaw”, A. Abada, C. Biggio, F. Bonnet, B. Gavelz, T. Hambye, Phys. Rev. D78 (2008) 033007 ~»0803.0481
e "Implementation of the Type III Seesaw model in FeynRules/MadCraph? and prospects for discovery with early LHC data®, C. Biggio, F. Bonnet, arxiv:1107.3463

is the file containing the model

® For MadGraph/Madsvent and BRIDGE users:
than 10°)

formats.inc: this is 2 modified version of the file formats.inc, that can be useful when dealing with small mixing angles (the original file sets t

is a Mathematica notebook that loads the model and export it to the MadGraph and CalcHep format.
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l_|_l_|_l_ 4 @T l_|_l_|_l_jj —|—ET CB, Bonnet 11

* Best discovery channel:
no jets good for background rejection
* Invariant mass ot dileptons good to

distinguish from other seesaws
Del Aguila, Aguilar-Saavedra 08
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e Best channel to measure

the triplet mass
Del Aguila, Aguilar-Saavedra 08

pp — (L - 2 Z/H)(E — ¢*WTF) Z/H — jets

jets momenta — Z/H momenta
+ [/ momenta = triplet mass

s
— 100 GeV
— 140 GeV

[T
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THE ‘“GOLDEN CHANNELS” AT THE LHC7

s B CB, Bonnet 11
S N T+ Er
Process Cross Sections (fb) Final State Final State Cross Section (fb)
100 GeV | 120 GeV | 140 GeV 100 GeV | 120 GeV | 140 GeV
Final State + + —
WHu= Wty 1.2e+3 5.1e+2 2.4e+2 | ptputuTvvv 14.9 6.3 3.0
Wru=Zu* 6.7e+1 1.4e+2 8.9e+1 | pututu vhadr 5.1 10.8 6.8
uwtpt T vy 1.5 3.1 2.0
Wru~hut 9.5e—4 2.1e—3 9.7 | pTputp"vhadr —~ — 1.0
W Zv DRe2 [ 2062 | 1242 | ot oo 0.9 0.8 05
ZutZy 2.4e+1 1.1e+2 8.3+2 | uTutu~vhadr 0.6 2.7 20.1
uwt T T vy 0.2 0.8 5.8
Zuthy 4.4e—4 5.0e—2 1.9e+1 | pTutpu vhadr -~ - 0.6
W-vZu* 1.3e+2 2.5e+2 1.5e+2 | putptp~ vhadr 3.0 5.8 3.5
W-utZu* 3.3e+1 7.0e+1 4.6e+1 | ptutp"vhadr 2.5 5.4 3.5
uwtpt T vy 0.7 1.6 1.0
W-puThut 4.4e—4 1.0e—3 4.9 | ptuTu"vhadr —~ = 0.5
Total Cross Sections pu™u™u~ + jets + missing Er 11.2 24.7 36.0
Total Cross Sections putputpu~ + jets + missing Ep (only via W) 7.6 16.2 11.8
Total Cross Sections u™ ™~ + missing Er 18.2 12.6 12.3
Total Cross Sections putputp~ + missing Er (only via W) 17.1 11.0 6.0
Ve - VT — O Acceptance Cuts
7. > 20GeV . <5 | AR;; >04
V., = 0.063 ﬁT; > 10GeV T;Z]< A | ARy > 02
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S N T+ Er

Process Cross Sections (fb) Final State Final State Cross Section (fb)

100 GeV | 120 GeV | 140 GeV 100 GeV | 120 GeV | 140 GeV
Final State + + —
Wru~ Wy 1.2e+3 5.1e+2 2.4e+2 | pTpuTpT vvv 14.9 6.3 3.0
Wru=Zu* 6.7e+1 1.4e+2 8.9e+1 | pututu vhadr 5.1 10.8 6.8
uwtpt T vy 1.5 3.1 2.0
W~ hut 9.5e—4 2.1e—3 9.7 | pTpuT " vhadr — — 1.0 |
W¥vZv 93612 | 206412 | 1242 | ututu vov 0.9 0.8 05
ZutZy 2.4e+1 1.1e+2 8.3+2 | uTutu~vhadr 0.6 2.7 20.1
uwt T T vy 0.2 0.8 5.8
Zuthy 4.4e—4 5.0e—2 1.9e+1 | pTutpu vhadr -~ - 0.6
W-vZu* 1.3e+2 2.5e+2 1.5e+2 | putptp~ vhadr 3.0 5.8 3.5
W-u™Zu™ 3.3e+1 7.0e+1 4.6e+1 | u"puT p~ vhadr 2.5 5.4 BYG
uwtpt T vy 0.7 1.6 1.0
W pThut 4.4e—4 1.0e—3 4.9 | pT T vhadr = — 0.5 |

Total Cross Sections pu™u™u~ + jets + missing Er 11.2 24.7 36.0
Total Cross Sections putputpu~ + jets + missing Ep (only via W) 7.6 16.2 11.8
Total Cross Sections u™ ™~ + missing Er 18.2 12.6 12.3
Total Cross Sections putputp~ + missing Er (only via W) 17.1 11.0 6.0

Vo=V, =0
V, = 0.063
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V, = 0.063

S N T+ Er
Process Cross Sections (fb) Final State Final State Cross Section (fb)
100 GeV | 120 GeV | 140 GeV 100 GeV | 120 GeV | 140 GeV
Final State + + —

WHu= Wty 1.2e+3 5.1e+2 2.4e+2 | ptputuTvvv 14.9 6.3 3.0
Wru=Zu* 6.7e+1 1.4e+2 8.9e+1 | pututu vhadr 5.1 10.8 6.8
uwtpt T vy 1.5 3.1 2.0
Wru~hut 9.5e—4 2.1e—3 9.7 | pTputp"vhadr —~ — 1.0
W Zv DRe2 [ 2062 | 1242 | ot oo 0.9 0.8 05
ZutZy 2.4e+1 1.1e+2 8.3+2 | ututu vhadr 0.6 2.7 20.1
uwt T T vy 0.2 0.8 5.8

Zuthy 4.4e—4 5.0e—2 1.9e+1 | pTutpu vhadr -~ - 0.6
W-vZu* 1.3e+2 2.5e+2 1.5e+2 | putptp~ vhadr 3.0 5.8 3.5
W-utZu* 3.3e+1 7.0e+1 4.6e+1 | ptutp"vhadr 2.5 5.4 3.5
uwtpt T vy 0.7 1.6 1.0

W-puThut 4.4e—4 1.0e—3 4.9 | ptuTu"vhadr —~ = 0.5
Total Cross Sections pu™u™u~ + jets + missing Er 11.2 24.7 36.0
[ Total Cross Sections ppu™ ™ + jets + missing Ep (only via W) 7.6 16.2 11.8)
Total Cross Sections p™pu™ pu~ + missing 18.2 12.6 12.3
([ Total Cross Sections p "~ + missing Ep (only via W) 17.1 11.0 6.0 )
= =D

11
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tt, t — bW, b decaying leptonically
W, t — W
WWw
Wz
VA
ttZ bbZ
WWW
all 4-jets
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tt, t — bW, b decaying leptonically

aW, t — Wj

WWwW * High cross sections: O(1-10°) fb

Wz e Cuts: - jet veto

47 - ’b-taggi]r\}g ‘ e

t7 bb -|my — Mz| > 10Ge
B - flavour cuts: € 4" " no WZ
WWW i

all +jets

T'’he background should be under control...

Real analysis  — it will be provided by experimental collaborations
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