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7.

Quasi-Dirac neutrinos at the LHC

Anamiati, Hirsch & Nardi
JHEP1610 (2016) 010
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LNV @ LHC

pp — [T 477 pp — 717 + 55

Majorana neutrino Dirac neutrino
R” =1 Rll =0
where:
R #TIYGG) + #0171 55)
1=

#(UT1~59)
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LNV @ LHC

pp — [T 477 pp — 717 + 55

Majorana neutrino Dirac neutrino

RllEl RUEO

Canone have R; =1/2,1/4... 1/137
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Inverse seesaw

Inverse seesaw, basis (vr,, Ng, Sg):

0 T 0 Mohapatra &
"D Valle, 1986
My, = mp 0 MR
0 M;:g 7

“Inverse” seesaw, because:

my, = 0

. ~ |F:
My = i(MRJr{mD.m’g,M]gl}) n=10

In this limif:

= Light neutrinos massless
= Heavy neutrinos: Dirac pair

Smallness of m, due to nearly conserved L!
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Inverse seesaw

Inverse seesaw, basis (vr,, Ng, Sg):

Mohapatra &

T
0 mp 0 Valle, 1986
My, = mp 0 MR
0 M%; 7
For non-zero u:
i, = Vim, Vi) = Vimb.(ME) tu.(Mg)~tmpVE
- ~ 1

= - 3 light eigenvalues: m,
= - (3+3) heavy (nearly diagonal) eigenvalues : M+ = Mg+ip,  Quasi-Dirac!
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Quasi-Dirac v oscillations

Write the state from WZF /R ¢/N, and its conjugate state from W, R ¢Nzin

terms of the mass eigenstates as:

N ! (N. ' N_)
— —_— — 1 _ ,
14 2 +
N L (N 4N
7 = — LIN ).
I4 \/5 +
Let them evolve. After time t;
Ne(t) = g+({)Ne+g-(H)Ng,
Ng(t) = g-()Ne+9+()Ng,
where the oscillating amplifudes read :
: AM
g+(t) = e~ Mto= 5t cog (Tt) :
g—(t) = e iMte=3tgin (ATMIS) :
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i Quasi-Dirac v oscillations

If " > 10~ 1% GeV (or so), decay length short. Integrate over fime:

_ fooo |g_|2dt . AM?
S5 lgPat 212 + AM?

ll
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ﬁ Quasi-Dirac v oscillations

If " > 10~ 1% GeV (or so), decay length short. Integrate over fime:

1_07““\“"\““\““\““\““\““

_ Jo lg—|* at _

AM?

T g Pde 20+ AMP

kmax=1 VR :¥sj =[-1,1]

(AM/T)

Physics interpretation:

fT~AM
states can interferel

R;; any value in (0,1)

Is this obbservable at LHC?
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Heavy neutfrino decays

mMy=0.5TeV, my, =2 TeV (5TeV)

Plot for LR model
+ inverse seesaw

/M)
2

Decays to SM bosons

[EEN
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(anti-)correlate with R;;!
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17

Dijet constraints on LNV searches

Helo & Hirsch
Phys.Rev. D92 (2015) 073017
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LNV and Di-jets @ LHC

pp — [T 477 pp — JJ

U W U
9R dRr

d d

Lepton number violation Lepton number conserved

= production cross section proportional to g%

= Significant branching ratio to LNC state unavoidable
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Dijets 2017/

C T T T T T
o ATLAS Preliminary CMS Preliminary 27 o' & 36 fb™ (13 TeV
~ 10’ —_— Ys=13 TeV, 37.0 fb" =1 0° ‘ '
E106 e Data Q. String
2 £ A I — 04 — - - Excited quark .
W, 5 — BumpHunter interval { g E
10 e g, m _.=40TeV 3 Axiguon/coloron g
. - g,m’ =50TeV X 10°E ~— —— Scalar diquark o
10 ! aa) o1 ——— Color-octet scalar (k’ = 1/2) 3
- < 102] s |
107 °© 10% ----- DM mediator -=;|
10 g% ox3 ] ! L RS graviton ]
p-value = 0.63 : 3
1= Fit Range: 1.1-8.2 TeV Al ]
oL W1<06 10
3 E = -2 :
5 25 E 10
= = = 9 i i “L‘- R
5 oF E 1 0_3 95% CL limits PR
@ osE — - - - = gluon-gluon
%F -07 JES Uncertainty ] Lt [l ] 10._4 ; quark—gluon
8l_o5F i ”"H' — —e— quark-quark
— L 3 ik .

2 3 4 5 1012 "3 4 5 6 7 8

Resonance mass [TeV]

[o)]
=~J
=
o
D
S©

PAPER EXOT-20]6-21

LEFT: ATLAS Dijet data

RIGHT: CMS Limits from dijet data
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% Dijet and 0v33 decay

Absence of pp — Wgr — j7 gives limit on 0v34:

10! \ Helo & Hirsch
R PR PRD92 (2015)
10" .
g < displaced vertex search (future)
> 27 ' . ray:
5 10 , |} SHIP (Future) TN 10925 .
l— 10—3 = . 1/2 ~ y
Z
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= full (dashed) 8 TeV data limit

(future sensitivity) for dijet data
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ﬂ Dijet and 0v33 decay

Absence of pp — Wgr — 73 gives limit on 0v33:

10 Helo & Hirsch
100 : PRD92 (2015)
107! : |
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= thick full line: estimated limit

from latest dijet data
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Thank you for your attention!
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Backup slides
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Cross sections

10 ————————

Heavy neutrino poduction in SM:

a(pp — W* — 15 + Ni) o |[Uar|200

this plot from:;
Atre et al, JHEP 0905 (2009) 030

m, (GeV)

10t Heavy neutrino poduction in LR model;
103 N5 =10 1ev, gam 00 o(pp — Wgr) X Br(Wgr — l&t + Ni)
102,

o 10

° Formpy > 100 GeV
100,
o (even for Uy |? ~ 0(0.3))
- orLr/osnm =, 100
10—3,
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