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( . Introduction (Z772’"WW obperator \ ( . Z2'WW in Ovf5 and hadron colliders \
L. Introduction ( perator) L,
m '_I'he origin of tiny neutrino masses is still unknown. OvfBp T,, > 1026 years pp — f+f'+jj at HL-LHC
A key to solving the mystery [Kamland-Zen,(2018)] j \/— 14 TeV
Lepton Number Violation (LNV) d u 49— Lovem e
LNV at high energies = LNV higher dimensional operators W+ e 4 ¢" L =3000 fb
| B L NPB(2001)] _ + Wi
22 WW operators [Weinberg, PRL(1979)], [Babu, Leung, (2001), - o oW ¢+ With Backgrouknd
| [F. del Aguila, et al, JHEP 05 (2012); JHEP 06 (2012)] J ., q ~j reduction(Backup)
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~ m They include only charged leptons (not ) ~ LH | AZ218TeV | 2.3 TeV
Kf_ £~ m Rich phenomenology would be expected. Y RH | A Z 18 TeV RH | A 2 0.71 TeV | 0.82 TeV
g I Lagrangian | o For e.e) chamme, coront o i 1 very g
m C'WW oeps. are from gauge invariantd = 7 or d = 9 LNV opes. - ’ ! Y 9en’,

\ however, HL-LHC can be useful to test other flavor channels. )

[F. del Aguila, et al, JHEP(2012)], [M. Gustafsson, PRL(2013)]

Left-Handed (LH) cLr . cor . 4 V. Loop-level analysis (Work in progress) )
CC'WW L =Lsut A (LH)(H'Ly) + A3 (L¢D,Ly)(H'D"H) m The above results are tree level analysis.

Right-Handed (RH) C&XVeinberg ope. » m The origin of #¢'WW operators (d = 7,9) contribute to
2P WW L= L+ 5 (TH)(A'L,) + 95 (75¢%) (HTDﬂH)Z Majorana v masses at loop level.
A A m [o consider the constraints from v mass matrix data,
m Neutrino masses are generated by Weinberg ope. at tree level. loop level analysis is needed.

K m d = 7,9 opes. contribute to  masses at loop level (Sec.lV) j \. It is the work in progress, and current status is explained in Backup Y
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SM backgrounds

A. Details of Background reduction

1. pp — €€ jj with charge mis-id. * o
2.pp = Y v,

Kinematical cuts

\_

Basic cuts (due to detector performance)

[p‘;>3OGeV, |7;] < 3.0, pL > 20 Gev, |;7f|<2.5j

Background for only
avor diagonal channel

~

VBF cuts

Signal

( m; > 500 GeV, | An;| > 2.5 j

Other cuts
[ ps > 500 GeV, p, <20 GeV ]

\_

C(u~+Ti - et +Ca)

B.ZZ'WW inu"-e* conversion

Lower limit

LH

A > 3.3 x107% TeV

RH

A>4.1x1073 TeV

<17x10712

I'(u=+Ti - vy, + Sc)

[SINDRUM-II, (1998)]

Too weak limit

C/IA =1 TeV_ll Basic cut | +VBF cut | +prcut | +ph cut
“CIA is Signal (pb) 4.69 4.5 4.5 2.9
coefficient of eff. 96 % 100 % 64 %
d=>5 ptu=j5 (pb) 117 4.1 4.1 5.3 x107°
cC'WW ope. eff. 3.5% 100% [1.3x1072 %
pututv,v,gi (pb) |3.71x 1073 [ 1.40 x 1073 [ 6.5 x 107° | 6 x 107°
eff. 38 % 4.6 % 0.01 %
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We assume that
the charge mis-id rater = 1 %
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C. Loop-level analysis (Work in progress)

md =7 (9) operators contribute Majorana v masses
at one- (two-) loop level.

(L,D,L,)(H'D"H) - VoV, WHWE

e e

2 2 . .
1(2)-loop _ |V ep Ve e Contributions from
M = |—C +6| —C +
v A (A > ) <d=7(9)LNVopes.
tree level:
Weinberg ope. 1-loop (2-loop) level

2
g | Ne counter term 5 <VXC§'J’”> can be determined

by on-shell condition to neutrino two point function.
Neutrino mass matrix data

To answer the question, we must to be decide other counter terms.

1PI -
e” W= e W= e W=
oINS
e W~ e W= e~ W~
> 1PI
|
| Atloop level, v
. ol —C
| the counter terms of d > 7 LNV opes. contribute. AP

m In general, it is not possible to determine all of counter terms
of other LNV opes with physical renormalization condition.

EFT is NOT renormalizable theory

m Is it possible to determine these counter terms
under an appropriate assumption about new physics ?

(e.g. flavor symmetries) * Now, we are investigating.

Q. How does the counter terms 5<"ch§f'> determined by neutrino mass matrix data

change the results in the tree level analyses (in my presentation) ?




