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The right handed neutrino (RHN) can address the following big questions
EX)
2z Why does matter dominate anti-matter in our universe?
2z Why is neutrino mass so small?
2 Do quarks and leptons unify?

N)

Right handed neutrino N is assumed to be a Majorana particle. (N

== RHN pair production
&=

Lepton # violation is possible!

¥ Same sign leptons possible
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Very small SM BG!
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Gauqed B I_ eXtenS|On Of Standard Model (SM) The unique anomaly free

global symmetry in the SM
Gg_; = SUB)e x SUQR); x U(1)y X U(I)B_\L‘

» Anomaly free requirement = RHNs Gauge boson : Z’
» Seesaw mechanism « automatically included

If B-L symmetry breaks spontaneously == 7’ becomes massive

m|n|mal B- L model charge

New Higgsfield & 1 1 0 | 2
=1,2,3 | |
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https://arxiv.org/pdf/1812.11931.pdf

Not excluded by LHC arX|V[181211931]

My [GeV] Mz [Tevi 91 Ven)2 oo = NN e
RHN | > U(1)s-Lcoupling | b ~ atlLea00
mass mass T constant | ~mixing angle : | [Tb] [4000fb-]
100 7 ] 0.001 0.71 1261
200 7 ] 0.005 0.16 131
2 minimal U(1)s.. model - Pol(e-, e*) = (0.8, +0.3), (+0.8, —0.3):£ = 1600 [fb™ ']
46, = Op; - Pol(e-, e*) = (0.8, —0.3), (+0.8, +0.3): £ = 400 [fb™ ']

2 ILC 500 with
initial state radiation (ISR)
and beamstrahlung (BS)
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https://arxiv.org/pdf/1812.11931.pdf

Full simulation
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Full geant4 simulation of ILD
Realistic reconstruction

ILD

)
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We prepared full simulation signal samples.
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We consider 6f and 4f background samples.

eeqqqq
of ttbar

4f_singleW_semileptonic
4f_singleZee_semileptonic

4 fermions singleW 4 fermions singleZee 6 fermions ttbar
semileptonic semileptonic 1electron
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Isolated e # =2 && Isolated y, u#=0

-(Isolated e is same sign (e1xex=1) j

Isolated electron energy Eiso < 200 [GeV]

Isolated electron angle |cosBisoel < 0.95

- [IsolatedLepTaggingmin > 0.9]

Jet clustering with Durham log1o(y12) > -1

. [PmiSS < 100 && ( Pmiss < 40 ” |COSeriSSI > 095)]

| focus on three cut conditions.
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ILC 500 with ISR/ BS
Pol(e-, et) = (+0.8, -0.3) e

[ lIsolated e # = 2 && Isolated y # = 0 && Isolated p # =0 |

|solated electrons charge
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107°
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We use only same sign samples| e1xe>=1 |
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ILC 500 with ISR/ BS - Isolated e # =2 && Isolated y # = 0 && Isolated p # =0
Pol(e-, e*) = (+0.8, =0.3) | * Isolated e is same sign (e1xe2=1)

Minimum of isolated lepton tagging

w
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- ILC 500 with ISR / BS
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ILC 500 with ISR / BS
Pol(e-, e*) = (+0.8, -0.3) £ = 1600 [fb™"]

ILD work in progress

Signal Entries Backgrouna
Entrles

..............................................................................................................................................................................................................................................................

M 5 _ 5 . 4f_singleW 4 _singleZee | 6f_ttbar | 6f ttbar | 6f_ttbar
MN_1OO§ Mn=200 ieeqqqq semlleptonlc semlleptonlc Zelectrons 1e|ectron Oelectron

..............................................................................................................................................................................................................................................................

..............................................................................................................................................................................................................................................................

€iso #=2 && Yiso
#=0 && Miso #—O

[ Same sign j 346 . 81 . 1281 7210 . 140176 = 3911 | 870 94

(Giso1x€iso2 = 1) R R I I T T T
Eiso < 200 [GeV] 171 41 14 3741 3294 2 177 19
1095 008 Bisoe < 158 37 3 1324 475 1 113 12

Cé&é{éaﬂéﬁéééj """""" o6 | a | o | 18 | 101 | 6 | 15 | 4

Ngmin>0.9 ) h
0gio(y12)>-1 | 88 30 0 199 86 0 6 0

........................................................................................................................................................................................................................

Pmiss <100 && |
( Prmiss <40 5 86 29 0 4 15 0 2 0
|lcosOpmissl > 0.95)
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ILC 500 with ISR / BS
Pol(e-, &%) = (0.8, +0.3) £ = 1600 [fb']

ILD work in progress

Signal Entries Background
Entrles

5 _ 5 _ 5 LAf _singleW 4f smgIeZee of ttbar 6f ttbar | 6f ttbar
Mn=100; Mn=200 ieeqqqq _semileptonic. _semileptonic: 2electrons | 1electron | Oelectron

............................................................................................................................................................................................................................................................

Ciso #=2 && Yiso
#=0 && Miso #= O

....................................................................................................................................................................................................................

[(e.s’?r:ee, 32'9:13 176 . 39 39 46138 | 3800 . 8 439 | 25

Eiso < 200 [GeV] 175 39 39 41319 3557 8 439 25
095< C0S0mee< | 156 36 13 17506 623 4 266 15
Eo'atedLepTaQ@, 94 31 2 2632 128 1 50 0
NGmin>09 ) TR YO AR VN VT M W ——
log1o(y12) > -1 94 31 2 2632 128 1 50 0
Pmiss <100&& )\ L e e
( Priss < 40 [l 84 28 1 79 30 0 9 0
|COSeriss| > 095) . : : : : : :
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After removing isolated e,y force into 4 jets (Durham)

Search for the correct combination of@and @

_ _ Best jet pair 1 + iso e—=M_.
Jet pair 1 - M., Jet pair2 - M., J P _ _ jjel
Z J Best jet pair 2 + iso e—»Mj-ez

]
— 2
F 1 — (]Wjjl — Mw) T (1\4].].2 — Mw)2 We expect for “

jiel — Mjje2

I 2 = ijjel o jj62)2

Choose combination with minimum F1,F2
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ILC 500 with ISR / BS
Pol(e-, et) = (+0.8, -0.3)

( )
- Isolated e # =2 && Isolatedy, u #=0 - IsolatedLepTaggingmin> 0.9
Isolated e is same sign (e1xe2=1) * Prmiss <100 && ( Pmiss <40 Il IcosBpmissl > 0.95)
Eiso <200 [GeV] - logio(y12) > -1
. -0.95< c0s0isoe < 0.95 )
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ILC 500 with ISR / BS
Pol(e-, et) = (+0.8, -0.3)

( )
- Isolated e # =2 && Isolatedy, u #=0 - IsolatedLepTaggingmin> 0.9
Isolated e is same sign (e1xe2=1) Priss < 100 && ( Prmiss < 40 Il [cosBpmissl > 0.95)
Eiso <200 [GeV] log1o(y12) > -1
. -0.95< c0s0isoe < 0.95 )
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2z Right handed neutrino (RHN) has some merits for new physics.

z If RHN is Majorana particle, we can focus on “RHN pair production”.
This pair production is unique process and is almost background free.
The main signature is a pair of same sign electrons.

z We analyze “RHN pair production” by full simulation.

2 4 fermion semileptonic processes are dominant backgrounds.
< Additional electron from misidentification or heavy quark decay.
Background is mostly removed, 120(eLpR) and 21(eRpL) events remain.

Next step

2z Improve and optimize cut conditions. (MVA?)

#» Scan RHN mass and coupling — exclusion plot
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Backup



ILC 500 with ISR / BS
Pol(e-, et) = (+0.8, -0.3)
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] = g . =
10" & — S 5 10° S
E <F £ ¢ ]
210°F S 510 S
10K — X 10 T x-
S i T s R 5 . —— =
wil = 3 i — S
4 ] 10° — —
og | | | — S 10 B — — s
E ) ‘ )
1= [ _ 9] — 9]
- » 1 || »
- —
0 10°
005 1 15 2 25 3 35 4 45, O 0 05 1 16 2 25 3 85 4 45 5
isoe is0y
— Mn=100 GeV ~ — BG._6f_ttbar 2e Number of isolated p
§ 107 3 =
E10° —— O
— BG_4f_sw_sl 31053 §
S 0'e— X
10" — 3
— BG_eeqqqq 10% & — ] é
10z : FD
3 — [ cn
1:5- | | (¢))
[- Isolated e # = 2 && Isolated y, p = 0] 107k ': _
10‘2! —

0 05 1 15 2 25 3 35 4 45 5

150

jurina@post.kek.jp RHN process



ILC 500 with ISR / BS - lIsolated e # =2 && Isolated y # =0 && Isolated p # =0
Pol(e-, e*) = (+0.8, -0.3)| - Isolated e is same sign (e1xez=1)

Isolated electron energy
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ILC 500 with ISR / BS - lIsolated e # =2 && Isolated y # =0 && Isolated p # =0
Pol(e-, e*) = (+0.8, -0.3)| - Isolated e is same sign (e1xez=1)
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4 fermions semi leptonic processes in t-channel— distributed in 1cosBiseel ~ 1
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ILC 500 with ISR / BS - lIsolated e # =2 && Isolated y # =0 && Isolated p # =0
Pol(e-, e*) = (+0.8, -0.3)| - Isolated e is same sign (e1xez=1)
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eLpR case



ILC 500 with ISR/ BS
- Pol(e-, et) = (-0.8, +0.3) e

[ lIsolated e # = 2 && Isolated y # = 0 && Isolated p # =0 |

Isolated electrons charge

(o]

10 ~
E 5 — BG_6f_ttbar_2e S
Z 10" | )
— BG_4f | -
1 03 _41_SW_S g
10° S
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10 — Mn=100 GeV
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-1 . . =
10" Opposite sign Same sign
107
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We use only same sign samples| e1xe>=1 |
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ILC 500 with ISR / BS - lIsolated e # =2 && Isolated y # =0 && Isolated p # =0
Pol(e-, et) = (-0.8, +0.3) | - Isolated e is same sign (e1xe>=1)

Minimum of isolated lepton tagging

tgf’. 10° : =
s : O Isolated lepton tagging
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ILC 500 with ISR / BS
Pol(e-, et) = (-0.8, +0.3)

(" )
- Isolated e # =2 && Isolatedy, u #=0 - IsolatedLepTaggingmin> 0.9
Isolated e is same sign (e1xe2=1) * Prmiss <100 && ( Pmiss <40 Il IcosBpmissl > 0.95)
Eiso <200 [GeV] - logio(y12) > -1
. -0.95< c0s0isoe < 0.95 )
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ILC 500 with ISR / BS
Pol(e-, et) = (-0.8, +0.3)

( )
- Isolated e # =2 && Isolatedy, u #=0 - IsolatedLepTaggingmin> 0.9
Isolated e is same sign (e1xe2=1) * Prmiss <100 && ( Pmiss <40 Il IcosBpmissl > 0.95)
Eiso <200 [GeV] - logio(y12) > -1
. -0.95< c0s0isoe < 0.95 )
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ILC 500 with ISR / BS
Pol(e-, et) = (-0.8, +0.3)

| Number of 1solated e Number of 1solated y
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ILC 500 with ISR / BS - lIsolated e # =2 && Isolated y # =0 && Isolated p # =0
Pol(e-, e*) =(-0.8, +0.3)| - Isolated e is same sign (e1xez=1)

Isolated electron energy

© —
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ILC 500 with ISR / BS - lIsolated e # =2 && Isolated y # =0 && Isolated p # =0
Pol(e-, e*) =(-0.8, +0.3)| - Isolated e is same sign (e1xez=1)

COSOisoe
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— BG_4f sw_sl

Nomalized
b —
(o) (o)

w +~

-—d
o
nN

---.q-

ssauboid ui yiom q|

—
o

—
—
—_
—

-0.95< cOSBisoe < 0.95 |

4 fermions semi leptonic processes in t-channel— distributed in 1cosBiseel ~ 1
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ILC 500 with ISR / BS - lIsolated e # =2 && Isolated y # =0 && Isolated p # =0
Pol(e-, e*) =(-0.8, +0.3)| - Isolated e is same sign (e1xez=1)

y12
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Pol(e-, e*) = (-0.8, +0.3)| - Isolated e is same sign (e1xez=1)
y12 y23

ILC 500 with ISR / BS [ Isolated e # = 2 && Isolated y # = 0 && Isolated u # = O:]

B0t ~ 100l =
[ S € -
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4f and 6f background information



ILC 500 with ISR / BS

 4f singleW 4f singleZee
_semileptonic:_semileptonic

(100%,100%) eeqqqq

eexyyx XXXXee yyyyee 4f sze_ sl

eLpR  164E+01  871E-02  145E-01  7.81E+03 = 1.96E+03

..............................................................................................................................................................................................................................................................

eRpR 661  B3.30E-02  197E-02  7.50E+02 = 1.78E+03

RHN process 33



ILC 500 with ISR / BS

vl 6f_ttbar

yyvelv | yyvlev | yyveyx | yyxyev | yyvilv | yyvlyx | yyxylv | yyuyyu | yyuyyc | yycyyu : yycyyc




- |[LC 500
- Pol(e-, e*) = (¥0.8, +0.3) £ = 1600 [fb™ "]

ILD work in progress

Background

Signal Entries Entries

— _ 4f_singleW §4f_singIeZee_§ 6f_ttbar 6f ttbar 6f ttbar
Mn=100 Mn=200 ©€09dQ | _semileptonic| semileptonic | 2electrons | 1electron | Oelectron

MC evt# 24000 | 24000 @ 61112 | 368881 132424 | 52139 239403 = 326573
___________ eLpR)
I\?CRG\I’_J[;# 24000 | 24000 | 40533 | 11413 | 91754 | 25824 | 201643 | 524380

enp
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Information associated
with U(1)s-L model



SM like Z’ coupling HL-LHC prospects limit for U(1)s-L model
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The heavier Z’ mass less constrained by LHC
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https://cds.cern.ch/record/2285582/files/ATLAS-TDR-027.pdf
https://arxiv.org/pdf/1812.11931.pdf

IVenl2 : the “light-heavy” neutrino mixing matrix
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https://cds.cern.ch/record/2684757/files/EXO-19-019-pas.pdf

G1’:U(1)s-L gauge coupling constant
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