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The right handed neutrino(RHN) can address the following big questions

2z Why does matter dominate anti-matter in our universe?
2z Why is neutrino mass so small?
2 Do quarks and leptons unify?

Right handed neutrino is assumed to be a Majorana particle.(v = 1)

== RHN pair productiorPK-'
&=

Lepton # violation is possible!

¥ Same sign leptons possible
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Gauged B-L extension of Standard Model(SM) e unique anomaly free

global symmetry in the SM
Gp_1. = SUB)c x SUQR), x U(1)y X U<1>B_/{

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

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

minimal B-L mode

%SU(S)C%SU(Z)L% U(T)y | U(T)B-L

arXiV[1812.11931]
Arindam Das, Nobuchika Okada, Satomi Okada, Digesh Raut

jurina@post.kek.jp

“Exploring Right Handed Neutrinos at ILC” JPS2021 15pT1-4


https://arxiv.org/pdf/1812.11931.pdf

Fast simulation
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Using Delphes with the
“generic ILC detector card”
recently prepared for the US
Snowmass study

Full simulation

Calculating all values in detectors
(Full geant4 simulation of ILD)

ILD

o2 /elge
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Yoke! Muon  HCAL

We prepared fast and full simulation signal samples.
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Not excluded by LHQ

. . s s OLR .
, ~ Event #
Mn [GeV] Mz [TeV] gl |Ven|? (ee—NN) [4533%4]
5 5 5 5 [fb] =
100 7 1 0001 708E01 126
200 7 1 0005 163E-01 137

» minimal U(1)s.. model - Pol(e-, e*) = (-0.8, +0.3), (+0.8, -0.3): £ = 1600 [fb™]

40, = Ops . Pol(e, e*) = (-0.8, -0.3), (+0.8, +0.3): £ = 400 [fb~]
> ILC 500 with Vo2 mass
initial state radiation(ISR) 91" U(1)o- coupling constant
and beamstrahlung(BS) Ven : mixing angle
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Lepton # violation is possible!
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K Same sign leptons possible

l

However... We need to consider

Choosing the wrong particle as an electron

Add to full simulation background samples.
eenyX, XXXXee, yyyyee X...up type fermion

y...down type fermion
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X...up type fermion
y...down type fermion

(100%,100%) eexyyx XXXXee yyyyee

________________________________________________ o If)  ffe) ]
eLpR 16.4 0.0871 0.145
""""""""
Cal | ees | ooss | oo
"""""""" sor | st | ooss oo

“eexyyx" process is dominant
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- ILC 500 with ISR / BS
- Pol(e-, et) = (-0.8, +0.3)
(- Isolated e # = 2 && Isolated y # =0 |

|solated electrons charge
(full signal + full backgrounds)

©
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©
S 10°
Z E
10° 3 — BG_eexyyx
10
L — Mn=100 GeV
107 . |
= Opposite sign Same|sign
10_2E
| | | I N S S R S — I _____ I _____ | S IR N S —
-1 0.5 0 0.5 1 1.5 2
We use only same sign samples | Charge == 1 |
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ILC 500 with ISR / BS - |solated e # = 2 && Isolated y # =0
Pol(e-, et) = (-0.8, +0.3) Isolated e is same sign(e1xe>=1)

Isolated electron energy
(full signal + full backgrounds)

O |
Q

%102§ LT BG_eexyyx

10 :
' — Mn=100 GeV
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107 = |
10—25 _ 1.[.
L | " :
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/ Eiso

[Eiso <200 [GeV]]
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ILC 500 with ISR / BS . Isolated e # = 2 && Isolated y # =0 h
Pol(e-, e*) = (-0.8, +0.3) - Isolated e is same sign(e1xez=1)
-+ Eiso <200 [GeV] y
COSOisoe
(full signal + full backgrounds)
E %: — BG_eexyyx —— Mn=100 GeV :
| Pl [ g e TP 1

g T s

& | 1 |

ool : [Tl

L

Lo Lo UL T MUUELE EULTRIEL BETE L JRELY A
\0.8 06 04 02 0 02 04 06 08 1

/COSeisoe

-0.95< COSBisoe < 0.95
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ILC 5_00 with ISR / BS B Isolated e # = 2 && Isolated vy # =Oj
+ Pol(e, e*) =(-0.8, +0.3) Isolated e is same sign(exez=1)
Minimum of isolated lepton tagging | * Eiso <200 [GeV]
(full signal + full backgrounds) " ~0.95< c0sBisoe < 0.95 y
%102 = — BG_eexyyx I
5 I
“ 1ok Isolated lepton tagging
- Mh=T00Gev ... “output” parameter of neural
15 network to identify isolated lepton
10—1;— — Qutput for e is near 1
10‘2;—
E||l|1|||||||_lJ_JL }1

ll :I ln l | | | Il
0 02 04 06 038 1 1. 1.4
/ IsoIatedLep%’aggingrnin

[ IsolatedLepTaggingmin> 0.9 j
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Background . Total
Entries  background

Signal Entries

No cut 1109 286 23472 118 207 = 23797
Biso # = 2 837 252 14697 75 146 | 14918
Bisoy # = 0 701 158 9348 50 97 9495

Samesign - 3gg 79 80 0.47 055 = 81.02

_______ (Biso1X@iso2 = 1) i e
Eio <200 [GeV] 355 79 78 047 | 055 | 79.02
0.95<C080s00<0.95 315 72 26 0.23 0.27 26.50

fg'gtedLepTaggi”gmi”{ 186 | 62 ] 376 0001 | 0.005 [ 3.77 }
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Back ground . Total
Entries  background

Signal Entries

No cut 1116 087 7691 68 1 7850
Giso # = 2 841 52 3769 40 60 3869
cisor # = O 697 162 2406 26 41 2473
Same sign 345 82 29 0.34 034 = 29.68

(eiso1x€isoz=1) 1

Eico < 200 [GeV] 345 g2 08 0.33 034 = 28.67
-0.95< c0SBisoe < 0.95 318 74 6.57 0.12 0.17 6.86

IsolztedLepTaggingmin { 189 64 ] 0.96 0.02 0.01 { 0.99 }
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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—»ijel

Best jet pair 2 + iso e—»ije2

Jet pair 1 —>]\4j.1, Jet pair 2 —»M]jz

]
b= (]wjjl _ Mw)2 + (1\4sz _ Mw)2 We expect for “

jiel — Mjje2

I = (‘]wjjel o jj62)2

Choose combination with minimum F
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ILC 500 with ISR/ BS . lsolated e # = 2 && Isolated y # =0 A
. Pol(e-, e+) = (-0.8, +0.3) | = Isolated e is same sign(ei1xez=1)
- Eiso <200 [GeV]
-0.95< c0S0is0e < 0.95

L° IsolatedLep Taggingmin> 0.9 )
W mass W mass
(fast signal + full backgrounds) ] (full signal + full backgrounds)
Tiof Sipk
A :
Z 10;_ — BG_eexyyx < 10:_ — BG_eexyyx
e 4 — Mn=100 GeV IF — Mn=100 GeV
107 | 10-.;—
1072 E J\l‘r ﬂ{ 107 —[
o:' 50 too 180 200 250 300 o 's0 100 150 200 250 300
Jet-Jet mass [GeV] Jet-det mass [GeV]
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ILC 500 with ISR / BS . Isolated e # = 2 && Isolated Y # =0 R
- Pol(e, e+) = (-0.8, +0.3) Isolated e is same sign(e1xe2=1)
Eiso <200 [GeV]
-0.95< €c0SBis0e < 0.95
L° IsolatedLep Taggingmin> 0.9 )
RHN mass RHN mass
(fast signal + full backgrounds) (full signal + full backgrounds)
% 102 — BG_eexyyx % e = — BG_eexyyx
z f 2 F
10 3 10
= — Mn=100 GeV § — Mn=100 GeV
"'hﬂ‘wwL :
10 107
: ;,r“f : wd
102} if 107 F |H
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 . 400

Jet-Jet-e mass [GeV]
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2z We analyze “RHN pair production” by full simulation
and fast simulation

2 There are small difference between fast simulation
and full simulation

» Background events are a few for 1600 [fb-1] of ILC500

— “RHN pair production” is almost background free
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2 There are small difference between fast simulation
and full simulation

— What is the cause? -> overlay events ...7? etc..?

| want to deepen my understanding.
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SM like Z’ coupling HL-LHC prospects limit for U(1)s-L model

A A B mam e
2 /s = 14 TeV, 3000 fb” W Expecledt 1o ”_0250 =TT 4
102 Z'— ee g’xpected:t 20 0.010 r b T
<> = 200 T 33m o) : -
s i -7
10'3 g 0.001 3 ’I” -
— E - ,’
% -4 : "”’/”’
10 lm 0" minimal B-L model ;
] . S MN123 = 50 GeV -
10°E S MN1 23 = 100 GeV
- ' Alternative B-L model |
6 105 E _ E
10 b E e~ aaaaa- MN2 =50 GeV
- e mmeees MN; 2 = 100 GeV ]
_7 10- r 1 1 1 1 1 1 1 1 1 1 3 1 1 3 1 3 1 1 M 3 1 -1' 3 1
0253 35 4 45 5 55 6 65 7 75 3 4 5 6 7
M, [TeV] mz[TeV]
ATLAS-TDR-LHCC2017-2018 arXiV[1812.11931]

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
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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

0.001;
[ CMS13(2l) — ATLAS13(2l) - ATLAS-TDR(2))
. -- LEP CMS13(2)) ATLAS13(2))
107 ‘ 6 7
2 3 4 6 7 8
M,[TeV ] By Arindam.D
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ILC 500 with ISR / BS
# isolated electrons =2 && # isolated photons =0

Isolated electrons charge(elpR) Isolated electrons charge(eRpL)

® 4 Emric;nh '”“’2""51; © 3 ”‘n';‘:‘“‘ W";W T
§ 10 EE — BG_eexyyx Mean  0.006602 | py 10" € ;e'm* nm;:':
@© E Sta Dev 1 ®© = Std Dav 1
& S
SI0°E 5107
- = g
10° — Mn=100 GeV 1aE
10 -
1
| :
107 . ] Opposite sign
£ Opposite sign Same sign .. PP 9 Same sign
107 E
A A | A l | A 1 ] A A | A A A | | A A L A A : l A A ’ ! l A : A . . A A A
-1 0.5 0 0.5 1 15 o ~1 -0.5 0 0.5 1 1.5 2

We use only same sign samples | Charge == 1 |
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ILC 500 with ISR / BS

(full signal + full backgrounds)

W mass(eLpR) - ,
© iM_Lest_ SUM pold
@ Entries 12902
=10° Mean 84.32
g E StdDsv 1857
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Isolated e # =2 h
Isolated e is same sign(e1xe2=1)
Eiso < 200 [GeV]
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IsolatedLepTaggingmin> 0.9

\_ .
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| " . Isolated e # =2 A
ILC 500 with ISR / BS - Isolated e is same sign(e1xez=1)

(full signal + full backgrounds) + Eiso <200 [GeV]
+ -0.95< c0sBisoe < 0.95

o IsolatedLepTaggingmin> 0.9 )
RHN mass(eLpR) _ RHN mass(eRpL) _
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