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The Right Handed Neutrino (RHN) can address the following big questions

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

RHN is assumed to be arXiV[1812.11931]

O a Majorana particle (N = N) RHN pair production
O minimal U(1)s-L model

Gp_L =SUR)c x SUE), x U(Dy [gauge boson : Z’]

~

Lepton # violation is possible!

M Same sign leptons possible

Very small SM BG!

Benchmark points with Mn = 100, 150, 200, 225 GeV
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+ Pol(e-, e*) = (-0.8, +0.3), (+0.8, -0.3): £ = 1600 [fb~!]
+ Pol(e-, e*) = (0.8, -0.3), (+0.8, +0.3): £ = 400 [fb™!]

Mu[GeV] Mz [Tev] 97 IVenl? ageief—nv)  BR f‘;’fggé‘o
, . U(1)sL | mixing {100% polarization gy @
RHNmass . Zmass o iding  angle | (o] V¢ 7) L a000fo]
100 ! 1 0.0009 0.55 0.44 1446
150 ! ] 0.0009 0.36 0.33 925
200 ! ] 0.0009 0.14 0.30 349
225 ! ] 0.0009 0.046 0.29 112

2 minimal U(1)s.. model

2 ILC 500 with initial state radiation (ISR) and beamstrahlung (BS)
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RHN pair production crosssection at ILC250

SM like Z" coupling for expected HL-LHC limits on Mz/g’
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The heavier Z’ mass less constrained by LHC
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o 02
s ILC-500
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cross — section = o(ee = NN — eTeTWFW)
= oy(ee - NN) X 2(BR(N — e~ W*)?)
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ILC500

Signal process:

(Destructive
L3 interference)

t-channel via W
(only eL)

s-channel via Z’

6f and 4f major background processes:

A~ ('al\j'-‘l

ete—tl

ete—evqq ete—eeqq

[ UFO model files ]

WH IZARD ver 2.8.5

Make Events

" ILD Full Simulation
& (Geantd)
Reconstruction
Y J
miniDST
Events format
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Isolated electrons charge eixe>
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€iso #=2 &&
Viso #=0 &&

Same sign
(Eism X€iso2 = 1 )

-0.95<

IsolatedLepTa
ggingmin> 0.9

Pmiss <100 &&
( Pmiss <40 [l
lcosBpmissl >

0.95)

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

ILD work in progress

Signal Events Background
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o #=2 84
Viso #=0 &&

Same sign
(E|so1xe|so2 = 1

Eiso < 200
1Gevl |

. .0.95<
lcoselsoe< 0. 95

Isolated LepTa
ggingmin> 0.9

Pmiss < 100 &&
( Pmiss <4011
ICOSBPmigsl >

0.95)
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Signal Events

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

ILD work in progress

Background
Events

E 4f_singleW 54f_s|ng|eZee_§ 6f ttbar 6f ttbar 6f ttbar
eeqqqq semileptonic' semileptonic '2e|ectrons 1e|ectron Oelectron

554 . 394 143 45 | 11898 2825010 1699475 16425 129283 11028
347 343 79 s0 | 4721 oosts | 162774  eaz2 2271 201
— 25
Signal efficiency ~20% |
25

Remaining backgrounds events ~ 120 elLpR), 20 (eF{pL)

memssmssssmsssssmsssdessssssssssssssssssmsshossaasssssssssesssendanr s e s nananna ]
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After removing isolated electrons force into 4 jets (Durham)

+ -

Best jet pair 1 + iso e—=M;;,|
Best jet pair 2 + iso e—»ijez

We expect for “M,,; = M >’

F2 — (%'jel _ jj€2)2

Jet pair 1 —>Z\/[jjl, Jet pair 2 —>ij2
_ 2 2
Fy =My —M,)" + My, —M,)

Choose combination with minimum F4,F2
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LCWS 2023

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

£ = 1600 [fb~!]
For each My, mass window Mn-10, Mn+15 [GeV]
£ 30
~ - —— MN100 E
= . €LPR(-0.8,+0.3) VN5 S
O F —— MN200 S
- N —— MN225 S
20— o All_Backgrounds S
- - S
5 1T
10F- phior ]
5~ R A
e
0 50 100 150 200 250 300 350 400

Average reconstructed RHN mass [GeV]

Assume background distribution is flat
20 (eLpR) background events remain in mass window
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- ILC 500 with ISR / BS
- Pol(e-, et) = g+0.8, -0.3)

£ = 1600 [fb~1]
For each My, mass window Mn-10, Mn+15 [GeV]
£ 35
5 T E —— MINT00
5 [ eRplL(+0.8-0.3) [
S ¢ —— MN200
I F -~ — MN225
25 - E All_Backgrounds
20 F- e
C Y I
o Yl
= : I
55 Lk )ILL :
05000 50 200 250300350 400

Average reconstructed RHN mass [GeV]

Assume background distribution is flat
20 (eLpR) and 3 (eRpL) background events remain in mass window

Less backgrounds thanks to beam polarization
Reduce W contribution
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# of Signal oo [fb] 095 [fb] 595

# of BG

After mass Initial benchmark 05% exclusion limit —_—
[GeV] ut After cut (ee—NN) (e6NN) : (of
100 = 5364 035 | 0073 | 021
150 52.73 0.22 0.048 0.21
A IS S— DOTQ T
80,30 200 18.30 0.088 0.054 0.6
205 551 0.029 0.053 1.8
100 66.75 0.43 0.040 0.092
L 150 63.41 | 0.27 0026 0097
80,30 324 ... ..............................
200 21.23 | 0.10 . 0.029 029
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LCWS 2023
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Calculate 95% UL on o(ee — NN)
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— eRpL(+0.8,-0.3)

.\07

—& 9
— - - =
| | | 1 | | 1 | 1 | 1 | 1 I 1 | 1 1 1 1 | I 1 1 | | | 1 1
100 120 140 160 180 200 220
My [GeV]
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Normalised to benchmark cross-section
Calculate 95% UL on o/

o 2F
° E
° 18f- — elLpR(-0.8,+0.3)
16— — eRpL(+0.8,-0.3
O() : benchmark - PL( ’ )
cross-section 4 Mz =7 TeV
12 g’ =1
- Ven| = 0.03
=
08
0.6—
04—
02— o—
U:I T 1 1 | 1 1 1 | | 1 1 | 1 1 1 | 1 1 1 l 1 1 1 I 1 1 1
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Exclude benchmark points and cross-sections up to 10x smaller
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Conclusion:

)

Can use same sign lepton signature
to set powerful limits on RHN at ILC!

e J

or, if we are lucky, good prospects to discover them

Current activity & future plan:

O ILC250 case (on going)
— Try to improve signal efficiency

0 Same sign muons
— Expect smaller backgrounds

+ check all other SM processes for possible background contributions
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