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𝜈௘
𝜈ఓ
𝜈ఛ
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𝑈௘ଵ 𝑈௘ଶ 𝑈௘ଷ
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𝑈 ൌ
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0 1 0
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𝑒௜ఈ 0 0
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𝜃ଵଷ𝜃ଶଷ

𝜃ଵଶ

(Atm. 1998) (Reactor 2012)

(Sun 2002)

𝑚஺
ఔ~50meV

𝑚ௌ
ఔ~9 meV

Flavor eigenstate ് Mass eigenstate
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𝐿 ~ 𝐻   ሺ𝐻௖ ൌ 𝜖𝐻∗ሻ 𝐿𝐻௖ is a SM-singlet 

𝑦ఔ
஽𝐿𝐻௖𝜈௖ ൅ ℎ. 𝑐. → mఔ𝜈𝜈௖ ൅ ℎ. 𝑐. → yఔ

ୈ ൌ
mఔ
𝐻଴ ∼ 10ିଵଶ

1
2𝑀 𝐿𝐻௖𝐿𝐻௖ ൅ ℎ. 𝑐.  →

𝑚ఔ
2 𝜈𝜈 ൅ ℎ. 𝑐.   → 𝑚ఔ ൌ

𝐻଴ ଶ

𝑀
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In this talk, we consider
Type I/III seesaw with new singlet/triplet fermions;
Extended gauge group: U(1), Left-Right;
Type II seesaw with additional Higgs triplet. 
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െℒ ൌ 𝑌ே𝐿𝐻௖𝑁 ൅
𝑀ே
2 𝑁𝑁 ൅ ℎ. 𝑐. 

𝜃 ൎ
𝑚஽
𝑀ே

∼
𝑚ఔ
𝑀ே

  ≲ 10ି଺ 
100GeV

𝑀ே
 

cos𝜃 𝜈
sin𝜃 𝑁

0 𝑚஽
𝑚஽ 𝑀ே

𝑚஽ ൌ 𝑌ே 𝐻଴ ⇒  𝑚ఔ ൌ 𝑚஽𝑀ே
ିଵ𝑚஽

்
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െℒ ൌ 𝑌𝐿𝐻௖𝑁 ൅ 𝑀𝑁𝑁ᇱ ൅
1
2 𝜇𝑁ᇱ𝑁ᇱ  → 𝑚ఔൌ 𝑚஽𝑀ିଵ𝜇𝑀ିଵ𝑚஽

்

Aguila et.al., ‘08

𝜃௘,ఓ,ఛ ൏ 0.055, 0.057, 0.079

⇒ 𝜃௟ே~
𝑚஽
𝑀 ∼

𝑚ఔ
𝜇  ≲ 10ିଶ keV

𝜇
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CMS 1806.10905

*) No SSD for 
Inverse Seesaw

∎
∎ ∎

∎
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CMS 1802.02965

∎
∎ ∎

∎
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Dev et.al., 1207.2756
Cely et.al., 1208.3654
Bandyopadhyay et.al., 1209.4803 

Das, Dev, Kim, 1704.00880

ℎ → 𝜈𝑁 → 𝜈𝑙ଵ𝑊 → 𝜈𝑙ଵ𝑙ଶ

→ 𝜈𝜈𝑍 → 𝜈𝜈𝑙ା𝑙ି
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Deppisch, et.al. 1502. 06541
si

nଶ 𝜃 ఓ EWP
D

LEP

Displaced 
lepton-jet

Trilepton
@LHC13
300/fb

Izaguirre, Shuve 1504.02470
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ATLAS 1707.02424 CMS 1803.06292
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Deppisch, Desai, Valle, 1308.6789
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ATLAS-CONF-2018-017

𝜈
𝑒 𝑊௅

𝜈௖

𝑒௖ 𝑊ோ𝑒௖ 𝜈௖ ⟸
𝜈
𝑒 𝑊௅
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ATLAS 1809.11105

cf) CMS 1803.11116
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CMS 1811.00806
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Nemevsek, Nesti, Popara, 1801.05813
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െℒ ൌ 𝑌ஊLHୡΣ ൅
𝑀ஊ
2 ΣΣ ൅ ℎ. 𝑐. 

→ 𝑚஽ ൌ 𝑌ஊ 𝐻଴  ;  𝑚ఔൎ 𝑚஽𝑀ஊ
ିଵ𝑚஽

்

Franceschini, et.al,  ‘08
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ATLAS-CONF-2018-020
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CMS 1708.07962

𝑙േ 
𝜈

𝑙∓ 
𝜈
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െℒ ൌ 𝑌୼LLΔ ൅ 𝜇୼𝐻𝐻Δ ൅
𝑀୼

ଶ

2 Δ ଶ ൅ ℎ. 𝑐. 

→ 𝑚ఔ ൌ 𝑌୼ Δ଴ ൌ 𝑌୼
𝜇୼ 𝐻଴ ଶ

𝑀୼
ଶ

Br Δାା → 𝑙௜
ା𝑙௝ା ∝ 𝑚௜௝

ఔ ଶ EJC, Lee, Park, ‘03

𝜌 ≡
𝑚ௐ

ଶ

𝑐ௐ
ଶ 𝑚௓

ଶ ൌ
1 ൅ 2 𝑣୼

ଶ/𝑣஍
ଶ

1 ൅ 4 𝑣୼
ଶ/𝑣஍

ଶ ⇒ 𝑣୼ ൏ 3 GeV at 3𝜎
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ATLAS 1710.09748

*)
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New physics below ~10ଵ଴GeV?
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Vissani, ‘97

Farina, Pappadopulo, 
Strumia, 1303.7244

𝛿𝑚௛
ଶ ൌ 4

𝑌ே
ଶ

16𝜋ଶ 𝑀ଶ ln
𝑀ଶ

𝑀௣௟
ଶ െ 1

𝑀 ≲ 𝑚௛ 𝛿 16𝜋ଶ 𝑚௛
𝑚ఔ

ଵ/ଷ

ൎ 0.7 10଻𝐺𝑒𝑉 𝛿య𝛿𝑚௛
ଶ ≲ 𝑚௛

ଶ 𝛿

*) Supersymmetry removes such a concern.
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𝛿𝑚௛
ଶ ൌ െ6

6𝑔ଶ
ସ ൅ 3𝑔௒

ସ

4𝜋 ସ 𝑀ଶ 3
2 lnଶ 𝑀ଶ

𝑀௣௟
ଶ ൅ 2 ln

𝑀ଶ

𝑀௣௟
ଶ ൅

7
2

𝑀 ≲  200 𝐺𝑒𝑉  𝛿

𝛿𝑚௛
ଶ ൌ

𝑔ଶ
ସ

4𝜋 ସ 𝑀ଶ 36 ln
𝑀ଶ

𝑀௣௟
ଶ െ 6

𝑀 ≲ 940 𝐺𝑒𝑉  𝛿

Δ, Σ
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Arhrib, et.al., 1105.1925
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Chao, Zhang, 0611323
Schmidt,  07053841
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EJC, Lee, Sharma, 1209.1303
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EJC, Lee, Sharma, 1209.1303
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𝑀ுశశ 
ଶ ൌ 𝑀ଶ ൅ 2

𝜆ସ െ 𝜆ହ
𝑔ଶ  𝑀ௐ

ଶ

𝑀ுశ 
ଶ ൌ 𝑀ுశశ 

ଶ ൅ 2
𝜆ହ
𝑔ଶ  𝑀ௐ

ଶ

𝑀ுబ,஺బ 
ଶ ൌ 𝑀ுశ 

ଶ ൅ 2
𝜆ହ
𝑔ଶ  𝑀ௐ

ଶ ∗ሻ 𝐻ାା is the lightest for 𝜆ହ ൐ 0
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H0 A0

H+
H++

37Neutrinos at LHC

∗ሻ 𝑚ఔ ൌ 𝑌୼ 𝑣୼
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𝑥ு஺ ≡
𝛿𝑀ு஺
𝜏ு/஺

∼ 1

EJC, Sharma, 1304.5059
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𝑥ு஺ ൌ
𝛿𝑀ு஺
Γு/஺
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fbΔ𝑀(GeV)

 𝑣୼ (GeV)

EJC, Sharma, 1304.5059
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No background; Lepton selection cuts only

43Neutrinos at LHC

100/fb
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EJC, Lee, Park, 0304069

NH IH1

*) Needs to be updated
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