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Early neutrino physics

Beta decay
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Next decades – physicists in caves and mountains

KamiokandeHomestake
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What have they found?

Neutrinos do MIXING!
• Flavors
• 3 types of flavors

• Corresponding to leptons

• Masses
• Very tiny 

• Mass ordering unknown

Extra parameters in the SM!

How can we explain the masses?
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Type-I seesaw mechanism

One way to explain the tiny masses 

We can add Majorana neutrinos to the SM

We have 
• Light neutrino mass ~ MN

-1

• Heavy neutrino mass ~ MN

Simple, minimal assumption!

Heavy particles, that’s what we can search for in the LHC!
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Current status and exclusion limits

Heavy Neutrino coupling

often described by Ue or VeN

ee collider s-channel

pp collider s-channel

Kaon decay



HNL in ATLAS
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What about ATLAS?

Our multi-layered detector can identify

different leptons/hadrons reasonably

Multiple teams looking for
• Displaced HNL

• s-channel
• Good result for 𝜇 and e

s-channel contributes up to mN~100 GeV 

NOT from

s-channel 
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t-channel HNL in ATLAS

Many interesting physics keywords
• VBS, HNL, LFV, Majorana neutrino

• May solve many problems at once!

Although no signal for 𝑒/𝜇,

But best limit is set at ~0.05 for 1TeV 
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t-channel with 𝜏

Uncovered 𝜏 channel
• Much harder channel

• Worse reconstruction

• More fakes

• Complicated decays

(2 𝜏 means many combinations…)

𝝉

𝝉

But only we can do it!
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t-channel basic strategy

Some terminologies

• SS = same sign pair

• OS = opposite sign pair

• MC = simulation

Regions

• SS𝜏𝜏 regions blinded

• OS𝜏𝜏 regions for validation

(as a proxy for SS𝜏𝜏 background)

First look

• Simply selecting events with 2 jets and 2 𝜏
• Comparison to data in OS𝜏𝜏 region

• Very high pT signature

• A huge discrepancy…

OS𝜏𝜏 (data, MC) vs SS𝜏𝜏 (signal)

Discrepancy
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Explaining the discrepancy
The reason is FAKES from QCD

(mislabeling j → 𝜏 ) 

We want 2 𝜏 and 2 jets

But we often record this, how do we tell which is which?

This is also hard to simulate correctly…
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Quality selection

OS𝜏𝜏 and SS𝜏𝜏 regions could be complicated

Let’s look at 1 reconstructed 𝜏 first.

What about using data to estimate the fakes? 

Use ID Score of 𝜏!

What is ID Score?

• RNN based Identification score
(take into account tracks, calorimeter deposition, and more…)

• Quality measurement of reconstructed 𝜏

Cutting at higher quality 

• tighter selection, fewer fakes, fewer data

Cutting at lower quality 

• looser selection, more fakes, more data

Control Region

1𝜏CR

ID
 S

C
O

R
E

Quality 

requirement
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Quality selection

Higher score → lower discrepancy!

Maybe we just cut tighter?

But we still have discrepancies…

1𝜏 Pass ID Region1𝜏 Fail ID Region

Control Region

1𝜏CR

ID
 S

C
O

R
E

Quality 

requirement
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Fake Factors definition

𝐹𝐹 =
𝑁𝑃𝑎𝑠𝑠 𝐼𝐷 𝜏
𝑑𝑎𝑡𝑎 −𝑁𝑃𝑎𝑠𝑠 𝐼𝐷 𝜏

𝑀𝐶

𝑁𝐹𝑎𝑖𝑙 𝐼𝐷 𝜏
𝑑𝑎𝑡𝑎 −𝑁𝐹𝑎𝑖𝑙 𝐼𝐷 𝜏

𝑀𝐶 =
𝐷𝑖𝑠𝑐𝑟𝑒𝑝𝑎𝑛𝑐𝑦 𝑜𝑛 𝑡ℎ𝑒 𝑟𝑖𝑔ℎ𝑡 𝑝𝑙𝑜𝑡

𝐷𝑖𝑠𝑐𝑟𝑒𝑝𝑎𝑛𝑐𝑦 𝑜𝑛 𝑡ℎ𝑒 𝑙𝑒𝑓𝑡 𝑝𝑙𝑜𝑡

While we cannot predict the amount of fakes from pure simulation, this is a data-driven ratio! 

Control 

Region

1𝜏CR

Signal 

Region

e.g. SS𝜏𝜏

1𝜏 Pass ID Region1𝜏 Fail ID Region
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Fake Factor application

Measured FF

• First trial, binned in

coarse pT, 𝜏 prongs, 𝜂

Applied to OS𝜏𝜏 (keep SS 𝜏𝜏 still blinded) 
• Much improved Data-MC agreements

• Only ~20% deviation

FF measured in bins of pT
FF testing is OS𝜏𝜏 Pass ID Region

(FF × OS Fail ID)

Distribution of 

𝜏 fakes

Other MC 

backgrounds
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Sensitivity estimate

Fake Factor is not entirely ready…

Can we estimate our sensitivity?

Testing our selections
• SS region is fully blinded → Use OS distributions as proxy of our background

• Place progressive cuts on kinematics

• S/B ratio goes from 10-3 to 10-2

(raw MC yields vs data events)

• Assume data is all background → statistical test on |𝑉𝜏𝑁|

DATA 

OS 𝜏𝜏

MC MN=1TEV

SS 𝜏𝜏
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Summary

• Heavy neutral lepton above TeV scale is something unique in LHC

• Our team is working directly with theorists for both predictions and measurements

• Currently all the channels s t × 𝑒 𝜇 𝜏 are limited by statistics, 

significant improvement guaranteed for run 3 and HL-LHC
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