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Search for baryonic number violation 
at LHC

Simon Berlendis



Baryonic number violation (BNV)

• The baryonic number symmetry is not expected to be conserved in BSM physics
– “Accidental” in the SM. Not associated to any fundamental force.

– Even violated in the SM at quantum level (sphaleron)

– Baryonic asymmetry in the Universe.
We actually need baryonic violation according to Sakharov rules!

→ Necessity to search for BNV at LHC

• However, low energy observations give strong constraints on BNV
– Proton stability 

– ത𝑛-𝑛 oscillations

• But BNV is still possible at LHC scale [arXiv:1210.6598, C. Smith et al]

– Violation of two units (𝛥𝐵 = 2) ex: 𝑢𝑖𝑑𝑗𝑑𝑘 × 𝑢𝑖′𝑑𝑗′𝑑𝑘′ (with i,j,k flavor indices)

– Involving third generation

→ Search for tops + extra quarks

• LHC is a powerful machine with a non-zero initial baryonic number !
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https://arxiv.org/abs/1210.6598


R-parity violation (RPV) supersymmetry

• Supersymmetry includes leptonic and baryonic number violation vertex:

𝑊 = 𝜇𝐻𝐿 +
1

2
𝜆𝑖𝑗𝑘𝐿𝑖𝐿𝑗𝐸𝑘 + 𝜆′𝑖𝑗𝑘𝐿𝑖𝑄𝑗𝐷𝑘 +

1

2
𝜆′′𝑖𝑗𝑘𝑈𝑖𝐷𝑗𝐷𝑘

• Originally suppressed by including a R-parity conservation: 𝑅 = −1 3 𝐵−𝐿 +2𝑠

– Keep the proton stable

– Stable and dark-matter-candidate LSP

→ MSSM start to be constrained by the LHC 13TeV limits

• Alternative: R-parity violation SUSY
– By considering a hierarchy order between the flavor couplings 𝜆𝑖𝑗𝑘/𝜆′𝑖𝑗𝑘/𝜆′′𝑖𝑗𝑘

– Achieved in Minimal Flavor Violation (MFV) scenario [arXiv:0710.3129v2]

• 𝜆′′3𝑗𝑘 will naturally be the highest term, involving top quarks.

– Enable to respect low energy constraints

→ Allow us to search for BNV processes at LHC scale !
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From arXiv:1307.1355

https://arxiv.org/abs/0710.3129v2
https://arxiv.org/abs/1307.1355


Search for RPV at LHC 

• We search for generic topology from RPV models involving the 3rd generation:

– 𝛥𝐵 = 2 processes !

– Leading to same-sign leptons + b-jets + extra jets (and low MET)

• RPV signal regions defined for 13.2 fb-1 of 13TeV data luminosity:
– Based on same-sign lepton requirement

– Giving the best discovery sensitivity
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gluino-pair production: Same-sign d-squark production:

From ATLAS-CONF-2016-037

http://inspirehep.net/record/1479668?ln=en


Background composition

1) True same-sign/three leptons

– From Standard Model

– Dominant: 𝑡 ҧ𝑡 + 𝑉 and 𝑉𝑉

– Simulated by Monte-Carlo method

2) Fake/non-prompt lepton

– Light jet reconstructed as lepton

– Or lepton coming from heavy-flavor jet

– Estimated by data-driven method

3) Charge mis-identification

– Detector effect

– Negligible for muon

– Two sources:

• Tracker charge reconstruction efficiency

• Electron from photon conversion

– Estimated by data-driven method
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Results (1)

• Comparison data/expected background 
were performed with 13.2fb-1 of data
– Unfortunately no significant excess was found

– 95% CL limits are set on simple scenario of
RPV models:

• Assuming branching ratio = 1

• In 2D mass plane (m ෤𝑔,m ෤𝑞)
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From ATLAS-CONF-2016-037

http://inspirehep.net/record/1479668?ln=en


Results (2)

• The search is not over ! 
– 36fb-1 of recorded luminosity this year ! 

– We still have sensitivity for a large part of RPV
with more luminosity 

– And we have new ideas to improve the search !

23.11.2016 Simon Berlendis - BNV at LHC 7

From ATLAS-CONF-2016-037

http://inspirehep.net/record/1479668?ln=en


Other baryonic RPV searches in ATLAS

• 1 lepton + multijet search
– ATLAS-CONF-2016-094

– Targeting gluino pair-production

– Similar 13TeV limits
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• Four-jet final states:
– ATLAS-CONF-2016-022

– Targeting stop pair-production

– Stop mass exclusion: ~400GeV

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-094/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-022/


Conclusion

• The search for RPV models is theoretically motivated 
by the search of baryonic number violation
– Large effort is performed in the ATLAS collaboration

• For the moment, no excess was found in the ATLAS experiment

• Limits are set on RPV simplified models

• The limits are also re-interpreted by RPV phenomenologists 
– arXiv:1601.03737v4, arXiv:1403.7197v1
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Thank you for listening! 
Question?

https://arxiv.org/abs/1601.03737v4
https://arxiv.org/abs/1403.7197v1


Backup
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Low energy constraints on RPV

• Proton stability: 𝜏𝑝 > 1034years

|𝜆′𝑖1𝑘𝜆′′11𝑘| < 2 × 10−27(
෥𝑚

100 𝐺𝑒𝑉
)²

• ത𝑛-𝑛 oscillations:

|𝜆′′11𝑘| < 10−7(
෥𝑚

100 𝐺𝑒𝑉
)
5
2

|𝜆′′321,313| < 10−2(
෥𝑚

200 𝐺𝑒𝑉
)5/2

• ഥ𝐾- 𝐾 oscillations:

𝜆′′321𝜆
′′
313 < 10−3

𝑚෦𝑢𝑖

100 𝐺𝑒𝑉

arXiv:1602.04821v2

arXiv:hep-ph/0406039v2
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https://arxiv.org/abs/1602.04821v2
https://arxiv.org/abs/hep-ph/0406039v2


Promising processes
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From arXiv:1210.6598

https://arxiv.org/abs/1210.6598


Four-jet search
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• Pairing jets with the lower:

• Selection in A and cosθ*

• Search for narrow peak in 
mavg distribution:

• Background estimated with
ABCD method



1 lepton + multi-jet

• Requirement: 1lepton and >=5jets

• Template global likelihood fits 
in jets and b-jets multiplicity
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Charge mis-identification: Method

• Based on the Charge flip rates 𝛜

– Defined as the probability of one electron to have its charge mis-identified

– Parameterized on Pt and|η|

• Then, assuming a true number of opposite-sign dielectron events, we have:

• NSS
reco can be estimated by weighting NOS

reco by:

• Charge flip rate estimation on enriched pp→Z→ee data events:

– 𝑚𝑒𝑒 ∈ [𝑚𝑧 − 𝑋,𝑚𝑧 + 𝑋]

• ex: X=10GeV in CMS T5/3 

– Count the number of 𝑒+𝑒− and same-sign 𝑒±𝑒±

– Charge flip rates estimated by Likelihood minimization

ℒ 𝜖|𝑁, 𝑁𝑠𝑠 = 𝑃𝑜𝑖𝑠𝑠𝑜𝑛(𝑁𝑠𝑠|𝑁, 𝜖)
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ϵ1 charge flip rate of 1st electron
ϵ2 charge flip rate of 2nd electron



Fake/non-prompt lepton estimation method

• Lepton definition:

– The fake estimation methods rely on the definition of lepton criteria: 
loose and tight criteria
• Tight = loose + isolation + identification criteria

• Matrix method:

𝑁𝑡
𝑁ത𝑡

= 𝑀 𝑁𝑟𝑒𝑎𝑙
𝑁𝑓𝑎𝑘𝑒

𝑀 =
𝜖𝑟 𝜖𝑓

(1 − 𝜖𝑟) (1 − 𝜖𝑓)

– 𝑁𝑓𝑎𝑘𝑒 is estimated by weighting 𝑁𝑡 and 𝑁 ҧ𝑡 with the elements of M-1

– Generalized for 2 and 3 leptons

• Efficiency estimation:

– 𝝐𝒇 estimated on enriched fake lepton region

• SS Dilepton region: Tight muon + 1 loose lepton (V+jets and ttbar)

– 𝝐𝒓 estimated on enriched real lepton region

• Dilepton region: Z mass window (Z->ll)

– Parameterized in Pt and |η| of the leptons
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𝑡=tight
ҧ𝑡=loose but not tight



Real and fake efficiency measurement and systematic

• Efficiency estimation:

– 𝝐𝒇 estimated on enriched fake lepton region

• Single lepton region: Low MET and MT (multijet background)

• SS Dilepton region: Tight muon + 1 loose lepton (V+jets and ttbar)

– 𝝐𝒓 estimated on enriched real lepton region

• Single lepton region: High MET and MT (W+jets)

• Dilepton region: Z mass window (Z->ll)

• Real lepton contribution are subtracted from fake region

– Systematic uncertainty associated to this subtraction

• Kinematic dependence: 
– Efficiency usually parameterized in Pt and |η| of the leptons

– Trigger can also contain isolation/identification criteria
The efficiencies can be split for different trigger 

– Other kinematic dependence can be also taken into account (ex: Ptjet, ∆R(l,jet)…)
or be taken as a systematic (ex: HT)
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