
Searches for rare and BSM 
decays at ATLAS and CMS

Pedro Sales de Bruin - Uppsala University

on behalf of the ATLAS and CMS Collaborations



08/26/17 P. de Bruin 2

Outline

Summary

Introduction



08/26/17 P. de Bruin 3

Introduction



08/26/17 P. de Bruin 4

Phys. Rev. Lett. 119 (2017) 051802

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.051802
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● Observed (expected) 95% CL upper limit on signal strength 
set at 3.0 (3.1) times SM

● Improves on earlier CMS Run-1 result that set limit at 7.4 
times SM

● CMS and ATLAS performed a combination in this channel, 
giving a best-fit value of the signal strength of 0.1 times SM

● Result combined with Run-1 ATLAS data, signal strength 
upper limit set at 2.8 (2.9) times SM 

http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-13-007/
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-13-007/
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arXiv:1708.00212

http://arxiv.org/abs/arXiv:1708.00212
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●  Improves upon earlier CMS Run-1 result with observed limit of 9.5 times SM prediction

http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-13-006/index.html
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ATLAS-CONF-2017-057

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-057/


08/26/17 P. de Bruin 9



08/26/17 P. de Bruin 10

arXiv:1707.01404

*briefly mentioned in H. Yang’s gammagamma talk
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● Improves upon Run-1 CMS result

http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-13-017/index.html
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ATLAS-CONF-2017-040
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• CMS-HIG-16-016

• CMS has done a combination of several searches for invisible decays targeting 
qqH, VH and gluon+H production using both Run-1 and Run-2 data
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http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-16-016/index.html
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Selection overview

Double (and single) lepton triggers
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LFV Higgs decays (1/2) 
CMS-PAS-HIG-17-001

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-001/index.html
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LFV Higgs decays (2/2) 

● Improves on Run-1 ATLAS and CMS results

https://link.springer.com/article/10.1140/epjc/s10052-017-4624-0
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-14-040/index.html
https://link.springer.com/article/10.1140/epjc/s10052-017-4624-0
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ATLAS-CONF-2017-042
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CMS-HIG-16-015

http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-16-015/index.html
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● Above results combined with earlier aa to 4μ and 4τ searches

http://www.sciencedirect.com/science/article/pii/S0370269315008266?via%3Dihub
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-14-019/index.html
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Previous results – ATLAS 
7 TeV (fb-1) 8 TeV (fb-1) 13 TeV (fb-1) reference

- - 3.2 Eur. Phys. J. C 76 (2016) 605

- 20.3 - arXiv:1509.06047

VBF h to invisble - 20.3 - arXiv:1508.07869

- 20 - arXiv:1505.07645

- 20.3 - arXiv:1505.01609

- 20.3 -  arXiv:1504.04324

- 20.3 -  arXiv:1501.03276

4.5 20.3 -  arXiv:1406.7663

4.9 - - ATLAS-CONF-2012-079

t t→Wb+qH

h→Z(d)Z d , aa→4 l

Search
√ s

h→aa→μμ τ τ

W+(h→aa→4 b)

V (→qq)h (→invisible)

h ,Z→J / psi γ ,Υ γ

h→μμ

h→aa→4 γ

http://link.springer.com/article/10.1140/epjc/s10052-016-4418-9
https://arxiv.org/abs/1509.06047
https://arxiv.org/abs/1508.07869
https://arxiv.org/abs/1505.07645
https://arxiv.org/abs/1505.01609
https://arxiv.org/abs/1504.04324
https://arxiv.org/abs/1501.03276
https://arxiv.org/abs/1406.7663
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-079/
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Previous results – CMS 
7 TeV (fb-1) 8 TeV (fb-1) 13 TeV (fb-1) reference

 - 19.7 - CMS-TOP-12-039

- 19.7 - CMS-TOP-13-017

5.0 19.7 - CMS-TOP-14-007

- 19.7 - CMS-HIG-14-040

ATLAS+CMS 
Higgs decays ~5 ~20 - J. High Energy Phys. 08 (2016) 045

- 19.7 - CMS-HIG-14-019

- 19.4 - CMS-HIG-14-025

5.0 19.7 - CMS-HIG-13-007

VBF + Zh, h to inv 4.9 19.7 - CMS-HIG-13-030

Search
√ s

FCNC  ttZ , tgq+Z ,tzq

t t→Wb+qH

FCNC  tgq

LFV h→e τ , eμ

h→aa→4 τ

h→γ+inv

h→μμ , ee

http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-12-039/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-13-017/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-14-007/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-14-040/index.html
http://dx.doi.org/10.1007/JHEP08(2016)045
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-14-019/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-14-025/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-13-007/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-13-030/index.html
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Summary

• Showed recent results of rare and BSM decay modes of SM particles 
investigated by ATLAS and CMS

• No significant deviations from the SM observed

• Improved constraints on BSM branching ratios and parameter space 
exclusion in a wide range of models

• Several searches statistically limited and will benefit from more data so 
stay tuned!

Thank you!



BACKUP
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h(→invisible)+Z (→bb)

● 4 MET triggers used
● 3 MET categories defined: 100 – 130 (“low”), 130 – 170 (“intermediate”), >170 GeV 

(“high”)
● BDT score used as discriminant
● 95% CL upper limit on σ B(h to inv) / σSM set at 1.82 (1.99)

*CSV is the btagging algorithm
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