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VH(bb) and Some LPC History

Associated production (VH) with H—=bb W/Z
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The LPC has been a big player in the
CMS search for standard model
VH(bb) since the beginning

Reached 20 in Run 1 (arXiv:1310.3687)
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Three FNAL postdocs who worked on
H—=VV did Snowmass studies showing
VH(bb) could be powerful probe of the

- Y. Gao, N. Tran, A. Whitbeck et al. (arXiv:1309.4819)
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http://arxiv.org/abs/1310.3687
http://arxiv.org/abs/1309.4819

The LPC Team

New team that drew on LPC experience in

1. The search for standard model VH(bb)
HVV
couplings

2. HVV coupling studies in H—=VV
J. Berryhill, BK, N.Tran, C. Vernieri, A.Whitbeck - FNAL
A. Garabedian, M. Narain, S. Sagir - Brown University
J. Li, Q. Li, Y. Mao, Q. Wang, Z. Xu - Peking University
J. Fu Low - University of Florida
N. Parashar, J. Stupak Ill - Purdue University Calumet
M. Xiao - Johns Hopkins University
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* Generic HVV scattering amplitudes for spin O H:
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The HVV Coupling
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* VH sensiyvity from order of magnitude larger
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» Effective fractional cross section to parameterize
presence of anomalous pseudoscalar component
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where oj is the cross section for ai=1 and aj-i=0
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Run 1 Results

e [ndividual and combined
Combine with H—=VV

- Strongest assumption:
aif4=a;f"WW and no
additional anomalous
couplings, fa344 > 0.0034
excluded at 95% CL

- Big improvement on fa344 >
0.28 exclusion from H=VV
alone!
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Submitted to PLB in Feb.



Plans tor Run 2

 Expand interpretation

- Construct variables
sensitive to interference
between scalar anad
pseudo scalar (CP
violation in Higgs sector!)

- Higher order scalar
couplings

Use case for jet
substructure in VH?
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Higgs—Long Lived Particles

Current searches according to D. Curtin:
not yet more like

—

* Can we use associated "
VH production to access 09
exotic Higgs decays?

https://indico.cern.ch/event/517268/contributions/2041302/attachments/1272538/1886385/
davidcurtin displaced decays neutral naturalness wishlist CERN LLP remove 11may2016 15m v1.key.pdf

* [heorists have suggested
this for the search for
decays to long lived
particles.

Matt Strassler @ LPC


https://indico.cern.ch/event/517268/contributions/2041302/attachments/1272538/1886385/davidcurtin_displaced_decays_neutral_naturalness_wishlist_CERN_LLP_remove_11may2016_15m_v1.key.pdf

Higgs—Long Lived Particles

e Twin Higgs model provides a
solution to the hierarchy
problem

Original: arXiv:0506256 (2005)

Recent interest: arXiv:1501.05310, arXiv:

1506.06141, arXiv:1508.01522 (2015)

e Signature is VH with
H—displaced b jets

After trigger, factor of ~10 more events
than from gluon fusion

e A perfect opportunity for
collaboration
LPC DRs

Long lived: J. Antonelli, M. Walker
VH, b jets: J. Stupak I, BK

J. Hardenbrook (Princeton)

1.
2.
3.

Image from D. Curtin,
https://indico.cern.ch/event/517268/contributions/

Higgs portal to mirror QCD ﬁ
Long lived mirror glueballs
Decay back to to standard
model via Higgs mixing

2041302/attachments/1272538/1886385/

davidcurtin _displaced decays neutral naturalness wish K

list CERN LLP remove 11may2016 _15m vi.key.pdf V
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Higgs—Long Lived Particles

2.3 fb'|1 (1|3 TeV)
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- Starting with J.
ardenbrook’s inclusive
search

- Also vertex-based
variables

10*

points are signal

10°
10? mglueball’=25 GeV, CT=1 Omm
10

1

101
m 0.035
— » 0.03

0.025

* E.g. fraction of track pr
IN jet not assigned to a o

0.01

primary vertex

% 0.2 0.4 0.6 0.8 1

fkaction




L1 Trigger Upgrades

2015 upgrade to Global
Calorimeter Trigger

“Stage 1”7 Calorimeter Trigger

FNAL, MIT, Rice, Wisconsin, UIC +
Europe

FNAL/UIC responsible for pp
algorithm firmware
Event-by-event pileup subtraction

CMS Preliminary 52.0pb”" (s=13TeV
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Efficiency

New and improved tau algorithms
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New heavy ion algorithms

Stage 1, Isolated: épT>28 iGeV

Gained experience with triggers 02/
and FPGA firmware :

+ Legacy: pT>28 Ge;\l
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http://iopscience.iop.org/article/10.1088/1748-0221/11/01/C01051/pdf

Future L1 Trigger Projects

| really enjoyed working on the |
Stage 1 upgrade L Pulsarlb

Looking forward to
contributing to future L1
trigger upgrade projects

Associlative memory Phase |
track trigger

-lorida, Northwestern, S&ao
Paolo, Texas A&M, ...

Pullsar Ilb has the same FPGA as
Stage 1 upgrade

Particle flow at L17
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summary

| PC team benefited from experience with VH(bb) and HVV
couplings studies and set new constraints on anomalous HVV
couplings using VH(bb) channel in Run 1

- Will continue the search in Run 2 with expanded interpretation

 New team of Distinguished Researches sharing experience to
look for Higgs decays to displaced b jets

* Opportunity to get involved at the very beginning of Phase Il L1
trigger upgrades
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Run 1 Analysis Strategy

W(uv)H(bb) Channel
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