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The Higgs Boson and Taus

Standard Model of Elementary Particles

three generations of matter
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* Use taus to investigate
properties of the Higgs:

Good Branching Fractions
Excellent online selection

Higgs couples to mass. Tau
is the most massive lepton

* Tau ldentification:

Tau Decays hadronically (t, )
and leptonically

Hadron Plus Strips to identify
r'sin T, decays
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Signals and Final States

* Production Mechanisms:
Vector Boson Fusion (VBF)
Gluon Gluon Fusion (ggH)

* Final States ggH £
%.)
ThTh y» €Th y UTh , EM H f
S
* Main Backgrounds: * Challenges:
QCD background Jets faking taus
Drell — Yan Leptons faking [3]

tf taus
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Event Categorization and Fit Model

* 3 Event Categorizations:

* For a final fit, most categories and channel use a 2D fit in the limits to
extract significance for the mass of the tt system

* 0-jet category is used to constrain backgrounds, VBF and Boosted
for signal extraction

* Shown below is the 0-jet category for each channel

o] an | wn | e | e

* 0-jet criteria: no jet >30 GeV, |n| < 4.7, and loose particle flow I.D.

ep and 1,7, don’t

resonate sharply Ojet has better
around Z ... fortt, 1D separation in
is used for high pt visible mass

threshold
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Background Methods

dOpposite Sign

» Several Control Regions (CR) are use
to measure background for W+Jets,

/+]ets, tt , and QCD Same Sign

10/25/2018
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» 2D categories are split and unrolled,
VBF category in the pt, channel shown

* The Z and Higgs are well separated
with the Z at 90 GeV and Higgs at 125

GeV

CMS Simulation 13 TeV
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usversity - Jnrolled Distributions m:m;;

CMS wt , VBF 35.9 fb' (13 TeV)

) : ! : Ob: d
300 <m, < 700 GeV : ?00 <m; < 1100 GeV : 1100 < mii < 1500 GeV iy > 1500 GeV ~4- Observe

III IV B e = 1.09)

o
w

Z—1T

- Z—-pp/ee
- tl+jets
- Wjets

QCD multijet
- Others
|:| Total unc.

= H—1t (n = 1.09)

Events/bin
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usversity - Jnrolled Distributions m:m;;

CMS wt , VBF 35.9 fb' (13 TeV)
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CMS T, %, VBF 3591fb" (13 TeV)
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Using MELAiIn H — 77

* Matrix Element Likelihood
Analysis (MELA) can be used
to constrain couplings in HVV
processes such as Higgs coupling
to ZZ, WW, Zy, vy, and gg :
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Mela uses kinematic information

CMS Supplementary 3591 (13 TeV) ﬁ(mHiggsr oD, CI)l, oF, ) D
T T T | T T T ‘ T T T | T T T | T T T '4:
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+ Observed f,z=-1.00 . . . . . >
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- a3 = ' . o —
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2 | | Do — Fo- .
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L . - . . . . o 11]
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o 02 04 o6  os 1 ]
DVBF+dec for 2D or 3D fit!
*HIG-17-011 0-
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Future Studies

ROCcurve
* We may use Machine S E—
Learning and MELA in the &
final 2D or 3D fit. 0.8
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Thank you
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Full Event Categorization and Fit Model

* 3 Event Categorizations:

* For a final fit most categories and channel use a 2D fit in the limits to
extract significance for the mass of the tt system

98% ggH
signal, el and Categorization
Tt don’t w

resonate
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0- Jet &
sharply around £
Z ..for tt 1D | Boosted >
) <<
is used for VBE =
high pt 2
threshold £

Ojet has better - ° My, IS precisely
separation in € i }
visible mass. | signal/backgroun [—— measured using SV
- Fit
Low DY lepton d of the Higgs .
fakine tau in 3- | increase as a 5|gnal/b:ackg.round [16]
8 function of of the Higgs increase
prong DM. HiggsPt as a function of di-

jet invariant mass




