SEARCH FOR AN INVISIBLE DECAYING HIGGS
BOSON IN DILEPTON EVENTS AT CDF

Kyle Knoepfel, Cristiana Principato, Costas Vellidis

Fermilab

September 26, 2013

Search for an Invisible Decaying Higgs Boson Sept 2013

1/19



Introduction: What are we searching for?

Aim: Search for an (Exotic) Higgs boson that decays to invisible particles.

» If Higgs boson decays to weakly interacting and neutral particles,
Final state will only be the missing energy, no visible particle in the
detector.

How can we do that?

@ One of the easiest signature for this
process is when H is produced in
association with a Z — [l because
of its clean signature:

v > 2 Leptons at Z—mass
» Missing Fr from Higgs
» No jets

v
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Introduction: Why it's so interesting?

» After the discovery of Higgs boson at LHC, the main task will be to
establish its properties.

» To observe an Higgs decay to invisible it will be indication of New
Physics.

» Many BSM models incorporate Invisible decay of Higgs boson that is
significantly different from zero:
Fourth Generation Neutrino, SUSY, Extra-Dimension.
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Are we competitive with CMS! /ATLAS??

No, we are not.
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(1)CMS PAS HIG-13-018

(
oz X BR(ZH — llinv) < 38fb(exp
oz X BR(ZH — llinv) < 28 fb(obs

(2) ATLAS-CONF-2013-011

So Why?

1) Complements other Higgs searches at CDF
2) M. Bauce nearly brought this to completion (data sample, code already
xist), we are trying to finishing it up

€
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-
What has already been done by Matteo Bauce !

We look for such signal process in a sample of Z — resonant dileptons,
using a dataset corresponding to 9.7 fb—! of CDF data.

We will investigate Z H signal assuming SM production and
BR(H — vv) = 100%.
We investigate Higgs mass hypothesis from 115 to 150 GeV/c?.

» Event Selection
» Modeling Background
» Systematics Uncertanties

» Upper Limit

Yhttp://www-cdf.fnal.gov/ bauce/internal /HI_ info/Q_ A_ reviewers:html
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N —
Event Selection

Reconstruct 7 — [l

e Exactly two leptons, opposite charge and same flavor

o Reconstructed invariant mass: 82 < M;; < IOOGeV/c2

o Different reconstructed lepton categories for electrons, muons and
high-quality tracks

Require Z — [l to be boosted

o Consider as a signal region pp(ll) > 45 GeV
e 30 < pr(ll) < 45 GeV events considered as a control sample

Reduce spurious background boosted events

o No jets reconstructed that have ' > 15 GeV and L5 corrections, with
A¢p > 2.0 from the Z

Signal Region with Z1r > 60 GeV
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.
Composition of the selected Data Sample

The signature considered is shared also by other processes, which are background
contribution to our search.

Process Events in 9.7fb~ T

. Z + jets 31+£1.2

e Z/~* + jets: largest cross wWw 31412

section, fake K7 in the event. Wz 19.2+1.8

| i~ 7z 272 £29

e ZZ: irreducibile SM Wy 05+05

background, exactely same decay W + jets 3.8+£0.6

mode, different Z recoil (wrt ZH) Ll >3 =99

! : Total Background 73.0 + 4.0

e WW: [vlv non resonant ZH (my = 125 GeV/P) 81+12
final-state.

o WZ: missing one lepton from
leptonic decay mode (lllv).

e W ~ : ~ faking a lepton.

o Wjets: jet faking a lepton.
e tt : [l+jets final state
characterized by large hadronic

activity. \v&,/‘

Q)
5
£

N
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&
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-
Background Modeling

Background processes modeling:

@ W+jets background modeled from data.

@ Z+jets background modeled from data .

@ All other processes are modeled using MC simulations.
Background processes validation:

o WW/W+jets modeling validated in a sample of e — p events with
significant (> 20 GeV') Er.

o W ~/ W+jets modeling validated in a sample of Same Sign leptons.

@ Z+jets fit procedure validated in different kinematic regions:

» 30 > pr(ll) > 45 GeV/c indipendent sample.
» Events with exactely one jet in veto cone.
» Events with reverted veto cone.
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Signal Region Kinematic
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Signal Region Kinematic
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Signal Region Kinematic

CDF Run 1 preliminary L=97fb
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|
Final discriminant AR(Il)

Requiring r > 60 GeV
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-
Systematic Uncertainties

Syst. Unc. Zijets WW o WZ 2z W+ Wijets tt ZH
Th. cross section 6.0% 6.0% 6.0% 10.0% 10.0% 5.0%
NLO acceptance 5.0% 50% 50% 10.0% 10.0%
Luminosity 59% 59% 59% 5.9% 5.9% 5.9%
Conversion 10.0%

JES 28% 1.0% 4.0% 2.0% 3.0% 4.0% 1.0%
ISR/FSR 8.0%
Fake rates 15.0%

Lepton ID 3.0% 3.0% 3.0% 3.0% 3.0% 3.0%
Trigger eff. 20% 2.0% 2.0% 2.0% 2.0% 2.0%

Need to consider possible systematic uncertainty that affect the shape of
the AR(Il) distribution.
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N
(Z — ll)(H — vv) production Limit Calculation

Statistics-only Limits

Using a Bayesian approach we set a 95% confidence level upper limit on
0(ZH) x BR(H — vv).
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(Z — ll)(H — vv) production Limit Calculation

Using a Bayesian approach we set a 95% confidence level upper limit on
o(ZH) x BR(H — vv).

3

95% C.L. limit on o{ZH) » BR(H-w)/6(ZH)g,
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Upper limit on o(ZH)sas | 115 GeV/c? 120 GeV/c® 125 GeV/c2 130 GeV/c? 135 GeV/c? 140 GeV/c2 145 GeV/c® 150 GeV/c?
—20/osnm 1.36 1.55 1.60 1.65 1.73 1.98 1.96 2.08
—lo/osm 2.04 2.19 247 2.44 2.56 2.75 2.87 3.06
Median/osy 2.95 3.32 3.44 3.49 3.86 3.89 4.39 4.37
—lo/osm 4.65 4.90 4.90 5.08 5.56 6.07 6.42 6.97
—20/osnm 7.73 8.51 8.49 8.21 10.55 12,34 10.75 13.71
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N —
Conclusion

In the last several weeks we have learned a lot about Matteo's analysis.
Up to now:

@ We are able to use his root files and reproduce the kinematic plots
exactly.

@ The limits with statistical uncertainties only, seems resonable
compared to Matteo's results.

@ Limits with systematics uncertanties look high compared to Matteo's
results.

We are working to figure out the problem.
We are also exploring if we need to include shape systematics.
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Backup slides
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-
Systematic Uncertainties

Syst. Unc. | Z4jets WW  WZ ZZ W~y Wojets tt ZH
XSec_ DIBOSON 6.0% 6.0% 6.0%

XSec. WGAMMA 10.0%

XSec_ TTBAR 10.0%

XSec_ ZH 5.0 %
NLO_ ACCEPT_ DIBOSON 50% 5.0%

NLO_ ACCEPT_ WGAMMA 5.0%

NLO_ ACCEPT_ TTBAR 10.0%

NLO_ ACCEPT_ZH 10%
Luminosity 59% 59% 59% 5.9% 59% 5.9%
Conversion 10.0%

JES_ ZJETS 28%

JES_ DIBOSON 1.0% 4.0% 2.0%

JES. WGAMMA 3.0%

JES_ TTBAR 4.0 %

JES_ ZH 1.0%
ISR_ FSR 8.0%
Fake rates 15.0%

Lepton_ ID_ ZJETS 3.0%

Lepton_ ID 3.0% 3.0% 3.0% 3.0% 3.0%
Trigger- EFF_ ZJETS 2.0%

Trigger_ EFF 2.0% 2.0% 2.0% 2.0% 2.0%
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N
(Z — ll)(H — vv) production Limit Calculation

Evaluate the limit using a Bayesian approach (MCLIMIT) using as binned
likelihood to be fitted:

Nie™ ;Ufz

_ Hﬂz

where

pi= > al[J(+ £ SONNGE™); + fays d) (2)

k c
Fitted parameters:
Parameters Symbol  Fit Status Notes
Z H production cross section azz free assuming BR(H — vv) = 100%
Z + jets modeling parametrization d semi—free Constrained to float in specific ranges
Systematics nuisance parameters Sc constrained  Gaussian prior, as prescribed in limit calculation
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