SEARCH FOR SM HIGGS WH= Ivbb
WITH MATRIX ELEMENT TECHNIQUE
AT CDF
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» General purpose particle detector with cylindrical symmetry.

CDF

Muon Chambers

. (inside
a 1.4 T solenoidal
magnetic field)
calorimetry and
muon systems.

Silicon Vertex Detectors Tracking Chamber

pseudorapidity: n=-In[tan(6/2)]

For Higgs physics the full detector is needed.
@ For a CDF virtual tour go to: http://www-c:df.fnal.gov/virtualtour/2



Production |
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Low mass m, < 135 GeV

- The most relevant production
mechanism at Tevatron is the one
associated with a vector boson (W or 2).

Cross section (pb)

=3

Excluded by EB

Branching ratio
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my (GeVicd)

 Use leptons from W decay to trigger.

*The largest branching ratio decay
channel is: H->bb




High pisolated lepton (e/muon): p; > 20 GeV.
Adding new muon types increase the acceptance ~25%.

High missing transverse energy: MET > 25 GeV.
n=-In(tan(6/2))

Two energetic jets with:
Transverse energy: E; > 20 GeV
Pseudorapidity: [n| < 2.8

proton

At least one jet identified

. HO s
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Top/EWK (WW/WZ/Z—1t, ttbar)

¢ MIC normalized to theoretical
cross-section

W+HF jets (Wbb/Wcc/Wc)

Non-W (QCD) : : :
* Calibrated using W+1jet data

* Predominantly, due to multijet
events with semileptonic b-decay

* Fit low MET data and extrapolate into
signal region

Mistags (W+2jets)

 Falsely tagged light quark or gluon
jets

* Mistag probability parameterization
obtained from inclusive jet data
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CDF Run Il Preliminary, L=2.2fb"

» Signal is much smaller than [
background. 3000 | =:m _-

» Counting experiment % // / S<<0b,syst =$.ﬂ"’ |
IS not poss_ibl_e -> Th000 . e
need sophisticated e Feorosa ||
tools to isolate regions = S
with high signal purity. Emoo:-

For a Higgs mass of 115 GeV.
4.6+0.3 expected events (single tag)

1.4+0.2 expected events (double tag) W+1ljet W+2jets W+3jets W+4jets

 We use a Matrix Element (ME) Technique to calculate event
probabilities for the signal and the background (bkg) hypothesis.



- The probability of an event of being signal is proportional
to the differential cross section of a given process:

 Fermi’s Golden Rule tells us the differential cross section
for a given scattering process:
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« Calculate probability density of an event resulting
from a given process:

|
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(P, P> D)=
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J. dpdp,dp, Z¢4 M(p!)F Jet
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Phase Space Factor /
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Jet> = part

rary

|

Matrix Elements

Parton Distribution Functions

Inputs:

lepton and jet 4-vectors

— no other information
needed!
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Transfer Functions

*TRANSFER FUNCTIONS (TFs):

We parameterize the Ep — Ej distribution
as a sum of two Gaussian functions.



- TFs parameterize parton energy as a function of measured energy.

* Ep — Ej parameterize as a sum of
two gaussians:

» One to account for the peak.
» The other for the asymmetric tail.

* Different TFs for heavy quarks
(b and c), light quarks and gluons.

jet ( E jet » E parton )

Jets
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Entries 83216
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« Event Probability Discriminant (EPD) definition:

EPD = I:)signal / (Psignal+Pbackground)

« Backgrounds peak in cero and signal peaks higher.
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95% C.L. Limits on o(pp— WH)xBR(H— bb)

| W 95% of Pseudo-Experiments
. ——— CDF Observed

| —— NLO SM Prediction « For a Higgs mass of 115 GeV:

—h
o
1 T

v Expected limit is 0.91 pb
(6.9x SM).

v Observed limit is 1.05 pb
(8.0x SM).
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The most sensitive single Tevatron low mass Higgs

search to date!!
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« Use a Neural Network to better reproduce the parton energy.

* O input variables: E

jets

* New transfer function using
the output of the NN.

I NN, Mean = 0.24, RMS = 16.09
[__] E, Mean = 12.87, RMS = 18.00

CDF Pythia MC
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NNoutput improves the
Jet resolution.
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- SM Higgs search with ME technique has been performed
with 2.2 fb-1 of data.

- Our 95% C. L. expected upper limit is ~0.9 pb
(6 - 8x SM for low mass).

* Observed limit of 0.96 -1.3 (6 - 12x SM for low mass).

* The most sensitive single Tevatron low mass Higgs
search to date!

* Working on improvements that will be crucial for gaining
some Higgs sensitivity.
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THANK YOU FOR YOUR ATTENTION!
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i 68% of Pseudo-Experiments
: I 95% of Pseudo-Experiments
: CDF Observed

. —~— NLO SM Prediction
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95% C.L. Limits on 6(pp— WH)xBR(H— bb)/SM
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Mass Limit (pb) X SM Mass Limit (pb) X SM
110 0.99 6.1 110 0.96 6.0
115 0.91 6.9 115 1.05 8.0
120 0.87 85 120 1.30 12.7
130 0.76 12.2 130 1.46 23.4
140 0.70 23.0 140 1.51 49.5
150 0.66 551 150 1.37 114.9 18




