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Electroweak Symmetry Breaking

e clectromagnetic & weak couplings are drastically different

— unified electroweak theory governed by one coupling constant

— massive vector bosons suppress the Weak coupling (o/My,)

e theorized Higgs field generates W & Z masses while leaving

photon as massless

e symmetry breaking occurs at v=246 GeV

» predict Higgs boson particle, but no prediction of myz =

e fermion masses generating by couplings to Higgs field
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Higgs Production at the Tevatron

SM Higgs production

IIIIIIIIIIIIII|IIIIIII|IIIlIIIIIIIIIII

TeVII —

103
o [fb]

gg—h

T IIIIIIII

qq — Wh

T T T T TTIT

10 = qq — Zh =
i gg,qq — tth ]
I TeV4LHC Higgs working group | I |
l | I Y I A | ) N N A S | | S I N I N S | 1 I N A I N | L1 1
100 120 140 160 180 200

August 11,2011 Michael Kirby - ZH->1lbb at the Tevatron



Higgs Production at the Tevatron

SM Higgs production 14DiGeV
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Higgs Production at the Tevatron

e ZH—IIbb smallest
oxBR of major search
channels

M. Sanders, 2008

o x Br [pb]

T II|III|

T IIIIII|

e only fully

10'4:—NNLO, ne lepton flavour
e reconstructed
T - — libb .
T 2 wh signature
1055_—gg—>lH—>WW—>IIvIv 1 | .
100 120 140 | 160 180 200 © very fertile ground for
my [GeV]

developing new

\ techniques and

Low Mass Search Region discriminants
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The Tevatron at Fermilab

proton-antiproton
collider at Fermilab

s =1.96TeV
~3x10%? peak lumi

p m—p W

Booster _ -
AN e
Tevatron
integrate ~50/pb/wk P Sy -
p soufce =

Main Injectdr ‘3
& Recycler

B
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- B e

delivered Int Lumi = 11.6/fb

Integrated Luminosity 11525.44 (1/pb)
— /

meeting stretch goals and operating

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

m Fiscal Year 11 e Fiscal Year 10 a Fiscal Year 09 « Fiscal Year 08 = Fiscal Year 07
v Fiscal Year 06 = Fiscal Year 05 » Fiscal Year 04 = Fiscal Year 03 « Fiscal Year 02

with excellent efficiency
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The Tevatron at Fermilab

* proton-antiproton p e— - qu— ”
collider at Fermilab
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CDF & DO Detectors

CDF Il Detector

Muon Detectors - ' Muon Detectors
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CDF & DO Detectors

CDF |l Detector renormalized Raaf-measure

Muon Detectors

Muon Detectors

10 -& ] 5 10
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/H — [Ibb Strategy

ﬂeeonstruct the di-electrons ON

di-muons from decay of Z

srequire two jets, E.> 15 GeV M
*CDF leading jet > 25 GeV

*D@ leading jet > 20 GeV

euse b-quark identification to
enhance signal

*improves acceptance using
alternate lepton ID

edevelop new multivariate
techniques to improve sensitivity

echallenging irreducible
@kgmunds /
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/H — [Ibb Strategy

ﬂeeonstruct the di-electrons ON

di-muons from decay of Z

Lepton

srequire two jets, E.> 15 GeV
*CDF leading jet > 25 GeV

*D@ leading jet > 20 GeV

euse b-quark identification to
enhance signal

*improves acceptance using
alternate lepton ID

edevelop new multivariate
techniques to improve sensitivity

echallenging irreducible
@kgmunds /
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/H — [Ibb Strategy

ﬂeeonstruct the di-electrons ON
d

1-muons from decay of Z
srequire two jets, E.> 15 GeV
*CDF leading jet > 25 GeV

*D@ leading jet > 20 GeV

euse b-quark identification to
enhance signal

*improves acceptance using
alternate lepton ID

edevelop new multivariate
techniques to improve sensitivity

echallenging irreducible
@kgmunds
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Events
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Increasing Acceptance

eDetector regions without full

% 350 [_Pretag D@ Preliminary, 7.5 fb™’
i 300 s o Instrumentation
=
200 o *Use alternate ID algorithm to
E reconstruct second electron or muon
50 ate¥ ] e
. . e e Peta e edi-electron events utilize inner-
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N R s di-muon events identify track-
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C I Multijet
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100 |

eAdditional 12% and 20% signal

0L acceptance
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August 11,2011 Michael Kirby - ZH->11bb at the Tevatron 13



e muon identification NN

— train using single muons in ZH
Monte Carlo

— background sample comes from
same-sign data sample

e clectron identification NN

— train using combination of
electrons and jets from MC and
data

— achieves similar acceptance as
previous selection while
improving background rejection
by factor of 5

August 11,2011
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Events/ 0

1000 [

Improving lepton ID

All Dimuon Events; No NN Selection
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7% improvement
in expected limits

- NN
aRaages
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Kinematic fitter

e[ntroduce constraints from SM

Higgs hypothesis
edilepton from decay of Z

*Higgs radiated from Z
\jets from decay of H
[DijetMass | RMS/mean =0.10 [~ Dpata

-

15
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Improving dijet mass
resolution ZH — [/bb

-

e[ntroduce constraints from SM
Higgs hypothesis

edilepton from decay of Z

*Higgs radiated from Z

\°jets from decay of H /

Kinematic fitter \
Lepton

Lepton
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\_

etrain artificial NN using ZH—[Ibb events

~N

ecorrect jet energies based upon projecting missing E, onto

individual jets

eprovides ~8% improvement on dijet mass

J
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Tagged Events

tt
Network
Score >
0.5

Jet-Flavor
Separator
>0

Yes

Region I

August 11,2011

Region lli

‘ Making ZH — [Ibb smarter

CDF Multivariate Discriminant

@design previous 2D Boo@

Decision Tree

etrain separately for all Higgs
masses

edevelop discriminants for
specific backgrounds

*top discriminant

ejet flavor separator

*Apply final NN to all samples

%ﬁnal search distribution /
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Making ZH — [Ibb smarter

—ZH —Z+qq Z+cc —Z+bb it |

| | |
Region | I Region Il : Region lll |

tt
Network
Score >
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Jet-Flavor
Separator
>0

1 1 ‘ 1 1 1 1 1 1 1 1 K
1.5 2 2.5 3

Final Discriminant Output
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improves sensitivity by ~5%

simplifies combination with other
__search channels y
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Events

*Separate into 3 b-tagging channels
*Two or more SecVtx tags
*SecVtx tag + JetProb tag

*Single SecVtx tag

12

— my =120 GeV
CDF Run Il Preliminary, 7.9 fb™

LOOSE + JP TAG

10

0.5 1 1.5 2 25 23
Final Discriminant Output (Trained at m w =120 GeVic®)

(4]
-
]
>
w

Events

‘ /ZH—nubb final dlscrlmmant

Mistags ElZbb —ZHx5
Top Fakes [ ] D b — my =120 GeV
g~ DOUBLE TAG CDF Run Il Preliminary, 7.9 fb"
7
6 —
59
41—
3F
2fp
ST e
0 0.5 1 1.5 2 2.5 23
Final Discriminant Output (Trained at m w =120 GeVic®)
Mistags ElZbb Z+cc — ZH x50
Top Fakes B Diboson — my = 120 GeV
SINGLE TAG CDF Run Il Preliminary, 7.9 fb™

3

0.5 1 1.5 2 25 2
Final Discriminant Output (Trained at m w =120 GeVic®)

Michael Kirby - ZH->11bb at the Tevatron




‘ ZH—eebb final discriminant

*Separate into 3 b-tagging channels

*Two or more SecVtx tags

Events/ 0.02

*SecVtx tag + JetProb tag

*Single SecVtx tag

Events/ 0.02
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August 11,2011

Random Forest Boosted
Decision Tree

separate tree trained at
ecach Higgs mass

double b-tag and single b-
tag channels

combined with previously

analyzed 1.1/fb of Runlla
data

no significant excess 1s
seen 1n the data of either
experiment
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‘ Making ZH — [Ibb smarter

CDF Il Preliminary : Expected Sensitivity Comparison
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ZH — [Ibb Results [.L ~8 fb!
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Conclusions

N ]
c * Data .
§ = Signal x 5 560
* searches for standard model = BN Post-it Bigd+ 10 140
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