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CERN Accelerators

(not to scale) » s=14 TeV P-P collider

» Luminosity
v jnitial=2x10*cm*s*
» design=10*cm*s™

» Bunch crossings every 25ns
(design lumi)

» High statistics
> W, Z, top factory
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Higgs Phys_i CS |

» Lower limit on Higgs Mass ; fLa-somt L G
fromdirect search: ~114 GeV  § ,  amas x

= 4 qqH — gqqt
E%u —  Total significance

> ATLAS has discovery
potential over full mass range

» Strategy for low massisto
look for Higgs + two jets:
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2 W § » Still work to be done
—_ > Optimizations, €etc.

q > Control Samples & Systematics




VBF H>WW->Iviv(1)

» Two leptons, two forward jets, missing P

» Background dominated by:
> Top quark pairs

> Electroweak (1.e., t-channel exchange of vector
boson) WW production

» Important features of recent analysis:
> New description (MC@NLO) of top background

> Neural Network analysis over broad mass range

» Mass-dependent cut optimization to make comparison
with Neural Network analysis fair
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- VBE H->WW=>Ivlv(2)
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(parton level) ttbar log(pt/GeV)
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An

» Tree-level t-t monte carlo
with parton shower
underestimates P of t-t

system

> Need matrix-element
description of tt+1j, asin
MC@NLO, becaue extra
jet playsalargerole

» b-tagging can be used to
define a control sample



~ VBE H>WW=>Iviv(3)
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ez | Use genetic algorlthm to
e optimize cuts independently for
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each mass

optimal value for MT"", M7

> Separate optimizations for ee,
eu, and uu channels as a check

R > Perform optimization for Pythia
o e — (black curve) and MC@NLO
I, oo (red curve) description of top
s quark background

. ~ Points are from MC@NLO
e » Cutsareappliedto An , M,
An,A¢p , M, M
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~ VBFE H->WW=>Iviv(4)

tStE;?I VBF H- WW - ep
E EW WW S 100 —+— VBFH- WW — ee
:E e[,l Channel :S\?VDZ};VW § = —%— VBF H- WW — pyf
E — QCD Zjj S; B —o— Combined
M =160 GeV > r IL dt=10fb™
? H 10 ?
L B
! ? Neural Net Analysis
- MC@NLO tt
o 5.2 5.4 5.6 o5 1 10" 06 Ts0 200 580 500550 400 480 500
Neural Net Output M, (GeV)
vere- - Trained using Pythiatt, tested
= —a— VBFH_ WW - ee
- —veeewwewl - uging MC@NLO tt
B 1 —o— Combined
- IL dt=10fb

» Same variables as GA, plus
Ad , not useful for cuts
]

Cut Analysis B
Optimized on MC@NLO tt

~ 0 "
Optimized on MC@NLO » NN offers_> 30% improvement
s s over classical cuts
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M, (GeV)




Do We Need 2 Tag Jets?

" » "Forward" tag jets? _
J

> Forward region is more difficult to
understand: pileup, etc.

» Forlow M , one et is often central H

P Tagging two |ets suppresses gluon fusion

b Strict Central Jet Veto: Reject || ™ NeW approach:

event iIf any non-tag jet has > Only tag one jet
> Underlying event & pileup » Weaker Central Jet Veto

may be small, but might not.

This could complicate things. || ® ©an €ither complement or

replace "two-tag" scheme




» Final staté: One hard

> >
g 10 - g 10 .
o 4 3 recoll jet, two leptons
g B and missing P from 7
B0 L®10° T
E T {E 4 decays
2 e n 1210 .
w0l el Al P Recoll Jet tends not to
0O 100 200 300 400 0O 100 200 300 400
Py (GEV) P, Gev)  bevery centra (|n[>1)
008> | 2 —gg—>H - .
= 007 =] » M and P "% provide
8 0.06— 8 Hi T
gos B2 strong handles to
Noos- NI10 ¢ :
oo g SIS reject Z background
5002 510 i : :
Zoo f f 12 || “= 4w Signal is~35% gluon
N N R R o0 s w00 w00 fusion and ~65% VBF

n, My (GeV)



| TT+]] (2)

P Significance IS
ggH 5.00 for

—VBF _
- . MH—12OGeV,
i QCD Z+x 30f b-l
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Cross-section (fb/7GeV)

» Compareto
<~4g for

“two-tag”
analysis

;‘ — — » Control samples
0 80 100 120 140 160 180 eXISt for Z+X

MalGEV) and top quark
> See hep-ph/0406095 for more details backgrounds
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» Divide"inclusive"
sample of eventsinto
"tagged" and
"untagged" samples

) UsePH'ggs M , and
M (tagged only)

Yyi

as NN inputs

> Glves a~65%
Improvement over

0] e :'30 | 140 | 150 inclusive cut
110 120 1 analysis

Events

M., (GeV)



— QCD WW

tt

——H+1j, M, =160
,,,,,, VBF, M,,=160

H+1j, H - WW

H+1j, 10% syst

200 220
M, (GeV)

WW+1]

» Two neutrinosin f=i nal state:
Can't reconstruct M (or M )
H Hj

> Need to reqgire tag jet be forward
» No overlap with "two-tag"
H->WW analysis (upper
bound on An )

» Signal i1s~88% gluon fusion

» Control Samplesexist for
QCD WW and tt backgrounds

> Analysisisrobust against larger
uncertainties in background
normalization



~ Combined Significance

g [ » Combined significance
% Ty Ay was calculated by
;o= : adding curves together
g1 in quadrature

&
&
.. = H — qq WW™
Not ATLAS Official 8 e Jraswet 4G Swdw
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» Large improvement in coverage for 10fb™ -
» "Two-tag" can cover M >~120 GeV

-

» "Single-tag" can cover M >LEP Limit

my, (GeVic®)



Summary |

» VBF H>WW?=I|vlv analysis has improved:

> New description of top quark background

> Neural Networks yield 30-50% improvement over classical
cuts (opimized for all masses with Genetic Algorithm)

» Higgst] final states. enhanced coverage & robustness
» H>TT2[IP™=: reach 50 with acut analysis after 30fb™

» H=2>yY: 65% enhancement with recoil jet tagging and 2 & 3
variable Neural Networks
» HWW=IIP ™= No overlap with existing WW channels,

discovery potential for M >~135 GeV with 10fb™

> Coverage extends below LEP limit with only 10fb™



