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LHC Luminosity Estimatesto

obsewvethe Higgs and testits properties

(somerecentCMS studies)

e SomeGeneralities

¢ Sighalsfrom Vector BosonFusion

e Comparison and Inter pretation



Generalities

dominant LHC Higgs Production Mechanisms

la: Want to Discover the Higgs

needto know Luminosities for 5 o Sighalsasf(Mg)!

statistical Signal significance:S/+v/B
(for small statistics: PoissonProbabilities)

compare differ ent signatures

2. Want to learn about Higgs Couplings?

measure Higgs CrossSectionswith differ ent signatures!
statistical crosssectionerror: S/+/S + B)!

for arecentcompilation and Mgz < 200 GeV see:
R. Kinnunen, A. Nikitenk o, E. Richter-Wasand D. Zeppenfeld;
Phys.Re/.D62(2000)01300@nd hep-ph/0002036



usemastaccurate crosssections
for Signaland Backgrounds

Dilemmal:

NLO Higgs Signal crosssectionknown
but many Backgroundsknown only at LO

Dilemmal ll:
Monte Carlos with fragmentation and parton

showering (many soft jets) are LO only

A way Out (in absenceof anything better)

useK—factors (K= o(NLO)/a(LO)) if known
Signal:
K(gg— H)=~1.7 and K(qq — qqH) =~ 0.95
Backgroundsfor not too fancy cuts:

K(qg = ZZ) =~ 1.25 K(gg > WW) = 1.4,
K(gqg —» WZ) = 1.5, K(pp — tt) = 1.2

ikegg — vyv(ZZ, WW)
useK—factors from gg — H calculations!



“Known” sincemany years

“Inclusi ve” Signals(mainly fromgg — H):

¢ 100GeV < My < 140 GeV.

¢ 130GeV < My < 155 GeV
H — ZZ*and ZZ* — 4¢*

o My > 180 GeV.
H — ZZand ZZ — 4¢*

e 140GeV < My < 180 GeV
H— WW — ¢Tuvb— i

Other well establishedSignals:

o My > 400 GeV.
H—ZZ — ¢ 0 vi

o My > 300 GeV.
ggH and H - WW — Kiuq(j



— required LHC Luminosity for
a5 o SM Higgs Signalin one Experiment

NLO crosssectionsand
fast (optimistic) CMS simulations

50 Higgs Signals (statistical errors only)
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How a 300GeV Higgs might be discovered at the LHC

an averageexperiment

300 GeV Higgs signal for zZ - I'I'T"T
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Parton Level Higgs Signals:

o My < 200GeV.qq — qqgH — WW — £LTvl
N. Kauer, T. Plehn,D. Rainwater and D. Zeppenfeld; Phys.Lett.B503(2001)11and hep-ph/0012351.

D. Rainwater and D. Zeppenfeld; JHEP 97(1997)12:00%nd hep-ph/9712271.

e My < 140 GeV. qq — qqH — 1T
D. Rainwater, K. Hagiwara and D. Zeppenfeld; Phys.Rev.D59(1999)01403and
hep-ph/9808468.

RecentCMS Studies

(a) reproduceParton Level Studies
(b) usePYTHIA and a fast Detector simulation

o for Mg < 200GeV:- qq — qqgH — WW — £tvl i
D. Zuercher, CMS—Notein Preparation

o for My < 150 GeV. qq — qqH — ~v
Mikhail Dubinin, CMS—Note

o for Mg < 140 GeV:. qq — qqH — 1T
A. Nikitenk o (this workshop)



gqgqH and Mg < 200 GeV

with PYTHIA and fast CMS Detector
simulation:

e parton level resultsreproduced
e PYTHIA levelstill valuable Higgs Signals
e efficiencies= 0.5 of parton level efficiencies

efficiencylossfrom several effects:

e leptonslessisolated

¢ “edge” effects(p; and np coverage)
for jet tagging

e Needto impr ove/optimizejet definition
with more detailed detector simulation



new/updatedstudies300 < Mg < 600GeV
with PYTHIA and fast CMS simulation

M.D and A. Nicollerat CMS—Notein preparation and A. Nicollerat hep-ex/0103023

“consistent” simulation of
lepton and jet detection/identification

Production: gg — H and gq — qqH
Decays:H — Z Z:

H — ZZ — 40= (relativerates: 1)

H — ZZ — ¢T¢~vi (relativerates: 6)
H — ZZ — ¢170 qq (relative rates: 21)

Decays:H — W W

H — WW — fuvlv (relativerates: 22)

H —- WW — fvqq (relativerates: 130)



“Standard” Signalswith H — ZZ — £¢¢¢

Higgs signal for ZZ - I'I'1"I", 300 GeV Higgs signal for ZZ - I'I'1"I", 600 GeV
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Inclusive signalmainly gg — H.:

M=300GeV = 100 — 200 events
M =600GeV =~ 40 — 25 events

too small rateswith jet tagginggqqg — qqH'.

Mg=300GeV = 15 events
M =600GeV = 5 events



Signalswith H — ZZ — ffvv

Higgs signal for ZZ - llvv (450 GeV)
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goodsignalsfor Mg > 400 GeV

expectedrates for L=100 fb—1:

inclusive signalmainly gg — H':
Mg=450GeV =~ 700 events M =600GeV =~ 300 events

rateswith jet taggingqq — qqH:
My=300GeV =~ 50 events M =600GeV =~ 40 events

(ZZ,WW,WZ tt,Z+ets) ]
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Signalswith H — WW — fviv

Higgs signal for WW - Ivlv, 300 GeV Higgs signal for WW - Ivlv, 600 GeV
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marginal signalsfor gg — H — fvév

perhapspossibleonce Mg known!

goodsignalswith jet taggingqq — qqH.:
M r=300-600GeV =~ 100 — 150 events



Signalswith H — WW — frqq

Higgs signal for WW - v jet jet
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goodsignalswith jet tagginggqqg — qqH.:
M ir=300-600GeV =~ 300 events



Signalswith H — ZZ — £4qq

Higgs signal for ZZ - lljj, 300 GeV Higgs signal for ZZ - lljj, 600 GeV
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goodsignalsfor jet tagginggqq — qqH.
M =300-600GeV =~ 50 — 80 events



Summary

e 5 0 SM Higgs Signals:
fewfb—1 for My > 140 GeV and
20-30fb~! for Mg < 140 GeV
(Strong limits alreadyfrom first LHC Year!)

e for L= 100fb—! Signalsfor gg — H and qq — qqH
possiblefor “entir e” Higgs massrange (gap 200-300GeV)

e Measurementof BR(H — WW)/BR(H — ZZ)
with =~ £10 % accuracyfor L= 100fb—!
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