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theoretical limits: finite and positive Higgs couplings

experimental limits:

direct (from LEP): my, > 114.4 GeV/c? Phys.Lett.B 565 (2003) 61

indirect (from EW data): my < 144 GeV/c? @ 95% CL LEP EW WG
my < 182 GeV/c? including LEP results J  home page
(using latest measurement of m,,,= 170.9 GeVi/c?)



SM Higgs production at LHC
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gluon-gluon fusion:

dominant process over |

entire mass range
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’ fusion (VBF):

forward jets in
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associated production
with quarks or bosons:
additional leptons or

jets in final state
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SM Higgs decays

m, <140 GeV/c?
bb dominates but hidden m,>140 GeV/c?
by QCD background, H — VV dominates

H—yy main discovery channel H — WW main channel if 2m,<m,<2m,
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signal:
my = 115 GeV/c? oxBR = 99.3fb

' i . = 140 GeV/c? BR = 65 5fb
very clean signature in m <1406eV/c? region my eV/c? ox f

. . backgrounds:
low branching ratio (0.002) pp — Yy o= 82pb
pp — 7 +jets o = 5x10%pb
pp — jets o = 2.8x107pb

Q signature:
two isolated high p+ photons
harrow peak in di-photon invariant mass

0 backgrounds: pp—y (irreducible)
pp— Y+jets, pp—jets (r‘educuble)

Q experimental requirements:
very good v identification and isolation
aiming at 0.5% ECAL energy resolution

pho‘rons (clus‘rers in ECAL) 6
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two approaches:

cuts based analysis and :

neural network analysis . 30fb- :
discovery possible for

signal: very small contribution to the masses < 140 GeV/c?

total number of events using 0.5% resolution

(signal efficiency at 120 GeV/c? ~ 30%)
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H—ZZ—4 charged leptons “

GOLDEN CHANNEL: cleanest discovery channel over m>140GeV/c? range
2e2y final state

" - CMS;/’

Q signature: e ;5_ Bl Higgs
Q 2 pairs of opposite-charge, same flavour £ O
isolated leptons R : 1fbt CJzbb
) 2 4F
Q fnjom primary vertex J: vl
Q dileptons invariant mass ~ m, N before
{ elections
n i . 100 150 200 250 300
pp_)Tt' PP_’be (reducnble) 4 lepton invariant mass (GeV)
J main experimental challenges: -t _
lepton identification with =12 MHiggs affer
high efficiency and resolution s ¥ Lt selections
down to low (~ 5 GeV/c) pt g 08F Llzbb 1fb-!
06 M7z
selection criteria: z'zz
requirements on vertex, p(l), isolation, m(ll) i o,
000 150

4 lepton invariant mass (GeV)
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H—ZZ—4 charged leptons: L
significance

CMS -~ === H-41 (no syst 4e, 2e2y, 4y

100 Luminosity needed for Sc-discovery H-=41 (with syst)

combined channels

g
O

Luminosity, fb”

100 200 300 400 500 600
Higgs Boson Mass, GeV/c?

50 with L < 20 fb!, 130< m<600GeV/c?
5o with L < 3 fb!, my ~200GeV/c?



H—-WW-—-2l2v

discovery channel in 2my, < m

Q signature:

A 2 charged leptons and missing energy
Q no jet activity in the central region

2 neutrinos in the final state:

< Zmz

no mass peak, counting experiments —
accurate background estimate from data needed

QO main backgrounds:

WW®) (irreducible, dominant)
pp— tt, pp— Wtb

pp— W+jets, pp— Z+jets }

crucial for the analysis:
reconstruction tools for
charged leptons, missing
energy and jet veto
understanding !l!

(reducible)
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2 opposite charge leptons

no jet with E; > 15GeV, |n|<2.5
MET > 50 GeV

12 < m(ll) < 40 GeV

30 < py"x < 55 GeV

py™" > 25 Goev cuts and counts
A%(Il) < 45 analysis

10
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H—>WW—>2I2v results Y

ww con’rr'ol
region, no
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precise background knowledge

— control regions using data

ie. WW: inverted kinematic cuts
on A2(Il) and m(ll)

ie. tt: extra b-tagged jets
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associated ttH, WH production: additional leptons/jets in the final state
vector boson fusion: two tagging jets, large Anjj (>4.5), large m(jj) (>1TeV)

O despite lower cross section wrt gg fusion

= increased discriminating power against QCD jets background
= better main vertex reconstruction

Q with large statistics: enhance the significance, measure of Higgs couplings

0 some examples in CMS:
Q VBF with H—tt —l+tjet+ Etmiss  (Bo with L=60fb! if m<140GeV/c?)

Q VBF with H—yy (30 with L=60fb! if m <150 GeV/c?)
a ttH, WH with H—>W (30 with L=100fb"! if m, <150 GeV/c?)
v B g™ ! Gy
% 43— rlrui:to"gigjntal : Eu.o&_— Eityy2
T L Frte o Wajets g i
E 2_ E VB}: WlTh 0.043

H—tt —

e jet+ ETmiss

o Be 100 180 200 | 250
M., [GeV/c?]

e
E\I

M [GeV] 12
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Analyses common aspects “

m Event generation and simulation:
NLO, NNLO: K factors for o and events re-weighting
MC used: PYTHIA, CompHEP, Alpgen, TopReX, MC@NLO....
full detector simulation and reconstruction

" - CM?S

m uncertainties taken into account:
theoretical:
= pdf, N(N)LO corrections, factorization/renormalization scale
experimental:

m |lepton reconstruction efficiency and energy scale
= jets/MET scale

= misalineament, miscalibration, geometry description
(ie. fracker material budget)

data driven estimate
m background shape and cross-section in signal region
m |leptons energy scale (via Z,W -> |l)

recently published analyses
(CMS Physics TDR, vol IT: http://cmsdoc.cern.ch/cms/cpt/tdr) 13
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Summar'y of SM nggs dlscovery

= g |
= CMS | £ | ﬁ;\cms 30 fb"
o o | / S
3 ofb™ enough Z | dlscover' wn‘rh by
3 140<m, <450GeV/ 210f y with 30
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SEEREIN l - ) lmaeren
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all Higgs mass range: significance larger than 50 with 30 fb-!
my, < 140 GeV/c? discovery with L < 10 fb-!
my, > 140 GeV/c? discovery with L < 5 fb!

14



Higgs mass and width

CMS, 30 fb"
1
10" |-
—o— H—yy
—o— H>ZZ -4l
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Q Higgs mass precision:
=better than 0.1% if m <200 GeV/c?
=better than 2% up to 600 GeV/c?

Q Higgs width precision:
= detector effects dominate

if my <200 GeV/c?
= if my > 200 GeV/c? possible
measurement with precision better
30% in ZZ channel

15
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m  CMS discovery potential for the SM Higgs boson recently evaluated with
full detector simulation

m inclusion/development of
systematics errors, both theoretical and experimental
background estimate procedures using data
NLO computation

m CMS discovery reach
L < 10fb1in the H—Yyy channel @ 120 GeV/c?
L < 3fb! inthe H— ZZ channel @ 180 GeV/c?
L < 1fb! in the H — WW channel @ 165 GeV/c?

m significance > 5o with L = 30fb-! in 120 GeV/c? < m, < 600 GeV/c? range

m Higgs mass precision better than
0.1% if my < 200 GeV/c?
2% up to 600 GeV/c?

16
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VBF and associated production, H->yy C-
g | 3 '°F e
= 1 D:t15 GeV 5 of - w100
=] r L —
%0.08— =1t:12 E-: 3; m,=110
L Dttyy3 4 p f 7E {m=120
go.os_— CWyy4j L=10%cm?s - | me130
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L 5; » E—— m,=150
0.04 ttH, H — yy aF el
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180 200 = 1 1 11 1 1 11 1 1 11 1 1 11 1
M [GeVl Ofb % EV 100 150 200 250 300
HiggsBosonMass (GeV) | 115 | 10 | 10 | 10 | my, < 150 GeV/g2 minosity (fb™)
Sig. Selection Eff. (%) 107 11.2 113 113 30- s 100fb-1
Number Signal NS 7424033 | 733 £033 | 5962027 | 421£0.19  J— e I eom
Total Number Begkd 161 £053 | 279 £0.62 | 1.98+0.66 | 1.10+£0.51 g - ] : : -
Total Number Begkd from fit w. syst. | 2234034 | 1942032 | 160+022 | 139:+0.22 L] I' 5 (e R
Signal Significance (ScF) 3541 3.662‘\ 3.257 2510 -
Signal Significance (ScP) w. syst. 3414 3523 } 3184 2453 v

additional jets and isolated leptons:
v larger discrimination power against
light QCD background

v better vertex reconstruction My <150 GeV/c? o i -
30 — 60fb 0 TE B0 des GO 1% WO W B0 1% %0

Hygs rass, Gev
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all the possible final states have been investigated:
semileptonic, fully hadronic, fully leptonic

main backgrounds:
ttbarjj, ttbar bbar, Z ttbar with Z —bbar

QCD multi-jets bkg for hadronic final states
W.,Z + jets for leptonic final states

main goals: b-jet tagging +
extract the "correct” b-jets
from the combinatorics

channel

semileptonic, p
semileptonic, e
dilepton
hadron

S/B S//B S//B+dB?

0.108 2.0 0.44
0.086 15 0.37
0.069 14 0.42
0.087 20 0.22

- full simulation analysis:
H — bbar lost as discovery channel

also with 60fb-1

19
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VBF with H—-1t —>|+’Cj€'|'+ E_‘ﬁ'ijss

[ 1 I 1 I I I 1 1 I | 1 I I 1 1 I 1 1 I | I 1 1 I_
Ly e = signal (135GeV/c’)
o gL ]
% - [0 EW/QCD 2t4jets 1 VBF: two Tagglng JeTS (AnJJ>4 5 M >1T€V)
Q ttbar Wejets 1 which increase the dlscrlmlnaT|n9 power'
=T g esae 1 with respect to jet backgrounds
, - itto Zy* (— 21)
g [ ——— Fit to tthar W+jets )
8 3 —— Sum of fits ] main bGCkgf‘OUhdS:
g | 1 QCD 2t + 20r3jets
=T 7 EW 2t + 2jets
- /% 1 W+jets, ttbar
¥ F T3
B AN e h| gs mass b 1 = AN Eh-T
R 100 150 200 250 r'esolu’rion - 9 1% o0 with L=60fb
M., [GeVic?] - 7.t/ If m_,;<140 GeV/c?
My | GeV | 115 125 135 145
Production « [fb] 465x10% | 4.30x10° | 3.98x10% | 3.70x 10°
ax BRIH—7r—17) [tb] 157.3 1129 82.38 45.37
Ng at 30 fb—1 10.5 7.8 7.9 3.6
Npg at 30 fb—! 3.7 2.2 L8 1.4
Signiticance at 30 fb=! (op = 7.8%) 3.97 3.67 3.94 2.18
Signiticance at 60 tb~! (op = 5.9%) 5.67 5.26 5.64 3.19 20




