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e Second largest Higgs production mechanish at the LHC

e Distinct topology of final state: two forward jets with little
extra hadronic activity and the decay products of the Higgs

e Background expected small

e Central Jet Veto allows to reduce the QCD backgrounds
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Motivation to study VBF Higgs production

My < 150 GeV
1
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> --------------- < Tw (L /T) =X, Djouadi, Kalinowski, Spira
qg->qqH, H->WW->2lept My > 120 GeV

w? ------ 4 <E Ty (Tw/ T) =Xy G, Ay

Proof of trilinear couplings at tree level (consequence of the Higgs Mechanism)

Significantly extend possibility of Higgs boson coupling measurements
Provide possibility of indirect measurement of light Higgs boson width

D. Zeppenfeld et al., Phys.Rev. D62 (2000) 013009. M. Duchressen et al., Phys.Rev. D70 (2004) 113009
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Physics TDR VBF Higgs Studies
with 30 fb-! of CMS data



Expected Tt mass distribution for 30 fb-! @wv
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The number of signal events expected for 30fb-1is ~ 10
The statistical significance for discovering the Higgs

boson is 3.96 for My,ccs =135 GeV
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Expected VBF H—yy signal with 30 fb -! & 60 fb!
115 < Myyrees < 150 GeV

Significance

g =115 | myg =120 | my = 130 | myg = 140 | myg = 150
GeV/c? GeV/c? GeV/c? GeV/c? GeV/c?
N, 20.2 21.1 10.1 15.7 11.2
v+3jets (QCD) 27 47 3.5 20 5.8
v+3jets (EW) 2.5 25 2.5 25 25
vy + 2jets (QCD) 11.2 13.2 9.85 89 4.6
77 + 2jets (EW) 10 7.0 7.0 11.0 2.0
Drell Yan 0 0 0 0 0
Ny, 26.0 26.2 214 28.2 14.9
ANy, 2.8 3.2 2.4 3.0 1.8
S 3.07 3.15 3.21 2.32 2.30
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Expected number of signal & background
events in a 5 GeV mass window
Background uncertainty estimated from
side bands

Signal significance for 60 fb-! :
3o for low mass Higgs
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Expected VBF HH>WW" —lvjj with 30 fb-! @
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In the mass range 140-200 GeV a So significance of the Higgs boson
discovery can be achieved with an integrated luminosity of 30 fb-!
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Summary of Higgs Boson Discovery Potential @
in the CMS Experlment with 30 fb-! A‘v
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VBF H—1t — lepton jet
with 1 fb-! of CMS data



Central Rapidity Gap Selections: @
Central Jet Veto A;v
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Central Rapidity Gap Selections: @
Track Counting Veto A;v

o piack > pMt GeV/c * Tracks 8 hits and Z(track,vertex<2 mm)
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Similar performance of central jet veto and track counting veto
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Search for Higgs boson signal above Z—1t peak: understanding DY di-t mass shape important
Uncertainty dominated by modeling of E;™¢ (pileup, underlying event, calorimeter noise & response, ...)
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Z—7t mass shape from Z—puu data

2

[ TTTT l TTTT I TTTT I TTTT | TTTT I TTTT | L l TTTT ] TTTT |' TTTT]
soF VBF selection: M;; >400 GeV, Ani'iz>2.5 -
- i P> 10 GeV, E;"' > 20 GeV, VBF cuts|
s [ -
i fake Z->tt from real Z->pp | 4
o |[h [ ]
- . real Z->1t -
200 ]
[ CMS preliminary Z
o f N
OL_J:-.l.—iIIIIIEIEI )

0 50 100 150 200 250 300 350 400 450 500
M(tz), GeV/c?

VBF SM Higgs production in CMS, Monica L. Vazquez Acosta (Imperial College London)

Physics at LHC 2008, 29/09, 2008 - 13



qqH, H—7t mass reconstruction methods
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135 144.1 20.6 0.143 | 73.5 18.9 0.257
145 152.9 21.6 0.141 | 78.0 21.0 0.269
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Expected Tt mass

stribution for 1 fb! @
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Full di- T mass using collinear approximation of neutrinos
from the t decays and the visible t decay products
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Expected Number of Events: VBF I+7, @
Systematic uncertainties for 1 fb-! A;v

Background L — 11 | L — up : f—-}:—:;e _ incl. tt | Wjets | y+jets
oo I':? =

Number of events for 1 fb—" 13.2 0 0.9 0.8 3.5 11.1 23
source of uncertainty | value, % background uncertainty, %
JES 7 9 6 4 14 9 8
MET scale 1047 27 42 18 12 27 24
Thad 1d 5 5 1
lepton selection 1 1 1 1 1 1 1
jet— Thaq take rate 10 10 o] 10 10
e— Tyag take rate 1 12 0.2
rapidity gap selection 5 5 5 10 16 4 4
normalization uncertainty, % 1 1 2 5
total uncertainty, % 29 44 23 25 30 28
source of uncertainty | value, % | uncertainty, % Backup slides:
JES 7 10 data-driven method to estimate
MET scale 10+7 4 QCD background
| 5 5 |
lepton selection 1 1 expected QCD background for 1 fb~!
rapidity gap selection 2 -
. Totli’.llrl,mceu:unl}g %o 12 MQCD =134 £ d.5events.
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Expected Exclusion limits for 1 fb! of data @N
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Summary

* An analysis strategy for the Standard Model Higgs boson
produced in vector boson fusion (VBF) and decaying into a pair
of t leptons with a lvv+r, v final state in the mass range
between 115 and 145 GeV/c* with 1 fb-! of early CMS data at
the LHC is developed

* No signal evidence is expected for a luminosity of 1 fb-! and
a cross section times branching ratio 5-10 larger than the SM
expectations can be be excluded

*The Higgs boson discovery in VBF can be achieved with 30 fb-!
- qqH, H—7t: 40 significance in mass range 115-145 GeV

- qqH , H—yy: 20 significance in mass range 115-135 GeV

- qqH , H->WW: 5c significance in mass range 140-200 GeV
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BACKUP SLIDES



Z+jets Background Contribution

from Double Parton Scattering
jet,
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After VBF Selections: Z+jets Double Parton Interaction is ~15% of Single Parton Interaction
Study the p, unbalance in Z+jets events with VBF cuts allow to control/measure DPI
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Lepton :

pr > 15GeV, In| <2.5

Thad *

E;>30GeV, n| <2.3
VBF jets :

Nj XN <0, | <4.5

E;>30GeV

VBF cuts :

soft (hard for 30fb1)
An> 2.5 4.2)
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Lepton-E M :
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QCD pp—ut+X background shape from data with non @
isolated muons after all qqH selections ‘;v
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QCD background normalisation from data:
D0 method

1S5 1S5 ASS 155
Ngep = Nima — Nivrjers = N&© = N2iors — NoSjorss

MQCD NEE”D isol.
Hypothesis R = _ no.isol.

““*Q::D “\'QCD nom.isol, £
PYTHIA QCD with real muon or electron p> 15 GeV
T'\,TE.‘_‘: NSE'J _
QCD, nomisol f _ 1 06+ 0.01, and —acxnonisole 4 054 012
NOS 05 |
QCD, nonisol. u QCD, nonisol. e
PYTHIA QCD with fake or real electron p,< 15 GeV
NS5 NSS-. _
QCD, non.isol. e — 0.98 + 0.08 and g;lj, non.isol. e = 1.17+0.14,
}"QCD, nom.isol, ¢ NQC‘D, non.isol, e

A value of R=1 for QCD multi-jet background estimation is used in this analysis

The total expected QCD backgfﬂund for 1 fb~1is | h”"gf: n= —13.4 + 4.5 events.

Table 1: Expected number of events for 1 fb~1

wbb 1-.1_'*.‘:,'.‘:; N.‘:ib beb 7-.1_'*55
dati W 4jeis . Z4jets T+jets
20.1 4.6 0 0.8 2.1
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Higgs mass | significance | significance
[GeV/c?] at30fb ' | at60fb !
115 2.68 3.54
125 4.04 4.91
135 2.34 2.98
145 1.57 2.04

VBF SM Higgs production in CMS, Moénica L. Vazquez Acosta (Imperial College London)

Physics at LHC 2008, 29/09, 2008 - 24



