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® VBF H—-2tau analysis

o The process
o Event selection: base ideas
® First results with Particle Flow
o Jets
o Taus
o MET
o Mass reconstruction
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SM Higgs Boson at low mass
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o Decays to VV difficult for m
much below threshold

® Next available decays:

o bb — overwhelming gg—bb
background

* Higgs production in
association with tt

o TT — overwhelming
qg—Z—-TT background

* Production by Vector
Boson Fusion (VBF)

M,,GeV/c® © VBF ggH—-TT similar to SUSY

bb/ggH-TT

Goal: to reach significance for gqgH—-TT similar to this for H-yy
(4o0-5-60 for a cut-based analysis)
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VBF qgH—-2tau

® VBF process characterized by two energetic forward jets

T
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® Signal: no color exchange

between the 2 protons @ Main irreducible background:

® Rapidity gap between QCD Z-> tau tau + jets
the 2 jets (region w/o hadron

activity) ® No rapidity gap
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Event selection, base

o 2 forward tagging jets @ 2 taus

o p; > 40 GeV o Leptonic, for trigger (MET)
o Hadronic (MET)

o Opposite eta
O AI’] > 4 \ |
- M_> 1000 GeV Y

| N *° @
‘ Rapidity gap

v
// \\

o Central jet veto o Track counting veto

o No jet with p; > p; . A;ORE o Gount the number of

. . tracks (particles?) in the
In the central region central region

o Set an upper limit on N
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Mass reconstruction

o Collinear approximation MET

® Reconstruction of the Higgs mass +
dominated by the MET. T

N particles

° MET=- Y E
i=0

VvV

o depends on taus ...
o ... and on tagging jets
® Tagging jets mostly forward

o No tracker for PFlow Jet
® Marginal gain on mass resolution? Jet

® Let's first check the inputs

CMS France, 28 May 2009



Jets in the signal sample

© Compare PFJets and Calodets
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Taggqing jets, barrel (1/2)

® Signal, Barrel (0<|n|<1.2)
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rrected by 5% - not visible in QCD events:

QCD jets mostly gluon jets, while tagging ones are quark-jets
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o PFJets

LL||- 0.24r

—
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Tagging jets, barrel (2/2)

® Signal, Barrel (0<|n|<1.2)

response closer to 1
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Corrected PFJets in Barrel have better resolution than Calo ones

More accurate response
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Tagging jets, endcap (1/2)

® Signal, Endcaps (1.6<|n|<2.8)

o CalodJets (qgH—-tTt-T-jet,u, 1 reco-tau required)
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o P

LL||- 0.24r

~ 0.22
0.2
0.18

Width A E,

0.14F
0.12F

0.08
0.06
0.04-

0.16F

0.1

Tagging jets, endcap (2/2)

e Signal, Endcaps (1.6<|n|<2.8)
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Tagging jets, HF (1/2)

e Signal, HF (3.2<|n|<4.5)
o CalodJets (qgH—»TtTt-T-jet,u, 1 reco-tau required)

==%-- Arithmetic Estimate

=
-
n

= 0.241
Ll L

—&=— Gaussian Fit

S S <N NS NN N N SR
g 0-220 e

o
T

(T S S S SN S

=

=)

(7]
I

DA+

Width A E
Mean A E;/E;

0.16

[]14: X _005:_ .............. ................. .................. ................. .................. ........

0.12f PP S TR R R W S

0.1 -
C _0.15__ .............. ................. .................. ................. .................. ........
O-DB__ .............. , ................. .................. ................. .................. ........ —

(Y| T - ———— 0.2

_|||i|||i|||i|||i|||i|||i| :|||i|||i|||i|||i|||i|||i|
004020 60 80 100 120 140 0235 40 60 80 100 120 140

E, [GeV] E, [GeV/c]

CMS France, 28 May 2009



Tagging jets, HF (2/2)

e Signal, HF (3.2<|n|<4.5)
o PFJets
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Resolution of PFJets and Calodets in HF is the same

PFJets at low E_ overcorrected by ~5%
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Jets, Sub-summary

o JES correction with two leading jets with multi-jet QCD sample
l.e. gluon-jets applied for VBF jets i.e. quark jets

o Tagging jets are overcorrected
® JES correction for PFJets smaller than for Calodets

o esgpecially in the barrel region

o PFJets more robust against not (completely) proper JES
corrections

@ Resolution of PFJets better than Calodets

o especially in the barrel region, but also in endcap
o Better response of PFJets (esp. for E_ < 50 GeV)

® Big improvement of PFJets reconstruction especially in the
endcap region in 31X

CMS France, 28 May 2009 14



Compare PFTau with CaloTau

| Response |
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@ Better resolutions of PFTaus
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MET

Compare PFMET with CaloMET (for signal sample)

® Type-1 corrections - JES (L2+L3) correction applied to MET
o Compute AEx, AEy for each jet and add it to MET

« Where AE = Ecor- ERAW
o Jets with ETR AW>20 GeV used:

 for CaloMET all jets with EMF<0.9 (to exclude e-; tau-jets included)
» for PEFMET jets after particle-based cleaning by PF2PAT

o L2+L3 correction with the “Winter09” production
JetME TCorrections.Configuration.L2L3Corrections _Winter09 cff

@ CaloMET have to be corrected for muons

o not needed for PFMET, since all particles including muons are
used in the computation of PFMET

CMS France, 28 May 2009
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Calo vs PFMET

© PFMET vs CaloMET (type-1 corrected) without VBF cut

| MET resolution | A
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© 100Kk. 1T"+1 Mrec 4444 caloMET type-1 corr 4444 caloMET type-1 corr
qNJ . u , EnmeI:MET_pfwrudnn DPhiMET_Ipfcor
-— 000 — Mean 554?: Entries 42400
© - 2 ndf 1436/ 68 Mean  -0.001005
€ ol oo 2 NS ___u33
o 00— Sigma 1245 -0.06 DPhIMET_calcor
| DMET cale :
O - _DWETcakear : Entries 39398
Z 000k Moan 298 Mean 0.001245
[ 21.06
[ :!.:idf 538.6 /70 RMS 0.8325
— Constant 3383=21.9
B Mean 3407 = 0.007
Zﬂ'ﬂ'ﬂ | Sigma 19.74 = 0.08
1000
_| [ | | I R | I [ _-__Z_F "‘l 1 .‘,' " | | [ I T P
S00 150 -100 - 100 150 _ 200

MET,, .- MET,,, [GeV]

@ Both METs a bit overcorrected

o Same level for both
@ Better resolutions of PFMET
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Calo vs PFMET (VBF cut)

© PFMET vs CaloMET (type-1 corrected) after VBF cut

| MET resolution (VBF cut) |
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@ PFMET a bit overcorrected, while caloMET undercorrected

o Same level for both
@ Better resolutions of PFMET remains
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High-pT-objects MET

® To understand better why PFMET is better
let's reconstruct MET with four high-pT-objects:
o Muon, p_>15 GeV (globalMuon), Tau, p_.>15 GeV (PFTau)
o Two jets, E_>40 GeV (Calo or PFlow ones)
o METObj = —fﬁ%—l—ﬁT—l—f}]&etl—l—f}]{?tz]

- caloMET || PFMET - | Calo || PFlow
MET resolution e |[e——w=| | ODJMET vs recOMET | [ ==
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® Resolution of objMETs same as caloMET, and worse than PFMET

o Difference between objMETs and recoMET in the same order as wrt genMET
CMS France, 28 May 2009 19



High-pT-objects MET

High-pT-objects MET after VBF cut

© Probability of tagging jet within tracker acceptance (after VBF):
n,l <24 In |<21

> 1 fwd jet In trk 51+1% 35+1%
2 fwd jet in trk 1.3+0.2% —

- caloMET || PFMET - | Calo || PFlow
MET resolution (VBF) [=——====——= | obJMET vs recoMET |w== [eme—m
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@ Same behavior as before VBF cut

© Particleszgoc’gt associated to high-pT objects play important role !1?
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MET, Sub-summary

® Much better energetic and angular resolutions of PFMET vs
CaloMET, even when the VBF cut is applied

® Response of uncorrected PFMET close to 1

o uncorrected PFMET can be used instead of corrected one?

e The improvement looks not come from high-p_ objects (jets) —
reconstruction of non-associated energy looks important

© Note: A careful work on jet cleaning before MET correction
could improve the calorimeter-based reconstruction

21
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Mass reconstruction

e Collinear approximation (without VBF cut)

Mass resolution = full PF (e=60%)
000 — —— caloTau (e=54%)
8 18001 00K, 1T+1"F 444 caloMET (e=47%)
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® Mass resolution dominated by MET (full-PF vs PF+caloMET)

® Mass reconstruction with all PF-objects (full-PF) provides the
best resolution and highest efficiency of approximation.
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Mass reconstruction

e Collinear approximation (after VBF cut)

Mass resolution (VBF cuts) === full PF (e=75%)
‘450 — caloTau (e=65%)
8 =100k, 1T%4+1 " : 444 caloMET (=63%)
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® Mass resolution dominated by MET (full-PF vs PF+caloMET)

® Mass reconstruction with all PF-objects (full-PF) provides the
best resolution and highest efficiency of approximation.

CMS France, 28 May 2009
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Summary

® PFlow provides much better energetic and angular resolutions
of reco objects than reconstruction based on calorimetry

o Particle Flow is still improved (CMSSW 3 1 Xvs2 2 X)

® These improvements translate to the reconstruction
of di-tau resonances with the collinear approximation, and
improve the significance of the VBF, H—»tau,tau channel

e Still a lot to do:
o Study the rapidity gap: jet and particle vetoes
o Study background

o Prepare to the first period of data taking (2009/10)

* PFlow commissioning
e Background from data ...

24
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