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Low mass SM Higgs boson overview

LEP2 experimental bounds on Higgs mass

@ precision measurements of EW observables:
myg = 117:6475 GeV

@ direct searches: my > 114 GeV
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Signature channels for low mass SM Higgs

H — 777 in vector boson fusion

H — ~+ in gluon fusion

H — WW?™ — lvlv in vector boson fusion
H — ZZ* — 4l in gluon fusion

H — bbin H associated production with ¢Z
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Channel description

Features of ttH, H — bb channel o s %sfw/\‘t
/’f K I
@ Complex final state W _’g N
6 jets: 4 b-jets and 2 light jets g el o o
1 high-p; lepton (trigger) P “b —t
P . iy, p _b 8
missing energy from neutrino "“W\ o <
additional jets from ISR/FSR it e --Ho g
E R "
@ Large backgrounds . mmm(\\ & B
combinatorial from mis-pairing of jets 1 P
irreducible from ¢£bb events L\_\_L‘( f/~1
reducible from ¢£ + jets events w =
@ Full reconstruction of event is required, good _ o Ty
jet reconstruction and good b-tagging are ttH, H — bbsignal
needed tjj background
v
Expected number of events at LHC
oLO, LHC events for £ of MC FastSim FullSim
Process pb BR 30fb~" [ 100fb~" | generator | sample | sample
ttH — (blv)(bj)(bb) 052 | 0.20 | 3.5k 10.5k Pythia 1M 42k
ttbb — (blv)(bjj)bb (QCD) 8.1% 0.29 70.5k 235k AcerMC 1.8M 72k
ttbb — (blv)(bjj)bb (EW) 0.9 0.29 7.8k 26k AcerMC 200k —
tt — (blv)(bjj) + jj 420 | 0.29 3.6M 12M Alpgen M 30K
é‘Slrongly depends upon factorization scale (up to a factor of 2). Here, ug = (my¢ + mgy)/2
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Event reconstruction: preselection

Preselection cuts

@ > lisolated leptons

AOD containers “MuonCollection”, “ElectronCollection”
p:>20 GeV and |n|<2.7

E; < 10 GeV within the isolation cone of AR = 0.4

e-ld: EM cluster has a matched track in ID and the cluster
shape is consistent with e-hypothesis

p-ld: the combined fit of muon track has has good quality

@ > 4 b-jets
AOD container “BJetCollection”

p:>15 GeV and |n|<3
standard ATLAS b-tagging cut: jetWeight > 3

@ > 2light jets
AOD container “BJetCollection”

p+>15 GeV and |n|<3
b-tagging cut (anti-b-tag): jetWeight < 0.1

@ several jet reconstruction algorithms are available (Cone4, Cone7, Kt)
@ Cone4 and Cone7 algorithms will be compared throughout this talk
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Event reconstruction: making combinations

Making 4 b-jet + 2 light jets + 1 lepton combinations and selecting the best one

@ use events which pass preselection criteria (1 isolated lepton, 4 b-jets, 2 light jets)

@ determine p,, from p; and p,,iss USINGg myy constraint (if fails, use approximation p;, = p;)

@ reconstruct “leptonic” W — [v from lepton and neutrinos

@ reconstruct “hadronic” W — j;j from jj combinations with |m;; — mw | < 35 GeV (the jets 4-momenta
rescaled to get the nominal W mass)

@ permute over all combinations of reconstructed Wi, Whada, and 4 b-jets

@ calculate the evaluation parameter for each combination

@ from each event select the combination with the highest value of this parameter
o

plot invariant mass distributions from these best combinations and look for a Higgs peak

Various evaluation parameters of ¢¢-pair reconstruction

@ ATLAS TDR: Am; = v/ (mbry — me)? + (mpj; — mye)?
@ tt-pair likelihood in ATL-PHYS-2003-024 analysis

@ this analysis uses neural network evaluation parameter
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‘ Reconstructed P, for electrons |

Enries 10098

‘ Efficiency vs p, for electrons I
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@ p; mean value ~ 64 GeV
@ average efficiency ~ 62%
@ mean p; shift ~ 0.4%
@ p; resolution ~ 2.5%
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Enies 11515

Efficiency vs P, for muons Enries 11515
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@ p; mean value ~ 63 GeV

@ average efficiency ~ 66%
@ mean p; shift ~ —0.5%
@ p; resolution ~ 2.5%
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@ p; mean value ~ 106 GeV
@ average efficiency ~ 43%
@ mean p; shift ~ 0.4%

@ p; resolution ~ 17%
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Reconstructed P, for b-jets
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@ average efficiency ~ 52%
@ mean p; shift ~ —10%

@ p; resolution ~ 15%
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‘ Reconstructed p, for light jets |

Enties

.

Efficiency vs P, for light jets I
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@ p: mean value ~ 80 GeV
@ average efficiency ~ 52%
@ mean p; shift ~ 4%
@ p; resolution ~ 15%
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uction efficiency and resolution: light jets, JetCone=0.4

‘ Reconstructed P, for light jets | Envies 53322 Efficiency vs P, for light jets I Enries 53322
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Reconstruction efficiencies

Preselection efficiencies for JetCone=0.4 (JetCone=0.7)

ttH ttbb
Particle Kinematical Reconstruction Kinematical Reconstruction
acceptance, % efficiency, % acceptance, % efficiency, %
e 88.1 (88.4) 61.9 (61.8) 88.3 (88.4) 65.9 (66.2)
n 88.1 (88.0) 65.7 (65.8) 88.3 (88.3) 69.1 (69.1)
b-jet 93.4 (93.4) 52.3 (42.9) 75.7 (75.7) 47.5 (41.1)
light jet 48.7 (48.6) 69.8 (52.2) 59.6 (59.6) 76.0 (61.9)

@ 15 GeV p; cut on light jets required by anti-b-tagging algorithm considerably decreases

kinematical acceptance
@ standard ATLAS b-tagging algorithm has 60% efficiency on average

@ using Cone4 over Cone7 algorithm increases average jet multiplicity from 5.7 to 7.1 which
means an overall improvement factor of 1.2-1.35 in jet reconstruction efficiencies

@ on the other hand, jets reconstructed with Cone4 algorithm have their p; underestimated by
~ 10% which means negative shifts in invariant mass distributions
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ture and performance

Due to limited size of the full simulation sample, fast simulation sample was used to train the ANN

ANN variables

TDR's evaluator, Am,; = /(mpi, — me)2 + (mpj; — me)?
invariant mass of two light jets from W, .4

invariant mass of t£-H system

AR between two light jets from Wj, .4

AR between b-jet and W}, .4 from the same ¢-quark

AR between b-jet and W, from the same ¢-quark

@ AR between tt system and Higgs

Fast lati 3 i i
ast simulation rotmahed R and fl Full simulation |—‘ — not-matched ff and H
0.0 matched f, not-matched H 03 ~ matched ff, not-matched H
E not-matched tf, matched H r ~ notmatched f, matched H
0.08 matched tf and H C mached ff and H
E 0.25—
0.07F £
0.06F- 0.2
0.05F- £
E 0.15—
0.04F £
0.03F 01—
0.02F- £
E 0.05—
0.0 £
= I I C T L L h
02 0 0.2 0.4 0.6 0.8 1 12 02 0 0.2 0.4 0.6 0.8 1 12
ANN output value ANN output value
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ANN variables: Full simulation vs Fast simulation signal samples

— Fast, matched

— Fast, not-matched 0045
004F

= Full, matched

0.03¢ = Full, not-matched 0.035F

10 20 30 40 50 60 70 80 90 A1

Am e, MeV

—— Fast, matched

= Fast, not-matched

oossE. 0.03¢ o] = Ful matched
sk . 0.0 = Ful, not-matched
0.025F 0.02
0.02F 0.0:
0.015F o.o1
001 0.0
0.005f 0.00:
TP TP T TP TV T i
05 1 15 2 25 3 35 4 45 B T R T R R T R Y] 0=400 %00 B00 1000 1200 1400

ORy,, ARy, Mg, MeV

@ most powerful discriminating variables are Am,; and AR;;
@ in full simulation Am,; variable has less power than in fast simulation
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mass distributions: JetCone=0.4

tiH signal, JetCone=0.4 (S 12341 |tiH signal, JetCone=0. S et
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@ shift in the reconstructed m; ~ —5 GeV
@ reconstructed m; width ~ 14 GeV
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Reconstructed t¢-pair invariant mass distributions: JetCone=0.7
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@ shift in the reconstructed m; ~ —3 GeV
@ reconstructed m; width ~ 15 GeV
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Reconstructed Higgs invariant mass distributions: JetCone=0.4

tTH signal, JetCone=0.4 | ;""'ES 109412: ‘ tTbb background, JetCone=0.4 | Entries o
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Reconstructed Higgs invariant mass distributions: JetCone=0.7
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Expected signal after

>
©

events/15 Gi

~1 of luminosity

[ L=30fb, M =120 GeV

"Real" data, JetCone=0.4 Entries 1031

Mean 11796205

120, X2 Indt 2304113

C O Gl b0 425522308

L  ttH p1 0.004105 + 0.001606

100 ] ttH matched P2 9571e-09+ 4.693e-08

N ) p3 1.839e-05 + 6.803e-06

L pe 1034+1038

80— 3 9104+ 32490

F o5 2504042 9020
60—
40—

20|
o —+ e x10°
50 100 150 200 250
M5 MeV

- =i =

\ L=30fb7, M =120 GeV
"Real" data, JetCone=0.7 G &
Mean 150405
S A X2 ndt 251112
3 O Gl po 15454202
@ 3 + tH P 2ase1zs 6252004
% [ ttH matched P2 5751e-09+ 1.610e-09
e P3 1499e-05+ 1317e-06
g 3 e sus1
o Ps 1.25e+05 + 4671
2 oS 1504042 7077

150 200 250

x10°

My5 MeV

@ it's hard to extract the signal, unless the background shape is well known from MC, so that
one can constrain background contribution to the fit
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Conclusions and plans

@ final event reconstruction efficiency strongly depends upon jet reconstruction algorithm (a
factor of 3 between JetCone4 and JetCone7)

@ standard ATLAS b-tagging algorithm performance is satisfactory

@ it would be difficult to extract the H — bb signal from data without good understanding of the
background shape

@ things to do
> determine the shape of reducable ¢33 background (still not enough full simulation samples)

> rerun the analysis with Kt and TopoCluster jet reconstruction
» with more statistics, retrain the neural network on full simulation data
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Efficiencies and resolutions: JetCone=0.4 vs JetCone=0.7

Efficiency vs p, for bets | Bp o, Vs p, for bjets

— (TH, JetCone=0.7
— TP, JetCone=0.7
~ I, JetCone=0.4

— tTH, JetCone=0.7
— b, JetCone=0.7| osf
~ tTH, JetCone=04

—— {bB, JetCone=0.4]

—— (1F, JeiCone=0.4

— tTH, JetCone=0.7
— tTbb, JetCone=0.7)
1T, JetCone=0.4

(TP, JetCone=0.4

b10°

Bpp Vs p, for Tight jets

1.4]

oazr — H, JetCone=0.7 osf 12f [— 1, JetCone=0.7
— (b, JetCone=0.7| o8E 1f [~ t®B, JetCone=0.7
0.1
~ (TH, JetCone=0.4 ~ tTH, JetCone=0.4

08

°

—— t{bB, JetCone=0.4] —— (b, JeiCone=0.4

>

0.08] 3 osf -
g 06 o 06
-5 05K )y~ 0.4]

0.06} S 2-
hi 3 — tTH, JetCone=0.7 0.2]
0.04) 03F — tTbB, JetCone=0.7] 0|
02 M, JetCone=0.4 02

002 —
ol b, JetCone=0.4} 04
o E2a0’ 3 S 10’ 06
50 100 150 200 250 50 100 150 200 250
Py MeVv Py MeVv

Sergey Kotov (MPI fi Top meetint



Distributions of the ANN variables in signal sample: Fast simulation
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Neural network basics

\ Multilayer Percerptron | @ TMultiLayerPerceptron ROOT
built-in class is used as neural

network (1 hidden layer with 10
Combination input variables nodes)

@ 11500 of matched and 12500 of
non-matched combinations were

Input layer used to train the neural network

Output layer
O =% hw+8,

E :ﬁ Z(O-T)z

Probability of being a signal combination
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