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IntroductionIntroduction--ReminderReminder
HH-->ZZ>ZZ(*)(*)-->4l with full Atlas Simulation has >4l with full Atlas Simulation has 
been extensively studied been extensively studied 

see past Higgs meetings since Sept/03
H->4lepton ATLAS note very close to completion.

ElectronElectron--based calibration based calibration 
First provided to Atlas by the 4e Higgs group analysis
Barrel only, η dependent, offset included
Calibration (constants) used by collaborators 
(M.Schaefer, W.Quayle, etc.)
ATLAS note is ready for submission.

Electron (Electron (muonmuon) detector information can ) detector information can 
improve the analysisimprove the analysis

We used EM shower information, cluster/track matching, 
impact parameter, ...



MotivationMotivation

What we know (focus at low mass): What we know (focus at low mass): 
Low H->ZZ*->4l Br. Ratio ~2.10-4 (130GeV)
Narrow ZZ* Invariant mass peak
Background free final state if leptons are isolated, track 
matched objects (see plots in this talk)
But ... low efficiency mainly due to isolation criteria

Our Goal:Our Goal:
Attempt to carefully relax isolation (+more) cuts to allow 
some more signal to pass, for an acceptable background 
increase 
To do this, exploit detector information concerning the four 
final state leptons (example: EM shower shapes)
Algorithms can be applied in any multi-lepton final state 
channel (but optimizations are particular to the channel).



Calibration PerformanceCalibration Performance
(report on behalf of Martina Schaefer)(report on behalf of Martina Schaefer)



Martina Schäfer 5

Z′→e+e-

Martina Schäfer

Higgs Higgs meetingmeeting

12 may 12 may 20042004
study at thestudy at the LPSCLPSC (Grenoble)(Grenoble)

F.F.LedroitLedroit (UJF(UJF--CNRS Grenoble)  CNRS Grenoble)  DEIRDEIR
andand Th.MüllerTh.Müller ((UniversitätUniversität Karlsruhe) Karlsruhe) DiplomarbeitDiplomarbeit

IEKP



Higgs meeting 12 may 2004Martina Schäfer 6

Calibration (1)Calibration (1)
“standard” calibration :
photons
de-calibration
re-calibration
only barrel

Stathes Paganis

before
recalibration

after
recalibration

σ/E=0.9%

σ(E)/E (E=200GeV)
=9.5%sqrt(E)-1 + 0.45% 
≈ 0.8% ok

energy

200GeV
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Calibration (3)Calibration (3)
Results on the Z’ (SSM 1.5TeV), electrons at about 750GeV
σ(E)/E (E=750GeV)

=9.5%sqrt(E)-1 + 0.45% ≈ 0.6% ok
σ(M)/M (M=1.5TeV)

= sqrt(2) σ(E)/E ≈ 0.8% ok

resolution on the mass 
(for 1.5TeV)

σ= 11 GeV
+ tails

σ/E ≈7.5%

σ

σ/E≈0.7%

resolution of
electrons 

(Z’ at 1.5TeV)



Electron Calibration for Z’(1.5TeV)Electron Calibration for Z’(1.5TeV)-->>ee++ee--
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Mean   −0.0004804

Underflow      50

Overflow      694

Constant  34.9±  3222 

Mean      0.000070± −0.001816 

Sigma     0.000078± 0.009519 

(E_t−E)/E_t
−0.1 −0.08 −0.06 −0.04 −0.02 0 0.02 0.04 0.06 0.08 0.1
0

500

1000

1500

2000

2500

3000

3500

recalibrated
Entries  22112

Mean   −0.0004804

Underflow      50

Overflow      694

Constant  34.9±  3222 

Mean      0.000070± −0.001816 

Sigma     0.000078± 0.009519 

resolution SSM1.5TeV

barrel
Entries  16087

Mean   0.0004364

Underflow       9

Overflow      427

Constant  34.0±  3172 

Mean      0.000064± −0.001442 

Sigma     0.000052± 0.007482 

barrel
Entries  16087

Mean   0.0004364

Underflow       9

Overflow      427

Constant  34.0±  3172 

Mean      0.000064± −0.001442 

Sigma     0.000052± 0.007482 

reconstructed
Entries  22112
Mean   0.01301

Underflow      18

Overflow      840
Constant  18.4±  1959 
Mean      0.00012± 0.01141 

Sigma     0.00010± 0.01654 

reconstructed
Entries  22112
Mean   0.01301

Underflow      18

Overflow      840
Constant  18.4±  1959 
Mean      0.00012± 0.01141 

Sigma     0.00010± 0.01654 

reconstructed (default)

recalibrated

recalibrated (barrel only)

reconstructed (default)

recalibrated

recalibrated (barrel only)
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Present calibration Athena

Our e-based calibration

(electron True Energy – Recon Energy) / True Energy



Electron Calibration (cont)Electron Calibration (cont)
Good news here is that we used low energy electron Good news here is that we used low energy electron 
samples (E<150GeV) to get the calibration constants.samples (E<150GeV) to get the calibration constants.

This is a hint that the energy dependence of the This is a hint that the energy dependence of the 
calibration constants (calibration constants (due to the presence of upstream due to the presence of upstream 
materialmaterial) ) may be small at high energiesmay be small at high energies and significant and significant 
only at low energies. This problem is partially fixed by only at low energies. This problem is partially fixed by 
the “offset” parameter which plays no role at high the “offset” parameter which plays no role at high 
energies (energies (T.CarliT.Carli))

( )3210 EEEEWbE presrec ++++= λ
Offset



Standard (TDR) HStandard (TDR) H-->4l Analysis Reminder>4l Analysis Reminder

Recalibrate EMB, (EMEC: simple Recalibrate EMB, (EMEC: simple escaleescale factor)factor)
Lepton trigger pt1,pt2>20GeV, pt3,pt4>7GeVLepton trigger pt1,pt2>20GeV, pt3,pt4>7GeV
Electron clusters always matched to tracksElectron clusters always matched to tracks
Electron pt<60GeV combination (ID and EMC)Electron pt<60GeV combination (ID and EMC)
EMB,EMEC+InnerDetectorEMB,EMEC+InnerDetector isolation cuts for electronsisolation cuts for electrons
IDID--only isolation for only isolation for muonsmuons (no EMC noise)(no EMC noise)
Impact Parameter cutsImpact Parameter cuts
Z, Z(*) mass cuts (Z, Z(*) mass cuts (TDRTDR))
Count signal in a ZZ mass window (Count signal in a ZZ mass window (TDRTDR))



HH-->ZZ>ZZ-->2e2>2e2µµ Analysis (TDR cuts)Analysis (TDR cuts)

540054001007010070120401204016350163502075020750Full CrossFull Cross--section(fbsection(fb))

12.4212.4230.030.08.518.512.162.162.882.882*30 fb2*30 fb--11 BgndBgnd

9.159.159.769.764.264.269.249.244.64.6SignificanceSignificance

44.444.467.8467.8416.1416.1425.3825.3810.810.82*30 fb2*30 fb--11 SignalSignal

<0.003<0.003<0.003<0.003<0.003<0.0030.00530.00530.0110.011ZbbZbb-->2e2>2e2µµ ((fbfb))

<0.002<0.002<0.002<0.002<0.002<0.002<0.002<0.002<0.002<0.002ttbarttbar-->2e2>2e2µµ ((fbfb))

0.2070.2070.50.50.14180.14180.0310.0310.0370.037pppp-->ZZ>ZZ-->2e2>2e2µµ ((fbfb))

0.74850.74851.13061.13060.2690.2690.4230.4230.180.18Signal  (Signal  (fbfb))
4.384.38

300300

6.946.941.821.823.573.572.12.1XsectionXsection*BR  (*BR  (fbfb))

200200180180150150130130Higgs Mass (Higgs Mass (GeVGeV))

Isolation cuts applied in the full range



3+1 Analysis Algorithm example3+1 Analysis Algorithm example

Require 3 isolated leptonsRequire 3 isolated leptons
Allow for 1 nonAllow for 1 non--isolated isolated electronelectron

Electron must be matched to a track
EM shower must be longitudinally contained in EMC
Electron must pass ID isolation cuts

If there are 4 isolated leptons allow for a If there are 4 isolated leptons allow for a 
cluster without a match to an ID trackcluster without a match to an ID track
Impact Parameter cuts are still used and Impact Parameter cuts are still used and 
optimized for best performanceoptimized for best performance
Select the leading 4Select the leading 4--lepton candidate from lepton candidate from 
those which pass all cutsthose which pass all cuts



HH-->ZZ>ZZ-->2e2>2e2µµ Analysis Analysis 
(EM/cluster classification)(EM/cluster classification)

540054001007010070120401204016350163502075020750Full CrossFull Cross--section(fbsection(fb))

15.78615.78638.438.414.0714.076.9126.9125.9765.9762*30 fb2*30 fb--11 BgndBgnd

10.1110.1110.46810.4685.25.211.4411.445.475.47SignificanceSignificance

55.055.081.62481.62424.12624.12648.3648.3617.817.82*30 fb2*30 fb--11 SignalSignal

<0.003<0.003<0.003<0.003<0.003<0.0030.02520.02520.02640.0264ZbbZbb-->2e2>2e2µµ ((fbfb))

<0.002<0.002<0.002<0.002<0.002<0.0020.0040.0040.0040.004ttbarttbar-->2e2>2e2µµ ((fbfb))

0.26310.26310.640.640.23450.23450.0860.0860.06920.0692pppp-->ZZ>ZZ-->2e2>2e2µµ ((fbfb))

0.91670.91671.36041.36040.40210.40210.8060.8060.29670.2967Signal  (Signal  (fbfb))
4.384.38

300300

6.946.941.821.823.573.572.12.1XsectionXsection*BR  (*BR  (fbfb))

200200180180150150130130Higgs Mass (Higgs Mass (GeVGeV))

Notice: Signal increase  >50%



HiggsHiggs-->ZZ>ZZ-->2e2>2e2µµ

Higgs Mass (GeV)
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 using EM/cluster classificationµ2e2→H

-1  30fbµ2e2→H×TDR Cuts 2
-1  30fbµ2e2→H×EM weighted 2



Higgs(150GeV)Higgs(150GeV)-->4e, 2e2>4e, 2e2µ  µ  (30fb(30fb--11))
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TDR Analysis EM/cluster classification (3+1)

• One 30fb-1 experiment for the 4e and 2e2µ channels
• Left: Background (in yellow) is very low for TDR analysis 
• Right: Background increases; but the signal increases giving higher sensitivity

One Experiment 30fbOne Experiment 30fb--11



Higgs(150GeV)Higgs(150GeV)-->4e, 2e2>4e, 2e2µ  µ  (30fb(30fb--11))
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Caveat: Results may significantly changeCaveat: Results may significantly change

Atlas Recon software is in its early stagesAtlas Recon software is in its early stages
Vertex impact parameter determination is improving
Tracking is improving
Brem Recovery is improving

Still no noise in our samplesStill no noise in our samples
Will affect isolation with the EMC

Our Samples include underlying event Our Samples include underlying event 
((PythiaPythia) but:) but:

Effects from the underlying event (like EM contained 
pions) have not been checked.
Increase of hard pions etc affect 3+1 type algorithms

PilePile--up ?up ?



SummarySummary
We briefly reviewed the application of a lepton We briefly reviewed the application of a lepton 
object classification algorithm (object classification algorithm (akaaka 3+1) in the    3+1) in the    
HH--> ZZ> ZZ-->2e2>2e2µµ analysisanalysis

Increases in signal yield and significance observed in the 4e 
channel were also found in the 2e2µ channel
Inclusion of the 4µ channel (where 3 muons are found in the 
muon chambers and 1 in the ID – see Quayle’s talk HWG Apr/04) 
could lead up to an overall ~20% increase in Significance.

Caution: Algorithms sensitive to reconstruction Caution: Algorithms sensitive to reconstruction 
underlying event, pileunderlying event, pile--up, noise and moreup, noise and more

Atlas Notes (HAtlas Notes (H-->4l and Calibration) very close to >4l and Calibration) very close to 
submissionsubmission



HiggsHiggs-->ZZ>ZZ-->4e>4e
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-14e  30fb→H×TDR Cuts 4

-14e  30fb→H×EM weighted 4


