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Measurement of the properties of a Higgs like 
boson decaying into 4 leptons
Niels van Eldik
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• Talk covers 

• overview of the main analysis

• mass measurement 

• spin-parity measurements

• Full 2011 - 2012 ATLAS dataset: 

• 4.6 fb-1 @ 7 TeV

• 20.7 fb-1 @ 8 TeV

• Reference publications:

• Measurements of the properties of the Higgs-like boson in the four lepton decay channel 
with the ATLAS detector using 25 fb-1 of proton-proton collision data                        
(ATLAS-CONF-2013-013)

• Evidence for the spin-0 nature of the Higgs boson using ATLAS data (arXiv:1307.1432)

• Measurements of Higgs boson production and couplings in diboson final states with the 
ATLAS (arXiv:1307.1427)
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http://arxiv.org/abs/1307.1432
http://arxiv.org/abs/1307.1432
http://arxiv.org/abs/1307.1427
http://arxiv.org/abs/1307.1427
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The golden channel:
H -> ZZ -> 4l

• Events can be fully reconstructed with 
high efficiency and purity

• allows mass, spin-parity measurement

• Signal/background ratio ~ 1

• However: low σ*BR
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• Significant improvements of the electron 
reconstruction efficiency for the 2012 dataset 

• Muon reconstruction efficiency close to the 
geometrical acceptance

• Very good data/MC agreement for both muons and 
electrons
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• Very detailed cross-checks performed

• results very stable in time and under pile-up

• both for electrons and muons

• Different input objects (Z/W/Upsilon/J/Psi) give 
comparable results

• Very good agreement with Monte-Carlo: better 
than 0.1%
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• Object selection:
• Electrons: ET > 7 GeV, |η| < 2.47, GSFbremfit

• Muons: pT > 6 GeV, |η| < 2.7, FSR recovery

• Jets (anti-kT, R=0.4): pT > 25 GeV for |η| < 2.4, pT > 30 for 2.4<|η|<4.5

• Object overlap removal: e-e, e-µ, µ-µ, e-jet

• Additional lepton selection:
• relative track isolation in a cone of ΔR<0.2: Itrack < 0.15

• relative calo isolation in a cone of ΔR<0.2: typically Icalo < 0.3

• |d0/σd0| < 3.5 (6.5) for muons (electrons)

• Four lepton selection:

• 2 SF-OS lepton pairs with pT,l1 > 20 GeV, pT,l2 > 15 GeV, pT,l3 > 10 GeV

• Matched to single and di-lepton trigger

• Quadruplet: SF-OS pairs with masses closest (Z1) and next-closest (Z2) to mZ

• Leading pair (Z1): 50 GeV < m12 < 106 GeV

• Subleading pair (Z2): mmin < m12 < 106 GeV, mmin = 12 (50) GeV for m4l <140 (>190) GeV
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Overall acceptance 
mH = 125 GeV:
- 4µ      39%
- 2e2µ  26%
- 4e     19%
Mispairing <10% 
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• FSR correction for muons

• Correct momentum of muon if photon with          
ET > 1.3 GeV and ΔRcluster,µ < 0.15

• Only applied on leading muons with                     
66 GeV<mμμ<89 GeV and mμμγ<100.0 GeV

• FSR finding efficiency 70%, purity 85%

• Affects 4% of the events

• Z-mass constraint on the leading lepton pair; for 
m4l>190 GeV also on the subleading
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• Main irreducible background: ZZ*

• estimated from MC: POWHEG, gg2ZZ, SHERPA

• normalized to MCFM cross-section

• Reducible background: Z + jets, ttbar:

• data-driven using control regions with relaxed or 
inverted selection

• transfer factors from data or MC (cross-checked with 
data)

• redundant set of methods for cross-checks

 [GeV]12m
60 80 100

 E
ve

nt
s/

2 
G

eV

0

20

40

60

80

100

120

140

160

180

Data
=125 GeV)

H
Signal (m
ZZ

tZ+jets, t
Syst.Unc.

 PreliminaryATLAS

-1Ldt = 4.6 fb = 7 TeV: s
-1Ldt = 20.7 fb = 8 TeV: s

-e++e-e+/e-!+!

Background estimates

9

  [GeV] 12m
50 60 70 80 90 100

Ev
en

ts
/4

 G
eV

0

10

20

30

40

50

60

Data 
 fittZ+jets and t

 fittt
ZZ
Z+jets
tt

WZ

 PreliminaryATLAS
!4-1Ldt = 20.7 fb = 8 TeV:  s



N
ot

re
vi

ew
ed

,f
or

in
te

rn
al

ci
rc

ul
at

io
n

on
lyBackground estimates: reducible background

10

Table 3: Summary of the estimated numbers of Z + jets and tt̄ background events for the 20.7 fb−1 of√
s = 8 TeV data and for the 4.6 fb−1 of

√
s = 7 TeV data for the full mass range of the analysis after the

kinematic selections described in the text. The sub-leading same sign full analysis event counts are given
only for m4� < 160 GeV to avoid contamination from the irreducible ZZ(∗) background with an incorrect
charge measurement. Approximately 80% of the reducible background has m4� < 160 GeV. The “†”
symbol indicates the estimates used for the background normalisation, the others being cross-checks.
The first uncertainty is statistical, the second is systematic.

method estimate at
√

s = 8 TeV estimate at
√

s = 7 TeV
4µ 4µ

m12 fit: Z + jets contribution 2.4 ± 0.5 ± 0.6† 0.22 ± 0.07 ± 0.02†

m12 fit: tt̄ contribution 0.14 ± 0.03 ± 0.03† 0.03 ± 0.01 ± 0.01†

tt̄ from eµ + µµ 0.10 ± 0.05 ± 0.004 -
2e2µ 2e2µ

m12 fit: Z + jets contribution 2.5 ± 0.5 ± 0.6† 0.19 ± 0.06 ± 0.02†

m12 fit: tt̄ contribution 0.10 ± 0.02 ± 0.02† 0.03 ± 0.01 ± 0.01†

tt̄ from eµ + µµ 0.12 ± 0.07 ± 0.005 -
2µ2e 2µ2e

�� + e±e∓ relaxed cuts 5.2 ± 0.4 ± 0.5† 1.8 ± 0.3 ± 0.4
�� + e±e∓ inverted cuts 3.9 ± 0.4 ± 0.6 -

3� + � (same-sign) 4.3 ± 0.6 ± 0.5 2.8 ± 0.4 ± 0.5†

sub-leading same sign full analysis events 4 0
4e 4e

�� + e±e∓ relaxed cuts 3.2 ± 0.5 ± 0.4† 1.4 ± 0.3 ± 0.4
�� + e±e∓ inverted cuts 3.6 ± 0.6 ± 0.6 -

3� + � (same-sign) 4.2 ± 0.5 ± 0.5 2.5 ± 0.3 ± 0.5†

sub-leading same sign full analysis events 3 2

11

4.6 fb-1 @ 7 TeV

20.7 fb-1 @ 8 TeV
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Table 6: The observed numbers of events and the final estimates for the expected backgrounds, separated

into “low mass” (100 < m4� < 160 GeV) and “high mass” (m4� ≥ 160 GeV) regions. The expected

numbers of signal events are also shown for various Higgs boson mass hypotheses. For the signal and

background estimates the corresponding total uncertainties are given.

4µ 2µ2e/2e2µ 4e

low mass high mass low mass high mass low mass high mass
√

s = 8 TeV integrated luminosity 20.7 fb
−1

ZZ
(∗)

12.4 ± 0.6 92.6 ± 6.7 14.7 ± 0.9 144 ± 11 5.4 ± 0.5 55.9 ± 4.5

Z, Zbb̄, and tt̄ 1.9 ± 0.6 0.5 ± 0.2 6.1 ± 1.5 1.5 ± 0.4 2.5 ± 0.6 0.6 ± 0.2

total background 14.3 ± 0.8 93.1 ± 6.7 20.8 ± 1.8 145 ± 11 8.0 ± 0.8 56.5 ± 4.5

data 27 93 28 169 13 55

mH = 123 GeV 4.4 ± 0.6 5.4 ± 0.8 2.2 ± 0.4

mH = 125 GeV 5.8 ± 0.7 7.0 ± 0.9 2.9 ± 0.4

mH = 127 GeV 6.7 ± 0.9 8.4 ± 1.2 3.4 ± 0.5
√

s = 7 TeV integrated luminosity 4.6 fb
−1

ZZ
(∗)

2.2 ± 0.1 16.8 ± 1.2 2.5 ± 0.2 26.6 ± 2.0 0.8 ± 0.1 9.4 ± 0.8

Z, Zbb̄, and tt̄ 0.2 ± 0.1 0.05 ± 0.02 2.4 ± 0.5 0.6 ± 0.1 2.0 ± 0.5 0.48 ± 0.1

total background 2.4 ± 0.1 16.9 ± 1.2 4.9 ± 0.6 27.1 ± 2.0 2.8 ± 0.5 9.8 ± 0.8

data 8 23 5 23 2 13

mH = 123 GeV 0.7 ± 0.1 0.8 ± 0.1 0.3 ± 0.1

mH = 125 GeV 1.0 ± 0.1 1.1 ± 0.2 0.4 ± 0.1

mH = 127 GeV 1.0 ± 0.2 1.2 ± 0.2 0.4 ± 0.1
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• The mass distributions are described as smooth 
unbinned estimates of the probability density 
functions obtained from simulation

• A Z mass constraint is used for m12 to improve the 
resolution

• The four channels are treated separately in the fit

• The 4µ and 2e2µ channels have the best mass 
resolution
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Mass measurements
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• The mass distributions are described as smooth 
unbinned estimates of the probability density 
functions obtained from simulation

• A Z mass constraint is used for m12 to improve the 
resolution

• The four channels are treated separately in the fit

• The 4µ and 2e2µ channels have the best mass 
resolution 

• Statistical uncertainties still larger than systematic 
uncertainties

• Systematic uncertainties dominated by energy and 
momentum scale uncertainties  [GeV]Hm
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Mass measurements
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VBF candidate

!"#$%&$'()*+,-./$(0.123-((
456-789:,8;:(<$)=>((
:?@8A:?8:($B$2&0C(DEF*>(G(
)*+(#HI.&J>(K:L(
)*+(0.123->(:?6($B$2&0(
D)*+F4D11+M*=>(8(
((

)*+(%32'.'3&$0((
456-N8K:(<$)=>(K(
DO(PP>(;?QA8?;($B$2&0(

R0#$2C(8:,8G(O3I%SC(9:8;( <?(TU0V&WI>(RXYRD(E PP 6-(I$0H-&0( 8K(

(Z2$(W[0$IB$'()E(%32'.'3&$(456-79@:?;(<$)=(
(!"#$%&$'(\IW5(DO(PP(#IW'H%]W2>(:?^A:?;($B$2&0(

! ""# $%&%'$()*$+,-./.,0&(
12345%678$9&($
1"54:27;$9&($
1"%4%<7=$9&((



N
ot

re
vi

ew
ed

,f
or

in
te

rn
al

ci
rc

ul
at

io
n

on
lySpin-Parity analysis

• Same event selection as for the main analysis

• Restrict mass-region to 115-130 GeV

• two regions (improves sensitivity by ~5%)

• high S/B: 121-127 GeV

• low S/B: 115-121 and 127-130 GeV

• Events generated with JHU LO, re-weighted to match the POWHEG pT spectrum 

• Different spin−parity states generated via ggF production:

• 0+, 0-, 1+, 1-, 2m+ 

• Seven sensitive variables

• the masses of the two Z bosons 

• the angle between the two decay planes of the four leptons Φ
• the decay angles of the negative leptons θ1, θ2

• the production angle θ*

• the decay angle of the first Z: Φ1

19
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• Strategy: demonstrate consistency with 0+ and falsify other hypothesis

• Combine the seven variables: multivariate analysis
• boosted decision tree (BDT) for each spin-parity hypothesis pair

• for 0+ - 0- separation: exclude θ* and Φ1

• for all other separations: use all variables 

• matrix element based likelihood ratio (MELA)
• calculate probability that an event comes from a particular spin-parity state 

• correct for detector acceptance, analysis selection and mispairing using full MC
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Spin 2: graviton-like tensor with minimal couplings to SM particles
  equivalent to a Kaluza-Klein graviton (Y. Gao et al, Phys. Rev. D81 (2010) 075022)

Production via gg-fusion and qq annihilation possible: studies are 
preformed as function of the qq-fraction

Observed exclusion: 83.2% CL (100% ggF)
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• Results presented using the full 2011 (4.6 fb-1) and 2012 (20.7 fb-1) data set

• Inclusive analysis

• observation of a 6.6 σ excess over background 

• the best fitted mass is 124.3      (stat)      (syst) GeV

• the signal strength is 1.7

• Events divided into three categories: ggF-, VBF-, VH-like

• one VBF-like event with mH=123.5 GeV observed, where 0.5 VBF signal events expected 
with S/B~1(when counting ggF signal as background)

• BDT and Jp-mela analysis testing several spin-parity states: 0+, 0-, 1+, 1-, 2m+

• the new boson compatible with SM 0+ Higgs hypothesis when comparing pair-wise with 
0-, 1+, 1-, 2m+

• 0-, 1+ hypothesis excluded at 97.8% CL or higher in favor of 0+
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