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Charged Higgs Decay
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Branching ratios depend Higgs mass and triplet vacuum expectation value.
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∆++

∆+

Yukawa couplings related to neutrino 
masses

Mij ∼ Y ∗
ijv∆

Assuming Yukawa couplings on the 
order of electron Yukawa coupling, 
and with Mij ∼ 1 eV

v∆ ∼ 10−5 GeV

Leptonic decays dominate for low 
vacuum expectation values and Higgs 
masses. 

T. Han, B. Mukhopadhyaya, Z. Si, K. Wang, “Pair 
Production of Doubly-Charged Scalars: Neutrino Mass 
Constraints and Signals at the LHC”, arXiv:0706.0441v3.

∆± → l±ν
∆± → W±∆1

∆± → W±Z

∆± → tb̄
∆±± → l±l±

∆±± → W±W±

Tuesday, April 27, 2010

Same-­‐sign	
  leptons
Same-­‐sign	
  leptons	
  appear	
  in	
  a	
  range	
  of	
  models

An	
  inclusive	
  search	
  is	
  a	
  promising	
  testing	
  ground	
  for	
  new	
  physics

‣SUSY	
  -­‐	
  produced	
  in	
  lepton	
  cascade	
  topologies
‣Heavy	
  Majorana	
  neutrinos
‣Universal	
  extra	
  dimensions
‣Doubly-­‐charged	
  Higgs	
  bosons
	
  	
  	
  	
  eg)	
  Type-­‐II	
  Seesaw
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Selection	
  with	
  lepton	
  kinematics,	
  not	
  other	
  event	
  activity
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Figure 7. Limits at 95% CL on two different production models of Majorana neutrinos. Left:
for a model of Majorana neutrinos which uses an effective vector operator, observed and expected
cross-section limits [pb] as a function of Majorana neutrino mass produced, assuming a natural
coupling and an energy scale of new phenomena Λ = 1 TeV. Right: for the LRS model, contours of
observed cross-section upper limits [pb] as a function of Majorana neutrino and WR masses in LRS
theories are shown. The space is sampled in a rough grid (sample points indicated by a �) and the
limits are interpolated. The exclusion region is shaded.

Figure 8. Feynman diagram of cascade topology denoted in supersymmetric nomenclature. The
analysis is done with WW,ZZ and WZ combinations of weak vector bosons; WZ is shown in the
diagram. This topology may also be found in other models such as UED.

ence between the neutrino and a right-handed boson, WR. A large mass difference yields

highly relativistic heavy neutrinos, with one lepton typically overlapped by a jet in the

event and thus failing the isolation criteria. Nevertheless, we exclude WR with masses less

than 0.7 TeV over most of the parameter space, as well as masses less than 1.0 TeV for a

large range of neutrino masses.

8.2 Lepton cascades

A specific cascade topology (shown in figure 8) is considered that produces a same-sign

dilepton signature and invisible particles [13]. Since the final states would include jets, the

subsample of events with at least one jet is again considered. In lepton cascades leading to
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Backgrounds
‣Understanding	
  and	
  estimating	
  the	
  backgrounds	
  is	
  the	
  most	
  challenging	
  part	
  of	
  
the	
  SS	
  analysis
‣Three	
  SM	
  background	
  contributions:

1.	
  Production	
  of	
  same	
  sign	
  dileptons	
  in	
  diboson	
  processes

2.	
  SM	
  processes	
  with	
  opposite	
  sign	
  leptons	
  and	
  the	
  charge	
  of	
  one	
  lepton	
  is	
  
mis-­‐measured	
  -­‐-­‐	
  called	
  charge	
  flip

3.	
  Hadronic	
  decay	
  leptons	
  -­‐	
  “fakes”	
  

ZZ, WZmain	
  contribution	
  from

WWjj tt̄Wless	
  significant	
  contribution	
  from	
   and	
  

W ∗/Z∗

W/Z

Zq

q

q

q

3

l+

l−

Z/γ∗

Drell-­‐Yan

q, g

q, g

g
t

t̄

Top	
  pair

l+

l+

l+

l+

Dijet	
  events Wj → lνj

more	
  dominant	
  with	
  electrons
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2010	
  Analysis
‣Three	
  channels:	
  µµ, eµ, ee
‣34	
  pb-­‐1	
  

lepton	
  candidates	
  required	
  to	
  have	
  pT	
  >	
  20	
  GeV

one	
  lepton	
  must	
  have	
  triggered	
  the	
  event

|η|	
  <	
  2.47

high	
  quality	
  tracks:	
  requirements	
  on	
  the	
  minimum	
  number	
  of	
  track	
  hits;	
  for	
  muons,	
  the	
  
charge	
  as	
  measured	
  in	
  the	
  inner	
  detector	
  matches	
  that	
  measured	
  by	
  the	
  muon	
  system

isolation:	
  sum	
  of	
  transverse	
  energy	
  in	
  calorimeter	
  deposition	
  in	
  cone	
  of	
  radius	
  ΔR	
  =	
  0.2	
  
required	
  to	
  be	
  less	
  than	
  15%	
  of	
  lepton	
  transverse	
  energy

leptons	
  must	
  originate	
  from	
  the	
  same	
  primary	
  vertex	
  and	
  have	
  same	
  charge

‣Analysis-­‐approach:
‣data-­‐driven	
  fake	
  background	
  estimate
‣ simulation	
  used	
  to	
  estimate	
  background	
  from	
  dibosons
‣data	
  and	
  simulation	
  used	
  to	
  estimate	
  charge	
  flip

arXiv:1108.0366v1	
  [hep-­‐ex]:	
  submitted	
  to	
  JHEP

http://arxiv.org/abs/1108.0366v1
http://arxiv.org/abs/1108.0366v1
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2010	
  Analysis	
  Results
‣Agreement	
  between	
  observed	
  data	
  and	
  the	
  SM	
  prediction	
  for	
  all	
  channels

‣Fiducial	
  cross	
  section	
  limit	
  set	
  on	
  generic	
  
same-­‐sign	
  production	
  cross	
  section:

Table 3. Results of KS-distance test between data and Standard Model predictions. The maximum
KS distance and corresponding p-value (in parentheses) is given for three kinematic distributions
presented in this analysis (Figs. 4 and 5), and one high-mass subset. Statistical and systematic
fluctuations are included in the p-value calculation. We find agreement between the observed data
and the SM prediction.

Distribution �� ee µµ eµ

m�� 0.15 (84%) 0.33 (36%) 0.60 (28%) 0.40 (43%)

m�� > 110 GeV 0.54 (23%) 1.00 ( 7%) 0.76 (34%) 0.19 (91%)

Emiss
T 0.19 (72%) 0.60 (11%) 0.39 (59%) 0.36 (50%)

Njets 0.18 (73%) 0.59 (12%) 0.37 (57%) 0.28 (59%)

Table 4. The observed (nobs) and predicted (npred) yields of same-sign dilepton events with large
dilepton invariant mass m�� > 110 GeV. Uncertainties are statistical followed by systematic. Upper
limits at 95% CL are placed on the fiducial cross-section (σ95

obs) of a new high-mass source in each
channel. Also given is the median expected limit (σ95

exp) in simulated experiments drawn from the
background hypothesis.

nobs npred σ95
obs [pb] σ95

exp [pb]

ee 0 3.1±2.1±0.5 0.15 0.46

µµ 1 2.2±1.4±0.4 0.17 0.25

eµ 3 3.2±2.9±0.5 0.28 0.28

7 Limit on generic same-sign high-mass dilepton production

Beyond the charge-flip reflection of Z → ee (see figure 4, left), the m�� spectrum is sensitive

to the presence of new sources of same-sign dilepton events. In the domain m�� > 110

GeV, 8.5± 3.8(stat) ± 0.7(syst) events are predicted by the SM, primarily in the flavour-fake

category. Four events are observed.

In the high-mass domain specified above (m�� > 110 GeV), limits are set by the pre-

scription of Feldman and Cousins [39]. In this method, confidence intervals are built from

a likelihood-ratio test statistic. Ensembles of simulated experiments are generated that

capture fluctuations expected from the statistical and systematic uncertainties. The ob-

served upper limit on the cross-section of a new high-mass source is given for each channel

in table 4. In the ee and µµ channels, the observed limits are somewhat lower than the

expected limits because the number of events observed in these channels is lower than the

number predicted by the Standard Model.

Efficiencies to pass the baseline selection in a fiducial region defined by dilepton invari-

ant massm�� > 110 GeV, lepton transverse momentum pT > 20 GeV, lepton pseudorapidity

– 11 –

mll > 110 GeV

 [GeV]
T

Leading Lepton p
0 20 40 60 80

E
v

en
ts

 /
 8

 G
eV

0

10

20

30

40

50
+µ-, e-µ+e

Data

Z

tt
Diboson
QCD
Uncert.

ATLAS

-1
Ldt = 34 pb∫

 [GeV]
T

Leading Lepton p
0 20 40 60 80

E
v

en
ts

 /
 8

 G
eV

0

10

20

30

40

50

 [GeV]llm
50 100 150 200 250

E
v

en
ts

 /
 4

0
 G

eV

1

10

2
10

+µ-, e-µ+e
Data

Z

tt
Diboson
QCD

Uncert.

ATLAS

-1
Ldt = 34 pb∫

 [GeV]llm
50 100 150 200 250

E
v

en
ts

 /
 4

0
 G

eV

1

10

2
10

 [GeV]miss
TE

0 50 100

E
v

en
ts

 /
 2

0
 G

eV

1

10

2
10

+µ-, e-µ+e
Data

Z

tt
Diboson
QCD

Uncert.

ATLAS

-1
Ldt = 34 pb∫

 [GeV]miss
TE

0 50 100

E
v

en
ts

 /
 2

0
 G

eV

1

10

2
10

Figure 3. Validation of the SM prediction method in the opposite-sign eµ channel. Kinematic

variables are shown: pT of the leading lepton (left), m��(center) and Emiss
T (right). Statistical and

systematic uncertainties on the prediction are shown as a dashed blue line. Overflow events are

included in the highest bin.
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Figure 4. Distributions of same-sign dilepton invariant mass in the ee (left), µµ (center) and

eµ (right) channels. Shown are data (points) and backgrounds (solid stacked histograms). The

combined statistical and systematic uncertainty is shown as a dashed blue line. Overflow events

are included in the final bin.

statistical and systematic uncertainty) between the observed data and the prediction in

most bins of the kinematic distributions.

The SM predictions in the same-sign samples are reported in table 1. The observed and

predicted kinematic distributions are shown in figures 4 and 5. The consistency between

the shape of the observed and predicted distributions is evaluated with a Kolmogorov-

Smirnov (KS) distance test [38]. Agreement is found between the observed data and the

SM prediction, as shown in table 3. Dielectron events in the region 80 < m�� < 95 GeV

are excluded in the analysis of the Emiss
T and Njets distributions to suppress contamination

from misreconstructed Z → ee events.

– 10 –
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2010	
  Analysis	
  Limits
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Figure 11. Distributions of jet multiplicity with Emiss
T > 30 GeV in ee (left), µµ (center) and

eµ (right) channels. The final bin includes events with two or more jets. Shown are data (points)

and backgrounds (solid stacked histograms). The combined statistical and systematic uncertainty

is shown as a dashed blue line. Overflow events are included in the final bin. In the ee channel, the

Z reflection is suppressed by excluding 80 < m�� < 95 GeV.
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Figure 12. Expected and observed 95% CL limits on d4 production cross-section as a function of

its mass, compared to limits from CDF [5, 12] and CMS [4].

combined.

Although particle names are denoted here in a supersymmetry context, these cascade

topologies occur quite generally, such as in models with universal extra dimensions [36].

The topology is described using the minimal particle content necessary, and the effective

theory is parameterised directly in the masses of the new particles, making the conclusions

independent of any fundamental parameters specific to a particular theory.
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Figure 7. Limits at 95% CL on two different production models of Majorana neutrinos. Left:
for a model of Majorana neutrinos which uses an effective vector operator, observed and expected
cross-section limits [pb] as a function of Majorana neutrino mass produced, assuming a natural
coupling and an energy scale of new phenomena Λ = 1 TeV. Right: for the LRS model, contours of
observed cross-section upper limits [pb] as a function of Majorana neutrino and WR masses in LRS
theories are shown. The space is sampled in a rough grid (sample points indicated by a �) and the
limits are interpolated. The exclusion region is shaded.

Figure 8. Feynman diagram of cascade topology denoted in supersymmetric nomenclature. The
analysis is done with WW,ZZ and WZ combinations of weak vector bosons; WZ is shown in the
diagram. This topology may also be found in other models such as UED.

ence between the neutrino and a right-handed boson, WR. A large mass difference yields

highly relativistic heavy neutrinos, with one lepton typically overlapped by a jet in the

event and thus failing the isolation criteria. Nevertheless, we exclude WR with masses less

than 0.7 TeV over most of the parameter space, as well as masses less than 1.0 TeV for a

large range of neutrino masses.

8.2 Lepton cascades

A specific cascade topology (shown in figure 8) is considered that produces a same-sign

dilepton signature and invisible particles [13]. Since the final states would include jets, the

subsample of events with at least one jet is again considered. In lepton cascades leading to

– 15 –

‣Cross	
  section	
  upper	
  limits	
  on	
  specific	
  models
‣Heavy	
  Majorana	
  neutrinos
‣Lepton	
  cascades
‣L-­‐R	
  symmetric	
  model
‣Fourth	
  generation	
  d	
  quark

‣Exclusion	
  below	
  460	
  GeV,	
  assuming	
  
Majorana	
  neutrinos	
  are	
  produced	
  by	
  a	
  
four	
  fermion	
  operator,	
  and	
  Λ	
  ~	
  1	
  TeV.

‣Exclusion	
  below	
  320	
  GeV,	
  using	
  
d4d̄4 → tW t̄W

Br(d4 → tW ) = 100%
assuming
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2011	
  Analysis
‣ same	
  channels	
  as	
  2010	
  analysis,	
  but	
  focus	
  on	
  dimuon
‣MUCH	
  more	
  data:	
  1.07	
  l-­‐1

Selection	
  improvements

18 

•Have collected >1 fb-1 of data in 2011 

•>30X data sample of 2011 

•Allow to select high purity of photon 

data sample to improve identification 

measurement 

•Perform measurements of anomalous 

TGC limits 

•Search for new physics in W!/Z! final 

states 

•Challenges: 

•Average number of interaction per 

bunch crossing : ~6 

•Understand effects of pile-up on the 

lepton/photon selection and missing 

transverse energy measurement. 

(W candidates in electron decay channel.   

From Higgs search in WH production channel) 

2011	
  analysis

‣only	
  one	
  muon	
  with	
  pT	
  >	
  20	
  GeV,	
  the	
  other	
  with	
  
pT	
  >	
  10	
  GeV
	
  	
  	
  	
  greater	
  signal	
  acceptance
‣ track-­‐based	
  isolation	
  requirement:	
  sum	
  of	
  track	
  
pT	
  within	
  cone	
  of	
  ΔR	
  =	
  0.4	
  less	
  than	
  10%	
  of	
  
muon	
  pT	
  AND	
  less	
  than	
  5	
  GeV
	
  	
  	
  shown	
  to	
  have	
  less	
  pileup	
  dependence
	
  	
  	
  pileup	
  bigger	
  issue	
  in	
  2011,	
  with	
  ~6	
  interactions	
  per	
  bunch	
  crossing

‣	
  impact	
  parameter	
  significance:	
  |d0|/σ(d0)	
  <	
  3
	
  	
  	
  	
  ~99%	
  efficient	
  for	
  prompt	
  muons;	
  rejection	
  
factor	
  of	
  ~3	
  for	
  b	
  hadron	
  decays
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The probability for prompt leptons to pass the isolation cut is measured in simulated Z → µµ events.174

The corresponding probability for non-prompt muons to pass this cut is measured in data using a dimuon175

sample at low pT and a single muon sample at high pT , where the statistical precision would otherwise be176

compromised. For the non-prompt muon sample, only muons with |d0|/σ(d0) > 5, dominated by semi-177

leptonic b and c hadron decays, are used. The measured probability is also checked at low pT in a sample178

with a single muon passing |d0|/σ(d0) > 5 and in a single-muon sample requiring the transverse mass of179

the muon and the EmissT to be less than 10 GeV and at least one jet with pT > 20 GeV in the hemisphere180

opposite to the muon3. The latter sample probes both muons from semi-leptonic b and c hadron decays181

and from decays of pions and kaons. Contributions from real leptons due to prompt muons, expecteda182

to give an overall contribution of about 1% and be dominant at high pT , are subtracted using simulated183

events.184

The differences obtained between various samples are taken as systematic uncertainty on the prob-185

ability for non-prompt muons to pass the isolation requirement. At low pT , the probability is about186

10%, and it decreases to about 7% at pT = 50 GeV. At high pT the statistical uncertainty is large, but187

the probability is, within uncertainties, constant. Since it is independent of pT in the range between188

50 and 100 GeV, it is assumed to stay constant above 100 GeV at a value of 7%, but an uncertainty of189

100% is assigned. At lower pT the uncertainty varies between 30% and 80%. The resulting probability190

with which a non-prompt muon pass the isolation requirement, and associated systematic uncertainty,191

is shown versus pT , averaged over η in Figure 1. Since this also has a moderate dependence on η, the192

probability is further parametrized versus pT separately in three different regions of |η|.193
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probability of non-prompt muon to pass isolation
with systematic uncertainty

Figure 1: The central value for the probability of a non-prompt muon to pass the isolation requirement,
parametrized versus muon pT , together with the associated systematic uncertainty, for |η| < 2.5.

5.3 Charge Mismeasurements194

Another source of background can arise from opposite-sign muon pairs where the charge of one of the195

two muons is misreconstructed. This was estimated from simulation and found to be negligible.196

A systematic uncertainty is estimated using data by measuring the fraction of muons in Z candidate197

events where either the MS or the ID charge is mismeasured. The mismeasurement rate for the MS is198

measured by selecting Z → µµ candidates based purely on the ID momentum and charge measurement.199

3These cuts are placed to enhance QCD jet production compared toW boson production

ATLAS work in progress

Background	
  estimation

Non-­‐prompt	
  (“fake”)	
  muons	
  are	
  dominant	
  background	
  (83%)
1)	
  semi-­‐leptonic	
  b-­‐hadron	
  decays
2)	
  pion	
  and	
  kaon	
  decay-­‐in-­‐flight

‣Data-­‐driven	
  technique	
  applied	
  to	
  obtain	
  event	
  yield	
  for	
  fakes
‣ From	
  heavy-­‐flavor-­‐enriched	
  control	
  samples,	
  obtain	
  fake	
  rate

fake	
  rate	
  =	
  fraction	
  of	
  non-­‐prompt	
  muons	
  that	
  pass	
  isolation	
  
requirement	
  (among	
  those	
  passing	
  other	
  selection	
  requirements)

‣With	
  fake	
  rate,	
  extract	
  background	
  estimate	
  
from	
  pairs	
  where	
  one	
  or	
  both	
  muons	
  in	
  the	
  
signal	
  region	
  are	
  non-­‐prompt

8

‣differences	
  among	
  control	
  samples	
  used	
  to	
  derive	
  systematic	
  uncertainty
‣ at	
  least	
  30%	
  uncertainty
‣80%	
  systematic	
  in	
  low	
  pT	
  bins
‣ fake	
  rate	
  approximately	
  flat	
  (7%)	
  above	
  100	
  GeV

‣Other	
  backgrounds
‣ charge-­‐flip:	
  estimate	
  obtained	
  from	
  data	
  driven	
  upper	
  
limit	
  on	
  charge-­‐flip	
  rate
‣ SM	
  background	
  from	
  dibosons:	
  estimate	
  obtained	
  from	
  
MC
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(c) opposite-sign intermediate isolation
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Figure 2: Distributions of the invariant mass of the di-muon pair for four control regions: a) for like-sign
muon pairs where at least one muon has |d0|/σ(d0) > 3, b) for like-sign, c) opposite sign muon pairs
where both muons fulfill the intermediate isolation cut (see text), and d) for opposite sign muon pairs
where both muons are isolated.

ATLAS	
  Work	
  in	
  Progress
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Figure 2: Distributions of the invariant mass of the di-muon pair for four control regions: a) for like-sign
muon pairs where at least one muon has |d0|/σ(d0) > 3, b) for like-sign, c) opposite sign muon pairs
where both muons fulfill the intermediate isolation cut (see text), and d) for opposite sign muon pairs
where both muons are isolated.

ATLAS	
  Work	
  in	
  Progress

Control	
  region	
  with	
  intermediate	
  isolation
‣	
  To	
  test	
  the	
  fake	
  rate	
  method,	
  fake	
  enhanced	
  control	
  region	
  considered
‣	
  All	
  other	
  muon	
  selections	
  the	
  same,	
  except	
  for	
  intermediate	
  isolation:

0.2 > pT cone0.4/pT > 0.1
5 > pT cone0.4> 10 GeV

if	
  pT	
  <	
  50	
  GeV:
if	
  pT	
  >	
  50	
  GeV:

same-­‐sign opposite-­‐sign
‣	
  Agreement	
  between	
  observation	
  and	
  prediction	
  within	
  systematic	
  uncertainties

prediction:	
  73
observation:	
  90

prediction:	
  224
observation:	
  267

(mμμ	
  <	
  60	
  GeV)

9
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Systematic	
  uncertainties

10

‣Muon	
  identification	
  efficiency 1%

‣Muon	
  isolation	
  efficiency 2.5%

‣Muon	
  momentum	
  measurement 0.5%

‣Trigger	
  efficiency 0.4%

‣Luminosity	
  uncertainty 3.7%

‣Non-­‐prompt	
  background	
  estimate	
  (binned	
  in	
  pT	
  and	
  η) 30-­‐100%

‣Diboson	
  cross	
  section 15%
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The probability for prompt leptons to pass the isolation cut is measured in simulated Z → µµ events.174

The corresponding probability for non-prompt muons to pass this cut is measured in data using a dimuon175

sample at low pT and a single muon sample at high pT , where the statistical precision would otherwise be176

compromised. For the non-prompt muon sample, only muons with |d0|/σ(d0) > 5, dominated by semi-177

leptonic b and c hadron decays, are used. The measured probability is also checked at low pT in a sample178

with a single muon passing |d0|/σ(d0) > 5 and in a single-muon sample requiring the transverse mass of179

the muon and the EmissT to be less than 10 GeV and at least one jet with pT > 20 GeV in the hemisphere180

opposite to the muon3. The latter sample probes both muons from semi-leptonic b and c hadron decays181

and from decays of pions and kaons. Contributions from real leptons due to prompt muons, expecteda182

to give an overall contribution of about 1% and be dominant at high pT , are subtracted using simulated183

events.184

The differences obtained between various samples are taken as systematic uncertainty on the prob-185

ability for non-prompt muons to pass the isolation requirement. At low pT , the probability is about186

10%, and it decreases to about 7% at pT = 50 GeV. At high pT the statistical uncertainty is large, but187

the probability is, within uncertainties, constant. Since it is independent of pT in the range between188

50 and 100 GeV, it is assumed to stay constant above 100 GeV at a value of 7%, but an uncertainty of189

100% is assigned. At lower pT the uncertainty varies between 30% and 80%. The resulting probability190

with which a non-prompt muon pass the isolation requirement, and associated systematic uncertainty,191

is shown versus pT , averaged over η in Figure 1. Since this also has a moderate dependence on η, the192

probability is further parametrized versus pT separately in three different regions of |η|.193
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probability of non-prompt muon to pass isolation
with systematic uncertainty

Figure 1: The central value for the probability of a non-prompt muon to pass the isolation requirement,
parametrized versus muon pT , together with the associated systematic uncertainty, for |η| < 2.5.

5.3 Charge Mismeasurements194

Another source of background can arise from opposite-sign muon pairs where the charge of one of the195

two muons is misreconstructed. This was estimated from simulation and found to be negligible.196

A systematic uncertainty is estimated using data by measuring the fraction of muons in Z candidate197

events where either the MS or the ID charge is mismeasured. The mismeasurement rate for the MS is198

measured by selecting Z → µµ candidates based purely on the ID momentum and charge measurement.199

3These cuts are placed to enhance QCD jet production compared toW boson production

ATLAS work in progress
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Signal	
  region	
  prediction:	
  invariant	
  mass
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‣non-­‐prompt	
  background	
  is	
  dominant
‣ smaller	
  contribution	
  from	
  dibosons
‣ since	
  charge	
  flip	
  rate	
  is	
  small	
  for	
  muons,	
  no	
  contribution

ATLAS	
  Work	
  in	
  Progress ATLAS	
  Work	
  in	
  Progress
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Signal	
  region	
  muon	
  kinematics
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‣data	
  comparison	
  coming	
  soon!



SS	
  dilepton	
  analysisBen	
  Cerio

Event	
  yield	
  with	
  systematicsTable 1. The observed (nobs) and predicted (npred) yields of same-sign dilepton events. The

prediction is the sum of the individual estimates of the number of events with misreconstructed

flavour (nfake), the number of events with misreconstructed charge (nsim
charge-flip), and the number of

true SM same-sign dilepton events (nsim
diboson). Uncertainties are statistical followed by systematic.

The Z → ee peak is suppressed by excluding events with 80 < mee < 95 GeV.

nobs npred nfake nsim
charge-flip nsim

diboson

ee 10 21.8±9.4±3.8 11.1±9.4±2.8 10.1±0.9±2.5 0.6±0.0±0.1

µµ 9 6.1±2.8±1.2 4.8±2.8±1.2 — 1.3±0.0±0.1

eµ 25 17.5±9.3±3.7 15.0±9.3±3.7 0.5±0.2±0.1 2.1±0.0±0.2

The event yields and contributions of the various background categories are presented245

in table 1. We find the observed yields are consistent with Standard-Model predictions,246

and we quantify this in section 6.247

5 Systematic uncertainties248

The largest source of systematic uncertainty is the weighting of events to extract yield249

predictions in signal and background categories. Two studies quantify the overall magni-250

tude of this uncertainty. In the first, �e,µTLbkg is measured in simulated data with known251

generated properties. In the second, �e,µTLbkg is used to predict the number of events with252

a flavour fake in the region 10 < pT < 20 GeV for the less energetic lepton of the pair,253

where flavour fakes are expected to be dominant. This study tests the reliability of both254

the parameterization and use of �e,µTLbkg for predictions of events from QCD processes. Both255

studies indicate a 25% uncertainty. Other systematic uncertainties are much smaller and256

affect predictions of signal and background from simulations. The integrated luminosity257

of the sample is known with an uncertainty of 3.4% [35], and the uncertainty on the jet-258

energy calibration [32] yields an uncertainty of less than 2% on the yields in this sample.259

The uncertainty on the measured electron efficiency is dominated by the uncertainty of260

the E/p distribution. This uncertainty is estimated as the difference between electron ef-261

ficiencies measured in simulated and recorded e+e− events; this yields a 3% uncertainty262

on the efficiency at low ET, for which there are many recorded electrons, and a 12% un-263

certainty for ET ≥ 150 GeV, for which there are few recorded events. The uncertainty on264

the efficiency from the rate of electron-charge misidentification is determined by comparing265

simulated and recorded same-sign Z → ee events, and is found to average 1.5%. Efficiency266

uncertainties due to momentum or energy resolution are less than 1%. A comparison of267

systematic effects is given in table 2. We conclude that the sensitivity of this analysis is268

predominantly affected by the accuracy of the data-driven background predictions, and is269

largely unaffected by uncertainties arising from the use of simulated samples.270

– 8 –

2010	
  with	
  34	
  pb-­‐1:

Signal region:  event yield
• Observed & expected number of events in signal region for 1.07 fb-1 

• Uncertainties are the total systematics, including uncertainties due to limited MC or control 
region statistics 

20

July 29, 2011 – 10 : 29 DRAFT 23
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Figure 21: η distribution of leading and subleading muon forming the dimuon pair. Shown are the data

(filled circles) compared to the background estimate from prompt and non-prompt leptons (histograms).

Table 5: Expected number of events in the signal region with two isolated like-sign muons for 1.07 fb−1.

The uncertainties shown are the total systematics, including the uncertainty due to limited MC or control

region statistics.

Sample Number of Events

Mll > 15 GeV Mll > 100 GeV Mll > 200 GeV Mll > 300 GeV

non-prompt muons 227+67−119 26.1+11.2−12.4 3.25+1.97−1.79 0.49 ± 0.35
charge flip 0.0+2.0−0.0 0.0+0.6−0.0 0.0+0.4−0.0 0.0+0.4−0.0
W±Z 34.9 ± 5.2 16.2 ± 2.7 5.08 ± 0.98 1.17 ± 0.33
ZZ 7.97 ± 1.22 3.04 ± 0.52 0.56 ± 0.11 0.16 ± 0.045
W±W± jj 1.79 ± 0.91 1.16 ± 0.59 0.53 ± 0.27 0.17 ± 0.09
tt̄W± 0.81 ± 0.40 0.41 ± 0.21 0.12 ± 0.06 0.042 ± 0.025
sum 272+67−119 46.9+11.5−12.7 9.55+2.22−2.06 2.03+0.63−0.49

data 254 35 7 2

13

2011	
  with	
  1.07	
  l-­‐1	
  (μμ):

observed yield coming soon!
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Conclusion

14

‣An	
  inclusive	
  search	
  for	
  anomalous	
  production	
  of	
  same-­‐sign	
  dileptons	
  was	
  performed	
  
with	
  the	
  2010	
  dataset,	
  and	
  is	
  in	
  progress	
  for	
  the	
  2011	
  data
‣ In	
  2010,	
  no	
  excess	
  beyond	
  the	
  Standard	
  Model	
  was	
  observed,	
  and	
  competitive	
  limits	
  
were	
  placed	
  on	
  four	
  BSM	
  models
‣With	
  a	
  factor	
  of	
  30	
  more	
  data,	
  expect	
  that	
  the	
  limits	
  with	
  the	
  2011	
  dataset	
  will	
  be	
  
MUCH	
  more	
  stringent,	
  if	
  no	
  disagreement	
  with	
  SM	
  is	
  found
‣Currently	
  investigating	
  limits	
  on	
  specific	
  model:	
  doubly	
  charged	
  Higgs	
  bosons
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Backup

15
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‣	
  proton-­‐proton	
  collider
‣	
  four	
  detectors	
  along	
  beamline

‣	
  ATLAS
‣	
  CMS
‣	
  LHCb
‣	
  ALICE

ATLAS	
  detector

14 

         A. Goshaw  Physics 346 !

14 

 The Large Hadron Collider is a 27km long 

circular !

The magnetic field is created by 1232 dipole 
magnets (plus hundreds of focusing and 

correction magnets) arranged in a ring in the 

tunnel.!

"   The superconducting       
     dipoles provide 8.3 T   
     magnetic fields and  

     operate at 1.9 K (-271 oC)    
      using super-fluid helium. 

Large	
  Hadron	
  Collider

18 

•Have collected >1 fb-1 of data in 2011 

•>30X data sample of 2011 

•Allow to select high purity of photon 

data sample to improve identification 

measurement 

•Perform measurements of anomalous 

TGC limits 

•Search for new physics in W!/Z! final 

states 

•Challenges: 

•Average number of interaction per 

bunch crossing : ~6 

•Understand effects of pile-up on the 

lepton/photon selection and missing 

transverse energy measurement. 

(W candidates in electron decay channel.   

From Higgs search in WH production channel) 
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‣	
  Inner	
  detector	
  (yellow)	
  -­‐	
  responsible	
  for	
  particle	
  tracking
‣	
  Calorimeters	
  (green	
  and	
  orange)	
  -­‐	
  records	
  energy	
  of	
  electromagnetically	
  and	
  strongly	
  
interacting	
  particles
‣	
  Muon	
  system	
  (blue)	
  -­‐	
  measures	
  muon	
  momentum

ATLAS	
  detector
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Systematic	
  uncertainties

‣	
  Muon	
  identification	
  efficiency:	
  1%
‣	
  Muon	
  isolation	
  efficiency:	
  -­‐2.5%
‣	
  Muon	
  momentum	
  measurement:	
  0.5%
‣	
  Trigger	
  efficiency:	
  0.4%
‣	
  Luminosity	
  uncertainty:	
  3.7%
‣	
  Non-­‐prompt	
  background	
  estimate:	
  30-­‐100%
	
  	
  	
  	
  evaluated	
  separately	
  in	
  each	
  invariant	
  mass	
  bin
‣	
  Diboson	
  cross	
  section
‣	
  WZ/WW:	
  15%
	
  	
  	
  	
  depending	
  on	
  cuts,	
  k-­‐factor	
  varied	
  from	
  1.4	
  to	
  1.7
‣	
  WWjj,	
  ttbarW:	
  50%

18
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Fake systematics
• Systematic uncertainties associated to fake background 

• An uncertainty of at least 30 % is taken at all values
• At low pT < 45 GeV, a larger uncertainty is taken, estimated from the largest discrepancy 

between any fake rate measurement
• In lowest pT bins this results in 80 % uncertainty

• At high pT > 100 GeV, we assume an uncertainty of 100 % 
• Systematic uncertainty on fake rate propagated through matrix method 

• Resulting uncertainty on fake prediction estimated in each mass bin 

12
pt [GeV]
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*

Derivation	
  of	
  fake	
  rate
‣Heavy-­‐flavor	
  enhanced	
  control	
  samples	
  used	
  to	
  derive	
  fake	
  rate

1)	
  Dimuon	
  sample
‣	
  two	
  muon	
  trigger	
  with	
  lower	
  threshold	
  of	
  10	
  GeV
‣	
  two	
  muons	
  passing	
  selection	
  except	
  for	
  isolation	
  
and	
  d0	
  significance
‣	
  15	
  <	
  Mμμ	
  <	
  45	
  GeV
	
  	
  	
  	
  suppresses	
  Drell-­‐Yan
‣	
  d0	
  significance	
  >	
  5

2)	
  Same	
  trigger	
  sample
‣	
  use	
  same	
  trigger	
  as	
  analysis	
  for	
  pT	
  >	
  20	
  GeV
‣	
  d0	
  significance	
  >	
  5
‣	
  control	
  sample	
  factors	
  in	
  fake	
  rate	
  dependence	
  on	
  
muon	
  trigger

3)	
  Low	
  mT	
  sample
‣	
  single	
  muon	
  trigger	
  used,	
  and	
  away	
  side	
  jet	
  with	
  pT	
  
greater	
  than	
  20	
  GeV	
  required
‣	
  mT	
  <	
  10	
  GeV
	
  	
  	
  	
  reduces	
  contribution	
  from	
  prompt	
  muons	
  from	
  W
‣	
  this	
  sample	
  probes	
  fake	
  rate	
  from	
  decay-­‐in-­‐flights	
  
in	
  addition	
  to	
  heavy	
  flavor	
  decays

ATLAS Preliminary

‣differences	
  among	
  control	
  
samples	
  used	
  to	
  derive	
  
systematic	
  uncertainty
‣ at	
  least	
  30%	
  uncertainty
‣80%	
  systematic	
  in	
  low	
  pT	
  bins
‣ fake	
  rate	
  approximately	
  flat	
  
(7%)	
  above	
  100	
  GeV
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Application	
  of	
  fake	
  rate
‣Background	
  estimate	
  from	
  matrix	
  method
‣Two	
  sets	
  of	
  muons
‣ 	
  TIGHT	
  -­‐	
  pass	
  isolation
‣ 	
  LOOSE	
  -­‐	
  fail	
  isolation

‣ Four	
  observables:	
  NTT,	
  NTL,	
  NLT,	
  NLL

‣ Fake	
  rate	
  and	
  signal	
  efficiency	
  used	
  to	
  relate	
  observables	
  to	
  true	
  composition	
  in	
  
signal	
  region

‣ Invert	
  first	
  equation	
  to	
  get	
  signal	
  prediction,	
  NTT

MC-­‐derived
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