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Channel Run Event Lumi MZ1 MZ2 4l mass

µµeτ 161217 346679510 396 90.4 70.6 255.1

eeeτ 163659 269046597 355 79.6 45.8 207.1

µµeτ 171178 11119024 12 85.3 54.3 182.0

µµµτ 172014 91568080 58 94.1 63.2 259.7

eeeτ 172252 47105541 40 92.3 52.5 178.8

µµµτ 172635 238215970 159 92.4 31.8 156.1

µµeµ 177184 12646620 10 88.8 66.4 187.6

eeeτ 177718 736335702 469 92.1 58.1 233.7

eeττ 178100 391114712 335 91.0 62.9 310.8

µµeτ 179497 298873305 224 92.8 77.9 231.4

µµττ 177790 157798505 119 93.5 35.3 187.6

µµeµ 179889 291267852 195 60.6 46.6 108.8

µµττ µµµτ µµeτ µµeµ eeττ eeeτ eeµτ eeeµ

H200 0.18 0.27 0.36 0.14 0.16 0.35 0.22 0.13

H400 0.2 0.21 0.29 0.13 0.18 0.26 0.2 0.12

ZZJets 1.1 1.4 1.62 0.78 0.9 1.5 1.2 0.69

WZJets 0.04 0.17 0.15 0.06 0.02 0.14 0.13 0.07

TT 0 0 0 0 0 0 0 0

DYToLL 0.54 0 0.54 0 2.2 2.2 0 0

Data (2011A) 0 2 2 0 0 2 0 0

Data (2011B) 1 0 1 2 1 1 0 0

Standard Iso

µµττ µµµτ µµeτ µµeµ eeττ eeeτ eeµτ eeeµ

H200 0.19 0.33 0.44 0.18 0.16 0.41 0.26 0.16

H400 0.19 0.22 0.3 0.14 0.18 0.27 0.2 0.13

ZZJets 1.09 1.58 1.85 0.92 0.92 1.66 1.33 0.81

WZJets 0.04 0.19 0.16 0.11 0.03 0.16 0.13 0.1

TT 0 0 0 0 0 0 0 0

DYToLL 0 0.97 1.93 0 2.9 0.97 0 0

Data (2011A) 0 2 2 0 0 2 0 0

Data (2011B) 1 0 1 2 1 2 1 0

BR σ (fb)

2lτhadτhad 4.88E-04 2.96

2lτlepτhad 5.25E-04 3.18

2lτlepτlep 1.53E-04 0.93

µµµµ 2.88E-04 1.75

eeµµ 5.75E-04 3.5

eeee 2.88E-04 1.75
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Outline	
  

•  SM	
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•  HZZllττ	
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  in	
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  and	
  τ	
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  and	
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SM	
  Higgs:	
  X-­‐secCons	
  and	
  Branching	
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Gluon fusion: gg→H 

Vector Boson fusion: qqH 

Associated production 
with heavy quarks: ttH 

√s	
  =	
  8	
  TeV	
  

Channel Run Event Lumi MZ1 MZ2 4l mass

µµeτ 161217 346679510 396 90.4 70.6 255.1

eeeτ 163659 269046597 355 79.6 45.8 207.1

µµeτ 171178 11119024 12 85.3 54.3 182.0

µµµτ 172014 91568080 58 94.1 63.2 259.7

eeeτ 172252 47105541 40 92.3 52.5 178.8

µµµτ 172635 238215970 159 92.4 31.8 156.1

µµeµ 177184 12646620 10 88.8 66.4 187.6

eeeτ 177718 736335702 469 92.1 58.1 233.7

eeττ 178100 391114712 335 91.0 62.9 310.8

µµeτ 179497 298873305 224 92.8 77.9 231.4

µµττ 177790 157798505 119 93.5 35.3 187.6

µµeµ 179889 291267852 195 60.6 46.6 108.8

µµττ µµµτ µµeτ µµeµ eeττ eeeτ eeµτ eeeµ

H200 0.18 0.27 0.36 0.14 0.16 0.35 0.22 0.13

H400 0.2 0.21 0.29 0.13 0.18 0.26 0.2 0.12

ZZJets 1.1 1.4 1.62 0.78 0.9 1.5 1.2 0.69

WZJets 0.04 0.17 0.15 0.06 0.02 0.14 0.13 0.07

TT 0 0 0 0 0 0 0 0

DYToLL 0.54 0 0.54 0 2.2 2.2 0 0

Data (2011A) 0 2 2 0 0 2 0 0

Data (2011B) 1 0 1 2 1 1 0 0

Standard Iso

µµττ µµµτ µµeτ µµeµ eeττ eeeτ eeµτ eeeµ

H200 0.19 0.33 0.44 0.18 0.16 0.41 0.26 0.16

H400 0.19 0.22 0.3 0.14 0.18 0.27 0.2 0.13

ZZJets 1.09 1.58 1.85 0.92 0.92 1.66 1.33 0.81

WZJets 0.04 0.19 0.16 0.11 0.03 0.16 0.13 0.1

TT 0 0 0 0 0 0 0 0

DYToLL 0 0.97 1.93 0 2.9 0.97 0 0

Data (2011A) 0 2 2 0 0 2 0 0

Data (2011B) 1 0 1 2 1 2 1 0

BR σ (fb)

2lτhadτhad 4.88E-04 4.01

2lτlepτhad 5.25E-04 4.31

2lτlepτlep 1.53E-04 1.26

µµµµ 2.88E-04 2.37

eeµµ 5.75E-04 4.72

eeee 2.88E-04 2.37
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σ (pp→H) (pb) BR (H→ZZ
∗
) σ (pp→H→ZZ

∗→4l) (fb)

H150 15.56 8.25E-02 13.23

H200 8.21 2.55E-01 21.26

H250 5.48 2.97E-01 16.50

H300 4.10 3.07E-01 12.75

µµττ µµµτ µµeτ µµµe eeττ eeeτ eeµτ eeeµ

H200 0.04 0.07 0.08 0.03 0.03 0.08 0.06 0.03

ZZ 0.15 0.27 0.27 0.11 0.13 0.22 0.2 0.1

WZ 0 0.03 0.02 0.01 0 0.01 0.05 0.01

ZBB/ZCC 0.01 0.01 0 0.02 0 0 0 0

Z+jets 0.11 0 0.1 0 0.09 0.08 0 0

IPF
rel (ρ) =

��
pcharged

T + max(Eγ
T + Eneutral

T − ρ.Aeff , 0.0)

�

pl
T

(1)

IPF
(∆β) =

� �
pcharged

T + max(Eγ
T + Eneutral

T − 0.0729× EPU
T , 0.0)

�
(2)

F (pT (τ)) = C0 + C1e
C2pT (τ)

(3)

FR =
τhpassmediumorloosediscriminators

initialnumberofτh
(4)

where

τp ∼ τh pass medium or loose discriminators

τi ∼ initial number of τh

NB =
NSF (pT (τ1)F (pT (τ2)

1− F (pT (τ1))F (pT (τ2))
(5)

NB =
NSF1F2

1− F1F2
(6)

NB =
NSF1

1− F1
(7)

NB =
NSF2

1− F2
(8)

NTot
B = N0.F1.F2+(N1a−N0.F2).F1+(N1b−N0.F1).F2 = N1a.F1+N1b.F2−N0.F1.F2

(9)
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HZZllττ	
  analysis	
  in	
  a	
  nutshell	
  
•  Signature:	
  

–  Both	
  Z	
  are	
  on	
  mass	
  shell,	
  and	
  190	
  <	
  mH	
  <	
  600	
  GeV/c2	
  	
  

–  Leading	
  Z:	
  	
  
•  µ+µ-	



•  e+e-	



–  8	
  final	
  states	


	

 	

 	

µµτhτh, µµτµτh, µµτeτh, eeτhτh, eeτeτh, eeτµτh,	
  µµτµτe,	
  eeτµτe	



•  Backgrounds:	
  
–  ZZ (Measured	
  from	
  simulaCon)	
  
–  WZ	
  and	
  Z	
  associated	
  with	
  jets	
  (Measured	
  from	
  data	
  using	
  Fake	
  Rate	
  method)	
  

•  SelecCon	
  Strategy:	
  	
  
–  Leading	
  Z	
  selecCon	
  
–  Leptons	
  idenCficaCon	
  and	
  	
  isolaCon	
  
–  Phase	
  space	
  requirements	
  
–  τ	
  discriminators	
  against	
  e’s	
  and	
  µ’s	
  
–  τ	
  isolaCon	
  

•  Control	
  from	
  data:	
  
–  Leptons	
  (e,	
  µ, τ)	
  related	
  efficiencies	
  
–  Background	
  esCmaCon	
   4	
  Higgs	
  HunCng	
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–  Sub-­‐leading	
  Zτ+τ-:	
  
•  τhτh	
  	
  
•  τµτh	
  
•  τeτh	
  
•  τeτµ	





•  Lepton	
  idenCficaCon	
  and	
  isolaCon:	
  
–  Tight	
  ParCcle	
  Flow	
  (PF)	
  µ selecCon	
  for	
  µ’s	
  
– MVA	
  electron	
  Id	
  for	
  e’s	
  
–  RelaCve	
  PF	
  IsolaCon	
  using	
  “ρ	
  with	
  effecCve	
  area(πΔR2)”	
  correcCon	
  
for	
  pile	
  up,	
  for	
  both	
  e’s	
  and	
  µ’s	
  

•  Hadron	
  Plus	
  Strip	
  (HPS)	
  τ:	
  
–  Combined	
  isolaCon	
  with	
  Δβ correcCon	
  for	
  pile	
  up	
  

•  Veto	
  for	
  4	
  lepton	
  overlap	
  removal	
  
–  RejecCon	
  of	
  the	
  event	
  if	
  an	
  addiConal	
  loose	
  e,	
  µ or	
  τ is	
  found	
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where A is analysis acceptance

Nexpected
ZZ = ZZ Monte Carlo expectations

Nobserved
Z = Z events in data

Nexpected
ZZ = Z (ee and µµ) Monte Carlo expectations

Nestimated
ZZ = Nexpected

ZZ .
Nobserved

Z

Nexpected
Z

(10)

∆R =

�
(ηlepton − ηisol.particle)

2 + (φlepton − φisol.particle)
2 (11)

References:

CMS Collaboration: PAS-HIG-11-011

CMS Collaboration: PAS-HIG-11-004

IPF
rel =

��
pcharged

T + Eγ
T + Eneutral

T

�

P l
T

(12)
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σ (pp→H) (pb) BR (H→ZZ
∗
) σ (pp→H→ZZ

∗→4l) (fb)

H150 13.65 8.25E-02 11.60

H200 7.127 2.55E-01 18.46

H250 4.802 2.97E-01 14.45

H300 3.606 3.07E-01 11.22

µµττ µµµτ µµeτ µµµe eeττ eeeτ eeµτ eeeµ

H200 0.04 0.07 0.08 0.03 0.03 0.08 0.06 0.03

ZZ 0.15 0.27 0.27 0.11 0.13 0.22 0.2 0.1

WZ 0 0.03 0.02 0.01 0 0.01 0.05 0.01

ZBB/ZCC 0.01 0.01 0 0.02 0 0 0 0

Z+jets 0.11 0 0.1 0 0.09 0.08 0 0
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Event	
  selecCon	
  
•  Leading	
  Zµµ and	
  Zee:	
  

–  PT	
  >	
  20	
  and	
  10	
  GeV	
  respecCvely	
  for	
  
leading	
  and	
  sub-­‐leading	
  leptons	
  	
  

–  |η|	
  <	
  2.4	
  and	
  2.5	
  for	
  µ’s	
  and	
  e’s	
  
respecCvely	
  

–  RelaCve	
  PF	
  IsolaCon	
  <	
  0.25	
  
–  60	
  <	
  mZ1	
  <120	
  GeV/c2	
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  Higgs	
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•  Sub-­‐leading	
  Zτlτh:	
  
–  PT	
  >	
  10	
  and	
  20	
  GeV	
  respecCvely	
  for	
  τl	
  

and	
  τh	
  
–  |η|	
  <	
  2.4	
  and	
  2.5	
  for	
  τµ	
  and	
  τe	
  

respecCvely	
  and	
  2.3	
  for	
  τh	
  
–  RelaCve	
  PF	
  IsolaCon	
  <	
  0.15	
  and	
  0.10	
  

for	
  τµ	
  and	
  τe	
  
–  HPS	
  medium	
  isolaCon	
  with	
  Δβ 

correcCon	
  
–  30	
  <	
  mZ2	
  <	
  90	
  GeV/c2	
  

•  Sub-­‐leading	
  Zτhτh:	
  
–  PT	
  >	
  20	
  GeV	
  for	
  both	
  τh	
  
–  |η|	
  <	
  2.3	
  for	
  both	
  τh	
  
–  HPS	
  Cght	
  isolaCon	
  with	
  Δβ correcCon	
  
–  30	
  <	
  mZ2	
  <	
  90	
  GeV/c2	
  

•  Sub-­‐leading	
  Zτlτl:	
  
–  PT	
  >	
  10	
  GeV	
  for	
  both	
  τl	
  
–  |η|	
  <	
  2.4	
  and	
  2.5	
  for	
  τµ	
  and	
  τe	
  	
  
–  RelaCve	
  PF	
  IsolaCon	
  <	
  0.25	
  for	
  both	
  τµ	
  

and	
  τe	
  
–  0	
  <	
  mZ2	
  <	
  90	
  GeV/c2	
  



Jet	
  to	
  τ	
  FR:	
  using	
  µµττ	
  and	
  eeττ	
  
•  DefiniCon	
  of	
  control	
  region:	
  
•  Same	
  leading	
  Z	
  selecCon	
  (as	
  for	
  baseline	
  analysis)	
  
•  Sub-­‐leading	
  Z	
  SelecCon:	
  
–  Same	
  charge	
  for	
  both	
  τ’s	


– No	
  mass	
  window	
  
–  	
  τ	
  pT	
  >	
  10	
  GeV	
  and	
  |η|<2.3	


– Decay	
  mode,	
  loose	
  e	
  and	
  µ	
  discriminaCon	
  
– No	
  isolaCon	
  requirement	
  for	
  τ	
  

•  Fake	
  Rate	
  (FR)	
  	
  =	
  No.	
  of	
  jets	
  passing	
  τ isolaCon	
  /	
  Total	
  
jets	
  

•  FR	
  has	
  been	
  measured	
  for	
  both	
  HPS	
  medium	
  and	
  Cght	
  
IsolaCon.	
  

Reducible	
  backgrounds	
  esCmaCon	
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8	
  

Control	
  region	
  and	
  Jet	
  to	
  τ	
  FR	
  measurement	
  

√s=8TeV	
  
5.26	
  W-­‐1	
  

µµτhτh	
  

Higgs	
  HunCng	
  Workshop,	
  July	
  18-­‐20,	
  2012	
  

HPS	
  Medium	
  Iso.	
  

•  Fit	
  with	
  the	
  funcCon:	
  

σ (pp→H) (pb) BR (H→ZZ
∗
) σ (pp→H→ZZ

∗→4l) (fb)

H150 11.98 8.27E-02 10.21

H200 6.069 2.55E-01 15.71

H250 3.819 2.97E-01 11.49

H300 2.756 3.07E-01 8.57

µµττ µµµτ µµeτ µµµe eeττ eeeτ eeµτ eeeµ

H200 0.04 0.07 0.08 0.03 0.03 0.08 0.06 0.03

ZZ 0.15 0.27 0.27 0.11 0.13 0.22 0.2 0.1

WZ 0 0.03 0.02 0.01 0 0.01 0.05 0.01

ZBB/ZCC 0.01 0.01 0 0.02 0 0 0 0

Z+jets 0.11 0 0.1 0 0.09 0.08 0 0

IPF
rel (ρ) =

��
pcharged

T + max(Eγ
T + Eneutral

T − ρπ∆R2, 0.0
�

P l
T

(1)

F (pT (τ)) = C0 + C1e
C2pT (τ)

(2)

FR =
τhpassmediumorloosediscriminators

initialnumberofτh
(3)

where

τp ∼ τh pass medium or loose discriminators

τi ∼ initial number of τh

NB =
NSF (pT (τ1)F (pT (τ2)

1− F (pT (τ1))F (pT (τ2))
(4)

NB =
NSF1F2

1− F1F2
(5)

Nestimated
ZZ = Nobs

Z .
σSM

ZZ .AZZ

σSM
Z .AZ

(6)

where A is analysis acceptance

Nexpected
ZZ = ZZ Monte Carlo expectations

Nobserved
Z = Z events in data

Nexpected
ZZ = Z (ee and µµ) Monte Carlo expectations

4



Jet	
  to	
  e	
  and	
  µ FR	
  measurements	
  

Using	
  µµµτ	
  and	
  eeµτ	
  for	
  µ’s	
  
Using	
  eeeτ	
  and	
  µµeτ	
  for	
  e’s	
  
•  DefiniCon	
  of	
  control	
  region:	
  
•  Same	
  leading	
  Z	
  selecCon	
  (as	
  for	
  baseline	
  analysis)	
  
•  Sub-­‐leading	
  Z	
  SelecCon:	
  

–  Same	
  charge	
  for	
  e(µ)	
  and	
  τ	


–  No	
  mass	
  window	
  
–  No	
  isolaCon	
  requirement	
  for	
  τ and	
  e(µ)	


–   e(µ) idenCficaCon	
  and	
  acceptance	
  requirements	
  
–  For	
  WZ+Jets	
  rejecCon	
  

•  mT	
  (jet,	
  PFMET)	
  <	
  30	
  GeV	
  and	
  MET	
  <	
  20	
  GeV	
  

•  FR	
  =	
  No.	
  of	
  jet	
  passing	
  e(µ)	
  isolaCon	
  /	
  Total	
  jets	
  

9	
  Higgs	
  HunCng	
  Workshop,	
  July	
  18-­‐20,	
  2012	
  



FR	
  applicaCon	
  to	
  signal	
  region	
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 Category	
  0:	
  both	
  e	
  and	
  
τ	
  are	
  anC-­‐isolated	
  

 #	
  Events	
  =	
  198	
  

 Total	
  esCmaCon	
  =	
  0.6	
  

 Category	
  1a:	
  e	
  is	
  anC-­‐Isolated	
  	
  
and	
  τ is	
  isolated	
  

 #	
  Events	
  =	
  5	
  

 Total	
  esCmaCon	
  =	
  0.88	
  

 Category	
  1b:	
  e	
  is	
  Isolated	
  and	
  	
  
τ is	
  anC-­‐isolated	
  

 #	
  Events	
  =	
  18	
  

 Total	
  esCmaCon	
  =	
  0.4	
  

Total	
  background	
  =	
  (0.88	
  +	
  0.4)	
  –	
  0.6	
  =	
  0.68	
  

σ (pp→H) (pb) BR (H→ZZ
∗
) σ (pp→H→ZZ

∗→4l) (fb)

H150 11.98 8.27E-02 10.21

H200 6.069 2.55E-01 15.71

H250 3.819 2.97E-01 11.49

H300 2.756 3.07E-01 8.57

µµττ µµµτ µµeτ µµµe eeττ eeeτ eeµτ eeeµ

H200 0.04 0.07 0.08 0.03 0.03 0.08 0.06 0.03

ZZ 0.15 0.27 0.27 0.11 0.13 0.22 0.2 0.1

WZ 0 0.03 0.02 0.01 0 0.01 0.05 0.01

ZBB/ZCC 0.01 0.01 0 0.02 0 0 0 0

Z+jets 0.11 0 0.1 0 0.09 0.08 0 0

IPF
rel (ρ) =

��
pcharged

T + max(Eγ
T + Eneutral

T − ρπ∆R2, 0.0
�

P l
T

(1)

F (pT (τ)) = C0 + C1e
C2pT (τ)

(2)

FR =
τhpassmediumorloosediscriminators

initialnumberofτh
(3)

where

τp ∼ τh pass medium or loose discriminators

τi ∼ initial number of τh

NB =
NSF (pT (τ1)F (pT (τ2)

1− F (pT (τ1))F (pT (τ2))
(4)

NB =
NSF1F2

1− F1F2
(5)

NTot
B = NB0.f1.f2 + (NB1 −NB0.f1 (6)

Nestimated
ZZ = Nobs

Z .
σSM

ZZ .AZZ

σSM
Z .AZ

(7)

where A is analysis acceptance

Nexpected
ZZ = ZZ Monte Carlo expectations

Nobserved
Z = Z events in data

Nexpected
ZZ = Z (ee and µµ) Monte Carlo expectations
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•  As	
  an	
  example:	
  total	
  esCmaCon	
  for	
  µµeτ	
  final	
  state	
  @	
  8TeV	
  

•  We	
  consider	
  two	
  categories	
  for	
  background	
  events	
  in	
  the	
  
signal	
  region	
  (Ns)	
  with	
  OS	
  leptons	
  from	
  sub-­‐leading	
  Z:	
  
•  Category	
  0:	
  one	
  Z	
  +	
  two	
  fakeable	
  objects	
  
•  Category	
  1:	
  one	
  Z	
  +	
  one	
  real	
  lepton	
  +	
  one	
  fakeable	
  object	
  

σ (pp→H) (pb) BR (H→ZZ
∗
) σ (pp→H→ZZ

∗→4l) (fb)

H150 13.65 8.25E-02 11.60

H200 7.127 2.55E-01 18.46

H250 4.802 2.97E-01 14.45

H300 3.606 3.07E-01 11.22

µµττ µµµτ µµeτ µµµe eeττ eeeτ eeµτ eeeµ

H200 0.04 0.07 0.08 0.03 0.03 0.08 0.06 0.03

ZZ 0.15 0.27 0.27 0.11 0.13 0.22 0.2 0.1

WZ 0 0.03 0.02 0.01 0 0.01 0.05 0.01

ZBB/ZCC 0.01 0.01 0 0.02 0 0 0 0

Z+jets 0.11 0 0.1 0 0.09 0.08 0 0

IPF
rel (ρ) =

��
pcharged

T + max(Eγ
T + Eneutral

T − ρπ∆R2, 0.0
�

P l
T

(1)

IPF
(∆β) =

� �
pcharged

T + max(Eγ
T + Eneutral

T − 0.0729× EPU
T , 0.0

�
(2)

F (pT (τ)) = C0 + C1e
C2pT (τ)

(3)

FR =
τhpassmediumorloosediscriminators

initialnumberofτh
(4)

where

τp ∼ τh pass medium or loose discriminators

τi ∼ initial number of τh

NB =
NSF (pT (τ1)F (pT (τ2)

1− F (pT (τ1))F (pT (τ2))
(5)

NB =
NSF1F2

1− F1F2
(6)

NB =
NSF1

1− F1
(7)

NB =
NSF2

1− F2
(8)

NTot
B = N0.F1.F2+(N1a−N0.F2).F1+(N1b−N0.F1).F2 = N1a.F1+N1b.F2−N0.F1.F2

(9)
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5.05	
  W-­‐1	
  @	
  √s=7TeV	
  +	
  5.26	
  W-­‐1	
  @	
  √s=8TeV	
  Final Results: 2011+2012 (5.05 + 5.26 /fb)

Decay Nest

ZZ
Other Total mH Observed

channel backgrounds backgrounds 200 ± 15 GeV

µµτhτh 1.47 ± 0.02 2.00 ± 0.30 3.47 ± 0.30 0.36 ± 0.01 2

eeτhτh 1.38 ± 0.02 1.62 ± 0.29 3.00 ± 0.29 0.33 ± 0.01 2

eeτeτh 1.58 ± 0.02 1.20 ± 0.36 2.78 ± 0.36 0.38 ± 0.01 8

µµτeτh 1.50 ± 0.02 1.25 ± 0.47 2.75 ± 0.47 0.39 ± 0.01 1

µµτµτh 1.96 ± 0.03 0.69 ± 0.17 2.65 ± 0.17 0.49 ± 0.01 0

eeτµτh 1.77 ± 0.02 0.82 ± 0.18 2.59 ± 0.18 0.45 ± 0.01 2

eeτeτµ 1.14 ± 0.02 0.84 ± 0.41 1.98 ± 0.41 0.28 ± 0.01 2

µµτµτe 1.25 ± 0.02 0.47 ± 0.26 1.72 ± 0.26 0.33 ± 0.01 3

TOTAL 12.07 ± 0.06 8.89 ± 0.91 20.96 ± 0.91 3.01 ± 0.03 20

Events in Data: 2011+2012 (5.05 + 5.26 /fb)

Channel Run number Event number MZ1 MZ2 4l mass

eeeτ 163659 269046597 74.4216 46.1149 200.801

µµµe 172014 91568080 94.1016 63.2419 259.734

eeeτ 172252 47105541 92.5491 52.7104 179.332

µµµe 172635 238215970 92.3785 37.266 167.721

eeeτ 177718 736335702 92.5396 57.9485 233.68

µµµe 179889 291267852 60.588 46.576 108.99

eeeτ 191226 1144937878 73.2294 83.8299 226.831

eeeτ 191247 378618759 92.3297 40.5686 200.354

eeeτ 191830 324829348 81.3177 35.7305 172.58

eeeµ 193575 406778713 89.2579 66.9063 169.961

µµττ 194050 290470255 90.8588 63.6532 225.092

eeττ 194702 135618014 85.8557 69.1119 162.759

µµττ 194789 68786787 88.3186 82.7828 177.223

eeµτ 194912 1842472621 88.4763 64.0303 551.551

eeeτ 195397 365537627 106.115 59.6134 261.039

eeeµ 195530 544126475 89.9296 8.92128 149.798

eeµτ 195774 716684714 90.8266 68.9585 312.497

µµeτ 195916 45484984 64.6255 63.8446 156.252

eeττ 195950 517438499 89.3159 67.1157 211.342

eeeτ 196452 237868767 60.9462 50.3749 135.203

1



Event	
  display	
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•  eeτeτh	
  event	
  in	
  data	
  @	
  √s	
  =	
  8TeV	
  (Invariant	
  mass	
  =	
  200.4	
  GeV)	
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Final Results: 2011+2012 (5.05 + 5.26 /fb)

Decay Nest

ZZ
Other Total mH Observed

channel backgrounds backgrounds 200 ± 15 GeV

µµτhτh 1.47 ± 0.02 2.00 ± 0.30 3.47 ± 0.30 0.36 ± 0.01 2

eeτhτh 1.38 ± 0.02 1.62 ± 0.29 3.00 ± 0.29 0.33 ± 0.01 2

eeτeτh 1.58 ± 0.02 1.20 ± 0.36 2.78 ± 0.36 0.38 ± 0.01 8

µµτeτh 1.50 ± 0.02 1.25 ± 0.47 2.75 ± 0.47 0.39 ± 0.01 1

µµτµτh 1.96 ± 0.03 0.69 ± 0.17 2.65 ± 0.17 0.49 ± 0.01 0

eeτµτh 1.77 ± 0.02 0.82 ± 0.18 2.59 ± 0.18 0.45 ± 0.01 2

eeτeτµ 1.14 ± 0.02 0.84 ± 0.41 1.98 ± 0.41 0.28 ± 0.01 2

µµτµτe 1.25 ± 0.02 0.47 ± 0.26 1.72 ± 0.26 0.33 ± 0.01 3

TOTAL 12.07 ± 0.06 8.89 ± 0.91 20.96 ± 0.91 3.01 ± 0.03 20

Events in Data: 2011+2012 (5.05 + 5.26 /fb)

Channel Run number Event number MZ1 MZ2 4l mass

eeeτ 163659 269046597 74.4216 46.1149 200.801

µµµe 172014 91568080 94.1016 63.2419 259.734

eeeτ 172252 47105541 92.5491 52.7104 179.332

µµµe 172635 238215970 92.3785 37.266 167.721

eeeτ 177718 736335702 92.5396 57.9485 233.68

µµµe 179889 291267852 60.588 46.576 108.99

eeeτ 191226 1144937878 73.2294 83.8299 226.831

eeeτ 191247 378618759 92.3297 40.5686 200.354

eeeτ 191830 324829348 81.3177 35.7305 172.58

eeeµ 193575 406778713 89.2579 66.9063 169.961

µµττ 194050 290470255 90.8588 63.6532 225.092

eeττ 194702 135618014 85.8557 69.1119 162.759

µµττ 194789 68786787 88.3186 82.7828 177.223

eeµτ 194912 1842472621 88.4763 64.0303 551.551

eeeτ 195397 365537627 106.115 59.6134 261.039

eeeµ 195530 544126475 89.9296 8.92128 149.798

eeµτ 195774 716684714 90.8266 68.9585 312.497

µµeτ 195916 45484984 64.6255 63.8446 156.252

eeττ 195950 517438499 89.3159 67.1157 211.342

eeeτ 196452 237868767 60.9462 50.3749 135.203

Systematics uncertainties common to all channels

Source Uncertainty

Luminosity measurements 2011 2.2%

Luminosity measurements 2012 5.0%

Trigger efficiency 1.5%

Channel specific systematic uncertainties

1
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Decay Nest

ZZ
Other Total mH Observed

channel backgrounds backgrounds 200 ± 15 GeV

µµτhτh 1.47 ± 0.02 2.00 ± 0.30 3.47 ± 0.30 0.36 ± 0.01 2

eeτhτh 1.38 ± 0.02 1.62 ± 0.29 3.00 ± 0.29 0.33 ± 0.01 2

eeτeτh 1.58 ± 0.02 1.20 ± 0.36 2.78 ± 0.36 0.38 ± 0.01 8

µµτeτh 1.50 ± 0.02 1.25 ± 0.47 2.75 ± 0.47 0.39 ± 0.01 1

µµτµτh 1.96 ± 0.03 0.69 ± 0.17 2.65 ± 0.17 0.49 ± 0.01 0

eeτµτh 1.77 ± 0.02 0.82 ± 0.18 2.59 ± 0.18 0.45 ± 0.01 2

eeτeτµ 1.14 ± 0.02 0.84 ± 0.41 1.98 ± 0.41 0.28 ± 0.01 2

µµτµτe 1.25 ± 0.02 0.47 ± 0.26 1.72 ± 0.26 0.33 ± 0.01 3

TOTAL 12.07 ± 0.06 8.89 ± 0.91 20.96 ± 0.91 3.01 ± 0.03 20

Systematics uncertainties common to all channels

Source Uncertainty

Luminosity measurements 2011 2.2%

Luminosity measurements 2012 5.0%

Trigger efficiency 1.5%

Channel specific systematic uncertainties

Channel µ ID/Iso e ID/Iso τh ID/Iso τES

µµτhτh 1.01/1.01 - 1.1 1.04

eeτhτh - 1.02/1.01 1.1 1.04

eeτeτh - 1.04/1.02 1.06 1.03

µµτeτh 1.01/1.01 1.02/1.01 1.06 1.03

µµτµτh 1.02/1.02 - 1.06 1.03

eeτµτh 1.01/1.01 1.02/1.01 1.06 1.03

eeτeτµ 1.01/1.01 1.04/1.02 - -

µµτµτe 1.02/1.02 1.02/1.01 - -

Events in Data: 2011+2012 (5.05 + 5.26 /fb)

1
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•  Observed	
  limit	
  is	
  ~2	
  to	
  6	
  Cmes	
  the	
  SM	
  
expectaCon	
  in	
  the	
  range	
  of	
  190	
  <	
  mH	
  <	
  600	
  GeV	
  

5.05	
  W-­‐1	
  @	
  √s=7TeV	
  +	
  5.26	
  W-­‐1	
  @	
  √s=8TeV	
  



Conclusions	
  

•  HZZllττ	
  analysis	
  has	
  been	
  presented	
  for	
  	
  
(5.05	
  W-­‐1	
  @	
  7	
  TeV	
  +	
  5.26	
  W-­‐1	
  @	
  8TeV)	
  data	
  

•  No	
  evidence	
  found	
  for	
  a	
  significant	
  deviaCon	
  
from	
  expected	
  backgrounds	
  	
  

•  Limit	
  has	
  been	
  set	
  @	
  95	
  %	
  CL	
  for	
  the	
  mass	
  
range	
  of	
  190	
  <	
  mH	
  <	
  600	
  GeV/c2	
  

  ~2	
  to	
  6	
  Cmes	
  the	
  Standard	
  Model	
  expectaCon	
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Back	
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Data	
  Samples	
  and	
  Triggers	
  
•  Fully	
  cerCfied	
  data	
  has	
  been	
  processed	
  

 2011(5.05	
  W-­‐1)	
  and	
  2012(5.26	
  W-­‐1)	
  

•  Triggers	
  used:	
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SimulaCon	
  Samples	
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HPS	
  τ	
  algorithm	
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•  HPS	
  algorithm	
  uses	
  PF	
  jet	
  (ΔR=0.5)	
  and	
  
reconstruct τ decays	
  inside	
  jet	
  

  SelecCon	
  of	
  highest	
  PT	
  track	
  
  ReconstrucCon	
  of	
  π0	
  from	
  

electromagneCc	
  parCcle	
  clusters	
  in	
  ECAL	
  
strips	
  

  Associated	
  distances	
  for	
  η =	
  0.05	
  &	
  for	
  Φ	
  
=	
  0.2	
  radians	
  

•  Important	
  aspects:	
  
  Strips	
  with	
  ET	
  >1	
  GeV	
  are	
  considered	
  
  A	
  mass	
  constraint	
  of	
  (strip	
  mass	
  matches	
  

to	
  π0	
  mass	
  +	
  hadron	
  mass)	
  =	
  ρ(770)	
  is	
  
applied	
  

  IsolaCon	
  is	
  calculated	
  as	
  energy	
  sum	
  of	
  
parCcles	
  in	
  ΔR=0.5	
  cone	
  

  For	
  PU	
  Δβ	
  correcCon,	
  energy	
  sum	
  of	
  
parCcles	
  in	
  ΔR=0.8	
  cone	
  is	
  used	
  	
  



HPS	
  τ IsolaCon	
  and	
  discriminators	
  
against	
  e’s	
  and	
  µ’s	
  

•  In	
  IsolaCon	
  cone	
  of	
  ΔR=0.5	
  
–  All	
  charged	
  parCcles	
  and	
  neutral	
  parCcles	
  with	
  PT	
  >	
  0.5	
  GeV	
  are	
  

considered	
  
•  HPS	
  Tight	
  IsolaCon:	
  Iso.	
  <	
  0.8	
  GeV	
  
•  HPS	
  Medum	
  IsolaCon:	
  Iso.	
  <	
  1	
  GeV	
  
•  HPS	
  Loose	
  IsolaCon:	
  Iso.	
  <	
  2	
  GeV	
  

•  µ discriminator:	
  
–  µ Loose:	
  Leading	
  track	
  should	
  not	
  have	
  µ chamber	
  hits	
  
–  µ Medium:	
  Leading	
  track	
  should	
  not	
  match	
  with	
  global/	
  tracker	
  µ track	
  
–  µ Tight:	
  µ Medium	
  +	
  µ should	
  not	
  have	
  large	
  energy	
  deposits	
  in	
  ECAL	
  

and	
  HCAL	
  
•  e	
  DiscriminaCon	
  –	
  Based	
  on	
  PF	
  e-­‐π	
  MVA	
  (ξ):	
  

–  e	
  Loose:	
  ξ	
  <	
  0.6	
  
–  e	
  Medium:	
  ξ	
  <	
  -­‐0.1	
  and	
  not	
  1.4442	
  <	
  |η|	
  <	
  1.566	
  	
  
–  e	
  Tight:	
  ξ	
  <	
  -­‐0.1	
  and	
  not	
  1.4442	
  <	
  |η|	
  <	
  1.566	
  and	
  Brem	
  pa{ern	
  cuts	
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τ Performance	
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