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A	
  little	
  bit	
  of	
  history

July	
  4th	
  revolution:	
  CMS	
  and	
  ATLAS	
  reported	
  the	
  observation	
  of	
  a	
  
new	
  boson	
  with	
  mass	
  around	
  125	
  consistent	
  with	
  Standard	
  

driven by bosonic decay: H⇾ZZ⇾4l, H⇾γγ	
  and supported by 
H⇾WW⇾lνlν

what	
  about	
  fermions?

2
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Shown at ICHEP Jul’12 § Sensitivity	
  at	
  that	
  
time	
  not	
  yet	
  at	
  the	
  
level	
  of	
  SM

§ Compatible	
  with	
  
either	
  background	
  
or	
  signal	
  from	
  a	
  125	
  
GeV	
  Higgs

§ Analysis	
  have	
  been	
  
updated	
  since	
  then	
  
with	
  more	
  data	
  and	
  
new	
  techniques
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Out	
  of	
  the	
  press!

most	
  recent	
  updated	
  on	
  2011+2012	
  data	
  for	
  all	
  sub-­‐channels

“reinforcing” the compatibility with SM Higgs

3
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Out	
  of	
  the	
  press!

most	
  recent	
  updated	
  on	
  2011+2012	
  data	
  for	
  all	
  sub-­‐channels

“reinforcing” the compatibility with SM Higgs
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@125:

BR(Hàbb)	
  ~	
  58%
BR(HàWW)	
  ~	
  22%
BR(Hàττ)	
  ~	
  6%
BR(HàZZ*)	
  ~	
  3%
BR(Hàγγ)	
  ~	
  0.22%
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@125:
BR(H=>bb)	
  ~	
  58%
BR(H=>WW)	
  ~	
  22%
BR(H=>ττ)	
  ~	
  6%
BR(H=>	
  ZZ*)	
  ~	
  3%
BR(H=>γγ)	
  ~	
  0.22%

Region	
  of	
  interest

4

b’s	
  and	
  tau’s	
  ß	
  test	
  the	
  Higgs	
  couplings	
  
to	
  fermions	
  vs	
  bosons

Vital	
  part	
  of	
  the	
  Higgs	
  identification	
  and	
  
Higgs	
  property	
  studies

But	
  life	
  is	
  hard…
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@125:
BR(H=>bb)	
  ~	
  58%
BR(H=>WW)	
  ~	
  22%
BR(H=>ττ)	
  ~	
  6%
BR(H=>	
  ZZ*)	
  ~	
  3%
BR(H=>γγ)	
  ~	
  0.22%

Region	
  of	
  interest

4

b’s	
  and	
  tau’s	
  ß	
  test	
  the	
  Higgs	
  couplings	
  
to	
  fermions	
  vs	
  bosons

Vital	
  part	
  of	
  the	
  Higgs	
  identification	
  and	
  
Higgs	
  property	
  studies

But	
  life	
  is	
  hard…

But σbb(QCD) ~ 107 
σxBR(Hàbb)!
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func(Xsection	
  *	
  BR,	
  eff,	
  bkgs)

5
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Association	
  
with	
  Z/W

Association	
  
with	
  ttbar Hàbb	
  

overwhelming	
  QCD:	
  need	
  to	
  go	
  with	
  associated	
  
production,
§VH	
  -­‐	
  	
  can	
  use	
  lepton/MET	
  and	
  topology
§ttH	
  	
  -­‐	
  even	
  less	
  rate,	
  look	
  at	
  topology,	
  but	
  ttbar	
  bkg	
  well	
  
understood

Hàττ	
  
§gluon	
  fusion	
  	
  difficult	
  but	
  possible(can	
  
use	
  association	
  with	
  jets	
  or	
  go	
  to	
  high	
  
pt	
  regime)
§VBF	
  cleaner
§VH	
  also	
  added	
  recently
very	
  important	
  for	
  study	
  Higgs	
  
properties!

Vector	
  boson	
  
fusion

g-­‐g	
  fusion
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for	
  maximizing	
  eff	
  and	
  minimize	
  bkgs	
  

CMS	
  Particle	
  flow	
  reconstruction

6

List	
  of	
  
reconstructed	
  
particles:	
  can	
  be	
  
used	
  like	
  a	
  list	
  of	
  
stable	
  particles	
  
from	
  a	
  generator
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B-­‐jets	
  at	
  CMS

7

• Many	
  algorithms	
  deployed	
  at	
  CMS	
  
• Best	
  separation	
  from	
  udscg	
  and	
  c	
  jets

• CSV:	
  likelihood	
  tagger	
  using	
  many	
  	
  
jet	
  properties:	
  secondary	
  vertex	
  
(if	
  any),	
  tracks	
  impact	
  
parameters,	
  etc.	
  

eff	
  and	
  fake-­‐rate	
  from	
  ttbar	
  samples	
  
and	
  muon	
  plus	
  jets

Eff	
  of	
  ~70%	
  for	
  a	
  fake-­‐rate	
  of	
  ~2%
b jet efficiency
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τ’s	
  at	
  CMS

8

Tau	
  Isolation:
§ Multivariate	
  discriminator	
  using	
  sum	
  of	
  energy	
  

deposits	
  in	
  dR	
  rings	
  around	
  the	
  tau	
  (from	
  0.1	
  to	
  0.5)

τà	
  πν τà	
  a1ντà	
  ρν

eff	
  ~62%	
  for	
  a	
  fake	
  rate	
  of	
  ~6%

Hadronic	
  Tau	
  identification:
§Reconstruct	
  individual	
  decay	
  
modes	
  
§Charged	
  hadrons	
  +	
  
electromagnetic	
  obj	
  arranged	
  in	
  
strips	
  or	
  single	
  photons	
  

11

Check of Tau Energy Scale

● Determine m(tau
had

)mass from template fit to data
● All templates determined from data
● Allow shift in the tau energy scale

● Reminder of tau reconstruction:

● Method:

relevant part

real τh fake τh

∑pt (charged hadron)ptτ vs  DR





Most	
  sensitive	
  channel	
  with	
  b	
  as	
  
final	
  state,	
  also	
  interesting	
  to	
  
compare	
  with	
  Tevatron	
  results



M
ic

he
le

 d
e 

G
ru

tt
ol

a

VHbb	
  strategy

11

•5	
  channels:
–Z(ll)Hbb
–Z(νν)Hbb
–W(lν)Hbb

General	
  strategy:	
  

(a)	
  High	
  boosted	
  vector	
  boson	
  
and	
  dijet,
(b)	
  2	
  b-­‐tagged	
  jets,
(c)	
  back-­‐to-­‐back	
  V	
  &	
  H
(d)	
  Reconstruct	
  mbb

First CMS VHbb 2011 analysis
 Phys. Lett. B 710(2012) 284-306

ZH-­‐>µµbb	
  candidate

Mbb =	
  128	
  GeV
pT(bb)=	
  181	
  GeV

Associated	
  Produc=on	
  
à	
  final	
  states	
  with	
  
leptons,	
  MET	
  and	
  b-­‐jets

b-­‐jet	
  CSV~0.99

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  b-­‐jet
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  CSV~0.92

H	
  -­‐>	
  bb
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  further	
  ingredients

Main	
  backgrounds	
  	
  (V+jets,	
  ttbar)	
  normalized	
  
from	
  data	
  control	
  regions	
  to	
  signal	
  region

b-­‐jet	
  energy	
  regression	
  to	
  improve	
  jet	
  pt	
  and	
  
hence	
  mass

Discriminate	
  signal	
  from	
  bkgs	
  using	
  

categorization in pt bins

Boosted Decision trees (BDTs) 

12
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Mbb	
  distribution

Tighter	
  selection	
  than	
  used	
  in	
  BDT	
  analysis	
  

consistent	
  with	
  diboson	
  expectation	
  +	
  small	
  excess	
  in	
  signal	
  region

13
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BDT	
  analysis

Fit	
  to	
  BDT	
  gives	
  20%	
  improvements	
  on	
  mass	
  fit

using	
  kinematics,	
  b-­‐tag,	
  angles	
  as	
  inputs

categorize	
  into	
  low-­‐high	
  Vpt	
  +	
  high	
  Vpt	
  with	
  looser	
  b-­‐
tag	
  for	
  some	
  channels

14
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Results

Observed	
  (expected)	
  limit	
  of	
  2.5(1.2)xSM	
  at	
  125	
  GeV

Observed	
  (expected)	
  local	
  significance	
  of	
  2.2σ	
  (2.1σ)	
  for	
  
mH=125	
  GeV

Combined	
  best-­‐fit	
  	
  µ=1.3+0.7-­‐0.6	
  
15
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• Sensitive	
  to	
  all	
  production	
  
modes

• Probes	
  coupling	
  to	
  leptons
• Enhanced	
  σ	
  x	
  BR	
  in	
  MSSM
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post-­‐ICHEP

Last	
  but	
  one	
  public	
  results	
  (the	
  first	
  after	
  iCHEP	
  show)

17
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Sensitivity improves thanks to:

•addition	
  of	
  events
•revised	
  MET	
  reconstruction
•optimization	
  of	
  selections	
  (<50%	
  overlap	
  with	
  
previous	
  analysis	
  for	
  same	
  data	
  period)

H	
  -­‐>	
  ττ
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  MVA	
  MET	
  regression

sifni

significant	
  improvement	
  in	
  resolution	
  and	
  pileup	
  dependence

crucial	
  for	
  H-­‐>ττ:	
  best	
  separation	
  of	
  signal	
  from	
  W+jets
18

Number of Primary Vertices
0 10 20 30

   
R

es
ol

ut
io

n 
(G

eV
)

U

0

5

10

15

20

25

30
TEData Particle Flow 

TEMC Particle Flow 

TEData Particle Flow MVA 

TEMC Particle Flow MVA 

CMS Preliminary 2012 µµ→Z

,MET) [GeV]µ(TM
0 50 100 150

Ev
en

ts
 / 

4 
G

eV
0

1000

2000

3000

4000

5000

6000

7000

8000

9000
Observed

ττ→Z
tt

Electroweak
QCD

hτµτ = 7 TeV,        s,     -1CMS Preliminary 2011,   4.9 fb

2011

H	
  -­‐>	
  ττ



M
ic

he
le

 d
e 

G
ru

tt
ol

a

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  MVA	
  MET	
  regression

sifni

significant	
  improvement	
  in	
  resolution	
  and	
  pileup	
  dependence

crucial	
  for	
  H-­‐>ττ:	
  best	
  separation	
  of	
  signal	
  from	
  W+jets
18

Number of Primary Vertices
0 10 20 30

   
R

es
ol

ut
io

n 
(G

eV
)

U

0

5

10

15

20

25

30
TEData Particle Flow 

TEMC Particle Flow 

TEData Particle Flow MVA 

TEMC Particle Flow MVA 

CMS Preliminary 2012 µµ→Z

,MET) [GeV]µ(TM
0 50 100 150

Ev
en

ts
 / 

4 
G

eV
0

1000

2000

3000

4000

5000

6000

7000

8000

9000
Observed

ττ→Z
tt

Electroweak
QCD

hτµτ = 7 TeV,        s,     -1CMS Preliminary 2011,   4.9 fb

2011 2012

 [GeV]Tm
0 20 40 60 80 100 120 140 160

Ev
en

ts
0

5000

10000

15000

20000

25000

30000

-1 = 8 TeV, L = 19.4 fbsCMS Preliminary, 

h
τµ observed

ττ→Z
electroweak
tt

QCD
bkg. uncertainty

H	
  -­‐>	
  ττ



M
ic

he
le

 d
e 

G
ru

tt
ol

a

• also	
  new	
  2012
– Improved tau ID and 
new mass 
reconstructions (20% 
better mass 
resolution)

Mττ	
  resolution

19

2011	
  analysis	
  in	
  PLB:	
  Phys.	
  Lett.	
  B	
  713(2012)	
  68-­‐90

– Event-­‐by-­‐event	
  estimator	
  of	
  true	
  
m(ττ)	
  likelihood	
  using	
  momenta	
  
of	
  visible	
  decay	
  products,	
  angles	
  
and	
  MET	
  directions	
  and	
  expected	
  
resolution

L= ×

H/Z	
  separation
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Backgrounds

Backgrounds	
  measured	
  as	
  much	
  as	
  possible	
  form	
  data

20
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Z→ττ	
  
Embedding:	
  Z→μμ	
  data,	
  
replace	
  μ	
  with	
  simulated	
  τ	
  
decay	
  
Normaliza=on	
  from	
  Z→μμ	
  
data	
  

DYàll	
  –	
  from	
  MC	
  but	
  
correcting	
  the	
  là	
  τ	
  fake	
  
rate

EWK	
  –	
  mostly	
  W+jets:	
  
using	
  MT	
  sidebands	
  and	
  
angles	
  between	
  MET	
  and	
  
τs

Sig Sidebands

H	
  -­‐>	
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0	
  Jet,	
  Low	
  pT
High	
  background

1	
  Jet,	
  Low	
  pT

Enhancement	
  from	
  
jet	
  requirement

0	
  Jet,	
  High	
  pT
Lepton	
  pT	
  spectrum	
  

harder	
  from	
  H

1	
  Jet,	
  High	
  pT

Enhancement	
  from	
  
pT	
  and	
  jet	
  

requirement

VBF
2	
  jets,	
  	
  no	
  jets	
  in	
  
rapidity	
  gap
mjj>500

number	
  of	
  jets	
  (pT>30)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  μτh,	
  eτh,	
  eμ,	
  μμ

τ pT

1	
  Jet
high	
  pT(H)	
  

requirement

τhτh 2	
  Jet	
  (VBF)
high	
  pT(H)	
  

requirement
mjj>250

τhτh•Search	
  performed	
  in	
  5	
  tau-­‐pair	
  
final	
  states:	
  μτh,	
  eτh,	
  eμ,	
  μμ,	
  τhτh

•Select	
  isolated,	
  well-­‐identified	
  
leptons,	
  τh	
  +	
  topological	
  cuts	
  (e.g.	
  mT	
  
in	
  lτh)	
  to	
  suppress	
  backgrounds	
  

•Categorize	
  events	
  based	
  on	
  
number	
  of	
  jets,	
  τ	
  pT	
  

•Template	
  fit	
  to	
  mττ	
  shape	
  

H	
  -­‐>	
  ττ
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  distributions
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2-jet (VBF)
category with best S/B 
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1jet	
  +	
  VBF
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Combined	
  channels	
  and	
  
categories,	
  each	
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  in	
  each	
  
channel	
  weighted	
  by	
  its	
  S/B	
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Limits

Results	
  consistent	
  with	
  expecta=on	
  for	
  background	
  +	
  SM	
  scalar	
  at	
  125	
  GeV	
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  Signal	
  strength	
  and	
  significance

Consistent	
  picture	
  across	
  channels	
  and	
  
categories	
  

Combined	
  best-­‐fit	
  μ̂	
  of	
  1.1±0.4	
  

25
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• Broad	
  excess	
  observed	
  over	
  
range	
  of	
  mH	
  

• Maximum	
  local	
  significance	
  of	
  
2.93σ	
  at	
  120	
  GeV,	
  compa=ble	
  
with	
  presence	
  of	
  125	
  GeV	
  SM	
  
scalar	
  boson	
  

• Observed	
  (expected)	
  
significance	
  of	
  2.85σ	
  (2.62σ)	
  
for	
  mH	
  =	
  125	
  GeV	
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CMS	
  showed	
  preliminary	
  results	
  on	
  taus	
  with	
  full	
  2011	
  +	
  2012	
  data	
  (~23	
  w-­‐1)	
  
and	
  the	
  majority	
  of	
  the	
  dataset	
  (19	
  w-­‐1)	
  for	
  VH-­‐>bb	
  	
  	
  

Strong	
  indication	
  that	
  the	
  new	
  discovered	
  boson	
  at	
  125	
  GeV	
  decays	
  to	
  taus

-­‐ Obs	
  significance	
  of	
  H-­‐>ττ	
  2.85σ	
  and	
  signal	
  strengh	
  1.1	
  ±	
  0.4

broad	
  excess	
  also	
  in	
  VHbb	
  

-­‐ Obs	
  significance	
  of	
  H-­‐>bb	
  	
  2.2σ	
  and	
  signal	
  strengh	
  1.3	
  ±	
  0.7

Public	
  results	
  based	
  on	
  partial	
  statistics	
  on	
  ttH	
  and	
  exclusion	
  of	
  MSSM	
  Φ-­‐>bb	
  
and	
  Φ-­‐>ττ	
  (see	
  back-­‐up)

CMS	
  is	
  working	
  to	
  analyze	
  all	
  data	
  and/or	
  finalize	
  the	
  analysis	
  
for	
  final	
  publication	
  on	
  7+8	
  TeV	
  data,	
  stay	
  tuned	
  for	
  Summer	
  
Conferences
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Definition	
  of	
  Control	
  Regions	
  
(CR)	
  crucial	
  element	
  of	
  the	
  
analysis

Define	
  several	
  CR
enriched	
  in	
  different
background	
  components:

Control	
  regions	
  cuts	
  as	
  close	
  
as	
  possible	
  to	
  the	
  signal	
  
region

Renormalize	
  MC	
  simulation	
  
yields	
  and	
  extrapolate	
  to	
  
signal	
  region
	
  
Account	
  for	
  associated	
  stat.	
  
and	
  syst.	
  uncertainties

Example:	
  Zee	
  control	
  region	
  	
  definition

(%)= uncertainty

Michele	
  de	
  Gruttola40/32
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  coupling	
  both	
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  and	
  decay

Bra
nd	
  

new



M
ic

he
le

 d
e 

G
ru

tt
ol

a

32



ttH



H	
  -­‐>ττ



Φ	
  -­‐>	
  ττ



Φ	
  -­‐>	
  ττ



Φ	
  -­‐>	
  bb



Φ	
  -­‐>	
  µµ



H	
  -­‐>	
  ττ



Typical jet Pileup jet

§ Pileup	
  jets	
  structure	
  differs	
  wrt	
  regular	
  jets:
§ Pileup	
  jets	
  originate	
  from	
  several	
  overlapping	
  jets	
  which	
  merge	
  together
§ Likelihood	
  grows	
  rapidly	
  with	
  high	
  pileup

§ Discriminant	
  exploits	
  shape	
  and	
  tracking	
  variables
§ discrimination	
  both	
  inside	
  and	
  outside	
  tracker	
  acceptance

50

• Jet	
  reconstruction
• Reconstruction	
  with	
  particle	
  flow	
  objects	
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