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Current	  Status	  of	  the	  Higgs	  Searches	  
	  
	  
	  
	  
	  
	  
	  

	  
Current	  analysis	  does	  not	  include	  hadronic	  

Higgs	  decay	  channels.	  

Current	  CMS,	  ATLAS	  analysis:	  
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Why	  not	  care	  about	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ?	  	  h ! bb̄

•  Hadronic	  channels	  are	  “dirty”.	  
•  At	  LHC	  pileup	  is	  a	  big	  problem	  for	  jet	  substructure.	  
•  S/B	  is	  very	  low	  

Currently looking for a light Higgs 
in a very special manner

Higgs mass and Higgs decays?[Jets & Higgs]

 [GeV]HM
50 100 150 200 250 300 350 400

 [
G

e
V

]
to

p
m

150

155

160

165

170

175

180

185

190

 WAtop band for m!1

 WAtop68%, 95%, 99% CL fit contours excl. m

L
E

P
 9

5
%

 C
L

T
e
v
a
tr

o
n

 9
5
%

 C
L

 WAtop68%, 95%, 99% CL fit contours incl. m

68%, 95%, 99% CL fit contours incl.
 WA and direct Higgs searchestopm

 [GeV]HM
50 100 150 200 250 300 350 400

 [
G

e
V

]
to

p
m

150

155

160

165

170

175

180

185

190
G fitter SM

N
o
v
 1

0

Likely Higgs Mass

BR(H)

bb
_

"+"#

cc
_

gg

WW

ZZ

tt-

$$ Z$

MH [GeV]
50 100 200 500 1000

10
-3

10
-2

10
-1

1

Higgs decay
products v. MHMHMH

There’s some likelihood that
the Higgs boson will be
“light”, MH ! 120 GeV

If it is, crucial test of whether
it is the Higgs, will come
from measuring several dif-
ferent decays

Remember: Higgs couplings

intimately related to origin

of particle masses
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ATLAS+CMS => 
tiny di-photon final state 

to observe signal

H ! bb̄ (main light-Higgs decay) v. hard to see[Jets & Higgs]

Best hope is pp ! W±H, W± ! !±", H ! bb̄.

pp ! WH ! !"bb̄ + bkgds

ATLAS TDR

Conclusion (ATLAS TDR):

“The extraction of a signal from H ! bb̄
decays in the WH channel will be very
di!cult at the LHC, even under the most
optimistic assumptions [...]”

Low e!ciency, huge backgrounds, e.g. tt̄

Try a long shot?

! Go to high pt (ptH , ptW > 200 GeV)
! Lose 95% of signal, but more e!cient?
! Maybe kill tt̄ & gain clarity?

W

H

b
b

e,µ !
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Any b¯b was considered impossible:



Why	  care	  about	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ?	  	  h ! bb̄

1.	  You	  will	  not	  discover	  the	  Higgs	  by	  looking	  at	  only	  one	  channel.	  
Any	  events/channels	  you	  can	  add	  to	  the	  analysis	  will	  help!	  
	  
	  

Remember,	  only	  41	  events	  
So	  far	  



Why	  care	  about	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ?	  	  h ! bb̄

2.	  It	  gives	  you	  a	  great	  probe	  of	  the	  VVB	  vertex!	  

We	  ought	  to	  test	  all	  
the	  details	  of	  the	  	  
Standard	  Model!!!	  



Why	  care	  about	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ?	  	  h ! bb̄

	  

3.	  We	  expect	  a	  light	  Higgs.	  	  
	  

Large	  branching	  raXo	  	  
to	  b-‐quarks.	  



Process	  to	  consider	  

Look	  at	  boosted	  jets!	  	  
	  
	  

W,	  Z	  

b	  

b	  

l,	  v	  

l,	  v	  

h	  

KinemaXc	  Cuts:	  
	  

Cross sections for boosted V h and V j

production

at the LHC,
p
s = 7TeV

February 8, 2012

We calculated the V h and V j cross sections at LO using Pythia, and

MCFM, and NLO calculations using MCFM. For the purpose of our boosted

jet analysis, we require the vector boson to decay only into first two genera-

tions of leptons (and three generations of neutrinos) while the higgs decays

only to b quarks. We use the following set of kinematic cuts:

pjT > 200GeV

plT > 15GeV

⌘j < 2.5

⌘l < 2.5.

(1)

In order to increase the consistency between Pythia and MCFM we used

CTEQ5L parton distribution functions with both the renormalization and

1

factorization scale set to MW . Furthermore, in both MCFM and Pythia we

defined jets using the anti� k? algorithm and a cone of size

R = 1.2. (2)

Given the current preferred higgs mass of mh ⇡ 125GeV , for Pythia we

also used

115GeV < mj < 135GeV.

Such a cut can not be used consistently in MCFM at both LO and NLO since

MCFM is a tree level event generator. Results for the signal and background

cross sections are summarized in Table 1.

For the selection cuts we imposed the signal to background ratios are

S

B
(115GeV < mj < 135GeV ) =

33..2fb

1.2pb
⇡ 3⇥ 10�3 (3)

S

B
(mj > 0) =

8.2fb

39.4pb
⇡ 2⇥ 10�4 (4)

It is important to note that di↵erent event generators will give up to 100

per-cent di↵erent estimates for the cross sections at LO depending on the

way they treat the higgs resonance. While this does not seem to a↵ect the

K factor much, it can be crucial in the calculation of the signal cross section

and the expected number of events. In addition, the e↵ect of changing the

PDFs can result in as much as 20 � 30 per cent di↵erence in the signal /

background cross section.

The signal to background ratio on the other hand should not be signifi-

cantly a↵ected by any of these changes.

2





Things	  we	  can	  do	  nothing	  about	  

Wj+Zj Wh+Zh

NLO (LO �) 32.8 pb 4.4 fb

NLO (NLO �) 32.8 pb 6.2 fb

K (LO �) 2.5 1.6

K (NLO �) 2.5 1.6

Pythia (mj cut, w/ K fact.) 1.2 pb 3.2 fb

Pythia (no mj cut, w/ K fact.) 39.4 pb 8.1 fb

Table 1: Signal and background cross sections using Pythia and MCFM.

The K factors were obtained using MCFM (no invariant mass cut). The two

di↵erent cases of MCFM calculation refer to the Higgs width evaluation at

LO and NLO. Notice the 25 - 30 per-cent di↵erence in the numerical values

for the signal cross section at NLO. The K factor on the other hand does not

seem to depend on the higgs width. The invariant mass cut and the K factor

were applied in the Pythia calculation in column 6. Column 7 is the pythia

calculation with the K factor applied, but with no invariant mass cut on the

jet.

3

MCFM	  

factorization scale set to MW . Furthermore, in both MCFM and Pythia we

defined jets using the anti� k? algorithm and a cone of size

R = 1.2. (2)

Given the current preferred higgs mass of mh ⇡ 125GeV , for Pythia we

also used

115GeV < mj < 135GeV.

Such a cut can not be used consistently in MCFM at both LO and NLO since

MCFM is a tree level event generator. Results for the signal and background

cross sections are summarized in Table 1.

For the selection cuts we imposed the signal to background ratios are

S

B
(115GeV < mj < 135GeV ) =

33..2fb

1.2pb
⇡ 3⇥ 10�3 (3)

S

B
(mj > 0) =

8.2fb

39.4pb
⇡ 2⇥ 10�4 (4)

It is important to note that di↵erent event generators will give up to 100

per-cent di↵erent estimates for the cross sections at LO depending on the

way they treat the higgs resonance. While this does not seem to a↵ect the

K factor much, it can be crucial in the calculation of the signal cross section

and the expected number of events. In addition, the e↵ect of changing the

PDFs can result in as much as 20 � 30 per cent di↵erence in the signal /

background cross section.

The signal to background ratio on the other hand should not be signifi-

cantly a↵ected by any of these changes.

2

at
p
s ⇠ 7TeV

With	  5	  ^-‐1	  expect	  	  
15	  events	  w/	  the	  mass	  cut	  

and	  
40	  events	  w/o	  the	  mass	  cut	  

Not	  much	  but	  
Beaer	  than	  nothing!	  



A	  few	  things	  about	  Monte-‐Carlos	  
Wj+Zj Wh+Zh

NLO (LO �) 32.8 pb 4.4 fb

NLO (NLO �) 32.8 pb 6.2 fb

K (LO �) 2.5 1.6

K (NLO �) 2.5 1.6

Pythia (mj cut, w/ K fact.) 1.2 pb 3.2 fb

Pythia (no mj cut, w/ K fact.) 39.4 pb 8.1 fb

Table 1: Signal and background cross sections using Pythia and MCFM.

The K factors were obtained using MCFM (no invariant mass cut). The two

di↵erent cases of MCFM calculation refer to the Higgs width evaluation at

LO and NLO. Notice the 25 - 30 per-cent di↵erence in the numerical values

for the signal cross section at NLO. The K factor on the other hand does not

seem to depend on the higgs width. The invariant mass cut and the K factor

were applied in the Pythia calculation in column 6. Column 7 is the pythia

calculation with the K factor applied, but with no invariant mass cut on the

jet.

3

MCFM	  

	  
	  	  	  	  Differences	  between	  MCFM	  and	  Pythia	  in	  the	  signal	  cross	  secBon	  at	  LO	  

	  	  	  	  can	  be	  up	  to	  100%.	  	  	  
	  

K-‐factors	  	  
not	  

affected.	  

NOTE:	  	  
	  

•  Pythia	  uses	  a	  LO	  esXmate	  for	  the	  higgs	  width.	  MCFM	  
uses	  NNLO.	  

•  Pythia	  uses	  running	  b	  mass.	  mb	  =	  0	  in	  MCFM.	  
•  Non-‐matching	  renormalizaXon	  scales.	  

ERASE	  



Things	  we	  can	  improve	  –	  Higgs	  tagging	  

Can	  we	  do	  the	  same	  	  
(or	  beaer)	  for	  

	  
????	  	  

pT ⇡ 200GeV

Template	  Overlap	  works	  well	  for	  TeV	  jets:	  YITP-SB-11-46
CERN-PH-TH/2012-031
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Abstract

We explore the ability of three-particle templates to distinguish color neutral objects
from QCD background. This method is particularly useful to identify the standard
model Higgs, as well as other massive neutral particles. Simple cut-based analysis in
the overlap distributions of the signal and background is shown to provide a significant
rejection power. By combining with other discriminating variables, such as planar flow,
and several variables that depend on the partonic template, three-particle templates
are used to characterize the influence of gluon emission and color flow in collider events.
The performance of the method is discussed for the case of a highly boosted Higgs in
association with a leptonically-decaying W boson.

1 Introduction

Processes with top quarks, standard model Higgs and W/Z jets play a key role in high energy
collisions. They allow for tests of perturbative QCD and are important backgrounds for more
exotic phenomena. Over the past few years, scenarios have been proposed in which these
heavy particles are produced at large transverse momentum [1–11]. At high enough pT , their
decay products will appear as heavy, collimated jets [12, 13]. Even such exotic final states,

1

ar
X

iv
:1

11
2.

19
57

v2
  [

he
p-

ph
]  

3 
Fe

b 
20

12

RejecXon	  rates	  of	  	  ~	  100	  	  
Before	  b	  tagging	  possible	  
With	  efficiency	  of	  10%	  

Figure 10: Comparison of fake rate vs. signal e�ciency with various cuts on three-body
template overlap Ov3 with Higgs jets and QCD jets. The curves represent variations on the
minimal value of two-body template overlap Ov2. The frames show results from di↵erent
MC [top Pythia, middle Sherpa, and bottom MG/ME with R = 0.4 (left) and R =
0.7 (right)], for a Higgs mass window selection criteria 110 GeV < mJ < 130 GeV and
950 GeV < P0 < 1050 GeV. Both e�ciency and fake rates decrease as we increase the
overlap cut. The dashed curves denote the case when Pf cut is implemented, while the solid
curves have no Pf cut.
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Two	  Body	  Overlap	  

Clear	  separaBon	  
of	  signal	  and	  background	  
sBll	  present.	  

pT ⇡ 200GeV



Three	  body	  overlap	  

pT ⇡ 200GeV



RejecXon	  Rate	  

For	  10	  %	  efficiency	  rejecXon	  
Factor	  of	  ~	  5.	  
	  
	  Total	  rejecXon	  factor:	  
	  
	  	  	  	  15	  	  	  	  -‐	  	  	  mass	  cut	  	  
x	  	  40	  	  	  	  -‐	  	  	  b-‐tagging	  
x	  	  	  	  5	  	  	  	  -‐	  	  	  template+pf	  
____________________	  

=	  3000	  No	  mass	  cut	  
No	  b-‐tag	  

Need	  to	  test	  new	  observables	  as	  well!!	  

Need	  double	  b	  tag	  



Pileup	  

•  Can	  be	  a	  major	  problem	  for	  all	  jet	  substructure	  analysis.	  
•  Currently	  there	  are	  on	  average	  8.8	  interacXons	  per	  bunch	  

crossing	  at	  the	  LHC.	  
•  Things	  are	  going	  to	  get	  much	  worse	  in	  the	  future!	  

The	  following	  slides	  are	  based	  on	  a	  simulaBon	  using	  PYTHIA8.	  
PYTHIA6	  analysis	  in	  a	  few	  days.	  



Two	  Body	  Overlap	  w/	  pileup	  

Pileup	  

As	  expected,	  pileup	  pushes	  both	  
distribuBons	  towards	  lower	  values	  of	  
maximum	  overlap.	  

Without	  pileup	  



Three	  body	  overlap	  w/	  pileup	  

Without	  pileup	   With	  pileup	  

Pileup	  



Planar	  flow	  

Pileup	  makes	  jets	  look	  more	  
“round”	  and	  uniform	  

Larger	  planar	  flow	  

We	  are	  working	  on	  it	  ….	  

Why	  such	  dramaXc	  effect	  on	  background?	  



Minimum	  pt	  cutoff	  

signal	   background	  

Three	  body	  maximum	  overlap	  distribuXons	  

Does	  a	  cutoff	  on	  the	  minimum	  pT	  of	  all	  template	  momenta	  change	  things?	  

Very	  liXle	  effect!	  



If	  all	  else	  fails…	  try	  new	  things	  

What	  about	  the	  discrete	  symmetries	  of	  the	  jet	  substructure	  observables?	  

Quick	  example:	  Planar	  Flow	  &	  Parity	  

jet substructure [3, 21–38]. The overlap method enables us to make subjet identification by
providing a mapping between energy-unweighted variables and the template that defines the
energy flow distributions. In what follows, we describe these two categories of tools that will
allow us to further reject background events with a large Ov.

4.1 Planar flow

Jet shape variables are an especially interesting class of observables for jet studies, and
have received considerable attention in the past several years in the context of boosted jet
identification [16,17,20]. The common feature of all jet shapes is that they involve moments
of the energy of observed particles and are thus smooth functionals of energy flow within
a jet. In this manner, they are complementary to the information provided by template
overlaps, which is associated with jumps and spikes in energy flow.

Following Ref. [54], we will make use of the jet shape planar flow in the form,

Pf =
4det(I!)

tr(I!)2
, (15)

where I! is defined by,

Ikl! =
1

mJ

X

i

!i
pi,k
!i

pi,l
!i

, (16)

with mJ the jet mass, !i the energy of particle i in the jet, and pi,k the kth component
of its transverse momentum relative to the axis of the jet’s momentum. Jets attributed to
two-body final states have a di↵erential jet function fixed at zero planar flow,

1

J

✓
dJ

dPf

◆

2 body

= �(Pf). (17)

This would apply at leading order for events with highly boosted Higgs and QCD jets. On
the other hand realistic QCD and Higgs jets have nonzero Pf , because of QCD radiation
e↵ects that smear the distribution.

We expect soft radiation from the boosted color singlet Higgs to be concentrated between
the b and b̄ decay products. This is to be contrasted to a jet initiated by a light parton,
whose color is correlated with particles in other parts of the event, producing radiation in
the gaps between those particles and the jet system. Therefore, we expect that planar flow
for Higgs jets will be peaked toward a lower value than that of QCD jets. In the studies we
show below, the combination of Ov and Pf gives a strong background (QCD) suppression
with quite substantial signal (Higgs decay) e�ciency.

Figure 4 shows the two-dimensional distributions of MC events (obtained via Pythia
[60]) in the Pf vs. Ov3 plane for the signal and background. The scatter plot shows that

14

⇠ ✏abk
ak0b ⇠ sin(�a � �b)

Odd	  Parity	  

Other	  parity	  even	  /	  odd	  observables	  possible!	  

For	  more	  details	  look	  at:	  
MB,	  J.	  Ralson:	  arXiv:1101.1965	  	  

Gur-‐Ari,	  M.	  Papucci,	  G.	  Perez:	  arXiv:1101.2905	  	  	  



Stay	  tuned	  …	  
ATLAS	  affiliated	  Template	  Overlap	  ‘’Task	  Force’’	  

formed	  at	  the	  Weizmann	  InsXtute	  	  

If	  it	  works	  

We	  are	  at	  a	  point	  where	  we	  need	  to	  subject	  the	  
Template	  Overlap	  method	  to	  severe	  

experimental	  scruBny.	  	  
	  

All	  details	  maXer!!!	  


