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Current	  Status	  of	  the	  Higgs	  Searches	  
	  
	  
	  
	  
	  
	  
	  

	  
	  	  	  	  	  	  	  	  	  	  	  	  	  Leptons	  and	  Photons…	  what	  about	  bb?	  

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

Currently looking for a light Higgs 
in a very special manner

Higgs mass and Higgs decays?[Jets & Higgs]
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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± → !±ν, H → bb̄.

pp → WH → !νbb̄ + bkgds

ATLAS TDR

Conclusion (ATLAS TDR):

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

Low efficiency, huge backgrounds, e.g. tt̄

Try a long shot?

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

W

H

b
b

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

CERN	  

CERN	  

•  Hadronic	  channels	  are	  “dirty”.	  
•  At	  LHC	  pileup/UE	  is	  a	  big	  problem	  	  

	  for	  	  jet	  substructure.	  
•  S/B	  is	  very	  low	  (Vj,	  Tbar,	  Wbb	  …)	  	  



Why	  care	  about	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ?	  	  h ! bb̄

1.  Higgs	  producXon	  rates	  small.	  Any	  
events/channels	  you	  can	  add	  to	  the	  
analysis	  will	  help!	  

	  
2.  We	  expect	  a	  large	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

branching	  raXo	  

3.  We	  need	  to	  be	  able	  to	  measure	  the	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  to	  make	  sure	  it	  is	  an	  SM	  	  	  	  
	  	  	  	  	  	  	  	  Higgs.	  (possible	  new	  physics?)	  

h ! bb̄

h ! bb̄



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

R	  =	  1.2	  	  -‐	  1.4	  



Template	  Overlap	  Method	  

“Templates’’	  are	  sets	  of	  4-‐momenta	  with	  a	  sub-‐cone	  	  
of	  radius	  r	  around	  them	  (subjets).	  

We	  model	  the	  templates	  ader	  boosted	  decay	  of	  the	  higgs.	  
	  (appropriate	  choice	  of	  pt,	  mass,	  subcone	  radius)	  

Measures	  the	  difference	  
between	  the	  energy	  deposited	  in	  a	  cone	  of	  radius	  r	  	  

and	  the	  energy	  of	  a	  template	  state.	  

Maximize	  over	  the	  
template	  phase	  space	  

Two-particle Templates and Higgs Decay

�jet mass window 110 GeV  < mJ <130 GeV, cone 
size R = 0.4 (D = 0.4 for anti-kT jet),
jet energy 950 GeV < EJ <  1050 GeV.

�Template Overlap with data discretization

Sunday, March 11, 2012

One	  can	  consider	  2,	  3	  …	  n	  body	  templates.	  

Almeida,	  	  Lee,	  	  Perez,	  Sterman,	  Sung:	  	  Phys.Rev.	  D82	  (2010)	  054034	  	  
Almeida,	  Erdogan,	  	  Juknevich,	  Lee,	  Perez,	  George	  Sterman:	  arXiv:1112.1957	  
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In	  a	  nutshell:	  
Template	  Overlap	  Method	  is	  

designed	  to	  pick	  out	  
areas	  of	  large	  energy	  deposiXon	  

within	  the	  jet	  



Simulated	  example	  (higgs)	  

‘’Three	  body’’	  template	  



Strategy	  for	  template	  design	  

b	   b	  

h	  

g	  QCD	   Higgs	  

Jet	  substructure	  
can	  look	  different,	  even	  though	  
the	  mass,	  pt,	  etc.	  are	  the	  same.	  

We	  want	  to	  exploit	  this!	  



Strategy	  for	  template	  design	  

12

Color connectionsColor connections

 The templates can be systematically improved by including 

the effects of gluon emissions, which contain color flow 

information

Color-singlet Non-singlet

Sung;Gallicchio, Schwartz 



2	  and	  3	  	  -‐	  body	  Overlap	  

Clear	  separa;on	  
of	  signal	  and	  	  
Background!	  

pT ⇡ 200GeV

2	  body	   3	  body	  



Other	  Observables	  (formed	  from	  
templates)	  

• The angles between the jet axis and the template momenta ✓iJ ,

1� cos ✓iJ =
z xi mJ

2Ei

, (18)

with z = mJ/P0.

• The angular separations: ✓12, ✓13, ✓23,

1� cos ✓ij =
(xi + xj � 1)m2

J

2EiEj

. (19)

• The angle between the jet axis and the softest of the partons: ✓̃s,

1� cos ✓̃s =
z xs mJ

2Es

, (20)

where Es = min{Ei}.
• r✓ = min{✓13/✓12, ✓23/✓12}, found by finding the minimum of (1 � cos ✓i3), i = 1, 2,
given by

min

⇢
(1� x2)E2

(1� x3)E3

,
(1� x1)E1

(1� x3)E3

�
. (21)

• The three-body angular variable ✓̄,

✓̄ =
X

i

sin ✓iJ , (22)

with ✓iJ given by Eq. (18).

The expression for the energy Ei of particle i is fairly simple, and is given in Appendix A,
Eqs. (28-30).

The distributions of the variables Eqs. (19)-(22) are shown in Fig. 7. All of these variables
are shown for anti-kT R = 0.7 jets. Since our focus is on the di↵erence in the shapes of various
observables, all of the kinematic distributions are normalized to unity. The angular variables
r✓ and ✓̄ o↵er the promise of reasonable discriminating power, because they are directly tied
to physical features of the signal, as follows.

In the Higgs decay to a quark-antiquark pair and a gluon, h ! qq̄g, we expect events
where the gluon is soft to be predominant. In the boosted frame, this radiation appears
dominantly within an angular region spanned by the dipole formed by the quark and the
antiquark [70]. In contrast, in the perturbative expansion, jets initiated by quark or gluon
radiation would have a color connection with the rest of the event resulting in a bias for
large angle soft gluon emission towards other jets in the event or the beam. One can take

18

Three	  body	  angular	  variable:	  
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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
signal events cluster around large overlap while, at the same time, Pf is essentially below
0.2. By contrast, QCD events tend to be spread over the entire area. These plots also
confirm our expectation that Higgs jets tend to have smaller Pf values than QCD jet events
(for the same ratio mJ/P0). Clearly, any set of events chosen from the bottom right of
these plots, with Pf < Ov3, is highly enriched in three-body Higgs events compared with
background. The clear di↵erence in these scatter plots shows the potential of the template
overlap method.

14

Sod	  template	  angle:	  

Planar	  Flow:	  

Etc…	  



Effects	  of	  Pileup	  	  
•  Past	  LHC	  run	  averaged	  8.8	  interacXons	  per	  bunch	  crossing.	  
•  Things	  will	  get	  much	  worse	  in	  the	  future	  (20	  –	  30	  interacXons	  per	  

bunch	  crossing	  expected)	  

Pileup	  

As	  expected,	  pileup	  pushes	  both	  distribu;ons	  towards	  
lower	  values	  of	  maximum	  overlap.	  

No	  Pileup	  
Template	  Overlap	  	  
Picks	  out	  the	  right	  	  

Higgs	  mass	  



Effects	  of	  Pileup	  	  
•  Past	  LHC	  run	  averaged	  8.8	  interacXons	  per	  bunch	  crossing.	  
•  Things	  will	  get	  much	  worse	  in	  the	  future	  (20	  –	  30	  interacXons	  per	  

bunch	  crossing	  expected)	  

Pileup	  

As	  expected,	  pileup	  pushes	  both	  distribu;ons	  towards	  
lower	  values	  of	  maximum	  overlap.	  

Pileup	   Template	  Overlap	  	  
Picks	  out	  ‘’shided’’	  

Jet	  mass!!!	  



Overlap	  distribuXon	  almost	  
Unaffected!	  



To	  explain,	  recall	  the	  earlier	  example	  
…	  

Template	  overlap	  
sensiXve	  only	  to	  
energy	  deposiXon	  
inside	  the	  subcones.	  

	  
Pileup	  is	  supposed	  
to	  be	  uniform.	  



Some	  results	  (Wj	  rejecXon	  power)	  

Effects	  of	  pileup	  
not	  severe	  (at	  9	  	  
interac;ons	  per	  
bunch	  crossing)!	  

	  
Template	  Overlap	  
	  showing	  good	  	  
performance	  

No	  mass	  cut!	  
No	  b-‐tag!	  



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

in	  full	  power	  at	  WIS.	  

If	  it	  works	  

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

experimental	  scru;ny.	  	  
	  

All	  details	  maMer!!!	  


