
University of Pennsylvania

Search for Higgs 
in H�¹ WW�¹ l!l!

 John Alison

A
T

L-
P

H
Y

S
-P

U
B

-2
01

0-
01

5
08

/1
1/

20
10

ATLAS NOTE
November 8, 2010

ATLAS Sensitivity Prospects for Higgs Boson Production at the LHC
Running at 7, 8 or 9 TeV

The ATLAS Collaboration

Abstract

Projections for the ATLAS sensitivity to the Standard Model Higgs boson from the LHC
running at centre-of-mass energies of 7, 8 and 9 TeV are reported. These studies extend our
previous 7 TeV results by adding extra analysis channels and using more accurate cross-
sections calculations. TheVH, H ! bøb and H ! τ+τ" improve the sensitivity at low
mass, while new analyses ofH ! ZZ ! l+l" νøν and H ! ZZ ! l+l" bøb give major
improvements above 200 GeV. There are also a range of possible integrated luminosity
scenarios considered. The projections are largely derived using the ratio of cross-sections at
di! erent centre-of-mass energies.

The ATLAS experiment, with 1 fb" 1 at 7 TeV and using rather conservative assumptions,
should have sensitivity such that Higgs boson masses between 129 and 460 GeV have at least
a 50% chance of being excluded at 95% CL. If 2 fb" 1 at 8 TeV is available with analysis
improvements the sensitive region ranges from 114 to over 500 GeV.on behalf of the ATLAS Collaboration
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Figure 4: Indirect determination of the Higgs boson mass:! ! 2 as a function of MH for the standard Þt
(top) and the complete Þt (bottom). The solid (dashed) lines give the results when including (ignoring)
theoretical errors. Note that we have modiÞed the presentationof the theoretical uncertainties here with
respect to our earlier results [1]. Before, the minimum ! 2

min of the Þt including theoretical errors was used
for both curves to obtain the o" set-corrected! ! 2. We now individually subtract each case so that both! ! 2

curves touch zero. In spite of the di" erent appearance, the theoretical errors used in the Þt are unchanged
and the numerical results, which always include theoretical uncertainties, are una" ected.
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Figure 2: Comparing fit results with direct measurements: pull values for the complete fit (left), and results
for M H from the standard fit excluding the respective measurements from the fit (right).
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Figure 3: Determination of M H excluding all the sensitive observables from the standard fit except the one
given. Note that the results shown are not independent. The information in this figure is complementary
to that of the right hand plot of Fig. 2.
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Searching for the Higgs

H�¹ WW�¹ l!l!
   Strongest sensitivity over broad range of m(H)
   Critical in the region between LEP and SM EWK exclusion
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Figure 4: Indirect determination of the Higgs boson mass:! ! 2 as a function of MH for the standard Þt
(top) and the complete Þt (bottom). The solid (dashed) lines give the results when including (ignoring)
theoretical errors. Note that we have modiÞed the presentationof the theoretical uncertainties here with
respect to our earlier results [1]. Before, the minimum ! 2

min of the Þt including theoretical errors was used
for both curves to obtain the o" set-corrected! ! 2. We now individually subtract each case so that both! ! 2

curves touch zero. In spite of the di" erent appearance, the theoretical errors used in the Þt are unchanged
and the numerical results, which always include theoretical uncertainties, are una" ected.

Expected

Excluded

ATLAS Hww

arXiv:1109.0975

Results



The Future is Now.
Figure 13 (left) shows the e! ect of increasing the integrated luminosity from 0.5 fb! 1 to 5 fb! 1 at

7 TeV. The lower expected exclusion limit reduces by about 7 GeV with each doubling of the integrated
luminosity, meeting the LEP bound for 5 fb! 1. The 2 fb! 1 line can be taken as indicative of what might
be achieved by combining the results of 1 fb! 1 analysed by each of ATLAS and CMS.
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Figure 13: Combined sensitivity for di! erent integrated luminosity scenarios. Left shows the 95% CL
median sensitivities and right gives the 3σ sensitivity. Public limits from LEP [39] and the Tevatron [38]
are shown for comparison.

The 3σ sensitivity is illustrated in Fig. 13 (right). There is a region, extending from Higgs boson
masses of 139 to 180 GeV, where 1 fb! 1 would be expected to lead to evidence at this level. If 2 fb! 1

becomes available then this region extends down to 131 GeV, and in addition there is close to 50% chance
of 3σ evidence for a Higgs boson with mass between 200 and 430 GeV.

The e! ect of raising the collision energy to 8 or 9 TeV is shown in Fig. 14, where results at 1 and
2 fb! 1 are contrasted. The expected excluded region for 1 fb! 1 at 8 TeV is 127 to 525 GeV. There is
a small but signiÞcant increase in sensitivity at low mass, while there is a particularly clear gain at the
upper mass limit, because of the increased phase-space for the production of heavy objects. This e! ect
can be seen in the bottom plot.

The aggressive analyses which have been mentioned with each channel summarise the potential to
make more sensitive searches if various conditions can be met. This has been included by applying
scaling factors to the sensitivity of some of the channels (15% forH " ZZ, 50% forH " γγ, and 30%
for each ofH " τ+τ! and H " bøb.) The H " WW channel has had the systematics decreased to
10% as described in Ref. [1]. The expected limits in this optimistic scenario using 2 fb! 1 at 8 TeV are
also shown in Fig. 14, where it can be seen that under these assumptions there is at least 50% exclusion
probability from the LEP bound to well over 500 GeV.

The amount of integrated luminosity at 8 or 9 TeV which gives the same median sensitivity as 1 fb! 1

at 7 TeV as a function of Higgs boson mass is shown in Fig 15. This is estimated by Þrst Þtting the
gain in sensitivity from 1 to 2 fb! 1 to a function of the formσ # 1/L α. The exponentα would be
0.5 in a background dominated regime with no systematics. In fact it varies from 0.6 to 0.3, with the
minimum at 170 GeV where the systematic errors are important. This expression is used to Þnd the
integrated luminosity at 8 or 9 TeV which matches the sensitivity seen for 1 fb! 1 at 7 TeV. For masses
below 200 GeV approximately 750 to 800 pb! 1 at 8 TeV or 600 to 650 pb! 1 at 9 TeV is as powerful as
1 fb! 1 at 7 TeV. The required integrated luminosity is lower for higher mass Higgs bosons.

26

Presented Here

In the works

Its a great time to be doing Higgs Physics!

Figure 13 (left) shows the effect of increasing the integrated luminosity from 0.5 fb−1 to 5 fb−1 at
7 TeV. The lower expected exclusion limit reduces by about 7 GeV with each doubling of the integrated
luminosity, meeting the LEP bound for 5 fb−1. The 2 fb−1 line can be taken as indicative of what might
be achieved by combining the results of 1 fb−1 analysed by each of ATLAS and CMS.
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Figure 13: Combined sensitivity for different integrated luminosity scenarios. Left shows the 95% CL
median sensitivities and right gives the 3! sensitivity. Public limits from LEP [39] and the Tevatron [38]
are shown for comparison.

The 3! sensitivity is illustrated in Fig. 13 (right). There is a region, extending from Higgs boson
masses of 139 to 180 GeV, where 1 fb−1 would be expected to lead to evidence at this level. If 2 fb−1

becomes available then this region extends down to 131 GeV, and in addition there is close to 50% chance
of 3! evidence for a Higgs boson with mass between 200 and 430 GeV.

The effect of raising the collision energy to 8 or 9 TeV is shown in Fig. 14, where results at 1 and
2 fb−1 are contrasted. The expected excluded region for 1 fb−1 at 8 TeV is 127 to 525 GeV. There is
a small but signiÞcant increase in sensitivity at low mass, while there is a particularly clear gain at the
upper mass limit, because of the increased phase-space for the production of heavy objects. This effect
can be seen in the bottom plot.

The aggressive analyses which have been mentioned with each channel summarise the potential to
make more sensitive searches if various conditions can be met. This has been included by applying
scaling factors to the sensitivity of some of the channels (15% forH → ZZ, 50% forH → "" , and 30%
for each ofH → #+#− and H → bøb.) The H → WW channel has had the systematics decreased to
10% as described in Ref. [1]. The expected limits in this optimistic scenario using 2 fb−1 at 8 TeV are
also shown in Fig. 14, where it can be seen that under these assumptions there is at least 50% exclusion
probability from the LEP bound to well over 500 GeV.

The amount of integrated luminosity at 8 or 9 TeV which gives the same median sensitivity as 1 fb−1

at 7 TeV as a function of Higgs boson mass is shown in Fig 15. This is estimated by Þrst Þtting the
gain in sensitivity from 1 to 2 fb−1 to a function of the form! ∝ 1/L$. The exponent$ would be
0.5 in a background dominated regime with no systematics. In fact it varies from 0.6 to 0.3, with the
minimum at 170 GeV where the systematic errors are important. This expression is used to Þnd the
integrated luminosity at 8 or 9 TeV which matches the sensitivity seen for 1 fb−1 at 7 TeV. For masses
below 200 GeV approximately 750 to 800 pb−1 at 8 TeV or 600 to 650 pb−1 at 9 TeV is as powerful as
1 fb−1 at 7 TeV. The required integrated luminosity is lower for higher mass Higgs bosons.
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The future is now.



The Future is Now.

Figure 13 (left) shows the effect of increasing the integrated luminosity from 0.5 fb
! 1

to 5 fb
! 1

at

7 TeV. The lower expected exclusion limit reduces by about 7 GeV with each doubling of the integrated

luminosity, meeting the LEP bound for 5 fb
! 1

. The 2 fb
! 1

line can be taken as indicative of what might

be achieved by combining the results of 1 fb
! 1

analysed by each of ATLAS and CMS.
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Figure 13: Combined sensitivity for different integrated luminosity scenarios. Left shows the 95% CL

median sensitivities and right gives the 3σ sensitivity. Public limits from LEP [39] and the Tevatron [38]

are shown for comparison.

The 3σ sensitivity is illustrated in Fig. 13 (right). There is a region, extending from Higgs boson

masses of 139 to 180 GeV, where 1 fb
! 1

would be expected to lead to evidence at this level. If 2 fb
! 1

becomes available then this region extends down to 131 GeV, and in addition there is close to 50% chance

of 3σ evidence for a Higgs boson with mass between 200 and 430 GeV.

The effect of raising the collision energy to 8 or 9 TeV is shown in Fig. 14, where results at 1 and

2 fb
! 1

are contrasted. The expected excluded region for 1 fb
! 1

at 8 TeV is 127 to 525 GeV. There is

a small but significant increase in sensitivity at low mass, while there is a particularly clear gain at the

upper mass limit, because of the increased phase-space for the production of heavy objects. This effect

can be seen in the bottom plot.

The aggressive analyses which have been mentioned with each channel summarise the potential to

make more sensitive searches if various conditions can be met. This has been included by applying

scaling factors to the sensitivity of some of the channels (15% for H " ZZ, 50% for H " γγ, and 30%

for each of H " τ+τ! and H " bb̄.) The H " WW channel has had the systematics decreased to

10% as described in Ref. [1]. The expected limits in this optimistic scenario using 2 fb
! 1

at 8 TeV are

also shown in Fig. 14, where it can be seen that under these assumptions there is at least 50% exclusion

probability from the LEP bound to well over 500 GeV.

The amount of integrated luminosity at 8 or 9 TeV which gives the same median sensitivity as 1 fb
! 1

at 7 TeV as a function of Higgs boson mass is shown in Fig 15. This is estimated by first fitting the

gain in sensitivity from 1 to 2 fb
! 1

to a function of the form σ # 1/ L α. The exponent α would be

0.5 in a background dominated regime with no systematics. In fact it varies from 0.6 to 0.3, with the

minimum at 170 GeV where the systematic errors are important. This expression is used to find the

integrated luminosity at 8 or 9 TeV which matches the sensitivity seen for 1 fb
! 1

at 7 TeV. For masses

below 200 GeV approximately 750 to 800 pb
! 1

at 8 TeV or 600 to 650 pb
! 1

at 9 TeV is as powerful as

1 fb
! 1

at 7 TeV. The required integrated luminosity is lower for higher mass Higgs bosons.
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Hww Sensitivity

H! WW! l" l"

Introduction

Aim 
  - Document analysis in paper. Will be basis of future results.
  - Venue to address analysis aspects put off in conference rush 

3

H! WW! l" l"  is one of our most important channels 
  - Strongest SM sensitivity over a broad range of m(H)
  - Critical in mass region between LEP and SM EWK exclusion.    


