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ATLAS with a Perspective
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A Legend Comes True



4

A Legend Comes True
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The Technical Challenge
• ~109 proton-proton 

collisions/sec

• ~1/1011 collisions produce a Higgs Boson

• One can only accommodate ~200 
collisions/sec

• Rejection rate> 99.9995 %  

• How do you make sure not to loose a 
Higgs Boson?

• Make sure we “push the button” (trigger) 
only when interesting things happen

• This is a tremendous technical challenge! 
Which require state of  the art  fast 
systems.

• σtot ~ 100 mb, σb ~ 1 mb, σjet > 1 nb, 
σH> 1~pb
The small S/B requires control samples 
to understand the background
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Higgs Production @ LHC
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σ * BR – The Analysis Challenge 
• The Higgs decay to bb is 

still dominant up to ~150 
GeV, the Weak Bosons 
then enter the game

• However, H 4 leptons has 
a clear signature as well as 
H γγ with BRs of O(10-3). 
This is a challenge in 
analysis which makes the 
need for measuring 
background from data 
mandatory!

• The decay to ττ, though 
only a few % is still very 
appealing for the medium –
light SM Higgs

• For MSSM Higgs bb and ττ
are dominant
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LHC – Brief Status
• Engineering run originally foreseen at end 2007 now 

precluded by delays in installation and equipment 
commissioning.

• Beam commissioning starts May 2008

• First collisions at 14 TeV c.m. July 2008

• First month devoted to collecting millions of minimum 
bias events and di-jets events for first alignment, 
calibrations and performance studies of the detector
(@ 1029)

As reported by Sergio Bertolucci, LP07
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LHC – Brief Status
• Pilot run pushed to reach 1032 cm-2 s-1 by end 2008

• This is equivalent to O(100 pb-1)/experiment

• Use Z ee,μμ to calibrate, align and understand the 
trackers, the EM CAL, and the Muon system.

• Use W jj to calibrate jets and study b-tag performance 
(tt blν bjj) 

• “Rediscover” SM Physics at √s=14 TeV, this is your new 
background

• After all, the LHC is designed to go beyond the known SM 
Physics, first and foremost to discover the Higgs Boson.

As reported by Sergio Bertolucci, LP07
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Cosmic Ray Tests

Tracks in the Muon chambers
and in the
Transition-Radiation Tracker 
TRT
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The References
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mH~120 GeV
• H γγ, classical bump hunting
• BR ~2·10-3

• Irreducible background (now at 
NLO compared with TEVATRON)

• S/B~1:20. requires control of the 
background

• Normalization via side bands

• For best mass need good 
measurements of photon angles & 
energy

• Need to reject fake photons and 
photons from pions.
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mH~120 GeV
• Sensitivity can be 

increased by inclusive 
searches separating to 
– H+0j
– H+1j
– H+2j (dominated by 

VBF, qq qqH)
• Resolution on mass 

~1.6 GeV 
(@ mH=120)

• Excellent prospects, 
especially for L>10fb-1
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The Golden Channel H ZZ* 4 leptons

• Very low BR of H ZZ* for 
low-medium mH

• Yet, very clean and 
therefore appealing 
especially H ZZ* 4μ

• Resulting reconstructed 
mass resolution ~1% (1.6-
2.0 GeV)

• Reducible backgrounds 
(reject through lepton 
isolation, IP cuts):

– Zbb 4leptons
– tt 4leptons

• ZZ*/γ∗ 4 leptons
irreducible background 
dominant after selection
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The Golden Channel
• H 4 leptons

• Sensitivity best 
for ~160 GeV 
and heavier 
Higgs Boson
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A Lesson in Systematic
• In absence of 

systematics 
significance can be 
approximated to be

• However if there is 
systematics, say, Δb 
the significance is 
reduced to  

• For 5σ one needs

• For 10% systematics 
this implies 

s
b

2(1 )
s s

b b
→

bΔ ⋅+ Δ ⋅

5s
b

> Δ

0.5s
b

>



18

A Lesson in Systematics, ttH

• ttH, H bb
• A multi-jets final 

state

• Looked promising 
until fast simulation 
was replaced by full 
simulation and 
systematics killed it

b

b



19

mH~160,  Gauge Bosons Playground
• H WW lνlν

with l-l spin correlation

• Dominant for mH~2mW

• Signature of 2 isolated 
leptons + missing ET

• No mass peak, use 
transverse mass
need to understand 
missing ET

• Main background from
Wt(b) and tt, rejected via 
jet veto, yet systematics is 
still >10%
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The Breakthrough: VBF
• qqH, H WW,ττ

• Signature:
– central jet veto 

(only signal decay 
products in the central 
region)

– two high pT jets with 
large Δη separation

• Success of channel 
relies on understanding 
of the Missing Energy

Han, Valencia, Willenbrock (1992);
Figy, Oleari, Zeppenfeld (2003,2004)

Jet

Jet
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The Breakthrough: VBF
• qqH, H WW,ττ
• The ττ decay mode 

extends the sensitivity to 
lower Higgs masses where 
there is a BR(H ττ)

• Mass can be reconstructed 
for ττ using the collinear 
approximation

Han, Valencia, Willenbrock (1992);
Figy, Oleari, Zeppenfeld (2003,2004)

130
Te E

fb

ττ μ
−

→ +



22

Towards Combination of Channels
• Discovery:

If the probability of the 
background to give an 
observation as or more 
incompatible than the 
observed one (p-value=1-CLb) is 
less than ~2.8·10-7

we claim a 5σ discovery

• Exclusion:
If the probability of the would 
be s+b to fluctuate down and 
give an observation as or less 
compatible with s+b, is less 
than ~5% we claim an 
exclusion at the 95% C.L.

b

s+b
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The LEP CLb+C&H Method
• The C&H is a hybrid (Bayesian nature)

Integrate on all possible values of 
unknown true b

• is the prior of b, e.g.

( , | ) ( | ) ( )obs obs obsprob n b P n s b b dbμ μ π= +∫

( ) ~ ( | , )obs bb G b bπ σ

expectedn s bμ= +

( )bπ
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Profiling the Likelihood
• Profile Likelihood:
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• distributes as a χ2 with 1 d.o.f 
• This ensures simplicity, coverage, speed
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The Profile Likelihood 
for Significance Calculation

• In particular if we generate background only
experiments,  λ(μ=0) is distributed as χ2  with 1 d.o.f

• Discovery has to do with a low probability of the 
background only experiment to fluctuate and give us a 
signal like result…. 

• To estimate a discovery sensitivity we simulate a data 
compatible with a signal (s+b) and evaluate for this 
data λ(μ=0). For this data, the MLE of μ is 1

2
ˆˆ2 log ( )

2 log ( )

N N

N
μλ μ σ

λ μ

− ± =
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With 10% Background Systematics

For b=100 with 10% systematics, significance for S/√B=5 drops to ~3.6 

0% systematics

10% systematics
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Results
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ILLUSTRATIVE
E.G. & o. Vitells
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Exclusion with Profile Likelihood
• Exclusion is related to the probability of the 

“would be” signal to fluctuate down to the 
background only region (i.e. the p-value of the 
s+b  “observation” )

• Here we suppose the data is the background 
only and the exclusion sensitivity is given by

• Exclusion at the 95% C.L. means N=2

2 ( 1)N λ μ= − =
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Exclusion – Moderate B   (ΔB=0)
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ATLAS Exclusion Sensitivity

ILLUSTRATIVE
E.G. & o. Vitells
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Cases for ILC
• OK, so LHC discovered a Higgs Boson, now 

what?

• What happens if we observe  one Higgs and 
nothing more’?
– Is it a SM Higgs Boson?
– What is its width?
– What is its spin?
– What are its couplings?

• Even though some properties can be probed 
with the LHC, if the LHC is a Higgs hunter, the 
ILC would be a Higgs Probe….. 



34

From LHC to ILC
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From LHC to ILC
K. Desch, LCWS 07

Also workshop for the LHC early 
phase for the ILC, Fermilab, 07 
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The Case of Observing One Scalar

• Even if the Higgs is 
supersymmetric there is a 
large region in the 
parameters space where 
the LHC can observe only 
one of the Higgs Bosons

• An accurate 
measurements of the 
couplings & BRs of the 
observed Higgs can 
reveal its nature
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Some Things ILC Does Better 
• Here mh=120 • LHC: for 300 fb-1 and 

110<mH<190 GeV
– Δg2/g2 ~ 10%-45% (except for b)
– ΔΓH/ΓH ~ 10%-50%

[ ]SMWWHBRbbHBR
WWHBRbbHBRR

)(/)(
)(/)(

→→
→→

=

LHC/LC interplay in the MSSM Higgs sector
Klaus Desch ,E.G.  ,Lidia Zivkovic ,Sven Heinemeyer and Georg Weiglein

J. High Energy Phys. 2004 JHEP09(2004) (September 2004) 062 

ΔmA = 30% for mA = 800 GeV
also in parameter regions where
LHC is blind

LHC
LC

hep-ph/0406323
Dührssen

2.5-3.5%

20%

Moriond QCD 2006 - Helenka Przysiezniak
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The Ultimate Goal: Probing the SSB Sector

• Derive 95%CL bounds from χ2 fit to 
mvis shape

• SM assumed to be valid except for self 
coupling.

• Assume mH precisely known, and 
BR(H→WW) known to 10% or better.

• gg→HH→
(W+W-)(W+W-)→(jjℓ±ν) (jjℓ’±ν) (ℓ = e,μ)
for mH>150 GeV/c2.

• The self coupling λ is determined to
-60-300% within 1σ for 150<mH<200 
GeV

• This will have to wait for a future 
collider

Moriond QCD 2006 - Helenka Przysiezniak
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The Ultimate Goal: Probing the SSB Sector

• Self Higgs coupling is not a 
piece if cake for a LC as well! 

• Needs >1 TeV with a 
polarized electron beam and 
1 ab-1 to probe it to the level 
of ~10%

• This by itself might justify a 
LC (If we observe a scalar)

K. Desch, LCWS 07
Also workshop for the LHC early 

phase for the ILC, Fermilab, 07
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Some Things LHC Can Also Do
• Combining CMS and ATLAS 

with high luminosity (yet 
accessible within a few years) 
with channels like H→γγ,
H→ZZ(*)→4ℓ, WBF 
H→ττ→ℓ+hadr an accuracy of 
0.1% might be achieved for the 
mass with mH~120-400 GeV, 
that is not so different from LC

• This is under the condition that 
the systematics on the energy 
scale is below the 0.1% for 
photons/electrons and below 
1% for jets….

Moriond QCD 2006 - Helenka Przysiezniak
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PDG  20xx?
E.G. Higgs&SUSY Orsay 2001
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Conclusions
• LHC is a discovery machine
• LHC is scheduled to deliver data starting end of 2008
• The optimist expects to see a hint of a Higgs Boson by 

the end of 2009
• The pessimist will wait another year
• SUSY might come earlier
• The ILC is a probing machine
• The ILC can measure some properties of the new 

particles discovered, yet hard to measure, by the LHC 
• ILC can tell a SM scalar from a SUSY scalar
• ILC with high CM and high luminosity can probe SSB
• ILC seems to wait for the LHC….
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Backup
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Luminosity – Technology Pushed to the Limit

• Beam parameters at LHC

– Np ≅ 1011 ; σ ≅ 15 μm; f = 11 kHz; 
Nbunches = 2808

– L~1034 cm-2 s-1 = 10nb-1s-1= 107mb-1s-1,  
N=L⋅σ 
Access to rare (low cross section) processes

yx

bunchesrevp NfN
L

σσ

2

~
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How Does It Happen in ATLAS

– Inner detector
• Pixel and strip silicon detectors at small radii
• Straw-tube “transition-radiation tracker” (TRT) at larger radii

– EM calorimeter
• Lead – liquid-argon sampling calorimeter

– Hadronic calorimeter
• Iron – plastic scintillator calorimeter in barrel
• Copper – liquid-argon calorimeter in endcap

– Muon spectrometer
• Drift tubes for precise tracking
• RPC and TGC detectors for triggering
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Telling an Electron from a Pion - TRT
• Charged particles 

ionize the gas filled in 
tiny tubes (4 mm 
diameter) with straw 
like anodes which 
collect the electrons.

• There are over 
300,000 1.5m straws in 
the end cap and over 
50000 0.5 m straws in 
the barrel region

• Electrons, in addition, interact with 
the plastic coating of the tubes 
emitting X-rays which help to 
distinguish electrons from Pions.


