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Wednesday, December 6, 2011  Sarah Demers, Yale University  2 

π±  π± 

π± 

ν



What are taus? 

Wednesday, December 6, 2011  Sarah Demers, Yale University  3 

T‐shirt design by Neil Davies 



What are taus? 

Wednesday, December 6, 2011  Sarah Demers, Yale University  4 

T‐shirt design by Neil Davies 

Taus are leptons 



What are taus? 

Wednesday, December 6, 2011  Sarah Demers, Yale University  5 

T‐shirt design by Neil Davies 

Taus are leptons 

with |charge| = 1 

in the 3rd generaJon 



Taus as Probes for “New” Physics 

The tau, the heaviest lepton, couples strongly 
to the Higgs, and is relevant for a 5σ 

discovery in the important, but 
challenging, range of 115 – 130 GeV. 

This analysis could rely (at least parJally) on 
tau triggers. 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Charged Higgs 
(SUSY) 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With tanβ over ~3, H+ decays 
almost exclusively to taus 

Channel analyzed by Stephen and Aidan  



Neutral Higgs 
(SUSY) 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Life without the Higgs? 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Masses (eV) 

Many Higgsless theories include new parJcles with preferenJal 
couplings to the third generaJon, oben moJvated by trying 

to explain the very heavy top quark 



Understanding New Phenomena 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All decay modes should be explored to understand what we 
find at the LHC 

Not just electrons and muons! 

Tau decays can carry informaJon about the polarizaJon of the 
object that  

decays into them 

Taus! 



Why NOT taus? 
The tau lifeJme is 2.9 x 10‐13 s. 

We detect the decay products of the 
tau, not the tau itself. 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Tau branching raJos from 
108 simulated Z‐>ττ events 

eνeντ

µνµντ

1‐prong

3‐prong
15%  18% 

18% 

49% 



Why NOT taus? 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ATLAS detector with 
23 interactions per beam crossing 

Jet 



Wednesday, December 6, 2011  Sarah Demers, Yale University  13 

DefiniJons 
ET = transverse energy 

pT = transverse momemtum 
√s = center of mass energy  

Sample  cross sec9on X 
branching ra9o 

#events/8 hours 
(1031) 

dijets   (pT 8 – 17 GeV)  1.7 X 1010 pb  5 X 109 

dijets   (pT 17 – 35 GeV)  1.4 X 109 pb  4 X 108 

dijets   (pT 35 – 70 GeV)  9.3 X 107 pb  3 X 107 

W →τυ, τ→ had  1.1 X 104 pb  3200 

Z →ττ, 1τ→ had  1.55 X 103 pb  450 

More jets at the LHC 
than at the TeVatron!  Taus were challenging 

at the TeVatron 

We find ourselves even 
more overwhelmed  
by jets at the LHC 

Jets, jets and more JETS! 



IntroducJon 

•  WHY taus? 
– and why not taus . . .  

•  ATLAS and CMS 
– some of these things are not like the other 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ATLAS 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CMS 



ATLAS 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CMS 

MagneJc Field 
2 T               4 T 



Tracking Chambers 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ATLAS  CMS 
IP 

Primary 
Vertex

Secondary 
Vertex



ATLAS TRT: e/π separaJon 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ParJcle IdenJficaJon Performance of the ATLAS TRT Tracker: ATLAS‐CONF‐2011‐128 

300,000 straw tubes 
4 mm diameter 
Radiator material 
between straws 

Electron efficiency, pion rejecJon 

Electron – Pion SeparaJon  



ATLAS EM Calorimeter 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CMS EM Calorimeter 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Non‐sampling calorimeter 
78,000 lead tungstate crystals 

~3 cm wide in barrel 
2 mm wide in endcap pre‐shower 



Triggers 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ATLAS: 3 Levels  CMS: 2 Levels 



Wednesday, December 6, 2011  Sarah Demers, Yale University  22 

Muons 



Taus at the LHC 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Triggers, Reconstruc9on, Iden9fica9on 

Searches 
Higgs, Z’, W’, 4th generaJon, etc. 

Characteriza9on 
PolarizaJon 



Triggering, ReconstrucJng, IdenJfying 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X GeV Tau  X GeV Jet 
1  2  3  4  5  6  7  8 

# Tracks 

Shape of Energy Deposit 
in Calorimeter 

Track MulJplicity 

Taus 
Jets 



Triggering, ReconstrucJng, IdenJfying 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R_em: width of energy deposit in  
the electromagne9c calorimeter 

taus 

jets 



Triggering, ReconstrucJng, IdenJfying 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~100 GeV tau 

~35 GeV tau 

~100 GeV jet 
~35 GeV jet 

R_em: width of energy deposit in  
the electromagne9c calorimeter 

taus 

jets 

Separate in bins of energy 

also 
isolaJon in tracking chamber 



Tau Triggers 

Wednesday, December 6, 2011  Sarah Demers, Yale University  27 

Level 1  
Hardware 

No Inner tracker informaJon 
Rely on calorimeters with low granularity 

High Level Trigger 
Sobware 

Use “offline” algorithms wherever possible 

ATLAS Control Room 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ATLAS Level 1 Tau Trigger 

EM 
Trigger Towers 

HAD 
Trigger Towers 

+ 
Threshold 
CalculaDon 

= 

2 Adjacent EM 
Trigger Towers 

2x2 HAD Towers 
behind them 

5 GeV L1 Tau Trigger 

Δη X Δϕ = 0.1 X 0.1
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CMS Level 1 Tau Trigger 



ReconstrucJon and IdenJficaJon 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Major Difference:  CMS uses parJcle flow 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Major Difference:  CMS uses parJcle flow 

Par9cle Flow 
Clusters and links signals from sub‐detectors 

Produces list of parJcle candidates 
To user: looks like Monte Carlo 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Major Difference:  CMS uses parJcle flow 

Par9cle Flow 
Clusters and links signals from sub‐detectors 

Produces list of parJcle candidates 
To user: looks like Monte Carlo 



ATLAS Tau IdenJficaJon 

Wednesday, December 6, 2011  Sarah Demers, Yale University  33 

Cuts, log‐likelihood,   
& boosted decision trees 

1‐prong 
LLH 

3‐prong 
LLH 

1‐prong 
BDT  3‐prong 

BDT 



CMS Tau IdenJficaJon 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Two Iden9fica9on Methods 

Hadrons Plus Strips (HPS) 

Tau Neural Classifier (TaNC) 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Slide from Evan Friis 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Slide from Evan Friis 



Performance (2010) 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Taus at the LHC 

Wednesday, December 6, 2011  Sarah Demers, Yale University  38 

Triggers, Reconstruc9on, Iden9fica9on 

Searches 
Higgs, Z’, W’, 4th generaJon, etc. 

Characteriza9on 
PolarizaJon 



Standard Model Measurements 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Interest 
Background in Higgs Search 

Challenges 
Missing Energy (missing info 
for reconstrucJng mass) 

Trigger 

Z‐>ττ: 3.5%  W‐>τν: 11.3% 

Interest 
Early Tau ObservaJon 

Challenges 
Trigger 

τ+τ: 1% 
τ+µ: 2% 

τ+e: 2% 

τ+jets: 15% 
hadrons 

e+jets 
τ+jets 

µ+jets 

Interest 
Charged Higgs Search 
CalibraJon Sample 

Challenges 
Signal/Background 



SM Measurements: Z‐>τlτh 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SM Measurements: W‐>τhν
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Top events with taus 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tau‐muon dilepton candidate 



CMS: Higgs ‐> ττ
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SM Exclusion Plot  SUSY Exclusion Plot 



ATLAS MSSM H‐>ττ
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Search for the Charged Higgs 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If  
‐     the  charged Higgs exists and has a 
mass  less  than  the  mass  of  the  top 
quark 

Then 
‐     the  primary  producDon mechanism 
for  the  charged  Higgs  will  be  via  top 
quarks 

Since 
‐     the primary  source of  top quarks  is 
within Pbar producDon 

Top quark pairs provide a nice 
playground for searching for and 

constraining the allowed masses of 
the charged Higgs  



Search for the Charged Higgs 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When tanβ is greater than ~3, the  
H+ decays almost exclusively to τν

This search was performed with 1.03 z‐1 

of 2011 ATLAS data in both the  
single lepton 

and 
dilepton 
channels 

Presence of H+ ends up giving excess of leptons: 
Β(H+ → τν → l + Nν) ≃ 35% while B(W → l + Nν) ≃ 25% 

but addiJonal handles are needed: 
cosθ*l  and transverse mass of the H+  



DiscriminaJng variables: cosθ*l 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e/µ

ντ

νe/νµ

vs.  



DiscriminaJng variables: cosθ*l 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e/µ

ντ

νe/νµ

vs.  

Variable commonly used to measure polarizaJon of W in top quark events 

Here, with H+ heavier than the W, the b‐quark tends to have less momentum in H+ events 
also, leptons from the tau decays tend to have less momentum than from Ws 

All of this works to push cosθ*l toward the value of ‐1 



DiscriminaJng variables: transverse mass of Higgs 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e/µ

ντ

νe/νµ

vs.  

Define H+ transverse mass 
For single lepton channel, maximize the lepton + pTmiss: 

SituaDon is slightly more complicated in dilepton case 



Charged Higgs: Single Lepton Results 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Signal region 
SM enriched region  
for fi�ng to cross secJon: 
165.1 pb 

Signal region, with addiJonal requirement 
that “transverse mass of W” < 60 GeV 

to enhance charged boson  
decays through τ‐>lνlντ

(‐0.2 to 1) 



Charged Higgs: Dilepton Results 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Signal region 
SM enriched region  
for fi�ng to cross secJon: 
150.4 pb 

(‐0.4 to 1) 



Combined Limits 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Assuming B(H+ → τν) = 1,  
place upper limits on the branching fracJon B(t → bH+) 

In the 90 – 160 GeV range, 
upper limits between 5.2% and 14.1% 

are placed on the B(t → bH+) 

In mmax
h scenario of MSSM 

tan β > 30–56 is excluded for H+ masses 
90 GeV < mH+ < 140 GeV 

Theore9cal Uncertainty Band 
missing one‐loop EW correcJons 
 missing two‐loop QCD correcJons 

uncertainJes related to running b‐quark mass 



Taus at the LHC 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Triggers, Reconstruc9on, Iden9fica9on 

Searches 
Higgs, Z’, W’, 4th generaJon, etc. 

Characteriza9on 
PolarizaJon 



PolarizaJon 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RelaDve cross secDon of  
right‐ and leh‐handed taus 

The ability to access tau polariza9on would give us informa9on regarding 
the resonance that decays to taus 



PolarizaJon 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RelaDve cross secDon of  
right‐ and leh‐handed taus 

The ability to access tau polariza9on would give us informa9on regarding 
the resonance that decays to taus 



How to access PolarizaJon? 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Neutrino has intrinsic parity: its angular momentum vector points  
opposite to its velocity vector, regardless of reference frame. 

Neutrinos are leh‐handed, AnD‐neutrinos are right‐handed 

Angular momentum is conserved ‐> angle between tau decay products 
depends on the handed‐ness of the tau 



PolarizaJon: taus decay in detector 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PolarizaJon: taus decay in detector 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How to access PolarizaJon? 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Neutrino has intrinsic parity: its angular momentum vector points  
opposite to its velocity vector, regardless of reference frame. 

Neutrinos are leh‐handed, AnD‐neutrinos are right‐handed 

Angular momentum is conserved ‐> angle between tau decay products 
depends on the handed‐ness of the tau 

But we don’t know the total 
energy of the tau 



How to access PolarizaJon 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Generator‐Level Study 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PolarizaJon: Next Steps 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This is where I would have shown you results… 

Keep your eyes open for Moriond EW results! 



Conclusions 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The physics moJvaJon for using taus as probes to discover and/or  
understand new phenomena at the LHC is compelling. 

The tools are in place and rapidly improving to maximize the reach of  
the tau physics program. 

In spite of the promise and the progress, we remain in many ways the few,  
the proud, and the crazy.  We are always looking for company! 

The addiDon of polarizaDon to our arsenal of tools is criDcal for the future  
of characterizing new physics at the LHC. 

THANKS very much for the opportunity to talk about taus! 

Watch for results in  
Moriond! 


