
A. Nikitenko Imperial College, UK / ITEP Moscow

Tau Trigger optimization

Algorithms and performance of Lvl-1

WORKSHOP ON  b / tau PHYSICS AT THE LHC, HIP, Helsinki, 3.05-1.06.2002

in CMS. Calorimeter.

and Lvl-2 Calorimeter Tau triggers for

SUSY A0/H0 -> 2 τ ->2 τ-jet,  e/µ + τ-jet,

SUSY H+->τν -> τ-jet,  MA/H > 200 GeV

Higgs channels with τ-jets in the final

state :



....

What was a problem for taus from Higgs with
a “normal” Lvl-1 Jet triggers ?



MA = 200 GeV

MA = 500 GeV

Lvl-1 Jet and di-Jet thresholds at ~ 2 kHz for L=2x1033cm-2s-1  ~ 120 and 90 GeV

are too high for SUSY A0/H0->2τ-jet of MH  = 200 - 300 GeV

Lvl-1 Tau trigger has been adopted in CMS to enhance efficiency of low ET
τ -jets , therefore to increase trigger efficiency for A0/H0 -> 2τ channels
with hadronic tau decays for not too heavy MSSM Higgses
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First version of Lvl-1 Tau algorithm

in new CMS Jet trigger design  (March 2000)



Efficiency for A/H->2τ->2J , M=200 GeV was
increased by factor ~ 2 (from 0.30 to 0.64) in
comparizon with old CMS Jet triggers at the
same rate ~ 4-5 kHz, BUT efficiency of

Lvl-1 Tau id went down with increasing of ET tau jet
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The current version of Lvl-1 Tau algorithm
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Rates Lvl-1 Jets & Taus with new Tau algo.

Lvl-1 Jets/Taus are calibrated on MC “generic” qcd jets.
Energy corrections depend on ET and η  of  Lvl-1 Jet
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L1 Tau 0.087

η =3.0

η =1.93

last L1 Tau jet

1.392

trigger
works

|η| < 2,

since we use tracker |η| <2.4

η =2.322

for tau id at High Level Trg.

up to

L1 Jet/Tau window ∆η = 12 x 0.087

A0/H0->2τ->2j
MH = 200, 500 GeV
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Optimization of the Lvl-1 Tau thresholds for

A0 / H0-> 2τ -> 2jet and H+-> τν -> jet

A. Nikitenko, R. Kinnunen
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Optimization of the Lvl-1 individual and combined
triggers and thresholds for A/H->2τ->lepton+jet (I)
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Optimization of the Lvl-1 individual and combined
triggers and thresholds for A/H->2τ->lepton+jet (II)
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After Lvl-1 we use at High Level Trigger tau jet
selection with :

❑ ECAL - narrow cluster from τ jet (this talk)
❑ pixels and regional tracking - isolation (G. Bagliesi talk)

we tried several variables to quantify a local energy deposit in the ECAL

Pisol found to be the best
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Tau id at High Level Trigger using ECAL data
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QCD rate supression v.s. A/H->2tau-jet efficiency

with Lvl-2 Tau Calo trigger for events passed Lvl-1

L=1034cm-2s-1

1T or 2T trigger :

L=2x1033cm-2s-1

Present working point for L=2x1033cm-2s-1 is ε(qcd) = 0.2, ε(H) = 0.80

orca4 orca5
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Effect of L2 Calo Tau preselection on efficiency of

pixel isolation at HLT for QCD and A/H->2tau-jet :

L2 Calo Tau trigger affects qcd jet selections with

Pxl (Trk) isolation



We consider possibility to use L2 Tau Calo

trigger for A0/H0-> 2τ-jet channel. The
following HLT paths are under study :

τjet1

τjet2

τjet1

τjet2

Tau Calo + (Pxl or Trk) Pxl or Trk

Pxl or Trk Pxl or Trk

In these paths we use L1 Taus as a pointers for
two L2 Calo Jets to be analysed at HLT .

where Pxl - isolation with pixel lines, Trk - isolation with tracks

What is “efficiency” and “purity” of L1 Tau Jets ?
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matching of MC tau with
1-st L1 Tau Jet

good matching !

matching of MC tau with
2-nd L1 Tau Jet

bad matching. it spoiles
efficiency at Lvl-2 Pxl
How to search for 2-nd tau ?

Problem with “purity” of  2-nd L2 Tau jet
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L1 Central Jets

1
2

3
4

1
2

3
4

L1 Tau Jets

19 %

78 %

where are 1-st
and 2-nd τ jets ?

❑ 2-nd L1 Tau doesn’t exist in 15 %, τ jet2  is triggerd as 1-st Central Jet  in 94 %

❑ 2-nd L1 Tau exists in 85 %, τ jet2  is triggerd as 1-st L1 Tau Jet in 78 %
τ jet2  is triggerd as 1-st L1 Central Jet in 19 %

❑ τ jet1  is triggerd as 1-st Tau jet in 98 %

H -> τ1τ2 ->2j
gg->bbA(H),

98 %

τjet1

τjet2
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How it is solved

if ET of 2-nd Lvl-2 Calo Jet is small or
jet doesn’t exist, take jet matched with
1-st L1 Central Jet.
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search for Lvl-2 Tau jets with
Lvl-1 output

MH=500 GeV

L=2x1033cm-2s-1

MH=200 GeV

L=2x1033cm-2s-1

matching with 1-st Lvl-1 Tau Jet       0.98       0.99

no 2-nd Tau Jet in the Lvl-1 Tau jet list       0.15       0.12

matching with 2-nd Lvl-1 Tau Jet       0.78       0.86

matching with 2-nd Lvl-1 Tau Candidate       0.90       0.92

1-st L2 Tau Jet Candidate - L2 jet matched with 1-st L1 Tau Jet

2-nd L2 Tau jet candidate -

a) if ET of 2-nd L2 Calo Jet > ET
cut  - take this jet

b) if ET of 2-nd L2 Calo Jet < ET
cut  - take L2 jet matched with 1-st L1 Central Jet

definition of L2 Calo Jet : 1-st / 2-nd L2 Calo Jet  is L2 jet matched with 1-st / 2-nd L1 Tau Jet

ET
cut  = 35 GeV  used for orca5, L=2x1033cm-2s-1

Search for two Lvl-2 Tau Jet candidates with L1 output
in gg->bbH, H->2τ-jet events passed Lvl-1  T or 2T trigger

How to find Lvl-2 Tau jet candidates :

orca5
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“Purity” of two Lvl-2 Calo Jets in A/H->2τ-jets
is good enough to provide almost the same
Pxl isolation efficiency for both jets

MH = 200 GeV MH = 500 GeV

orca5
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we don’t plan to use L2 Calo Tau for H+-> τ-jet

A. Nikitenko, R. Kinnunen

after MET trigger at L2 we plan to use for H+-> τ-jet  tracker isolation
with regional tracking (see in talk of G. Bagliesi)
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~ 30 ms now

CPU performance for global and regional jet
finding at High Level Trigger



Conclusion
❑ Lvl-1 Tau trigger is a vital element of CMS Lvl-1

Jet trigger design in the search for A0/H0->2τ

❑ Lvl-2 Tau Calo trigger using ECAL data only can
be used at an early stage of HLT for A0/H0->2τ

❑ optimization of the best trigger paths for SUSY
A0/H0 and H+ with tau jets are on the way.
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where is τ jet in events passed e&T trigger ?

gg->bbA(H), H -> τ1τ2 -> e + j Olivier van der Aa

a) 43 % collinear events: 1-st L1 e/γ = 1-st L1 Tau

τ jet  is triggered by 1-st L1 e / γ in 15 %

1T

b) 56 % not collinear events:

τ jet  is triggered by 2-nd L1 Tau in 56 %

τ jet  is triggered by 1-st L1 centr. Jet in 22 %

τjet

1-st L1 e/γ != 1-st L1 Tau

2T
3T

4T

1cJ
2cJ

3cJ
4cJ

15 %

56 %

22%

τ jet  is triggered by 1-st L1 Tau in 94 %

1e/γ
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in H+->τν τ -jet is triggered by 1-st L1 Tau in 85 %
R. Kinnunen

M. Konecki

in H->ττ -> µ+j, τ-jet is triggered by 1-st L1 Tau in 93 %
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