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Tau lepton identification at D@
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Tau lepton identification at D@

o
The DO detector

Multi purpose detector :
electrons, muons, taus, photons ID, (b-)jets, mET
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Tau lepton identification at D@
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Tau lepton identification at D@

L
Why T at hadron colliders ?

Potential acceptance gain for leptonic final states :
(e,u) = (e, u, ) : single lepton x1.5, dilepton x2.0, trilepton x3.0

@ Electroweak physics : Test of lepton universality with Z — Tt and
W — Tv. cross section measurement.

@ Top quark physics : top quark property measurements in T final
state are sensitive to new physics and test the Standard Model (SM)
consistency.

@ Higgs searches : Many decay chains initiated by Higgs boson
(Electroweak Symmetry breaking origin) involve T leptons and allow
to increase the sensitivity.

@ New physics : Supersymmetric extensions of SM predict new
particles that can decay in T leptons. T final state acts as a probe of
new physics.
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Tau lepton identification at D@

... But experimentally challenging !

Impact of neutrino(s) involved in T decay :
@ Invisible energy : v escapes the detector without interaction.
© Visible decay products are soft : more sensitive to backgrounds from
soft QCD processes.
Impact of various T decay modes :

© leptonic decays (~ 35%) are indistinguishables from e/ leptons
produced in W/Z direct decays which are much more abundant and
suffer from poor stat. (BR(tt — epn) = 6%).

© hadronic decays (~ 65%) :

@ different signatures depending on the hadronic final state.
® Large bkg from direct QCD interactions in hadronic collisions.

© Need to combine several channels.

Hadronically decaying T leptons require sophisticated algorithms to deal
with all these difficulties.
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Tau lepton identification at D@

Overview

©  reconstruction at DO
@ Tracks and calorimeter of T object
e 1 candidate definition
@ Reconstruction efficiencies

© t/jet discrimination
@ Problematics and strategy
o Algorithm performances
@ Further optimizations

© Energy measurement
@ Problematics
@ Strategy : track propagation

@ Absolute correction
@ Relative correction

@ Conclusions and outlooks
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Tau lepton identification at D@
T reconstruction at DO

Overview

©  reconstruction at DO
@ Tracks and calorimeter of T object
e 1 candidate definition
@ Reconstruction efficiencies
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Tau lepton identification at D@

T reconstruction at DO

Tracks and calorimeter of T object
Tracks and calorimeter objects of Tcand

Calorimeter cluster :
found by Simple Cone Algorithm
in a AR < 0.5 cone.

cone direction

Electromagnetic subcluster :

found by Nearest Neighbour
Algorithm with seed in the 3™
EM layer (finer  segmentation).
EEMsubclu 2 800 MeV.

AR = 0.5
Tracks : AR =03 | AR = /A¢2 + An2

All tracks in a AR < 0.3 cone around 1

the cal cluster compatible with T decay n= len( tan(0/2))
(inv. mass cut).

Highest track pr > 1.5 GeV.
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Tau lepton identification at D@

T reconstruction at DO

T candidate definition

Type of T candidate

n=00 02 04 08 038 10 T Ve
calorimeter 88 e q
/
VuVe (
elecromagnetic
calorimeter
tracking BRT
system

We will focus on hadronic decay of T : Tyaq

Reconstruction and D@ T type definition for hadronic decay :

@ DO typel = 1trk, CAL clu ~ 1t o v,
@ DO type2 = 1 trk, CAL clu, EM sub clu ~ % — p*(— n®nT)v,
@ DU type 3 = > 2 trks, CAL clu ~ 1 = af(— 3nt)v.
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Tau lepton identification at D@

T reconstruction at DO

Reconstruction efficiencies

Reconstruction efficiencies

True T (MC) Teand from QCD evts (data)
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¥ § | @
i Set 0.06f |, X3 (b)
IT" T-type 1 E E T-type 2 s 1, T-type 1 s T-type 2
oafe +) o™ + + 0.2
8 } Boar 202
g 5l | Sl E HH
B + roo o b
g | 4] BT I
~t 5 - diepton il HH | f }
+ t > semi-leptonic o I O
TR oS e e B 20 40 60 80 100 120 20 40 60 80 100 120
Tpy tjetvs E, <ljet VSE
@
T s- o o, 0. 0.
§ i o hlww ﬁ"L |" © @
£ N u-\ b ol i i H o i } |
s . H'i : Ww | ‘“ g h WW ” F WWH
N 41 i‘ i | 2 Eis | }
S i Sool 5
_§ N H Eta }‘I’ I & T-type 3 | ‘i“’{ all m-type
S.p | ol - -
R N .o ° N 26266080106 120 20208680106 iz
TP, ©n, all had t <jet VS E <ljet VSE

A large fraction of QCD objects (jets) can pass Tcand reconstruction.
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Tau lepton identification at D@

T/jet discrimination

Overview

© t/jet discrimination
@ Problematics and strategy
o Algorithm performances
@ Further optimizations
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Tau lepton identification at D@

T/jet discrimination

Problematics and strategy

Identification of true t

Sl
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~

Thad = Narrower ]ct with
track multiplicities
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Jets could have the
same experimental
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hadronic T and
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Tau lepton identification at D@

T/jet discrimination

Problematics and strategy

Identification of true t

Jets could have the -
N 600 C V
same experimental e I MCZ Sy

4 signature as
(QCD-Jey) hadronic T and

(Typel) (2
have to be
Thad ~ narrower ]ct with lower )
track ltinliciti removed. ; st
rack multiplicities M (T, )

Ttrue . H

Tfake b

ne E‘m:, B
Er

Neural Network —-

T/jet separation

Several observables having
different shape for true T and jets
are combined in a Neural
Network (NN).
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Tau lepton identification at D@

Problematics and strategy

Discriminating observables

‘Which observables ?
@ Isolation in the tracking system
@ Isolation in the calorimeter
@ Shower shape variables

@ Correlations between tracks and calorimeter objects

Example of input variables and their physical meaning :

T T T T T
Lt e Aatans s p
[nanas} T T T T T T T [ small shower big shower 3
0,06 spread energy narrow energ, 012 p::;ﬁgz‘nly p“"‘iec‘:;’:'nl 014 e —— 29 showel,
deposit deposit
0.05F o1
Depending of energy
B raction taken by neutra)
0.04F 0.08F and charged particles.
—
00sf- 006[-Charged particle don't
Ileave energy in the cal
0.02f 004
001f- 002

13 b 04 ' 01 I8 ) [ [
lead Tower second lead Tower
ET + EY

o
Er E

[ R 5 ap2 i an
[ [ i > FT( 7+ Ang)

cell,
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Tau lepton identification at D@
T/jet discrimination

Algorithm performances

/ — TT events

Data in pt final state :

DY Run Il Preliminary
NN 1&2 —~ OS data
ZttMC

M ss data

0S = leptons of Opposite Sign
SS = leptons of Same Sign (QCD bkg estimation)

Efficiencies (%)
20 < E} < 40 GeV, |n7| < 2.5

T-type 1 2 3 all
jets 2 12 38 52
1
NN > 0.9 DO Run Il Preliminary

NN 3

pr(p) > 12 GeV
pr(t) > 10 GeV

|¢u7 ¢’T| > 27

jets 0.06 0.24 0.80 | 1.1

0.5
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Tau lepton identification at D@
T/jet discrimination

Algorithm performances

W — 1v events

Context of search for new physics :
e.g. search for squark production in T + 2jets+mET events.
W — tv = SM background

> 24 ;
8 =f (d) DO, 0.96 fb"
. . o 205 I,_'_:Data
Main event selection * sf iiiﬁvli'ivuvmets
N 16F EZ(— vv)+jets
o mET> 75 GeV T b [T
: S
. [ —> +jets
° pT()l) > 35 GeV w ::f -slngle-to:)
8t
@ pr(T) > 35 GeV o
. 4F
° AR(]i)T) > 0.5 ok
0

M,(tau cand., E;) (GeV)
@ﬁys. Lett. B 680, 24-33 (2009)
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Tau lepton identification at D@

T/jet discrimination

Further optimizations

Overview

©  reconstruction at DO

© t/jet discrimination

@ Further optimizations

© Energy measurement

@ Conclusions and outlooks
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Tau lepton identification at D@

T/jet discrimination

Further optimizations

Optimization strategy

General point of view : Neural Network output nNN()z) converges to

S(X)

true )2’ = - _
S SR

R
where X = (x1,%2,...,xn) describes the discriminating variables space.
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Tau lepton identification at D@

T/jet discrimination

Further optimizations

Optimization strategy

General point of view : Neural Network output nNN()z) converges to

S(X)

true )2’ = - _
S SR

R
where X = (x1,%2,...,xn) describes the discriminating variables space.

In the 1 identification context :
A lot of ideas were tested to optimize the identification of T leptons :

Include preshower detector measurement X

improve n““()? )
Exploit the long T life time (like for b-jets) v

(]

(]

@ Tune NN parameters (epoch, nodes, statistics) v
@ Dedicated training for T of high pt v m%\ijnin;itziﬂ
(]

Dedicated training for high luminosity events X
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Tau lepton identification at D@

T/jet discrimination

Further optimizations

Optimization strategy

General point of view : Neural Network output nNN()z) converges to

S(X)

true )2’ = - _
S SR

R
where X = (x1,%2,...,xn) describes the discriminating variables space.

In the 1 identification context :
A lot of ideas were tested to optimize the identification of T leptons :

Include preshower detector measurement X

improve n““()? )
Exploit the long T life time (like for b-jets) v/

(]

(]

@ Tune NN parameters (epoch, nodes, statistics) v
@ Dedicated training for T of high pt v m%\ijnin;itziﬂ
(]

Dedicated training for high luminosity events X
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Tau lepton identification at D@

T/jet discrimination

Further optimizations

Central PreShower (CPS) for type 2

Physical idea. Exploit specific resonance \ Calorimeter J
Scintillting —> [ ]
of T type 2 decay : T — ptv o wtnly. w2l =
Use Central PreShower detector with fine P e Pbgﬂtral
. reShower
segmentation : Abcps >~ 0.1 X Adcalo Lo - — e
i U 1 EM particles
T Clearance _y © = ]
0 :
CPS cluster ~ 7T, trk ~ 7t f Calorimeter \

(Not to Scale)
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Tau lepton identification at D@

T/jet discrimination

Further optimizations

Central PreShower (CPS) for type 2

Physical idea. Exploit specific resonance \ Calorimeter J
Scintillting —> [ ]
of T type 2 decay : T — ptv o wtnly. w2l =
Use Central PreShower detector with fine p e P [ Cenval
. reShower
segmentation : Abcps >~ 0.1 X Adcalo vt — e
[ U 1 EM particles
T Clearance _y © = ]
0 :
CPS cluster ~ 7T, trk ~ 7t ‘ f Calorimeter \

(Not to Scale)

TtYLLG
Tfake
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Tau lepton identification at D@

T/jet discrimination

Further optimizations

Central PreShower (CPS) for type 2

Physical idea. Exploit specific resonance \ Calorimeter J
Scintillting —> [ ]
of T type 2 decay : T — ptv o wtnly. w2l =
Use Central PreShower detector with fine P e Pbgﬂtral
. reShower
segmentation : Abcps >~ 0.1 X Adcalo Lo — e
[ U 1 EM particles
T Clearance _y © = ]
0 :
CPS cluster ~ 7T, trk ~ 7t f Calorimeter \

(Not to Scale)

After adding these variables in
the NN No significant
improvement was observed.

Reason : these informations
were already included via calo-
rimeter measurement.
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Tau lepton identification at D@

Further optimizations

T is a long lived particle

Displaced
k:

Vertex

/ impact parameter

Primary for one track

Vertex

Use impact parameter to remove
jets faking T more efficiently.
(large cTiife = large do)

Romain Madar (C
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Tau lepton identification at D@

T/jet discrimination

Further optimizations

T is a long lived particle

Displaced

0.065 B Ttrue f
5 Tfake E
Secondary 0051 | .
Vertex 004 Combination of all

tracks impact parameter

3
3

Primary
Vertex

Use impact parameter to remove
jets faking T more efficiently.
(large cTiife = large do)
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Tau lepton identification at D@

T/jet discrimination

Further optimizations

T is a long lived particle

Displaced

Vertex

d impact parameter
~UYo

Primary for one track

Vertex

Use impact parameter to remove
jets faking T more efficiently.
(large cTiife = large do)

Romain Madar (

m Ttrue
Tfake
Combination of all
| tracks impact parameter

=
=Y
2
T

After adding these variables in the NN
clear improvement
was observed :
~ 10% more signal for the same bkg
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Tau lepton identification at D@

T/jet discrimination

Further optimizations

Impact of optimizations

Consequences of optimizations : comparison of S/B(pJ°*"d) after a cut
© on NN[whitout opt.| (old NN)
© on NN[with opt.] (new NN)
© ratio of new/old
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Tau lepton identification at D@

T/jet discrimination
Further optimizations

Impact of optimizations

Consequences of optimizations : comparison of S/B(pJ°*"d) after a cut
© on NN|whitout opt.] (old NN)
© on NN[with opt.] (new NN)
© ratio of new/old
@ T ey |(S/B), e
» 1 type all 3
v r Type all B S/B 3
1o —e— Aftercutonold NN | ( )"1‘1 3
14 —*— Aftercutonnew NN | 3 1.6 ‘ -
12 = 3 | E
10 E 3 Jrﬂ» E
s E i E
L i 0.8; E
6 E 0.6F E
4 E E 3
e SR E
05204050 50100 120140 160 180 300 VI (R PR T (R T g
p,[had] (GeV/c) p,[had] (GeV/c)

Optimizations bring ~ 15% improvement on N(T¢rue)/N(Ttake) ratio

Romain Madar (CEA /Irfu Tau Lepton Workshop - 09/16/2010 22 / 34



Tau lepton identification at D@

Energy measurement

Overview

e Energy measurement
@ Problematics

@ Strategy : track propagation
@ Absolute correction
@ Relative correction
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Tau lepton identification at D@

Energy measurement

Problematics

Why the E; measurement is tricky ?

Challenges of T energy calibration from Z — 17 :
@ Z peak suffers from escaping v’s energy : broad and shifted,

@ low statistics because of BR:_x : 0(103) vs 0(10%) for Z — ee.
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Tau lepton identification at D@

Energy measurement

Problematics

Why the E; measurement is tricky ?

Challenges of T energy calibration from Z — 17 :
@ Z peak suffers from escaping v’s energy : broad and shifted,

@ low statistics because of BR:_x : 0(103) vs 0(10%) for Z — ee.

Alternative approach :

true meas meas
EMUC = ROENS™ 4 ReEL

But :
1. calo not compensated : R # R,
2. Can't separate the two showers

nmeas — meas meas
Eres = ERges 4 e

is the only measured
observable

1. Etrue — f(E““‘”‘\]
2. minimize o(E")
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Tau lepton identification at D@

Energy measurement

Problematics

Why the E; measurement is tricky ?

Challenges of T energy calibration from Z — 17 :
@ Z peak suffers from escaping v’s energy : broad and shifted,

@ low statistics because of BR:_x : 0(103) vs 0(10%) for Z — ee.

Alternative approach :

tr as as Energy scale
E rue — ReE,I;Tlofl\ + RﬂE,l;[l:(E‘lS gy .
But : @ R, = Z — ee calib
1. calo not compensated : R, 76 Rx
2. Can't separate the two showers @ Ry =7

@ how to use R¢, R ?
Flneas = pmeas | pueas
=B g
7T Vis

is the only measured Energy resolution
observable
@ tracker?
1. Elrue — f(Emess) @ calorimeter ?
2. minimize o(E™M") @ both?
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Tau lepton identification at D@

Energy measurement

Strategy : track propagation

Overview

©  reconstruction at DO

© t/jet discrimination

© Energy measurement

@ Strategy : track propagation
@ Absolute correction
@ Relative correction

@ Conclusions and outlooks
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Tau lepton identification at D@

Energy measurement

Strategy : track propagation

Absolute correction

Strategy : measure the m* with the tracker and 7° with the calorimeter.
To avoid double counting, the average calorimeter nt

£, .
energy (ESy ) is
substracted (for type 2 and 3) :

Ecorr = Etrk + Ecal - <R?Tata/mc(Etl‘k)n)>' Etrk

(E7E)

cal

Romain Madar (CEA /Irfu/SPP)
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Tau lepton identification at D@

y measurement

Strategy : track propagation

Absolute correction

Strategy : measure the ™ with the tracker and 7° with the calorimeter.

+

+
To avoid double counting, the average calorimeter " energy (EZ,| ) is

substracted (for type 2 and 3) :

Ecorr = Etrk + Ecal - <R?Tata/mc(Etl‘k)n)>' Etrk

T[j:>

cal

(E

0w
5 g AFTER CORRECTION 0
o = 0
35 (8} F
- 0
30 F
25 :_ 0
20 0
15 "
S A 10
20 - MC 5 °
Bt it Lol
20 40 60 80 100 120 140 160 180 200 q 20 40 60 80 100 120 140 160 180 200
Etrue Etrue

Comment : for type 1 (one track and one Cal Clu) & particle flow
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Tau lepton identification at D@
Energy measurement

Strategy : track propagation

o(pp — Z — T1) measurement

UThad final state using this energy correction method :

3 [ DG, 11" 08 Data
100 ‘ 7o' aso CDF and D@ Runll Preliminary
2 [ . Other EW+it N NNLO MRST2004
8 -
H T o 300~ PP o Z+X - lI+X }
w [ 2 L
I Il 255 Data = &
60? £ 250
' ; & [
[ prp) > 12 GeV 2 N
40 pr(t) > 10 GeV &4200
- |¢“ B ¢)T‘ >27 mDO(e) e DO(u)
I Runll o COF)

N L e

150 CCDF(e) A CDF(x)
Runi  WDO(e) e DO()
2= A OCDF(e) O CDF(n)
q) 50 100 150 200 250 102 1.75 18 185 19 195 2 2.05
Visible Mass [GeV] ) p - . y . }

Center of Mass Energy (TeV)

M = (pT+pH+mET)?

vis

Phys. Lett. B 670, 292 (2009)
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Tau lepton identification at D@

Energy measurement

Strategy : track propagation

Relative correction

Motivation : the in situ measurement of R, for data in hadronic

environment is difficult (requiring isolated pions). Track energy propagation
can be done differently.

Romain Madar (CEA /Irfu
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Tau lepton identification at D@

Energy measurement

Strategy : track propagation

Relative correction

Motivation : the in situ measurement of R, for data in hadronic
environment is difficult (requiring isolated pions). Track energy propagation
can be done differently.

Correction method :
Use the track energy as reference to correct simulation event by event :

<E> _ (E> « {E/P)dutaizs o)
P MCcorr P MC <E/p>MC

sage | EICaI0] /P,

] 220

200;

180

160 7z

140-

12
ection

8

E[Calo] /P

TrriTrr T
Ll

with 20¢
Y E/p = EcaIO/ptrk 15

@ (E/p) = average value.

60
40
20

type 3

Ll
<
£
<

TrerpreTT

I
E[Calo] /P,

45
E[Calo] /P,
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Tau lepton identification at D@

Energy measurement

Strategy : track propagation

Higgs searches

Higgs searches using this energy correction method :

SUSY neutral Higgs ¢ SM Higgs
PP — bd — TTb pp — W(— tv)H(— bb)
D2 Runll prelim. L =431~ 3 Signal sample (pre-blag)
= — ;ni Tig‘:’(ﬂets g F Dg preliminary (4.0 o)
E D seol- — Dala
3 Allt, types — 225"; i i .
F F ji . Z+jetsil )
e —F PR PT 220GV S
40; diboson r * p% > 12 GeV =i
g p}r > 15 G(‘v-%HmasmOGev 150;$ _]_-:l: AR(ji,T) 2 05 — Hx500 (115 GeV)
%F PE > 15 GeV E mET> 15 GeV
20 mr(p, mET) < 100 GeV 1002 +
10 soF- :F+*+
E L T o d F T
00 50 2 250 (300 3 20 _40 60 80 100 120 140 160 180 200
M, [GeV/cT] Tau Pt (GeV)
D preliminary

See next talk by Tammy on Higgs boson searches in T final state at DO
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Tau lepton identification at D@

Conclusions and outlooks

Conclusions and outlooks

Tau identification in hadronic environment requires sophisticated
algorithms.

Promising improvements at DO using additional T properties and
kinematic dependences.

In spite of experimental challenges, T are well understood and allow to

@ test SM consistency at high energy
@ search for new phenomena

@ search for the origin of electroweak symmetry breaking

next talk by Tammy
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Tau lepton identification at D@

Conclusions and outlooks

BACKUP SLIDES
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Tau lepton identification at D@

Conclusions and outlooks

Minimal Supersymmetric SM and T’s

MSSM extension :

o q7 g7 . s
. cascade decays can end with T’s
@ weak gauginos, ...

Higgs sector of MSSM After SU(2)r x U(1)y symmetry breaking :

@ 3 neutral Higgs fields ¢ = (H°, h, A),
© 2 charged Higgs fields HT H™.

For the neutral Higgs search :

@ ¢ decays in Tt (10%) and bb (90%)
T o _
>BLP'< ¢ N,e@ but bb final state : multijet bkg

33383338

1222222223

‘ Sensitive process : pp — ¢ — TT‘
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Tau lepton identification at D@

Conclusions and outlooks

MSSM charged Higgs

Charged higgs bosons via tt events

M, =80 GeV
210° F
: | D@, L=1.0 fb'
2 | B(H" — tv)=1
¢ Data
100 b — ttBr(t > HD)=0.0
- tt Br(t - H'b)=0.3
— tt Br(t = H'b)=0.6
background
o T . X
b &
T
10

l+jets 1tag l+jets 2tag dilepton @

Romain Madar (CEA /Irfu/SPP)

Tau Lepton Workshop - 09/16/2010 33 /34



Tau lepton identification at D@

Conclusions and outlooks

R, measurement in data

Strategy : fit an improved MC in a restricted region where R,
is measured in data. Trust MC for extrapolation.

=
N
T T T

Ch pion resp
=Y

0.9
essscesd
0.8 ii‘}'l‘ soener? .e Ui
: 86
: SE“* 060000000 000000000
0.7t 8 00000
r 02 -
0.6 % Improved MC = : N
E’: Usual MC - tm[l
0.5:. @' i
0 S N P S S
.4 5 10 15 20 . = L ]
pT
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