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T lepton identification at D@
Motivations

Motivations

SUSY SM extention
® 4,0,

. 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 ¢ = (HO h, A),
© 2 charged Higgs fields H* , H™.

For the neutral Higgs search :

@ ¢ decays in Tt (10%) and bb (90%)
T o _
>Bﬁb_< ¢ N, e but bb final state : multijet bkg

33383338

1222222223 bl —

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

T lepton properties & reconstruction

The T lepton and its reconstruction

Physical properties : m. = 1.78 GeV, cTife = 87 um
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tracking BRT

system

We will focus on hadronic decay of T : Thaq J

Reconstruction and D@ 1 type definition for hadronic decay :
@ DO type 1 = 1 trk, HAD deposit ~ 1t o v,
@ DO type 2 = 1 trk, EM and HAD deposit ~ ™ — p*(— 77t v,
@ DO type 3 = at least 2 trks, HAD deposit ~ 1% — af(— nrnFnt)v,
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T lepton identification at D@

anding of Th,q object

Thaa/jet discrimination

Identification of true t

HAD Jets could have the = ‘
] arméf MCW v

same experimental

Track . s00- MCZ-pp
4 signatures as a0~ MMCZorr
Typel) @) @cp-Jey  hadronic T and an>
need to be o
Thad ~ narrower ]ct with lower o )
track ltinlict; removed. % L ST
rack multiplicties M (T, )
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T lepton identification at D@

Understanding of Ty g

Thaa/jet discrimination

Identification of true t

H?

Jets could have the g

same experimental ™=
Track . b 500= [IMCZ—pp
signatures as o B MCZ e

_ hadronic T and a0z

(Typel) (2 (QCD-Jet) " .
need to be "
Thad ~ narrower ]ct with lower oot ~
track ltinlict; removed. % s
rack multiplicties M (T, )

Ttrue
Tfake

~ 12 discrimating observables Trake True

@ track isolation,

R
Er
Neural Network —-

@ calo isolation,

@ shower shape,

@ trk-cal correlations.
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T lepton identification at D@

Understanding of Tp,q object

T energy calibration

E. calibration : “E/p correction”

Known effect

The calorimeter response is slightly different in the simulation and in data.
Tmeasured = {y,ni} energy needs a relative correction.

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

<E> _ (E) « {E/Pdataizree)
p MCcorr p MC <E/p>MC

e L e
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T lepton identification at D@

tion improvements

Overview

@ Identification improvements
o New discriminating observables
@ Multivariate analysis optimization
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T lepton identification at D@

tion improvements

New discriminating observables

Central PreShower (CPS) for type 2

Calorimeter J

Physical idea. Exploit specific resonance \

+ 0 scinillating — [
=

of T type 2 decay : 1% — ptv o wtnly. e

Use Central PreShower detector with fine

D \Central
* PreShower

segmentation : Abcps ~ 0.1 X Adcalo Lo i
i U 1 EM particles
Clearance _ © x ]
CPS cluster ~ 7'[0 ) trk ~ 7Ti f Calorimeter \

(Not to Scale)
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T lepton identification at D@

tion improvements

New discriminating observables

Central PreShower (CPS) for type 2

Physical idea. Exploit specific resonance \ Calorimeter J

of T type 2 decay : 15 — p*v — v, =N

Use Central PreShower detector with fine p e P F;r\ggﬂgxlez i
segmentation : Abcps >~ 0.1 X Adcalo o e

= | EMparticks

]
v

Clearance _,

CPScluster ~ 7‘[0 5 trk ~ 7Ti ‘ f Calorimeter \

(Not to Scale)
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b g oo without CPS
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TtYLLG
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No significant
improvement
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T lepton identification at D@

tion improvements

New discriminating observables

T is a long lived particle

Displaced
cks

Secondary
Vertex

impact parameter

Primary for one track

Vertex

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

tion improvements

New discriminating observables

T is a long lived particle

_ Ttrue

Tfake

Dls(':)ll(asced 0.04 Combination of all

ol tracks impact paramete

Secondary
Vertex

impact parameter f( d(t;k‘)
Primary for one track

Vertex

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

New discriminating observables

T is a long lived particle

Displaced

ks o4 Combination of all

tracks impact parameter

Secondary
Vertex

impact parameter

Primary for one track
Vertex . — Efficiency VS Rejection
E ﬂ.97
05 Neural Network
det £ performance (DO type 3)
: é ~10% |
Use impact parameter to remove <t rore sone
jets faklng T more eﬂﬁciently. o5 without impact parameter info
1 1 d “: with impact parameter info
( arge CTiife = large 0) T e I

1
Rejection

Clear improvement in performance!
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T lepton identification at D@

Identification improvements

Multivariate analysis optimization

Multivariate analysis optimization

Change training sample from current D@ NN : add Tcana of low pr,
larger training sample,
Ttrue/Trake differences

More epochs
P ’ described in more details

More nodes.

E T ‘ ‘ j Efficiency VS Rejection
09—

Efficiency

0.8

~10% more signal

o.7; é
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T lepton identification at D@

Conclusions and outlooks

Overview

© Conclusions and outlooks
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T lepton identification at D@

Conclusions and outlooks

Conclusions & outlooks

General :

@ T lepton is a key object to probe new physics as well as SM
physics, (see Kathy and Melvin’s talks).

@ Understand these objects is an experimental challenge.

Last results for the D@ experiment :
@ Use Central PreShower : no significant improvement,
@ Use the decay length information : ~ 10% improvement.

@ Optimize Multivariate analysis : ~ 10% improvement.

Future plans :

@ Large contamination of electrons : finer segmentation of
PreShower could provide strong discriminant.
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T lepton identification at D@

Conclusions and outlooks

BACKUP SLIDES
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T lepton identification at D@

Conclusions and outlooks

DO detector

Multi purpose detector:
W id, EM id, jets, taus, Fr, b-jets tagging

[ Central Preshower | Central Fiber
L Detector (CPD) ‘ Tracker (CFT)
- ri

Forward Preshower
Detector (FPIX)

Silicon Micro
Tracker [SHT.I.'].
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T 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 @
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T lepton identification at D@

Conclusions and outlooks

Identification efficiency correction

Problem : ID efficiency (emp = M) is better in MC than in data.

NlTtruel

Solution : Measure ID eff in data and correct the simulation :
@ Build a pure T data sample S = Data — )_; Bkgi & ZTTdata,

. N
© All 1 from S is assumed to be a true 7 : efiat® = %,
o

© Correct the simulation to have Nyiccorr [TNN>cut] = Ndata [ TNN>cut] :

e
NMCcorr [TNN>cut} = TMC X NMC[TNN>cut}
€D
%) 1_1;,—,—4 NN out data_| T — -
& = E E
g 4 ‘\“gmsE Type 2 3
£ 08 H = 3 1‘; B e s A R
3 [ DATAwQCD1 g oss g
“ DATA w QCD2 ;.; 09E" 7 i
0.4 Q 085 A ¢
note : QCD bkg is estimated 4 ? 08k DATA w QCD1
02 form data: 2 different E DATA w QCD2
] 075F- : B
; methods are tested here ] E ; ; 1§ ; ; E
B304 05 os o7 08 oe 083 o405 06 07 08 09
NN cut NN cut

Romain Madar (CEA /Irfu/SPP) APS Meeting - 02/15/2010 16 / 16



