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Physics with Taus
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Taus, a short reminder

¢ Tau decay modes

» | eptonical decay modes

1 track
s TV _tTy _tTe (17.4%) only thing different
STV Y, (17.8%)  impact paremeter
» Hadronical decay modes
@ 1 prong
¢ Tov_+1° (11.0%)
¢ ToV tT+ T’ (25.4%) 1 track, impact parameter
¢ TV + T+ T+ (10.8%) shower shape, energy sharing
¢ Tov_+ 7+ 0+ + (1.4%)
¢ Tov_+ K+ X o7’ (1.6%)
@ 3 prong

3 track, impact parameters,

¢ THv_+ 3 o77¢ + X o77Y (15_2%) secondary vertex
shower shape, energy sharing
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Reconstruction of taus

¢ Reconstruction - How to find taus

@ seeding from Calorimeter objects

» Clusters from a sliding window algorithm
» Jets from various jet algorithms
» Topoclusters
@ seeding from Tracker objects
» |solated tracks above p; threshold

@ Different seeds are optimal for different decay modes
¢ ATLAS

o default is Cluster, with p; > 15 GeV

e seeding from isolated tracks with p; > 9 GeV is also used a lot and well
understood

¢ CMS

@ Cone jet algorithm, offline or from the trigger chain
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Calibration

¢ Calibration of taus is based on the calibration of jets -> see also talk of I.Vivarelli
¢ CMS
e E=(a*EC+b*HC)

» EFlow methods developed for jets could also be easily used for taus and have
there potentially an easier environment (not studied yet to my knowledge)

© ATLAS = 0.2:...,....,....,....,....,....,... CMS ™

@ "H1 style method" : cells are S0.18F =

weighted and summed in a cone of =0.16F \'— — . .

AR <04 $o.14f c

s weights depend on the energy L. 12| =

density in the cells ot T—

» idea is that em energy has higher 0.08F T 2 ' ¥ 5

density, hadronic energy has lower 0.06f e =

density 0.04F : E%ﬁ oy gD E

» EFlow method : energy with tracks 0.02F v E{%=200-250 GeV 3

nearby is (nearly) always hadronic 4] SUTUVOUUY PHPY PRUTE IUTIT POPTL POPST PITRTITINE IO
0.20.250.30.350.4 0.450.5 0.55 0.6

energy, the rest is em energy (from

Cone Size
mi—yy)
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Energy flow

@ ATLAS

» EFlow method comparison to "H1 style

method", forZ —» T T

o EFlow improves significantly for low

p; <50 GeV

| Zotu1prong | hist205
Entries 9817
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E eflow /E truth RMS 0.1297
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800 1 ndf 41.78/7
Constant 886.5 + 15.52
Mean 1.014 + 0.001201
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Identification

¢ ldentification — How to tell them apart from jets
@ calorimeter information

@ narrow
@ jsolated
@ mixture of em energy and hadronic energy
@ tracker information
@ one or three isolated tracks
@ good tracks
@ impact parameter
@ three prong: limited invariant mass
@ vertexing
o for three prong decays reconstruction of secondary vertex may be possible
e decay length (distance primary vertex — secondary vertex)

@ combination with multivariate technics
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Tdentification CMS 1

> L L I LR IR B L
! _
- - . _ = 1+ mllﬂ""-“-'_“-'-“-“'
¢ Calorimeter Isolation: P =% . ,E;-2 <. Er § | ...,!gggg,ggg!ﬁ”” /
. D0.8F it a
¢ Tracker Isolation: S y = :u
: . 0.6F" Pl - e oo
¢ search leading track in a cone of AR <R_,, e
around the calorimeter jet axis 0.4 " sl 130150 GoV
© QCD jets, 30-50 GeV
¢ "signal tracks" around leading track, AR < : oo
R, "isolation tracks”, around jet axis AR < R, F *_Qcjes 130:1500e
0 12 14
¢ R, and R depend on the energy of the T-jet Piear GEV
. . T-jet axis
¢ no isolation tracks are allowed . | : N
= i + 4+ T iy
2 - A 1
¢ Impact parameter: N by I -}-T signal cone R
C g = F ¥ ¢ oL
¢ IPsignificance = IP/o s F oF o+ 4 +
. . 08 :_ } + + ._L+ %Ptii%lb() wm
¢ sign tried but found to ¢ &g T mhao
LT TR ,
be not useful ¥ SRR S R &
2 Tt ° 80-110 GeV ¢ &
¢ only useful for 1 prong : 2_150.150 Gev g /4
000 010,205 0.4 0506 0.7 08 709™ '
d ecayS Background efficiency P
— -—
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Identification CMS 2

¢ flight-path

¢ |P not useful for 3 prong — use flight-
path

¢ propability for finding 3 signal tracks
for a 3 prong decay is ~ 63%

¢ reconstruction of secondary vertex for
taus challenging

¢ tau-mass

¢ calculate invariant mass from signal
tracks and EM-Calo only clusters

recommended strategy

¢ use calo and tracker isolation

¢ 1 prong: use IP, 3 prong use flight path

¢ mass cut may be used for both

¢ cuton pT of the leading track may be useful

¢ optimal strategy depends on the channel

Signal efficiency
5 © o o e o o
Lo W 1 D~ 00 O —

e
Do

First cut=0.0 mm

Cut step=0.5 mm

+ 30-50 GeV

v 50-70 GeV

o 80-110 GeV
o 130-150 GeV

0'10 0.1 0.2 0.3 0.4 0.5 0.6

Background efficiency

— T jets

==0Chjets

EYC = 50-70 GeV
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Iden‘rlflca’rlon ATLAS 1

calorimeter variables

o R . :transverse energy weighted radius in the EM calorimter
o AE;*?: transverse energy between AR < 0.2 and AR <0.1

3 Nsmp: Number of cells with E > 200 MeV in the n-strip layer

® E; i suip - transverse energy weighted width calculated only in the n-strip
layer

¢ tracker variables
o N, : number of tracks, p; > 2 GeV, AR (jet axis) < 0.2
@ Charge : sum of charge of tracks (like for N,,)
o E;/p;, : Ratio between calorimeter and tracker energy

@ signed Impactparameter (for 1 prong)
@ secondary vertex (3 prongs)

¢ combine them all with a likelihood method

¢ Variables depend heavily on p; — p; dependant likelihood
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Tdentification ATLAS 2

[ Rvse, for -jets and qcd-jets, MHLIh |

-=-. 15.0<p<28.5

217.5«p;<334.5

== noise + 2 sigma cut
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LLH2004

¢ alternative approach:
¢ seed from good quality, isolated tracks p; > 9 GeV

¢ accept only exactly two nearby tracks with p; > 2 GeV

¢ build EFlow (as shown before)

¢ combine Id variables as before (with narrower cone) and from EFlow using

a multivariate technic (here PDRS)
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Tdentification ATLAS 3

¢ more exclusive reconstruction

¢ PDRS powerful multivariate technic

¢ energy scale from EFlow

¢ good to have two independent methods to cross check

| Discriminant distribulion | sigDisc | Efficiency versus rejection |
"Entries 18060
0051 Mean  0.6998 Ly §
B2 B AMS  0.2171
goasf: glyon
=
0,04 ; IIH .
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0.03 % b g d JJ <
oozl L o
ooz | -1!1 F .
0.015}- A
i IL ‘H} i k
0.005 ;— J Pnfm : N
u - -.'_E_-L.L.. —.....l.r.l.......
0 06 08 1 g % 0.2 0.4 0.6 0.8 1
signal efficlency

N
D
) b
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Conclusions (taus)

¢ Final states including tau-leptons are interesting for standard model
and beyond the standard model physics

¢ hadronically decayed taus can be separated against jets, using tracker
and calorimeter information

¢ reconstruction of candidates is done starting with calorimeter objects or
tracks

¢ energy can be obtained calibrating calorimeter information or with
EFlow technics

¢ with an efficiency of 50% for taus, rejections from ~100-3000 are
possible against QCD-jets, for 20 - 200 GeV tau-jets

¢ CMS provides a series of well studied variables to the user (analysis)
¢ ATLAS provides multivariate discriminants to the user
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ETMiss 1

¢ ETMiss is an important ingredient for many channels, for standard
model studies like top quark production, W but especially for beyond
the standard model studies like search for Supersymmetry, invisible
Higgs, certain types of extra dimensions and so on

¢ Missing transverse energy is based on the 2D (in the transverse plane)
vector sum of certain objects

¢ two extreme approaches
¢ transverse vector sum of all calorimeter cells + detected muons
¢ sums up all electronic and pileup noise too
¢ transverse vector sum of all objects

¢ muons, electrons, jets, b-jets, taus
¢ a lot of energy comes from low E- objects that may not end up in
reconstructed objects

¢ question of calibration is very important
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ETMiss 2

¢ many different contributions to ETMiss resolution

¢ calorimeter resolution

¢ limited calorimeter coverage: |n| <5

¢ electronic noise

¢ pile up energy (in-time and out-of-time)

¢ non compensating calorimeter — e/h

¢ magnetic field (curling particles, particles bend out of coverage)

¢ many of these are of the same order of magnitude — difficult to
improve ETMiss resolution
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ETMiss ATLAS 1

¢ ATLAS persues mainly two strategies
¢ both are based on calo cells + detected muons + cryo correction

¢ method 1 : take all calorimeter cells with |E| > 2 *g(noise of the cell)

¢ method 2 : take only calorimeter cells which belong to a TopoCluster

¢ a TopoCluster is a collection of cells that fullfill certain neighbour
criteria and tries to grab the full 3D shower of single particles

¢ for both methods cells are then calibrated using the same H1 style
calibration as jets and taus (mentioned before)

¢ same weights as for jets (and taus)

¢ the energy lost in the cryostat (between EM and HAD calorimeter) is
estimated for all reconstructed jets and added to ETMiss

¢ cryo correction = cesqrt( E(last EM layer) « E(first HAD layer) )

¢ also an object based calibration is currently under investigation
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ETMiss ATLAS 2

¢ Resolution: METTruth - METReco, SumET = scalar sum(particles/cells)

¢ Eventsample: Z—17
[0 MET _Final from All Calo Cells with |E_, | > 20 ( noise )

-]
EETE TEY
) ) Maan -1.503
[ T 8785
Final EtMiss rpriss am
Creart 5
Resol :.:=.'n:II':Im Gl (TE
Friob a
R Corstant 159 1% 2.4
Maan SLI62 + 0045
ot BOTS £0.041

[0 MET _Final from Calo Cells in TopoClusters (4/2/0)
SumET -- Rec : :‘: Final EtMiss E:E-Iui.:w -;'EE
oy _— Truth ::Iml : Resol a::# Tag ..-I,E
- <> =207 T
<>=226.3 = <>~-1.62
e ] 0~76
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- ETMiss ATLAS 3

¢ ETMiss is calculated from the energy one sees in the calorimeter

¢ — the resolution depends on how much energy is in the calorimeter

¢ — parametrisation as : ex/ymiss resolution = pOsv(SumET)

| Ex(y)Miss Resol vs SumEt

—~ 30
- -
o 5
o pl = 0.48, J2+J3+J4+J5+]6 35< GeV < pT di-jets< 1120 GeV
S 250 p0 = 0.49, AD(300+450+800+800)
E & p0 = 0.55, Z0
" g
$ 2
E |
il 15|
10—
5 - . .
Final Ex(y)miss Resol = p0 * V SumET
u I 1 1 I 1 I 1 I 1 1 1 I [] 1 1 I 1 1 1 I 1 1 1 I 1 1 I I 1 1 1 I 1 I 1 I 1 1
0 200 400 600 800 1000 1200 1400 1600 1800

SumEt (GeV)
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ETMiss CMS 1

¢ ETMiss is calculated from the transverse energy sum of calorimeter cells

¢ cells with a muon track going through have the expected deposit substracted
and the muon energy is added

¢ EM calo cells are used with a photon calibration and HAD calo cells are used
with the hadron calibration

18:||||| |||||||| [TTT T[T T T[T T T T[T T T TTTT SQ:"|""|""|""|"ll|llll||||||||||||||:
16:_ a4 7-:};— !J// B _;
M:_ E ﬁ{n:— ,f'/‘f _:
12:_ _: - /’/”/ ]
E ] . 5{5:_ o _:
% 10:— — % E //»/ E
€ 5 5 " i E
b o F y. :
Jn - ) - e .
- QCD Dijet (black) 2 _ 3
I minimum bias (empty) / QCD Dijet
£ low lumi pileup - Uowlvmiipiioup]
2E; (GeV) SE, (GeV)
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ETMiss CMS 2

¢ Jet corrected MET is calculated as

i C i :
¢ MET_Z recojets ET(Jet J) .Cjet + Z'towers ET(tOWer I) ° Ctower
empty: no jet corr . .
. mean MET | P - MET direction
Z QCD Dijet filled: j&t corr QCD Dijet
- low lumi pileup E . low lumi pileup
; ole ®®*® e e ® o * * " b . — - ° -
B qu) .
mA _10_— 2 o T -5 E 2 ]
gl_u'_ " ° o o g OIS_ o
= o b ® O
v ° E o2 *§ 5
B © - ¢ o
30— — 0.1:— . e = =
—40_ 1 I L1 | I I 0 1 | 11 1 | | 1 1 | 1 1 1
50 100 150 200 250 50 100 150 200 250

EMS® (GeV)

ETs® (GeV)

¢ EFlow strategies are expected to improve the MET resolution and are

under investigation
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ETMiss + Tau

\ inv. mass of tau etmiss system \

My, from true taus, true

etmiss (*0.1)

> C
60'1 8 :_ il M, from reco taus, true etmiss
?.2.0 '16:_ M, . from reco taus, reco etmiss
z0.14:— _
¢ Many analysis use the collinear L ab
approximation (assumption: direction of 3 | ————
tau = direction of tau jet) b
¢ — reconstructed mass (eg H|ggs maSS) 0063—
is composed of tau-jets and ETMiss 0.04-
. . . 0_02:_
¢ ETMiss resolution usually dominates R R
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~ 100
I ATLAS | 5 [=10%mes bbA cm(fm) (h)
5 &) i
Boas & go [PRES correct, —T\N)T
S0sE. bbA_}T(h)T(h) 3 500
E Mean 52%53 = [ GausMean 520.6
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- GausMean 474.4 40 Lo (I _E’>60Gev.
e GausSigma  58.0 - Aby < 175°
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ETMiss Calibration

¢ Z-—t(h)T(l) is one of the potential ETMiss

calibration channels ¢ study made for 10fb-* — not for

¢ very preliminary ATLAS analysis the first months of running

¢ |low background statistics ¢ 10% shift in the ETMiss scale
gives 3% shift in the Z mass
¢ no bb background

¢ cuts not tuned

| lep-had allrec TTmassphi cut | he_TTmasscut0200 [ ZMass vs ETmiss scale
Entries 184 .
siciE Mean 96.12 & 105 i
. RMS 21 & [ | i
= Underflow a e C | %
1200 Overflow 0 § 100 — ! Qb
- ¥2 / ndf 33.87/23 = L ! i
§ - Prob 0.06704 N C | &
000 — Constant 17.66 + 1.98 95 — ; ! &
— Mean 89.98 + 1.39 e | ______E___i__i ____________________________
C 14.04 £ 1.15 - ! ' !
800_ m-;—————————————————————————————1' ————— i ———————————————————————————————————
- | TR e
600 | e & i
- 85— " LI
400 — & H
[ 80— o )
200 C @ " :
- C ] i
ol | | = ey | | | | | |
() 20 40 60 80 100 120 140 160 180 200 06 08 1 12 14

ETmiss scale
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Conclusion (ETMiss)

¢ ETMiss can be a key incridient to many beyond the standard model
searches (e.g. SUSY)

¢ most direct approach is to calculate tranverse vector sum of all
calorimeter cells

¢ these can be calibrated following several strategies
¢ various corrections have to be applied
¢ muons
¢ jet corrections
¢ cryostat corrections
¢ electronic noise and pile-up has to be treated
¢ EFlow technics can be useful and are under investigation
¢ both experiments show comparable ETMiss resolutions
¢ both experiments show comparable inv. mass (with ETMiss) resolutions

ST,
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Z° - 11 - lept-had channel : Tt mass for Signal and Backgrounds with 10fb-1

| lep-had allrec TTmassphi cut | he TTmasscutd200 Applied CUTS :
i Moar, pt(jet) > 25 GeV, |n|<2.5
1200 overien o pt(lep) > 25/20 GeV, |n|<2.5
000 Constant 1766+ 1.98 isEM & Ox7FF) ==0,
w0 Stama _ uag1iias lep isolation: Etcone30<5geV

<>~ 90 1<A@< 2.7 or 3.6<A¢p<b5.3

o~ 14 m.(lept-pTmiss)<50GeV
1-likelihood > 8 (t-eff ~ 30%)
66<rec m <116 GeV

IR NS
[+] 20 40 60 80 100 120 140 160 180 200

[ lep-had allrec TTmassphi cut |

oL Expected in 10fb-1

= ~ 9000 evts with ~20% backgd
o Lowering pt thresholds:

s pt(jet) > 20 GeV, |n|<2.5

; pt(lep) > 15 GeV, |n|<2.5
~ 25000 evts with 30% backg

But more severe cuts necessary to
reduce bb backgd?

pTmiss>20 GeV
m.(lept-pTmiss)<25GeV

40 60 80 100 120 140 160 180 200
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Z° - 11 - lept-had channel : EtMiss Scale
sensitivity of the measured Z° mass to the absolute EtMiss scale

| Z Mass vs ETmiss scale _

= 105 i i
S & plotted errors
@ 100 s correspond to
= = ; ; i . ~ 1000 evts
9] — | |
a5 [ i | b
- , .
R T e e eSS
VYT - S i—————ﬂ' —————————————————————————————
g T [
85| a *
— .
B &
80 .
[ & L
- W
T5 __I 1 I 1 1 1 I | : | i | : | | | | | | 1
0.6 08 | 1 1.2 1.4
ETmiss scale
A variation of +/- 10 % of the EtMiss scale results in a shift
of about 3% of the measured Z° mass
Tau-Leptons, Missing ET 28.02.2006 M. Heldmann &Y 26




EtMiss Performance in 10.0.1 Rome data : Linearity

20

15

10

EtMiss shift / EtMiss Truth % vs EtMiss Truth

EtMiss shift = < MET_Truth(Nonint) — MET_Final >
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Linearity from TopoCluster within 5 %, except for low energy region
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