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The ATLAS Detector at CERN’s LHC

- Tracking detectors for momentum and
- charge (and %ﬁhe Q&%‘Of the TRT). part
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o Trlgger and Data Acquisition
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The ATLAS Detector at CERN’s LHC

- Tracking detectors

- Sampling Calorimeters for energy deposits
with fine granularity for shape discrimination

- Trigger and Data Acquisition
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Calorimeters
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The ATLAS Detector at CERN’s LHC

Trigger and Data Acquisition capable of

handling 40 MHz interaction rate and writing

out eve;_nt% a%ga_te;o#@(mo Hz)
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Using Impact Parameter
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Tau Reconstruction

Track Seed Calorimeter Seed
Seed Track py > 6 GeV Anti-Kt jet (D=0.4)
Track Quality Cuts > 10 GeV

\/

Merged Seed
Seed Track and Seed Jet:

AR = /(An)? + (Ad)? < 0.2
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Tau ldentification Variables ()

* Mejyster
= Invariant Mass from associated topoclusters

* Mypacks
= Invariant Mass of track system
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Tau ldentification Variables (ll)

AR;<0.2
o Rt R . Z,‘ - PT,iARi
rack : track = T AR<0.2
- pr weighted track width 2 PT.i

* Fiag
s Lead track p; divided by total tau p;

x10° x10°
ATLAS Preliminary = Integrated Lumlnosny 244nb" 3 800 - ATLAS Preliminary ' Integrated Luminosity 244 no™ =
800 @ Data 20106 =7TeV) — - @ Data 20106\1‘ 7TeV) 3
JPythia OC Jets (DW) E 700E- 3 Pythia QCD Jefs (OW) =
700 CPythiaZ = CJPythia E

Number of t© candidates / 0.01
Number of T candidates / 0.05
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Tau ldentification Variables (lll)
Z'AR’(OA E¥M A Ri
° REM Rem = ZARi<O.4 EEM
= Transverse energy weighted width ' T

€2
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Tau ldentification Variables (V)

* 1M
= Fraction of energy deposited in the
electromagnetic calorimeter fR‘O"‘ EZV

- “{” runs over cells in EM Cal ~ /EM = y 4ki<04 pGCW
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2010 Tau ldentification

Cut-Based
Likelihood

Boosted Decision Tree
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Tau Identification: Cut-Based
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 Use three fairly o A B
uncorrelated variables T e
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» Three levels b et
= Loose: 60% efficiency S 88 0

P, [GeV]

s Medium: 50% efficiency 1z

= Tight: 30 % efficiency Tt = s

0.8_ :‘*‘f‘:—#—i : __
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loose | 32+02)x 10" 34x107 b T ;
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Tau ldentification: Log Likelihood

» Uses six of the seven variables:

" Mejysters Miracks Rtrack? ftrk,1> REM? fEM
- F. . was not used due to its high correlation with

core .
the other variables
- Training done in six p bins L

1000— ATLAS Prellmmary Integrated Luminosity 244 nb’* ]
B ® Data 2010 (\s =7 TeV)
Spythia QCDJt s (DW)
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Tau ldentification: Boosted Decision

Tree
» Uses all seven ID variables:

" Mejysters Miracks Rtrack? ftrk,1> REM? fcore> fEM

x10°
_lll]flllTﬁ‘llTl'llIIIITTIIIIIIIIIT.TTI.TTIIIII1 IIIIII
600— ATLAS Preliminary Integrated Luminosity 244 nb
- ® Data 2010 (\s=7TeV)
=3 Pythia QCD Jets (DW)
500 3 Pythia Z->1t

400
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100k
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300

OI r . . . . . . . . 0.9
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Thanks to J. Godfrey for image!
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Performance Comparison
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Tau ldentification: Future

- Some of the variables relied upon by the 2010
data are sensitive to pile-up so a re-optimization
needs to be done as we move from a few pile-up
events to ten. .

& - Integrated Luminosity 244 nb’'
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Tau Trigger

» Level1

m]

[m]

m]

Hardware calorimeter trigger
Limited number of thresholds
available

Tau energy + eta/phi passed to
Level 2 (Rol)

« Level 2

[m]

m]

Unpacks only the Region of
Interest

Track and calorimeter variables

- Event Filter

= Access to full event, but only uses

[m]

tau Rol

Selection similar to offline is
available
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Detector Front-end
Rate: Calo Muon Tracking
Latency: ‘ 1 PBYs
40 MHz '
<2.5 S . Pipeline
75 kHz
ol 120 GB/s
7. Readout B
~40 ms . ! Buffers
L s ¢
3GB/s
3 kHz
Event Builder
300 MB/s

e
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LAr Tile'LAr
csm( Calorimeters ’(hadronlc)

On C*
detector Analogue Sum

~7000 analogue links Twisted pairs, <70 m
In
USA15
Level 1 Calo
Trlgger To ROD's
(for DAQ)
2x2 sum | BC-mux
S-bit jet elements &-bit trigger towers
Serial links
(400 Mbiv's)
JEM's Jobl CPM's
t'energy processoce
EM«hadronic 2x2 sums L%D's {e/y ﬂ‘l,ll) To ROD's
|E; sum| Jet-tinging ”%'AO) {for DAQ)
) E., E, JLocal maxim Local maximum
251-9;-1 Counting CMM's Counting
E, wl € /m Rol's
sums Rel's et > To 98,0'8
L1 muon {for L2)
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Level 1 Tau Trigger

5 GeV L1 Tau Trigger
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Threshold
Calculation

2 Adjacent EM 2x2 HAD Towers
Trigger Towers behind them
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Event Filter (39 Level Trlgger)

- EF has around 4 seconds per event

 Rgy comparison shown below with old MC tune

U) [ | T T T | T T T | T T T | T T T | T T T I ]
% CO\J T | T T T T | T T T T | T
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2 £ 4000:— -
0 L=4nb’ e ] 5 %% ]
i B ] Z i
¢+ 2000[— =
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Number of tracks at EF

EF electromagnetic radius
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Level 1 Hardware Trigger: Missing E
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« SHORT ATLAS Introduction

« Taus at ATLAS
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s Trigger

- Channels
o W->1v
o /~->TT
o Ht->tv
o H->7t

- Long-term outlook
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A Few Tau Channels

c W->1v

= Exercise the trigger and early tau ID
o 7->TT

= Important benchmark channel

» Practice for the SM Higgs?

= Use for efficiency calculations
« Ht->tv

= Hadronic tau decay mode
« MSSM H->71t

= One hadronic, one leptonic tau decay
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QATLAS
A EXPERIMENT

555555555 , Event 6769403

[ 3
- > \ W-1tv candidate in
— 7 TeV collisions
\\

« W-tv Observation
approved by ATLAS
Collaboration: Nov 2010

E 24? A'i'LAISIOInIir{eILIuminosity \I§=7Tle\l/
= 22 ]
%‘ 20E- [ ] LHC Delivered
- Dataset: 546 nb-1 £ g Do
S5 16F Total Delivered: 17.21 pb™
. _B' 14F Total Recorded: 15.64 pb™!
- 78 events with excellent £ =
. . > 100
signal/background ratio £ o
g o Data Collection
‘2‘;<— Period »
38/0: 27/|04 I /|0522/|06 20/O7I1I7/|CI8I1‘4/|0I9I1'2_/10
Day in 2010

First W->tv candidate event
May 24, 2010
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« W->tv production cross section at 7 TeV at
NNLO is 10.46 nb
= About ten times higher than the Z->tt production
= Orders of magnitude lower than QCD di-jet

ducti
o o 2
S I~ W1 v § 0Las— jf'\ W T v
o om PR - FN !
s Y T om | \
§ coasi- . P Y
- L T ocaspy )
2 ; \ 5 L
& om I 1 Lo IL
co18 J L\ 0678 1
1 \
0 | 09 L
;' A\ 1
£.00% 0608
t \ - ‘\‘_
- o e —— J b |
® W 22 3 4 @ @ 10 60 _ W 10 ® 0 30 4 N & 1 8N N
Trutn £ (GaV) E (GeV)

Relevant Analysis Cuts:  Missing E; > 30 GeV
tau p; between 20 and 60 GeV
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W->tv: Trigger

» There are only two objects in

these events that we can use to >99% efficient after offline selection

control the trigger rate:

REve Object | Cut

1SS1Ng transverse energy o

» Tau transverse energy L1 Missing ET 5GeV
» Neither provide dramatic enough L1 Tau 5y

rate reduction, so the twoneed to L2 Missing ET 5 GeV

be used in combination L2 Tau (track) 6 GeV
- Keeping the rate lowand EF Missing ET 15 GeV

measuring the trigger efficiency BET

. au -

at the end of the day is

challenging!

= Particularly tricky: correlations
between objects
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W->tv: Offline Selection
- Tight Cut-based tau ID (30% efficient)

- Good data quality and cleaning cuts including
s Primary vertex w/ 4 tracks pr > 100 MeV
s Jets cannot point toward Missing E

= Objects cannot point toward overlap calo region
(crack)

« Missing E; > 30 GeV

- 20 GeV > tau candidate > 60 GeV
 Electron veto (loose electrons)

» Muon veto (combined muons)

- Missing ET significance > 6
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miss
ET

0.5- Y Er

Missing E; Significance  Sgps =

.1{“_ 14”_1 I'r\tédrétédelurjnilnés:tyl5146 bt
7)) - e Data2010(\Ns=7TeV) . -
12— | PythiaQCDJets. . . . e =
- Wotv.e - @89 $ —_— -
8i - = ‘ m g, =eFE - _:
- vl - 7
6L : -
u ‘e ]
4._ _—
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0— e b e b b e e e e b R B
0 20 40 60 80 100

1éO 140
m; [GeV]
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W->tv: Summary
Data W — WV, W — ev, W—uvy | W— vy Z — ee Z— uu Z— 1T
Trigger 986439 | 954.545.2 | 3560.7+3.4 | 521.44+1.6 | 296.54+2.8 | 75.34+0.2 | 59.7+0.2 | 115.14+0.7
QCD jets rejection | 415951 | 728.34+4.7 | 2735.3+3.5 | 400.74+1.5 | 229.442.6 | 24.540.1 45.11+0.1 71.4+0.6
E%“SS > 30 GeV 29686 | 411.54+3.8 | 1828.3+3.3 | 317.1+£1.3 | 121.94+1.9 | 1.13£0.03 | 34.440.1 354+04
T selection 2408 118.0£2.1 | 1482.0£3.1 | 26.64+04 | 344+1.0 | 0.594+0.02 | 3.244+0.04 | 11.9+£0.3
Lepton rejection 685 948+1.9 6.7+0.2 4.940.2 2.3+0.3 <0.005 0.11£0.01 | 4.240.2
SETmiss >0 78 55.3+1.4 42+0.2 3.7+0.1 1.840.2 0.084+0.01 2.0+0.1
z 20 — I — e z 20 — | — e
o 18? ATLAS Preliminary Integrated Luminosity 546 nb é o 18? ATLAS Preliminary Integrated Luminosity 546 nb %
(%)) 16;— [ ]pataz0t0(vs=7Tev) _z wn " v E
14+ - - 145 E
127 - : E 2; E
10p - cla 3 10F cla E
8- = : E Na : E
N T BB - 4 — b[B — E
4 — E N3 - : E
2;— ——— —_ —; 2;— —;
o Loose and fail Tight Tight i o~ Loose and fail Tight Tight i

T-ID

Estimated 11 QCD events in signal region (A)

1-ID
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W->tv

2 : trr I T ] et I rrr I e ] et I rreT l e l: ~—~ 60 [ — I T I I I T 1 T | T 1 T 1 I 1 T 1 T | T T T Ll | T T T T I —
C o . . -q - wn L -
§ 40— ATLAS Preliminary Integrated Luminosity 546 nb 1—: S - Integrated Luminosity 546 nb”' ATLAS Preliminary -
Eg 35 ® Data 2010 (Vs =7 TeV ) ?7: 50 » Data2010(vs=7TeV) —
E 30 = D QCD background ~ S r I:l QCD background ya
= ; | EW background g é 4or || EW background ¥
z L E I =

=5 = g 30

20 - B E C
15— = < 20— -~
= = - e
r - 10— ~
St = X 3
J—— = Y S B ¥ S S VI

0 6 7 .

Number of Tracks A0, ET™) [rad]
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A Few Tau Channels

* W->1v

= Exercise the trigger and early tau ID
o Z~->71T

= Important benchmark channel

» Practice for the SM Higgs?

= Use for efficiency calculations
« Ht->tv

= Hadronic tau decay mode

« MSSM H->71t
= One hadronic, one leptonic tau decay
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Z ->TT O Cnverstty 72011
« Electron Channel: 8.3 pb™ « Muon Channel: 8.5 pb
- Trigger: 15 GeV electron (EF) - Trigger: 10 GeV muon (EF)
- Event Selection - Event Selection
= 15 GeV tight electron = 15 GeV combined muon
= Track Isolation = Track Isolation
- Ratio in cone 0.4: <0.06 - Ratio in cone 0.4: <0.06
= Calorimeter Isolation = Calorimeter Isolation
+ Energy in annulus from 0.05 + Energy in annulus from 0.05
to 0.3 less than 0.1 GeV to 0.4 less than 0.06 GeV
S reiminry 202097 S Mraenary JAL=8585
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Z->tt: Further event Selection

- Dilepton Veto

- W+jets reduction

- Visible mass between 35 and 75 GeV
- Opposite sign lepton and tau

Muon Channel (8.5 pb™) Electron Channel (8.3 pb™)
Data (after all selections) 51 29
Total Estimated Background 99+21 11.8+1.7
Estimated Multijet Background 5.2 +0.7(stat.) + 0.7 (syst.) 6.8 + 0.6(stat.) + 0.7 (syst.)
Estimated W, Z, tt Background 4.7 £ 0.5(stat.) + 1.5(syst.) 5.0+ 0.6 (stat.) = 1.4(svst.)
Data (after background subtraction) | 41.1 + 7.1(stat.) + 2.1(bkg. est.) | 17.2 + 5.4(stat.) + 1.7(bkg. est.)
SM Signal Expectation 39.9 + 1.8(stat.) + 6.7(syst.) 24.5 + 1.4(stat.) + 7.9(syst.)
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Z->tt Visible Mass

Muon Channel Electron Channel
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Z->tt Track Multiplicity

Muon Channel Electron Channel
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A Few Tau Channels

* W->1v

= Exercise the trigger and early tau ID
o 7->TT

= Important benchmark channel

- Practice for the SM Higgs?

= Use for efficiency calculations
« H->tv

= Hadronic tau decay mode

« MSSM H->71t
= One hadronic, one leptonic tau decay
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H* -> tv

Data-driven estimation of the background to charged Higgs boson
searches using hadronically-decaying tau final states in ATLAS
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H* -> tv

- Event selection:
= 1 lepton (trigger-matched)
s 1 1 jet with pT>20 GeV (opposite charge to lepton)
= >= 2 jets, at least one of them b-tagged
s Er(sum)>200 GeV
s Er(miss)>200 GeV
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H* -> tv : Fake tau background

« Estimate of electron to tau fakes from Z->ee
events
- Estimate of jet to tau fakes from y+jet events
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H* -> tv : QCD Background

- Assume the shape of the missing ET is the same
in the signal region as it is in the “inverted”

region
= Require a loose tau, reject tight taus

2
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H* -> tv
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A Few Tau Channels

* W->1v

= Exercise the trigger and early tau ID
o 7->TT

= Important benchmark channel

- Practice for the SM Higgs?

= Use for efficiency calculations
« Ht->tv

= Hadronic tau decay mode
- MSSM H->71t

= One hadronic, one leptonic tau decay
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MSSM H->tt

- Trigger:
= Electron > 10 — 15 GeV (depending on inst lumi)
= Muon > 10 — 13 GeV

- One lepton

= Electron > 20 GeV
= Muon > 15 GeV

- Hadronic tau p; > 20 GeV
- Opposite sign lepton and tau
» Missing E > 20 GeV

- Transverse mass of lepton + MET < 30 GeV
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MSSM H-> Tt

» QCD + W+Jets Background determination

= Assume the shape of the visible mass (tt) spectrum
is the same for SS and OS events

= The ratio of SS to OS events is the same in the
signal region as it is in a QCD-enhanced BG region

W+jets

Bk . QC Z+jet ther
nosg(mvis) = rQCD - g (myis) + 1 Wjets * Hgg (myis) + nog (mv1s) + ’703 (myis)
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- Alternate QCD Background determination
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Future Plans

- Phase I possibilities

= Topology information in the trigger at Level 1?
= New small FCAL?

- Phase II possibilities
= New Inner Detector
: Digﬁ’)tal Calorimeter Readout (increased granularity for trigger as
we
= Track trigger
* Rol based or self-seeded?
- maybe with a Level o0 + Level1?

- Simulation studies are ongoing to understand the physics
requirements under shifting detector conditions
s Peak luminosity of 5E34?
s 50 ns bunch spacing?
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Event Selection for tau ID variable
Data-MC Comparisons

- The leading tau in the event is not included, to
remove trigger bias

e the Level 1 trigger requiring a 7 trigger object passing a 5 GeV threshold [3] is satisfied,

e there are no “bad” jets in the event [4] caused by out-of-time cosmic events or sporadic noise
effects in the calorimeters,

e at least one vertex reconstructed with more than four tracks is present,

e at least one 7 candidate with pt > 30 GeV (fully calibrated, as described in Section 3) and || < 2.5,
as well as another 7 candidate with ptr > 15 GeV and || < 2.5 (also fully calibrated). The two
candidates are required to be separated by at least 2.7 radians in azimuth (the angle in the plane
transverse to the beam pipe).
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W->tv
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W->tv: Estimating QCD Background
from Data

Nocp = NPNC/NP
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W->tv: (Correct for Non-QCD in
Control Regions)

NC —cc(NA —=NA )
N&cp = (NB —cp(N* — N§ —

Estimated 11 QCD events in signal region (A)
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Trigger Summary

L1 20 GeV threshold
efficiency from W->ev (top)
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L->7tt Systematics

Systematic Uncertainty Multijjets | W+jets | Z &t | Z — 17
u efficiency 2.7% +0.03* - +0.07 +1.1
u trigger efficiency 2.0% +0.01* - +0.05 +0.8
Lt isolation 1.6% +0.01* - +0.04 | +0.7
Jet 7 fake rate 50% +0.17* - +1.34 -
Energy scale 13% (W — uv) /| 16% (W — 1v) +0.26* +0.28 [ +0.40 +2.4
6% (signal) / 13% (Z) | 21% (1)
Pile-up re-weighting 0.5% (signal) / 0.58% (17) +0.01" = +0.10 +0.2
39% (Z)
MC underlying event model 7% +0.04* - - +2.8
MC showering model 6% +0.04* - - +2.4
Luminosity 11% +0.07* - +0.30 +4.4
Theoretical cross section 5% (Z) +0.03* - +0.12 +2.0
6% (tf) +0.01* - +0.02 -
W rescaling factor 88% inA,B +0.04* +0.17 - -
21%inC,D - - - -
Multijet est. (bkg subtraction) - +0.34 - - -
Multijet est. (method systematics) - +0.56 - - -
Total systematics - +0.66 | 033 | 144 | 6.7




L->tt W+Jets Reduction
- Angular, sum > -0.15:
D cos Ag = cos (¢(0) — S(ER™)) + cos (é(1y,) — HEF™))

« Transverse Mass < 50 GeV:

mt(€. E%ﬁss) = \/2 p1(0) - Eff’iss - (1 — cos Ag(L. Eﬁl—ﬁss))



