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Introduction:

The ATLAS detector at the LHC
(status and prospects)
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» Two independent Magnetic Fields

* Inner Detector — Ultra thin solenoid (2T homogeneous field)

 Muons - Air Core Toroid (stand alone measurement 10%
resolution @ 1 TeV)

» High Granularity Calorimeters

« Sampling LAr — Good vy angle resolution

* Drives H - yy mass resolution
 Tile — Very good jet measurement
* Hermetic (up to |etal] < 5)
P Particle Identification (various level of fake rejection)
» Shower shapes, track matching
« Separation of jet/electrons and pion/photons

« Secondary vertices (heavy flavor)
» Three level trigger (dedicated L1 muon chambers)

* Reduce the event rate (~1 GHz) to affordable values for the
storage (200 Hz)
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Event IBI:E!:n atrandom
(filled) bunch crossings

ATLAS Run 1

N P 2010, Vs=7 TeV, 36/pb
» 2011, Vs=7 TeV

Peak luminosity 3.65x10%* cm™s™
Peak of 140/pb of data per day
Integrated luminosity 5.62/fb

50 ns bunch spacing

Pile up - collisions/bunch crossing
<u>=6.3 (11.6) before (after)
September

» 2012, Vs =8 TeV

Peak luminosity 7.73x10%* cm?s™
Integrated luminosity 23/fb

Data taking eff. 93%, good quality
95%

Pile up - <p>=20
Total : ~5 billion events, ~25 fb-1
120 PB data and MC on disk!
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I w[-}\,(g';f,',{éf SM physics from a ATLAS perspective
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ATLAS Preliminary
10°F - Combined observed
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ATLAS Exotics Searches* - 95% CL Lower Limits (Status: May 2013)

| T T TTT I I T T TTT
T.miss M {(5=2)
Large ED (ADD) : monophoton + £, . M (5=2) ATLAS
g Large ED (ADD) : diphoton & dilepton, m,, Mg {HLZ 5=3, NLO) =
S UED : diphoton + £, ... Compact. scale R’ Preliminary
2 S'Z, ED : dilepton, m, M ~ R
g RS1 : dilepton, m, Graviton mass (ki = 0.1)
5 R51: WW resonance, m; Graviton mass (k/Mg = 0.1) y
© _Bulk RS :ZZ resonance, mg Graviton mass (k/Mg = 1.0) Ldt =(1-20)fb
= RS g  — tt(BR=0.925) : tt = |+jets,m g . mass _
aj ADD BH {M,,, IM.=3) : SS dimuon, N,y . My (5=6) fs=7 8TeV
ADD BH (M, /M =3} : leptons + jets,Lp Mo, (5=6)
Quantum black hole : dijet, F (m M, (5=6)
....................................................... 4aiticy contact interaction > () .
G qgli Cl : ee &j.Lj.L,rFJ” A (constructive int.)
uutt Cl : SS dilepton + jets + E, .. A(C=1)
..................................................................................... Z{SSM)mMHH B ST T e Tsetev 7 mass
Z'(SSM) i m,, |L=4716", 7 TeV [1210.6504) 14Te¥ 7' mass
< Z' (leptophobic topcolor) : tt — [+jets.m ~[L=14.3h7, 8 TeV |ATLAS CONF 2013-052] 18TeV Z' mass
W' (SSM) TMyg, | L=47 07,7 TeV [1209.4446) 255Tev W' mass
W' {—tq, g =1) S| L=47 M0, 7 TeV [1209.6503) 430 GeV_ W' mass
________________________________________________________________________ Wi (= 10, LRSM)im, - [1=143 117 6 Ta [ATLAS CONF 2012-050) HBRUE VW' mass
Scalar LQ pair (5=1) : kin. vars. in egjj, evjj |L=101b",7 TeV [1112.4528) 6B0Gev T gen. LQ mass
g Scalar LQ pair (5=1) : Kin. vars. in (jj, pvij  [L=1.0m” 7 Tev (1203.3172) sescav 2" gen. LQ mass
.................................. Scalar LA pair (B- i in TTj, TV]j |L=47 1677 TeV [1303.0526] s34Gev 3" gen. LQ mass
" 4"‘ ge 1 St W L=4.7 fb”, 7 TeV [1210.5458] 658 GeV ' mass
=< dth generation : b't’ — S5 dilepton + jets + Er e LL=143 107, 8 TeV [ATLAS-CONF2013-051] 720 Gev  b' mass
g g Vector-like quark : TT— Ht+X L=14.31b", 8 TeV [ATLAS -CONF-2013.018] 790 Ge¥_ T mass {isospin doublet)
........................................................... Vector-like quark : CC,m, , |ESK SIS Ta IATEASCONER AT 142Tev VLQ mass (charge -1/3, coupling xq = v/m,}
Excited quarks " y-jet resonance, m q* mass
T £ Excited quarks : dijet resonance, H;': g* mass
ﬁ & Excited b quark : W-t resonance, m,, b* mass (left-handed coupling)
Excited leptons : |-y resonance, m I* mass (A = m{l*))
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35 (DY prod., BR{H?_*—)II):U : 58 ee (up), m H:* mass (limit at 398 GeV for uu)
Color octet scalar : dijet resonance, my Scalar resonance mass
Multi-charged particles (DY prod.) : highly ionizing tracks mass {|g| = 4e)
....... Magnetic monopoles (DY prod.) : highly ionizing tracks T ITESS Uy e

10 1 10 10°
Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena shown
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» Beam energy: starting with 13 TeV (6.5+6.5)

ne»r-p

 May be reach quickly 14 TeV Total cross-sections and pile-up behavior
_ _ have to be extrapolated from models
» Luminosity (Integrated) (until we can measure them)

 The planis to accumulate ~70-100 / fb per year (three years of run)
» Luminosity (Instantaneous)

« Less interesting for theorists, but really important for the experiment

« Trigger, pileup, etc...
* Reference value (1.7e34) could be enhanced up to 4.e34

Number . Int. Lumi
of L Il'uim per year
bunches fem=s5-] [fb1]
25 ns
BCMS 2590 1.15 1.9 1.7e34 49 45

For a more detailed report see:W. Herr, “Performance reach of LHC after LS1*
(Chamonix 2012)
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ATLAS Simulation Preliminary
's = 14 TeV: [Ldt=300 o ; [Ldt=3000 fb”
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Physics prospects at high luminosity

Events / Bin

¥

Ziy =l

%5 TeV Z

arXiv:1307.7292 [hep-ex]

" ATLAS Preliminary
(Simulation)
I L dt = 3000 fb™'

0.06 0.1

0.2 0.3 1 2

m, [TeV]

» Uncertainty on the Higgs
signal strength ~20% with
3000/fb

» Sensitivity to heavy Z
bosons up to ~5 TeV

B G osiogusa-zpw2014 9
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» Enhancement (14 TeV / 7 TeV)
Improvement in PDFs is one of

« Factor 100 for objects of mass 2.5-3 TeV the things that will help the run 2
physics output

« Factor 10 for masses around 1 TeV
» Factor 3 for 100 GeV objects (2 if consider cme 13 TeV)

CMS-NOTE-13-002

100 B T T U LI | U U T U T 1 T LI |

[ ratios of LHC parton luminosities:
| 8TeV/7TeVand 14 TeV /7 TeV

WJs2012

- ——99
- ---- Iqq
——=-qg
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MC Production in ATLAS

11
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ATLAS Monte Carlo Simulation Flow

Pile-up Detector MC Event
Digitisation Simulation Generation
HITS |« EVNT |«
Trigger Simulation
Y Reconstruction Reconstruction
RAW2ESD (ESD2AOD)
RDO — .| ESD - AOD
— DESD
[ | Persistent Monitoring
[ Transient (limited life time) histograms

For a more detailed report see:
W. Ehrenfeld, “Challenges in the ATLAS Monte Carlo
Production during Run 1 and beyond“ (CHEP2013)

B G oSingusa-ZPW2014 12
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» ~30 MC generators used in ATLAS

 Framework-integrated generators / Stand-alone generators

« Choice of generator driven by

« Availability of the requested physics process
« Performance in describing data

« Traditionally used by a certain physics group
« Expertise in the experiment

» Event generation work flow
e Single step (Pythia6/8, Herwig(++), Sherpa)

« Two-step generation: parton level generator usually coupled via LHEF files to
framework generator for hadronisation (Pythia(6/8), Herwig(++))

« default configuration: external, pre-made 4-vectors uploaded to the grid

» on-the-fly configuration: run external generator before hadronisation in the
same job

B G singusa - ZPW2014 13

ne»r-p



Julius-Maximilians-
UNIVERSITAT -
I Wi Event Generation performance

» Many different samples

« 50 different generator combination in mcl12 campaign

« ~34 thousand different samples produced in mc12 campaign

» job characteristics

« 5000 events per job

e running time per job varies from
« afew minutes for simple final states/hadronisation of external 4-vectors
* hours or days for complex final states or low filter efficiencies

» performance improvements:

« on-the-fly generator setups: avoid storing 4-vector input files on the grid

« simplifies job submission and helps reduce the risk of mistakes due to
book-keeping errors or lack of documentation

e use pre-made integration files (Sherpa, Alpgen, MadGraph): reduce running
time

14
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» mcll: 2.4 x 10M9 full and 2.1 x 1079 fast simulation events

« mclla: 0.8 x 10"9 events
« mcllb: 1.0 x 10"9 events (super seeds mclla)
« mcllc: 4.8 x 10"9 events (super seeds mcllb) - total: 4.8 x 10”9 events

» mcl2: 3.8 x 1079 full and 3.0 x 1079 fast simulation events

* mcl2a: 5.9 x 109 events
* mcl2b: 0.5 x 10"9 events
e mcl2c: 0.2 x 10"9 events — total: 6.6 x 10”9 events

— total of 6.2 x 1079 full and 5.1 x 1079 fast simulation events

» Verification of MC generators /Physics validation

* Normally quite expensive for the experiment to switch to a new generator
version

15
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Signal and background models

16
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> A lot of different models

« Signal samples (Physics beyond the SM)

« Benchmark models widely used: they allow
comparison between experiments and with
previous results (effective models,
sometimes driven by experimental needs)

« Avalilability of other models allow re-
interpretation of results (lot of interactions
with theorists)

« SM processes

* Need very good understanding

» Explore the full phase space (e.g. high-
mass DY + jets for Leptoquarks)

« Often discrepancies treated as scaling
factors

« Data-driven techniques very important (e. g.
QCD background, W recoil modeling)

UNIVERSITAT Signal models and backgrounds

e Data 2012

Ozr
DDiboson

[]2(1500 GeV)
[JZ(2500 GeV)

ATLAS Preliminary
Z’' — up Search

Events

oate 2 __ 04 oéd

MR T 2

200 300 400

Observed / Expected

Di-lepton resonances:

2000 3000

my, [GeV]

ATLAS-CONF-2013-017
ATLAS Preliminary --- Expected limit
[ Expected + 1o

Expected + 26
— Observed limit
. Z’SSM

det: 201b”
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» How to treat data/MC discrepancies?

» Use control regions to check (standard candles very useful in this case)

* Need a bit of care (the control region for one analysis could be the signal
region of another one: these kind of interplay are not taken into account
normally)

* In many cases (mostly searches) assign a scale factor: constrains the cross
section

* Not always the “healthiest” solution, but mostly effective

» Doesn't apply very well to cross-section measurements

« Even worst when analysis are aiming for differential measurement
* Decouple detector/simulation effects from pure physics effects

« W-mass, top-mass measurements use template fits
» What can we do better?

« Alot of efforts in tuning — we should profit of the shutdown to get more results on
this

« Features of MC generators need to be well known and documented

« We have scope to improve the matching of ME generators to showers

ne»r-p
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» Total inelastic cross sectionvery v, i

arge e
 O(100 mb) m; Tew%tmn LEr_: ] j”"i
« 1077-1079 larger than W/Z and top 10° F . ,,f‘”; f 31
10710 times SM-Higgs 1F | ; , ]
» Average pileup: 20.7 events ) SyulEr >l M f‘,; <
« Max 40 events/ bunch crossing % ! F . ..mm-.f:.”; -«-:;L;_H 1] :
» Limited MC statistics o' A<=
 Impossible to produce as much - . /’ ; 1]
simulated events as expected in data PRIV
» Suppress by physics signatures " , .
* Low mis-identification probability 10” rimmwl L ? 11
« Very difficult to extrapolate results Is (TeV) *
7-8 TeV

B G oSingusa-ZPW2014 19
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» Most non-QCD analyses are
designed to suppress QCD with non
QCD signatures:

« Use Leptons, Missing ET, photons

 QCD contribution described by cocktail of
MC predictions plus data driven approach:

« Experimental description of “Fakes”

» All hadronic searches use different
methods:
e Bump hunting
« Data driven extrapolations from side band

« Theoretical predictions (templates for shape,
not normalization)

« Top background from (N)NLO calculation

he
[¢]

Events/ 0.16 .

Data / BG

107

108

Suppress and estimate QCD processes

ATLAS-CONF-2012-147

ATLAS Preliminary

j Ldt=10.5b™

Ns=8TeV

Events

Significance

25 3
A (ET™jet2)

ATLAS-CONF-2012-148

L B B B
ATLAS Preliminary -
-e-Data E

— Background 7

\s =8 TeV E
[Lat=13.010" ]

TR IR N S S R R R
3000 4000
Reconstructed m [GeV]

72000
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P Top-pair and single top cross section
often taken from NNLO calculation

» Full uncertainty from scale,fragmentation,
hadronisation, PDF

P Try to constrain top modelling from
data:

« Rapidity gap fraction (ISR/FSR)

« Jet shapes

Events / 50 GeV

* N-Jet spectrum

P Possible handling: comparing data
with one and two b-tags

P Searches are very often sensitive to
tails of ttbar Monte Carlo:

Data / BG

* High mass tails
e HT tails
« Large MET tails

UNIVERSITAT Top as QCD background

600

500

400

300

200

100

1.5

—h

0.5

ATLAS-CONF-2013-060

[ ATLAS Preliminary —— Data (\s = 8 TeV)

:_J Ldt=14.3fo" B 1T (600) Chiral
B I:I tt

— / [ I Non-tt

B /// Total BG uncert.
- 20

- )

7

%

300 400 500 600

pfadlng b jet [GeV]
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Differential measurements (H - vy)

P Higgs area of precision measurement started:

events

=2

Ratio to POWHEG

Many analyses using multivariate methods, need to describe correctly distribution in

ATLAS-CONF-2013-072

ATLAS Preliminary —4- data syst. unc.
gg—H NLO+PS (PowHea+Pv8) + XH

==+ XH = VBF + VH + {iH

H-yy, (s =8 TeV

IL dt=20.3 fb!

===t ===~

7] 99—>H+1j NLO+PS (MNLo HJ+Pv8) + XH

Most analyses in bins of fixed number of jets
exclusive jet bins
Need calculations of of H+0,1,2 jets plus VBF-jet
Start to constrain by measurements
5 [ | | E = 1.2
4905 ATLAS Preliminary 4 data - syst. unc ] E i
4001 B 9g9-5H NLO+PS (Pownea+Pye) + XH 3 5 B
350;— ==+ XH = VBF + VH + {IH —é %,_ i
300F 3 ~
050 H—yy, {s=8TeV _E _8":
ILdt=20.3 fo! ]
200 E
150§— — 0.4[
100E s [
= | ] 0.2
30 T E I
02 ----------- | N 5 S T 0‘
I | Y
3f = 9
s 2
:
0 | 0

Reconstructed N.

>3

jets

20 40 60 80 100 120
Particle level p_ [GeV]
T,jet1

140
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Tuning

23
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» The high-p_Jjet production is calculated by convolving

» the matrix elements for the scattering of two initial-state partons

« with the corresponding parton distribution functions (PDF)
» To predict the momentum spectrum of final particles

 additional effects must be considered (which vary with the momentum transfer of the hard
parton scattering)

« The outgoing partons fragment into jets of hadrons

 The beam remnants also hadronize and the spectator partons in the proton can also
interact — multiple parton interactions (MPI)

* QCD radiation from the initial- and final-state partons occurs, leading to additional jets
and to an increase in the ambient energy

» Some of these processes take place at an energy scale where the QCD
coupling constant is large and perturbation theory cannot be used

« They must therefore be described using QCD-motivated phenomenological models

 These models contain a number of free parameters with values that must be obtained by
fitting to experimental data

ne»r-p
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» A Brief History of Tuning

« Historically most effort has been devoted to tuning (Fortan) Pythia6, even at
LEP/CDF.

 ATLAS did tune (Fortran) Herwig+Jimmy(which adds MPI), and now (C++)
Pythia8.

 (C++) Herwig++, Sherpa has so far been tuned by authors.

» Hadronization and FSR: LEP
» ISR and MPI: Hadron colliders

» Automated tuning tool (Rivet/Professor):

« ATLAS has been one of the earliest adopters and keen supporter and
developer of it

« Essentially generate lot of samples covering the parameter space. Interpolate
the generator response, get the best fit by minimization (and burn a lot of
CPUY)

B G singusa - ZPW2014 25
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Tuning: Minimum Bias and Underlying Event

26
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» Event Generators are at their least predictive when dealing with
soft, non-perturbative QCD effects

» MPI most obviously seen in Minimum Bias (MB) and Underlying
Event (UE) observables

 MB dominated by purely soft-QCD scattering

« UE is the soft-QCD component of the event— irreducible background in events
with an identified hard scattering

» Also efforts in tuning diffractive processes — Improve description of forward ET
flow

» Typical observation
* Observed QCD jet rates exceed the total hadronic interaction cross-section

* More of the incoming hadrons are interacting than just the single hard
scattering

« Phenomenological modeling: poi" most prominent MPI tuning parameter

|t determines the ad-hoc regularization of the low-pT jet cross-section
* The higher its value, the lower the level of MPI activity

ne»r-p
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» UE: any hadronic activity not -eacing ChargectPartle et

associated with the jets or leptons
produced in the hard scattering

- T
process M3 "3
« Color fields connect all the strongly
. . . Transverse Transverse
interacting partons in the proton-proton Sl -
event
* No unambiguous assignment of Ap =21 2o =2

particles to the hard scattering

artons or UE is possible
P P » Construct observables

from tracks/clusters in the

« Use regions “depleted of QCD activity i : _
(coming from the hard interaction)” UE-enriched region

e Far from the direction of the « N, XZp,<p>
products of the hard scatter
o  These are then shown as a
 In the direction of the Z boson function of the leading object
(€.g. jet) p,

B G singusa - ZPW2014 28
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» Performed on Pythya8

* Long term replacement of Phythia6 (which has been tuned as well)
« Used for various soft QCD simulations

 MPI samples, pileup, etc...
» Tuning parameters for MPI

« Cutoff parameter for MPI ( Multiplelnteractions:pTORef — PARP(82) )

« Power of the energy rescaling for the cutoff (MultipleInteractions:ecmPow -
PARP(90)

« Color reconnection probability (BeamRemnants::ReconnectRangs — PARP(76) and
PARP(78)

« Constant term for the width of the gaussian matter function (MultipleInteractions:al )

» PDF sets

« LO: CTEQ6LL, MSTWOS8LO, NNPDF21LO Pythia8 — Pythia6
e Moadified LO: MRST2007 (LO*), MRSTMCal (LO**) Parameters not
exactly mapped 1:1

« NLO: CTEQG6.6, CT10, NNPDF21INLO, MSTWOSNLO

B G singusa - ZPW2014 29
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» Soft QCD measurements
¢ V/s=900 GeV and Vs=7 TeV used for tuning
» Only LHC data (no Tevatron)

« With this choice of parameters was not possible to find a common tune for three
different CM energies

» Minimum Bias

- Used various different requirements on p_and N__

» Underlying Event

« Used a leading track / leading cluster
» Higher weight in tuning

. Vs=7 TeV and p_>500MeV

» Starting point: 4C-like parameter configuration

* Discrete MPI model more like 4Cx, due to x-dependent hadronic matter
distribution

B G singusa - ZPW2014 30
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» A minimum bias tune (A2) was performed for LO PDFs
» UE tune (AU2) for various type of PDFs (LO, MLO, NLO)

ATL-PHYS-PUB-2011-009

PDF pTORetf  ecomPow al reconnectRange Tune:pp

Minimum-bias tunes: A2

CTEQ 6L] 2.18 0.22 0.06 1.35 ¥
MSTW2008 LO [.90 (.30 0.03 2.28 5
Underlying event tunes: AL2

CTEQ 6L1 2.13 0.21  0.00 2.21 9
NNPDF 2.1 LO 1.98 0.18  0.04 3.63 -
MSTW2008 LO 1.87 0.28 .01 5 s 1)
NNPDF 2.1 NLO .74 0.17  0.08 8.63 -
CTEQ 6.6 1.73 .16 0.03 312 -
CTI0 1.70 D16 0.10 4.67 |
MSTW2008 NLO [.51 0.19 0.28 5.79
MRST2007 LO* 2.39 0.24 0.0l 1.76 =
MRST2007 LO** 2.57 0.23 0.0] 1.47 -
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Charged multiplicity > 6 at 7TeV, track p, = 500 MeV

il

1/erde fdMNy,

M/ data

(N /opdp

'I|'-I|II-|III-II'|-II|I--|II--'II: o I|-I'|I-I|II-|III-'II L e B e e e
I
I
I

UE and MB tuning: results (2)

Charged particle p. at 7TeV] track p, = 100MeéV, for Ng, =2

T 1 I 1 1 I T T | T —[

s le |

—+— ATLASdata T 1 —s— ATLAS data 3
— A2 (CTEQsLa) - — As (CTEQéL1) s
——— Ao (MSTWagos LOY = - ——— Az (MSTWzos LOY B
4C s, 4C L
et £ o G i
1S 10 2

! 2'510—5 _!

= 1" -|

19'?_ !

10~ % :|

10”7 - —:|

R LR Ly ey e R S R AN SR L RERERURE R RERYS

14 -

1.2 il —_

1 =

o= e —_

I 3 = |

1 1 1 I 1 1 1 1 T _l_ n _l_ 1—-—-;-—|— -I nb 1 | I L I 1 L1 | 1 1 I 1 1 1 1 I il I Liil Ll I 1 1 :

E ] ] 8o Tiosy 12w

N
ATL-PHYS-PUB-2011-009

5 1o 15 2 25 X 35 40 45 5o
pe [GeV]

—— ATLASdata

——4C 1 b= —— AU2(MRST LC¥)

—_— gx i C — ALT2(MBEST LOF) ]

—— AUCTEQsL1) ] o4 F — AULICTEQea NLOY

—— AUAMSTWos LY | —— AU2(MSTWos NLOY -

=== AUANNPDF21 LOY o2 === AU(NNPDFa: NLO) —
=== AT 10 NLOY) 1

I —

3_ —
=

11 1 | 11 L1
12 14 1% 18 2o 2 4 & & o 12
. (leading track) [GeV]

14 1B 18 2o
. (leading track) [GeV]
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Tuning: rapidity gap fraction in ttbar events
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» Measure fraction of top events
(di-lepton channel) without
additional jets with p >Q_within

the rapidity range

Ttbar: Rapidity gap fraction

Gap fraction vs. Qg for veto region: |y| < 0.8

—e— ATLAS Data, EPJ C72 (2012) 2043
—— MC@NLO+Herwig, AUET2
—— POWHEG+PYTHIA, P2011C
—— Alpgen+Herwig, AUET2

— —— Sherpa 1.3.1

—— MadGraph+PYTHIA, Z2

ATLAS-PHYS-PUB-2013-005

Y

ke
b |
\ I /\
I =
: //CI /p jet
| 4 _ > T
| .
|
anti-top

:

Correct detector
effects to measure
the cross section:

fgap:G(QO)/G
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Gap fraction vs. Qg for veto region: |y| < 0.8

= 1.0
Less central <&

_ ]

0.95

\l

A

—e— ATLAS Data, EP] C72 (2012) 2043

0.9 [— —— MC@NLO+Herwig, AUET2 —

u —— POWHEG+PYTHIA, P2011C -

0.85 [ —— Alpgen+Herwig, AUET2 _

1 — — — Sherpa 1.3.1 -

0.8 [ —— MadGraph+PYTHIA, Z2 7

More central ~ ©7° _% E

0.7 tH+—4—r—+++—+—+++++ttttt

1.04 —

8 1.02 — o

v L -

E 1.0 : %?:

O — 7

= 0.98 = —

0.96 __I | | I I |1 1 1 | |1 1 1 L1 | 1 | I N | ‘ I__
50 100 150 200 250 300

Qo [GeV]

_«.

¥

As the p_

cut
increases,
the
fraction
tends to 1
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Rapidity gap fraction: Results

ne»r-p

MC@NLO produces
fewer central jets

Gap fraction vs. Qq for veto region: |y| < 0.8

Gap fraction vs.

Qo for veto region: 0.8 < |y| < 1.5

All MC generators
produce too much
activity

‘-‘E‘: 1.0 j\ T | T T T | T T ‘ T \I‘ L l 1 T T T Ii ‘-‘E‘: 1.0 j\ T | T T T ‘ T T ‘ T T ‘ L L T 1T l \i
0.95 = 05 [ B
—e— ATLAS Data, EPJ C72 (2012) 2043 r ATLAS Data, EP] C72 (2012) 2043 7]
0.9 —— MC@NLO+Herwig, AUET2 —] r —— MC@NLO+Herwig, AUET2 ]
—— POWHEG+PYTHIA, P2011C ] 09 — —— POWHEG+PYTHIA, P2011C -
0.85 —— Alpgen+Herwig, AUET2 — r —— Alpgen+Herwig, AUET2 b
——— Sherpa 1.3.1 ] r ——— Sherpa 1.3.1 N
. 0.8 —
0.8 —— MadGraph+PYTHIA, Z2 i > —— MadGraph+PYTHIA, Z2 7
075 H yI < 0-8 —] 08 0-8 < Iyl < 1-5 -
07 g 075
1.04 = = 1.03 & =
8 ro2 = T = 5 102 &=
© £ . _ 3 © 1.01 £
g 1.0 F ﬂ_%— g 1.0 =
= 098 E = - ea=
096 }\ 1 | I N | | L1 1| ‘ L1 ‘ | - | I T | ‘ I{ g:gz ?
50 100 150 200 250 300 50 100 150 200 250
Qo [GeV]
Gap fraction vs. Qq for veto region: 1.5 < |y| < 2.1 Gap fraction vs. Qq for veto region: |y| < 2.1
g. EFrTT ‘ T ‘ T | T | LI ‘ 1T ‘ 1T ‘ T LI @. 1.0 1 | T T T ‘ T T ‘ T T LI A A N S B R S =
& no E— & » ==
0.98 [ - 09 -
0.96 ? ATLAS Data, EPJ C72 (2012) 2043 € —e— ATLAS Data, EPJ C72 (2012) 2043 E
094 MC@NLO+Herwig, AUET2 — 0.8 —— MC@NLO+Herwig, AUET2 ;
6oz - POWI—IEG+PYTHIA, P2011C E —_— POWI—I'E.G+PYTFHIA, P2011C B
g Alpgen+Herwig, AUET2 ] o —— Alpgen+Herwig, AUET2 A
0.9 — Sherpa 1.3.1 — . ——— Sherpa 1.3.1 B
0.88 E MadGraph+PYTHIA, Z2 = —— MadGraph+PYTHIA, Z2 E
C 7] 0.6 -]
0.86 = — ]
“&H  15<|y|<2.1 : : ly| < 2.1 :
0.64 — = 0.5 — —
082 — =
1.02 — L.06 £ =
E E 1.04 £ . —
£ o1 E E 8 1oz E o= =
g 1.0 F—— —— e g 1.0 5 =
S o009 S = | |3%E 3
0.98 E= = 0.94 E =
0.97 El 1 ‘ L | ‘ L1 | L1l 111 L1 | ‘ L1 ‘ L | ‘ L1149 O.gi = | I N | L1 1 | ‘ I | | T | | ‘ (=
20 40 60 8o 100 120 140 160 180 200 50 100 150 200 250 300
Qo [GeV] Qo [GeV]
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Gap fraction vs. Q for veto region: |y| < 0.8

Rapidity gap fraction: Effect of o_

Gap fraction vs. Q. for veto region: 0.8 < |y| < 1.5

4

—e— ATLAS Data, EPJ] C72 (2012) 2043
—— Alpgen+Pythia(as_down,central)
—— Alpgen+Pythia(as_down,radLo)
—— Alpgen+Pythia(central)

—— Alpgen+Pythia(as_up,radHi)

— — — Alpgen+Pythia(as_up,central)

T 1 L T T 1 | T 1 L = LT T | I
L = u_"-‘“? 1.0 —
C ] 0.98 —
— O’ ] 0.96 | =
- - —e— ATLAS Data, EP] C72 (2012) 2043 - 0.94 : puil
— = —— Alpgen+Pythia(as_down,central) — - _la
C —— Alpgen+Pythia(as_.down,radLo) 0.92 |-
- —— Alpgen+Pythia(central) ] mil
i —— Alpgen+Pythia(as_up,radHi) N 0.9
-—— Al Pythi _up,central N
pgen+Pythia(as_up,central) - 088
= - T
et : S
— = 1.02
= ER- P
=|=|==EF= - o
:__I T e _? Ej =
_— 1 = = =
= = 0.98
=d | AN TN TN TN N N N B | N T T T N T B | L 0.97 =11 | Ll
50 100

50 100 150 200 250 300

Qo [GeV

The measurement
constrains the ISR

X{W

150

200 250 300 350 400
QSEHH. [GeV]

ttbar is a very important process: ATLAS task force dedicated to
improving its description in terms of matching, a_, PDFs, etc.
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Tuning: observables sensitive to Z-p_
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“Example ATLAS tunes of PyTtHiA8, PytHia6 and POWHEG to ATL-PHYS-PUB-2013-017
an observable sensitive to Z boson transverse momentum”

@ New tunes to improve the Monte Carlo description of vector

boson production
@ 4 MC generators:
PytHIA8, POWHEG+PYTHIA8, PyTHIAG, POWHEG+PYTHIAG

@ Professor tune to Z tp*ﬂ—:- leptons angular correlation observable

sensitive to Z p_, validation against a large variety of related

observables from Tevatron and LHC
@ New methodology in POWHEG+PYTHIA8 configuration settings

- POWHEG and Pythia were tuned together

- a_In the shower matched to that used in POWHEG (not by default the case)

ne»r-p
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= i I ; |

Ziy = py ATLAS
1.6 —Data 2010 )

— RESBOS jldt=4ﬂ pb
- s PYTHIA ]
1.4- — MC@NLO 3
POWHEG
- ALPGEN
1.2" — SHERPA

_l___l fa

» Z p_spectrum provides insight into

* |[SR QCD radiation in the parton shower
models

s Proton remnants recoil — intrinsic Kr

Data (Prediction) / RESBOS

» Z > 1T, (I=e, n) provides a clean i .
signature, no QCD FSR, precise 0.6 Pi> 20 GeV -

66 GeV <m,, < 116 GaV

measurement down to low pt recoil ~2 GeV el K M
1 10 10°

_ P [GeV]
» Improve the modelling of low p_ vector P S
b ¥ % 2| _-_cn.S::nLTcD:azmﬂ ATLAS
oson : g 1.8 .:,LEF@GE[EHEHWIG jl.u'r.'llm'
» — Affects acceptance of lepton p_cutsin = = & " comearmn e
g | va EYTHIA,

W, Z measurements T e |
» Crucial for W mass measurement Ei_ TS T |
* Important for W, Z inclusive cross § gt [[u__l*

sections for constraining the PDFs = A -

. — - 4

First Z p_tunes: Rick Field's Tunes AW, DW ] L e '
o S0 100 150 200 250 300

Py [GeV]

Pythia6
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[
(lepton1) Py ay (lepton2)

Py

jrrEsTEswrarErTrrTEsTEews ——-—liEEdEEmEE
= §

o Z q:'“ is strongly correlated to Z p_
— E])*“" F)T2 / M”

» ldeal for probing the low Z p_region

s ATLAS Z q:.'“ 2011 data is more

sensitive to tuning parameters
than ATLAS Z p_ 2010 data

. the (p*n observable

/2) sin(8)

n

more precise

» Situation may change if Z p_data gets

Zi* = fHE-
“a&=7 TeV
m'| < 2.4
p! > 20 GeV

66 GeV < m,, <116 GeV

Phys. Lett. B 720 (2013) 32-51

¥
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Effect of switching off
* Parton remnants . intrinsic k_ in HERwiG++
» Intrinsic (or primordial) k_ E

0.12 T T T I
HI 80 < My [/GeV < 100

* |nitial state radiation (ISR) shower and i

matrix element (ME) " ‘_| | | €op "7
» ISR cut-off i * |H 5i |
* NLO ME real radiation cut-off |

s ISR o scale factor on evolution scale  0.06 |-

s ISR {xE(ME) - j

(.02

e

* multi-parton interaction (MPI)
s MPI cut-off s | \ | |

0 5 10 15 20

JHEP 0806:001,2008
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I UNIVERSITAT Z-p_tuning: POWHEG + Pythia results
WURZBURG T

Z — pp bare kinematic £ o pe dressed kinematic
| e Ila"_l_LIA;sdam L i 1 [ I 1 — _| -N}Ljiﬁldatﬂ T TT T TTT1T T : T
=S PyTHIAR AZPHI rH lak Pyraiad AZPHI .
115 & ——— PyrHIAg 4C :*_'J_' 115 — — — PyTHIAS 4C —.-!
g LIfF #_:-"“'_'_'“'_I — s 11—
S 05| - ;-
T R j g "E
0.95 sl — 0.95
e
09 e T =] T R P
l':l.ﬁ'_-\."_ | LAl [ [T L Ll [ I'J.S:‘_:.: 1 [ s |
103 L 10! 1 10 2 ip = 1 ! 1
Zg; Z
Parameter PyTHIAS setting Varation range AZPHI  4C
Primordial kt  BeamRemnants:primordialKThard 1.0-25 1.73 Z1)
ISR a,(Mz)  SpaceShower:alphaSvalue 0.120-0.140  0.124  0.137
ISR cut-off SpaceShower:pTORef 0.5-25 0.63 2.0
MPI cut-off  MultipartonInteractions:pTORef 1.3-=-25 222  2.085

_L\
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I UNIVERSITAT Matching (ME - PS) @

» LOvs NLO

 The LO parton shower generators cannot predict the radiation of one or more hard
jets (among other things), but do well in soft collinear regime

« Use NLO matrix elements to improve description of the hardest jet

« LO matrix elements with higher legs to improve description of many hard jets
« Combine all these?

» Matching issue
« E.g.Z+ 2jets

 PS: Z+1 jet + shower -

-~ Double counting!
« Multileg: Z+2 jets; then shower from each leg

» POWHEG provides a scale (SCALUP) that is an indication of where
the shower should take over from the perturbative calculation

 What should be this scale?

« Imperfection in transition region

B G singusa - ZPW2014 44
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I HNERSRET  POWHEG+PYTHIA: low Z-p_ mis-modeling

s POWHEG+PYTHIAB
underestimates the data at
very low Z p_~2 GeV

* Same issue for
POWHEG+PYTHIAS

» A'simple tune of intrinsics
k_and ISR parameters

does not bring the MC to
the data

Data (Prediction) /RESBOS

1 10

i l* I lllllll
- 2y - ptw

.0~ —=—Data 2010

w== PYTHIA
- —_MC@NLO
POWHEG
ALPGEN

ATLAS
RESBOS I L dt=40pb"

5 66 Geh"e:rnpp:: 116 GeV

10°

P [GeV]

Improve the tuning using the matching ME-PS parameter — ptsqmin (next slide)
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I UNVERSITAT  Matching POWHEG+PYTHIA: ptsgmin

— Essential to understand the interplay
between POWHEG NLO ME and PyTHIA PS

* POWHEG generates inclusive Z events at NLO,
including the first emission of QCD radiation.

» The cut-off for the minimum p_ of the first

emission is implemented as a steerable
parameter "ptsqmin”

:-:_E = T |. T T T — : _i
Tl i 24 In POWHEG:

S 70f .

a7 6o / : @ Below the cut-off, Z+ 0 jets
2 B - puaminos 1 d with Z
: 50 | POWHEG e PE?EIE ji _:': EVE_ntS dre generate Wi

& q0 [ cut-off FE ' ': pT =0 GeV

» For higher values of the
cut-off, more events are
generated with Z p_= 0 GeV

1111000

NN

0 1 _

2 3 :
Events generated by POWHEG Pf (GeV] Z-pT determined only by the shower
MC (and non-zero at the end!)

B G osingusa - ZPW2014 46
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I UNVERSITAT  Matching POWHEG+PYTHIA ISR shower

s Default PyTHIA8 setup ISR shower setting:
PyTHIA8 shower the Z + 0 jet events up to the kinematic limit

— no events below the POWHEG cut-off
— very low Z p_mismodeling

* “wimpy” ISR shower setting:
Z + 0 jets are showered up to the POWHEG cut-off (ptsgmin)

and fill the space below the POWHEG cut-off

. /E;a:lt shﬂwef\

-+ = ptsqmin 0.2 : -) Pythia does not shower up to

| - — — ptsgmin 0.8 . ST
l —— pisqmin 2.0 the kinematic limit

|II| 111

In POWHEG 1-jet events:

doga /dPf [pb/GeV]

1111 ||Ll.__

-) it showers only up to the
SCALUP value

LT .

1 2 3 4 ;
PE [GeV]
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I U POWHEG+PYTHIAS8: Configuration

» Raise ptsqgmin from the default 0.8 to 4.0 GeV*
— increase the number of Z + 0O jets events, so that

the ISR wimpy shower can fill the very low p_region

» Match a_value and running between POWHEG ME

and PyTHIA8 ISR shower
2 us(ME) =0.118
@ NLO running order

» Tune primordial k_and ISR cut-off

B G osingusa-ZPW2014 .
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Z — pp bare kinematic Z v e dressed kinematic

POWHEG+PYTHIAS: Tuning and results @

_ === ATLASdata . mm== ATLAS data
12— POWHEGHPyTHIAS AZPHINLO T e POWHEG+PYTHIAR AZPHINLC
115 =~~~ POWHEGHPYTHIAS All2 o 15— —=— POWHEG+PYTHIAS AUz
g LI = = =
= = Lo '_'_'———-_I ] o =
< 1.0 -‘,—I_: -—-—-'__F_E-aa'ﬁ—hﬁﬁ:l:'_:_‘__l ; = _E
o5 :—'—‘———I_“_ —E _._,J'+
os : -
lj.S_: __ I L1l : 1 Ll I (N |_ 1 F
1073 L 107! 1
Z ¢y L9y
Parameter PyTH1A8 setting Varation range AZPHINLO AU2-CTI10
Primordial kt BeamRemnants:primordial KThard 1L.0=-235 1.74 2.0
ISR cut-off SpaceShower:pTORef 0.5=-25 1.91 2.0
ISR a,(Mz) SpaceShower:alphaSvalue fixed O.118 0.137
ISR a; order SpaceShower:alphaSorder hixed 2 1
ISR limit SpaceShower:pTmaxMatch fixed | 0
MPI cut-off MultipartonInteractions:pTORef 1.0-235 1.57 1.70
Parameter PowHEG setting
Radiation cut-off ptsgmin fixed 4 0.8

=
_
-
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W — pyy; bare kinematic

ATLAS W, Z-p_ after tuning

1.3 = ATLAS data
- —— PyrHiaB ALPHI
1.2 . ——— Pyramald 4C
]
=
W — uvy, bare kinematic
1.3 == ATLAS data
- — POWHEG+Pymual AZPHINLO
1.2 . ——— POWHEG+PyTrmai AlLlz
§ 1.1
P = r ______ e
"ﬁ 1.1 —ﬁ_‘—i‘ﬂ—l
I
Il"l'l _“n“-“mu--"‘.—_“'ll i
o

(| T

Py [Gev]

WIE Sata

MC/Data

£ = i bare kinematic
I I I I
1.3 m ATLAS data
— PwvrHiAR ALPHI

1.2 __ ey F'I"rHT.*.H }':_1 __
— =1

o
i1 —1 1 - —
1 B =
- LT =
1.0 B ——— 1 1 i
°f | I =
I e i
LY ] 1 —
——— I —|—|—
ns -___ =

ry [GeV]
Z — up bare kinematic

1.3 |~ s ATLAS data
POWHECGPyrma® AZPHINLDO

=

1.3 b === POWHEBECG-Pyrmal ALz

l:lll!ll L1

&
|||
1
'|i|

L

i o’ in?
pr [GeV]

» Tune validation against other sensitive observables
» Tuning results consistent with W p_, Z p_ observables
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I Wil Heavy Flavor @
» HF modeling could be a very HF production from showers not well
important issue for run 2 constrained | modeled

physics output

Eur. Phys. J. C (2013) 73:2301

 Needed by many O ' ' ]
searches/measurements (very good — 40 @ Datastat. uncert. only _
handle for background suppression) S | . hythia6.423 1
= . O Herwig++ 2.4.2 1
« Overlap removal for b/c produced in g sl M 'T')(?[\glheer?ot Pythia 6.423 b
ME and PS 8 i |
« Some generators have internal ! —@— *—
6 - —

tool (Sherpa) i __.__Q x
 In other cases developed by us i f e S -]
(not clean, but works) 4;§i _
 Branching fractions can be different i ]
for different generators 5 - b
« working on unified tool (EvtGen) - ATLAS | N
| Data 2010, \s=7 TeV, | Ldt=39 pb |

| | | | | | | | |

ATLAS task-force in place to study HF issues 0 50 100 200 300

Jet P, [GeV]
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» Heavy flavor and generator features

e Studied HF content (at hadron-level) for different Alpgen and Sherpa samples
 Too many HF in Sherpa NLO (massless treatment)
« Big difference in treatment of massless c-quarks in Alpgen and Sherpa

* In the massive treatment (massive b- and c-quarks) very similar results for
Alpgen and Sherpa

» Tau polarisation

. p, of tau decay products (excluding neutrinos) harder when no tau
polarisation considered
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» With the Run2 we will have completely new data (a new LHC era starting)

P A lot of efforts needed to provide proper MC estimates for signal and
backgrounds at 13 (14) TeV

P The experiments did put a lot of effort in tuning and understanding
data/MC discrepancies
« Some times very basic handling (scaling, re-weighting)
* Mostly satisfactory, but not always 100% correct
» Need to take advantage of the full available dataset
» Already 1000 Z+5 jets events
« Very nice tools for MC generators comparison and tuning (Rivet/Professor)
 More and more accuracy needed: Higgs analyses going differential
» MC production is a very expensive and time-consuming activity:
* We have to ensure that everything is correct from the start (MC generator level)
» Alot of issues under observation, especially in top and Higgs physics
» Unprecedented effort in simulation technologies

« Together with the physics results, for sure, one of the big achievement of the LHC
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Many thanks for your attention!
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Extra material
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-~NLO QCD (pp) 4 Single Lepton (8 TeV) 241+ 32 pb

= Approx. NNLO (pp) ¥ Single Lepton (71eV) 179+ 12 pb
A Dilepton 173 -+14 pb

G [pb]

-~ NLOQCD (PP) 5 All-hadronic 167 « 81 pb
1 02 — Approx. NNLO (pp) @ Combined 177 31{; pb —
- mCDF - -
B ¢ DO :
10E E

1 2 3 4 5 5 7 8
Vs [TeV]

_L\

S




Julius-Maximilians-

UNIVERSITAT
WURZBURG

ATLAS SUSY Searches*

- 95% CL Lower Limits

SUSY

ATLAS Preliminary

Status: SUSY 2013 [Ldt=(46-229)fb V5=7,8TeV
Model e[ Ty Jets ET™ [rdim] Mass limit Reference
— T T T — T T T T T —T—TT
MSUGRA/CMSSM 0 2-6 jets Yes 20.3 q.8 1.7TeV m(G=m(g) ATLAS-CONF-2013-047
MSUGRA/CMSSM Teu 3-6 jets Yes 20.3 g 1.2 TeV any m(g) ATLAS-CONF-2013-062
» MSUGRA/CMSSM 0 7-10 jets  Yes 20.3 & 1.1 TeV any m(g) 1308.1841
2 s a—>q/?? 0 26jets  Yes 203 | 740 GeV m(9)=0 GeV ATLAS-CONF-2013-047
I ge, g—)qq)(l 0 2-6jets  Yes 20.3 g 1.3 TeV m(¥3)=0 GeV ATLAS-CONF-2013-047
§ 28, E-qqti>qqW* =70 ; e, g-g jets  Yes 20.3 g 1.18 TeV m(/?z)<2oo GeV, m(¥*)=0.5(m(¥3)+m(z)) ATLAS-CONF-2013-062
—qq(Lt/tv]w)¥i e u -3 jets B 203 |& 1.12 TeV m(¥7)=0GeV ATLAS-CONF-2013-089
Qo éf/ngB (g Ll?\l(LSP) * 2epu 2-4jets  Yes 47 tanB<15 1208.4688
‘B GMSB (7 NLSP) 1271 0-2jets  Yes 207 1.4 TeV tang >18 ATLAS-CONF-2013-026
% GGM (bino NLSP) 2y - Yes 4.8 m(¥3)>50 GeV 1209.0753
£ GGM (wino NLSP) 1eu+y - Yes 4.8 m(¥9)>50 GeV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) Y 1b Yes 4.8 m(¥3)>220 GeV 1211.1167
GGM (higgsino NLSP) 2e,u(Z) 0-3jets Yes 5.8 m(H)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes 10.5 m(g)>107* eV ATLAS-CONF-2012-147
S5 gobbly 0 3b  Yes 201 |g& 1.2TeV m()<600 GeV ATLAS-CONF-2013-061
S “E> g_@?& 0 7-10jets  Yes 203 |& 1.1 TeV m(¥3) <350 GeV 1308.1841
° o~ gotiXy O-1en 3b Yes 20.1 g 1.34 TeV m(¥?)<400 GeV ATLAS-CONF-2013-061
- E—bit; 0-1e,u 3b Yes 201 g 1.3 TeV m(¥9)<300 GeV ATLAS-CONF-2013-061
biby, bi—b¥} 0 2b Yes  20.1 |, 100-620 GeV m(P3)<90 GeVv 1308.2631
0o b1 by, by—thy 2e,u(SS) 0-3b Yes 20.7 b1 275-430 GeV m(¥)=2 m(¥) ATLAS-CONF-2013-007
<9 FF(ight), i-btT 12 e, 1-2b  Yes 47 |® m(P)=55 GeV 1208.4305, 1209.2102
g g 1% (light), tlaWb\fl 2eu 0-2jets  Yes 20.3 T 130-220 GeV m(E9) =m(%)-m(W)-50 GeV, m(f )<<m(¥i) | ATLAS-CONF-2013-048
gg t1f (medium), t1—>t)(1 2epu 2 jets Yes 20.3 2 225-525 GeV m(¥?)=0 GeV ATLAS-CONF-2013-065
=5 hh(medium), f—btr 0 2b Yes 201 |@ 150-580 GeV m(¥7)<200 GeV, m(¥1)-m(¥?)=5 GeV 1308.2631
Ors i fi(heavy), Hi—tl leu 1b Yes 207 |t 200-610 GeV m(¥?)=0 GeV ATLAS-CONF-2013-037
5 @ hhlheavy) ot 0 2b Yes 205 |G 320-660 GeV m(¥3)=0 GeV ATLAS-CONF-2013-024
»B kb, hod) 0 mono-jet/ctagYes 203 | 90-200 GeV m(t)-m(¥9)<85 GeV ATLAS-CONF-2013-068
111 (natural GMSB) 2eu(Z) 1b Yes 20.7 [ 500 GeV m(¥3)>150 GeV ATLAS-CONF-2013-025
Ez bt +2Z 3epu(2) 1b Yes 207 |B 271-520 GeV m(E)=m(9)+180 GeV ATLAS-CONF-2013-025
Ré’L Ry f—»(%l 2e,pu 0 Yes 20.3 7 85-315 GeV m(¥3)=0 GeV ATLAS-CONF-2013-049
5 Xﬂl« X —iv(tv) 2epu 0 Yes 203 ):(i 125-450 GeV mqg)zo GeV, m(Z, a):o.s(m@§)+mpgg)) ATLAS-CONF-2013-049
= o )(1 X )(1 —Ty(17) 27 - Yes 20.7 f 180-330 GeV m(¥1)=0 GeV, m(%, #)=0.5(m(¥7)+m(¥})) ATLAS-CONF-2013-028
w3 )(1)( N (). 8 () 3epu 0 Yes 207 | X 600 GeV m¥i)=m(©3), m(£9)=0, m(Z, =0.5(m (¥ )+m(¥3)) ATLAS-CONF-2013-035
Xikp— Wi ZX& 3eu 0 Yes 207 )?f?g 315 GeV m(¥;)=m(¥3), m(¥?)=0, sleptons decoupled | ATLAS-CONF-2013-035
XiXa—->WEih¥i 1epn 2b Yes 203 | X4, 285 GeV m(E})=m(¥3), m(¥})=0, sleptons decoupled | ATLAS-CONF-2013-093
8@ Direct i1 1 prod., long-lived ¥  Disapp. trk 1 jet Yes 203 | 270 GeV m(¥;)-m(E9)=160 MeV, 7(¥7)=0.2 ns ATLAS-CONF-2013-069
= % Stable, stopped & R hadron 0 1-5jets  Yes 229 |g 832 GeV m(¥3)=100 GeV, 10 us<r(&)<1000 s ATLAS-CONF-2013-057
SE  GMSB, stable 7 M357(e, /J)+‘r(e u) 1- 2;1 - - 15.9 10<tans<50 ATLAS-CONF-2013-058
S S GMSB, H—vG, long-lived ¥ 2y - Yes 4.7 0.4<7(f9)<2 ns 1304.6310
=1 aq, X1—>qqu (RPV) 1 u, displ. vix - - 20.3 (] 1.0 TeV 1.5 <cT<156 mm, BR(u)=1, m(¥3)=108 GeV | ATLAS-CONF-2013-092
LFV pp—¥ + X, ¥ —e +pu 2epu - - 46 2;,=0.10, 13,=0.05 1212.1272
LFV pp—; + X, 7:—e(u) + 7 lTeu+t - - 4.6 A41,=0.10, 21(5)33=0.05 1212.1272
> Bllmear F{PV CMSSM Tepu 7 jets Yes 4.7 m(§)=m(g), ct.sp<1 mm ATLAS-CONF-2012-140
& X;r)(l w1 —eel,, euve  4en - Yes 207 ¥ 760 GeV m(/\71)>300 GeV, A121>0 ATLAS-CONF-2013-036
X1X1, )(1 WKL, X1 —1TVe, eV 3eu+t - Yes 20.7 Xf 350 GeV m(/\/l)>80 GeV, 1;33>0 ATLAS-CONF-2013-036
g—qqq 0 6-7 jets - 203 |& 916 GeV BR(t)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091
g—-tit, ti—obs 2eu(SS) 03b Yes 207 |g& 880 GeV ATLAS-CONF-2013-007
. Scalar gluon pair, sgluon—qq 0 4 jets - 4.6 incl. limit from 1110.2693 1210.4826
_0:3 Scalar gluon pair, sgluon—tt 2e,1(SS) 1b Yes 14.3 ATLAS-CONF-2013-051
6‘ WIMP interaction (D5, Dirac x) 0 mono-jet  Yes 10.5 m(y)<80 GeV, limit 0f<687 GeV for D8 ATLAS-CONF-2012-147
1/; =8TeV 1
full data Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o theoretical signal cross section uncertainty.
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WURZBURG MC Production: Simulation @
» G4 full simulation (335 s /event):

e every stable particle is tracked through the ATLAS geometry
» the list of possible interactions is defined by the physics list: QGSP_BERT as default
e one event takes ~5 minutes — major simulation time spent in calorimeters

» G4 full simulation with Frozen Showers (FS) in calorimeters: 25%
speed up in mcl2 (250 s /event)

« showers are tracked down to very low energy by G4 — stop showering at a threshold
and substitute each end particle by a pre-made list of energy deposits

* frozen showers in the forward calorimeters as default in mc11/mc12 including
upgrade production

» AtlFast-Il (AF-II): factor 10 speed up in mc12 (20 s /event)

e parametrise all particles except muons in the calorimeters

« do not simulate particles except muons in the calorimeter
« parametrise non-simulated particles before the digitisation step

» Integrated Simulation Framework (ISF)

« Dbetter integration of full and fast simulation based on sub-detectors and particles
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WURZBURG MC Production: Digitisation @
» Simulate detector readout

» Simulate pile-up contributions (multiple pp interactions on top of
hard scatter event)

» Overlay a number of pre-simulated minimum bias events on each
signal event
« <u> average number of additional pp collisions
» fixed <p> (for performance studies)
« pre-defined <p> profile (default for physics samples)

« sample given <p> profile over 5000 events
« small samples should be multiple of 5000 events
e <> re-scaling of MC pile up

« accounts for the fact that the models of forward particle production are not as
well constrained as for central production

» Minimum bias pile-up samples

« separate into low-Q and high-Q (Q=35GeV) samples to allows for frequent re-use
of low-Q events per job and limit re-use of within one sample
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Julius-Maximilians- ’
UNIVERSITAT i : ‘
I WURZBURG MC Production: Campaigns @

» MC production campaigns correspond to data taking periods with same
conditions

* centre-of-mass energy, detector configuration, conditions, ...

» Major MC production campaigns

 mcll: simulation configuration for 7 TeV in 2011

« mclla: digitisation+reconstruction configuration with Pythia 8 pile-up sample,
estimated beam spot and pile-up profile based on three run periods

« mcllb: same as mclla with updated pile-up profile/conditions based on four run
periods and two trigger menus

* mcllc: same as mcllb with Pythia 6 pile-up sample
 mcl2: simulation configuration for 8 TeV in 2012

* mcl2a: digitisation+reconstruction configuration with Pythia 8 pile-up sample,
estimated pile-up profile and beam spot based on 2011 data

 mcl2b: same as mcl2a with beam spot and pile-up profile from data

 mcl2c: improved geometry description for precision measurements: simulation based
on mcl12 and digitisation+reconstruction based on mc12b

P Pythia 8 pile up sample in MC12 is much better description of data than
the one in MC11 due to improved tune that uses LHC data as input
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Julius-Maximilians-

e MC Production: Grid Resources in 2012

Wall Clock consumption All Jobs in seconds

. 12l0 52 Wesks from Week 01 of 2012 to Week 53 of 2012
¥ T T T T T T T T T T T

nsumption All jobs in seconds [ISurn: 3.474,118,053,192]
ML Simulation - 472 7%

(=]

Bn 2L beb 2ld Mar 2012 Apr 20l Mey ML un20ls il 0L Aug 2012 Sep 2012 Oct 2012  Mow 2012 Dec 2012

W MNC Sinulation M User Analysis W NC Reconstmuctson B Group Prosduction B T Prosessing
B Group Analysis Data Procedsing W alication B Tecting W MC Sirailaticn (X0)
B MC Reconstructon | XF) ] Cthers W CAF Processing W ML Proguction B unknown

Maxinum: B%.315,138,604 , Minimum: 0.00 . Asaraga: §4.335,219,302 , Curent: 17,572, 369,200

MC Reconstruction - 16.29%

W Srrralabion - S0 08 LA 353 428340 00 W Usar Sl ymas - L 0 LA 4B 214,112
VT Recneemrrion - TR 20% 0965, F78 280, 071) B Sradip Prosdacrian - T 075 (743,774 208, 17 5)
B 70 Frocaeeng - 4. 13% (L4, 550, 251 ATEY B Crouz Aol yais - 300 (106,831, 393 B19)

Dota Processieg - 1652% 457, 374.603.803) W b datien - 1 33% (40 235 031 3EL
B Teming - 0 93% (12 96, 5405 1%7] W HC Sieruiscion | NF) - 0A8% (1A AR, 811 51a]
B W Hecosatrochon D04 - 2088 12,195 28] 03 W e bmarn - COG% ILE2E. 53970

CAF Prpevessaneg - 0 071% (433,304, 2950 W NE Froadasctis - O 0985 03.0d0]

B =nknawn - 3.00% 10201
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I WURZBURG MC Production: Pileup simulation

> pile-up profile in MC matched to observed distribution in data if possible

€t data M

g 12 12— data

s MC12a i3

5 F (before data - MC12b
’ taking) 08 (after data
N taking)

06}

=
B

0.4

o
bt

D2

0 8 10 15 20 25 J-EII 35 I-ltl &5 1] ] 10 15 IEI’.}I )] I3l:| 38 41 ) ‘-15‘ =
mu (averaged over BCID)

= mc12 pile-up sample configuration

= <> profile samples from 0 to 40, with a mean of <u>=20

= 10M low/high-Q (1.5/4.8 TB = 6.3 TB) — 5000/500 events per file

= 500 events per job: one signal file, 5 low/high-Q files — 4.8 GB of input files per job
(100 events per job: one signal file, 1 low/high-Q file — 1.1 GB of input files per job)

= distribute minimum bias pile-up sample to T1 and larger T2 sites — 0.3-0.4 PB total
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UNIVERSITAT : : A
Wil Event displays: pile-up

nre»r-=»

Run Number: 152166, Event Number: 467774
Date: 2010-03-30 13:31:46 CEST

http://atlas.web.cern.ch/Atlas/public/| EVTDISPLAY/évents. html
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UNIVERSITAT - |
I WURZBURG Leptons and MET in QCD events @

» Prompt (signal) muons and electrons are isolated

« Leptons from heavy flavor decay in jets show activity in a cone around them
« Leptons in jets have a non-zero probability of passing the isolation cut
« Matrix method mostly used to estimate their contribute (FAKES)

» Jets can be mis-identified as electrons or photons

* Very low probability, but very large cross-section
e Inthe case of H - vy
 afitto the data used as background prediction

» Fake MET due to poorly-measured jets/ jets escaping the
detector
* Mostly in the direction of one jet
« Strongly influenced by the pile-up interactions
« |n addition, contribute (real MET form heavy flavor decay)
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Julius-Maximilians-
I e Top as QCD background: tails

URZBURG
» Searches are very often ATLAS-CONF-2013-060
sensitive to tails of ttbar $ [ ArLas Preiminary +-Data (15 =8 TeV)
. et | Ldt=14.3f" Bl 7T (600) Chiral
Monte Carlo 2 14OEJ === TT (600) Singlet
 High mass tails £ 120?// %Eon-ﬁ
e HT tails kT 100f /) Total BG uncert.
| ), loose
 Large MET tails 8077 7
& %
60—
» Often new developments on 40/
NLO: - B
« Off-shell tops (single-top Wt has N T T R e
only one “off-shell”) @ 15F
=l /W/ //,,7/
. HtZ, ttwW £ os %z
 ttbb, ttcc (see also ttH) 0700 200 300 400 500 600 700 800 900 7000

mreco [Gev]
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[3\, VERSITAT Z-p_Tune: PYTHIA6 and POWHEG+PYTHIAG

W/ Daka

Tuning performed also with PyTHIAG and
POWHEG+PyTHIAG with some differences

s In PyTHIAG o (M,) is not tuned, the default value

of A ., already gives reasonable results

* In POWHEG+PYTHIAG the wimpy shower mode
does not effectively limit the shower to ptsqmin

£ — e dressed kinematic

£ — ¢ dressed kimematic
r T | 1 T |
ATLAS data . ATLAS data
e — PyrHiab AFPHI = POWHEG+Prrias AZPHINLO
115 - ——— Pyrataf AUFT2B = 118 = === POWHEG+PyTimaf AUFT2B
1.1 — _|: = o
r - '_:_ ;
1.0 | - 2l ) = poe 1
g T o
1.0 [ e A ﬁ_'_'-'-....._,,_!—-l-l Z Jo0F 'Ir"""'. I"LL .
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http://cdsweb.cern.ch/record/1363300/files/ATL-PHYS-PUB-2011-009.pdf
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» Tuning based on Professor and Rivet
s Tune ISR and intrinsic k_to ATLAS Z q>'“

measurement

» Focus on the low Z p_region:
7 q;'“ <0.29 > Zp_<26 GeV
» Validation against ATLAS W p_, Z p_

Z-p_ tuning: Strategy and input data

andD0Zp_,Z q)'“
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» Adjust MPI by retuning to CMS Z UE data
(only for PytHIA8 and POWHEG+PYTHIA8)
» Baseline tunes: 4C (PytHIA8), AU2-CT10

(POWHEG+PYTHIA8), AUET2B (PYTHIAB,
POWHEG+PYTHIAG)
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