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The particle physics cycle
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Course outline

e Lecture 1

* The journey of raw data from the
detector to a publication z5m

e Lecture 2

* How we reconstruct fundamental
physics processes from raw
detector data

e Lecture 3

« How we extract our signals from the
mountain of data, finding needles in
the haystack
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Standard Model Total Production Cross Section Measurements status: July 2018
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Measuring cross sections

N * The cross section for a process is defined as the number of events
O = — divided by luminosity

L
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Measuring cross sections

N * The cross section for a process is defined as the number of
o —= —— events divided by the integrated luminosity, Lint, which measures
L how much data we have collected
int
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ATLAS Luminosity
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* Question: Why does ATLAS record less data than the LHC delivers?

 How do we know the integrated luminosity delivered?
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Figures adapted from Michaela

LH C COI I iSi ons Schaumann’s third lecture (11/07/19) on

“Particle Accelerators and Beam Dynamics”
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 The LHC accelerates bunches of 10" protons separated by 25ns gaps
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https://indico.cern.ch/event/817568/

Measuring Luminosity at the LHC
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* Ingredients for a measurement of the luminosity
* Measuring the size of the beams (for a certain LHC configuration)

* This requires a dedicated measurement where we scan the beams across each
other in the horizontal and vertical directions - a van der Meer scan

* Measuring the beam currents in each bunch

* This is done during collisions, integrating all of the bunch currents and knowing
their size, we can calculate the luminosity

* Make many cross checks because this is such a crucial measurement
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Measuring cross sections

o L * The cross section for a process is defined as the number of
11t events divided by the integrated luminosity, Lint, which
measures how much data we have collected

N * Nobs in data needs to be corrected for the detector

obs acceptance, A, for selecting those events. The
O = reconstruction efficiency, &, is a product of all of the
A € L efficiencies that we need to measure and ensure that they
* * ~nt are the same in our data and simulation

Did I mention that simulation is important ?
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Before the detector, came the simulation

 When designing detectors, we simulate detector response to physics of interest

* Interesting physics is often at high momentum, e.g. four high momentum muon
tracks here

Q. Can you spot the high momentum tracks?

Q. What detector technology might this
example motivate ?

No magnet
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Before the detector, came the simulation

* When designing detectors, we simulate detector response to physics of interest
* Interesting physics is often at high momentum, e.g. four high momentum muon tracks here

* Adding a solenoid magnet makes it possible to measure momentum (and charge) in our
tracker by measuring curvature in the transverse plane

No magnet
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Simulation and understanding detectors

 We use software simulations to model the detector as accurately and precisely
as possible based on our best understanding of the physics involved

* We then test that our simulations are accurate using real data
« We correct our simulations if necessary

 Once our simulation is an accurate model of our detector, we can use it to
correct the data for detector response
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Exabyte-scale physics analysis
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Ingredients to the ATLAS physics program
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 \WWe compare data with simulation
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Ingredients to the ATLAS physics program

30 T T

> > . : : e = " namg ~ymy ng: DS . I - .
) , e2t’ mirary 3 2 T T T T 3 2ile-up suppression STUFRIVE 7 = ell-based isolation: 3 > TO o-Cluster isolation: 3
((3 fLar—:;spb ATLAS § " :[é.:'::/lb ATL:QSJ::” = 3 E‘ A ATLAS Prelimnary ] (i [ ans0 “E:g.\éi i ez 18 5| . M Dnm(?—.n‘nl[ azsw @ 5 P » 201 DAR(Zsae), | La=3n' 3
iy - * Data2010 - ) S w3 = T 0 1% Plaap sipprassian STVE 1c 28 & oo —up —=%= - 3 = o . ]
‘QED V=7 Tev COMCW e .g 10 =:"'55,D20' ! % -~ 22_ .« pae elm;'do":'u‘ B g . w-sg: :33& Simulatizn ] 2 4 L SAmulefon {shied by 00 Mev) - e 4 + Simdaten (shifid oy ‘wuw. -
5 COIMCW — v § micw 1w 42 20 <i>=40: 2 048 \/E E. N 12 3 B lgecer Mescogw - £ W Lagps:  MeEcOgm 3
w I C tibar - ey 18 18 ° . ATLAS Preliminary ER T ATLAS Preliminary 1
 vc ww 10 L _-,E. 15 is 2 " = 5 of i
Iy apdll iz . 'i .‘ B 2
. 10 eud TECLLASAA 1 o "% 3 !
E T LILAAAA ] oS- Ny '»"1!" 's,,“,.,. o
g e e 1 : : X
: ’ % I AT ] o T R ‘260' — s T
% w5 = T 05200 300 400 500 600 700 ' :
B 13V hov N Bunch crossing ID Bunch crossing 1D
ms (GeV] X Eq(svent) [CeV]
g . 8 ] 5 105; ﬁﬁﬁﬁﬁ 4 TTTT T TTTTTIT TR 'a? 22,_ T T T T . ;1045 -
S 0.25[ ; " p.>20 GeV ” 2 0.16 ;:"‘;‘: ;_‘ faLemome 1prong p,>20 GeV S E ATLAS Preliminary = BDT 3 5_:_ 20; ATLAS Preliminary 2012 Simulation : 0H3<<0,;:<03 E g :fu ATLAS Preliminary /
S - ATLAS Preimnay | = (.14 ATLAS preaminary | é 10° 4 &L =370 pb” + Likelihood — ; [ v 1prong decays . 08<hl<13 5 Flvene Simulation
= 0.2 { 8 ] E = pl 3 18 1 3| o )
o J | B o012 i w Fut - s v 13<hi<16 010° | ems s
e 2 - ] E o " = 16 " « 16<hl<24 @ F | o Tile iy
X { & 5 10° = 2012 4 © = Y P F 1
2 0158 | o 0.1 ] 2 Eom. 141 B =] e N
£ A§ 1 3 { & [ " 1 t Q[ [ mes : §
3 N | E 008 | %0 ‘a, 120 xy 1 E AL -
"N 1 % oos L8 i, o gt } { 1 e 2 Fou
A - - . =
A 1 { ] s . " 8 W { 4 = | FCald
0.05R% ! "0 E g 10, 1 Prong e oF- 8 ‘ : 1 20! o
! 0.02 Iz p, > 20 GeV, In| < 2.3 g oy ' 1 27 HEC2
> Z 22 | e ] = [ 4 4 8 HEC3
o - ] AP PP PP PaTE L . =]
% 01 02 03 04 05 06 07 08 09 1 0005 01 015 02 03503 035 04 10701702 03 04 05 08 07 08 B e L . | HECA
fr o 50— = Signal Efficiency P GeV] 0705 1 15 2 25 335 445 E
o AAPAARASAR AEMMIRARARRRARS RaES nanns aanns nanan ba S [ ATLAS Preliminary  Simulation © _ . ATLAS Preliminary — . a - 114 —— e ,
© 1:_AT).A$ ﬂ’rellmman/ g O 45f —e—205p)"<25GeV \5=7TeV S 0-9: \Se7TeV i T T T T T ™ A O.Q:Amé Profimman ‘3’
g g BAEnm  eo WECFON poy ] G, | ~e-26p"<30eV PynaDjetanikR-08] 3 Qg Awk EMR-0S s 3 Zi 0.7k reliminary SL‘“)";;:\‘: i"l“:f:_- < 1120 Muttidjet ATLAS
T 09 1 5 O o MeleTssn<ss o7 § ATLAS Simulation i1 v EVs=7 Tev, [Lat=21" g 1170 Trackiet Lat=36 p"Vs=7 TV ]
= aaa | o Y i 3 ! 355p) " <40Gev -1} —.— | e 0. PYTHIA QCD dijets 4 0.6 = O 1.084 1y -jet direct balance 1
2 08 N “at, R = 35} —o- 40sp;™ <45 GeV 0.6 -] |-+ T antik, R=0.4 ] ~E E ¥ -jet MPF Data 2010 and Monte Carlo incl.jets
2 0 o0 | ¥ . P TV B Average Slope = 0.6010.003 GeV/N,, o - ‘ E ] E —%— owa20ts 3 1.06+~ 1
S o P * 0®%%%p0eg o [ 3 30 . 05 T = + * 0.4 210° cm3s", 25ns pile-up 4 0‘5: Z ALPGEN MC10 ~ e 1.04
o 0.7E~ - s © . Sag 4 . == T P> 20 GeV, < 20 B #— Data 2011 (UVF1 > 0.75) R . _(..;—*—
E . ° 1 S ] 25 . 04t o [T Hard-scatter jets 3 0_4:— Z ALPGEN MC10 (UVFI > 0.78) —— ¢ E 1.02! ozt
S o8 e ase 3 f " 0.3~ 7+jet data 2011 N Jots om ple-up ] 03E —— 3 1
‘., 0,4°%° @ ] 205 P o 2 + y+jet simulation 0. ] E '_'—’_'—f-; 0.98;
05 d ‘ ¢ E-30GeV E - 400 GeV ] 15¢ / - Track-jot data 2011 ] 0.2 = 0.96!
C o E- b t —+— Trackjot simulation | ] E E
0.4F-Antik, A - 0.6, EMWJES © E-60GeV 4 E-2000GeV] 105 L 0. " e~ Simulation, using p}" 0. = 0_];— _; 0.94;
OU‘OJSA % iLS.l;é l215. N 5 315 i ..:‘15,— 2 4 6 8 10 (b 05 11522534384 45 ] l > ] P 3 0.92} JES uncertainty anti-k, R=0.6, EM+JES
: : : ’ R Number of primary vertices (N, ) i 0 02 04 06 08 1 12 3 45 6 7 8 9 10>10 0.9 0 0
§ 1Py Jet vertex fraction (JVF) Number of primary vertices P (GeV)
1& ;ATLASHeIImInary I : 5 - T T T T T T - > R Rt AR YT !
. R et i emehes ] |- $T ot o orm J \ ] 4 ——— - N——
g 10* R ERE - ATLAS  Prolininery Rt toribid ] § 1 ATLAS Preliminary 1 g r , i g 1005~ AERARSRARSRassRanE RaL
x g F Jde.u'b‘ MVITo% b e { o — due 18 asE ARASPulnhey |L4® 7 3 roos RMS:003% @ WoevElp
-3 A 0 RS e N 10° b pots £ : RMS: 0.058% Z-ee inv. mass
3 1035 < E b E Ve 7 TeV : & . ot 1 SE- W1 W<i2 1: g 1.003}
o ] 12— 1 ] Soht- e ot { r e Scale factor negative lag (stat) 1 s 1 002
102 4 Fooit . ] § 10 [ ont-Ravour jets 1 5 2 5: 0 Scale 1actor negative tag (Siat+syst) e 2 4001
: i - 3 . F i B i . <>
; 1 i~ ! ! i } - o 1 2 | 2 ¥ P TR
C - [ ] = B : g
10? it simulation,\'s=7 TeV 7 - I ) 4 1‘ = 15 B 0 999
[ p15ey, n‘"kzs 1 08 - e ] 0.998;
—-—— - E
2 Il (AR A 1aals 1 1= E
43646506 07 08 08 1 . 1 E 0.997; 4
bjat effiiency 06 1 . , . ! - o S - 1 0006, 08 2011.N8=7 TaV, [ Lt =49
50 00 1% 200 250 30 1 E i ot X, AR . AR T T Y
0 S - e 2 4 6 8 10 12 14 16 18 2
Jetp, [GeV] SVO Mass (GeV) 30 4050 w 2107 i A 1 bunch
jt pT [GeV] verage interactions per bunch crossing

« We make a LOT of comparisons of data and simulation
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ients to the ATLAS physics program
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Measuring cross sections

N * The cross section for a process is defined as the
O = number of events divided by the integrated
T T luminosity, Lint, which measures how much data
int we have collected
N * Nobs INn data needs to be corrected for the detector
obs acceptance, A, for selecting those events. The
O — reconstruction efficiency, g, is a product of all of
A . e.L. the efficiencies that we need to measure and
int ensure that they are the same in our data and
simulation
N, obs N bkg |
O = * Finally, we need to measure and subtract |
A € L background events that are not part of our signal
* v Hint Process
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Events / 2.5 GeV

Discovering the Higgs Boson: H —» ZZ — 4l
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* We will (nearly) always have some irreducible background to the signal process
that we are trying to measure
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Measuring cross sections

N * The cross section for a process is defined as the
_ number of events divided by the integrated
O = luminosity, Lint, which measures how much data we
have collected

* Nobs IN data needs to be corrected for the detector

N obs acceptance, A, for selecting those events. The
O = reconstruction efficiency, g, is a product of all of the
A € L efficiencies that we need to measure and ensure
Y« HMnt that they are the same in our data and simulation

N — N * Finally, we need to measure and subtract
obs bkg  background events that are not part of our signal

O — process

A.e.L;,

Now we can compare this to the theoretical cross section!
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Physics event generators

QBH compep CASCADE HEL A C-ALPGEN MCFM
Horace TAUOLA LOJet++’ISAJET POMWIG 3

\wcervc ResBos 75 |
AcoriC | JIMMY £

&-.

BlackMax

EvtGen!

Prospino2 DYNNLOQ rhe MC@NLO Package |8
MadGraph5 aMCE@NLO Top++ @ MadGraph > <Cue rI

* There are lots of different physics models implemented in physics event
generators, depending on the type of physics that you’re interested in

« We want to see if reality looks like theory (and which one !)

.\o N < v
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Are we ready to do some exabyte-scale physics analysis?

' é\ LAr hadronic end-cap and
Y, forward calorimeters

A
/ /

L \ern defector
v \ / Toroid magnets | \ LAr glectromagnetic calorimeters
Muon chambers Solenoid magnet J Trensition radiation fracker

o vl 'S by $
Semiconducton racker :

Exabytes of Data ' Exabytes of Simulation '

ATLAS Submitted Papers

600

| I | | | I ]
— ATLAS Run 11+2 | | | ATLAS: 580
= ATLAS Run 1/ I I I Aun 1. 538
— ATLAS Run 2, : | |
500
| | | | |
| | | | |
| | | | |
400 ! | | | .
| | | | |
| | | | |
| | | | |
300 | | | | |
| | | | |
| | 2 | |
X I | | | |
200 | | | | | .
| | | | |
| | | | | Publls h '
| | | | | )
100 | | | |
| | | | |
! : ' ' I Run 2: 42
| | | |
0 l2|
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First - measuring the Z boson

T T T

40
a) First Level Cuts

30 152 Events

20 /->ee 1N UAT
> 10 f Two EM clusters with
f o L0 i ! E>25GeV.
N b)
2 Second Level Cut _
S % ec°n6 Eev:f o As above plus a track with
@ L venrs p>7GeV pointing to the
‘S ) cluster. Hadronic and track
E 0 \ ﬂ rrh , | isolation requirements applied.
5 )
z (| Final Cuts

L L Events

) A second custer has also an

0 L | £ h | isolated track.

0 50 100 150

Uncorrected invariant mass cluster pair (GeV/c?)
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Measuring the Z boson at ATLAS

%)105?!1111111111]777r]17771rr__5
E —4— Data 2010 (\s = 7 TeV) _ -1 3
N N - 10°E B3 oo JLdt_sspb -
obs — *Vbkg 2 [z ATLAS
— = [ I
0 — Q>) 1031___ E w v >
A.e.L I
* * Hint -

10°F E

* Select events with (here) . X

two muons 10? :

1

 Question: what other selections 108 el e

can we apply to the muons? 0 38 9 100 110
m,, [GeV]
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Measuring the Z boson at ATLAS

% 105 E_! SN S B (N S B B B S S S B B S R '_E
- —4— Data 2010 \s = 7 TeV) : SEE
N N E_D 4. %Z—;pp ILdt—SS pb
T ~ 10% aco E
obs bkg g | Emz ATLAS
°= 2 ol =
= 10°E ULV é
A € L L - W WW, Wz, Z2Z :
) * Iint - -
10°F .
* Select events with (here) - %
two muons 10k §

!

* Question: what other selections
can we apply to the muons?

—
Q
-

70 80 90 100 110
m,, [GeV]

* Here | have only considered events with two muons

* Question: is this the cross section for Z boson production?
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Measuring the Z boson at ATLAS

% 105 :_1 l LI B A | l | I B B 1 T T T l’ T Y_E
- —4— Data 2010 (\s = 7 TeV) B -1 3
N,y — N =
obs bkg @ - Wz ATLAS
—_— - [ I .
O = 2 10° &= Ww -
A.e.L R it :
v~ - HMMnt - .
10°E E
. 4y
« Backgrounds are small but still need 10 '
to be measured and subtracted g

A0
 We will quote a fiducial cross 10770 80 90 100 110
section corresponding to good detector acceptance m,, [GeV]

o After making the event selection, applying the same selection to all of the
simulations of background processes, and measuring my acceptance and

efficiencies (and knowing the luminosity) - am I done?

(51K UNIVERSITE Dr Paul Laycock \ EJI\Q,VEITA“UNAL
X427 DE GENEVE o7 SCIENCE
FACULTE DES SCIENCES \ A CENTER

Département d'astronomie



Measuring the Z boson at ATLAS

Table 5: Measured nducial Z — £7¢ differenial and integrawed cross sectioas for electron and muon chaanels.

L —ete Z—
N —_— N |vee|™™  |vee|™ | der/dlyee] Sovm  Sosym  Sonem | derfdlves] S0mm  Sowym  Sommi
obs bk g [Pb]  [pb] [pb] [pb] | [pbl  [pbl [pb] [pb]
0.0 0.5 99 25 16 19 1052 24 1.1 20
O — 0.5 1.0 1003 27 16 19 019 23 10 19
1.0 1.5 892 27 14 17 898 21 08 17
A . €. L 1.5 2.0 506 24 12 11 610 18 06 11
int 2.0 2.5 196 13 07 04 203 12 02 04
0.0 25 3690 53 47 69 | 3179 44 34 71

No ! You would like to publish with the smallest uncertainties possible

Every ingredient to the analysis comes with an uncertainty

Nobs has a statistical uncertainty

Nokg is typically composed of several sources (different physics processes) with
corresponding statistical and systematic contributions to the final uncertainty

A and particularly € have many systematic components stemming from each
reconstruction algorithm that we used

Finally, Lint also has an uncertainty that dictates how well we know the absolute
scale of the measurement - a normalisation uncertainty
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Standard Model Total Production Cross Section Measurements status: July 2018

Y~ 500 pb~t
Q 10" Fayen ATLAS Preliminary
—— - - Theory
N Run 1,2 5 =7,8,13 TeV
100 LHC pp Vs =7 TeV -
: B  D:ata 45-46f! 3
o i
10° . o LHC pp Vs =8 TeV =
: ":':ALJOL Data 202 - 20 3fb
10% 3 LHC pp Vs = 13 TeV E
: BEl  Data 32-798fb ! -
103 3 s E
e = & :
) o ]
102 £ - [ -1 .
[ e« M ol oo :
1L _
10 E () 2.0 b A u=t =
C | VBF i
1 o e
] o 8 g
ttH e :
10—1 - 'I ' =
PP W V4 tt t WW H Wit WZ ZZ t ttW ttZ tZj
t-chan s-chan
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Elements of a search

0 2.7 b7 (13 TeV)

> 10 Trigger paths
8 . CMS .
= 107 g Preliminary JIy v
@ 3 [ — ge
s 10 —
> Y BB 'ow mass double muon + track
L 107 double muon inclusive

10° Z

10°

10*
ocovres] 88 G 5 TR

l-lllllll 1

1 10
'y invariant mass [GeV]

What’s out there?
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Elements of a search

Like Z->ee but at higher mass.

ATLAS Preliminary qzqe

QCD

10* J | dt = 167 pb-1 Diboson

I W+Jets

Z'(1000 GeV)

Z'(1250 GeV)

10° Z'(1500 GeV
10 ¢

10°

Events
Lo 1l

| llnlll| TTT

1 - ———— - ————

lllllﬂl lllllll,l,l L

—
o
|

.

80 100 200 300 1000 2000
m,, [GeV]
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Elements of a search

Like Z->ee but at higher mass.

ﬂ E | | | | | ) 1 | | I I I E
§ 10°F | Z¢® | ATLASPreliminary zp
LU 1 QCD .
10 J. L dt = 167 pb Diboson
I W+Jets
= Z'(1000 GeV)
= Z'(1250 GeV)
10° E— Z'(1500 GeV)=
10 ¢ -
TR
] - |
80100 200 300 1000 2000
m,, [GeV]
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Elements of a search

Like Z->ee but at higher mass. Select 2 electron
candidates and plot
their invariant mass for:

7)) L I T T T | — =
e - e o 4 1. Data
§ 10° | £7€'€ | ATLAS Preliminary |
LU 1 QCD .
10 J. L dt = 167 pb Diboson
I W+Jets
. Z'(1000 GeV)
= Z'(1250 GeV)
10° - Z'(1500 GeV) =
10 ¢ -
Sl
] - 1
80100 200 300 1000 2000

M, [GEV]
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Elements of a search

Like Z->ee but at higher mass.

Select 2 electron
candidates and plot

their invariant mass for:

m | ' | | | I 1 1
= - 1. Data
S | Z—oete i
g 10° ATLAS Preliminary 5z, 2 sSimulated
H p QCD background
10 L dt = 167 pb Diboson events
= Z'(1 250 GeV)
10° E.- Z'(1500 GeV
10k ¢
1 - R e e
1 il
10 _
| - |
80100 200 300 1000 2000
m,, [GeV]
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Elements of a search

Like Z->ee but at higher mass. Select 2 electron
candidates and plot
their invariant mass for:

()] = 1 T 1 T T T 1 T T T =
c - L ete- _ e Data2011 4 1. Data
S 10°F Z—e'® | ATLAS Preliminary Zy 4 2. Simulated
H p acD - background
10 L dt = 167 pb iboson events
10° \s=7TeV 3. Simulated signal
= with different
C masses
L
10 ¢
1 : i i o R AR
10° : i | E
! - |
80100 200 300 1000 2000

M, [GeV]
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Elements of a search

Like Z->ee but at higher mass. Select 2 electron
candidates and plot
their invariant mass for:

()] = 1 T 1 T T T 1 T T T =
c - L ete- _ e Data2011 4 1. Data
S 10°F Z—e'® | ATLAS Preliminary Zy 4 2. Simulated
n 10 I L dt= 167 pb’ Dibo | background
= IDOSON
P CIW+Jets eyents .
10° \s=7TeV i 3. Simulated signal
o %? ggg gex; with different
- (1 &
10° o Z'(1500 GeV)= Masses
10 ¢ .
1 Data inconsistent
L = " T3 witha1TevZ

b
o
1
|

80 100 200 300 0 2000
m,, [GeV]
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Elements of a search

Like Z->ee but at higher mass. Select 2 electron

candidates and plot
their invariant mass for:

| L | | I I 1 | | | I I

) - =
c - L ete- . e Data2011 - 1. Data
S 10°g Z—e'e | ATLAS Preliminary Z/y* 1 2. Simulated
. 10 J Ldt=167 pb" g'ct::D : background
— IDOSON
P I W+Jets eyents .
10° \s=7TeV i 3. Simulated signal
. 521 ggg gex; with different
E "(1 e
10° £ Z'(1500 GeV masses
10 ! Cross-section
1 - L AT decreases with mass
— (higher the mass of
10" 1 the Z’, the more data
- needed to discover it)
80100 200 300 10Q0 000
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Elements of a search

And similar for muons Select 2 muon

candidates and plot
their invariant mass for:

I I | I I I I I I

% 5 lZ +11- o 1. Data
¢ 10 —MW'H" | ATLAS Preliminary e Data 2011 2 Simulated
Z/,Y* .
L .
10 p Diboson background
‘ J L dt =236 pb " T events
10° \s=7TeV .glgéets 3. Simulated signal
102 E 2'(1000 GeV with different
= Z'(1250 GeV) masses
10 _J__ Z'(1500 GeV

1

A l\ B Data inconsistent
_‘ '1 with a 1TeV 2’

2000

10

107

80 100 200 300

’

m,, [GeV]
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Elements of a search

& e+e— . § T T T T T T .l D] t 2011 ‘(2 T T T T T T T ]
S 100 ATLAS Preliminary  r—z.o- o ATLAS Preliminary e Data 2011
( W . o4y
10* Ol Ldt=167pb" 10 (| Lat=236pb’ — e
@ W+Jets 10° -tVtV+Jets
. = [ Hii B =
10° \s=7TeV C37/(1000 GeV} . \s=7TeV E]] gﬁ%oo N
| (]Z'(1250 GeV) 10°E 571250 GeV)
10
1 10"
107 102
e o
80100 200 300 80100 200 300
Mee [GeV] m,, [GeV]

. . Why is the resolution worse in the muon channel?
Differences in:

Resolution
Background composition
Dataset
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Data analysis Z—"

irg jabs 233092
rarsfer rate: 11.11 GiB/sec
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Needles In haystacks

 We record billions of events

* The data are structured but each event is different - unique data science challenge

Data reduction proceeds via a two- > 240011
G 2200 Selected diphoton sample
pronged approach... 2 5000 ®  Data2011and 2012
S Sig + Bkg inclusive fit (m_ = 126.5 GeV)
e Select only the events of interest ooOTORNG e 4th order polynomia
1622 \s=7 TeV,J Ldt=4.81b"
= 14
*e.g. events with two photons 1200 58 ToV. IL 5o
, _ 1000
* Keep only the information you need 800
600
* Throw away the rest ! 400
200
o
o 100
* Final statistical inference is only g 0
performed on the reduced data e
100 110 120 130 140 150 160
m,, [GeV]
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Slice and dice - data reduction

Event Properties
>

x|l x2 x3 x4 Xi

event

Simplified picture, in

v reality the event
properties depend on the
event content found by
event reconstruction

e There are two dimensions to our data challenge, one is the (billions) of individual
events, the other is the properties of each event
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Slice and dice - data reduction

Event Properties
>

x|l x2 x3 x4 Xi

event

e \We can reduce data by selecting only our interesting events
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Slice and dice - data reduction

Event Properties
>

x|l x2 x3 x4 Xi

event

e And we can reduce data by selecting only the properties needed for our analysis
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Slice and dice - data reduction

Event Properties
>

x|l x2 x3 x4 Xi

event

e Data reduction usually aims for factors of 100 or more (more than shown here !)
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Ingredients to the ATLAS physics program

30 T T

> 3 T T M 26 =3 LIRS AT - [ T e ]
§ det—Jspb' ATLAS § " :(;L:;::/l: ATLASJ:;:::r“ 1. E‘ . lmc‘mm‘ T ATI:AS Pral'mn.;'y _:(i : :4:3 ::E:g,\éi ke suppiessinn STUFsIVF 13 i Cell basad'lsg‘lmllgl‘l.n_”l. aesn g St Topo-CIL.IS‘:nt‘enr"!nglﬂaAt |9 s 1
iy G- « Dataz010 = S, 1 = T = P ————— 1 28F © T wose MC Z+ uy 1% . s B . n X E
2 mTeY COMCW—-ev 2 w© Bt A i 220 . pwe 2011 doteur 15 . W-GU:'IOAQ% Simulatizn 1 g 4 N Smlation shined by X0 MeV) 3 ;’ 4 St o 1014 e
2 C_IMCW v 2w T s £ 0T 2w ++14% 20 D Na=7TeV e oS B lagecer  MeECDG® 2§ F W Lagops W ABCOgay 3
I B VC thar o E gz Va7 Te 18 18 ° . ATLAS Preliminary ER - ¢ ATLAS Preliminary ]
C y Ja ] of i 3 : 2f 3
R vcww 10 } 8= f_u-uvn . _._Tt —%r 15 __§ 2 ‘ a s g 2
" R T4 Oitsp R GeY -~ N L L H ¢ R -
' o - IE T _ FETTE L g F .
% s ur PP TTTTLEA A ;
o= — E esetrT’ ] A .
% b BEmm & oo 3OO0 T 5[ ":' - 1 . . 1
B S e i | S U N T I ATLAS Proiminay,_ L - I
© o =0 o 2 ? c0 100 200 30C 400 500 60C 7(X) co
B 13V hov Bunch crossing ID Bunch crossing 1D
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ET™ [GeV] s 7 . - .
o ) 8 ] 2 10°g TR R o0 T T T T 107 T
S P;>20 GeV 3 g 0.16( -; m\Z« d:x ]mL 1200 1 prong p;>20 GeV A 5 ; ATLAS Preliminary = BDT : r»- zot ATLAS Preliminary 2012 Stalalion : (';i3<<ot":<08 E g s ATLAS Prolisainary /
= | R * i o 1 S a e 1 decays v o = < I EM1 i
8 ATLAS Prelimnary g 0.14 ATLAS Prefiminary é 10'5 IdlL = 370 pb" + Likelihood % I v 1prong c08<hi<13 | Z 3- P, Simulation
° = w Fut - F e v 13<hi<16 1 O10°: ems o -
o g 0.12 ° [ 16/ 1 P . B :
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F Barel  BamelEndcap e HECFCal  pea i =z, “<30GeV  Pythia Dijet, anti-k R=0.6 = 0.8 Antik EMR=06 > 0. 4 2 0.7E reliminary n 3 3 " e Muttivet ATLAS
S oo 1 = n ey | TESHEDS % o7 § ATLAS Simulation 1 % 7oy, [Lateon? o BCOVM<2sT 8 1S ks Lat=38 p'\&=7 Tov ]
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2 %ge - v ees 2 a a 1 Average Slope « 0.601:0.003 GeVNW 5 iy TP o ‘ & , 1 0 5:_ — Ousta 2011 _: o
3 . L@ %eg00 | & g 30 0 058 T ==+ , 0.4 210 cm3s”, 25ns pile-up 4 DE Z ALPGEN MC10 ~ e 1.04
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* E-30GeV o E-400GeV 3 15} 0.4~ Trackjet simulation | ] E E 4
0.4 Antik, R - 06, EMuES - 000V 4 E-2000GeVS : ~e— Simulation, using p" 0. 1 0.1 3 0.94 |
R NIRRT T FT T L S - ST s gl ] g 1 o092 JES uncertainty anti-k, R=0.6, EM+JES |
0 05 1 15 2 25 3 385 4 45 051152253 35 4 45 R L L ] | S S S S S N T T S — |
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] - ] s B R R R RTRRESE:
et merComerdn 3 ‘6'_ l'I-'n“O“"‘l we ; . | ‘: - - - .- - - - - v e
1 8 — ATLAS  Prelminary g ek y § 10 ATLAS Preliminary 1 g E jl sn’ ] @ 1005 S — NR—
1 r esraprpey ] . = ATLAS Prelminary = ) :
12 ik Jde.u‘b‘ MV1 70% T D, s ] ci ) - { & 35 E § 1004 Rus:00a% @ W-rev Elp
A e h 10° pots E E RMS: 0.058% ree inv. mass
E & E Ve 7 TeV ] s 1“3 3 MVIT0 W<12 k g 1.003;
] 2 1 - Soht- e ot { r e Scale factor negative lag (stat) 1 & 1.002;
] 12 ) ] § 10* [ hont-favour jets 1‘ § 255 EEm Scale 1aci0r negative tag (siatssyst) 1 2 4000
E o I ] r i = : .
3 - F3 - ~ N s vt
] = by ! i * } - 0 1‘ g 2 12 2 1f ' GIRDES SR, o
1t simulation, \'s=7 TeV 3 s I 4 ] 1% 15 = 0.999¢
P15 Gev, <25 1 08 . e ] . . 0.998!
P Y Y TN T FUTE [y . 1 | = :
- E 0.997;
CENUZ I LA ney 05 | - ‘ 05t § £ Data 2011,V8%7 TeV, Im =49’
! - . - ! ! —— 10 E 3 o 9% ATLAS  Preliminary
50 100 150 200 250 300 -1 = 3 T R e S T I
e —— v 2 476 8 10 12 14 16 18 20
Jet Py [GeV] SVO Mass [GeV) 30 4050 07 2107
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 We make lots of reduced samples of both data and simulation, which all need to be
replicated around the world - a computing challenge !
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The best computing model T —

Bytes

How to most efficiently do this across the whole physics program making the best use
of computing resources and the best use of people’s time is an important question
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Now you know how to do exabyte-scale physics analysis!

N
\\
/ ) Tile calorimeters
\ '
/ é\ LAY hadronic end-zap and
) \ Y, forward calorimeters
L / \erl detector
\ / Toroid magnets | \ LAr glectromagnetic calorimeters
Muon chambers Solenoid magnet J Trensition radiation fracker

[ ' A . \'
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Now it’s over to you !
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e Qur future computing needs outstrip our computing resources

e and computing gets more heterogeneous and complicated

e and we want to be as environmentally-responsible as possible

e So you have work to do - good luck and have fun!
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Contact details

* | am usually based at Geneva Observatory in Versoix
 Send me an email if you are interested in a visit!

* Today | will be in R1 from ~1-2pm

* email: paul.laycock@unige.ch
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CERN MusiClub presents vol. 2024 of the
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