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What are the ftundamental
building blocks of Nature?




Force carriers
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4y candidate with my = 125.1 GeV

pr (muons)= 36.1,47.5,26.4,71 76eV my,= 86.3 GeV, m3,= 31.6 GeV
15 reconstructed vertices

ATLAS
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4e candidate with m,,= 124.6 GeV

pr (electrons)= 24.9,53.9,61.9,17.8 GeV m;,= 70.6 GeV, m3,= 44.7 GeV
12 reconstructed vertices

@ATLAS

EXPERIMENT
http://atlas.ch

Run: 203602
Event: 82614360
Date: 2012-05-18
Time: 20:28:11 CEST
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Proton bunches 25 ns apart

10'" protons per bunch

~25 collisions per crossing




~100 million readout channels, every 25 ns
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Trigger system to keep only interesting events

Incoming event rate per second

Outgoing event rate per second

Reduction factor

Level 1 40 000 000 100 000 400
Level 2 100 000 3000 30
Level 3 3 000 200 15

200 events /s * 1.6 MB / event = 320 MB / s

= ~ 3200 TB / year raw data

Analysis 1s done offline,

~3000 collaboration members should have

equal access to data worldwide




CMS Preliminary Vs=7TeV,L=5.05f"\Ns=8TeV, L=5.26 fb”’

2011+2012 —<-Data 33 fryica zen

Events / 3 GeV
o

2400 ————T T
2200
2000
1800
1600
1400

1200

+1.01 : ' ' i 1000

221 80 100 120 {} 140 160 G 1 \;3]0 800
m, [Ge

QATLAS Py 600

http://atlas.ch
400
200

;

Selected diphoton sample

L Data 2011 and 2012
Sig + Bkg inclusive fit (mH =126.5 GeV)

--------- 4th order polynomial

Events / GeV

s=7TeV f Ldt = 4.8 fb

§5=8TeV f Ldt=59fb"

+

ATLAS Preliminary

100

-

0

-100
PR S T N TR S T RN AN T S TN S AN TN S Y S N N TN TR T NN R T
100 110 120 130 140 150 160

Ru

Event: 71902630
Date: 2012-06-10
Ti

me: 13:24:31 CEST m [GeV]

Data - Bkg




Events

l-

L

L=
Y Us=7TeV,L=5.05fb"Ns=8TeV, L=5.26 fb"

® @ 7TeV4e, 4u, 2e2u
O O 8TeV 4e, 4u, 2e2u

+l+ 2012 - Data

180
QATLAS

EXPERIMENT
http://atlas.ch

n: 204769
ent: 71902630

Ru

3%

Date: 2012-06-10
Time: 13:24:31 CEST

Events / GeV

Data - Bkg

2400
2200
2000
1800
1600
1400
1200
1000
800
600
400
200

100
0
-100

100

Selected diphoton sample

L Data 2011 and 2012
Sig + Bkg inclusive fit (mH =126.5 GeV)

--------- 4th order polynomial

s=7TeV f Ldt = 4.8 fb
§5=8TeV f Ldt=59fb"

+

ATLAS Preliminary

-

110 120 130 140 150




Events

+1.01
+2.21

l-

L

l-

+

Vs=7TeV,L=5.05fb" Ns=8TeV,L=5.26 b’

® @ 7TeV4e, 4u, 2e2u
O O 8TeV 4e, 4u, 2e2u

1+2012 - Data

180

@ATLAS My, [GeV]

EXPERIMENT
http://atlas.ch

n: 204769
ent: 71902630

Ru

3%

Date: 2012-06-10
Time: 13:24:31 CEST

Need to get theory
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Monte Carlo event generators









Monte-Carlo integration

Markov chain

book-keeping

Monte-Carlo integration
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Simulated data sets of millions of events






need millions!



Fach event independent

Batch farms are OK, but typical

university clusters not large enough

Connect all participants transparently:

Worldwide LHC Computing Grid



WLCG tiered structure

200Hz - 400Hz Event Summary Data (ESD): ~| MB/evt
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38Tier-2 centers
(~80 sites)
Analysis data on disk
User Analysis




WLCG tiered structure

Event Summary Data (ESD): ~| MB/evt
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WLCG tiered structure
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Parallel programs not considered for a long time

Why?

easier to keep CPUs busy by running

independent copies



need millions!



Monte-Carlo integration

Markov chain

book-keeping

Monte-Carlo integration




Monte-Carlo integration

60 events / second

sequential, branchy

algorithms
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Monte-Carlo integration

60 events / second

sequential, branchy

algorithms

0.05 events / second
(aim: 1 event / sec)



hugely variable!
if sitmple: ~1000 ev/s
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Event generator

=/

hugely variable!

if sitmple: ~1000 ev/s

Parton shower

Hadronization
L&
(- =
Decays
\_ 4

Dletector sim




Eﬁ?v*'E"p!é’ﬁ'iE Cost breakdown - Generation

DRESDEN

Generation costs = once per event

Matrix element unweighting

Process [ms/pt.]
2 0.073
® C%lallenging matrix element calculations, e.g. table gg : 33 0.339
Hoche, Gleisberg (2008) qg — 49 1.67
® really expensive: unweighting gg — bg 8.98
efficiency for complicated processes as low as 0.001%  gg — 6g 49.6
— 10° ME calculations per event 99 — 79 298.
® additionally merging with parton shower including ME g g : Sg 1:1)3(9)8
clustering 99 — 10g | 96000.

— O(1day)/1000 events in complicated cases

Remaining generation chain

® remaining cost of event independent of ME+PS: < 0.5 s/evt

® includes hadronisation, decays, QED FSR, multiple parton interactions

Example: W + 0,1,2j@NLO + 3,4,5j@LO

® from ATLAS central production: ~ 12h /2000 evts ~ 20 s/evt

— needs work if detector simulation gets to O(1s)/evt

Frank Siegert, “Sherpa Performance”, 2nd Fast MC Workshop, DESY Zeuthen, January 2014
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Consequences for MC authors:

* Time spent on parallel implementations
useful, unless we rethink theory algorithms completely
with parallel implementations in mind.

* Time spent on profiling and increasing serial
execution speed 1s more promising. Several low
hanging fruit still wait to be discovered.

Recently:

20% speedup from 3-line code change.

Relevant for situations where event generators are run
stand-alone with fast M Es and fast downstream
processing.



