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ATLAS: Status of SM Higgs searches, 4/7/2012 36 

4μ candidate with m4μ= 125.1 GeV 

pT (muons)=  36.1, 47.5, 26.4, 71 .7GeV   m12= 86.3 GeV, m34= 31.6 GeV 
15 reconstructed vertices 



ATLAS: Status of SM Higgs searches, 4/7/2012 37 

4e candidate with m4e= 124.6   GeV 

pT (electrons)=  24.9, 53.9, 61.9, 17.8 GeV   m12= 70.6 GeV, m34= 44.7 GeV 
12 reconstructed vertices 



Theory Experiment



Theory Experiment
?



Proton bunches 25 ns apart
10    protons per bunch11

~25 collisions per crossing



~100 million readout channels, every 25 ns
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Can’t save everything
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               Incoming event rate per second      Outgoing event rate per second    Reduction factor
Level 1                   40 000 000                                         100 000                                  400
Level 2                   100 000                                               3 000                                     30
Level 3                   3 000                                                   200                                        15

Trigger system to keep only interesting events

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

= ~ 3200 TB / year raw data

Analysis is done offline,
~3000 collaboration members should have 

equal access to data worldwide



Event Generators 1 Mike Seymour 

Overview and Motivation 
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Need to get theory 
predictions.
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4μ candidate with m4μ= 125.1 GeV 

pT (muons)=  36.1, 47.5, 26.4, 71 .7GeV   m12= 86.3 GeV, m34= 31.6 GeV 
15 reconstructed vertices 







Monte Carlo event generators

Ju
ly

 4
th
 2

01
2 

 T
he

 S
ta

tu
s 

of
 th

e 
H

ig
gs

 S
ea

rc
h 

   
J.

 In
ca

nd
el

a 
fo

r t
he

 C
M

S
 C

O
LL

A
B

O
R

AT
IO

N
 

Results:%m(4l)%spectrum%

164%events%expected%in%[100,%800%GeV]%

172%events%observed%in%[100,%800%GeV]%

 [GeV]4lm

Ev
en

ts
 / 

3 
G

eV

0

2

4

6

8

10

12

 [GeV]4lm

Ev
en

ts
 / 

3 
G

eV

0

2

4

6

8

10

12 Data

Z+X

*,ZZ�Z

=126 GeVHm

µ, 2e2µ7 TeV 4e, 4
µ, 2e2µ8 TeV 4e, 4

CMS Preliminary -1 = 8 TeV, L = 5.26 fbs ; -1 = 7 TeV, L = 5.05 fbs

 [GeV]4lm
80 100 120 140 160 180

EventVbyVevent%errors%
57 

Yields%for%m(4l)=110..160%GeV%%

2011+2012%



Detector

Trigger

Reconstructed
events

Analysis

Simulated
events

Event generator 

Nature
Theory model
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The structure of an event

Warning: schematic only, everything simplified, nothing to scale, . . .

p
p/p

Incoming beams: parton densities
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Hard subprocess: described by matrix elements
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Resonance decays: correlated with hard subprocess
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Initial-state radiation: spacelike parton showers
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Final-state radiation: timelike parton showers



p
p/p

u
g

W+

d

c s

Multiple parton–parton interactions . . .
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. . . with its initial- and final-state radiation



Beam remnants and other outgoing partons



Everything is connected by colour confinement strings

Recall! Not to scale: strings are of hadronic widths



The strings fragment to produce primary hadrons



Many hadrons are unstable and decay further



Many hadrons are unstable and decay further



Many hadrons are unstable and decay further

Simulated data sets of millions of events
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need millions!



Each event independent

Batch farms are OK, but typical 
university clusters not large enough

Worldwide LHC Computing Grid

Connect all participants transparently:



WLCG tiered structure



WLCG tiered structure



WLCG tiered structure



WLCG tiered structure



Parallel programs not considered for a long time

Why?

easier to keep CPUs busy by running 
independent copies
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Cost breakdown – Generation

Generation costs = once per event

Matrix element unweighting
• challenging matrix element calculations, e.g. table

Höche, Gleisberg (2008)

• really expensive: unweighting
efficiency for complicated processes as low as 0.001%
! 105 ME calculations per event

• additionally merging with parton shower including ME
clustering

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

Process [ms/pt.]
gg ! 2g 0.073
gg ! 3g 0.339
gg ! 4g 1.67
gg ! 5g 8.98
gg ! 6g 49.6
gg ! 7g 298.
gg ! 8g 1990.
gg ! 9g 13100.
gg ! 10g 96000.

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

7/12

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



• 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 is 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 MEs and fast downstream 
processing.

Consequences for MC authors:


