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Beauty Physics - Theory

= Beauty quark discovered

In 1977 at Fermilab " u
= Lighter than top quark and "
W/Z/H bosons : q
= Significant decay channel down
= Beauty (and charm) quarks e
have a. ||fet|me that a”OWS electron
for decay lengths of afew  , =
millimeters . De

= Top Is too short, i
up/down/charm is too
long
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Hadronization

= Most calculations are confined to simple elements

= What we actually measure is much more complicated

b | 1
Jets make this | /
!

correspondence

e

I
What we calculate What we measure
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Hardonization el R Competing

= We know that as quarks
get further away from
each other they make
pairs with other quarks

= These are called
hadrons

= Hadronization depends
on many experimentally
adjusted factors

= Most importantly we can
begin to look at event

topology
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Beauty Physics — Particle Level

= |f ab-quark is paired
with an s-quark the
resulting meson, B_s,
has a long lifetime, and X

: . BU Bo “ .
some very interesting © g e S
decay signatures 3 oy ———-

= We use these particular
decay signatures to v
determine what
experimental signature
we want to see

.
. .
--------
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Experimental signature
= Now we have a distinct = ™ gt
sighature to search for ; |
Displaced Track 4

= A secondary vertex t

= Jet Secondary Vertex

= Displaced track | Docay Lemgsh

= Lepton Primary Vertex

= Rare, but not Unique / I arametor

= We will use different
technigues to classify

= Essentially a probability
the jet came from a b-
guark
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Transverse slice with Muon chambers
through CMS Le pton
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T Bernay, CERM, Febracary 204

16

iCSC2014, Tyler Dorland, DESY



From Quark to Jet: A Beautiful Journey Lecture 1 ,’

Theory Questions

CERN
School of Computing

iCSC2014, Tyler Dorland, DESY



i

CERN

School of Computing

Tracking - an Introduction
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An nth degree polynomial
will exactly fit (n+1) points

Therefore, any three points
can be fit with a circle

i

nsk £

Fits generally classified by
distances of points to fitted
curve (chi-squared)

-0k

For nth degree polynomial,
n+2 ... n+m points are

degrees of freedom Polynomial fits to a sine curve

I I:I o ‘h'all'-lll.
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= |Inside of the collision ————C
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region we will have many

a primary vertex

e T
hits we can associate with ————
O 0.0 0. 0 o0,
S 0000,
O O—Cr

beam collision region
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Track Seeding and Reconstruction
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“seeding layers” that
provide an initial estimate

of track parameter
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Track Seeding and Reconstruction

= Choose an initial set of
layers that we name the
“seeding layers” that

provide an initial estimate — S —
o

of track parameter

= Then collect all possible
hits associated with
different seeds
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Track Seeding and Reconstruction

= Choose an initial set of
layers that we name the
“seeding layers” that provide ~
an initial estimate of track —

parameter =
Particle’ s parameters

= Then collect all possible hits (q/p,eta,phi,dz,d0)
associlated with different o
seeds

DQOU

= Using technigues to estimate
the goodness of the fit we
can then estimate the final
track parameters
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Fake Removal
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Choose an initial set of layers
that we name the “seeding
layers” that provide an initial
estimate of track parameter

Then collect all possible hits
associated with different
seeds

Using techniques to estimate
the goodness of the fit we
can then estimate the final
track parameters

And remove hits not
associated with good tracks

CERN
School of Computing
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lterative Tracking CShon of Camutin

= With iterative tracking certain
guality tracks can be chosen
and then removed from
further inspection

25
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Iterative Tracking

= With iterative tracking certain
guality tracks can be chosen
and then removed from
further inspection

= Then use the remaining hits
to create the remaining tracks

= After many iterations we end
with the final set of tracks
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Real data examples
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CMS Experiment at LHC, CERN ,

D416 recorded: Sun Jun 17 03:03:28 2012 EDT
Run/Event: 196453 / 843094521

'
-
o

Lumi section: 966 | C
Orbit/Crossing: 25203169 / 1249 -0.5 0 0.5 1.0 1.5
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Compact Muon Solencid

®%,

CMS Experiment at LHC, CERN

Data recorded: Wed Dec 31 19:00:00 1969 EDT
Run/Event: 1 /363

Lumi section: 2

Orbit/Crossing: -1/ -1
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Tracking as a primary time user
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Time Spent on which part of reconstruction

Top-quark pair production events

CMS CR-2011-002

i
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armel

Tracking
EGamma
Muon
PartFlow
LocalCalo
LocalMuon
Jets

BTag
LocalTracker
Tau

HCAL
ECAL
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Looking Towards 2015 schoo o Computing

Current algorithms were
developed considering the run
conditions for 2011-2012 where
there was an average of 20
Interactions per bunch crossing

For 2015, there could be over
40 interactions on average

With no changes, the
computing power needed could
be 6 times what is currently
used
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Problems with pile up

3

PU=65%«

= Higher and higher
luminosity means
we have longer
event
reconstruction
times -

Data point measured from record sto&
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= New event
architecture might
be able to help
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CMS Computing Network

7 Tier-=1 sites
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52 Tier-2 sites

General purpose
Scientific Networks

(GPN)

(CPU, disk & tape) Ua (CPU, disk)
Dedicated LHC
Optical Private E =t
Network
(LHCOPN) ]
= p—
3 < > .
‘\K‘\GW&J
\ Spain /

Every Tier-1 is
connected to the Tier-0
and other Tier=| sites
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France

Taiwan

Russia
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Every Tier-2 is
connected to

Every Tier-2 is

connected to
every Tier-2 site

every Tier-| site

Full-Mesh Network Topology
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CMS Current Event Model ool o Comptg

Begin Bagin Begin Event End Begin End Bagin End End
Job Run Lumi 1 Lumi Lunmnl Lurni Lurmi Lumil Jab

= Global configurations are loaded into memory
= Then configurations specific to the specific time of running

= Events then processed serially

= The most time intensive part of event reprocessing is tracking

33
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Amdahl’'s Law N T

Amdahl’s Law
. / Parallel Portion
= Amdahl’s Law is the 1600 7 B
upper limit on the e 7 s
speedup gained by a - /
number of processors S AP =

7
S(N) = ! Mg
(1-P)+ £ 200 |

LRI RC I N

] [T+

024
2048
4096
8192

16384
32768
65536

Number of Processors
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CMS Threaded Design Shoo of Computng

Begin Bagin Begin Event Evant End Begin End Bagin Evant End End
Job Run Lumi 1 3 Lumi Lunmnl Lurni Lurmi B Lumil Jab

7~

= Events are not seen globally

= Multiple events are run concurrently
= Less backup from very complicated events

5" Streams still process serially
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Concurrent Processing Inside an Everft ™

= Current event Processing

EndPath

« Analyzer

36
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Concurrent Processing Inside an Everft ™

= Threading inside of a module

Producer

(Path 3

Output
Module
\ - i > -
Trigger
Paths EndPaths
: Results 4 :

5]

(EndPath

Analyzer o

[}

it Event
Done

Analyzer
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Performance Results el omptin

= Single threaded runs out of memory at 3000 simultaneous
events

= Definite improvement through multithreading

Throughput Scaled Rate
250.0 - ] - ~ 0.06
+ Single Threaded
O TBB -
200'0 { | | . . § 0-05 M
w
B e B e +— + + +—+ +—t
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& 150.0 e O TBB
(% 8
== ]
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L% 100.0 g
0.02
&
&
2031 @ 0.01
0 ) ‘ . 0
0 1000 2000 3000 4000 5000 1 10 100 1000 10000
Number of Simultaneous Events Number of Simultaneous Events
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Beauty physics is a very diverse and large part of high energy
physics

= B-Hadrons have distinguishing traits we can use to make b-

jets very power tools for background reduction

= To make use of this, we must use information from many

parts of the detector which all require their own

reconstruction algorithms and different levels of computing
resources

= By restructuring the event processing structure to

accommodate threaded applications we can meet the
demands required for tracking in the future
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Speedup from
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fine grid Processing Time over Tracks
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