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Outline of Presentation:

* The Big Picture:

- LHC
- CMS

* The Physics
— Hadronization and Jets

* Jet Analysis and Software Release Validation

e Conclusions
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Large Hadron Collider (LHC)

*Worlds highest energy
accelerator. 14 TeV collisions
*Proton-proton collisions
*Located in near Geneva,
Switzerland

*Built by an international
collaboration. 85+ countries
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Compact Muon Solenoid (CMS)

*Detector at the LHC

*4T Solenoid- largest ever built
*The silicon tracking comprises
~250 square meters of silicon
detector

*There is about as much iron in -
the magnetic return yoke as in
the Eiffel tower.
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Hadronization

Quarks are asymptoticly bound- the force between them gets
stronger as they get further apart.

When there 1s enough energy in the bond, a quark

anti-quark pair will form from the energy. This ..
process 1s called hadronization. ool e
i
® o2 o
As long as there 1s enough energy e @& o o
. . : ® ® o &
hadronization will continue. The new quarks o
: - . o R S @
and anti-quarks will take the form of particles. gg “ga & o
o 0 @ e
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Jets

“Jet” 1s a term for a collated group of particles coming
from an interaction, or a collated group of energy
deposits in a detector.

Jets have properties such as momentum, energy, size,
and position in the detector.

Eveni 1222313 Run 152507
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Jet Reconstruction

= e
We use software to analyze jet properties. The - Eta o~
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software uses simulations of the detector and . :,gf gt T
algorithm to define and reconstruct jets. T
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In this case, our software outputs about 50 P
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Validation

Why Validation:

Different software releases use different detector simulations.

What is Validation:
Validation is done by comparing histograms against a standard

reference sample and looking for disagreements.

My Project:
*To create a framework for release validation.
*To validate releases using a standard reference samples

*To build an online repository of comparisons



* ndew of CHAESW Vahdalion Samples = Marilla Fieefou * indes af CRMSSWRT Dpres walidatian Samples —Marilla Firefas

iy o=l wiew Lo Bouberals s dule Hulp iy =i wiow Lo Buokrwls e cdule Help

:',‘I-TI s I_Iﬁ- - L";';J | "-_:] Fle o 2 rasmevs st d 1o P g aetabase fie oew BEr :'.‘I-TI & T - L"_:';J | "-_:] Flesor rommens_elabsod 1o Farsnsle i aeEabase 6 RESSW_2 0 L =) e bemy
_ Ferml! wiw L Feemllab | Rl iege L0 U e _ Ferml! suw | Feemilab | iFeemil ey | e Sereae

LEF:;._ﬁl.ml.l._-_ﬂ-;m':-r'p;-nnn marwices | Index ol OS5 Validatinm S &:;._ﬁl.ml,l._-_ﬁi-;m'-rﬁ-nnn mandicer | Index al CpMRSW 10 pres Walidoc

Index of CMSSY Validation Samples Inclex of CMSSW210preS Validation Samples

air Inalaos

CHMSSW 200 MRS W INprai va TMEEW )

-0

AT 250
CMAEAW LI molex

CRERWI [0prel vp CMEEW 106
-l
A=A

ARSI el T SRR

U Mse Wl | Uprais wB UM WD Lpra
b T,
po MR B Y

CMSSW 210 pred

CMEIWE lUpoed iades LRSI IUpec o DSS W s

b B PN,

pu & A Y

CMEEWE [Hpoed v CMESW2AL0
wa-110

k-1 3N )
PSS [ Upoes os UMESWI [Hpo

el L
R L7

UL WD Upred va U MEEW 200
B-Ldu

I3 ISLH)
el 411 R i

FaulEnn
et
iy

XD FEH

CMSSW 2 10 pres

T RERW T Hiprel Be! Yal AT s Tawhim
L Tss w2 [pses indes er 1550

K0 TEH)
L LSs W D IUpoes v RS W 200

ALY,
=A% [H)

A 3 SRS TR TSR AET ket LS A UL LT .
ik A hassrn delasd L lavak Dl gbas= TR TW B 0 £/ CVERN B T B oy CVMERN | Oop=



(= jerdbjacis valldatier = Morxila Firafio

tile bt wew Gin Ensovaks lools Help

G - = lff:‘l:';l s I:-: L1 Ak usare datasd 1ofnoves Dazlase /OMITN 2 1 0 pred, IMEEW 2 1 0 2rel v IMEIW 201 0 greld REWEOCD J000-3300¢ w| Tcs [0,

Tesrpl Clies — T=nmal | Teipilinu® L s, Tl da

e UM ToComrmun el U Servivss | JET QRIGETS Valldation

CAMSSW2l0pred vs CMSSW Z10preo elValQyUD 30 -3500

samples

EAILYVE Bl

General Distribulions

" ] " 1
A iy -'. ..-:. e ."\-
o =T, i . By ol A
i — 8 - M‘--‘!'-"-.:l"l, § Y 'h'?rw = h‘-‘-‘hﬁ.
L Ty v 7 T TEr i i i TR
- L L e T - it

P 1000 : ot L L T prgnl ot v ShoAn papgn) e R ST e

Mzl " ] i1 e | Flane W00

MaTlinaliir

[': Shr bl dpmnd 1L

|'Dana

Slies

]



John Novak WMU

My Project

Transverse momentum is a measure of how much

momentum a particle has orthogonal to the plane of the

detectors.

For validation, we used two standard physics samples.One
with a transverse momentum of 80-120 GeV and another
of 3000-3500 GeV, so that we could see how the softwares
behaves at low and at high energies and transverse

momenta.

11
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My Project Cont.

The code that | have written has been committed to the

CMS repository.

The framework built for software release validation has also
proved to be useful for other things, such as comparing
simulations which are slightly different. For example:

different magnetic field, different detector simulations.

12
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Simulation Validation

FastSim- Fast Simulation: events are generated using
parameterizations of physics processes and simplified
particle response in the detector. Takes a few seconds per
event.

FullSim- Full Simulation: events are generated by
simulating the interactions of the particles with the detectors
In detail. Takes a few minutes per event.

A complete simulation is on the order of 50,000 events, so

there has been a push for more FastSim. But one

conclusion was that FastSim didn't reflect FullSim well in

some respects. 13
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This Histogram is a
distribution of the number of
constituents in the jets.
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210 pre8 FullSim vs FastSim

This Histogram is a
distribution of the missing
ET significance
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Release Validation

There were some unexpected changes between some releases:
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This 1s a distribution of the transverse momentum 15
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Summary

*We have built a framework for software release validation.
*The code used has been committed to the repository, and
all CMSSW releases from 200 through 210pre8 have been
compared

*The output has been made web browse-able.

16
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