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Outline

Phenomenological
Models

Compare with
model predictions

Measure distributions
sensitive to softQCD

Application in jet substructure/top tagging




Soft-QCD

Ototal = Oel+0sd+0dd+0nd




Soft-QCD

Hard Scattering

tate Radlation
Proton e _ Proton

Underlving Event e > Underlving Event
5 R - ."4 1'\"\‘ ™ 3 8

+ Final-State Radiation

Hard Scattering

Proton Proton

Underlying Event i Underlving Event

Underlying event = BBR+ MPI+ (ISR+FSR)

BBR: Beam-beam remnants
MPI: Multiple Parton interactions
ISR/FSR: Initial/Final state radiation



Glossary

e Minimum-bias (MB): Pretty much everything,
exact definition trigger dependent.

e Underlying event (UE): background to events
with an identified hard scatter (more like the
actual interesting events we want to 1ook at)

e Pileup (PU): (uncorrelated) separate collisions
within the same/different bunch crossing we
can’t differentiate because of our finite detector
resolution (more like “isotropic” min-bias
events).




Monte Carlo Models

¢ [.eading order/Parton shower models: Trying to build
up a complex 2->N final state by showers.

e Pieces of a Parton-Shower MC Generator: (2->2 hard
scattering), ISR, FSR, MPI, Fragmentation,
Hadronization.

e Examples: Pythia, Herwig family.

e Higher order/Multileg generators: Sherpa, Alpgen,
aMC@NLO, Madgraph, Powheg ...

e Generators used mostly for a specific process: Phojet
(diffraction), HIJING (heavy ion), AcerMC (top), JHU
(spin and polarization information)...
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Hard Process

Parton Shower

Multi Parton Interaction

From Frank Krauss




Parton Shower

Collinear splitting

platece ks 35

0 41'.':'_;'.'1 2 -~ ) (} ,)l

ey Q. {/ :)/) Y

e Probability that a branching happens at a given time is given
by Sudakov Form Factor.

e Hach branching governed by DGLAP equation.

e Braching continues until each parton finally undergoes
transitions to hadrons that can be observed.



A Note on the Models

“The predictions of the model are
reasonable enough physically that
we expect it may be close enough
to reality to be useful in designing
future experiments and to serve
as a reasonable approximation to
compare to data. We do not think
of the model as a sound physical
theory...”

— Richard Feynman and Rick
Field, 1978



W hy do ' -.e care?
e The “packground” to the
interesting physics 51gna,ls

are the SM processes.

e The hard scattering part |ows Lesson & Wo on "WiTTENs Doo , __

can be calculated N gt s 7
theoretically (in some % — S
order) by QCD matrix (=0 w;wmm
elements. 2 Km) ‘M o find 3

e The soft part is not
calculable, so we use
phenomenological models
implemented in Monte
Carlo event generators.




An Example

Signal: ttH(bb) BG: ttbb

im}aormnt for measuring Yukawa couja[ings




One of the hardest measurements now...

(DPI) bb

Signal: ttH(bb)



Tuning

e Ultimate goal: models need to
describe real data.

e “Free” parameters control all
these aspects of the models,
which cannot be derived
analytically.

e A bunch of correlated (or anti-
correlated) parameters
describe one aspect, so have to
change them simultaneously.
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Tune: A particular optimized
parameter setting in a
particular MC generator to
match the simulation with
available data. Differ according
to which datasets are included.



A Brief History of Tuning

e Historically most effort has
been devoted to tuning
(Fortan) Pythia6, even at

LEP/CDF.

e ATLAS did tune (Fortran)
Herwig+Jimmy(which adds 1 LEFK
MPI)a &Ild_ IIOW (C++) Pythla'S Apollo's priestess, Pythia,

: performing the duty of the
e (C++) Herwig++, Sherpa has oracle

so far been tuned by authors.

e Hadronization and FSR: LEP

e ISR and MPI;: Hadron colliders




Tuning Procedure

e Tuning-by-eye: the classical approach.
Stare at a few distributions, think hard,
change some parameters, hope those are
better, nothing else is broken. Very
intution/experience dependent.

e Automated tuning tool/Professor:
pioneered by ATLAS. Essentially generate
lot of samples covering the parameter
space. Interpolate the generator response,
get the best fit by minimization. (and burn
a lot of CPU)

15






Tevatron Era Tunes

e CDF/Rick Field tunes: Pythiatc tune A, AW, DW,
DWT, D6, DET.

e ATLAS: DCg, CSC/MCO8, MCO9, McO9c.

e Perugia/Peter Skands tunes: SO, PerugiaO,
PerugialO (soft, hard, no colour reconnection
variants).

17






URE Measurements

Many results from ATLAS and Leading Object
CMS.

In busy LHC environments, how
much of “UE” is UE?

Sensitive to DPI contribution.

Not just comparing with PS

models, but with ME+PS setups
too0.
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Leading Jet and 2 UE Results

Phys.Rev. D82 (2010) 034001

Transverse Region Charged Particle Density: dN/dndd Transverse Region Charged p, Sum Density: dp,/dndo
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pr=0 J GelViecand | <1

CDF Run 2 Preliminary
r= 0.5 GelVic and nl - !

Dell-Yan PYTHIA Tune AW
Drell-Yan Data

Leading Jet PYTHIA Tune A
Leading Jet Data

M, < 110 GeVic

CDF Run 2 Preliminary

»
o

Dell-Yan PYTHIA Tune AW
Drell-Yan Data

Leading Jet PYTHIA Tune A
Leading Jet Data

M. < 110GeVic

Transverse »Jomentum Sum Density (GeV/c)

10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100
Transverse Momentum of Lepton Pair or Leading Jet (GeV/c) Transverse Momentum of Lepton Pair or Leading Jet (GeV/c)

UE activity in Z-boson and jet events fairly similar

in Tevatron.

Is it still the case at the LHC?



Pre-LHC tunes

Transverse region charged ¥ p  density Toward region charged p™™ density

l
CDF data
DW
MCoS
MCog
Perugiaro

—ea— CDF data
|B)Y
MCoS

MCog,
Perugialo |

| | | |
¢t by i t .
; ' | | | | ' : | ' “

‘. l .

|
p—p—o——f— b4 —apfo—f—§—a§- 4§ -—§-—e—¢
(. o3 o Bl il P o R |

150 400
prileading jet) / GeV

Phys.Rev. D82 (2010) 034001

The tunes do quite well ...

Did they work at the LHC?



Then Came the LHC

T T T T T YT YT T T T T T T T YT T YT T YT T M B S e S e L B e m |

e Tevatron tunes did | Ao e as v - Wi etinl e
not agree with the | '
early minbias and
underlying event —gmaxos e s T

1/N,, -dN,,/
a-
1/N,, -dN,,/

10 k== PYTHIA ATLAS MC09 103 k= PYTHIAATLAS MCOD Y\

= PYTHIA DW \ = PYTHIA DW *
data. Y Y
10° - PHOJET

e Not just at 7 TeV, but
also at 900 GeV!

ATLAS

2: p> 0.5 GeV and n| < 2.5, \s=7TeV
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A slight detour: comparsion
between UE and MB

ATLAS
om A Data

— PYTHIA 6 AMBT1

= PYTHIA 6 MCO09

— PYTHIA 6 DW

-+ PYTHIA 8
PHOJET

1.5

0.8 ->5

RS

«
«
e
O
=

ATLAS
\5 = 900 GeV

Transverse Region

p.>05 GeVand | <25

=== Data 2009
s PYTHIA ATLAS MC09
= HERWIG«JINMY ATLAS MC09

ATLAS
\s w7 TeV

Transverse Region

e PYTHIA ATLAS NC09
== HERAWIG+JIMMY ATLAS MC09

520
* [GeV]




Post-LHC Tunes

e (Pythia 6)ATLAS Tunes: AMBT1, AMBTS,

AM.
M

3T2B, AU
3/U"

372, AT

TR

B. [First separate

. Tunes. also for many PDFs. ]

¢ (Pythia 6) CMS Tunes: Z1, 72, Z2*.

e (Pythia 6) Perugia 2011 tunes.

e (Pythia 8) author tunes: 4C, 4Cx.

e (Pythia 8) ATLAS tunes: A2, AU2, Al4.
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How do they do?

Charged particle 5 at 7TeV, track p

2 | ? *Q,;me‘ﬁm‘}*“ #{

- =

ATLAS data
A2 MB CTEQ6L
A2 MB MSTW2008L0

Charged particle p. a1 77 o S00MeV, foe N

ATLAS data
A2 MB CTEQSL:
— A2 MB MSTW20081L. O

-

7 TeV

TS = ai + + ++ :

ATLAS data
CTEQOL
MSTW2008L0O
NNPDF2a LO

—eo— ATLAS data
— AUET2B (CTEQ6L.1)
AUET2B (MSTW20081.0)

Iransverse N, density vs, p™™?, Vs 7 TeV

__W‘;;,;%‘%Q;"*{«ﬁd%%*" it |
¢ .

0y

—eo— ATLAS data
— AUET2B (CTEQGL1)
AUET2B (MSTW 200810

TN Y Y b

P PR

12 14 16 18
p . (eading track) [GeV]
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How do they do?

Charged particle 5 at 7TeV, track p S00MeV, for N,y

fransverse N4 density vs, pf

_ 3 : ?P';‘W . . """“*‘V¢;§.“#;

7 TeV
-z |

LAS data ' Lzﬁ‘w:-rﬂ_ + +_+" -

Al

A2 MB CTEQ6L1 . | ot ’ —e— ATLAS data

A2 MB MSTW2008LO N ol /" : —— AUET:2B (CTEQ$L1)

! AUET2B (MSTW 200810

—e— ATLAS data
CTEQOL:
MSTW2008LO
NNPDF2a LO

- st e = Se
e Dt S S e

12 14 16 18
p . (eading track) [GeV]

¥

Charged particle p ot 7TeV, track p S00MeV, for A

ATLAS data
A2 MBCTEQSL:
—_— A2 MB MSTW20081. O

| How good is good?
S (LT a0 Is not it amazing that
! the models are doing
so well?

—a— ATLAS data




Back to (early)UE Results

I

Transverse Region

p,> 0.5 GeVandn| <25

ITITTTTTTIITTT

ITTITTTIIT1IITIITTTI|

== Data 2010 * PYTHIA DW
— PYTHIA ATLAS MCO0O% « ==« PYTHIA Perugia0
g WU HERWIG+JIMMY AILAS MC?Q -

>
o
S,
8
| =y
°
Ci-
-l
‘o
e
>
)
=
D
w
x
A
Q
O
=

18 20
plead [GGV]
shows UE activity can not be
subtracted as an average “pedestal”
from each event.

Sensitive to both charged and

neutral component of UE.
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“"Transverse” Charged Density
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LPCC UE&MB WG

"Transverse" Charged Particle Density: dN/dndé

- I SRS
nu eilminary

F Pre
Tune Z1 generator level
x $

ALICE (red)

Charged Particies (|n] < 0.8, PT » 0.5 GeVic)

10 15
PTmax (GeVic)

RDF Preliminary

Tune Z1 generator level

ALICE (red)
ATLAS (biue)

PTmax (GeVic)

PTsum Density (GeVk)

PTsum Density (GeVi)

"Transverse™ Charged PTsum Density

RDF Preliminary
Tune Z1 generator level
g 28

-
ALICE (red)

ATLAS (blue)

Charged Particies (jn| < 0.8, PT > 0.5 GeVic)

10 15
PTmax (GeVic)

RDF Preliminary

Tune Z1 generator level

ALICE (red)

ATLAS (blus)

J00GeV 1 arged Particise (jn| < 0.8, PT » 0.5 Gevic)

PTmax (GeVic)

Rick Field: WG meeting, 17th June 2011
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et Radius Dependence

ATLAS Preliminary

'
R = Jet Radius
& R=0.2
500 MeV = pFAcKs * R=06

T
TRHACKS < 1 5 R«1.0

1.8

-~

b
1.4
1.2

9
0.8

0.6~

data 2010\s =7 TeV

500 ’41(_:\" < ‘)T:;'-.'f. =

THACKS

T
\115
115

In
n

JET

ATLAS Preliminary

.‘-’-; . —'P—
" il 1

R = Jet Radius
& R=0.2
* R=06
R=1.0

data 2010\s =7 TeV

R —
-5 :

500 MeV = [,T‘?‘..‘..

TRACKS

T
\'_“s
<15

n
n

JET

ATLAS Preliminary

|
"

R » Jet Radius
& R=0.2
* R=06
R=«1.0

More UE activity for higher jet radius.
Why?
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ATLAS Jet UE

™ Pythia8 AU2 CT10 ATLAS B 2 cTie ATLAS

Pythia6 Perugia 2011 L, =37pb’,\s=7TeV Pythia6 Perugia 2011 L, =37pb’,\1s=7TeV
s Pythia6 DW e ' Pythia6 DW
Herwig++ UE7-2 MRST LO** 8 Herwig++ UE7-2 MRST LO** i
Herwig + Jimmy AUET2 LO** ot Herwig + Jimmy AUET2 LO** Transverse rogion

Alpgen + Herwig + Jimmy AUET1 _.u-w Alpgen + Herwig + Jimmy AUET1 Exclusive dl]et

Powheg + Pythia6 Perugia 2011 o Powheg + Pythia6 Perugia 2011
L
P

Transverse region
Inclusive jet

20 30 40 100 200 300 20 30 40 100 200 300
pF2? [GeV] pF2? [GeV]

Rise in inclusive, almost flat in when requiring exactly 2 jets .
Models better describe exclusive profile.

arXiv:1406.0392 [hep-ex] i



ATLAS Z UE

ATLAS Preliminary \{s=7TeV, 4.6 fb"
Trans-min region

‘ ;..ATLAS Preliminary =~ \s=7TeV, 4.6 fo’
: ll!!llngl!l--... Trans-min region

]
a
..=“
o d
[ ] ‘A
® maA
[

<d22pT/dnd¢> [GeV]

Alpgen+Herwig+Jimmy AUET2
: = = Sherpa
Pythiag AU2 . -+ = Pythia6 Perugia2011C
-..= Powheg+Pythia8 AU2 - .. = Herwig++ UE-EE-3

Data
—— p$ <5 GeV

_._ZOGeV<p$<50GeV 1

m
©
()]
=
O
=

120 140 160 180 200
Pz [GeV]

Transmin independent of Z pr till about 10 GeV, profile best
described by Pythia8 and Powheg+Pythia8

However full transverse (or trans-max) regions are described

better by NLO or multileg generators than pure LO ones.
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Z/Jet UE Comparison
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Isolating the UR

e Full transverse (or trans-max) regions are

described better by NLO or multileg
generators than pure LO ones.

e Trans-min (and towards region for Z-boson
events) were thought to be populated by

“pure” UE.

e But at LHC, even those are not flat.
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Tuning Shower & MPI Together

Parameter Definition

SigmaProcess:alphaSvalue The asvalue at scale Q2 =M %

SpaceShower :pTORe £ ISR pr cutoff :
SpaceShower : pTmaxFudge Mult. factor on max ISR evolution scale Used exponential
SpaceShower : pTdampFudge Factorisation/renorm scale damping matter overlap
SpaceShower:alphaSvalue ISR ag

TimeShower:alphaSvalue FSR ag

BeamRemnants:primordialKThard Hard interaction primordial k ,

MultipartonInteractions:pTORef MPI pr cutoff
MultipartonInteractions:alphaSvalue MPI ag
BeamRemnants : reconnectRange CR strength

_ ecmNow,ecmPow
pTO(ecmNow) = pTORef(—ecmRef )

Also:
MulipartonInteractions:ecmPow

- 4C
—- 4Cx
-=- AU2 (CTEQ6L1NH

"= A2 (CTEQS6L1)
PR TR AN N TR TR NN N R |
10 12 14
ecmNow [TeV




Tuning Shower & MPI Together

Gap fraction vs. Q) for veto region: |y| < 0.8
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UEB-sensitive Observables

ATLAS \s=7TeV

Py6 AMBT1
- Py6 AUET2B:CTEQS6L1
Py6 DW
-=-=-= PyB84C N, 22 (™ > 20 GeV, ¥"| < 2.5)
w— = H44+ UE7-2
— — H++ UE7-2 === EPOSLHC

chineutral) T
R 500(200 Mev ransverse region
EPOS LHC P > 500(200) p e L 506200) MeV

® Data
Py6 AMBT1
---.--- Py6 AUET2B.CTEQ6L1
- Py6 DW
---- PyB4C N, 22 (p‘;” > 250 MeV, i1"1<2.5)

A0 | >25,ETEY 505

JHEP11 (2012) 033

Transverse energy flow: all models bad in
forward region
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UEB-sensitive Observables

ATLAS \s=7TeV

® Data - Py6DW  ATLAS \s=7TeV
——— Py6 AMBT1 --- Py84C TEQ6L1

Py6 AMBT1 (nop cuts) =— = H++ UE7-2
- Py6 AUET2B.CTEQ6L1 === EPOS LHC N, 22(ET >20GeV, )| <2.5)

---- Py84C : W |>25EEY 05

— — H++ UE7

simimss EP F : . ' : Transverse region
EPOSL : p U S 500(200) MeV

LR LA
e T

1 A | | .
15 2 25 3 35
C

Qs 12
JHEP11 (2012) OB

i5 2 25

More energy in dijet events!
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From Central to Forward

ATLAS \s5=7TeV

v_ 220" > 20 GeV, "1 <259

- ot
>05

o | >25 K7 Eh
’

e L

; > S00(200) MeV
Transverse region

e Py AMBT
« Py AUETZB.CTECELY
Pye DW
-== Pya4C
— = Hes UET-2

JHEP11 (2012) 033

. PYSAUETZ8.CTEQELY -

Pye DW
-== Pya4C
— - Hes UET-2

EPOS LHC

Wo | >25 67
'

L T

; > S00{200) MeV
Transverse region

®  Data
e Py AMBT
« PySAUET28.CTEQELY
Pye DW
-=-= P8 4C
w— = Hes UET-2

FN
o
A
=g
A
&
@

-
N Z2(F

W | > 2.5,
[

T

; > S00(200) MeV
Transverse region

UER tunes do better overall
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Event Shapes

Low lead pr High lead pr
>

Vs=7TeV ATLAS £e— Data 2010
plTead > 7.5 GeV ---- PYTHIA 6 AMBT2B
---- PYTHIA 6 DW
—— PYTHIA 6 Z1
--- PYTHIA 8 A2
Herwig++ UE7-2

Vs=7TeV ATLAS =e= Data 2010
p.Tead > 05 GeV ---- PYTHIA 6 AMBT2B
----- PYTHIA 6 DW
—— PYTHIA 6 Z1
--- PYTHIA 8 A2
Herwig++ UE7-2

© &
= [\
< G
N~

S
g =

Phys. Rev. D 88, 032004 (2013)

UE starts taking over....
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Event Shape Profile

\s=7Tev  ATLAS

— PYTHIA 6 Z1

—e— Data 2010
- PYTHIA6 AMBT2B ---- PYTHIA 8 A2

Sy PYTHIA 6 DW Herwig++ UE7-2

MC/Data

Phys. Rev. D 88, 032004 (2013)

Emergence of jets?
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Large radius jets

{

Leptonl x\./ /’/f o " The a,I‘lgU.la,P
e resolution of the
decay products:
bejet ':‘ Haéiil(;:;ni«: oA AR ~ zm/pT
f{\ jer o0 for a top quark (of

mass 173 GeV) with
pr > 350 GeV, we have
AR ~ 1.

Hadronic side

With increasing c.m energy: collimated decay
products from boosted heavy particles result in a
single massive jet.






Qg G
4>




SO when you take apart a,
jet, what does it look like?

We want to
exploit the
“substructure”
of the
large-radius jet
to identify
original
particles




Substructure Techniques

e Jets need to be “groomed”.

The large-radius jets not only include particles
coming from the interesting decays, but also from
pileup, underlying event ....

e Need observables which would be

sensitive to signal-like or background-
like nature of these jets.
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Filtering

Prunning

Trimming

‘--_,o

Initial jet . p' < feut Trimmed jet




Tageging Top or Higgs

facebook

¢} Desktop Help » Connecting particles

Tag/gea@n your posts
Friends

Add tags to anything you post,

including photos and updates.
Tags can point to your friends
Like or anyone else on Facebook.
Adding a tag creates a link that

Lists people can follow to learn
more.

e Target is to identify jets resulting from
the decay of top quark or Higgs against

jets coming from light quark/gluons.






Recall

Top quark

decay: /







Davison E. Soper, Michael Spannowsky; arXiv:1102.3480, arXiv:1211.3140

Shower Deconstruction

ISR Top

Top quark jet
shower history

ISR Gluon

Light quark jet
shower history



http://arxiv.org/find/hep-ph/1/au:+Soper_D/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Soper_D/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Spannowsky_M/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Spannowsky_M/0/1/0/all/0/1

Shower Deconstruction

e Decompose the large-
radius jet into small radius

sub/microjets.

e Build all possible shower
histories with the
microjets.

e Assign probability whether
signal-like or background-
like.

e A single analytic function:

ATLAS-CONF-2014-008




LooKking at our Data

SO)

— ATLAS Preliminary - . 75 ATLAS Preliminary JLdt-142fb'1
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Signal and BG
Discrimination
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Top-Tagging Comparison

¥ HTT (tight)
@ HTT (default)
A HTT (loose)

| . ATLAS Preliminary Simulation
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- T4, SCaN

1.
tagging efficiency

Better top quark finding efficiency at the same rejection of
multijets when compared to the HEPTopTagger.
ATLAS-CONF-2014-003




summary

e Soft QCD is fun (and useful).
e Tuning is fun too, but hard to get everything right.

e Generators contain a lot under their hood, and it is
good to have some understanding of it.

e The improved modelling of low pr processes is
feeded back to full event generation, where it
affects high pr part of the event, especially for
precision measurements.

e Jet substructure techniques utilise the knowledge
and modelling of shower, so direct application in
searches as well.
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Powheg+Pythiad
Matching

(ongoing Les Houches Study)

PoWHEG provides a
scale (SCALUP) that is
an indication of where
the shower should take
over from the
perturbative
calculation.

anti-k, jets, A=0.4
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14 TeV UE Predictions

Leading track p [GeV]

ecmNOW)ecmPow

pTO(ecmNow) = pTORef( cemRef

-2 4C
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Effect of Grooming on
Pileup

ATLAS Simulation Preliminary  ys =14 TeV
Pythia8 Z' — tt (m,=2TeV) 25 ns bunch spacing
anti-k, LCW jets with R=1.0 (W) = 200, 0::':(p=200)

0.22[ATLAS Simulation Preliminary  ys =14 TeV
Pythia8 Z' — tt (m, =2 TeV) 25 ns bunch spacing
anti-k, LCW jets with R=1.0 (W) = 200, G:z':(u=200)
0.5 <p" < 1TeV, 0.0< n| <0.3 700105 < p < 1 TeV, 0.0< Jy| < 0.3
© No jet grooming, no jet pileup correction © No jet grooming, no jet pileup correction
e No jet grooming, jet 4-vector pileup correction e No jet grooming, jet 4-vector pileup correction
o Trimmed, no jet pileup correction O Trimmed, no jet pileup correction
= Trimmed, jet 4-vector pileup correction = Trimmed, jet 4-vector pileup correction
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/JetEtmissApproved2013HighMuSubstructure



https://twiki.cern.ch/twiki/bin/view/AtlasPublic/JetEtmissApproved2013HighMuSubstructure
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Jet Mass

0.14—- ATLAS Simulation
C/ALCW jets, 600 < p'f‘ < 800 GeV
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Ungroomed Dijets

— Trimmed Z'— tt
—— Trimmed Dijets
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—— Filtered Dijets
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T — ) q——
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arXiv:1306.494.5v1 arXiv:1306.4945v1

Clear peak visible after grooming



ki Splitting Scale

Vv dij = min(pri, pTj) X AR;; When combining
two subjets with ki i
algorithm:

_ATLAS o 2010 0ata, [ L= 355" : — Data(Syst+statunc)  ATLAS
anti-k, R=1.0 jets = ! ALPGEN+HERWIG Data 2010 (VS =7 Tev)

—_— i = ~1
- 300 < p; < 400 GeV Pythia —— SHERPA (MENLOPS) -(,.Lé%t % gg%?ev
MC@NLO b

——— POWHEG+PYTHIAG i
——— POWHEG+PYTHIAS

Step 1:
Merge 3 — 2

Jets /5 GeV

Step 2:
Merge 2 — 1

10 20 30 40 50 60 70 80r_90 100
\d,, [GeV]

arXiv:1203.4606 arXiv:1302.1415

Merge 1 — 0

arXiv:1302.1415

symmetric for heavy particle two body decay



http://arxiv.org/abs/1203.4606
http://arxiv.org/abs/1203.4606
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http://arxiv.org/abs/1302.1415
http://arxiv.org/abs/1302.1415
http://arxiv.org/abs/1302.1415

Jesse Thaler and Ken Van Tilburg; arXiv:1011.2268

N-Subjettiness

Quantify the degree to which jet radiation
is aligned along specific subjet axes.

1 Smaller values: N or less
energy deposits

| < .
TN = _Z (pT,k X ARmin,k
d()kzl :

——

distance to nearest subjet
) Larger values: more than N

d,=R X sum of p, of all constituents energy deposits

No of Subjets: =N >IN
— ]
TN = O Tvn=1

Calculated by ks clustering the constituents, and
requiring exactly N subjets



N-Subjettiness

The ratio Ty/Ty -1 1S used as discriminant

More like 2 subjets than 1 More like 3 subjets than 2
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N-Subjettiness
The ratio of ty/tTy-118 used as discriminant

More like 2 subjets than 1 More like 3 subjets than 2
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Martin Jankowiak, Andrew J. Larkoski; arXiv:1104.1646

Angular Correlation

Function
(or jet substructure without trees)

G(R)=) prip1;AR}O[R — AR;j]
i#]

AR‘fj = (n; — 77_7')2 + (@i — @j)z



http://inspirehep.net/author/Jankowiak%2C%20Martin?recid=895759&ln=en
http://inspirehep.net/author/Jankowiak%2C%20Martin?recid=895759&ln=en
http://inspirehep.net/author/Larkoski%2C%20Andrew%20J.?recid=895759&ln=en
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http://arxiv.org/abs/arXiv:1104.1646

Angular Structure Function

e [.ocation of the peaks
e Height of the peaks
e Number of peaks




J. Butterworth, A. Davidson, M. Rubin, G. Salam; http://arxiv.org/abs/0802.2470

Where it all started:

Butterworth-Davison-Rubin-Salam
Higgs to bb tagger (2008)

Start with fat (C-A 1.2) boosted |
(pT > ZOO) b-taggedjet, § "ATLAS preliminafyi ElHiggs

“\”181 (simulation) [JV+jets
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De-cluster the jet. At each 214,
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symmetric splitting =1
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I

Continue till an interesting
splitting has been found.
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Higgs candidate from two
hardest b-tagged subjets
among the three hardest.



Tilman Plehn, Michael Spannowsky, Michihisa Takeuchi, Dirk Zerwas; arXiv:1006.2833

HEPTopTagser

Browsing through all the branches of jet
recombination history

if mj1 > 30 GeV,
further decompose |1

=

re-cluster using C/A with
Riilter = min{ 0.3, ARK2 )
get at least 3 sub-jets (a triplet) constituents in the triplet 5 hardest filtered jets are taken,
= B ¢ compare with top window [140,
| i‘; S ; 200] GeV

k3=
> \\ [/
| Top tagged!

re-cluster constituents of \ / W mass requirements
3 leading jets using C/A with Rjet

A [fF
l.') S
Nsubjet \/

3 leading pr subjets out of 5 Rjet exactly 3 C/A jets are built
(ordered in pr)

Figure by Xiaoxiao Wang
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HEPTopTagger Performance
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Stephen D. Ellis, Davision E. Soper; arXiv:hep-ph/9305266
Matteo Cacciari, Gavin P. Salam, Gregory Soyez; arXiv:0802.1189

Detour: Jet Clustering

Distance between two input objects Distance between each input object and beam

1 ke
0  Cambridge/Aachen

—1 anti-k;

Intrinsic transverse momentum Fixed “radius” parameter

e Find the smallest of all {d;, diz}
e Ifthisis one of the dj; values, inputs i and j are merged.
o Ifitis one of the dig values, i*? input is considered a jet.

e (Continue till all inputs are merged into jets.
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PDF Dependence of Tunes

e Changing PDFs change gluon density, so re-tuning is
needed.

o ATLAS systematically explored the effect of NLO
and modified LO PDFs on the tunes.

e Many matrix element generators use NLO/mLO
PDF's, so it is important to understand the effect on
matched parton-shower generators.

e LO PDFs generally give the best description, with
mLO ones the worst.

e NLO PDFs require less MPI cross-section screening
and stronger color reconnection.
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