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Introduction

At the LHC, searches for new physics require jet substructure
techniques for a large range of models and final states
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As objects become more boosted, jet structure techniques
become a necessity to identify certain new physics signatures

In addition, jet structure tools can improve performance of jets -
l.e. pileup mitigation, distinguishing quark and gluon jets

Requires a deep understanding of perturbative QCD
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Introduction

In recent years, several techniques and applications proposed by theorists.

Jet Declustering

from (Gavin Salam

Seymour93
YSletter Jet Shapes
Matrix—Element
Mass—Drop+F|Iter ATLASTopTagger
JHTopTagger ~——— Planar Flow

Trimming CoM N-subjettiness (Kim)
HEPTopTagger Twist
(+ dipolarity) N-subjettiness (TvT)

Templates
N-jettiness
CMSTopTagger Pruning /
J ACF

Shower Deconstruction —/ \ /

Qjets

Multi-variate tagger

apologies for omitted taggers, arguable links, etc.

Experiments are now adopting these techniques and applying them in many ways.
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contents

* Properties of "background” quark and gluon jets in pQCD
* Parton shower modeling at H1, CMS, ATLAS

e Jet structure observables at CMS and ATLAS in inclusive
dijet and V+jet QCD processes

* Searches employing jet structure observables from CMS
and ATLAS
e Merged W and Z bosons
* Merged top quarks

* Boosted non-SM particles
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Inclusive jet structure studies

parton showering and pQCD

jet mass and grooming

more substructure observables
identifying pileup jets

qguark and gluon jet comparisons
g to bbar identification
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pQCD at H1

A
4

Eur. Phys. ]. C73 (2013) 2406

In deep Inelastic ep scattering, charged particle pT spectra
at low x and high 3= a good probe of parton dynamics

Studv performed from * Tests of parton evolution
5 Ge\ygp< 32< 100 GeV? models: DGLAP, BKFL, (b) * Hidat

------ DJANGOH ---- CASCADE
104<x < 102 CCFM 0.4 — RAPGAP Herwig++
o’ e Many generators and %é_ - 1<p,* <10 GeV H1
€ several tunes studied 03[
Qo - ||+ Standard DGLAP, LHCike L

(Rapgap, Herwig++) does 0.2l
not do well at high pr [

* (Color dipole model in 0_1:
Djangoh gives best
agreement over all n and
pT
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pQCD at LHC

CMS-PAS-SMP-12-010, Eur. Phys.].C,73 5 (2013) 2432

Tests of color coherence in

Highlighting two recent LHC studies on pQCD

multijet events, correlations

. . . . . . nd rd
kT clustering algorithm splitting scales in W+jet between 2" and 3™ jet
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H1, CMS, ATLAS pQCD results fed back into parton shower tunes.
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CMS/ATLAS jet structure

* [nclusive jet structure measurements in dijets and V+jets
improve understanding of pQCD and backgrounds for searches

* (ives insight into parton shower modeling

e Studies performed for large-R jets (R > 0.6) -
iImproved acceptance for new particle searches

* Typically “"search” observables examined:
* Primary observable: jet mass

* Several additional observables and algorithms separate
signal from background
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i |
;j k observables

CMS-PAS-HIG-13-008

—— SM Higgs, m = 600 GeV
.*g N ungroomed jet mass
i . . ) ; W+Jets, MadGraph+Pythiaé
* Jet mass is most discriminant observable £ il | ingroome jt mase
for heavy objects ° ’
 Grooming: a procedure to remove soft 0.1 HWW
radiation and pileup contributions to jet; -
used to improve background rejection Qe T S
.. . pruned jet mass
* Additional observables and algorithms
. . . Boosted Top Jet, R=0.8
provide further background rejection ‘ ‘
e (Correlations with jet mass important
A few presented today, many explored I TR
. . = ! @ -m - o) !
by experimentalists \ “wm :
5 \\ . [ ] ,I
* |.e. N-subjettiness > \
4.5} el
0 0:5 1 1.5
n
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i |
;j k observables

CMS-PAS-HIG-13-008

—— SM Higgs, m = 600 GeV
.g I D ungroomed jet mass
; : W+Jets, MadGraph+Pythia6
* Jet mass is most discriminant observable £ il | ingroome jt mase
for heavy objects ° ’
 Grooming: a procedure to remove soft 0.1 HWW
radiation and pileup contributions to jet; -
used to improve background rejection Qe T S

pruned jet mass

* Additional observables and algorithms
provide further background rejection

CMS Simulation
T ‘ T T L |

o
N
T

T { T T
—— SM Higgs, m = 600 GeV

..... SM Higgs, m = 1000 GeV 7

e (Correlations with jet mass important

—— Wa+Jets, MadGraph+Pythia6 —

arbitrary units
o
2

* A few presented today, many explored
by experimentalists

=
=

e |.e. N-subjettiness - ’ -
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grooming

cluster with
riit < R
reference values:
rir = 0.3

Nt = 3

filtering |
[0802.2470]

cluster with
riit < R

tl‘imming reference values:
[0912.1342] —> riie = 0.2
prrac =0.03
veto soft or
i large .anglle
pruning recombinations reference values:
[0903.5081] E— —> Zous = 0.1
rcut = 05

min(pTi,pT;)/pTi+j < Zcut
or dij > rcutx2m/pT
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http://arxiv.org/abs/0802.2470
http://arxiv.org/abs/0802.2470

Phys. Rev. D 86 (2012) 072006
observable

JHEP 1205 (2012) 128
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Phys. Rev. D 86 (2012) 072006
observable

JHEP 1205 (2012) 128
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Phase space is well-covered by experiments
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Inclusive measurements

JHEP 1205 (2012) 128, Phys. Rev. D 86 (2012) 072006, JHEP 05 (2013) 090

ungroomed jet mass

* Analysis of 7/ TeV ATLAS/CMS data

CMS, L= 5fb at\F 7TeV, UngroomedAK7

for dijet and V+jet events 5 005
. "80042~ 300 <p, <450GeV )

* (uark and gluon jets have = ooeb -W'l'let
different properties (more later] 002~-®-'@'.g_ mare guark jets - :
. . . (Yoy] c— -O--O-é
* Probe several different jet radii and e L Teeeo
. . . . 0~ 50 100 150
jet finding algorithms m, (GeV)

e Study jet mass and grooming §°°F “

] ] §0_04~,300<p ~.<.4580. GeV d t -
algorithms as well as other jet = ok - ....... I-jets
structure observables 002~V ,~more. gluon ual:s,~

r v :
* Provide detector-unfolded jet mass v v, :
: : : : . Q¥ w0 T i
distributions for comparison against miVe (GeV)

simulation

For visualization:
N.B. stat. err. only
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Inclusive measurements

JHEP 1205 (2012) 128, Phys. Rev. D 86 (2012) 072006, JHEP 05 (2013) 090

trimmed jet mass

* Analysis of 7/ TeV ATLAS/CMS data

CMS L 5fb at\F 7TeV TrlmmedAK7

for dijet and V+jet events 5 005
. "E'é 004;~ 300 <p, <450GeV )

* (uark and gluon jets have = ooeb -W'l'let 7
different properties (more later) ooz~—— _more guark jets E
: - ‘ ,
. . . 0.0 [ B
* Probe several different jet radii and B e ]
. . . . 0 50 100 ~150
jet finding algorithms m, (GeV)

e Study jet mass and grooming §°°F “

] ] §0_04~,300<p <450GeV d t -
algorithms as well as other jet = ok - ....... I-jets
structure observables 0.02;,”1.,_', .more. gluon jets. 3

. . 001;77 {

* Provide detector-unfolded jet mass A B
distributions for comparison against ° K g G

simulation

For visualization:
N.B. stat. err. only
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comparison to simulation

JHEP 1205 (2012) 128, Phys. Rev. D 86 (2012) 072006, JHEP 05 (2013) 090

Comparison of unfolded distributions against MC
jet mass, kT splitting scale, N-subjettiness, width,
eccentricity, angularity, planar flow examined

T T T T T
r z 8 T T T T
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* Both experiments find reasonable agreement for
both Herwig and Pythia - not a given!

* Agreement depends on observable and tunes;
Herwig++ tends to do a bit better than Pythia for
jet mass

cl b L S B T
UI-S F —a— 2010 Data, [L=2pb" ATLAS ]
° 25 — Statistical Unc. ]
C Total Unc.
o —— Pythia i
| PR Herwig
15— -
1 i
0.5 anti-k, R=1.0 jets —
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C PRI B |
o 1.8 T
T 1.6F 3
Q145 oo
Q N =
08E — =
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0.4 E
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o CMS, L=5fb""at Vs = 7 TeV, Pruned CA8 Z+jet
T T T T T T T T T T

2
N-subjettiness v,

[ T
—— Pythia6, Tune 22

[ iiinr Herwig++, Tune 23

| (] stat. ncertainty

[ [ Total Uncertainty

PT =125-150 GeV (x 10%) B
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PT, = 220-300 GeV (x 10%) ]

PT, = 300-450 GeV (x 10%
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mitigating pileup

arXiv:hep-ex/1306.4945

Groom to reduce pileup effects, especially for large-R jets
Scans in grooming parameter space probe jet structure and
pileup characteristics

/\C'G‘I'z’llllllllllllIlllllllllllllllll’ C0'5:"'|"'|"'|"'|"'|"'|'
£ [ATLAS [ra-1ws=rev | 2 g 451 ATLAS Simulation
1.1F Data 2011 | % “OE anti-k, LCW jets with R=1.0, Dijets (POWHEG+Pythia)
i e o | 3 0al ey <smocuy
1? p .f =0.01.R _Osf = +3<<u><6 i
- e ][\IOJgtg?:O%mmgos - o 05’R e $0.35;+65<M><9 choose grooming parameters
ro e lopt™= - Ve ToutT - i C 9< 12
0.9 -om fou=0.01, RIp=02 .cu. 10,2008, Rip=02 & g of 5 (77055, to keep mass resolution
- == £y =0.05, R =02 . — - constant versus pile
SR P P
0.8" 4 5025
- o o 00 e _'C:) 2N
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0.7 rgee®® . © F y
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identifying pileup jets

CMS-PAS-HIG-12-043

* Pileup jets are several low energy jets
from pileup vertices accumulating on r
each other

e (ertain jet substructure variables are
found to separate PU jets from real jets

 Fraction of jet pT from charged tracks ‘pileup

coming from primary vertex
{CMS = B, ATLAS = Jet vertex fraction}

5.1/fb 8 TeV, CMS Preliminary

ﬂ +_.__._-.-'—.~'."'.‘
) 0 0.9; I =
* Jet width, shapes N E
T 08 —
. . . o L - -o-# vix a :

e Charged track multiplicity S o | - Sinlos

.f:> # vix [13,16] .
cand 2 2 O 0.6 f& -e-# vix [17,20] —
. ZAz(track,vO)<0.2cm Pr RMS _ Z pT%AR% L% H_)TT - #vix[204] .
B= zand Y e ——
pT pT’& .g 1.02 | ]
e |
* Successfully deployed in HTT analysis for e
stabilizing jet vetoes versus pileup L E

20 40 60 80 100
Jet P, threshold [GeV]
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ATLAS-CONF-2012-138

guark and gluon comparisons

|

10 R T T
* (Quark- and gluon-initiated jets have EAVNN :iﬁgigi,’i:sé‘;‘igvv
- . 80.GeVep, <110 Ge\e/ i

different properties

£ 110 GeV < p; <160 GeV
B0 GeV<pT<210 GeV'
— 210GeV< P < 260: GeV
prIT260 GeV<pT<31 0Gev™
i 1 310GeV< p‘T < 400:GeV

* Many search applications for
distinguishing quarks and gluon jets

Gluon-like Rejection

10 :",::::;: ﬁﬁﬁﬁ;ﬁﬁﬁﬁﬁﬁ';ﬁﬁﬁﬁﬁﬁ;f, 'ﬁﬁﬁﬁ;ﬁﬁﬁﬁﬁﬁﬁi;ﬁﬁﬁﬁﬁﬁ;ﬁﬁﬁﬁﬁﬁ;ﬁﬁﬁﬁﬁ":
* Hadronically decaying vector bosons o RO
* monojet, dijet searches o 108, Vo2 7 TV RN
anti- k R=0.4, n, &Track Width i
e SUSY searches with high quark jet AfZ,‘I‘s"'“‘s“,”n‘,’;}a},”j,',“?Z,ﬁ,”,iﬁ,y -
I I I llllillllillllillllillllillllillllillll‘llll‘llll
multiplicity 1070102030405060.7080.9 1
* Jet width and number of charged Quark-like Efficiency

tracks provide good discrimination Example: for 50% quark jet efficiency,

we can reject 30% gluon jets
More discriminant at higher pTs
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guark and gluon comparisons

ATLAS-CONF-2012-138

* Extract in-situ data distributions of quark and gluons

* Pythia and Herwig++ describe quark jets similarly, but larger
difference for gluon jets

* Herwig++ seems to describes gluons better, particularly for ne«
~ 307| T T 1 b\ T \é\ LINLNL I N L I L L Y LOL L B /\{ 30,| [ [ [ [ [ ]
Cfé E —a— P::::i “PAer:;iaQOﬁ SImUIatlon E \C/H 25i ATLAS Preliminary —&- EX:[?Ctgq t E data
~ 25; _m— Herwiges ] | antik R=0.4,ful<08 : Pzth:zyszts ]
Solid Markers: Light-quark Jets ] 201 Firacted fron} 2011 Data 61 5sed markers Quarks
] r Ldt=4.7fo",Vs=7TeV Open markers Gluons -
Empty Markers: Gluon Jets R 15F —
: :@:=@= - :@::@: ]
L & 2 — 1 1 0; —N— O —O— : N
10 — o O - : —pn—0— E.:—:‘;
E %_D_=.= ATLAS Simulation PreliminaryE 5 ﬁi —:
St anti-k R=0.4\s=7TeV | -
| | | | <08 ] Q o I I R N R BN &
: 1 1 L1 1 | L1 1 | I I | I L1 1 | I I | % 1.2 I ‘ ‘ ‘ ‘ ‘ I
©) . - R — D A —— —
S pgi———— 10, B
E 0'8 [ ?_:Drﬁﬁ L PRI e | -.E 0.8 Lo b b b Ly iu‘ ‘ ﬁ@%
) 50 100 150 200 250 3%0 350 L 50 100 150 200 250 300 350
= Py [GeV] P [GeV]
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g— bb tagging

ATLAS-CONF-2012-100
* Identify b-jets originating from gluon splitting at small angles

* Reduces backgrounds in b-jet searches and estimating efficiency
for signatures with double b-tagged jets (i.e. Higgs]

* |dentify a b-tagged jet, then use jet structure observables to
distinguish between single b-jets and merged b-jets

e Jet Width, Ntrk, AR (max, tracks), 2

* Very good discrimination power, better at high pTs

ZOOGeV < Jet P < 27OGeV 200GeV < Jet P < 270GeV 200GeV < Jet P, <270GeV

@ w 0.4 I R S T
':E) 0.221 ATLAS Prellmlnary Slm Jlat|on: g E ATLAS Prellmmary S|mulatlon 0.35 ?Tﬁ;ﬁ\S;rehmmary Simulation
- . [ t .
> 02 1 Jet Il <2.1 >, 035 Jot Il < 2.1 E : Jetinl <2.1 -
S 0.181 |1 . . S ol ] 0.3/ 48 single b-jets
£ 0160 [ ]single b-jets | = 0-35 [ ]single b-jets E E Bl merged b-jsts
< 0-14i [ ] merged b-jets 7 < 0.25¢ [ ] merged b-jets - 0'255
012; N ] ; 02; § : 02:
0.1 : | HL ; :
008 [l | 0.15- o8
C L LL_I q E, L I 01,
0.06F L —l‘l_._ 1 0.1 f r
B [ ] E f L‘ E LS
0.04-1 | - ] 005k |1 H . 0.05F
0.02F I { 1 : i JJ LLJ‘I_,S ;
L Einkaeey -‘_\L_"—'TL:'_—“_—'—L'TL-'—-—- M L L: 0: i . L I B . O e i
0o 005 01 015 02 025 0.3 0 0.1 02 03 04 05 0.6 0 0.2 0.4 0.6 0.8 1
Track-jet width Track-jet t2 Likelihood output
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searches with jet structure

merged vector bosons
merged top quarks
non-SM boosted objects

An emphasis will be placed on techniques instead of limits.
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identifying boosted vector bosons

CMS-PAS-JME-09-001, CMS-PAS-HIG-13-008

% 0.1 ; _ g(;)t:’ythia 6 D6T |
Techniques are developing rapidly, different s | Jo Pruning Aot
. - . .08 — at \'s = 7TeV —
analyses using varying selections ! |
0.06; _
. . S : . . i ">tt
* |n all cases, main discriminating variable is |et 00al- Lot
mass, sometimes cut on additional variables ol ]
* (Groomed jet mass improves background . ‘
. . . 0 01 02 03 04 05 06 07 08 09 1
rejection in searches s
* Jetfinding with a standard or large radius @ 0.2 S Simiaton
algorithm depending on search phase space 5 [HPoWW e,
§ 0.15 L —— WhJets, MadGraph+Pythiaé |
e (Cut onthe massdrop, M =m1/m i ]
g |
* myis mass of highest mass subjet 0.1
* subjets defined by un-clustering last step i
0.051-
e (Cut on N-subjettiness, T2/ T1 i
0O :
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yi _ validating merged W bosons

CMS-PAS-B2G-13-005, CMS-PAS-HIG-13-008 CMS Preliminary. \/E 8 TeV, 19.6 b

=n MC fit

< 1800/ tagglng with mass drop
& 1600 - mBA™ = 84.3+ 0.3 GeV/c®
10 1400 E_ mli¢ = 83.7 + 0.2 GeV/c? _E
~ C .
@ 1200F E
[ r ]
G>J 1000 i Data -
= tt 7
W 8oof- B W+Jets -
= [JNon-W MJ .
600 wite, N [ Z+jets -
- [ Single Top E
400 r — Data fit n

* Validation using merged W bosons 200k

in semi-leptonic tt sample % 20 40 60 80 100 120 140 160 180 200
Hadronic W Jet Mass (GeV/c?)

o

* (lear observation of merged W's
tagging with T2/ T4

* Used as a valuable sample for o NS tosWIa STy oM peimiy to3's (a8 Ter W
understanding jet mass scale and & & pou [l
resolution ot :""’“ 1

e Statistics are becoming sufficient
for estimating data-driven
efficiencies

50

40 50 60 70 8 90 100 110 120 130
Pruned jet mass (GeV/c?)
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searches with boosted vector bosons

ATLAS-CONF-2012-150, CMS-PAS-HIG-13-008 2 10°F T T T T T T T
o] - ATLAS  Preliminary — Data E
_ _ w FE-sTev,|La-720" Ewwwzzz |
Combination of CMS searches 2 108 7 ez =T
: . : : o - — M. = 1400 GeV]
for RS1 Graviton in di-boson final states @ 4oL O X100 ]
0.4]llr1l]l1l]7T1]1T][1I1TYIYI]TT] : :
e CMS RSG — ZZ — 2v1j, 4.7/fb (CMS-PAS-EXO-11-061) 102 5
e CMS RSG — ZZ — 211, 5.0/fb (CMS-PAS-EXO-11-081) =
0.35~ ——— CMSRSG — 2Z - 2I12j, 4.9/fb (CMS-PAS-EX0-11-102) . X—>2ZV
CMS RSG — ZZ - 2j, 4.9/fb (CMS-PAS-EX0O-11-095) 1 i ]
0.3 ——— CMS RSG — VV - 2j, 4.9/fb (CMS-PAS-EX0-11-095) OF 3
1 =
0.25 E

0 20 40 60 80 100 120 140
m(j,) [GeV]

5 o2
=2

IIlIlIIIIlIlIIllllllllllllllllllllllll-<

IlIIIIIIIIllllIIIIIIIIIIIIIIIIIIIIIIIII

CMS Preliminary, 19.3 fb"'at (s =8 TeV, W—ev
0 15 (\"\ :\ TT ‘ TTTT ‘ TTTT ‘ TTrTIT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ L \:
. k) C ]
%) 350 - \ IWW/WZ/ZZIE —
o | E
0 1 3 r DSingleTop IW+iets ]
. -~
@ 300[— o ]
GC.) C @ data Ef;f; Uncertainty |
> L £ a
0.05 X—>W 5 os0] | E
OIIlllIIIllllllllllllllllllllllT |

600 800 1000 1200 1400 1600 1800 2000
RS1 Graviton Mass (GeV)

H—>WW

4 of 3 analyses using jet
substructure observables

100 110 120 130
Pruned jet mass (GeV/c?)

Nhan Tran Lepton-Photon 2013



identifying merged top quarks

CMS-PAS-JME-09-001, JHEP 1010:078 (2010)
* Many algorithms for identifying top quarks

 Currently implemented in public analyses ¢

* Tagging using kT-splitting scale: require
the last kT clustering step to be hard
* HEP Top Tagger: decluster jet into

subjets, apply kinematic constraints on all
mass pairings: {m12, M23, M13}

[ Top Tagging
- CMS Simulation 0.12
Lz tt

[\Ns=7 TeV

My, (GeV/c?)
W
8

250

 Template Top Tagger: test compatibility
of jet with O[300k]) top decay templates

e CMS Top Tagger: decluster jet into
subjets, apply kinematic constraints on
subjets

1 1 1 1 1 1 I 11 1 | I 11 1 |
300 400 500 600 700 800 900
P (GeVrc)

* Not the end of the story, existing algorithms °

to be further optimized and more to be
tested
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i validation of boosted tops

Phys. Lett. B 718 (2013)1284-1302, ATLAS-CONF-2012-136, CMS-PAS-B2G-13-005

cMS Prellmlnarv \E 8TeV 196fb‘ —_

2

GeV/c?)
é‘

* With 8 TeV data, enough semi-leptonic tt CMS Top Tagger

events to validate boosted tops at high pT

— Combined Fit
—it B
[ Multijet =

o - .
= 100f -
. , S 2 gk =
 Search signal regions validation show good 5 ™ iData ]
. - L 60— E= tt -
agreement for data vs. simulation : B et ]
401~ -
. . . r ] i DZ+Jets n
* B-tagging in boosted environments helps to e Wsngetop -
further reduce multijet backgrounds of Wbomn 11
0 100 200 300 400 500 600
Top Candidate Jet Mass (GeV/c?)
250 Tagglng W|th kT-spllttlng scale > 120 HEP TopTagger T | Too T
E - ATLAS Prellmlnary -s-Data Dtt . 8 . ATLAS ..-Data 2011 : > 90T ?Tﬁpx ﬁ‘wt? ] rcw)wpw T rawggrexr
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searches with boosted tops

» Boosted tops currently in searches for tt
resonances both in all-hadronic and
semi-leptonic channel

* Many additional applications:
3rd generation final states (W', b’, etc.)
Moderately boosted tops in SUSY stop

searches
. cusereimpansseTerpent OIS Top Tagger
[aV)
§ 10° : —e— Data
O = [ Non-Top Multijet
O] C B swm tt
o ——— 1 TeV RS KK gluon
© 102 . —— 2TeVRS KK gluon
@ = %4e —— 3TeVRSKKgluon
c C -
(0]
o 10
1TE

2000 500 3000
tt Invariant Mass (GeV/c?)

1500
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boosted non-SM objets: RPV gluinos

CERN-PH-EP-2012-281 ><103 o
S, 100~ ATLAS ]
5 - SR1m" >60 GeV,t,,<0.7 ]
. . 5 | =e— Data,(s=7TeV i
* First example: exotic resonance search: £ gof v Muieteyne
~ ~ . . =) L ovemien RPV gluino (m_= 100 GeV) |
g—gg—qqgq, pair produced RPV gluinos % ol g :
e For light gluinos, decaying quarks can be - ;
highly collimated ’ G i
20 *.;-z_:u. : ' ]
: : : . I ::'- PV .
 Use large radius jets with high pT R S
0 50 100 150 200 250 300
 N-subjettness, T3/ Tz, variable used to Jet mass [GeV]
identify jets with 3 subjets £ Lamas T
i "I SR preselection m® > 60 GeV 1
o | E==e— Data,Vs=7TeV

= 0.2; ........... MUIt!J:et (Pythia) _

o — Multijet (POWHEG+Pythia)
. . < [ eem RPV gluino (m§ =100 GeV) ]
* New phenomenological ideas for low MET 015 ]
. . . . PR . . r : *tur‘ 1
SUSY with high jet multiplicities using jet ot HEE ST
structure : PO B
0.051 ,.;.E'?".; T
o e

R
3704 0506 07 08 09 1 141
Leading jet t,,
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summary

* Large amount of experimental results studying jet structure
e probes of pQCD
* Inclusive jet structure measurements

* searches with boosted objects in wide range of physics
mOdels oo CMS Prelimi y,19.3‘fb'1a-t\E=8TeV,W—>pv

* Many new experimental results expected at
the BOOST 2013 conference in August

o S

40 50 60 70 80 90 100 110 120

Pruned jet mass (GeV/c?)
e The /7 TeV and 8 TeV LHC data already proven to be an
excellent dataset for jet structure studies;
Relevance will only increase for the upcoming 13 TeV run!
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summary

* Large amount of experimental results studying jet structure
e probes of pQCD
* Inclusive jet structure measurements

* searches with boosted objects in wide range of physics
models

* Many new experimental results expected at
the BOOST 2013 conference in August

~ jet
structure |
tools

e The /7 TeV and 8 TeV LHC data already proven to be an
excellent dataset for jet structure studies;
Relevance will only increase for the upcoming 13 TeV run!
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additional matenrial
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|
|

|

B charged particle production at H

Eur. Phys. ]. C73 (2013) 2406

Study performed from
5 GeVe <2< 100 GeV?

* |n deep inelastic ep scattering, charged
P P & STErd 104<x< 102

particle pT spectra at low x and high G2 a
good probe of parton dynamics

* Tests of parton evolution models: DGLAP
(large Q, moderate x), BKFL [low x], and
CCFM (unifying over full range)

* (Compare against different MC programs

* Rapgap*, DGLAP LL approximations
* Djangoh™/Ariadne, BKFL-like
* (Cascade™, CCFM

* Herwig++, DGLAP-like with angular
ordering and cluster fragmentation p
model

* Hadronization with Lund fragmentation model [Pythia)
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observables

Additional jet observables explored by ATLAS
kT splitting scales: v d1a, kT distance of last clustering step in kT clustering
N-subjettiness: Tn @ measure of how many subjets a jet has

\Width: small width, pT distributed closer to jet core; close to 1, pT distributed
near edges

Eccentricity: measures deviation of jet profile from a perfect circle

Angularity: measures the degree of symmetry in jet energy flow

Planar Flow: measures if a jet is spread evenly over a plane or linearly

Cartoons for the different observables in the additional material
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N-subjettiness

Demand exactly 2 subjets using
Initial jet the exclusive kt algorithm

dR(1,k)

-———
l' ~\

, b\\ Measure the dR
o | between each
% /' constituent k and
o RO4L thetwo subjets.

d, = pT(k) x min(dR(1,k),dR(2,k))

* If constituent k is within, or close to, a subjet, the d, will be small.
* Sum over all the d,, and divide by d, = Z(p;(k) x R) , where R is the initial jet radius.

* Now Id,/ d, is the two-subjettiness, t,. If this is small, the jet is very two-subjetty. If
it is close to 1 (or above- see note * below) then it is not.

* Toget t,, demand a single subjet. To get t;, demand exactly three, and take the
minimum of the three dR(i,k) values.

* Note: the min(dR(1,k),dR(2,k) can be larger than R. If the average min is larger than R
(unlikely but possible), we get a value for t, that is larger than 1.
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kT splitting scale

Go back one step in the jet
Initial jet clustering history: you have two
subjets.

Measure the dR
between them and
their pTs.

vd,, = min(pT(1),pT(2)) x dR(1,2)

* If the distance between the subjets is large, vd,, is large.
* If the softer of the two subjets in the last clustering has high pT, then vd,, is large.
* Both these things indicate large vd,, in symmetric two body decays.
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width

’1"‘--~‘\ dR(jet,k)
Measure the dR between I/ OOO b\‘
each constituent k and the Io O o\
jet axis. '\‘ o %6 ,,'
\\s 0O . 03/

w, = pT(k) x dR(jet,k))

* If constituent k is close to the jet axis, the w, will be small.

* Sum over all the w,, and divide by d, = Z(p,(k) x R) , where R is the initial jet radius.
* Now Zw,/ d, is the jet width. If this is small, the jet has much of its energy

concentrated near the core. If it close to 1, then the energy is distributed further
out towards the edges.
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planar flow

This jet has planar flow ->0 because it This jet has planar flow ->1 because it has a
has a fairly linear deposition of energy in  planar deposition of energy in eta,phi.
eta,phi.

.. e . . 1 O ¢ - .

) Op'. A OOO OOO‘.‘

O’ O .. " O -

; P . 00
e a_ ., o
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lg’ _ CMS top tagger

4

* Based on the JHU top tagger:
PRL 101/142001 (2008]
Kaplan et al.

* C(Cluster jets with CA8 algorithm

Subje-l;v critevia:
?TSubjet > 0-05‘ X ?Tje-b
| dR > 0.4 - 0.004 X PT5ey

* Reverse clustering algorithm to find
subjets, keep subjets passing following
criteria

*  pTsubjer > 0.05 X pTiet
* dR>0.4-0.004 x pTjet

* Keep original jets with 3 or 4 passing
subjets
* Jet massis [100-250] GeV

*  Minimum pairwise mass of hardest 3
subjets, mmin > 50 GeV

{Il

keep jets with 3 ov 4
P3sSing Subjets; apply

additional kinewmatic cuts y

N

= ——
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arXiv:1006.2833

| kPIehn et al. HEP top tagger\

« For identifying moderately boosted tops, CA fat jets (R = 1.5, 1.8)
with pT > 200 GeV

o Decluster jet keeping subjets that pass the mass drop criterion,
mj1 > m and m;y < 0.8 Xm;until each subjet each subjet has m;; <
30 GeV

o Filter all combinations of triplets of subjets to remove UE/PU
contributions, keeping 5 hardest filtered consituents to compute
the jet mass; keep triplet with jet mass closest to my

« Apply kinematic constraints on all mass pairings: {m+2, Mz3, M43}

1

myy/m,,

o8

06 M8
o
0.4

02 e
-

| = 1 L :
0 05 1 15 0 05 1 1.5 0 05 1 15
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pileup dependence

N

ATLAS-CONF-2012-066, JHEP 05 (2013) 090

Examine jet structure observables as function of primary vertices
Grooming jet mass reduces pileup dependence

Can also reduce pileup dependence for other jet structure observables such
as T2/ T1 using only groomed jet constituents

CMS, L=5fb"at \s = 7 TeV, AK7 W+jet

T T T
Data, Ungroomed AK?

8 Pythia6 Z2, Ungroomed AK7

Data, Filtered AK7

Pythia6 Z2, Filtered AK7
Data, Trimmed AK7 5
|| Pythia6 Z2, Trimmed AK7 :

’>-\ 150 T T
O O
g .
/\_J D
E -
~
100 —
- Q0
0 L

0

0 Data, Pruned AK7 |
[ | Pythia6 Z2, Pruned AK7
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. ATLAS Preliminary

| Data 2011, [Ldt=1 fb
- anti-k, LCW jets with R=1.0 i
- 600 < pf‘ <800 GeV -
— =e= No jet grooming  --a-- f,;=0.01,R_ =0.3+
m o T .=0.03,R =0.3 ..&.. f_.=0.05,R =0.3

| _ sub_ _ sub_ i
-o- f ,=001,R ,=0-2 - f,+=0.03, Rsub_0.2 i

cut cut

cut cut

[ - 1,4=0.05,R_ =0.2
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- arXiv:1006.2035
Almeida et al.

Top Template Tagger

Selection: AK10 jets with pT+ (pT2) > 500 (450) GeV

Energy flow inside a jet compatibility with top quark decay

Given a library of ~300k templates, encode the overlap into
a single observable OV; (from 0-1)

Libraries in bins of 100 GeV starting from 450 GeV

3
1
o =g | -3 ga(Fim S Fe)|
1=1 ¢ AR(topo,i)
<0.2

e Tnis set of templates

e i sums over top-quark decay daughters, g; = E/3 is weight factor,
Etopo is energy of topocluster required to be within AR < 0.2

Selection, make a cut on OV3 > 0.7
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