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Introduction

@ QCD partons in high energies (LHC) can not be directly observed and
their final state are complex structures called jets;

JATLAS

EXPERIMENT

r: 1

ATLAS collaboration
@ Jets are used very frequently in LHC analysis.
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Definition of jet

o A jet definition is a set of rules to cluster particles into jets;

e Composed of a recombination algorithm and its parameters (usually
the jet radius R);

M. Cacciari, G. P. Salam and G. Soyez (2008)

@ LHC uses the anti-k; algorithm.
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Boosted heavy particles

@ At the LHC — boosted (p; > m) heavy particles
— decay in very collimated final states
— clustered into a single jet;

m
@ Characteristic opening angle of the jet is 6 ox —.
Pt

N
N
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QCD background

@ QCD collinear divergences keep parton jets collimated for any py;
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QCD background

@ QCD collinear divergences keep parton jets collimated for any py;

How to discriminate QCD jets from Z/W /H — hadrons jets?
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QCD background

@ QCD collinear divergences keep parton jets collimated for any py;

How to discriminate QCD jets from Z/W /H — hadrons jets?

Possible method : partons are color charged particles, they produce
different radiation patterns from bosons.

N
N

Lais Schunk Analytic control of jet substructure November 19, 2015 8/



Jet substructure

@ Knowing the mass of a jet is not enough to identify its origin, we need
to access the jet substructure ;

Boosted QCD Jet, R =0.6 Boosted W Jet, R =0.6
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J. Thaler and K. V. Tilburg (2010)

o Different techniques are available:

@ Find hard cores (1 for QCD, 2 for bosons);
@ Constrain the radiation patterns.

N
N
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Application : diboson excess
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& ATLAS —e— Data
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§ 10 e S = @ ATLAS found a 3.20 excess in
2 gnificance (stat)
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I Significance (stat + syst)
WW Selection

diboson resonances at ~ 2TeV;

@ CMS found similar anomalies;

LI AL L L o T

g“"s o High energy events — very
] collimated final states.

ATLAS collaboration
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Control of jet substructure

e Constraint radiation patterns to discriminate different types of jets;

@ Making use of jet-shapes : observables that are functions of the jet
constituents v(p}', pb, ..., ph);

@ In this work we chose v = 71, 2 and G, (next slide);

e Understand differences/similarities from a first-principle analytical
study.
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Jet shapes (angular param
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Jet shapes (angular parameter g = 2)

@ N-subjettiness with axes a1, ..., ay

(2

@ _ T s 1 o
Ty, = 5=, Th=—" i min (67 ,....;07 ).
. 7-1(2) N pt,jetR’B Z Pei a,-...aN( 1a1 IaN)

o Mass-drop with subjets j; and j,

M,2; = max(mjgl7 mjgz)/mf-
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Lund diagrams

o We consider boosted jets of a given mass, p = m?/p2R? < 1;

o Lund diagram : graphical representation of the results in zf vs. 1/6?
coordinates.

log(z6

A

cst 0

AN

log(1/6%)
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Lund diagrams

o We consider boosted jets of a given mass, p = m?/p2R? < 1;

o Lund diagram : graphical representation of the results in zf vs. 1/6?
coordinates.

log(z6

A

soft-large 6

log(1/67)
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Structure of the results (QCD background)

@ Up to LL, emissions are strongly ordered in mass and angle.
@ Independent emissions — constraints as an exponential factor.

@ For a jet of a given mass:
log(26)

pda / le Z]. ie_Rp/am( )
odp

2
plam / d0 / dZP (292 > p)

log(1/6°)
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Structure of the results (QCD background)

@ For a jet of a given mass + a cut in the shape v+ < 1:

log (26

1
= / dz P(zl)%e*Rp/am(p)—Rv(p,zl)
<v P 2w

v(p,21) / / dz Pi(z)—

D s XO(V > veut)O(2263 < p)
dzyPy(z
/ 9%2 / 2 2
e > cht)
log(1/67)
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Structure of the results (QCD background)

@ For a jet of a given mass + a cut in the shape v+ < 1:

log (26

1
= / dz P(zl)%e*Rp/am(p)—Rv(p,zl)
<v P 2w

v(p,21) / / dz Pi(z)—

p s XO(V > Veyr) 2292 < p)
dzyPy(z
/ 9%2 / 2 2
sec > cht)
log(1/6%)

Now all we need is to find v(p, z1, 22, 62).
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Results

N-subjettiness Mass drop Energy correlation
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ROC curves

@ Probability that vocp < Vet vs. probability that vsig < veye;
o ( is the most efficient, and 71 more efficient than ,u2 (more delicate

call).
analytic
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ROC curves

@ Probability that vocp < Vet vs. probability that vsig < veye;
o ( is the most efficient, and 71 more efficient than ,u2 (more delicate

call).
analytic Pythia8(FSR)
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@ Good description of the order between shapes.
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Conclusion

@ Good qualitative description of the shapes.

o Efficiency of the shapes: G, > 11 > p? .

@ Future works
log(z6

Add grooming (in progress);

Higher accuracy (in progress);
e Different jet shapes (next);

3-pronged jet shapes;
e ISR contributions;

Calculations for finite v. log(1/6%)
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Diboson excess at CMS

CMS (unpublished) L=18.7/b " at ls=8TeV
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Generalized k; algorithm

@ Depends on a parameter p;

2p 22") 62-

@ Cluster partons by smallest distance djj = min(z i

i 04
@ Particular cases:

o p=0: C/A algorithm, angular ordered;
e p=-1: anti-k; algorithm;

e p=1/2: similar to mass measure.
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Non-perturbative effects

Pythia8, with SoftDrop(B=2,z.=0.1)

Pythia8(FSR and full simulations)
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Structure of the results (Signal)

@ Decay of a boosted object into a pair qg or gg.
e For a signal jet (fixed mass always) + a cut in the shape v:

Z/W/H

Psig(zl) ~3 1 R R
log(+0 Zsig :/ dzlpsig(zl)e7 v,sig(21,0) =Ry sig(1—21,p)
P
1 2 1
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log(1/6?)
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