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As the center-of-mass energy of the LHC

iINncreases, It becomes harder to resolve the decay
products of increasingly boosted SM particles.
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For 1.6 TeV Z'— tt, very few of the top

quarks can be fully resolved with R=0.4
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Collider energies and heavy resonance

imits are going up — The future of jets
les In jet substructure!
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Many BSM searches benefit
from |et substructure methods.
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Jet substructure 1s a wide, active,

and rapidly expanding field.
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The most straightforward |et

supstructure variaple 1Is mass.

= (Xe) - (Z8)

Boosted resonance: Miet = Mresonance

QCD jet: 777




QCD jets are not massless!

t = virtuality = m?

g
(m?) ~ . SCFpTRZ (m?) - 2OC'A]UTR2

quark jet gluon jet



For finite-radius jets, the mass Is sensit
to unassociated radiation Iin the event.
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Trimming is one of several jet grooming
methods used to reduce this sensitivity.

Initial jet

Unassociated radiation should be =evenly distr
event, while radiation from parent partons is clus

Ibuted In the
‘ered near the

parent. Use kr for reclustering to keep mo

e FSR.



Mass-drop/tiltering takes advantage of the

fact that large changes in mass are
exponentially suppressed in QCD showers.

LAt
Sudakov form factor A(t) = exp | — 7dz%79(z)
C to A

But when a heavy particle decays, large changes in mass are
guaranteed!



Mass-drop/tiltering attempts to optimize

the reclustering scale for a specific decay
topology, originally h—bb.

Algorithm: unwind C/A jets and require:

1. large mass drop ~ max(my,mg) < pm,
and

- 2 2
2. symmetric splitting " (pT21’pT2) AR? 5 > Your
Uy ’

It either requirement fails, throw out softer subjet and
unwind harder subjet with same method. Continue until a

splitting passes both requirements to obtain Rt =
min(0.3,AR/2) Then recluster N subjets at Ryit.




Pruning, inspired by filtering, explicitly

vetoes soft, wide angle radiation.

Algorithm: unwind C/A jets and require:

1. hard splitting min (pri, Pr) > Zeut

or PTJ
2. small angle AR;j < Deut

At each step, it both checks tall, drop the softer
constituent and unwind the harder. Stop when either 1 or
2 are satisfied.



All grooming methods come with

parameters that have to be tuned.

grooming

method trimming mass-drop oruning

..............................................................................................................................................................................................................

parameters R, Rsub, feut R, H, Ycut R, zcut, D



Grooming can significantly

reduce plleup sensitivity.

SOOIII'I'IT"I I"TIT'II LI 117'[7

; _l L L l LI | LI LI ' LA I LB I LI ] L l- ; i -
8 160-@1}2%1? det=1lb'.{§=7Tev ] 8 é?—zﬁf fl.at=1rb'.f§=7rev 1
S S - vala N
1 40_ant| k, LCW jets with R=1.0 _ o~ anti-k, LCW jets with R=1.0
% - 200 ' <300 GeV, nl <0.8 - 95—250 6005p <800 GeV, Inl <0.8 -
~ "e NO jetgrooming  --«-- =001, R b =0-3 -~ lll NO jet grooming  --«-- f,=0.01,R =03
120_— 1,,=0.03,R_ =03 ..x. f,=0.05, n =037 1,=0.03,R_ =03 ... f —oos,nw-o.a |
[ e £ —001 R, =02 o fcu,=003 R, =02 X [ o f.=0.01, R, =02 -o. fw,—oos,n =0.2
100! ==~ fcu,—oos R =oz | 200—-,:r {=0.05, R_, =0.2 -
i o ] i )
80 ‘“...‘...‘,-.-.:.O”.O_-(_)-J i -
- _t“-".‘"’...i“-“-.'o'.".’.0.'.‘:. - A': 150_ .-'0'-.-'.-_ —
L B = Om O P L -
0 e - . Sahd *
» :t’:.;:i!‘.":.&:'i.:.—ia:.!:‘:" C'}.-T:-”- } : l*-!:j T'...‘-.- ._ ..H. - '.".'.’ .’
— oe il Felrefpelfpafmelnreleeine o=l Al = = \..’f‘.. ....'.".-° . i .‘}_
401 B 100 TE g igoronngrom0n 0l T nCeomrdag
Y. ?“ ? P IR RO ST VI :-'. . : '"'&"M? “ ‘..."":'.'
20 3 SR T ARt S R D
-I 1 1 l Ll 11 Ll Ll 11 l 11 1 lll l hll 1 11’.! 1 :ifl l.‘i‘.; P | 11 ) ‘ l:‘.-.‘f’l.b.y T.q
0 2 4 6 8 10 12 14 0O 2 4 6 8 10 12 14

Reconstructed vertex multiplicity (N

oy) Reconstructed vertex multiplicity (N

PV)

(a) Trimmed anti-k;: 200 GeV < pf° < (b) Trimmed anti-k: 600 GeV < pt <
300 GeV 800 GeV



Grooming improves the jet mass

resolution for signal and reduces the QCD
background.
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Pruning most aggressive at small mass, as D scales like m/pr,
whereas Rsup IS fixed. Filtering least aggressive, as it keeps a
fixed number of subjets - in this case 3.



N-subjettiness quantifies the degree to

which a jet is comprised of N subjets.
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Ratios of N-subjettiness provide

more discriminating power.
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The KT splitting scale can also be used to

separate QCD jets from boosted

resonance decay |ets.

Recluster jets using kr algorithm di; = man (pri, D1

W,
{

<\/dTQ> ~my /2

For QCD jets:
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day < dog K dqo




Events / 10 GeV

Data/Sim.

To study top-tagging performance,

we use a semileptonic ttbar selection.
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Substructure-based top-tagging can

combine mass, n-subjettiness, and K-
splitting scales.
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The signal-to-background is improvead

as compared to mass cuts alone.
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Substructure tagger I | vd,, > 40 GeV
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Substructure tagger IV | m > 100 GeV and vVd), > 40 GeV and Vdy3 > 10 GeV
Substructure tagger V | m > 100 GeV and Vd), > 40 GeV and Vda3 > 20 GeV
W’ top tagger Vdj2 > 40 GeV and 0.4 < 17; < 0.9 and 73, < 0.65

Table 2: Top taggers based on substructure variables of trimmed anti-k, R = 1.0 jets.



Performance is studied in MC, using Z'—
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Aadditional Material



HEPTopTagger
Use Cambridge-Aachen
Algorithm

R =1.5|ets

1. unwind the jet and require max(my,m2) > 0.8

Keep higher mass
2. keep unwinding a

GeV. Keep all subj

discarded by regl

Miet tO0 keep both constituents, otherwise

| subjets as long as m > 30
ets that haven't been
irements in step 1

cluster subjets with Rsit = min(0.3,ARj/2)
calculate mass of 5 hardest constituents in each

subjet

choose pairings of subjets to obtain total mass

closest to mt



Because of changes in g/g, as, and pdfs,
QCD jet mass is not quite linear in pr

NLO 0.18
calculation for
2 partonsina
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