NEWS FROM
|ET SUBSTRUCTURE:
SOFT DROP

Simone Marzani
Institute for Particle Physics Phenomenology
Durham University

A
W Durham

University
Loopfest Xl
New York City College of Technology
| 8t - 29274 June 2014

based on Dasgupta, Fregoso, SM and Salam JHEP 1309 028
Dasgupta, Fregoso, SM and Powling EP] C 75 | |
Larkoski, SM, Soyez and Thaler JHEP 1405 146



|ets and their properties

| CMS Experiment at LHC, CERN - Jet 1

| Run 133450 Event 16358963 o ~

| Lumi section: 285 \ . |
Sat Apr 17 2010, 12:25:05 CEST ,/ | 7 | P COlhmated, energetlc

sprays of particles
* are ubiqurtous in collider
phenomenology
* boundary between
theory and experiments

o LHC energy (10" GeV) > electro-weak scale (10?2 GeV)

e FVW-scale particles (new physics, Z/MW/H/top) are abundantly
produced with a large boost

* their decay-products are then collimated and can be
reconstructed in a single jet
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|et mass

* [t's the simplest variable describing the structure of a jet

* How well can we compute It ¢

* Jet mass distributions are affected by double (soft & collinear)
Ioganthms

1 @l Rk m m
e oA In— L ofA T e
o dm? m5 | D P

* Reliable estimates of jet shapes should include:
e fixed-order calculations at NLO (OK with public codes)
e resummed (N)NLL predictions



Jet mass: all-order calculations

NLL calculation of the jet mass in p-p collision

Banfi, Dasgupta, Khelifa-Kerfa and S.M. (2010)
Dasgupta, Khelifa-Kerfa, 5.M. and Spannowsky (2012)

e arens also In SCET

Chien, Kelley, Schwartz and Zhu (2012)
Jouttenus, Stewart, Tackmann and Waalewijn (201 3)

For an isolated jet (small-R limit) the NLL cumulative distribution is

iIndependent emissions multiple emissions
e c—YED'(p)
W=z | 4G =" o) "
correlated emissions
m>2
F
pi IR

non-global logs: difficult to resum
dependence on the jet algorithm




Beyond the mass: substructure

e Multiple interactions (UE and pile-up) shift background peak
to the EW region
* Need to go beyond the mass and exploit jet substructure
* Grooming and lagging:
|. clean the jets up by removing soft junk
2. dentify the features of hard decays and cut on them
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Beyond the mass: subs
Multiple interactions (UE and pile-up) shift background peak

to the EW region

* Grooming and lagging:
|. clean the jets up by removing soft junk
2. dentify the features of hard decays and cut on them
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Irimming

Krohn, Thaler and Wang (2010)

|. Take all particles in a jet and re-cluster them with a
smaller jet radius Rewp < R

2. Keep all subjets for which peioet > 7z py

3. Recombine the subjets to form the trimmed jet

recluster discard subjets
%
on scale Rsup @ W|th < Zeut Pt

* a theorist's worry: complicated algorithms with many
parameters
* Q: Are we giving up on calculability / precision QCD ?




p/c do / dp

Trimming at LO

trimmed quark jets: LO
m [GeV], for p; = 3 TeV, R=1
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Trimming: all orders

One gets exponentiation of LO (+ running coupling)

dO.trim,resum dO.trim,LO E / 1 da.trim,LO T
0

. Ao
dp dp e - dp’

Pythia 6 MC: quark jets Analytic Calculation: quark jets
m [GeV], for p;=3 TeV, R =1 m [GeV], forp;, =3 TeV, R =1
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A: sroomed-mass distributions understood with resummation

Dasgupta, Fregoso, SM and Salam (201 3)
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Soft drop

e Soft Drop: recursive de-clustering of a jet that checks

min(pri, pr2) 0 (ARm ) ?
t
pT1 + P12 & Ry

log 1 Soft Soft-Collinear
A // 5 >0
Qe’b 2
Q"OQ // .

S /7 >0 grooming mode

y —> (Collinear L .
117 (dynamical trimmer)

log > _4\_ ———————————— 5 —
I RN =0 mMDT BDRS (2008)
> > log 0 <0 tagging mode

(cut on pure collinear)

Larkoski, SM, Soyez and Thaler (2014)
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Soft drop

e Soft Drop: recursive de-clustering of a jet that checks

min(pr1, pro)

pPr1 + P12

Soft-Collinear

e

( 5 >0 )grooming mode

(dynamical trimmer)
=0 mMDT BDRS (2008)
B8 <0 tagging mode

(cut on pure collinear)

Larkoski, SM, Soyez and Thaler (2014)

13



Soft drop

e Soft Drop: recursive de-clustering of a jet that checks

min(pr1, pro)
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SO C

OIS

e Soft Drop: recursive de-clustering of a jet that checks

min(pr1, pro)

pPr1 + P12
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Otagging mode

(cut on pure collinear)

Larkoski, SM, Soyez and Thaler (2014)
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Soft-dropped 2-point correlations

AR;:\“
ECF (2, ) = Z T ( J) Cia) g ECF](EDQC,E)(?CP)‘Q(O,Q)
. =

Larkoski, Salam and Thaler (201 3)

Pythia8, parton Analytic
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* large-angle soft is removed; soft-collinear ~f8

* non-global logs are power-suppressed

e MMDT (B=0) is remarkable: only single (collinear) logs
* better agreement between MC and analytics
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Groomed jet radius

* Analytic control opens up the possibi

different properties of groomed |ets

Pythia8, parton

Rg/cs dG/ng

e Good agreement between analytics, MC and jet-area methods

Rg/cs dG/ng

Analytic

ity of understanding

LI 1 LIl II
R=1 ; pt>3 TeV, ZCUt=O'1
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Jet Energy Drop

* What Is the amount of energy which has been groomed away !

Pythia8, parton Analytic
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Sudakov Safety

Larkoski and Thaler (201 3)

e Compute to all orders and then take =0

log zcut — B
10g AE o Bi

Eenergy—drop(AE)ﬁ:O 2

* finite result which does not depend on s (at fixed coupling)
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Conclusions

* et substructure is playing an important role in LHC
phenomenology (searches and measurements)

* [he use of these techniques will further increase with Run ||

* |n the last two years we've begun to reach a deeper (analytic)
understanding of groomers and taggers

e Soft drop Is an example of this knowledge put at work

[ hank you
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