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• Status of jet substructure  

• Soft Drop Rg-distribution  

• Conclusions
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Outline 



With all modern features:

• A clustering algorithm to 
construct jets 

• Jet substructures instead of global 
event shapes 

• Selected jet constitutes 
• Use a“Modern” CS technique 
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A Long History 



A Long History 
LHC is more complicated, probing regions from non-perturbative to TeV scales 

Sensitivity to soft radiations 
• Pile-ups/MPI… 
• Non-Global Logarithms 
distorts the (naive) expectations 
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Sensitivity to soft radiations 
• Pile-ups/MPI… 
• Non-Global Logarithms 
distorts the (naive) expectations 

kT type jet algorithms  

diB = k2pi,T dij = min(k2pi,T , k
2p
j,T )

�y2 +��2

R2

• If diB is the smallest, promote i as a jet 
and remove i from the event sample 

• If dij is the smallest, merge i and j to ij 
• Iterate

p=-1: anti-kT, p=1: kT, p=0 Cambridge/Archen

Smaller R less Pileups, less statistics

Larger R more Pileups, more statistics

A Long History 
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LHC is more complicated, probing regions from non-perturbative to TeV scales 



Grooming the Jet

• Re-cluster the jet  
• Examine the jet list/clustering tree 
• Groom the jet, remove evils! 

Goals: 
• Removing soft contaminations

Would be better if 
• First principle understanding 
• Removing NGLs

Major theory tool for jet substructures: Res. but not FO
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NGLs due to the radiations near the jet boundary hard to resum

Dasgupta, et al, hep-ph/0104277

Wide angle soft only sees the overall direction of the 
collinear radiations, thus fully decoupled

May not be wide any more for jet observables 



Grooming the Jet

• Re-cluster the jet  
• Examine the jet list/clustering tree 
• Groom the jet, remove evils! 

Goals: 
• Removing soft contaminations

Trimming

Krohn et al. 0912.1342

Would be better if 
• First principle understanding 
• Removing NGLs

• A pre-given angular parameter sets the boundary 
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Grooming the Jet

• Re-cluster the jet  
• Examine the jet list/clustering tree 
• Groom the jet, remove evils! 

Goals: 
• Removing soft contaminations

Pruning

Ellis et al. 0912.0033

Would be better if 
• First principle understanding 
• Removing NGLs

• When merging, drop soft branches before clustering 
• A pre-given angular parameter sets the boundary 
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Grooming the Jet

• Re-cluster the jet  
• Examine the jet list/clustering tree 
• Groom the jet, remove evils! 

Goals: 
• Removing soft contaminations

Would be better if 
• First principle understanding 
• Removing NGLs

• Reverse the clustering tree, dropping branches that are too soft.  
• When both branches are hard enough, that is the groomed jet

• Start with the largest angular separations, 
decreasing angular scale as we de-cluster 

• No pre-given angular parameter (~ inclusive), 
but force an inclusive collinear limit 
dynamically

Larkoski, et al. 1402.2657
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Soft Drop



Grooming the Jet

• Re-cluster the jet  
• Examine the jet list/clustering tree 
• Groom the jet, remove evils! 

Goals: 
• Removing soft contaminations

Soft Drop

Would be better if 
• First principle understanding 
• Removing NGLs

~ Collinear factorization just like a fragmentation function

= norm. inclusive jet shapeM ⌧ R

d�

dM =
X

ijk

fifj H
k
ij [Q,R, zcut]⌦ Jk[M, pT , zcut,�]

• Reverse the clustering tree, dropping branches that are too soft.  
• When both branches are hard enough, that is the groomed jet
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Soft Drop

• Reducing soft contaminations  

• First principle understanding 

• Absence of NGLs (claim) 

• Precision physics using jet! 

• e.g. NNLO + NXLL v.s. LHC data for αs extraction? removing NP by soft drop? 

d�

dM =
X

ijk

fifj H
k
ij [Q,R, zcut]⌦ Jk[M, pT , zcut,�]

Too optimistic ? 

• NGLs in the normalizations for 
individual partonic channels 

• Make it hard to go beyond NLL

NGLs no NGLs

Nachman, Boost 18

Frye et al, '16  (global soft 
drop, restrictedly dijet ) 

Marzani, et al '17  
(restrictedly dijet, NLO 
normalization from 
matching) 

Kang, Lee, XL, Ringer, '18  
(inclusive jet, NLO 
normalization encoded)

Relative normalizations matters!
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Soft Drop
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Use Resummed Rg distribution, 
which vanishes as Rg > 0 , to 
regulate the poles.

zg is not well-defined for 1-prong, 
i.e. Rg = 0, uncanceled poles in FO.

When β = 0, probes directly the 
splitting kernels

• Rg and zg 

• zg probes the splitting kernel 

• Rg is a necessary input for zg 

• Both will shed lights on the modification 
of jets in heavy ions 



Soft Drop

• Rg and zg 

• zg probes the splitting kernel 

• Rg is a necessary input for zg 

• Both will shed lights on the modification 
of jets in heavy ions 
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MLL = αsn L2n-q, q=0,1

MLL is not good in describing the data 
nor the Monte Carlo simulation

We need to go beyond

MB. Data with detector effects



Soft Dropped Rg @ NLL
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Determine the modes (inclusive jet production with R << 1, Rg << R, zcut << 1)

Different from di-jet, not only loops but real emissions encoded

Hard mode: m2 ~ pT2, x-sec to produce a parton = partonic x-sec for hardon 



Soft Dropped Rg @ NLL
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Determine the modes (inclusive jet production with R << 1, Rg << R, zcut << 1)

Hard Collinear mode: m2 ~ (pTR)2 , out-side the jet but near the jet boundary

Hard mode: m2 ~ pT2, x-sec to produce a parton = partonic x-sec for hardon 



Soft Dropped Rg @ NLL
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Determine the modes (inclusive jet production with R << 1, Rg << R, zcut << 1)

Hard Collinear mode: m2 ~ (pTR)2 , out-side the jet but near the jet boundary

Groomed-soft mode: p ~ zcut pT (1,R,R2) , always fails the soft drop, can not resolve Rg

All these modes contribute to the normalization only 
Universal, NGLs in H-C + G-S 

Hard mode: m2 ~ pT2, x-sec to produce a parton = partonic x-sec for hardon 



Soft Dropped Rg @ NLL
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Determine the modes (inclusive jet production with R << 1, Rg << R, zcut << 1)

Modes contribute to the distribution 
For Rg, C-S and C modes have the same angular separation 

Collinear-soft mode: p ~ zcut pT (1, Rg, Rg2) , may or may not pass the soft drop

Collinear mode: p ~ pT (1, Rg, Rg2) , always pass the soft drop



Soft Dropped Rg @ NLL
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Collinear-soft mode: p ~ zcut pT (1, Rg, Rg2) , may or may not pass the soft drop

Determine the modes (inclusive jet production with R << 1, Rg << R, zcut << 1)

Collinear mode: p ~ pT (1, Rg, Rg2) , always pass the soft drop

Only the C-S mode will test against the Soft Drop criterion 
But it can be shown equivalent to jet veto  



Soft Dropped Rg @ NLL
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Measurements for c-soft mode

1 c-soft prong: 

2 c-soft prongs: 



Soft Dropped Rg @ NLL
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Measurements for c-soft mode

3 c-soft prongs: 

Soft drop ~ jet veto within the jet, if Rg is measured  

N c-soft prongs: 



Soft Dropped Rg @ NLL
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Soft drop ~ jet veto within the jet, if Rg is measured  

We know how to do NLL resummation

d�

dM =
X

ijk

fifj H
k
ij [Q,R, zcut]⌦ Jk[M, pT , zcut,�]

⌃(Rg) ⇠ fifj �̂
c
ij Hc!k(pTR)S /2gr

k (zcutpTR)Ck(pTRg)SColl,k(soft drop jet veto)
<latexit sha1_base64="iyo0qRwDzLs9rNU/jQxdZC03Uq4="></latexit><latexit sha1_base64="iyo0qRwDzLs9rNU/jQxdZC03Uq4="></latexit><latexit sha1_base64="iyo0qRwDzLs9rNU/jQxdZC03Uq4="></latexit><latexit sha1_base64="iyo0qRwDzLs9rNU/jQxdZC03Uq4="></latexit>

by solving RGE for each function 
NGL + Clustering effects by Monte Carlo simulation

NGLs in the distribution now C/A clustering effect breaks the (naive) factorization

⇠ ↵2
s log

2(zcut)
<latexit sha1_base64="mwhO/UxT3MGoG74QqeIR/zIHiBc=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbkpSBF0W3bisYB/QpGEynbRDZzJhZiLU0KUbf8WNC0Xc+gnu/BunbRbaeuDC4Zx7ufeeMGFUacf5tgorq2vrG8XN0tb2zu6evX/QUiKVmDSxYEJ2QqQIozFpaqoZ6SSSIB4y0g5H11O/fU+koiK+0+OE+BwNYhpRjLSRAvvYU5RDD7FkiALVq0GPiUGvVnkIMpzqyVlgl52qMwNcJm5OyiBHI7C/vL7AKSexxgwp1XWdRPsZkppiRiYlL1UkQXiEBqRraIw4UX42e2QCT43Sh5GQpmINZ+rviQxxpcY8NJ0c6aFa9Kbif1431dGln9E4STWJ8XxRlDKoBZymAvtUEqzZ2BCEJTW3QjxEEmFtsiuZENzFl5dJq1Z1nap7e16uX+VxFMEROAEV4IILUAc3oAGaAINH8AxewZv1ZL1Y79bHvLVg5TOH4A+szx+/A5km</latexit><latexit sha1_base64="mwhO/UxT3MGoG74QqeIR/zIHiBc=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbkpSBF0W3bisYB/QpGEynbRDZzJhZiLU0KUbf8WNC0Xc+gnu/BunbRbaeuDC4Zx7ufeeMGFUacf5tgorq2vrG8XN0tb2zu6evX/QUiKVmDSxYEJ2QqQIozFpaqoZ6SSSIB4y0g5H11O/fU+koiK+0+OE+BwNYhpRjLSRAvvYU5RDD7FkiALVq0GPiUGvVnkIMpzqyVlgl52qMwNcJm5OyiBHI7C/vL7AKSexxgwp1XWdRPsZkppiRiYlL1UkQXiEBqRraIw4UX42e2QCT43Sh5GQpmINZ+rviQxxpcY8NJ0c6aFa9Kbif1431dGln9E4STWJ8XxRlDKoBZymAvtUEqzZ2BCEJTW3QjxEEmFtsiuZENzFl5dJq1Z1nap7e16uX+VxFMEROAEV4IILUAc3oAGaAINH8AxewZv1ZL1Y79bHvLVg5TOH4A+szx+/A5km</latexit><latexit sha1_base64="mwhO/UxT3MGoG74QqeIR/zIHiBc=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbkpSBF0W3bisYB/QpGEynbRDZzJhZiLU0KUbf8WNC0Xc+gnu/BunbRbaeuDC4Zx7ufeeMGFUacf5tgorq2vrG8XN0tb2zu6evX/QUiKVmDSxYEJ2QqQIozFpaqoZ6SSSIB4y0g5H11O/fU+koiK+0+OE+BwNYhpRjLSRAvvYU5RDD7FkiALVq0GPiUGvVnkIMpzqyVlgl52qMwNcJm5OyiBHI7C/vL7AKSexxgwp1XWdRPsZkppiRiYlL1UkQXiEBqRraIw4UX42e2QCT43Sh5GQpmINZ+rviQxxpcY8NJ0c6aFa9Kbif1431dGln9E4STWJ8XxRlDKoBZymAvtUEqzZ2BCEJTW3QjxEEmFtsiuZENzFl5dJq1Z1nap7e16uX+VxFMEROAEV4IILUAc3oAGaAINH8AxewZv1ZL1Y79bHvLVg5TOH4A+szx+/A5km</latexit><latexit sha1_base64="mwhO/UxT3MGoG74QqeIR/zIHiBc=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbkpSBF0W3bisYB/QpGEynbRDZzJhZiLU0KUbf8WNC0Xc+gnu/BunbRbaeuDC4Zx7ufeeMGFUacf5tgorq2vrG8XN0tb2zu6evX/QUiKVmDSxYEJ2QqQIozFpaqoZ6SSSIB4y0g5H11O/fU+koiK+0+OE+BwNYhpRjLSRAvvYU5RDD7FkiALVq0GPiUGvVnkIMpzqyVlgl52qMwNcJm5OyiBHI7C/vL7AKSexxgwp1XWdRPsZkppiRiYlL1UkQXiEBqRraIw4UX42e2QCT43Sh5GQpmINZ+rviQxxpcY8NJ0c6aFa9Kbif1431dGln9E4STWJ8XxRlDKoBZymAvtUEqzZ2BCEJTW3QjxEEmFtsiuZENzFl5dJq1Z1nap7e16uX+VxFMEROAEV4IILUAc3oAGaAINH8AxewZv1ZL1Y79bHvLVg5TOH4A+szx+/A5km</latexit>

SD on a c-s radiation k Corrections due to clustering

Small coefficient due to limited space

⇠ ↵2
s log

2(zcut)
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Comparison with Pythia 
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zg distribution with STAR data

PRELIMINARY 



Conclusions
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• Soft drop grooming draws extensive attentions  

• MLL does not agree well with the data and the Monte 

Carlo simulations 

• NLL improves the agreement with Pythia and data. 

Expect to see more comparisons with the data in the near 

future 

• Go beyond for future LHC precision measurements 



Thanks
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