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LHC reach v. lumi

Post/pre-dictions for sequential Z' exclusion reach
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http://cern.ch/collider-reach with A. Weiler
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Boosted searches
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Most obvious way of TN

7

detecting a boosted decay b% fa':‘?e':
s through the mass of the jet —~——

—= 1/

2/ \\\/

jet mass distribution from W bosons

BUt Jet maSS IS 015 .Ir;pt:lTESe\gV;\a;,?epsTev,C/AR=1
0OFr in practice: o
P P — /partons
e.g., narrow W resonance 3 °'[
highly smeared by QCD ¢
ghly y Q. = hadrons w.
radiation <t UE
(mainly underlying event/ j
pileup) o | -
60 80 100 120 140 160
cf. calculations by Rubin ‘10 Mjet [GeV]
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Very active research field

Some of the tools developed
for boosted W/Z/H/top
reconstruction

Jet Declustering

Seymour93

YSplitter Jet Shapes

Matrix—Element \ ATLASTopTagger

Mass-Drop+Filter

/

JHTopTagger TW —— Planar Flow

Templates |

N-jettiness
CMSTopTagger Pruning

Trimming CoM N-subijettiness (Kim) ACF
HEPTopTagger Twist L
__— J N-subjettiness (TvT)

(+ dipolarity)

|
Shower Deconstruction / ‘ \

Qjets

/

FisherJets

Multi-variate tagger

apologies for omitted taggers, arguable links, etc.
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Very active research field

Some of the tools developed
for boosted W/Z/H/top
reconstruction

Jet Declustering

Seymour93
YShlittar I Jat Chanoe |
30 T . - T T T T
Matrix—=Element papers containing "jet substructure" and "LHC"
Mass: o5 | G. Soyez, Boost '14
)
JHTopTag:
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CMSTopTag g _
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To fully understand "Boost”™ you want to study
all possible signal (W/Z/H/top/...) and QCD jets.

But you need to start somewhere.
We chose the QCD jets because:

(a) they have the richest structure.

(b) once you know understand the QCD jets,
the route for understanding signal jets becomes clear too.

arxXiv:1307.0007

Dasgupta, Fregoso, Marzani & GPS
+Dasgupta, Fregoso, Marzani & Powling, 1307.0013
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study 3 taggers/groomers

Cannot possibly study all tools

_ _ These 3 are widely used
Trimming

@ Recluster % discard subjets
ﬁ
on scale Rsub @ W|th < Zcut Pt
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study 3 taggers/groomers

Cannot possibly study all tools
These 3 are widely used

Recluster % discard subjets
on scale Rsub W|th < Zcut Pt

jet mass/pt
Sets Rprune % discard large-angle @
Recluster Q soft clusterings

Trimming

Pruning
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study 3 taggers/groomers

Cannot possibly study all tools

_ _ These 3 are widely used
Trimming

@ Recluster % discard subjets
on scale Rsub @ W|th < Zout Pt
jet mass/pt
sets Rprune % discard large-angle @
Recluster Q soft clusterings

Mass-drop tagger (MDT, aka BDRS)

decluster & @ repeat until @
#
discard soft junk find hard struct

Pruning

Analytic Jet Substructure September 2014 7



The key variables

For phenomenology For QCD calculations
m2
Jet mass: m P= —
pt R?
[as compared to W/z/H [R is jet opening angle
or top mass] — or radius|
” v

Because p Is invariant under
boosts along jet direction
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he “right” MC study can already be instructive
(testing on quark [background] jets)

quark jets (Pythia 6 MC)
m [GeV], for p; = 3 TeV, R=1
10 100 1000

03 k plain jet mass |

Physical mass for
3 eV, R=1 jets

=
N

p/c doc / dp

u) [eAsl-uoped ‘auni \Ma ‘v°9 BIUIAD 1O “ =Y YIM /D sl

0 ~ Rescaled mass?
(i.e. the QCD variable)

A8l € <'d ‘bb«Dbb ‘(|qI\ ©
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he “right” MC study can already be instructive
(testing on quark [background] jets)

quark jets (Pythia 6 MC)
m [GeV], for p; = 3 TeV, R=1
10 100 1000

03 k plain jet mass |

Physical mass for
3 TeV, R=1 |ets

=
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0 ~ Rescaled mass?
(i.e. the QCD variable)

A8l € <'d ‘bb«Dbb ‘(|qI\ ©
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he “right” MC study can already be instructive
(testing on quark [background] jets)

quark jets (Pythia 6 MC)
m [GeV], for p; = 3 TeV, R=1
10 100 1000

03 k plain jet mass |

=

N
I
]

p/c doc / dp

A8 € <'d ‘bb<—bb ‘(]d) ou) [ensj-uoed ‘eun M@ ‘v°9 BIYIAD :OIN “E=H YlIM /O :Sier
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he “right” MC study can already be instructive
(testing on quark [background] jets)

quark jets (Pythia 6 MC)
m [GeV], for p; = 3 TeV, R=1

10 100 1000
03 k plain jet mass -
------ Trimmer (z,,=0.05, R, ,=0.3)

= = =  Pruner zgz=0.1)

| Different taggers |
can be
similar  §

— = MDT (y,,=0.09, u=0.67)

=
)V

_Quite

p/c doc / dp

0.1

A8 € <'d ‘bb<—bb ‘(]d) ou) [ensj-uoed ‘eun M@ ‘v°9 BIYIAD :OIN “E=H YlIM /O :Sier
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he “right” MC study can already be instructive
(testing on quark [background] jets)

quark jets (Pythia 6 MC)
m [GeV], for p; = 3 TeV, R=1
10 100 1000
03 F plain jet mass | §
------ Trimmer (z,,=0.05, R, ,=0.3) X
C I Pru ner (Z2oy=0.1) i I S P AT BRSPS AT AN
2 9ol 77" MDT (y,,=0.09, n=0.67) % But Oﬂly for a :
5 0.2 F 1: TP
= { limited range |
S :
© i of masses §
Q. 2 A A ANt S S N e SR s
0.1 =
0 b
10
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What might we want to find out?

quark jets (Pythia 6 MC) Where exactly are the kinks?
WIES TS SIS ES How do their locations depend
—rrrr T ' rrry —rrrrr on ZCUt, RSUb?
03 F """ rrmmmer (z,=0.05, Rg,,=0.3) d

Kinks are especially
dangerous for data-
driven backgrounds

=
N
I
]

) |oA8j-uoned ‘aun) 49 BNIAd (O “ =Y Yum /0 :sier

p/c do / dp

AL € <'d ‘bbebb ‘(jgpy o

=
—_k
1

] What physics is relevant in the
‘ different regions?

| Because then you have
o = m2/(p2 RY) an idea of how well you
control it

And maybe you can
make better taggers
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Key calculations related to plain jet mass

e (Catani, Turnock, Trentadue & Webber, '91: heavy-jet mass in ete-

e Dasgupta & GPS, ‘01: hemisphere jet mass in ete- (and DIS)
(— non-global logs)

e Appleby & Seymour, '02; Delenda, Appleby, Dasgupta & Banfi '06: impact of jet
boundary (— clustering logs)

e Gehrmann, Gehrmann de Ridder, Glover ’08; Weinzierl '08
Chien & Schwartz '10: heavy-jet mass in e*e- to higher accuracy

e Rubin "10: filtering for jet masses

e || Li& Yuan 12,
Dasgupta, Khelifa-Kerfa, Marzani & Spannowsky '12,
Chien & Schwartz ’12,
Jouttenus, Stewart, Tackmann, Waalewijn "13:
jet masses at hadron colliders

e Hatta & Ueda '13: non-global logs beyond large-Nc¢ limit

e Forshaw, Seymour et al '06-"12, Catani, de Florian & Rodrigo '12: factorization
breaking terms (aka super-leading logs)
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Jet masses are hard!
Will tagging/grooming make them
impossible?
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Take all particles in a Trlmmlng

jet of rgdius Rland rgclugter Krohn, Thaler & Wang '09
them into subjets with a jet
definition with radius

Rsub <R two parameters:

The subjets that satisfy the Rsup and Zeut
condition

Dr(sublet) >z pried Use zqut because

are kept and merged to signals (bkgds) tend to

form the trimmed jet. have large (small) zcut

@ Recluster % discard subjets
ﬁ
on scale Rsub @ vvlth < Zcut Pt
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Take all particles in a
jet of radius R and recluster
them Into subjets with a et
definition with radius

Rsub < R

The subjets that satisfy the
condition

p’[(SUbjet) > Zcut pt(je’[)

are kept and merged to
form the trimmed |et.

Our approximations

D« 1
logs of p get resummed

® pretend R « 1

® ZCUt < 1 )
but (log zcut) Not large

These approximations are not
as “wild"as they might sound.

They can also be relaxed.

But our aim for now is to
understand the taggers — we
leave highest precision

Recluster % discard subjets @ calculations till later.

on scale Rsub

Analytic Jet Substructure

Wlth < Zout Pt
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Leading Order — 2-body kinematic plane

At O(as), a quark jet emits a gluon. We study this
as a function of the gluon momentum fraction z
and the quark-gluon opening angle 6

S
Y 01 :

A —— ’,// ] 0.1

TS
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Leading Order — 2-body kinematic plane

At O(as), a quark jet emits a gluon. We study this
as a function of the gluon momentum fraction z
and the quark-gluon opening angle 6

6
qg
0.1 Reup 1

both particles in 1 subjet
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Leading Order — 2-body kinematic plane

At O(as), a quark jet emits a gluon. We study this
as a function of the gluon momentum fraction z

and the quark-gluon opening angle 6
0
0.1 Reub 1

both particles in 1 subjet 2 subjets

trimmed away
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Analytic Jet Substructure

matrix element
a.Cr df? dz
T 02 z
emission probability ~ constant
in log B — log z plane

6
qg
0.1 Reus 1

both particles in 1 subjet 2 subjets

<

0.1 Zout

_ 0.01
trimmed away
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jet mass
p=2z(1—2)0°

length of fixed-p contour gives
O differential cross section

Analytic Jet Substructure

matrix element
a.Cr df? dz
T 0% 2z
emission probability ~ constant
in log B — log z plane

6
q
9 01 Ryt 1

both particles in 1 subjet 2 subjets

p = 0.200\

0.1 Zout

, 0.01
trimmed away
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jet mass matrix element

2
oa.Cr df* dz
p=2z(1—2)0° &
02
T Z
length of fixed-p contour gives emission probability ~ constant
LO differential cross section in log B — log z plane
. . Oqg
trimmed quark jets: LO 0.1 Reub 1
m [GeV], for p, = 3 TeV, R=1 ——— - —— 7 |
10 100 1000 both particles in 1 subjet 2 subjets 1
0.2 rrrre ey —r—— ]
p = 0.200\
o 0.1 z .t
5 01}
kS
Q.
: 0.01
trimmed away

Analytic Jet Substructure September 2014 22



jet mass
p=2z(1—2)0°

length of fixed-p contour ~
O differential cross section

trimmed quark jets: LO
m [GeV], for p; = 3 TeV, R=1
10 100

matrix element
a.Crp df? dz
T 0?2 z
emission probability ~ constant
in log 6 — log z plane

6
“ 04 Ryt 1

1000

0.2 rrrre ey

©
—l
1

p/c do /dp

Analytic Jet Substructure

— . -
both particles in 1 subjet 2 subjets -

p = 0.150\

0.1 Zout

, 0.01
trimmed away
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jet mass matrix element

2
oa.Cr df* dz
p=2z(1—2)0° &
02
T z
length of fixed-p contour ~ emission probability ~ constant
LO differential cross section in log B — log z plane
. . Oqg
trimmed quark jets: LO 0.1 Reub 1
m [GeV], for p, = 3 TeV, R=1 ——— - —— 7 |
10 100 1000 both particles in 1 subjet 2 subjets ]
0.2 ——rrrr rrrr) rrp—
p = 0.100
} C.1 Zout
0.1 F

p/c do /dp

trimmed away

Analytic Jet Substructure September 2014 24



jet mass matrix element

2
oa.Cr df* dz
p=2z(1—2)0° &
T 0% z
length of fixed-p contour ~ emission probability ~ constant
LO differential cross section in log B — log z plane
. . Oqg
trimmed quark jets: LO 0.1 Reub 1
m [GeV], for p, = 3 TeV, R=1 ——— - —— 7 |
10 100 1000 both particles in 1 subjet 2 subjets ]
0.2 ——rrrr rrrr) rrp—
0.1 z.,
0.1 F

p/c do /dp

trimmed away
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jet mass matrix element

2
oa.Cr df* dz
p=2z(1—2)0° &
02
T z
length of fixed-p contour ~ emission probability ~ constant
LO differential cross section in log B — log z plane
. . Oqg
trimmed quark jets: LO 0.1 Reub 1
m [GeV], for p, = 3 TeV, R=1 ——— - —— 7 |
10 100 1000 both particles in 1 subjet 2 subjets ]
0.2 ——rrrr rrrr) rrp—
p = 0.009
» 01 ZCUt
0.1 } N

p/c do /dp

trimmed away
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jet mass matrix element

2
oa.Cr df* dz
p=2z(1—2)0° &
T 0% z
length of fixed-p contour ~ emission probability ~ constant
LO differential cross section in log B — log z plane
. . B9
trimmed quark jets: LO 0.1 Reub 1
m [GeV], for p, = 3 TeV, R=1 ——— - ————————3 |
10 100 1000 both particles in 1 subjet 2 subjets
0.2 rrrre ey —r——
0.1 z.,
0.1 F

p/c do /dp

trimmed away
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jet mass matrix element

2
oa.Cr df* dz
p=2z(1—2)0° &
T 0% z
length of fixed-p contour ~ emission probability ~ constant
LO differential cross section in log B — log z plane
. . B9
trimmed quark jets: LO 0.1 Reub 1
m [GeV], for p, = 3 TeV, R=1 ——— - ————————3 |
10 100 1000 both particles in 1 subjet 2 subjets
0.2 rrrre ey —r——
0.1 z.,
0.1 F

p/c do /dp

trimmed away

Analytic Jet Substructure September 2014 28



Trimming at LO in &s

trimmed quark jets: LO
m [GeV], for p; = 3 TeV, R=1
10 100 1000
0.2 pr—rrrm rrry rr——

©
—i
1

p/c do / dp
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continue with all-order
resummation of terms

ol In"" p
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— all orders In s

Inputs Output
QCD pattern approx.
of multiple formula for
soft/c_olll.near Establish which te_lgg_er S mass
emission  rep distribution for
simplifying 0« 1
approximations
to use for > pdo _
' o d
Analysis of tagger & matrix ~ p
, elements
taggers Y CamalIn™ p
behaviour for n—1
1,2,3, ...N,

T keeping only terms with
emiSsSSIionNsS largest powers of In p,

e.g. m=2n, 2n-1
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Trimming at all orders

Trimming

'Otrim(kh KoL kn) = Z Ptrim(kz‘) Trimmed jet reduces
' (~) to sum of
~ max{ ptrim( k) trimmed emissions

i 8

Matrix element

d(92 dz; s (0;2 jet)C can use QED-like
Z H i as(Vizipy )CF independent
nl Zi 7 emissions, as if

gluons don’t split

+ virtual corrections, essentially from unitarity
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Trimming at all orders

dO.trim,resum do.trim,LO

dp dp

trimmed quark jets: LO
m [GeV], for p, = 3 TeV, R=1
10 100 1000
0.2 rrrrm —y ——r——

LO

p/c do / dp
o
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Trimming at all orders

do.trim,resum dO.trim,LO r /d / 1 dO.trim,LO_
dp dp p P o dp

trimmed quark jets
m [GeV], for p, = 3 TeV, R=1
10 100 1000
0.2 r—rrrr S— —rrr—

p/c do / dp
o
\

7 \

“Resummed ==
. (fixed coupling)

O 1 1 1 = = 1 = = 1 =
10°° 107 0.01 0.1 1

p = m?/(p° R?)
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Trimming at all orders

dgtrim,resum dO.trim,LO r / 1 dO.trim,LO T
= exp |— [ dp ,
dp dp - J, o dp
qu
trimmed quark jets 0.1 Rsub
m [GeV], for p; = 3 TeV, R=1 — T ; ;
10 100 1000 both particles in 1 subjet
0.2 r—rrrrm rrry rr——
0 = 0.030
g 0.1 ;
-CE 0.1 F /f" \\\ 7
= - \
7 \
~ Resummed
. (fixed coupling) | 0.01
0 ! ! PR trimmed away
10 107 0.01 01 1
p = m?/(p; R?)
Z
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Trimming at all orders

dgtrlm,resum dO.trlm,LO I / 1 dO.trlm,LO
= exp |— [ dp /
dp dp - J, o dpf
qu
trimmed quark jets 0.1 Rsub
m [GeV], for p; = 3 TeV, R=1 — T
10 100 1000 both particles in 1
0.2 rrr — r—
p = 0.009 VETO

p/c do / dp
o

7 X
. AR
“Resummed Y~
| (fixed coupling) i
0 1 1 L o
108 1074 0.01 0.1 1

p = m?/(p° R?)

» 0.1 ;

0.01

trimmed away

Analytic Jet Substructure
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Trimming at all orders

dgtrlm,resum dO.trlm,LO /
g = y exp |— [ dp
% P  Jp
qu
trimmed quark jets 0.1
m [GeV], for p; = 3 TeV, R=1 — T
10 100 1000 both partic
0.2 —rrrm — rr—
p = 0.003
5 0.1 ;
© 01 F — — |
O
© //
a
PR .
“R ;;'
- hesummeq
L (Fi li ?
(fixed coupling) | | 0.01
0 ! ! - trimmed away
10° 107 0.01 01 1
p = m?/(pf R?)
Z
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Trimming at all orders

d o trim,resum dO.trlm,LO /
g = g exp |— [ dp
P P  Jp
qu
trimmed quark jets 0.1
m [GeV], for p; = 3 TeV, R=1 ;
10 100 1000 o]
0.2 rrrrm r——
5 0.1 ;
© 0.1 |
E p = 0.001
Q
: 0.01
0 : trimmed away
10° 107 0.01 01 1
p = m?/(pf R?)
Z
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Trimming at all orders

tri trim,L - trim.,LLO T
dO’ rim,resum dO’ rim,LO / 1 dO’ rim,LO
= exp |— | dp /
dp dp L Jp o dpt
trimmed quark jets
m [GeV], for p, = 3 TeV, R=1
10 100 1000
0.2 F—rrrr——r—rrr————rrrrr—
Resummed |
(running coupling) Full resummation also

. needs treatment of
: running coupling

p/c do / dp
o
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What logs, what accuracy?

Express accuracy for P 1 do
‘cumulative dist"” 2(p): %(p) = /O dp o dp/
Use shorthand L = log 1/p
Trimming’s leading logs (LL, in 2) are:

Just like the

2 2714 n7rn
asL”, o L™, ... lL.e. a L iot mass

We also have next-to-leading logs (NLL): o?L*"!
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What logs, what accuracy?

Express accuracy for P 1 do
‘cumulative dist"” 2(p): %(p) = ) dp o dp/
Use shorthand L = log 1/p
Trimming’s leading logs (LL, in 2) are:

aL?, o’L*, ... Te. a™L*" Justlike the

jet mass

We also have next-to-leading logs (NLL): o7 [2n—1

Could we do better? Yes: NLL in In 2
InY: a”L™" and o L™

Trimmed mass is like plain jet mass (with R = Rsuwb), and this
accuracy involves non-global logs, clustering logs
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quark jets

0.3

0.25

o
IV

0.15

p/c do /dp

0.1

Monte Carlo

m [GeV], forp; =3 TeV,R =1

10 100

1000

. Trimming

Reyp = 0.3, Zgyy = 0.05 ———
Reyp = 0.3, Zgy = 0.1 — — -

Pythia 6
- |virt. ord.
partons

0.3

0.25

o
IV

0.15

p/c do /dp

Trimming: MC v. analytics

Analytic

m [GeV], forp; =3 TeV,R =1
10 100 1000

. Trimming

Reyp=0-3, Z,=0.05 ———
Reyp=0-3, Zg=0.1 — — -

Non-trivial agreement!

(also for dependence on parameters)

Analytic Jet Substructure
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gluon jets Trimming: MC v. analytics

Monte Carlo Analytic

m [GeV], forp; =3 TeV,R =1 m [GeV], for p,=3 TeV, R =1
10 100 1000 10 100 1000
0.3 ~—rrrr———rrr rre— 0.3 ~—rrrr———rrr rrr——
. Trimming . . Trimming
0.25 ' Roup = 0.3, Zgyy = 0.05 —— 0.25 ' Reup=0-3, 2=0.05 ——— 7
Reup = 0.3, Zgyy = 0.1 = = = Reup=0-3, Zg=0.1 = = =
a 0.2 F - a 0.2 F -
© ©
£ 0.15 L 0.15
L L
= oo = 01
0.05 0.05
0 0
10° 107

Non-trivial agreement!

(also for dependence on parameters)
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For a jet clustered with C/A: Mass-D rop
1. undo last clustering step to Tagger

break jet (mass m) into two

subjets with my > mo Butterworth, Davison,

Rubin & GPS 08

2. If significant mass-drop (m1 <
um)and subjet energy-sharing
not too asymmetric fwo parameters:

min(pyy, Pr2) ARy < Yeurm” i and yeut (~ Zeut)

jet is tagged.

3. Otherwise discard subjet 2, and
go to step 1 with jet = subjet 1.

decluster & repeat until @
ﬁ .#
discard soft junk find hard struct
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Mass-Drop Tagger at LO

Jet is always split to give two subjets, and S0 Yeut
(~ zcut) IS always applied.

MDT quark jets: LO O 0.1
' ' Rvpt
m [GeV], for p, = 3 TeV, R=1 ——— —— |
10 100 1000 :
0.2 rrrrr—————rr —rr—— |
' D = 0.200\
o 0.1 z .t
L 01F -
©
Q
cut away
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Mass-Drop Tagger at LO

Jet is always split to give two subjets, and S0 Yeut
(~ zcut) IS always applied.

: qu
MDT quark jets: LO 0.1 RvpT 1
m [GeV], for p, = 3 TeV, R=1 ——— - ————————3 |
10 100 1000 ;
0.2 rrrrr————rrrr —rrr—— ]
' p = 0.150\
o 0.1 z .t
g 0.1 F -
L
Q
cut away

Analytic Jet Substructure September 2014 45



Mass-Drop Tagger at LO

Jet is always split to give two subjets, and S0 Yeut
(~ zcut) IS always applied.

MDT quark jets: LO B0 0.1 ’
' ' RvpT
m [GeV], for p, = 3 TeV, R=1 ——— ———— |
10 100 1000 :
0.2 —rrrr————rrr —r— |
' p = 0.100\ -
to] } C1 zgy
L 01F -
L
Q
cut away
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Mass-Drop Tagger at LO

Jet is always split to give two subjets, and S0 Yeut
(~ zcut) IS always applied.

MDT quark jets: LO Bqg 0.1 ’
' ' RvpT
m [GeV], for p; = 3 TeV, R=1 — T : . 1
10 100 1000
R — rrr—
p = 0.030

o 0.1 z .t
8 0.1f ]
L
Q.
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Mass-Drop Tagger at LO

Jet is always split to give two subjets, and S0 Yeut
(~ zcut) IS always applied.

MDT quark jets: LO Bqg 0.1 ’
' : RvpT
m [GeV], for p; = 3 TeV, R=1 — T . 1
10 100 1000
R — rrr—
p = 0.009

o 0.1 z .t
8 0.1f ]
L
Q.
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Mass-Drop Tagger at LO

Jet is always split to give two subjets, and S0 Yeut
(~ zcut) IS always applied.

MDT quark jets: LO 990 ’
' BT
m [GeV], for p; = 3 TeV, R=1 a 1
10 100 1000
0.2 rrrrr—————rr —rr——
p = 0.003

o 0.1 z .t
L 01F -
L
Q
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Mass-Drop Tagger at LO

Jet is always split to give two subjets, and S0 Yeut
(~ zcut) IS always applied.

MDT k jets: LO Oqg
quark jets: Rypr 0.1 1
m [GeV], for p, = 3 TeV, R=1 ———] - ————————3 |
10 100 1000 :
0.2 ~—rrrr——v—rrrr ——re——

o 0.1 Zout
L 01} i
L
Q.
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| What MDT does wrong |
{ beyond LO: |

_________ _ {Follows a soft branch (pz+ps <
———————————————— 7 1yeut Piet) With “accidental” small §
P2 p, i mass, when the “right” answer }

f was that the (massless) hard |
| branch had no substructure :

\ Subjet is soft, but has more

substructure than hard subjet

MDT's leading logs (LL, in 2) are:
oL, o213, ... Le. oL}

quite complicated to evaluate
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A simple fix: “modified” Mass Drop Tagger:

When recursing, follow branch with larger (m?2+p+?)
(rather than the one with larger m)

Pythia 6 MC: quark jets
m [GeV], for p, =3 TeV, R =1

015 10 100 1000
Modification has
almost no
0.1 F - :
§ Original MDT phenomenological
S ; - impact, but big
= gos ] analytical
4 _ modified MDT consequences. ..
[ — wrong branch piece

107° 1074 0.01 0.1 1
p = m*/(pf R®)
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modified Mass Drop Tagger

At most “single logs”, at all orders, I.e.

asL, a2L?, ... Le. a™L"

Logs exclusively collinear — much simpler than jet mass
= No non-global logs

= no clustering logs

= No super-leading (factorization-breaking) logs

First time anything like this has been seen

Fairly simple tormulae; e.g. [fixed-coupling]

sC - 1 3.1 1 1
Z(mMDT)(p) = exp [_a a (111 Jeut 1y, — —la= 4 =T’ )]
7T P Ycut 4 p 2 Ycut
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quark jets MmMDT MC v. Resummation

Analytic

Monte Carlo

m [GeV], for p; =3 TeV, R =1 m [GeV], for p, =3 TeV, R = 1
10 100 1000 10 100 1000
0.2 rrrrr—————————————rr— 0.2 rrrrr————————————rr—
mMDT ycut=0.03 E—— mMDT yCUt=O'03 ——
l/cut=0-13 - ycut=o-13 —
Yout=0.35 === - Y t=0-35 (some finite y ;) ==

p/c do /dp
o

p/c do / dp
o

[MMDT is closest we have to a scale-invariant tagger,
though exact behaviour depends on g/g fractions]

September 2014 54
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gluon jets MMDT MC v. Resummation

Analytic

Monte Carlo

m [GeV], for p; =3 TeV, R =1 m [GeV], for p, =3 TeV, R =1
10 100 1000 10 100 1000
0.3 rrrrr—r—r—rrrrr———r—rrrrr—— 0.3 rrrrr—r—r—rrrrr———r—rrrrr——
mMDT ycut=0.03 — mMDT yCUt=O'03 ——
You=0.13 = — = . . Yeu=0.13 — — = |
Your=0-39 =— - = Yo 1=0.35 (some finite y ;) = = =
a 0.2 o
© ©
© ©
© ©
L L
= 0.1 -
0 6
10
2, 252 2, 22
p =m"/(p; R%) p =m/(p; R%)

[MMDT is closest we have to a scale-invariant tagger,
though exact behaviour depends on g/g fractions]

September 2014
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MMDT resummation v. fixed order

LO v. NLO v. resummation (quark jets)
m [GeV], forp;=3 TeV, R =1

10 100 1000
T oring Order e .Because we only have.
0.1 Next-to-Leading Order - single logs, fixed-order Is

esummed | valid over a broader than
usual range of scales

p/c do /dp

(helped by fortuitous
cancellation between
\ - running coupling and
ppr: % ool o1 1 single-log Sudakov)
p = m?/(p; R?)

- mMDT (y.,, =0.13)

NLO from NLOJet++
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MmMMDT: comparing many showers

LO v. Herwig showers (quark jets)
m [GeV], forp;=3 TeV, R =1

LO v. Pythia showers (quark jets)
m [GeV], forp;=3 TeV, R =1

p/c do /dp

0.1 | v6.425 (P11) p, ordered = = = 7 0.1 Herwig++ = = = 7
v6.428pre (P11) p; ordered ««««-- Leading Order
[‘ v8.165 (4C) p, ordered == - = Leading Order (R=0.5) ——
g,: . Leading Order

10 100 1000

v6.425 (DW) virtuality ordered == == =

Analytic Jet Substructure

p/c do/dp

100 1000

Herwig 6.520 = =— =
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MmMMDT: comparing many showers

LO v. Herwig showers (quark jets)
m [GeV], forp;,=3 TeV, R =1

LO v. Pythia showers (quark jets)
m [GeV], forp,=3 TeV, R =1

p/c do /dp

0.1

100

10 1000

v6.425 (DW) virtuality ordered == == =

) v6.425 (P11) p; ordered = = =

v6.428pre (P11) p; ordered ««««--
L. v8.165 (4C) p; ordered ==« =
i.j . Leading Order

p/c do/dp

0.1

100

1000

Herwig 6.520 = =— =
Herwig++ = = =
Leading Order

Leading Order (R=0.5) ——

Issue found in Pythia 6 pt-ordered shower = promptly identified and fixed by Pythia authors!

Analytic Jet Substructure
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MmMMDT: comparing many showers

0.1

p/c do /dp

LO v. Pythia showers (quark jets)
m [GeV], forp,=3 TeV, R =1
10 100 1000

v6.425 (DW) virtuality ordered == == =
) v6.425 (P11) p; ordered = = =
v6.428pre (P11) p; ordered

L\ v8.165 (4C) p; ordered = « =

ER . Leading Order
\"\oi :.-:_.Eh-~ e N

p/c do/dp

0.1

LO v. Herwig showers (quark jets)
m [GeV], forp;,=3 TeV, R =1

10

100 1000

Herwig 6.520 = =— =
Herwig++ = = =
Leading Order

Leading Order (R=0.5) ——

Issue found in Pythia 6 pt-ordered shower = promptly identified and fixed by Pythia authors!

Analytic Jet Substructure
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comparing to data

LO results (njet+Sherpa)
ATLAS MDT 500< pT < 600 GeV

Cambridge-Aachen filtered jets, R=1.2, 500 GeV < p | < 600 GeV

S L asan - Since LO quite close to
Leading Order fU” resummathn, you

can try comparing LO

o
o
[y
I

1/ede fdm [GeV 1]
o
|

D.D:Eu_— .
: directly to data.
0.004 [—
LT " Remarkable agreement!
L f T BRI T [see backup for
5 12 f E non-pert effects]
g, — - -
2 osE - =
- 0.h — I_!_j__:_\_lj

50 100 150 200 250
Jet mass [GeV]

Dasgupta, Siodmok & Powling, in prep.
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. ooking beyond
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Soft Drop

MMDT has a single-logarithmic (pure collinear) distribution
that’s free of non-global logs

A generalisation is Soft Drop

Uncluster C/A jets as with mMDT, but stop only if

min(p;1, ps2) <AR12 ) ’
> <cut
Pt R

For B> O, get double-log dist" without NG logs
[MMDT corresponds to 8= 1]

Larkoski, Marzani, Soyez, Thaler ‘14
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Performance for finding signals (S/V/B)

At high pt, substantial gains from new Y-pruning
(probably just indicative of potential for doing better)

signal significance with quark bkgds

[ ——— MMDT (y,,=0.11)
= = = pruning (z.,=0.1)
I Y-pruning (z.,=0.1)

[ e trimming _
(Reyp=0-3, 2¢=0.05) P
==
/‘/ -----
- - =" -

LN |

-----
.........

n,y
b,
L ]
LN |
LN |

hadron level with UE

500 1000 3000

signal significance with gluon bkgds

[ === MmMDT (y,,=0.11)

= = = pruning (z.,=0.1)

| — - = Y-pruning (z,=0.1)

[ e trimming ./
(Rgup=0-3, Z;1=0.05) /

— hadron level with UE
1 . 1 2 . ] i | ]

300 500 1000 3000
pt,min [GeV]

At low pt (moderate m/py), all taggers quite similar

Analytic Jet Substructure
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Combining variables

oarton-level E>.<peri.ments often combine
1 F— | | | | — [’[rlmmlﬂg/prunlng/l\/lD /etC.]

- LHC14, Pythia8(4C), anti-k,(R=1) . .
| po1 ToV, 60<m<100 GeV | with a shape cut, typically

-1 _ : :

" i N-subijettiness,

®] _ -

2 02 _ To1 = To/ T+
5 ;

S 107 - .

= Next: understand To1.

Qu.: apply before or after

107 MMDT+t,4(full et; .
L IT%%TTi?ngﬂn?xféi . MMDT?
O 01 02 03 04 0.5 0.6 0.7
eq (W tagging) Prelim. answer: take 12 from
S S full jet, T1 from mMMDT |et

Work in progress, Dasgupta, GPS, Soyez & Sarem-Schunk
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But: non-pert effects change picture

parton-level particle-level (hadron+UE)
1 F | | | | | | = 1 F | | | | | |
- LHC14, Pythia8(4C), anti-k,(R=1) 7 - mod Mass-drop: z,,;+=0.1
- p>1 TeV, 60<m<100 GeV - - N-subjettinegs: f=2, 1-pass k; axes
1 L | -1 L |
10 10 -
)
< 10° F B
o
S 102 | -
3 /
1074 MMDT+t, 4 (full et) - 107 mMDT+t, (full et) -
107 ' 107 '
0O 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0O 0.1 0.2 0.3 0.4 0.5 0.6 0.7
eg (W tagging) eg (W tagging)

Work in progress, Dasgupta, GPS, Soyez & Sarem-Schunk
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Summary

® Jaggers may be quite simple to write, but potentially
iInvolved to understand.

e Contrast this with p: cuts for standard jet analyses —
(mostly) simple

e Still, many taggers/groomers are within calculational
reach.

e Calculations help put the field on solid ground &
potentially open road to new, better tools
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Summary table

highest logs  transition(s)

Sudakov peak NGLs

plain mass  a7L*" — L~1/\/as yes
trimming oV 2" Zeuts T2 Zeut L~1/\/as—2Inr  yes
pruning VL7 Zouts 22t L ~23/\/as yes
MDT oL Yoty 1Y Yout — yes
| Y-pruning o L#n1 Zeut (Sudakov tail) yes NEW
mMDT aLL" Yeut — no

/

Special: only sing
logarithms (L = In

e

0)

— more accurately calculable

Special: better
exploits signal/bkgd
differences

Analytic Jet Substructure
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EXTRAS



p — ZH — vibb, @14 TeV, my=115GeV

erwig 6.510 + Jimmy 4.31 + FastJet 2.3

all jets, defg_ult R=1.2

o
o . - g
Cr S o T e kT,
1‘?"‘“‘1‘-#"‘-" gt Sut Sl e T
T =
"

o ey
q:“""""“-:‘l-"""‘

o R
ol A ]
e

luster event, C/A, R=1.2

Butterworth, Davison, Rubin & GPS '08
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p — ZH — vibb, @14 TeV, my=115GeV

erwig 6.510 + Jimmy 4.31 + FastJet 2.3

all jets, defg_ult R= 1.2_

oW

I,
x T T
R,

5 o
o= s o
o S A

Fill it in, — show jets more clearly

Butterworth, Davison, Rubin & GPS '08
68



p — ZH — vibb, @14 TeV, my=115GeV

SIGNAL

200 < piz < 250 GeV
0-15 ' T ' T ' T '

erwig 6.510 + Jimmy 4.31 + FastJet 2.3

p [GeV] Hardest jet, pt=246211 m=1_§0.465

90—;

0.05

(=2
-

O L 1 L 1 L 1 L
80 100 120 140 160

e -:;:‘:‘ RasmaTerars e sens e W 200 < piz < 250 GeV
0.008 ; I ' ' ' ' '

W B
o oo

0.006

0.004

0.002 .

onsider hardest jet, m = 150 GeV

O L I L I L I L
80 100 120 140 160

my [GeV]

Butterworth, Davison, Rubin & GPS '08

arbitrary norm,,



p — ZH — vibb, @14 TeV, my=115GeV

SIGNAL

200 < piz < 250 GeV

erwig 6.510 + Jimmy 4.31 + FastJet 2.3

0.15 -
b, [GeV] Drop step 1; Delta R = 1.03129; pt1=243.291 m1=139.158; pt2=3.944 m2=5.24475
0.1 | —
90—; : ]
60- |
50- |
40~ O80 100 120 140 160
P R s | T N /bb BACKGROUND
SR e R TeIEs 200 < p;» < 250 GeV

0.008 —
0.006
6
0.004
0 g -4 y
0.002 n
split: m = 150 GeV, MX{M.M2) _ 9> _; repeat ol .

80 100 120 140 160
my [GeV]

Butterworth, Davison, Rubin & GPS '08

arbitrary norm,



p — ZH — vibb, @14 TeV, my=115GeV

erwig 6.510 + Jimmy 4.31 + FastJet 2.3

Drop step 2; Delta R = 0.87699; pt1=146.636 m1=52.3423; pt2=102.622 m2=27.7967

(=2
-

W B
o oo

i
T e
o e T T
SatTeTaTen

T
A = 6

i
s
_‘-'I‘..'.‘-:-:"._‘“.'I:‘

split: m = 139 GeV, max(':?l’mz) = 0.37 — mass dro

Butterworth, Davison, Rubin & GPS’

SIGNAL
200 < piz < 250 GeV
0.15 ——
0.1 | -
0.05 .
O I N 1 . 1 . 1 .

80 100 120 140 160
my, [GeV]

Zbb BACKGROUND

200 < piz < 250 GeV
0.008 — T

0.006 [ —

0.004 - n

0.002 .

O L I L I L I L
80 100 120 140 160

my [GeV]

arbitrary norm,,



p — ZH — vibb, @14 TeV, my=115GeV

erwig 6.510 + Jimmy 4.31 + FastJet 2.3 ZOC,SLEDIiI;o Gev

0.15 ——
b, [GeV] Drop step 2; Delta R = 0.87699; pt1=146.636 m1=52.3423; pt2=102.622 m2=27.7967
0.1 1
90 : _
80 :
70 0.05 |
60 3
50 :
40—5 080 | 1|oo' 1|20' 1|40' 160
R e T e e T 200 < p;» < 250 GeV
0.008 ————
0.006 -
e e 6
P 0.004 .
0 5 y
0.002 .
check: y1o ~ % ~ 0.7 = OK + 2 b-tags (anti-QCD) |~~~

80 100 120 140 160
my [GeV]

Butterworth, Davison, Rubin & GPS '08

arbitrary norm,,



p — ZH — vibb, @14 TeV, my=115GeV

Herwig 6.510 + Jimmy 4.31 4+ FastJet 2.3 200553;0\2&0 Gev

0.15 — T T

Rfilt = 0.3

0.05

(=2
-

O n 1 L 1 L 1 L
80 100 120 140 160

my, [GeV]

W B
o oo

S
.‘_‘...‘1.;‘_‘
foot e B T i

e e ,:"‘...‘.1'...- gt . e o 1:-1';‘
' 0.008 — T T

0.006 [ n

et
e = 6

o
=
R T

0.004 - n

0.002 n

O L I L I L I L
80 100 120 140 160

my [GeV]

Butterworth, Davison, Rubin & GPS '08

arbitrary norm,,



p — ZH — vibb, @14 TeV, my=115GeV

SIGNAL

erWig 0.510 + Jimmy 4.31 + FastJet 2.3 200 < py> < 250 GeV
0.15 - — . — :
[GeV] Final filtered re?ﬂl_t..’........P-t=227'257.rn=117'211 :
. . _
903 i
80 |
79 0.05 |
60- :
50- :
e © 80 100 120 1 |40 160
K T My [GeV]
e e Ee e 200 < p;» < 250 GeV
0.008 —
0.006 r ]
e 6
-4 0.004 | ]
0 ¢ y
0.002 |
s = 0.3: take 3 hardest, m = 117 GeV N

80 100 120 140 160
my [GeV]

Butterworth, Davison, Rubin & GPS '08

arbitrary norm,,



pp — ZH — viobb, @14 TeV, my=115GeV

The declustering and cuts
do two things

* sharpen signals

* reduce backgrounds




What about
non-perturbative eftects?

[on 3 eV jets?!]
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Hadronisation effects .

hadronisation summary (quark jets)
m [GeV], forp;=3 TeV, R =1

10 100 1000
25 r—rrrrm S . ~—
plain mass
trimmer ==«=--
L pruning = = = Nearly all taggers have
- i Y- ' — . .
I N il S large hadronisation
= i R effects:
@)
8 15 - 60%
form = 30 — 100 GeV
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Hadronisation effects

hadronisation v. analytics (quark jets)
m [GeV], forp;=3 TeV, R =1

10 100 1000
r‘, . mMDT( . 010) T | |
-\“ 0-mass mMDT (z Zzt 0.10) m= = EXCepthn |S (m)MD .
1.5 £y 0-mass mMMDT (y,;=0.11) =====- -
AN DT oy =011) — = - In some cases
'\ analytics = | :
b \. 1 analytics (x2.4) —— JUSt feW % effeCt

m-dependence of
hadronisation even
understood analytically!

hadron / parton
-
-

~ 1 — c—

dm - dm m

p= mz/(pt2 RZ) do hadron do parton < A )
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Underlying Event (UE)

UE summary (quark jets)
m [GeV], forp;=3 TeV, R =1

10 100 1000
25 rrrrr——r—r—rrrrr——r—r—r—rrrr——
Plain mass
Trimmer ====-=- . .
2f pruning - - = Underlying event impact
' Y-pruning === '
s | VDT — — much reduced relative to
jet mass

Almost zero for mMDT
(this depends on jet py)

hadron (with UE) / hadron (no UE)
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MMDT phenomenology
ATLAS measurment of the jet mass with MDT [JHEP 1205 (2012)]

, Hadronization + MPI effects
Plain Mass ATLAS MDT

Cambridge-Aachen jets, R=1.2, 200 GeV < p, < 300 GeV Cambridge-Aachen liltered jets, R=1.2, 200 GeV < p | < 300 GeV

— D014 [T T 7] ™ ] T T [T ™3 = L L L L L ]
1 0.014 — —

= —a— ATLAS data . = - : : —— ATLAS data 1
g o1 F —— Hw-++ 2.6, parton level) Y 0012 - | =N —— Hw++ 2.6, parton level]
B n ——— Hw++ 2.6, hadron level g n —— Hw++ 2.6, hadron level
o 001 — _L ’ — T [ 1
— | 1 0oL :
'E 0,008 'E - i ]
< 5 n 1 y 0.008 - | :

ooh — ' —

i B
I_+__I
_+__
- F
__ g
II|III-
i 2
M
ﬁ:lllll

14 BERARARNRRRRRER i Y= | | | RRRE
5 1.2 —f R = —
A —1 = 8 L
e - e I ] e
2 o8k = 5 osf — =

- o m = m

':I-E‘ __I ' 1 1 1 1 1 | 1 1 1 1 1 i 1 ! : 1 1 | 1 1 | I__ D-E __I 1 1 I 11 | | | | | 1 1 1 | 11 | | | I__

20 40 B0 80 100 120 140 1hD 18O 20 40 B0 80 100 120 140 160
Jet mass [GaVV Tet mass [GeV]
significant effcts visible effcts (small m)
red line — parton level mMDT — not very sensitive to hadronization!

blue line —hadron level Dasgupta, Siodmok & Powling, in prep.
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do/dinv

do/dinv

EXam

Coefficient of (CFaS/J'c)Z for modified mass-drop R=0.8, y;=0.1

15

10 oo

" Event2
Event2 - Analytic

Coefficient of Cg Cp (ocS/n)‘2 for modified mass-drop R=0.8, y,;=0.2

Inv

" Event2
Event2 - Analytic

-10

Dasgupta, Fregoso, Marzani & Powling, 1307.0013

do/dIinv

do/dinv

dles of NLO checks

Coefficient of (Cg aS/n)z for pruning R=0.8, z,,=0.4
140 ¥

TEVeNt? e—
Event2 - Analytic

100 fprom

8o b -

0] T— L]

PiTgJ)| RS—— B

20 [ 8400

-20 A
-12 -10 -8 -6 -4 -2

Inv

Coefficient of (Cr a/m)? for trimming R=0.8, Rg,=0.2, Z5;=0.15

TEvent? e

100 [
Event2 - Analytic

(o)) T—

-100 [ "

150 e "

200 |-
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mMMDT: impact of 4 and of filtering

0.1

p/c do /dp

Effect of u parameter: quark jets
m [GeV], forp,=3 TeV, R =1

10 100 1000
u—1 00 commonly
w=0.67 - - = «——ysed value
u=0.40 ----- ]
u=0.30 = ==
u=0.20 — - —

- = =
- =

M parameter basically irrelevant
(simpler tagger discards it)

Analytic Jet Substructure

p/c do/dp

0.1

Effect of filtering: quark jets
m [GeV], forp;,=3 TeV, R =1
10 100 1000

MMDT (y4=0.13) =
mMMDT + filtering = = =

filtering leaves results

unchanged (up to and incl. NNLL)

September 2014



What about cuts on shapes/radiation

E.g. cuts on N-subjettiness, tight mass drop, etc.”

m [GeV], for p; =4 TeV
10 100 1000

® [hese cuts are nearly
always for a jet whose e e
mass Is somehow 5| = Trimmer om0 & B K <03
groomed. All the structure
from the grooming
persists.

m/oc do / dm

® 50 tagging & shape must
probably be calculated
together
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Take a jet and define Pru N | ng

Rorune = m/ o Ellis, Vermillion & Walsh '09

Recluster with k: or C/A alg.

At each i+] clustering step, if _
one (main) parameter: Zut
Pti O Ptj < Zcut Pt(i+j)asdf

AR > Fprune we’ll study variant with C/A
discard softer prong. reclustering

Acts similarly to filtering, but
with dynamic subjet radius

jet mass/pt
Sets Rprune % discard large-angle @
ﬁ :
Recluster Q soft clusterings
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Pruning at LO

Dynamical choice of Rerune means that two prongs
are always separated by > Rorune. SO, unlike
trimming, Zeut always applied.

: qu
pruned quark jets: LO 0.1

I:{prune

m [GeV], for p, = 3 TeV, R=1 ——— - ————————3 |
10 100 1000 :
0.2 [r—rrrr—————————r r—rrrr— ]
' p=0.200\
o 0.1 Zout
L 01} _
b
Q
0.01
ned away
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Pruning at LO

Dynamical choice of Rerune means that two prongs
are always separated by > Rorune. SO, unlike
trimming, Zeut always applied.

: qu
pruned quark jets: LO 0.1

I:{prune

m [GeV], for p; = 3 TeV, R=1 — . —r—r—
10 100 1000 ]
0.2 rrrre———v—r—rrrr ——rr—— ]
' p = 0.100\ -
5 } C1 zgy
S 01F -
2
Q.
pruned away
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Pruning at LO

Dynamical choice of Rerune means that two prongs
are always separated by > Rorune. SO, unlike
trimming, Zeut always applied.

: qu
pruned quark jets: LO

m [GeV], for p; = 3 TeV, R=1 — ]
10 100 1000
0.2 rrrre———v—r—rrrr ——rr——
p = 0.030
o 0.1 z .t
S 01F -
2
Q.
pruned away
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Pruning at LO

Dynamical choice of Rerune means that two prongs
are always separated by > Rorune. SO, unlike
trimming, Zeut always applied.

pruned quark jets: LO B0 ’
' RoQnk
m [GeV], for p; = 3 TeV, R=1 — : 1
10 100 1000
0.2 ——rrrr———r—rrrr —r—rrr——
p = 0.009
o 0.1 z .t
S 01F -
L
Q.
pruned away
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Pruning at LO

Dynamical choice of Rerune means that two prongs
are always separated by > Rorune. SO, unlike
trimming, Zeut always applied.

: Bqg
pruned quark jets: LO Rorune 0.1 1
m [GeV], for p, = 3 TeV, R=1 ———] - —— 7 |
10 100 1000
0.2 ——rrrr———r—rrrr —r—rrr——
p = 0.003
o 0.1 z .t
S 01F -
2
Q.
pruned away
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Pruning at LO

Dynamical choice of Rerune means that two prongs
are always separated by > Rorune. SO, unlike
trimming, Zeut always applied.

: Bqg
pruned quark jets: LO 0.1 1
m [GeV], for p, = 3 TeV, R=1 ———] - ————————3 |
10 100 1000 ]
0.2 ——rrrr———r—rrrr —r—rrr——
o 0.1 z .t
S 01F -
2
Q.
pruned away
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pruning beyond 1st order:
consider multiple emissions

{ What pruning sometimes does |

Chooses Rprune based on a soft ps §
} (dominates total jet mass), and |
| leads to a single narrow subjet |}
whose mass Is also dominated by ~-
{ a soft emission (pz, within Rprune Of |
| p1, SO not pruned away). {

Sets pruning radius, but gets
pruned away — “wrong” pruning
radius = makes this ~ trimming
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A simple fix: “Y” pruning
Require at least one successtul merging with AR > Rprune
and z > zcyt — forces 2-pronged (“Y”) configurations

Analyt i C Calcu Iatio n: q uark jets /R’: B —__ \ _ ’Uiye
m [GeV], for p; =3 TeV, R = 1 \ ,
10 100 1000

0.2 | Pruning, z,;=0.1
Y-pruning, z;;=0.1 = = =
l-pruning, z,,;;=0.1 == =

| “Y” pruning ~ an
Original pruning . isolation cut on
radiation around the
tagged object —
exploits W/Z/H
colour singlet

O
—l
1

p/c do / dp

‘\/’
/ |
_-~ “¥ pruning

10°° 1074 0.01 0.1 1

September 2014
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What logs, what accuracy?

At leading order pruning (= Y-pruning): no double logs!

asL, but no asL?

Full Pruning’s leading logs (LL, in 2) are:

oL, o2L*, ... Le. o™ L*"
we also have NLL

Y-Pruning’s leading logs (LL, in 2) are:

oL, o2L3, ... 1Le. a™L?" 1
we also have NLL

Could we do better? Yes: NLL in In 2, but involves non-global logs,
clustering logs
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quark jets Pruning

Monte Carlo Analytic

m [GeV], for p;=3 TeV, R =1 m [GeV], for p, =3 TeV, R = 1
10 100 1000 10 100 1000
0.2 F Pruning, z, 4=0.1 =—— - 0.2 F Pruning, z, 4=0.1 =—— -
Y-pruning, z;=0.1 = = = | . Y-pruning, z,;=0.1 = = =
l-pruning, z,,;=0.1 ==« = l-pruning, z;;=0.1 ==+ =

p/c do /dp
o

p/c do /dp
o

Non-trivial agreement!

(also for dependence on parameters)
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