Jets & Substructure:

experiment
Wahid Bhimiji

Physics at LHC and Beyond |
Quy Nhon, Vietham
10t August 2014 —

Wahid Bhimji | Jets and Substructure at the LHC 1

ne»r-=»




e ATLAS and CMS jet inputs

e Jets and Jet Substructure: motivation and
algorithms

e Recent performance results:
* W boson tagging
* Top tagging

e Other recent highlights
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ATLAS
e LAr electromagnetic and high

e Inputs to Jet Reconstruction

ATLAS and CMS Jet Inputs

resolution tile hadronic calorimeter o <ep )8 Y,,,,

LAr electromagnetic o ((
end-cap (EMEC) ' Q’ )

« 3D topological clusters: seed cell with E
> 40 and neighbours E_>20

cell

S

lAr eleciromagnetic
barrel

cel

« Noise suppression and calibration

CMS

Total weight : 12500
Overall diameter : 15.0
Overall length : 215
4 Te

Fast and extremely high resolution o
ECAL with high (transverse) granularity =

PRESHOWER

Reduced material in front of ECAL and /Y
strong magnetic field e D

SUPERCONDUCTING
MAGNET

Particle flow Reconstruction:

o Link HCAL+ECAL clusters and tracks
o IfE_ ™ Pyackfit track and calo energy

FORWARD
CALORIMETER

MUON CHAMBERS
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e Jets and Jet Substructure: motivation and
algorithms
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Jet Substructure: Motivation

e At LHC Vs » M, => high p; boosted objects
« Also choose high-p,region to reduce QCD backgrounds

» Decay products merge into single fat jet b‘ﬁ% " single
/\

. S ! fat jet
» Need to look at substructure for tagging — 5,
E.g., Search fortt resonances ATLAS-CONE-2013-052

adronictopeanaidate L] B . ", - '\? 20_ N :
2. qgt  ATLAS Preliminary Simulation 3

> c Is=8 TeV ]

S 16p i + jets, combined E

o 14 U + jets, boosted —

= r —— e + jets, combined ]

w12e e + jets, boosted E

10F- =

— M
leptonic top candidate
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Jet Substructure: Motivation

e At LHC Vs » M, => high p; boosted objects

« Also choose high-p,region to reduce QCD backgrounds
» Decay products merge into single fat jet
» Need to look at substructure for tagging

180_IIIIIIIII|IIII|IIII|III
- ATLAS Online Luminosity

1601 [ Vs=8TeV, [Ldt=20.8 fb", <u>=20.7
1401~ [ \s=7TeV, [Ldt=52" xu>= 9.1
120 =
100~

rprrrrrrrrprrrorprrri)

e Also high-pileup conditions
« Substructure grooming can

remove soft contributions

Recorded Luminosity [pb "%0.1]

L L l||||||||| IIIIIIIIIIIIIIII L1
0 5 10 15 20 25 30 35 40 45

Mean Number of Interactions per Crossing
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Jets Substructure: Algorithms

e lIdentify hard constituents via splitting, decomposition

De-clustering

Vy; = Prp2) X ARy2/ My
b= max(Mp,Mpz) / Mgy
@ Keep

|e:-@
G-®

@ Discard

-]
0® 1
@B -
pZ

%,

gy Alaschsen
p2: ¢

2 o .t
P

If vy, < V..., continue to next step.
If U > M.y CONtinue to next step.
Else, keep the constituents of j1 and stop.

For example (explored in ATLAS results here)

e BDRS aka Mass-drop Filtering:

e Cambridge-Aachen (CA) R=1.2 Fat jet
e Split with uy, <2/3, Vy,>0.3
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« BDRS-A:
. CAR=1.2
. Split vy,>0.2




Jets Substructure: Algorithms

e Improve resolution and pileup resistance via trimming, filtering,

. Filteri
prunlng ‘-I ering \
l'e] [ @® ) (o]
=] — \@ , —_ Q@
o o) o ol e %
. o
J
Type 1 (Trimming) : If p; (subjet i)/ p; (jet) < f,,, : discard subjet.

Type 2 : If Ngypjets < Ny - discard jet. Pruning
Resulting jet is sum of subjets. N — z = p.(i) / pr (i)
g . pr(i) < pr()
For example - st
f;o@\p{&
« BDRS Filtered with At each step: "
. If AR;<d, OR z> z,, = —
Rsubjet = mln(0.3,R12/2) contlnue to next step. f-—>
. |t d th Otherwise, discard objecti. @~ % —
2DRS'A(|):'3 ered wi E.g. (explored in CMS results here)
subjet = Pruned CA R=0.8 jets

e 2,,=0.1 ;d_,=0.5* morie/p.orie
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Jet Substructure: some variables

Also make use of substructure variables, for example
e Mass drop p;, Momentum Fraction Vy;

. >k Pri(minfAR; g, ARy k., ..., Ry i} P
_ . . . N —
e N-subjettiness: S pr(Ro )P

« Sum over jet constituents (k)
» Small if jet consistent with N subjets hypothesis
« T,/T, used to discriminate 2-body decays from W bosons

e Also Qjetvolatility (vq.), jet width, jet charge, planar
flow, correlation functions
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e Recent performance results:
* W boson tagging

Wahid Bhimji | Jets and Substructure at the LHC




W boson tagging ATLAS,

ATL-PHYS-PUB-2014-004

e Evaluate various algorithms in p;

ranges

» Signal Monte-Carlo: Kaluza-Klein
Graviton -> WW -> lvqq

« Background: W+jets (Sherpa)

« Main discriminant is jet mass (look

for W peak):
* Define window with 68% signal

Also look at wide range of
substructure variables and find
optimum variable + alogorithm
combinations.

ATLAS Simulation Preliminary 200 < p?“‘h
£ C/A jets with R=1.2

—_

GDD
1 DDBDD Q_E oo o

i*{ “"
»

—— W jets

—--QCD jets
350 < p?“lh
=W jets
- QCD ]ets

500 < p.""

w jets

QCD jets

og 3300

S o0

<350 GeV (x 10*)
<500 GeV (x 10?)

<1000 GeV

: *000 Q??é@
gEisheie |
ET m#’} ;

"0 20 40 60 80 100120140 160 180 200

Jet Mass [Ge V1

T | L L
|~ ATLAS Simulation Preliminary  anti-k, jets with R=1.0
Trimmed

TTTTT

W ndow
#5744 QCD jets
NN W jets

< 350 GeV

|IIl‘III|\\I|II\\IIJll\llll\‘llllll\lllll
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W boson tagging ATLAS

g 090 NI -
e Measured performance of each o
optimal combination 08 .
0.5 g
« Algorithms perform similarly 0.45 bt s s
: ‘ ’ 0.3 — yy, A
particularly when ‘groomer + tagger’ ., _y L
performance are taken together (i.e. 0.1 o
within mass window) % 0.10205040506 'df%'j.'ggd.é'ﬁ
e Data/MC comparison using W 8 Wnsrlii O
bosons from semileptonic tt-bar § 03" By R
S a m p I e 2025;_ E §§§chertainty ]
2 0.2 K.S. = 0.280 E
» High-purity (~¥98%) selection using : E
HepTopTagger
» Good agreement for relevant o el

variables
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W boson tagging CMS

CMS Preliminary Simulation, (s = 8 TeV, W+jets
T T T T T T T T T T T T —

5 L X—>V\‘ILWL, Pythia6 |
CMS PAS JME-13-006 50U e e
Q — +<PU,>=22+sim. |
e Use CA R=0.8 w/pruning N |
o
e Performance for Signal X->W W~ = [
Background: W + jets (MadGraph L el -
+ Pyt h | 3 6 ) ’ 5|c())runed jet1r?1ass (G|e\})50
. CIyIS Pr‘eli‘mil"nary §im‘ul‘ation,‘ \E‘= § TeV,‘ W‘+je‘ts
_§ camms X—WW, llythias ]
. e, g ogp e oz
e Variety of variables: G oo Weme wosovies |
« And for N-subjetiness evaluate an oo +<PU> =12 s
alternative with one step E |
optimization of exclusive k; axes = ot
b~
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W boson tagging CMS  [FRESSSrtns

250 < P, < 350 GeV |

ni<2.4
60 <m; <100 GeV ]

e Optimised 1,/T, is best performing  °°
| —— Neural Network (MLP)

Vda r|a b | e 04l —— Likeihood

L — t/T
rT IﬂQ.Je(
/T, pruned

e Also look at a MVA 02— LT ves

02 p=1.7)
 —— massdrop

« Offers little further improvement R T
e Data/MC Comparison in both W

CMS Preliminary, 19.3 fb" at Vs = 8 TeV, W+jets
L o o o A L

+jets and a semileptonic tt-bar Poo SEE e
. Decent agreement 00T e
e Form scale-factor for cut on 1,/t, o
(< 0.5) from data/MC efficiency in
tt-bar sample (0.905 + 0.08 (stat) )

0.71 02 03 04 05 06 07 08 09 71

/T,
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* Top tagging
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Top Tagging CMS
CMS PAS JME-13-007

e Evaluate alternatives
including CMSTopTagger
» Two-stage decomposition of
CA R=0.8 jets
e Add subjet b-tag and t,/t, to
form Combined tagger
» Best for p;>400 GeV/c

« Low p;top not contained in
R=0.8 jet - use HEPTopTagger

Mistag Rate

Mistag Rate

e N dependant scale-factors
from data / MC efficiencies

0 01 02 03 04 05

CMS Simulation, Vs =
o 10'1E

Matched parton ]
p,> 400 GeV/c

Top Tag Efficiency

Matched parton
p, > 800 GeV/c |

0 0102 03 04 05 06 07
Top Tag Efficiency

8 TeV

~,

Matched parton ]
p,> 600 GeV/c

{‘-I——~
-~
>

10"

P

0 01 02 03 04 05 06 07
Top Tag Efficiency

] —— CMS Top Tagger

---. subjet b-tag
N-subjettiness ratio T /t,

i —-—CMS + subjet b-tag

CMS +,/t, + subjet b-tag

HEP Top Tagger
HEP + /v, + subjet b-tag

CMS WPO & HEP WPO

CMS Comb. WPT 5 LEP Gomb. WPH
CMS Comb. WP2

oMS Gomb, Wwpa 0 HEP Comb. Wp2
CMS Comb. WP4 A HEP Comb. WP3

> HO +

n

'E' CMS Top Tagger
1 20 - Madgraph

Ll>J  CAR=0.8 hi<2.4
100 p,>400 Gev/c

o

CMS Prellmlnary \/E 8TeV 19 7 fb1 -

0 20 40 60 80 100120140160180

® Data -
- Semi-Leptonic tt ]
|:| Fully-Leptonic tt _:
[ wets -
B z+vets ]
- Singletop

Minimum Pairwise Mass (GeV/c?)
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Top Tagging ATLAS

Previous studies evaluate range One (of >1500) (signal) shower
of taggers e.g. ATLAS-CONF-2013-084 histories:

Focus here on ATLAS-CONF-2014-003 ez.sf—j’jg'jve:;jjifigj;j;:a“" B
on Shower Deconstruction: 25_'"“'="‘3 G Mo L1005 G Ebﬁﬁ*;m”z E
Input collection of CA R=0.2 mR
subjets within Akt R=1.0 jet. E E
Four-momenta {p}, = {py,-., Pp} - =
Different series of parton osf- e
branchings that could build this 05. N | T
gives shower histories {p,c}, that R .
are assigned to categories c/ ) J
Assign splitting probabilities. \lj

Form I'kel'hOOd;jﬁg;) _ PUPIIS) _ Shisoris PUP.IIS) Em o

P({p}NlB) - Zhistories P({p, Cj}N|B)
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ATLAS Shower Deconstruction

—
(@]
w

|||||||||||||||

e Performance measured

ATLAS Preliminary Simulation

8 TeV

-«

HTT (tight)
HTT (default)
HTT (loose)

LLLll

»

/s =

-8D

using same samples as

o

wd_n& N-subjettiness tagger VI

2

v om* & m & Vd_zs tight tagger V

ATLAS-CONF-2013-084

o om* & m & Vd_zs tagger IV

tagging rejection

b m’:"' & m tagger IIl

PETTRD
w

m® tagger Il

Improved performance over

"""""

N
o o
>, “ A\
ax\:ﬂ\ N & \d,, tagger |
-‘ﬁ_\ ~ .
e, N,

—— tagger VI: 15, scan

......

------ A s tagger V: |fd,; scan

range of efficiency

“ia,

lllllllll P’
"H_i% |||||| Vd_ scan
Titags; 12

trimmed mass scan

. [
R Ty, SCaN

» Not including systematics :

e Data / MC comparison

» Satisfactory agreement and
stable with pileup

[=]
12

Fraction of events / unit log(y_ )

Data/MC

0.

0.

0.

0.

—

o
[ NS
1

02

35

o
w

25

o
[N

||||‘IIH|HII|IIII|III | |||||||

15

14
—

05

04

06 08 1
tagging efficiency

3

Ld
ys=8TeV

Agp(PaSS)

TLAS Prellmmary E

t=14.2fb"

—e—Data [Cw+ets 3

Dﬁ VA Part. Syst:

. Other backgrounds

Wahid Bhimji | Jets and Substructure at the LHC




e Other recent highlights
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Some other recent highlights

CMS Simulation Preliminary, s = 8 TeV

—
B
.’5

i

e Quark-gluon tagging
CMS-JME-13-002

ATLAS arXiv:1405.6583

0.8

0.6

Quark Jet Efficiency

0.4 . —
| ---- Charged Mult.
| Neutral Mult.
Total Mult.
0'2__ -~ Pull
R
----- Quark-Gluon Likelihood g
Il Il Il I Il Il Il I Il Il Il I Il Il Il I Il Il Il <
OO 0.2 0.4 0.6 0.8 1

Gluon Jet Rejection

Fragmentation Function /¥ p2.
PTD _ 1T
i PTi
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Some other recent highlights

e Quark-gluon tagging
CMS-JME-13-002
ATLAS arXiv:1405.6583

e b-tagging in boosted jets
CMS-PAS-BTV-13-001

e Jet pull performance
ATLAS-CONF-2014-048

e Pile-up jetid/subtraction
CMS-PAS-JME-13-005
ATLAS High Mu

(M) [GeV]

N
o
o

600

400

300

200

100F

.....................
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'ATLAS Simulation Preliminary  ys = 14 TeV
Pythia8 Z' — tt (m,=2 TeV)
[anti-k, LCW jets with R=1.0
0.5 <pf" < 17TeV, 0.0< In| <0.3
[ o No jet grooming, no jet pileup correction ]
[ & No jet grooming, jet 4-vector pileup correction {

25 ns bunch spacing

nnnnn

L O Trimmed, no jet pileup correction
500}

= Trimmed, jet 4-vector pileup correction

*‘.'.._'.'.._"-I—I—H-.."'H-I—I—HI-" -y *#-

160 180 200 220 240
Truth vertex multiplicity N o




Some other recent highlights

e Quark-gluon tagging > ST
C M S—J M E - 1 3 —OO 2 (C!\),] 25000 Signal + Background fit Ejgg -
ATLAS arXiv:1405.6583 @ B

© 20000 -

e b-tagging in boosted jets

CMS-PAS-BTV-13-001 15000 Y R
- i ATLAS i
\s=7TeV,46fb"

p, >320 GeV fn| < 1.9
L>0.15

e Jet pull performance
ATLAS-CONF-2014-048

100001

e Pile-up jet id/subtraction 5000~ .
CMS-PAS-JME-13-005 - :
ATLAS High Mu 80" 00 150 200350

e Physics —e.g.Cross-section of Jet Mass [GeV]
high p;vector bosons: owsz = 8.5+ 0.8 (stat.) £ 1.5 (syst.) pb.

ATLAS CERN-PH-EP-2014-123
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Some other recent highlights

e Quark-gluon tagging
CMS-JME-13-002
ATLAS arXiv:1405.6583

e b-tagging in boosted jets
CMS-PAS-BTV-13-001

e Jet pull performance
ATLAS-CONF-2014-048

e Pile-up jetid/subtraction
CMS-PAS-JME-13-005
ATLAS High Mu

e Physics —e.g.Cross-section of
high p;vector bosons:
ATLAS CERN-PH-EP-2014-123 And Boost2014 next week!
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Conclusions

e Jet substructure offers powerful techniques,
essential for analyses at LHC Run 2 and beyond

o Tagging to unveil composition of boosted objects, grooming
for resolution and pileup resistance

e Considerable recent activity in validating and
optimising these techniques at the LHC

o Building optimum taggers with scale-factors

e Now need to finalise methods for scale-factors
and uncertainties — ready to use for Run 2 physics!
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And Beyond

From J.S.Marshall CHEF2013

THCAL

e ILC exploring fine granularity
particle flow calorimetry —
nardware and software

0 U
5 B
LT

—

e At CLIC energies expect to see
merged jets

125 GeV Z 250 GeV Z 500 GeV Z | TeVZ
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Physics Motivation- Boosted bosons

Happens for p; 2 2m/R
p: = 320 GeV for m = my,, R=0.5

CMS L=19.7fb " at Vs=8TeV

CMS | .
EXO-13-009 | .

600 1000 1500 2000 2500
M, [GeV]
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Jet Algorithms at LHC

e Partonsin ATLAS/CMS produce
dispersed hadrons - clustered

together by jet algorithm
e Standard LHC choice uses distance
parameter d;:
dij = min(pr?", pr7") ARS;/ R?

dip = PT‘,?",
« n=-1 Anti-k; used extensively at LHC,
regular shaped jets, robust to pileup
« n=1 k;algorithm
« n=0 Cambridge-Aachen (CA) — only angular
info

e Can undo clustering to reveal
hard structure .

Lo o S

Cacciarl, $alarm, Sdvez

b, [GeV] .

: 4

EP 0804 (2008) 063
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Boson Tagging

De-clustering

Vyg = Prp2) X AR/ My
M = max(m M) / M

-8
®

2 °
i1 p’..(_
@ Keep b1
@ Discard . ;:1, &
b &
o' | Ateach step:
D — | )
b2l If \y; < VY, CONtinue to next step.
o If g > Ynae CONtinue to next step.

Else, keep the constituents of j1 and stop.

Filtering

. : o ~

o \ @) /@

Lo ® @ '0 \ ®e
. /
Type 1 (Trimming) : If p; (subjet i) / p; (jet) <f,, : discard subjet.
Type 2 : If Ngypjers S Npyin - discard jet.
Resulting jet is sum of subjets.

Pruning

o

0% =
o

o
a

-]

o

z = p(i) / pr (i+))
pr(i) <p()

oy

-]

At each step:

If AR;<d,z,OR z> z,
continue to next step.

Otherwise, discard object i.

cut

e,

.....
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Jet Substructure — some variables

e Massdrop i;, Momentum Fraction Vy;

e N-subjettiness: S Y PTR(min{AR; &, ARy g, ..., R}
N —
« Small if jet has N subjets 2k P1(Ro)Y
« 12/t1 used to discriminate 2-body decays from W bosons

. ofe 2 2
e Qjetvolatility i) = exp {_QAR,-J- zARmin},
AR?.
« Recluster with a weight w;(a) e
« Measured a volatility v, Vopets = V(m2)y = (m)y>

(m)
e Also jet width, jet charge, planar flow, correlation

functions
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HEP Top Tagger details

Step 1:

Mass drop
decomposition

Step 2:

Loop over all
combinations of
3 mass drop
subjets
‘ ‘

Step 3:

Recluster with
Rsit=min(0.3,ARmin/2)
—

HEP Top Tagger
Mass drop decomposition

Input
cluster

Isinput ) yes |Save output
mass < 307 subjet

no

Does input
have 2
parent

clusters?

Remove
subjet 2

clusters
mi>mz

m<08m p¢’7
. .
—

Step 4

Filtering: keep only
the 5 leading

subjets. Q@

Step 5:

Repeat reclustering and filtering procedure for all combinations of 3
mass drop subjets

Step 6:

Pick the combination

with filtered mass
closest to the top mass.
Recluster to force 3
subjets
—

Jets and Substructure at the LHC




HEP Top Tagger - W mass selection

Bi-dimensional distribution based on the ratio of subjet pairwise masses

2 mi2 o 23 |2 2 mMi2 .92 2 mi3 .o ma3 9 9 mi13 .9
Boin(1 4 20T < 1= (000" < Ranan(14 (707 R (14 (7)) < 1= ()% < R (14 (7))
CMS Simulation Vs =8 TeV V
& | HEP Top Tagger v
N2 cAR=1.5mi<2.4
 \ [ Pp.>200GeVic 6
- — tt simulated with MADGRAPH ¢
m
Rmin < 23 < Rmax = -0
mM123 0.8 ’
e —4
Rupax = (14 fw) x mw/m:  —06 AR
B -I —3
Rmin:(l_fW)me/mt 56_4___ - gre
M2 S 0.35 —92 23
123 e

o T —— " wom I RV A AR
0.4 04 06 08 1 1.2 14
atap(m_ /m,,)

2

m
0.2 < arctan 18 < 1.3
mi2
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Performance: top “’jjjj’”f =20 ! ATLASPimna”

~{s=8TeV ) W+ets 7
§2] i, @8 Single Top .
(D | 0 Z+ets

s Statistical uncertainty |

] C/ALCW jets with R=1.5 1

ATLAS-CONF-2013-084

o CAR=1.5 Jets with
HEPTopTagger (p, > 200 GeV) 1000§

e Increases purity from 86% tt 0oE 100 200 300 400 500 600 700 800
and single-top-quark Jet Mass [GeV]

C 1 T | 7T T
- ATLAS Preliminary '

?JLdt=203fb‘
400f s = 8 TeV

processes before tagging to
98% in candidate mass
window 140 < m, < 200 GeV

| —e— Data2012
- C3J«
300 = Weats

200[- i st S

Top Quark Candidates / 4 GeV

-
o
o

T

00 30 60 90 120150 180 210240

Top Quark Candidate Mass [GeV]
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Reconstructed tt-bar mass

ATLAS-CONF-2013-052

I I l I 1 I I I I I 1 I I I 1 I I ] I 1 1 I I 1 I 1 =

ATLAS Preliminary
Simulation, \s=8TeV
Resolved

0.3

0.25

0.2

Fraction of events / 50 GeV

B ) |
= T Z(1.0TeV)
- e Z' (1.5 TeV) .
0.15/— Fi e Z (2.0 TeV) =
o :
_- 4 "i"11-‘:'E_'-'.:j':"li?:l.i'.{:,i:sz.E .lINJ 1.-'5 T ;q”’;:g‘?-hl--i (RN R S T O W T L:

s 05 0 0.5 1 15

mz°-mz[TeV]
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Reconstructed tt-bar mass

0.25

I ] I 1 I I I I I 1 I I I 1 I I I I I 1 I I 1 I 1

ATLAS Preliminary
Simulation, \s=8TeV
Boosted

0.2

0.15

Fraction of events / 50 GeV

IIII|IIlI|IlII|lIII|IIII|

0.1 HE
i1 §
i
0.05 o 4
A
b "
L_.J‘,m,':‘z'.i;i-‘:l‘;m::d' HI . I I ME:".&J‘;L-L s
95 ® 0.5 0 0.5 1 1.5

mz°-mz[TeV]
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Top Tagging CMS

Performance of multiple
techniques inc. CMS Top Tagger:

e Based on Kaplan et. al
Phys. Rev. Lett. 101 (2008) 142001

e Input CA R=0.8 jets

e Primary decomposition: find 2
well separated subclusters
with significant p; fraction

e If succeeds then do secondary

CMS PAS JME-13-007

Primary decomposition

< AR(A,B) >
® Cluster B

adjacency
Decluster /Cluster A . criterion

= continue

A and B pass
adjacency and
momentum
fraction criteria

<

Primary
decomposition
succeeds

Decluster
again

—

o .
® Cluster B

B is too soft.
Remove it.

decomposition

Secondary decomposition

e Form mjet' Nsubjets' min (mm
pairwise mass)
e Toptaggedif m, ~m,,

Individually
decluster A
and B

A and A" pass
criteria

B and B™ are
too close

3final subjets

N >2 rﬁmln rnW

subjets

Wahid Bhimiji
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CMS Boosted Top Event

. Subjet 2,
Subjet 1,
by L /\ pt = 562.50 L
eta = -0.203 o e
ohi = -1.965 P = Subjet3, |
ot = 270.70
eta = 0.156
Top jet ohi = -2.095
ot = 1090.42
eta = -0.020 . I

phi =-2.082 ~

i \ it
mass = 2345, . ) \ | .
L\ |

I \ R ‘
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S 1.8 T T

Large-R Jet Calibration [EEEEEEEE.
o 1.4- : ]

ATLAS: JHEP09 (2013) 076 Era i e
Jet energy scale calibration % O_; : E:;;%
. Correct calorimeter response to é T S
true jet energy as done for small-R  ~ ettt d
jets on ATLAS Eur. Phys. J. C 73 (2013) 2304 Jetn

. Derived from PYTHIA MC, no pileup § "¢ s
correction g e e caorton :
1.2~ .

Jet mass calibration

. Mass response: mean of a Gaussian
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Jet mass response after calibration
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Quark-gluon tagging — more info

CMS-JME-13-002

e Likelihood based on:

« Width of minor axis of jet ellipse

« Fragmentation
« Total Multiplicity

e Validated with Z+jets, dijets

e Systematics from 2-parameter

smearing

e Also ATLAS arXiv:1405.6583
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Some other recent highlights

e Quark-gluon tagging
CMS-JME-13-002
ATLAS arXiv:1405.6583

e b-tagging in boosted jets

CMS-PAS-BTV-13-001
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Some other recent highlights

e Quark-gluon tagging

CMS-JME-13-002

ATLAS arXiv:1405.6583

e b-tagging in boosted jets

CMS-PAS-BTV-13-001

e Jet pull performance
ATLAS-CONF-2014-048

Legend

= Pull Vector vp(Jy)
6p jet pull angle

o Constituent of J; (size weighted by pr)
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