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Overview

e Review the current results

e Overview of Jet Reconstruction and calibration

* Re-examining of results from another angle

e ook towards the future
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LEP Times
Jet at LEP

Jets clustered throughout the whole event
(Durham/JADE/Cam...)
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Tevatron

Jet at Tevatron

Limited size cone based algorithm( robustness in pp)
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LHC
Jet at LHC

PiIeupI

Anti-k_ algorithm with area based pileup subtraction
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LHC Heavy lon
Jet in HI

Underlying
Event
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Success of Jets
» Jets have brought a tremendous set of results
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SExtracting Core Parameters

e Differential distribution is combination of :

» Quark Content : PDFs
» Expanded matrix element in terms of a_: a (Q?)
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Spin on the same measurement

nts’?.

low do we extend jet measureme

<Yy

Jet Structure
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Allows for the extraction a_
 Differential cross section of jets or 3jets (mass)

 Pushes out to the Q? limit
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See thursday's talk for more
hep-ex/1412.1633 ATLAS-CONF-2013-041
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How can we get improve resolution?

* One way of extracting the information is

* To reshape the jets to extract what you want

* Modifying/enhancing jet definition we regain info

- This applies to both experimental and theoretical aspects
- And those inbetween
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A Simple Example

e Jet Cone Radius

Whats the energy flow in an
annulus?
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| Resolving the Energy Flow

Anti-k; R = 0.5, 0.7
£ 05<1yl<1.0
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70-90% of jet info is carried in the first 0.5 of the cone
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Resolving the Energy Flow
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http://cds.cern.ch/record/15434687?In=en
70-90% of jet info is carried in the first 0.5 of the cone
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Extending these jet shape measurements
Yields a very useful tool in Heavy lon measurements
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| Resolving the Energy Flow
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| Resolving the Energy Flow

Leads us to measurement of fragmentation functions
And an understanding of their modifications

[ 150 ub ™"

10 _I CMIS """""""""""""""""""""""""""""""""""""""""""
E PbPb \/syy = 2.76 TeV

1 /Njethtrack/dE

70-100%

PbPb/pp

How far have we gone to understsand these
measuemrents?

CMS-HIN-12-013
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Attempt at Executive Summary

Done/Not Done/Full Dataset

Inclusive Jet CMS/ATLAS CMS/ATLAS 8TeV/7TTeV  2.76/R_,
AKX/AKY ratio CMS/ATLAS CMS/ATLAS 2.76/2.76
M, and/or o, CMS/ATLAS CMS/ATLAS 2.76/2.76
azimuthal correlation CMS/ATLAS CMS/ATLAS 2.76/2.76
Inclusive mulitjet CMS/ATLAS CMS/ATLAS

Hadronic Event shapes CMS/ATLAS CMS/ATLAS

3 jet mass CMS/ATLAS CMS/ATLAS 7TeV/ATLAS

Jet Shapes(radius/p) CMS/ATLAS CMS/ATLAS 2.76/2.76
R,,(3/20) CMS/ATLAS CMS/ATLAS 7TeV/ATLAS

Groomed Jet Mass CMS/ATLAS CMS/ATLAS

Flavor Composition di-jet CMS/ATLAS CMS/ATLAS

Jet Fragmentation CMS/ATLAS CMS/ATLAS 2.76/2.76
B-jet Cross section CMS/ATLAS CMS/ATLAS 2.76/-
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Can we do more?
 LEP was able to build clear samples of

e Quarks and Gluons
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We lost something going form a blob to a tower

http://arxiv.org/pdf/hep-ex/0110084v1.pdf
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Building a Better Jet

Jet Energy Di|
Corrections Dleepueeldence ?ﬂiide level)
Calorimetry Ar:)lgorith ms

Flavor

Dependence Tracking/

Vertexing
Pileup
Mitigatio

Jet Algorithms
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Pileup
ubtraction

Light

Flavo Data/MC
modeling
(MPF)

Jet Energy
Corrections

| east sensitive Flavor
to PU dependence
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W mass in top mass measurement
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Jet Energy Correction
e Correcting to truth

PV
ot &
Wing Bve
ynael Y A -
UE/PU Jet radiation
Interferes pushes jet
\W/jet activity | Out to larger
A ycone

How do we shape our jet against the UE?
Why did CMS switch to AK47?
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Jet Energy Correction

* AK2 CMS Simulation \'s =8 TeV
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Jet Energy Correction

) AK3 CMS Simulation /s = 8 TeV
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 AK4

25
Jet Energy Correction
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Jet Energy Correction
* AKS CMS Slmulatlon \s = 8 TeV
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Jet Energy Correction

* AKG CMS Simulation \s = 8 TeV
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Jet Energy Correction

* AK7 CMS Simulation (s =8 TeV
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Jet Energy Correction

* AK3 CMS Simulation (s =8 TeV
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Jet Energy Correction

’ AK9 CMS Simulation /s = 8 TeV
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Jet Energy Correction

* AK1.0 CMS Simulation (s =8 TeV
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Jet Energy Correction

* Executive Summary :

We switch to AK4
Run I’PU Run Il PU
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Jet Energy Correction

* Executive Summary :

We switch to AK4

Run I’PU Run Il PU
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Stability of our detector

« Using all the jet cones allows plots like this:
CMS S:mulat:on Prehmmary 19 7 fb (8 TeV)
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* Need to reconstruct a jet and

3\5/Vhat does it take for E-flow?

/~ ATLAS (o) PU )
Cluster+correct|Cluster Correction| Residual
Calorimeter  |Topoclusters|tGlobal | Correction of
Cells To Correction| Jet (using
(Topoclusters) |jets Of Jet width/tracks)

\_ (P, +N) GSC )

/~ CMS / )\
Cluster Link Correction| (p) PU
Calorimeter Tracks to Of Correction +
Cells Pfclusters |PF Global
(pf clustesr) (pf particles) |Candidate | Correction of

_ (P, +n) Jet (p;+n) Y,
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Jet-Level in ATLAS
 While ATLAS does not use pflow

* Yields resol. loss(Charged parts)+worse granularity

e Combpensates w/improved aranularitv throuah GSC
Before GSC After GSC

& ~ ATLAS Simulation Preliminary | & " ATLAS Simulation Preliminary _
9 1.2 EM+JESw/o GS PYTHIA8 B o 1.2~ EM+JES PYTHIA8 ]
1 ] - o o .
&2 - anti-k, R=0.4 In|<0.3 2 - anti-k, R=0.4 In|<0.3
o I 787 30<p"" < 40 GeV o I 787 30<p"" < 40 GeV
1.0 [ 80<p™" <100 GeV | 1.7 a0 80<p™" <100 GeV |
= [[47]350<p" <400 GeV i [[2] 350 <p™™" < 400 GeV -
1?*‘**::;. ) - | R -ty 5 . -
L +. - - - L .
o~  Corrections exist at jet layel (not particle) :
S s | 5 0.05. r o
De : .05} L ;
% % %%W 2 ] g : ,,-M/%,%%ﬁn
g % 0.1 02 03 g G 01 02 03
s width, £ width
< https/atlas.web.cern.ch/Atlas/GROUPS/PH¥XSICS/CONFNOTES/ATLAS-CON F-9D15-0¢


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-002/
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Similar I e

progression in

ATLAS 0=

2 years ago

19.7 o' (8 TeV)
I I I I I I I I _

Anti-

n_=

S
> T
= -
© 6F
o f
c I
= -
O 4
% -
3F
21

—~ Relative s

= Pileup ((1)
=Jet flavor

+ Time sta

- 1 year ago

R=0/5 PF+CHS -

Jet Energy Scale

Understanding
of JEC
Steadily improvec

As we dealt with
detector effects

 Run lI: expect same trend with a faster timescale

* We are now down to 3% uncertainty a 30 GeV!

JME-13-004
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Dealing
w/PU or UE :

Key questions :

What happens to a jet in pileup?
What is the composition of pileup?
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Particles

Leptons

| east sensitive
to PU

Real Jets

Pileup

Most sensitive Missin
to PU

Jets

g E;
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Consider a jet

Energy
Here is a jet

AN

Distance (AR)
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Consider a jet

It is made of many

Energy particles
Clustered by a

clustering algorithm

Additional
particles

Distance (AR)



Consider a jet in high pileup

Here is a jet

Here is additional energy
from pileup

Distance (AR)



06/29/15 4

Consider a jet in high pileup

Jet
Energy energy ll

Shifted
Baseline

Here is a jet

Pileup subtracted

Distance (AR)
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Consider a jet in Heavy lons

Here is additional energy
from underlying event

Distance (AR)
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Consider a jet in Heavy lons

Heavy lon
collisions are
sinusoidal

: i 3 y,
Here is additional energy oy S
from underlying event v

\_// ‘\V

Distance (AR)
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Consider a jet in Heavy lons

Heavy lon
collisions are
Energy sinusoidal
A - 4
\ Les®’

mEm .
Split the jet into sub

components and subtract the
energy

Distance (AR)
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Led to HF/VVoronoi Method

Before subtraction

T WD C L
AR B
e

L N

£
-
e

_.‘

—4 —2 0 ¥ 4

n
Define each stepwise subtraction by building a Voronoi cell
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Led to HF/VVoronoi Method

After subtraction
¢ 7T T 10

pr(GeV/

L

n
Define each stepwise subtraction by building a Voronoi cell
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A jet In realistic pileup

Distance (AR)
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Conventional subtraction

Distance (AR)
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Conventional subtraction

Distance (AR)



06/29/15 52

Conventional subtraction

Energy Our original jet has a
modified Energy

We now find 3 Jets

e

Distance (AR)
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Conventional subtraction

Energy

These extra jets are
Known as “Pileup jets”™ or
In Heavy lons
“Combinatorial jets”

Distance (AR)
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Lets back track

What is the composition of the pileup?

Energy

Distance (AR)
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Composition of pileup
» Every collision starts with quarks

* This leads to jets in the final state

 Now combine many different collisions together

Ns =7 TeV

CMS L =34pb’

» O® O @

—— NLO®NP

(PDF4LHC) A
[] Exp. uncertainty 3
Anti-k; R=0.5 |

ly|<0.5 (x3125) 4
0.5<|y|<1 (x625)4
1<|y|<1.5 (x125)_]
1.5<|y|<2 (x25) 3
2<|y|<2.5 (x5)

2.5<|y|<3

IAI

ol vovod vond vl oo v vod vl vl vl 1o

20 30 100 200

Events/1.25 GeV

N

®III®

CMS L =34pb’

Ns=7 Te\{

Pl
1000
p. (GeV)
CMS Preliminary, Vs = 8TeV L=20 b’
| Z— ® Data
10° e 0 Al
ol <25 — o
3 ’D-'_ PU
10°k "‘:-... ---- Real Jet

10

10%F

100
P, (GeV)

%1 o' . |3,Iv|<(|).5 (<31 2L5) =

¢510'° 1 P U o 0.5<|y|<1 (x625)

S5 10° = 1<|y|<1.5 (x125) 3

& o SN o 1 .5S|y|<2 (><25) E

=1 07 N 2 2<|y|<2.5 (x5) Z

-o'_1 0 Sy S a 2.5<|y|<3 E

o 10° S e M E

- 10° X e E

% 10* N E

10° E

5 —

107 NLO®NP

10 (PDF4LHC) A 3

1 [ Exp. uncertainty 2, g

107 F Anti-k; R=0.5 ) N
20 30 100 200 1000

P, (GeV)

Jets overlapping
Gives

CMS-JME-13-005
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Events

600
500}

400

56

ldentifying pileup jets
» Can identify pileup jets by

» Jets that are associated to the primary vertex
» Looking for objects that are wide(overlapping)

%103CMS Preliminary, Vs = 8TeV L=20 fb *

300F
200F

100F =

- Zoup * Data

...... A"
- — Gluon
L, Nl <25 Jetp :> 25 GeV — Quark

PU
o Real Jet
Pileup
- -
(e *Mt

0 01 02 03 04 05 06 07 08 09

B — d icpPV PTi
> i PTi

1

B

CMS Preliminary, Vs = 8TeV L=20 fb

- Zspp * Data

L e All
50000 — Gluon

| 3 <ml Jet P> 25 GeV  ounk

L PU
40000'5 -O-E‘" ----- Real Jet
30000f i e Pileup

20000

[ Width of a jet
100001

"'r-:.,__.d- ola s

0 005004005008 07 CaT oG e TIE G2
<A R®»
2.2
Y AR pT;
2

) i P
CMSIME-13-005

(AR%) =
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Pileup Jet |d Effect

Energy

Pileup jet id
has gotten rid of these

Distance (AR)
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State of the art one year ago

Energy

One lousy shaped jet

_ﬁ__

Distance (AR)
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What if we could fix this?

» Consider merging two concepts together

HF/Voronoi Pileup Jet Id
(Particle level subtraction) (Discriminating against Pileup)

PileUp Per Particle Id
(Pileup discrimination per particle)
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What if we could fix this?

» Consider merging two concepts together

HF/Voronoi Pileup Jet Id
(Particle level subtraction) (Discriminating against Pileup)

JHEP 1410 (2014) 59
P U P P I http://arxiv.org/p(df/140 .6013.pdf

(Pileup discrimination per particle)


http://arxiv.org/pdf/1407.6013.pdf
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Real event An examplepﬁeﬁﬁnt

=

E_ % = I == '. ﬂJ
B 1029 ; - e Simma: b i 102_,
i - ~ A e £l -y

= == " i=in ]

o a" 10 R Sl T 10
n =t e B -H_'Em
:- ] - m - - = 0

2 o= . = 2 ' e
. - L] 1 - = T qEE 1
- " : e
- o - 5 A o

DA‘E@E@ 02 4 107 0 2 0 2 4 107

n n
S 6 TR e & F S = 6F ' S
-V figiaiazss 10° § i Pupp[ " B 10°
ik Y I @':- s
o R . B n
4 A g o : m T ) s 10
S r _ A
= = L =
it ottt “mﬁ e e | (50200 [ B . a
ot g0 B Tl \GeY ) T - 1
: ey b oA o i
8 i St 0 T

0740 '(?D”_'z'm”zt 10 0= N 10°

Cweatlng . using atoy detector with perfect resoldtion




06/29/15

PCH JME 62

volution of PU Subtraction

Hgavy Ion approach — :

PUPPI 14y

PU Jet id @particle level

3%

'@
'»J'f G
viry
5"

HF Voronoi
Per-particle subtraction X H
Using voronoi cells

11K

Constltuent Subtraction
PA correction per particle

Soft Killer

Median p removal
Per particle = JME-DP-13-018

JME-14-001

Im is to remove pileup

at particle level
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Jets in CMS

CMS simulation Preliminary 13 TeV

_'{él :I [T | T T | T | 11 | T T | T | 11 | T 1 | T | 1 |:
S - Pythia RS Graviton > WW —— GEN —
> 80001~ "7 =
@ - Anti-kT (R=0.8) — PF (w/o safe sub.) -
S 7000 > =40 e PF (! safe sub.) -
. 200 GeV < p_ < 600 GeV —— PF+CHS (w/o safe sub.)

6000:_ ml<2.5 rl_[ ------------------------- PF+CHS (W/ safe sub.)

— —— PF+PUPPI (w/o safe sub.) —

so00— \W-Jet Mass ( -

-~ Improvements JJIL Where we were -
1000 From theorists .. last year B
2000 — JiE -
1000 — —
T oo L et T =

0 20 40 60 80 100 120 140 160 180 200
m (GeV)

Baseline comparison is state of the art p subtrggiignme-14-001
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Jets in CMS

CMS Simulation Preliminary 13 TeV

-'ﬂ T 11 | T T | T | 11 | T T T 11 | T 1 | T | 1 I:
S 250000 Pythia QCD —— PF+PUPPI =
- ; — <Am>=-0.6 GeV =

£ 30000 <Npy> = 40 —— PF —
© — 200 GeV < pT < 600 GeV <Am>=13.7 GeV ]
B Irll <25 RMS=17.9 GeV _

25000 — m —— PF+CHS ]

- <Am>=-6.2 GeV —

- Jet Mass [ RMS=14.6 GeV ~ _

20000 — - ]

- Resolution PF(Cleansing) .

- <Am>=-0.8 GeV _

15000 :_ RMS=12.7 GeV _:

- PF+CHS(Const.Sub.}H

B <Am>=0.5 GeV _

10000 — RMS=13.7 GeV = —]
5000 — —

: I | [ — | 11 :

] A I I T N B s == SR o e -
—?00 -80 -60 -40 -20 0 20 40 60 80 100
Mreco - mgen(Gev)

Mass resolution shows clear improvement (40 gMS) JME-14-001
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| Evolution of PU Subtraction

Fire PU subtraction 14 TeV

A 2

4 | GMS Simulation Preliminary
o --zl_m__ 0<|m <13 o pesopu
8 V _ e —®— PF 140PU, aged
%_ 161 —©— CHS 50PU
D - - —e— CHS 140PU, aged
> Yo 1al-o - Puppi 50PU
g > B -&O_Q_ —0— Puppi 140PU, aged
O @
o 2
20
PR=
': g 08_ I L | | | Ll
= i 10° 10°
< © p>=N (GeV)

FTR-ECFA
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| Evolution of PU Subtraction

After PU subtraction 14 TeV

A 2
% | CMS Simulation Preliminary
o 240 O0<|n|<13 —&— PF 50PU
8 vV —e— PF 140PU, aged
— 16 —&— CHS 50PU
(?)- E —e— CHS 140PU, aged
> — 1.4 Puppi 50PU
g % Puppi 140PU, aged
O — 1.2
< o -
20
0 T
Cg_ 08—t ] e
= L 102 10°
< pSEN (GeV)

FTR-ECFA
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Aim is to remove pileup

at particle level

6

| Evolution of PU Subtraction

. 14 TeV
= . CMS Simulation Preliminary
= i QCD MultiJets —e— PF 50PU
EZ - O<| m |<1.3 — PF140py, aged
s~ ko —®— CHS 50PU
d'%z 3 —S— CHS 140PU, aged
: Puppi 50PU
- o Puppi 140PU, aged
o By working @ partjcle level
: “~——  PUPPI removes PU Jets
- .
e e
- Tt ———————0¢—g —
40 50 60 70 8090100 200

T
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Charm

Light
Flavo
Gluons

Jet Flavor

Best agreement B-Jets
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Leading Jet Response piﬁt / p$t0|
S 5 3
N Y >

—_
o
o

o
©
®

69

"+ Herwig++ Tune EEQA\/@ |

e Pythia 6 Tune Z2*

I I I I I 8] TeV
. CMS nl <1.3
preliminary 50 < p—zr < 70GeV

Anti-kt R=0.5 PF+CHS _

d u

S c b 9 undef.

Flavour (Physics definition)

Splitting by Flavor

* Flavor is known to vary in response

Leading jet fraction

1.0 ____-_L eV
CMS 1 3
Preliminary n| <:1.

0.8 ; -

0.6 =
)

0.4 | ¢ :

y
C. hadron

0o L N. hadron |

0.0 | | | | | i
d u S C b g undef.

Flavour (Physics definition)

Isolating flavor based jet variations are

key to beating down jet scale

CMS-JME-13-004
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Jet Shape Polpuri

« Large amount of work to find two pronged jets

Y
1—1— T
L

= (m) I pT1>3§OGeV I ICMSI %

o ©o o

BN . N O N W
TTT[TTITTTTT TTTTRITT reTT | IRERE LN LN AL

Pileup/Other radiation { Data

Pick an example
Mass

Total uncertainty in Data
Pythia6 22

------- Pythia6 Perugia-P0
Pythia6é D6T

- - - - Pythia8 4C

MC/Data 1/NdN/din(p )

o

—_—

------- Herwig++ 23
Madgraph+Pythia6-Z2

—
i

MC / Data

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

v, hep-ex:1407.2856

o
[9)]
T
]
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Jet Shape Polpuri

« Large amount of work to find two pronged jets
W=qq 1
r\/\A K

' 10° x10°
PIleup/Other m ?<I LU I L 1 LI | L | TT1T 1T ‘ T 1T | L If E 701‘ rrT | rrrT | T I T I T 1 T ‘ T ‘;
© = : E 2, - ATLAS I Ldt=4.7 ", \s=7 TeV |
- 705 fn.{’u.tfcﬁf jets with R=1.0 -[ Lot =47 1, 15 =7 TeV ] S gof 2"tk LCW jets with R=1.0 E
8 B6Q0F No jet grooming 3 — B fcm_o'oi’, R,,,=03 ]
() - 600 < p™ <800 GeV, | < 0.8 ] 8 - 600 < P <800 GeV, In| < 0.8 E
o L ° s Data 2011 E 50_ L] Data 2011 ) 4
g 50;_ ...... . Dijets (Pythia) B S L D!J_ets (Pythia) _ 1
Z — e Dijets (POWHEG+Pythia) ] Z 40 e Dijets (POWHEG+Pythia) -
40 Eoomewe =+ Dijets (Herwig++) E o Dijets (Herwig++) ]
&) o 14
1.2
= Z 10 |
% E 8.8 1 1 L1 | L1 11 | ] L | | L1 L I 1 L1 | ‘ 1 L ; \V‘.‘T.‘\V\ ; ‘
8 s 08750 100 150 200 250 300 350

Hep-ex/ 130848 45v1
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Events / 4 GeV

Pull

300

200

100

PCH JME

* W bosons start to merge

72

Going to High p_.
» Bringing tops to higher p_s

* Time for some jet grooming

197 fb” (8 TeV)

- @ Data

B Top (W —j)
— B Top(q—])
— Top (g —1)
= [l Other bkgs.

- Ungroomed

CMS

Preliminary

Events / 4 GeV

Pull

600 =

400

.|'=.|\':-c::-r\:-h

197 b (8 TeV)

-8 Data |
- Top (W — )
| B Top g — 1)
Top (g —1)
- [l Other bkgs.

— Groomed

CMS ]

Preliminary

3 08 s :
Eﬁﬂﬂ# o +¢ +++ ++++§ ++++++++¢ ‘ +++q
F o | °

0 50 '1DD 150 Mg B0 [Geg]ﬂo

JME-14-002
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Soft Drop

19.7 b (8 TeV)

: :53‘;&“,] ooy 1 0. Decluster jet to jet.,jet,
— WVijets (g — | . ]
2000 | MM Otrerbigs. 41. StOp If
. Forjetsintheright | _min(p.',p.?) >z RF
phase space mass - D"+ p.2
- T T

IS suprisingly flat

1000

1 2. If not stopped :
drop lowest p_ subjet

13. Goto 0

5 - log — Soft Soft-Collinear
B = T / /
% 0 A y 6>0
i Q@b /
B QOQ /,
_5 %&?1/
r — Coll
log ZL—G/: ———————————— B=0
cut o
T~ <0 R
CMS-JME-1 4-002 > log?0
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Advantages of Soft Drop

S e T T e Soft Drop special properties
' | Groomed Momentum Fraction |
: . Herwig++, 13 TeV LHC | _ _
6l b &, =05 4 =0 1 Nearly invariant over
| ---pr>50GeV | Large phase space
o pr>100GeV |
= S R T — pr>500GeV A
2 B I - m>ucey | Allows for benchmarks
2 | Is this variable robust in
| | QGP?
00 01 02 03 04 05 0
min(p,;,p;?) >z R.P Further work needed
1 2
Pr + P;

Hep-ph/1502.0179v2
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N
n

Resolution (GeV)

Arbitrary units

7R

LI I T T 71 T T 71 ‘ T 17T | LI | LI I
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L ] w -
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CMS-JME-14-001
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Jet Shape Polpuri

e Large amount of work to find two pronged jets

W=qq ~ Lk
% VS -
[ 1_1.’7:1’
IIIIIIIIII 19?fb. (E.ST.V} o
ZE 0 .—.—_III_Jatatwl_)j ' ' CMS I _\
Radiation of jets § | Eiéif Preliminary |
Pileup/Other radiation 00| mmome " 2 prong like |
. i : } :
PI/Ck another example s ™ _ﬁ\% By
T/, - B RS
. . - ié
Likelihood of two prongs #
S o %ﬁﬁ S ettt +++ +++¢,+ e o ++¢++§
sbo ¢
o oz o4 CMS-JME-13-006
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Large number of features in 1./T,

e Sensitive to different shower structures

3

x10 Dijets 19.7 b (8 TeV)
w 1 20 T T T | T T T I T T T | T T T l T T T
T i CAR=0.8 —+4— Data CMS |
g | 400 <p_< 600 GeV ——— QCD MG+PYTHIAG
i 100— m<24a e QCD HERWIG++ ]
| 60 < m, < 100 GeV e QCD PYTHIAS N

Was strong motivation to 802
switch to Pythia 8 inside ool
CMS :

Data / Sim
() —

0 02 04 06 08 1
N-subjettinesst /1,

CMS-JME-13-006
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Large number of features in 7 /T,

CMS simulation Preliminary 13 TeV
_'{L'l —|||||||||||||||||||||||||||||||||||||||||||||||—
5 ~ Pythia QCD —— GEN i
250000 — Anti-kT (R=0.8) ——— PF+PUPPI —
-E _ <n,,> =40 — PF |
© ~ 200 GeV <p_<600 GeV — PReCHS ~

40000+— Irll <25 PF+CHS(Const.Sub.)__|

Nno mass cut
......... 60 < M runed < 100 GeV

so000— With Puppi we are bringing —
- back the reality of -
20000 theoretical predictions -
10000|— —
ol L T T e b s B

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.é 0.9 1
Two-pronginess 2™
CMS-JME-14-001



06/29/1%Philip Harris Heavy lorf9et Workshop

Quark Gluon Discrimination
 Goal : Separate quarks and gluons

* New technique for modeling of discriminant in data
* Application : AKS Jets

* Potential application to many other approaches

iy
Quark jets: Gluon jets:
Narrow Wide
Have less particles More particles
High p_core Lower p_
Enhanced in Z/y+jets Enhanced in dijet

CMS-JME-13-002
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Quark Gluon Discrimination
» Discriminating Variables Combined into a likelihood

CMS Preliminary, L=18.3 fb" at (s =8 TeV CMS Preliminary, L = 18.3 fb™ at (s = 8 TeV CMS Preliminary, L=18.3 fb" at (s =8 TeV

E :' TTTT I I | I: 8 1800 T T T T T T L L 2000 — LI T T T T T =
~, 1800 - 80<p_<100GeV  Z+Jets 3 8 1600 - 80<p <100GeV Z+Jets E 1800 - 80<p <100GeV  Z+Jets E
5 1600 M 2 *© Data 4 S - mi<2 - Data 1 C mi<2 e Data

2 - I Quark 1 |3 1400F 1 1e00[ =
L 1400 — - -'g r - Quark ] ; - Quark ;
- . I Gluon 1 '® 1200F I Gluon 4 1400 I Gluon =
1200 - [ ] unmatched+PU 1 o 1000 [ ] Unmatched+PU 1 1200 3 [ ] Unmatched+PU ]

1000} . ] 1000 =

800[ ] 800 Jet Minor Axis -

- . - . 00

600[ . 600 — -

400} 1 400F ] 600

. o 400

200 2001 -

o C C ] 200

15 20 25 30 35 40 0O .06 0.08 0.1 0.12 0.14 0:

o 0 0.2 0.4 0.6 0.8 1
2
pTD

\/ Yi Pt
- Z p%‘,:‘ﬁ”iﬂfpi E P%‘iﬂttpii p T D = ’
i " ) ) i PT

Number of Constituents

YoprAni =) prnsg

A12 are the eigenvalues of this matrix
o = (M/Lpr)"”

(ha/ L)

o=\ 1 Most Discriminating Variable

2

CMS-JME-13-002
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Quark Gluon Discrimination
» Discriminating Variables Combined into a likelihood

CMS Preliminary, L=18.3fb™" at (s =8 TeV
2000~ T T T T T T T T T T T T T T T

CMS Preliminary, L =18.3fb" at s = 8 TeV CMS Preliminary, L=18.3fb" at s =8 TeV
: prrryrrrryrTrTrT T T T T T T T T T T T T T T T T T T T —~ 1800 | L L |’\ LI Iy e B B D B B B | —
— c i 4 C ] - ]
> 1800 ;‘l’:;’T <100 GeV  Z+Jets = § 1600 80 <Py <100GeV  Zslets 31 1800F 80 <p_<100GeV  Z+Jets E
S 1600F ©_ Data 4 =, [ Mm=2 - Data i F mi<2 * Data -
Lﬁ 1400:_ - Quark 1 | 1400:— [ Quark —: 1600 - - Quark E
- I Gluon 1 E, 1200[ I Gluon | 14001 I Gluon =
1200:_ [ unmatched+pu El 1000i [ unmatched+PU E 12003— [ | unmatched+PU _f
1000 — r 7 o 7
E E 800 H H 7 1000 —
8001 . + - Jet Minor Axis ;_I_b 3 E
600[ E 600 = 00f .
400[ = 400~ 4| °%°¢ E
r 1 C ] 400 —
200 = 200f- - - -
o R - 1] 200F =
15 20 25 30 35 40 0O 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0: J
Number of Constituents o, Y 0.2 0.4 0.6 0.8 1
p,D
“y 30 T T T T T T r— 0.3 T T T T T T
£ ATLAS A Pythia Dijets o ATLAS A Pythia Dijets -
25 anti-k, R=0.4, n| < 0.8 W Pythia yjet E 30.25_- antik R=0.4, fn] < 0.8 W Pythia y+jet - 2
[ & Extracted 1 o r ® Extracted ]
- tract rom ata E [&] o racie m ata E *
20k ed from 2011 D ] 02k d fram 2011 D ] i T
pLat=ar b, f5=7 TeV %ﬁ;ﬂﬁdsﬁrﬂmﬂ%‘?‘;i{ﬁﬂgﬁ g Cp Jra=er ', 5=7Tev %‘;f’;fndsmﬂbbnﬁ';ié}ﬂgg ,I
15} gt 0.15} \ Pr D =
[ e ] F ] . .
—— —0——0—] r- E p
10F —_——0— © P + ﬂ."lgrfﬁf_ﬁ_ - 1 Trl
! PR e 5 e | ]
o 5 : ,0.05F %
= [ ] = L ]
‘Eﬁ -I LI I T II mTTT I. LI I LELELILI II T TT JI E -I. LI = LI = 1T I LI | I. LI I LI I-
81 812 1=+ Most Discriminating Variable
L ity
E 0.8 T e e T e % O T PR S S I W
5 50 100 150 200 250 300 350 5 0 100 150 200 250 300 35

P [GeV]

Py [GeV]

CMS-JME-13-002



06/29/15 PCH JME

82

|solating Gluons
* Quarks and gluons can be separated

* One of our benchmark channels are tops

19.7 b7 (8 TeV)
N T T ] | — T
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S 18000 |— Preliminary data .
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w 14000 — i
o Bl
12000 = [ Unynatched T
10000 — .
8000 [*.. .
6000
4000

Pull

Pull

19.7 fb™ (8 TeV

T
CMS

Preliminary

—e— data
. |signal
" bkg (t)

B bkg (non-tf) |

0.8 1.0
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|solating Gluons

» Differences between data,Pythia and Herwig
e Can be understood with the help of QGL

/ erui N/ Py ~

CMS Prellmmary L=13.1 nb at \E 8TeV
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Quark Gluon Likelihood
Jet Charge

Grooming

Color Flow

Jet Pull

Best in
understanding
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Fun with Tops
Tops have become a tool to

understand the profound i Tag the other W
\ - s

details of QCD b
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Color Flow in Tops
o Start to measure color flow between W bosons

@ Quark 1 hadrons @ Quark 2 hadrons

7 (pr); Iril
t = Vi
ZZ (pT)jet i
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Color Flow in Tops
« Background subtracting

@ Quark 1 hadrons

@ Quark 2 hadrons

2 Z (pr); il
{ (pT)jet
Ty = (Ay’HAqﬁ%)
8TeV -
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@ Quark 1 hadrons @ Quark 2 hadrons

Color Flow in Tops

@ Quark 2 hadrons

Can
inver

@ Quark 1 hadrons

©®Quark 1 hadrons  @Quark 2 hadrons @®Quark 1 hadrons  @Quark 2 hadrons
Leading jet
O
o ‘o0
| o
0 ""'GD:F' O 0
0, °@®
© 0%
-
M Jet Clustering n JME-14-002
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Color Flow in Tops
« Background subtracting

@ Quark 1 hadrons

@ Quark 2 hadrons

2 Z (pr); il
1 (pT)jet
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Interesting Features of Color Flow
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Both experiements actively looking

-1
«10° 19.7 fb™" (8 TeV
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Similar performances : indicative of robustness
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C%an confirm ColorFlow In tops

3FATLAS + Data -
Fs=8TeV, 203" __ smf -
S Powheg+Pythiab —
= & Flipped tt -
B ‘ Powheg+Pythia6
N SM tt ~
B Powheg+Herwig -
- % E
Color Singlet model confirmed 0.9 L S——
@ , 05__ ——t————f————F————F—+ __
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S 0.95 i T

0 02 04 06 08 1

All particles 6,(J 1,J2) [rad]/nt
There Is still more to be understood with these variables
hep-ex/1506.05629v1
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Resolvmg the Splitting themselves

 Now at the stage where we have a box of tools

 We can try to combine them
Subjet reconstruction

w/ Quark Gluon discrimination;,fs/ " T @N
— 1000 [— B Vijets (g— ) —

Viets (g — | Preliminary
Highest p; o

Events /

[~ I Cther bkgs

500

2 E .
T T B T

0 0.2 0.4 06 0.8 1
Leading Subje tp

JME-14-002
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Resolvmg the Splitting themselves
 Now at the stage where we have a box of tools

 We can try to combine them
Subjet reconstruction

w/ Quark Gluon discrimination c —— ERLMCRCY

2 - CMS
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Too Many Variables
 Now at the stage where we have a box of tools

* Understanding the full picture can bring even more

CMS Simuiation Preliminary 19.7 fb' (8 TeV)
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Too Many Variables
 Now at the stage where we have a box of tools

 Understanding the full picture can bring even more

CMS Simuiation Preliminary 19.7 tb™ (8 TeV)
=1|1758143326047 1156778887858788 8688 14393444 '-
Nl Camhn 127 4 N2RAGIGAN HAAES202 NN

Do we have enough tools

to start measurements In
the QGP’?

0TS
5437:
P foNNOO o™ AT 2 = E*—-q:a_l_l_l Q=
~ nNoo~al Sy Il gg CD(D(D-E
e clllll 1™ ePons” = CCC §
R alealcal el 0889 —QANO
OC\!NNN E‘EEEW QQ—'
220
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Looking Forward

« LHC is an established precision device

. Strong PDF/a_measurements exist

* Precision jet measurements
* Extending measurements beyond
* A new set of tools have emerged

* Approach PU/UE with more rigor
* Deep understanding of jets in hadronic collisions
- Starting to feel like the LEP precision results
* Questions for the community?
« How can we best use new tools for measurements?
 What eanshould be brought over to Heavy lons?
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Understanding Observables
* There are many more observables

CMS simuiation Preliminary 13 TeV

CMS Preliminary 19.7 b (8 TeV)
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Doing our best to document them all
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JERC

 JERC : Jet Energy Resolutions and Corrections

* Previous simple steps are quite involved

- Corrections still peformed on Calo/J+Track/Partciel Flow Jets
« Jets are different creatures at different n
» Consistency with trigger (L1 and HLT): a necessity

- Note that the L1 Trigger is not particle flow based

CMS preliminary, L = 19fb" ¢s=8 TeV

— 10 T | L R L PP
_E:E_ - &ZTotal uncertainty
= 9 —Absolute scale
£ 8':— —--Relative scale
3] = -+ Extrapolation
S 7E = Pile-up, NPV=14
= SE— =-Jet flavor (QCP)
e - +Time stability
O 5F
w = Anti-k, R=0.5 PF
I = E=500 GeV
3
2
1E
0 ¥ 4= L a1 =,
-4 -2 2 4

n
In| < 2.5: Calo+tracks 3.0<|n| < 5.0: Fwd Calo
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Bringing it bak to LEP

- The final a,measurement used event shapes

In approaches like PUPPI we minimize UE effects

e Allow's us to preserve much of the hard scatter
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8TeV Precision
* Pileup Subtraction

Pileup measured in zero bias events :
effectively is 1 2D Plot

EMS Prellmmaw '.s BTEV

PFJets§ NS

Hﬂm

M
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T

p.(Offset), GeV
[ %]
‘:J ]

T
t
=
g
=
|
'}
N

How do we - '
deal with the [ .,
systemaitcs? ¥
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~Gone
eup Jet

Many Phases of Jets

V Jet

Quark jets

W/Z G
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b-Jet
Displaced vertex
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Tagging Hadronic Tops

Top Tagging
New Developments g .y
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e “@A151 Plethora of techniques exist
A e for boosted top tagging
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i T e Fake rates comparable to leptons

= = = = Showar Deconstructicn CAS + subjet b-lag JME 1 -007
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8TeV Precision
* Pileup Subtraction

Pileup measured in zero bias events :
effectively is 1 2D Plot

CMS Preliminary ys=8TeV ./|'Ori?inall¥l had
PFJets o systematic unc.

i ok | | V=2 Based on full
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:ﬁ:::]ﬁ data/MC
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How do we -
deal with the [ .,
systemaitcs? * L
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8TeV Precision
* Pileup Subtraction
Pileup measured in zero bias events :

effectively is 1 2D Plot

EMS Prellmmaw '.s BTE"u"

PRlets Mo
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Flavor Dependence
» Understanding flavor dependence

* A general theme in jet energy corrections 2013
 New technology was exploited

* Old times : Physics can be pure gluons/quarks
 Update : All physics have both quark and gluons

* Thus quote systematic by quark gluon composition

L=19fb" is =8 TeV
—Gluon

1 0(:MS sim. prelimina

= QCD Mixture
= Z+jet mixture
-+ y+jet mixture
- Light quarks
-~ Bottom

Different unc.
For different
componsition

Anti-k; R=0.5 PFch
In._ 1=0
jet

JEC uncertainty (Data/MC) [%]
O‘_LrI\JCD-F:-U‘IO‘J\IOO(O

102000
p (GeV)

100 200
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Evolution
 Where are we being limited :

Relative scale in the forward region
- Result is the statiscal uncertainty of the method

* Pileup (at low pT)
2012 May 2013 July 2013

—
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L mcms preliminary, L = 11 fb /s =8 TeV o mcll'u'ls pr_el_ln!Inlary L= 19 fh E 8 Ta‘h' - mcus prauminary L= 19 ﬂ: |’E 8 Tev
IBE #= Total uncertainty ﬁ lTntaI uncertainty 5 ﬁ '.rom uncenaimy
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o -+ Extrapolation 3 < Extrapolation . g +Extrapolation
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3 <+ Time stability 3 -+ Time stability 1 3 +Time stability
O O 5 1 O 5
LU Anti-k, R=0.5 PFg L nti-k; R=0.5 L nti-k, R=0.5 PF D
. ), =30 GeV = 4 4

9 3

2 2

1 1

0 O =

2 ﬂ 2

%
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Now

EC uncertainty [%]

-FUIO'J\IOD

\'
o a N

19 7 fb (8 TeV)

-Total uncertalnty
— Excl. flavor, time
-o- Absolute scale
- Relative scale

-= Pileup ({L)=20)
=Jet flavor (QCD)
-+ Time stability

LA R
- CMS

— Preliminary

Anti-k, R=0.5 PF+CHS
pT=30 GeV

[P S - S g~ | ¥ SR | | (.~ S S — R —

;;,;-,-;... il 2 | 1 L

. >

Evolution

y!
2012 May 2013 ™ July 2013
=
L mcms preliminary, L = 11 fb /s =8 TeV o 1{1“.'“5 pr_el_ln!lnlary, L= 19 ﬂ:: E 8 Ta‘h' - 100"5 preliminary, L = 19 16" ¢85 = 8 TeV
= = Total uncertainty * == Total uncertainty : 2 ' 'HTotal uncertainty
> 9 ~ Absolute scale > 9 — Absolute scale z > 9 — Absolute scale
(= = Relative scale E B - Relative scale i £ g = Relative scale
G = Extrapolation @ < Extrapolation ] ® +Extrapolation
T = Pile-up, NPV=14 57 = Pile-up, NPV=14 1 57 +Pile-up, NPV=14
E 6 = Jet flavor 2 5 = Jet flavor i & 6 =-Jet flavor (QCD)
3 <+ Time stability 3 -+ Time stability 1 3 +Time stability
O 5 £ 5 1 O 5
LU Anti-k, R=0.5 PFg L nti-k; R=0.5 ] W nti-k, R=0.5 PF D
e = 4 - -
9 3
2 2
1 1
= N 0
...... Jhmw ﬂ
i 2 2
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Garbage Collection: PU Reduced METs

« MET is effectively summing up all the trash

 PU Reduced METs Equivalent to Recycling

- Sorting your garbage by Metals/Plastics/Paper
- Sort your event by Pileup,Jets,unclustered Neutral, tracks

4 PU¢Track o TQ /- N\ /" PU Track N\

= ; Good Track

Good Jet Good Jet

PU jet PU jet

\ PF MET WMET /
Algorithmic combination MVA combination

Combine all of the estimates into one best estimate
There is no perfect way to remove objects from the MET
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Garbage Collection: PU Reduced METs

« MET is effectively summing up all the trash

 PU Reduced METs Equivalent to Recycling

- Sorting your garbage by Metals/Plastics/Paper
- Sort your event by Pileup,Jets,unclustered Neutral, tracks

CMS preliminary 2012

- —=— MVAPFE, data

) | 122" at Vs=8Tev
o 25" o myvAPE E, simulation
Lt

=
S

©

T
- —— No-PUPFE, data L»
*— No-PU PF E; simulation
20]~ —— PFE, data

- —=— PFE,simulation &~ ’

number of Yertices

Algorithmic combination MVA combination

Combine all of the estimates into one best estimate
There is no perfect way to remove objects from the MET
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O O¢
3 g " @90 mm
o) *

ioamcg

@90 mm

M.
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~ 350 mm
400 mm
450 mm
500 mm
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LHC Heavy lon
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Cycle of Development

Jet Energy
Corrections

Pileup
Dependence

MET
Algorithms

Calorimetry

Flavor

Dependence Jracking/

Vertexing

| Pileup
Grooming Mitigation

Jet Algorithms
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JEC
 JME-13-001:
« JME-13-004 :
 JME-14-003 :

MET
 JME-13-003:

116

Documenting Run |

b-jet energy scale JME-14-005 : JPT performance

Run | JEC Performance JME-DP-14/037 : Jet Cones
ATLAS/CMS JEC Combo JME-DP-13/018 : HI UE sub.

Almost public
Run | MET Performance

Jet Algorithms

 JME-13-002
 JME-13-005:
 JME-13-006 :
 JME-13-007
 JME-14-001
 JME-14-002

: Quark/Gluon Discrimination

Pileup Jet Id JME-DP-14/038 : Top Tagging
Boosted W-tagging performance

. Top Tagging performance
. Pileup subtraction in jets

. V-tagging Observables and correlations
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What happens next?
« LHC goes up in energy : 8 TeV to 13 TeV

Higgs Cross Section

O -

8 TeV 13 TeV

A new opportunity to
search for new physics

2 TeV resonance
Ccross section

-

38 TeV 13 TeV




06/29/15 PCH JME 118

Impact of Pileup on MET

« MET has a large effect on pileup
We can reduce with advanced technlques (MVA MET)

19.7 ™" (8 Tev)

T I B B B [CMS __ 3/ I....,,.'gl?fmeT_]
= 1 = cMs
O ] () L ]
P | SCTIF PR & wg g O sof ™ PFE E
= ° " = 1 = 9" = No-PUPFE,
Yo 1 54 F —~MVAPFE
0.9 - = o[ —*— MVAUnity PF 7
2l MVA PR | T 2
K i B — pu channel o
0 E . L NYNE
0.8_ NO PU PF +Z %Mu _: 20:_ llllll ]
-7 — ee ] N s LA ]
0.7 . — 15— WA
K +'Y+jEtS ] r ‘1“ au®" V]
5 ] - t grifece®?
MVA Unity PF E ~ 10 A . sontl -
06F g ' i R :;;:;502:::ﬂccoooaooonoooa_
D L
o6b .. 0 5:_ __
O 11p | | | ' uncertainties 3 = | I I [
E E...::Z:Z:.... E D
E 1 “_'.._..1.“_‘ __.,‘_,__,.,‘_.__. e g __._,__._E 51 I2 _
8 O.QE’- | | | | | | | - % 1 -"i..'g'g_ihn".ﬂ]“fﬁ-ﬁiﬁ-i-
0 100 200 300 400 500 600 700 800 Q08 X N
Zly q [GeV] 0 5 10 15 20 25 30

Final MET (MVA Unity) keeps response at unity
JME-13-003
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Whats causing the PU dependence?

/ PU Track \
A Good Track

Dominant component of MET
are PU Jets JME-13-005
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Upgrade Final Performance

Scale document up

; 14 TeV
8 i — |- T .| T ' oo i
g _ CMS Simulation Anti-k,, R=0.4 (PUPPI) _
E_lg - O<|n|<13 |
.G_-T. 4 B -o- Phase | 50 PU _—
; - |
S - e Phase | Aged 140 PU |
¢ 3| B
[0 i ¢ Phase Il 140 PU ]
ot 1
p ! :

21 |

1 1“*—'—0—0—0—.—.—.—.—.—.—.—_

0 ||||7
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Evolution of PU Subtraction

Pileup effects jets at the particle level
Can lead to biases in jet pT and jet 3 yel
mass

/P
{5¢ How do we subtract at the
particle level?
Good | |
py Jet Pile Up Per Particle Id
Jet
\_ % JME-14-001
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Global Fit
» Data/MC understood by a global fit

QCD Mu

00— T N —— l
= 0.055 CM In Out i - S_ p:al i i
,,_E,, : - Prelimjnary B v+ S 1.0 Fremmin == —* Multijet —
E 0.03F Zuu+tjet —~ = o Zee+jet
L= E @ = i i -
T S - - JES unc. -
EEn s e s Q i i
o : w 1F
ot [4b) .
. — -
E = o
U'mf EU'QBI
-0.021 = -
: £ 0.96[
-0.03f MPF method @D [ 42/NDF=99.0/92 ]
0. B § 4 553 05 . T T 0.94| (data77.5/94, sources 20.0/ 33) -
00420 100 200 1000 S s L a | o gl
P, (GeV) 40 100 200 1000

p, (GeV)
Profile all unc. : Lep. scale/Response/... JME-13-004
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Isolation of Quarks
Quark Jets b(displaced) Jets

1 X

— Sub percentage
precision

CMS Preliminary 19.7 b7 (8 TeV) CMS Preliminary 19.7 b (8 TeV) CMS Preliminary 19.7 o' (8 TeV)
I\|l|||ll\llll!\\lll\\lll\‘lll ll\‘lIl|\lllllllllllll\‘lll‘\\l \ll‘\\II\\\Illl[lllllllllllll\l
MPF, face value _. — MPF, face value __ MPF, face value —- _

MPF, fitted —— MPF, fitted — MPF, fitted —

‘ . (total unc.) . (total unc.) . (total unc.)

(stat. unc.) (stat. unc.) (stat. unc.)
Ry, face value _,_ Ry, face value _,_ R,y face value - _,.
R, fitted —— R, fitted — R, fitted —am

L1 | | 11 | | | - | 11 1 i Ll 1 I | - I L1 | ‘ L1 1 L1 | ‘ L1 1 | L1 1 I 11 1 i L1 | I L1 | ‘ L1 1 ‘ L1 1 L1 1 ‘ L1 1 I L1 I 11 | i L1 1 | | - I 11 1 I |
092 094 09 098 1 1.02 1.04 1.06 1.08 092 094 096 098 1 1.02 1.04 1.06 1.08 092 094 096 098 1 102 1.04 1.06 1.08
ce cP Coorr

Correction confirms no significant deviation in b vs light flavor response
JME-13-001
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Pileup Subtraction : Whats new?

1 0 I I I | I I I | ] I I | [ I E I ] ] | [

anti-k, p.=50 GeV, R=0.4, p_ |— PUPPI
gju .................. T ....... x Soedordiiiearhort Rl Fosterlii R T- —CHS .................... |

ab- Generator level + Pileup — CHS+sub

Cleansing

)

[GeV]

) —_
3 _]
—_ ]
n :
cC IR SENS e s e _,,E
& f 1% Kink 40 PU .
< = “_ _________________________ §--2-r-‘q---Kink-§8-O--P-U ______ — =
o i ' 39 Kink 120 PU -

s -4 -2 0 2 4 ;s
Gen-True p_ [GeV]
Plot from the the Pileup workshop (made by PUPPI team)
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Pileup Subtraction : Whats new?

10: I I | | I | I | | | 1 | | | E I | | | | | E NeW Approach
- anti-k;, p.=50 GeV, H-O 4, p. = PUPPD -
9: __________________ T p ..................................................... p ................................................ AE More @ end
_____________________________________________________________________________________________ CH8+sub_ Originated from
Cleansing § HF/Vorinoi
SO\ PN S S S e
)
O,
()
-
-
n
- — ; ; : | .
& f 1 Kink 40 PU -
< [_QndekgopU ...... FR— -
©a | | 37 Kink 120 PU :
% -4 -2 0 2 4 6

Gen-True p_ [GeV]
PUPPI = Pile Up Per Particle Id (Per particle sub.)
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Pileup Subtraction : Whats new?

1 0 I I I | I I I | I I I | [ I

- 1 New Approach
- anti- kT, P =50 GeV H—O 4, P, - PUPP_I ] © pproac
9: _______________________________________________________________________________________ _______________ WE More @ end
_____________________________________________________________________________________________ —CHs+sub> { Originated from
C'ea”§‘”9 1 HF/Vorinoi
. &ﬁub—- Use vertexing
> A toremove
O s = _________________________ T— 4 tracks + p
O ‘:
3 _
— ]
= .
- Tt SRR S (S .._E
& f e Kink 40 PU .
\5, . “_2 ....... Kink:80-PU - S — ]

: ; 39 Kink 120 PU -

6 4 -2 0 2 4 6
Gen-True p_ [GeV]
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Pileup Subtraction : Whats new?

10

New Approach
More @ end
Originated from
HF/Vorinoi

Use vertexing
to remove

9 R R | _ CHS _________________________ ]

CHS+sub
Cleansina

Illll||

[GeV]

_____________ : tracks + p
) ‘:
3 _
= -
= -
- Tt SRR S (S .._E
& f 1 Kink 40PU -
\5, - “_2 ....... Kink:80-PU- i ]

: ; 39 Kink 120 PU -

6 4 -2 0 2 4 6
Gen-True p_ [GeV]
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Pileup Subtraction : Whats new?

1 0 I I | | I I I | I I I | [ I E I ] ] | [ I

- anti-k., ; p =50 GeV H—O 4, P | PUPPI New Approach
9__“ ________________________________________________________________________________________ _ CHS _________________________ ] More @ end

sl Generator Ievel+P|Ieup - CHS+sub - Originated from
| ' Cleansing 1 HF/Vorinoi

Use vertexing

IIIIII|IIII|IIII|

> 5 : to remove
O s =1 L _________________________ R 3 tracks + p
s rosponse (RO 3 Nex talk

- . S\ope of constant res

- 1 Kink 40 PU
/\I— ‘:_2 ....... K|nk80PU ...... ....................
- ; 37 Kink 120 PU -

6 4 -2 0 2 4 6
Gen-True p_ [GeV]

o(Gen-True
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Pileup Subtraction : Whats new?

1 0 || I | | I I I | I I I | [ I E I | | | |
of anti-kr. p _7_59__(,3_@_\{___87@__4 _____ P | — ___F?_L_J_F’_F’_.'_ ___________________ e
- — CHS

8_ Generator Ievel + Plleup CH8+sub
- : Cleansing

............... ................ -— Soft killer ...

New Approach
More @ end
Originated from
HF/Vorinoi

Use vertexing
to remove

........................................................... - tracks + p

Illllillll

[GeV]

% _

n

- . S\ope of constant res

|

l

poﬁéé"@wg“é‘”'"““'"' Next talk

- 1 Kink 40 PU
/\I— ‘:_2 ....... K|nk8OPU ...... ....................
- 37 Kink 120 PU -

6 4 -2 0 2 4 6
Gen-True p_ [GeV]

o(Gen-True
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Pileup Subtraction : Whats new?

10_ | 1 I | | I I | | | 1 | l | E I | | | I ] N
1 New Approach
- = R=0.4, p_ [~ PUPPI -
g_ﬂn_t_l___k_r,__p _____ =5 OGeV ______________ R -+ More @ end
83__Gener:atqr__l_eve:l + Plleup — CHS+sub Originated from
: ~— Cleansing 1 HF/\/orinoi
y 4 EEEN S — A— ~ Softkiller....... 3
I CDn_ﬁub—-; Use vertexing
> °F Ct 4 to remove
o = o g tracks + p
. el WS—FT T =
2 ]
= 1 Next talk
c IO SO SRUT SUTR— S SO AR _:
@ : | e Kink 40 PU 1
Each of these methods 27 Kink 80-PU =
. rd .
improve beyond standard p (3 Kink20PU, -
) 2 4 6

Each do this by relying on jet
substructure [GeV]
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Isolation of Quarks
Quark Jets b(displaced) Jets

1 X

— Sub percentage
precision

CMS Preliminary 19.7 b7 (8 TeV) CMS Preliminary 19.7 b (8 TeV) CMS Preliminary 19.7 o' (8 TeV)
I\|l|||ll\llll!\\lll\\lll\‘lll ll\‘lIl|\lllllllllllll\‘lll‘\\l \ll‘\\II\\\Illl[lllllllllllll\l
MPF, face value _. — MPF, face value __ MPF, face value —- _

MPF, fitted —— MPF, fitted — MPF, fitted —

‘ . (total unc.) . (total unc.) . (total unc.)

(stat. unc.) (stat. unc.) (stat. unc.)
Ry, face value _,_ Ry, face value _,_ R,y face value - _,.
R, fitted —— R, fitted — R, fitted —am

L1 | | 11 | | | - | 11 1 i Ll 1 I | - I L1 | ‘ L1 1 L1 | ‘ L1 1 | L1 1 I 11 1 i L1 | I L1 | ‘ L1 1 ‘ L1 1 L1 1 ‘ L1 1 I L1 I 11 | i L1 1 | | - I 11 1 I |
092 094 09 098 1 1.02 1.04 1.06 1.08 092 094 096 098 1 1.02 1.04 1.06 1.08 092 094 096 098 1 102 1.04 1.06 1.08
ce cP Coorr

Correction confirms no significant deviation in b vs light flavor response
JME-13-001
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Jets Without Jets

Conventional : Jets without Jets :
Circle a reglon of activity Look around each particle
C‘ -7y, to find activity
ol | N t"’i-’"a-.‘:.- : :':z"*:.
AN

-—- N_jez (Anti—k7)
N jer (Event shape)

e s
=)

Global properties
can be inferred from
local particle information

Relative occurrence
c o o
[F8] B Lh

=t
¥}

00 05 10 15 20 25 30 35
Njet s N jet

<
-

0.0

A
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Conventional :
Circle a region of activity

Jets Without Jets

Jets without Jets :
Look around each particle
-7 o find activity

- I“ A
B
b F 30 s g
- IR S L
...... LR T ) ) L)
"1;: H . -+ L)
Y, I . . 3 -
LA : 4 "“;f':j ™
: : RN ”
N R T
: R
- *
“

Puppi builds
on top of the jets without
jets paradigm
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Puppi algorithm

Key

@ Good Track

® pU Track

- Good Neut

- PU Neut
Chosen
Removed
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Puppi algorithm

Key
@ Good Track
® py Track ,~

- Good Neut
B PU Neut
® Chosen |
O Removed,

Step 1
Vertexing
Step 2
Draw a cone
About each neut.
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Key

@ Good Track
® PU Track
Good Neut
B PU Neut

@® Chosen

O Removed

Step 5
Re-interpret evt
(Re-cluster)

After Puppl
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