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- Documenting Run |

« JME-13-001 : b-jet energy scale JME-14-005 : JPT performance
e JME-13-004 : Run | JEC Performance JME-DP-14/037 : Jet Cones

 JME-14-003 : ATLAS/CMS JEC Combo JME-DP-13/018 : HI UE sub.

MET
e JME-13-003 : Run | MET Performance

Jet Algorithms
e JME-13-002 : Quark/Gluon Discrimination

* JME-13-005 : Pileup Jet Id JME-DP-14/038 : Top Tagging
 JME-13-006 : Boosted W-tagging performance

Almost public

 JME-13-007 : Top Tagging performance
 JME-14-001 : Pileup subtraction in jets
 JME-14-002 : V-tagging Observables and correlations



05/20/15 PCH JME 4 Correlations | Combined
Pyear | Pchan | Uncertainty
TO p M a S S Experimental uncertainties .
In-situ JSF factor 0 0 0.10
M e a S u re m e nt < Inter-calibration JES component 1 1 0.01
- MPF in-situ JES component 1 1 0.05
Uncorrelated JES component 0 1 0.14
8 < Other JES uncertainties 0 0 0.00
Lepton energy scale 1 1 0.02
ETUSs gcale 1 1 0.06
N um be rS Jet energy resolution 1 1 0.17
Are th e b-tagging 1 1 0.03
] Trigger 0 0 0.04
ranki ngs of MHI(Pileup) 0 | 1 0.20
. Background Data 0 0 0.05
nuisances Background MC 1 1 0.07
Fit calibration 0 0 0.05
Modeling of hadronization
Flavor JES component 1 1 0.05
7 (o) ut of 1 0 < Flavor-dependent hadronization uncertainty 1 1 0.36
1 / 9 b fragmentation and B branching fractions 1 1 0.14
are J et/ M ET < Modeling of the hard scattering process and radiation
Parton distribution functions 1 1 0.06
re I ate d Renormalization and factorization scales 1 1 0.17
ME-PS matching threshold 1 1 0.16
ME generator 1 1 0.13
lop quark pr 1 1 0.12
Modeling of non-perturbative QCD
Underlying event 1 1 0.16
Color reconnection 1 1 0.18
Statistical uncertainty 0.10
Total systematic uncertainty 0.65
TO P -1 4-0 1 5 Total uncertainty 0.65
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Impact of Pileup on MET

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

19.7 fb (8 TeV)
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JME-13-003
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Whats Causmg the PU dependence?

/ PU Track \
A Good Track

Dominant component of MET
are PU Jets JME-13-005
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Whats Causmg the PU dependence?
ﬂ; 1.00 ~CMS Simulation, }EI=18ITIe\{ . E\

- — Quark

1 —

=== Gluon

L« Working Point

0.84F MI<25
0.82F 25<p_< 100 GeV

" L
0.80 0.85 0.90 0.95 1.00
\ e(signal)/

Well established PU rejection
From Run | JME-13-005
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Pileup Subtraction

o Strategy:
. ABuild a 3D lookup table f(n,p) in Zero bias events
PU energy
density 4
Look up

JME-13-004
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o Strategy

Lookup techique
Is very robust

Can use it for any algo

Whats New?
Can start to shrink
y-axis

Pileup Subtraction

19.7 b™ (8 TeV)
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Pileup Subtraction

* Strategy JCEME T Bl T

. -y - Prelimi B Photons R

Lookup techique > P o st _
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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 GO°

/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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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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| Evolution of PU Subtraction

Fire PU subtraction 14 TeV

A 2

4 | GMS Simulation Preliminary
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| Evolution of PU Subtraction

, After PU subtraction 14 TeV
A
% [ CMS Simulation Preliminary
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Aim is to remove pileup

at particle level

1

| Evolution of PU Subtraction
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25ns or Busk!
e Solved the issue of 25ns reconstruction

FECAL [+ - 1s-HCAL _
in-time ; £ in-time |
iy OOTJ 12§—+ ooT
o8l ' ¢ 10/ |

B 8; - +..’

Lok | [TU

0.8

0.4

Calibrated/Pedestal-Subtracted Energy (GeV)

1[[][[11’[]l[|

0.2

s e B | | i | ] |

0 L

* Analysis strategy is in place for calorimeters
» Expect small degradation from 25ns running

e QOut of time pileup will be a small issue
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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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Jet Energy Correction
e Correcting to truth

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

Why did CMS switch to AK47
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Jet Energy Correction

’ AK2 CMS Simulation s = 8 TeV
7A 0.5 : | | | | L | | | | | | L | :
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Jet Energy Correction

’ AK3 CMS Simulation /s = 8 TeV

7A 05 : | | | | 1T 11 | | | | | 1T 11 | :
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 AK4

23

O
w

Jet Energy Correction

CMS Simulation s =8 TeV
: | | | I T 11 | | | | | 1T 11 | :
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Jet Energy Correction

CMS Simulation s = 8 TeV
: | | | I L | | | | | [ | :
3 Anti-k., R=0.5 (PF+CHS)
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JME-DP-14/037
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* AKG

25
Jet Energy Correction

CMS Simulation \s =8 TeV
7A 05 : I I [ I I T T | [ [ I [ I T T | :
|51 |_0_45;_ Antl-kT, R=0.6 (PF+CHS) E
Q. o ]
El_ 0.4;_,.. | <1.3 _;
Y 035 BLe - w=0 =
£ A +0<pu<10
DQ_I— 0-35‘\'_._-.- +10<p<20 -
(o5 e°° +-20<pu <30 -
o o, e s 30<1<40 ]
© 02F % “eee -
- 0 %ot ]
- on®e § ]
0.15E Ooglr;it E
0.1 Sy . —~
- T=_ .
0.05F o
O: | | | | | L1 1 | | | | | | L1 1 | :

20 30 100 200 1000

p‘T3E'\I [GeV

JME-DP-14/037



05/20/115 PCH JME 26

Jet Energy Correction

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

CMS Simulation \s =8 TeV
:. | | | | 1T 171 | | | | | I 1T 1 | :
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Jet Energy Correction

CMS Simulation \s =8 TeV
: P | | | I 1T 11 | | | | | 1T 171 | :
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JME-DP-14/037
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« AK1.0

29

J

et Energy Correction

CMS Simulation \s = 8 TeV
: ° I I I I I T 11 | I I I I I T 11 | :
E e Anti-k,, R=1 (PF+CHS) -
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Jet Energy Correction

* Executive Summary :

We switch to AK4
Run I’PU Run Il PU

CMS Simulation Is=8TeV CMS Simulation / Is=8TeV
ZA 04-5__| T T | T T T | T T T | T T T | T T T | |__ ZA 045__I T T | T T T | T T T | T T T | T T T I I_
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Q'l_ 0-4;— Anti-k_ (PF+CHS) o 13<m<25 = Q',_ 0-4:_ . Anti-k,. (PF+CHS) o 13<m<25 B
Q - Q . ]
YV 035 30 GeV < i< 35 *aev o 25<<30 — Y 035 30GeV<pi™<PGeV o 25<i/<30 —
EA 035_::10su<20 o 30<f <50 __ EA 032— §:305M<40 ° 3-0<hl|<5-0'_'_::::_E
QO d T :.:':-.:%'H_H ]
o025 e * e o d g 055 PETE==ner
a Co—— —g— N C f::‘zlz‘f'_"
° 02 ww 3% 2- e 3
015 0.15;— —
01E AK4 wins (at hlgher poslightly different) E
005:—| I I | | | I | ] I I | 0 05:_ 1 L | I I I | I I | | I I 1 | ] I ] | |_
0 0.2 0.4 0.6 0.8 1 0 0.2 04 0.6 0.8 1

Cone Size

JME-DP-14/057
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Global Fit

» Data/MC understood by a global fit

QCD Mulitjet @ Zee+J Qppﬂet\

r-g--ﬂ.ﬂﬁh —
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= 0.04
= 0.03
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—
o
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Profile all unc. : Lep. scale/Response/... JME-13-004
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JEC uncertainty [%]

32

T T T T[T T1 T TTT T [ TTTT[TTI

-
Tt T 1
\

2 years ago

Jet Energy Scale

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

Anti-

—~ Relative s

= Pileup ((1)
=Jet flavor

+ Time sta

- 1 year ago

R

n_= s
IT :

=0/8 PF+CHS

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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Charm

Light
Flavo
Gluons

Jet Flavor

Best agreement B-Jets
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Leading Jet Response piﬁt / p$t0|
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"+ 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

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 Il\‘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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|solating Gluons

* Quarks and gluons can be separated
* One of our benchmark channels are tops

19.7 o™ (8 TeV) 19.7 fo! (8 TeV
P :2222 p Predmineny ids E _.‘E 18000 Protmnary giagtr?al F
g F E X || 5 1e000 I bkg () :
L1 14000 - —P @ 14000 B bkg (non-ff) i
12000 = [ Unmatched i 12000 |- .
10000 | = 40000 o
8000 |-*. . 8000 |
6000 5000 -
4000 4000
2000 2000
[ T J
L ¢ ¢ '
0=:_’ g "¢¢,.“¢¢""¢:"’. ”O"H”"’”“”t S g : ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, q..¢t¢¢¢9¢¢¢.¢¢.§¢”.‘4 ‘“ﬁ’
5L ete e ’ 18 Ll 0;”.*0 .
0.0 0.2 04 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Hek JME-145902
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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
o) : | . CMS Prellmlnary L=13.1 nb at F 8TeV
o 0_93_ Quark ® Gluon —f o' § Quark | ® GI g
g - Quark (smeared) © Gluon (smeared) 7 || A 0'9;_ Quark d B Gluon d E
- 0.8 - a osbE uark (smeared) O uon (smeared) E
~ - . —1 U E -
g 0.7 1|l & o7F <
2 06 D 1|l o6F =
o ata more 11l ™7 MC more E
w 0.5 . .. . =2 |l 0.5 .. . . —
z disgriminating - : dsicriminating -
04te o o o o |, . E 04, E
- O O P ] - 2o |5 -
0.3 O o O oo — 0.3® o o P Q2 O o O O O O
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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

h“ 1
-H"n. et
LY \
, (™t
» : ~J
T N
t t %
o
LY
19.7 67 (8 TeV) " b
'e;. 3500 :_IC|MISI I T T T T E1.+-.:'|-§II:-:I I I | I I I +I | I_:
E - Preliminary it :*"+.+| gt e W_ . . .
3000F jcrpogey P& G W S All sorts of interesting stuff
s - < REE I W MC
P A P R s
I A 5
2000 [ PN -
I
1500 g iR - ..
ok > Di-jet charge
o o
B - f:t‘. o -:'r,'.1
:-.F.',-:-Or"‘fll|| ' ||||h;-'lf‘l°|-n;}:
0™ 05 00 05 10 JME-13-006
q.*q, JME-14-002
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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

o) B - — — ' — T 7
S 300 | CMS —e— data — © _ , i | : : , -
H; - Preliminary /1 sugnal_ . g 450 f_ CcMS —e— data —f
2 b ) l bkg (tf) = g - Preliminary [ 1signal -
o - 160 GeV < p”T <200 GeV M bkg (non-tT) - £ 400 ) [0 bkg (tf) E
i - . @ = 160 GeV < p' <200 GeV Bl bkg (non-tf)
2 s3s50F T 9 =
200 — L g E
- + R 300 | —
150 [ 4. 41 . 250 - =
- - 200 |- —
100 |5 150 = =
- = + et E
100 F 44 -
50 ; 3

50

i S A —
= Sr * [ ] 1 = °L 0 | L) |
ﬂ:_ o ‘.’.....’...*.'.‘..*.!.‘.......-#-ﬁ‘-i.‘.ﬁ.‘,.’-4.¢.’..‘.‘..........‘..QQ-#-’.".’!.;-‘-!.!* ﬂ:_ g !..‘!.¢.f..’.ﬂ.*.....Q.'..?..t.t.‘..f.'.‘.¢.*.‘..¢.'.*..;..t.’..*..ﬁ.*..‘..t......‘.!.?..,.!....4
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z : E “ *JME-14-002
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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 -
o 0.25——— . <+ 0.08—— REAL
. . CMS i ) -
S [ Simulation Preliminary — 9(’[ J ) 1 S 0.07 }E,ﬁ:mary —— O(t 1,J2) data-
c 0.20]- —ot.B) | o - .. .ot ) MC
2 i - S 0.06 160 GeV <p! <200 GeV _._9(t1 Bz) data
A - 100 < p%¥ < 200 - p - 1
8 frossrean | & oost 018 MG
- 01510 Gen. - g IQeco
: Level 1 0.04[ ¢ q:l'.# E
0.10(- 0.03f, + ‘4 +it §+¢ eve+| =
I ++ F 4ty LR TEs
; 1 0.02 J#.: #% AL piRge e
0.05 N i * + R
[ i 001" > 4
0.00F 0.00 L '

o

ME-14-002
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Events / 4 GeV

Pull

300

200

100

PCH JME

W bosons start to merge

42

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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Puppi and W-tagging

CMS Simulation Preliminary 13 TeV (A N
-'ﬂ 11 | [T 1 | [T 1T | T 1 | [T 1 | T | T 1 | T 1 | T | T 1 @
S -~ Pythia RS Graviton > WW —— GEN | .
> 10000 — . _ —
g | AntikT (R=0.8) —[PrepuPPI | A)
3 — <ng,> =40 — PF 7
= _
ao0oL 200 GeV <p <600 GeV PE+CHS H
- Inl<25 -
B PF(Cleansing) |
— _ PF+CHS(Const.Sub.)|
sooo W-Jet Mass ]
4000|— [ —
2000— —
] ECELE_ _
0: = --I_I_ il e e L | l__
0 20 40 60 80 100 120 140 160 180 200

Adding in new technology Puppi has the best perfg?\fnance

JME-14-001
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Puppi and W-tagging

CMS sSimulation Preliminary 13TeV (A N
_.{2 T 11 | T T | T | 11 | T T | T | 11 | T 1 | T | 1 |: @
S ae00or PYthia QCD — PF+PUPPI ] .
- ; — <Am>=-0.6 GeV = ~_
2L Anti-kT (R=0.8) <Am>=0.6 Gev: A )
5 = <n,,> =40 oF -
® 399001 200 GeVv < p_ < 600 GeV AM>=137 GeV -
- h,ll <25 RMS=17.9 GeV -
25000|— — 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 _:
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10000 RMS=137 GeV
5000 — —
IR B R Ol | _

Q00 80 60 40 20 0 20 40 60 80 100
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Mass resolution shows clear improvement (40 PU )JME-14-001
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Beyond W- tagglng’?

CMS Simulation Preliminary 13 TeV

_'{.:ﬂ 5000 [T 1 | [T 7T | [T | [T 1 | [T 7T | T | [T 1 | [T 1 | T | I I_
= ~ Pythia RS Graviton > WW PE+PUPP| .
§ [ AntikT (R=0.8) <Am>=03GeV |
= <ng,> = 40 RMS=11.2 GeV  _
@ 4000 — —
200 GeV < P < 600 GeV |

-~ ml<25 PF -

L <Am>=7.1 GeV —

21000 RMS=15.9 GeV -

_ Soft drop u

L (B - 2) —— PF+CHS _

L <Am>=-3.1 GeV N
2000‘_Jet Mass RMS=12.0 GeV |

- Resolution -

- With Grooming )

1000 — —

B I | [ | ] J AL I_

L1 1 | Lol | N L |
?OO -80 -60 -40 -20 0 20 40 60 80 100
My (GeV

Does it make sense to groom jets beyond W- tag INg”
JME-14-001
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Resolution (GeV)
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40

30

20

10

46

Survey of Grooming

CMS  Simulation Preliminary 13 TeV
— | | | | | | | | | | | .
RS Graviton - WW, Anti-kT (R=0.8) — PF _
L <Mpy>=40 PF+CHS
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or - R
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JME-14-001
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~Gone
eup Jet

Many Phases of Jets

V Jet

Quark jets

W/Z G
AN )
q

b-Jet
Displaced vertex

/b

Quark/Gluon Jet

AVAVAV AV
9

Top Jet

W/Z .
t ’\/\,’\.<_
\ ;

b

Higgs Jet
H <
H Ve
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~Gone
eup Jet

48

Many Phases of Jets

V Jet

W/Z
AVAVaV

Quark jets
q

b-Jet
Displaced vertex

/b

9
oing tg Higher pT

Quark/Gluon Jet
;v AV

g

Top Jet

Higgs Jet
H <
H Ve
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Gone

Many Phases of Jets

eup Jet V Jet  b-Jet N
Quark J'eth Displaced vertex
W/Z b
f\f\/\/\.<_ /
q
rong y \1 Prong/
Quark/Gluon Jet, Top Jet \ Higgs Jet N
AVAVaVaV W/Z ’ b
g tQUAAL o <b
4’? Pr ong»
q
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Pileup Jet

CMS Preliminary, Vs = 8TeV L=20 fb"

g e * Data
s 108+ Hy o Al I
B —_ Gl
- ml <25 Jetp, >25GeV ~ — Suon .
3 i
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1 -08 06 04-02 0 02 04 06 08 1
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Understood in Data

19?fb (8 Tev)

it R — - CMS — CMS Pm-nmmary 19.7 fb 8 TeV)
-@ Data w | | B o e e
@ n F ]
<+ Top (W — ) Preli - = C a<03 p >30Gev +Data =
@ B oo (g =) e | %2500 L B Z+b ]
E Too g —= ) r | Z+c N
d; B Cther bhkgs. — L B Z+ i
o 400 20001~ [ Others 1
C it ]
1500 -
200 1000 .
500( -
4 oX -
— 2 (&) 1.5
= 0 =
= <
2
] =
-4 =

0.50

02 04 086 08 1

T8 1.8 2
R,

T2 14
MPF

Quark/Gluon Jet

19.7 b (8 TeV)
T

20000 T T T

F cms . E
18000 - Prefiminary data —
- u,d,s -
16000 [ e all
14000 — - - 1
E —

12000 [~ [ unmatched T
10000 | =
8000 =, o

- - |
6000 7

4000
2000

-
— 5 - N * e eeTe
= . . et e * e
= - Q..,t... R TX oG S T S, S0 " IHTR—
o ‘4 e
-5 “‘.9 L * * —
0.0 0.2 0.4 0.6 0.8 1.0
QGL

T

op Jet

CMS Prellmlnary /s =

BTeV 19.7 fb’

: CMS Top Tagger
100} Madgraph

[ CA R=0.8 hyl<2.4
80 [ pTMDD GeV/c

60
40

20

‘POO

150

200

Higgs Jet

LI T ° CHSPrehmmary,ﬂbe atl'_ BTEV
- U I I I =
uJ ~ -
« Data ] S . E Multijetsample - D“‘“ 3
- 0 800E (Double-muon- and - E:E:rr: ]
. Semi-Leptonic tt 500 F_ double-b-tagged CAB jets) B uds quark or gluon
. ) E b from gluon splitting <
[ Fully-Leptonic i | = i ]
| 400 E Z-qq =
- 300 =
N WE g E
] 100 B . 3
F - 3
] A Dy S —— I et ret i ees = SOOI -
] - 4 T I

m [ s P —

250 300 350 | & f ﬁ‘ ) + ,+ 1+- +

=

m, (GeV/c?)

JME-13-005/JME-13-

007/ BTVJEt & mnépla"e



05/20/115 PCH JME 51

Tunes from W-tagging?

3 Dijets . 3 Dijet -1

— 500 X1q T T T T T T Ije| T T 1\97|fb l(8 -II-eV) (V)] 120 X1|0 T T ‘ T 1 7 u|e s\; T L 19|7 |fb T (8| Te|V)
> [ CAR=038 CMS e | CAR=08 —4— Data CMS
8 400 < pT < 600 GeV . g) | 400 < pT < 600 GeV —— QCD MG+PYTHIAG _
B <24 7 100 <24 @ eeeee- QCD HERWIG++ —
8 400 [ i ] L [ 60 <mhlli <100 GeV . QCD PYTHIAB i
; i —+4— Data 7 - .
< e ——— QCD MG+PYTHIA6 i 80 e ]
O 300 ------- QCD HERWIG++ — i : _
|_|>J | <o QCD PYTHIAS 7 . i
e i 60 — -
200 - - i
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100 - 200 -
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£ 2f £ 2F z
a1 51 o 1 51 1 ;
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© O o . \ ] (4)] O g ! L | I :
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Powerful constraints from tunes are available in jet
shape observables IME-13-006
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Tagging Hadronic Tops

Top Tagging
New Developments g .y

% 10-1__0'MSI A A | @ CMS F"rnalln'unaryr \I'E BTe‘u’ 19 ?’fb*I —
= - Simulation Preliminary 1 € [ CMS T“"" Tagger i
o I g 1 00 — Madgraph * Data -
2 LI [ CAR=08hi<24 Bl semi-Leptonic ff -
= o2l 801 P, >400 Gevio [ Fully-Leptonic ti
: 60 .

10°F P4 : 40[- .
Matched parton - i }

p_>800GeVc |  OF E

-4 j _;:‘ . | L ) A | I ) 1 K il

i 0z 04 08 P00 150 200 250 300 350

ICI
P 1ag y my, (GeV/c®)
e “@A151 Plethora of techniques exist
A e for boosted top tagging
CMS Tap Tagoer - C/AR

i T e Fake rates comparable to leptons

= = = = Showar Deconstructicn CAS + subjet b-lag JME 1 -007

JME-DP-14/038
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Run Il Executive Summary

Jet energy corrections :

« Switch to AK4 for default
* Global fit of all jet energy corrections
Jet Flavor dependence :

* Precise measurement of b-tag JSF
e Quark/Gluon tagging
Color Flow :

« Jet Pull/charge/shapes
« Jet Grooming/Jet Tagging
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Stand by Our Charter

Jet energy scale uncertainty correlations between ATLAS
and CMS

The ATLAS and CMS Collaborations

Abstract

The correlation of the jet energy scale uncertainties between the ATLAS and CMS
experiments are presented in this note. The uncertainty components for both exper-
iments are grouped into categories. For each of these categories, the detailed com-
parison of the procedures to determine the jet calibration and its uncertainties allows
to infer the range for the correlation coefficient between the two experiments. This
information can be used for the combination of ATLAS and CMS precision measure-
ments.

JME-14-003
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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
JME-14-002
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Stability of our detector

« Using all the jet cones allows plots like this:
(.:MS S:mulat:on Prel:mmary 19 7 lfb. |(8 TeV)

% i PF PF;('(JHSV h]l <1 .3 1
-+ >N(Ge R=0.2-1.0 —

€ 12 . --@--SEGeV)xw i
© - e o C(1)x100 -
all X : = R . ® L8]
— - 18 o © .
i-t __ v. 0 O ° N
- 8_ .. i
Qo -
L . i
g 4_— . g é . =~ ® o
o ep > .

$ A )Y=xR ) o NoiIN I+of uA e i

( jet) Pr p2 >N
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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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8TeV Precision
* Pileup Subtraction

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

M
LN
T

CMS Preliminary {s=8TeV _ :
-+ Npy=5

PFJets |

p.(Offset), GeV
[ %]
o

T
t
-

5"

-
i
e
(4]

How do we LS
deal with the o[ =4
systemaitcs? | Fun
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8TeV Precision
* Pileup Subtraction

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

EMS Prellmmaw '.s BTE\J E/'C)rlglna”y had

| systematic unc
PFJets :"‘Ffo Based on full
PV=
Hmﬂ

.N.=15 data/MC
PV
+Nw_2u difference

M
LN
T

p.(Offset), GeV
[ %]
CJ

T

—k
n
I I | 1 I |

How do we i
deal with the [
systemaitcs?
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8TeV Precision
* Pileup Subtraction
Pileup measured in zero bias events :

effectively is 1 2D Plot

EMS Prellmmaw '.s BTE"».-"

PFJets§ NS

v Migrated to
| residual bias
Ham . =Ng=10 Usmg same Jet!

- +N,,=15 w/o pileup
 «Npy=20

M
LN
T

]
f.'J

pT{OﬁsetL GeV

—k
n
I I 1 I |

How do we o I
deal with the £y
systemaitcs? b

ey 5% | Data/MC
hets, Tadisagreement

‘ *x | subsequently

e, w2 fixed

m , N (out of time PU)




05/20/1%Philip Harris JetMET Sidtus

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



05/20/1%Philip Harris JetMET Sidtus

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

—

IS

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
> ~ Absolute scale > 9 — Absolute scale E > 9 — Absolute scale
c ~ Relative scale = g - Relative scale 1 E 8 = Relative scale
o -+ Extrapolation 3 < Extrapolation . g +Extrapolation
E = Pile-up, NPV=14 E 7 = Pile-up, NPV=14 1 o 7 +Pile-up, NPV=14
E = Jet flavor 2 5 = Jet flavor q 2 6 =-Jet flavor (QCD)
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
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— Preliminary
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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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