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M Otivati on /P ETH Institute for

Particle Physics

Jets and MET crucial for many measurements
and also important for searches

/

Run : 138919
Event : 32253996
¥ ""IDijet Mass : 2.130 TeV

CMS Experiment at LHC CERN

Data regorded: Sun Jan 27 08720:02 2010 CEST

Ran/Event: 138760 / 114007131 QCD'IO'OB
Kumi'sectioneg®99

01=261 GeV/

of o EXO-10-001
M. Vouﬂlamen,\“’ Dijet Event

K. Kousouris

10/23.7 14:40 ~Jet1p.: 585 GeV
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Multi jet Event

From “Hadronic Event Shapes in pp From “Search for Dijet Resonances in the

Collisions at at Vs=7TeV”, Dijet Mass Distribution in pp ,

CMS PAS QCD-10-013 Collisions at Vs=7TeV”, /!
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Jet/MET Types in CMS

4 ETH Institute for
Particle Physics

Default Jet Clustering Algorithm : Anti Krwith R=0.5

Calorimeter Jets

Jets clustered from
ECAL and HCAL
deposits (Calo Towers)

Accordingly:
Calo MET

Particle Flow Jets (PF)

Cluster Particle Flow objects:

Unique list of calibrated

particles “ala Generator Level”

Accordingly:

PF MET

F. Beaudette
01/22.7 17:15

neutral |
hadron !

charged
hadrons

Jet-Plus-Track Jets (JPT)

Subtract average calorimeter
response from CaloJet and
replace it with the track
measurement

Accordingly:

Tc MET

Track Jets

Reconstructed from tracks of
charged particles, independent
from calorimetric jet measurements

=> Using different inputs allows CMS to study and constrain experimental systematics|

JOANNA WENG
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( ETH Institute for
Particle Physics

Jetresults @ 7 TeV

How well do we understand
Jet Energy Scale and Jet Resolution ? L

JOANNA WENG PARIS/2010) ..
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A

Important variable
to select a clean
dijet sample

=> Good
agreement for
all jet types
between data
and MC

JOANNA WENG

chi-PFjet

_T T T ]’ T T T ]’ T LIRS I T LIRS I T T LS I T LIRS T Elu
%200 - CMS prehimmary 2010 = Dama =
%000 — Va-7TeV [ ] Simutation —
LIJ1 800 o_(ilet)= 25 GeV ]

1 600 :_ nGget)] = 3 j
1400 =
1200 = CMS DP-2010/014 S
1000 =
800+ Calo Jet E
300 =]
4001 =
2001 E

O 05 1 1.5
- T 1T 1 T LR S S I | B B I T T 1 1 I T T 1 T I T T 1 T L
%000 — CMS prehimmary 2010 * Data =
Q>)1 800 - \s-7TeV Simulation R
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14001
1200 Tj
1000 PF Jet
800" =
6001 =
- 3
400 e
200F

O 05 1 15

Example: Dijets A¢ in Data/MC ([

ETH Institute for

Particle Physics
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1000~
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200
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Jet Energy Corrections (JEC)

.
@ ETH Institute for
Particle Physics

TWO Strategies: % 2 CMS Simulation
MC-truth JEC and In-situ JEC =P PRt
e Majority of CMS physics analyses 2 JPTJets
currently use MC-truth JEC S 16 R0 4
e MC corrections are derived from ©
PYTHIA QCD dijet MC events 4 L
e In-situ JEC sub-corrections will replace (0 4o  JME-10-003
MC-truth corrections when available g
1
Factorized approach: 0o Correétoé)d Jet = (Gev)
4 Reqmred Corrections Optional Corrections R
[Recog::;ucted ’/.N’IF FIavor UE ][Pa rton}[ Cal‘ljbrated J
X _J




Jet Energy Corrections (JEC) ”I) T sttt for

Two Strategies: g 2 CMS Simulation
MC-truth JEC and In-situ JEC = ~ Pruets
e Majority of CMS physics analyses = JPTJets
currently use MC-truth JEC S 16 s
e MC corrections are derived from ©
PYTHIA QCD dijet MC events = T
e In-situ JEC sub-corrections will replace (& 4,/ me-10-003
MC-truth corrections when available R, —
|
10 2030 _ 100

. Corrected Jet P, (GeV)
Factorized approach:

4 Reqmred Corrections

ey

Jets

[ Reconstructed
\




Two Strategies:

MC-truth JEC and In-situ JEC
e Majority of CMS physics analyses
currently use MC-truth JEC
 MC corrections are derived from
PYTHIA QCD dijet MC events
e |In-situ JEC sub-corrections will replace
MC-truth corrections when available

Factorized approach:

Jet Energy Correction Factor

Jets

[ Reconstructed
\

e Reqmred Corrections

=i

Relatlve Correct to
make calorimeter
response uniform in n
In-situ method:

L Dijet pr balance

-
04]

-t
(0)

-
NN

-i
AV

Absolute Correct
absolut energy scale
In-situ method:
Photon+jet pt balance
MPF method

J

V)

—

Jet Energy Corrections (JEC)

JME-10-003

20 30

p
4 ETH Institute for
Particle Physics
T
CMS Simulation
— CaloJets
----- PFJets
JPTJets
anti-k. R=0.5 .
Absolute Correction

100 | -
Corrected Jet P, (GeV)




Two Strategies:

MC-truth JEC and In-situ JEC
e Majority of CMS physics analyses
currently use MC-truth JEC
 MC corrections are derived from
PYTHIA QCD dijet MC events
e |In-situ JEC sub-corrections will replace
MC-truth corrections when available

Factorized approach:

Jet Energy Correction Factor

Jets

[ Reconstructed
\

e Reqmred Corrections

=i

Relatlve Correct to
make calorimeter
response uniform in n
In-situ method:

L Dijet pr balance

-
04]

-t
(0)

-
NN

-i
AV

Absolute Correct
absolut energy scale
In-situ method:
Photon+jet pt balance
MPF method

J

V)

—

Jet Energy Corrections (JEC)

JME-10-003

20 30

p
4 ETH Institute for
Particle Physics
T
CMS Simulation
— CaloJets
----- PFJets
JPTJets
anti-k. R=0.5 .
Absolute Correction

100 | -
Corrected Jet P, (GeV)
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Relative JEC: dijet pt balance P CTH institute for

Relative JEC removes jet response variation in n
A priori estimate of uncertainty: £2% x |n|

& probe ba'r"rel\
Barrel Jet o P S B
: e 2 )
& probe barrel
_ Pr — P 3
B = dijet
o pll‘ =
a 52y
o 2+ < B >
Probe Jet 22— < B > )
e Require at least 2 jets, one jet r:= relative response in a given (pt 9%, |n|) bin
in the barrel region |n|<1.3
% -—o:—'loaté(ao r'm") | | | \;'§=7'-re\,' -
. . 300+ CMS Simulation antkk- R=05 -
* Azimuthal separation A > 2.7 ! el e o
B 18 < dljet pT<31 GeV
. . . - JME-10-003 y i il
° Thlrd Jet Veto p-l- 3rd/p.|. dijet < 02 200_ 0.3 <l <0.6 il
» CMS Preliminary |
=> Measure distributions of balance daal Calo Jet
variable B in representative B i
(pt diet |n|) bins for all jet types : ; 1
|
Q2 0 2

by
ICHEP
JOANNA WENG Balance  J=7°"N
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Relative JEC: Data/MC P et

Particle Physics

C T T T T I T T T T I T T T T I T T T T I T T T T
o | _
2_' T l\ll—l:17‘Tle\|/l T T Calo Jet E 1 al Corrected CaloJets Calo Jet N
S [ awkgR=o0s — S T cmeaa s _
2, i Raw CaloJets _._+ | g | s 75 <dijet p§°' <120 GeV JME-10-003
CCE 15 40 <dijetp_<70 Gev  __ N B C£ —» 120 < dijet pS < 150 GeV
() L _D__D_ _+_ i oo ~ [[__] Uncertainty &
= i o~ 1 = 1.2 -
8 [ il ] a
(] - 5
e B o g
1 —'“%:——W=""""'_';_"G“ """"""""""""
B *ﬂ 7 %1 4,
i TME-10-003 _ y
0 5‘ —8— CMS Simulation W 7]
m=F reiimina — = -
e i TR Y i N CMS Preliminary i
1 (ER (e WS M R L GO N OO T N N GO O G [ 1 T 08lllllllllJiME-lp-qoslllllllllll
0 1 2 3  IME-4003 5 0 1 2 3 4
Iml ¢ Im |
. GOOd agreement up to |r]| =2 C I I I I I I I I I I I I I I I I I I I I T I I T
i - ~ o o ecte alo o
e Relative response in data ~10% E Efesgﬁ; Comroction ApIEE—> TME-10-03 ]
higher compared to simulation for |n| > 2 = R M e e |
-CB | —=— 75 <dijet p$°’<120 GeV i
= —=— 120 < dijet S < 150 GeV
. S ~  [[] Uncertainty B
=> Data/MC close to unity & 1.2 7
after the residual correction
=> Data/MC deviations are covered
by conservative n-dependent
systematic uncertainty of *2% x |n|
J CMS Preliminary ol
Eea gla gog |IME10-003) 2 uo =) 5 w3
0.8, 1 2 3 4 n
JOANNA WENG Inl 5\
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Single Particle Response fp (T nstiute for

Compare response of isolated tracks in MinBias
events with single pions from MC

Ax1'1: T T T T T /\¥1.1E T T T T T
S {E CMSPreliminary .- —  Barrel S 4 CMSPreliminary .. ! Endcap -
= 1E = [
L0.9F \5-7TeV L, 8.4 nb" 09 \5=7TeV L =8.4nb"
50.8F g g 508 : -
- : I { ] i -
Vv 07;— I — Vv 07; ....... -
06;_ ..... Tf'_(;f':‘ | 06; | _._'_: |
P S YT = = i S
0.55 0.5z
0.4t 0.4
0.3 —e— Data 0.3 — —e— Data
0.2;_ .... — MC 0.2; MC I
0. 1o - oot duy il -
8 0 I A4 28 oY 7B 10 15 20 25 30
- (GeV/c) JIME-10-008 D (GeV/c)
14— ; . : :
e : : : : : O IAF —
Barrel g 14 Gieroiay | Endoap
g F \s=7TeV L =84nb" T i 8 "F \s=7TeV L =84nb"
a 1.2 S 1.2 |
Eene caetus S TR B 9 11f——+F—— S SR -
R S I T e _,_.JE. |
o 1 sleweres c e .-
0.9 ————— . | 0.9 e o s o
0.87 . 5 L 10 . 15 . 20 . 25 . 30 X 0.87 PR 5 P e .10. e .15. e .20. PR .25 N G3ov/
P (GeVic) mek( eV/c)

=> Mean response in Data and MC agrees within 2-3 % in barrel region
In endcap, the simulated response is systematically lower than data (~ 4%)

JOANNA WENG PaRIS/2010)
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2010 CEST Photon "—C [\/\g CMS Experiment al LG, CERN
- Run/Event: 139458 / 397805499
LUMI S¢ n: 365

jets (JPT, PFJets, track jets), 10% for CaloJets

pr =76.1 GeV/c

n=0.0
@ =1.9rad
\ m
‘ &
[ . I‘
1 ! E &
b
/ .
/ 5
L — & lf/V/ /
— - ,
- o

Anti-kt 0.5 PFJet
pr =72.0 GeV/c
n=0.0

@ =-1.2rad

Anti-kt 0.5 PFJet

pt =72.0 GeV/c
n=0.0
@ =-1.2rad

Absolute JEC: photon+jet balance P

A-priori estimate of JEC uncertainty in barrel 5% for tracking-based

Photon
pt =76.1 GeV/c

n=0.0
@ = 1.9 rad

e Method employs pt balance in back-to-back photon+jet events

(well measured photon as a reference object)

e Use photon trigger and isolated photons p>15 GeV and |n|<1.3

ETH Institute for
Particle Physics

i

by
ICHEP

PARIs/Z0I0\ .
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Photon+jet balance: Bias due
to soft veto on second jet

1 1 I I I I
8:‘ 1.2— cMs Preliminary 2010 ]
§. | \s=7TeV.L=67nb" IME-10-003 -
a B i
o I X x x R x ]
. x )
" - O ® P i
0.8— i - | —
e =) © ® L
P I | i
I = nse v \ _
os- Responsevspr' PE Jgt -
04 't < 1.3 ]
B @ Data (y+Jeb i
0.2 O Simulation (y+Jet) | —]
- Antl-kT 0.5 PFJets * True Response —
0_ L i
T T T T T T T T I
% 12 FIT: 0.926= 0.017
8 1 + .
o & t l
(Y| S T S * T R T
0.8 | 4

20 30 40 50 60 70

|
100

Photon P, [GeV/c]

Absolute JEC: photon+jet balance D

Missing-Et projection fraction method
(MPF, from DO) uses MET to measure the

balance and is less sen

1.2

Response

0.8

0.6

04

0.2

 CMS Preliminary 2010 ]
- \s=7TeV.L=67nb" JME-10-003 -
o o —
T * @ g O ,g. 7
) e i i
“Distributions of “response sensitive” i
~  variable Rypg Vs p;Y N
i PF Jet -
N st < 1.3 H
B @ Data (MPF) ]
= O Simulation (MPF) | —
: Anti-k, 0.5 PFJets * True Response :

L

T T T T I
— FIT: 0.992= 0.010 —

ol a +
> ® P

1 1 1 1 1 1 1 1 I
20 30 40 50 60 70 100
Photon P, [GeV/c]

JOANNA WENG

=> Mostly good agreement when same method applied to MC and Data
=> Direct evidence from MPF supports $%/10% JEC uncertainty as conservative

ETH Institute for
Particle Physics

sitive to QCD radiation

PARIs/2010\ .
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Jet pT reSOIUtiOnS /P ETH Institute for

Particle Physics

» Extracted from Pythia QCD sample (MC) and Dijet Asymmetry method (In Situ)

jetl jet2

: : : : .\ g ol j
Define pT asymmetry of the two leading jets in back-to-back dijet events:A = ! 7,. = ! 7,.,,[,,
F imately equal value of the jet pr's:  9Pr) _ /5 Pr+ Pr
or approximately equal value of the jet pr's: 77 _ /> o,
/).l.
Calo Jet JPT Jet PF Jet
V'§='7 TeV L=73 nb’ | CMS prgliminary \s=7 TeV L=73 nb’ CMS prelin}in'ary' \s=7 TeV L=73 nb’ CMS preliminary
oo TE-to-00 SRR ) A e B R e
N ) i A i : i g §
IQ-: o— Asymmetry (MC) :Q-: o— Asymmetry (MC) 0:9-: - —e— Asymmetry (MC)
Cvl 0.2 —'\\: &— Asymmetry (data) — C\} 02 ~— Asymmetry (data) —] C\}- 0.2 = Asymmetry (data)
&Jé— < g@’— I &J\Q: K g
g o1f » — 1 g oip a4 - ¥ 0.1 o
Sk R
5 20 F - — + ¢ — - = = 20 F - : T — :_: ¥ 20 F -
gjd 10 ;_‘ 4 . . z té—;—._, 10 ;.. ¢ i ‘ i %G 10 ;. __________________________ oo E
ELIETY: ' EE 10 | gF e . 9 3
2l 20 b usi) : pmcctwnmisy sy o N =l 20 E o a pepil e gl S 20R - ‘ - -
50 100 200 300 400 1000 50 100 200 300 400 1000 50 100 200 300 400 1000
p_[GeV] p_[GeV] P, [GeV]
e Full chain of Dijet Asymmetry method applied to data and MC to extract jet pt resolutions
ey . . 1
‘ => QObserved data/MC agreement within a priori ~10% uncertainty . |
ICHERP
JOANNA WENG

PARIs/2010\ .
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( ETH Institute for
\_ Particle Physics

MET results @ 7 TeV

/\
ETmiss?

How well do we model our MET
and control MET tails ? |

&)
ICHEP
JOANNA WENG PARIS/L0ION
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Basic cleaning strategy:

identify anomalous
signals based on :

* Unphysical charge
sharing of neighboring
channels

* Timing/pulse shape
information

Number of Events / 2 GeV

_L—L
o <

—i

Particle Physics

Cleaning of MET Tails P ETH nsitutefor

m No large MET for Minimum-bias / QCD jet events expected

T 1 l T T 1 I 1T T 1 | BN P P | I &= & al l | [ 1T T 1 11 _]_=
JME-10-004 =
— Before cleaning =
% —  After ECAL noise cleaning §
= —  After HF noise cleaning —=
. ——— After HB+HE noise filtering -
- Minimum-Bias data sample =
_ 11.7 nb™" . —
=
0 50 100 150 200 250 300 350 400

Calo £, [GeV]

JOANNA WENG

=> Cleaning is very effective
=> After cleaning, MET tail is no longer dominated by anomalous signals *

PARIs/Z0I0\ .
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MET

3 N CMS preliminary 2010
210 JME-10-004 77TV
) —— Data
’5105 117 nb-1 | simueser
tgm*
-'g.‘oa 1
§102 3
=

10 ﬁ*

—_—
—

0
Calo E; [GeV]

Dijet events with corr. pt12>25 GeV, |n 1.2|<3:

10 20 30 40 50 60 70 80 90 100

LI | | | I LI | | P I LI I T
% 4' CMS Preliminary 2010
5310 TME-10-004 \'s=7 TeV E
i) ] —— Data
..UE’ 103 : D Simulation )
2" | -
L i
©10? =
@ :
0 i
£ 10; ' -
z ¥ E
W m.lﬂm..l...l.:
0 20 40 60 80 100 120 140
Calo E; [GeV]

in Data /MC

tc MET
,l‘lll‘lll‘llllll lll‘lll;lll‘lllll ‘l.ll.‘ll“llll:
i CMS Preliminary 2010
10° \S=T TeV -
—— Data
5
10 &mulation

Number of Events / GeV
s &

T

0 10 20 30 40 50 60 70 80 90 100
TcE, [GeV]
o "' cMS Preliminary 2010]
G10 \5=7 TeV E
—— Data
103 |:| Simulation

Number of Events / 2
a =

—

Illlllllll
20 40 60 80

o

Lbht

1 llllllll L llllllll

100 120 140
TcE, [GeV]

Ngmbgr of_‘Eveﬂts / 9eV
s @ QR QA ] @

—_—

10 20 30 40 50

ETH Institute for
Particle Physics

PF MET

CMS Preliminary 20100
\S=T TeV -
—e— Data

Simulstion

;l;u‘ - | lLlllli A LlJl‘. A lllll‘ 1

60 70 80 90 100

|

0
Pf ET [GeV]
T I T T I LB I | PO FRXH | I | - P | ] 1
% 10* CMS Preliminary 20104
O \s=7 TeV .
N
S —— Data
% 10 E [:l Simulation |
> B 1
L 2 —
B0
— — .
m — —
ol -
10 i 3
2 : ! ;

'

0 20 40 60

‘ => General Agreement between Data and MC l
JOANNA WENG

80 100 120 140

Pf £, [GeV]

| \
ICHEP

PARIS/2010)\ .
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Particle Physics

MET In Pile Up Events /D ETH Institute for

m Study of MET distribution in 1-and 2-vertex events in minimum-bias

% @Rk BB 9 Vertices, Data
O i 1 Vertex, Data » MET distributions wider in
[0 . ——— 2 Vertex Data, reweighted wrt. ZE. 2-vertex events
& B CMS preliminary 2010 -
o 108 3 Ns=7TeV e 10-0043 * Reweight 2-vertex events
o : - so that the SumEr distribution
g 102;_ Calo MET _; matches that of the 1-vertex events
E "« After reweighting, MET distribution
Z r | agrees between 1-vertex and
105 ? T 2-vertex events
1E MT L eow 0 owoe w9 e og
0 20 40 60 80 100
Calo £, [GeV]

=> Widening of MET distribution in 2-vertex events
due to transverse energy increase in events ‘

by
ICHE®P
JOANNA WENG PARIS/ZOI0N.
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MET Resolution vs SumErT

Compare the resolution of different MET types at the same PF SumEr

(closest to real sumEr)

25 _l LI | L | L L I L I L L L | I l_

- —+— type?2 calol, (Data) TNE-10-008 -

- —— type2 calof, (MC) 5

20— — 1 tc¥; (Data) —

- — tcf; (MC) e B

E —+— piF; (Data) ]

15— — PIE;( o

-

51 -

£ CMS preliminary 2010 i

_l L1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I 1 S [ | I L1 1 1 I L1 1 l—
% 50 100 150 200 250 300 350 400

Calibrated pfZE, (GeV)

»

P

ETH Institute for
Particle Physics

* PF SumErTis calibrated to
generator level Sum Et

* Observed MET sigma is calibrated
using photon+jets MC events:

Photon
Response = |

Recoil

|3l|eeg

>
Perpendicular

f 11" ‘Response<]
| { 1

=> PF MET has the best resolution.
=> Tc MET also shows significant improvement w.r.t. Calo MET

JOANNA WENG

PARIS/20I0\..
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S umma r'y a P ETH Institute for

Particle Physics

First results of the Jet and Missing Transverse Energy performance were presented

Jets:

4 General data/MC agreement for jet response and pr resolutions
[ Observations from current data support a priori estimates :

* 10% (5%) JEC uncertainty for calorimeter jets

(jets using tracking)

» Additional 2% uncertainty per unit rapidity

* 10% ptresolution uncertainties for all three jet types

2> MET:

[ Acceptable data/MC agreement

[ Improved cleaning, tails are under control
[ Tackling the challenge of MET
commissioning with large pile up

l?_f Tc MET, and especially PF MET, improve
resolution significantly

m Impressive Jet and MET understanding already
after just 3 months of data taking at Vs=7TeV !

i

by
ICHEP
JOANNA WENG
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Particle Physics

Refe rences D ETH Institute for

CMS DP-2010/014 -- Jet and MET Commissioning Results from 7 TeV Collision Data
JME-10-006 -- Commissioning of Track Jets in pp Collisions at Vs=7TeV
JME-10-008 -- Single Particle Response in the CMS Calorimeters

JME-10-003 -- CMS Jet Performance in pp Collisions at Vs=7TeV

JME-10-004 -- Missing Transverse Energy Performance in Minimum-Bias

and Jet Events from Proton-Proton Collisions at Vs=7TeV

ME-10-006 -- Commissioning of Track Jets in pp Collisions at Vs=7TeV
JME-10-008 -- Single Particle Response in the CMS Calorimeters

PFT-10-001 -- Commissioning of the Particle-flow Event Reconstruction
with the first LHC Collisions recorded in the CMS detector

PFT-10-002 -- Commissioning of the Particle-Flow reconstruction in Minimum-Bias
and Jet Events from pp Collisions at Vs=7TeV

QCD-10-013 -- Hadronic Event Shapes in pp Collisions at Vs=7TeV
EX0-10-001 -- Measurement of the Dijet Mass Spectra in pp Collisions at Vs=7TeV

i

Fa
ICHEP

JOANNA WENG PARIS/2010\.
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http://cms.cern.ch/iCMS/analysisadmin/viewanalysis?id=307&field=id&value=307&name=Measurement%20of%20the%20Dijet%20Mass%20Spectra%20in%20pp%20Collisions%20at%207%20TeV
http://cms.cern.ch/iCMS/analysisadmin/viewanalysis?id=307&field=id&value=307&name=Measurement%20of%20the%20Dijet%20Mass%20Spectra%20in%20pp%20Collisions%20at%207%20TeV

Backup: CMS Parameters  (]) &itiuelo
CMS Detector ...

Microstrips (50-100um)
[_I o ‘“l ~210m? 9.6M channels

|FraCKer
ECAL

CRYSTAL ELECTROMAGNETIC
CALORIMETER (ECAL)

76k scintillating PbWO, crystals

1_.1 ) - _‘&1; L

SOIEﬂOid PRESHOWER

StQEI YOke " Silicon strips

1O ~16m2 137K channels
STEEL REfUR;V YOKE

~13000 tonnes

SUPERCONDUCTING
SOLENOID /
Niobium-titanium col

carrying ~18000 A

ALY A DN
Il ! ‘\‘.\‘.'-n Ty A
AT NADTRETTE D
CALORIMETER

Steel + quartz fibres

KFANDAR AT NDYISETYD (K374 T
HADRON CALORIMETER (HCAL)

Total weight : 14000 tonnes Brass + plastic scintillator PO LSS AN
Overall diameter :15.0m Barrel: 250 Drift Tube & 500 Resistive Plate Chambers
Overall Iength :28.7m Endcaps: 450 Cathode Strip & 400 Resistive Plate Chambers

Magnetic field :38T

Tracker: 66M pixel channels, ~10M Si microstrip channels,

Calorimetry: ~75k crystals, ~15k HCAL channels,

Muon System: 250 DT chambers (170k wires), 450 CSC chambers (~200k wires) , ~ 500 Barrel RPCs ~ 400 endcap RPC§,
Trigger System: muon and calorimeter trigger system, 40 kHz DAQ system (~ 10k CPU cores), ICHEI’

JOANNA WENG Grid Computing (~ 50 k cores), Offline (> 2M lines of source code). PARs/2OTO.
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Backup : Anti Kt D s

d;; =mm( 22 ky ) Agj

ARZ = (y, —y;)" + (65 — ¢;)°

4 New development in the jet clustering theory.
4 Tends to cluster the energy around the hardest particles.
» essentially behaves like a cone algorithm giving perfectly round jet areas
4 Belongs to the “kr” family.
» merging of 4-vector pairs based on transverse momentum weighted
distance in y-¢p plane.
p the clustering terminates when the weighted distance between
particles is greater than a specific value R (resolution parameter).
» the quantity R is of the order of unity.
4 infrared and collinear safe (suitable for theory calculations).

|

iC HE g
JOANNA WENG PARIS/ZOIOL
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Backup: Offset correction D T sttt for

% [CNS proiiminary 2016 || Minimum Bias MC | 3 NS prdtimiaasy 2016 || inimum Bias MC |
® 10k= e Minimum Bias data | M 0.8K= ¢ Minimum Bias data [
- NS =17 TeV Noise-only MC i - E\rs =7 TeVv Noise-only MC N
= - o Zero Bias data 1 A 30 7E o Zero Bias data
| . £7° 7 ¢
8 = F
W - . o 0.6F
B o %’ e v —
. sl 0.5F
1 0.4F
0.3F
0.2
0.1

O 4 ™3 2 1 0 1 2 3258 5 4 -3 2 10 1 2 3 4 5
n

n

® Offset from noise:
> IS below 400 (300) MeV in energy (p+).

» Simulation gives good description of noise in data.
® Offset from one pile-up event:
> Up to 7 GeV in energy, but stays below 350 MeV in p;

» Pythia Minimum Bias (D6T tune) gives decent description of PU
® Probability of pile-up in 2010 data typically ~50% (was ~10% in earlier plots)

=> Total average offset contribution to jet pt is small in the current data.
=> No offset correction is applied in the standard JEC chain.

JOANNA WENG PaRIS/2010)
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e A-priori estimate of JEC
uncertainty in barrel 5%
for tracking-based jets
(JPT, PFJets, track jets),
10% for CaloJets

e Constraints from

test beam, jet
composition studies and
“first principles” (single
pion response, 19 mass

peak, tracker resonances) ¢ E
e CMS Preliminary 2010 * Data
3 140: Vs=7TeV,L=67nb" [lacomc
. [ +jet MC
1201~
e Direct evidence from o7 B s e

Missing-ET projection
fraction method (MPF)
supports 5%/10% JEC
uncertainty

as conservative

JOANNA WENG

Backup : Absolute JES |

-

Anti-k, R=0.5
p;“ > 25 GeVic

CMS Preliminary 2010
\'s =7 TeV, DATA

1.2
1

Mean Fraction of Jet Energy

ol E” 0 2 4 A
PFletn ' Charged Hadrons

I Photons
B Neutral Hadrons

PFT-10-002

Anti-k; R=0.5
p;”" > 25 GeVic

r

-
NA

CMS Preliminary 2010
\'s=7TeV,MC

T

-

0.6

Mean Fraction of Jet Energy
o
(e <]

o
B

0.2

o A 2 n 2 il
Electrons PFJetn
B HF Hadrons

B HF EM particles

Distributions of “response-sensitive” variable Rype

ml<13
Anti-k- 0.5 PFJets

PF Jet

o, |
1.2 14 16 18 2
MPF Response

0%0.2 0.4 0.5 08

&2

c CMS Preliminary 2010 * Data

$ 160 b

w Ve=7TeV,L=67nb [ Jacomc
140 B v +jet MC
120 22 «p_ <32 GeVic

mhl<13

100 Anti-k- 0.5 JPTJets

1.2 14 16 1.8 2
MPF Response

0.2 04 06 08 1

JPT Jet

ETH Institute for
Particle Physics
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Photon

pr =76.1 GeV/c
n=0.0

@ = 1.9 rad

2 2010 CEST

Anti-kt 0.5 PFJet

pt =72.0 GeV/c
n=0.0
@=-1.2rad

JOANNA WENG

% Photon is looking even better:

Backup : Absolute JES

( ETH Institute for
. Particle Physics

ALLOWED
VALUE RANGE
Cluster Minor Axis 0.22 0.15+ 0.3
Cluster Major Axis 0.29 0.15 +0.35
ECAL GT Isolation oz . o .
(AR<0.4) 1.7% - Ey <5%-Ey
HCAL Isolation
(AR<0.4) 0.4% - EY <5% - Ey
Sum pr Tracks os .
(AR<0.35) 0 < 10% -pry
Number of Tracks 0 <3
(AR<0.35)

|

‘ k!
ICHEP

PARIS/2010)\ .
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Backup: Absolute JEC P oo Physie

Balance "Response” versus p+Y

Calo Jet JPT Jet PF Jet
$ T T T T I 3 T T T T T T T T ] 3 1 2_ ! . .' : ! ! J ! T ]
¢ 12 cms Preliminary 2010 7 e 1.2~ cMms Preliminary 2010 i g “ CMS Preliminary 20110 i
& [ \s=7Tev,L=67nb" . & [ \s=7TeV,L=67nb" . g - \s=7TeV L=67nb -
] B i o B ] &) 1__ _
o 1 — c 1— * * * * x B . * * * *
~ I ~ m *
i ] i 1 d i ° 4 9
0 O O
01— — 8— o — 0.8 . . l o —
0.8 § 8 ¢ e T ¢ l i 0 @ d + T _
B i i ] " . o ] e i
0.6 o g & _ 0.6/ ] 0.6 -
B o l i N i : i
e ¢ ¢ : : : : -
0.4~ ™l <1.3 - o I 't < 1.3 " 04~ It < 1.3 ]
B ® Data (+Jeb ] - ® Data (y+Jeb) ] i ® Data (+Jeb i
0.2 O Simulation (y+Jet) | — 0.2— O Simulation (y+Jet) | — 0.2 O Simulation (y+Jet) | —
[ Ant-k, 0.5 CaloJets * TrueResponse | 1 " Antlk, 0.5 JPTJets * TrueResponse | 1 " Anti-k, 0.5 PFJets * TrueResponse |
0 ] ] | 0 ] ] 1 ] ] ] L o 1 1 1 1 1 1 Lo
g I I I I I g I I I I T I I I I g T T T T T I
=12 FIT:0.928+ 0.019 - =12- FIT:0.919+ 0.017 =12- FIT:0.926+ 0.017
811 S — Ga———— — . S S— D —
8 1 % g 1 o 8 1 ) —

T ® ! |
oo—ifér’— e 0_9_09§+-._
0.8 s 0.8 ° 1 - 08 _

1 1 1 1 1 L1 1 1 1 1 1 T \ . | \ | Lo
20 30 40 50 60 70 100 20 30 40 50 60 70 100 20 30 40 50 6070 100
Photon P, [GeV/c] Photon P, [GeV/c] Photon P, [GeV/cl

® Measured “response’ is lower than MC-truth response
» Loose second jet veto (p2"< 0.5 p+Y) violates photon-jet pr balancing
and produces downward bias in the measurement.
® Reasonable data/MC agreement when the same p; balance

method is applied to data and simulation |
® Pileup test in backups: ~no change with PV=1 cut ,CHE&,
JOANNA WENG PARIS 2010\
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Backup: MPF p oo P

® Basics of MPF (Missing Momentum Fraction; AN-2010/218)

—recoll A

« Ideally: Pyl + Py = ()

. . . — Y —recoil IMISS
+ Add in the detector: R Py + Rrecoil P = — by

miss =0
EHYSS - pis

——5— = Ruvpr
‘PT' k&

+ Solving:  Ryecoil/ Ry =1+

» Rypr is assigned as the response of the recoail jet

® Advantage of MPF: Low sensitivity to extra radiation

% Smaller error bars: Widths of distributions are narrower thanks to less fluctuations
from the impact of extra radiation

» Smaller bias wrt MC-truth than p{¢Yp+Y for current very loose cuts on extra radiation

» Helps to fully exploit the accuracy of PF method

® MPF method demonstrates the accuracy of JES for different types of jets
more clearly than y-jet balancing method does

i

by
ICHE®P
JOANNA WENG PARIS/ZOI0N.
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Backup: Absolute MPF P ETH btute fox

MPF “Response” versus p+Y

Calo Jet JPT Jet PF Jet
T T T I I I T I I I 8 | I . -I I I I I I I .
§ 1.2~ cMs Preliminary 2010 ] 2 1.2~ cMs Preliminary 2010 ~ £ 121~ cMs Preliminary 20?10 i
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- _ N 0 Q Ql o | - Q ry
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0 1 1 1 1 1 Lo 0 1 1 1 1 1 1 | 0 1 1 1 1 1 L
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= 12~ FIT: 1.(?3: 0.017 < 12— FIT: 0.960+ 0.011 = 12 FIT:0.992+0.010 -
e ————. Ama—— — S S——— g1 e — —
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T

® Measured “response’ is closer to MC-truth response than for pt balance

® Good data/MC agreement when the same MPF method is applied to data and simulation.,
|cuj,s“~g

JOANNA WENG PARIS/2010\..
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Backup:Single Particle Response ( D ETH Institute for

Particle Physics

e Well measured tracks which do not interact in tracker
material are used for measuring response of
calorimeter

e Tracks reconstructed with High Purity quality
e Track Pt> 1.0 GeV/c
e Atleast 8 tracker layers crossed

e No missing hits in the innermost or outermost track
layers

e Track (dxy) <0.2mm I|Track dzl < 0.2 mm
Track X2/ndof < 5.0

i
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Particle Physics

Backup: Anomalous Signal Cleaning /D ETH Institute for

W ECAL spikes
1 Remove rechits with ET>5 GeV and “1-E4/E1<0.95*
1 Remove out-of-time rechits (kOutOfTime and E>2GeV)

® HF anomalous signals

1 Cut on (L-S)/(L+S) for short fibers (PET algorithm)

1 Topological isolation cut for long fibers based on $S9/51 isolation
Remove rechits with “faulty” pulse shape

® HBHE noise in RBX/HPD

1 Rejects events with high energy/high hit multiplicity anomalous
noise

|

by
ICHE e'\’
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= CMS preliminary 2010 -
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9 10° —
w All Events =
— 4 =l
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0 50 100 150 200 250 300
Calo E; [GeV]

CaloMET for events before the beam-halo fitler
is applied and for beam-halo tagged events in
minimum-bias or jet 15 trigger events

Backup: Beam Halo (D partcle Physics.

Beam-halo tagged events with highest
CaloMET (224 GeV)

Beam halo does not significantly affect MET generally;
however, it can cause high MET in an event.

JOANNA WENG
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Backup: MET in MinBias Events (|) s

Calorimeter only MET and SumET distributions in minimum-bias events
Minimum-bias events allow a study of MET tail in least-biased way
Generator description of minbias events not as reliable as high Pt events

™ T 77 ™Y ?']'Y ™ T‘?Y YY'TY ™ TYY ."Y]"Y ™Y I'Y‘Y ™ T'YTY YT ™Y
CMS Preliminary 201
\§s=7 TeV

YY'TYrY'l TY'I'Y ™ T]‘TY‘Y Y'] 1117171‘1‘1‘]' T 1177 YY']'Yﬁ? YTT T
CMS Preliminary 201
\§$=7 TeV 3

~+- Data

D Simulaton

—
Q
s
—
Q
(=]
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-
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o
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Number of Events / GeV
Q ]

Number of Events / 2 GeV
< L

—
o

.

0 10 20 30 40 50 60 70 80 90 100 0 50 100 150 200 250 300 350 400 450 500
Calo E, [GeV] Calo XE, [GeV]

General agreement between data and MC in both distributions

MET tail under control after anomalous signal cleaning procedure
B Slight excess in data attributed to residual noise in HF

MET distribution slightly wider in data

B Attributed mainly to imperfect modeling of the HB & HE response

‘ k!
ICHEP
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Particle Physics

Backup: MET in Multijets P €TH insttte o

m Does MET depend on the jet multiplicity ?

> L R LR R R > AR RERE T
o) : —*— 2 Jets () al_ —*— 2Jols °
8 e, e § 0E 10 i Uncorrec_teq
2 ek : —— 4Jets = & by —— 4Jets Calo MET in jet
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§ : s C)'I;prelirn?nary 20(:0 §> 102 ; by CMS :rel;nina:y 2010 events for different
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Hr = ) PTiets and At

Backup: Ht and MHr

Ht and MH+ studies with Calo, JPT and PF jets
Calculation relies purely on clustered energy
-> more robust alternative, less sensitive to pile-up

r

D

Particle

Ht & MHtexplored in various new physics searches

|ﬁT| (ﬁT — _‘Z‘p_'Tjets_)'

ETH Institute for

Physics

(leading jet with pt> 40 GeV,
other ets w/pt>20 GeV, |n|<5)
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