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Make use of the

whole CMS system &

— tracker

article flow

HCAL
— Solenoid

— a.k.a energy flow
— reconstruct & identify

— Muon chambers

stable particles in

all

the event.







Charged
hadron

HCAL
deposit

ECAL
deposit

Photon

Single list of reconstructed

Neutral particles:

hadron - all calibrated
- used to build high-level
objects in a consistent way
(global event description)



Particle Jets

For the first time in a hadron collider experiment




Missing Transverse Erergy
Momentum

particles

For the first time in a hadron collider experiment



Why Particle Flow?

* Calorimeter jet:
— E=Eyen t
— o(E) ~ calo resolution

to hadron energy:
120 % / VE

— direction biased (B =3.8T)

* Particle flow jet:
— 65% charged hadrons
o o(pT)/pT~ 1%
e direction measured at vertex
— 25% photons
photon  o(E)/E~ 1%/ VE
* good direction resolution

charged
hadron * of(E)/E~120% /VE

— Need to resolve the energy
deposits from the neutral
particles...

Better performance expected, at least on jet and MET reconstruction



Particle Flow: How?

Particle Flow
algorithm,

1 year old,
2006



Particle Flow
algorithm
Nowadays

Particle Flow: How?

Particle Flow
algorithm,

1 year old,
2006




ECAL Surface

T f * Atypical jet
o i
A=, 2410 &OL — pT =50 GeV/c
e f ECAL -
-2.45 cluster X e Cell size:
e ECAL
2.5 crystal — 0.017x0.017
2.55F Tracks l:ﬂt+
T bent Tg
2.6 along ¢ El
- th
-2.65 0
-2.7 2 photons =
- from the n°
-2.75_+llllIll]llllllllllll]lllllllllllllllllllll
0.65 0.7 0.75 0.8 0.85 0.9 095 1 1.05

N

CMS-PAS-PFT-09-001 10



-2.4

¢ [rad]

-2.45
-2.5
-2.55
-2.6
-2.65
-2.7
-2.75

HCAL Surface

e Atypical jet

CMS-PAS-PFT-09-001

_ — pT =50 GeV/c
- * Cell size:
~ HCAL — 0.085x0.085
3 I‘ cHstr — 5 ECAL crystals
E— «— HCAL Tower
- (25 ECAL|crystals
- underneath)
itl L1l I L1l ] L1l I L1l l L1 l L1 1l l 111 l ) I - l Il
.65 0.7 0.75 0.8 0.85 0.9 095 1 1.05
n
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-
= .24F {(OL
e ECAL 5
-2.45 cluster/t\
: ECAL
2.5 crystal
-2.55 o2 Tracks : -
- bent ¢$
-2.6 :— along ¢
- A
-2.65F fqﬁ
-2.7F 2 photons (=]
- from the °
- 75—1.llllllllllllllllllllllllllllllllllllllllll
0.65 0.7 0.75 0.8 0.85 0.9 095 1 1.05
n

2 charged hadrons, 3 photons

-2.4

¢ [rad]

-2.45
-2.5
-2.55
-2.6
-2.65
-2.7
-2.75

CMS-PAS-PFT-09-001, + instructive backup slides

- HCAL
3 I‘ cluster
f— «— HCAL Tower
N (25 ECAL|crystals
. underneath)
5"[ 111 I L1l I L1l I L1l I L1l I L1 1l I 111 I L1 11 I 1l
.65 0.7 0.75 0.8 0.85 0.9 095 1 1.05
n
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Jets

energy resolution / 2
angular resolution / 3

Flavour dependence of
response / 3

Systematic error on JES / 2
« electronin jet » b tagging
quark-gluon jet tagging

MET:

T

— jet fake rate / 3 @ same eff.

resolution / 3
smallest tails

energy resolution / 4

Effects of particle flow in CMS

Electrons
— down to pT =3 GeV
— injets

vl

— 4% more efficient ID @ same bgd
rate

— better momentum assignment at
high pT
e, M, T, yisolation
— pile-up control
Physics analyses
— Better trigger for jets, MET, taus
(PF@HLT)

— e.g:
* FSR photon recovery in H>ZZ
* embedding in H> Tt
* jetsubstructure



Multivariate MET

CMS Preliminary 2012 Z—pu several kinds of particle-flow MET:
/>-\ 30 B I I I I | I I I I I I I I | |7
8 : ®  Data Particle Flow B; ]
= 251 MET MET MET etc.
S [ Mepencerows, from all from from
g 20 } ®  Data Particle Flow MVA B, 2 partiCIeS pi|GUP primary
3 I particles vertex
mﬁ 15 } MC Particle Flow MVA%. o p articles
- i o

10 ,°
51 Multivariate MET
i | estimation
o0 10 20 30

Number of Primary Verti . " .
umber o ary vertices Almost insensitive to pile-up

CMS-PAS-IME-12-002 (coming soon) 14



Jets : Energy Resolution & Response

QCD simulation

| CMS Preliminary |
0.45 -

0.4 T commacaoes | The jet particles were calibrated
0.35 X —&— Particle-Flow Jets : : 9 respOnse ClOse tO 1 before

03N any jet energy correction
0.25

0.2

0.15

Jet-Energy Resolution

0.1 | CMS Preliminary |

0.21 : J :
oF e W

-0.2

0.05

TTTT |III||III IIII|

102

N
(=}

o
®
D
<
O,
Jet Response

o
E Y
!

Large improvement o0
at low pT I

= ==~ Calo-Jets
=08 [ i : A

B §0<Inl<1.5

=& Particle-Flow Jets |-

500600
P, (GeV/c)

|

i 1 1 1 1
300

_1 PR B S R 11 1 |
100 200

400

CMS-PAS-PFT-09-001
CMS-PAS-PFT-10-002 15



The t lepton

m=1.78 GeV

— Largest Higgs-lepton coupling!

"
v, e ct=90 um

* Branching ratios:

— 65% 21, 4 v,

e 75%, 5> 1nt + [n%(‘s)] + v, (1 prong)
R * 23%, >3t + [10(‘s)] + v, (3 prongs)

— 35% T2 *vv,

* Narrow “jet” with only a few
particles, typically isolated



e Seed jet built from

Run 155697, Event 6769403

CalO Cl usters AR<0.4 Time 2010-05-24, 17:38 CEST

— T momentum from W-1v candidate in
clusters with AR<0.2 7 TeV collisions

e Associate tracks
— with AR<0.2
— 1 or 3 « prongs »

‘ t\ '.“

* MVA jet rejection

— calo & track info

e e.g. track isolation,
jet energy profile,
etc.

ATLAS-CONF-2011-152
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i, -2.4
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-2.45
2.5
-2.55
2.6
-2.65

-2.7

T Reco & ID in CMS

75
0

&(OL
ECAL -
cluster X
ECAL
crystal
Tracks l:ﬂt+
bent | [
along ¢ lil Tg =
é\]
0 -
2 photons -
from the m°
lllIlIll|llllIllllIlllllllllllllll\\l‘llllll
0.7 0.75 0.8 0.85 0.9 0.95 1

Select decay particles
according to decay mode

Isolation w/r to other particles

CMS-PAS-TAU-11-001

Events

CMS Simulation 2010,\'s=7 TeV

) T T
§e)
o
€ awm| 0.02 0.01 0.91
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©
=}
Gnn’(s)| 0.13 0.83 0.04
e}
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=
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3
o
4 mO(S) TUTLTT
generated t decay mode
CMS Preliminary 2012, {s = 8 TeV, 19.4 fb™ ut
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Inverse Background Efficiency

2

oy
o
w

2

—
o

T ID performance

CMS (HPS)

ATLAS

SN I B I CMS Preliminary 2010,\/s=7 TeV, 36 pb
- — n I I I I
- 1 Prong s+ TauBDT Summer2012 | © O PTDR, W+jet
O PTDR, QCDu O
. > : | E I :
; p,>15GeV, Inl <2.5 TauBDT Winter 2013 5 © iy gg’;; © /:
N 19 |~ HPS, W+jet /./
- A L o — E --@-- HPS, QCDu.
__ At — @ 102F 4 .
— A A. a E X ./
- ' 2 4 S
— p‘.““ 1 % 2
- Ao o 10
— ‘.A” — 9
= ATLAS Preliminary %sy 3 @ o
- — 4]
_ Data+Simulatipn 2012, I's =8 TeV \ | QE’
-3 | | ] |
T2 05 0a o5 06 o7 Yos s 91 02 03 o4 05 06
Signal Efficiency expected t efficiency
ATLAS and CMS - o _§ E 1 Prong e TauBDT loose E
(apple to apple comparison difficult!) € T ,.i5cevij<zs * TauBDTmedium
ici 3 .FE = TauBDT tight .
— 40% efficiency at 1% fake rate g os- T =
— 50% efficiency at 2% fake rate Y NSNS N SR
Efficiency (and fake rate) flat vs pileup ———> E
E Simulation 2012, Vs = 8TeV ATLAS Preliminary |

o
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T Energy Scale

* In the past (low int. lumi.)
CN S P minary, Je 2 T8 Tl L= 2 Mo — fit mass of t visible decay

nt —&— observed
3000 h 3z products (CMS)
0 jet B clectroweak

C+

— single-particle response
modification (ATLAS)

— T E scale uncertainty = 3%

dN/dm_. [1/GeV]

* Future (now)

— fit mass of t visible decay
- products (CMS)
0 100 200 300

m,, [GeV] — fit mass of the pt system

— 1 E scale uncertainty < 1%?

CMS-PAS-HIG-13-004, and Arun Nayak’s talk tomorrow



Summary

* Particle flow used in almost all analyses in CMS
— Now competitive with ATLAS on jets, MET

* Excellent tau performance in ATLAS and CMS

— See taus (& PF) in action, e.g. tomorrow:
Arun Nayak, H>tt in ATLAS & CMS



Recipe for a good particle flow

PF Jet,
pT = 140 GeV/c
Data

Separate neutrals
from charged hadrons

— Field integral (BxR)
— Calorimeter granularity
Efficient tracking

Minimize material
before calorimeters

Clever algorithm to
compensate for
detector imperfections

22



Neutral/charged separation (1)

pT = 140 GeV/c
Data

Field Integral

e Strong magnetic field:
3.8T

e ECALradius 1.29 m

e BXR=4.9T.m
— ALEPH: 1.5x1.8=2.7T.m
— ATLAS: 2.0x1.2=2.4T.m
— CDF: 1.5x1.5=2.25T.m
— DO: 2.0x0.8=1.6 T.m

23



PF Clustering, HCAL

ad]

= 2.4
-2.45
-2.5
-2.55
-2.6
-2.65

-2.7

-2.75

0L

HCAL
cluster

«— HCAL Tower
(25 ECAL
underneath)

'm_l_lllllllllllllllllllllllllllllllllllllll

Used in:
— ECAL, HCAL,
preshower
Iterative,
energy sharing

— @Gaussian shower
profile with fixed o

Seed thresholds
— ECAL:E>0.23 GeV

crystals. HCAL:E>0.8 GeV

24



PF Clustering, HCAL

ad]

= 2.4
-2.45
-2.5
-2.55
-2.6
-2.65

-2.7

-2.75

0L

HCAL
cluster

«— HCAL Tower
(25 ECAL
underneath)

'm_l_lllllllllllllllllllllllllllllllllllllll

Used in:
— ECAL, HCAL,
preshower
Iterative,
energy sharing

— @Gaussian shower
profile with fixed o

Seed thresholds
— ECAL:E>0.23 GeV

crystals. HCAL:E>0.8 GeV
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PF Clustering, ECAL - Validation

-2.4

¢ [rad]

-2.45
-2.5
-2.55

llllllllIIIIIIIIIIIIIIIIIIIII

Tracks
bent

2 photons
from the m°

Number of photon pairs

* Right m® mass

A
C m™=135.2:0.1MeV/c? D

O, =13.2+ 0.1 MeV/ ¢®

+7-TeV Data, 0.1 nb™

CMS Preliminary 2010

03 035 04 045
Mass (GeV/c?)
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Iterative Tracking (1/2)

Developed for PF,
now standard

At each iteration:
— Reconstruct a set of tracks

— Remove track hits
— Relax constraints

Fast (~¥10 s / event)

Iterative tracking:
— 1-2 % fake rate

A
Old “CTF” tracking:/(ﬂ

— 20 % fake rate

efficiency vs pT

27



Iterative Tracking (2/2)

Efficient also for
secondary tracks

Secondary tracks
used in PF:

— Charged hadrons from
nuclear interactions
* No double-counting of the
primary track momentum
— Conversion electrons

e Converted brems
from electrons
(cf electron slide later)

Nuclear interaction vertices

'7IE _-: "|.
R i o Y R AC T
7R | A 4. e LR S ZTE S TS
’ % LT -~ “‘j 2 et e ‘“"’n, cr‘i-'-' X N ' H“, L,ﬁ'.‘.. "_{
Y T e ey, L ¥ a
: R T P o S e, W el
AR ki i
L i R
- v s AN 'y |~ 1 3
47 RN 74 ‘ . . - X . .
: ..+ - /| Displaced beam pipel, " |\
10| =% R
B AR
‘. e
- 1 A ".-".'.
. & i
ot VL
© 0= gf
- - & ‘r.i‘
e | i8)
|— 5 . r.‘.
E, - 1’ / >A"

f FEL
© 10— a3
: - /} - .’"

" — V:'“ 3 - "_“;:' .
? P 7.
L 20 - ‘
o [ 3 -
p [ .
= [ N o
0 -3%.‘ T-- l :i. ad v.:i‘ul 1 ‘Il ‘.1::1:"{': 1-~-‘1" '1 1.

-30

T, |
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nucl. int., Data\'s=7TeV




-2.4

¢ [rad]

-2.45
-2.5
-2.55
-2.6
-2.65
-2.7
-2.75

Linking — ECAL view

- ECAL ﬁ

= cluster

- ECAL
= _crystal
- +

o Tracks fﬂ[ L‘-\_ﬁ

- bent E | [

- along ¢ El Tg

: | U

— 2 photons

- from the n°
_*llllllllllllllllllllllllllllllllllllllllll

0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 1.05

http://cdsweb.cern.ch/record/1194487?In=en

N

Impact
within cluster
boundaries
— track & cluster

linked

29



Linking — HCAL view

§ : * Track impact
2.4 ég within cluster
622_45; F - boundaries
25F el > t.rack & cluster
- cluster linked
-2.55}
. e Clusters
-2.6 .
- overlapping
-2.65F — HCAL Tower
: 25 ECALlonystai Clusters linked
2.7 underneath)
-27551' L1 RS FEENE NS RS R R N
0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 1.0

http://cdsweb.cern.ch/record/1194487?In=en
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Link Validation

Number of Tracks

10*

10°

10?

10

—— 900-GeV Data

— Simulation

01 02 03 04 05 06 07 08 09 1
AR (Track-HCAL)

Distance between:
- the track impact and
- the closest HCAL cluster

31



Links:

Track-ECAL
Track-HCAL
ECAL-HCAL
Track-track

Links and blocks

ECAL-preshower

Track

ECAL

HCAL

ECAL

Track

* The block building rule:

— 2 linked PF elements are
put in the same blocks

3 typical
blocks



Result: 2 PF “Blocks”

HC

/L
)

78\

Track

¢ [rad]

HCAL

-2.55F

E9 &

Alone
in its
block

— 1 photon

¢ [rad

Track

-2.45 ;—

-2 45;—

=255

241
-2.51

2.6

-2.7;—

KoL

241
5
8F

2.65
2.7F

| |

i N

-2.75:fllllllllllllll IlII[llll IlIlIIll
0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 1.05

http://cdsweb.cern.ch/record/1194487?In=en
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Photons

-2.4?— KOL

24F oL

Not linkedto /2%

any track
-2.655—
27t

N
($)]
%)
|
- el

— 2 photons
2,754
2.65 0.7 075 0.8 0.85 0.9 0.95 1 105
http://cdsweb.cern.ch/record/1194487?In=en



Photons

2.4F KoL

-2.55 — q!i‘ :
26F ! *
s th
]

-2.65} o

2.7

R R A N R R Y T R R KT
http://cdsweb.cern.ch/record/1194487?In=en



Block simplification

[rad]

-2.4F 40L
< -
-2.451
-2.51
-2.551
2.6
2.65F

keep only :
the link to the 24f KoL
closest cluster -2.45[ X

I 25 ;—
-2.55[ g

o | #

-2.65 f— &

¢ [rad]

2.7 -

| | i N

S 7B B o o el v bt D i g U g
0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 1.05
http://cdsweb.cern.ch/record/1194487?In=en



Block simplification

2.4F KoL

¢ [rad]

HCAL HCAL 245F
251
2.55F

26k

-2.65;—

2.7F

ECAL

[rad]

24f oL
< o [=
-2.45 -

251

-2.55[ g

2.6 ! X
th
0

l \ -2.65 — L] z
Track T g %

rack 2.7} 5

-2.75:*11111llllIlllllllllllllll]llllllllllllllll
0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 1.05

http://cdsweb.cern.ch/record/1194487?In=en
37



Charged hadrons, overlapping neutrals

HCAL HCAL

——-""—-'-———

Track Track

http://cdsweb.cern.ch/record/1194487?In=en

For each HCAL cluster,
compare:

— Sum of track momenta p

— Calorimeter energy E
* Linked to the tracks
* Calibrated for hadrons
£ =a+ b0, +cf,,.,

E and p compatible

— Charged hadrons
E>p+120% Vp

— Charged hadrons +

— Photon / neutral hadron
E<<p

— Need attention ...

— Rare: muon, fake track

38



Charged+neutrals: E = p

 Charged hadron energy
from a fitof p,and E
—i=1, .., Ntracks
P

— Calorimeter and track
resolution accounted for

e Makes the best use of
the tracker and
calorimeters

— Tracker measurement
at low pT

— Converges to calorimeter
Track Track measurement at high E

http://cdsweb.cern.ch/record/1194487?In=en

39



ax bl ..+ cl .,

Charged+neutrals? E>p

HCAL HCAL

——-""'—'—'-———

Track Track

http://cdsweb.cern.ch/record/1194487?In=en

e Significant excess of energy
in the calorimeters:
E>p+120% VE

* Charged hadrons [ p; ]

* Neutrals:
— E from ECAL or HCAL only:
« HCAL 9 h® [E-p]
* ECAL =2y [ Eccar—p/b]
— E from ECAL and HCAL:

* E-p>Egp ?

=V [ Eeca ]

— ho with the rest
* Else:

-y [(E-p)/b]

Always give precedence to photons

40



Validation of the calibration

HCAL HCAL
.

1.4

CMS Preliminary 2010 (Barrel)
1.3F

1.2F

11 E ; :

p (E/p)d au g -~ h,__‘_w_ﬁ-v-h""""‘-t—hf_'-f* }_
1 —— O nE N SESIRTRIRION: SOOI, W :':_,_._?__4,__}_ SO v }

(E/ﬁ )J'l'/m/ 0.9F

0.7 i — N —
Track Track C | —— Data/Simulation I

_lIIIIIIIIIIIIIIIIIIIiIIIIIIIIIillllillllillll
0'60 5 10 15 20 25 30 35 40 45 50

Track momentum (GeV/c)

Ratio of the calorimeter response
between data and Monte-Carlo

41



2 charged hadrons, 3 photons

24 KOL

Alone g "
.. -2.55:— f‘ c
In Its osb | g-
block B 4
-2.65) &
%

— 1 photon . X
2.7F =

| | i N

ST B i [ vl i i Do Do e 1 o g 5
0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 1.05
http://cdsweb.cern.ch/record/1194487?In=en



Electrons

3. Brems convert.

2. Tangents to the track are Secondary electrons
used to collect brem reconstructed and
photons collected

4. ECAL “super-
cluster” also
used to collect
energy in case
of an isolated
electron

1. Reconstruction of non-
isolated electrons starts
http://cdsweb.cern.ch/record/1279347?In=en  from the tracker



Muons (1/2)

* |najet:
— Need high efficiency:
Lost muon

-2 linked calorimeter
energy lost

— Need low fake rate
Fake muon
= linked calorimeter
energy double-counted
* high efficiency &
low fake rate to avoid
tails

http://cdsweb.cern.ch/record/1279347?In=en

Isolated:
— Need very high efficiency
Not to bias analyses

 Muon ID cuts applied at
analysis stage

— Fake rate not important

* Low probability for a jet with
only a fake muon and
neutrals linked to the muon

- MET not affected by fakes

44



Muons (2/2)

* 3 steps, starting from a
very loose muon

— Isolated?
* Yes = take it

— Else:
* Tight muon ID criteria?
— Yes > take it ,.
* ElseE<<p? P
— Loose muon ID criteria? il
» Yes = take it ' ‘
— Else not a muon

 H>ZZ->4p analysis: Z=uu (PbPb)

— 10% higher efficiency,
background rate smaller

- CNGFapadrar S SRR
el Tuo i SRS SN0 CEST
LLER L1 T 2

[Mme e NG|
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- The CMS Particle Flow Algorithm

- Performance

e Jets
e MET
 TaulD



How is the pile-up density estimated?

- inject many pseudo particles of
pT closeto O
- reconstruct jets with pseudo and

real particles ‘ . N r
a \ (
’,15?(‘ A
'
NN
Q"

Charged hadron
PFCandidate

\ Neutral
PFCandidate

| From pile-up I




How is the pile-up density estimated?

- inject many pseudo particles of
pT closeto O

- reconstruct jets with pseudo and
real particles

- compute pT density in each jet

- take the median of the pT density
distribution

| Charged hadron
\ PFCandidate

Neutral

» :
—> not sensitive to hard objects PFCandidate

- from primary interaction
(good, done for that)
- from pile-up (bad)

If a pile-up jet contaminates a Better correct only for neutral

good jet, PU contribution very particles, after removal of PU charged
underestimated hadrons

I rruirTr pricTupy I N




Tracking System

n

“Sloni b ===——I]1} 111l =% ¢ Huge silicon
o (L ee——— (3 e T O A | AR
o DU EEE vl == ) 1 Y Y tracker
0 TEC- ==, |PIxEL TEC+
- R L ===z =Sl ] I AN * Hermefic
N R RN (1 W A O O A
= Y === |l!|1 ] | | * Highly efficient,

-2600 -2200 -1800 -1400 -1000 -600 -200 200 600 1000 1400 1800 2200 2600

z(mm) —— in prinCipIeoo-
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Tracking System

n

T — s "
T —— Wiy -2 ¢ Huge silicon
O il === rin IH* ot tracker
TEC- ==, |PIxEL TEC+
BERM G === * Hermefic
T I o I I (10 O
N =1l 1] ] * Highly efficient,
2600 -2200 -1800 -1400 -1000 -600 -200 200 600 1000 1400 1800 zz(fé)’g}ﬂ) in pri nCi ple...
* Butupto1l.8 X0
— Nuclear
interactions

— Y conversions
— e- brems

50



Fraction of the

Jets : Particle Content

carried by the
various types of
particles

/cms L =36 pb’ s =7 TeV

1 Pttt o e Sy
0.9
0.8
0.7
0.6
0.5

0.4

0.3 Inclusive jets Inl<0.5

[ Data NHF - MC NHF
0.288 l Data NEF - MC NEF
0.1 Bl Data CHF = MC CHF

0

Component fraction stack

20 30 100 200 1000
p; (GeV)

Data and MC agree at
the % level

Jet energy distributed
as expected

Drop in track
reconstruction €

in high pT jets

— charged hadrons
reconstructed as:

— photons

— neutral hadrons

51



Jets : Energy Resolution (data)

\'s=7 TeV, L=35.9 pb' CMS
S total systematic uncertainty PFJets
§ 03 MC truth (c-term added) (Antl'kT R=0.5) a
503 o 0<Mmi<05
e —@— data
- L
o
D02+ _

50 100 200

Resolution measured
using di-jet and gamma
+ jet events

PF jet resolution validated
with the data
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1 HCAL tower

<€

Jets : n and @ Resolution
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http://cdsweb.cern.ch/record/1194487?In=en
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Jet Response: Flavour Sensitivity

CMS simulation
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PF jet response almost independent from the flavour of the jet-initiating parton
In particular: same response for gluon and b jets
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MET in multijet events
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— can define and plot o - CMS \s =7 TeV ]
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Factor 2 gain in resolution
Confirmed in the data
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MVA MET (1/2)

* Hadronic recoil to a  Multivariate regression
boson (e.g. a Z) — Correction to the recoil
— Inputs: ﬁT,ZET
for:
e All particles

e ht from primary vertex (PV)

e ht from PV and neutrals in
jets from PV

 h+ from PU vertices and
neutrals in jets from PU
vertices.



MVA MET (2/2)

. . CMS Preliminary 2012 Z—
* Hadronic recoil to a < 30— .
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All particles, raw jet

In the tracker
acceptance

' Charged hadron
PFCandidate

\ Neutral
PFCandidate

O

O - Energy and direction
from main @ biassed

/ [ - Energy corrected for
PU density in the
event

From pile-up I




PU charged hadron removal, CHS jet

In the tracker
acceptance

O

Charged hadron

(/YFCandidate

O

- Energy and direction
resolution improve

from main
interaction

O - Energy corrected for

residual PU density in

| From pile-up |

the event
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T ID Efficiency and Fake Rate

Performance in ATLAS:
— Efficiency ~60%

— Fakerate ~5%
Both flat vs pileup

Similar performance in CMS

twiki.cern.ch/twiki/bin/view/AtlasPublic/TauPublicCollisionPlots
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T ID Efficiency Measurement
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/> TT2UT events
— ATLAS also uses W=t events

Fit tau track multiplicity
— signal template from sim.
— bgd template from same-sign

— ATLAS and CMS also fit the ut
mass distribution

Systematic uncertaintyon t
ID efficiency: ~5 %

twiki.cern.ch/twiki/bin/view/AtlasPublic/TauPublicCollisionPlots
ATLAS-CONF-2012-142



