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Tevatron Performance

* Integrated luminosity: ( .
» (Tevatron) delivered ~12 fb-! End of operations:

» (CDF) acquired ~10 fb"! - September 201 |
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Thanks to the Accelerator Division for the
amazing performance over the past ~25 years
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*Tracking system in 1.4T
magnetic field

e Silicon detector

e Central drift chamber

CDF Il Detector

End-Plug Electromagnetic
Calorimeter

End-Wall Hadronic
Calorimeter

End-Plug Hadronic
Calorimeter

*Electromagnetic and
hadronic calorimeters up to

In|<3.6

*Muon chambers up to
ni<1.5

Cherenkov Luminosity
Counters

Tevatron
Beampipe

protons

Chambers (CMU)

Central Muon Central Muon Upgrade (CMFT‘

Central Muon Extension

Central Outer Tracker (COT)

Barrel Muon
Chambers

Solenoid’

Central Electromagnetic
Calorimeter

Central Hadronic
Calorimeter

Interaction Region

Silicon Vertex Detector

/ I Layer 00

ntermediate Silicon Layers
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Motivation

® Measurement of associated production
of W bosons and jets is a fundamental
test of the standard model (SM)

® W+jets production is:

‘:‘ a dominant background of important processes being

studied at the Tevatron 5‘57

® Diboson, single-top, Higgs, etc.

0:‘ a background in searches for new physics
beyond SM (“X”)

Nl
L
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Outline & Documentation

® Analysis outline

® Previous CDF results and results from other
experiments

® Update of previous results using the full CDF
dataset

® Discussion of improved analyses techniques and
results

® Studies in orthogonal samples

® CDF Public Note 10973

® A more detailed description will be published shortly

Saturday, February 23, 2013


http://www-cdf.fnal.gov/physics/new/hdg/Results_files/results/w2jet_130222/DijetMassSpectra.pdf
http://www-cdf.fnal.gov/physics/new/hdg/Results_files/results/w2jet_130222/DijetMassSpectra.pdf

Event selectionl

® \VV selection

® |epton (electron/muon) Pt>20 GeV, |n|<I

o K >25GeV

e MW> 30 GeV
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Object identifications - leptons, V

® Want to efficiently collect Ws:

® Trigger on charged lepton - !'ﬁ ©,

e Offline lepton identification:

Trackcr
) Hadronl.c
Calorimeter

® Track matched to an isolated calorimetric deposit of Electromagnetic
Calorimeter
one or two towers

° Mostly electromagnetic (>90%)

' ;??f
® |solated track matched to a small calorimetric -

deposit and hits in the muon chambers.

® (_Neutrinos: large ET

° ET corrected for calorimeter inefficiencies and the
presence of muons

Muon
Detectors

Traclr.er

Hndronic
Calorimeter

Electromn.gnet ic
Calorimeter

Saturday, February 23, 2013 7



Event selectionl

® Dijet Selection

® Two jets (“jetl”,“jet2”) each with:

* Er>30 GeV, |n|<2.4

® No other jets passing these criteria

® WV selection

® |epton (electron/muon) Pt>20 GeV, |n|<I

o K >25GeV

e MW> 30 GeV
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Event selectionl

® \VV selection

® |epton (electron/muon) Pt>20 GeV, |n|<I

o /T >25GeV
® Dijet Selection o MV> 30 GeV

® Additional cuts

: ® Pr(jetl,jet2)>40 GeV,
® |An(jetl,jet2)|<2.5
o Ap( L jet])>0.4

® Two jets (“jetl”,“jet2”) each with:

* Er>30 GeV, |n|<2.4

® No other jets passing these criteria
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Modeling of the data sample

® Attempt to model the data in terms
of known contributions

PEREECT HT
[

‘ <
pdffl .’ ‘/
. ‘* 3 '




Modeling of the data sample

® Attempt to model the data in terms
of known contributions

PEREECT FIT
® But what if those are not >

enough? Found new physics? " “

A X,

@ "




Modeling of the data sample

How do we model the data exactly!?
Fit in dijet-mass (“Mjj”)

After the fit
Data-SM

(excluding Diboson)




Modeling of the data sample

PYTHIA]

Process

Shapes Rate constraint

WW /W Z/ZZ inclusive
tt
single-top
Z — e, u, T+jets
W+jets

Fake leptons from multi-jets

PYTHIA
PYTHIA
MadEvent+PYTHIA
ALPGEN+PYTHIA
ALPGEN-+PYTHIA
from data

Theory
Measured cross-section
Theory
None
None

from data
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Composition of the data sample

Electrons

Muons

@ Diboson
® W/Z+jets

® Top

@ Fake-leptons !

Saturday, February 23, 2013
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Previous results

® CDF has reported an excess of events around a dijet mass of
145 GeV using a 4.3/fb dataset. Such an excess “is not
described by current theoretical predictions within the
statistical and systematic uncertainties”

Phys. Rev. Lett.

——106, 171801 (2011) —— =
150 ”
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http://theory.fnal.gov/jetp/talks/Viviana.pdf
http://theory.fnal.gov/jetp/talks/Viviana.pdf
http://prl.aps.org/pdf/PRL/v106/i17/e171801
http://prl.aps.org/pdf/PRL/v106/i17/e171801
http://prl.aps.org/pdf/PRL/v106/i17/e171801
http://prl.aps.org/pdf/PRL/v106/i17/e171801

Previous results

® “One possible way to interpret this disagreement is as an excess
in the 120—160 GeV/c? mass range” with the significance of 3.2 O

—Phys. Rev. Lett. -
- 106. 171801 (2011)
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http://prl.aps.org/pdf/PRL/v106/i17/e171801
http://prl.aps.org/pdf/PRL/v106/i17/e171801
http://prl.aps.org/pdf/PRL/v106/i17/e171801
http://prl.aps.org/pdf/PRL/v106/i17/e171801
http://theory.fnal.gov/jetp/talks/Viviana.pdf
http://theory.fnal.gov/jetp/talks/Viviana.pdf

State of the art from other experiments

® Both DO and CMS performed similar analyses

CMS, [Ldt=5.0fb" \[s=7TeV
1 1 1 1 ] L] T ] ] l 1 1 1 1 ]

o - DG 4.3 b —¢— Data - Bkgd > 100F 7
> 300 R4S —— Bkgd * 1 s.d. o , WWwz
3 - Phys. Rev. Lett. 107,011804 (2011) gl Diboson Q\D ~~ Uncertainty |
250 - U N K CDF-like Signal
o - [ ] Gaussian (Fitted) ) |
= = oA e Gaussian (4 pb) c I PRL: Phys.Rev.
E 2005 M; =145 GeV/c’ g’ 50 Lett. 109
§ 150 T 251801 (2012)
a8 N
1001 P(x2) = 0.464
S0 : : + + i
Of : 0 e -
- 1 | | | |+ i + ]
0 50 100 150 200 250 300 : L L O

: : 7100 200 300 _ 400
Dijet Mass [GeV/c] m; (GeV)

* Also, preliminary analysis from ATLAS (ATLAS-CONF-2011-097)

Similar effects are not observed

Saturday, February 23, 2013 17


http://arXiv.org/pdf/1208.3477.pdf
http://arXiv.org/pdf/1208.3477.pdf
http://arXiv.org/pdf/1208.3477.pdf
http://arXiv.org/pdf/1208.3477.pdf
http://arXiv.org/pdf/1208.3477.pdf
http://arXiv.org/pdf/1208.3477.pdf
http://prl.aps.org/pdf/PRL/v107/i1/e011804
http://prl.aps.org/pdf/PRL/v107/i1/e011804
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-097/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-097/

® As a first step, we will repeat the

same analysis as in 201 | (4.3 fb™')
with the full CDF dataset

® Same event reconstruction and selection

® Same modeling of the data sample

M, [GeV/c?]
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Our updated version of the excess

CDF Run Il Preliminary, L = 8.9 fb’
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Our updated version of the excess
5
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Our updated version of the excess

CDF Run Il Preliminary, L = 8.9 fb™
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® Reproducing the same analysis with
the full CDF dataset we observe a
similar excess

® However, we are aware that other
experiments don’t observe the same
excess

® What's going on!

Saturday, February 23, 2013
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Moving on

® |n the past two years we studied the W+2jets sample
intensively, including the possibility of deficiencies in our

modeling &

e
.a"mh
iy
i

® |n parallel we studied other samples as well

® Llarge I/T+ 2jets } |
more details later
® Jwo charged leptons + 2jets

1B |

® Here we focus on the three issues found to be most

relevant:
p Modeling of events with small dijet opening angle
p Modeling of the jet response
p Modeling of the fake-leptons

® All the details about our studies will be published soon

Saturday, February 23, 2013 23



p Modeling of events with small dijet opening angle

Modeling of the fake-leptons

Saturday, February 23, 2013
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Event selection: Additional cut

* We noticed disagreements between data and predictions at low

dijet opening angles
» Clustering not properly simulated for closely spaced jets!?

CDF Run Il Preliminary, L = 8.9 fb

400

—e— Dala

350

300 Dibason

250

Events/0.1 radians

200 WiZ+jets

150

Top
100

50

QCD

) -

100 : ; ; ; ; ; g

chisq=69.3
ndf=36

Events/0.1GeV/c?
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*We noticed disagreements between data and predictions at low

Event selection: Additional cut

dijet opening angles
» Clustering not properly simulated for closely spaced jets!?
» However, heavy particles decay to jets with large opening angle

Events/0.1 radians
w
]

100

Events/0.1GeV/c’
= 1]
=3

e T
0 0.5 1 15 2 25 3 35 Rl;
. ¢+ gi::;:::::;'f:::::::"::;{’.:::;::::44:;?'% ...................................

CDF Run Il Preliminary, L = 8.9 fb”

—e— Data

Diboson

WiZ+jets

Top

QCD

mmm Diboson (X Oy

chisq=69.3
ndf=36

~ Diboson x 8
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Event selection: Additional cut

*We noticed disagreements between data and predictions at low

dijet opening angles
» Clustering not properly simulated for closely spaced jets!?
» However, heavy particles decay to jets with large opening angle
» We therefore require AR;>0.7

CDF Run Il Preliminary, L = 8.9 fb™

A0 = e e e e e e =

= + ——Data
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20 __ .................. .............. ............ ................. (H) ..... ....... + {) A chisq=45.9

ndf=33

Events/0.1GeV/c?
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Event selection: Additional cut

* AR;>0.7 cut has a minor effect at large dijet masses

* But improved agreement with the predictions for low
dijet masses

CDF Run Il Preliminary, L = 8.9 b CDF Run Il Preliminary, L = 8.9 b

Events/5GeV/c?
Events/5 GeVic?

50 100 150 200 20 300 ———— 0 T o —
Dijet-Mass [GeVIc:;] 50 100 150 200 Dlj%f?wass [GeVlc%?o
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140 5 5 5 T === Data-SM (no Diboson)
T 1] S S : : : :
P11 ] RS AU

Events/5 GeVic*

1*=113.8

o< _ L 5 12=86.9
ndof= 56 20E T B B o TN ndof= 56

e TR TR (SN TN SN SN, SHN (N T T S S S S T S S S S S S S S T T_—T_—1

3
Dijet-Mass [GeV/c?] 0 k]
Dijet-Mass [GeVic?)
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p Modeling of events with small dijet opening angle
p Modeling of the jet response

Modeling of the fake-leptons

Saturday, February 23, 2013
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Object identifications - jets

® Jets of particles in this analysis

® C(Collection of calorimeter towers clustered with
“JETCLU” cone algorithm (radius R=0.4)

® FElectromagnetic fraction less than 0.9

Parton level

\ Particle Jet Energy depositions

P In calorimeters

30
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Object identifications - jets

® |et energy scale (“JES”)

® TJransfer function from the tower-cluster to the
hadronized parton energy (true energy)

® Validated in Y+jet events

® [f no extra-activity in the calorimeter El*tt/EYT ~ |

Saturday, February 23, 2013
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Object identifications - jets

® Critical to this analysis when validating the JES is the
compatibility between Data and MC
PEREE(}T H1

<R

»
%

v+jet balancing: 60.0 GeV < Jet E; < 70.0 GeV

o X,,.,=-0.002+0.004 || X,,.=0.004+0.005 i
a F )
£ Dt CDF Run Il Preliminary,
B40F  amC L=89 b

350 - MC(gauss-fit)

300%— - Data(gauss-fit)

250

200

150

100

50

0: | [ T IR B L1 ] M ™, - . . .
T8 08 04020 02 04 08 e PRy -1 Y Jet balancing against the photon is

compatible between PYTHIA Tune A
MC and Data within statistical

' uncertainty '
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Object identifications - jets

® However, Ytjet events are quark dominated (>70% at EY7<80

GeV) < 0.9¢

LY —— PYTHIA

—

£0.7
- \

£0.6 s
& 0.5
0.4:
0.3F
0.2
0.1

—— gamma+jet

% 30 40 50 60 70 80 90 100
Boson Et

® Question: how well does this JES work in samples with higher
gluon content?

Saturday, February 23, 2013
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Object identifications - jets *

* Back when JES was derived we didn’t have the statistical
power (200 pb') to investigate other samples with larger
gluon-jets content _,,

5 0.8 .
for: Ltjet
2067
£0.5;
0.4F
m3;//’///’
0.2"
0.1

Tt

ALPGEN+PYTHIA

% 30 20 50 60 70 80 90 100
Boson Et

*Now with the full dataset (8.9 fb-') we can do that
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Object identifications - jets *

® Critical to this analysis when validating the JES is the
compatibility between Data and MC PEREECT H I

Z-Jet Balancing: 60.0 GeV < Jet ET <70.0 GeV i éﬁ?

Xpata = -0.057 £ 0.012{% = -0.023 + 0.004

+ CDF Run Il Preliminary, L = 8.9 fb"! -

§

50—

Events/bin

40l

30— ¢*Data —
MC ]
- MC(gauss-fit) —

- Data(gauss-fit)

20—

10

L 1 1 1 1 1 1 L L L | L L
-0.5 0 0.5 1

(JetE_/ZP,)-1

O_l |

rALPGEN+PYTHIATuneA MC and
Data are hot compatible within

. statistical uncertainty '

© 3poD * www.ClipartOf.com/15462
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Object identifications - jets

&)
)




Object identifications - jets

)

Ytjet L+tjet

jet balancing
A e/l Q
I::> 9 # =1 > Z =~ b
Rt ¥ ) - =
A e/l Q

w




Object identifications - jets *

L+tjet

jet balancing

>

Quark-jet fraction
(from MC)

453645806570 89, 0n 90cevAPO
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Object identifications - jets *

We will make the assumption that the observed discrepancies

between Y+jet and Z+jet originate from differences in the
modeling of the jet response for quarks and gluons

L+tjet

jet balancing

>

@ quark-JES
Quark-jet fraction -checked
(from MO (i gluon-JES

453645806570 89, 0n 90cevAPO
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Object identifications - jets *

Jet balancing overview

® Balancing performed in several jet Et bins

A (MC - Data)

0.15

0.1

0.05

Difference between Data and MC in Jet Balancing

-0.05

E CDF Ruln IIIPreIIimir:ary,|L=8.9 v | — Jet El.l. / yl ET l
- —JetE . /Zp_| -
f_ M H:FLH>+++ + B
I 1 | X i
R R
: T B R B |
20 20 60 80 100
Eietr [GeV]
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Object identifications - jets

extraction
of quark/gluon-|ES

(derived for JETCLU 0.4 cone jets
and PYTHIA showered MC)

Correction on MC

1.1

0.8

0.7~

0.9

JES Corrections for MC

l CDF Run Il Preliminary, L

=8.9 fb’!

—a&—— Quark Corrections
——— Gluon Corrections

....... Constant K, = 1.014 + 0.027
------- Constant K; = 0.921+ 0.044

l L ' L l

40 60

(No corrections applied to data)

80

Eletr [GeV]
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Effect of the MC corrections

(Muon sample)

* Dijet mass in the muon sample with

» standard JES MC (as in 201 1)

» JES MC corrections

CDF Run Il Preliminary, L = 8.9 fb™

Events/10GeV/c?

IIIIII|Illlllllllllllllllllllll

R RPN S PN
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3
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CDF Run Il Preliminary, L = 8.9 fb™

3 . MCcorrections
T e B P ._:_:_|_!—.—|—== A e e e
100 150 200 250 %00
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= T N I

........................................................................ e

Diboson

................................................................................

...................................................................................................................................................................

=== Data-SM (no Diboson) |

50 3
Dijet-Mass [GeV/c?)

¥?=18.1
ndof= 28

After |ES MC corrections

muon sample is well described
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Effect of the MC corrections
(Electron sample)

s - 1
CDF Run Il Preliminary, L = 8.9 fb CDF Run Il Preliminary, L = 8.9 fb"
x10° 3
““\_, 1_ .............................. ........................ ............................. ............................. ............................. —— Data “ X_10 .............................. ——— — — —e Data
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5 80 —...... CAS—— efle it A e iiiiieeie s 3 —— Diboson . é 2
P G0 . dak . : | =427 ¢ x*=29.6
. 40— B N o ssnssmsse SN R RN RRRRRRE . SRR RN
20E—...i W gl ST oS X . ndof= 28 ndof= 28
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-40
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0 3
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* JES MC corrections improve the description of the data
* However, the same behavior is not seen in the muon and
electron samples
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n: what can be different between the muon
and electron samples?

(Most obvious) answer: fake-leptons background
Muons: neglibible
Electrons: sizeable

Electrons

@ Diboson
® W/Z+jets
@ Fake-leptons
® Top

Saturday, February 23, 2013



p Modeling of the jet response

p Modeling of the fake-leptons

® the electron faking mechanism might not be accurately modeled
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QCD multi-jets background

*Multi-jet selected events are typically 3 jets events

* One jet faking the identified electron
e /7 generated by mis-measured calorimetric objects

-------
------

""""" 2 r-=- . :
N '/ - Electron - ]etl or ]et2

- -
-~
S

NI -y

~T s : - = Jet faking electron | — ET
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QCD multi-jets background

How do | model it?

* Using “non-electron” events —

- Non-electrons pass all the electron-candidate identification requirements
except two of them (e.g: electromagnetic fraction)

- Same kinematic requirements are applied to select non-electron and
electron-candidate events

adronic Energy|  Electron-candidate
(passing all the identification

requirements) /

Non-electron
(failing two
identification requirements)

lectromagnetic
nergy
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QCD multi-jets background

* How do we judge whether the non-electron model is
appropriate or not!

Control region

*Defined to enhance the fake-leptons contamination in the sample
*Need to magnify the symptoms to spot the problems!

Control region ::
(Fake-leptons/Data >~ 85%)
0 = | ! A . A

0 20 30 40 50 60 70 8 90 100
B [GeV]
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QCD multi-jets background

7))
C
0
©
o
~ ——Data
Q
£
c
q’ —
>
L WiZ+jets
QcCD
> [
a) —
O -
A —
- 5__ ..................... , ................ , ................ ,\\ ................ . ................ ——Data
® | . . H H H H H
> -
T -
4__ .................................................................................................................................... -
Z WiZ+jets
3__ ......................................................................................................................
| I— SRRSO OO SO SO S S [ ]
= -+
QCD
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;
0 20 40 60 80 100 120 140 160 180 200

dijet-P1 [GeVIc]
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WRONG
WAY

GO BACK




QCD multi-jets background

* Quick Reminder: differences between electron
candidates and non-electrons

Non-electron

Electron candidate (failing two identification requirements)

B  electromagnetic deposit

B hadronic deposit

[ |. Electromagnetic fraction

e s mmmmmmsmmEsmEsmEsmEsmEmEmEEmEE e e X
2 0.4 —— T— I S——
3 - Electron candidate
£0.08 Non-electron ........... T
2 . ‘
0.061
0.04—
0.02}
o=
0 002 0.04 0.06 0.08 0.1
Extra-activity/E_
51
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QCD multi-jets background

® Question: given the same parton energy, does

energy properly model candidate-electron energy?
e Answer: from MC we see that energy needs
to be corrected o |

: E_ Correction to

sideband-electron energy

-
o
[+

Corrected ET/ E
TI 1 IT
-

» ; Parton
£100[- ; _
o )
* - Electron candidate —
80— 1.05—
60: __________ Non-electron 1.04
40¢ 1.03F ' l =
- ‘ l cartoon L
20_ no‘_incaie) 1'02:_1|||||||||||||||||||l|||||||||x|
B j \J ) 0 50 100 150 200 250 300
o | | Er [GeV]

0 02 04 06 08 1 1.2 1.4 1.6 1.8 2
E, [Arbitrary Uni

rbitrary Units]
/\\ s @ ; Parton
£100[ ;

A \. 80: /\ Electron candidate

Corrections for non-
electron energies: 3-8%

20f } -------------- U (not-in-scale
3 | |

0 02 04 06 08 1 1.2 1.4 1.6 1.8 2
E, [Arbitrary U

rbitrary Units]

Non-electron
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QCD multi-jets background

* Validation of the non-electron energy corrections
*Note: Corrections affect the magnitude and the direction of the missing transverse energy

Uncorrected energy J

I Electron
== Jetfaking electron
= Y
= = jetl orjet2
u) x103 | CDF Run- ] Prelimirjlary, L= 8.‘9 b
C H H H .
©
©
©
-
Q
@
C
[}
>
[

0 0.5 1 1.5 2 2.5 3 35
A @ (lepton,iE_T)

A

——Data

K
WiZ+jets Q
oX

QcCD

Large improvements when corrections are applied

Corrected energy

——Data

Events/0.1.radians

WiZ+jets

QcCD

0 0.5 1 1.5 2 25 3 35
A @ (lepton,iE_T)

\
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QCD multi-jets background

* Very nice, but disagreement in other distributions

%) ................................................................................................................................................................... 8
O ©
©
E ........................................................................................................................ ©
w S
- ——Data — : ——Data
© b b 3 Ok
i : : : : : : £ o '
wizdjetq AL /3 Wiz+je
: 0)
........................................................................................................... S |
<
PO -
) Qcp Qco
0 I L 1 L
0 20 40 60 80 100 120 140 160 180 200
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QCD multi-jets background

* Very nice, but disagreement in other distributions

——Data ——Data

............. WI7+jet }m |

Events/4 GeV
ts/0.1 radians

WiZ+je

...........................................................................................................

QcD

.......................................................................................

illl
0 20 40 60 80 100 120 140 160 180 200
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QCD multi-jets background

* (Again) quick reminder: differences between electron
candidates and non-electrons

Non-electron

Electron candidate (failing of two identification requirements)

B  electromagnetic deposit

|. Electromagnetic fraction B hadronic deposit

V4
T:';,
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QCD multi-jets background

* (Again) quick reminder: differences between electron
candidates and non-electrons

Non-electron

Electron candidate (failing two identification requirements)

B  electromagnetic deposit

|. Electromagnetic fraction B hadronic deposit

r
O
. . &
e Electron-trigger cuts on Efelectromagnetic 2 [ 0 O B
1 T i R e e e e e WiZ+jets
rather than Er®® 11 O T O T A I
Slower trigger efficiency for QCD model wrt QCD 4_ e e e (oo
When aPProaching the trigger threshold (~20 Gev 2:_ . AAAAAAAAAAAAAAAA AAAAAAAAAAAAAAAA
OO_l l l2'0 40 60 80 100 120 140 .1(;6 l I‘IfI3OL1 J200
Et;)tal
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Events/4 GeV

QCD multi-jets background

® Jo remove the trigger bias we determine a re-
weighting in the control region and apply it in the

signal region

CDF Run Il Preliminary, L = 8.9 fb

| _Unweighted non-electrons .

seesesscasenssssfussonnssacnssnciponsascnssscsnasohresacnssnassonsegonusstcnssasssoeasssassoancsesudeacnssassscnssssfeasssncsasascncs
S SRR TR QSR R SR PN

T T

L

60

total
ET

80 100 120 140 160 180 200

CDF Run Il Preliminary, L =8.9 fb!

i ................ ..... Welghtednon-electrons .......

eeeeeetentatieenntctieetateteenntacteeasdectennntcttennnadosennntctsenntaadosanttcssenntaadesnntttsennsttsadestttceensttcseelotttssnnstcsanns

L T LT LT LT L A

DT T T PP

I‘Ihl.llllll

80 100 120 140 160 180 200
Etotal
i

60

——Data

WiZ+ets

QcD
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QCD multi-jets background
® VWe compare shapes before and after
) non-electron energy corrections and

p trigger-bias removal

3 CDF Run Il Preliminary, L=8.9 fb

Uncorrected non-electrons

&)

N

w

Events/0.1 radians

N

—_

(=)

O[T T T T TT T T LONRSSLISRL IS ASLUL UL UL

Events/4 GeV

|

120 140 160 180 200

dijet-Pr [GeVIc]

——Data

WiZ+jets

QcCD

——Data

WiZ+jets

QcD

Events/0.1 radians

Events/4 GeV

Corrected non-electrons

3 CDF Run Il Preliminary, L=8.9 fb™"

T

20 40 60 80 100 120 140 160 180 200

dijet-Pr [GeVIc]

——Data

WiZ+jets

QcCD

——Data

WiZ+jets

QcD
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QCD multi-jets background
® VWe compare shapes before and after
) non-electron energy corrections and

p trigger-bias removal

Uncorrected non-electrons Corrected non-electrons
x103 CDF Run Il Preliminary, L=8.9 b )
0 5 i T R f ST, x10° CDF Run Il Preliminary, L = 8.9 b
% I~ -+-+§+ 2] : : : : : :
— +7 C i
S L 2 :
H ©
S -
i 4 i ——Data S
o L: -~ ——Data
B N Q
I B 2
S 3f 5 _
L : WiZ+jets _ul WiZ+jets
2— — ) —J
:5 Qco Qcop
1 —J
06, 5
>
()]
O
Ay
52
R O o || S R S S S —Data — Data
(0]
> C 1 Y ¢ i i i i TN S, T s
T
. 4 ........ (]
WiZ+jets WiZ+jets
_ 3 O S S L
aco 2 aco
..... || b |
1 L 1 1 } l i b 1 i Lol )
40 60 80 100 120 140 160 180 200 % 20 40 60 80 100 120 140 160 180 200
dijet-Pr [GeVIc] dijet-Pr [GeVc]
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QCD multi-jets background

CDF Run Il Preliminary, L = 8.9 fb™

. 1><1o3
3] . I S———  — .
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":-g ............... —— Diboson

.........................

.........................
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— 3
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Fitting procedure

Now that all the pieces are in place
I'd like to define our fitting procedure:

* Fit dijet mass using 4 templates:

-W/Z+jets

-Top

-Diboson

- QCD multi-jets background

e Maximization of binned likelihood
function

* Nuisance parameters in the fit

- Jet energy scale

- Background shapes and normalization
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CDF Run Il Preliminary, L = 8.9 fb™

Results

600 ......
500
400
300
200
100

Events/5 GeV/c?

800 ......... ot
700 gt

—e— Data

B L L LT T r: TP PP PP PP PP PP PPPPPPPPPPIN

TS .Diboson

<P S S S
- I:l W/Z+ets
S s o I -
R []QCD

100 150 200 250

:;00
Dijet-Mass [GeV/c”]

Events/5 GeVic?

Dijet-Mass [GeVic?]

Good agreement
between data and
predictions
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Fitting procedure

* Adding an additional template to the
aforementioned 4 templates

- Gaussian distribution with Y= 145 GeV, 0=14.3 GeV
———————————
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CDF Run Il Preliminary, L = 8.9 fb™

Results

Events/5 GeV/c?

sessssssssscsecscccessfl | R L L LT T r T T T S S S T T PP PPN
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..................................................................

..............................................

250 300
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Events/5 GeVic®
TTTT

==ig= Data-SM (no Diboson) |

B wax
=== piboson | x2=69.2
................................................................................ ot 56

R S

0
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Events/5 GeVic®

CDF Run Il Preliminary, L = 8.9 fb™

Events/5 GeV/c?
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Studies in orthogonal samples




|. Two charged leptons + two jets

* /+jets as dominating contributions

Selection
»=2 charged leptons with Pt >20 GeV/c
» 76<(M(lepl,lep2)/GeV/c2)<106
» F17<20 GeV

» =2 jets with ET>25 GeV
» AR(jetl jet2)>0.7

CDF Run Il Preliminary, L = 8.9 fb"!

R L Bum I
+ CDF Note =wz+;z ]
10864 -

- B Z+Jets | |
[]Z+b-Jetq -
Ot 1
B Fakes | _

@ Data

Events / 10 GeV/c?

10

50 100 150 200 250
M,, (GeV/c?)

Events / 10 GeV/c?

Summary of the aforementioned
improvements: new=JES

* new-JES is used as in W+2jets
analysis

* different model for the small multi-
jet background

CDF Run Il Preliminary, L = 8.9 fb"!

B wzzz

—&— Data - Background

250
M,, (GeV/c?)
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|. Two charged leptons + two jets

e /+jets as dominating contributions Summary of the aforementioned
improvements: new=JES

Selection
»=2 charged leptons with Pt >20 GeV/c
» 76<(M(lepl,lep2)/GeV/c2)<106
» F17<20 GeV

» =2 jets with ET>25 GeV
» AR(jetl jet2)>0.7 L

* new-JES is used as in W+2jets
analysis

* different model for the small multi-
jet background

CDF Run Il Preliminary, L = 8.9 fb"!

L L B B
+ CDF Note =\?VUZT;Z
10864 B Z+Jets | |
[]Z+b-Jety -
Ot '
Bl Fakes
@ Data /

CDF Run Il Preliminary, L = 8.9 fb"!

B wzzz

—&— Data - Background

Events / 10 GeV/c?

’b(b
> 4 5
M,, (GeV/c?) M,, (GeV/c?)
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2. Large [+ two jets

Selection

»no identified lepton

»MET>50 GeV

» =2, (3) jets with Er >35, 25, (15) GeV
) AR(jetI,jet2)> I, INj1 or2|<0.9

Summary of the aforementioned
improvements: none

e No Q/G JES

the higher jet energies
* No QCD fix
e different trigger exploited and no

CDF Run Il Preliminary, L = 9.1 fb™

800 ~ Data-SM (exc. diboson)
i SM diboson
600 — Fitted diboson
. W+X (3.1 pb)
£ ol
E 400 -
- CDF Note 10968
200 — H J{
o J[ —— HH ++ [ LA ahas R
0 100 200 300 400

Inv. Mass(j , j,) [GeV/c ]

Gexclud eo/ Gpredicled

0.5

lepton to be faked

* lower gluon contamination due to

CDF Run Il Preliminary, L = 9.1 fb'

- 95% C.L. Observed Limit
- eeeeeeen 95% C.L. Expected Limit

- [ ] +1c Expected Limit
- [ ] +2c Expected Limit CDF Note 10968

...........

| | |

W+X (3.1 pb) WX (3.1 pb)
WX (3.1 pb) Z+X (1 pb) Z+X (2 pb)
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2. Large [+ two jets

Summary of the aforementioned

Selection

»no identified lepton
»MET>50 GeV

» AR(jetl,jet2)>1, |Nnji or 2/|<0.9

» =2, (3) jets with Er >35,25, (15) GeV

improvements: none
* No Q/G JES
* lower gluon contamination due to

the higher jet energies
* No QCD fix

CDF Run Il Preliminary, L = 9.1 fb™

800 ~ Data-SM (exc. diboson)
- SM diboson \OQ
600 — + Fitted diboson QK'

- Z
T W+X (3.1 pb) NI
5 00| } &\

2 F 3
w - |> |> CDF Note | rb,qo C$\ L
200_— Ob (\b +
i, S
ol -] J +_+ + 5 SRS ’b'& i, ‘
R A S ol i L b i, 0
0 100 200 400

Inv. Mass ,2) [GeV/c 2]

&é’ /42 Expected Limit == o= o208

e different trigger exploited and no
/\\Qton to be faked

\Y\@@Q \\Y L =9.1 b’

o

S . Observed Limit
. OQ C.L. Expected Limit
\

1o Expected LMt - HE Note 10968

...........

W+X (3.1 pb) W+X (3.1 pb)

W4+X (3.1 pb) Z+X (1 pb) Z+X (2 pb)

For a mixture of W+X (3.1 pb) and Z+X (| pb) 0<2.1 pb @ 95% CL
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What is the impact of all these
studies on other analyses @ CDF?




Effect of the changes on main analyses @CDF

W.. tagged All
- = ° ; " CDF Run Il Preliminar (g.gfb")
. Top-pairs: 180- | v
_160[- QCD
e Effect of the quark/gluon-JES was ‘gt Diseson
81 205_ =tS{ingle Top
checked - none w100E
»  Top-pair signal extracted from ~gluon-free Eggé
samples 0 4ok
20 —

o Effect QCD-model fix: negligible

-  QCD/Data < 5%

Lepton CEM, Jet Bin 2 CDF Run Il Preliminary ( 9.4 fb™")
‘(Q @ COF Dy
§10000 | ssmorne e - Multi-variate discriminant...
[} [[] oimop 0.74:007%: 534.53 € : :
5 | sesemonm used as QCD veto
5 ] stopt 2% e
"E) 8000 I zzooz Jeassase ]
S I wz o
pd ] wiess

sow .............

40(” ......

2000

05 1 1.5 2 25

SVM Output (A.U.)

?')0 60 70 80 90 , 100 110 120
W, (GeV/c')

2. Higgs:
* Quark/gluon-JES already included

Effect QCD-model fix: negligible

Applies only to one out of 3 main analyses
Was already partially included
QCD/Data ~ 2% thanks to a tight QCD veto
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Effect of the changes on main analyses @CDF

3. QCD:

-  cross-section analyses use R=0.7 cone-MIDPOINT or
antiKT jets

-  those algorithms are less sensitive to soft radiation

-  Data-MC discrepancy even for |JETCLU R=0.7 cone
jets is within CDF JES uncertainty
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Conclusions

® Big effort made by the CDF collaboration to reach this point

® |nitially, data and expectations in the W+2jets sample were
showing disagreement: deficiencies in models or new physics?

® Therefore we investigated a number of potential issues to
understand the reason for the disagreement

® And we found that the disagreement was due to:

® Important differences in the modeling of quark and gluon jet response

® |nsufficient modeling of one of the major backgrounds (QCD-multijets)

® |t took us ~2 years to complete this task

p Several subtle things were conspiring to prevent proper modeling of the W+2jets sample
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Conclusions

® Big effort made by the CDF collaboration to reach this point

® |nitially, data and expectations in the W+2jets sample were
showing disagreement: deficiencies in models or new physics!?

R R R R R ———————————————————————————————————————————————
® |t took us ~2 years to complete this task

p Several subtle things were conspiring to prevent proper modeling of the W+2jets sample
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