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Experimental environment
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Motivation

p

® Measurement of associated production
of W bosons and jets is a important 7
test of the standard model (SM)

® W+jets production is:

9. : .
%°® a dominant background for important processes

being studied at the Tevatron
® Diboson, Single-top, Higgs, etc.

0:‘ a background in searches for new physics
beyond SM (“X”)
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Event selection: revisit the old result

® \/V selection

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

° ET >25 GeV
® Dijet Selection o MW> 30 GeV

® Two jets (jetl” "jer2”) each with:|: o A j4itional cuts

® Pr(jetl,jet2)>40 GeV,
® |An(jetl,jet2)|<2.5

* Er>30 GeV, |n|<2.4

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

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

After the fit
Data-SM

(excluding Diboson)

)




Modeling the data sample

Process Shapes Rate constraint
WW /W Z/ZZ inclusive PYTHIA Theory
tt PYTHIA Measured cross-section
single-top MadEvent+PYTHIA Theory
Z — e, u, T+jets ALPGEN+PYTHIA None
W+jets ALPGEN+PYTHIA None
Fake leptons from multi-jets from data from data

PYTHIA

oracle '
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Composition of the data sample

Electrons Muons

@ Diboson
® Wi/Z+jets
@ Fake-leptons !
® Top
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Previous result /2

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

Phys. Rev. Lett.

——106, 171801 (2011) —— .
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Previous result 22

® “One possible way to interpret this disagreement is a gaussian
contribution in the 120—160 GeV/c? mass range” with the

significance of 3.2 O

S. Rev. Lett.
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VWhere we are today

® Reproducing the same analysis with
the full CDF dataset we observe a
similar excess with even higher
significance

® However, we are aware that other
experiments do not observe the
same excess

® What's going on!

Wednesday, February 27, 2013
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Moving on

® |n the past two years we studied the W+2jets
sample intensively, exploring New Physics models,
but also searching for possible deficiencies in

our SM predictions

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

relevant:
p Modeling of the jet response
p Modeling of the fake-leptons

® We further reject events with low dijet opening angle since
predictions do not model accurately the data in that region

» minor effect at dijet masses > ~50 GeV/c?

® All the details about our studies will be published soon

Wednesday, February 27, 2013
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p Modeling of the jet response

Modeling of the fake-leptons
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Object identifications - jets 1/4
® Jets of particles: -

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

Parton level mK, ..

Particle Jet  Energy depositions
in calorimeters

® Jet energy scale (“|ES”)

® Transfer function from the tower-
cluster to the hadron-level energies
(true energy)

® Validated in Y+jet events:

® Yy+jet events are quark dominated (>70% at EYT<80
GeV)
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* Object identifications - jets 4

® But, when checking the JES in
a gluon-dominated sample o
(L+jets), we find a problem

<0.9¢ —
§0.8F .
\/ Z+ijet
2067
go.sg
=— 0.4F e
Z-Jet Balancing: 60.0 GeV < Jet E_<70.0 GeV (F_=0.490;Z P; 03—
T Q Data =
- - ?,21 ALPGEN+PYTHIA
Xpata = -0.057 £ 0.012 Xc= -0.023 + 0.004 AE
' | ' ' ' ' | ' ' ' ' T T T T T T T

% 30 40 50 60 70 80 80 100

S 50— _ Boson Er
2 - CDF Run |l Preliminary, L = 8.9 fb-!
W 40_— —
30 ¢*Data —
- MC ] r
20— - MC(gauss-fit) - ALPGEN+PYTHIA MC and Data are
- - Data(gauss-fit) - o
- - not compatible
10[— — . ‘
i | | E

| -0.5 | | | 0 | | | | 0.5 | | | 1
(JetE_/ZP;)-1
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* Object identifications - jets 34

&)
)




* Object identifications - jets 314

)

Ytjet Ltijet

jet balancing
Y Q e/l 5 Q
:{> YW\ F =78 | >— =3
Q e/M g




* Object identifications - jets '3/4

&3
)

jet balancing Zjet

>

Quark-jet fraction
(from MC)

453645806570 89, 0n 90cevAPO
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* Obiject identifications - jets  3/4

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

jet balancing Zjet

>

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

30 30 40 50 60 70 g0 qu ;l?O
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* Object identifications - jets 44

Extraction JES Correctione for MG
orrections 10r
of quark/gluon JES T A A
c 1.1 CDF Run Il Preliminary,L = 8.9 fb-! —
(o} i | ]
5 -—4
0 ' -
0 ""'"'f"'."i""}"""v’"":""k"'""""""':, """""""""" o = =
09| | et [ | -

A Quark Corrections

[~ Gluon Corrections n
0.8 L. ] ecessss Constant K, = 1.014 + 0.027 i

------- Constant K; = 0.921+ 0.044

I 1 L 1 l I L L l 3 1 1 I
20 40 60 80

Eletr [GeV]

0.7

pquark-jets: (+1.4 +/- 2.7)%
pgluon-jets: (-7.9 +/- 4.4)%

A
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Effect of the MC corrections 172
(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™ CDF Run Il Preliminary, L = 8.9 fb™
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-20
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After JES MC corrections
muon sample is well described by the SM
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0.8

0.6

Events/10GeV/c?

0.4

Events/10GeV/c?
-
(=}
[=]

Effect of the MC corrections

/

(Electron sample)

CDF Run Il Preliminary, L = 8.9 fb™

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

( before MC correctlons)

teeetseessstttteteeatasdetennattttteennttttttenanttesiensnatttttnsanttattennantanns
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g
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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

\

Dibason

WiZ+jets

Top

QCD

%?=29.6
ndof= 28
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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
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p Modeling of the jet response

p Modeling of the fake-leptons

Wednesday, February 27, 2013
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QCD multi-jets background /I£7\

* Multi-jet selected events are typically 3 jets

events

* One jet faking the identified electron
o generated by mis-measured calorimetric objects

\ |dentified electron

Jet faking electron

-------

jetl or jet2

Wednesday, February 27, 2013
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7

QCD multi-jets background 7,5

How do we model it? S

 Using “non-electron” events

- Same kinematics as in electron-candidate events but
two electron identification requirements are failed

\ Non-electron ]

Event : 3236577 Run : 162130 - Event: 4463661 Run:257247
I Hadronic Energy {
] EIectromagnetic W/ = N N\ ‘,’
Energy [ Rt X\ |
| “lectron-candidate I |
= T— |
H /T
Wednesday, February 27, 2013
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\

QCD multi-jets background 3/7

ey
* 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 47

* Quick reminder: main difference between electron
candidates and non-electrons

Non-electron

Electron candidate i : o :
(failing of two identification requirements)

B  electromagnetic deposit

Electromagnetic fraction B hadronic deposit

- >:<103 CDEF Run II Prelir:1inary, L =8.9 :fb'1
300 S0 I T O N I O
[ E I ect ron _t ri gge r Cc UtS on TR _ AAAAAA + — T T B
E TEI ectromagnetic rath er th an ETt otal g _ _ ................ ................ ................ ................ ................ Wizsiots
sclose to threshold, trigger efficiency ismuch 0 = | 7
lower for non-electrons £ mu

0 20 40 60 80 100 120 140 160 180 200
Etotal
T
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QCD multi-jets background 757

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

—_ - 1
x10° LOF Run N Prefsinary, L= 8.9 15 <103 CDF Run Il Preliminary, L = 8.9 fb"

14 :_UﬂCOFFGCtGdﬂOﬂ-ElECtI’QnS " f_ .......... Mmoo ................ Cerectednon-electrgns ......

L O — _— — — I N - — L Dats

— ——— ————— 1Z#ets P R _— SN SO SN SN SRS SN S WiZHets
¢ -
,,,‘~ ................ ................ :|QCD 4:_ ,,,,,,,,,,,,,,,,, ,,,~~ ................ ................ QCD

L1l .i.._l ) l.iALx.lA L E “i‘ AnAi-n.x.n-i-ll.l-i-Ll.l-
0 20 40 60 80 100 120 140 160 180 200 0O 20 40 60 80 100 120 140 160 180 200

total total
ET E"

Events/4 GeV
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QCD multi-jets background “¢/7

® VWe compare shapes before and after the correction

Uncorrected non-electrons
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0.8

0.6

Events/10GeV/c?

04

0.2

150

100
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50
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QCD multi-jets background

A

(Electron sample)

CDF Run Il Preliminary, L=8.9 fb™

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

1 f | | | | 1 E—‘ h
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R SO S S S ...... - WHX
—— Diboson
= 150 260
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—— Data

g

Diboson

WIZ+jets
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Events/10GeV/c?
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\

717

CDF Run Il Preliminary, L = 8.9 fb™
x10° _
e S prns —— Data
u A \
080 i JESMC corrections. | [H]w
0.6 I o TN v OO SO o SO OTTI: SRR N Dibason
0.4 [ ] WiZ+jets
Top
0_2 ........................................................... :
Qacop
0 S Y —— P 1 = B S — —
50 100 150 200 250 %00
Dijet-Mass [GeV/c”]
=mfmem Data-SM (no Diboson) i
B wvex
E— Diboson ¥?=29.4
ndof= 28

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

50 k]
Dijet-Mass [GeV/c?]

After |ES MC corrections and QCD fix
full consistency
between the electron and the muon samples
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Final fit: procedure

* Fit dijet mass using 4 templates:
@® W/ .L+jets

@ Top
@ Diboson
@® QCD multi-jets background

 Maximization of binned likelihood function
* Nuisance parameters in the fit

 Jet energy scale
» Background shapes and normalization

Wednesday, February 27, 2013

28



Results: electrons + muons

CDF Run Il Preliminary, L =8.9 fb™

—e— Data

800
700
600 :

500 g_ = U ............................. ............................. ............................. |:|W12+jets
400 ;_ P SR ............................. - —

B T J R L R R P P P P PP PP PP PP PP PP PP PP PP

__________ e CDFPubllcNoteIO973 O

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

Events/5 GeV/c?

Good agreement
between data and
SM predictions

300 . Do ............................. ............................. ITop
200 ............................. .............................
o T s I:IOCD

100 _
100 150 200 250 300
Dijet-Mass [GeV/c”]

100

Events/5 GeVic*

1?=69.4
ndof= 56

Dijet-Mass [GeVic?]

Wednesday, February 27, 2013 29


http://livepage.apple.com/
http://livepage.apple.com/

Results: electrons + muons

CDF Run Il Preliminary, L = 8.9 fb™

, ......... |_.-”—.'r:[q.. ....... ............................. ST ST
Pt Y

.......... Ay CDFPubllcNotel

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

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

L LT PP P PP PP PP PP T P P PP

= S RREEE L L L LT L LR P P PP P PP S PP

..........

P
250 ;00
Oijet-Mass [GeV/c]

3
Dijet-Mass [GeVic?]

Good agreement
between data and
SM predictions

1?=69.4
ndof= 56
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Conclusions

® Big effort made by CDF to reach this point

® Concerned by disagreement between data and SM expectations in
the W+2jets sample: deficiencies in models or new physics?

® We investigated many, and we found two subtle potential issues

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

® Inaccurate modeling of a major background (fake electrons from QCD
multijets)

® We applied the appropriate corrections and we found that the
data are well described by the SM.

It took us ~2 years to complete this task
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Conclusions

® Big effort made by CDF to reach this point

® Concerned by disagreement between data and SM expectations in
the W+2jets sample: deficiencies in models or new physics?

® We investigated many, and we found two subtle potential issues

It took us ~2 years to complete this task
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® backup
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State of the art from other experiments

® Both DO and CMS performed similar analyses

CMS, /L dt=5.0fb" \s=7TeV
1 1 1 1 ] L] ] ] ] 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
- - [ ] Gaussian (Fitted) N ]
= e Gaussian (4 pb) c i PRL: Phys.Rev. |
E 200} M; =145 GeV/c’ g’ 50 Lett. 109
§ 150F T 251801 (2012)
a8 N
100 P(x?) = 0.464
50E : : + + : Zak
Of ; 0 > R—
= 1 | | | 1+ i + ]
0 50 100 150 200 250 300 : L L e

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

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

Similar effects are not observed
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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
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Expected yields

Process | Rate (Electrons) Rate (Muons)
Signal 101.6 =+ 1.2 76.1 + 1.0
WW 487.7 £ 3.8 315.9 £ 2.7

tt 670 = 2.4 430.5 £ 1.7
single-top 160.8 = 0.6 106.3 = 0.5
Zjets 248.2 + 2.9 471.6 = 2.7

Wjets 8899.6 + 35.4 5959.3 = 24.1
QCD 898.1 £ 65.7 20.2 £ 1.4
Total 11466.0 = 74.8  7380.0 = 24.5
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34



SM prediction - QCD rate

o¢* Determined by fitting the MET/MW+ distributions

p Top pair, single-top, Diboson constrained to theoretical

cross-section within 6%
» W/Z+jets, QCD multi-jets free to float

Signal region
MET>25 GeV

Signal region >
x10° g) MY230 Gev i

2000—#* L ...................... ....................... ....................... .............. —o— Daté

| % 5 é BV
l: --------------- ........................ ________________________ .............. — QCD
|— VH4jets

08| SN

0 .6: ........................................ ....................... .................. .............. —

1500—

P » L 1000 > fiRosolt

I 1

[ T T T [ [ 1
A_‘_LLL\'ﬁ

0.2 1y I~ — ............ 500

eedescennteattenatantennteelesnntenttenttnnttentenaadentantteattnattnntennteshessttastenacsnacensannadencenncannns

=g,

0 20 40 60 80 100 120 140

40 60 80 100 120 140

oc
N
o
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A \

SM prediction - QCD rate 3/

o¢* Determined by fitting the MET distributions

p Top pair, single-top, Diboson constrained to theoretical

cross-section within 6%
» W/Z+jets, QCD multi-jets free to float

> Signal region > Signal region
MET>25 GeV MET>25 GeV
| | 2500 | ’

500 ..................... ........................ ........................ ........................ """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
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| s 5 é BV
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300

________ 1500

200— 1000

-+ Result

I 1

[ T T T [ [ 1
A_‘_LLLlGTl

100 500
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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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p Modeling of events with small dijet opening angle

Modeling of the fake-leptons
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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
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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
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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™
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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
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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 *

Jet balancing overview

® Balancing performed in several jet Et bins

A (MC - Data)

0.15

0.1

0.05

-0.05

Difference between Data and MC in Jet Balancing

E CDF Ruln IIIPreIIimir:ary,|L=8.9 for! | —— Jet El.l. / yl ET l
- —JetE . /Zp_| -
f_ M H:FLH>+++ + B
I 1 | X i
A
: A IR S RS S ST N |
20 40 60 80 100
Eietr [GeV]
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Q/G-JES: Event selection 3/

e /+jet selection:

» PT(lep1)>20 GeV/c

» PT(lep2)>20 GeV/c

» 76<(M(lepl,lep2)/GeV/c2)<106
» PT(lepl,lep2)>10 GeV/c

» MET<20 GeV

» =| jet with ET>3 GeV/c

» AP(jet,Z)>2.8

* Y+jet selection: (1)

» ETY> 27 GeV, 0.2<|n|<0.6
- away from cracks in the calorimeter and trigger biases
» =] number of primary vertices g

» MET/ETY<0.8
» =| jet with ET>3 GeV/c

» A@(jet,Y)>3
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Inputs to Q/G-JES: FQ

» Predicted from MC (at first order)

» Cross-checked with the data

- We developed quark-gluon discriminant is an artificial neural network discriminant that

examines the shape of a jet and assigns a score based on how quark-like the jet appears to be
An artificial

- Fit the quark-gluon discriminant distribution with quark and gluon templates
from MC
- The obtained difference with the predicted FQis <~ 10%

- used as systematic uncertainties when
when deriving quark/gluon JES SR EA A B e e e

25000 2 Data

MC Nominal, QFrac = 84.1%
==+ MC Fit, QFrac = 70.5%

o — ,-.-:;..f
"'G-'""””!.

15000} pos__——

e _
10000— s . . ]

Ytjet w

5000} ” i i

20000}— —
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Quark Vs gluon JES (“Q/G-JES”)

Why not before (Additional reasons)?

*Never encountered any problems in the main
investigated samples
* top-pairs enhanced samples are heavily quark-
dominated
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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

NIMA 622 (2010) 698-710

Source of uncertainty

jet cone = 0.4

jet cone = 0.7

jet cone = 1.0

renormalization and factorization scales| +0.9 -0.0 +0.9 -0.4 +0.4
FSR parameters in PYTHIA +0.4 +0.1 +0.1
ME’s and parton-jet matching +0.8 -0.0 +1.1 -0.0 +0.8 -0.0
single particle response +2.5 +2.5 +2.5
multiple proton interactions +1.0 -0.0 +1.2 -0.0 +1.2 -0.0
large-angle F'SR, limitation of PS +0.0 -2.9 +0.0 -0.2 +1.7 -0.0
Estimate of the total variation +3.0 -3.8 +3.1-2.5 +3.4 -2.5
The observed discrepancy * +4.7 +3.2 +2.0

*: the observed discrepancy is defined as the Ptimbalance (Pt / P%7) in predictions divided by Z+ljet data
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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_
52
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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
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/\\ s @ ; Parton
£100[ ;

A \. 80: /\ Electron candidate

Corrections for non-
electron energies: 3-8%

20f } -------------- U (not-in-scale
3 | |
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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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Figure 14: Frwith out-of-the-box (left) and cured (right) QCD model.
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Modeling in the electron sample

*For a more accurate evaluation

® Pr(jetl,jet2) cut is removed
* jet ET cuts are lowered to 20 GeV (was 30 GeV)
*Electron and muon samples are compared

P
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*Large mismodeling at low Pr(jetl,jet2) in the electron sample as
opposed to the muon sample
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QCD model before and after the cure - Diboson selection

*Modeling with the QCD model before (left) and after correcting the antielectron energy
and removing the trigger bias (right)

—+—Data :3 —Data
;%g’mo = — WZ/ZZx40
= W wz/zz
Cww )
. == Eww
[ singletop = [Isingletop
g&?grets = M ttbar
) = O Wcjets
-W_bjets » [ Whbjets
%\éwgtts == [CIwijets
cjets = [ Zcjets
Il Zbjets = Il Zbjets
[C]Zjets 2 [CdZjets
Jaco i ¢ . ... | Odaco
035 15 2 25 3 35 4
dR_jetljet2
23112 ev. 23542 ev.
KS=0.00 , K$= 0.00
chi2= 179,20 ﬁgf:_ 3;_‘;-10
ndof= 27/ _
pval= 070000 pval= 0.1152
—— Data &\ 0\0 p 16— ~‘, .................................... ——Data
; 230 Sy S TR SOOI R A — W2/ZZx40
........................................................................................................................................... ) - mwzizz
v 12 — s( ....................................
................................................................................................................................ [Csingletop \ \O = [singletop
Dttbar 1__ ‘, ....................................................................... Dttbar
SRS SRS SRS SO OWwgjets A=y S SN NS O Wcjets
B Whbjets *E I Whjets
Seeeeeeeesdeneteeettetittttttettanatntnenettegeettttteccaaasassesetttttttttttaseadesssetstttttttttatcassssssssansnnnn DWJetS 06 _ ~’ .................................. ijets
.......................................................................................................... B Zcjets 04 SRR S SO N 1 P4 (=
Il Zbjets ’ Il Zbjets
5 . SRR EEE SRS NENNRT ST |:]Zjets 02 =- , ....................................................................... I:IZJetS
o - Jaco = - « [Jacp
OO 50 100 150 ) 200 50 O0 50 100 150 200 250
dijet_PtL5 dijet_PtL5
250 T e i W SN T T S——
%gg 23112 ev. 300 §_+ S S S S SR 23542 ev.
KS= 0.00 50 E_H» ......... L + ............................ e R S KS=0.28
100 = : : : .
e = Hiad RSN & U o oootoeoest| Chi2=50.20
50 chi2=237.03 0E } i : L = T e T e = cni .
0 .| ndof= 49 0B TTT*HW'T* ........... AN RS AT ndof= 49
-50E pva|= 0.0000 -100 ] .................................... ................................... .................................... pval= 0.2503
-100 -150 ; .................................... ................................... ....................................
150 0 50 100 150 200 250

Wednesday, February 27, 2013

59



08

06

#4120

A00E

© 80
60

40E

20

-20
-40
-80

-80E

dijet_PtL5

S

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

T TR RS RN

= CMUP/X .................. N R

35

3 X
dPhi_J1MET

——Data

— WZ/ZZx40
Wwzzz
Eww
[Isingletop
[ ttbar

[ Wecjets
[ Wbjets
[CIWiets
[ Zcjets
Il Zbjets
[CZjets
CJaco

14955 ev.

KS=0.14
chi2= 59.16
ndof= 49

pval= 0.1566 |gg

—+—Data

— WZ/ZZx40
W wzzz
Eww
[CIsingletop
[ ttbar

[ Wcjets

B Whjets
[CIWijets

[ Zcjets

Il Zbjets
[JZjets
Jaco

14955 ev.

KS=0.50
chi2= 50.95
ndof= 31
pval= 0.0128

e
v
1.2 g—

-

dijet_PtL5

200

150
100
50
0
-50

= . . P S W " o
y
= L L 1 L I L L 1 L L L L L 1 L I L L L

o
(93]
o

x10°

- : : : : : +
D S —— e A—

SIS S L 1 =S A — == ..

08

Y- P RS SRR

06 OO OSSO —— 7 & [ S
ael et - B
ozf— ..............
°o:"".|"" e

——Data

— WZ/ZZx40
W wzzz
Eww
[CIsingletop
Ettbar
[CWcjets
[ Whjets
[CIwijets
[ Zcjets
Il Zbjets
[C]Zjets
CJaco

23542 ev.

KS=0.28
chi2= 50.20
ndof= 49
pval= 0.2503

——Data

— W2Z/ZZx40
Wwzzz
Eww
[Isingletop
Ettbar
[CWcjets
[ Whjets
[CIWijets
[ Zcjets
Il Zbjets
[C1Zjets
CJaco

23542 ev.

KS=0.00
chi2=60.73

ndof= 31
pval= 0.000
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Systematic uncertainties

Systematic WW+WZ+ZZ | Single-top tt W+ jets | Z+ jets | QCD
JES shape/rate yes/ j:g:ggg yes/ :l:(l):ggg yes/ i?ﬁﬁgﬁ yes/no | yes/no | no/no
Q? no no no yes no no
Luminosity :tg:ggz :tg:ggg no no no no
IFSR :tg:ggg ig:ggﬁ no no no no
PDF :tg:ggz :tg:ggg no no no no
Trigger efficiency :l:%:ggg :tg:g:;g no no no no
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O-generated

Since no resonance was found we establish
O-<O-max = 09 Pb @ 95% CL

CDF Run Il Preliminary, [L = 8.9 fb"

wemses Measured Result

e 68% Coverage Bands

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

—— 95% Coverage Bands

N PR BT B
1 1.2 14 1.6
O measured /3.1
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Results

CDF Run Il Preliminary, L=8.9 o’

) x10° -
O 14f- WK
g 12 i
E 1;_ Dl-a
0.8— VAZ4jote
osf } Good agreement between
0.4F- - ..
o2f W data and SM predictions
. 50 300

2
Dijet-Mass [GeV/ic’)

"y 250f—
= =
3 200
3 =
i 150
G 100

sef—

" antibem Data-SM (no Diboson) ||
KS=0.035
1*=29.5
ndof= 28
prob= 0.372

Since no resonance was found we establish |

0<0.9pb@ 95% CL
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700

120
100
80
60
40
20

-20
-40
-60
-80

IN|<2 - diboson unconstrained

III|I|I|III|III|II II|III|IIIIIII|III|III|ll

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

PP IE B . eesesssssanen B T TR

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

M B s ws = -~

SM DIB

- == Exp bump

KS=0.054
v2=72.4
ndof= 56
prob= 0.062

QCD7 0.000957129 +- 0.998819
TOP 0.569463 +- 0.983292
BNESS 0.380501 +- 0.924596
JES -1.05084 +- 0.431456
ACC 0.116809 +- 1.01775
VJETSI_3UNCONSTRAINED 0.0175867 +
0.0173152
Q2 0.317986 +- 0.929767
DIBUNCONSTRAINED -0.24457 +- 0.1732¢
BUMPUNCONSTRAINED -0.999999 +-
0.219306
QCDI -0.441937 +- 0.707646
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|. 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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http://www-cdf.fnal.gov/physics/new/hdg/Results_files/results/met2jet_130222/cdf10968_dijet_met_jets.pdf
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http://www-cdf.fnal.gov/physics/new/hdg/Results_files/results/met2jet_130222/cdf10968_dijet_met_jets.pdf

|. 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)
E 400:— |» ‘|> |>
- CDF Note 10968
200 H 1[ J{
°|_ - J[ ] +HH++ -1++¢++T'L+".L+‘r.++1“+*.++’.“+*‘.“".*+ﬂ
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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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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Mjlj2 fit

3500 z_ - - T S SOt TS SO —— Data
3000;— .............................................................................................................. B w22z
25002— ................................................................................................................................................... DWW
zoooi_ .......................................................................................................................................... gmp
— Wiels
'500__ ..........................................................................................................................
E |:|Zjets
'oooz_ BP0 i v i § i R e e e e DOCD Parameter Flt‘, value (in unjts Of o or %)
500z ST SO ............................... {::EWZ;ZZD.B TOP 0.95 + 0.97
=0 100 150 200 250 30 BNESS 0.20 + 0.37
JES -1.11 + 0.35
KS=0 Q2 -1.52 + 0.56
2_
X=75.2 WW -1.08 + 0.97
ndof= 56
prob= 0.038 Acceptance -1.11 £+ 0.95
Signal -0.07 £+ 0.67
VIETSTag2j -0.06 + 0.08
= VJETSNotag2j 0.02 £ 0.01
80F
ToE- QCDTCETag2j 0.06 + 0.94
60F QCDTCENotag2j -0.26 + 0.39
ﬁé‘ QCDCMUPCMX Tag?2] 0.02 + 1.00
30E- QCDCMUPCMXNotag2j -0.09 + 0.99
fg = QCDPHXTag2j 0.01 + 0.97
E PR NN YRR TN TR N YRR YRR TN N TN TN TN NN TN TR TR NN WO 1 N QCDPHXNOt&gZi '0.50 i 0.25
% a0 60 80 100 120 140 160 180 20 QCDEMCTag2 0.0 & 1.00
1CTag?2] -0. i
E A A 35 1RO R AU S A S QCDEMCNotag2j -0.02 £ 0.98
15 USROS RS SRS S SO KS=0.619
10 ................... ................... ................... ‘12:18.7
5E _‘_ —I__ .......... ................... I‘IdOf= 18
E U ML o prob= 0.392
.10 E_ .............. oo e ...................
‘1‘3: 150 1ciso 150 200

Wednesday, February 27, 2013



