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Motivazions

Motivations

@ Heavy vector boson production measurements used to test the electroweak
sector of the Standard Model (SM)
= SM allows for interactions between W=, Z° (“triple gauge couplings”)

@ Preferred channel for Higgs search at Tevatron: qq' — WH — lvbb, | # 7 (in
gg — H — bb much more background)

SM Higgs cross section (HIGLU, V2HV)

g9—H

z

100120 140 160 180 200
my (Gev/cd) B

@ WZ as preliminary step for WH in lvbb final state

o same final state signature
= WZ data sample usable to optimize measurement techniques

. . owH BR(W=Iv)-BR(H— bb) 1 _
° N == ™ = =
easier o BR(W12)-BR(Z—bb) 5 for my = 120 GeV

o WZ is a background for the Higgs search

@ ZZ — ITI=bb included to increase the statistics of the sample
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Pretag region ed data sample

Why pretag?

The first mandatory step of this analysis it validate the MC Vs Data
agreement where no b-tagging is applied

@ not a large statistics to do that in the b-tagged sample!

@ b-tagging adds additional complications (heavy flavour composition,
etc...)
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d data sample

o Central electron (ele): Er > 20 GeV, |n| < 1.1
n| < 1.0

@ Central muon (muo): pr > 20 GeV,

Vetoes: QCD rejection

o MY > 10(30) GeV
for muo (ele)

v candidate
) ET > 20 GeV

@ Cut on the probabity
of fake Vs real £

Two regions

@ two jets with E7 > 25,25 GeV, |n| < 2

Region 1: no additional jet with Er > 15 GeV, |n| < 2
Region 2: one additional jet with Ex > 15 GeV, |n| < 2 (last part of the talk)
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Selection
SM processes composing the selected data sample
MC Vs data (pretag sample)

Pretag region

SM processes composing the selected data sample

Following SM processes contributes to the selected sample:

o Electroweak and top: WW, WZ,
ZZ, Z+jets, tt, single-top

1000

= rate normalized to the cross-section

—— Data
5 EW
acp
Wijets
-+ Result

800

= shapes from ALPGEN+Pythia, Pythia 600

400

@ QCD: multi-jet production with a jet
faking the lepton and fake £+

200

iz e -
00 20 40 60 80 100 120 140
—=> rate normalization and shapes from data

o W(— Iv)+jets Figure: Fit on MY for the
L QCD and W-jets rate in data
= rate normalization from data

= shapes from ALPGEN+-Pythia
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MC Vs data (pretag sample)

MC Vs data (pretag sample) )
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Pretag region
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pual= 0.0141
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710 election
Pretag region SM pr mposing the

MC Vs data (pretag sample)

Dijet Mass - Ele (up), Muo (bottom)
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Handling of the extra jet(s) at CDF: state of the art
J where the extra-jet( mes from?

The "3 jet problem”
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of the art
The "3 jet problem” es f

Handling of the extra jet(s) at CDF: state of the art

Definition

jets are ordered in decreasing E7: j1,/2,/3

CDF analyses by default either:
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of the art
The "3 jet problem” es f

Handling of the extra jet(s) at CDF: state of the art

Definition

jets are ordered in decreasing E7: j1,/2,/3

CDF analyses by default either:

— but ~ 25-40% of WZ events

@ discard events .
are rejected or
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Handling of the extra jet(s) at CDF: state of the art
he

e ext s from?

The "3 jet problem”

Handling of the extra jet(s) at CDF: state of the art

Definition

jets are ordered in decreasing Et: j1,/2./3

CDF analyses by default either:

@ reconstruct Z-mass as M;

12 ;
s — but M ;, shape is degraded
Ju2
2 tight jets sample 3 tight jets sample
« @
2 m Entries 65742 2 M Entries 42550
2 L 2
0 1500 Mean 87.7608 | L0 o | Mean 94.7633
[ / RMS  25.8911 /N RMS  44.0274

2
)

0 100 200 300 % 100 200 300
M Gevic? M, Gevic?
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Handling of the extra jet(s) at CDF: state of the art
Jet origin: where does the extra-jet(s) comes from?
History

The "3 jet problem”

Jet origin: where do the extra-jets comes from?

Radiation from interaction
Initial Leptons pal’tonS (ISR)
State
proton [~LB Radiation from Z-decay

products (FSR)

lepton mis-identified as a jet

© 0 o0 o

200 (to be investigated)
antiproton ) ..
I QZTQ Extra-activity produced by
Event Radiation®

spectator partons/protons
(probably negligible)
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Handling of the extra jet(s) at CDF: state of the art
Jet origin: where does the extra-jet(s) comes from?
History

The "3 jet problem”

Jet origin: where do the extra-jets comes from?

Radiation from interaction
partons (ISR)

Radiation from Z-decay
products (FSR)

lepton mis-identified as a jet
(to be investigated)

Initial Leptons

State
Radiation

7o
antiproton
Final
Underlying State
Event Radiation+®

= we'll be focusing on the first two effects

© 0 o0 o

Extra-activity produced by
spectator partons/protons
(probably negligible)
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The "3 jet problem”

History: M, ;, Vs dR

ONCE UPON A TIME...

300

M GeV/c?

200

AR E I S

Handling of th
J

History

bulk of events at Mj,;

1J2
e but large
> low mass tails
> high mass tails

~ M5%
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The best we can do
The R t combination
t combination
A novel technique to reconstruct the Z-mass in the > 3 jet region

The best we can do

o If we knew the RIGHT jet combination from Z: Mz — Mz, (blue)
— RIGHT jet combination is
@ correct jet pair if ISR
@ jet triplet if FSR
@ but we don't = Mz — Mgq = Mj1j» (black)

invmassZ_right h_Zright
Entries 17398
= Mean 90.13
0.095 __ inymassz.right RMS 16.43
0.08E hZ_std
085 Entries 18535
| — invmass2_std Entries 18535
0.07F RMS 29.11
0.06-
0.055
0.04F |J
0.03F rr_. LL
0.023 H —L1
0.017 _J__,.—H
0c I I e V|
20 40 60 80 100 120 140 160 180 200
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Th
The RIGHT jet combination
i tio

2 ion

A novel technique to reconstruct the Z-mass in the > 3 jet region

How to understand the RIGHT jet combination (RJC)?

Procedure

Jets are matched in direction to quarks from Z decay
Reject events (~ 40%) with # matches # 2
Investigate at generator level origin of the not-matched jet: ISR or
FSR
© RJC = j1j2 in 40%
@ RJC = j1j3in 18%
© RJC = j2j3 in 9%
Q@ RJC =j1j2j3 in 19%
Isolate RJC = j1j2 (~ 40%). Coming next
"bottle-neck” of the procedure...we'll play by hear on how to handle
the rest 60%.

— Caterina Vernieri will return on this during the Open discussion

v
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RIGHT mbination
j1j2 as right jet combination
A novel technique to reconstruct the Z-mass in the > 3 jet region NN output

Isolating RJC = j1;2

@ A neural-network (NN) is trained on WZ events to distinguish RJC
= j1j2 (signal) from the rest (background)
— background weighted to have the same dijet mass shape

@ Several kinematical variables (full list and distributions in backup)

o dR(j1j2)j3.dRj1j2j3)j3

[ TR o Vot 723 | [FWVA ot Vb R

Normalisad

IENTE FEEEI FERTE PR TR FEN
WO (5,8} 0.0, 0L87% 1 (0.0, R8T%

WO Mow [5,8): (0.0, D.87% /0.0, B87%
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A novel technique to reconstruct the Z-mass in the > 3 jet region

o Mjijo/Mjjojs, Mjijs/Mijijajz, Mjajz/ Mjjojs
o (Ej1 + Ep)/mpujo, (Ej + Ej3)/mjujs, (Ej2 + Ej3)/mjj3

TMVA Input Varlable: ratio12 TMVA Input Varlable: ratio13 TMVA Input Varlable: ratio23
i SE o AL L L LA LA R LRALAIARARI A R L st
g . Background

w

WO flow (3,85 [0.0, 4.87% 1 (1.0, D.07%
-
i

1
WO.flow (5,85 [0.0, 4.87% 1 (1.0, L.07%
-
i
1
WO Now (3,85 [0.0, 0.67% 1 (1.0, R.87%

AT A il A 7 T,
0.8 0.9 08 0.8 01 02 03 04 05 08 07 0.8
ratiol2 ratic13 ratio23

TMVA Input Variable: boost23

TMVA Input Variable: boostis

T T T T T T
1B 4

Mormalsea
2
T
Il
Normalised

O om (5,8 0.0, B.07% 101, BBYY,
2
1
O fhow (5,8 0.0, B07% 1{0.0, B.81%
.o (5,8 0.0, 0.07% 1 {0.0, 08T
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Th n do
The RIGHT jet combination
ombination

A novel technique to reconstruct the Z-mass in the > 3 jet region

NN output

@ Background rejection Vs signal efficiency
@ Signal Vs Background separation

TMVA overtraining check for classifier: MLP

kground rejection versus Signal TMVA

HALERRE RS RS RN R R '5 ] sigrfal (test samble) 1T Slgnal (training Sahple) H
T 3 H (test sample) | | = (training sample)
g Ei test: signal probability = 0.205 (0.151) Bl
z 4

Background rejection [

MVA
—— MLP

) SN FUNTE FUUTE FRUTE FUTEE PR P NP
%254 02 03 04 05 06 07 08 08 "1

Signal efficlency MLP response
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A novel technique to reconstruct the Z-mass in the > 3 jet region

Putting all together

@ We cut on NN>0.5
— ~ 63% RJC=12
— ~ 14% RJC=13, 9% RJC=23, 3% RJC=123 after the cut

18001 E [ ]

E E o in
1400 E i Il
1200 250y

E E M L}
1000/~ 200 lI
800-- 1500 '
00— E b

E 100— b
400— =
200 o

of E

@ Signal peak is appreciably narrower after the NN cut
— Resolution improved by ~25%
— Signal over background improved by a factor of 2
@ more work to do to improve NN
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Conclusions and future plans

Conclusions and future plans

Regionl: = 2 jets
@ The agreement data Vs MC in the pretag shapes looks not so bad
@ however, still some mis-modeling
@ investigating other generators (SHERPA) for W+jets
© need to do more validation on the data-driven QCD models

@ how will the shapes look like in the tag sample?

Region2: = 3 jets
@ The technique seems promising

— if successfull, it will drastically increase the signal acceptance of
several important analyses (Diboson, Higgs, etc.)

@ 3 jet technique to be applied to the b-tag region
— however, the behavior in b-tag region may be different

@ different background composition (mostly tt)
@ b-quarks fragment in a different way compared to the light quarks
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Experimental apparatus

Tevatron Collider (Run I1)

Tevatron

CDFII (Co or at Fermilab in Run II)

Neutrino Area

Meson Area

o Cockroft-Walton
o Antiproton Source
» Proton direction
« Antiproton direction
33 Collision points

Debuncher &
Accumulator <

Main
Injector

(Antiproton
Recycler)

@ Run II: current data taking

period (2001 — ...)

e pp collisions at /s = 1.96

TeV

@ 2 high-luminosity regions, 2

experiments: CDF, D@

@ Maximum instantaneous

luminosity ~ 31032 cm—2s~!

@ Integrated delivered luminosity

~ 10 fb~! (December 2010)
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Tevatron Collider (Run II)
Experimental apparatus CDFII (Collider Detector at Fermilab in Run II)

CDFII (Collider Detector at Fermilab in Run II)

@ Tracking System composed of:
o silicon microstrip trackers for } ‘.J
precise vertex identification i

o open-cell drift chamber

g o o i | sticon vert Detectr l ...
=

in a magnetic field (1.4 T) = ot

_yﬁm:ﬂ

Ronducting Solenold

eter

@ Sampling calorimeters split into e
projective towers

Coordinates and definitions

@ Planar drift chambers backed by
scintillation counters for muon @ r, ¢, n=—1In(6/2)

identification @ AR = /(An)? + (A)?

@ Er =E -sinf
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Tevatron Collider (Run II)
CDFII (Collider Detector at Fermilab in Run II)

Experimental apparatus

We normalized at the same distribution MJ1J2 in both subsamples.

weight wrong ’% ol
Y !
E RMS 29.54
4; £ . — ,‘j o AN E
E WEIGHTS WEIGHTS=1
u I i
£ ; = . ke
E I *
| i ! .
E * .
1 ¥ i
E -l ! -l h )
o }wm ,A»MM %w;ﬁ IS WP ! b
C At L
K FAN AN

250

Figure: Right: Mjl1j2 distribution in both subsamples before and after

normalization. Left: Weights used for normalizing.
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Tevatron Collider (Run II)
Experimental apparatus CDFII (Collider Detector at Fermilab in Run II)

Jets at CDF (JETCLU)

@ Cluster of calorimeter towers
~ a list of seed towers (ET > 1 GeV) is sorted in decreasing Et
~ the seed towers contained in a in a 49-towers square centered
around the hardest seed are grouped into a precluster (PC)
~ OPC . $PC are calculated according to " Original Snowmass
Scheme” (REFERENZA)
~~ a cone of radius R(=0.4,0.7) is drawn about 87¢, ¢"¢ and towers
(Et > .1 GeV) within the cone used to calculate 7, ¢P¢, ERC
~> loop over the step above until a stable cone is found
~ apply the split/merge procedure to have the final jet list
— EZC is corrected for known instrumental and physics effects

[7] Highest Et Seed
: B Seed Towers

w0

M Energetic Towers

— Precluster Window

Cone Radius
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Experimental apparatus

Tevatron Collider (Run II)

CDFII (Collider Detector at Fermilab in Run II)
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Tevatron Collider (Run II)
Experimental apparatus CDFII (Collider Detector at Fermilab in Run II)

dijet Pt, dphiclosest5 - Ele (up), Muo (bottom)
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Tevatron Collider (Run II)
CDFII (Collider Detector at Fermilab in Run II)

dRiepijer - Ele (up), Muo (bottom)

Experimental apparatus
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Tevatron Collider (Run II)
Experimental apparatus CDFII (Collider Detector at Fermilab in Run II)

dphijepimet, met - Ele (up), Muo (bottom)
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Tevatron Collider (Run II)
Experimental apparatus CDFII (Collider Detector at Fermilab in Run II)

Isolating RJC = j1;2

@ A neural-network is trained to distinguish RJC = j1j2 from the rest
o following variables are used (Caterina puoi controllare?)

Q myr/mjjs *

Q vy =(E+E)/my *

Q dRi, *

Q dRy i *

Q dny *

Q lIr: Q prob/G prob *

@ 'W-boost’ = Pr, + £+

@ ‘'pt-imbalance’ = P1j; + Prp - P, + £1

*. 3 combinations
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TMVA Input Variable: ratio13
LA RARN LA LA L LEAR LA

Lodnn bl ol
LD low (5,8 (0.0, Q.87% (0.0, 087

TMVA Input Variable: boost1d

I 1 1 1 1
0 aw (5,8 (0.0, Q.81% 1100, .87%

TMVA Input Variable: ratioz3

TMVA Input Variable: boost23
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