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http://www-cdf.fnal.gov/upgrades/computing/computing.html


Background Subtracted
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Measurement of ww + wz production cross section and 

study of the dijet mass spectrum in the lnu + jets final state 

at CDF. Viviana Cavaliere (Siena)

December 2010

Invariant Mass Distribution of Jet Pairs Produced in 

Association with a W boson in ppbar Collisions at sqrt(s) = 

1.96 TeV, arXiv:1104.0699

April 2011

A few theorists find the thesis…

June 2011

(60 citations)

(1 citations)
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Does DØ See it??

Could DØ have seen it?

Can DØ rule it out?



THE TEVATRON

Tevatron

Main Injector

Recycler
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PEAK LUMINOSITY

G. Watts (UW/Seattle) 9



G. Watts (UW/Seattle) 10



THE DETECTORS
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THE DØ ANALYSIS

Copy 

DØ’s Normal Analysis opens up 

cuts to increase acceptance 

Increased reweightings for 

Data/MC agreement

Copy CDF’s cuts Eliminate most reweightings

How big an excess does our 

data support?
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Electron

Muon

(Isolation: kill off Heavy Flavor Decays)
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THE JETS

Reconstruction

Selection
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JET ENERGY SCALE

J. BackusMayes Thesis V. Cavaliere Thesis

Corrections similar in size

http://www-cdf.fnal.gov/upgrades/computing/computing.html
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MODELING THE SM BACKGROUND

Background Shapes
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Monte Carlo Based

QCD Multijet Data Driven

Background Normalization

Theory NLO or NNLO cross sections

Fit to data
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GENERATORS

DØ CDF

PDF Set CTEQ6L1 CTEQ5L

Pythia 6.409 6.326

Pythia Tune DØ Tune A (tune A, 

PDF corrected)

Tune A

ALPGEN V2.11_wcfix V2.1

Our handling of systematic errors for the generators is almost 

certainly different as well.

Private GEANT3 based detector models + reconstruction software!

CDF:CDF:DØ:
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REWEIGHTINGS

Luminosity Profile

Interaction Region Profile
Detector Based Reweighting's

We checked does not 

affect the dijet mass 

distribution

arXiv:0712.0803

Also correct MC 

for object ID

e.g. jet finding 

efficiency is too 

good
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GETTING W+JETS RIGHT

No Other Reweightings Applied

But we take expected differences 

into account as uncertainties

However, CDF cuts mostly 

eliminate that region
(A. Martin)



QCD MULTIJET BACKGROUND

Includes all manner of sins

Jets faking a lepton (electrons)

Heavy Flavor not removed otherwise (muons)

Instrumental Backgrounds

Difficult to simulate

Data Driven

Mis-measured 

jet?
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QCD SIDEBAND SAMPLES

Muons

Electrons

DØ: Matrix Method (remove EM shower shape cuts)

CDF: Anti-select on electron quality variables (low 

statistics issue)

DØ explicitly removes W+Jets contributions from their QCD templates. CDF probably 

does, but couldn’t find a reference.

Gives us the shape 

(template) of the QCD 

multijet background

Overall shape and normalization:
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NORMALIZATION FITS

e

combined

(taken from V. Cavaliere’s thesis, but 

referenced in CDF PRL)G. Watts (UW/Seattle) 26

Let both the W+jets and the 

QCD multijet background float
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FINAL BACKGROUND TALLY

Ele Channel DØ V. Cavaliere

W+Jets

Z+Jets

Diboson

Top

QCD

Data

Muon Channel DØ V. Cavaliere

W+Jets

Z+Jets

Diboson

Top

QCD

Data
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QCD COMPARISON
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J. Wacker

had this idea 

originally, G. 

Brooijmans 

improved 

upon it
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CHANNEL COMPARISON
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SYSTEMATIC UNCERTAINTIES
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DOES OUR BACKGROUND MODEL WORK?

Fit the dijet mass distribution

Background, Signal, 

and observed Data
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DOES OUR BACKGROUND MODEL WORK?
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COULD WE HAVE MISSED IT?

Narrow Bump @ Experimental Resolution

Simple mass scaling:

Cross Section
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LIMIT SETTING

Frequentist
If we re-ran the experiment many times, how 

often would we see a “real” excess?

Generate ensembles of pseudo-experiments

Allow statistical and systematic fluctuations
Re-run the dijet mass fit

D – Observed Events

S – Expected Signal

B – Expected Background

Signal+Background

Model
Background Model

Turn the LLR probability distributions into 

straight limits (95% CL).
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LIMIT
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MOCK THE SIGNAL
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LLR PLOT
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 G a u g e d  B a r y o n  a n d  L e p t o n  N u m b e r  i n  M S S M _ 4  B r a n e W o r l d s  

 A  t w o - H i g g s - d o u b l e t  i n t e r p r e t a t i o n  o f  a  s m a l l  T e v a t r o n  $ W j j $  
e x c e s s  

 S u b j e c t s :  H i g h  E n e r g y  P h y s i c s  - P h e n o m e n o l o g y  ( h e p - p h )

 C h i r a l  Q u i r k o n i u m D e c a y s  

 S u b j e c t s :  H i g h  E n e r g y  P h y s i c s  - P h e n o m e n o l o g y  ( h e p - p h )

 T o p  c o n d e n s a t i o n  a s  a  m o t i v a t e d  e x p l a n a t i o n  o f  t h e  t o p  
f o r w a r d - b a c k w a r d  a s y m m e t r y

 Q u i r k s  a t  t h e  T e v a t r o n  a n d  B e y o n d  

 H e r m i t i a n F l a v o r  V i o l a t i o n  

 A  H i g g s o p h i l i c s - c h a n n e l  Z '  a n d  t h e  C D F  W + 2 J  A n o m a l y  

 D i s s e c t i n g  t h e  W j j A n o m a l y :  D i a g n o s t i c  T e s t s  o f  a  L e p t o p h o b i c
Z '  
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t o p  q u a r k  a s y m m e t r y  a n d  d i j e t e x c e s s  a t  T e v a t r o n

 M e a s u r e m e n t s  o f  t o p  q u a r k  p r o p e r t i e s  a t  t h e  T e v a t r o n  c o l l i d e r  

 P r o d u c t i o n  o f  C h a r g e d  H i g g s  B o s o n s  i n  a  3 - 3 - 1  M o d e l  a t  t h e  
C E R N  L H C  

 N L O  p r e d i c t i o n s  f o r  a  l e p t o n ,  m i s s i n g  t r a n s v e r s e  m o m e n t u m  
a n d  d i j e t s a t  t h e  T e v a t r o n

 A n  E x p l a n a t i o n  o f  t h e  C D F  D i j e t  A n o m a l y  w i t h i n  a  $ U ( 1 ) _ X $  
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 S t r i n g y  o r i g i n  o f  T e v a t r o n  W j j a n o m a l y  

 A  u n i f i e d ,  f l a v o r  s y m m e t r i c  e x p l a n a t i o n  f o r  t h e  t - t b a r
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 A  P o s s i b l e  I n t e r p r e t a t i o n  o f  C D F  D i j e t  M a s s  A n o m a l y  a n d  i t s  
R e a l i z a t i o n  i n  S u p e r s y m m e t r y

 N e w  C o l o r - O c t e t  V e c t o r  B o s o n  R e v i s i t  

 T h e  C D F  d i j e t e x c e s s  f r o m  i n t r i n s i c  q u a r k s  
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 $ \ m a t h s c r { O } ( 1 0 0  G e V ) $  D e c i - w e a k  $ W ^ \ p r i m e / Z ^ \ p r i m e $  a t  
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WHAT COULD IT BE?
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LHC Implications

To have the LHC weight in we need a 

production mechanism

There are a lot…

We present a simple, perturbative, and renormalizable model 

with a flavor symmetry which can explain both the t-tbar forward-

backward asymmetry and the bump feature present in the dijet

mass distribution of the W+jj sample in the range 120-160 GeV 

that was recently reported by the CDF collaboration. 

Can Search For Secondary Effects Too…
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

CONCLUSIONS
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