
KinFit/ME and top quark physics

Compare kinematic fitting tools with ME tools
Several topics in top quark physics
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Method
Our knowledge of the observed event comes from measured objects in the 
final state ( i

 
= jets, lepton, ‘neutrino’

 
).

this can be summarized as pi = { Ei ,θi ,ϕi , 1/p}  (for example)
together with the covariance matrix Vi for each object i

Extend this knowledge pi and Vi by assuming some hypothesis for the event
for example : mjj = mW &  mlν = mW &  Σpx = 0 &  Σpy = 0

Add Lagrange multipliers λk in the χ2 equation to incorporate these 
hypothesed

 
constraints in our knowledge of the event (Δp = pfit

 

– pmeasured)

χ2(pfit) = ΔpT

 
V-1

 
Δp

 
+ 2

 
Σ

 
λk

 

fk
 

(pfit,a)

where we have the m constraint functions fk and unmeasured parameters a
for the true measured and unmeasured parameters  → fk(ptrue,atrue) = 0

If the constraints are non-linear an iterative procedure is used to solve them
the equation fk(p,a)=0 are linearized in each iteration step (Taylor expansion)
the χ2 equation is minimized ( ∂χ2/∂p=0 , ∂χ2/∂a=0 , ∂χ2/∂λk=0 ) and solved
the iteration stops when some pre-defined convergence criteria are fulfilled

k=1

m
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Top quark events
 

good
 

for
 

this!
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Examples
 

in top quark physics
Kinematic fit method

 
was introduced

 
within

 
CMS in CMS Note

 
2006/023

Several parametrizations of the reconstructed four-momenta are applied
Several use cases are considered

Search analyses: test the kinematic hypothesis of the event
 

(stop decays)

Improving the resolution of the top 
quark mass by fitting the W boson mass 
to its generated value (= world average).

Distribution after event selection. 
Covariance matrices differentiated as a 
function of the pT

 

of the jets.

To
 

obtain
 

the same
 

precision
 

without the 
fit, one

 
needs

 
5 times

 
more data

 
and 

also
 

the bias wrt
 

175GeV is reduced.
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Definition
 

of parametrizations

(ET

 

,η,ϕ) parametrization (ET

 

,θ,ϕ) parametrization (a,b,c,d) parametrization
Three-momentum as

with unit vectors :

and for the energy :

The η
 

variable has a non 
trivial connection with the 

mass constraints

The θ
 

variable has a 
more natural place within 

the mass constraints

probably more difficult 
for the fit

massless jets massless jets
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Case studies

• Top quark physics
• Stop decays

 
in SUSY models

• Resonances
 

decaying
 

into
 

ttbar
 

systems
• ...
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Resolution
 

on
 

m(ttbar) versus m(ttbar)
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Matrix elements
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Matrix elements
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Matrix elements



J. D’Hondt - Vrije Universiteit Brussel Les Houches 2007
10/16

Matrix elements
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Matrix elements
 

versus KinFit

Kinematic fit and matrix elements
 

tools
 

serve the same
 purpose. A thorough

 
comparison

 
between

 
them

 
on

 
for

 example
 

top quark events
 

is essential. Also
 

we have to
 

test 
the use

 
of these methods

 
at the LHC prior to

 
data taking

 
(we 

will
 

have to
 

deal with
 

many
 

other
 

issues when
 

real
 

data is 
coming)

event-by-event comparison (KinFit includes mass
constraints, ME includes the full kinematics of the event)
theoretical issues in the calculation of the ME
systematic uncertainties due to the use of Leading-Order
ME’s
using ME’s for other measurements and other topologies
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Top quark physics
 

issues

~87 %

NLO cross-section  σNLO = 833 pb ~8M events/10fb-1

10 tt
 

pairs per day
 

@ Tevatron 1 tt pair per second @ LHC
qq

 

→tt

 

: 85%

 

gg→tt

 

: 87%

??
 

single-top
 

@ Tevatron 30 single-tops per minute @ LHC

p p

t

t

p p

t

X σNLO

 

= 6.6

 

pb σNLO

 

= 153

 

pb σNLO

 

= 60

 

pb

σtop

 

& σanti-top

 

not

 

equal

σNLO

 

= 4.1

 

pb σNLO

 

=   90

 

pb σNLO

 

= 60

 

pb
top production
anti-top production

s-channel

t-channel

associated

 

tW

σNLO(total) = 373
 

pb
~3.7M events/10fb-1

top pairs

single-top
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Top quark physics
 

issues

TOP

τ ≈
0.4 10-24 s      

     

BOTTOM

W

L

ν

PRODUCTION
Cross section
Spin-correlations
Resonances

 

X tt
Fourth

 

generation

 

t’
New physics

 

(SUSY)
Flavour

 

physics

 

(FCNC)
...

PROPERTIES
Mass

 

(matter vs. anti-matter)
Charge
Life-time

 

and width
Spin 
...

DECAY
Charged

 

Higgs
W helicity
Anomalous

 

couplings
CKM matrix elements
Calibration

 

sample !!
...

kinematic fit (mW

 

)

jets
b-tagging

trigger

missing energy

In the long run the data will
 

extend
 

the Tevatron
 

precision
 

reach.
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Top quark physics
 

issues
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Top quark physics
 

issues
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Top quark sessions

We will
 

have a specific
 

top quark session
 

on
 

:

General WG2 Brainstorm this afternoon (14:00 - Library)
→ setting up

 
the workflows...

Friday 15th (9:00 - main auditorium): top physics

Strong connection
 

between
 

top quark physics
 

and the jet algorithm
 sessions

 
however.
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