
Discovery of the top quark I
-

In 1995
,

the heaviest known elementary particle,
the top quark with

me
-

- 173 Gev
,

was discovered in pp collisions at the Tevatron at

Fermilab .

The top quark is so heavy that it decays bye it

hadronizes ,
So  its production and decay can be modeled

by free quark processes, Simplifying things considerably .

As we saw in deep inelastic scattering
, protons can be modeled with

parton distribution functions
, giving the probability of finding a

Certain flavor of quark a- gluon inside the proton carrying a

certain fraction of its energy .
So the cross section for TI

production is

ocpjs → TE ) -

- § t.gs dxdx-filxlf.CI )

if
i ; → tt )

proton  is
"

mostly
"

up
and down

quarks ,
antiproton is

"

mostly
"

it add
,

so one important process is

-

p

Tay
t

,
most

f
#

"

\I

But a nontrivial fraction of the proton  is gluons,
so the

gluon Fusion process is also  important
:
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In fact
,

there one
three diagrams which must be added coherently! ②

-5+7hornet X
on -

This is best done by a computer .

You will do this fo - Hw
,

here we will look at the got annihilation drag - an and define

Some convenient Kinematic variables .
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and fu are Parton mouth
. This is identical to ete
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Color factor
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which gives the following in the squared matrix element !
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generators are Hermitian ,
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where 5 -

- ( ftp.T is he pathic center of mass

energy .



Defining the other pathic Mandelstam variables using 3L
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) note : we are assuming Fs →
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pp = ( In ,

- Az sine ,
o

,

- In cost ) so we can  approximate top quark
as massless ; not  always a good
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⇒ not all center - of -

mass energy goes into collision ! Beans must be

well above threshold OF Sene , = 4mF to have any hope of

efficiently producing TI .

Indeed
,

at Tevatron
, is = 1.8 Tev

,

So S = 27 Suresh

As we anticipated
,

t decays almost instantaneously
.

We will see

in the coming week
, that the decay is through the

wee
interaction

,

t → Wq ,
where

q= b
,

s
,

d
.

This means that
,

though the decay is

fast
,

the

widget
compared

to the mass Since  it's popo
- foul

to  a Small Coupling .

This lets us use the narrow - width approximation
and separate production and decay .

The W also decays
,

70% of the time to two quarks and 30%

of the tire to a lepton plus a neutrino .
In HW

, you  will investigate
the fully hadronic decay; here we will look at the channel that

the CDF detector used to claim discovery :
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More on missing enemy

'

.

momentum conservation implies
L

Epf =P
,

tpn
,

but we lose all sorts of particles
"

down the bean pipe
"

Collinear  with P
,

and Pa
,

so it's hard to enforce longitudinal momentum

conservation .
Transverse is easier : EPT = O

,
so  if  we measure tie

total momentum transverse to the bean direction and don't find

zero
,

we know there must be some missing transverse energy Ef
-

From an undetected particle

in
! PI
Iµ FittFri - to

L N

This can be mundane live .  neutrino ) o - exotic I dark matter !) and is

often a helpful signature .

Similarly
,

to reduce ACD backgrounds
,

usually require a minimum pp for

the jets I this ensure they're not just soft or collinear radiation )
,

This

also means we can use events with 4 orange jets and only Consider

the 4 jets with tie largest Pt .

As we discussed last week
,

in general we can 't tell a q vs
. I jet apart,

no - can we identify the flavor of the quark from which the jet arose  -

with one exception .

Jets arising from 6 quarks can be "

tagged
" with some efficiency Ll

because the lifetime of the b quark ( or more precisely
,

hadrons
containing

b quarks) is
"

long
"

on Collider scales

,
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So  in the Frane

of he Collider
,

the mean distance traveled before decaying is b- yet .

we can estimate the boost of the b quale from t → Wb by assuming the

top is produced at rest
,

and Eat htz = 33 my ,
so 8=33

.

⇒ l = Vet = I cm ! This is a measurable distance and gives

rise to a displaced vertex
-
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Let's Say we have an event with I muon
,

4 jets I of  which 2 are

tagged as b jets )
,

and missing energy .

This is a Candidate ft event
.

The hypothesized kinematics are

PF → ft t X ( X is all the undetected stuff down the Gea - pipe )

t → b
,

W
,

I → Jawa
W

,

→ Mt Um

Wz → I
, tjz

We can measure the full 4- vectors of bi
,

bn
,

M
, J , ,

and In . We want

to solve for the unknowns Fw
, , PI , ft

,
,pI , Fun , Mx , me , p×

,

( 18 variables )
.

We have 20 equations ( 5 A - vector constraints ) so this is an over constrained

system and we can Check that our solution for
me  is consistent .

Here ; how this works : define FIT as - ( Ttu
, tptoztpintptj

,

tf ;D .

Set Et -

- PI ,

So pau is still unknown
.

From W
,

→ ntvn
,

we have

mj
-

- mi t 2 Eu En -

2pm Pau -2ft ; Fiu .
Set Er -

- IET ,
this is

a quadratic equation for par .

Similarly
,

let f- vector of initial pp be PI ( fs
, go ,

o )
.

Then

P - p×= pttpt , so St MF - Zfs Ex -

- 2mi t 2ft ;ft
,

.

Write

Ex -

- Tpaint ME ( X is assured to carry no transverse momentum )
,

Solve for

P 2x by Pq
,

t Pq
,

tpz
,

= O
,

this becomes a quadratic equation for my

⇒ algorithm for kinematic Fitting ,
which gives a best - fit value  of

me .


