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Derof the top quark L

In 1995
,
the heaviest known elementary particle, the top quark with

N== 1736eV, was discovered in ppcollisions at the Teration at

Fermilab . The top quark is so heavy that it decays before it

hadronizes, so its production and decay can he modeled

by Free quale processes, simplifying things considerably.

As you will sea
in detail in PHYS 976 , the proton can be modeled with

partin distribution Functions (PDFs) , giving the probability of finding a

Certain Flavor of quarte or gluon inside the proton carrying a

certain Fraction of its energy . This is analogous to the photon
splitting function you calculated in HW

... except the PDFs are
non-extubative so must be measured

.

So the cross section for #II
-

A

production is 0 (pp - +E) = I (dxdxfA(x) f(x) o (AB- +I)
A, B

0

quarles, gluon

wher x and I are the Factions of the proton Contiprotial moventr
taken by the Parton (point particle constituent of proton

Proton is "mostly" up
and down quarks, antiproton is "mostly" i it

/

so one important process is
-

P- 9- -cont
- -E
-p= q

But a nontrivial Fraction of the proton is gluces, so the

gluon Fusion process is also important :

-
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In fact, there are three diagrams which must be added coleetly.
I

- eyBee m +~
This is best done by a compute. You will do his for Hw ,

here we will look at the 95 anihilation diagram and define

some convenient linematic variables.
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and Pe are parton mounta . This is identical to etc ente up to te

color factor
,

which gives the Following in te squared matrix element !
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gerators are Hermitian ,
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x (1rcost) , where 5 = (pipal" is the partonic cate of mass
energy.



Defining the ote partoric Mandelstan variables using ↳

By = ( , EsinE, o, Ecosa
Pr = / , -sing, o, -Ecoso)

Y note
:

we are assuming 55 Uh me
so we can approximate top quee
as massless; not always a good

I = (Py -P,) = - 2P> P, = (1 - x0s) approximation at e.g. the Tevatron

i = (Pr -Pi) = - 2p= P,
= --(1 + cost)

I+ a* = (1 + cost)
2

=7 = I t patre
Lantiproton

dosA S

I is related to x
,
I by 3 = (pp = (xP

,

+ xP2) = 2x x P
,
P = xxs

= not all cuter-of-mass energy goes into collision ! Beaus must le

well above threshold of stwest=4MI to have my hope of

efficiently producing F. Indeed, at Teration, 5 = 18 Ter
,

So S = 27 Stresh

As we anticipated
,
I decays almost instantaneously .

We will see

in the coming weeks that the decay is through the weak internation
,-

+ - Wa ,
where q=6, 5,

d
.

This means that
,
though the decay is

fast
,
the iiismall compared to the mass Since it's proportional

to a small coupling. This lets us use the narrow-midte approximation
and separate production and decay.

The W also decays
,

70% of the time to two quales and 30%
of te time to a lapton plus a neutrino. In HW

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

the CDF detector used to claim discovery :

pp-e + E

↓ ↳ wi =3 4 or more jets plus one epox
OWb ~

-

↳00
↳ 899 plas exisenergy from neutrino

V



↳More on missing energy
:

Momentu conservation implies

EPE = P
,
+Pr
,
but we lose all sorts of particles "down the beampipe"

Collinear with P, and Pa , so it's hard to enforce longitudinal momentur
-

conservation .
Transverse is easie

:

=0 ,
so it we measure the

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

zer
,
we know there must be some i transverseevery ET

from an undetected particle

*
P,· +

+ P+/
This can be mundane (ine-neutrinol or exotic /dark matter!) and is

often a helpful signature .

Similarly
,
to reduce GCD backgrounds

,
usually require a minimum Py fur

the jets (this ensures they're not just soft or collinear radiation) .
This

also means we can use evets with & or ot jets
and only consider

the ↑ jets with the largest Pr

As we discussed last week, in general we can't tell a q va jet apart,
nor can we identify the Flavor of the quarte From which the jet crose -

with one exception .

Jets arising From 6 quarks can be "tagged" with some efficiency <1

because the lifetime of the 6 quark (or more precisely
,
hadrous containing

b quarks) is "long" on collider scales
.

TF 10-s
,
So in the Frame

/

of the collider
,
the mea distance traveled before decaying is = UcI .

we can estimate the boost of the 6 quake from +- W6 by assuming the

too is produced at rest, and Ex = 3326 , so VE33 .

=> l = UcI = 1cm ! This is a measurable distance and gives

rise to a did evertex .



I
2/cm~6
I

6 jet

Let's say we have an event with I muon
,
↑ jets /of which Iare

tagged as 6 jets)
,
and missing energy . This is a candidate +I event

.

The hypothesized kinematics are

pp - +F + X (X is all the undetected stuff down the beampipe)

t b
,
W

,

I- Ez We
W

,
+M + v

M

W
-
e ;, + jz

We can measure the full 4-rectors of b
, 62, M, j , and j2 - We want

to solve for the unknowns Pur , Pur , t , Pres Puni -x,+Pxz (18 variables) .
we have 20 equations (SX-vector constraints) so this is an overconstrained

system and we can checke that our solution for mo is consistent .

Here's how this works : definePrr as - Pro
, Pia + T

++
;,
P
Tiz
C

So Pa
,
is still unknown . From W

,
em Un

,

we have

en = m + 2 EvEn-2PzmPer-2P': Set F- =S,
his is now

a quadratic equation For Par

Similarly
,
let vector of initial pp be P = CTs

, ,, 0, 0). The

P - Px
=

P+ +P , so S + rx -25Ex = 2n +2,1 -

write

Ex=Nex CX is assumed to carry no transverse momentum)
,
solve for

P2x by P2x
,

+ Pax, + Pax = 0
,

this becomes a quedratic equation for ex

=> algorithm for linematic Fitting, which gives a best-fit value ofmy


