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In 199s
,
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 beige it

hadronizes, so its production and decay can be modeled

by free quark processes, simplifying things considerably.

As you will see
in detail in PHYS 570, the proton can be modeled with

parton distribution functions (PDFs ) , giving the probability of finding a

certain flavor of quark a- 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- perturbative so must be measured
.

So the cross section for 1-I-

production is o(pp → tt ) -- E [DX di F:(×)f;li ) 0^1 ; ; → ft )
i. = 0

quarks, gluon

where ✗ and I are the fractions of the p-otonlantip-otr.nl momentum
taken by the path .

proton is
"

mostly " up
and down quarks, antiproton is

"

mostly " ñadi
,

so one important process is

:I⇒mm- +It
But a nontrivial fraction of the proton is gluons, so the

gluon fusion process is also important :
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In fact, there are three diagrams which must be added coherently! ②

3moomf + my
-

m-

+ Tx
This is best done by a computer. You will do this for Hw ,

here we will look at the got annihilation diagram and define

some convenient kinematic variables.
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and f- are parton mouth . This is identical to e'

-

e-→nti up to the

color factor
,

which gives the following in the squared matrix element !

1Mt * ( IT { T.%11-5.PT:( T.de, )
-

da's
'd
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avg. over T

initial colors sum over

final colors
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generators are Hermitian ,

so 1-
•
= TT

= Ig Jal Jed Tr (Ta T
' ) Tr / Tbtd)

= ↳ ✗ ¥ Ja 'd
'dJa's

"
( ¥ = Tet)

= § ✗ ¥ ✗ Jbc Jbc
-

trace of #
8×8

= 'q+tj- 8 = Iq
=> da÷

,

= 4- ✗ ( It cos -0-7 , where 5-- (pi-pit is tu patrie center of mass

energy.



Defining the other panto-ie Mandelstam variables using 49

P > = ( ¥ , Ensino, o, coso)

} note : we are assuming TÉ→me
p , = ( 5% , -5% sine, o, - E- cost) so we can approximate top quark

as massless; not always a good

[ = ( p, -pit -- - Zpzip, = -5=11 - co , a) approximation at e.q. the Tevatron

ñ=( pg - pi, )
-

-

- 2pjÑ ,
= -Ifl + cost )

E-+ ii. = II ( 1+050-7

⇒ 1÷
.

-

. I ¥-1 )
5 is related to ×

,
I by 5 = (pipit = (xp,

+ IPI = 2×5 P
,

- P
-
= ✗ Is

⇒ not all center-of-mass energy goes into collision ! Beans must be

well above threshold of stream = 4mF to have any hope of

efficiently producing tt. Indeed, at Tevatron, Ts = 1.8 Tev
,

So 5 = 27 sthcsh

As we anticipated
,
t decays almost instantaneously .

We will see

in the coming weeks that the decay is through the wee interaction
,

1- → Wq ,
where q= 6

,
s
,
d

.

This means that
,
though the decay is

fast
,
the wi_dÉl compared to the mass since it's proportional

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 time 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 :

pp → t I
↳ W⑤ ⇒ for more jets plus one lepton↳
w⑥ ↳ ⑨⑤ plusmi For neutrino↳①v0



10LMore on missing enemy
'

.

momentum conservation implies

Epf =P, + Pr, but we lose all sorts of particles
"down the beanpipe

"

collinear with P, and Pa , so it's hard to enforce longitudinal momentum

conservation .
Transverse is easier ! EPI = 0 ,

so if we measure the

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

zero
,
we know there must be some mistakes> EX

From an undetected particle
÷
:#

-
or

Ñµ
"

Pitt Psi =/0

1-

This can be mundane ( i. e. neutrino ) or exotic /dark matter!) ad is

often a helpful signature .

Similarly
,
to reduce QCD backgrounds

,
usually require a minimum PT for

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

also means we can use events with & ornge jets
and only consider

the 4 jets with the largest PT .

As we discussed last week, in general we can't tell a q us
. g- 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 < 1

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

6 quarks) is
"

long
"
on Collider scales

,
It 10

- "

s
,
so in the France

of the Collider
,
the mean distance traveled before decaying is f- yet .

We can estimate the boost of the b quote from 1- → Wb by assuming the

top is produced at rest, and F-
•

= ME = 33^6 , so 8=33 .

⇒ l= Vote 1 cm ! This is a measurable distance and gives

rise to a displacedv .



eaten

6 ☒
6 jet

Let's say we have an event with 1 muon
,
4 jets /of which 2 are

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

The hypothesized kinematics are

PÑ → ft + ✗ ( ✗ is all the undetected stuff down the beanpipe )

t → b
,
w

,

I → b-zwr

W
,
→ Mtvn

Wz → j , tjz

We can measure the full 4- vectors of bi , br, M, j , , and Jr . We want

to solve for the unknowns ÑW , , Ñw, , Jt
,
,Ñ+
,
, Ñvn , mx , Mt , pxz ( 18 variables ).

We have 20 equations ( 5 4-vector constraints) so this is an overconstrained

system and we can check that our solution for Mt is consistent .

Here; how this works : define Ñtv as - ( Ñtu
, tptoztptntptj.tpf.jp,

so pzu is still unknown . From W
,
→ntvn

,

we have

mj-mii-ZF-vF-n-2pznpzu-2ptn.pt; set Ev
-

- ftp.F, this is now
a quadratic equation for par .

Similarly
,
let 4-vector of initial pp be PI ( rs

,
o
,
o
,
o)
.

Then

P - Px = pttpt , so s -1mF -25s F-
✗
= 2mi + 2Ñ+;P+

,

.

Write

F-✗ = ¥Ém* ( ✗ is assumed to carry no transverse momentum)
,
solve for

PZ× by Pzt
,

+ Pat,tpz× = 0
,

this becomes a quadratic equation for m×

⇒ algorithm for kinematic fitting, which gives a best - fit value of my .


