
comenddetectors L

How do we make elementary particles ? E =

mc Plus GM !

if you have enough every, anything that can happen ,-

will happen , unless forbidden by conservation laws-

For example, collide electrons and positions:
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If each beam has energy I ,

then the center-of-mass

every is E
:

we can create particles with total mass

up to E (with total charse , lepton number, and bayon number of

GM <really GFT) tells us the probability of making a

-

given set of final-state particles.

In particle physics me

call this the matrix clement Mier ,
and next week we

-

will see hou to calculate it for some specific
processes .

Creations

Parameterize internation street using some Ring with units of area !
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"Gurch" number of scattered particlesFe, I
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11 II ⑭ proportional to area of

=-I

1A l scattering taset

If we have two colliding beems with cross-sectional area A and length I
,

events

scattering rate= Fine TABAlIva
-volo = < 0



L is the (instantisous)/ inosity and parameterizes the Flux of incoming particles.

↳
o is the scattering cross section which parameterizes the interaction strength

.

MA , vi are the number desities of particles A and B in the beams
.

IVA-Vil is the relative velocity of the two beams. If the beams

are relativistic (v2), rpel), this factor is Iva-ul= 2 . Despite

appearances ,
this does not violate the velocity additio rule :

it's the relative velocity of A and B as viewed from the lab and ensures the
- I

scattering rate is Lovent-invariant with respect to boosts

along the beam axis .

(see Peskin & Schroeder Sea
.

4
. S if you're carious.)

Fermi's Golden Rule relates o to M !

Vier= Er Trave
(MierdT (2)-54(1 +

0
- [pi)B
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&
probabilities sum over Final 4-momentum

From relativistic are squares conservation
normalization of of amplitudes

states: Lorentz-
initial and final invariat phase
States space

Note that is not Lorentz-invariat
,
but transforms like

an area
:

Loretz-int for boosts along beam axis
.
This is

e

the key observable predicted by GFT : "effective area" of

beams of particles A and B, taking into account the fact

that some collisions are raver than others .

units : o is usually given in SSIPeFixT x barns
,
where

I barn
= 10-24 cm2

Luminosity is usually quoted in [prefixx barns)" /s
,

so fur example
,

a process with o=1Fb = 10 barns at the LHC (C-1p6/s)
has a rate R = 20 = 10- - Integrated luminosity is (Cdt·

-



How do we detect elementary particles? ↳
Two steps : measure on energy and/or momentury and tren

identify the particle by its mass and electric charge
.

Cross-sectional viewof In ATLAS detector :

total
->

number

of photons
proportional
to

particle ->
every

↑ strips of silicon : charged
-

particles deposit small amounts
of every in each pixel,
can leave tracks

-

Entire detector is immersed in a magnetic field

lout of the page in inner region) : measure momentum and charse by
curvature radius R = 3 ~x-

protins, muons
,
electrons distinguished by where the track stops.



Detector coordinates and kinematics : ↳
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interaction point

Basically spherical coordinates, but instead of 0
,
use

pseudorapidity = - I tan E
-

Why this funny variable ? I related

reasons ?

· particle production is roughlyT uniform in
y

· behaves nicely under boosts

for massless particles
(Larkoski 9. 37

Hard to detect particles which
go very close to bear

direction (how do
you avoid the beam? )

.

As a result
,
offer

use transverse mometer py= =p
-

=2.

Since all 3 components or spatial momentur must be conserved
,

Can infer existence of invisible particles from imbalance in
pr.

M

!
I must be an invisible

& particle w/ Lo



↳
Respace
to compute cross sections

,

we need to sum over all final states

-> integrate over all A-momenta consistent al Poincare

invariance

Translation invaince => Armamentan conservation (Noether's
Theorem)

For a process PATPR - P,
+ P2+..- Pr

,

(d = (Se 59pi-mi E(pil3 b)** (PA+Pr - E
,

Pil

The 25is are convectionally attached to dit
, but they do

matter-don't forget then !

This is manifestly Coventz-invariant because the -functions eforce
prem for each final-state particle ,

and Patr-Ei = O

He 200 -rector is also Lorentz-invariant)
.

we can perform the pointyal for each is using
O(Pi-mi) = &((pi)- ---mi) and

F(f(x)) = 21 5(x-x) where x are roots of f killed G &CP;)

-=> Spri (pi-tir) + Spitmil

= Saint (pil (pi) = E
,

FEi) w/Ei=i

= (dπ = ) E(pat - ,

pil
-

0

Pi = E
;

no longer an

integration variable



For 2-particle phase space ,
can do most of the ↳

integrals. LHW &: 3-particle phase space. ) Consider the process
Pit P2- Pa Pr Crelabeling to match Schwartz S

. 1)
in the cate-of-mass Frame where Pitpr=(Ean

,

8)
.

Mis
-

Pl Loo O2

diTz= E and pipe-s-pal
use & + - - ) = &)8-s-fa) to do die integral ?
sets pp=-s .

Then
,
write dis- de

,
whede is

the differential solid angle fo Es in spherical coordinates.

Collecting the 2iis and relabeling P = Pr
& changed signs for convenience

:

di = de SdPr OCE =r -Ecm)
f(x) = &(-x)+j

EsE
were Es =-Path , Ep = try

ICharse variables Pf -> x(P) = =x(Pp) + Expl - Em
cacasian :

- -

= E peEu

-function enforces Ent Eq= Fam
,

so

⑧

-dπ = de I ex 8xx) =

,garde OCEn--Ecm
My tmp

-En
e

wher I is the solution to x(pr) = 0
enforces our

every threshold condition

lusually easier to use Lovats dotproduct tricks) From earlier


