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Accelerators Detectors
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Sources & Conventions
-MALi " king

*all examples on:github.com/aykhuss/ss/23 predictions
'

-
smainly python in org notebooks)

*Conventions (h] =[c] =1

=>Slength) =Stime] =eV

[mass] =[energy) =smomentum] =eV

Cremember: iproton - 1GeV)

*four vectors:XM=(t, x,y,z)
+

pM =(E,9x,Py,Pz)

=>

energy - momentum conservation:

814) (9,+42-4at4y)) =flEatEy-E,-Ez) 8" (P +E- Ea -4)



The Plan

1. Event Rates, Cross Sections & Scattering Amplitudes
2. Warmup: Lepton Collider

3. Hadron Colliders - Parton Distribution Functions

4. The Drell-Yau Process

5. Higher-Order Corrections

6. QCD Jets, Parton Showers & MC Simulations



EventRates

-we ultimately measure #Events Luminosity
S~ #collision

for a specific process:atb--> 1+2+...th / >tioncross sec

I

↓i dN=L do

* 8(13TeV) =50pb

Sdt2 =150757 Y Figsmilicons
Run 2

*8z (13TeV) = 50ub ~ 1844Z's

Jw (13TeV) = 280ub Y ~ 4448w's

2 (instantaneous)= 0.82p5's"youd!



Calculating Cross Sections

Fermi's golden rule: a+b -> 1+2+.. . + h

on shell>
E>0dIn (P . . .
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!conservation
naire. EMP special case atb -> 1+2*a)"E = -

d.o.f.
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I degrees offreedom I dEc =GsO(massless)Ispin, colour

:a↓



The Scattering Amplitude :Sd4x[2(I,2) +J(x)[xx)]
N

=> evaluation of the path integral z[J] =(N(E]e I
Canalogy to QM) ja

&=14,4,t, ... ]
↳extremely difficulttosolve

excepta free theory - I only has terms with mosttwo fields I

e.g. Fx(:X-m) 4x)
very boring "scattering"

rulesfor the free theory ↳atou
en
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↑ I
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Perturbation Theory
when interaction strengthis small (em-437, 2524.118)

->compute M mmbatively by expanding around free theory

-rulesfor interactions - vertices

directcorrespondence with terms in 2

- e In Y UYV-qqU4 c2

I
r z% M

-- ieU(y-afUu ·

+2
*more subtle than just "dropping"the fields
when derivatives (8) and/or identical particles



Warmup:Lepton Collider

Consider the process etc-> putin

At lowestorder (tree level) there are two diagrams

Whatare they? (demo:FeyGames]



Warmup:Lepton Collider [demo:ete1

Consider the process it c-> putp

At lowestorder (tree level) there are two diagrams
et M

M
7 ↑

Y
8

X * =iMmiO ⑧ I andzo

I Y
e

- 7 1p

=>inserting intoFermi's golden rule (s:Ecm; ParPs=PP,m =Eim(1-cos8)]

=a*((1+150) Gls) +2 cosO Gels)]

disavesusare



"Comparison"with data

AFB

I

Gad

*In principle, you now can use the predictions tot Mz& sinOw

from the data (at leading order)

* had is the hadronic cross section: 2 10:etc -> 99
whatchanges wirt.pty?)



Hadron Colliders:The parton model
At the LHC we collide protons ofelementary
~hadronic cross section =sum over scattering of partons (909)

tional momentum

~
d0x+B**3) -E Jaxarax faxa 7xxs) dr (Xa4A, xx1)

a+b->F+X

4
parton distribution function
I number density for parton a

ofparenthadron
--

to carry
momentum fraction (X,x+dx)

P



Parton Distribution Functions

*justfree quarks? (p =und) ⑭④

·

*
fax) =canascntx3) + Sad-6(x-3)I

X

+some smearing



Parton Distribution Functions

I*justfree quarks? (p =and .

*bound by gluons? Cy
waive parton model:
↳composition of pointparticles

uI ~Zoom in (CM) ** Same composition

ya Scaling (PPFs independent on scale

& atwhich itis probed,
I
!x as long as ex mp)



Parton Distribution Functions (demo:4DF]

I*justfree quarks? (p =and .

*bound by gluons? Cy
*GCD - improved

parton model at a re
-evolution perturbatively

=>predominantly shifts partons calculable!
from high-x to low-X -



The Drell-Yau process [demo:DY]

dax=/dxa/dxsfalxal folxb) dWastete(only (ask) = 1 (9,9),(9,99&(0)
6

*After integrating out z-le decay we'll look atthe

observables of the intermediate gauge boson 9"=14,+P2)* =(Pat4y)"

Ree=c;Ye =

IIn()
xn rapidity:y -> Y+m1X/x)

- XaIAxbIB- I
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