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Experimental Measurements
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Golden Formula of Experimental Particle Physics

Luminosity -

flux of colliding particles / unit area / time interval
(experimental characteristics)

\
N s

/ dt N
Cross section -

Process rate - measure of probability of

# events / time interval certain process to happen
normalized to collision rate

( results of experimental
measurements )

(independent of experimental

conditions)




Perturbation series and Matrix Elements

Born level (LO)

| M]? - [Phase space]
0O —
i 'Colliding particle flux]

‘M\z : Matrix Element

(a)
)::( >}~{< >A:N< Describes dynamics of
the given process

{b) (c) (d)
M M >W< Perturbation series

(e} m (a) M :Ma‘l_Mb‘l—Mc—l—...
3~< >AM< >..\< Makes sense only if involved

" o . coupling strength is small |g| < 1
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Computation of Matrix Elements

IM|? = |Vertex factors - Propagator - External lines|?
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Propagators

Propagator - Inverse Equation of Motion

Scalar Field
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Propagators

Gauge (vector) fields

massive:

massless: P —




Vertex Factors

Vertex factor - interaction term in the
Lagrange density with all fields removed

Example : Electromagnetic interaction
W Ling = —?jezﬂfy”wA” = —1ey"

another Example : Higgs quartic self-coupling
\q) /

- ‘ \\ // q)
’iﬁl _ —’2;2@4 removgg fields x _ _22
& PN 1




External Lines

External lines -» wave functions of involved
particles

External lines are represented by appropriate
polarization vectors

particle Feynman rule
ingoing fermion u
outgoing fermion u
ingoing antifermion v
outgoing antifermion v
ingoing photon e?
outgoing photon e

ingoing scalar
outgoing scalar




Combining Factors Together

u(pln Jl)

_39;,51;

—iM = |u(ps, 03)(ie7”)v(pa, 04)] ( 0(p2, 02)(1e7" Ju(py, 01)]

p1+ p2)?
or, introducing abbreviation u; = u(py,0;),
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From Matrix Elements to Observables

Golden Feynman Rules

Partial Decay width:

T diip{
dF M a2 ) 454 i meE e w o Bl 1
2E1| 6] | ( ﬂ-) ( 101 pﬂ,) H (QW);ZE,'

=1

Cross section :

1 1
do = (Mial|? (27)%0 (p1+P2—P’i—'“—P’)H(

U 2E1 2E2

V(p1-p2)2 —m?m3  Relative velocity of
B, E, particles 1 & 2

U, =
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Summing up over polarization states

One usually averages over polarization states of
initial state particles and sums over polarization
states of final state particles

sum over final pol.

2 2 11 2
MP = ME= o2 ), ), IM]
0102 0304

avg. over 1nitial pol.
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Summing over polarization states

€ T

= G ptanudonts

6‘4

= M2 = 1(p1 + p)? Z Dayuus] Uy vo] [ty va) [D27 4

a1.2:8.4

13



write ) [u1y"vs][027 w1 ] with explicit spinor indices «, 3,7, = 1,2, 3, 4:

E oy B 5 v,
Ula"/aﬁvgﬁ bgf},’}/,wgul,_«g :

0109
Z U Ul = (}5’1 + M1 )sa
o1

Z Vog Vg = (Pg — My) sy

o2

(pl + M1 )sa ’}/25 (pz — My) 3y Vo5 = Tr[(;ﬁl + ml)'y“'(@g — my )"

IM|? = 4Tr[(p1 + m-l)’}’”'(ﬁg — my)Y”] Tr[(;/)4 — My)7, (Pg + m3)7, ]
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Gamma Matrices and their properties
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1) Prove identities

T'rlp1pe] = 4p1 - p2

where
P1 = Y0y P2 = YuDh

Hint: exploit properties of gamma-matrices
and the following identities

Trly"] = Trly,] =0, Trlly] = 4
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Compute Higgs partial decay widths into
charged leptons

Hint : exploit the following LO Feynman graph

and Feynman golden rule for computation of
decay width
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Homework (111)

Compute cross section of the resonant
scattering

u(pr,01)

1 f(pi_’xa 0:5)

—

7

Hint : make use of Feynman golden rule for
computation of cross section
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Availability of Lecture Notes

All lectures and exercise solution sheets are
available at the following web-pages

https://indico.desy.de/categoryDisplay.py?categld=299

http://www-ekp.physik.uni-karlsruhe.de/~quast/
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