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How to Read A Feynman Diagram

Particles are short-lived, they will decay
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A Typical Collision

state state
(protons) particles particles
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Final State Particles

Standard Model of Elementary Particles

three generations of matter interactions [ force carriers
(fermions) (bosons)
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Intermediate Particles

Standard Model of Elementary Particles

three generations of matter

interactions [ force carriers
(bosons)

(fermions)
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Reconstructing Intermediate Particles




What You See

Final state
particles
@) Ey,my,pq
e
>
@) E,, my, p,
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Particle Hypothesis

Final state
particles
@) Ey,mq,pq
E,mp ?
O g
@) E,, my, p,
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Classical Kinematics

Final state
particles
initial and
) ’ ) O E1;m1;p1
from final state particles...
E,m,p ?
O -
Conservation laws
E o El -|— EZ <«—— (Kinetic energy)
m=mq +m,
@) E,,my,p,

— Warning, vectors!
p pl + pz P = (Px, Py, P2)
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Relativity

When things are going very fast...

2

E =mc (Thank you, Einstein)

Mass can become energy!
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Relativity

When things are going very fast...

2

E =mc (Thank you, Einstein)

Mass can become energy!

E? = (mc?)* + (pc)?

or momentum...
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Relativity

When things are going very fast...

2

E =mc (Thank you, Einstein)

Mass can become energy!
E? = (mc?)* + (pc)?

or momentum...

Conservation laws

E = E; + E Energy is still conserved.
m=my +m, Momentum is still conserved
2 ?
p = p; + Py But mass? NOT conserved
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Invariant Mass

What if nothing is moving?

E = mc?

No momentum, all energy is mass.
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Invariant Mass

What if nothing is moving?

E = mc?

No momentum, all energy is mass.
Now add momentum:

E* = (mc?)* + (pc)*

m is still the same value! It doesn’t change with momentum.
We call this the
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Invariant Mass

E? = (mc?)? + (pc)?

For 1 particle, = Mass
Re-arrange
E,mp .
‘ > Minvzmzﬁ\/Ez_(pC)z
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Invariant Mass

E? = (mc?)? + (pc)?

For 1 particle, = Mass
Re-arrange
E,mp
1 2 2
‘ > M;py =m=§\/E — (pc)
For 2 particles, = mass of the initial conditions
© Ei,mq,pq
 E=E +E,
Using:
/ © P =p1t+D2
E,m,p

1
\ Miny = m = —TEs + o2 — [py + p,]°¢?
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Relativistic Kinematics — Interpretation

Conservation laws

E =E1 _I_ EZ (NOT JUST Kinetic energy)
— + Warning, vectors!
1 P=P1TP2 p = (P, Py, P2) © E,my,p;
—_ 2 2,2
m—C_z\/[E1+E2] — [p1 + p2]%c
E,mp

O >

A bit more complicated,
but !
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Unique Masses!

Standard Model of Elementary Particles

three generations of matter interactions [ force carriers
{fermions) (bosons)
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”SpaCE”

/ Examples

v

Ilti me”
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”SpaCE”

W Examples

v

Ilti me”
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”Space”

H Examples

v

Ilti me”
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More H P

v

Ilti me”
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Example

— X y Z
A {(Spacen e me_r pe_ - (pe_' pe_’ pe“)

Given M-, Pe— and m+, P+
Can you find my?
Can you find py?

could be

6—|_

»
»

Mo+, Dot = (D3+, D)+, DE+)

Ilti me”
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Which Final State Particles to Select?

Which tracks should we use to calculate invariant mass?

Combinatorics!!
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“time” €

Particle Directions

”Space”

Notice how the Pi
particles collide: ‘ e

Q
P1 (\)

v

_|_

proton beam proton beam

——— 9 ——

will have perpendicular momentum (p, )
We call it Pt (P = D1)
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Selections

Require that final state particles have
Then, that they are !

Stayed tuned for next on how
to do this!
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Conclusion

1. ldentify Particles
2. Intermediate States &
3. |dentify Particles
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Fin




Z DECAY MODES

Mode

T ete”

T, I

Ty T

Ty £ti

Ty P e

T A

T, invisible

Ty hadrons

Ty (uu+ce)/2
Ty (dd+ss+bb)/3
Ty ce

T2 bb

Scale Factor/

Fraction (T'; /T)
01 (3.3632 + 0.0042)%
1 (3.3662 + 0.0066)%
1 (3.3696 + 0.0083)%

(201 3.3658 + 0.0023)%

Bl (455+017) % 10°¢
[ (20.000 + 0.055)%
[ (69.911 + 0.056)%
(11.6 + 0.6)%
(15.6 + 0.4)%
(12.03 £ 0.21)%

(15.12 + 0.05)%
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Conf. Level

P(MeV/c)
45594

45594

45559

45593

45594




W

W' DECAY MODES

W™ modes are charge conjugates of the modes below.

Scale Factor/

Mode Fraction (I'; /1) Conf. Level  P(MeV/c)

T fru 0 (10.86 + 0.00)% v
T, ety (10.71 £ 0.16)% 40188 v
Ty wty (10.63 +0.15)% 40188 ~
T, Ty (11.38 +£0.21)% 40169 v
Ty hadrons (67.41 £ 0.27)% hd
Ty ey <T7Tx10°°® Cl=95% 40188 v
T Dy <1.3x10° Cl=95% 40164 ~
Ty cX (33.3 £ 2.6)% v
T ¢s (3157)% v
T'ig invisible 2 (1.4+29)% v

2024/04/27 alexandrebeaubien@uvic.ca — ATLAS Masterclass



HDECAY MODES
) Scale Factor/

Mode Fraction (I'; /T') Conf. Level ~ P(MeV/c)

T, Ww* (25.7+2.5)% v
T, zz (2.80 + 0.30)% v
Ty Ty (2.50 +0.20) = 103 62625 v
Ty bb (53 £ 8)% v
Ts ete” < 3.6 x 1074 Cl=95% 62625 w
T ptu (26 +1.3) x 107* 62625 v
Ty T (6.0°03)% 62600 v
Ty Zy (32+15) =107 29431 ~
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