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at — etug initial state fermions
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@ g2=s=m?

@ m, < my Fermi-contact
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Branching Ration 7™

B(rt — pfy, ) = 0.9999 ) * g
B(rt — etve) = 0.0001

® me < m, phase space!

@ theory is chiral not helicity!

@ mass breaks
helicity=chirality

@ Me < M, — muons break
easier!
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Branching Ration 7™ Helicity picture
et - Pa
B(rt — ptv,) = 0.9999 ) o g
B(rt —etrg) = 0.0001

The pion is a scalar!
® me < m, phase space!

. . . o r(nt—etve )
@ theory is chiral not helicity! Bletvg) _ —F——
Blutvy) = TEr—ufuy)
@ mass breaks — .,
helicitv—chirali _ (&)Z(mﬂ—me)
elicity=chirality = () iome
® me < m, — muons break ~ 1.107%
easier! . o

Pion decay understood from
left-right structure of the

Standard Model!
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Parity Tranformation

® P(p) — —p
@ Spin is unchanged

@ Helicity changes sign

Electroweak Interaction

@ 1yt perfectly symmetric
for left- and right-handed
particles

Lee and Yang 1957,
Heintze/Jensen

A\

Electroweak Interaction

@ violates parity maximally
@ has V — A structure

@ left-handed behaves
differently than
right-handed
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Parity Tranformation Electroweak Interaction

@ P(P) > —p @ violates parity maximally
@ Spin is unchanged @ has V — A structure
@ Helicity changes sign @ left-handed behaves
' ” differently than
right-handed ,

@ Yyt perfectly symmetric . :
for left- and right-handed @ left- and right? Spin
particles @ Polarization: average

orientation of spin

A\

Lee and Yang 1957,
Heintze/Jensen
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Parity Tranformation Electroweak Interaction

@ P(P) > —p @ violates parity maximally
@ Spin is unchanged @ has V — A structure
@ Helicity changes sign @ left-handed behaves
' ” differently than
right-handed ,

@ Yyt perfectly symmetric . :
for left- and right-handed @ left- and right? Spin
particles @ Polarization: average

orientation of spin

@ Invert polarization and
measure at the same
location
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Lee and Yang 1957,
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LuciTe Rop

PUMPING TUBE FOR
17/ VACUM. SpacE

RE-ENTRANT
| vacuum space

MUTUAL INDUCTANCE
THERMOMETER COILS-.

SPECIME! 46 em—
HoUSING OF — R
Coma NITRATE = 5

ANTHRACENE CRYSTAL

60CO — G6ONi* + e + i
n — pte + g
60Ni* — 6ONi + +

#Co
5272a 0.31 MeV B~ sezmu
1.48 MeV g~ 1.1732 MeV y

1.3325 MeV v

%Ni

Es = 0.3MeV
1.2MeV
E, = 13MeV

m
2
Il

@ (3 small free path
@ ~ larger free path
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@ Polarization: anisotropy of

Aea s TuzE FoR ~-rays (in-time) in two
detectors (Nal)
@ edetection in Antracene

crystal (photons to PM)

@ [3: (de-)excitation after
passage of particles

|—RE-ENTRANT
VACUUM SPACE

naser st [\ (organic)
e inBire =] Eﬁ = @ 4: photo-electric effect,

pair production (~ Z°5,
~ Z?2, anorganic
Z(Na) = 11, Z(I) = 53)
@ Polarize Co with external

field
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O o e b @ ~ anisotropy: large
y T . Dppuiewe ] polarization
£ ST . @ use of two polarizations
2 | cancels systematics
[ * .
. s @ asymmetry opposite to
b sanA-&:l?u;T:l:‘AoLytuLArED FroM (e (o | Spln dlrectlon
“2 B g o neo | @ parity violated maximally
e Discussion of Garwin
sl S L 1 experiment on parity violation in
g Problem Solving session
§§ 030}

& 8 10
TIME IN MINUTES
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Z° 1973
Ve
ZO*
u
@ impossible for photons @ (CC) charm: charged
@ no ECNC lepton plus strange
@ detect hadronic final state @ displaced hadronic vertex

from nothing
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Gargamelle

@ Liquid gas (Freon) close to
bubbling
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Gargamelle ] | o .
@ Liquid gas (Freon) closeto | 1 S E O /
bubbling S :

@ reduce pressure, augment
volume — bubbles

i "
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Gargamelle . s T

@ Liquid gas (Freon) close to A \ ) //\; O/
bubbling L '

@ reduce pressure, augment
volume — bubbles

@ ionizing particles leave
bubble traces

@ magnetic field for p
o dE/dx

i "
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The Electroweak Theory

Gargamelle . s T

@ Liquid gas (Freon) close to A \ ) //\; O/
bubbling L '

@ reduce pressure, augment
volume — bubbles

@ ionizing particles leave
bubble traces

@ magnetic field for p
o dE/dx

@ picture with KODAK
camera

i "
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"CHARME ™

reaction :

\ VN pesteVee
; ! i
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N i
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The Electroweak Theory

® Jerf (£°€6) < geff (2°0Q)

@ N(q) ~ 3N(e)

@ detect electron at 2° beam
axis

@ signal: Anti-neutrino or
neutrino beam

@ background: Anti-neutrino
beam
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Charged current (CC)

® Gert(27€6) < Gerr(2°q0) background for v, (PID)

@ N(q) ~ 3N(e)

@ detect electron at 2° beam
axis

@ signal: Anti-neutrino or
neutrino beam

@ background: Anti-neutrino
beam
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Charged current (CC)

® Gert(27€6) < Gerr(2°q0) background for v, (PID)

@ N(q) ~ 3N(e)

@ detect electron at 2° beam
axis

@ signal: Anti-neutrino or
neutrino beam

@ background: Anti-neutrino
beam
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The Electroweak Theory

The Drell-Yan Process

Definition

Yy

h+h — putu= +X
a+q — wprp” +X

h: hadrons

X: remnants

neglect fermion masses!
Pq =X- Ph

s = (Pq + Pg)?

-4
¢

Dirk Zerwas Particle Physics: The Standard Model
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The Electroweak Theory

A’

3s

Kinematics

Enter the QPM: M? = § is CM energy of the partonic system

o(ete” - putuT) =

(P1+P2)* = 2-pi-p2
= 2 -X1XEq - E2(1 — COS(’/T))

= 4-x1%E; -

o

= 4'X1X2§ .

1 —
s

-

Dirk Zerwas Particle Physics: The Standard Model
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Drell-Yan

Kinematics and integration dQ2 (same as electron)

The Electroweak Theory

4ra?
33

g =

W

Dirk Zerwas Particle Physics: The Standard Model
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Drell-Yan

Add proton and anti-proton PDFs

The Electroweak Theory

_ Axa?
g = 73
o? ) D
o = IR () (x2) + £§ (x0)fg (x2)]

o
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Drell-Yan
Drell-Yan
Colour Factor Initial state: 3 = %
_ 4nd?
o — 33
o = BB e) + 1) ()]
o = FERE0R) + 0B

o
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Drell-Yan

Electric Charge initial state quark

The Electroweak Theory

4ra?
g — 73
o = AmEP(x0)f2(xa) + 2 (0P (xo)]
o = mE[P(x)(x2) + R (x0)TE (x2)]
o = QM (xa)ff(x2) + 1 (x0)ff (x2)]
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Drell-Yan

Differential cross section do/d$

The Electroweak Theory

o = g

o = B 0) +R(x)if(x)]

o= P (x2) + (x0T (x2)]

o = BRI (k) + 180 ()]

do = Q2[R (x0)f (x2) + F§ (xa)f (x2)]0(M? — §)dM?

o
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The Electroweak Theory

o = 4
3s ) B
. - 4ggz[fp(xl)fc_§’(xz)+f§(x1)f(§)(xz)]
o _ 47ra [fp(xl)f(?(XZ)-l-fg(xl)fc?(XZ)]
o = ML (x1)EE(x2) + 2 ()P (x2)]
do = ‘;’;A% QA[] (xa)f8 (x2) + £ (xa)f§ (x2)]3(M? — §)dM?
do = QAP (x0T (x2) + 1R (x0)TE (02)18(s (L — x1%2))

o

Dirk Zerwas Particle Physics: The Standard Model
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o = 4

o = SRR + 1§ x) (x2)

o = ZERe)R0e) + )i ()]

o = ML (x1)EE(x2) + 2 ()P (x2)]

do = ‘é’i?z Q2[fP (x1)f2 (x2) + T2 (x1)fP (x2)]6(M2 — 8)dM?
aa = T QRR (x)P0x) + 1 ()T 0)]0(s (" — xax2))
a7 = HQALIR ()i () + TR0 )oY — xaxo)

o

Dirk Zerwas Particle Physics: The Standard Model
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o

o = 5

o = SRR + 1§ x) (x2)

o = ZERe)R0e) + )i ()]

o = T2 (x1)f2(xz) + (x0T (x2)]

do = %’R?z Q2[fP (x1)fB (x2) + F2(x1)fF (x2)]6(M2 — §)dM?
aa = T QRR (x)P0x) + 1 ()T 0)]0(s (" — xax2))
a = Qs é’(xnfé’(x_z)+f"(xl>fp(x2)]5<——xlx2)
e e Q”l M2 ()8 (%2) + 8 (xa)E (x2)]0 (% — Xax)
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Drell-Yan Scaling
do _ 4na? 2
dm? BTV Zq Qq
Jo Jo xax2[f§ (xa)f2 (x2) + £ (x0 )i (x2)]

(S(MTz — X1X2)dX1dX2

Compare different experiments with - = m/+/s
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The Electroweak Theory

Drell-Yan Scaling

ddﬁ - 117;\/?[4 2q Qg ) )
Jo S Xaxa[f8 (x)T2 (x2) + 2 (1)1 (x2)]
(5(— — X1X2)dX1dX2

'V|3é|}|_|(/|r = ZMTQ Zq Q02|
Jo o xaxalff (x0 )RR (xz) + f2(x)T5 (x2)]

(5(— — X1X2)dX1dX2

Compare different experiments with 7 = m/+/s
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The Electroweak Theory

PWLH X
 £537 125 Gev/c
G NA3 150 Gev/c

@ anti-protons on target

@ detect muon pairs — m?

Dirk Zerwas

EW and Fermi
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Y% do/dM [GeV’nb/NUCLEUS(Gev/c?)]

WS X
€537 125 Gev/c
aCP 225 Gev/e
© OMEGA 40 Gev/c

@ pions on target

@ scaling observed
Predicted LO: % observed ~ 2 — 3LO, NLO ~ 3LO )

Particle Physics: The Standard Model
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