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Schedule for today

* Does the Z boson couple only to right-
handed particles?

* Are the following gauge boson self-coup-
lings allowed: WWWW, ZWW?

Electroweak gauge
symmetry of the SM

Weak isospin (left- and right-
handedness)

Phenomenology of
weak interaction
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The SM of particle physics ﬂ(".




Constituents & interactions of the SM ﬂ(".

Karlsruhe Institute of Technology

* 18 free parameters
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Constituents & interactions of the SM

XIT
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Phenomenology of weak interaction

* From the view of a high energy physics scattering experiment:

. — ]
920 GeV

H1 Experiment @ HERA
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http://h1.desy.de/

Change of flavor & charge

wis  —— D
920 GeV
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Parity violation

* W bosons couple only to left-handed particles (and right-handed anti-particles):

H1 Collaboration
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* Intrinsically violating CP as well!
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Heavy mediators

* Mediation by heavy gauge bosons:

Neutral and Charged Current
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The model of weak interactions ﬂ(".
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Sheldon Glashow Steven Weinberg
(*5. December 1932) (*3. Mai 1933)
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Transforms like a spin
Y2 object in space of

SU (2) space of weak isospin

weak isospin.

* Example:

V *
Y = —» ¢ [eft-handed e;, & v form isospin doublet.”
/L

eg —® ¢ right-handed er forms isospin singlet.

* Left- & right-handed components of fermions can be projected conveniently:

1_5
eL:< 2”)6 )

e o (e
—5 | €
2

e =¢€r, +epr
ER —

* Lagrangian w/o mass terms can be written in form:

Lo = ELwaqu +erytouer|=eryH 0 er + VYO, v +ErY O eR
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Covariant derivative of SU(2) x U(1) ﬂ(“.
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Covariant derivative corresponding
to SU(2) acts on isospin doublet only.
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Covariant derivative of SU(2) x U(1)

AT

Karlsruhe Institute of Technology

Covariant derivative corresponding
to SU(2) acts on isospin doublet only.
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Covariant derivative of SU(2) x U(1) ﬂ(“.
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Covariant derivative corresponding
to SU(2) acts on isospin doublet only.

_ PN -
L3OV = (0 + 14 YL By + igWit® | tieny (8, +i% YiB,) e
— _/

'

Covariant derivative
corresponding to U(1)
acts on isospin doublet
(as a whole) and on
isospin singlet.

a¢a __ _1 —4— 343
Watt = 2o (WihtT + Wit™) + Wit
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Covariant derivative of SU(2) x U(1) ..\g(“.

Karlsruhe Institute of Technology

Covariant derivative corresponding
to SU(2) acts on isospin doublet only.

A
- N\
ﬁfzj@)XU(l) = itp M (% + i%YLBu + ingﬁ) Yr+iepy” (C% + i%/YRBu) €R
— ~ _/
\ Covariant derivative
SU(2) x U(1) Hypercharges corresponding to U(1)

Particle Yr/L I3 Q acts on isospin doublet

v -1 +1/2 (as a whole) and on

er, —1 —1/2 isospin singlet.

ER 0 —1

Q=13+ % (Gell-Mann Nischijama)

asa __ _1 —4— 343
Watt = 2o (WihtT + Wit™) + Wit
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Covariant derivative of SU(2) x U(1) ..\g(“.
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Covariant derivative corresponding
to SU(2) acts on isospin doublet only.

A
- N\
ﬁfzj@)XU(l) = itp M (% + i%YLBu + ingﬁ) Yr+iepy” (C% + i%/YRBu) €R
— ~ _/
\ Covariant derivative
SU(2) x U(1) Hypercharges corresponding to U(1)

Particle Yr/L I3 Q acts on isospin doublet

v -1 +1/2 0 (as a whole) and on

er, —1 —1/2 —1 isospin singlet.

ER —2 0 —1

Q=13+ % (Gell-Mann Nischijama)

asa __ _1 —4— 343
Watt = 2o (WihtT + Wit™) + Wit
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SU(2) x U(1) interactions ..\g(“.

* Charged current interaction:

LGS = =55 |7 (W) er +2 (Wire) v

N ~ J “ ~ J O 0 vV
e — v vV —e (7 EL) 1 0 er,

 Neutral current interaction:

ata _ _1 +4++ —y— 343
Watt = 2o (WihtT + Wit™) + Wit
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SU(2) x U(1) interactions ..\X‘(IT

* Charged current interaction:

VG u

N ~ J “ ~ J 0 0 1%
e — v vV —e (D éL) 1 0 er,

 Neutral current interaction:

L6¢ = -2 [7 (Wi~y*)er +e (W, ) V]

LN = = (§W3 = §Bu) (79#0)+(§W3 + §B,) (ery"er)+9' By (eryen)

A J

Zy\ _ [cosbw —sinfy\ (W}
A,) \sinfw cos Oy B,

/

: _ g _ . .
sin Oy = Joitror cos By = g7 (Weinberg rotation)
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SU(2) x U(1) interactions ..\X‘(IT

Karlsruhe Institute of Technology

* Charged current interaction:

L6¢ =L [ﬁ (Wiyk)eL +er (W, ) 1/]

V2 K
W ~ J (& ~ J
e — v vV —e Desired behavior: A4, couples to left-
and right handed component of ¢ in
the same way!
* Neutral current interaction: A
/ 12 /2
NC 9°tyg —
Lig =— 5 Zy (V)
V9?+ g 2 . 9 :
+ 5 [ (cos® Oy — sin® Ow ) Z,, + 2sin Oy cosOw A, ] (eryuer)
/ 2 2
+ 2 2+ g [ —2sin? O ZM + 2 sin Oy cos QwA/J (éR’Y/,LeR)

What is the expression for ¢ ?
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SU(2) x U(1) interactions ..\X‘(IT
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* Charged current interaction:

L6¢ =L [ﬁ (Wiyk)eL +er (W, ) 1/]

V2 M
W ~ J (& ~ J
e —V vV —E€ Desired behavior: 4,, couples to left-
and right handed component of ¢ in
the same way!
* Neutral current interaction: A
2 2
NC VI©+g _
Lrg =— 5 2y (Uyuv)
V9?+ g 2 . 9 :
+ 5 [(Cos Oy — sin HW) Z,, + 2sin Oy cos HWA,J (ervyuer)
/12 /2
+ 2 2+ 2 [ —92sin? O ZM + 2 sin Oy cos QwA/J (éR’Y/,LeR)
What is the expression for e ? p ¢ = /g% + ¢’?sin Oy cos Oy
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Skewness of the SU(2) x U(1) ..\X‘(IT
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* Gauge boson eigenstates of the symmetry do not correspond to the eigenstates
of the IA:

Z,\ _ (cosbty —sinby Wfb’
A,)  \sinfy cos Oy B,

* Quark eigenstates of the SU(2) do not correspond to the quark eigenstates of the
SU (3)(NB: which are the mass eigenstates):

Vud Vus Vub
Mcecxkm = | Vea Ves Ve
Via Vis Vi

C1 S1C3 5183

)
)

= —§1Cy  C1CaC3 — S983€¥ 1083 + Soc3€’
—8189 C1S89C3 + 0283625 158283 — Ccac3€e’

ci =cost; ; s; =sint; (i =1...3)
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Non-Abelian gauge structure of SU(2) AT

Karlsruhe Institute of Technology

1 1
gauge __ a apry uv
L8 = — ST (wg, wer) BB Bug A,

Wow = 0, W5 = 0, Wit +ig Wi, W]

* This part of the Lagrangian density introduces:

Triple Gauge Quartic Gauge '
Couplings (TGC) Couplings ‘(Q\(QBC)'/
------------------ . .
Which couplings are
YWW ZWW 22 Z WWZV',,"'WWW "‘WWZ 2 allowed (at tree level),
2Zy  Zyy WWWW  ZZyy-, which are not?

22 Institute of Experimental Particle Physics (IEKP)



Non-Abelian gauge structure of SU(2) AT

Karlsruhe Institute of Technology

1 1
gauge __ a apry uv
L8 = — ST (wg, wer) BB Bug A,

Wow = 0, W5 = 0, Wit +ig Wi, W]

* This part of the Lagrangian density introduces:

Triple Gauge Quartic‘Ga‘uge )
Couplings (TGC) Couplings (Q\(QBC)’,/
------------------ ) .
Which couplings are
TWW ZWW ZX? WWZV,,"'WWW “WWZZ Gllowed (at tree level),
2y 2Ky WWWW  ZZ which are not?
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Concluding remarks ..\X‘(IT
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* SU(3) x SU(2) x U(1) gauge symmetries of the SM are internal continuous
symmetries (— corresponding to Lie-transformations).

* Of those symmetries the “SU/(2)-part” has the most peculiar behavior:

Fermions can change charge at |A vertex;
Fermions can change flavor at |A vertex;
No parity conservation;

No CP conservation;

No “EWK symmetry conservation”!

* Next lecture will discuss the problems of local gauge symmetries with massive
particles and the principal of spontaneous symmetry breaking.

* Prepare “The Higgs Boson Discovery at the Large Hadron Collider’ Section 2.3.
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http://www.springer.com/us/book/9783319185118?token=prtst0416p

Backup _\g(“.

Karlsruhe Institute of Technology
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