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Standard Model of Particle Physics N
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electr. oo clocy,  Mass of !oarticles
charge charge (IN GeV).
+2/3 0 000514 175 0
-1/3 0 0006 03 45 0
0 0 >0 >0 >0 91
1 +1 0.0005 0.1 1.8 80
last missing
particles*: fields*: particle found: H
Spin 1/2 Spin 1 P
(fermions) (bosons) the Higgs (126 GeV, Spin 0)
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EW Symmetry breaking
<> massive particles

Discovery of a Higgs particle
- last missing piece of SM

- Production mechanisms
- Higgs decays

Consequences & Outlook
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Transformations between Fermions N

Changing “flavor” by Universal Weak Interactions

v n— pe v,

72 Fermi’s
H / constant
G o
(Sm HWM
e € € (Cabibbo-
. i angle)
Electroweak Unification within
Standard Model (SM): weak”
Weak coupling basically same because of
as for electromagnetism propagator

C. Kiesling et al., Physik Haupt-Seminar, LMU Minchen, SS 2014



CP Violation

» Charge-parity (CP) transformation flips sign of
charge and handedness of particle

« CP violation (CPV) required to explain matter
dominance in the Universe today

« C and P maximally violated in the weak
interaction

« CPV first observed in kaon decays Sshandiss rechishandgoe

* CPV in the SM arises from a non-zero complex
phase in the CKM matrix

« CKM matrix describes relations betweenmass + + P gt 1t
and flavour eigenstates of quarks > > < =
S—> O S

' d ‘ ;:d ] —Hh ruh (1 C \Ai C
_C;, — VCKNT S — ‘ ;~,-] ‘ :-. ‘ ;‘h § - - . . 37
b’ weak b Mass ‘;d ‘;\ I;h h mass ¥J n > > 5 § vﬁ
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The Standard Model SU; x SU,, x U, (SM) describes all data so far
yet: cannot be the correct theory, SM only a ,low energy“ approximation

need
very high energy
(LHC) or
very high precision
(SuperB factories)

Unification of forces incomplete:
Gravitation is not included

,Stability” of the Higgs mass unexplained

Neutrinos are massive (Dirac, Majorana?)
Baryon Asymmetry in the Universe is
much too large (by 10 orders of magnitude)

Dark Matter exists
(only 4% of the Universe accounted for by SM)
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BSM: A Necessity e

UNIVERSITAT
MUNCHEN

Beyond SM

SM describes only 4% of the observed Universe:

Dark Matter ?, Dark Energy ?77?

CP Violation 7, Neutrino masses ?
Higher energies:

— new particles/phenomena?
SUSY, Compositnes, ...,

GUT, gravity, extra-dimensions, ...

Strong CP problem < Axions

Strings, ...

Many ldeas!
Experiment must determine
the true nature of nature

Is there anything beyond the Standard Model?
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Solar v flux too *
IOW !! AL g ;

- 606Tons
Carbon Tetrachloride

(Y Y ' L'\. f |
Ray Davis Jr. Homestake Neutrino
Nobel-Prize 2002 Observatory (since 1967)
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Neutrinos

* In the SM, neutrinos massless R siv?0,,
« Experiments show that neutrinos 3 sy, A, [ —————
mix, so they must have mass AN | —
« Normal or inverted mass hierarchy? A -
« |s the neutrino its own antiparticle? S| o[ — i
— Neutrinoless double beta decay e S e

fractional flavour content

= Two Neutrino Spectrum
— Zero Neutrino Spectrum
1% resolution

M2v)=100" 1(0v)

a) . 100

-
-

count rate [o.u.]
count rote lo.u.]

i i [ A " A PR— A
20 O 5 10 15 "= ====-= -3 -2 -1 0
energy £ [keV) E~Ey (eV])

00

(=3-] 1.0 1.9
Sum Energy for the Two Electrons (MeV)
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Top Quark Physics iy

* Need for 3 generations (CP violation, Kobayashi-Maskawa 1973)

. Top decay:
 Top quark prppertles = o Vtb, branching ratios, rare
* production \ & / |decays, W helicity
« decay SN ~4 O
e mass, width,.... ® w__

) Top properties:
Mass, width, charge, spin,...

» Early searches and hints

* Predictions from EW
precision measurements

* Discovery at Fermilab, 1995

* Top physics at LHC

* Why is top still of interest?

Top production:
tT cross section, productions

dynamics, spin polarization
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New Physics at the Loop Level .... |

Rare Decays of 1 leptons:

T osinfy, e
Principle:

Deviation of observable from
the SM prediction signals NP

virtual particles in the loop
reveal their existence

ANP

Can reach very large scales !!
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,penguins*®

-~ = ~H
/ \
T T T e
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v

Hot topic: rare decays of tau leptons:

T — puy | NP could
make these

T BB~ decays

T — uh’ ) possible

need precision (statistics) to
challenge the SM
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Muon magnetic moment ¥ ER

MUNCHEN

B-field B-field
@ g-2 measurement is sensitive to new B-field N
physics H
@ Some tension of the last result with §
the SM Phys. Rev. Lett. 92, 161802 7 T Lou "
(2004) Xi
@ New expenment under construction “Dirac Interaction” QED “Schwinger Interaction” _ _
http://muan-g-2.fnal gov/ g=2 (8-2)=a/n BSM SUSY interaction
LIFE OF A MUON:
THE 9'2 EXPERIMENT muons Uniform magnetic field

_ oo P /

protons pions pions — muons

Electrons give the muons spin direction

Muons — electrons
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BSM: Super Symmetry e

SUSY |

P @ @
Attractive extension of the SM Bosoning 4 |5 4
Relates: fermions < bosons Boson Hsv ] 7 TILX
ISpiegel ,_..Sme &G @ .,, ,u
-solves fine tuning problem Fermion X
(why is the Higgs so light?) SusY-  ® e «
WELT o o
-__H.-_O----"--- r'Region of SUSY particles |
- 60 ——— u(1) <
H h‘/ \)'i H Qt::*- - with no SUjf,“:ﬁ
e e e T e
40 su(2) P S | | ]
- T i et S ]
S l//’ -.-'-____,.-—-
-allows for GUT 5 2 o —— | with sUSY
/ SU@) GUT point
® 103 1010 1016

BUT: no exp. hint for SUSY, yet!! p (GeV)
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Rotational speed

of luminous matter about
200 km/sec, independent
of the radial distance

Galaktic plane is embedded
In a “Halo” of non-luminous
(,dark®) matter

S

New form
Andromeda-Nebula, of matter ?

distance about 2 Mio Ly —> DM Searches
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SuperBelle

New IR
Crab cavities

New beam pipe
& bellows

More RF sources
>
More RF cavities . '

Energy exchange
C-band

_‘ #6\ Damping ring

I & g
<

Positron source
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Typical accelerator
complex (“collider”):

Beam particle guns
Pre-accelerator (linac)
Injection system
Magnetic guide field

Final focus, collision point

All important parameter:
Luminosity




HEP Detector Systems

MUNCHEN

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter : 15.0m Pixel (100x150 ym) ~16m* ~66M channels
Overall length :28.7m Microstrips (80x180 pm) ~200m?* ~9.6M channels
Magnetic field :38T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m? ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbBWO, crystals

HADRON CALORIMETER (HCAL)

Brass + Plastic scintillator ~7,000 channels
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Key:

Muon

Electron

Charged Hadron (e.g. Pion)
= = = - Neutral Hadron (e.g. Neutron)
----- Photon

3 ¥ . .
e

A
—

Silicon
Tracker

Electromagnetic
) “l Calorimeter

e
=
[
D Barnaey, CERN, February 2004

Hadron Superconducting
Calorimeter Solenoid

Iron return yoke interspersed
with Muon chambers

Transverse slice
through CMS
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Dates for the Seminar

PA VC CK LL HGM MR PV

10. April X X X X X X X
24. April X X X X X X
8. May X X X X X X
15. May X X X X
22. May X X X X X X
5. June X X X X X
12. June X X X X X
26. June X X
3. July X X X
10. July X X X X X

X = coach present
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Surprising Discoveries in Weak Interactions of Quarks

T.D. Lee

Py

C.N. Yang

J. Cronin

M. Kobayashi

V. Fitch

T. Maskawa
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