Flavour lectures

Accompanying slides
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Flavour physics experiments - Belle

Determination of gamma from Belle only
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http://www.utfit.org/foswiki/pub/UTfit/Old/summer2006/gamma/belle/ckm-gamma-belle.html
https://arxiv.org/abs/hep-ex/0309032

Flavour physics experiments - BaBar
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Flavour physics experiments - BaBar

V¢

e Excess of tauonic SL B

decays over e/mu, R(D)

[E
7oz

0]
S
=1
(=

L AXV Ground state of bottonium
corresponding to mass ~ 9.4GeV

o)
(=]
(=2
(=]

N
=l
=1
(=]

('5-\
>
0
O
e
N
(=)
<
]
=
o
>
[

I]Illl]

Entries/ (0.020 GeV)

(=]

[N}
S
=
(=}
N P G L By B B I

III]]II

B B - Dr v, B—-Divy, MB-D™( |/t )
0B — D*r 7, B — D*("v, [JBackground



https://arxiv.org/pdf/0807.1086.pdf
https://arxiv.org/pdf/1205.5442.pdf

Flavour physics experiments - CLEQ(-c)

History of
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The Cornell Electron Storage Ring and
Its Main Particle Detector Facility

Karl Berkelman




Flavour physics experiments - CLEQ(-c)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.44.1108
https://arxiv.org/pdf/1010.2817.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.71.674

Flavour physics experiments - LHCb
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Flavour physics experiments - LHCb
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https://www.nikhef.nl/~pkoppenb/particles.html
https://arxiv.org/abs/2104.04421

SM puzzles
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Quark and lepton masses span 12 orders
of magnitude

CKM matrix for the quark sector

PMNS matrix for the neutrino sector
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Flavour multiplets

Pseudoscalar mesons of spin-0 form a nonet Mesons of spin-1 form a nonet




Flavour multiplets

Combinations of three u, d or s quarks with a spin-3/2 Combinations of three u, d or s quarks with a spin-1/2
form the uds baryon decuplet form the uds baryon octet




M. Kenzie

Charm discovery

EW LETTERS 2 DECEMBER 197«

80

» Experimental evidence for the charm quark came 242 Events-|

in 1974 SPECTROMETER

At normal current

» Discovery of charmonium (J) at Brookhaven in = el

pBe —» ete™ X
» Discovery of charmonium (7)) at SLAC in
ete” — (hadrons),ete”, utpu~

EVENTS /25 MeV

3.25
Mg+~ [Gev]
7IG. 2. Mass spectrum showing the existence of J.
sults from two spectrometer settings are plotted
»wing that the peak is independent of spectrometer

'rents. The run at reduced current was taken two
nths later than the normal run,


https://www.hep.phy.cam.ac.uk/~mkenzie/teaching/flavour/lecture1.pdf

Dalitz plots

K*(892) (J°=1) Q)
K* and n in
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Essential idea: Look for (CP violating)
K, > nin decays 20 meters away from
K® production point

Decay of K, into 3 pions
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Essential idea: Look for K, > nx decays
20 meters away from K9 production point
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(conservation of momentum in K, > nx decay)



https://www.nikhef.nl/~h71/Lectures/2020/lecture6-slides.pdf

Cronin and Fitch experiment - GPV in Kaons

Essential idea: Look for K, - nw decays
20 meters away from K9 production point

Decay pions
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https://www.nikhef.nl/~h71/Lectures/2020/lecture6-slides.pdf

Beauty and Top observation

» Kobayashi and Maskawa's matrix and mechanism for CP violation predicted the
existence of a third generation
» The YT (bb) resonance was discovered at Fermilab in 1977

» The top wasn't discovered until 1995 at the CDF and DO experiments
Y discovery at E288 Top discovery at CDF

T T T - — - =
NUMBER OF EVENTS WITH 3000 2b)-

5<M<14 GeV NUMBER OF
EVENTS WITH
2a) 2.5 <M< 5Gev
1000

500
300

I500A

12504

2
1
of
;1 B N PRI S I
160 170 180 1
Top Mass (GeV/c

Aln(likelihood

100]
50

M. Kenzie

Events/(10 GeV/cz)

~-——-- ACCEPTANCE

" ACCIDENTAL" FOR=03<y<+03
PAIRS

0 iimial odo b 1 Pl n
100 120 140 160 180 200 220 240 260 280

Reconstructed Mass (GeV/cz)

mass _(GeV)—



https://www.hep.phy.cam.ac.uk/~mkenzie/teaching/flavour/lecture1.pdf

CKM higher orders

—sA%(1+44?) 0
LAM(1 = 2(p+in)) —LA2)

e Phasein |V, | is only apparent at O(A*)
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M. Kenzie

Neutral meson oscillation

Mixing Probability
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https://www.hep.phy.cam.ac.uk/~mkenzie/teaching/flavour/lecture1.pdf

Neutral meson oscillation

» Mass and width differences of the neutral meson mixing systems

M. Kenzie
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https://www.hep.phy.cam.ac.uk/~mkenzie/teaching/flavour/lecture1.pdf

Master equations

The “master equations” for neutral meson decays
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https://www.hep.phy.cam.ac.uk/~mkenzie/teaching/flavour/lecture1.pdf

Vub measurements
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https://inspirehep.net/literature/2100284

Vub measurements
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https://inspirehep.net/literature/2100284

LHCb GLW measurements
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https://arxiv.org/pdf/2012.09903.pdf

BPGGSZ method
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Ni; =hp+ [Fq:i + (@8 +y3)Fe + 2y FiF_i(zrcei — y+8ii)]

Ny, =hp- [Fii + (22 +y2)Fyi + 2/ FiF_i(z—cxi — y_sii)]
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CKM progress

Before B-
factories and
LHC

Tevatron
and B
factories

excluded area has CL > 0.95
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CKM progress

Before B-
factories and
LHC
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CKM progress

Before B-
factories and
LHC

LHC

inclusion

excluded area has CL>0.95
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CKM progress

Comparison between CP-conserving (lengths of sides) and CP-violating (angles)
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Dragons

Gluons

Weak SU(2) bosons
Hypercharge boson
Quark doublets
Up-type anti-quarks
Down-type anti-quarks
Lepton doublets
Charged anti-leptons
Higgs field

Dimension
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Resources

Matt Kenzie flavour lectures

https://www.hep.phy.cam.ac.uk/~mkenzie/teaching/flavour/

Niels Tuning flavour lectures

https://www.nikhef.nl/~h71/ILectures/2020/ppll-cpviolation-14022020.pdf

Sophie Renner Implications workshop lectures on EFTs

https://indico.cern.ch/event/1330361/contributions/

More on SMEFT
https://link.springer.com/content/pdf/10.1140/epjc/s10052-023-11821-3.pdf
https://indico.in2p3.fr/event/22195/contributions/86017/attachments/59873/81148/eftlectures.pdf
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https://www.hep.phy.cam.ac.uk/~mkenzie/teaching/flavour/
https://www.nikhef.nl/~h71/Lectures/2020/ppII-cpviolation-14022020.pdf
https://indico.cern.ch/event/1330361/contributions/
https://link.springer.com/content/pdf/10.1140/epjc/s10052-023-11821-3.pdf
https://indico.in2p3.fr/event/22195/contributions/86017/attachments/59873/81148/eftlectures.pdf

