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Q=+2/3 (U ¢ { Experimental Observation of a Heavy Particle JT

J. J. Aubert, U. Becker, P. J. Biggs, J. Burger, M. Chen, G. Everhart, P. Goldhagen,

Q =-1/3 d S b J. Leong, T. McCorriston, T. G. Rhoades, M. Rohde, Samuel C. C. Ting, and Sau Lan Wu
Labovatory for Nuclear Science and Depavtment of Physics, Massachusetts Institute of Technology,

\/, V\\/OV Cambridge, Massachusetts 02139
0
K B S and

Y. Y. Lee
Brookhaven National Labovatory, Upton, New York 11973

The 0I1|y UP'type Cluark (Received 12 November 1974)
which mixes and

We report the observation of a heavy particle J, with mass m =3,1 GeV and width ap-

1l proximately zero, The observation was made from the reactionp +Be—e*t+e” + x by
aIIOWS for preC|S|0n measuring the e "¢™ mass spectrum with a precise pair spectrometer at the Brookhaven
CP violation (C PV) National Laboratory’s 30-GeV alternating-gradient synchrotron,
measurements L — —

Discovery of a Narrow Resonance in e* e~ Annihilation*

J.-E. Augustin,{ A, M. Boyarski, M. Breidenbach, F. Bulos, J. T. Dakin, G. J. Feldman,
G. E. Fischer, D, Fryberger, G. Hanson, B. Jean-Marie,{ R. R, Larsen, V. Liith,
H. L. Lynch, D. Lyon, C. C. Morehouse, J. M. Paterson, M. L, Perl,
B. Richter, P, Rapidis, R. F. Schwitters, W, M, Tanenbaum,
and F, Vannuccii
Stanford Linear Accelevator Centerv, Stanford University, Stanford, California 94305

and

G. S. Abrams, D. Briggs, W. Chinowsky, C. E, Friedberg, G. Goldhaber, R. J. Hollebeek,
J. A. Kadyk, B. Lulu, F. Pierre,§ G. H. Trilling, J. S. Whitaker,
J. Wiss, and J. E, Zipse
Lawvence Berkeley Labovatory and Department of Physics, University of California, Bevkeley, Califovrnia 94720
(Received 13 November 1974)

We have observed a very sharp peak in the cross section for e *¢~ —hadrons, e*e~, and

’

possibly pu*u° at a center-of-mass energy of 3.105+0.003 GeV. The upper limit to the
full width at half-maximum is 1.3 MeV.
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A very peculiar phenomenology

FCNC are extremely suppressed

GIM mechanism broken by
mp rather than my

AVA -p—in) —-AN 1 t

« CKM suppression — third generation nearly decouples from the first two
* (d + s contribution) = 0 in the limit of U-spin symmetry, i.e. m, = m

U Main contributions from low-energy QCD.
. Charm is:
W D « too heavy for ChPT or exclusive analysis
«—c - arguably too light for HQET (Aycp/m, ~ 1)
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CPV in charm

Detectable only in Cabibbo-suppressed decays

Vcb fo u

CPV « Im ~—-6x%x10"*

VesVii

CPV from tiny nonunitarity of 2x2 CKM submatrix

Tree + rescattering
\K
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First observation of CPV
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https://inspirehep.net/record/1726338

First observation of CPV
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Measurement of A ,(D’ - KTK")

Nuisance asymmetries subtracted through Cabibbo-favoured (c — usd) decay channels
« no QCD penguin, no chromomagnetic dipole — negligible CPV

Acp(DY - KTKT) = A
+A
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Kagan & Silvestrini, Phys. Rev. D 103 (2021) 5, 053008

The tortoise of flavour

Oscillation probability is determined
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Mixing and CPV with DY — Ktz worpm
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Conclusions

- After 50 years of life, charm looks more like a baby
« mixing discovered in 2007
« CPVin2019

« CPV — BSM physics or unexpected QCD dynamics?
More measurements and theoretical developments
are needed

«  Still waiting for observation of CPV in the mixing
(LHCb Upgrade Il please come soon...)

To learn more:

H. Gisbert, M. Golz and D. Mitzel, Mod. Phys. Lett. A 36 (2021) 04, 2130002
A. Lenz and G. Wilkinson, Ann. Rev. Nucl. Part. Sci. 71 (2021) 59-85

T. Pajero, Mod. Phys. Lett. A 37 (2022) 24, 2230012

A. Petrov, Eur. Phys. J. ST 233 (2024) 2, 439
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Requirements to observe CPV

CP transformation:
strong phases are invariant
weak phases change sign

A = |Ale®e'? A = |AlePe™

Only |A|? is observable
— no CPV if only one amplitude contributes
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Requirements to observe CPV

CP transformation:
+ strong phases are invariant
+ weak phases change sign

u > Z }K+
A2 = |A2|ei52€i(/)2 Kz = |A2|€i52€_i(/)2

Ay + Ao = |A] + Ay|* = — 4]A||A,]sin(5, — 6,)sin(¢h; — ¢h,)

:L:f = = ]

Need (at least) two interfering amplitudes with
— different weak phases
— different strong phases
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The LHCDb detector
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LHC as a charm factory

Largest number of cc pairs ever.
Mostly boosted at large #.
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LHCDb trigger and data-taking strategy

40 MHz bunch crossing rate

LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2018

- | . 2018 (6.5 TeV): 2.19 /fb O O O
L 9 = . 2017 (6.5+2.51 TeV): 1.71 ffb + 0.10 /fb 2 .
E - . 2016 (6.5 TeV): 1.67 /b LO Hardware Trlgger :1 MHz
> 8K 2015 (6.5 TeV): 0.33 /fo readout, high Er/Pt sighatures
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‘ “ \ Full offline-like event selection, mixture
R 1 (3 fb 1 7.8 T V) R 2 (6 fb 113 T V) of inclusive and exclusive triggers
R TR0 Run S Qi e e o T 1

12.5 kHz (0.6 GB/s) to storage

Comput. Phys. Commun. 208 (2016) 35

Yield has more than doubled between Run 1 and 2:
« x 1.7 increase in production cross-section;
- new “Turbo" data taking paradigm

/ - only the signal candidates are recorded, rest
of the event is discarded;

Pioneered by charm triggers - improved efficiency, higher rate recorded.
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1964
Strange particles:
CP violation in K° decays

Cronin, Fitch et al.
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Beauty particles: Charm particles:
CP violation in B® decays CP violation in D° decays

2013
Beauty-strange particles:
CP violation in B? decays
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CPV from final-state KS
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