Global analysis of 1D mixing data and
determination of the CKM angle y

Update from the UTTit collaboration

42" International Conference on High Energy Physics (ICHEP),
Prague, 20/07/2024

Roberto Di Palma'-
on behalf of the UTTfit collaboration

o 5N$Sﬁ£(§§ Istituto Nazionale di Fisica Nucleare
?4/\";1:'&_?!‘(” nannn m_ b R -
shansan 1: Dipartimento di Matematica e Fisica, Universita di Roma Tre,

Via della Vasca Navale 84, 00146, Roma, Italy

8 2: Infn, sezione di Roma Tre,
Via della Vasca Navale 84, 00146, Roma, Italy




Why charm mixing?
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CP-conserving parameters
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CP-violating parameters

 CPV Iin pure mixXing A. Kagan, M. D. Sokoloff Y. Grossman, Y. Nir, G. Perez

* CPV In the interference between mixing and decay
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.80.076008
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.103.071602

Measuring CPV: WS/RS ratios

« Exploiting CF/DCS decays of the D mesons (e.g. f = K zn™)
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https://cds.cern.ch/record/2893174
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.031101

Measuring CPV: three- body decays

e Model-independent anaIyS|s of the 2D phase | 8
_ -
space of D — Kg 7 6 5
3 of =
E 5
2 15) 4 8
T 3 g
1r <
- 2
0.5 1

m? [GeV2/ 4]

R. Di Palma: D mixing and y


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.111801

Measuring CPV: three-body decays

* Model-independent anaIyS|s of the 2D phase 5 i, from LHGD-2021
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.111801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.111801

Measuring CPV: SCS decays to CP eigenstates

* Time-dependent CP-conserving ratio soss|
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.092013
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.072010
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Measuring CPV: SCS decays to CP eigenstates

* Time-dependent CP-conserving ratio sossf
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.092013
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.072010

Charm parameters
Beauty observables . Decay amplitudes 4 / 5f

More information D D
Introduced by LHCb-2021

about decay and y

MIXing parameters * Mixing parameters X12 Y 12

Approximate
Universality ¢F
Dropping the final- M I
state dependent parts ¢f ) qbf UN'VE RS AL
of ¢]£w and ¢]F A. Kagan, L. Silvestrini
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https://link.springer.com/article/10.1007/JHEP12(2021)141
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.053008

Approximate Universality
e Flavour structures of M and 1 in the SM

Y = ) ML, MY = D AlAlM,

1,j=d,s On-shell 1,j=d,s,b Off shell
states states

 Employing the Unitarity of the CKM
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Approximate Universality
 CPV phases w.r.t. the dominant contribution in the SM
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c =M1 Possible NP
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* U-spin estimate Short-distance NP signal
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B Cascade decays

CKM ANGLE
B — D decays: y = arg — 41
Vcdvc%b
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e D mixing + D — f decays: r{)e op
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B Cascade decays

CKM ANGLE

K
B — D decays: = arg —— VuaVub \O

.
e D mixing + D —>fdecays %

é
e GLW/ADS Observables \

M. Gronau, D. Wyler, M. Gronau, D. London, D. Atwood, |. Dunietz, A. Soni Q

I'(B = |f]lph) — F(E = [f ]DE) o SIny Polar Observables

e GGSZ Observables Study of the phase space x—|l—)h = llg)h COS((Zlg)h T y)

dependent decay rates for f = KgKYK~, K{n*n~, KYK ntn~ y — Dh sin( §5Dh + v)
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A. Giri, Y. Grossman, A. Soffer, J. Zupan
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https://www.sciencedirect.com/science/article/abs/pii/037026939190034N?via=ihub
https://www.sciencedirect.com/science/article/abs/pii/037026939191756L?via=ihub
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.78.3257
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.68.054018

Neutral 5 meson observables

« Exploiting the CPV phase of the interference between Bg ) mixing and

-+ L
decay to charmed mesons D h™ Mixing ¢ = — 2/
phases ¢ = 2

* Fitting the time-dependent decay rates
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Statistical treatment
Charm Bayesian

modes approach Posterior p.d.f
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https://bat.mpp.mpg.de/

Results: CKM angle y

Probability density
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https://link.springer.com/article/10.1007/JHEP05(2024)025
https://cds.cern.ch/record/2838029
https://arxiv.org/abs/2404.12817

Results: CPV parameters
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https://cds.cern.ch/record/2893174
https://hflav-eos.web.cern.ch/hflav-eos/charm/CKM23/results_mix_cpv.html

Summary

* CPV in charm mixing can be used as a powerful probe for
heavy NP. In the Approximate universality framework

Y > ¢y =~ (pHVP x4 0130

* One order of magnitude away from testing the SM

» Consistency between y estimates and error at the level of 5 %

Used as input for the new
UT analysis by UTfit =l Sce the Talk by M. Bona m
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https://indico.cern.ch/event/1291157/contributions/5903548/
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Charm mixing contributions
CKM + GIM: order of magnitude estimate

2

«Short distance: ml.2 > m;

sensitive to heavy NP
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U-spin decomposition
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CPV phases in the SM
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Equivalent formalisms

*CP-conserving
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Charm parameters

Beauty observables
More information
about decay and
mMiXing parameters

Final-state
Independent

Final-state
dependent

 Decay amplitudes  Mixing parameters

Approximate
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state dependent parts
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Results: CP-conserving parameters
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Results: ¢,

Probability density
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0 [
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Results: CPV using the familiar formalism
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B Cascade decays: GLW/ADS

¢ SO =W _ phgicp-p |y = arg — —dub
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https://www.sciencedirect.com/science/article/abs/pii/037026939190034N?via=ihub
https://www.sciencedirect.com/science/article/abs/pii/037026939191756L?via=ihub

GGSZ Observables | e

e Study of the phase-space dependent decay
rates for f = KQKJFK_, Kgﬂ'_l_ﬂ'_, K"K ntn

A. Giri, Y. Grossman,
A. Soffer, J. Zupan ( )

dl’ B — [flp h )/dp

» Model-dependent approach 05 1.0 15 20 25 3.0
m?(KJn ™) [GeV?/c*]

» Model-independent : Integrating over 2k bins [ pgjar Observables

and si.?;vmg a sy(sj?m of 4k equations XD = D cog (5D + y)
I'n.CB = [flp h ) for 2k + 4 unknowns. y+ — Dh sin(égh + 7)
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https://link.springer.com/article/10.1007/JHEP02(2021)169
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.68.054018

