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The Conveners

Only one internet gremlin
“Strange things happen in

full screen mode”
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Thank you very much to the organizers and all the speakers! .
Source: Wikimedia Commons



https://en.wikipedia.org/wiki/File:Vombatus_ursinus_-Maria_Island_National_Park.jpg

Disclaimer

This is an overview
All positive comments go directly to the speakers of the session

All negative go directly to us



Challenges in Charm System
e Charm quark scale (~1.3 GeV)
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too light to have good heavy quark expansions

too heavy for chiral perturbation expansions
nonperturbative strong interaction coupling

many nearby hadronic resonances for rescattering effects
high precision calculations of AmD, AFD, strong phases, etc
still theoretically challenging

e Resortto
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flavor SU(3) symmetry (particularly strong phases)
Phenomenological assumptions (LD effects)
inclusion of symmetry breaking effects
higher-order calculations (particularly in mixing)



Mixing and CPV in the D system

e Time-Dependent CP Asymmetry

_T (D= @) -T(D° = f(®))
AC’P(f(t)) - T (DO — f(t)) + I (DO —7 f(t))

e Time-Integrated CP Asymmetry

Acr(f) = ain(f) + P aindf)

T

e Short-distance contributions within SM predict CPA of < O(107%)
= long-distance rescattering effects to be included



Mixing and CPV in the D system

e Masseigenstates 7 Flavour Eigenstates — Mixing!

—0
|Dy12) = p|D°) £ ¢|D")

e Redefine in terms of effective Hamiltonian
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Direct CPV




Phys. Rev. Lett. 122 (2019) 211803
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.211803
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.211803

Progress on Theory

Topological amplitude analysis (Hai-Yang Cheng)

O
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include SU(3)_ breaking effects from CF to SCS/DCS modes
include SD penguin amplitudes using QCDF (rescattering effects)
invoke LD rescattering to penguin-exchange amplitude
Also look into VP decays and identify six golden modes to test theory
Analogous to the PP case, predict CPA difference:

0

acp(KTK*™) —acp(ntp™) = (-1.61£0.33) x 1073
o Dalitz analysis of local CPAs in 3-body D decays can provide more info
Also account for SU(3)F breaking with final state interactions and shifts to
amplitudes - fits to BFs allow for predictions of DCPV (Ayan Paul)
Correlations stem from rescattering
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Progress on Theory (2)

g.,_s,
e Look further into testing O(1) rescattering effects using ‘ N =
AU=0 with D° — V*P* — P* P° P7(Avital Dery) | -
e Assumptions: Production/Detection asymmetry T e T B
(a) RPV:=exp(i3n/2), RPY: = explin/3) (b) RPMV: = exp(in/2), RPVi = exp(in/3)

constant across Dalitz Plot

e 7 parametersto describe D°—o*n* — n*tan’, 7 points
on Dalitz plot enough

e Additional analogue to DACP using K* w and o*nt™?
Pseudo 2-body decays have exact U-spin

00 02 04 06 08 10 00 02 04 06 08 10

correspondence, but 3-body final states are not related e 166V Mo 1G]

() RPV2=lexp(in/2), RPVi =exp(in/3) (d) RPV2 =exp(in/2), RP"i = lexp(in/3)

by full d<s interchange
Effects of finite width of ¢* included (Hai-Yang Cheng)
How to associate meaningfully two points on different
Dalitz plots?

e Discussion focused on what’s reasonable for
experimental measurements
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Experimental Pushes
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Decay mode Araw Acp
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Df = Kty — 0.021 + 0.021 + 0.004
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Df — mty3, 0.008 + 0.006 0.002 + 0.006 + 0.003
D} —» 'ty — 0.002 + 0.003 + 0.003
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Measurements

LHCb
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A (D% » KL KL =(-34+£1.2 (stat) £ 0.4 (syst.) £ 0.2 (A_(D*KK)) )%

BESIII
Jim Libby

* Surprises happen e.g. doubly Cabibbo suppressed branching fraction for
D* - K*ntr~n® [PRL 125 (2020) 14180]

B(D* » K*n*n~n®) = (6.28 £ 0.52) x tan*6; x B(D* » K~ n*n*n?)
* A, = —-0.04£0.06 (stat) £ 0.01 (syst)

14 BFs of 3- & 4-body D decays with 7 in final state
— no significant ACP, precision 1-5%
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Push to Rare Decays

Marcel Golz

Devise null tests in non-resonance regions to
constrain WC'’s from EFT approach

E.g. A, Vs g®of Ds — Kuu

E.g. Lepton non-universality possibly at O(1 - 100)
Plenty of opportunities in mesonic/baryonic modes
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Mixing and Indirect CPV
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Exploit Synergies

One vital input to Ks st bin flip is strong phase
differences c.ands.
Also crucial for extraction of y/¢,
Discussion point - What binning is the best? Current
binning is driven by y/¢,, are there better binnings? As
Statistically limited, there is no limitation on the BESII|
side
Other measurements as well

o coherence factors in K3x and Knx®

© 6Kn

o Other modes to look at?

350
g BESII
r [Jax’=2.30
300 W A=6.18
[ W Ar=11.83

C;

BES I
Jim Libby

1.0F
0.5F

s 0.0F

L B A |

"'l""l""[""l""l"'

JHE FUTTE FETTT. | EE FWEEE W

-1.0 -05 00 05
C;

S

0.708 £+ 0.020 = 0.009
0.671 £0.035 = 0.016
0.001 +=0.047 =0.019
—0.602 +£0.053 £ 0.017
—-0.965 £0.019 £ 0.013
—0.554 £0.062 £ 0.024
0.046 + 0.057 = 0.023
0.403 +0.036 = 0.017

CLEO<
Ax*=2.30

Ax’=6.18
y — ax*=11.83

Eoalloendoonetonnslons,l
cb 0.1 0.2 03 04 05 06 0.7 08 09 1

Lo R L I S T R S

D

0.128 = 0.076 = 0.017
0.341 £0.134 = 0.015
0.893 £0.112 +0.020
0.723 £0.143 £ 0.022
0.020 = 0.081 £ 0.009
—0.589 £+ 0.147 £ 0.031
—0.686 + 0.143 + 0.028
—0.474 = 0.091 = 0.027

1.0

16



More experimental results!
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A Bigger Picture




A; [TeV]

Pushes on Theory
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Jason Aebischer
Concentrate on M, in this work
Use SMEFT to evaluate bounds on new
physics contributions
Master formula in WET (2 loop QCD
running)/SMEFT (1 loop SMEFT-WET
matching) done
Leads to mixing between up/down bases
- should consider simultaneously

Maria Laura Piscopo

Use HQE to explore charm lifetimes and hence I’ ,

(D%
(D)

P(D}) /

Need to include -1 -05 0 05 1 15 2 25
higher-dim psY
operators

7(D*)/7(D°)

7(D})/m(D°) —_—

0 05 1 15 2 25 3. 35 4

+ experimental value « HQE prediction *

HQE Fails for charm mixing, but OK for
lifetimes?

Need further inclusive D-> X ell nu
measurements to help constrain
NLLO-QCD corrections at d=6, Higher
power corrections coming

Long discussion on negative lifetime
prediction which is not present in ratios 19



Pushes on Theory (2)

10° prr e

Hiroyuki Umeeda D' D mixing(m/0=39 | ]

e Exclusive approach tol, generally unsatisfactory UF e !

and relying on data inputs AT ::i ........ . : MS4D
e Investigate Quark-Hadron duality violationin 't Sy ) I A —— LTy MeEme

Hooft’'s model using a resonance-based method o'k ! ]
e Al enhanced by more than O(10°) confirmed for mr """"" ‘mm) """ 1

the range of 0.14<m _/3<0.25, if the phase space B L e T

function is given by 4D-like one. m/P

{ points: based only on the 4D-like phase space

L Analogous calculation of AmD still missing crosses: based on the 4D-like phase space + 2D-specific one
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Global Flts"
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Summary of the Summary

Charm is even more charming than before

Direct CPV established
x>0@ >80

There are many new results in the pipeline on both theory and experimental side
Barely touched on baryons in this workshop

Watch this space



Backup




Parameter No CPV No direct CPV CPV -allowed C PV -allowed
in DCS decays 95% CL Interval

85 (%) 89152 Sigion T2t [—12.6, 21.8]
Ry (%) 0.344 + 0.002 0.343 £ 0.002 0.343 =+ 0.002 [0.340, 0.347]
la/p| — 1.005 = 0.007 0.995 +0.016 [0.96, 1.03] oM = (0.7 £1.0)°
é (°) E -0.18 1028 —2.5 £1.2 [-4.91, —0.19] ¢y = (26 £1.7)°
G (B) opgtass 923132 P W [—22.6, 64.9]

$12(°) - 0.58 13:9 [-1.20, 2.42)

x2/d.of. | 98.68/52=190 66.27/53=1.25  63.64/51 =1.25




