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Inputs to global mixing fit

Decay mode Observables

D - KK~ nmn~ wycp, Ar

DY = Kontr™ x, vy, lq/pl, ¢

DY - KgKTK~ T, Yy

DY - nra— 70 T,y

DY - Ktn— T

DY - Ktn~ 2y, 2%ty
DY — Ktn—wtn Ry = (2% +y*)/2
DY — Kt~y Ry

D - Ktn=, K—n
D’ - KTK—, nhn~
W(3770) — DD
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RD — FDCS/FC'F7 les7 AD
AC’P? A14C;'P
Ry, Rp, y, v/Rpcosd



Observables and underlying parameters (I)

1
Ry, = -(*+v%

2
2ycp = (la/pl+Ip/al)ycos¢ — (la/pl—Ip/al )z sing
24, = (la/pl—Ip/al)ycosé — (la/p|+ |p/al )z sin¢

x” . cosd, _  sind, T
y” Kb 0 o —sind, _ cosd,. _ Y
'\ cosd sind x
Y Jkin- \ —sind cosd Y

_ la/pI* —Ip/ql?
M la/p|? + |p/al?

1+ A,,\""
't = (1:FAZ> (' cos ¢ £ y' sin ¢)

1+ <1iAM
1FA,,

1/4
) (y' cos ¢ F x’ sin ¢)
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Observables and underlying parameters (II)

(D°—->K*tn~")+T(D°—-K~n") ) g
(D°—K-—7nt)+T(D°— K+n~)
(D°—-K*n™) —TI'(D°—-K—=nT)
(D°—- K+n—)4+T(D°— K-nt) - direct Acp
(D°—-KtK~) -T(D°—-K*K™)
(D' K+K-)+ I(D°—K+K-)
ND°—#ntn") —T(D°—ntn™)
(D —nt+tn—)+T(D°—ntn—)

Aindirect
CcP

Aindirect
CP

2437 = (la/pl +Ip/al Jesing — (la/p| = Ip/al Jycos| 24
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Latest experimental additions

A from D'—K*K-, v, LHCb Run2,
arXiv:2105.09889 [submitted to PRD]

Global fits including this result shown for the first time
[thanks to Alan Schwartz and Marco Gersabeck]

Note: fits with new D'—Kgmt*t results not ready yet
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* Average A used in the mixing fit

Arworld average

* 2020

Belle 2016

LHCb 2020 u + D * tag

World average

ICHEP 2020

A

-02 01 -0 01 02 03

0.088 + 0.255 = 0.058 %

-0.120 = 0.120 %

-0.030 = 0.200 = 0.070 %

-0.031 = 0.020 %

Ap (%)

(—3.14+£2.0) x 107*
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2021

Belle 2016

-0.029 = 0.020 = 0.006 % LHCb 2021 1+ D tag

World average

CHARM 2021

H

pelvv e bvv o b v P Py
02 01 -0 01 02 03

0.088 + 0.255 + 0.058 %

-0.120 = 0.120 %

-0.030 = 0.200 = 0.070 %

0.010 = 0.011 = 0.003 %

0.009 = 0.011 %

)

(+0.94+1.1) x 107*




ycp World average

* Average yp used in the mixing fit

2020

E791 1999

CLEO 2002

Belle 2009 (K'K'Ky)

BESIII 2015
Belle 2016 (K*K/n'n)
LHCb 2019

Belle 2020 (K )

World average

et

ICHEP 2020

4 -3 -2-101 2 3 4 5

Yep (%)
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0.732 + 2.890 = 1.030 %

3420 + 1.390 = 0.740 %

-1.200 = 2.500 = 1.400 %

0.110 = 0.610 = 0.520 %

0.720 + 0.180 = 0.124 %

-2.000 = 1.300 = 0.700 %

1.110 = 0.220 = 0.090 %

0.570 = 0.130 = 0.090 %

0.960 + 0.910 = 0.643 %

0.719 + 0.113 %

yep = (0.719 £ 0.113)%




* lg/pl=1, $=0, Ax=0, A_=0, A=0

Fit w/o CPV

* 2020
g no CPV
T AlioHEPzoz0 |
0.8
0.6
0.4t
0.2
L B0
0 r 20
i B30
-0.2 40
1 1 [ | 1 L1 L1 | ‘l 50
-0.2 02 04 06 0.8 1
X (%)

= (0.63 + 0.07)%

= (0.51%513)%
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2021

y (%)

1

0.8

CHARM 2021

0.6"

0.4

0.2

B0

20
N30

‘ “l50

02

\0\ 1 \0.2\\

04 06

= (0.51 +0.13)%
= (0.63 + 0.07)%

x? /ndf = 91.4/52

0.8

X (%)
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Fit w/o direct CPV at tree level

* No direct CPV in DCS decays (Ap=0)

* tand = (1-1g/pl?)/(1+Iqg/pl?)(x/y) = 3 independent parameters
X192 V12r P12 @ X, Y, ® relation in PRD 80, 076008 (2009)

S
>ﬁ 1,CHARM 2021 No direct CPV "
0.8
0.4
L Bio
0.2 i 20
30
| | | | | | | | | | | | | 4 o
0.2 0.4 0.6 0.8 1
X45 (%)
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§ [

Q

S, CHARM 2021

~ 15

< - No direct CPV
10}

51

oF G
_5:

I 20
_15: 3o
_207‘111111111111140

0.2 0.4 0.6 0.8 1
X45 (%)

712 = (0.43 £ 0.11)%
Y12 = (0.62 £ 0.06)%
b2 = (0.48 £ 0.88)°

x?/ndf = 62.6/48



Fit with CPV allowed

* 2021

— o 40

S CPV allowed o 5
g o CHARM 2021

> 30 m3o
() - 40
S B50

o 20

S -

m P

< 10:

0

-10}-

i | _20;

B0 3

0? 20 3

i B30 -30|

-0.2 40 3
;‘ L L L L L “‘.50 _40711111111111111111111111111111111

02 0 02 04 06 08 1 -04 -03 -02 01 O 01 02 03 04

X (%) lg/pl-1

r = (0.40 £ 0.11)%
y = (0.65 + 0.06)%
lq/p| = 0.97 + 0.04
¢ = (—4.3+£4.2)° [x2 dropped with new A;]
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2020 fit with CPV allowed

* 2020
S CPV allowed 20
> 1 ICHEP 2020 | 30 ICHEP 2020 . 30

Arg(a/p) [degrees]
N
o

0.8: .ol — B -
0.6: 1of
17— — o
0 2: -10
- 20
B0 -
0_ 20 3
B30 =30
-0.2 r
:I L1 ! L1 L1 L1 ||‘l50 40 R R R R R S L
02 0 02 04 06 0.8 1 0.4 -03 -02 01 0 01 02 03 04
x (%) lg/pl-1

r=(0.37+0.12)%
)= (0.6873%8)%

lq/p| = 0.951095 | [x?/ndf = 65.8/47
¢ = (—5.3732)°
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Disentangle direct & indirect CPV

* Both contribute to asymmetries measured for D'—K*K-, mt*rc

A (t)

T

ind dir

Ar ~ —agp — agpycp

T

. {t) .
AACP i Aa,dc%; <1 -+ ycp< >> -+ agz;l)

(] AACP = ACP(K+K_) _ ACP(TF+7T_) — (_154 + 29) X 10—4 [530_] LHCb combination

PRL122 231802 (2019)
0.0100 CPV discovery
0.0075 F 2021 Belle BaBar
' CDF KK+ CDF
LHCb KK LHCb
0.0050 r LHCb 7 Belle
0.0025 | _
) = Aokt = (—16.1+2.8) x 1074
58 0.0000 ;E_
= —— md — (—1.0£1.2) x 1074
< o0.0025 | Acp = ' '
—0.0050
s 308 9 9
—0.0075 | © g5 § 2 ¢ .
5 2% s No-CPV point excluded at 5.40
—0.0100 B 8
3 Contours contain 68%, ‘

—-0.010 -0.008 -0.006 -0.004 -0.002 0.000 0.002 0.004 0.0006
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Recent progress in Ap for SCS decays [I]

Acp measured in time-independent manner
For D? decays includes indirect contribution [negligible at current precision]

DO—KK,

Year | Experiment | [[(D0)-I'(DObar)}/[T(D0)+(D0bar)]

2021 LHCb -0.031 £0.012 £ 0.004 + 0.002
2017 Belle -0.0002 £ 0.0153 + 0.0002 + 0.0017
2015 LHCb -0.029 +0.052 £ 0.022

2001 CLEO -0.23 £0.19

HFLAV | average -0.019 +£0.010

Dtf—

Year | Experiment| [I'(D+)-I'(D-))/[I'(D+)+I'(D-)]

2021 LHCb -0.013 £0.009 + 0.006
2018| BELLE +0.0231 £ 0.0124 £ 0.0023
20101 CLEO +0.029 £ 0.029 £ 0.003

HFLAV |average +0.004 +0.008
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Recent progress in Ap for SCS decays [1I]

Year | Experiment | [['(D+)-I'(D-))/[I'(D+)+I'(D-)]

[ ) +_) +.
D'=mn Sl Lacs 20.002 £ 0.008 + 0.004
2011 BELLE | +00174+00113 00019
2010] CLEO 20.020 £0.023  0.003

HFLAV |average +(0.003 + 0.007

Year | Experiment | [[(Ds+)-I'(Ds-) [/[I'(Ds+)+I'(Ds-)]

* D j—Km

2021 LHCb -0.008 +£0.039 £0.012
2021| BELLE +0.064 £0.044 £ 0.011
2010 CLEO -0.266 + 0.238 + 0.009

HFLAV |average +0.020+0.030

Year | Experiment | [I'(Ds+)-I'(Ds-)]/[T'(Ds+)+I'(Ds-)]

o DS+—>K+-q 2021| BELLE +0.021 £ 0.021 £ 0.004
2021 LHCb +0.009 £ 0.037 £ 0.011
20101 CLEO +0.093 £ 0.152 + 0.009

HFLAV |average +0.019+0.019
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Testing sum rule for D—mtmt (I)

Proposed by Grossman, Kagan, Zupan in PRD85 114036 (2012)
First experimental test by Belle in PRD97 011101 (2018)

Isospin decomposition of D—mtmt decay amplitudes:

Aptr- = V2A5 +V2A;, 1
Agoqo = 243 — Ay, ) | T5Anta + Axird — Agiz =0,
An+n0 = 3 A3,

A;, A; isospin amplitudes of AI=1/2 and 3/2 transitions

In terms of differences between decay rates:

- _ 2) _ i
| At % = [Agtr-|* 4 [A 050]* — [A 00— §<|A,T+no|2 — A, 0% =3(A> — | A11%)

* SM tests:
- if sum is non-zero = CPV in Al=1/2 (e.g. SM penguin)
- if sum is zero and individual asymmetries non-zero = NP in AI=3/2

Jolanta-HFLAV@CHARM?2021 17



Testing sum rule for D—7mt (II)

2 Yy 2 2 A 2
L |An+n—| - |A71+7r—| + |An0n0| - |An0n0|

i - _
= 5UAginol® = [Ap—pol?) = 3041 = [Ai)

* To facilitate experimental test, left-hand side rewritten as:

R — ACP(DO — atn7) n ACP(DO — TL’OTL'O)
B T’;O BOO 2 B+0 TLO B+_ Z @
1 + B+_ ( DO + 3 ‘[D+ > 1 + BOO < .L,DO + 3 .L,D+ )

Acp(DT = 779

3 Ip+ [ Boo Bi_)’
1+ 2 B+o (TDO T Tpo )

* HFLAV averages of Ap and PDG averages for BFs and lifetimes

Acp(D° — 7 7r_) (+0.12 +£0.14) x 1072
Acp(D? — 7°7%) = (—0.03 £ 0.64) x 1072
Acp(DT — 77 7% = (+0.43 £ 0.79) x 1072

R = (4+0.06 & 2.44) x 107?

* other sums e.g. for D—KK require SU(3) considerations
Jolanta-HFLAV@CHARM?2021



Rare DY decays
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Summary

* More HFLAV charm on:
https://hflav.web.cern.ch/content/charm-cpv-and-oscillations
https://hflav.web.cern.ch/content/charm-decays

* Stay tuned for a significant-x mixing fit!
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Backups
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Rare and forbidden D,* decays
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