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Standard parameterization of mixing, CPV
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¢  CPYV in mixed/direct interference
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B8 Four recent measurements

Time-dependent D%(t)—» K*K-, n'n~
Aaij et al. (LHCb), Phys.Rev.D 104, 072010 (2021)
Aaij et al. (LHCb), arXiv:2202.09106 (2022)

Fit for ycp, Ar

D'(1)— K°s = n~ Dalitz plot analysis
Aaij et al. (LHCb), PRL 127, 111801 (2021)

Fit for xcp, Ycp, AX, Ay

Time-integrated D'(t)— K'K-, n'n~
Aaij et al. (LHCb), PRL 122, 211803 (2019)

Measure Acp (KTK) — Acp(ntn™) = AAcp = 2Agirect

A. J. Schwartz Mixing and CPV in Charm: Experiment

Common features of analyses:

a) flavor is tagged via D™ D giou
Or D*+ﬁDO7Z-+S/OW

b) dominant background is typically
‘random 7.~ — include PDF for
this in fits

c) decay time t calculated via

(T-f) m
=32 ()
Bl c
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Observables yp and A -

Bergmann, Grossman, Ligeti, Nir, Petrov, PLB 486, 418 (2000)
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= I'(D°->K nt) =T

I'D°—-KTK")+T'(D°—>KTK"™) 1 /|q p 1 /|q p .
= p— —1 = —||=|+|=||ycosdp— —||=|—|=||Tsing = y.p
I'D—K-7+)+T'(D°— K+x—) 2 \|p q 2 \|p q
I'(D°—-KTK~) —T'(D°—>KTK™) 1 /|q 1 /|q .
- —— = —||=|—|=||]ycosp— = ||=|+ |=||zsing |= A_
I'D°—->K+tK-)+TI'(D°—>K+K~) 2 2 \|p
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@ LHCb y,, with D" KK, n* 7"

Aaij et al. (LHCb), arXiv:2202.09106 (2022)

Candidates / (0.08 MeV/c?)

ND0—>K+K— (t)

]\TDO—>K'—71'+ (t)

KK __, K
e_r(ycp —ycp)t X

e(KK)
e(K)

[ and same for R™(t) ]

* ratio or event yields minimizes contributions from B decays
* events are re-weighted to get &(KK)/s(nr) close to unity
* yoo7is a very small correction as I'(Kn) differs slightly from I”
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E791 1999

CLEO 2002

Belle 2009 (K'K'Ky)
BaBar 2012

BESIII 2015

Belle 2016 (K'K'/n'm)
LHCb 2019

Belle 2020 (K w)

World average
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4 -3 -2-10 1 2 3 4 5

Yep (%)
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0.732 = 2.890 = 1.030 %

3.420 = 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 %
+ LHCb 2022

(0.696 + 0.029)%
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&8 1.1Cb A, with D"> KK, *7~

Aaij et al. (LHCb), PRD 104, 072010 (2021)

I'(D°—>K*K~) -T(D°—>KtK") 1/lg| |p 1/lq| |p ,
= — = —||=|—|=||ycos¢p — = ||=|+|=||zsingp = A_
I'D-K+K-)4+T'(D°—->K+tK~) 2 \|p 2 \|p q
d]\f(D0 —> f) dN(EO — f)
- . t
A t — dt _dt ~ direct A o
cr(t) dN(D° = f) . dN(D° — f) i "\,
dt dt

Asymmetry [%]

control channel:

A(KTK™)=(23+1.5+0.3) x 10°*

A (rmtm7) = (4.0 2.8+ 0.4) x 107

= A, =(27£1.340.3) x10™* (6fb7 ")

Combining with other LHCb results (2011-2012 data, B-flavor tags):
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A.=(1.0+1.1+0.3) x 107*

(8.4 fb™1)
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Measurements: Ay [D'(t) > KK~/ 77|

HFLAV
L oo~ ok
L=
T= T+ Tro_ gt o
DO KTK DoRTE BaBar 2012 h . |} 0.088 = 0.255 = 0.058 %
-0.120 = 0.120 %
Belle 2016 “ . |} -0.030 = 0.200 = 0.070 %
LHCb 2021 u+ D" tag H 0.010 = 0.011 = 0.003 %
8.4 fb1:
PRD 104 072010
(2021)
World average H 0.009 + 0.011 %
II|IIII|IIII|IIII|IIII|IIII|III

-02 01 -0 01 02 03
A (%)
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¥ LHCh D' () > K 7+~

Aaij et al. (LHCb), PRL 127, 111801 (2021)

Analysis used “the bin-flip” method [Di Canto et al., PRD 99, T 3 8
012007 (2019)]: E s | -b 7
o g 6
* Fit the ratios of event yields as a function of decay time S L +b ]
in 8-bin-pairs of the Dalitz plot -
15 4
* For D° decays, events in +b bins are ~CF, events in —b 1— 3
bins are ~DCS or mixed; hence ratios of event yields ' 2
gives sensitivity to mixing. The opposite behavior hold 0sF 1
for Dbar decays. Fitting both Dalitz distributions 05 41 15 B 5= B
together gives sensitivity to CPV. For a bin-pair b, the m2 [GeV?/c4]
ratios of events are:
~ 12 T e o
R = N_, RD( 1+ 7 Re[z t2>‘|‘\/ RG[X§< ) ]t‘hl;)(%)Z‘ t* = [ =x=04%  ix=10%
b — 2 1+ =y=0.6% 2y =10% A
No T (14 ERele) + Ry Relx, (2)3] e+ 3Ry (1) |
_ 0.8F =
_ N I ]
R, = ——% ~ same with <g> — (1—0> Y SRR LI 5
N, D q I
z = —(y+ix) 04F e 3
2 ——— e
1 - .. P
= A% A dm2 dm2 [ | Ll Ll -
b = / gy T AT 0
VITALZ [TA,? 0 5 o152
(coherence factor)
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\ LHCb D O(t)ﬁKO st A Aaij et al. (LHCb), PRL 127, 111801 (2021)

() ] t(3)= &

N_, RD< —|—1Re t2>—|—\/7Re[

_ N, ;
TR TR Ry Rl (32 0 (2)2
Rb = W__b ~ same with <g> — (13)

Nb p q
z = —(y+ix)
1
*A d dm?
~ AP 14, |2/ . dm=

(coherence factor)

In practice, the fit is unstable when fitting for the product (q/p)z = re-define fitted parameters:

zZ(q b zZ(q p
= — |-+ = Az = — |- ——
or T g <p+q> T 2 (p q)
q b
= —lz = =z + Az (—)z:z — Az
(p> “r q “r

This re-definition minimizes products of fitted parameters (fit is more stable, errors are
Gaussian and better behaved) . Note that zcpand Az have both real and imaginary parts:

4 degrees of freedom
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_ *(9 P _ *(9 P
=3 ~=3G-)| ==

4 degrees of freedom of zop and Az are parameterized as:

1 al  |p : al |p
—Relzgp] = ¥ = —yCOS¢<—+—>—wsmq§<———
cp cp 2 | » 7 » »
1 al , |p : al |p
—Iml[z.,] = « = —xcos¢<—+—>-|—ysm¢<___
cp cp 2 | » p » »
i
“Rela:] = Ay = o lyoosa (< 2] —asing (| 4 2
2| Pl g Pl g
T
—Im[Az] = Az = — :13cos¢)<g — B)—i—ysincb(g + b
2| rl g Pl |q

LHCDb results:

zcp = (0.397 £ 0.046 & 0.029) %
(0.459 + 0.120 =+ 0.085) %
(—0.027 £ 0.018 + 0.001) %
Ay = (0.020 % 0.036 £ 0.013) %

S
P q
8 %
[l
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Fit AM = M(D**) — M(D°) for event
yields, 31 x 106 signal decays (!):
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Heavy Flavor Averaging Group Global Fit

19 measured observables (blue)
10 fitted parameters (magenta): X, Y, 0, k.., Rp, Ap, |a/P|, ¢ [F Arg(q/p)], Ak, A,

1
Ry = 5(332"‘192)
2ycp = (la/pl+Ip/al)ycosé — (la/p| - Ip/al)zsing
24, = (la/pl—Ip/al)ycos — (la/pl+ Ip/al)sing
(D’ Ktn~)+T'(D°— K—=n) _ R
Lrory — &L F(DO—>K_7T+)+F(EO—)K+W_) - b
Yiconm — Y (D’ K+n~) —T(D°— K~nt)
9/Plgorr = la/pl D Km) T S K-n?) = Ap
— -
Arg(q/p)KOﬂ.ﬂ. = ¢ &
x” B cosd, _  sind, _ x 2A58 = —-2A,
Y' ) grroro  \—sind. - cosd,. y
I(D°->K+*K-)—-T(D°->K+tK™) ) i divect
’ . — — A _|_ _Aln irec
T . cosd sind x I(D°— K+K-) +I(D°— K+K-) K "~ CP
vy )]  \ —sind cosd y . .\ . )
'D*”— ) —-I'(D"— - t) . .
—mtm- — - T
z* = |q/p|*" (2’ cos ¢ £ y'sin ¢) - = >
y'* = la/p[* (y'cos ¢ F a'sin ¢)
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Observables: D°(t) > K¢ '

Index | Observable | Value | Source
x (no CPV) 0.56 +0.19 +0.067 ~0.127
y (no CPV)
0.30 +0.15 +0:050 _ 57¢
Belle DY — KO g o+ 7t ~ results using 921 fbL.
lg/pl (no dCPV) 0.90 +0-16 _,  ,+0078 . Correlation coefficient is +0.012 for no-CPV; for CPV-allowed they are:
3.6 Arg(q/p)=¢ (no dCPV) (=6 + 11 *42 _g ) degrees 1 0054 -0.074 -0.031
0.054 1 0.034 -0.019
-0.074 0.034 1 0.044
0.58 +0.19 +0.0734 _
X (0-58+0.19 0.1177)% -0031 -0019 0044 1
y (027 £0.16 ¥00546 _; \0c1 )%
|q(;)p| 0.82 +0.20 018 +0.0807 —0.0645
(13 +12_13+415 4 77) degrees
LHCb DY — K9 stz ~ results using 1 fb! (vVs =7 TeV)
D**+ — DOt flavor tag. Correlation coefficient = +0.37, no CPV.
x (no CPV) (-0.86 +0.53 +0.17)%
y (no CPV) (0.03 £0.46 +0.13)% 3 fb! results (vs = 7, 8 TeV) allowing for CPV.
7-10 D** - D%t B — Dopf X flavor tags. Correlation coefficients (stat. + syst.):
Xcp (027 £0.16 £ 0.04)%
1 (-0.17+0.15) (0.04+001) (-0.02-0.02)
ycp (0.74+036 £0.11)% ] (<0.03 - 0.05) (0.01 —0.03)
Ax (-0.053 £ 0.070 + 0.022)% ’ ] ’ (_b 13 +6 14)
Ay (0.06 +£0.16 +£ 0.03)% i ’
T XCp (0.397 + 0.046 + 0.029)% 5.4 fb'! results (Vs = 13 TeV) allowing for CPV.
YCP (0.459 +0.120 + 0.085)% D** — DY¢* flavor tags. Correlation coefficients (stat. + syst.):
Ax (=0.027 £0.018 £ 0.001)% 1 (0.11+0.13) (-0.02+0.01) (-0.01+0.01)
Ay (0.020 £0.036 +0.013)% 1 (-0.01 - 0.02) (-0.05+0.01)
1 (0.08 +0.31)
For (x, y, lg/pl, $) — (Xcp, ycp, Ax, Ay) mapping, see PRD 99, 012007 (2019)
T X (0.16 £0.23 +0.12 + 0.08)% BaBar DY — KO m*n~ and D? — K% K* K ~ combined;
y (0.57+0.20£0.13£0.07)% Correlation coefficient = +0.0615, no CPV.
e x (15+12x0.6)% BaBar D? — 0 wtn -
y 02£09£0.5)% Correlation coefficient = —0.006, no CPV.




Observables:
D' K7

Index | Observable Value Source
Rp (0303 +0.0189)% BaBar K* ; ~ results; correlation coefficients:
27-29 x' 2+ (—-0.024 £ 0.052)% +0177 +01'77 :g gz
y'+ (0.98 £0.78)% 087 —094 1
Ap (-21£54)%
30-32 x'2- (—-0.020 £ 0.050)% BaBar K™ m ~ results; correlation coefficients same as above.
y'- (0.96 +£0.75)%
Rp (0353 £0013)% Belle K* 7~ no-CPV results using 976 fb~!. Correlation coefficients:
33-35 02 (0.009 + 0.022)% 1 +0.737 -0.865
(no CPV) (0.46 + 0.34)% +0.737 1 -0.948
y ’ ’ -0.865 —-0.948 1
Rp (0364 £0018)% Belle K* z~ CPV-allowed results using 400 fb~1. Correlation coefficients:
33-35 x' 2+ (0.032 £0.037)% +0 1655 +O'1655 jgg‘;
4 (-0.12 £ 0.58)% ’ )
y -0.834 -0.909 1
Ap 23+£47)% . 1
36-38 o2 (0.006 + 0.034)% Belle K*m~ CPV-allowed results using 400 fb~";
. (6 20+ 0'5 4% correlation coefficients same as above.
y . !
Rp (0351 £0.035)% CDF K* 7t~ results for 9.6 fb~!. Correlation coefficients:
39-41 x'2 (0.008 +0.018)% 0 190 0'190 :gg;
y' (043 £043)% 097 —098 1
LHCb K* 7t~ results for 3.0 fb~! (Vs =7, 8 TeV)
Rp* (0.338 £0.0161)% B — D™~ X, D™ — DO flavor tags. Correlation coefficients:
42-44 x' 2+ (-0.0019 + 0.0447)% 1 0.823 -0.920
4 (0.581 +£0.526)% 0.823 1 -0.962
-0.920 -0.962 1
LHCb K* 7t~ results for 3.0 fb~! (w/s =17,8TeV)
Rp~ (0.360 £ 0.0166)% B— D*+|.l._ X, D** — DO flavor tags. Correlation coefficients:
45-47 x'2- (0.0079 +0.0433)% 1 0.812 -0918
y'- (0332 £0.523)% 0.812 1 -0.956
-0.918 -0.956 1
LHCb K* 7~ results for 5.0 fb~! (Vs =7, 8 TeV)
Rp* (0.3454 + 0.0045)% D™+ — D" flavor tag. Correlation coefficients:
48-50 x' 2+ (0.0061 + 0.0037)% 1 0.843 -0.935
y+ (0.501 £0.074)% 0.843 1 -0.963
-0.935 -0.963 1
LHCb K* 7t~ results for 5.0 fb~! (Vs =7, 8 TeV)
Rp~ (0.3454 + 0.0045)% D™+ — DO* flavor tag. Correlation coefficients:
51-53 x'2- (0.0016 + 0.0039)% 1 0.846 -0.935
y'- (0554 £0.074)% 0.846 1 -0.964

-0.935 -0.964 1
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Observables: miscellaneous

| e et i o S

15 | x2+y3)2 | (0.0130 + 0.0269)% | World average (COMBOS combination) of D? — K*1~ v results

. x" (261 7057 g 65 +0.39)% BaBar K* 7~ Y result; correlation coefficient = —0.75.
(-0.06 055 _ 64 +0.34)% Note: x" = x 08 g qr + ¥ Sin Ok, ¥" =y €08 S — X sin S -

JJ

LHCb 3.0 fb~! pp collisions at vs = 7, 8 TeV

0.0048 + 0.0018)%
o2+ y2) ¢ * ) DO »Kta-m*m~

E791 1996 . 0.110 * 3% %

CLEO 2005 I | . | 0.160 + 0.290 + 0.290 %

Belle 2008 0.013 £ 0.022 + 0.020 %

0.070
BaBar 2007 H 0.004 " "1 %

World average H 0.013 + 0.027 %

vl b b b b b bevaa Daas
-02-01 0 0.1 0.2 03 04 05

Ry (%) » Experiment FPCP 2022 17




Fit Results: all CPV allowed

Code written in Fortran (Fortran was convenient for this type of calculation)
Fitter is MINUIT; FCN function calculates global y°, where each measurement

contributes according to: ‘
(@) =) (&i—2)" V]! (z:— )

= most of the code is spent calculating error matrices and inverting
world averages for y.p, A, Ry are calculated via separate COMBOS code

all errors are calculated via MINOS
plotting routine is done separately in ROOT

FCN= 65.27469 | FROM MINOS STATUS=SUCCESSFUL 1297 CALLS
11167 TOTAL EDM= 0.47E-13 ERROR MATRIX UNCERTAINTY= 0.0%

EXT PARAMETER PARABOLIC MINOS ERRORS

NO. NAME VALUE ERROR  NEGATIVE POSITIVE

1 X 0.40612 0.047802 -0.047901 0.047640

2 y 0.67944 0.025813 -0.025821 0.025821

3 delta 0.27834 0.063654 -0.065794 0.062182

4 rd 0.34418 0.0018137 -0.0018147 0.0018129

5 ad -0.77508  0.35340 -0.35348 0.35330

6 qovp 0.99448 0.014910 -0.014801 0.015038

7 phi -0.041031 0.019178 -0.019317 0.019114

8 delta? 0.45839 0.37990 -0.38907 0.36997

9 ap 0.042559 0.13719 -0.13718 0.13718

10 ak -0.11627  0.13659 -0.13658 0.13658

Observable x2 Y x?
yop (KTK~,7t7™) World Average 0.44  0.44
Ap World Average 0.13 0.57
ot Belle 0.61  1.17
Yot Belle 500 627
lq/pl o+ ,— Belle 0.65 6.92
Gpconsn Belle 0.68  7.60
zop (KO7+a—) LHCb 3 fb-1 0.68 8.8
yop (K°r*r=) LHCb 3 fb! 0.03 831
Az (K%7+7~) LHCb 3 b~ 0.10  8.40
Ay (K%7+7~) LHCb 3 fb~! 0.03  8.44
zop (K97nt7n~) LHCb 5 fb~! 0.03 847
yop (K%7nT7n~) LHCb 5 fb~! 2.23  10.70
Az (K% +7~) LHCb 5 th~ 0.03 10.73
Ay (K°rt7~) LHCb 5 b1 —0.02 10.71
T o+~ Babar 0.82 11.53
Yop+p- Babar 0.15 11.68
T 0,4+, Babar 0.67 12.35
Y0nr, Babar 021 1256
(@ + 9% g 0.13  12.70
Tpey -0 Babar 6.89 19.59
Yt n—no Babar 3.62 23.21
CLEOc¢

(z/y/Rp/ cosd/sind) 10.81  34.02
R} /2'*T /y'* Babar 8.55  42.57
Ry /2"~ /y'~ Babar 435 46.91
R} /2% /y'T Belle 1.88  48.79
Rp /x>~ [y'~ Belle 2.33  51.12
Rp/x?/y" CDF 152 52.64
R}, /2"*F /y'T LHCD (D* tag) 0.90 53.54
Ry /22~ /y'~ LHCDb (D* tag) 0.33  53.87
R}, /2"** /y'* LHCD (B tag) 0.64 54.51
Rp,/2'?~ /y'~ LHCD (B tag) 1.57  56.08
A r /A, Babar 0.35 56.43
A g /A, Belle 145 57.88
Agge/Ars CDF 409 6197
Ay — Arr LHCb (D* + B DOpX tags) 0.08  62.05
(2% +1?) s, _ LHCb 3.23 | 65.27 |

A. J. Schwartz Mixing and CPV in Charm: Experiment FPCP 2022
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Fit Results: all CPV allowed

CPV allowed o m . ; o
o FPCP 2022
- o P30
0.8 o 10 i 40
i = - B50
0.7 g |
A 5 °
0.6! < _
H - A
0.5/ 0 ZEi A
0.4 i
- -5
0.3 B0
H 20 L
0.2} W30 -10;
40 i
o fedeef fooodenefeed foocpeedee] fooodeeofeed: foocpeefoo | I3 I S | fooofedeeed | ‘. 5 o L | | | | | | | | | | | | | | | |
'6.1 0.2 03 04 05 06 07 08 09 -0.1 -0.05 0 0.05 0.1
X (%) lg/pl-1
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Ax? = 2671, excluded at »> 11.50 Ax? = 5.815, consistent at 1.60
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Fit Results: 1-d likelihoods (all CPV allowed)

min

£25 £12
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5 CPYV allowed
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10 Ay? =70.7 Ay? = 1050 oL
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CPV allowed
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“Superweak” limit: no sub-leading phases

Kagan Given the 4 decay amplitudes A,(D°—f) AD°—f) A, (D°—f) Ay(D°—f)
an
Sokoloff, ) . . .
PRDS0, If no sub-leading or NP weak phases, the general decay amplitudes simplify:
076008
209 e A I T N —
_ At i(eh+AR) i(p402)] t _i(ph+Ay) .
Ap = A5e"CrTAD 1 4 e e f/ no direct CPV in DCS
Zf _ A; e~} [1 + Tfei(—¢f+6f) - A; e~ P% decays
Zf _ A;— ei(—¢’}+Af) [1 4+ rf_ei(—sof—Jréf)' N A;— ei(—so‘}+Af)
» _ 2|M,,| _ Ty, _ 12
Defining 3 new parameters Ty = 7T 12 = T ¢,y = Arg
12
One can derive NOTE:
. 1/2 CPV in mixing |q/p|, and CPV
T= [mi? — Y+ \/(m% +yh)? — daf,yl, sin® ¢12} due to interference (¢) both
- 1/2 depend on (Xs2, Y12, $12)
Yy = [yfz - :13%2 + \/(33%2 + yi)? — 4xl,yi, sin’ ¢12}
. = they can be related:
'g _ Tly + Yip + 22,y 5in @, . L _ e[\ =
p xi, + Yi, — 2X 1,y ,8In Py, e = ( ‘1_7‘) y
tan 2 —sin2¢,,
an = Ciuchini et al., PLB 655, 162 (2007)
€o8 2615 + (Y12/%15)* Kagan and Sokoloff, PRD80, 076008 (2009)
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Fit Results I11: no sub-leading phases

fit for X1, Y12, @12:

= mixing is
established, but no
sign of indirect CPV
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General case: dispersive and absorptive CPV

Kagan and Silvestrini, PRD 103, 053008 (2021):

In the general case, there could be sub-leading amplitudes that give arg(l;,)# 0. In this case we must
add an additional phase ¢,

r 11/2
v o= |a?, =y (@2, + y2,)? — dadyl, sin’ (G — ¢f)
r 11/2
y = |v2—a%+ /(@2 + y2)? — dadyl, sin’(@) — ¢b)
‘g ! _ Tl, + Yip + 221,y 8in(@y” — ¢7)
p x3, + yi, — 2x,,Y,, sin(@d} — @)
tan2¢ — — x2, sin 29} + y2, sin 2¢%

x2, cos 2¢M 4 y2, cos 2¢%

¢ 2types of indirect CPV: that due to a dispersive phase, that due to an absorptive phase
(traditional way: CPV in mixing, CPV in interference between a mixed an unmixed amplitude)

® The subscript “2” refers to the phase reference: the phase of the AU = 2 component of the
<DO|M(TI)|D%bar> amplitude

¢ Still fitting for 4 fundamental parameters: (x, y, |a/pl, ¢) = (X412, Y12, &M, ¢,7)

® The fitter discriminates between ¢, and ¢,/ because CPV in CP-eigenstate final states depend only
on ¢,M (due to there being no strong phase difference)
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Fit for dispersive and absorptive CPV

Kagan and Silvestrini, PRD 103, 0563008 (2021)

&) o.2m
— FPCP 2022
P i
1 ] B R
0. AF oo R
0.05
O
—0.05;~ """"""""" T
N 2o
_0'1: : : : 30
;lllllllillll!llllillll!llllil40
-01 -005 0 005 0.1 0.15 0.2
¢, [rad]
z,, = (0.407 +0.047) % 3" = (0.31 £0.93)°
[essentially the same 2
y., = (0.675 % 0.026) % as for super-weak fit] ¢r = (1.95 + 1.45)°
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Observables: A;p [D'—> KK~/ 7 n]

First
obser-
vation
of dCPV:
PRL 122,
211803
(2019)

L(D°(t) = f) —T(D°(t) > f)

P = T(D°(t)— f) + D(D°(t) — f)

(t)
~ a’girect - Al“—

b

U-spin (d<» s) symmetry: [Grossman, Kagan, Nir, PRD 75, 036008 (2007)]

Acp(KTK™) = —Agp(nin)

= AAp= A p(KYK™) — A p(ntn™) = 2ad},
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Parameter | No direct CPV C PV -allowed 95% CL Interval
in DCS decays

S (°) - 15.9 +3.6 [8.26, 22.8]
Ry, (%) - 0.344 £ 0.002 [0.341, 0.348)]
lq/p] — 0.994 +0.015 [0.97, 1.02]

¢ (°) - —24+1.1 [—4.54, —0.21]
S (°) - 26.3 +21.8 [—18.1, 66.9]

$12(°) 0.60 £ 0.91 [—1.20, 2.46]
¢3' (°) 0.31 +0.93 [—1.59, 2.19]
¢ (°) 1.95 +1.45 [—0.87, 4.84]

there is direct CPV in singly Cabibbo-suppressed decays D°—» K"K, D’ > 7" =

there is no evidence for indirect CPV: (|q/p|, ¢) consistent with (1,0) at 1.6c level. This slight disagreement
is in ¢, , the absorptive phase. Phase difference ¢,, is consistent with O.
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