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We study the penguin over tree ratio in D — 7m decays. This ratio can serve as a probe for
rescattering effects. Assuming the Standard Model and in the isospin limit, we derive expressions
that relate both the magnitude and the phase of this ratio to direct CP asymmetries and branching
fractions. We find that the current data suggest that rescattering is large. A dedicated experimen-
tal analysis with current and future data will be able to significantly reduce the errors on these
determinations, and enable us to check if indeed there is significant rescattering in D — 77 decays.

INTRODUCTION

After the discovery of charm CP violation through
the measurement of the difference of CP asymmetries of
singly-Cabibbo suppressed (SCS) decays [1], the recent
first evidence of CP violation in a single decay channel,
D% — 77~ [2], showed hints for an enhanced AU = 1
contribution to the subleading amplitude [3]. These new
developments make searches for charm CP violation in
additional channels particularly interesting in order to
probe the effects of non-perturbative QCD and physics
beyond the Standard Model (BSM) [4].

CP violation in SCS charm decays has been stud-
ied for a long time, especially in the context of U-spin
and SU(3)r symmetry [5-18]. SU(3)p breaking effects
have also been modelled accounting for final-state inter-
actions [19, 20] or in the context of the factorization-
assisted topological-amplitude approach |21, 22|. Flavor-
symmetry methods have been applied to D mixing, too,
see Refs. [23-25]. Note that in this case a treatment
within the heavy quark expansion is consistent with the
data due to large theory uncertainties [26].

In this letter, we study CP violation in D — 7r decays.
The decay amplitudes of D — 7w decays can be written
as

AT = A — %A{:, (1)

where f denotes the respective final state and Ag; are the
combinations of Cabibbo-Kobayashi-Maskawa (CKM)
matrix elements

A =VyVud s

c

Ap = Vc’;)Vub (2)

Ag and AZ{ are the CKM-leading and -subleading am-
plitudes, respectively. In the parametrization of decay
amplitudes in Eq. (1) we use the convention that A;’; and
A{: contain strong phases only.

The key quantity we focus on in this letter is the mag-
nitude of the ratio of CKM-subleading over CKM-leading
amplitudes

rf = |A]/A)]. (3)

This ratio is also known as “penguin over tree ratio”.
Note that the short distance contributions to the ampli-
tudes A,{ are very small due to the very effective GIM
suppression and we neglect them throughout this letter.
The CKM-subleading amplitude AZJ:, to which we refer
as penguin, thus contains only the long distance effects,
also known as rescattering.

As we explain in more detail below, in the limit of no
final state rescattering ' = 0. Thus, a measurement of
rf can serve as a probe of rescattering effects in D — 77
decays.

The question of the size of the rescattering is a hint to
a deeper question about QCD: can we treat QCD as per-
turbative at the charm scale? If it is perturbative, rescat-
tering should be small, that is 7/ < 1. Non-perturbative
effects will result in r/ > 1. Thus, a clear way to probe
that ratio is called for.

Although there are some first conceptual ideas on the
lattice [27] there is at this time no reliable way to calcu-
late 7. The available theory estimates for this ratio vary
depending on the employed methodology. Light cone sum
rule (LCSR) calculations [28, 29| find this ratio to be
0(0.1). Estimates allowing for larger non-perturbative
effects such as large rescattering or nearby resonances
result in 7/ ~ O(1) [30-33], see also Refs. [5, 34]. Stud-
ies employing coupled dispersion relations and rescatter-
ing data can be found in Ref. [35-37]. While Ref. [35]
explains the charm CP violation data within the Stan-
dard Model (SM), Ref. [36] finds that this not possi-
ble. Ref. [37] finds enhanced charm CP violation to be
marginally consistent with rescattering effects.

Although the estimates for f come with a large theory
uncertainty, its sensitivity to both rescattering effects and
BSM physics [4, 38-44] makes it crucial to find clean ways
to extract it from experimental data. A common key
assumption employed in the literature in order to be able
to compare the CP asymmetry data to the SM at all is
that the relative strong phase between CKM-subleading
and CKM-leading amplitudes

Af
5 =arg | =2 4
g<A§> (4)



is O(1) [33]. It has been pointed out in the literature
that strong phases corresponding to 6/ can be obtained
via the measurements of time-dependent CP violation
or quantum-correlated charm decays [3, 33, 45-50]. Ad-
ditionally, it has been shown that the analogous strong
phase in multi-body decays can be determined from a
fit to the CP violating time-integrated Dalitz plot [51].
However, even with recent experimental and methodolog-
ical advances there exist no measurements yet of these
strong phases, neither in two-body [52, 53|, nor in three-
body [54-57] decays.

In this letter, we assume the SM and show that isospin
symmetry allows the determination of the relative strong
phase between CKM-subleading and CKM-leading D —
m decays from direct CP asymmetries and branching
ratios only. This enables at the same time also the ex-
traction of the magnitude of the “penguin over tree” ratio
rl.

The isospin construction proved very fruitful for the
analysis of B — 7w decays [58—65]. Also in the case of
B-decays it was found that the penguin over tree ratio
as well as the relevant strong phase can be extracted
from direct CP asymmetries and branching ratios, see, for
example, Egs. (7)-(9) and Egs. (110)—(114) in Ref. [61]
and the numerical results in Refs. [66, 67].

Isospin symmetry has been applied to D — 7w decays
in Refs. [37, 48, 49, 68-71]. Note that the hierarchies of
the interfering amplitudes in the D and B systems are
very different from each other. Nevertheless, both sys-
tems have exactly the same group-theoretical structure
under isospin, which implies that the two systems have
the same sum rules at the amplitude level [72]. Thus we
expect that similar isospin relations should hold at the
level of observables as well. However, when deriving the
implications for the observables, different approximations
are used.

Below, after introducing our notation and approxi-
mations, we derive new isospin relations that allow the
extraction of the ratio of CKM-subleading over CKM-
leading amplitudes for D° — 7t7~ and D° — 7970,
We study the numerical implications of current data and
show the prospects of future more precise determinations
of the penguin over tree ratio with future LHCb and
Belle II data. Afterwards, we conclude.

NOTATION

Regarding Eq. (1) we remark that we use a
parametrization slightly different from the one frequently
used for amplitudes of D-decays in the literature, see for
example Ref. [15]. In our case the CKM-leading con-
tribution is accompanied by the CKM-factor —\g and
not Asg = (As — Ag)/2. This choice ensures that the
CKM-subleading part Al{ only contains contributions
with isospin AT = 1/2. In general, the parametrization

with the CKM-factor Agq is a convenient choice when
studying U-spin, while a parametrization with \; is bet-
ter suited for the isospin analysis of D — w7. For brevity,
we introduce the following notation for the decay ampli-
tudes

+

AT = AT

AT = A00 AT = 4RO ()
For the relative strong phases of CKM-leading and CKM-

subleading amplitudes we write

At A00
0T = arg (b—) ., 0 =arg <—b> . (6)
AF A9

The phases 5+~ and §°° enter the direct CP asymmetries
of DY — nt7~ and D° — 7%7% decays, respectively.
We also use the relative strong phase between the CKM-
leading contributions of the two decay channels, which
we denote as

AL
04 = arg (ﬁ) . (7)
d

In the isospin limit, this phase is related to the relative
phase between the AT = 1/2 and AT = 3/2 amplitudes
which can be extracted from the D — w7 branching ra-
tios, see Ref. [73]. Direct CP asymmetries are defined
as
AT — A7
abp= (8)
CP — —f "
|AT]? + |A7?

The normalization of the amplitudes is such that the
branching fractions are defined as

1 —</
B =P 3 (1 1A' ©)

where P/ are phase space factors given by

TD
Pl = m2, — (mp, —mp,)? x
167mm3, \/ b ! ?
\mdb — (mp, +mp,)?, (10)

where D = D% D* and Py =170, 7+ depending on the
specific final state f.

ISOSPIN RELATIONS

Approximations

Throughout this letter we consider the SM case only
and use the following set of approximations.

(i) We consider the isospin limit, i.e., we do not take
into account isospin breaking effects.



(ii) We neglect electromagnetic corrections and elec-
troweak penguin contributions thal are subleading
due to the smallness of their Wilson coefficients.

The approximations (i) and (i7) are expected to hold at
the O(1%) level [49]. Next, we use the fact that the
involved CKM matrix elements are hierarchical and use
the following approximations:

(7ii) For branching ralios, we neglect contributions
which are suppressed by O(|\p/Aa|) ~ A*, where
A =~ 0.23 is the Wolfenstein parameter, such that

B =Pl 1AL (11)

(iv) We calculate direct CP asymmetries at leading or-
der in [ N\y/Nal |5, 7, 16]

aép =1Im (_A—;d) rf sin(df) . (12)

Both Egs. (11) and (12) rely on rf respecting the hi-
erarchy induced by the CKM matrix elements, that is,
rf < 10%. Eq. (12) also relies on the convention that A7

and A{ contain strong phases only.

Isospin decomposition

We write the isospin decomposition in such a way that
all weak phases are explicit and the theory parameters
depend on strong phases only [31, 37, 68|

AT =) <\/§ (try2 + t3/2)> - % (\/§p1/2) )

A
A = —N\g (232 — ti)2) — ?b (=p1s2)
A0 = —X\; (3t3)2) . (13)

Here, t1/9, t3/2 are the CKM-leading contributions that
correspond to AT = 1/2 and AT = 3/2 transitions, re-
spectively, and py/y is the CKM-subleading AT = 1/2
contribution. Note that assumptions (i) and (i7) en-
sure that in Eq. (13) there are no contributions with
AT = 5/2, and that there is no AI = 3/2 contribu-
tion to the CKM-subleading amplitude. The notation in
Eq. (13) is chosen such that one can directly read off Aﬁ
and Al{ in the convention of Eq. (1).

The isospin decomposition of the CP-conjugate am-

plitudes A’ takes the same form as Eq. (13) up to the
complex conjugation of the CKM-factors and unphysical
overall phase-factors that do not enter any expressions
for observables, sec e.g., Ref. [74].

As the matrix elements t; /9, t3/2, and p; /o that enter

the amplitudes A/ and 74’ are the same and we have
more amplitudes than matrix elements, there exist sum

rules between the amplitudes of the system [49]. As a
consequence, this results also in relations between the ob-
servables that can be chosen as branching ratios and CP
asymmetries. For example, from the last line of Eq. (13)

it follows that A10 = 2707 or in terms of observables,
the well-known relation [49, 75]

aty = 0. (14)

Below we derive new isospin relations that relate branch-
ing fractions and CP asymmetries to rf and sin 8. We
then use these relations to extract the strong phases
sin 67 and 7/ from direct CP asymmetries and branching
ratio measurements only.

Rescattering

In principle, there exists an ambiguity in how one de-
fines the two interfering amplitudes, e.g., we can define
them with CKM-coefficients —A4 and —\p/2, as we do in
Eq. (1), or for example with the CKM factors (A; —Aq)/2
and —\p/2, as frequently done when studying the U-spin
system of neutral D decays, see e.g. Ref. [33]. There-
fore the “ratio of the two interfering amplitudes” is not
clearly defined a priori. An unambiguous definition can
be obtained in the language of operator matrix elements.
Using the Hamiltonian and the notation of Ref. [2§]

Heg = O 3N (CQI+ QY | = D 201,
\/5 q=d,s q=d,s

(15)

Q1 = (@yu(1 = 5)a) (@u(1 = 5)e) (16)

Q3 = (@ (1 = 5)q) (Wyu(l = 75)c) (17)

(09 = (f10?|D%) , (18)

we write the decay amplitudes as
AD® — f) = Aal0h) + 2 (0%) (19)

N

= A (09— (0) - 3

(2(0%), (20
and define the penguin over tree ratio as

2(0%)f

) — (097 2

rfz‘

where we introduce the conventional factor of two in the
numerator due to our convention Eq. (1). Once we fix
the operator basis, our definition of 7/ becomes unam-
biguous.

We next elaborate on what we refer to as rescatter-
ing effects. In this letter we associate rescattering with
the matrix element of the operator @°. The naive inter-
pretation of rescattering in this case is that the ss pair
rescatters into a dd pair that then hadronizes, together



with the uw pair, into a pair of pions. Thus we define the
no-rescattering limit as the limit in which

<Os>n0 rescatt. — 07 (22)
and consequently from Eq. (21)

rl =0. (23)

no rescatt.

The limit of large rescattering on the other hand corre-
sponds to the case [(O%)| ~ [(O%)| which implies r/ > 1,
depending on the relative phase between (O?) and (O%).
The experimental determination of 7/ thus provides a
test of rescattering effects in D — ww decays.

We also mention one more useful limit, the N, — oo
limit. A general discussion of the 1/N. expansion in
charm decays can be found in Ref. [76]. This limit can
be tested by studying a ratio of hadronic matrix ele-
ments [77, 78] that can be defined as follows

l1/2

. (24)
t3/2

Ty =

In the N. — oo limit one finds, completely analogous to
the kaon sector [77], that

rem =2, (25)

In kaon physics, the fact that this ratio is much bigger
than 2 is referred to as the AT = 1/2 rule. The deviation
of r; from 2 can be interpreted as a failure of the 1/N,
expansion, sizable rescattering, significant kinematic ef-
fects or any combination of the above. The 7/ ratio, on
the other hand, provides a clean probe of rescattering
effects.

Observables and Theory Parameters

In our isospin analysis we use three types of parameters
to which we refer as known parameters, observables and
theory parameters.

We think of the CKM factors Ay, and phase space
factors P/ as known parameters. We assume that these
parameters are well known from the independent exper-
imental measurements and we use them as input in our
analysis.

The observables in our analysis are the branching frac-
tions and CP asymmetries. For the system of D — n7
decays, we thus have five observables

B+77 8007 B+07 a’g}_Dv (1’%(')1:" (26)

The theory parameters can be read off Eq. (13) and
are given by the magnitudes and relative phases of the
hadronic matrix elements that appear on the RHS. In
particular, without loss of generality, we choose t3/5 to
be real, resulting in a set of five theory parameters

|t3/2’» [tij2],  |p1j2|, arg(tiy2), arg (l)1/2)(-
27

In what follows, we also use the following combinations
of theory parameters in Eq. (27)

4
0 = arg L2 i 60, 64, (28)
l3/2

t12

Ty =
l3/2

where 77, §/ and &4 are defined in Egs. (3), (4) and (7),
respectively.  We emphasize that the parameters in
Eq. (28) are not independent from the parameters in
Eq. (27) and among the two sets of the theory parameters
there are only five that are independent.

The counting of the theory and experimental param-
eters shows that, in the isospin limit, the system of
D — 77 decays can be completely solved. That is, all the
theory parameters in Eqs. (27)-(28) can be expressed in
terms of the observables listed in Eq. (26), possibly up to
some discrete ambiguities. In particular, this means that
the parameters of interest, /" and §/, can be expressed in
terms of branching fractions and direct CP asymmetries.

Tree parameters

Before we proceed to the determination of r/ and
sin 6/, we elaborate on how to extract the phase &4 de-
fined in Eq. (7) from the D — mr branching ratios in the
isospin limit, see also Refs. [37, 73].

From the isospin decomposition in Eq. (13) and ne-
glecting the CKM-subleading contributions to the am-
plitudes, we can solve for the theory parameters that
contribute to the CKM-leading parts of the amplitudes,
namely |t1 /2|, |t3 /2| and the relative phase §; between
t1/2 and t3/5. We obtain

1 B0

|t3/2| 3|)\ | +O ) (29)
1 B+- 1 B0 2 B0
el = 15 |\/ (57 * 5w 3pm) @
~tyyel Bt— p+o 300 P10
el ~ VBT w2 O
t
cos 0y = cos <arg <£)>
t3/2
1 (9Bt pto

From these relations and Eq. (13) we derive the expres-
sion for the phase d; between the CKM-leading ampli-
tudes of D — w7~ and D — 7%70 as defined in Eq. (7).
We have

2 — 1?7 + 14 c08 6y

\/(2 — 72 + 74 cos 5t)2 + 972 sin? §;

cos0g = . (33)




and

:|:3’I“t| sin 5t|
\/(2 — 712 + 14 co8 5t)2 + 972 sin” &y

sindg = (34)

Note that sin d,4 is only known up to a sign, as we do not
know the sign of sind;. Our results Eqgs. (31) and (32)
agree with the analytical expressions in Ref. [73], once
we account for the different conventions of the isospin
decomposition.

A comment is in order about the phase 4. The phase
0q is defined as a relative phase between CKM-leading
amplitudes of D° — 77~ and D° — 7970, two decays
with different final states. In general, such a relative
phase can not be physical, yet here we solve for §4 in
terms of physical observables. The resolution of this ap-
parent paradox is that in the isospin limit 7% and 7° are
not distinguishable, which makes this phase meaningful
in the isospin limit.

Penguin over Tree Ratio

We employ now the isospin amplitude sum rule [12, 49,
68] for the CKM-suppressed amplitudes. From Eq. (1)
and the first and second lines of Eq. (13) it follows that

1

%A;‘ =—A°, (35)
which implies the following relations for the absolute val-
ues and the relative phase of CKM-subleading ampli-
tudes:

Al (36)
A% ’
At
arg <Ab_go) =7. (37)

We note that Eqs. (35)—(37) are related to the amplitude
sum rule in Eq. (14) of Ref. [49].

In the following we derive the implications of Egs. (36)
and (37). We obtain two isospin limit relations that re-
late branching fractions, CP asymmetries and the relative
strong phases 67~ and 60 defined in Eq. (6). We then
use these two relations to solve for the relative strong
phases in terms of branching fractions and CP asymme-
tries. Finally, we use the approximation in Eq. (12) to
solve for the penguin over tree ratio.

First, we derive the implications of the sum rule be-
tween the absolute values of CKM-subleading amplitudes
given in Eq. (36). Dividing the expressions Eq. (12) for
CP asymmetries, we obtain

sindt - (ICP /1 B+- Poo 38
sin 6% a9, V 2P+ Bo0’ (38)

and

700 1 B+- poo
= = \apr g 39)

We emphasize that this relation only holds when all of
the approximations (i)-(iv) are satisfied.

Next, we derive the implication of the sum rule be-
tween the arguments of the CKM-subleading amplitudes
given in Eq. (37). We write 6" as

+— +— 400 400
5t =arg <ij> = arg <%) (40)
d
=7 +08% 54, (41)
where in the last line we used the isospin relation in
Eq. (37). This result allows us to express the LHS of
Eq. (38) in terms of the phases 6% and 6,. We find
sind+—
sin 600
Now, as we have two relations that relate branch-
ing ratios, CP asymmetries and relative strong phases,
Egs. (38) and (40), we can solve for sind ™~ and sin §%.

To do so, we substitute the result of Eq. (42) into Eq. (38)
and solve for cot §°°. We find

1 aCP /1 B+— Poo
B sinéq a? 2Pt poo +cotda, (43)

from which we can obtain

= cot %% sin §y — cos g . (42)

cot §%°

—sign (a®p)

.
atp [1B+— P
\/ 1+ 5o <a§—P 3 5+= p + cos b

(44)

sin 690 =

Similarly we obtain

—sign (alp)

5
00
Gcp [Pt BY

\/1 + sm2 dq <a2’,; 2B+_ Poo + cos 5d>

(45)

sindt =

The sign of each of the siné/ can be extracted from the
sign of aép using the fact that Im (—\y/Ag) < 0. The
ratio of the CKM-subleading over CKM-leading ampli-
tudes follows then from Eq. (12)
_ aéP
~[sind/ Tm (= Ap/\a)

(46)

Substituting the expressions for sind/ in Eqs. (44)
and (45) into Eq. (46), we arrive at

1
P = —  x
[Tm (=X /Aa) |

\/ ) (agp VBP0 + a%,/2 2B cos 80

2B00P+-gin? 5, '
(47)



Parameter | Current data | Future data scenario
Tt 3.43 +0.06 3.43 +0.06
cos Ot 0.06 £ 0.02 0.06 £ 0.02
cos 0q —0.68 +0.01 —0.68 +0.01
| sin 6 0ty 0.0615:29
|sindt | 0.7193 0.6979 7%
700 521533 52115
pt 551142 55018

Direct CP Asymmetries

ald +0.004 + 0.008 [79-82]

a®p —0.0002 +0.0064  |*[79, 83, 84]

abp 0.00232 + 0.00061 2]

Branching Ratios
B(D® — nt7%) | (1.24740.033) - 1073 85]
B(D® — xt77) | (1.454 +0.024) - 1073 85]
B(D° — 7°%7%) | (8.26+0.25)-10"* 85]
Further Numerical Inputs

Im(A/(—Aa) | (=614£03) 10" [ [s5]

TABLE I. Experimental input data. We use the decay times
and masses from Ref. [85]. “Our extraction from Acp(D° —
7%7%) = —0.0003 & 0.0064 [79] and AY = (=1.0£1.1£0.3) -
1074 [52).

abp | (2.32+£0.07) 1073

a®, (=24+9)-107*

TABLE II. Future data scenario employing the current central
values and using prospects for the errors from Table 6.5 of
Ref. [86] (300 fb~') and Table 122 of Ref. [87] (50 ab™!) for
D° — 7tn~ and D° — 790, respectively. All other input
data is left as specified in Table 1.

and
1
'f'+_ = — X
[Im (=Xp/Aa)]
2
, <a0COp‘ /2BO0PF— 4 aJCrI;\/BJr*POO cos 5d>
(adp)” +

BP0 sin? 54 ’
(48)

where sindg and cosdy are given in Egs. (31)-(34) in
terms of branching fractions only. Eqgs. (44)-(48) are the
main results of this letter. They allow the extraction of
r/ and sin §7 from direct CP asymmetries and branching
fractions with a theory uncertainty of O(1%).

NUMERICAL RESULTS

In the following we show numerical results based on the
formalism presented above. We use the numerical input
as given in Table I. We also consider a future data sce-
nario which is specified in Table II. Note that the value
of alp that we use has been extracted by LHCb em-
ploying a universal time-dependent CP violation coeffi-
cient AY [2, 88] and we use the same value for AY also
for our extraction of a%?P from the corresponding time-
integrated measurement, see Table I. A universal AY
is motivated by U-spin symmetry [25]. This implies an
overall systematic theory uncertainty in the extraction

TABLE III. Numerical results for current and hypothetical
future data. In the future data scenario, the results for ry,
cos d; and cosdg are identical to the ones with current data,
as these depend only on the branching ratio data which is not
modified in the future data scenario compared to current data.
Furthermore, in the future data scenario sind™~ < 0. The
overall additional relative systematic uncertainty of O(10%)
due to the universality assumption of AY for the extraction of
the direct CP asymmetries comes on top of the errors shown
here, see text for details.

Hypothesis | Current data
rtT=1.0 2.70
rt= =01 3.70

% =1.0 2.60

7 =01 3.70
pi/2=20 3.80

TABLE IV. Test of benchmark hypotheses and significance
of their rejection for current data. In the considered future
data scenario all hypotheses listed here are rejected at > 50.
In order to account for the overall O(10%) relative system-
atic uncertainty due to the assumption of a universal AY for
the extraction of the direct CP asymmetries, we multiply the
hypotheses for #f by a factor 1.10, resulting in a more conser-
vative (lower) significance of rejection, see text for details.

of the direct CP asymmetries of second order in U-spin
breaking, see Eq. (133) in Ref. [25]. This uncertainty can
be generically estimated as O(10%). Thus in order for
the numerical predictions for 6/ and 7/ to reach a theory
uncertainty of O(1%), improved measurements that do
not require the universality assumption for AY are nec-
essary. This can be achieved by employing future data
on AY T~ and AY® in the determination of the direct
CP asymmetries. We emphasize that in the following we
use the data on alp and a), with the universality as-
sumption in place. This results consequently in an overall
theory uncertainty of roughly O(10%) on top of the ex-
perimental errors quoted below for the numerical values
of sin 6 and rf as obtained from Eqs. (44)-(48).

Our results are given in Table II1. We also perform tests
of benchmark scenarios for 7/ and list their significance
of rejection with current data in Table IV.

We make the following observations:

e The measurement of aj;% agrees with the isospin



sum rule Eq. (14).

e Although we have currently essentially no infor-
mation about sin 6°°, we can still infer non-trivial
information about r%. This can be understood
from closer inspection of Eq. (47), which contains
a contribution independent of a%,. This is a
consequence of isospin symmetry, which translates
knowledge about D® — 77~ into constraints on
D% — 7970, see also Eq. (39).

e The central values of 7% (r*7) are quite large and
2.60 (2.70) away from 1.

e The future data scenario demonstrates that our
method will allow to extract the ratio of CKM-
subleading over CKM-leading amplitudes with un-
precedented precision, the key advantage being
that no assumption about the strong phases §%°
and 6~ has to be made in order to do so.

e Once the sign of aé p is determined, we also know
the sign of sin§7. In our future data scenario this
is the case for sind™ .

e Comparing 7, to the limit Eq. (24), we observe an
O(1) enhancement in the “charm Al = 1/2 rule”,
in agreement with Ref. [33].

e Comparing to the limit of no rescattering Eq. (23)
we obtain for current data 7/ > 0 at 3.80.

The last observation, if confirmed, implies either very
large rescattering effects or BSM physics.

CONCLUSION

We show that the approximate isospin symmetry of the
D — 7w system allows for the extraction of the magni-
tudes of CKM-subleading over CKM-leading amplitudes
from direct CP asymmetries and branching ratios with-
out making assumptions about the relevant strong phase.
This ratio is colloquially known as the “penguin over
tree ratio”. Our main theoretical results are given in
Eqgs. (44)-(48). Numerically, from current data we ob-
tain

% =521, (49)

T =554 (50)

The large central values are driven by the sizable direct
CP asymmetry found currently in D — 777 ~. Using
prospects for the development of experimental errors, we
demonstrate that our method will allow to probe the puz-
zle of penguin enhancement in charm decays with un-
precedented precision in the future.
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