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We devise tests for a new physics origin of the recently measured direct CP violation in singly
Cabibbo suppressed D decays. The tests take the form of sum rules for the CP asymmetries in
various D decays. They are based on the fact that within the standard model CP violation arises
from interference of the dominant tree amplitudes with the ∆I = 1/2 penguin amplitudes. The
sum rules would be violated if the observed CP violation is due to new physics contributions to the
effective weak Hamiltonian that change isospin by ∆I = 3/2.

I. INTRODUCTION

Recently, the LHCb collaboration announced a mea-
surement of the difference between the time-integrated
CP asymmetries in two singly Cabibbo supressed (SCS)
D meson decay modes [1],

∆ACP ≡ ACP (D → K+K−)−ACP (D → π+π−)

= (−0.82± 0.21± 0.11)%,
(1)

which has been confirmed by the CDF measurement [2]

∆ACP = (−0.62± 0.21± 0.10)% . (2)

The updated world average for the difference of the direct
CP asymmetries is then ∆Adir

CP = (−0.67±0.16)% [2]. In
the SM, CP violation (CPV) in SCSD decays comes from
the interference of the tree and penguin amplitudes and is
parametrically suppressed by O(VcbVub/VcsVus) ∼ 10−3.
However, the uncertainties on these order of magni-
tude estimates are large [3]. In particular, the penguin
contraction power corrections could be significantly en-
hanced, possibly leading to the observed CP asymmetry.
The predictions for direct CPV in charm decays are

notoriously difficult to make, even if one is aiming at or-
der of magnitude estimates. For instance, in [4] and re-
cently in [3, 5–8] it was argued that large CP asymmetries
can be expected in SCS D decays. In [9–11], small CP
asymmetries were obtained, while marginal consistency
with measurements (1), (2) was found in [12]. At the
same time, there are viable new physics models (NP) that
can enhance ∆ACP and simultaneously avoid constraints
from other flavor violation searches, such as D− D̄ mix-
ing, as shown in [7, 13–21].
The aim of this work is to provide experimental tests

that can distinguish between a SM and NP origin for
∆ACP . The basic idea it to take advantage of the fact
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that the penguin amplitudes are ∆I = 1/2 transitions.
A prediction of the SM is that CPV effects are confined
to the ∆I = 1/2 amplitude, to very good approximation
(to be quantified below). Any observation of CPV effects
due to the other possible isospin reduced matrix element,
namely the ∆I = 3/2 amplitude, would be a clear signal
of new physics.

This insight can be used to experimentally search for
NP in charm decays without relying on theoretical cal-
culations. To do so we construct a set of CP asymmetry
sum rules that will be obeyed if the observed CP asym-
metries are due to the SM, but violated if they are due
to NP. It is important to note that we can search in this
way only for a subset of NP models – the ones that gener-
ate CPV in the ∆I = 3/2 reduced matrix elements. An
example is a model with a single new scalar field with
nontrivial flavor couplings, as recently proposed in [16]
to explain the observed ∆ACP . On the other hand, NP
models that only contribute through penguin ∆I = 1/2
operators would not violate the derived sum rules and
are thus much harder to distinguish from the SM con-
tributions to ∆ACP . Examples are provided by flavor
violating supersymmetric squark-gluino loops that medi-
ate the c→ ug transition [13, 18, 21].

In the derivation of the sum rules we use the isospin
flavor symmetry of QCD. Isospin symmetry is broken at
O(1%), which is also the size of the CP asymmetries we
are interested in. Thus special care is needed in order to
avoid the introduction of large errors in the sum rules.
There are several sources of isospin breaking that could
modify the sum rules. The u and d quark masses and
electromagnetic interactions break isospin in a CP con-
serving manner. Their effects are explicitly included in
the sum rules so that they cancel up to quadratic order
in isospin breaking. The electroweak penguin operators
provide CP violating sources for isospin breaking. How-
ever, their effects are suppressed by α/αS ∼ O(10−2)
compared to the leading CP violating but isospin con-
serving penguin contractions of the Q1,2 operators, and
can thus be safely neglected.

The paper is organized as follows. Our notation is
introduced in Section II, the sum rules are derived in
Section III, and we conclude in Section IV.
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II. PRELIMINARIES

The CP-conjugate decay amplitudes for SCS decays
can be written as

Af (D → f) = Tf + Pf e
i(δPf −γ) +ANP

f ei(δ
NP
f −φ),

Af (D̄ → f̄) = Tf + Pf e
i(δPf +γ) +ANP

f ei(δ
NP
f +φ),

(3)

where Tf is the dominant SM “tree” amplitude. It is
proportional to VudV

∗
cd and is taken to be real by con-

vention. The SM “penguin” amplitude has magnitude
Pf . It is CKM suppressed by O(VcbVub/VcsVus) com-
pared to the tree amplitude. It carries the CKM weak
phase γ = (67.3+4.2

−3.5)
◦ [22] and the relative strong phase

δf . The NP amplitude has magnitude ANP
f , and carries

a strong phase δNP and a weak phase φ relative to the
tree amplitude.
The direct CP asymmetry is given by

Adir
f ≡

|Af |2 − |Āf̄ |2
|Af |2 + |Āf̄ |2

=

= 2rPf sin γ sin δPf + 2rNP
f sinφ sin δNP

f ,

(4)

where rPf ≡ Pf/Tf , r
NP
f ≡ ANP

f /Tf , and we have ne-

glected higher orders in rPf and rNP
f . The question we

are interested in is how one can distinguish between the
SM contributions to the direct CP asymmetries, propor-
tional to rPf , and the NP contributions to the direct CP

asymmetries, proportional to rNP
f . To do so, we will

utilize the transformation properties of the SM and NP
contributions under isospin.
We first review the transformation properties of the

SM contributions under isospin. The effective ∆C = 1
weak Hamiltonian, Heff , is [23]

H∆C=1
eff =

GF√
2

[

∑

p=d,s

V ∗
cpVup (C1Q

p
1 + C2Q

p
2)

− V ∗
cbVub

6
∑

i=3

CiQi + C8gQ8g

]

+ h.c..

(5)

The “tree” operators are

Qp
1 = (p̄c)V −A(ūp)V −A,

Qp
2 = (p̄αcβ)V −A(ūβpα)V −A

(6)

with summation over color indices α, β understood. The
QCD penguin operators are

Q3,5 = (ūc)V−A

∑

q=u,d,s

(q̄q)V ∓A,

Q4,6 = (ūαcβ)V −A

∑

q=u,d,s

(q̄βqα)V ∓A,

Q8g = − gs
8π2

mcū σµν (1 + γ5)G
µνc ,

(7)

and we do not display the numerically further suppressed
electroweak penguin operators.

The flavor structure of the tree operators for D → ππ
and Ds → Kπ decays is (d̄c)(ūd). Thus they have both
∆I = 3/2 and ∆I = 1/2 components. The remaining
operators, i.e., the (s̄c)(ūs) tree operators for D → KK
decays and the penguin operators, are purely ∆I = 1/2.
Note that the penguin contraction contributions of the
(d̄c)(ūd) tree operators to D → KK are ∆I = 1/2.
The NP models that contribute to the CP asymmetries

in SCS D decays can be grouped in to two sets, (i) those
in which the NP operators are purely ∆I = 1/2, and
(ii) those in which the NP operators also have ∆I = 3/2
components. As we show below, one can use the isospin
decomposition and the resulting sum rules to search for
the presence of ∆I = 3/2 NP just using experimental
information.

III. SEARCHING FOR NEW PHYSICS VIA

ISOSPIN

We now derive CP asymmetry sum rules that can be
used to probe for the presence of ∆I = 3/2 NP contri-
butions. Among the SCS decays, the D → ππ, D → ρπ,
D → ρρ, D → KK̄π and Ds → K∗π modes carry enough
information for such tests. We discuss each of them in
turn.

A. D → ππ and D → ρρ decays

The isospin decomposition of the D0 → ππ decays is

Aπ+π− =
√
2A3 +

√
2A1, (8a)

Aπ0π0 = 2A3 −A1, (8b)

Aπ+π0 = 3A3, (8c)

where A3 and A1 are the reduced matrix elements for
the ∆I = 3/2 and ∆I = 1/2 Hamiltonians. The phase
convention used is such that (u, d), (d̄,−ū), (D+, D0),
(K+,K0) and (K̄0,K−) form isospin doublets, while
(π+, π0, π−) form a triplet. For the D̄0 → ππ system
the isospin decomposition is similar to (8), with A3, A1

replaced by the CP conjugate matrix elements Ā3, Ā1.
We decompose the reduced matrix elements into SM

and NP contributions, with magnitudes Ak and ak, re-
spectively,

Ak = Ake
i(δAk −φA

k ) + ake
i(δak−φa

k), k = 1, 3. (9)

By convention we can set the strong phase δA3 = 0. In
the SM the weak phase of the ∆I = 3/2 amplitude is
also zero to excellent approximation, so that we can set
φA3 = 0. Thus, in the SM the purely ∆I = 3/2 decay
D+ → π+π0 has Adir(D+ → π+π0) = 0. However, the
rate difference can be nonzero in the presence of NP,
being given by

|Aπ+π0 |2 − |Āπ−π0 |2 = 36a3A3 sinφ
a
3 sin δ

a
3 . (10)
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Note that the CP asymmetry is proportional to the ∆I =
3/2 NP coefficient a3.
Let us comment on the isospin breaking effects that

have been ignored in the decomposition of (8). The
isospin breaking due to the u, d quark masses and due to
the electromagnetic interactions can be safely neglected
since they are CP conserving. Thus, they only modify
ACP (D

+ → π+π0) at second order in small parameters.
While ACP (D

+ → π+π0) ∼ O(rNP
f ), the effect of isospin

breaking is O(ǫIr
NP,EWP
f ), where ǫI is the typical size of

isospin breaking. It is of order 1% and may be enhanced
by at most a factor of a few. Similarly the electroweak
penguins can be neglected due to the small sizes of their
Wilson coefficients. Thus, we conclude that a measured
nonzero CP asymmetry in D+ → π+π0 would be a signal
for ∆I = 3/2 NP.
Note that if a direct CP asymmetry is not found in

D+ → π+π0, this does not mean that ∆ACP cannot be
due to a new ∆I = 3/2 amplitude. It is possible, for
instance, that the strong phase difference δa3 between the
NP and SM ∆I = 3/2 amplitudes is simply smaller than
the strong phase difference between the ∆I = 3/2 and
∆I = 1/2 amplitudes.
We therefore devise two more tests for the presence of

new CP violating phases in the ∆I = 3/2 operators. The
first involves the sum of rate differences

|Aπ+π− |2 − |Āπ−π+ |2 + |Aπ0π0 |2 − |Āπ0π0 |2

− 2

3

(

|Aπ+π0 |2 − |Āπ−π0 |2
)

= 3
(

|A1|2 − |Ā1|2
)

.
(11)

The important point is that this sum only depends on
the ∆I = 1/2 amplitudes. Thus, if the sum is found to
be nonzero this means that there are ∆I = 1/2 contribu-
tions to the CP asymmetries. They could be due to NP or
they could be due to the SM. However, if the sum (11) is
found to be zero, while the individual rate differences are
nonzero, this would indicate that the CP asymmetries are
likely dominated by ∆I = 3/2 NP contributions. This
statement does come with a caveat. It would still be pos-
sible that, whereas the CPV weak phases are only present
in the ∆I = 1/2 amplitude, the strong phases between
terms in A1 with different weak phases are small. In this
case, ACP (π

+π−), and ACP (π
0π0) would be nonzero due

to interference of the ∆I = 1/2 and ∆I = 3/2 ampli-
tudes.
This possibility can be checked with more data if time

dependent D(t) → π+π− and D(t) → π0π0 measure-
ments become available, or if there is additional informa-
tion on relative phases from a charm factory running on
the Ψ(3770) (for feasibility see, e.g. [24]). It amounts to
measuring the weak phase of the ∆I = 3/2 amplitude
A3 via generalized triangle constructions that also take
isospin breaking into account. From the isospin decom-
position we have an isospin sum rule

1√
2
Aπ+π− +Aπ0π0 −Aπ+π0 = Abreak, (12)

and a similar sum rule for the CP-conjugate decays. The
amplitude Abreak is due to isospin breaking and is of order
O(ǫIAi). It is equal in D → ππ and D̄ → ππ decays, i.e.,
Abreak = Ābreak, up to very small CP violating correc-
tions which are down by an extra factor of rf <∼ O(0.01).
One therefore has the following sum rule, valid even in
the presence of isospin breaking,

1√
2
Aπ+π− +Aπ0π0 − 1√

2
Āπ−π+ − Āπ0π0 =

3
(

A3 − Ā3

)

= −6ia3e
iδa3 sinφa3 ,

(13)

where in the last stage we use the fact that A3 carries
a negligible CP violating phase in the SM. Note that
isospin breaking in this relation has canceled (up to cor-
rections quadratic in small parameters). Therefore, if

1√
2

(

Aπ+π− − Āπ−π+

)

6= −
(

Aπ0π0 − Āπ0π0

)

, (14)

is found, this would mean there is CPV NP in the
∆I = 3/2 amplitude. The relative phases between the
Aπ+π− and Āπ−π+ amplitudes and between the Aπ0π0

and Āπ0π0 amplitudes can be measured in entangled
ψ(3770) → DD̄ decays. In addition, the phase between
the Aπ+π− and Āπ−π+ amplitudes can be obtained from
the time dependent D(t) → π+π− decay. Similarly, the
phase between the Aπ0π0 and Āπ0π0 amplitudes can be
obtained from the time dependent D(t) → π0π0 decay.
The magnitudes of the amplitudes can be measured in
their respective time integrated decays. We can thus
form an experimental test. If

1√
2

∣

∣Aπ+π− − Āπ−π+

∣

∣ 6=
∣

∣Aπ0π0 − Āπ0π0

∣

∣, (15)

then a ∆I = 3/2 NP amplitude has been discovered.
While the above formalism has been written down for

D → ππ decays, it applies without changes to D → ρρ
decays, but for each polarization amplitude separately.
The I = 1 ρρ combination is absent in the limit of nar-
row ρ resonances due to Bose symmetry. Since J = 0
then S = L, while the symmetry of the ρρ system un-
der particle exchange is (−1)L+S+I [25]. The corrections
due to finite ρ width can be controlled experimentally
in the same way as in B → ρρ decays [26]. As long as
the polarizations of the ρ resonances are measured (or
if the longitudinal decay modes dominate, as is the case
in B → ρρ decays), the search for ∆I = 3/2 NP could
be easier experimentally in D → ρρ decays since there
are more charged tracks in the final state. The most
promising observable where polarization measurement is
not needed, is ACP (ρ

+ρ0), which if found nonzero (af-
ter the correction for the effect of finite ρ decay widths)
would signal ∆I = 3/2 NP.

B. D → ρπ decays

Another experimentally favorable probe is the isospin
analysis of the D → π+π−π0 Dalitz plot in terms of
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the D → ρπ decays. The isospin decomposition for D0

decays is

Aρ+π− = A3 + B3 +
1√
2
A1 + B1, (16)

Aρ0π0 = 2A3 − B1, (17)

Aρ−π+ = A3 − B3 −
1√
2
A1 + B1, (18)

and for D+ decays it is

Aρ+π0 =
3√
2
A3 −

1√
2
B3 +A1, (19)

Aρ0π+ =
3√
2
A3 +

1√
2
B3 −A1, (20)

where A3,B3 are the ∆I = 3/2 amplitudes for I = 2, 1
final states, while A1,B1 are ∆I = 1/2 amplitudes for
I = 1, 0 final states, and we have assumed that the
∆I = 5/2 amplitude is negligibly small (since these in-
teractions are small and CP conserving they would in-
troduce corrections to our result that are only quadratic
in small parameters). The D → π+π−π0 decay is domi-
nated by the isospin 0 final state [27], which means that
the reduced amplitude B1 is expected to be the largest.
From the Dalitz plot for D0 → π+π−π0 one can mea-

sure the relative phases of Aρ+π− , Aρ0π0 and Aρ−π+ , as
well as their magnitudes. The sensitivity to phases comes
from the overlaps of the ρ resonances in the Dalitz plot.
This means that the magnitudes and phases (up to an
overall phase) of the reduced matrix elements B1, A3,

and B3 +A1/
√
2 are measurable. If the time dependent

Dalitz plot is measured then the relative phases between
the Ai and CP conjugate Āi could be measured.
We first discuss CP asymmetry sum rules that can be

obtained from time integrated Dalitz plot measurements.
We again employ a notation in which the strong and weak
phases of the SM and NP contributions appear explicitly,
as in (9). The notation we use is the straightforward gen-
eralization of (9), with δA1,3, δ

B
1,3 the SM strong phases,

φA1,3, φ
B
1,3 the SM weak phases, A1,3, B1,3 the magnitudes

of the SM reduced amplitudes, while NP contributions
are denoted by small letters, A→ a, B → b. By conven-
tion, the strong phase of the SM amplitude A3 is taken
to be zero, δA3 = 0. The weak phases of the SM tree am-
plitudes A3 and B3 are also zero, φA3 = φB3 = 0. There
are two combinations of measured amplitudes that are
proportional to ∆I = 3/2 amplitudes

Aρ+π0 +Aρ0π+ = 3
√
2A3,

Aρ+π− + 2Aρ0π0 +Aρ−π+ = 6A3.
(21)

A measurement of the second sum can be obtained from
the D0 → π+π−π0 Dalitz plot. If the related CP asym-
metry

|Aρ+π−+2Aρ0π0+Aρ−π+|2 − |Aρ−π+ + 2Aρ0π0+Aρ+π−|2

=36
(

|A3|2 − |Ā3|2
)

= 144A3a3 sinφ
a
3 sin δ

a
3 ,

(22)

is found to be nonzero, this would mean that the NP con-
tribution a3 is nonzero. If it is found to vanish, it could
still be that this is due to the strong phase difference δa3
being vanishingly small.
Assuming that this is the case, i.e. that δa3 = 0, one

can still test for the presence of ∆I = 3/2 CP violating
NP. The weighted sum

2
(

|Aρ0π0 |2 − |Āρ0π0 |2
)

+

|Aρ+π− +Aρ−π+ |2 − |Āρ+π− + Āρ−π+ |2

= 12
(

|A3|2 − |Ā3|2
)

+ 6
(

|B1|2 − |B̄1|2
)

,

(23)

measures whether there is direct CP violation in the A3

or B1 reduced amplitudes. Let us assume that (22) is
found to be vanishingly small, so that |A3| = |Ā3|. If the
sum (23) is found to be zero as well, while the individ-
ual CP asymmetries are nonzero, this would be a strong
indication for ∆I = 3/2 NP. Again,as in the case of ππ,
there is a caveat, namely that it is possible that there is
no direct CPV in B1 even though there are weak phases
in B1. For instance, this would be the case if the strong
phases for terms with different weak phases in B1 would
be the same. The individual CP asymmetries would then
be nonzero due to interference of B1 with the other am-
plitudes, rather than ∆I = 3/2 NP.
A definitive answer can be provided by another test

that is directly sensitive to the weak phase of A3. This
test is possible if the time dependent D(t) → π+π−π0

Dalitz plot is measured. In this case the relative phases
between the D0 → ρπ and D̄0 → ρπ amplitudes can
be obtained (alternatively one could use time integrated
entangled decays of ψ(3770) at the charm factory). The
presence of a weak phase in A3 can then be determined
from the following sum-rule

(

Aρ+π− +Aρ−π+ + 2Aρ0π0

)

−
(

Āρ−π+ + Āρ+π− + 2Āρ0π0

)

=

6
(

A3 − Ā3

)

= −12ia3e
iδa3 sinφa3 ,

(24)

where in the last stage we use the fact that the SM am-
plitude A3 does not carry a weak phase. Thus, a non-
vanishing result for (24) would provide definitive proof
for ∆I = 3/2 NP. A similar sum rule for the CP asym-
metries rather than the amplitudes was given in (22).
In that case the time integrated Dalitz plot suffices to
determine the sum rule inputs.

C. D → KK̄π decays

The isospin decomposition for the D0 decays is

AK+K̄0π− = B1 −A1 + C3 + B3, (25)

AK+K−π0 = B′
1 +

1√
2
A1 +

√
2C3 + B′

3, (26)

AK0K̄0π0 = −B′
1 +

1√
2
A1 +

√
2C3 − B′

3, (27)

AK0K−π+ = −B1 −A1 + C3 − B3, (28)
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and for the D+ decays it is

AK+K̄0π0 =
√
2B1 +

3√
2
C3 −

1√
2
B3, (29)

AK+K−π+ = −B1 +
√
2B′

1 +
3

2
C3 +

1

2
B3 −

1√
2
B′
3, (30)

AK0K̄0π+ = −B1 −
√
2B′

1 +
3

2
C3 +

1

2
B3 +

1√
2
B′
3, (31)

where B3,B′
3, C3 are ∆I = 3/2 amplitudes for I = 1, 1, 2

final states with the two kaons in the I = 1, 0, 1 isospin
state, while A1,B1, B′

1 are ∆I = 1/2 amplitudes for
I = 0, 1, 1 final states with the two kaons in I = 1, 1, 0
isospin state. The same results apply for D → K∗K̄π,
D → KK̄∗π and D → K∗K̄∗π decays (and decays with
a ρ instead of a π in the final state) with obvious replace-
ments.
In the case of D+ decays it is possible to construct a

purely ∆I = 3/2 matrix element by summing only three
decay amplitudes, while in the case of D0 decays four
amplitudes are needed. For this reason we only consider
the D+ decays. For instance, for D+ decays to K∗K̄∗

resonances we have for each polarization (to shorten the
notation we do not show the polarizations explicitly)

√
2AK∗+K̄∗0π0 +AK∗+K∗−π+ +AK∗0K̄∗0π+ = 6 C3.

(32)

Thus, if the CP violating difference

|
√
2AK∗+K̄∗0π0 +AK∗+K∗−π+ +AK∗0K̄∗0π+ |2

− |
√
2ĀK∗−K∗0π0 + ĀK∗−K∗+π− + ĀK̄∗0K∗0π− |2,

(33)

is found to be nonzero, this would mean that there is
∆I = 3/2 NP. The relative phases of the three ampli-
tudes can be measured in the five-body decay D+ →
K0K−π0π+π+ and its CP conjugate. All three reso-
nant decays, D+ → K∗+K̄∗0π0, D+ → K∗+K∗−π+ and
D+ → K∗0K̄∗0π+ are part of this final state. The rela-
tive phases between the amplitudes can then be obtained
from the overlaps of the resonances in the five body final
state phase space.
A somewhat more complicated possibility is repre-

sented by the D → KK̄∗π and D → K∗K̄π decays.
A test that is similar to (33) can be devised for each of
the two sets of decays. If either one of the CP violating
differences

|
√
2AK+K̄∗0π0 +AK+K∗−π+ +AK0K̄∗0π+ |2

− |
√
2ĀK−K∗0π0 + ĀK−K∗+π− + ĀK̄0K∗0π− |2,

(34)

and

|
√
2AK∗+K̄0π0 +AK∗+K−π+ +AK∗0K̄0π+ |2

− |
√
2ĀK∗−K0π0 + ĀK∗−K+π− + ĀK∗−K+π− |2,

(35)

is found to be nonzero, this would mean that there is
∆I = 3/2 NP.

In order to experimentally construct (34) or (35), the
magnitudes of the amplitudes and their relative phases
need to be measured. To determine the relative phase
differences a number of four body decays and their CP
conjugates need to be measured. The phase difference be-
tween AK∗+K−π+ and AK0K̄0∗π+ can be measured from
the decay D+ → K0K−π+π+ (the two amplitudes ap-
pear in (35) and (34), respectively). The phase differ-
ence between AK+K∗−π+ and AK0∗K̄0π+ can be mea-
sured from the decay D+ → K+K̄0π−π+ (they ap-
pear in (34) and (35), respectively). In order to com-
pletely fix all of the required phase differences, the de-
cay D+ → K0K̄0π0π+ or the decay D+ → K+K−π0π+

also needs to be measured (as well as the CP conjugated
decays of all the above mentioned modes). From the
resonance overlaps in the decay D+ → K0K̄0π0π+, the
relative phases of AK∗0K̄0π+ , AK∗+K̄0π0 and AK0K̄∗0π+

can be obtained, so that (35) is fully determined. Sim-
ilarly, from the decay D+ → K+K−π0π+ the relative
phases of AK+K̄∗0π0 , AK∗+K−π+ and AK+K∗−π+ can be
obtained so that, (34) is fully determined.

D. Ds decays

It is also possible to search for CP violation in ∆I =
3/2 amplitudes using D+

s → K∗π decays. The isospin
decomposition is

A(D+
s → π0K∗+) =

√
2A3 −A1,

A(D+
s → π+K∗0) = A3 +

√
2A1.

(36)

The two decays can be measured from the common Dalitz
plot for D+

s → KSπ
+π0, which has K∗+ and K∗0 bands

that overlap with the ρ+ band, while the two K∗ bands
do no overlap directly. From the Dalitz plot analysis one
can deduce the phase difference between the two ampli-
tudes and construct the quantity
√
2A(D+

s → π0K∗+) +A(D+
s → π+K∗0) = 3A3. (37)

Direct CP violation in this sum, i.e.,

|
√
2A(D+

s → π0K∗+) +A(D+
s → π+K∗0)|2−

|
√
2A(D−

s → π0K∗−) +A(D−
s → π−K̄∗0)|2 6= 0,

(38)

would necessarily be due to ∆I = 3/2 NP contribu-
tions. Additional information on the absolute value of
|A(D+

s → π+K∗0)| can be obtained from the D+
s →

π+K+π− three body decay.
An analogous test using Ds → ρK∗ decays also ex-

ists, with expressions obtained from the above via the
replacement π → ρ and valid for each polarization sep-
arately. The relative phase between A(D+

s → ρ0K∗+)
and A(D+

s → ρ+K∗0) can be measured from the four
body decay D+

s → π+π−K+π0. The absolute magni-
tude |A(D+

s → ρ0K∗+)| can be obtained from the more
easily measured decay D+

s → π+π−KSπ
+, and can be

used as a further constraint.
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In most of the manuscript we kept the final states K0

and K̄0 mesons explicit in the notation. When measure-
ments are performed they will be part of the KS me-
son. In checking for the presence of ∆I = 3/2 NP one
thus needs to keep track of the CP violation in the neu-
tral kaon system. This effect cannot be neglected as it
generates CP asymmetries of order ǫK . However, this ef-
fect can be taken into account explicitly by appropriately
modifying the above sum rule equations and also by cor-
recting for the time dependence efficiency for detecting
the KS [28].

IV. CONCLUSIONS

We have presented a set of isospin sum rules for CP
asymmetries in singly Cabibbo suppressed D decays that
can be used to test for NP explanations of the measured
∆ACP = ACP (D → K+K−) − ACP (D → π+π−) that
originate from a ∆I = 3/2 matrix element. The sim-
plest test only requires the measurement of ACP (D

+ →
π+π0). If this is found to be nonzero then one has dis-
covered NP in the ∆I = 3/2 transition. The same is true
if ACP (D

+ → ρ+ρ0) 6= 0 is found. Similar sum rules

involving several D → ππ, ρρ, ρπ,K(∗)K̄(∗)π,K(∗)K̄(∗)ρ
or Ds → K∗π,K∗ρ decay amplitudes were also derived.
The isospin sum rules (22), (34), (35), (38) only re-
quire time integrated measurements, while the isospin
sum rules (15), (24) need time dependent measurements.
Generically, if this type of NP is responsible for the bulk
of the measured ∆ACP , then violations of the isospin
sum rules at the order of ∼ O(0.5%) can be expected,
while the sum rules would be zero in the SM, up to cor-
rections that are second order in isospin breaking.
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