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Inelastic rescattering and CP asymmetries inD—a*w~, 7’n°
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We study direcCP violation induced by inelastic final state interaction rescattering - == modes, and
find that the resultar® P asymmetry is about I0f which is larger thare’ in the K system. Our estimation is
based on well-established theories and experimentally measured data, so there are almost no free parameters
except the weak phas®; in the CKM matrix.
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I. INTRODUCTION As the observation concerns hadron products, the strong
final state interaction is not negligibjJ@0] andCP asymme-
The study ofC P violation phenomena is so important for try may occur due to phase shifts in the rescattering. Re-
understanding the mechanisms in particle physics that theently, by studying the single pion exchange inelastic final
subject has attracted great attention from both experimentastate interactiofFSI) for D— VP processes, we pointed out
ists and theoreticians of high energy physics for several detat the inelastic strong FSI due techannel particle ex-
cades already. The first and so far only observatio€8f  change may play important roles for produci@ violation
violation is the measurement efin the neutraK system, as jn D and B hadronic decay§l1]. A very recent estimation
€~2.3x107° [1]. The nonzeroe is due to mixing of py Blok, Gronau, and Rosnét2] shows that the inelastic

K°—K?O through box diagrams, which is theoretically evalu- S| for B— m, KK may produceCP asymmetry as large
ated at the quark level, and the result predicts an approximat(g\,5 10-20 %, disregarding time-dependBnB_mixing ef-

s o s QU] e, e OO oG i . G opaoe vasen
P mechanism, thé®°%-D® mixing is small compared t&°-B°

not been reliably measured yet; it is believed thate is :
nonzero and is )elzxpected to t)J/e between4and 3x 10-3 [13,14), even though models beyond the three-generation
[1] standard model may result in a larger mixing effétb].

In the well-known theory, the mechanism resulting in a_RecentIy, Browder and Pakvaktb] restudied experimental

nonzeroe’ is due to the interference of two pions in neutral implications of largeCP viola_tion and final state interactions
K decays(3], and all the details are given in R¢#]. Since  (FSI'S) in a search forD-D® mixing and they concluded
27 can be in botH =0 and 2 isospin eigenstates, if the two that the FSI is important. Close and Lipkid7] studied a
isospin channels have different weak and strong phases, thdlPSsible strong FSI due to exotic resonanceB iexclusive
interference would result in @P asymmetry proportional to decays. They constrain their analysis at the most Cabibbo
sin(,— &,)sin(6,— 6,) where &, is the weak phase ané, fgvored phannels Wh_ere the. rescattering is elastic onI)_/. Ob-
corresponds to the phase shifts emerging in the strong inte}ously, it would be interesting to studgP asymmetry in
action rescattering processeslsf0 and 2 channels, respec- the D system due to the inelastic strong FSI. _ _
tively. In D— 77 decays, there are both elastic and inelastic
Generally, direciCP violation must be realized through rescatterings, in general, and amplitudesDef 777 should
interferences between at least two amplitudes having differbe
ent weak and strong phases, no matter at quark or hadron
levels. The weak phase is determined by an underlying
theory, for example, the Cabibbo-Kobayashi-Maskawa
(CKM) theory[5], two-Higgs-doublet moddl6], etc., while and
the strong phase can be either produced in the strong scatter-
ing at the hadron level as in thésysteni4] or may occur at TFSI=i >, (f|TIn)pn(n|He D), 2
the quark level. If an absorptive part of loops exists, the n
strong phase is nonzero. For instance, in high energy pro- ) , .
cessesB physics[7], top quark physicgs], and high energy whgre!n) is a complete set of the st.rong mtgractlon states
collisions[9], the main part of the strong phases comes fronSalisfying four-momentum conservation, apdis the den-
the absorptive part of loops, even though in the hadronizaSity of states|n). At the Vs=Mp energy region, the most
tion process, the hadron rescattering can also cause a stroimgportant intermediate states arerm,KK,pp, K*K*,
phase. a,m,a,m,K{K. These intermediate mesons can be on their

T(D—f)=T"*D—f)+ T (D—f) (1)
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mass shell, thus real particles. The off-shell contribution carand
be attributed to the quark level because the intermediate par-

ticles are virtual. Ge — —
(2) = T \* — —
In our present paper we only consider the elastic Heri= \/EVCSVUS[a]_S’)/M(l ys)CUuy*(1—vys)s
77— ma and the inelastiK K— 77 rescattering processes o e
which have experimental measuremdr8] at the energy of +a,8y,(1-vys)suy*(l—ys)c]+H.c, (5

theD meson mass and therefore are well constrained. This is o )
different from theB meson case, where the inelastic scatterWhere the color indices are omitted amgl,a, are param-

ing wm=KK amplitudes can be only estimated by theoreti-eters’
cal modeld12]. Contributions from other intermediate states a,=Cy+E1Cy,  Ap=Cyot &y (6)
may modify the results by adding a factor of around unity,
but are unlikely to change the whole scenario and order oénd
magnitude of theC P asymmetry.
Considering the direct tree level transition amplitude, §1=i+ ' £,= 1 +r_2 @)
N, 2°

mm—mm andKK — 7 FSI, we have SN 27 NG

wherer, andr, correspond to a nonfactorizable contribution

T(D—7m)=T"YD—mm)+ T °(D—mm—mm) of the hadronic matrix elementa.@\?) [21],

+TFS(D—KK— 7). (3 c.+c c.—c

Cl - 2 ’ C2 = 2 ’ (8)

Here only the inelastic rescattering frokK intermediate
states can induce a dire&P violation, but not the elastic wherec. can be derived with the renormalization group
ones. Since the tree amplitude B°— 77 and KK have equation, numerically at the energy scale of the charm quark,
different weak phasesrg(Vi Vyg) and Arg(ViVyy), re-

spectively, and the phase shifts in the inelastic rescattering C;=126, Cp;=-05L
KK=m are nonzero, the interference between the twaBY fitting data, Cheng obtained =r,~—0.67 forD—PP

partsT"®(D— 7o) and TFS'(D—>KK_—> ) would result decay [21]. Then, in our later calculations, we us®
in a nonzeroCP violation. The contribution of elastic scat- =1.26 anda,=—0.51.

tering does not change the weak phaseTtfé(D— mr), As many authors suggested, we can ignore the contribu-
but they can cause a strong phase shiff{6¢. Namely, tions from theW exchange and annihilation quark diagrams
[22], and so the amplitude at the tree level can be obtained
Ttree(D— ) =T D — 7rrr) + TF (D — 77— 777) with the vacuum saturation approximation and nonfactoriza-
tion effects are absorbed into the parametgrandr,. We
=Tlreex fel?, have

wheref is a scattering probability amplitude. Gr
Moreover, bothD—KK and D— 7= are Cabibbo sup- ﬁ

pressed modes, and so their tree amplitudes have the same

order of magnitude. Even though one expects that the FSls X(w*|d_;/ (1— 75)(:|Do>

may change their relative ratios someh¢8], the order a

remains the same. Their interference may be large, since two F

parts suffer the same Cabibbo suppression. = —V*V g f.[ 12" (M3—m?)
Our numerical results show that tl@&P asymmetry can \/E

be about 10%. O] )
In the next section, we present the formulation for evalu- -

ating theC P asymmetries, in Sec. lll we give the numerical \yheref2™ are the form factors in thB to # transition. With
results, and Sec. IV is devoted to our conclusion and discusye multipole approximatiof23]

<7T+7T_|Hfalf)f|DO>: VegVugasf -p%

sion.

M+ —af) |

Il. FORMULATION f(a®)=F1(a®)=F1(qs) 2—_2 . (10
(M« —a%)

A. Tree level amplitudes

— MZD_qZ
The effective Hamiltonians forc—d+u+d and f(q2)=—( vE )Fl(qz), (11
D

c—s+u+ s are[20]
G where Mp«=2.010 GeV is the nearest poqunz=(MD
(1) _ ZF % - _ o —m,)2. In the following, we take the single pole approxi-
Hett \/Evcdvud[ald ¥u(1=7ys)cuy*(1—ys)d mation asn=1 in Eq. (10).
o o For D%— 797% andD°— K"K~ we have similar expres-
+a,dy,(1—vys)duy*(1—ys)c]+H.c. (4) sions. Ignoring theW exchange and annihilation, the tree
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amplitude forD®—KP°K? is zero and the transition can only T™S(D°— 7%7°— 7" 7w )=i(w* =~ |T|#°#°)
be realized through elastic and inelastic FSI rescattering.
The calculatedfgK values have been checked by using

the method given in Ref24] and found they coincide with

Xpo{mOmHEH(D%), (19

each other very well. But Roberts’ parametg2d] are ob- TFS(DO—K'K = mta ) =i(a 7 |TIKTK™)
tained by fitting the data of thB — K transition only, and so

the results off2™ obtained in the multipole approximation X pr(KTK~[HZH D).
deviate from that calculated in terms of the parameters of (15)

Ref. [24] assuming an S(3) symmetry. Therefore we later
take only the value$2™ obtained in the multipole approxi-

i With help of the isospin analysis, for the elastic scatter-
mation.

ing,
B. Elastic and inelastic FSI's 2 _ 1 _
The S matrix for the strong interaction is pAm m | T|m a™)= 3 o€ fo+ 3 12€ , (16)
Smn= Omn+ 21 VomTmnVon, (12)
where theT matrix is the nontrivial part determined by the pAmtw | T| w00 = \/%(‘Toei %o+ T,elf%), (17)

strong interaction Lagrangian.

It is noted that theés,,, term corresponds to a no-
interaction scattering transitiofor the trivial part of theS  whereTy,0, andT,, 6, are the measured scattering ampli-
matrix), and so is exactly the “tree” part of Eq1). For the tudes and phase shifts b0 andl=2 channeld18], re-
elastic and the inelastic rescattering contributions, the amplispectively. The transitions to the®#° final state have simi-

tudes read lar expressions.
ESl 0 . . . The contributions from the elastic FSI efr— 7 can
T a'n” —a'a )=in 7" |T|m"7) be absorbed into the tree amplitudes; in our case they do not

5 <7T+77_|H(2)|D0) provide a different weak phase from the tree amplitudes, but
P eff ' result in a strong phase shift. Including the elastic scattering,
(13)  the amplitudes foD°— 7" 7~ and #°#° can be written as

Ttree(Doﬂﬂi'W_)ETtree(DO—MT_F7T_)+TFSI(D0~>7T+7T_~>7T+7T_)+TFSI(DO~>7T07TO~>7T+7T_)

G 2 2 . 1 2 .
:\/—gvgdvudfw[fE”(M%—mi)Jrf?”mi] a;+|za;- \[ga2 iToe fo+ Fat \[ga2 iT,e' %2,
(18)
"-"l:tr(:.'E(DOH 77_077_0)E-|-tree(D0_> ’7TO’7TO)+TFSI(DO—> 71_+,ﬂ_7_>,71_0,71_0)_|_-|-FSI(DO_> 77_071_0_)71_0,”_0)
G 1 2 : 2 2 .
:\/—gvé‘dvudfﬂ[fE”(M%—mi)Jrf?”mi] ay+| 38z~ \[gal iTe P+ a2+ \@al)iTze'az :
(19
|
where the notatiofl "®® refers to the tree amplitude modified Thus
by the elastic scattering anj, 6; are measured values. inelastic; m0 o —FSI'm0 o .o
For the inelastic scatterin&KK— 7, there are experi- T D =ma ) =T (D KK =)
mental measuremenfd8] We can decomposk K~ and .
w7~ in terms of the basis of isospin as = EVESVUSfKal[fEK(Mé—mﬁ)
K"K )= —=[[1.0+[0,0] 20 L
\/E ' ’ K + f?Kmi]l §TKel HK\/M’

(22)
|’7T+7T>:[ \/§|0,0>+ \/§|2,0>} (22)

. wherepy /p.=\1—4mi/M35/\/1—4mZ/M3.
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Similar expressions can be easily derived forln the next section, we will present our numerical results of
TFS(DO—K K™ — 7079). R; andR,.
C. CP violation lIl. NUMERICAL RESULTS

As long as there are more than two channels with differ-

(i) All the CKM entries involved in our calculations have

ent weak and strong phases, their interferences can result feen measured, even though there are some uncertéitities

direct CP violation. If the total transition amplitud& is a
superposition of two independent amplitudesand A,,

while its CP conjugate amplitude is

T=Ae %1ei%14 Ao 19292, (24)

Thus a direciCP asymmetry is defined as
T[T
| TI2+[T]?

_ 2A1A;SIN( 61— 65)SiN( 1 — )
AZ+ AS+2A1A,C08 8; — 8,)COS 1 — ¢,)

(29)

In our case oD — 7" 7~ (w°#?), the two interfering ampli-
tudes are the modified “tree” pa'_ﬂ”f”ee(D—mw), Eq.(198),
and the pure “inelastic FSI” parf'"®'@st¢ given in Eq.(22),
which have different weak phasés and strong phases; .
For D°— 77%7° the expressions are similar.

Let us work within the framework of the CKM matr[4],

VydVeq=(€12C13)(—S1C23— C12823515€ 213)*,  (26)
VysVie= (S1£13) (C1aCoa— 155235146 713) . (27)
Thus
—C155735135INd13
8P~ "=arctan , 28
S12C231 C12573513C0013 8
S ind
SO—K= arctan 125235135IN013 (29

C12Cp3~ S12523513C0013

In Ttree(D0—>7T+’777)ETtree(D0—>7T+7T7)+TFSI(D0

Thus with the optimistic sif;=1, we have

SP—7T=3.2x1074-1.1x10°3, P~K=53x107°.

Later we will use the most favorable values for tB® vio-
lation calculations.
(i) We obtain, in terms of the dipole approximation,

f27(g?=m2)~0.8, f°7(g’?=m?)~—0.8,

f2(g2=mg)~0.7, °X(g%=m2)~—0.65.

(i) For the elastic and inelastic scatteringr= m,

KK=mm, the transition probability amplitudd and the
phase shiftd are experimentally measur¢g] as

To(mm=mm)~—0.48, 6,~308°,

Ty(mm=mm)~—0.45, 6,~-50°,

Tinelastic_ Ti( KK = mm)~0.1, 6( KK— ar)~310°,

for the energy range df1;. So by the notation of E(25)
sin(8,— 8)~—1.1x 103, while ¢,~310°, but ¢, of Eq.
(25 must be evaluated by Eq&l8) and(19), in our case.

(iv) The CP asymmetries. With the information given
above, we obtain

R;=—1.1x104, (32

R,=2.2xX10"%. (33

In these calculations we almost do not have any free param-
eters, except the CKM phasgg;. We have taken sifj;=1

and neglected the contribution from other intermediate
states. They may modify the results, but are unlikely to
change the whole scenario and order of magnitude o€CtRe
asymmetry. It is noted th&; andR, have opposite signs; as

—am—x"7), the weak phase is that of the tree ampli-a matter of fact, due to the uncertainty &f; in the CKM

tude asé®~ 7, while that of T™S(D°—K*K ==z 7 ") is

matrix, the absolute sign d&; is not important, but only the

5P~ therefore, they are different. One can also notice thatelative sign is meaningful.

|6°~K|<|8°~7| in this convention, even though the final
result is independent of the convention adopted in the calcu-

lations.
Later we will evaluate

R.— F(DO*MT*—W_)—F(W—W]T*—W_)
L D= at )+ T (DOt )

(30

B (D% 7%7%) — ' (D°— #%70)

- I'(D%— #%7°%) + F(FH om0

R, (3D

IV. CONCLUSION AND DISCUSSION

In this work, we discuss th€P violation effects caused
by the inelastic FSI rescattering b— 7" 7, 7°7° modes
and obtain theC P asymmetry ratios of order 10.

(i) The observed indirecEP violation in theK system
which is characterized by is of order 10 3. Even though
the directCP violation €'/ e has not been reliably measured
yet, present data incline to confirm it to be (%£.8.8)

X 10 3. Anyhow, one has many reasons to believe it is non-
zero and of order 10°—3x 10 3 [1]; namely, the superweak
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mechanism is almost ruled out by experiments. Our estima€abibbo suppressed, the decay rates could be smaller than

tion of D— 7KK shows that the diredE P asymmetries the Cabibbo favored channels by %ig roughly.
here are about 2 orders of magnitude larger than (iv) The branching ratio ofD—KK,7# is about 2
(i) In our expression, one can see that di@€tviolation % 1073, The production cross section of D°D? is mea-
is caused by the interference between the tree amplitudgured at BEP(26],
modified by the elastic rescatteriidenoted as "®® in this -
papej and that induced by the inelastic FSI rescattering o(D°D%=11.63-1.1 nb atBEPC energy.
while the two parts have different weak and strong phase
The interference is proportional to a product of the two am
plitudes|T'®¢| TS| and the differences of weak and strong
angles |sin(s®™— 8°K)sin(¢,— ¢,)|. There are two factors
which suppress th€ P asymmetry values. N=LX2X 103X X rxf, (34)
The first one is that in the framework of the CKM matrix;
the weak phase is about order fowhich is independent of wherelL is the luminosity,r is the measuring time period,
convention. andf is the observation efficiency.
The second suppression factor comes from the measured For the proposed charm-tau factorly, can reach 1%
strong phase differencésin(¢,— ¢,)|=0.3 and amplitude cm 2sec?, and so
Tk(KK— ) ~0.1.
As discussed in Ref§11,19, the final state interaction
effects can be described in a hadronic triangle diagram angdnere n is the number of necessary years. Since @fe
the absqrptive part of the loop gives riseto a strong phase. 'stmmetry is in the range of about ) and so to the rea-
our previous work, we only estimated the absorptive part andynaple statistical level for observation®@P violation, N at
stressed that the inelastic FSI is important in many processegast must be 176-1¢%; it would need a charm-tau factory
so that it cannot be ignored. The real part is hard to evaluatg:, 5 luminosity of 16* cm 2sec ! to run for 15 years.
properly because of the ultraviolet divergence and the ObEven though this number is not very encouraging, as sug-
taingd results would depend on the renormalization SChem%’ested by Browder and Pakvad], if there is new pr’lysics
In this work, as suggested in the literatii5], we only deal  \hich can provide us with a larger weak phase, the observa-
with the FSI; namely, the intermediate hadrons are real pafion hecomes very possible. Even with this sn@ asym-
fucles, L.e., on their mass shell. The _dlsperswe part of t.he IOOI?hetry, there is still the possibility to make the measurement.
is small compared to the tree amplitude, and in fact, its con- Therefore, for measuring dire€P violation which is one
tribution is effectively absorbed into the phenomenologicalof the main ,interests in the field of high energy physics, a

parametera, ,a, which may slightly deviate from the values ;' minosityr-charm factory would be extremely helpful.
derived in terms of the renormalization group equation, in

our case(m_)te that it is not always trl)eThus: we use iny ACKNOWLEDGMENTS
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_Sl“aking the most optimistic values evaluated in the frame-
work of CKM theory, the number of events for observing the

Cabibbo suppressed decay chaniizls KK, would be

N~7.3x10fx fxn,
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