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HADRO AND PHOTOPRODUCTION OF CHARMS AT FIXED TARGET

G. Bellini
Dipartimento di Fisica - Universita’ di Milano
Istituto Nazionale di Fisica Nucleare - Sezione di Milano
Via Celoria, 16 - 20133 Milano - Italy

The results summarized in this paper concern only recent data, obtained at fixed
target on open charms, which can compete with e*e” data and can be directly and
significantly compared with the theoretical models. They have been collected at photon
and hadron beams at CERN and FNAL (and at IHEP) in various experiments, listed in

Table I. :
This paper consists of six sections, devoted to the following topics: production

mechanisms, new decay channels of charmed baryons, lifetimes, charm hadronic decays,
charm semileptonic decays, CP violation study.

Table I
Experiments Beam Energy
(GeV)
NA14/2 7 95*
E691 7 145*
E687 7 220*
NA32 T 230
WA75 T 270
E769 % 250
WA78 T 320
WA82/92 T 340
E653 T 500/600
E791 T 500
WA89 z 330
EXCHARM n 10

* For photon beams the quoted value is the average y energy.

1. Production mechanisms

The more .:nortant parameters, which are experimentally measured to study the

production mechanisms, are the following:

- the total cross sections;
- x¢, p, and the leading particle effect, in the inclusive measurements;



. . . - Lor&. o
- the acopianarity angie, pADD),Y.M(DD),—— , in the doubie tag events.

beam

The experimental data are compared with:
the previsions of the perturbative QCD [photon-giuon fusion; giuon-gluon fusion]

9]
caiculated in the Leading Order (LO) and Next-to-Leading Order (NLO)

approximationsi==-+3);

the simulations of LUND-PYTHIA code. In this programme the photon-giuon and

the gluon-giuon fusion model is appiied at the LO approximation with NLQ

corrections incorporated in the leading logarithmic approximation (Shower model).

In addition the fragmentation mechanism is inciuded using the string model;

the simulations of HERWIG cede. This programme is very similar to the previous

one, but the fragmentation mechanism is simulated by means of the cluster model.
The perturbative QCD caicuiation is strongly sensitive to the renormalization scale

i)

ii)
u. It is generaily assumed equal to ¥, and it is allowed to range between T and 2M..

1.1. Total cross sections

The NLO corrections give important contributions to the cross sections especially

in the hadroproduction case. In Fig. 1 the total cross sections a(mv —cc) and o(aN —cc),
measured at various energies, are fitted using the NLO perturbative QCD. In both cases

the best fit gives u=M . =15 GeV, which is a very reasonable value. The theoretical errors

are very large; they are due to the uncertainties on Ay,yp, M, and higher order

corrections.

1.2 Inclusive measurements

— o p . : ey . 2 - - . .
¥. - The differential cross sections — as measured by NA14%), E6917), E687, are in good
Le

agreement each to others). Thev show a maximum at ~0.2, while the NLO calculations
(which differ very little from the LO approximation) give a distribution with a

maximum at 0.5.
This disagreement is interpreted as due to the fragmentation effects, which shift the

experimental distribution to lower x- values.
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Fig. 1 - Total cross sections of cc production at various energies.
full line curve is the NLO calculation with

a) Photon beam. The
u=M,=1.5GevV centrai value; the error band is limited by the dotted curves.
b) 1 beams. The legenda of the theoretical curves are the same as in Fig. 1a.



On the other hand in hadroproduction the agreement between experimental
results and NLO previsions is quite good. The experimental distributions are welil fitted
by 2% - &(1-x.)", where n=3-2 for incident = and ~3-8 for baryon beams®). This different

LXg
behaviour in photon and hadroproduction can be interpreted as an effect of dragging ot

the charm quark by the proiectile quark spectator (the so cailed color drag).

p. - Also in this case the NLO corrections, with respect to the LO approximation, are

very smail.
In photoproduction the p, distributions are weil reproduced by the exponential:

(1

LV L—
—=4dex (ap; +0p;)
o7

<p; > and the best tit vaiues tor a and b, as obtained bv E687 and E69T, are summarized in

Table II.

Table II
j a b <p:>
| (GeV/c)2
E687 | -0.85-0.02 0.03:0.01 1.51+0.02
E691 | -1.07=0.05 | 0.04+0.01 1.16+0.04

There is a basic agreement between the values displaved in Table II and the NLO

expectations?), if we assume a mass vaiue M.=1.2GeV, which, on the other hand, seems

too low.

The hadroproduction experiments use an exponential exp(-op;) to fit the lower part
or the spectrum. In order to tit aiso the higher values, a distribution like (1) has to be
oreferred or an exronential like wri-ap,), as used bv WAS2 and E76910). The average
<Pr > value (~1 CeV) is well repreauced by the LO caiculations.

Leaaing. In the production or charmed states a kinematic correiation may arise if a light
quark in an initial state particle is transterred to the produced charm meson. This could
resuit in a leading particie erfect. which can be studied bv analvzing the kinematical
behaviour or the produced particies sharing a valence quark with the beam. The

asvmmetry parameter (1) is measured as function ot x. and p,.

_ VNlleading — N (nonieading ) 2)
Y (leaaing )+ N (nonieaaing )




The asvmmetrv parameter A, integrated over x.>0, gives a verv smalil etfect. On
:he other hand, recently WA82!! and E769!2) measured A as a function of x, and p,-
The asymmetry is growing up as x increases, reaching values 20.5 for z,20.6. If we
combine the data of the two experiments the etfect is statistically significant (see Fig. 2).

A similar studv or A vs p; gives a tlat distribution, consistent with zero.

In the photon giuon fusion ¢ and ¢ quarks are produced with the same cross
section if we limit the caiculations to the LO. In the NLO the ¢ is slightlv favoured with
respect to the ¢ quark, giving riseto a smail asymmetry (Fig. 2), which is positive for
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Fig. 2 - The leading particie asvmmetry vs x... The dashed line is the NLO calculation.
The dashea-dotted line is the LUND-PYTHIA simuiation (see text);

Tuch more lower than wnat it is experimentailv observed.
Possible expianations of this discrepancy are tased upon non-perturpative etfects, as

an erfect of dragging or the charmed quarks due to an interaction with the spectator

cuark. This effect has teen impiemented in LUND-PYTHIA program. The trend agrees

vith the experimentai resuits, even if the predicted A vaiues are too high (Fig. 2).
and have compared them to

arged D and D' containing a ¢ quark!1l). But the expected asymmetry is definitively

D -. E769 has studied the inciusive distributions tor D™
5513). These distributions could ce different because the hadronization process can
Jiffer between pseudoscaiar and vector mesons. The x.,p, distributions and the leading



particie effects have been studied and appear to be consistent, within the errors, with the

results obtained for D's.

A dependence. As it is weil known the cross section dependence on atomic mass of the
target material is parametrized as 4“. New resuits have been obtained recently by

WAS8214) and E76913), toth using a = veam. E769 analyzes separately the p and D

sampies. The resuits are dispiaved in Table I

Table III
Expt. ptbeam) produced a XF range
! (GeV) ‘ charm
WA82 | 340 | p°.p- 0.92:0.06 - >0.0
E769 | 23 | pep- 1.0+0.05+0.02 >0.0
E769 | 230 f h* | 1.0+0.007+0.02 >0.0

1.3 Correiations

The DD correlations can be studied using samples of double tag events, where both
the D's are reconstructed. The D decay channels taken into account are the golden
modes: K, Kzz. Kzzzx. Significant statistics of double tag events have been obtained by the

experiments listed in Table IV.

Table IV
Expt | Incident particles Ebeam Sample of double
tag events
E687 | 1 220 325
NA14/2 | , | 92 2
NA32 i - ! 230 557
WA75 I = l 270 177

In addition, more recently, WA9216) sejected a sample of 81 events, where only
one D is fullv reconstructed, while the second secondary vertex is identified and its
possible correiation with strange particle decays is ruled out. For this sampie oniy the

DD acopianarity angie can be measured.



DD acoplanarity angie.- It is the angle between the D and D flight directions in a plane
transverse to the beam axis. In a simple LO approach this angle has to be =x. The
radiative corrections introduces an important smearing, which agrees with the
experimental distribution in photoproduction3.17) (see Fig. 3a), but is definively
inadequate to reproduce the data obtained in hadroproduction (see Fig. 3b - the data are
from NA32, but WA75 and E653 give very similar distributions).

The experimental data can be well reproduced by the LUND simulations, where
the intrinsic ptof the incident giuon is modelled as a Gaussian distribution with
o~1GeV/c for photoproduction and ~1.7 for hadroproduction. But a pt ~1.7 GeV/c
seems definitively too high.

Very recently WA92 measured a less smeared distribution (Fig. 3c), which can be
reproduced by a simple LO approach with in addition a o(pf**)=1GeV/e.

If this last result is true, it is possible to foresee a common explanation for photon
and hadroproduction. But, first of all, we have to understand the discrepancy between
WAS92 and the other hadroproduction experiments (the selected sample represents only

the 20% of the total statistics collected by WA92).
ay - It is the difference between the D and D pseudorapidities. It shows a reasonable

agreement with the NLO approach, both in photoproduction and hadroproduction.
Good agreement has been obtained also by comparing the experimental distribution
obtained by E687 and the LUND calculations, with o(pf“**)=0.44 GeV/c.

p.(DD)-It is the transverse momentum of the DD pair. The experimental results seem

larger than the Lund prediction with o(p8“*)=0.44;
M(DD)-It is the invariant mass of the DD pairs. The situation is very similar to that of

p.(DD).
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Fig. 3 - Acoplanarity angle.
a) Photoproduction: E687 data. The full line histogram is the NLO calculation;
b) Hadroproduction: NA32 data. The full line histogram is the NLO
calculation;
¢) Hadroproduction: WA92 data. Dotted line: NLO (A =330); full line: LO with

O(P7) guon = 1(GEV / ©)2; dotted line: LO with ot P?)suon =3 (GeV/ 0)2.



2. Charmea Barvons

s st

The most important resuits acnieved in these last two vears on charmed barvons,
concern: the conrirmation or the Q., new decayv channeis of charged and neutrai =.; A.
Cabibbo suppressed decavs and ... dJecays allowed by mechanisms different from a

imvie spectator. Mostly of them nhave teen optained bv E687.

“h

1)

1 o

13
L3

A rirst evidence for Q?, consisting of 3 events, has been obtained in 1985 by
"WA6218) in the channel =°X¥~="z" ‘mass = 274020 MeV).
In 1992 a conrirmation was obtained bv ARGUS!?) (1227 events in the channei

7.722.5 MeV) and by E58720) (10+4 events in the channei Qz;

/
mass=2:03.9=3.5=2.0 MeV). ARGUS has shown aiso evidence for the decay channei

Q 7z ="z (6.5=3.2 events; mass: 2713=3.1 MeV)21). But no evidence for the two decay

ie

channeis: Z°X¥~="7" and Q z"z 7" have been found by CLEO and E687 (these channelis,
compared with the Qz, have many more combinations falling into the expected signal

region).
More recently E687 found evidence for Q! into the decay channei

QI KK 7

with I~ decaving both into pz’ and »z”~. The analvsis proceeded by identifying a kink
between a microvertex track uniinked with a spectrometer track and a proton (z7), c
identified , tracked in MWPC'’s or the spectrometer. From the proton (z*) momentum
and the kink angie it is possible to obtain the £~ momentum with a two fold ambiguity,
via a zero constraint tit. The ambiguity can be soived chosing the best fit soiution and, in
some case, bv means ot the hadron calorimeter, which detects the secondary neutron.

— .
~ue o in

e exvected siort lifetime, no detachment cut has been introduced, but oniv

isolation cuts.
A preliminary sampie or 3=/ events has been obtained, which is used to measure
the 7 lifetime. In Fig. <a.b,c the rwo samples (I~ —prx’ and I~ —nax") are piotted

-

separately and superimrosed each to other. In ail three pliots the mass and its o are very
weil consistent each otner (from the totai sampie M, =2698+1.59 MeV ).
similar anaivsis procedure ES87 obtained evidence also of the

3v means of a

channei:

QI —-Z7X°K?

(21.3428.37 events) with a mass at 2709=3.7 MeV (see Fig. 3).
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Sven ir e have presentiy saverai independent evidences for Q?, zevertheiess the
situation is not so contortable, tecause no one of the detected decay channels are found
by two experiments (the WA62 evidence for =X "z"z" is very week, consisting of only 3

events).

e
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S
4

28 23 2.0
mass (GeV/c*)

Fig.> - =°X"K? mass plot.

z

1.
(18]
]

ITTTT (2T —A’TT A’ —pr7) has been studied by E68722) and

The decav channei: Z"z7x7 (=
WA8923). The E3S87 anaivsis procedure accepts oniv =~ decaving downstream the

microvertex: then its track is reconstructed with high resolution bv means of the

microstrip detectors. The total samvpie consists of 29.7=7 events and it is used by E687 to
measure the =7 lifetime.

The evidence cotained tv WAS9 is verv good.
"), with respect to the nominai cne, shows that

i
Y

but the mass shift of -15 MeV

opserved aiso in the channel \&ToTx
some svstematic tias 1s probablv stiil cresent.

Zvidences rfor rursher new channeis are listed in Table V.

Tle decav channel I —Z7x
events and it has teen obtained foilowing an anaivsis procedure very similar to that

<4
-

="z" has peen studied bv E687. The signai consist of 42:10

adopted for =7 and descrited in 1.2. This sampie is used by E687 to measure the

lifetime<s).
Further evidences are mentioned in Table V.



Table V

‘ Channel Experiment (s) L Signal
[ =:
| Tk T o E587, 182=53
! previousiv observed bv
! NA3228) with a signal
| consisting of 3 events
,’ < | E687 1423
' VK=" E687 preliminary
| EXCIHARMZ23) 68/248
WA8923) preiiminarv
| KKz % | EXCHARMZ3) 38/14
Qx-=" ( E687 very preliminary
c-g- | E687 | 20+8 (preliminary)
R | E687 26+9 (preliminarv)
APK 0 (398) | EXCHARM | 50/61

2.4 A3
[ wiil mention here oniy tive new measurements obtained by E687.
A signal orf 14z6 events has been obtained by E687 studving the channel

7Y (T —pr’). A simpie spectator mechanism is forbidden for this decay, which can go

via a W-exchange.

The E687 anaivsis proceeded bv searching for a kink between the microvertex track
‘not linked to any MWPC track) and an intersecting MWPC track (not linked to any
proton momentum and the kink angie allow the =~

momentum to pe cetermined Wit a two-rold ambiguity, which is soived using-the

microvertex :rack). 1ie

contidence levei.
The Branching Ratio has been measured with respect to the channei £™z"z~, which

Joes via a normai spectator process. The resuit is:

D=4
_Ji%m).m:o.osszo.o-t&

B(I")

. L . ~ . . . ~=y
in agreement with the Cleo determination« /.
The quoted number for this B.R. is reiativeiy high. The contribution of final state

interactions in the spectator process can be an hypothesis.



The Cabibbo suppressed cecayvs: X X7, pr x7, pa s z7x7, previously observed oniv

bv NA32 with very few events (4,4,3, respectively)26), have been confirmed by E68728).

) . . . . - ; {
In the seiection of the decay A\ —pk "K'~ a cut on c:=;{37=£< 5%cty=0.0323cm was
. 2
adopted in addition to the usual detachment (%_36, ana isoiation cuts. The signal

consists of 35.4=10.3 events.
The Branching Ratio with respect to a Cabibbo allowed spectator process has been

measured and the preiiminary resuit is:

S R - 0.096%0.029£0.010
3(pK™x7)

. . . - 3
A cut ono mass ailows to estimate the same B.R. fora’? —rplD(%( 0.58:90% C.L.).
S(pK T

The selection for the two rurtner C.S. decays: pr”z” and pr ="z 7~ as been done by
E687 requiring, in addition to the usual cuts, that M (z"7")and M(px) wiil be inconsistent
with 3(K°) ana A (A”), respectively. The signals consist of 26=9 (pz™z") events and 40+10

(pz~="="=7). The measurement ot tne B.R. are in progress.

P

2. Lifetime
The use of the “reduced proper time” and the choice of the “binned maximum
likelihood” method are two important steps of the procedure followed in order to

measure the lifetimes.

In the studv of the heavv tlavours the “detachment” cut ¢/ is largelv used as an
. . /o, 3

important tool to disentagie the signal (¢ is the distance in the space between primary
and secondary verrices; o, is its error). This cut distorts the exponential distribution of
the measured proper time, which ccouid be corrected by an heavy use of the Monte Carlo
simuiations. A better solution s 0 repiace the proper time with the reduced proper
restores the exponentiai. thus minimizing the Monte
systematic errors induced by the simulation. A
distripution like s/ e™ T is usea in the fits, where f(:') is a correction function, which
takes into account the geometrical acceptance, the analysis cuts, the absorption in the

target, the decav of charm secondaries.
Another important tooi to minimize the systematic errors is the use of the binned

-1m r=ii=NG, P, wnich neari}‘

.....

Cario corrections and then tne

maximum likeiihood method which avoids a modelling of the background. Following
this method, the ¢ distribution of the events present in two sidebands (data above and
beiow the particie mass peak) are fitted and the resuit is used to determine the

background underneath the signai.
The predicted number of events »; ina ' bin is given by:



v =T
f(t)e ¢ b,
s -‘1V5 -B) ——y B Ebl- 3)
Ef(t[)e ¢

wnere < and b, are tne observed numvrers Of events in a « tin ¢ Of the signal and of the
side pand histograms, respectiveiv; Ng and B are the totai number of events and the
numbper of background events, respectiveiy, in the signal region.

The reiation between B ana the background events expected from the side bands is
assured by the factor ¢,, inciuded in the likeiihood function.

The likelihood function is given bv:

[= g (4)

> = *nonai g

n.S"
wnere *ciznai = T = ' exp(—n‘.)
=1 Sl"
N
- mba> o8 )
Thp = €Xp (=4}, )
2 ng! g

with : v, =, and pu,, =8/ ; R is the ratio between the widths of the signal and sideband

mass regions.
In the fit: r and B are assumed as free parameters; S =(N,-8) is constrained to be

the total number of signal events.
Using this procedure the background level is jointly determined in the same time

ov the invariant mass distribution and the ' evolution in the sidebands.

2.1 New lifetime measurements

New lifetime measurements have teen obtained recently by E687 following the

crocedure described in the previous section.
In the E687 analvsis the choice of the detachment cut does not influence

significantly the fitted lifetime. In addition f(:') introduces very small corrections: its
value is very close to 1.1 and it is neariyv tlat in the full ' range. Just as an example,
svs i/, and f() vs ¢ as obtained by E687 in the D, analysis, are displaved in Figs. 6 and 7.
In the fitting, the signal region was defined within *2¢,, while the sidebands start
<o, above and below the mean 0 mass and their widths are within 2¢,,.
The systematic effects have been studied very deeply, analyzing carefully: the
absorption in the target (secondary elastic scattering can cause mismeasurements; the
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Fig. 6 - The ritted lifetime as a runction or ¢/, cut. The errors are statistical only.
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Fig. 7 - The correction factor f(:') to the reduced proper time as function of reduced
proper time.

corrections for secondary interactions suffer for cross section uncertainties);
uncertainties in the acceptance caiculation due to the modelling of the transverse beam
protile, charmed states momentum distributions, choice of the sidebands, uncertainties

in the f(¢') calculation, etc..

The resulits were always very reassuring: changements of the parameters, choices of
the sampie seiection, different definition of the cuts can cause a variation of lifetime
measured values aiways within =o. around the quoted resuit of the analysis. Just as an

example the D, systematic studies done by E687 are shown in Fig. 8.

2, systematic studies
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Fig. 8 - Studyv of the svstematic etfects for the D] lifetime measurements.



3.2 Resuits

The channeis usea tv E5S87 to measure the lifeimes are listed in Table VI.

Table VI

I State “ Channei Total statistics
[' ‘all charged)
| - | czz | 9189
| D*.D° ¢x ‘ 16730
g / Kzrrw ‘
| XxiD*:ag)
! KazmD™ tag) |
o: | O - | 900
Al | K7 | 1340
= ‘ ==+"r" | 30
= | ==z ' 42
Q | XKz L7 | ~34

The resuits are quoted in Tabie III, where thev are compared with the present world

quotation.
Table VII
| | £687 PDGS2 , Accuracy | Accw icy
| | . (psec) | i (psec) (E687) (PDG92)
Coosed) 1 48-015=011 | 1.066=.023 | 1.8% | 2.2%
| 523 | 1]13=.004z.003 | 420=.008 | 1.2% | 1.9%
| 5230 | 175-.020=..07 | 5507 | 1sq | 6.7%
| 23D | 2152.016=.008 | 1917l | 8.3% 7.9%
Pz 41071k =.02 | 50Tl | 27.2% 33.3%
L2 1017¥= =005 0827433 | 25.2% 71.9%

The measurement o: the Y lifetime is still in progress. Very preiiminary resuits

zlves a ©(QY) comparable with the systematic error (~0.044 psec).
On the basis ot the resuits or Table VII, E687 obtains:



D

m= :.54:()04 (5)
0T
o= 11520.05 (6)

—
~

L e lifetime ratio (3) is consistent with the B.
optainea by EZ87:

2y

R. ‘or the semileptonic decavs, aiso

B(ID™ —i7x) | L.ass01

— = 1.l il
DY — " x)

As it is weil xnown explanations or the lifetime ratios (3) (6) are based upon the

Cossible destructive interterence of identical quarks in the D* final state (spectator

diagram) and non negiigible contributions or the exchange diagram (0° and the
annihilation diagram D7.

For what concerns the barvon nierarcnv, E687 can quote:

T

ol ——

—=191=0.44 (7)
LAY

and
-9
= =0.47£0.11 (8)
TIAL)

The barvon hierarchv seems the toilowing

- =Y

HZY) < TUAT)<TIET) (@)

Previsions or :he Rierarchv can Ce obtained taking into account interferences
‘destructive and constructive) in the spectator diagram, excnange diagram contribution
ore..32.23),

+. Hadronic decavs of chrarmed meseons

A large amount of new data are availabie in this rieid. I wiil restrict this report only
to some open problems and to decay processes different from spectator.



—A7¥T -ad DY =K'

%)

These two decavs represents a puzzie, wnose soiution is not vet fully settled.

O merwy
BID" =X XD Both the K"K~ and z-z* channels
3(D* — 1" 77)

oroceed via simuiar diagrams: spectator Cabibbo suppressed and exchange. On these bases

The rirst concerns the ratio R =

the theoretical expectation is R=i.4.
The experimental situation is summarized in Table VIII. The last result obtained by E687

is in good agreement with CLEO and WAS82, and in clear disagreement with the

theoretical previsions.

Table VIII
Experiment { B(D'>K°K™)
B(D® > n"x")
Mark II | 34+1.8
Mark III ! 3.7+1.4
ARGUS3Y) ] 25+0.7
CLEQ33) | 2.35+0.37+0.28
E69136) l 1.95+0.34£0.22
WA8237) - 2.23+0.81+0.46
£48738) | 2.53+0.46+0.19

Possible expianations of this anomaiy are based upon the significant role.that final
state interactions couid piav or on a possible interference between spectator and penguin
diagrams, which should be positive for (X"X~) and negative for (z*z").

A second puzzie is connected to the p° decay into kY z°. This decay is color
suppressed, but the experimental determination of the B.R. with respect a decay channel
zilowed via an usual spectator process (as 0¥ —&~z") is definitively much too high (see

Table IX).
Table IX |
/
L Exceriment | BID® =K z°)/B(D® - K~7")
| Mark [1139) | 0.45+0.10+0.10
| CLEO3) | 0.55+0.06+0.07
| E69140) | 1.36+0.23+0.22




most recent resuit, ootained at rixed target by E691, is even higher than the

previous ones (but the errors are aiso higher); it has been obtained by a sampie of events

D" constrained (z”'s are reconstructed by the calorimeter; a cut on the angle between 7°
and D toost direction in the D” r.I is used to seiect the sampie).

Scorr giuon exchange, whnich shouid reduce the color suppression, could be a

-
.nem

Dossibie explanation of this resuit.

4.2 Decavs to non strange states

The D and D. can decay into non strange states, as 3z and 5z, via a Cabibbo
suppressed spectator process (as in the case of D) and an annihilation diagram (as for
D7%). In the case or D,, the decav mechanism can be only a Cabibbo allowed annihilation
process if the secondary particles do not give origin to resonant substructures, while a
Cabibbo suppressed spectator mechanism gives contribution in case of a two body

resonant final states.
Evidence for the D, D7 decay to z°z°z" has been shown by E69141) and E687. The

mass piots are presented in Figs. 2a and 9b. In both spectra the misidentified Kzx
retlection, the 0 and D, peaks are cleariy evident. The fitted yields consist of : 82.6+15.3
D+ and 68.1=12.4 D} decays in the E691 sampie; 179.2:21.1 D* and 54.2+12.3 D} in the
E687 plot ( in the E687 analysis the secondary vertex is required to be downstream the
target; this condition is a strong tool in improving the signal to noise ratio).

Both the experiments proceeded to an analysis on the Dalitz plot: E691 uses an
incoherent formalism while the E587 analysis, still in progress, is based upon the
helicity formalism. In these types of analvsis the background and its fluctuations are
very crudal. As an exampie, the analysis of the D signal can be strongly influenced by

the tail of the K== retlection.

The E691 resuits show that (=~
rhat their contribution are reariv equivalent. The B.R. between D —(r°z*z7)y, and a

="=7)wy and the (f,7z7) dominate the D, decays and

spectator Cabibbo allowed decav as X =, can be a good indication of the contribution due
‘c anniniiation:

BIDI = 7= 2% )y =0.14£0.04

B(D* — K™K =%)

E2587 found the tirst actual evidence of the D, D, decay into 5z. Also in this case
the requirement that the secondary vertex wiil be downstream the target gave an
important heip in disentangiing the signai. The fitted yields (very preliminary) consist

of 40=7 and 24+5 events for D* and D}, respectively (see Fig 10).

TM
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£59142) and E68743) have recently anaiyzed the «zx Dalitz plots, previously studied
also oy Mark III“) and ARGUS#3). The channeis anaivzed are:

,,—-;
.

37 ATt DY kv DY

The anai_vsis cione by ES87 -was particulariy compiete because the rormaiism was
extended to allow ror the possibiiity or contributions from ail known (kz) and (77
resonances. The formalism is essentiailv based upon the Zemach method46). The high

statistics allowed to adopt more severe cuts in the analysis, to reject phase space regions

which couid be contaminated by background channels , to D constraint the p° sampies.
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The resuit is a verv good signai to noise ratio (see Fig. 11). The fitted yieids are:
8880=100 events for D= —& 7=z, 392=27 for 0’ = k’z"z° and 330+30 for D’ -k ~z"x°
There is a very good agreement terween the resuits of E687 and ARGUS for
Y2727, and a greement xmong E2£87, E5%1 and Mark [II for 0¥ —&K~7"zY and
anaivze tnese two channeis), even if some disagreement

[}

DT — KT (ARG"S does not
is present in the reiative pnase measurements.

these resuits is the big difference of the non resonant
channeis; this is surprising because ail three channels

contributions between DY and D* ch
decav via similar diagrams. The 0V —4&"z"z° {inal states is weil described by a sum of
without anv appreciable contribution of non-

The most important aspect ot

intermediate two-podv resonances,
- is approximateiy represented by intermediate two-bodyv

Sut not negligible non-resonant contribution; the
characterized by a very large.

resonant ; the DY —avzz

resonant decavs with a smail,

DT —K~z"z" decav mode, on the other hand, is
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Fig. 11 - Mass plots (ES87) or the sampies of events for K}z"z", X"="z", K~

non-resonant contribution, which strongiy dominates the channei.
No clear expianation is presently avaiiable to understand these very different

behaviours of D* and D° channeis.
A Dalitz plot analysis or the XKz channel is now in progress in the E687

collaboration making use or the helicity formalism. The 0 and », Dalitz plot

projections and the relative fits are shown in Figs. 12a,b and 13a,b. The background is
modelled across the Dalitz plot using directlv the data from the sidebands.
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Fig. 12 - oy Dalitz plot m;... and m;._. projections. The crosses are the experimentai
data and the histogram corresponds to the fit.

Pertorming a 3

ampiitude fit (non-resonant, ¢,k °), the p, and D~ decays show a
different benaviour: while 0. is dominated bv the two resonances with only a small



‘raction ot non-resonant events (~i0%), the D~ presents a large component of non-
resonant events (~40%) comparable to the resonant fractions. When the f, (975) is
introduced in the fit, part of the non-resonant events are attributed to this broad scalar
resonance. Then the rour amptitude fit is probiematic due to the similaritv of the f, and
the non-resonant ampiitudes on the Dalitz piot.

This is the rirst time that a rull conerent Dalitz piot ampiitude anaiysis has been
perrormed on the XXz rinal state.

The E687 three ampiitude anaivsis seem to contirm previous measurements

(E691)47) to the extent of the D™ , but give a smaller non-resonant fraction in the D, case.
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projections. The histogram corresponds to the fit

and the crosses to the data.

Comilentonic decavs Of charmed mesons

aat

(W]}

As it is weil known the semileptonic decavs can be described by a simpie spectator
diagram, expressed by a product of hadronic and leptonic (point-like) currents. The
coint-like leptonic current is weil know. The hadronic current is a function of q2-
dependent form factors, which describe coupling of meson wavefunctions to the virtual
W.
The measurements of these form factors are of particular interest also because
reiations between them and the form factors for Beauty semileptonic decays are

oredicted by the Heavv Quark Effective Theory=38).



Few decay channeis nave been extensively studied by severai experiments,

included fixed target experiments. In the analysis of the semileptonic channeis, due to
the missed v, the point back cuts are iost. Then rurther selections are used to identify the

decays.
[ wiil discuss here two channeis and the form factors obtained from their analysis.

1D% =K -

Ll

This channei has been studied bv three experiments at fixed target: E69149), E68730)
and E853°1). For the 0° sampie ES91 and E587 analvze only D° tag events, make use of
detachment and isoiation cuts, impose M, =M, {0 obtain p,, and finaily do the

seiection on the (¥ ,.-4f,) piot. The D’ constraints are not used in the charged D

sampie. E633 uses the method of the “minimum parent mass” seiecting decay
D° - K~u"v sampie on this distribution by means of a maximum likelihood fit.

The resuits are shown in Table X, where they are compared with the MARK II152)
and CLEO53) data. Two quotations are reported by E687, referred to two samples of data,

collected in two different runs.

Table X
EXPERIMENTS BF(D = K£*v)
(%)
[ DT =K'ty
MARK III (e) | 6.5 *6+0.7
=991 (e) | 0.1x0.9%1.6
| Average { 6.3z1.2
[ ' D° K77y
| MARK III (e) | 3.4x0.5+0.4
1 CLEO (e) | 3.8x0.3z0.6
| CLZO (u) | 3.3x0.3=0.6
i =091 (e) é 3.8x0.5=0.6
J =653 (u) | 2.4+0.4+0.5
Ec87(87-88) (wu) | 3.4£0.5=0.7
Ec87(90) (u) : 3.7+£0.3z0.6
Average | 3.2:04

There is a general agreement among the different resuits. Only the E653 measurement

seems definitiveiv lower than the other data.
The worid weighted mean value of the semileptonic widths and the theoretical

oredictions are shown in Table XI°%). The 0~ and D° experimental widths seem agree

each other, within 2o, as expected by the isospin symmetry.



The theoreticai previsions are in generai not very far trom the measured values

and for some modei the agreement seems very good.

Table XI
B Experimental widths |
; DT = RKitw=359=11 10W0et
jr\m-,-;r’zw):rr:os 1010 ¢-1 {
| rp—~Kern=71=06 1010+
. THEORY ro—Rew | f.0) |
| 100si |
[ QUARK MODEL | Reference
i GS | 7.1 | 069 | Phvs. Rev. D41 (1990) 142
| WSB | 326 | 076 | Z Phvs. C29 (1985) 671
ISGW | 8.5 0.76 | Phys. Rev. D39 (1989) 799
KS | 10.2(e)-9.9( ) 0.76 | Z Phys. C46(1990) 93
LATTICE GAUGE CALCULATION |
CMHS | 9524 | 0.74+0.17 | Phys. Lett. B223 (1989) 90
| LMMS | 58=15 | 063=0.08 | Phvs. Lett. B254(1992) 415
| BKS | 122225, |09+0.08+021 | Phys. Rev. D43 (1991) 2140
QCD SUM RULES |
BBD | 64+14 | 062015 | Phvs. Rev. D44 (1991) 3567
DP | 82=11 | 075+0.05 | Phys. Lett. B207 (1988) 499
AEK | s1=1T 0.6=0.15 | Sov.J. Nucl. Phys. 40
| (1984) 527
AOS | 91=:45 | 08=02 J 1C-89-382 (1989)
For the D~decav t0 a Dseudoscaiar tnie width is:
o Gily P -
o T e Y
Mol mEoal o imed T and f.(¢°) is the form factor..

N . N4 8N} -
wnere A = o= -
2 B S5

“e contribution or the terms invoiving the rorm factor f_(¢°) is negligible since
-hey are muitipiied by m;. For ‘.(4°) the simpie poie approximation is assumed
F(q° )=__."'.:&. . s the pole mass of the nearest exchanged particle in the t channel
/- l‘q- /‘.'1.n ki <z
(in this case the vector meson D).



e T I

The singie poie mass vaiue can te obtained by fitting the ;‘f_— Vs ¢° shape. f,(0) can

be measured bv the width integrated over ¢- and assuming [V,,|=|V.|=0.9744.

The resuits are shown in Table XII.

Table XII
Exp. | Mode | Mp | £.(0)]
E691 - | ke | 21704202 0.79+0.05
E687 l K=utv | 2170107 0.77+0.08
CLEO | gy | 214 0.77+0.01:0.04
MARK III | ke | 18289 |

M, is the best fit poie mass: it is in verv good agreement with the D, mass. The f,(0)
weighted mean values3¥) are: 0.73-0.04 for 0° and 0.64£0.06 for D*33). The average
value for 0" and D0° is 0.720.03, in a general good agreement with the theoretical

expectations (Table XI).

5.2 D* =K ¢v and D° —(K%x™) dv

The selection of these channeis is done by E69149) and E68750) by identifying the
Kx¢ combinations with right sign and by fitting the ¥~z* and X ~z*u* mass distributions
with a fit function, which is a combination of the MC distributions of the signal and of
the charm background decays. E653°1) uses the minimum parent mass to reject the
contamination from decays with neutral products.

The ratios between the (X°¢v) and the (kK¢v) widths, as measured by various
experiments, are shown in Table XIII, together with the signal yields and the world
weighted mean vaiues or D~ —K 7w, [0Y =K""v) and [(D-Kv34). The
comparison of these resuits with the theoretical expectations of Table XIV confirms the
weil known disagreement with the quark models, which predict D —»&k"iv widths and
C(D —& ¢v)/T(D —Kév) a factor two larger than the experimental data.

On the other hand the QCD sum rules seem to give previsions closer to the
experimental measurements.

D decay to a vector particie introduces Lorentz invariant products of momenta
and spins. Then the matrix element has to be written in terms of the three helicity

ampiitudes #,.//. and H_ of the vector mesons:



=2 — 2 PS XBW x|M[
s gzt aCOSU, -4 COST,

M =F(cosv,, cos D, I, (6), H_(t), Ho(s)]

Table XII
Experiment Yield L C(D > K tv)
(events) FD—-Kktv)
' A )
| MARK II ()52 | | 1.0%3
| E69149) | 318 0.55+0.14
| E653 (u )51) r 305 0.43£0.09+0.09
| E687 (u )50) | 875 0.59+0.100.13
( DY K™y
CLEQS3) | 0.51+0.8+0.06
Average 0.55+£0.07

D™ =K v=44+0.6x10105"1
rD° —& "~ v)=4.9+1.1x1010 5-1
TD =K v=4.5+0.5x1010 s-1

Table XIV
THEORY LD —>Kev
(D->KL{™W
QUARK MODEL
G | 1.4
WSB ( 1.15
ISGV 1.1
KS | 0.95
LATTICE GAUGE CALCULATIONS
LMMS 1 0.86+0.27
QCD SUM RULES
BBD i 0.5+0.15

AOS |




where: v, is the angie between x and D in the «° frame; »,, between ¢ and p in the év

-
Lease

In the iimit or massiess leptons:

He=aA =3V ()

A,(1) and A,(s)are the axial form factors; V(r), the vector one. It is generally assumed that

these form tactors are given, in the one poie approximation, by: F(z)=%, with the
- 2

vector role given tv the D] mass (~2.1 GeV) and the two axial poles given by the D;

mass (~2.5 GeV).
Adopting the E691 convention, the experimental measurements are concentrated

YO and z,=222 ivhich can be obtained by fitting the v, v, and ¢

A,(0) T AL0)

distributions.
The shape or the cosv, intensity projection is controiled by the polarization

the ratio of the iongitudinal to transverse width of the virtual W:

on RV=

parameter [,/[,, el

i« 1+(2%-—1)cos; J,,

“ 4

The poiarization parameter is a runction of |H,* and {yuf;.gy_gz}. R, and R, are very
crudally intluenced by the systematic errors; then the systematic effects due to the MC
statistics, detector etficiency variations and background are studied very carefuily.

The resuits are summarized in Table XV. The agreement between the E68750) and
-he E55351) is good. while discrepancies exists with the E69149) measurement of ®, and
=,/ .. The contidence levei for an agreement among the three experiments on R, and

DR VAR S

2, is 60%.
Table XV
’ Exp i 2, | R r /T
5 E691 | 00:05=02 | 2.0:0.6=03 1.874+0.3
E&53 [ 0.8228=0.11 2.00%8+0.16 1.18+0.18+0.08
E687 | 0.78+0.18=0.10 1.74+0.27+0.28 1.20+0.13+0.13
Average | 074:0.14 | 1.86+02 1.21£0.1




The comparison with the theoretical predictions reveal that there is a generai
disagreement between experiments and theorv, with few exceptions (see Table XVI).

6.0 Limits on C.2. viojation

A good signature ror CP vioiation is an asvmmerry in the decay rate of a charm

A

decav mode and its CP conjugate.

Table XVI
| THEORY | 2, I R, | oL |
| QUARK MODEL - |
| GS | 0.8 | 1.9 | 12 l
| WSB [ 13 | 1.4 | 0.9 |
ISGW | 1.0-03 | 1.1:04 | 11202
KS | 1.0 | 1.0 | 11
LATTICE GAUGE CALCULATIONS
LMMS | 03604 ( 1.6=0.2 | 151:027
BKS | 07:03 | 20:04 |
| QCD SUM RULES |
| BBD [ 12=02 | 22:09 | 0.86:0.06
| AOS | 0.8920.39 | 1.89:0.79 |

In order to produce such an asymmetrv, we need two independent weak decay
ampiitudes, which contribute to the same final state (as Cabibbo suppressed decays or
Jdecav with mixing). In addition, final state interactions must induce a phase shift
cerween the two decav ampiitudes.

A good channeis shouid be DY —K7X~, "vhich can be compared with DY -~ &k"K~. The
charge of the p° daughter = is used to divide the 0° bv the D’ sampie. To measure the

asvmumetry we use the parameter:

UDY~- D)

4‘ . e ——
7 D)= D)

7 is the D.D decav channei vieid. normaiized to a 0.0 Cabibbo ailowed channel, as

VDY —KTETY . — NIDY KR . . .
20y =L KX and D)= D ~—. The normalization is needed to take into
NDY —=K~17) N(DY —-K"32)

account the different D and D rates.



%"'?fy;«ibf“-.-;%m;‘f” .

E691 and E687 have searched for CP violation, using the procedure described above.
The measured limits are: [_4 o (K’K‘)|<45% (90% Cont. Level) from: E69156)-and <13%

from E68737) (90% Conf. Level).

E687 studied also the decay channei 0’ —KX"z%, by using D*—k~z'z" as
normaiization channei. Here the situation is compiicated by the possible intermediate
resonant states. Tnhe CI’ asymmetrv couid be different for each decay mode, since the
strong phase shift and the reiative size of the two weak decay amplitudes vary.

E687 studied the K“X~ and oz contributions, analysing the k*zF and K"k~
invariant mass distributions. '

The measured limits (30% Cont. Level) are the foilowing:
A KK ) e < 10% A (KK <22% A, (pm)<12%

7.0 Conclusions

Good improvements have been achieved in these last years in understanding the
production mechanisms. Fairly large samples of double tag events are now
becoming available, allowing correlation studies. In the meantime a big effort has
been done by the theoreticians to calculate the NLO corrections for the giuon-giuon
and photon-giuon models.

The charmed meson lifetimes are very well known, with very small statistical and
svstematic errors. We are very close to fix the lifetime hierarchy for the charmed

i)

ii)

baryons.
The Q) mass is established quite well. Unfortunately no decay channel has yet been

observed by two different experiments.
Measurements of charmed baryvon decay channeis, Cabibbo suppressed or allowed by

exchange processes, are becoming to be available.
The good statistics now reached in meson decayv processes, different from a simple

spectator, is starting to allow a more quantitative study of the non-dominant

111)

iv)

diagrams.
In semileptonic decays, the decay transition pseudoscalar-pseudoscalar seems now

understood. The decay process pseudoscalar-vector shows discrepancies with the

theoretical expectations.
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