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HADRO AND PHOTOPRODUCfION OF CHARMS AT FIXED TARGET 
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Dipartimento di Fisica - Universita' di Milano 
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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 lHEP) in various experiments, listed in 
Table 1. 

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) 

- l'TA 14/2 Y 95· 
. 

E691 Y 145· 
E687 y 220· 

NA32 Jr 230 
WA75 Jr 270 
E769 I lC 250 

: WA78 Ie 320 
WA82/92 I ,"r 340 

E653 ,"r 500/600 
E791 ,"r SOD 

WA89 I L 330 
EXCHARJ.\1 n 40 

* For photon beams the quoted value is the average yenergy. 

1. Production mechanisms 

The more ~.::... ~ortant parameters, '\vhich are experimentally measured to study the 
production mechanisms, are the following: 

- the total cross sections; 
- x F' Pt and the leading particle effect, in the inclusive measurements; 
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- the aco!,ianarity angie, PrtDD),~Y,.~f(DD). ;, in the double tag events. 
...
r:" ..~~

The experimental data are compared with: 

i)	 the previsions oi the perturbative QCD [photon-gluon fusion; gluon-gluon fusion] 

calculated in the Leading Order (LO) and Next-to-Leading Order (NLO) 

approximations 1,:,3,4,5); 

ii)	 the simulations oi LL;.JD-PYTHIA code. In this programme the photon-giuon and 

the giuon-gIuon fusion model is applied at the LO approximation with NLO 

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

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

iii) the simulations of HER"VIG code. This programme is very similar to the previous 

one, but the fragmentation mechanism is simulated by means of the cluster model. 

The perturbative QCD calculation is strongly sensitive to the r~onnalization scale 

,u.. It is generally assumed equal to M, and it is allowed to range between '~' and 2..14 '" 

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(')N ~C;) and a(trN ~C;), 

measured at various energies, are fitted using the NLO perturbative QCD. In both cases 

the best fit gives ).l =,'d c =1.5 G~ V, ~vhich is a very reasonable value. The theoretical errors 

are very large; they are due to the uncertainties on AQCD' JI e and higher order 

corrections. 

1.2	 Inclusive measurements 

Y r:	 - ~~7he differential cross sections as measured by NA146), E691 i ), E687, are in good 

agreement each to other.)). They sno\v a maximum at -0.2, \vhile the NLO calculations 
(vvhich differ ~:ery little from the LO approximation) give a distribution with a 

maximum at 0.5. 

This disagreement is interpreted as due to the fragmentation effects, \vhich shift the 

exoerimental distribution to lo\ver ::;: values. 
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Fig. 1 - Total cross sections of cc production at various energies. 
a) Photon beam. The full line curve is the NLO calculation with 

)J. =M e =1.5 GeV centrai value; the error band is limited by the dotted curves. 
b) :! beams. The legenda of the theoretical curves are the same as in Fig. la. 



On the other ~anci in haciroprociuction the agreement between experimental 

results and NLO previsions is quite good. The experimental distributions are well fitted 

bv da =~(l-.t',;/" ~vhere n=3-~ for incident ;rand-5-8forbarvon beams8). This different• J.x,; . • 

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

the charm quark by the projectile quark spectator (the so called color drag). 

p~ - .-\1so in this case the NLO corrections, \vith respect to the LO approximation, are 

very small. 
In photoproduction the Pr distributions are well reproduced by the exponential: 

J..V ,. 
-.-. =Aex lap; "'bp~) (1) 
J.p; 

< p; > and the best tit values ior a and b, as obtained by E687 and E691', are summarized in 

Table II. 

Table II 

a b 
.., 

<p;> 

(GeV /c)2 

E687 I -0.85::0.02 I O.O3±O.Ol 1.51±O.O2 

E691 f -1.07::0.05 I 0.04±O.Ol 1.16±O.O4 

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

expectations9), if \ve assume a mass value M = = 1.2 Cev', \vhich, on the other hand, seems 

too low. 

:-he hadroproduction experiments use an exponential e:cp(-bp~) to fit the lower part 

or the spectrum. In order to iit Lllso the higher values, a distribution like (1) has to be 

?reierred or .::: exponential like I.!X\-"O:), u.s used by \VA82 and E769 10>. The average 
< P; > \:aiue (-: G~V) is ~veiI reproduced by the LO calculations. 

Leading. In the production or charmed states a kinematic correlation may arise if a light 

quark in an initial state particle is transierred to the produced charm meson. This could 

result in a leading particle eifect. \vhich can be studied by analyzing the kinematical 

behaviour at the produced particles sharing a valence quark \vith the beam. The 

asymmetry parameter t2) is measured as iunction at .'C,l: and Pr • 

.v ({cac1.in~ - N (nonieadin~ )
:\ = ---------- (2)

.v (leaaln~ ) + tV (nonieaalng ) 



The asymmetry parameter .-\, integrated over z,";, 0, gives a very small eifect. On 

:he other hand, recently ~VA82i 1 and Ei69 12) measured A as a function of 4F and Pt. 

The asymmetry is gro\ving up as IF increases, reaching values ~O.5 for 4F~O.6. If \ve 

combine the data of the nyO experiments the effect is statistically significant (see Fig. 2). 

A. similar study of A vs p; gives a nat distribution, consistent with zero. 

In the photon giuon fusion c and c quarks are produced with the same cross 

section if ~ve limit the calculations to the LO. In the NLO the c is slightly favoured \vith 

:-esoect to the c quark, giving :-ise to a small asymmetry <Fig. 2), \vhich is positive for 
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Fig. 2 - Tne leading particle asymmetry vs x '" .. The dashed line is the NLO calculation. 
The dashed-dotted line is the LL;"';D-PYTHIA. simulation (see text); 

charged D and D· containing a c quark 11 ). But the expected asymmetry is definitively 

:-::ucn more lo\ver than \vnat it is exoerimentallv ooseryed.. . 

Possible ex!'ianations of this discrepancy are based upon non-perturoative effects, as 

J.n effect of draggIng oi the charmed quarks due to an interaction \vith the spectator 

~uark. This eifect h.1S oeen implemented in LL'"~D-PYrnIA program. The trend agrees 

".'lith the experimental results, even if the predicted A values are too high (Fig. 2). 
D "-.;. E769 has studied the inclusive distributions for D·' s and have compared them to 

:J' s 13). These distributions could ce different because the hadronization process can 

differ between pseudoscalar c1nd ~..ector mesons. The .t 1:. Pr distributions and the leading 



particle eiiectS have been studied and appear to be consistent, \vithin the errors, with the 

results obtained for D's . 

..;, de2endence..';'s it is \veil kno\vn the cross section dependence on atomic: mass of the 
target material is parametrized as A <J • .\Jew results have been obtained recently by 

\Vr\82 14) and E769 iS ), 80th using a :: oeam. E769 analyzes separately the D and DO 

samoles. The results are disoiaved in Table ill.. . . 

Table III 

Expt. otbeamJ 
l. 

produced a XFrange 
(GeV) charm 

\VA82 1 3~0 I DO,D'" I 0.92::0.06 >0.0 

E769 I 250 I DO,D'" 1.0±O.O5±O.O2 >0.0 

I 

.
Ei69 I 250 I [) 1.0±O.007±O.O2 >0.0 

1.3 Correlations 

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: KJr. K:r:r. K;:mr. 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 
ta2 events 

E68i I I 220 325 
./NA14/2 I I

I 92 21 

NA32 I ~ I 230 557 

vVAi5 I .. I 270 177 

In addition, more recent!y, \VA92 16) seiected a sample of 81 events, where only 

one D is fully reconstructed, \vhile the second secondary vertex is identified and its 

possible correlation \virh strJ.nge particle decays is ruled out. For this sample only the 
D D acopianariry angie cm be measured. 



DO acoplanarity angle.- 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 !l1C. 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 Pt of the incident gluon is modelled as a Gaussian distribution with 

(1-1GeVIc for photoproduction and -1.7 for hadroproduction. But a Pt -1.7 GeVIc 
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 C7(p:u"",) =1 GeV/c. 

If this last result is true, it is possible to foresee a common ex~lanation for photon 

and hadroproduction. But, first of all, \ve have to understand the discrepancy between 

WA92 and the other hadroproduction experiments (the selected sample represents only 

the 20% of the total statistics collected by WA92). 
~y - 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 C7(P:iIMM) =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 a(p/WJII) =0.44; 

i\1(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: N A32 data. The full line histogram is the NLO 

calculation; 
c) Hadrooroduction: vVA92 data. Dotted line: NLO (A=330); full line: LO with 

alP7),U:- ::HGeV/ c)2; dotted line: LO \vith C1(p;)glwM =3 (GeV/ c)2. 



:. C::armed Barvons 

The most important results acnieved in these last t~vo vears on charmed barvons,. '. 

concern: the coniir!:1ation oi the [2:-, :lew decay channels of charged and neutral ~~; .\:

C.:lbibbo su?pressed decays and '\7 Jecays allo\ved by mecnanisms different from a 

~irr:=ie soecraror. :rlostlv or them r:ave ceen obtained bv E687. .... . 

.-\ iirst evidence far n~, consIstIng of 3 events, has been obtained. in 1985 by 
r\rA"~18)'O~ In t;'" ~ 1 .=..'\--.~- - - ( = 2""·0 ±_ e, ...e c..anne .-:.-: . r:1ass ."'t ;0 '1 V)...'t' 

In 1992 a coniir::1atian \vas obtained bv ARGL"'S 19) (12= 7 events in the channel 

~-K-.-:-,-:-; ::1ass= 2719=7.7=2.5 )'feV) and by E68720) OO±4 events in the channel n-j-r; 

rnass=270S.9=3.3=1.0 :\feV). ~-\RGr.;S has shown also evidence for the decay channel 

n-:;-,-:-.-:- (6.5 =3.2 events; mass: 2713 =5.1 :AeV)21). But no evidence for the two decay 

channels: ~-K-.-:-.-:- and n-.-:-::-::- have been found by CLEO and E687 (these channels, 

compared \vith the n-.1', have many more combinations falling into the expected signal 

region). 

:\-fore recentlv E687 found evidence ior n~ into the decav channel. .. 

'.vith :- decaying both into p".i and nlr-. The analysis proceeded by identifying a kink 
.. 

between a microvertex track unlinked \vith a spectrometer track and a proton (;rT). C 

identified , tracked in ;-'fiVPC'5 oi the spectrometer. From the proton (;rT) momentum 

and the kink angie it is possible to obtain the :- momentum vvith a t\VO fold ambiguity, 

via a zero constraint fit. The ambiguity can be soived chosing the best fit solution and, in 

:3ome case, by !:leans or the hadron calorimeter. 'f,vhich detects the secondary neutron. 

:Jue co the excectea short lifetirr:e, :10 detachment c:.:t has been introduced, but only 

isolation cuts . 

...:... preliminary sample at 3~ =7' events has been obtained, \vhich is used to measure 

:he i"2~ lifetime. In Fig. ";a,b,c t::e C\I;O samples \ ~- - Plr J and :- ~ n;r1") are plotted 

se!Jarately and superimposed eac.h. ta other. In all three plots the mass and its q are very 
'f,veil consistent each other \from the total sample M n, = 2698± 1.59 MeV). 

Bv means at J. SImilar anal VSIS procedure f687 obtained evidence also of the 

c~annel: 

(21.34±8.3i events) \vith J. mass at 2709::3.i MeV (see Fig. 5). 
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i:'/en ii ~ve have presently several independent evidences ter n~, ~evertheiess the 

situation is not so coniertable, because no one of the detected decay channels are found 

by ttV'o experiments (the vVA62 evidence for ~-K-J-:":r'" is very \V'eek, consisting of only 3 

events). 

::::\.'oJ. 

2.: 2.5 2.7 2.8 2.9 3.0 

mass (GeV Ie:') 

Fig. 5 - r..·K-K; mass plot. 

The decay channel: ~-.-:".-:- (:::- - A.),-:-; .\V - p,,-) has been studied by E68722) and 

\VA89 23 ). The EoB7 analysis procedure accepts only ~- decaying downstream the 

:nicrovertex; then 1:S tr:lck is reconstructed '"'lith high resolution by means of the 

::1icrostrip detectors. The total sam?le consists of 29.7=7 events and it is used by E687 to 

:neasure the ~!: lifetime. 

The evidence cot:lined bv ',\".-\89 ~s very good. ~ut the mass shiit oi -15 MeV 

ooserved also in r:-.e channel .\UK-.-:-.-:-', ",vith resoect to the nominal one, shows that 

50me systematic bias is probably still ?resent. 

.=>:idences ror :::::her :;e\v ch.:~r:eis .:lre listed iZ1 l..iole V. 

"""'l ....... _.,
 

:-:le aeclv ChJnr:el ~.: - ~-.-:- :~JS oeen studied by E687. The signai consist of 42± 10 

events and it has been obtained foilotving an anaiysls procedure very similar to that 

J.copted for ~~ J.nd. Liescnbed in :.:. This sample is used. bv E687 to measure the 2:~ 

:ifetime:~). 

Further evidences are mentioned in Table V. 



Table V 

Channel I Exoeriment (s) I Si~ 

I 
- --. 

I 
:-&~-~-: -- -orr EoB7, 18.2=5.3 

I previousiy observed bv 
:--JA32 26 ) \vith a signal 
consisting of 3 events 

'("

- 'ftr 
- Eo8? 

14±3 

.\.) K - .-:- .-: Eo87 preliminary 
="'C~ AR~f25)_.\ ...... ~ 68/248 

T,VA8923 ) oreliminarv 

I 
I 

,\ -K ~ .-:- :: I EXCHi~R.'vf25) I 58/144 

('rK-~ I E687 verv preliminarv 

-" -~ -,. 

I 

~-.\'- I E687 20 ±8 (preliminarv) 

: ••1(-.-:-~- I E6a7 26 ±9 (preliminarv) 

.\/J K·o (898) I EXCHARM 50/61 

I \vill mention here only five new measurements obtained by E687. 

.-\ signal oi 14::6 events has been obtained by E687 studying the channel 

;:-.j (~- - ptr~) • •-\ simple spectator mechanism is iorbidden ior this decay, \vhich can go 
Y,:ia a ~V-exchange. 

The E68? analysis proceeded by searching for a kink between the microvertex track 

/not linked to any ~ynVPC track) and an intersecting ).;fWPC track (not linked to any 

~icrovertex :rac1d. The proton :::omentum and the kink angle allow the ~

:nomenrum to oe determlnea ~,\'ith a nvo-iold ambiguity, \vhich is solved using- the 

confidence level. 

lhe Branching Ratio has been measured \vi th respect to the channel ~-,-r1-:r-, which 

'2oes via a normal SDectator process. The result is: 
v •• 

3 (~- j) 
~ ... __ -l).16=O.086±O.~J 

B(_ :: :-: ) 

. ., . -" ' .. """\""'" 
in agreement \Vltn the L4i20 aetermlnatlOn".1 I. 

7he quoted number for this 8.R. is relatively high. The contribution of fInal state 

interactions in the spectator process can be an hypothesis. 



-:-:1e Cabibbo suppressed decays: pK-K .... plr-,-:-, p::-,-:-::-::-, ?reviously observed only 

bv .\IA32 \vith verY few events (,+,";,3, resoectivelv)26), have been confirmed bv E6B728 ). 
.. " ..., I 

r h .. . h . ;/ 1m 
.. :1 t e selectIon or t e aecay .\~ ~pK-K'" a cut on co:= ;/tJr=p-<5Xcf'o=O.0323cm was 

adopted in addition to the usuai detachment (fa! > 6, and isoiation cuts. The signal 

consists of 35.4:: 10.3 events. 

7:'e Branching Ratio ~vith respect to a Cabibbo allowed spectator process has been 

::1easured and the oreliminarv result is:. , 

\ '1" MR f B(O(D)... c~t on a mass al o~vs to esnI:1ate tne same b. . or A: ~ O(D( . < 0.58: 90% C.L.).
- . 3(pK-,-:-) 

The selection for the ~.vo iurther C.S. decays: ptr-rc- and ptr-:r-:r-tr- as been done -by 

E687 requiring, in addition to the usual cuts, that ld (tr- :r-) and M (ptr) \-viil be inconsistent 

".vith .~f(KQ) and ,U(sJ), respectively. The signals consist of 26=9 (ptr-;:-) events and 40±10 

(ptr-::-,-:-,-:-). Tne measurement of :::e B.R. are in progress. 

~ Lifetime 

The use of the "reduced pro?er time!' and the choice of the "binned maximum 

likelihood" method are t~vo im~ortant steps of the procedure followed in order to 

:neasure the lifetimes. 
In the study of the heavy r1J.\·ours the "detachment" cut }~t is largely used as an 

important tool to disentagie the signal (i is the distance in the space between primary 

and secondary vertices; at is its error). This cut distorts the exponential distribution of 

the measured proper time, ~vhiG.~ could be corrected by an heavy use of the Monte Carlo 

siI:".uiarions..-\ better solution is :0 re?lace the proper time ~vith the reduced proper 

:ime : =I 1." -:Va! JI Pi'::, ',vhicn neari~' :'2srores the exponential. thus minimizing the Monte 

CJ.rlo corrections and then t::e svstematic errors induced bv the simulation. A . , 

dis tnburion like f (t' \c! -I I ~ is used ::: r:-:e ii ts, VII' here j (r') is a correction function, \vhich 

:v.kes into account the geomerric3.1 acce?tance, the analysis cuts, the absorption in the 

target, the decay or charm secondaries. 

.-\nother important tool to r1i.:r.lmlze the systematic errors is the use of the binned. . 

maximum likelihood method \vhic:: avoids a modelling of the background. Following 

this method, the t' distribution or the events present in t'~vo sidebands (data above and 

~elo\v the partIcle mass peak) are fitted and the result is used to determine the 

background underneath the signal. 

The predicted number oi events ni in a ( bin is given by: 



, -('.It 
f(t .)e lb. 

il.=:IN -B) I I ...B-l- (3) 
~ s ,-c./ -r r.b . 

:'f(t. )e L L 
- l 

',vnere s. and ~ are the observed. :-:.1xbers or events in a ( bin ~ or the signal and of the 

side band histograms, resoecth"elv; :; ~ and B are the total number of events and the 
v .. ",'" 

number oi background events, respectively, in the signal region. 

rne relation between B and the background events expected from the side bands is 
assured by the iactor ;b' :nciuded i:1 the likelihood function. 

The likelihood function is giyen bv:- . 

"'- ," xl' (4)
~ - ':::z:;nai ': bg' 

s. 
n. L 

I .) ... . = iT ---- eXPl-n. 
, SO! 2nat . 1 s t I. 

- L == i' 

r.vith : .V I:f =r.b i and j.J.~, =B~ ; R is the ratio between the widths of the signal and sideband 

mass regions. 

In the fit: -:' and B are assumed as rree parameters; S =(N 1 - B) is constrained to be 

the total number or signal events. 

L·sing this procedure the background level is jointly detennined in the same time 

bv the invariant mass distribution and the t' evolution in the sidebands. 

~ 1 :'\.'e,,, iifetime measurements 

:\;e,v lifetime measurements have been obtained recently by E687 following the 
?roceaure described in the previous sectlon. 

In the E687 analysis the choice of the detachment cut does not influence 

significantly the fitted lifetime. 1:1 addition f(t') introduces very small corrections: its 

~;alue is \pery close to 1.1 and it is nearly flat in the full l' range. Just as an example, 
-: 'p'S i / '7! .::.nd f(t') vs ( as obtained by £687 in the Dr analysis, are displayed in Figs. 6 and 7. 

In the fitting, the signal region ,,,'as defined within ±la'll' \vhile the sidebands start 

':'(1... above and belo\v the mean D mass and their widths are \vithin 20'111. 

The systematic effects have been studied very deeply, analyzing carefully: the 

absorption in the target (secondary elastic scattering can cause_:the 
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Fig. 7 - The correction factor JU') to the reduced proper time as function of reduced 
proper time. 

corrections for secondary interactions suffer for cross section uncertainties); 

uncertainties in the acceptance calculation due to the modelling of the transverse beam 

profile, charmed states momentum distributions, choice of the sidebands, uncertainties 
in the J(t') calculation, etc.. 

The results \vere always very reassuring: changements of the parameters, choices of 

the sample selection, different deiinition of the cuts can cause a variation of lifetime 

measured values ahvays \vithin =0',: around the quoted result of the analysis. Just as an 
example the D: systematic studies done by E687 are shown in Fig. 8. 

:;: systematIc studies 
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Fig. 8 - Study of the systematic effects for the D; lifetime measurements. 
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3.:' Resuits 

The cnanneis used by E6B7 to measure the lifetimes are listed in Table VI. 

T~ble VI 

Channel Total statistics 

(all char2'ed) 

9189 
I DV. :JV K:r 16730i 
I K:r:rn I�I IC-r (D .~ :ag) 

I I K ,'r1r1rC D --= ia2) I 
orr

D~ I _Il.,af(- I 900 

.\: I DKrrT" j 1340 

':"- .... 1- ~--- I o' :r f 30 

=<J I I 42 

n~ "[.XK:: r-P~ -34I _nn-r I 
The results are quoted in Table III, ~vhere they are compared with the present world 

Quotation. 

Table VII 

i 

i 
E687 

,. (osee) I 
I 

PDG92 
.A (osee) I 

Accuracy 

(E687) I 
Accw.lCY 
(PDG92) 

; 
! 

, )
:J =-;' i 

I : .:;-!8= .015::: .011 I 
I 1.066=.023 I 

I 1.8% I 2.2% 
I 
! 

:J"; 29) ! .';13=.00.+:=.003 i .";20::.008 I 1.2% I 1.9% 

! .J~30) I, ...;73 =.010::. ~O7 I 
I 

..1.50 ~.~JO · - - ":6 j j-C1.
-:.:J ,0 I 6.7% 

! ,-31 )
.1. I .:15::.016=.008 I 191 -to.vIS 

· - i) 1:! I 8.3% 7.9% 
I 
I 
I 

I 
I 
i 

,:,-22) 

:::·:24) 

I 
i 

'10 -i 1 ..... 0".--:: _I.q -' -

.:01 =~~ ::: .005 

j 

i 

.30 ~.1.U . -Ion 
082 ~.uj9 

· - 1)30 

I 
I 

..,- "01._1._,0 

25.2% 

33.3% 

71.9% 

The measurement or the !.2~ ~:fetlme is still in progress. Very preliminary results 

gives a :~Q~) comparable ~vith the systematic error (-O.O-*4 psec). 

On the basis or the results of Table VII, E687 obtains: 



:"rD':" ., ~ I --= _._~=v.~ (5)
:IDV) 

:rD~) 
--= L15=O.05 (6)
:rD V ) 

:-:-:e liieti~e ratlo tS) is consistent ~\'ith the B. R. :or the semiieptonic decays, also 

GotaiIleci bv E687: 

) ~.v.5+0.l 
-· ... -)4-.).1 

.';5 it is \';eil ~no\vn exolanations oi the lifetime ratios (5) (6) are based uoon the 

?ossible destruct:~;e i:uerierence oi identical quarks in the D:= final state (spectator 

diagram) and non negiigible contributions of the exchange diagram (DO) and the 

annihilation diagram D:. 
For ""hat concer~s the baryon nierarchy, E687 can quote: 

~, =-"\ 

~= 1.91::0.4-.+ (7) 
;:"r,.\~ ) 

and 

(8) 

T:'1e baryon hierarchy seems the iollo\"ing 

(9) 

.?:om the ver\' ?rellffilnary :-25ults obtained bv E687 one could su-ppose that 
_, (lV, < _, =.j~ 
....4.~!_ .\_~j. 

Previsions or :::e hierarchv c:.n ce obtained taking into account interierences 

(destrt:ctive and constructi".:e) in r::e specr:.tor diagrJffi, excnange diagram contribution 
etc.):,':3), 

-;.. H~cironlC decavs or c~Jrrr:ed r:1esons 

..;, large amount or new data are available in this iield. r \"iil restrict this report only
-' . 

:0 some open problems and to decay processes different irom spectator. 



ihese nvo decays re?resents a puzzle. i,vnose solution is not yet fully settled. 
_. -. .. B(D\) - K-K·' . 
l ~1e tlrst concerns the ratIo R = ). Both the K-K· ana tr-tr?' channels

B(D V 
_ tr-,-:"'") 

?roceea 'r;ia simiiar diagrams: spectator Cabiboo suppressed and exchange. On these bases 

the theoretical exoecration is R=i ...t. 

rne experimental situation is summarized in Table Vill. The last result obtained by E687 

is in good agreement 't,vith CLEO and vVA82, and in clear disagreement with the 
theoretical previsions. 

Table VIII 

B(D U --+ K-K·)Experiment 
I 8(D U --+ Ir-n?') 

:\fark II , 3.4± 1.8 

:vfark III I 3.7± 1.4 

ARGUS34 ) I 2.5±O.7 

CLE03S) , 2.35 ±O.37±O.28 

E69136) j 1.9S±O.34±O.22 

\VA8237) . I 2.23 ±O.81 ±O.46 

E68738) I 2.53±O.46±O.I9 

Possible explanations of this anomaly are based upon the significant role. that final 

state interactions could piay or on a possible interference between spectator and penguin 

diagrams, 't,vhich should be positive for (K·K-) and negative for (Jr1-Jr-) • 

.-\ second puzzle is connected to the DO decay into K U tr°. This decay is color 

suppressed. but the experimental determination of the B.R. with respect a decay channel 

o.llo\ved via an usual spectator process (as D J _K-,.T-) is definitively much too high (see 
Table IX). 

Table IX 
I 

ExcerimentI 
:\fark III39) 0.45:to.IO ±O.IO 

CLEQ3S) 0.55 ±O.06±O.07 

E691 40) 1.36 ±O.2.3 ±O.22 



7:~e most recent result oetalned at iixed target by E691, is even higher than the 

?revious ones lbut the errors are also higher); it has been obtained by a sample of events 
D· (onsrrained (;:'J. S are reconstructed by the calorimeter; a cut on the angle between ,,0 

and D" :oost direction in the D"; ~.:. is used. to select the sample). 

~oir giuon excnange, \vhic~ should reduce the color suppression, could be a 

:;assloie exolanation or this result. . . 

-±-.2 Decavs to non strange states 

7:'e D and D: can decay i:lto non strange states, as 3:r and 5.,,:, via a Cabibbo 

suppressed spectator process (as in the case of D=) and an annihilation diagram (as for 

D~). In the case oi D., the decaY mechanism CZln be oniv a Cabibbo allowed annihilation 
~ ~ ~ ~ 

process if the secondary particles do not give origin to resonant substructures, \vnile a 

Cabibbo suppressed spectator mechanism gives contribution in case of a two body 

resonant final states. 
Evidence ior the D=, D; decay to ::=::=::= has been shown by E69141 ) and E687. The 

mass piots are presented in Figs. 9a and 9b. In both spectra the misidentified Krar 

reflection, the D and D! peaks are clearly evident. The fitted yields consist of : 82.6 ±15.3 

D= and 68.1:::124 D: decays in the E691 sample; 179.2±21.1 Dr. 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 \vhile the E687 analysis, still in progress, is based upon the 

helicity iormalism. In these types or analysis the background and its fluctuations are 

very crucial. As an example, the analysis of the D signal can be strongly influenced by 

the tail of the K:::: ret1ection. 

TDe E691 results sho\v that (·-:-·-:-·-:~)VR and the (/0;:+) dominate the Dr decays and 

~hat t::e!r contribution are neari:' equivalent. The B.R. between D; -4 (rrr:r;),V1t and a 

srectator CJ.oibbo allo\ved decay as ,\'l(::, C.1n be a good indication of the contribution due 

:c annihilation: 

E657 found the iirst actual evidence of the D, D! decay into 5:r. Also in this case 

the requirement that the secondary vertex \viil be downstream the target gave an 

important help in disentangling the signaL The fitted yields (very preliminary) consist 

ot 40:: 7 and 24 ±5 events ior D = and D: I respectively (see Fig 10). 

----------~'n 
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";.3 Search ot substructures 

E:691 42 } and E68743 ) have recently analyzed the K,ur Dalitz plots, previously studied 

-liso� JV ~\fari< rrr~ of) ana ARG7..:S4 5). The channels analyzed are: 
...,,= ..=_=_= ,..... v ·'u_-_- ,...... j •.'-_-_)

.../ - f\. •• •• • ..,I - f\. :'. ,. ...,1 - f\. •• •• . 

:-~e analysIs done oy £687 ",';as parnc"J.iarly complete because the iormalism ~vas 

extended to allot-v ror the possibility or contributions irom all known (Krr) and (:rtr' 

.:-esonances. T:1.e iormalism is essentially based upon the Zemach method46 >. The high 

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

",vnic.;' could be contaminated by bacKground channels, to D- constraint the D U samples. 
,( ..

1..u. :.m I 
n" IMJ* ~. 

n ~t...... ~. 
.JIt ,m* ,~I%J I 

I. . ~, ,. " ::I. . ~, 

I", ~. <lAJd I 
'PI ~. UIII , 

lS ,. I,.. 
I n,* 11.,. I 

I 

i 
, I� 

:1
• I 

s .. 

;.1� ;.U U .... 

5,. ~It/I1fAMU&aI: •• I1II1. 

Fi g. IO - 3,-: mass plot (Gc:V). 

The result is a very good signal ta noise ratio (see Fig. 11). The fitted yields are: 
"00 t' D-·"- - - -a., """':"'c D J K U '" 0 a' - ... O+ .... OforD Il K- -to 03880=1 even s tor - --I\. ,-:-."- J := ... _=~. J.or ~ !.-::r an :J.j _.j ~ rr 1r • 

7::ere is a ,:ery good .:lgreement tenveen the results at E687 and ARGUS for 

0') - 1\':.-:"",-:- J o..nd .:l :Jir .:greement .:mong E687, E691 and )"fark III far DJ 
-.. K-,-:1"trU and 

D- - K-.-:-.-:- (.-\RGI..-S does not J.nal!'ze ti"1ese nvo channels), even if some disagreement 

:s Dresent in the reiative DnaSe measurements..� . 
The most important aspect oi these results is the big difference at the non resonant 

contrIbutions bet'tveen D v and D': channels; this is surprising because all three channels 

decav ~;ia similar diagrams. T>.e D lJ - i\ -,-:-.-:J ~inal states is \vell described. bv a sum of . -� . 
intermediate tv~'o-oodv resonances, '.vi thout J.ny appreciable contribution of non

resonant ; the DU
- t"':~,-:"'.-:- is approxImately represented by intermediate two-body 

resonant decays \vltn J. small, :Jut not negligible non-resonant contribution; the 
0"- - K-.-:-:r~ decav mode. on the other hand, is characterized by a very large. 
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:-:.on-resonant contribution, \vhicn strongly dominates the channel. 

)Jo clear exolanation is presently avaiiable to und.erstand these very different 

behaviours of D:' and D J channels. 

..~ Dalitz plot analysis or the KK ,7: channel is now in progress in the E687 

collaboration making use or the helicity formalism. The D and D ~ 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 directly the data from the sidebands. 
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Fig. 12 - 0; Dalitz ;;lot m.~_.l(- JnQ m~-.'r' ?rotections. The crosses are the experimental 
data and the histogram corresponds to the fit. 

Performing a 3 amplitude fit (non-resonant, <P. K·U 
), the D ~ and D· decays show a 

differen t behaviour: \\1hile D ~ is dominated bv the t\VO resonances with only a small 



:-ractlon at non-resonant events ,-;'0%), the D'" presents a large component of non

resonant events (--i-O%) comparable to the resonant fractions. When the 10 (975) is 

:ntroduced in the tit, part oi the non-resonant events are attributed to this broad scalar 

resonance. Tnen the iour ampiitucie fit is problematic due to the similarity or the io and 

the non-resonant amplitudes on tl1e Dalitz plot. 

This is the iirst time that a full coherent Dalitz plot amplitude analysis has been 

?eriormed on the KK:: iinal state. 

The E68i. three amplitude analysis seem to coniirm previous measurements 

(E691)47) to the extent of the D'" but give a smaller non-resonant fraction in the Dr case.f 
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rig. 13 - D'" DalitZ vlot m~._v. and m:._._ prolections. The histogram corresponds to the fit- . ,\ .'\. .\ ., 

and the crosses to the data. 

::. ce!'!1ilet:'tonic cec.:n"s or charT:':eci ::-:esons 

.';'s it is ",.:eil kno\vn the semile;Jtonic cecays can be described by a simple spectator 

diagram, ~xpressed by a product of hadronic and leptonic (point-like) currents. The 

?oint-like leptonic C:1rrent is r.vell knot.v. The hadronic current is a function of q2. 
dependent torm factors, \vhich describe coupling of meson \vavefunctions to the virtual 

\v. 
The measurements or these torm factors are of particular interest also because 

:-eiations bet\veen them and the torm tactors for Beauty semileptonic decays are 

predicted by the Heavy Quark Effective Theor08>· 



Fe\v decay c~anneis have oeen extensively studied by several experiments, 
included fixed target experiments. In the analysis of the semileptonic channels, due to 
the missed v, the point back cuts are lost. Then iurther selections are used to identify the 
decays. 

I T.vill discuss here t~vo c::annels and the torm factors obtained from their analYsis. 

This channel has been studied by three experiments at fixed target: E69149), E68750) 

and E65351 ). For the D J sample E691 and E687 analyze only D- tag events, make use of 
detachment and isolation cutS, impose Jf Klv =M:Jw to obtain PUI and finally do the 

selection on the (M J. -M!J) piot. The D· constraints are not used in the charged D 

sample. E653 uses the method of the lI:ninimum parent mass" selecting decay 

DO ~K-j.J."'1J sample on this distribution by means of a maximum likelihood fit. 

The resuits are shown in Table X, \vhere they are compared with the MARK m52) 

and CLE053) data. T~NO quotations are reported by E687, referred to two samples of data, 

collected in nvo different runs. 

Table X 

EXPERI~1ENTS 

I 
BF(D ~ Kl.+ v) 

(%) 

I D'" -47(uf.+v 

;vfARK III (e) 
J 

65 +1.6 -J-Q 7
• -11 - • 

=.691 (e) I 0.1 ±0.9 ±1.6 
A.verage I 6.3:: 1.2 

, DO -4K-r"v 

~\fAR.K III (eJ I 3.4±O.5±O.4 
I 
I CLEO (eJ I 3.8±O.3±O.6 

I :":LEO (u) I 3.3 ±0.3 ::0.6 
'::091 (eJ - 3.8±0.5~O.6 

=:653 (LL) 2.4±0.4±0.5 
E687(87-88) ( LL) I 3.4 ±0.51: 0.7 

E687(90) (LL) I, 3.7 ±0.3 ± 0.6 
Average I, 3.2±0.4 

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

seems deiinitivelv lot.ver than the other data. 

The \vorid \veignted mean value oi the semileptonic \vidths and the theoretical 

pred.ictions are sho\vn in Table xr54 >. The D· Jnd DO experimental widths seem agree· 

each other, ~vithin :0-, as expected by the isospin symmetry. 



T~e theoretical previsions are in general not very far irom the measured values 

and for some model the agreement seems very good. 

Table XI 

Exoenmental \Vldths 
I - ,D" _ j('j ; .. " )= 5 .J -; 1 1 a10 ,. ~ 
I i. l . .....,.. • ., - --.... -

I reD J -;.K~r'I/)= 7.7=0.8 lola 5.1 

I rrD -4 Ktf'v)= 7.1 =0.6 1010 s-l. 
I 

THEORY I reD - K[~i!", 

I 

I GS 

ivVSB 

ISG\V 

KS 

1010 S-1� 

QUARK ~fODEL
 

I 7.1 I 
j 8.26 I 
I 8.5 I 
I lO.2(e)-9.9( u) I 

j .. (o) 

0.69 

0.76 

0.76 

0.76 

LATrrCEGAUGECALCL~~TION 

C~HS I 9.5=:4. 

LMMS I 5.8:: 1.5 

BKS 

BBD 

DP 

AEK 

AOS 

?or the D

I 12.±2.::5. 

QCD Su~f RLLES 
, 

6.4± 1.4 

I 3.2= 1.1 

I ==1-1_... - ..., 
I 

I 9.1 ::4.5 

, 
0.74±0.17 

I 0.63±0.08 

I0.9 ± 0.08 ± 0.21 

I 0.6±0.15 

f 0.75 ::0.05 

I 
0.6::0.15 

I 0.8::0.2 

- decav to a oseudoscalar t::e width is: . . 

Reference 

i Phvs. Rev. 041 (1990) 142 

I Z. Phvs. C29 (1985) 671 

I Phvs. Rev. D39 (1989) 799 

I Z. Phvs. C46 (1990) 93 

I 
I Phvs. Lett. B223 (1989) 90 

I Phvs. Lett. B2S4 (1992) 415 

I Phvs. Rev. 043 (1991) 2140 

I 
I Phvs. Rev. D44 (1991) 3567 

, Phvs. Lett. 8207 (1988) 499 

Sov. J. Nud. Phys. 40

I (1984) S27 

I IC-89-382 (1989) 

The contribution or the terms involving the iorm factor I-(q:) is negligible since 

:hey are multipiied by m ~. For .... lq:) the simple pole approximation is assumed 

j. (q: ) = (. (0) . ,u" is the ooie mass or the nearest exchanged particle in the t channel 
i -I,r / J/ p . 

(in this case the vector meson D;). 



The singie ooie mass value can be obtained bv fitting the Ja vs q:' shape. f (0) can 
~	 ~-.� . . 

be measured by the width integrated over q: and assuming tVul=/vlMi l==o.9744.� 
The results are shown in Table Xli.� 

Ta.ble XII 

,Exo. I :.'vfoae Mo 1/.(0) I 
? 1+0.4"02E691 I .f(-e-v I _. -"'2 - • O.79±O.OS 

E687 I /(-u·y j� _. J 1 ~.7+O.7-'" 3-(l3 I O.77±O.O8 
? 1 ~U+O.3CLEO I K-c·Y I _. -"'2-0.2 0.77±O.Ol ±O.04 

, 1 8 +0.5+0.3YfARK ill I K-e-~' ~. -"'2~2 

Jf ~ is the best fit pole mass: it is in very good agreement with the D; mass. The 1+(0) 

1,veighted mean values34> are: 0.;"3=0.04 for DO and O.64±O.06 for D+55). The average 

value for D· and D U is 0.7=0.03, in a general good agreement with the theoretical 
expectations (Table X1). 

The selection oi these channels is done by E691 49 ) and £68750) by identifying the 

K::I. combinations ,vith right sign and by fitting the K-.~+ and K-:r+J,J.+ mass distributions 

\vith a fit function, ~vhich is a combination of the Me distributions of the signal and of 
the charm background decays. E653S0 uses the minimum parent mass to reject the 

contamination irom decays ,vith neutral products. 

The ratios bet,veen the (K a iv) and the (Klv) ~vidths, as measured by various 

experiments, are sho,vn in T.lbie XIII, together ,vith the signal yields and the world 
\veignted mean ~:alues oi ;(D ~ - K ·l)2~v). rCD v ~ K--r·v) and reD -+Klv)S4). The 

comparison or these results \vith the theoretical expectations of Table XIV confirms the 
'.vell kno\vn disagreement \vi th the quark models, ~vhich predict D -+ K 

a 
iv widths and 

r(D -- j(.iV) I f(D ...... K tv) a ractor ~vo larger than the experimental data_ 

On the other hand the QeD sum rules seem to give previsions closer to the 

exoerimental weasurements. 

D decay to a vector particle introduces Lorentz invariant products of momenta 

c1nd soins. Then the matrix element has to be written in terms of the three- helicity 

amplitudes H"oll.. and H _ of the vector mesons: 



~r . . • PS xBW xlMI~ 
..;.~ft::r: ·~l·a cos l1 v 'u casu! 

Table XIII 

Exoeriment Yield reD -+K-lv) 

(events) rCD-+Klv) 

.\1ARK III (e)52) 

E691 49) 318 0.55::0.14 
I 

I E653 eu )51) j 305 O.43±O.09±O.09 

E687 (J.L )50) I 875 O.59±O.10±O.13 

D V -+ Ka-,.·v 

CLE053) I I 0.51 ±O.8±O.06 

Average I O.55±O.O7 

r(D'" -1oK"OZ+v=4.4±O.6xl010 5.1 

reDo -KO-t'·v)=4.9±1.1xl010 5.1 

reD -+ K"i·v)=4.S:!:0.5xl010 5.1 

Table XIV' 

THEORY 
I rrD -+ j(at ... v )

I rrD~Kt"'v) 

QU.-\R.K :vfODEL 

GS I 1.~ 

\VSB I 1.15 

ISGT~V I 1.1 

KS I 0.95 

L.-\ITICE G.~t:GE C.-\LCULATIONS 

L;',fMS I 0.86±0.27 

QeD SLTNf RULES 

'. BBD I 0.5±O.15 

AOS I 



--

\vhere: v.~ is the angie betw'een :: and D in the K· frame: V,I between l. and D in the tv 
.. ~.......� 

I:l the limit or massless leotons: 

;\! u) and A ~(r)aie the axial form factors; V(C), the vector one. It is generally assumed that 

these iorm factors are given, in the one Dole aoproximation, bv: F(t) = Fro) , I ~vith the 
. ... . I-liM; 

vector pole given by the 0; mass (-2.1 GeV) and the two axial poles given by the D-; 
mass (-2.5 GeV). 

Adopting the f69! convention, the experimental measurements are concentrated 
v (0) . .4., (0) . . • b b' . b f" h don R v =- ana R.. =---/ \VhlCn can e 0 talnea V Itting ted". Vi an t 

,4 I (0) - .-i ! (0) • 

distributions. 

The shape or the cos Vy intensity projection is controlled by the polarization 

parameter rtl r" ej. the ratio oi the longitudinal to transverse width of the virtual W: 

df r, ~ 
- oc 1+ (2-'- I) cos- v<.in r, vi 

r:.... e polarization parameter is a iunction of !H 01 2 and {/H .. j2 +!H _1 2 }. Ry and R'2 are very 

crucially intluenced. by the systematic errors; then the systematic effects due to the Me 
statistics, detector eiiiciency variations and background are studied very carefully. 

The results are summarized in Table XV. Tne agreement between the E68750) and 

the E653S1> is good, v/hile discrepancies exists \vith the E691 49) measurement of R'1 and 

:'!,. r~. The confidence level ior an agreement among the three experiments on R 2 and 

i(, is 60%. 

Table XV 

i Ext:' I H .. I R. r! If.i,� 
I
I E691 I iJ.C} ::0.5 ::0.2 I 2.0 ±0.6::0.3 1.8 ~.~ ::0.3� 
I 

E653 I I j 00 +0.33 ~O 16O.82~·~::O.11 _. ..,.jl12 - • 1.18±O.18±O.O8� 

E687 I 0.7S ::0.18 ::0.10 I l.i4±O.27±O.28 1.20 ±O.13±O.13� 

I .-\verage I O.74±0.14 I 1.86±O.2 1.21 ±O.l� 



The comparison ~vith the theoretical preolcnons reveal that there is a general 

disagreement between experiments and theory, 't-vith few exceptions (see Table XVI). 

6.0� Limits on C.:'. ~:iolation 

.~ good signature ior CP violation is an asymmetry in the decay rate oi a cnarm 

decay mode and its CP conjugate. 

Table XVI 

THEORY R .J f, /r~ 

QUARK ivfODEL 

I GS I 0.8 I 1.9 I 1.2 

WSB j 
.. ... 
L.) I 1.4 I 0.9 

ISG1-V I 1.0::0.3 I 1.4±0.4 I 1.1 :to.2 

KS j 1.0 I 1.0 I 1.1 

LATTICE GAUGE C.~LC!JLATIONS 

I LMMS j 0.36±0.4 I 1.6=0.2 I 1.51±O.27 

BKS I 0.7±0.3 r 2.0±0.4 I 
QCD SL1vf RLTLES 

I 
I BBD I 1.2::0.2 l 2.2::0.9 I O.86±O.O6 

AOS 0.89::0.39 1.89::0.79 

In order to produce such an asymmetry, \ve need two independent weak decay 

amplitudes, \vhich contribute to the same final state (as Cabibbo suppressed decays or 

decaY ~vith mixing). In addition. final state interactions must induce a phase shift 

~en\Teen the nvo deC1V amiJlituaes. 

..;, good chmneis should be DV 1(-';;- ",\Thien ean be compared \vith Do) -4 K"'K-. The- I 

-:::arge of the D' daughter :: is used to divide the D J ~y the D v sample. To measure the 

asymmetry ~ve use the parameter: 

7J IS the D. i5 decay channel yield. =1ormaiized to a D. i5 C..1bibbo allo\ved channel, as 
v(D oJ _ K·K -1 , - v(D U - K - ,:; ... ,

7J(D) = ana 7](D) =� Tne normalization is needed to take into 
.'I (D U� _ «-,-::-) .Y (D v _ K ....-::- ) 

account the different D and 75 rates. 



E691 and E687 have searched for CP violation, using the procedure desaibed above. 

The measured limits are: ~4 cp (K"'K-)!<45% (90% Coni. Level) from" E69t56l:-and <13% 

from E6875i1 (90% Coni. Level). 
E687 studied. also the decay channel Do) _K-K"';r't-, by using D'" -+K-/C't-/C'" as 

:1ormalization channel. Here the situation is complicated by the possible intermediate 

:-esonant states. The CP asymmetry could be different for each decay mode, since the 

5 trong phase shift and the relative size of the two weak decay amplitudes vary. 
E687 studied the K-oK'" and CJ1T:~ contributions, analysing the KZrr; and K"'K

invariant mass distributions. 

The measured. limits (90% Coni. Level) are the following: 
A~;1(K-K"';r"')rol4J<lO% A:p (K 

o

oK)<2:!% A:p (4'rr,<12% 

7. a Conclusions 

i)� 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 gluon-gluon 

and photon-gluon models. 

ii)� The charmed meson lifetimes are very well known, with very small statistical and 

systematic errors. We are very close to fix the lifetime hierarchy for the charmed 

baryons. 

iii) The n~ mass is established qUite well. Unfortunately no decay channel has- yet been 

observed by tlvo different experiments. 

i v) Measurements of charmed baryon decay channels, Cabibbo suppressed or allowed by 

exchange processes, are becoming to be available. 

v)� The good statistics no\v reached in meson decay processes, different from a simple 

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

diagrams. 
?i)� 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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