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ABSTRAC T 

The prel iminary resul t s  o f  CERN NAl photoproduct ion exper iment are 

presented 46 charmed pair have been found so far in a sample o f  6 70000 

events analysed out of  1 . 8  mi l l ion col lec ted . A first ind icat ion of  charge d 

D l i fe t ime is also g iven. 

RESUME 

Les resu l tats  preliminaires de l ' exper ience de photoproduc t ion c oherente 

NAl au CERN sent present e s .  46 paires de me sons charmes ont ete t rouves 

parmi 6 70000 evenements ana lyses sur un total  de l . 8 • 1 0 6  enregistre s .  

O n  donne aus s i  une premiere indication d e  la duree d e  v i e  moyenne d u  me son 

D charge . 
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I report h ere the prel iminary resul ts  coming from 670000 o u t  of  1 . 8  
mi l l ion event s  collected i n  the NAl exper iment performed b y  FRAMM 
C o l laboration l ) at SPS us ing the 150  GeV H4/E4 beam in elec tron mode. 

During the exper iment a bremsstrah lung photon beam radiated by electrons 

in a 0 . 1  radiat ion length lead converter , was interac t ing in a S i l icon target 

( 0 . 15  radiat ion length ) . 

The aim o f  the experiment is to s tudy the d i f  fract ive exc itat ion of the 

photon into heavy s tates JP= 1- and , in particular , to measure with 

e l ec tronic technique the decay path o f  charmed me sons produced in pairs with 

such a mechanism.  The phys ical  processes  are i l lus trated in fig. 1 .  

Hadrons + p h o to n s  
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Fig 1 .  Coherent photoproduc t ion o f  DD pairs . 

1 .  THE APPARATUS 

The experimental appara tus , as shown in f ig .  2 , is composed of a tagging 

s ystem,  a vertex detector inc luding target and a forward spectrome ter2 ) . The 

tagg ing sys tem is a hodoscope for momentum measurement of  the elec tron bent by 

a magnet pos i tioned after the conver ter where the photon is rad iated . Since 

the brems s trahlung of high energy elec trons is a lways dominated by mul t iphoton 

emi s s ion , in order to  recons truct the energy of the photon interact ing in the 

target ,  the informat ion g iven by the tagging hodoscope is  used together with 

the measurement of the energy of  extra photons produced in the converter . The 

energy of photons non interac t ing in the target is measured in the last  

e lec tromagne t ic calorimeter . The energy o f  interact ing photons is  eventually 

de termined in interval s  o f  DE /E = 5 % .  y y 
The targe t ,  1 . 6  cm long , is a telescope of 40 s i l icon detec tors 300 µm 

th ick and 1 00 µm apart , i t s  granularity along the beam being 400 µm. The 

tele scope has been expres sely  designed to detect the decay of charmed 

mesons3 ) it takes into account the fact that in c oherent photoproduction on 
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F i g .  2 Experimental  apparatus . 

s i l icon nuc leus the photon energy ( typica l ly above 60 GeV) f lows a lmos t 

ent irely into the charmed me son pair . The short decay path o f  D mesons can 

there fore be stre tched by  a large Lorentz y- factor up to  the order of  a 

mi l l ime ter or more ( several s i l icon layers ) .  S ince the s ignal ampl itude in a 

s ingle detec tor i s  proport ional to the mul t iplic ity o f  transvers ing minimum 

ioniz ing par t icles , we look for steps in pul s e  height produced by the increase 

of  the mu l t iplicity o f  charged particles after the charm decay . In f ig .  3 a 

pu lse  he ight pat tern of an expected DD event in the target is shown. 
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Fig .  3 .  Pu l se height  pattern in the targe t .  

A set  o f  magnet s  interspaced with MWPC and drift  chambers4 ) measures 

the momentum of  a l l  part icles  with momentum larger than 0 . 5  GeV/c and produced 

within a cone o f  90 mrad half-apertur e .  This  sys tem provides a rather uniform 

resolut ion between 1 and 1 50  GeV/c ,  generally better  than 1 % .  A set  of  

c ounters posit ioned around the  t arget vetoes all  events in which par t icles  

are  produced at l arge angles .  However , to accept events where the � from the 
* 

D decay goes outs ide the magnet ic s pec trometer acceptanc e ,  a s ingle 

particle i s  a l l owed to be detec ted in a c one up to 30° . 
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Two multicell  Cerenkov c ounters are instal led ins ide the first two magnets to  

select  kaons from pions in the momentum interval 4-20 GeV/c .  Five shower 

detec tors subdivided with a very fine granularity measure a l l  photons and 

e lectrons produced within ± 30 . They provide s tandard energy and a very 

g ood space ( ±  l . 5mm) resolutions . Their informat ion is also  used at the 

trigger leve l .  

2 ,  TRIGGER 

The experiment was run with the following trigger conditions : 

a )  A t  least 2 hadrons or  l hadron and 1 photon i n  the forward 

s pec trometer . 

b )  Nothing outside experimental acceptanc e .  

c )  N o  geometrical cut in the horizontal plane . 

d )  The trigger e ffic iency was then > 70% for 4 hadrons , nearly 

100% for photons . 

1 . 8 Mill ion events have been c o l lec ted using the 150 GeV e lec tron beam o f  

3 •  1 0 6  electrons pulse . About 1 / 3  of  t h e  f u l l  statistics  h a s  been 

processed so  far , in this sample 50  charm pairs coherently photoproduced are 

expected t o  be v i s ible in FRAMM apparatus (Montecarl o  calculations ) .  

3 .  ANALYSIS  CRITERIA 

a )  Removal o f  e+e- pairs , us ing the momentum measured i n  the magnetic 

spectrometer and the energy measured in electromagnetic  detectors . 

b )  rr 0  reconstruc t ion . 

c )  Take events with total energy measured in the forward spec trometer 

E TOT> 80 GeV and ask for them a match within an uncertainty of ± 

30% b etween photon energy g iven by the tagging and ETOT ' 
d )  Check on total P1 according to the s i licon form factor to insure the 

coherence of  the event .  

e )  Use Cerenkov informat ion for pos i t ive ident ificat ion of  pions i n  the 

interval 4 � P � 20 GeV/c to have kaons candidates . 

f) Ask for mu ltiplicity  at the end of target less  or equal to the charged 

mu ltiplicity in forward s pectrometer .  In addit ion only  events with a 

s pectrometer charged mu l t iplic ity � 6 have been accepted . 

g) Require at least  l visible  s tep in the target corresponding to a 

mul tiplicity variat ion �n � 2 ( from 2 to 4 or more , from 4 to 6 or 

more , e tc . ) .  



e ) Al low K '  short when n+n- invariant mass i s  = 500 MeV . 

C ombinat ion are then built  to form the individual D ' s  of the pair 

u s ing 2 further criteri a :  

i )  To build c omb inat ions only 1 K or K ' , chosen among c andidates , 

for each of the two mas s  states  (D and D) is ass igned in building 

c omb inat ions . 

i i )  Exot ic ity c ondi t ion according t o  Cabibbo ' s  select ion rule i s  

imposed i n  comb inat ions giving charged D ' s .  

Al l the events where n o  c omb ination g ives a total  invariant mass above DD 

threshold have been rej ected ( t o  be safe the software theresho ld has been set  

a t  3 . 5  GeV) . In our  selection we have events  with even number o f  charged 

prongs 6 or 8 and events with an odd number of  charged prongs or 9 

recons truc ted in momentum , these lat ter have been kept , because o f  the 

possibil ity of 
* 

pion from D + nD decay gone out o f  magne t ic accep tance . 

For each event several comb inat ions have been built  g iving the mas ses Ml and 

M2 of the two s tates charm and ant i.charm t o  be ident ified .  
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F i g .  4 .  M1 v s .  M2 scat ter plot  
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F i g .  5 .  Sum of the two mesons masses 
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Fig .  4 shows a scat ter plot  M1 versus M2 where c omb ina t ions have been 

entered , a transverse band more populated than out s ide i s  wel l  visible in it . 

Separate projec tions for 6 and > 7 prong events a long the princ ipal diagonal 

c orrisponding to  plot  combinat ions versus C M1 + M2 ) are presented in fig .  

5 ,  in the  h igher mul t iplicity sample of  events  a c lear bump is shown in the  4 

GeV region [ (  2 MD ) '  (�* + MD ) ,  2 MD* ] a l lowing to select  a window, 

marked by the arrows where charmed mesons have to  be searched • In fig .  6 i s  

reported t h e  mas s  of  one s tate M2 when t h e  o ther s tate mass M1 is 

contained in the interval 1 . 9  to 2 . 1 GeV , a signal corresponding to charmed 

meson mas s is c learly visible , the arrows mark the nominal values of D and 
* D mas ses . 
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Fig .  6 .  Mass plot  for D and D 0 • 

;.- - -.111 

F ig .  7 .  Typ ical event . 
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Therefore for the events giving at least one comb ina tion inside a region 

where both s tates have their masses , M1 and M2 , s imu ltaneously in the 

range between 1 . 8 5  and 2 . 1 5 GeV , a more accurate scanning of pul se heigh t 

patterns of the target was done looking for s teps and leve l s .  

46 events c �l / 3  o f  selected)  ins ide the mass window present s teps , 

levels  and mul t iplicity  c ompatible with charmed me son pair decay s ,  mos t  o f  

them present a l so a h igh energy re lease i n  the s i l icon l ayer where the 

produc t ion accured , compatible with the recoil of  s i l icon nuc leu s .  

The computer d isp lay o f  one o f  these events  reconstruc ted in the 

spectrometer is shown in f ig .  7 .  In  the left  hand s ide of the figure the 



pulse heigh t  pattern o f  the target i s  shown , where the first  spike i s  due to 

the recoil of  s i l icon nuc leus , the following 4 layers show a pulse height 

c ompat ible with the energy re leased by 2 minimum ioniz ing par t ic l e s ,  and then 

a l ong leve l c orre sponding to 4 particles , the last jump he ing not 

i ncompat ible with 8 par ticles . The event i s  interpreted as D+D- , one o f  

D ' s  decay ing into 3 charged prongs , the other into 5 charged prongs ,  seven 

charged par t icles  and three n °  have been fu l ly reconstructed in the forward 

s pec trome ter . 10 events out o f  46 have been posit ively identified as D+D­
pairs with both decays measured ins ide the tel escope targe t .  In the remaining 

36 events , 40 decays have been measured , one of two mesons of ten decays  e i ther 

immed iately in the produc t ion l ayer or out s ide the t e le scope . For all these 

events the identificat ion be tween n°D0 , D+D- , D0D±n± s t i l l  remains 

amb iguous , there fore at  this  s tage we have g iven up in recognizing the fine 

s tructure of  the event name l y :  

i )  discr imina te D+D- versus D0o0 channel s  

i i )  attr ibute energy to  the individual D me son 

4. CONCLUSIONS 

Al l the decays observed have been entered in the same plot and individual 

decay paths have been correc ted for the finite lenght o f  the target .  The 

s tre tch ing y Lorentz fac tor has been there fore appoxima te ly at tributed to  D 
mesons in the fol l owing way : 

where ETOT is the total  energy of DD pair .  

S ince the  hadron c o l l i s ion length of  the  target  is  5 % ,  a nuclear 

i nterac t ion o f  pions ( for ins tance a coherent produc t ion o f  A1 ) can produce 

s teps corres ponding to variat ions in charged mu l t iplicity  and a normal 

h adronic event with a h igh number of pions c ould s imulate a decay event .  The 

plot  of f i g .  8 shows the decay path distribut ion of the 46 events ident ified 
a s  a pair of charmed mesons � In the low part of the f igure is shown the 

background extrac ted from a sample  of  hadronic events with 4 charged prong s 

and no photons in the spec trometer .  The target pat tern of the events entered 

in the plot presents a step from 2 to  4 minimum ioniz ing particles , due t o  

interac t ion of  one pion.  Real decay and background events a r e  treated in the 

same way and both are corrected for the finite length of  the target .  The 

d i s t r ibu t ion o f  background event s  is flat whereas the DD events show a c lear 

exponential  decreas e .  
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Making use  o f  the average y fac tor , the  plot  o f  the  number of  charmed 

mesons with a l i fe longer than versus t is  bui l t  and displayed in fig . 9  in 

l ogari thmic sca l e .  Points are in agreement with a s traight l ine . I have to  

remark again that  this  plot  c onta ins D± and n°s we l l .  

0.5 1 . 0  1 . 5  e l c m )  

Fig. 8. L iving path plot . 
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F i g .  9 .  L i fe t ime plot . 

A s ta t i s t ical trea tment o f  18 measured dec ays in the sample of 10 events 

posi t ively ident i f ied as D+D- pair s ,  gives a mean l i fe t ime between 

5 ' 10-1 3  and l0-1 2  sec . 
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