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The p radiative decay width has been measured at CERN ( experiment NA29 ) , 
by s tudying the product ion of p- via the Primakoff effect by 200 GeV/c 
incident n- on Cu and Pb targets .  We obtain f( p-�n-y)=B1±4±4 keV, a resul t  in 
good agreement wi th the quark model . 
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Introduc tion 
In the quark model ,  the meson radiat ive decays V4P+y ( such as p-4n-y) are 

cons idered a magnet ic  dipole trans i t ion, where one of  the cons t i tuent quarks 
of the vec tor meson fl ips i t s  spin,  with a consequent emission of a pho ton . 

These trans i t ions rapresent a sens i t ive tes t of the quark model ,  s ince 
the predict ions for f( p-41!-y) , presented in the li terature, range from -120 

keV to -57 kev3-4 ) , according to  the various assump t ions made in the theory . 
A more model indipendent value is f( p-41!-y) /f(w�lly) �l/ 9 ,  which would 

ind i cate a f( p-�ll-y) �92±7 keV from the experimental value f( w�lly)=860±60 keV. 
Two d i f ferent values of the f( p �I! y) were available :  35±10 keV at  22 GeV 

and 71±7  keV at 156-260 GeV ; for the p+ the only measurement gives 60±4 keV at  
200  GeV . Given the  large di screpancy between the  exist ing measurement s ,  i t  
seemed important t o  at tempt a clari ficat ion o f  the s i tuation by a new, high 
s ta t i s t ics measurement of f( p-�ll-y) . 

Procedure 
Since the branching ratio  B ( p-�ll-y) ( �l0-3 ) is much smaller than the 

branching ra tio  B ( p-�Jt-1!0)  and the trans i t ion p-�ll-y would be overwhelmed by 
the p-�Jt-1!0 background , we have measured f( p �ll-y) using the inverse process 

where the Coulomb field of  a heavy nucleus is employed as a source of  gamma 
(Primakoff effect ) .  

The cross sect i on for Coulomb product ion i s  (us ing the usual no tation ) :  

2 t- tmin - - 2 24nocZ · C · --- · f( p �n y) · I �  ( t )  I M t2 c 

where Fc ( t )  is the e . m . form factor and , for a broad resonance as the p 

If this process were the only mechanism contribut ing to the 

( 1 )  

( 2 )  

p 

produc t i on ,  measuring the total produc tion cross s•ect ion would be sufficient 
to  calculate the value of  r;  but the p meson could also be s t rongly produced , 
for example via w or A2 exchange , and the cross sect ion for this process i s  

( 3 ) 
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where Fs ( t )  is the nuclear form factor and Cs is a normalization fac tor for 
s t rong produc t ion on a s ingle nucleon . 

Because of the interference between the two processes (Coulomb and 
s t rong) , f( p-�n-y) has been measured by f i t t ing the different ial cross sec t i on 
as a func t ion of t :  

dcr = I r 112 · f ( t )  + ei<l» c  · f < t )  1 2 
dt y c s s ( 4 )  

where fc ( fs ) is the Coulomb ( s t rong) produc t ion amplitude ( see ref . 2 for 
details on the values assumed) and � is the phase between the two ampli tudes . 

The da/dt  is calculated by normaliz ing the p yield to the K-�n- n° decay 
from the K present in the beam: this procedure has the advantage that , 
because of the similar kinematics of the processes �n-n° and K-�n-n° , any 
inefficiencies of the detectors and off-line programs , cancelled to the first  
order , are au toma t ically taken into account . 

Ve use the relation :  

where : 

dcr 
dt ctarget 

dN p 
dt • T 

A - C target= �· (d=l . mm and 2 . 5  mm for Pb target and Cu target 
respect ively ) ; Av 

- dNP and NK are the number of produced p and K- , respect ively , decaying into 
the n-n°  channel ; 

- EP and 8K are the efficiencies for and K detect ion and recons truction 
( including the sub tract ion of con tribut ions from background channels ) ;  

- Xn and XK are the fract ion o f  n and K in the beam a t  the primary target .  

- DK i s  the probabili ty that a beam K decays into n-n° i n  the region chosen 
for the K decays and Dn is the probabil i ty that the incident n survives up 
to  the target ;  

- T i s  a correc t ion factor , which takes into account the d i f ferent 
inefficiencies for the two processes and has been evaluated wi th special 
runs . 

Experimental apparatus 
To enhance the Coulomb 

needs ( see ( 1 )  and (3) ) :  

- a high energy beam ; 
- a high Z target ; 

product ion versus the s trong produc t ion ,  one 

- a spectrometer w i th good acceptance for low event s ,  beam par t icle 
ident i fication,  pho ton energy measurements  and charged part icle momentum 
analysis . 
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A schemat i c  view of the apparatus is presented in fig.  1 .  At 200 GeV/c 
and 106 ppb, the beam was composed by 95% JI and 4. 5% K- . W'e used two 
d i f ferent targe ts  (Pb and Cu ) of a 0 . 18 radiat ion length.  

Asking one charged par t icle (out of the beam) and a t  leas t one gamma in 
the spectrome ter ,  we collec ted 2xl05 events on Pb and 6x105 events on Cu . 

10cmL 
200cm 

\ l�i § 

""' '"" '"" l � I I 
PHOTON DETECTORS 

Fig.  1. Top view of the NA29 apparatus , showing the targe t ,  the beam and 
vertex chamber (MW'PC) , the veto scinti llator counters (V' s ) ,  the 
trigger counters and hodoscopes ( SH ,  C, H, LH) and the drift  chambers 
(DC) magnets and photon detectors of the FRAMM spectrometer.  

Analys is . 
W'e applied the following cuts ( in this order ) :  

- a recons t ruc ted vertex around the target for thE! p ( -20 . <z p<+lO . cm) and 
well outs ide the target for the K decay ( -130. <zk<-50 . cm ;  +20 . <zk<+lOO . cm) 
( the target was a t  -10 . cm) ; 
only one charged track in the spectrome ter and two e . m .  showers in the 
pho ton detectors ; 

- a reconstruc ted yy invariant mass between 80 and 190 MeV/c2 ; 
- a convergent two cons traint kinematics f i t ,  wi th a fixed n° mas s ;  
- a reconstructed total energy of  the secondary par t i cles (ET!- + EJ!0 ) between 

150 and 250 GeV . 
- t <0 . 01 (GeV/c ) 2 . 

The Jl-Jl0 mass distribut ions are presented in fig.  2a and fig. 2b for the 
events whi ch satis fied all the above cond i t ions ( t he lines are Monte Carlo 
predic t ions ) . 
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Fig.  2 .  n- n° invariant mass 
d i s tribut ion.  
a )  n in terac t ions ; 
b) K- decays . 
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a )  

To define the and K- events , cuts from 600 t o  950 and from 450 t o  550 

MeV/c
2

, respect ively , were introduced in the n- n° spec tra.  

The background subtractions are summari zed in table I .  

The f i nal numbers are : 

for the p produc tion:  2935 events on Cu and 967 on Pb;  
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for the K decay : 4590 events on Cu and 1863 on Pb . 

The e f f i c i encies ( the € ' s  and T in ( 5 ) ) ,  evaluated with the Mon te Carlo , 

are €
P

=0 . 35 for Cu and =0. 34 for Pb ; 8K=0 . 40 ;  T=0 . 98 .  
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Fig.  3 .  rr- rr0 invariant mass d i s t ri bu t i ons for the event s  selec ted by our 
analys i s  for the rr interac t ions : the full line is the Bre i t -Yigner 
formula wri t ten for a broad resonance and f i t ted on the experimental 
d i s t r i bu t ions . 
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Fig.  4 .  Differen t ial cross sec t i ons 
d a/ d t  for the p- produc t ion on 
Cu and Pb . The full l ine is the 
theoret ical formula ( 4 )  wi th 
the resolut i on folded i n ,  f i t ted 
on the experimental data.  
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Results 

The d i s t r i but ions o f  the invariant mass for the selec ted even t s ,  

corrected for geomet r i cal acceptance , are shown in f i g .  3 ;  f i t ted b y  eqs . ( 1 )  

and ( 2 )  and in tergrated i n  t up t o  O . Ol (GeV/c )
2

, for the p mass and width we 

obtained the values presented in table II . 
The d i f feren t ial cross sect ion for the p product ion on copper and lead 

is  shown in f i g .  4 .  

Fi t t ing these data with  eq . ( 4 )  ( folding i n  the experimental 

resolut i on ) , we obtained the results summarized in table III . 

empty target events 
n- n° n° channel 
K � 3 bodies channels 

TABLE I 

Background Subtract i ons 

1 . 4  % 
3 . 8  % 

TABLE II 

1 . 8  % 
1 . 3 % 

F i t  of the n- n° invariant mass spectrum w i t h  eq . ( 1 ) . 

n-
A�An- n° m f( p�l l )  x

2 
/DF p 

(MeV/c
2

) ( MeV/c
2

) 

A Cu 767 . ±2 .  155 . ±7 .  24/20 
A Pb 7 6 1 . +3 . 154 . +9 . 43/33 

TABLE III 

K 

0 

F i t  up to t=O . Ol ( GeV/c )
2 

of the t d i s t r i but ion with  eq . (4 )  

The f i r s t  error i s  the s ta t i s t i cal one ; the second error takes into account 
the uncertain t i es due to the correc t i ons performed in the analysi s .  

A=Cu 
A=Pb 
global 
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