
Spokesman: 
D; Caldwell 
(805) 961 - 2547 
University of California 

Deputy Spokesman: 
T. Nash 
Extension 3693 
rerinilab 

CHARMED PHYSICS AT THE TAGGELl PEOTON LAB 

The Experiment 25A Collaboration 

D. Caldwell, J. Cunalat, P. Davis, R. Egloff, A. Eisner, G. Luste, 

R. Morrison, F. Murphy, T. Nash, J. Prentice, S. Yellin 

Fermi National University of California University 
Accelerator Laboratory Santa Barbara of Toronto 

FERMILAB-PUB-74-123-E



CHAR&IED PHYSICS AT THE TAGGED PHOTON LAB 

I. INTRODUCTION 

The recent discoveries of heavy narrow resonances a t  masses 

of 3.1 1 f 2 r 3  and 3.7 G ~ V ~  came a t  the same time a s  t h e  successful 

t e s t i n g  by our group of the  electron beam i n  t h e  Fermilab Tagged 

10 
Photon Fac i l i t y .  The timing is  perfect,  a s  this f a c i l i t y  with 

i t s  clean environment an?. r e l a t ive ly  high photon fluxes and 

energies w i l l  be the idea l  location f o r  severa l  important experiments 

suggested by t h e  new re su l t s .  We out l ine  below t h e  new significance 

of our experiment t o  measure the photon t o t a l  c ross  sec t ion  

(Experiment 25A), as  well  a s  s i x  other experiments t o  study the  

new phenomena we can perform with l i t t le  increase i n  running 

time and with the apparatus already being prepared f o r  ~xperiment  

25. This apparatus is pa r t i cu la r ly  well su i t ed  f o r  these  experiments 

which include a de f in i t i ve  check on whether t h e  new resonances 

a re  photo produced, a search fo r  a pseudoscaler p a r t i c l e  made 

of charmed quarks and a study of neut ra l  decay modes (which 

may well  be dominant) of new pa r t i c l e s .  Several of these  experiments 
- ~~ . ~ 

can most l i k e l y  be performed nowhere e l s e  b u t  the Tagged Photon 

La. i?e propose t o  spend sone time during t e s t i n g  of t h e  tagging sys- 

tem and the Experiment 25 apparatus t o  determine t h e  f e a s i b i l i t y  of 

these new experiments. 

The tests of t h e  electron beam detconstrated t h a t  tagged photons 

w i t h  f luxes and backgrounds with + 30% of predict ions w i l l  be 

a r e a l i t y  by May, 1975. An informal repor t  on these  t e s t s  is 

included a s  an appendix. These t e s t s  and our consideration of 



these new experiments lead us t o  conclude tha t  both the study 

of utot (yP) and utot (yA) and the  new measurements we here 

propose w i l l  make subs tan t ia l  contr ibut ions  t o  the understanding 

of these new phenomena. W e ,  therefore,  request  t h a t  t he  

Laboratory continue t o  give a s  high a p r i o r i t y  a s  possible t o  

the  completion of the tagged photon beam. 

11. NEW SIGNIFICMCE OF Utot NEASUREMENTS 

The discovery of the Q (3105) and $' (3695) suggests t ha t  

there  may be higher mass strongly in t e r ac t ing  vector p a r t i c l e s  

coupled t o  the  photon. Higher mass resonances of t h i s  type dl1 

be extremely d i f f i c u l t  t o  de tec t  because of t h e  high mul t ip l i c i t y  

of t h e i r  decay ra tes .  I f  these p a r t i c l e s  i n t e r a c t  s t rongly with the 

nucleon, it is t o  be e x ~ e c t e d  tha t  such s t a t e s  would contr ibute  

t o  the  nuclear shadorving already observed a t  SLAG energies i n  t he  

Otot 
(y,A) measurements and a t t r i bu t ed  t o  t he  contribution of 

the  well known vector mesons p w and 0. 5'6 The energy and A 

dependence of the  photo production t o t a l  c ross  sect ion nay provide 

the  only handle on the existance of such hi.gh mass s t a t e s .  

The onset of shadowing between E = 2 GeV and E = 4 GeV r e s u l t s  
Y Y 

from the quanti ty 2 E, becoming l a rge  compared t o  the nuclear 

2 s i z e  for  m '1. .5 GeV . 
P 



For strongly in te rac t ing  vector p a r t i c l e s  above the + mass, we 

can expect a corresponding increase i n  nuclear shadowing a s  E is 
Y 

increased above 100 GeV. 

111. Photoproduction of the Q and r) 
L - 

One possible explanation of the  $ (3105) i s  t h a t  it is cc 
C' 

analogue of the  Q (1015). 

With the Experiment 25 apparatus and the tagged photon beam w e  can: 

1. Determine whether the  I(, is photoproduced, a c r i t i c a l  question i n  

determining whether the net,? p a r t i c l e  is an intermediate boson o r  txot. 

The tagged photon beam with fluxes s imilar  t o  those of t h e  other  

Fermilab photon bean, a well  defined energy and a f a r  cleaner 

environment is the idea l  t oo l  f o r  a d e f i n i t i v e  resolut ion of t h i s  

question. 

2. Study the  photoproduction of the I/J (3105) and I/J' (3695) from H and 

heavier nuclei .  

3. Pleasure the energy t dependence of these c ross  sections.  

4. I f  the  $ and Q' a r e  copiously produced, we  can measure t he  

a ($(ql),N) by observing the A dependence of a (yA -+ @(+')A).  

5. Search f o r  neut ra l  decay nodes of the  JI and $' i n t o  3y, yro, yq, or  

ync where qc i s  the 0-, c c  boson predicted by Gai l lard,  Lee and 

Rosner . 7 

6. Search f o r  the d i r ec t  production of the  11, by Primakoff e f f ec t .  



We propose to  demonstrate the  f e a s i b i l i t y  of these experiments during 

P 
the  i n s t a l l a t i o n  and t e s t  phase of Experiment 25. Thiw will. requi re  no new 

equipment other than tha t  already i n  preparation f o r  E-25. To be spec i f ic ,  we 

ask f o r  100 hours of addi t ional  t e s t  time. 

I f  the  $ (3105) is a 1- s t a t e  of c c  quarks then the  0- s t a t e ,  the s, 
should a l so  e x i s t  with a similar mass and with even charge conjugation. 

Since the strong in te rac t ion  of charmed with non-charmed quarks i s  un- 

known and could be small, we bel ieve tha t  i t  is advantageous t o  search f o r  

r), by an electromagnetic process. The Primakoff production of such a 

p a r t i c l e  of mass m depends on only one unknown qual i ty ,  namely the 

width r 
W' 

This width has been estimated t o  be 100 - 200 K ~ v . *  W e  would 

look f o r  the  f i n a l  s t a t e  with our proportional chamber - lead g l a s s  a r r ay  

shown i n  Figure 1. The branching t o  t h i s  s t a t e  I- /r depends upon the  Yy t o t  

P 
r a t e s  f o r  competing decay modes and could be a s  high a s  50%, i f  we can take 

the width of t he  JI a s  a guide. We note t h a t  t he  Primakoff cross  sect ion is  

proportional t o  the  square of t he  nucleon or.,nucleus form fac tor .  Since t h e  

mLrlc 
minimum momentum t ransfer  t o  the ta rge t  is - 2E 

t he  process i s  strongly 

inhibi ted,  even on the nucleon, a t  energies lower than those avai lable  a t  

Fermilab. The Fermilab tagged photon beam and the lead g l a s s  a r rays  of 

Experiment 25 a r e  idea l ly  sui ted t o  t h i s  process. 

A c ruc i a l  experiment at  the present time is t h e  photoproduction of t he  

$. I f  it is  a normal vector meson, l i k e  the $, i t  w i l l  be photoproduced with 

a la rge  and nearly energy independent cross  section.  SPEAR r e s u l t s  ind ica te  

47r 
t ha t  the coupling t o  the  photon 7 is s imilar  t o  t h a t  of the  $. The t o t a l  

Y@ 



Elas t i c  d i f f r a c t i v e  cross sect ion is: 
m at,,, +r c d-- G,~(YP--.wP) = -ii '6; LC I kv 

where a  is  the slope of the  d i f f r ac t ion  peak, cT is  the  t o t a l  4Ynucleon 
YP 4 cross  sect ion and I!,,,,,," - - 

4 E' 
is the minimum momentum t ransfer  squared. The l a t e s t  upper l i m i t  on 

is about 30 pb9. A smaller va lue  of 

would imply tha t  the JI nucleon cross  sec t ion  is anamalously small  

( the t$ nucleon cross  sec t ion  is % 12  ubarns). Any measurable value 

would ind ica te  t ha t  the I) i s  not the  weak intermediate boson. 

.~ . .  . . . ~  

IJe can de tec t  the Q most c l e a r l y  by observing i ts  e+e- f i n a l  s t a t e ,  

which apparently has about 5% branching r a t i o .  We can a l so  search f o r  

$ -+ ynO, yq and yqc and $1 (3.695) decays t o  the same channels by observing 
r 

3y f i n a l  s t a t e s .  

Experimental Apparatus 

The detect ion apparatus, predicted counting r a t e s  and estimated 

backgrounds a r e  a s  follows (see ~i~~~~ 1 ) .  

2 We w i l l  use our 7 x 7 s tack of 23" long x (2.5") lead g l a s s  blocks a s  

a  mult i  element shower hodoscope. Electron t rack pos i t ions  and gamma ray 

posi t ions  w i l l  be measured by a  3  rad ia t ion  length lead converter followed 

by 6 planes of multix?ire proportional chambers immediately i n  f ron t  of 

the  lead g lass  stack. 

The mass resolution depends upon the Pb g l a s s  resolut ion,  t h e  posit ion 

resolut ion a s  determined by the wires and the thickness of the  target .  

For t h i s  calculat ion,  we assume a pessimistic f 2% energy resolut ion for 

P the  Pb glass .  Then the mass resolut ion i s  not markedly improved by 



being fu r the r  from the ta rge t  than 8 f ee t .  A t  t h i s  pos i t ion ,  we 

have a geometrical acceptance f o r  JI -? e'e- assuming a t s lope  of 5.5 

G ~ v - ~  of 42.X. The weighted acceptance fo r  nc -+ W and J,  .> lrOy including 

conversion e f f i c i enc i e s  are about 48% and 42% respectively.  The mass 

resolut ion i s  about 1 2.3%. 

Acceptance vs  E 

ACCEPTANCE (E) 

E - $ + eie- & + W  $ + V0 

50 .07 .064 ,056 

75 .34 .35 .27 

100 .57 .52 -46 

125 .67 .59 .54 

60- 115 (aver) .42 .48 -42 



Rates - 
The details of the Primakoff rate calculations are given in 

Appendix I. Since the rates may be quite low, we have assumed the use 

of a .2 r.1. radiator, a . 3  r.1. Be target and 3 1012 300 proton~/~ulse. 
1-2- 

Primakoff rates are then: 7 (MeV) BR events/hour. This is based 
Tf 

on measurements of beam yeilds made during the recent tests. 10 

For the J I  photoproduction, we have assumed 113 the upper limit 

on the J I  cross section of 30 nbarns, energy independence, and a 5% 

+ - 
branching to e e . With the same target and beam we then expect 5 
eventslhour at 50 Gel1. For 3 final states, the rate would be 100 x 

Y 
BR eventslhour. 
3Y 

These rate predictions are conservative in that 400 GeV protons 

would give a factor of 3 increase and running at 6 lo1* protonsfpulse 

another factor of 2. It is expected that the target and dump can 

handle 1013 pIpulse at 400 GeV. If the machine intensities are high 

enough to provide this many protons, a factor of 10 higher experimental 

fluxes than predicted above can be anticipated. 

Backgrounds 

The Tagged Photon Lab will be an extremely clean environment in 

which to measure these low cross sections. The electron beam has been 

measured to have less than a fev tenths of a percent pion contamination, 

and the tagging system reduces the rate of hadrons in the photon beam 

by many more orders of magnitude. The total photon interaction 

rate (neglecting small angle electron pairs) is only 600/pulse. The 

probability that a low energy electron from a pair scatters into the 



6 chambers is about .15 per incident beam electron, or about 10 /pulse. 

This should cause a negligible problem in identifying the charge of 

the shower. 

Since the photon energy is known, we require that the detected 

energy in the lead glass array be consistent with the tagging energy 

within the resolution of the system, which is % t 5% with a thick 

radiator. Since the mass of the objects is so high, rue require two 

electromagnetic particles each with a large P An event with two wO's T' 

carrying all of the incident energy and each having a large P would T 

cause a background. We have not seen any data that is relevant to 

estimating this background. Consequently, the lower limits in the 

measurable cross sections can probably not be determined without making 

experimental tests. Of course, this two particle correlated high P- 

I I  background" is of physics interest itself. 
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APPENDIX I. 

Rate Calculations 

The Primakoff d i f f e r e n t i a l  cross  sect ion on the nucleus Z is: 

where the 4 momentum t ransfer  squared is: 

and B = the  veloai ty  of 
the pa r t i c l e .  

The t o t a l  cross  sec t ion  involves an integrat ion over angles with a 

convergence a t  large angles due t o  the form f a c t o r  f a l l  off .  

~ h e ~ v a l u e  of o t o t ( ~ )  increases with energy due t o  t h e  e f f e c t  of the  

(-t) 
form factor .  Using the Be form fac tor  l1 f (-t) = ( I  f 

.078 G ~ V ~  
c3, 

we have evaluated t h i s  i n t eg ra l  f o r  a mass of 3.1 GeV. The r e s u i t  is shorm 

i n  Figure 2 and is  label led acoh 
( 2  = 4 )  

coh 
For 'high masses 1. 3 GeV even a t  Fermilab energies a z is not 

dominant. 

1Je a l so  have an incoherent contribution froin t he  individual  nucleons. 

&%if LY 
m 3  

2 
This integrand has a s ign i f ican t  value out t o  -t 'b .ll (GeV/c) . 

  he data  r a t e  is then given by - 
sbcoh 

Yield = Ne f % +? (A$) (6, (E) * G;*(E)) (E) 
~..,.,. 

where Ne is the number of incident electrons,  tr is the rad ia tor  thickness - 
( thin  t a r g e t  approximation), NZ is the number of t a rge t  nuclei/cmz, A (N,) 

i s  the average correction due t o  beam at tenuat ion i n  the  ta rge t ,  and ACC(E) 



Appendix I. (cont 'd .) 

P 
i s  the  acceptance of the  detector f o r  q . 

C 

We have evaluated t h i s  yei ld  f o r  the  following conditions: 

clax - E o = E  -115GeV 

6 Ne = 6-10 /pulse corresponding t o  3 . 1 0 ~ ~  protons/pulse a t  300 GeV. 

tr = .2 r.1. 

N(Z=4) = 1 . 3 . 1 0 ~ ~  nuclei/cm2 = . 3  r.1. Be. 

We then obtain  a yieldlhour = 12  r f l  (MeV) BRyy. 
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