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A search for two exotic decay modes of the Y(1S) meson has been made using the ARGUS detector at the e +e storage ring 
DORIS l I at DESY The first was F(I S) decays into weakly interacting particles, for which an upper limit of 2 3% at the 90% CL 
on the branching ratio is found The second mode was Y(IS) ~Ta, where a is a neutral particle with mass less than 1 5 GeV/~ 2, 
that e~ther decays ms,de the detector or is sufficiently long-hved to escape detection For short-hved particles a decaying into an 
e ~ e pair, upper hmlts on the BR('£( 1 S) ~)'a) of 3 1 X 10 4 at the 90% CL are found The upper limit w~thout restr~cuon on the 
lifetime of a is found to be 1 3 X 10 a, Limits for other decay modes are also given 

1 Introduction Limi t s  on decays  o f  the Y(1S)  

meson  Into Xo, where  Xo represents  weakly interact-  

lng particles,  put  cons t ra in ts  on several  in teres t ing  

theoret ica l  a l te rna t ives  to the  s tandard  model .  Fo r  

example ,  in supe r symmet r i c  mode l s  [ 1 ], the  "£(1 S) 

can decay into  a pho t i no  and  an ant igrav~t ino which  

escape detect ion.  Ano the r  examp le  is the  theory  o f  a 

" m i r r o r  un ive r se"  [2] p roposed  to res tore  P and  CP 
symmet ry ,  Here  o rd ina ry  par t ic les  can, m pr inciple ,  

couple  to mi r ro r  par t ic les  th rough  a new kind  o f  

in te rac t ion  with  couphng  cons tan t  Gx as large as the 

Fe rmi  cons tan t  [ 3 ]. Osci l la t ions  be tween  the "£(1 S) 

and ItS m i r r o r  pa r tner  the Y (1 S) . . . . . .  are predic ted ,  

leading to a decay Y ( I S ) - , " n o t h l n g  v i s ib le"  wi th  a 

b ranch ing  rat io [ 4 ] 

BR (Y( 1S ) - -*"mirror  p a r h c l e s "  ) 

9G~<M4(Is) , B R 2 , y , 1 S ,  ,. + - ~ x  ~ ~ j ~, ~ - ) ,  

where  Qb is the charge o f  the b quark.  

M a n y  theor ies  predic t  massless or  very  light 

N a m b u - G o l d s t o n e  bosons,  a r i smg f rom the sponta-  

neous breaking o f  an underlying symmetry .  O n e  such 

object  is the axton [ 5,6],  a l ight neutra l  pseudosca la r  
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par t ic le  p roposed  to avo id  the p r o b l e m  of  P and CP 
v io la t ion  in Q C D .  This  has a t t rac ted  great  a t t en t ion  

recent ly  due  to the obse rva t ion  o f  cor re la ted  and  

m o n o c h r o m a t i c  e + and e -  energy l ines in heavy- ion  

col l is ions  [7] at GSI .  The  obse rva t ion  can be inter-  

p re ted  as the p roduc t i on  o f  a light neutra l  par t ic le  

wi th  mass  1.8 M e V / c  2 decaying  into an e+e  pa i r  

[8] .  Several  au thors  have  cons ide red  the possibi l i ty  

that  this  par t ic le  might  be the ax ion  [ 9 ]. 

One  of  the mos t  p romis ing  places to search for the 

ax lon  and  ax~on-like par t ic les  is in r ad ia t ive  Y(1S)  

decays.  The  s tandard  ax ion  m o d e l  predic ts  that  the 

Y ( I S )  decays in to  a p h o t o n  and  an ax lon  a wi th  a 

b ranch ing  rat io  [ 6 ] g iven by 

B R ( ' f ( 1 S ) ~ ? a ) = 2 . 4 × 1 0  4cx 2, 

where  x is the rat io  o f  the  v a c u u m  expec ta t ion  values  

o f  two Higgs fields and  c is a Q C D  rad ia t ive  correc-  

t ion [ 10] o f  the o rde r  0 5. Shor t - l ived  axlons  corre-  

spond  to small  va lues  o f  x. Fo r  example ,  a va lue  for 

x o f  0.02, co r respond ing  to an ax ion  wi th  a l i f e t ime  

o f  4 X  10 ~3 s and a mass o f  4 M e V / c  2, leads to a 

B R ( ' f ( 1 S ) - , 7 a )  o f  about  0.3. P rev ious  expe r imen t s  

[ 1 1,12 ] have  searched for l ong-hved  axlons  in radia-  

t ive  Y ( I S )  decays.  C o m b i n e d  wi th  o ther  searches,  

they exclude  the s tandard  ax ion  m o d e l  wi th  the  

excep t ion  o f h f e t i m e s  less than  a few X 10 ~3 s [ 13]. 

In this paper  we report  a search for two exotic decay 

m o d e s  o f  the Y(1S)  meson,  name ly  ~£(1S)-,Xo and  

" £ ( I S ) ~ T a ,  using the A R G U S  de tec to r  at the  e+e  

storage ring D O R I S  II at DESY.  A R G U S  is a un iver -  

sal magne t ic  de tec to r  descr tbed  in deta i l  e lsewhere  

[ 14]. Besides its excellent  m o m e n t u m  resolut ion and 

iden t i f i ca t ion  capabi l i ty  for charged part icles,  an 

i m p o r t a n t  feature  for this analysis ~s the good energy 

reso lu t ion  o f  the A R G U S  e lec t romagne t i c  ca lo r ime-  

ter  which covers  96% of  the full solid angle. The  

invest igat ion is based on a data  set taken on the "£(2S) 

co r respond ing  to an in tegra ted  luminos i ty  o f  38.6 
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pb '. ~ ( I S )  candidates  were tagged by detect ing the 
pions from the t ransi t ion 

~'(2S)--,rt  +x "F(1S).  (1) 

For  normahzat ion,  as well as to est imate our  trigger 
efficiency for the two plons of  reactaon (1),  we have 
used, as a control  sample, the exclusive react ion 

"£ (2S) -*n+n  "£(1S), "£(1S)--,£+£ , (2)  

where £ = e  or It. Events ofth~s type were selected by 
requiring four charged part icles orginatmg from a 
common event vertex and no isolated clusters in the 
calor imeter  w~th energy greater than 50 MeV. We 
define as isolated a cluster in the ca lor imeter  which 
is not associated w~th a charged track. Two of  the four 
particles were reqmred to be colhnear  with an open- 
lng angle 0 such that  cos 0~< - 0 . 9 9 ,  have opposi te  
charge and have momenta  greater than 3.5 GeV/c. 
The other two particles were required to be oppo- 
sitely charged, have momenta  less than 0.5 G e W c  and 
be identif ied as plons. The number  of  events con- 
taming e+e and ~t+~t - pa~rs are, within errors, 
equally divided,  where the ident i ty  of  the two fast 
tracks is dis t inguished on the basis of  their  energy 
deposi t ion in the calorimeter .  

The recoil mass against the two slow plons is shown 
m fig. lb. A fit to thts spectrum, using a gaussian with 
mass equal to the Y(1S) mass and a width given by 
the mass resolution of  3 MeV/c 2 for the signal, plus 
a small background, y~elds 441.6 _+ 21.3 events an the 
peak. The combined  acceptance and trigger effi- 
ciency for react ion (2)  was found by Monte  Carlo 
s imulat ion to be (33.1 + 1.4)%. Combining  this with 
the world average value for BR(~ ' (1S) - .#+~t  ) of  
(2 8 + 0.2)% [ 15 ], and assuming lepton umversal-  
ity, we find the total  number  of  t ransi t ions ( l )  in our 
data  sample to be 23 800 + 2300. Th~s number  has 
been used to normal ize  all branching-rat io  hm~ts 
reported here. 

2. Search for weakly interacting particles Xo. Can- 
d idate  events for the react ion 

T ( 2 S ) ~ x ~ r t  ~'(1S), ] r ( I S ) ~ Z o  (3)  

were selected by requiring exactly two opposi te ly  
charged tracks originating from a common  event 
vertex, both ident if ied as plons w~th momenta  below 
0.5 GeV/c. In addi t ion,  the sum of  the transverse 

150 - - r ~  

100 

5C 

z >  c 

100 

50 

a) T ( 2 S ) ~ +  rc - ARGUS 

t,,  

b)  T ( 2 S )  ~ r~+ r t -e+  e_ - 

T(1S) 

9 35 9~.0 945 950 955 

Mass recolhng against v~+rc - [GeV/c 2] 

Fig 1 Distribution of mass recodlng against the two p~ons in the 
reaction (a) Y(2S)~n+n Y(IS), ] f ' ( lS )~"no thmg  visible", 
(b) T(2S) - - ,n+n  " f ( IS) ,T( IS) - ,£+£  w h e r e £ = e o r p .  

momenta  o f  the two particles had to be greater than 
50 MeV/c, in order  to suppress contr ibut ions  from 
two-photon reactions, which nevertheless const i tute 
our main combina torml  background.  Finally, no iso- 
lated cluster w~th energy greater than 50 MeV was 
allowed m the electromagnetic  calorimeter .  

The resulting dlstrlbutaon of  the recoil mass against 
the two pions is shown in fig. la.  A fit to this spec- 
t rum yields 10.8_+ 17.8 events for a gausslan signal 
centered at the "f(1S) mass with a width equal to the 
mass resolution of  3 MeV/c 2 super imposed  on a 
polynomial  background.  A source of  background 
which could simulate reaction (3)  comes from reac- 
tion (2)  where the leptons (e, ~t and one-prong decays 
of  z ) are at small polar  angles close to the beam pipe 
and therefore escape detection.  A Monte  Carlo sim- 
ulation leads to an estimate of  4.5 _+ 1.2 events for this 
background.  

The acceptance for react ion (3)  was es t imated by 
a Monte  Carlo study. However,  the trigger efficiency 
was de te rmined  from the data, using our sample of  
react ion (2) .  F rom this sample we selected those 
events where the trigger was set by a h~gh-energy 
deposi t ion  in the electromagnetic  calorameter, con- 
s lderably larger than is possible for a slow pxon. Then 
the fraction of  these events, where in addi t ion  a 
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charged trigger has been set by the two plons, gives 
the trigger efficiency of  reaction (3)  The combined  
acceptance and trigger efficiency was (7.2_+ 1.6)%. 
This leads to an upper  l imit  of  

BR( ' f (1S)  ~Xo) 42 .3% at the 90% C L ,  

which is an improvement  by a factor of  2 over pre- 
vious measurements  [ 16]. Our  result constrains the 
coupling constant  Gx in the model  of  mir ror  part i -  
cles to be less than 0.3 × Gv at the 90% CL, where Gv 
is the Fermi  coupling constant  

3 Search for axlon-hke partwles a Candida te  
events for the reaction 

Y(2S)~r~+  n - Y ( 1 S ) ,  Y ( l S ) ~ T a  (4)  

were selected usmg the same requirements on the two 
plons as for reaction (2)  but  with an a d d m o n a l  cut 
on their lnvarlant  mass, such that rn~+~ <0 .56  
GeV/c-" The photon was required to have an energy 
between 4.0 and 5.5 GeV in the electromagnetic  cal- 
orimeter,  resulting in uniform sensit ivity for parti-  
cles a with mass less than about  1.5 GeV/c 2. 

Two classes o f  decays can be dist inguished The 
first represents decays of  a short- l ived a into two 
opposi tely charged particles seen in the detector.  The 
second class is a long-lived a which escapes without  
detect ion For  the short-l ived class there were two 
possible topologies considered: 

(a)  two tracks in the drift  chamber  opposi te  the 
photon "{ with a momen tum sum greater than 2.5 
GeV/c and an angle 0v, between the photon and the 
system a such that cos Ova ~< 0 8. No particle identifi-  
cation requirement  was made  The acceptance does 
not depend on the identi ty of  the charged parncles  
but the trigger efficiency is slightly higher for elec- 
trons due to their  larger energy deposi t ion in the 
calorimeter.  

(b)  a single cluster in the electromagnetic  calo- 
r imeter  with total energy greater than 2.5 GeV and 
in a direct ion opposi te  to the photon,  with 
cos 0v,,~< - 0 . 8 .  In this topology, we are only sensi- 
tive to a - , e + e  and not to m i n i m u m  mnlzlng pairs. 
However,  the decay a-,T'{ with ma< 100 MeV/c 2 
would fall into this topology, because the two pho- 
tons would merge into a single cluster. 

In both topologies no other  activi ty was allowed in 
the detector. 

A total of  19 events was found to satlfy these selec- 
tion criteria. These events were then visually scanned 
by physicists The result of  the scan for short-l ived 
class (15 events)  was: one was found to be a beam- 
wall interaction,  three to be incompletely  recon- 
structed events of  reacnon (2)  with the electrons 
close to the beampipe,  two were ident if ied as reac- 
t ion (2)  with one electron radiat ing a photon,  eight 
events were doubly radiat ive Bhabhas (in 5, one 
photon had conver ted into an e+e pa i r ) ,  and one 
had an overlapping charged particle and neutral  
energy cluster m the calorimeter.  

Thus no candidates for the short-lived class remain. 
The combined  detector  acceptance and trigger effi- 
ciency for these events is (34 .8+ 1.8)% for a - , e + e  
or~/7 and (29.8_+ 1.6)% for decays into heavier  par- 
ticles. If  we take a to be an unstable object with proper  
hfet lme less than 10 j~ s decaying into an elec- 
t ron -pos i t ron  pair, we obtain an upper  l imit  of  

B R ( Y ( 1 S ) ~ T a ) × B R ( a - - , e + e  )~<3.1×10 4 

at the 90% CL. 

The result ~s more restrictive than the recently 
repor ted l imits of  5 × 10 4 [ 17] and of  2 2 × 10 3 
[ 18 ]++~. Our  hmi t  is three orders of  magni tude  below 
the predic t ion for short-l ived, s tandard  axions. This 
l imit  is also vahd for the decay a--q'7,  when ma < 100 
MeV/c 2 For  decays of  a into pairs of  heavier  part i-  
cles, the l imit  becomes 

BR(Y(1S)-- ,?  a) 

× B R ( a - , g + g  - ,  ~ + ~ -  o r K + K  ) 

~<4×10 4 at the 9 0 % C L .  

This IS an extension to smaller masses for a than pre- 
viously published [19].  Two-prong decays consti- 
tute the major  branching ratio for very light Higgs 
bosons [20],  where one expects BR(Y(1S)  
--~Hlggs) X BR(Hlggs-~two-prong) to be of  the order 
of  10 4 including QCD correct ions [ 10,21 ]. 

The result for the scan of  the long-lived class ( four  
events)  was: one had an over lapping charged part i -  
cle and neutral  energy cluster and two had an electro- 
magnetic  cluster with a size much larger than 

'~ The upper hm~t without restrlctmn on the hfenme has been 
estimated from lhe figure of re f  [ 18] 
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(90% CL) on the branching ratio of 
Y(IS) ~y ,, where a~e '  e or Y~t, versus the hfetlme of a for three 
masses of" I 0, I 8 and 3 6 MeV/c -~ The combined upper hmlt 
~s also shown 

expected for photons. One event remains for which 

we have no explanation. The n +n recoil mass for 

this event is 9.46 GeV/c -~. The combined detector  

acceptance and trigger efficiency for the long-lived 

class is (24 1 + 1 3)%. This gives an upper limit from 

1 event for a with a lifetime greater than 10 7 s of  

B R ( Y ( 1 S ) - ~ , a ) , . < 8 × 1 0  4 a t t h e 9 0 % C L  

independent of  the decay mode of  a, and in agree- 

ment with previously published limits [ 11,12 ]. 

The complementary behavlour of  the efficiency for 

the short- and long-lived particle searches allows one 

to derive an upper hml t  which is valid for all life- 

times As the proper hfetlme, to, of  the particle a 
increases, it decays further form the production ver- 

tex leading to a decrease of  the detection efficiency 

and hence to a rise of  the upper hmit  as a function of  

%. On the other hand the efficiency for the search for 

long-lived particles decaying beyond the active vol- 

ume of  the detector improves with an increase of  ro 

leading to a decrease of  the upper hmlt. For the decay 

of  a into an e ~,e or photon pair we are sensitive to 

decay distances less than 1 2 m (short-hved class) 

and for a escaping detection to decay distances greater 

than 1.8 m (long-lived class). The upper limits for 

these two classes are plotted in fig. 2 as a function o f  

ra for three choices of  ma. For  a given ra and ma the 

upper limit is represented by the lower of  the two 
curves. The upper limit, valid for all l ifetimes r~, is 

given by the intersection of  any pair of  curves for the 

same rna. Thus, the combined upper limit ~s 
1.3Z 10 3, which is also shown m fig 2. This is an 

improvement  over recent limits of  2 ×  10 ~ [ 17] and 

5 . 5 × 1 0  ~[18]  

4 Summary. We have determined upper limits for 

two exotic decay modes of  the ~'(1S) meson. For 

~ ' (1S)~z0 ,  where Zo represents weakly interacting 

particles, we obtain an upper hmlt  on the branching 

ratio o f  2 3% at the 90% CL For r (1  S)~Ya,  where a 

~s a neutral particle with mass less than 1.5 GeV/c 2 
and lifetime less than 10 13 s, we find upper hmlts  

on the branching ratio for decays of  a into e+e pairs 
of  3 .1×10  4 at the 90% CL, and for decays into 

p,+g , n + n  o r K + K  p a a r s o f 4 N 1 0  4 a t t h e 9 0 %  

CL. I fa  is long-hved ( >/10 7 s), then the upper hmlt  

is found to be 8×  10 4, independent  of  the decay 
mode Finally, an upper hmlt  of  1.3)<10 3 is 

obtained, without restriction on the lifetime of  a for 

a - , e + e  o r y y  
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