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RESULTS FROM AN EVOLUTIONARY CUSB 

Juliet Lee- Franzini 
SUNY at Stony Brook, Stony Brook, New York , U . S . A .  

ABSTRACT 
A progress report on the first BGO calorimeter in high energy phys ics , 

CUSB - I I ,  is given . Preliminary results on the fine spl itting of the Xb states 
obtained in early 198 6 , using CUSB - I I ,  are presented. Included in here also are 
the recent limits obtained from CUSB - I  on axions and from CUSB- I . 5  on Higgs and 
gluinos . 

INTRODUCTION 

The CUS B - I  detector was a NaI -Pb glass calorimeter , located in the North 
Area of CESR , which operated continuously from 1979 to mid 1984 , mapping out 
during its lifetime : six 3 s1 (bb) , s ix 3P2 , 1 , 0 (bb) and two (bd) states1 > . 
Recognizing that we have exhaus ted the possibil ities of this fine ins trument 
[ despite it having achieved the designed resolution of 3 . 8%/E�(GeV) ] ,  in 1984 we 
began the first step of its upgrade by removing the inner strip chamber used for 
tracking and putting in the latter ' s  place a quadrant of BGO crystals . In this 
configuration (CUSB - I . 5 ) we ran at the peak of the T ( l S )  energy for an 
integrated luminos ity of 22 pb - 1 , and obtained a whole series of limits on new 
particles 2 ) . In December 1985 we finished install ing the whole complement 360 
BGO crystals which constitute the heart of the new CUSB : CUSB - II . Early this 
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year we had a short run on the T ( 3S ) . I will begin by presenting the most recent 
results from CUS B - I  and CUSB I . 5 ,  then give a brief description and status 
report on CUSB - I I , and end with a first look at the new data on the fine 
split ting of the xb states . 

1 .  THE RECURRENT AXION 

In 1 9 7 8  We inberg3 )  and Wilczek4 )  (WW) pointed out that the Peccei-Quinn5 )  

(PQ) mechanism proposed t o  avoid strong C P  violation requires the exis tence of a 
pseudoscalar which they called " axion" . In the original implementation of the 
WWPQ axion the PQ symmetry is supposed to be broken by the same VEV ' s  which 
break the electroweak symmetry . In such a case the coupling of the axion to all 
fermions is uniquely determined up to an arbitrary parameter X for up l ike 
quarks and l/X for down l ike quarks and charged leptons , where X is the ratio of 
the VEV of the two neutral Higgs in the mode l . The mass of this axion is 
-75 (X+l/X)keV . Such axions were completely ruled out by searches in J/�6 )  and 
T7 )  radiative decays , independent of X .  

The recent observation at GSIS )  of a z400keV posit ron signal i n  heavy ion 
collision has been interpreted as the produc tion and decay of an axion of mass 
2me+2x400zl . 8  MeV . In the original WW model this corresponds to X- or 1/24 , and 
a lifetime of the axion of zlo - 12s ,  a result which is s.till incompatible with 
J/� and T searches . Since the scale breaking of the PQ symmetry is unknown, 
lifetimes as low as lo - 1 3sec are acceptable without cre,ating incons is tencies 
with other pieces of physics such as the g- 2 value of the electron. But in such 
case the J/� and T searches would have failed to observe the decay of T (J/�)�a+� 
where the axion escapes undetected. 

A search9 )  for T radiatively decaying into a short: lived axion was made 
us ing CUSB- I .  We obtain a negative result with varying sensitivity depending on 
the axion lifetime , see figure 1 .  For 10 �_,.-.....,...�n.,...,�-.--.-..,-,,....,TTT�-T"'"'FT-.'Tii� 
lifetimes of the order of 2xlo - 1 3sec 
where our experiment has the least 
sensitivity, the experimental limit for 
B ( T��a) is <2 - Sxlo - 3 ; while for such 
lifetimes assuming the WW model it is 
predicted to be of the order of 20% , 
totally in contradiction with our 
experiment . Thus , we again exclude the 
exis tence of an axion which couples to 
b quarks with a strength 
greater then 10% of its coupling to 
electrons and down quarks . 
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2 . LIMITS ON THE HIGGS BOSON MASS 
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In the SM with only one Higgs 
doublet, there was a unique prediction 
for the branching ratio B ( T�1+H) , the 
Wilczek formulalO ) . This has lately 
been modified by including first order 
radiative QCD corrections which reduced 
the expected branching ratio by- - a 
factor of two . cuss11> had previously 
reported , assuming the Wilczek formula ,  
exclusion o f  Higgs bosons o f  masses 
less than 4 GeV . With the QCD radiative 
corrections , the limit would barely 
hold at the 60% CL . However ,  if there 
were more than one Higgs double t ,  the 
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Figure 2 .  Limits on the Higgs Mass . 

branching ratio is modified by the ratio of the VEV ' s  (<�1>/<�2>) . Therefore we 
reinterpret our limit on the Higgs ' mass as a function of this ratio , figure 2 .  

3 .  LIMITS ON GLUINO MASS 

Interest in supersymmetry continues unabated among physicists , despite 
complete lack of experimental evidence for the exis tence of sparticles . Searches 
for gluinos in particular have been performed at e+e - colliders and in beam 
dumps , yielding negative results , usually expressed as lower limits on the 
gluino mass in terms of some other sparticles12 > .  At Kyoto , Farrar1 3 )  pointed 
out that while beam dump experiments are usually 
quoted for limits of mg > 2 to 3 GeV , 
these limits hold true only for a small 
range of mq . Furthermore , for the low 
gluino mass region (mg < 2 GeV) , there 
was virtually no range of allowed 
mq for which the mg are excluded . We 
have remedied in good part this 
situation by having performed a search 
for low mass bound gluino states by 
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4 .  THE CUSB - II DETECTORt 

For the second generation of T physics experiments ,  we needed a 

spec trometer with improved photon resolution and perfect proj ective geometry . To 

accomplish these purposes we need more radiation lengths (>,0) , no inac tive 

materials , while retaining the longitudinal segmentation and source imbedding 

features of CUSB - 1 ,  occupying the radial space lOcm< r <25cm . These are possible 

using bismuth germanate crystals (BGO ) , because despit<> its lower light output 

than NaI , its better material properties , including that of being 

nonhydroscopic , allows us to fit 1 2  ).0 ' s  of BGO with ideal geometry into the 

availab'ie space . 

Each element has trapezoidal cross section and subtends 10° in � and 45° to 

90° ( or 90° to 1 3 5°) in B .  Five such elements , of incr<>asing s ize , form one � - 8  
sector ; Each crystal i s  viewed a t  one end by a miniature photomultiplier tube 

(p . m . ) ,  permanently glued on. All crystals are uniform , in l i ght response , to 

better than 2% across the ir length ( s ome after compens ation , most as delivered 

from the Shanghai Institute of Ceramic s ) . Teflon and aluminized mylar wrapping 

( less than three mils thick) maximize light output and remove optical cross 

talk . Figure 4 shows one polar half of the BGO assembly (180 elements) viewed 

from the free crystal end . One notes 5 free s tanding concentric rings , 

constructed in a time honored (Roman Arch) method .  Figure 5 shows the crystal 

assemb ly viewed from the photo tube end . 

Figure 4 .  Crystal End View of BGO . Figure 5 .  Phototube End View of BGO . 

All CUSB calibration is done in real time during data taking with sources 

which are imbedded between crystal layers . The online •:alibration is 

accomplished by having a dual signal path , such that two different sensitivity 

channels measure collis ion events and source signals . The complete calibration 

cycle for all crystals is � 30min . We have achieved �0 . 1 % channel to channel 

calibration and can achieve z 1 - 2 %  absolute calibration as checked with Bhabha 

events and shower leakage calculations . See next section. 



5 .  PRELIMINARY RESULTS . 

In figure 6 we show a first 
comparison of the relative bhabha 
energy resolution between CUS B - I  and 
CUSB - I I .  Indeed the BGO array provided 
the expected improvement of a factor of 
two . A fit to this preliminary BGO 
spectrum yields a aE/E � 1 . 2 % for the 
upper half of the peak . 

5 . 1  Bµµ of the T ( 3 S )  

The second excited state of the 
bound (bb) system , the T ( 3 S )  was first 
resolved in 1980 at CESR14) . However , 
the total integrated luminosity 
accumulated on this resonance has been 
small , <15 pb - 1 . As a resul t ,  some 
fundamental properties such its 
branching ratio into a muon pair (Bµµ) 
was poorly known. Using CUSB - I I  this 
spring we improved the knowledge on 
this quantity by � a factor of 5 .  
We obtain: 

Bµµ [ T ( 3S ) ] - 0 . 016 ± 0 . 003 . 

This value is preliminary until we 
finish our calculation of the 
systematic errors . This value is in 
agreement with that which is obtained 
from scal ing using Bµµ [ T ( l S ) ] l 5 ) . 

5 .  2 Fine Spli tt ing of the xi:: s 

The Xb s tates were discovered by 
CUSB - I  in 19821 6 )  from observations of 
the photons (11 , 12 ) resulting from 
trans itions between the triplet S and 
triplet P states : 
3 3s1�112 3P2 , 1 , 0�1112 1 ( 2 ) 3s 1 .  Refer to 
level diagram, Figure 7 .  The 11 • s  were 
observed in our inclusive photon 
spectra, and both 11 and 12 were 
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Figure 6 .  The Bhabha Energy Resolution 
of CUS B - I  and CUSB- I I .  
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observed in events where the final 
3s1 states decayed into a pair of muons 
or electrons (•"exclusive" events) . 
With CUS B - 1  we did not have sufficient 

900 
22'30406-037 

resolution to resolve between the 11 • s  
which came from the T ( 3 S )  to the J-2 
and J-1 x-b lines in either the 
inclus ive photon spectrum or in the 
"exclusive" events . Neither were we 
able to see the 12 • s  in the inclus ive 
photon spectrum. 

From a preliminary analysis of our 
run on the T ( 3 S )  this spring with 
CUSB - II we obtained 30 " exclusive" 
events . The scatter plot of the high 
energy 1 versus the low energy 1 ,  

figure 8 ,  show two distinct clustering, 
the upper and lower clusters 
corresponding to T ( l S )  and T ( 2 S )  final 
states respectively. The proj ection of 
figure 8 onto the lower energy photon 
axis , figure 9 ,  demonstrates visibly 
that now the x-b ' s  J-2 and J-1 lines 
are fully resolved. 

The inclus ive photon spectrum 
situation is complicated by the large 
multipl icity contained in an T ( 3 S )  
event . Energy clusters tend t o  overlap 
each other and we have to optimize a 
photon algorithm which can select clean 
isolated clusters originating from 
photons without losing too much 
effic iency . We are still working on 
this problem. However ,  it is 
encouraging that our first preliminary 
inclus ive spectrum from CUSB - I I ,  figure 
10 , shows definite , distinct structures 
that , after background subtraction 
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Figure 8 .  Scacter Plot , 1high vs 1low· 
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Figure 9 .  111 Energy Dis tribution 
from " exclus ive " Events . 

( figure 11) , we can identify : the first three are the 1·1 • s ,  and the second two 
are 12 • s  ending in T ( 2 S )  and T ( l S ) . The width of these lines are also as 
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predicted from our MonteCarlo (MC) 
s imulation , shown in figure 12 . 
Finally , our preliminary analysis 
indicates complete agreement between 
CUS B - 1 1  and our published CUSB- 1  
numbers for the photon energies and El 
transition rates . 
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In conclus ion, our first run with 1200 

CUSB-11 fully vindicates our choice of 
BGO for the calorimetry . We need to 640 

complete the ancillary parts such as a 
vertex chamber for tracking and 50 

2290486�036 
CUSBll Photon Spectrum/Preliminary 

Winter 86 
All T 

100 500 1000 

insertion of a layer of s ilicon strips Photon Ene<gy (MeVl 

at the shower maximum for 8 shower Figure 10 . Inclus ive 1 Spectrum . 

centroid localising. Then we expect to commence our search for the singlet 
states ( indicated by the short dashed lines in figure 7 ) of the T (bb) system. 
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The author wishes to emphasize that CUSB - 1 1  is a group enterprise , albeit a 
small group by today ' s  high energy physics standards , and thanks all 
collaboration members for the successful realization of CUSB - 1 1 . In particular , 
Drs . R .  D .  Schamberger and P .  M. Tuts especially deserve credit for their 
leadership during its construction and installation, and Mr . T. Zhao for much 
work on this proj ect .  CUSB - 1 1  is supported by U .  S .  National Sc ience Foundation 
Grants Phy - 8 310432 and Phy - 8 3 15800 . 
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She also thanks G .  Mageras and P .  Franzini for discuss ions on the CUSB - I ,  

R .  D .  Schamberger and P .  M .  Tuts for discuss ions on the CUSB- I . 5  results . 
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