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I. - PATI-SALAM QUARK-LEPTON THEORY. 

New fondamental particles coupled to e+e- have been predicted in the unified gauge theory of 
quarks, leptons and gluons developed by J. C. Pati and A. Salam(1). 

In this theory quarks have integer electrical charge , are not confined and can decay mto lept 
ons with a lifetime of the order of 10 -13 ... 10- 11 sec. ThlS short llfehme could be the reason why 
they have escaped detection so far. 

A coloured octet of gluons is also predicted in this theory.(, whose two neutral mem..eers (V3 
and V 8) can mix together into two orthogonal neutral gluons: U and V~. The former (U) can be 
coupled to e+e-, similarly to the photon, with coupling constant -2jV3e2 jf, where f is the 
strong gauge coupling parameter. 
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In the real world two neutral particles could exist coupled to e + e- with weights cos2S and 
sin2s ' according to the mixing scheme 

~ ~ 

U = U cos ;- - VO sin 5 

TABLE I 

Decay modes Width 

N 
+ - 1'-+ 1'--U - e e or 6 to 30 - ~'Y 40 to 1000 - 2ny, 4",y 50 to 500 - 3", 5"" Q"', KK 10 to 1000 - 2", 4"" KK 10 to 1000 

V 

keV 

keV 

keV 

keV 

keV 

U sin 5 + V O cos 5 (I) 

The predicted particle widths as well as 
;tile branching ratios depend on the 
U mass. Tw o possible ranges of values have 
been considered by the authors : the 1 .: 2 GeV / c 2 

region and the 8..;. 10 GeV / c 2 region. 

In the present note we report a study of a 
possible experimental search for the U in the 
1 .. 2 GeV /c2 mass-range . In Table I the par
tial U widths are reported for the U mass 
ranging from 1 to 2 GeV / c 2 . 

In particular we consider the decay 

(2) 
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which offers a clear experimental signature by means of a monochromatic photon. The present 
study was performed in the frame of the ALA -MDA project(2) J with the aim of understanding the 
importance of measu ring energies as well as angles of final state photons. 

2. - EXPERIMENTAL METHOD. 

Two possible d ecay channels: 
e+e - - U - '1'y (3) 

l..-7 YQ ---+ n+n-

N 

e+e - -JIo U ~ '1'Y 
t....--:. ,n;+ n: -11 0 -Yr 

(4) 

were considered corresponding to a probable occurrence of 30 % and 25 % respectively. A Mo~ 
lecarlo simulation of these decays and the successive detection of pions and photons in the final 
state by rneans the i\IlDA apparatus was performed. 

The detection efficiency was taken equal to zero below and equal to one above threshold (50 
MeV/c for pions and 100 MeV/c for photons). The geometrical efficiency of the MDA d'etector 
was taken correctly into account. 

We .have also performed a Montecarlo simulation of the process: 

(5) 

in those final state channels which are more likely to simulate the decay modes (3) and (4). Di
stributions of possible physical background for various reactions (5) are thus obtained . Succes
sively cuts were applied to these distributions according to the signatures of reactions (3) and 
(4) . The remaining events weighted with the corresponding cross sections in the regions where 
the l1good events tl are expected, represent an experimental sensitivity limit to the hunt for the 
U particle. 

In the next sections we discuss the results and the order of magnitude of the sensitivity that 
can be rea c hed with this experimental set up . 

3. - RESULTS ON DECAY MODE (3) . 

Two c harged pions and two photons are present in the final state of decay mode (3). A suit
C'lble plot to rep resent the events is a scatter plot versus En' E y2 ' 
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The event distribution for U particle decays 
is shown in Fig. 1 at Vs= mil = 1600 MeV. The 
width of the event distribution is determined by th e 
mass resolution, which was assumed to be 
LlEy/ E y ~ l. 5/ ffy (MeV), At this value of VB 
the monochromatic photon has an energy of 513 
MeV and the other photon ranges from 80 to 380 
MeV . The events are thus distributed on a strip 
as shown in Fig. 1. 

FIG. I - Event plot in the En/ En plan e for the 
N 

reaction e+e- ~ U ~ 1Jl y 
4gy_,,+,,-. 
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The following background reactions were considered: 

e+e- - n+7t'-:'&"o with no particle lost. (6) 

e+e - -+ n+:1 -nOnD with two photons lost. (7) 

e+e- --+ n+n -1[+ Jt -no with two pions lost. (8) 

The corresponding plots of these reactions are shown in Figs. 2, where the region where the 
good events are expected to be confjned is also reported for comparison. 
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FIG. 2 - E vent plot 1n the E Yl /EY2 plane for t:,e reactions: (a) e+e- --)0. rr+" -1'0 ; 

(b) e+e- -.-. rr+n-nono; (c) e+e - ....... n+,n-n+,,-no . 

As far as the rejection of these reactions is concerned, we note that in reactions (6) and (8) 
the invariant mass of the two photons is the nO mass . The expected mass resolution is shown in 
Fig. 3 versus the nO momentum . These events can be rejected by requiring that the yy mass be 
different from the nO mass by more than 50 MeV~ corresponding to two standard deviations of 
the measurement error. By considering the two photon invariant mass distribution for U decays 
shown in Fig. 4 we observe that only about 5 % of good events are lost in this way, while back -
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FIG. 3 - nO- mass resolution as a functio:1 
of the nO momentum. 
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FIG. 4 - Invariant mass distribution of the two ri
nal state photons of t!.le reaction 

e+e- ~ U ~ rJ'Y 
4 Qy _ "+,,,- . 
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grounds (6) and (8) are totally and background (7) is partially rejected. As a matter of fact , reaE. 
tion (7 ) is rejected when the two detected photons come from a nO decay. while some background 
is left when the two photons come fro m different nO decays . 

Further cuts can be applied to fu rthe r reduce this bac kground. One can request tha t the two 
pion inva r iant mass equals th e (l mass within ~ 80 MeV. and that the invadant mass of the two 
pions a nd of the lowest energy photon equals the TIt mass within the -t 50 MeV {cor responding to 
two standard deviations of t h e 'I'}! mass resolution) . 

Only a few e vents out of 10000 events of 
r eaction (7) generated in our Montecarlo si 
mulation s urv ive after apply ing all cuts. Th! 
se events are plotted in Fig , S, Du e to the 
limite d statistics . not even a single event of 
th e distribut ion fall s inside the s t rip region 
of the good events . Of course th e event s in 
this region would repr e s ent an unremovable 
background and gi ve the a ctual limit t o the 
experimental sensit ivity to detect th e U paE. 
tic1 e. 

FIG. 5 - Event plot in the E n / EY2 plane 

for the reaction e+e - ~ rr+n-nono, with 
aU cuts applied. 
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Th e expected rate of U production int egrated on the m achine energy spread is; 

, .. 
600 E{1 MeV 

(9) 

-where L is the mac hine integrated luminosity, EU is the detection efficiency and 

m~r 

o is t he U 
produ ction cross section: mu r + -

a = 12 n e e 
s 

U 
222 

(s - miJ) + (rna n 
(10) 

where r and r~+e - ar e th e total and t he e+e- partial widths respectively . The rate of good 
events can be wntten: 

(11) 

where BD ---op. 71'Y and B"1' --""P Y are the branching ratios for the decay modes (3) . 

The background s events over the same m achine ener gy interval are: 

N= L. ju dE B B e+e - ~ rr+n-non o 
LIE 

(! 2) 

whe,'e EB is the detect ion efficiency of reaction (7), with two photons coming from different nO,s, 
after applying the Q and 71' mass cuts discussed above, and for events inside the strip region of 
the (En ' E y2 ) plot. 

Assumin g the pessimist ic value re+e - = 1 keV . the signal to background ratio from the ex · 
pression (9), (11) and (12) becomes: 

6,,2. _ r /m'i B- B 
U e+e · U U --+ 71' "1 7]' --+QY 

• ru dE 
Bj..1E e+e - --t- n+n-nono 

2';9 

8 EU 
1. 9 x 10 -::---"-"----,, (13) 

,2 2 2 
Bmu (MeV/c) 
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where we have used rough values for the following quantities: 

B·v - 0 4 ' U _ ~'Y - . , 

(the cross section was taken to be v 15 nb(3) J and the machine energy spread to be ~ 1 MeV). 

In Table II we show the values of expression 
(13) as well as the corresponding coefficients E U 
and EB for three different total energies. I is = mil l 

TABLE II 

OW results for the decay mode (3) of a pos 
sible U particle suggest a very low level of back 
ground from reactions (6), (7L (8L Moreover. -
we estimate that other reactions with more than 

(MeV) I 

1200 

E-
U 

0.53 

EB NG! NB 

5xl0-4 105 

5 pions in the final state should provide an eve n 
lower background contamination . 

1600 

2000 

0.57 

0.59 

<: 10-4 > 4 x 105 

3 x 10-5 9 x 105 

4. - RESULTS ON THE DECAY MODE (4). 

The results quoted in the previous section show that the decay mode (3) is very good tool for 
detecting the U particle . In addition, we estimated that decay mode (4) offers a comparably good 
experimental possibility . 
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FIG. 6 - Event plot versus the invariant 
mass of (y2, Y3 ) and the energy of Y1 (the 
most ene rgetic phot on) for the reaction 
e+e - ~ U ~ 1J t r 

L-,.lt+1l' -1}0 ~ Y y . 

In decay mode (4 ) there are two charged pions 
and three photons in the final state . We can repre 
sent the events of this channel in a scatter plot ver 
sus the energy of the hardest photon (the monochro 
matic photon) and the invariant mass of the other -
two photons (the TJo mass). Such a distribution is 
shown in Fig. 6 for ~s :: mil = 1600 MeV, and is 
essentially a small spot re gion, whose size depends 
both on the photon energy resolution ( % 30 MeV, 
FWHM) and on the two photon invariant mass reso 
lution("><50MeV!c2, FWHM). -

We have considered the following backdround 
reactions 

e+e- ~ rr+rr-,n°non o with three ~hOtOl~ (14) 
lost ' 

with one photon 
lost 

( 15) 

From our Montecarlo simulation we give in Figs . 
7 the eistributions of reactions (14) and (15) respec 
tively. in the same plot of Fig . 6. The region wh~-
re the good events are expected is a lso shown. 

In the case of reaction (15) the event distribution is so well separated from the region of 
good events that the background coming from this reaction can be r:ompletely n eglected. The back 
g t"ound shown in Fig . 7a can be further rejected by r equesting that no one of the three rr com - -
binatiot}s be in th e nO mass range (within ~ 50 MeV / c 2), in such a way that the only events with 
each photon coming from a different nO are accepted . Further cuts are applied to this backgro
und: the lowest i'r invariant mass must be around the 1}o mass (within two standard deviations) 
and the 1Jo + two charged pion invariant mass must be around the 1Jt mass (within two standard 
deviations . 

2&G 
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F IG . 7 - Event plot versus the invariant mass of (Y2, 1'3) and Erl for the reactions : 
(a) e~e - --t- n+:r-1T orron o ; (b) e+e- ~ n+n-no;ro. 
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FIG . 8 - Event plot versus the in variant 
mass of (Y2, Y3) and En} for the reaction 
e+e-~ ".. +1t-n on°,n::° with all cuts applied. 

The distribution of events passing all these 
cuts is s hown in Fig. 8 (30 000 generated events). 

In analogy with the analy sis performed in the 
previous section we can write the ,si gnal to back 
ground ratio for the present case: 

, ~ 
8 U I 

4 . 7 x I a -, - - "2-"-------;;-2 "2' 
B mD (MeV!c ) 

( 16) 

where of cou rse the E U and EB refer to decay 
mode (4) and to reaction (14) r espectively . The 
numerical coefficient in equation (16) dep ends on 
the e+e - ~ JT+:r-nonon;o integrated c ross sec 
tian (5 nb MeV) and on the branching ratio of the 
~ ' decay (B~, 0 + _ B~o = O. 25) . 

. , ~ 1] n n ., --+ y y 

In Table III we quote th e NG/ NB ratio (16) 
together with EU and EB at the same thr ee 
energies . 

TABLE III 

I/s " mU ,~ EB NG! NB (MeV) 
U 

1200 O. 34 3x 10-5 4x 10
6 

1600 O. 34 ..: 3x 10-5 > 2 x 106 

2000 O. 36 .. 3x 10- 5 > 10
6 
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Table III shows that also decay mode (4) offers an experimer.tally suitable way to search for 
the possible Pab-Salam vector gluon. 

REFERENCES 

(1) - J. C. Pati an d A. Salam, Phys . Rev. D8, 1240 (1973); D10, 275 (1974); Phys. Rev . Letters 
31, 661 (1973); Phys. Rev. D15 , 147(1977); Trieste ICTP Report IC/ 77/65 (1977). 

(2) - R. Bertani, Frascati Report LNF-79 / 11 (1979). 
(3) - G. J. Feldman, Speaker of e+e- Reactions, at the XIX Intern. Conf. on High Energy Physics, 

Tokyo (1978). 

2G2 


