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RECENT RESULTS ON THE NEW PARTICLE STATES BELOW 3.7 GeV
. PRODUCED IN ete” ANNIHILATIONS®

G. Goldhaber®*
Department oijﬁysics aﬁd Léwrenée Berkeley Laboratory
University of California, Berkeley, California 94720
. The results presented in this talk éome from the SLAC-LBL magnetic depector
experiment at: SPEAR. The new features which give rise to what is “recent" in
these résulté are the foilowiné: |
(1) Additional running at SPEAR in the Fall of l975>and,winter of_l976;has;'
increased‘the integrated lﬁminosity at,thé.W/J and Yy' each by about.a.facﬁor
of three. ' The to;al hadron sample studied here is dpproximately 150,0QO eventé
at the.w.and 350,600.events at the V',
(ii) The new runniﬁg was carried.oﬁt with ai"relaxed trigger requirement,"
Tﬁis allowed triggering on lower momentum_partic.les.1 |
(iii) By improved geometrical‘corﬁections and thé application -of bubble-
chamber kinematical fitting programs, a higher mass resolution of the X.étates,
intermediétélbgtweeﬁ the ¥ and ¥', was obtained.
(iv) The magnetic detector was used as a y-ray pair spectrometer, By inclusion
.of the proportional dhambers in trackvreconstruction,'ﬁhe*measurements allowed
- the reconstruction of lower electron'orApositron momenta.thgn pés;ible in |

earlier work,

*This report was done with support from the United States Energy Research and
Development Administration. Any conclusions or opinions expressed in this
report represent solely those of the author and not necessarily those of The
Regents of the University of California, the Lawrence Berkeley Laboratory or
the United States Energy Rescarch and Development Administration,

¥*Miller Institute for Basic Research ih Science, Berkeley, California,. 1975 - 76.
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Outline

I will diséuss the following topics in this talkﬁ

Intermediate states between .the y and y' observed via their hadronic decay
modes.2 We have observed three intermediate states, X(3415), X(3500), and
X(3550). For X(3415), which is fhe'most.prominent, the following decay
channéls were observed3: hni, 2ni2Ki, 6n-_l-,f2ni ox 2Ki, and Qnipﬁ.

From an inclusive study of e+e-’pairs due to converted y rays_(and balitz
pairs), the préceSs ¥' - 7 + X(3415) was obser"ved.h |

By further deménding'a ¥ in the final state with V¥ - e+e_ or p+u— &e

5

have studied the reactién ¥' - yrV. While in our earlier work” only. the
PC was observed,6 we now find evidence fof three distinct sﬁates‘at:A

3455 Mev, 3505 MeV, and 3545 MeV, The first of these does not-show'any
signal above backgréund in the hadronic decay-modesvstudied. The last

two can bé associéted with the X's-mentioned above, Taken éltogether,

we thus have eviderxce)'L for four distinct intermediate states between the

¥y and Y'. | |

We have made a search for the reaction

¥y - 71X
- pp
with M(pp) near 2800 MeV. Evidence for such a state was presented by the
DASP group from DESY at the 1975 Photon Conference ét SLAC. We find no

T

clear signal for this reaction and present upper limits for ie, b ’ -

A.‘ Intermediate States Between the ¥ and V'

Observed Via Their Hadronic Decay Modes

Following our original observation of the X states,e we have now-studied

a much larger sample of ' decays. In:this study corrections for sbme.small

residual geometrical distprfions_were nade, The data we report here has also

been fitted by the kinehatical fitting program, SQUAW, to the hypothesés:
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Voo oy o y B (1)
TS T (2)
and - o | \V'-af+3n+3n" (3)

.Figurevl shows the missing mass squared distribution for reaction (1), 'As

may be noted, a.peak in missing mass squared (MM2) consistent with gamma

P

W«3684)-——njn*wfﬁrx * Preliminary
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30 O.1<p,<0.2GeVc: =~ ]
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‘_O.—.' - o i

30 0.2<p,<0.35Gev/c

EVENTS/0.005 (Gev/c2)2

M2 [(Gevic2)2]

XBL. 764-1623

Fig. 1. The missing mass squared
distribution in ¥' - Lt + X ' s
for two missing momentum intervals

as shown,

production is observed. A .cut was made to selec£  [MM2| <MO.05 GeV/g. As we
have‘shown earlier, a major decay mode of the Y' is the céscade process:

R AR A A W)
The missing mass against all combinations of the n+n- systems is shown in

Fig; 2a for four-prong events and in Fig, 2b for five- and six-prong events,

To avoid the decay channel (L) in the study of the X final states, we make a
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in y* decay for faur-prong and five- and six-prong events,
This data corresponds to a partial sample only and is
shown here to illustrate the '"cascade.cut."
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"cascade cut.ﬂ This involves cutting out those events for which a missing mass
against the n+n— éystem lie$ within the energy band 3,05 to 3.20 GeV, This cut
is-indicated in Fig, 2. For the four-prong events a further cut of M(n+n—) >
2.8 GeV was made to exciude events of the £ype y' - Y+ - p+u~n+n—go.
In Fig. 3 is shown the resultant mass gpectrum for channels (1), (2) and (3)
respectively. All of these correspond to kinematically fitted dafa, figures
4 and 5 show the data for the decay channels:. |
V' o v+ (nx or KK) ' - (5)
and . ' V' oyt nDB . , - (6)
As may be noted from Fig. 3 there is godd-évidence in reactions (l) anéi(2)_:
for three distinct X states, X( 3415), %(3500), and X(3550). In addition we
note a peak at (nearly) the full energy of the V', This corresponds to the f
direct decay Vy' - hni, w‘,;> 2ni2Ki, étc. OnAéa;efqi inspgption one can
see tha; the mass lies .~ 30 MeVv belo@ theyw';mass. Thié érisés.£éé;ﬁsé the
fitting program fpr a 1C fit will,still provide a "YQrayf,forAth¢§e events
and thié introdﬁces an artificial shift which is alwa;s.downwa¥ds frém the
y' mass, In the unfitted ‘data the eventé in these highest mass_peaks,do show
the correct ¥' mass. Furthermore we can note thdt,thé di;éét'decay into an
even number of pions is G-parity suppréssed énd occurs.ohiy vié.ah;intermediate-
virtﬁal photon, On the other hand ' — 2ni21(:t and ' —;»2nip§ Vean pfoceed
via the strong interactions and thus appear relativelx gnhapcgd when”eémpared
ﬁd the correqunding X decays.
In Fig. 6 is shown the angular distribution of the y rays from channel
(1) for thé three X states. .Figure 7a shows M(n+n—).}br ;éaction;(L); while
Fig. 7b shows M(Kini) for reactionb(25;’ As maQ'Belhéfed;;é strohé'po énd'
K*(890) signal respectively is. observed, The decay éistributigns for the
other two X states are similar. Here it should"alsqybe ﬁpted that in Fig. T7a

there are four ata combinations per eveht,'while”in Fig, "7b there are.dniy,
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text, unfitted data.
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Fig, 6. Angular distribution of the y-rays for the three X states.
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Fig. T. (a) M(n ") for X(3Al§ N
: (b) M(KEnT) for X(3415) - 2nTexd,

o+ F . . . . . :
two K 't combinations per event, From a triangle plot in two dimensions, there

is no evidence for double p or dquble_K*(890) production respeétively,

1, Branching Fractions for: the X States

We have 9reliminary-result310n the -branching fractions Bf for the X

states, Here Bf is composed of two components Bf = BYBh where BT is the

branching ratio for W' — } + Xi and Bh is the branching ratio for Xi - .

hadrons, The Bf values are given in Table I. These values are based on

preliminary efficiency determinations and errors are estimated at * 50%.

2. Quantum Numbers of the X States

From the fact the X étates are producéd bf radiative decay;of the y',
C = +1 for all of them; If I-spin and Gepariﬁy are good qﬁantﬁm nuﬁberé
for these states, from the fact that we observe a decay into even number of
pions, G = + for all Qf them, and from thé relation G = C( 1) » we can

infer that I = O for all of them, I = 2 is unlikely as it would involve

|
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Table I. Preliminary values for branching fractions in {' decay, Uncertainties
in these values are estimated at + 50%,

By xro 2 2507
' | 2wt s
MZ q,;".t 2712“1 6-“1 '-2,022{1 ’,F

35S0 | 1'3 0.9 Y v
| W~ ,

3500 | L0 0.6

}3‘“5' 3.0 20 1.3 12 0.5

- By "7/’,"-_—3 y+X |

" an unknown type of electromagnetic .decay.
The y-decay angular distribution shown in Fig. 6 can be expressed as:

1 + a cos2 e .

We then expect:

to lowest
" multipole ordex



~11- : LBL-L88k4
We note that the y-decay distribution for X(3415) is consistent with J = 0;
on the other hand we observe X%(3415) — n'x or K K from Fig, 4. This implies

P+ 4+ .. L . :
J =0, 2, etc, Combining this information we can conclude that for X(3415)
PC ++ C : ' . P —
J = O , We cannot at this time draw any conclusions on J assignments for

the other X states,

B. The Inclusive y-Ray Spectrum at the Y ‘and §'

We have studied.tﬁe inciusiyé Y-ray spectrum from T conversiohs in the
0.651 radiation length of materiél of the cylindrical scintillafiaﬁicounters,
beam pipe, etc.i'Dalitz pairé (and intérnally converted y-rays) also contribute
to this sample, Figure 8 shows the y-ray detection efficiency as a fupction‘
| of Y—ray energy. For ei momentum measurement the'ei have to give aﬁ‘ieast one
signal in the Qroportibnal chambers (R‘: i?, 22 cﬁ) and one in each of the two
innermost cylindricél sp;rk éﬁambefs (R'¥h66, 91>cm). This impliés a low
momentum cutoff in perpendicular momentum (PL) at ~ 50 Me?/c for each ei
track, For aefiniteness in Monte—Carlo'efficigncy calculations we apply a
safe cutoff at Pl = 55 MeV/c ‘in the software, As a Eonsequence of -this

cutoff our efficiency for y detection drops rapidly below 200 MeV y-rays.

- 0.020
>-.
Q
s
5 0.015
O
w
> 0.010
o)
}——
o 0.005 |
- .
w
0 B | 1 [ 1 _
O - 05 1.0 L5 2.0

T B, (Gev) o

Fig, 8. . SPEAR detector as y spectrometer. Detection efficiency,
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Fig. 9. ' y-ray spectrum at y! and { as obtained from y conversion in the
cylindrical counters surrounding the beam pipe,
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" The measurea y-ray spectrum for ¥ and {¥' decay is shown in Fig, 9, We
note a clear signal in the ' decay spectrum at EY =‘263i:10. This gives a
mass for the corresponding X states of ~ 3410 MeV. The branching ratio BW'Y’

estimated for a t decay aﬁgular distribution of 1+cos2 8, is 8.5+ 4%,

C. The Reaction V' — yyvVy.-

By demanding a converted y-ray together with/final state { decay

Voo wte (1)

o o e+’e.-’f 7 (8)-

_we have studied the reaction: , |
Voo oy L (9

An example of this reaction with the ¥ decay mode.(7) is shown in Fig, 10,

' ‘Fig., 10, Computer reconstruction of an
TG Afor™ > example of the reaction

t
y' - v + PC
[
.
‘ - P M
-» ete
conv,

== trigger counters latched;

[—) shower counters latcﬁed.

XBL. 764-5624 Note that the first y-ray converts in a
shower counter,

In'using the events with ¥ — e+e— care'musf be taken tobéiimihate a background.
due to fiﬁal state radiation in the decay ¥' — e e . An example of this process
is shown in Fig. il. Aftér'eiimination of éVghts consistent Qith‘no or no .
production we remain with a sample of 2l events corresponding to reaction (9).
There still remains the ambiguity aé to which y-ray comes from {' decay and

which from the decay of possible intermediate states. We thus compute two

solutions for each event: the "low mass (yy)" and "high mass (Yy)" solutions.
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Fig. 11, Computer reconstruction of an example of
. .
Y'' » e e + 7

L oo
- e.e. -
conv,
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These are given in aiscafter plot in Fig, 12, As maf be noted the events
cluster in three regions and furthermore-the projections on the "high mass
solution" give three narrow peaks, while the other projection gives a broad
distribution, This'suggests that we are observing three narrow states at
masses 3545, 3505, and 3415 MeV. 1In the projectiqn on the y axis one is then
presumably éombining fhe ¥ and a Dopplér—shifted v, emitted from the decay éf
a>recoiling intermediate state, The expected Doppler broadehing is ~ 50 MeV
" and is consistent with the observatibn. Table II gives‘thé branching fractions
where the errors are aominated by the staéistical exrror of a small number of

events,

Table II, Preliminary values for branching fractions
of ¥' -» yyVy with conversion of one y-ray.

- By = By By |
MeV  EvewDS Bf Ba/{fr
' ' ) -
3sys 4 p
- 3308
3¢S
. .
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L 0ash EStyy
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D. Search for the up Wwith pp Decay Mode
We do not observe any mass peak which could correspond to

Vo oy + X (10)

™ pp .
Figure 13 shows a scatter plot of § vs p for two-prong events ét the y. The
data was preselected so that each evenf had at least one prong with mass meas-
ured from tihe of flight > 350 MeV. Thus the separation between the pion

1.0

0.4}
-
|
.
0.2} - -
0.0 ! el D T DT DU —a
0 200 400 600 800 1000 1200 1400

E(Madc)

Fig., 13. Scatter plot of B from time of flight versus momentum,
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band and K band is in part artificial. However the separation between kaons

and protons is real. Figure 14 shows a plot of pp vs p§ for two-prong events.

Figure 15 shows a plot of normalized missing momentum p/Eo vs normalized mass
of the pp system M(pﬁ)/(on). The relevant features are marked on the plot.
Parenthetically we note a large signal corresponding to

¥ > BB B=(1.9%0.35)X10 5 | (11)

TOF Identified 2-Prong pp Pairs

M T MBS Raas a T
sl pP (1) |
1400 F L |
1300 F s -

: IR ST
E . ':.‘v .&1“-.
1200:‘ o . . ..,:' ‘l.'. -
[ ¥ "
L \ . d.
p E . . ' . L * L]
p : . * . »
1100 . . . \ . ]
MeV/c s ) .o .
1 o 0 o E‘.: .. . . .:v :0 ) . . :' .......\. i
E *te . . ) ." : » .‘ .o . l. : ! . o ) \ .
F ‘o.' . - > Q..' c.:.'. [ .
gook s E i L »
;‘: s :.' * o" "‘......'. .'.. ] ..0 . ", 28'0
F vo:..' ’ ’\. i te .‘-.-‘ ‘s ... o . o
BOO L, WL 0 trte Taeat ol -
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Fig. 1l4. Scatter plot of proton momentum versus antiproton momentum,

1600 \ T

1000

'

P..
P

MeV/c

1200

1400



4502714

-19- | | ' LBL-488Y

Ty r—v

Py

.Fig, 15. Scatter plot of normalized momentum vs normalized mass of the pp system,

. . In Figs. 13, l4 and 15 we note the cluster corresponding to
¥ - pp B = (_2.0io.15)x1o'3, ~ 306 g{zénts. | ('12)
The line sketeched inbEig. 14 corresponds to the 2810 MeV mass region, As'may
be noted for both Figs, 14 and 16 which is.the M(pE) mass projection for low
MM (MM2 < 6.63 Cev), we see ﬁo masé peék ne#r.2800 MeV, The upper 1imi£s |

éorresponding to this data are given in Table III,
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Fig. 16. Mass of the pp system for missing mass cut MM2 < 0,03 GeV2.

.The resulfs presented heie are the work of'thé LBL—SLAC‘Collaboration at
SPEAR, whose members are: G, S. Abrams, S, Alam; A, M, Boyarski, M, Breidehbach,,'
F. Bulos, W, Chinowsky, R. G. DeVoe, G.'J.'Feldmaﬁ, G. E. Fischer, C, E,v
Friedberg, D, F?yberger, G. Goldhaber, G. Hanéon} D. Hartill,iB. Jean—Marie,
A, D. Johnson, J. A. Kadyk, R. R. Larsen, A, Litke, D.ALﬁké, V. Lith, H. L.

Lynch, R, Madaras, C. C;.Morehouse, H. K. Nguyen, J, M, Paterson, M. L. Perl,
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Table III. Upper limits in the branching ratio B for the reaction

¥V - v + X
- PP .
90% C. L,

Energy of Upper limit _

peak (GeV) Number of events B
2.85+0,05 = 4.0 : < 3x107°
2.80+0.05 ' 5.8 < LX 102
2.70+0.05 | © 12.0 < 8x 1072
2.65 * 0,05 : 13.6 : <9x 1077

I, Peruzzi, M, Piccolo, F, M, Piefre, P. Rapidis,. B, Richter, B, Sadoulet, .
R. F, Schwitters, J, Siegrist, W, Tanenbaum, G. H. Trilling, F. Vannucci,

J. S. Whitaker, F. C. Winkelmann, and J. E, Wiss.

FOOTNOTES AND REFERENCES
1. Our earlier t;igger requiréments consisted of a coincidénce between the

central cylindrical céunters surrounding the beam pipe and two (or more)
‘of the‘trigger counters at radius 1;5 mete;s, where at 1ea$t two have an
associated shower counter. The entire system wés gated ﬁo fhe e+e-
collision time, Here an associatea shower counter means aAshower counter
located within the immediate vicinity of the latched trigger counter.
This triggér thus requires at least two charged particles toireach.the
showei counters, The new "relaxed'" trigger requires a coincidence betweenv .
the central cylindrical counters and any two (or more) of the trigéef
counters where at least one of these occurs with an associatedvshower
counter; in addition,.ét least one signal in the proportional chambers
was required. - Thus thé new trigger_requires one particle to penétraté‘to

_the showericountersvbut:the sécond particle need'oﬁly reach the ﬁrigger

counters,
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This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
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their employees, makes any warranty, express or implied, or assumes
any legal liability or responsibility for the accuracy, completeness
or usefulness of any information, apparatus, product or process
disclosed, or represents that its use would not infringe privately
owned rights.
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