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Gerson Goldhaher - 2

Department of -Physics: -and Lawrence Berkeley I.ahoratory . .
University of" California, Berk: eley, Califorma 911.720

o I.v INI'RODUCI‘ION AND CIJTLINE
Here I mean by "new“ particles that I will l.imit myself to those
' hadrone contaim.ng one or more charmed quarks and to the anomalous en
events as mterpreted om the heavy lepton’ hypothesis. I Hill thus not
review the. -recent ev:.dence for baryon-antibaryon bound states. As ve -
© have learned from Leon. Lederman's talk these are not all the new particles.
he .has. presented clear—cut ev1dence fo; another "brand. new" particle (or

particles)' % X 'efer to: Lederman's talk‘ at this_ conference for the details.
‘We:can div:.de these newly discovered- particles into six exgerimenta
’.Jcategories. o EE e oo - e .
* The first three of: these categories correspond to ps:l.on spectroscopy.

=-(1) _pin parity: and charge con]ugation, JPC = 1;-; narrow states with

e S 3 T3 GeV... - PR .
PC

While the.re :l.s notlung intrxnsxcally specia.l about I =1 versus ) ”

e h some other quantum mnber of the cc state, it has had enormous experimental
consequences. The fact that these vector mesons have the quantum nunbers
of the photon has been respons:.ble for the opem.ng up of the new physics.
'l‘h:.s allowed v production via the v:.rtual photon of’ e e annihilation and

ly the dlscovery of the J because ‘of the very characteristic s:l.gna- ‘

1,73 ‘GeV the higher mass !
ar nly observed in formation experiments

: C quark pair. They have “hidden charm" or the charm S



q f‘ cqiq_:I shere the
\ant:.pa:t:.cles. Here the- charmed ana-

IX bs':ou'sm'ci'imscdw' V
-states: vu:h the- guant\m numbers ‘of the photon _J'C = 17"
19714. the nhole pi’cture of pu-l:zcle -physics chnnged with

e ' the v clelrly and shorl:ly thereafter gave tha 1' ., Figure

'DESY © imtion of the y and y'. Then followed long

! "to 7.7 V but no t‘urther: nntrou resonance uu:h quantum
numbets of the photon showed . up! See Fig. 3._ R .

"'The Breit—iuqner resoxﬁnee expression for: a final state channel a is:

n the 5 9 7 7 Gev zeg:.on they aze < 0 h'j




»

AR I wi.ll not repeat here the deta11ed studxes of the decay propert:.es
: and quantum numbers- of the 'U ‘and-§" (see for example the review by
'I‘rilling ) ) - - : » ST

S . 'I‘he broad levels with a1

T

. During 1975 two broad resonance states - character:.st:.c of decay into
, open channels -= in distinction to the narrow W and ‘l" states whose decay . .-
1s believed to be inhibited by the Okubo-2we:.g-nzuka rule3 —-— were dig~
covered. A. very hroad state of T = 200 MeV c_enter,ed at h.l_Gev and a
© less broad state by sev, T = 33410 MeV. With more data the broad
: state gwes strong indxcat:.on of further substructure, but so far the full
- .7 complexity of this energy region is not completely resolved P:l.gure L
. shows_the entire data for R = 0. d/ " up to 7.7 Gev. The data on this
figure comes . from Novosihxrsk Orsay, Frascau, CBA and the SLAC-LBL
experiment at SPBAR In the L to 6 Gev regions there is good qualitative
' _ agreement as far as the resonance peaks are concerned between . the SLAC-LBL
"data and tha.t from DEY, both pw'ro and. DASP, as presented at this con-
- ference by Timm., However there is & discrepancy by about 1 unit :.n‘R with
the SLAC-LBL data giving the higher' R values, . This discrepancy lies within
‘the systemat:.c errors quoted by the various experments. Here it must be
remembered that‘ the main systematm uncerta:.nty comes from the Honte-carlo
calculat:.ons of the efflc:.encies. More new data will be needed to under- )
stand and-resolve th:.s discrepancy.
A brand new eontrlhut:.on presented at this conference by Litke comes
from the. !'Lsad Glass" add:n.tmn to the SPEAR Hark I detector --a I.BL-SLAC-

] : a nev resonance at 3. 772 GeV Just above
the resonance decays pr:.nc:.bally mto p° B5°

y"th s"energy A summary of' the relevant reso-

nance param, ers is- g:.ven in 'rable I, Pi.gure 6 ows “the” 3.7 to 5 Gev .
) region in detai.l. - C R A S
'l'he eop ous product:.on of low momentum DD pa:.rs at this resonance

gives a new nass measurement of the p° and ' as will be d:.scussed below. :

e

'I'he NALIow states ‘with Jpc 41

[flevels X obse
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are’ zeuched by radiative decay from.the V' There is one such state
x( 2830), _observed at DESY only, vhich is ‘reachéed by radiative decay from
the t/a. The DASP expe.nmant at DORIS observed a h s d. peak /T - TX,
X - 1y as zepo:ted by 'I':.mm at tlus conference,

There are three d:.fferent types of information on the X states,
These are:

(a) The zeact:.ons A YiXabe \I’ -+ e'e” or pL

The relctmns

V'l d ‘rl"i

first observed at DORIS for A =.%(3500), have been discussed by Timm at

- T

this confererice, See also results in Table II,

(b) The inclusive y spectra

The y spectra has been studied by Whitaker et a1.? in the SLAC~LBL _
Magnetic Detectoi: at SPEAR”and by Biddick et al, 7 in the Haryland-Ptinceton—

Pavia-uUC San Dxego-smc-stanfozd NaI detector in the east mtersect:.on
reg:l.on at SPEAR,

Whitaker et al, use y conversion in the small amount of material,
0,05 radiation length, composed' of the beam pipe and "pipe counters" near
the center of the SLAC-LBL detector. Figure 7 shows. the spectza“at the
¢ and ¥’ as well as the. y-detection .effiei,enc}'. One y line ET = 261+10
MeV . is observed at the y'. The results are given in Table II,

Biddick et al. use a detector shown in Fig, B consisting of large Nal
scintillation counters as well as proportional wire chambers and propor-
tional tube counters.  The resulting~i~apect£é for y.and y* ai-e shown in
Pi.g. 9 and f-he results of a f£it to the data are given:in Table II, The
vagreenant between the’ two expenments for B(y' - X(3415)) is excenent.
The conpuison for B = B(v' - rX)B(X - TV) hwever d:.ffers by as much

) as 2's.4, . '

* () The X —» hadion- decax

" The ‘hadronic x ‘decay -states are given in Fig, 10 from the smc-l.m. ]
daata of Tanenbaum et al. -Herethe final states have been fitted as:JC I

. -fit;.s With a missing y ray by application of the bubble chamber fitting .

program SQUAH 'to the SPEAR detector data, Tables III to V's:ummarize these

data and Tables.VI from Vanmcei, et al. T. and VII show’ some eor:espondmg

decays at_the ¥/J and ¥* respectively,

Ezom Lhe fits to t.he hadmm.c fmal states we also get :.nfomat ‘n :
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Table VI, Decay modes of the § into mesons,.

| Toplogy | Decay Note v 'f’;;f;::n:‘:'”‘g‘ Efficiency| Branching Ratio
M EE, - <b 0.23 - <B.9 x 107
ot - all 1.7 + L.7# 0.040 (1.6 + 1.6) x 107"
o a S 1841w 0.03% (2.0 + 1.6) x 10
L8 all 26415 0.13 (2.6 £ 0.T) x 103
' KO 4 KOO 5+ 7.8 0.0bk (2.74 0.5} x 1073
Er o+ rxt 18 + 7.7 0080 | (3.240.6) x 203
KCE*sos Fogeso 1427 0.007 < 2.0 x 107
_ K'xmy xpeet A4 2.7 0.006 <15 x 107
Py 4 e - ] 205 217 0.076 (1.2 £2.3) x 107
xeoRwsas fsogeso | ko > 8.4 0.016 (6.7 % 2.6) x 107
K*okro 4 1.5+ % 0.0u8 < 0.5 2 1073
Eesofer0 2.5+ b5 0.009 < 2,9 x 1072
ex's” 235 0.083 | (1.4 0.6) x 12073
or <1 0.023 <3.7x10
SR a1l 2046 0.026 (3.1 % 1.3) x 207
: o’nn'n <3 0.013 <1.5x 107
Y44y an 19495 0.075 (0.7 + 0.3) x 1073
ox'x” W5 0.0L0 (0.9 + 0.b) x 2073
o' " 623 0.020 (0.8 '+ 0.5) x 107
K «© ell 09450 . 0.073 | (1.2%0.3) x 1072
' ox'x" 22412 0.068 (0.8 + 0.5) x 2073
ot 2+2.b 0.03 < 1.6 x 10
: o o 5425 0,013 (1.0 + 0.6).x 1073
SRR L SR I 1 oo | s13x103° 3
g(;‘:)‘o b ann ) . 6?5 + Jo* S oar. - (4.0 + 1.0 5
C P . U8 + ko 0.14 (6.8 +1.9) x 11.)"3 :
o R C o1 (1.9 + 0.8) x 1072
: ) 9?4; + p'-'-'Azz ' - %112 9,08 (8.4 ;h:_ﬁ) x 1072
At )a® a1 ] meaee | o062 | (29s07% .
‘ - ahe ' 140+ 30 o.0uk " | (8574 3.4) x 207
Wx*x")1® a1 | 13albe 0,024 (9.0 + 3.0) x 207 |
e ] (%2 + oixt) 153 + 13* T 0.2 (1.3 + 0.3%
2(s"s) 1 aa 1 %290 019 | (4i0 +2.0) x 2073
HAe"x") 1 an : ol e 0.080 .| (4,04 2.0)x 1073

Modes marked with an asterisk were calculated from a smaller data sample.

.




the decay angular distribut:.ons from which sp:.n “information can be. denved

We can annlyze the decay Tyt ‘—o X in tetms -of .- T;::_e ~ l+a cose 9

vhere 9 :.s the angle at whi.ch the T 1s emtted relat:.ve to the :.nc:.dent

i 1.>
: ‘ t.he predictlons are not umque but assum:.ng only a )
) dipole amplitude gives a=-o0. 33 and a= 0,08 respect:.vely. See 'rable
vIII fot t:he expenmentel values of a.
v ﬂ : N A Furthexmote one can also study !:he decay )
. y i L l+l-

vhere now the 1. direction is taken relat:.ve to the l du:ect:.on. Here the
-same angular distributions obtain for the same.sssumptmns as above. Final-
1y -one csn use the fuu angular cozrelatmns in the cascade

v--.rlx » X—.raﬂv > '—033

as'diséussed in detail in Tenenbaum et al. 6 The current status on the
o spin-penty of the xR states 1s suman.zed in Table VIII and Fig. 11.

Reni.d\lal Eoblem
i As discussed by Jackson at this conference if we accept the x(2830)

and X( 350) ‘as the n.and y! respectively, the large splittmgs and the
observed radmtwe rates are hard to understand, Also there is the problem
why are there no hadrom.c decay modes observed for these objects? In the
case of the x(2830) .one could argue that hadronic decay modes could be
hniden anonq the enormous hackground of hadzomc decays from the § involw

ln.ssing ~ ;»  However st the %(. 3!}50) within the present stat:.stics no
: s hadzom.c is observed. ‘Both these subjects will require more

77 = 1 negative




- Table vir. v¥'(3684) branching ratios into all charged hadrons.

Decsy Mode .. Evénts  Efficiency © Bt - 0®
o 49+ 9 0.20 (0.45 + 0.1) x 1073,
(0.8 £0.2) x 1073
e s3:8 0.12 to

Q.6 t 0.4) x 10673

(0.4 :o0.1) x 1073
P 7 0.19 . to

(0.8 :0.2) x1o'3

et -"' - 95 0.08 (0.15 ¢ 0.1) x 10~3

a'l‘he A -branchmg ratios have been corrected in order to zemove
the nonresonant background, For ¢°' -» naKK and ¥' - nxpp,
vhich can also proceed by strong decay, the nonresonant -back- .
ground cannot be uniquely determined from cur data, The smaller
(larger) value for the branching ratio applies if the decay is
ent:u:ely elcctromagnetic (strong).

Table vIII, Summary of X Spin-Parity Informacion.

Iafareation
Seuzce * - - Photon Angular Cascada
) ow /KK Distribution in Angularx Suggested
Stats Fiual Scate Hadronic Decays Correlations * ’
Migg . - L o e o P
. k : ,',ccnltlnnc ﬂth I SRR T
(W%, - . Pagt 2t Jeo - U — ot :
M 2IMY e L4204
X(3505) Ppot,a*. 340 (20 2eval) 340 (50 leve) 1*
35033 & Mev -uuund 2 20,1204 I
as”, - B '-4;’:., . .
3531 2 & Mev ?a ot 2% 3% 0 (20 Leved) -— M
C Am0,310.4 .
X(3483) Ko Iaforsstion

456 £.7 Ma¥ : ‘ ! ) o . -




(1)

(2)
-(3)
(&)

' "‘cut on ‘the" reco:.l sys em at 1 B uev 'I‘h:.s does not lose any s:gnal but
e ‘mproves the s:.gnal-to—backgzound ratio,- Figure 13 shows the invariant
:;ﬁase disEributxon for n+ﬂ ) K K ’ ﬂ+ﬂ ni, Kin -, xfx-nt and Ksnt final

states at i, 03 GeV 'I'he” first two final states show kinematic reflections

‘of vthe 1865 K n mass peak due to- def:.c:.encies in time-of- flight identi-

: ficat:.on of kaons anrl pions. ' In add:.t:.on these tuo final states corre-
. ressed decgys and limits can be:set on these, The
i-. Kig)-tlnae % 0.05 while

‘ For boi:n these-decay mode

07; Au‘n;easuzed 0B values are

roduction the f:.nal states.

K
viden e for such a resonnnee. Assum.ng

he our decays, d:.:ect K3m,. K*on+n B

- frac t:.ons by comparison with the

ilation :Eor each mode. The. results of the fit are sum-



+

Table i, Event populations, efﬂgienciés and values of oB for several p°, 0° and D', D~ decay modes.

Becay Mode c.a. mrgy (CeV)  No. of Events g:;::::::y ' ‘S::::t:?;::::
C oB (ab)
Kt . 5.03 182 ¥ 38 ' 0.25 ¥ 0.04 0.57 2 o.11
TR RIS 61% 14 0.044 * 0.007 103 to.%0
Ee sty ’ 95t 23 0.09 * 0.02 0.83 * 0.27
K-utnt 821 0.16 % 0.03 0.40 ¥ 0.10
i°1rt + .t 9.5t 6.5 0.07 ¥ 0.0t . <0.18
t , 5.4 ¢ 88 0.27 * 0.04 < 0.04
. K& ( 5.2%1-3 0.24 ¥ 0.04 <0.06
atote” . 0.0 * 8.0 0.22 * 0.03 <0.03
SR 2.7+ ;; 0.13* 0.03 < 0.06
Kt > 0.0* 3-‘7) 0.16 } 0.03 <0.02
o 4.41 57T 18 0.19 ¥ 0.04 0.30 © 0.09
F0r*em + BOrtm 55 * 14 0.037 * 0.010 0.9 ¥ 0.34
. K;ﬁt#ﬂ. 119 * 41 0.08 * 0.02 0.91 ¥ 0.39
‘ st 67 * 19 0.125 ¥ 0.03 0.33 Y 0.12

11



'Ahere is no signlhcant K* production wheread Kxn o°
'th' dom'nant moda. 'I'hxs 1s 111ustra|:ed ‘in Fig. lh. We find
' imit of 0.06_£6

>

the proper time distn.hut:.on of : the 'K° cami:.— o

orr:espond to t.he accepted K 1:|.fet1me. Fxgure

Th:.s can.be ml:erpreted as the frac—

- ,o ib oductxon. In Fxg. 17a




13
-y "already at the 1975 photon conference by Schwitters for ull charged part:.-

cl.es combmed. A s:unple interpretat:.on of t.h:ls excess comes from the fact
nthat charmed mesons ‘are. produced 1n pa:.rs and t.hus the secondar:.es from s )
each D, which agam has to decay mto at least two part:.c].es, are Limited

to X values less, than»o 5.7 )

(c) Study of the: recoxl system a_gai.nst D- N
= -we’ shml the (background subtracted) reco:.l mass” d:.str:l.bu- )
.D uhere here all th ‘da‘-a samples are addeB together. Thus.

In hg.
twn aga:.nst

1n th Ls f:.gure we have a lughly non-um.form mtegrated luminosity distribu—
txon from E = 3.9- 4. 6 Gev.  of the four prominent’ structures, “the ’
second and third peaks come largely from the . 028, Gev . data. ; we observe"
eco:.]. at = 1860 HeV/c ) =.2005° Mev/c , & 215" HeV/c

< and a. broader peak at = 211.100 Hev/cz. e mterpret the first three peaks

narrow, peaks in M

as follollslo . . .
L B L R ()
LT e L SRR (@)
R """é"ré" ;.i'.b'.*°6",’_< ) ' "(a)'

as can be note from F.g. 18a an:l h 'I'he ;rves m"th:.s figure nre calcu-
lated on the bas:.s -of reaction (8) He observe a ‘el ! cut sh:.ft and
’ broadem.ng of't.he peak at ~ 2111-5 HeV/c (B h.OaB) to ~ 2200 Hev/c
p '.'I'.‘he enhancement at 2)+h0 HeV/c and width l" .100 Hev/c




%

(n):

_ el 12)
Cibeme #(13)
et 42k)
. (15)
~(16)
= 5.0

‘ 'é"n ﬂuéd"

In Flg. 19 He shuu the K n
, we note a clear althaugh

the ms detezmiuations helow.‘

The ohserved uxdth of the peak in Fig,




T o 15 .

-

7 procese (12)or (i6) , is‘e..se,nsiti'\ve""functiee of Py ‘vig,, -aM(p¥) = ~ O.‘ll

APoe . : . . .
¥ Thi :eecond peak and its associated shoulder is due to DD (and charge ’
conjuqate) productxon process (7). -Here as we note"from Fig. 2la there
. are four contr:.butmg processes. The central value of p2 determmes :
MD+%*, wlule the shape of the shoulder and peak determine the relative
. contr:.but:.ons of the four processes. F:.nally the thu:d "peak" (wh:.ch
' appears cleerly in a 20 HeV/c binm.ng) is due to DD productxon, process
-(6). A sunxlar -~ though s:.mpler -- situation holds for the p' spectrua,
. We have f:.tted t.hxs date under twe seperate sats of aesumpt:.ons-
the normal fit ‘and the isospin constra:.ned fit, The detailed descnptwn .
of the eseumptmns -are given in ‘Goldhaber et al, lo The data were fit underV
both sets of assumptions w:.th varxcus starting po:.nts, background functi.ons,
and resolut:.one m order to st:udy the - stab:.ll.ty of the resnlts. Some param-
- sters vary aute:.de of statist;cel errors dependmg on the type of ht. L
To get a feeh.ng_ for’ these two types of f:.ts i.n columns 2 and 3 of
'rable x we show average values ohf.amed from a number of dxfferent versions
of these fits wlule in column h of the Table we present the parameters ve
Judge to' be ;iost relxably determmed alcng uil:h our estimate of theéir total"
.uncertamty 1nc1udmg systemat:.c errors. The solid’ curves ‘of I-':l.gs. 21b and
2lc show the results of-a typ:.cal fit of tne second type..~ )
We ' ‘hote from '.'I'.'able X-that the relative mportance of react:.ons (6),
(7), (8) for thé D 'y D.» chnnnels can be expressed as:” . -

n°|3°-np*°+bn : p"p™

"o, 2to 1. "u‘oto 8 " :128:ko

. - P . L hfv o R .
"where a p3 phnse space factor has been exp' :.cltly reuoved These ratios .



. 2007{0.5). . 00Bt3

* 2009 (1:5).

03) + 0‘.:651(1:'!.'02);' }o.o_yy‘:o;.oa .
k) 3h(00h) 6;3’8;0.065’

.20.(0:67) : a1tal0
++10.09.(0,05).. °°9*°°’
) 0,58 (0.06) - 0.6220.09

0,33 (0.08) -~ 0.29%0,10
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) n(n*°) = 20061 1. 5 HeV/c
n(u ) = 2008 6%1.0 HeV/c
(d) D -.5°. _mixing ' :
We have ohta:.ned two mdependent resulte related to the quest:.on of
o° -D mixing. _In, the B om = 397 h.6 Gev data we have estabhshed an’
upper 1imit on charm events exhib:.t:.ng apparent strangeness uolat:.on-
i.e., events, where ‘the kaon observed in the reccul system has the same
charge as the, kaon found 1n the p° . ‘We f:.nd that less than 18% of events
containing a D exhibit an apparent strangeness violation (90% CL)

It has been ‘suggested - 13 that the presence of. fl.rst-order lac] =
neutral currents would create p°-B° mixing on time scalee conslderably
shorter than the p° lifetime. = If this were true, nearly 1/2 of events
'contaming a p® wuuld exhib:.t strangeness noncongervation, Our reeulte .
‘clearly. rule this out, ) o

‘. ¢ Inthe z = 5- 7,8 Gev data}

lf,we have tested whether the decay
proceeda ass . " ‘

*-l-"‘ +o - Ca
X I_, Cn ) (exot:.c f:.nal state)
“as expected for no p° -D mixing, or as:

"‘Dﬂ»;—i n *5°
v I_, K ‘ (nonexot:c final state) -
At the 90$ conf:.denee level, _the fraction of the t:.me that a p° decays as
:.f it were a D (e.g., to K'n ‘instead-of K'n") is_ 1ese than- 161,. The
rel.ationahip betveen these two measurements depends in detail on the o°
p;oduction mechamsm‘u" over the full enerqy range from 3.9 to l& 6 Gev
Awhich is unknawn aypresent' T : :

D‘°

(e) ueaeurenents on’: the epin of the p? -and:

.have ahaw that for D and D spin values less than
i
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Litke's talk. ’
8 is. the detailed study of the

» di.scus an further detuus here except to mention tlmt ‘the Heavy Lepton
Hypotha's ‘ar ears o be t.he most hkely interptetatxon of the ‘phenomenon,
‘ "I wigh tolthank Hs. Christi.na F:ank for her meticulous work in typing
. and compi.liné' this repo:t .

'l'his ‘work was éupported by ‘the U, §,° Bnergy neseazch and Development

Mministution. el
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~RELATVE CROSS SECTION

: o E.-.(Gw) . el
ﬂg. 3. 'rotul had:onlc cross secti.m v8 Ecn. in find ateps over thq
.range: 3.2 Gev & Bun §5.9 GeV,  The clear peak. is the v(asal;).v
s:.m:l].u data Here taken up to 7.6 GeV. o
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D° momentum spectrum, near threshold:

.ete™ o "D";'v';D"' ,D*"' > atp° : (a)

‘ - D"O5*° , ' p* o nopo. . (B)

" —~./D¥o5%. . p*o o ypO. (¢c)
.= D¥p=., D% 4 qtpo (p)

- 'E’oﬁ" 3 DFo.5L qopo (E)

. - »P:‘:g:‘ direct p° (F)

- .D™D°. , D* 5 ¢p° (6)
- DO - ‘d:rect o° (n) --

(b).0% » K"n"’ momentum spectrum at "B

curve is a typical fit described in'text, {(c) D* -» K'x ot

- Fig. 21, (a) Illustzat:.ve example of the cont:nbutions t:o the expected

em = 4,028 GeV..- The solid

momens

"tum spectrum -at. “Egm = 4,028 Gev compared to a typical fit. The

' ':_,‘ daehed curve corresponds to beckground
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