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Experimental Observation of a Heavy Particle J+

1. §. Aubert, U, Becker, P. J. Biggs, J. Barger, M, Chan, G, Evertart, P, Qoldhagen,
J. Leong, T. McCorriston, T. . Rhoades, M. Robde, Samuel C. C. Ting, and Bas Lan Wy

Laboratury for wad D af Physics, Massocheselis lphiiaie of Teckmalogy,
Comdvdge. Massochwsatte 02019
rmd
Y. Y. Lee

Proobheven Sehioeal Labovatory, [jptew, New Fork 11973
(Beoitved L2 Novambar 1374

We report the sossreation of & beavy particle J, with mess = = 3,1 GaV end width ap=
proximadaly sero, The shesrration was made from the resciion p«Ba—e"+s" <z by

loa pidr apeetrometar ¢t the Brookhaven

uuu'lllln--l

mary peciyum with a p

Nutlonal Laboraiery's 30-GaV alternatiog-gradlest ayscbrotres,

ilp experiment i part of a 'arge program o
¥ the behavior of timelike phobons is p=p~e*
+x reactions! and to search lor new particles
h decay info %" and u*u” palrs.

5 uss & alow extracted beam [rom the Brook-
i Matiomal Laboratory’s alternaling-gradient

Be, o erable ul to reject the pair acciden-
by requl. ing the two tracks to come [romm the
# origin. The beam intenaity i monitorsd
a secondary emisglon counter, calfbraded

daily with a thim Al fall, The beam spot size L&
3x§ mm® and |8 mondlored with closed-ciroull
televlsion. Flgars lia) shows the atmplified sids
view ol one 2rm of the spectrometer, The two
arma are placed &t 14.5 with respect to the imei-
danl beam; banding by W1, MZ) s done wertical -
1y fo decoaple the angla (§) and the momentum (5]
af the particla.

The Cherenkov counter C, in Hlled with one at-
moaphere and C, with 0.8 atmonphere of B, The
commbers C, and C, ars decoupled by magneta M1
apd M2, This enables us ko Feject imock-on elec-
tromn from C,. Exieasive and repeabed calibra-

i
T
—

J‘—’ingﬁ &

L1 i

Gl |

Simplifisd side view of sne of the spectrometer arms, runm._u_nquwm_uan‘rmnd
e eveais with 3.0 <m <51 Ga¥. (0} Pullse-baighs spectrum of ¢ jsame for « ) of the ¢ ' pair.

VoL 15, Nossan 23
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proximafely 10°™ cm®,

The mosl ateiking feature of J s the possihility
that 1 may b= one of ike theoretically saggested
charmed particies® or a's¥or £.'n,% sde. In or-

are now unde rway on the vartous decay modes,
B, AN EFE mode would imply that J I8 weakly
interacting In mature.

It ls alse imporiant o note the abasncs of an

*¢" confinusm, which coniradicls the predic-
Lions of pRCER-EOOEE."

Wie wish io thank Dr. B, B Rac and ihe allernad=
tng=gradient symchrotron stafl who bave doms an
outatanding job in setting up and maistaining this
axpariment. We thank especially Dr. F. Eppling,
B. M. Bailey, and the stall of the Labordiory for

L der to study the real natore of 4" measurements

Muclear Science for their belp and encourage=
mant. Wa thank alsc Ma. 1. Schuls, Ma. H. Faind,

M. Feind, In. Osborne, G. Krey, J. Donahus, asd

E, D, Welner for help and assistance, We thank
alge M, Degtach, V. F. Welsakopl, T, T. Wu,

B. Drrell, amd 5. ﬁluﬁw lor many intereating
murntl.m-

fheenpied withoot review undsr paliey Esmounned tn
Editorial of 30 July 1884 [Phys, Rew, Last, 13, 78
fuwad ),

e ot work on p o+ p —=p® 0" =z was dooe by L. M
Ladurman of al., Paya, Rav. Lok, 25, 1533 {leTol.

. L. Glashow, privass commusinntoos,

5. D, Los, Phys, @ev, Latt, 36, 201 (1671,

'8, Wainbarg, Phys, Rer, Lat, 1B, 1264 (19671, and
it and Aoy, O 5, 1403, 1idd (L1973,
B mpor, L

Ut rewslt from SPEAR. B, Richter and W, Pancfaky,
privais communication; J.-E, Augustis of af., falkowiss

TLOTE. Allnwund wmdhmu St tn oom
tradicton with the dets,

Discovery of 8 Narmow Resonance in e * ¢~ Annihilation®

J.-E. Augustint A, M. Boyarskl, M. Breidenbach, ¥. Bules, J, T. Dakin, G, J, Feldman,
G, E. Fischer, D. Fryberger, G, Hanson, B. Jean-Marie, | B. R Larsen, V. Lith,
H. L. Lynch, D, Lyon, €. C, Morehouss, J. M, Paterson, M, L, Perl,
B. Richter, P, Hapidia, R, F. Bchwitiers, W, M, Tananbaam,
mnd F, Vanmeeci]
Stanford Lineow Acoaleralor Canier, Slanford Deiverally, Sanford, Callfrnia fdins

G. & Abrams, D. Briggs, W. Chinowsky, C. E. Friedberg, G. Galdbaber, R, J, Hallebesk,
I A Kadyk, B, Lula, F, Plerre,§ G. H. Trilling, J, 5. Whitaker,
J, Wimn, and J, E, Fipas
Lawrencs Berkeley Labpratory gad Depord ment qrﬁpm Daivaradly of Califernis, Bevkalay, Coilformia 9770
Aecalvad 13 Hovembar 1974}

ﬁhﬁnhnﬂdlmgﬂ-rpmhmﬂuulmhr.. —=hadrons, « "s”, &l
ponsibly u " at & contar-ol-mess anergy of 3,106 0,003 GaV, ﬂ.mu.dlnlh.

Tl widih ol half-maximoms is 1.3 MaV,

We tuve shasreed @ very sharp paak in the
croas Beclion for ¢*¢” = hadrone, ¢°¢”, and pos-
#ibly p*u” in the Saniord Linear Ascslarator
Center (SLAC)-Lawrence Berkeley Laboralory
magnetic detector' at the SLAC slbetron-pesitran
siorage ring SPEAR, The resomance bas the
pramaoters

E=3105% 0,003 Ge¥,
Pl Ma¥ = [ 985

{full widih al half-maximam), whore the uncer-
tnindy in the energy of the rescassce reflects the

1404

uncertiiaty in the absolule energy calibration of
tha sloragpe ring. [We Suggest naming thls stree=
ture ¢{3105).] The cross section for hadron pro-

Iheé Ffesonamce is = 2300
b, an l-n!ﬂ.n:m% h aboul 100 times the cross
pection pilside the refonance, The large mass,
large croms section, and narrow width of thim
Btructars are anlirely unexpected,

Cur attestion was first drawn to the possibllicy
of atracture in the ¢'e" — hadrom cross sectios
during a scan of the cross section carried oat in
200-MaV staps, A ML (8 sb) sahancement was
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proximately 10°® c¢m?,

The most striking feature of J 18 the possibillty
that It may be one of the theoretically suggested
charmed particles® or a's® or Z,'s.* ete. In or-
der to study the real nalure of J,* measurements
are now underway on the various decay modes,
@.g., an ¢xv mode would imply that J 18 weakly
interacting In nature.

It Is also imporiant to note the absence of an
#"¢" comtinuum, which contradicts the predic-
tions of partos-models,®

W wish to thank Dr. R, R. Rau and the alternat-
ing-gradient synchrotron staff who have done an
outstanding job In getting up and maintaining this
experiment. We thank especlally Dr. F. Eppling,
B. M. Bailey, and the staff of the Labordtory for
Nuclear Sclence for their help and sncourage-
ment. We thank also Mas. I, Schulz, Ms. H. Feind,
M. Feind, D. Osborne, G. Krey, J. Donahus, and

E550)
7iIL—210

E. D. Welner for help and assistance, We thank
also M. Deutsch, V. F. Weisskopf, T. T. Wu,

B. Drell, and 5. Gluhn-w for many interesting
conversatlons.

ZICRER
LEM?

Fiomaptad without review under policy announced o
Editorial of 20 July 1864 [Phys. Rev. Latt, 13, 70
(1864 ],

"The firet work anp + p—p*+4" +x was doss by L. M.
Lederman ef af., Phys, Rev, Lett, 25, 1523 {1970).

'8, L. Glashow, privats communication,

*T. D. Lee, Ph:.'a. fAev, Latt, 26, B0 (1871).

4, Wesisbory, Phys, Rev, Lett, 19, 12364 (18671, and 2 Decempen 1974
., Hev, D 5, 1412, 1062 (1672, s
o alm=
llar result fram SPEAR, B, m:mw Panofsky,
private commimication; J.-E, Augustin f al,, following

—

D. Drell and T. M, 1.'-. Phys. Rev. Latt. 35, 318 Atomic Energy Com-

(1370. An Improved version of the theory is not in con-
tradiction with the data, e de I"Accélérateur

Iniversita de Paria, 91

y=pair channel.

observed is probably but not conclusively in the

IPermanent address: Institut de Physique Nucléaire,

Orsay, Franca,
§Permanent address: Centre d'Etudes Nucléaires de

The ¢'e ~hadron cross section is presumed
to go through the one-photon intermediate state
with angular momentum, parity, and charge con-
jugation quantum numbers J"¢=17", It is dif-
ficult to understand how, without involving new
quantum numbers or selection rules, a resonance
in this state which decays to hadrons could be 8o

Narrow,

Saclay, Saclay, France,

"T'he apparatus is described by J.-E. Augustin ¢! of .,
to be publishad,

*The detection-efficiency determination will be de-

im bl
’ %lu preparing tEI.a manuseript we were Informed
that the Massachusetts Institute of Technology group

studying the reaction pp —¢ *e" + x at Brookhaven Na-
tional Laboratory has observed an enhancement in the
We wish to thank the SPEAR operations staff Ry d pe pedoprvesgg el

{or prﬂﬂd[ﬂs the stable conditions of machine et al., preceding Letter |Phys. Rev. Lett. 33, 1402
performance necessary for this experiment. (1974}],
Special monitoring and control techniques were 'l—_lﬁ%mlu and F, Martin, Nucl, Phys, B27, 381

developed on very short notice and performed ex-  (1971).
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J =T TR =8 A ®TH
MIT-BNL Phys. Hev. Lett, 11/12 12/2 &
SLAC Phys. Rev. Leti. 11/13 12/2 &
Frascat: Phys. Rev. Lett. 11/18 12/9
DESY Phys. Lett. 12/19 12/23 8




Part Il
Before 1974

Who does anticipate the charm?

2.1 M “charm” OFEZFELEN?

2.2 BAROWHRITIESTH =M




2.1 5N “charm” OEFEEF=ELEM?

. GIM AH=X L (1970)

S.L.Glashow, J.lliopulos and L.Maiani, Phys.Rev. D2, 1285 (1970)
fat K — pt + 0 B, PRLVIFHShTOSOM?

ued =dcosh +ssind Bl c & s = —dsinf + scosf




e

BT 5 (K-Ks BEEEXLY)
M.K.Gaillard and B.W.Lee, Phys.Rev. D10, 897 (1974)
(1974%8H=: #WXZHEHB 197443H4H)

.« ¥AEERE “Seaech for Charm” D& 15

M.K.Gaillard, B.W.Lee and J.L.Rosner,

FERMILAB-pub-74/THY, August 1974
Review of Modern Physics 47, April 1975
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2.2 BFOMARBESTH-IEN ?

- 1At

EEE (1962)

Y.Katayama, K.Matumoto, S.Tanaka, E.Yamada, PTP 28, 675 (1962);
Z. Maki, M. Nakagawa and S. Sakata, PTP 28, 870 (1962)
(¥L<I%, EFEDJournal Club 2008.7.31 DRASAFER &)

« 4TiR2

1 DIZIS (1964)

Y.Hara, Phys.Rev. 134, B701 (1964);

Z.Maki, PTP
B.J.Bjorken

31, 331 (1964);
and S.L.Glashow, Phys.Lett. 11, 225 (1964).



Niu event O)FR

K.Niu, E.Mikumo and Y.Maeda, PTP 46, 1644 (1971)
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Decay: X — <4 7V

If e =a", my =1.78 GeV

If « =p, my = 2.95 GeV
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INIE, 212512, CHEBADIA—V%FET
NFRVDERTHSEIER

T.Hayashi, E.Kawai, M.Matsuda, S.Ogawa and S.Shige-eda,
PTP 47, 280 (1972)

:A-F. i
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« BHELREVIL—TIZELD
SU(4) IZE2< hadron spectroscopy M
DGR NREZI—rT D (1972~1973)

e.g.
M.Kobayashi, M.Nakagawa and H.Nitto, PTP 47, 982 (1972);

T.Hayashi, E.Kawai, M.Matuda, S.Ogawa and S.Shigeeda, PTP
49, 351 (1973)

Fy—LZET/\FOVE, COFEXTIFIFoZTYaLLTLNS !

c.f. ThE&YE-LRiIIZH, U(4) IZED< hadron spectroscopy
DIAEMNGESHTLV= ! (1968)

K.Shima, T.Suzuki, A.Kobayashi and H.Senju,

“Strang Spin Formalism for Hadron”, PTP 40, 143 (1968)

CHblE, AROM2EEITOEANTHIESETY.
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Neu event [FFERENTINT, m, DA —HF —([THBITETS-
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After 1974.
Effects of the Disturbance
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E.Takasugi and S.Oneda, PRL 34, 988 (1975)

Received: 19 Dec. 1974; Pub: 14 Apr. 1975

“Asymptotic SU(4) in the I"I” Annihilation of New Resonance”
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Stanford: SPEAR --> PEP
SPEAR: 3.8 GeV, [&0.234km, 1973
PEP: 15.0GeV, [& 2.2km, 1980
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DESY: DORIS --> PETRA
DORIS: 3.0GeV, [E0.289km, 1974

PETRA: 23.4GeV, [& 2.3km, 1979
HERA: 820 GeV, & 6.34km, 1992
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