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In a seminar at CERN on 19 July 1973, Paul Musset of the 
*DUJDPHOOH�FROODERUDWLRQ�SUHVHQWHG�WKH�ÀUVW�GLUHFW�HYLGHQFH�RI�
weak neutral currents. A month later, Gerald Myatt presented the 
results on a global stage at the 6th International Symposium on Elec-
tron and Photon Interactions at High Energies in Bonn. By then, two 
SDSHUV�GHWDLOLQJ�WKH�GLVFRYHU\�ZHUH�LQ�WKH�RIÀFHV�RI�Physics Let-
ters and were published together on 3 September. A few days later, 
WKH�UHVXOWV�ZHUH�SUHVHQWHG�LQ�$L[�HQ�3URYHQFH�DW�WKH�,QWHUQDWLRQDO�
Europhysics Conference on High-Energy Particle Physics, where 
WKH\�ZHUH�DLUHG�DV�SDUW�RI�D�ODUJH�SURJUDPPH�RI�HYHQWV�IRU�WKH�SXEOLF��

Earlier in May, Luciano Maiani was with Nicola Cabibbo at their 
XQLYHUVLW\�LQ�5RPH�ZKHQ�(WWRUH�)LRULQL�YLVLWHG��EULQJLQJ�QHZV�RI�
what the Gargamelle collaboration had found in photographs of neu-
WULQR�LQWHUDFWLRQV�LQ�WKH�KXJH�KHDY\�OLTXLG�EXEEOH�FKDPEHU�DW�&(51��
7KH\�KDG�GLVFRYHUHG�HYHQWV�LQ�ZKLFK�D�QHXWULQR�VFDWWHUHG�IURP�D�
KDGURQ��SURWRQ�RU�QHXWURQ��ZLWKRXW�WXUQLQJ�LQWR�D�PXRQ��ÀJXUH����²�
the signature of a hadronic weak neutral current. In addition they had 
RQH�OHSWRQLF�HYHQW�FKDUDFWHUL]HG�E\�D�VLQJOH�HOHFWURQ�WUDFN��ÀJXUH�����

The main problem facing the collaboration was to be certain that 
WKH�HYHQWV�ZHUH�IURP�QHXWULQRV�DQG�QRW�IURP�QHXWURQV�WKDW�ZHUH�OLEHU-
ated in interactions in the material surrounding the bubble chamber 
(CERN Courier�6HSWHPEHU������S�����)LRULQL�GHVFULEHG�KRZ�WKH�
UHVHDUFKHUV�KDG�RYHUFRPH�WKLV�LQ�WKHLU�DQDO\VLV��RQH�RI�WKH�LPSRUWDQW�
IDFWRUV�EHLQJ�WKH�VL]H�RI�*DUJDPHOOH��́ +H�H[SODLQHG�WKDW�WKH�VHFUHW�
ZDV�WKH�YROXPH�µ�0DLDQL�UHFDOOV��́ ZKLFK�FRXOG�NLOO�WKH�QHXWURQ�EDFN-
JURXQG�µ�0DLDQL�DW�OHDVW�ZDV�FRQYLQFHG�WKDW�WKH�FROODERUDWLRQ�KDG�
REVHUYHG�QHXWUDO�FXUUHQWV��,W�ZDV�D�WXUQLQJ�SRLQW�DORQJ�WKH�URDG�WR�
today’s Standard Model of particles and their interactions, he says. 
:HDN�QHXWUDO�FXUUHQWV��ZKLFK�LQYROYH�QR�H[FKDQJH�RI�HOHFWULF�

charge between the particles concerned, are the manifestation of 
WKH�H[FKDQJH�RI�WKH�QHXWUDO�YHFWRU�ERVRQ��=��ZKLFK�PHGLDWHV�WKH�
weak interaction together with the charged bosons, W(. The dis-
FRYHU\�RI�WKHVH�QHXWUDO�FXUUHQWV�LQ������ZDV�FUXFLDO�H[SHULPHQWDO�
VXSSRUW�IRU�WKH�XQLÀFDWLRQ�RI�HOHFWURPDJQHWLF�DQG�ZHDN�LQWHUDFWLRQV�
LQ�HOHFWURZHDN�WKHRU\��7KLV�WKHRU\�²�IRU�ZKLFK�6KHOGRQ�*ODVKRZ��
$EGXV�6DODP�DQG�6WHYHQ�:HLQEHUJ�UHFHLYHG�WKH�1REHO�3UL]H�LQ�
3K\VLFV�LQ������²�EHFDPH�RQH�RI�WKH�SLOODUV�RI�WKH�6WDQGDUG�0RGHO���

)RU�0DLDQL��WKH�WKHRUHWLFDO�VWHSV�EHJDQ�LQ������ZLWK�KLV�FRO-
OHDJXH�1LFROD�&DELEER·V�ZRUN�WKDW�UHVWRUHG�XQLYHUVDOLW\�LQ�ZHDN�
LQWHUDFWLRQV��7KH�SUREOHP�WKDW�&DELEER�KDG�UHVROYHG�FRQFHUQHG�DQ�
REVHUYHG�GLIIHUHQFH�LQ�WKH�VWUHQJWK�RI�ZHDN�GHFD\V�RI�VWUDQJH�SDU-
ticles compared with muons and neutrons. His solution, formulated 
EHIRUH�WKH�SURSRVDO�RI�TXDUNV��ZDV�EDVHG�RQ�D�ZHDN�FXUUHQW�SDUDP-
HWHUL]HG�E\�D�VLQJOH�DQJOH�²�ODWHU�NQRZQ�DV�WKH�&DELEER�DQJOH���
'XULQJ�WKH�QH[W����\HDUV��QRW�RQO\�GLG�WKH�FRQFHSW�RI�TXDUNV�DV�

fundamental particles emerge but other elements of today’s Stand-
DUG�0RGHO�GHYHORSHG��WRR��,Q�������IRU�H[DPSOH��0DLDQL��*ODVKRZ�
DQG�,OLRSRXORV�SXW�IRUZDUG�D�PRGHO�WKDW�LQYROYHG�D�IRXUWK�TXDUN��
FKDUP��WR�GHDO�FRUUHFWO\�ZLWK�GLYHUJHQFHV�LQ�ZHDN�LQWHUDFWLRQ�

Neutral currents: A perfect 
experimental discovery
Forty years after the observation of weak 
neutral currents at CERN, Luciano Maiani 
reflects on their impact.

Fig. 1. A hadronic neutral current event, where the interaction of 
the neutrino from the left produces three secondary particles, all 
FOHDUO\�LGHQWLÀDEOH�DV�KDGURQV��DV�WKH\�LQWHUDFW�ZLWK�RWKHU�QXFOHL�
in the liquid. There is no charged lepton.

V

)LJ�����7KH�ÀUVW�OHSWRQLF�QHXWUDO�FXUUHQW�HYHQW��$Q�DQWLQHXWULQR�
coming from the left knocks an electron forwards, creating a 
characteristic shower of electron–positron pairs.
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theory. Their idea was based on a simple analogy between the weak 
hadronic and leptonic currents. As their paper stated, the model 
IHDWXUHG�́ D�UHPDUNDEOH�V\PPHWU\�EHWZHHQ�OHSWRQV�DQG�TXDUNVµ�²�
DQG�WKLV�EURXJKW�WKH�QHXWUDO�FXUUHQWV�RI�WKH�HOHFWURZHDN�XQLÀFDWLRQ�
RI�:HLQEHUJ�DQG�6DODP�LQWR�SOD\�LQ�WKH�TXDUN�VHFWRU��2QH�LPSRUWDQW�
implication was a large suppression of strangeness-changing neu-
tral currents through what became known as the GIM mechanism.  

Maiani now says that at this point no one was talking in terms 
RI�D�VWDQGDUG�WKHRU\��HYHQ�WKRXJK�PDQ\�RI�WKH�HOHPHQWV�ZHUH�WKHUH�
²�FKDUP��LQWHUPHGLDWH�YHFWRU�ERVRQV�DQG�WKH�%URXW�(QJOHUW�+LJJV�
PHFKDQLVP�IRU�HOHFWURZHDN�V\PPHWU\�EUHDNLQJ��+RZHYHU��SHU-
FHSWLRQV�EHJDQ�WR�FKDQJH�DURXQG������ZLWK�WKH�ZRUN�RI�*HUDUGXV�
’t Hooft and Martinus Veltman, who showed that electroweak 
WKHRU\�FRXOG�EH�VHOI�FRQVLVWHQW�WKURXJK�UHQRUPDOL]DWLRQ��CERN 
Courier�'HFHPEHU������S�����$IWHU�WKLV�OHDS�IRUZDUG�LQ�WKHRU\��WKH�
REVHUYDWLRQV�LQ�*DUJDPHOOH�SURYLGHG�D�VLPLODU�EUHDNWKURXJK�RQ�WKH�
H[SHULPHQWDO�IURQW��́ $W�WKH�VWDUW�RI�WKH�GHFDGH��SHRSOH�GLG�QRW�JHQHU-
DOO\�EHOLHYH�LQ�D�VWDQGDUG�WKHRU\�HYHQ�WKRXJK�WKHRU\�KDG�GRQH�HYH-
U\WKLQJ��7KH�QHXWUDO�FXUUHQW�VLJQDOV�FKDQJHG�WKDW�µ�0DLDQL�UHFDOOV��
´)URP�WKHQ�RQ��SDUWLFOH�SK\VLFV�KDG�WR�WHVW�WKH�VWDQGDUG�WKHRU\�µ�
$�FDVFDGH�RI�GLVFRYHULHV�IROORZHG�WKH�REVHUYDWLRQ�RI�QHXWUDO�FXU-

rents, with J/s in 1974 and open charm in 1976 through to the W 
DQG�=�YHFWRU�ERVRQV�LQ�������7KH�GLVFRYHU\�RI�D�+LJJV�ERVRQ�LQ�
�����DW�&(51�ÀQDOO\�FORVHG�WKH�F\FOH��SURYLGLQJ�REVHUYDWLRQ�RI�
WKH�NH\�SOD\HU�LQ�WKH�%URXW�(QJOHUW�+LJJV�PHFKDQLVP��ZKLFK�JLYHV�
PDVV�WR�WKH�:�DQG�=�ERVRQV�RI�WKH�ZHDN�LQWHUDFWLRQV��ZKLOH�OHDYLQJ�
the photon of electromagnetism massless. In a happy symmetry, 
WKH�ODWHVW�UHVXOWV�RQ�WKLV�ÀUVW�IXQGDPHQWDO�VFDODU�ERVRQ�ZHUH�UHFHQW�
KLJKOLJKWV�DW�WKH������/HSWRQ²3KRWRQ�&RQIHUHQFH�DQG�DW�WKH�,QWHU-
national Europhysics Conference on High-Energy Particle Physics, 
(36�+(3������²�WKH�GLUHFW�GHVFHQGDQWV�RI�WKH�PHHWLQJV�LQ�%RQQ�
DQG�$L[�HQ�3URYHQFH�ZKHUH�WKH�GLVFRYHU\�RI�QHXWUDO�FXUUHQWV�ZDV�
ÀUVW�DLUHG����\HDUV�DJR�
´:H�DUH�QRZ�VWUHVVLQJ�WKH�GLVFRYHU\�RI�D�+LJJV�ERVRQ�µ�VD\V�

0DLDQL��́ EXW�LQ������WKH�P\VWHU\�ZDV��ZLOO�LW�DOO�ZRUN"µ�/RRNLQJ�
EDFN�WR�WKH�ÀUVW�REVHUYDWLRQ�RI�QHXWUDO�FXUUHQWV��KH�GHVFULEHV�LW�
DV�́ D�SHUIHFW�H[SHULPHQWDO�GLVFRYHU\µ��́ ,W�ZDV�D�EHDXWLIXO�H[SHUL-
PHQWDO�GHYHORSPHQW��WRWDOO\�LQGHSHQGHQW�RI�WKHRU\�µ�KH�FRQWLQXHV��
´,W�DUULYHG�DW�H[DFWO\�WKH�ULJKW�PRPHQW��ZKHQ�SHRSOH�UHDOL]HG�WKDW�
WKHUH�ZDV�D�UHVSHFWDEOH�WKHRU\�µ�7KDW�VXPPHU����\HDUV�DJR�DOVR�
VDZ�WKH�HPHUJHQFH�RI�TXDQWXP�FKURPRG\QDPLFV��CERN Courier 

-DQXDU\�)HEUXDU\������S�����ZKLFK�VHW�XS�WKH�WKHRU\�IRU�VWURQJ�
LQWHUDFWLRQV��7KH�6WDQGDUG�0RGHO�KDG�DUULYHG�

 O )RU�PRUH�GHWDLOHG�DFFRXQWV�E\�NH\�PHPEHUV�RI�WKH�*DUDJPHOOH�
collaboration, see the articles by Don Perkins (in the commemo-
UDWLYH�LVVXH�IRU�:LOOLEDOG�-HQWVFKNH������S����DQG�'LHWHU�+DLGW�
(CERN Courier�2FWREHU������S����
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Luciano Maiani, University of Rome La Sapienza, talked to Christine 
Sutton at CERN.

Caption caption caption 
caption caption.

During the week of the Aix Conference more attention than usual was given 
to the need for communication with non-physicists. A plenary session was 
held on “Popularizing High Energy Physics” and on several evenings “La 
Physique dans la Rue” events were organized in the town centre. 

One evening saw a more classical presentation of information with 
talks by Louis Leprince-Ringuet (on the beauties of pure research), 
Bernard Gregory (on the role of fundamental science and its pioneering 
role in international collaboration) and Valentine Telegdi (on the intricate 
subject of neutral currents). More than 600 people heard these talks, no 
doubt attracted particularly by the well known television personality of 
Leprince-Ringuet.  

 O October 1973 pp297–298 (extract). 

Physicists meet the public at Aix 


