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André	Lagarrigue	
-	the	father	of		
			Gargamelle	

Gargamelle	emerita	

Today	exhibited	on	CERN	ground	

Dieter	Haidt	DESY	Hamburg	



A	Historic	Moment	

•  		
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Two	Detectors	

			Gargamelle		at		CERN	PS	 												E-1A		at		NAL	PS	
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Heavy	Liquid	Bubble	Chamber	
Magnet	Coil	and	iron	yoke	
Thick	iron	Shielding	

Liquid	ScinUllaUon	Calorimeter	
MagneUc	Iron	Spectrometer		



GARGAMELLE												E-1A			HPW	

•  		 •  		

Note:	Excellent	research	topics	–	but	not	Neutral	Currents	!	
															Sudden	change	of	priority	to	NC	search	in	1972	
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Searching	for	a	new	effect	

1.  Define	signature	of	candidates	for	the	new	effect	
2.  InvesUgate	all	processes	simulaUng	this	signature	
					all	means	in	pracUce	all	known	
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Gargamelle		

Signal	 Background	
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E-1A		

TargetDetectorMuonSpectrometerΝΝ

TargetDetectorMuonSpectrometerΝΜ

Signal	 Background	

Need	two	independent	triggers	:	
energy	deposiUon	and	no	muon	

CC	events	with	wide	angle	muon	escaping	
No	worry	about	punch	through	

PARIS		6	September	2018	 Dieter	Haidt	DESY	Hamburg	 8	



A	Happy	Circumstance	

•  Scanning	rules	were	setup	before	experiment	started	

																										Class	A	:	events	with	muon	candidate	

																										Class	B	:	events	with	idenUfied	hadrons	
																										Class	C	:	one	or	more	protons	

																										Class	D	:	only	electrons	and	positrons	

							ν-induced	events	are	in	class	A.		

							n-induced	events	are	in	class	A,	if	a	charged	final	state	hadron	fakes	a	muon	

							n-induced	events	are	in	class	B,	if	final	state	parUcles	are	idenUfied	as	hadrons	

•  Class	B	serves	to	esUmate	the	unavoidable	neutron	background	in	class	A	

The	challenge		:	Are	there	ν-induced	events	without	muon	in	the	final	state	?	

							If	so,	they	are	already	in	class	B	:																			start	NC	search	without	delay	
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An	exciMng			leptonic			NC		candidate	

360000 pictures scanned 
Isolated forward e  found  
at  Aachen  in Dec 1972.  
Interpretation: 

ProperUes	of	electron	:			
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•  3-prong	event	
•  very	clean	
•  no	muon	
•  total	visible	energy	
about	6	GeV	

										An	early	NC	candidate	
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The	March	1973	MeeMng	
Euphory	and	Doubts	

•  		
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The	Data		

•  Compare	hadron	final	state	of	NC		

							with	CC	(no	μ)	and		form	NC/CC	

											X=along	beam	direcUon	
											R=radial	

•  NC	=	ν-	or	n-induced	?	

•  3	arguments	favour		ν-origin	

											NC/CC	is	flat	and	big	

											NC	look	ν-like	

											NC	do	not	look	n-like	

•  Oversimplified	ORSAY	Monte	Carlo		

							disfavours		neutrons	
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A	discovery	at	hand	?	



Damped		Euphory	

•  		
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																									shielding												coils+yoke		

ν-	
beam	



Neutron	Background	CalculaMon	
		Ingredients																																												

Maier	distribuUon	
Neutrino	flux		
Dynamics	of	final	hadron	state	
EvoluUon	of	hadrons	in	maier	

Complicated,	but	known	
Measured	
From	ν-events	
Need	cascade	model	

Conclusion:	Absolute	predicUon	of	neutron	background		
																											no	free	parameter	

Cascade	Model	:	start		March	–	ready	beginning	of	July	1973	
				At	first	hopeless	:	short	Ume	and	complexity	
				Breakthrough	:	cascade	only	transported	by	nucleon	(>1	GeV)	
				Linear	problem	:	need	only	the	energy	loss	per	collision	
				ElasUcity	distribuUon	has	been	extracted	from	pp-data	
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Appearance	of	neutron	interacMons	

B-event:	
ν-interacUon	upstream	in	shielding	
Observe	in	chamber	the	end	of	the	
neutron-cascade	

AS-event:	
ν-interacUon		inside		chamber	
Observe	in	chamber	the	beginning	
of	the	neutron-	cascade	

Predict	B/AS:					opUmal	use	of	data	
																													model	dependence	reduced	(except	for	cascade	effect)		
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The	Proof	
Beginning	of	July	1973	:			102	NC	candidates	in	ν-film	and	15	AS	

Worst	case	hypothesis	:				All	NC	are	background	

Hypothesis	must	be	rejected	:					a	new	effect	exists	
Aoer	hot	and	intense	discussions	submit	paper	July	25,	1973	to	Phys.Lei.	
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Similarly	for	anUneutrino		data	



Probability	distribuUon	:	

Measure	:	flight	and	potenUal	paths	x	and	L	
																			for	each	event	
Max	Likelihood-fit	to	NC	and	CC	samples	

Internal		Method	

Beam	 1/λ	for	NC	 1/λ	for	CC	

ν	
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Idea:	Reconstruct	for	each	event	the	flight	direcUon	from	vector	sum	of	final	state	hadrons	
										Then	apply	classical	Bartlei	method	to	obtain	the	apparent	interacUon	length	



The	Authors	of	the	
Discovery	Papers	
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Deceased:	Lagarrigue,	Rousset,	Musset,	Rollier,	Faissner,	Schultze,	Lanske,	Nguyen-Khac,		
Camerini,	Fry,	Wachsmuth,	Natali,	Bullock,	Violeie	Brisson	



The	Electron-Photon	Symposium	
August	27-31,1973	at	BONN		



The	Hot	Fall	

•  Prominent	physicists	disbelieve	the	
Gargamelle	analysis	:	“You	have	
rediscovered	the	neutron	!”		

•  GGM	had	anUcipated	all	their	
arguments	and	rejected	them	firmly	

•  Bad	stroke	:	HPW		runs	with	modified	
detector:	NC	effect	disappeared	

•  The	CERN	Directorate	got	worried	
•  Instead	of	doubUng	HPW	Gargamelle	
						was	blamed	to	be	wrong	I	
•  General	suspicion:	GGM	is	wrong	

because	of	error	in	treaUng	neutrons		
•  Way	out	:	YES	or	NO	by	special	

exposure	of	Gargamelle	with	proton	
pulses	to	test	explicitly	the	neutron	
cascade	
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Modified	HPW-detector	

Introduce	13’	iron	plate	(red)	:		
			increase	muon	acceptance	
			fatal	consequence	:	punchthrough	
													NC	misidenUfied	as	CC	
														thus	:	loose	NC	effect	



HPW	PublicaMon	History	

•  July	17,	1973		

								Rubbia	informs	Lagarrigue	:	100	NC	events	
•  August	3,	1973		
								submiied	tp	PRL	
								also	submiied	to	Bonn	Conference	
•  September	14,	1973	

							slightly	revised	
•  CollaboraUon	decides	to	postpone	and	wait	for	

more	data	with	modified	detector	

•  November		13,	1973		
							HPW	informs	Lagarrigue	about		absence		
							of		NC	
•  Februar	25,1974	
								new	paper	submiied	to	PRL	

•  April	1974	
								Published	in	PRL	32	(1974)	800			
								Existence	of	neutral	currents	confirmed	
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Cascades	really	exist	

•  Event	from	the	special	exposure	of	
Gargamelle		in		Nov/Dec	1973	

•  A	proton	of	7	GeV	is	entering	and	
generaUng	(event	3241	671	view2)	

						a		neutron	cascade	

•  The	measurement	of	the	first	
interacUon	gives	the	apparent	
interacUon	length	of	the	chamber	
liquid	

•  Similarly	the	last	interacUon	with	
energy	deposiUon	exceeding	1	GeV	
gives	the	effecUve	cascade	length	
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Check	the	Background	CalculaMon	

•  Special	runs	in	Nov+Dec	1973	
						anUcipate	what	should	be	observed	
•  Gargamelle	exposed	to	fast	

extracted	proton	pulses	of		
						4,	7,	12	and	19	GeV	
•  Measure	apparent	interacUon	

length	in	chamber	
•  Measure	cascade	length	
•  Compare	with	predicUon	of	

neutron	program	(doied	lines)	
•  Reported	to	APS	MeeUng	

Wshington	(April	1974)	

05101520050100150200250Momentum!GeVΛa,Λc

All			aspects		of			the			cascade			program			are			confirmed	
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Spring	1974	:		The	Happy	End	

•  		

The	existence	of	weak	neutral	currents	is	finally	accepted	
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The	Impact	of	the	Discovery	

•  		 •  		
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•  Gargamelle	was	an	excellent	collaboraUon	with	an	excellent	
pioneering	spirit	

•  It	was	an	exciUng	Ume	seeing	the	huge	progress	of	electroweak	
physics	and		QCD	

•  It	was	my	first	large	collabora5on,	though	small	in	today’s		
standard	

•  It	was	a	life	without	email,	without	ready-to-use	computer	codes,	
without	laptop,	but	punching	cards,		handwriien	slides,…	

It	was	an	honour	for	me	to	have	been	a	member	of	Gargamelle	
and	to	feel	the	responsibility	in	a	discovery	situaUon	

Epilog	


