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Why	K0	photoproduc1on	and	mechanisms	
	
Pre	–	1970	experiments	(not	much)	
	
	My	Ph.D.	thesis	experiment	(Manchester/DNPL)	1964	-	1969		
	
Beam	line	and	detectors	
	
Analysis	and	results,	with	H2	and	nuclear	targets	
	
K0L	decay	and	interac1on	measurements	done	with	that	beam	

CP-viola1on	in	K0	discovered	1964	
													CCFT	(Nobel)	
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We	were	at	Manchester	Univ.	close	
To	Daresbury	5	GeV	e-synchrotron	

Not	dominant	

CP-viola*on	(1964)	
Hot	topic!	

50	μb/sr	

20o	
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First	observa1on	of	K0	photoproduc1on	

Majority	are	K+		with	~	50	K0s	à	π+π-	in	“unambiguous”	class	
35	classed	as	Λ	K0	π+			and	a	few	possible	φ	àKK	(“weak”)	

Bubble	chamber	photographs	:	50	in	865,000	pictures	to	scan	
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+Paterson,	Hand,	Sadoff	

Cambridge	Electron	Accelerator	(CEA)	
5.5	and	4.25	GeV	electron	beam	on	1	Xo	Al	target	
Pb	collimator	at	3.5o	
-  Electro-	and	photo-produc1on	not	dis1nguished	
-  Other	angles	and	Be	target	(not	in	this	paper)	

Collimators	
Regenerator	6”	Cu	
Op*cal	spark	chambers	
No	magne1c	field.	
K0	à	π+π-		
Selec1on	and	p(K)	from	2	tracks.	
Yield	=	1.3	10-5	K0/e-sr	at	5.5	GeV	(spectrum	at	right)	
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4.25	GeV	



Senng	up	wire	spark	chambers	at	Daresbury	for	K0	photoproduc1on	experiment	

Prof.	Paul	Murphy	arrived	Manchester	in	1965,	started	series	of	experiments	with	K0	
at	Daresbury	DNPL.	NINA	:	5	GeV	Electron	synchrotron.				K0	with	less	neutron	background.	

Thanks	to	local	
Fothergill	&	Harvey	for	
special	cloth		
Wires/fibreglass	
	
Ferrite	core	memory	
1	mm3	/	bit	
	
Seeing	sparks!	

Largest	“automa1c	spark	chamber	system	anywhere	at	that	1me		



Blacker’s	!	

No	K0S	let	ater	40m	
>>	Put	regenerator	in	to	calibrate	
detector	/	beam	with	K0S	–>	π+π-	
Only	K0L	and	neutrons	
(less	than	in	hadroproduc1on)	



Experimental	apparatus	
40m	to	K0	produc1on	target	
H,	Be,	Al,	Cu	(brass)	

Iron	regenerator	14	cm	thick	
Removed	for	K0L	expts	
An1	(veto)-counters	

H	=	Scin1llator	hodoscope	
12	slats	10	x	50	x	1	cm3	

B,C		Scin1llators	(trigger)	
	60	x	60	x	1	cm3	

1	cm	steel	between		

Wire	spark	chambers	
Ferrite	core	readout	
Triple	plane	70	x	121	cm	
u,v,x	at	60o		

Wire	spark	chambers	
Ferrite	core	readout	
2-	plane	x,	y		



Checks	of	K0S	àπ+π-	
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Apologies	for	terrible	quality.	Figs	from	Phys	Ler	29B	(1969)	54	

VMD	exclusive	Φ		

Momentum	spectrum	μb/GeV/sr	Eγ	=	3.75-4.75	GeV	

Yield	fn	Eγ	(max)		



Nuclear	Physics	B23	(1970)	509		

&	follow	up	



Per	nucleon,	lirle	A,Z	dependence	

Strong	growth	with	E(γ)	
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79,000	2-track	triggers	with	+	&	-	tracks	through	magnet,	
	with	vertex	in	fiducial	region.	
Kinema1cs	(As1er	frame:KE(K)	assuming	3π	decay)	
separates:	
	 12.5%	

	
27.0%	
	
40.6%	
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Semileptonic	K0L	decays	à	π	ν	(e	or	μ)	

K0	 π+	

e-	or	μ-	

ν	

&	c.c.	

Strangeness-changing	
hadronic	vector	current	
V	–	A	theory						(W)	
q2	=	(pK	–	pπ)2		(4-vectors)	

Form	factor	f+(q2)	determined	by	finng	Dalitz	plot	of	decays	(ΣE	=	MK)	
f-(q2)	suppressed	by	(me/MK)2	and	irrelevant	in	Ke3	decays	

Electron	decay	–	kinema1cs	&	e-showering	

3	axes	at	60o	because	
Sum	of	energies	=	M(K)	
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Fit:			λ+	=	0.055	±	0.010		

f+(q
2 ) = f+(0) [1+λ+q

2 /mπ
2 ]

Form	factors,	func1on	of	q2	

Scalar	and/or	tensor	terms?	Put	limits:	
	
fS	<	0.19	f+(0)		and			fT	<	1.0	f+(0)	
	
Separately.	Weak	limits,	and	could	have	
Both	scalar	and	tensor	terms	with		
destruc1ve	interference.	
	
Basically	support	V-A	weak	current.	
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M.G.	Albrow	et	al.	(Manchester,	Daresbury)		Nuclear	Physics	B44	(1972)	p.1	

640,000	triggers.	Most	were	K0L	decays	with	one	or	both	tracks	not	fully/well-measured	
70,000	K0L	decays	within	the	fiducial	volume	with	two	momentum-measured	tracks	

NINA,	5	GeV	e-synchrotron		à	bremsstrahlung	beam	à	1	X0	(35cm)	Be	target	(10	x	10cm2)	
Collimator	at	3.5o	à	35	X0	lead	filter	to	remove	all	γ	+	some	K0	and	n	(1.1	λint)	
Neutral	hadron	beam	41m	(through	air)	to	An1Counters	before	fiducial	decay	region.	
Muon	signal	–	penetra1on	25cm	Fe	+	5	cm	Pb	required.	
	

Spectrum	inferred	from	fits	to	
Ke3	and	Kπ3	decays,	at	detector	
(so	ater	41m	flight).	
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Rela1ve	acceptance	over	Dalitz	plot.	
Absolute	acceptance	was	only	~	1%	

Divide	in	42	bins	mostly	12	x	24	MeV.	
#	events	(total	=	9066	)	
#	from	theory	x	acceptance	x	efficiency	
Minimize	χ2	à	parameters	in	theory.	

χ2/d.o.f.	=	1.93	

Different	assump1ons	on	varia1on	
of	f+,	f-,	with	q2	à	different	parameters.	
If	assume	linear	get:	

Warning:	If	details	marer	go	to	
original	paper;	I	only	show	examples	

&	(Weak)	Limits	on	fS	and	fT	
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M.G.	Albrow	et	al.,	Physics	Lerers	33B	(1970)	p.516	

Same	70,000	event	sample	à29,000	Kπ3	
Did	not	measure		π0	:	kinema1cs	iden1fies	mode:	
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Fit	to	“Weinberg	form”	PRL	17	(1966)	153	

All	coefficients	except	α1	consistent	with	0	
α1	=	-	5.14	±	0.09	
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J.C.M.	Armitage	et	al.,	Nuclear	Physics	B	123	(1977)	p.	11		(ater	my	1me)	

Search	for	“pentaquarks”	…	but	that	term	far	in	the	future	(and	is	now	a	hot	topic	with	c,b)	
We	called	it	a	Z*	(well	before	the	Z	was	discovered	and	not	related!)	
Previous	papers	did	not	men1on	(new)	“quarks”,	but	“hadronic	currents”	
Introduc1on	to	paper:		

K+p	=	{suuud}	and	K+n	=	{suudd}		-	 -	

Deuterium	targets	

Neutron	in	final	state	
I	did	at	CERN,	with	polarised	target	
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Used	K0L	beam	in	different	set-up,	new	wire	chambers		…	I	had	let	group	by	then	
(magnetostric1ve	readout)	
Two	geometries	for	forward	and	backward	scarering	

Neutron	counters:	Large	scin1llator	blocks:	
Efficiency	fn(E)	cri1cal	calibra1on	
Separate	K0	-	K+	and	n	-	p	in	spectrometer	with	
1me-of-flight	from	synchrototron	RF	to		
T-counters	σ	~	120	–	300	ps	
Beam	par1cle	goes	21m	and	K+/p	goes	5m	
e-beam	injector	bunches	0.5ns	every	4.908	ns	
RF	Signal	from	cavity	on	circula1ng	beam	
	

Grad	student	Fred	Loebinger	(now	re1red	!)	



Mass	spectrum	of	X+	in	spectrometer	
from	TOF	and	momentum	
105	triggers	(2%	of	backward	geom.)	
	
Note	K+	peak	is	x	100	
	
Large	background	reduced	to	<~	5%	
with	op1mised	fits	(see	paper)	

Calibra1ons	and	checks	of	detector	by	inser1ng	a	regenerator	
and	using	K0S	à	π+π-	
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No	evidence	for	K0-p	/	K+-n	resonance	(Pentaquark	!)	

2.0	GeV/c2	

M(Kp)	=	1.796	GeV/c2	

Fits	to	Legendre	polynomials	
Comparisons	with	other	channels			….	Details	in	paper	
	
	
	
	
Total	cross	sec1on	K0	p	à	K+	n:	

[6]	=	German	bubble	chamber	Coll.	



Response	from	my	Professor	Paul	Murphy	(in	his	late	80’s)	to	request	for	background:	

Disclaimer	:	This	was	happening	50	years	ago.	Many	more	ac1ve	neurons	then!	
I	did	not	do	K0	physics	since	my	PhD	in	1969.	Mostly	pp	colliders	ISR	à	LHC	
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Photoproduc1on	of	K0	at	these	energies	(<	5	GeV)	
has	only	a	small	contribu1on	from	VMD	φ	à	K0-K0bar	
And	is	not	dominated	by	simple	2	à	2	reac1ons	such	as	γ	p	à	K0	Σ+	
Probably	associated	pions	in	3-	or	4-body	final	states	(more	at	higher	E)	
	
But	as	of	1970	we	did	not	have	understanding	of	all	produc1on	channels.	
Produc1on	on	nuclei	:	Cross	sec1on	per	nucleon	probably	has	small	increase	with	A,Z	
Beam	includes	neutrons	(~	103	n/K)	but	less	than	in	hadroproduc1on	(?)	
Was	not	a	huge	problem	for	us.	
	
Our	K0L	fluxes	and	detectors	provided	compe11ve	measurements	of	3-body	decays	
and	the	reac1on	K0	+	p	à	K+	+	n	with	<	month	running	1me.	
…	and	before	MWPCs	and	with	rela1vely	primi1ve	electronics.	
	
I	have	not	followed	subsequent	progress	but	presumably	a	modern	experiment	
could	do	orders-of-magnitude	berer.	Higher	energy	photons	would	help	too.	
	
	

Summary,	Conclusions	
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Thank	You	


