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Memories	and	remarks	about	three	moments		
of	my	professional	career:	

•  Experiment	E615	at	Fermilab		
(the	experiment	of	my	Ph.D.	thesis,	Kirk	was	my	advisor)	

•  Space	charge	in	ioniza'on	detectors	
•  Muon	pairs	rare	decays	in	B	physics	today		

Sandro	Pales'ni		



Angular	distribu'on	of	muon	
pairs	from	E444	(1979)	
PRL	43,	1219	(1979)	

Part		1:			Before	E615:	the	results	of	E444		
on	the	photon	polariza'on		

17/06/16	 2	



Berger	and	Brodsky,	PRL42,	940	(1979):	
•  longitudinal	photon	polariza'on	as	xπ	(or	xF)	->	1	
•  higher-twist	term		

E444	supported		the	predic'on	for	the	longitudinal	photon	polariza'on.	
	
The	observa'on	of	transverse	polariza'on,	together	the	comparison	of	the	dimuon	
produc'on	for	different	interac'ng	hadrons,	had	contributed	to	the	success	of	the	
Drell-Yan	model		(annihila'on	of	free	quark	and		an'quark,	with	helicity	
conserva'on	and		transverse	polariza'on	of	the		virtual	photon).	
The	higher-twist	effect	is	a	step	beyond	the	simplest	picture.	

Higher-twist	effects	predic'on	at	large	xF	
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E615	:			U	of	Chicago,	Iowa	SU,	Princeton		
π-N	interac'ons,	high	intensity,	high	xF	coverage.	
Proton	West	area	of	Fermilab	
Data	collected	in	1982	and	1983-1984,	with	80	and	250	GeV	pion	beams.	

Experiment	Fermilab	E615	
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Tevatron	Experiments		in	1984,	as	described	
on	the	CERN	Courier.	
Indeed,	E615	and	the	other	fixed	target	
experiments	were	the	first	user	of	the	1	TeV		
accelerator.	
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Results	with	80	GeV	pion	beam		(M	>	4	GeV)		:			

F N
(x

N
)	

The	nucleon	structure	func'on	does	
not	look	like	the	one	observed	in	DIS	

PRL	55,	2649	(1985)		
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Some	comments	here	about	the	collabora0on	and	the	people:	
•  Everybody	was	generously	commi;ed,	available	and	friendly	
•  Dining-out,	or	spending	the	free	@me	together	was	part	of	the	collabora@on	life		-	

this	covers	Princeton	as	well	as	Chicago	and	Iowa	people		
•  Kirk	in	par@cular	was	excellent	in	caring	also	about	the	life	beyond	physics	and	

the	experiment	for	me	and	Cris@na		(movies,	dinners	in	special	restaurants,	jazz	
music	in	South	Chicago,	etc.).	Cris@na	is	presen@ng	more	memories	about	that.		
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↵ = 0.59± 0.03
� = 1.25± 0.03
� = 1.31± 0.11

Fit	limited	to	xN>0.06	

The	larger	sample	of	data	collected	at	250	GeV						
(M	>	4.05	GeV)	confirmed	the	higher-twist	terms,					
but	the	effect	appeared	more	clearly	limited	to	the	
lowest	range	in	dimuon	mass,	or	nucleon	xN.	
PR	D	39,	92	(1989)	
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Finally,	the	situa'on	was	further	clarified	
with	an	analysis	extending	to	M	>	3.0	GeV,	
with	the	subtrac'on	of	the	J/psi,	psi(2S)	
contribu'ons.	Higher	twist	effects:	
•  1/M4	term	in	Fπ		
•  longitudinal	component	in	the	photon	

polariza'on	for	xπ	>	0.6	–	0.7,	xN	<	0.5	
•  Underlying	Fπ	in	agreement	with	DIS	

Residuals	between	data	and	
simplified		fit	to	d2σ/dxNdxπ,	
performed	in	the		region	excluding	
lowest	xN	and	high	xπ		bins.	

Fit	to	the	λ	parameter	in	the	
muon	angular	distribu'on.	

PRD	44,	1909	(1991)		
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The	limit	on	mixing	was	RM<	5.6×10-3	at	90%	CL,	with	
today’s	best	<	0.61×10-3	(BELLE	2008)	for	semileptonic	
decays	and	'me-integrated	analyses.	
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Part	-2	:		Space	charge	in	ioniza'on	detectors	

Amer	comple'ng	my	studies	in	Princeton,	my	
main	ac'vi'es	dealt	with	
•  Charmonium	studies	(formed	in	

an'proton-proton	collision	at	Fermilab)		
•  Proposal	and	R&D	for	colliders	detectors	

for	B	physics	(shared	interest	with	Kirk	…)	
•  Study	of	direct	CP	viola'on	in	KL	decays	

(CERN	NA48).				
•  Here	our	interest	converged	on	the	

subject	discussed	here:	the	effects	of	
build-up	of	space	charge	due	to	
posi've	ions.	

NA48	liquid	Krypton	
electromagneBc	calorimeter	17/06/16	 11	



The	liquid	krypton	EM	calorimeter	of	NA48		

Quasi	homogeneous	detector,	10	m3,	
longitudinal	ribbon	electrodes	(13,000	
channels),		moderate	accordion	geometry.	
	
Dear	to	me	because	I	coordinated	the	design,	
procurement	and	assembly	of	the	electrode	
structure		(and	I	studied	the	effects	of	space-
charge)	

LKr	calorimeter	performance:	
			σE/E	=	3.2%/√E	(+)	9%/E	(+)	0.42%	
			σX/Y	=	4.2/√E	(+)	0.6			mm		 											
			σt	=	2.5/√E	ns																																											
for		5	<	E	<	100	GeV	
Long-term	energy	scale	stability:	0.01	%	
Transverse	dim.	accuracy		<	100	μm/m	
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•  Energy	flow	into	the	calorimeter:		

–  up	to	1.3×103	GeV/cm2	(or	130	pC/cm3s	of	effec've	charge	density	
injec'on,	for	posi've	ions)	

•  Data	collected	in	1997	with	1.5	kV	of	bias	over	the	1	cm	cell		
–  the	maximum	drim	'me	for	ions	was	about	1.5	s		
	

•  In	this	regime	the	effects	of	space	charge	were	visible,	and	they	were	
'me-dependent:			
a)  In	between	beam-extrac'ons	(12	s),	the	space	charge	goes	to	zero	

(or	near	zero)	
b)  In	the	first	≅1.5	second	of	extrac'on	the	space	charge	builds	up	

•  The	profile	of	the	electric	field	changes,	the	average	detector	signal	is	
reduced.	

c)  During	the	remaining	few	seconds	of	the	beam	extrac'on	the		the	
situa'on	is	stable.	
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Frac'onal	drop	in	detector	response	to		EM	showers,	obtained	comparing	t	<	0.1	
s	to	t	>	1.6,	for	different	radial	posi'on.	The	curves	are	from	calcula'on	without	
fiyed	parameters,	and	correspond	to	different	values	of	the	ion	mobility).	
The	data	points	from		a	small	sample	of	collected	data.	
NIM	A	421	,	75	(1999)	

	
NA48	applied	a	@me-dependent	and					
radius-dependent	correc'on	to	the	data	
collected	in	1997	(from	which	its	first	
measurement	of	ε’/ε	was	obtained),		
	
(The	bias	voltage	was	doubled	in	the	
following	years,	and	the	space	charge	
effects	became	negligible).	
	
The	detector	s'll	works	with	the	same	
excellent	performance	amer	20	years.		

Signal	amplitude	varia'on	
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Kirk’s	interest	in	space	charge	is	related	to	large	liquid-Argon	drim	detectors	for	
neutrino	physics.	For	drim	distance	above	a	few	meters,	the	ioniza'on	due	to	
cosmic	rays	alone	may	affect	the	response	of	the	detector.	

	
From	http://physics.princeton.edu/~mcdonald/examples ;

I	am	very	interested	in	knowing	the	development	of	this	subject	in	the	context	of	
the	the	DUNE	detector	(Kirk’s	current	interest)	
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Direct	CP	viola'on	in	K0	decays	

Results	on	direct	CP	viola'on	in	K0	decays:		

ε’	is	propor'onal	to	the	ra'o	of	amplitudes	and	phase	difference	of	the	isospin	2	and	
isospin	0	amplitudes	for	K0	->	ππ,	and	experimentally	is	obtained	from	the	double	ra'o:		

97/99	
final	
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Experiment	and	theory	
•  Including	data	collected	in	2011,	the	final	result	of	NA48	is	Re(ε’/ε)	=	(14.7	±	2.2)	×	10-4.													

The	PDG	average	is	(16.5	±	2.3)	×	10-4.	

•  On	the	theory	side,	there	has	been	recently	some	advance	in	la}ce	based		computa'ons:	
–  Nicolas	Garron,	Moriond	EW	2016		(or	also	arXiv:	1512.02440):	
		

	
	
	
	
	
	
	
	
	

–  Recent	discussion	also	by	Andrzej	Buras				(A.J.B.	and-M.	Gérard,	arXiv	1603.0568),	
who	has	different	views	on	how	the	computa'on	on	la}ce	should	be	used.		

•  Altogether,	s'll	difficult	to	compute,	and	s'll	disagreement	between	predic'ons	and	
observa'on.		
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Part	3	:		Rare	B0,	B0s	decays	into	muon	pairs	

A	history	as	long	as	the	one	of		D0	decays	into	muon	pairs.	
My	last	analysis	effort.		Jim	Pilcher	has	chaired	the	reviewing	panel.		
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D.	Straub,	arXiv:	1205.6094,	Moriond	EW	2012	

,H+	

,H+	

•  FCNC	process		
•  further	affected	by	helicity	

suppression		
•  predicted	accurately	in	the	SM:	

-  BR(B0s)=(3.65±0.23)×10-9,	
-  	BR(B0)=(1.06±0.09)×10-10																																																

[C.	Bobeth	et	al.,	PRL	112	(2104)	
101801]	

•  Hence,	sensi've	to		physics	BSM	

CMS	and	LHCb	combined	result:	
•  BR(B0s)	=	(2.8+0.7-0.6)×10-9	
•  BR(B0)		=	(3.9+1.6-1.4)×10-10			

[Nature	522	(2015)	68-72]		
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ATLAS	has	to	overcome	disadvantages	in	mass	resolu'on,	and	in	trigger	
coverage,		compensated	with	a	larger	effort	in	the	reduc'on	of	background.	

•  Con'nuum	background	(p	pbar	->	b	bbar	X	->		μ-μ+X	)	
•  Reduced	with	mul'varariate	analysis	
•  BDT	trained	with	simula'on	(1.4	G	events,	the	

largest	MC	produc'on	made	by	ATLAS	for	a	
single	analysis).	Signal/background	ra'o	
improved	by	≈1000.	

•  Hadrons	misiden'fied	as	muons	
•  Affect	par'ally	reconstructed	background			(e.g.,		

B0s	->	K+	μ-	ν		with		K+	->	μ+	υ	)	
•  and	resonant	background			(e.g.,	B0s	->	K+	K-		

with	double	misinde'fica'on)	
•  BDT	trained	on	MC	(validated	on	data):	only	

0.1%,	0.05%	of	K,	π	are	mistaken	as	muons)		
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Amer	unblinding,	we	have	found	fewer	
B0s	events	than	expected:	

	BR(B0s->μ+μ-)	=	(0.9	+1.1-0.8)×10-9,		
																			or		<	3.0×10-9	at	95%	CL	
	
Our	sensi'vity	for	B0	is	small															
(the	limited	mass	resolu'on	σ≈70	MeV	
cannot	be	overcome	there),																
but	the	result	is	interes'ng	because	
CMS	&	LHCb	claim	an	excess	over	the	
SM	predic'on.	
	
For	the	combined	measurement,	the	
compa'bility	with	the	SM	predic'on	is	
at	the	level	of	5%	
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Conclusion	

•  Warm	thanks	to	Stew	for	the	organiza@on	of	this	event	
•  Congratula@ons	to	Kirk	for	his	career,	and	thanks	for	all	what	

I	received	from	him	
•  Thanks	to	the	audience	for	the	a;en@on.	
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